A

-

TPOIMOW OYXA 3A TOPU3OHT HAYKU

MACLUTABHASA



C.N.CyxoHoc

MACLWTABHAH
TAPMOHWNA
BCEJIEHHOW

HAPOOHOE OBPA30OBAHUE
MOCKBA
2020



YIK 504
BBK 20 (22.3,28.0, 22.6)
()

CyxoHoc Cepreii iBaHoBKY 5
C 91 MACIUTABHAS FTAPMOHUSA BCENEHHOMN / C.C. CyxoHoc, Vi3naHue 3-€, ucrp. —
M.: HapozHoe ob6pasoBanue, 2020. — 308 c.

ISBM 5-89117-096-5

B KHure Bce 06beKTbl BceneHHom paccmoTperbl ¢ To4kun 3peHnsa MACLUTABHOIMO MMO-
PAOKA, MACLUTABHOW ONHAMUKIN n MACLUTAEHOI FAPMOHWI, yTo senseTca
CTyneHbKoit k noctpoeHuio OBLLEN TEOPWM CUCTEM. lMpuseneHs! opuUrHarnbHble
rMNoTe3bl OTHOCUTENbHO MepapXmy4eckoro CTpoeHust BceneHHoWn, «3epeH MUpOBOro
Ayxa» 1 ux HMOPMaLMOHHOM eMKOCTU, O HEBO3MOXHOCTM TEPMOANHAMUYECKOW CMep-
Tn BceneHHon u Hecny4anHoro Bo3HnkHoBeHus XKN3HW, o cywectBoBaHun «6apbe-
pOB CMHTE3a—[eneHns» Ha pasnunyHbIX MaclUTabHbIX 3Taxax, O AvanasoHe npossie-
HUSA NATON cunbl 1 Ap. Bee runotessl ocHoBaHbl Ha CUCTEMHOM ocmbicneHnm XopoLLo
N3BECTHbIX B HayKe (DakToB, OHW NPUBOAAT YMTaTENA K HOBOMY MOHMMAHUIO PON Yeso-
BEKa 1 4yenoBe4vecTsa B MMPO3[AHWUM, K OCO3HAHMIO CyLLeCcTBOBaHMS B npupoae YET-
BEPTOIO uamepeHusa (MacwuitabHon ocu BceneHHon), nomorarT uccrnegosaTensm
BbITW 33 PaMKV TECHbIX AUCUMNIIMHAPHBIX 3aKOHOMEPHOCTEN U NPOKNaabiBaloT NyTu
ANSi HOBbIX HAYYHbIX N3bICKaHWIA.

ISBM 5-89117-096-5
VIIK 504
BBK 20 (22.3, 28.0, 22.6)

© Cepreit ViBanosna CyxoHoc, 2020
© VsnatenbctBo «HaponHoe o6pasoBanue», 2020



Mpepucnosue UspatenbcTBa KO BTOPOMY U3[aHUIO

W3patenbctBo «JOM XXEHLUMHBI»1 coBMecTHo ¢ nagaTtensctBom «HOBBIW LIEHTP» npo-
pormxaeT cepuio nop, HassaHem «FTAPMOHWSA BCEJIEHHOW». 9ta cepus — Ans nepeonpo-
XofALeB 1 oTKpbiBaTenew, puckyrowwmx 6eite TBOPLUAMU n COSVOATENSAMW, ona Tex, KTo
VLLET. OHa gns Tex, KTo CTPEMUTCA He NMPOCTO K HOBOMY 3HaHuto, a K CUHTE3Y Hay4Horo
1 AYXOBHOrO, 1 rnasHoe — k FAPMOHVYHOMY B3AVMOOENCTBUIO C M/POM.

AsTop KHurun, Cepren ViBaHoBny CyxoHOC, KaHAMAAT TEXHUYECKUX HayK, 25 neT 3aHMMaroLLmi-
CSl BOMpocamMun U3y4eHns MaclLTabHom rapMoHumn BceneHHowW, N3BECTEH POCCUMINCKMM yuTarte-
naM Kak aBTop KHUM «Poccus B XXI Beke», «Kunawmin Bakyym BceneHHOM» 1 MHOrOYUCTIEHHbI-
MW CTaTbsMM NO Npo6remMamM YeTBEPTOro N3MepPeHs.

MepBoe napgaHne kKHUrnM «MacwtabHas rapmoHus BceneHHol», Bbilwewen B 2000 rogy, Bbl-
3Basnio 60nbLLION MHTEpeC. MHOro4mcneHHble OTKIMKU B NeYaTy no noBofdy BaXKHOCTU COAEp-
XalLMXcs B KHUre OakToB M OTHOCUTENbHO HEeGONbLIOro TMpaxa ee U3[AaHus NoaBUIMN Hac
choenatb gornedartky TMpaxa ¢ He3HaYUTESIbHbIMU UCMPaBIEHUSMMU.

Khura, kacaroLasncs 4eTBepToro U3MepeHns 1 nepapxmyeckoro ctpoexHuns BeenenHon, «3EPEH
MWPOBOIO OYXA» 1 Hecny4amHOCTN BO3HWKHOBEHWA XKN3HW, NOPOAUIA MHOTO AMCKYCCUIA
N [laxe CropoB, OCOBEHHO cpeau YuTaTenen ¢ TpaguLUMOHHBIMU Hay4YHbIMW B3rnsaaMu, noa-
BUITIa MHOMMX aBTOPOB K JasbHeliLlen pa3paboTke CBOMX KOHLIEMNUMIA 1 Bbi3Bana noTok nucem
C NPeAsioXeHNaMN B peaakLumio. PaBHOOYLLIHbIM He ocTascs HUKTO.

KHura akTyanbHa no BpeMeHu, BeAb MPOUCXOANT rMobanbHbIi CUHTE3 HAayK U COEANHEHME Ha-
YYHOTO M [yXOBHOIO 3HaHWsi. MHOrMe Hay4Hble OTKPbITUS B UCTOPUM ObIIN CAENaHbl UMEHHO
6narogaps QyXOBHOMY Mpo3peHuto. Mo3aTomy Mbl Nnpeanaraem Tem, KTO BnepBble 3HAKOMUTCS
C KHUrOWA, BMEcTe ¢ aBTopoM npoitn TPOMOW OYXA 3A TOPU3OHT HAYKW u y6eanTscs,
HacKomnbKO KpacuBasi kapTuHa BceneHHoWM OTKpbIBAeTCs NMpy TakoM MoAaxofe, rae Kaxmnomy
eCTb CBOE MeCTO, CBOE [eflo 1 CBOS OTBETCTBEHHOCTb — AJ1A KOro-To nepef borom, ans ko-
ro-to nepef VICTUHOW, HO OT 3TOrO CyTb AeNia He MEHSAETCS.

MpoLuno MHOro BPeEMEHW, HO OCHOBHOWM TEKCT OCTasIiCA BCE TaKMM Xe akTyasnbHbiM. HemHoro
YTOYHEHbI HEKOTOPbIE AeTann, 0COOEHHO B KOHLIE KHUMN. BHeceHbl He3HaunTeNbHbIE fo6aBse-
HMSA B paCYETHble 3HA4YEHNA HEKOTOPbIX BaXHbIX TEOPETUHECKUX «TOHEK» Ha MacCLLUTa6HOM Ocu.
A B LIeNIOM KHUra npakTMyeckn He n3MeHeHa.  aBTop HageeTcsi, YTO OHa MoOapuT YMTaTento
HEBEPOSITHO 3axBaTbIBaOLLEE MyTELLIECTBME B HOBOE — MacLUTabHOe, nepapxmyeckoe 1 YeT-
BEPTOE n3MepeHne BceneHHom.

ranvHa ByTeHko



BCTPEYA YEPE3 20 JET

JIBafniaTh /€T Hasafl, BIEepBble MO3HAKO-
MUBIINCD co ctatbelt Cepres VBanosuya Cy-
XOHOCA B )XypHase «3HaHIe — CIIa» IOf, Ha-
3BaHMeM «Barwap usganu», 4 ObUI BOCXMILEH
HEOXXIJJaHHO KPaCUBOJ U IPOCTO KapTHUHOI
ycTpoicTBa BeenenHoit. 9ta HebombLast cTa-
Ths, TJle aBTOP PaccKasbIBal 00 OTKPBLITBHIX
UM TIepUOANIECKNX 3aKOHOMEPHOCTAX B pas-
Mepax CyIecTBYIOIINX 06bekToB BeenenHois,
HopaswiIa fjaxe Moe BOOOpaXKeHMe, XOTA 3a
BpeM:A cBoell paboTel B [Ipesumnyme Akape-
My Hayk CCCP 51 6bU1 HeMasIo 3HaKOM € pas-
MUYHBIMY TEOPUAMM MUPO3JAHNUA.

Kak rosopurcs, Bce reHnaabHOe — TIPO-
CTO: «IIpO aTOMa BO CTONBKO Ke pa3 MeHbIIIe
CaMOro aTOMa, BO CKOJIbKO Pa3 ANPO 3Be37bl
MeHbIlle caMoii 3Besfibl.. CpefHuil pasmep
Afiep TalaKTUK BO CTONBKO XK€ Pa3 MeHb-
e CpefHero pasMepa CaMuUX TalakTHUK, BO
CKOJIbKO Pa3 >KMBas KJIeTKa MeHbIIIe CpeHe-
TO pa3Mepa denoBeka...» CTporas nepromnd-
HOCTb M TIOYTYM MaTeMaThdecKasd TOYHOCTD,
OTKyfa oHa? UMC/IO KIETOK IOIOBHOTO MO3-
ra COOTBETCTBYET 4YMCTy 3Be3[l B amakTuke?
Yro ato? CryyaitHoe copmagmenme? Vmm 3a

mof06HbIMYU (aKTaMy CKPBIBAETCS HEBbI/e-
JIeHHAsI 3aKOHOMePHOCTH? YUTOOBI OTBETUTH
Ha 9TJ1 BOIIPOCHI, HY)KHO OTOPBATbCS OT IIPH-
BBIYHBIX IIPeICTAB/IEHNII 1 3ayYeHHBIX IIpa-
BUJI, TIORHATHCS HaJ| ITIOCKOCTBIO OT/IE/BHBIX
HAyYHBIX JUCHMIUIMH U HOCMOTPETh Ha BCE
cobpaHHble (aKTBl CBEPXY, HEICTBUTEND-
HO usganu. Ilpm sToM Hamo pasobparbest
u B $pusuKe, U B OMONIOrUM, ¥ B aCTPOHOMMUIA,
U B IPYIUX HAyKaX — T. €. CTATb 9PYAUTOM, Ja
elite 063aBECTHUCH IIBIT/IVBBIM YMOM, YMEHVEM
CTaBUTD IIepef co60i1 HeTPAIUIMOHHbIE BO-
[IPOCHI U HAXOAUTh HETPUBMAIbHbIE OTBETBL
17151 OFHOTO YenoBeKa 9TOr0 MHOTO.

Jlonroe Bpems s1 He MOT 3a0BITh BIIeYaT-
JIEHUSI OT CTaThJ M SKHAJI, YTO >Ke aBTOp CKa-
xeT panpine? V BOT, 4epes [BajLaTh JIeT,
MBI MMeeM Ienoe (yHHaMeHTanIbHOe UCCie-
[OBaHMe Ha 9Ty TeMy. S MCKpeHHe pafi, 4ToO
Ka3aBlIMecsa Torga CHY‘{ai{HbIMI/I COBITaJCHUA
[ONyYWIN B KHUTe 00beMHOE pasBepHYTOE
060CHOBaHIe, ¥ yBepeH, YTO OHM IOATOIN-
KHYT OYLyLIMX YYEHDIX K CMEIBIM TUIIOTE3AM,
HOBBIM JVICCTIElOBAHMAM, K CUHTE3y HayKu
B L[E/IOM...

YIEH-KOPPECIIOHJJEHT MAVI,

9KC-CEKPETAPDL COBETA ITO ABTOMATM3AIIMM HAYYHDBIX
VCCJIENOBAHMY TTPU TTIPE3UJIMYME AH CCCP

A.Il. MBAHOB



0T PE[IAKL{UM

C pmercTBa MBI IIOMHUM, 4TO VlcTuHA —
9TO YTO-TO OYEHb IIPOCTOE I OYeHb HONIbIIOE,
HOTOMY M UIIETCs ¢ 60/IBIION OYKBBI, — 3TO
KaK OOJBIION C/IOH, KOTOPOTO OILYIIBIBAIOT
cnenble. Tak u Hayka, mogbupascy Kk Ob1eit
Teopun CucreM, MHTYUTMBHO OIIyIIbIBa€T
yacTy VICTMHBI U TOJBKO 3aTeM IPOBOAUT
9KCIIepUMEHTHI [ HMOATBepkaeHms. Haxo-
HeIl-TO NPMXOAWUT BpeM:, KOIjja MOXKHO CO-
OpaTb «<MO3aUKY» 9KCIIEPUMEHTOB 1 YBULIETD,
Ha 4To0 ke nmoxoyka Vctuna? A VictuHa gomxk-
Ha OBbITb IIPOCTA.

Hanpumep, HUKOMY 10 CUX IIOp iaXKe He
IPUXOUIIO B TOTIOBY B3ATH U IOJEUTb BeCh
IVAINla30H pasMepoB BcereHHON WIKOMbHOM
JIMHENKOJ Ha TPM paBHbIE YacTy, IOINY-
YYB HpPY 3TOM TPAaHUIBI TOMUHMPYIOIUX
BVAHUI PasINYHBIX CUI (TpaBUTALNM,
9/IEKTPOMATHUTHBIX CUJI U CTabbIX B3aMMO-
IeICTBUIL), Telephb Xe 3TO 6YJ1€T oz, cumy
U ITKOTbHIUKY.

B momckax MpPOCTHIX 3aKOHOB Cpemn
OrPOMHOTO BOpOXa Hay4HbIX (PaKTOB aBTOP
HOpa)kaeT HAC CBOMMM HEOOBIYAlHO Kpacu-
BBIMU UfiestMu Bce 6osbiie u 6obine. OH Kak
Oynro 6yput Hac: «He crinte, a To 3amep3He-
Te...» Korma Ha ;Bope MOpo3 cTaporo KoHcep-
BaTM3Ma, COTpPeTb 1 HPOOYAUTb HAyKy MO-
KeT TOTbKO HeOXMAAaHHOe, KUBOE, JeTCKOe
yOUBJIeHNe, HallpuMep OT BTOPOTrO Havasa
TePMOIMHAMYKI. « YIVBJIANTECD, rpad), yAnB-
nsiTech, ecnmu Bpl mepecTaHere ymMBIIATDH-
Csl — MUpP OCTaHOBUTCs». Benp BcenenHas,
OKa3bIBaeTCsl, COBCEM He cobOMpaercs mepe-
IpeThcsi U MOrMOHYTh OT TEIIOBOM CMEPTH,
OHa pacTeT U pasBuBaerca. VB camoMm
MACIITABHOM ITEHTPE BCEJIEHHOW

3a CYET 3TOr0 HarpeBaHUs IPOUCXOMAAT YIU-
BUTE/IbHBIE IIPOLIECCHI, HO 00 3TOM IIyCTb pac-
CKa3bIBaeT caM aBTOP...

«YTO BBEPXY, TO ¥ BHM3Y» — 3TO €llle OfHA
U3 CIOKETHBIX JIMHMIT KHUTY, KOTOpasl BOCXO-
mut ewe K Tepmecy Tpucmeructy. Hanpumep,
TUIIOTe3a aBTOpa O BO3HMKHOBeHMM BceneHn-
HOJ1 I10 3aKOHAM MY3bIKa/IbHOJ FapMOHMMN.

«B Havae 66110 C/10BO...» — BHAYasIE OC-
HOBHOJI TOH 3a/iajl TPaHMUIIbI BUIMMOI HaMM
BcenenHoil u 3agan pasMep NepBOKMPINYN-
KOB MaTepuiu. [lotom, Ha mepBoM 06epTOHE,
BO Bcenennoii mosBuiach Hekas 6ecrenecHas
cyOCTaHIMA — «3€pPHAa MMPOBOTO AyXa» (mep-
BBIIT JIeHb TBOPEHNsI BcelleHHOII), BO BTOPOIL
oeHb (Ha BTOPOM 00epTOHE) IOSBUIICH
HYKJIOHBI U sA[pa 3Be3[], B TPeTUil [leHb —
9/IEKTPOHBI ¥ CaMI 3Be3fbl, U T.1. YemoBek,
II0 MHEHUIO aBTOPa, BO3HUK Ifie-To Ha 120-
M o0epToHe, T.e. Ha 120-i JieHb TBOpEHMsA
Bcenennon. Cama xe XKusHp BO3HUMKIA He
CITy4alfHO ¥ HMKY/Ia HE MCYE3HET, OHa MOXKET
JIMILID IepeiiTH B ApyT1ie MUPHI U B JpyTue
¢dhopMmbI, KOIIa HACTYINT, HAIpUMep, 2555-1
JleHb TBOPEHUA.

Hawm, kak usgarensm 0co6oro popa -
TepaTypsl, 3TO OIU3KO U MOHATHO. Bo3MOXx-
HO, 4TO CyILECTBYeT HEKUI1 «IIJIaH» pasBUTHA
W i Bceil BcemeHHONM, M I KaXKIOM OT-
IEIbHOM CYLJHOCTHM, HY>KHO TOJIBKO TapMo-
HUYHO CJIefloBaTh €ro HalpasjeHuro. lorma
BeCb MMP HAuMHAeT IIOMOIaTh YETIOBEKY BbI-
HOJIHATD CBOIO 3ajiady; ¥ HA0OOpOT, deioBe-
Ky, UflyllieMy Tonepek BceneHckoro moToka,
OyzeT Meliath BCe: U COOBITHS, ¥ HEHNOHN-
MaHIe APYIuX, UM COOCTBEHHas BHYTPEHHsI
HEYJOB/IETBOPEHHOCTD.



C oT0Jl TOYKM 3peHUs MHTEpECHa II03M-
1A aBTOpPa MO OTHOMIEHMIO K c4acThio. Cya-
CTbe — 3TO POCT U pa3BUTHE, TAPMOHUYHOE
COOTBETCTBME CBOEIl 3afade. TpuoKbpl cyacT-
JIMB YeNIOBEK, JIENAIOLMII IMEHHO CBOE [IeIIO,
HaXO[AIIMIICS MMEHHO Ha CBOEM MecCTe, —
HJMKAaKOrO BHyTpeHHero KoHGQmKTa. YTo e
conmyMm? YacTo OH 7IOMaeT elre He yCreBILIne
OKDEIIHYTb «IepeBbsl 4elT0BEYeCKOTO IyXa»,
6e3 KOTOPBIX OH TOXe, KCTAaTu, He MOXKET
pasBuBaTbcsa. BecmomuuTte Teopuio Iymummena
o maccuoHapuax. OgHaKoO colmyM — 3TO Bce-
TO JIMIIb CTPOMTENbHAs IIIOIIAJKA, COLUYM
TOXKE HaJI0 CTPOUTD, OH CaM 3aBJMCUT OT HaIIMX
yOexaeHumil.

Bor Tak, 25 jeT pasMpluuiAA Hap Gu-
3MYECKUMM SABIEHMAMM, aBTOP TIOAXONUT
K TPaHUIIAM HAyKM, 3 KOTOPBIMM IPUXONNT-
CA MEHATh TPAJUIMOHHOE CO3HaHME, Belb
TONIBKO JYXOM MOKHO IIponoxutb TPOITY
3ATOPM3OHT.

ATa KHMra HETPAJUIMOHHA U 1O (op-
Mme. Hayunble axTbl, BBIBOABI M IMIIOTE3BI
[epPEMEXAIOTCSA B Hell O CBOOONHBIM (uio-
COCKMM TIOTETOM MBIC/H, OOpAlAOIIeiiCs
K IYXOBHBIM IPO3PEHUSIM ¥ MHTYUTUBHBIM
[IpefdyBCTBMAM. braromapst aTm mpemdys-
CTBMSM aBTOp HAIIYIBIBAET 3aXBATHIBAIOLIE
MHTEepeCHbIE U TEPCIIEKTUBHbIE HATIPABIEHNUS
UL HOBBIX HAYYHBIX VICCIELOBAHUIL, OH OyK-
Ba/JIbHO IIPOK/IAJIbIBAeT HOBBIE HOPOTY [JIs
MOJIOfBIX YYEHDIX, KOTOPBIM HPEfCTOUT CUH-
Te3MpPOBaTh U cOOPATh B IE/I0€ BCE M3BECTHOE
paree. OH Hac yAMBISIET U VAMBIISIET, OYATO
roBopurt: «PackpernocTuTe e JyX CBOIT I IIOK-
HMMMTECH HaJ| CYeTOil K BbIcOTaM MupoBoro
Jlyxa — oTTyza BufHee, YTO HAJO [ie/aTh Ka-
XKJOMY 13 HaC».

U Bce Mpl Oygem ropaspo Oosee cyacrt-
JIUBBI, €CTIM TAKUX YAVB/ISIONX U YAVIBIISIO-
mxcs ofielt Oynet Bce 6omblie 1 Gornblie,
U «JOPOTY OCUINT UYL, .».
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MaciiTabHas knaccudmkaums o6bLekTos 1 cun Beenennoit — BOJTHA YCTOVMYMBOCTY (BY).
[BeHapuath MaclUTabHbIX A4eek (Mo NsTb NOPSAKOB Kakaasl) 3anofiHeHbl C YOMBUTENBHON TOYHOCTBIO Pa3nnyHbIMU OGbEKTaMM.
IpaHuLbl KNaccoB eavHbl Ansi BCEX CUCTEM AAaHHOIo pa3MepHOro ananasoHa.
(AHanorn4Ho pucyHky 1.7)




TABJIMLIA

OPMEHTNPOBOY4YHbIX

XAPAKTEPHbIX PASMEPOB
OBbEKTOB BCEJIEHHOW,

KOTOpPble YNOMUHAKOTCA B KHUTe.
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Mwup orpomeH, a BceneHHas 6eCckoHeYHa.
OpHako 4TO6bI MOHATbL OCHOBHbLIE MPWH-
uMnbl MaclitabHoro ctpoeHus Bcenen-
HOM, HaM NOTPedyeTCa He TaK YX MHOro
06bekToB — Bcero 40. BonbWNHCTBO 13
HMX 3HAaKOMbI YuTaTenNto, 06 OCTasbHbIX
OH Y3HaeT U3 9TON KHUMN.
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ABTOp MpaKTNHeCKN HUKOrga He YnTaet
rpeaucrIoBysi M NMonaraeT, 4To U Apyrue nocTynarT
Tak xe. Ho ecnu yBaxaembivi yutaTesnb BCe Xe,
03HAKOMUBLLIVCH C KHUIOU, BEPHYJICS K ee Hay1arly,
TO 3TO 0MpaBAbIBAET BCE HAMMCAHHOE HIXKe.

NMPEQUGIIOBUE ABTOPA K nepBomy U3JjaHuIo

JlaHHasA KHWTa ABIAETCA COKpPAIleHHBIM
BapMaHTOM IIOATOTOBJIEHHOI K [IeYaTy B Hava-
ne 1999 ropa 60/bLION UTOrOBOM PabOTHI IO
npobneme macmrabHON cuMmerpun BeeneH-
HOJT, Ipo6eMe — IIPaKTUYECKM HOBOW AT
K/TaCCIECKOIT HayKI.

Mpmue nocyactimBuaoch B Havane 70-x ro-
OB OOHAPY>KUTb HACTO/MBKO KpacuBble 3a-
KOHOMEPHOCTM ~ MacIITabHOro  yCTPOJCTBA
BceneHHoI1, 4YTO B TeueHMEe MHOTHX JIeT 5 KaK
3aBOPOKCHHBIII IIeNT B VX HMOCTIDKEHMU BCe
Iajblile U fajiblie. BBIACHUIOCDH, YTO uepap-
Xuueckoe ycmpoiicreo Hauez0 Mupa umeem
cmpozo ynopsooueHHvlll, HnepuUOOUUECKULL
xapaxmep, umo 60 Bcenennoii deiicmeyrom
yOueumenvHo Kpacuevie 3aKOHvL N0000uUs
MUKPO-, MAKPO- U Me2amupos.

CaMbIM >Ke BOTHYIOILIVM OBIIO TO, 4TO OC-
HOBHbIE ITapaMeTpPhl YeloBeKa MjeanbHO TOd-
HO COOTBETCTBYIOT Haubosee (GpyHKIMOHA/Ib-
HO Ba)XHBIM 3aKOHOMEPHOCTAM MacCIITaOHOI
rapMoHmu BceneHHOII. 9TO OTKpBIBANIO HEBe-
POATHO IUIOZOTBOPHBIN MYTh K IOCTIDKEHUIO
MeCTa YyeJIoBeKa B MUPO3JAHUIN.

Eme B 80-x ropax s fenan MONbITKY IIpH-
B/IeYb K 3TOJ HEOOBIYHOI! TeMe BHUMaHuUe Ha-
YYHBIX KPYTOB (BBICTYIUIEHMA Ha HECKOTBKIX
koHpepenmax: 1979 — bopok, 1980 — Ipop-
HO, HeCKOJbKO myOmukanmii). OgHako 4depes
HECKOJIbKO JIeT TIPUIIIO MOHMMaHUe — TeMa
MacIuTabHOI TapMOHUM BceneHHO HACTOMb-
KO HOBa JI/I1 TPAIMIIMOHHON HAyKH, YTO JIIO-
Oble camble KpacuBble 3aKOHOMEPHOCTH He
BBI3BIBAIOT Y OOJIBIIMHCTBA YYEHBIX HUYETO,
KpoMe YAUBIEHNA — B JIy4lIeM Clydae, OT-
TOPXKEHWsI — B OOBIUHBIX CIy4asx — WIN

JKETaHMsl IPUAATh UM CTaTyC MAaHUITY/ISIINN
¢ dpaxkTaMy — B XY/ILIEM CIy4ae.

Her, rpex MHe >kaIo0BaTbCsi Ha Cyfp0Y: IIep-
BOE )K€ BBICTYIUIEHNE Ha 3Ty TeMy IpPUBEJIO
K IyOnMuKanuy B OYeHb IPECTVHKHOM Hayd-
HO-TIOIY/LIPHOM JKypHajle «3HaHUe — CIIay,
BTOpoe — K IyOnukauuu B c6opHmke MI'Y.
PykoBopnctBo popgHoro nucturyTa BHUMAIIL
OTKPBUIO HOJ 9KCIIePUMEHTAIbHYIO IIPOBEPKY
TEOPETUYECKIX BBIBOJIOB CIICI[VIATIBHYIO TEMY,
KOTOPYI0 O4YeHb HEIUIOXO (DMHAHCHUPOBATIO
B T€UEHME HEeCKOJIbKUX JieT. IIpoBepouHble
paboThl 3aMHTEpecoBalM BeCbMa M3BECTHOTO
ydeHoro — axajieMnka M.A. CagoBckoro, Ko-
Topalit fan uM gopory B Joxnagsr AH CCCP...

OpHako Bce 3TO ObUIO /IMIIb JIOKA/Ib-
HbIM IIpU3HAHJEM IIOTyYeHHbIX Pe3yIbTaToB,
a OHM, C MOEIl TOYKV 3PEeHNs, UMY IPUHIIN-
I1anbHOE MYPOBO33peHYecKoe 3HaUeHe.

ITocTemneHHO s CTa/l NOHMMATb IPUYMHY
TaKOl M3OJALMM. YHMKATbHOCTb IIOTy4YeH-
HbIX BBIBOJIOB [Ie/IajIa X OJHOBPEMEHHO «Be-
IpI0 B cebe», OHA He IIO03BOJIS/IA HANTU K HUM
JIOTMYeCKYI0 TPONMHKY U3 3HAKOMBIX BCEM
Hay4HbIX po6yeM. ITocTereHHO IPHILIIO HO-
HIMaHMNe, YTO Halif[eHHble MHOIO 3aKOHOMep-
HOCTU TpUHAMIEXAT yXKe Oydyuieii Hay4HOl
napaouzme. OpHako n0bast HOBast IApagUrMa
IO/DKHA MMeETb CBA3b CO cTapoit. VI A mpen-
IOPUHSUL IVPOKNUIT HOMCK B MOpe HayYHBIX
po6eM, YTOObI BBICTPOUTD MOCT IS Iiepe-
xofla yepes Mope. MHe MOCYaCTIMBUIOCH JIO-
BOJIHO OBICTPO HAWTV TOYKY KOHTAKTa, WIN
TOYKY OIIOPBI I/IA MOCTA, — 3TOI TOYKOM CTa-
na sHamenuras [NTPOBJIEMA BOJbLUNX
YNCEJ], xotopast usBectHa B OdpuunanbHOM



HayKe IIOYTH CTO JIET U B CBOE BpeMs 3aHMMa-
JTa yMBI CaMbIX BBIZJAIOIINXCS GM3MKOB HALIETO
Beka. [TpaBya, Ha 3TOM ITPOIIECC CTHIKOBKM 3a-
cronopucs. B yem xxe 6pi1a mpobema?

Bce 6Gonee yrmy6neHHOe IPOHUKHOBEHME
B 00/1acTh IIpO6IEMBbl MAaCIITAOHOIO YCTpOil-
cTBa Bce/leHHON IOKa3bIBalo MHE, YTO MMP
yCTpOeH
Y TOYHOCTDIO, KOTOPYI0 MOXXHO OOHapyXX!Tb,
JIMIIb BHICTPAMBAsl BCE U3BECTHBIE HayKe Bak-
TBI, YNOPAO0UUBAS UX 800/Ib MACUMAOHOT OCU
Bcenennoii. JIna GONMBLIMHCTBA K€ HAyYHBIX
AUCHMIUIMH 3Ta KPacoTa ¥ TOYHOCTb OCTa-
BajIach HAJIEKHO 3aKPBITOI M CIPATAHHON 3a
IIepPeropofiKaMy PasIMYHBIX IIPEMETHBIX 00-
nacreit. BonplmHCTBO yueHbIX-mIpodeccuo-

C TIOpPasUTENbHBIM M3AMIECTBOM

HAJIOB I/Ty0OKO Pa3OMpaioTCcs B O4YeHb TOHKUX
Cpesax Halllero Mupa, HO, K COXKaJIeHMIO, He
MOIYT HOKMHYTb CBOK «IIPOdeCCHOHANTbHYIO
PaKOBMHY».

OcosHaB 3T0, A HAfIONTO IIPEKPaTU/ IO-
IBITKU JJOCTYYaTbCA /10 MIMPOKOTO HAY4YHOTO
IPY3HAHUA TOMYYeHHBIX MHOIO Pe3y/IbTaToB
U TPOJODKAN MCCIIEOBAHNA /A YOBIEeTBO-
peHmsa cobcTBeHHOro mobonbiTcTa. OpHa-
ko mpouto 6onmee 20 yeT ¢ Havyama paboTHI,
U BO3HUK/IA TOTPEOHOCTD BCE OTKPBITOE, YBMU-
JIeHHOE ¥ TIOHATOE M3/I0XKUTD C MAKCUMA/IbHO
BO3MOXXHOJT CUCTEMHOCTBIO0, YTOOBI 06/IerInTh
HOCTIeYIOmUM
HaIJCaHa JI0-

IIyTh B 9TOM HaIpaB/IeHUN
uccnefoBarensAM. Tak Obura
cTaToyHO obbeMHass KHura «MaciTabHast
cuMMeTpus BceneHHOI», Iie OZHUX TOIbKO
WITIOCTPAIUil — OKOJIO JIBYXCOT, a CCBITIOK
Ha MCTOYHVKM — Oosee momytsicssun®. Ecre-
CTBEHHO, YTO CTOJIb OOJIBIIOIN TPYH, [a elie
C IIBETHBIMM VJITIOCTPALIMAMIY, KOTOPBIN ObII
3aJlyMaH KaK CBOeOOPas3HBIIl Iy TeBOLUTEIb IO
MacITabHOMY YCTpPOVCTBY BceneHHON, oka-

3a7ICA B pe€3ynbTaTe JOCTATOYHO AOPOTIUM I

* IlpuyeM oKa3anoch, YTO MJIACT BCeil CCIeJOBAaHHON
uHQOPMAIMK CTOMb OTPOMEH, YTO 3a MpefieNlaMy JaH-
HOTO TPY/ia OCTA/NUCh ellje ABe TeMbl. [ToaTomy 6bir 3a-
Ji[yMaH LUK U3 Tpex KHUT. HepBaﬂ KHUTAQ, KOTOpyIO BbBI
TEPXXUTE B pyKax, MOCBAIIEHA MacuTabHoI TapMOHUN
BcenmenHoI1, BTOpasi — mpo6ieMe 4e€TBEPTOrO M3Mepe-
Hus, Tpetbss — Jlorocy Beenennoii.
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n3gaHusA. B momckax msgarenbcTBa MM CIIOH-
COPOB MOXKHO ObIJIO ITPOBECTU He OffVH TOF.
Torma pommicsa saMbIcen 3TOTO BapyaH-
Ta IIepBOJl KHUTY, B KOTOPOIA, II0 CPAaBHEHNIO
OITyILI€HbI
CCBUIKM, COKPAIl[EHO KOAMYECTBO WJIIOCTpa-
LUt ¥ IpUMepOB. 37ech BOOOIe noumu om-
cymcmeyem 00KA3amenvHAsi 4Acmy, A O0aHbl
Auwb umozosvle pesynvmamet. IlosTomy xo-
YeTcs 3apaHee NPeRyIPeNUTDb YMTATENA: TAKOM
CTW/Ib U3/IOXKEHMsT POXKIEH HEOOXOLMOCTHIO

C OCHOBHOI1, 6a30BOJ1, MHOTUE

COKPATUTh TPYA O IPEHE/IOB, ZOCTYIIHBIX /L
bMHAHCMPOBAHUA M3NAHNUA 9TON KHUTH Ca-
MIM aBTOpOM. B ciydae >xe HeoOXxomMMoOCTH
m06ast U3 MPeIoKEHHBIX 3[jeCh Mfell MOXKeT
OBITH OJBEPTHYTA CAMOMY CTPOTOMY METOJ0-
JIOTMYeCKOMY KOHTPOJIIO.

B mporjecce paspaboTku TeMbl MacuTab-
HOJ CHMMETPUI OKas3anoch, YTO BO MHOIMX
AUCLUIUIMHAX OOHAPYKUBAKOTCA Ppazmenmol
IIe/IOCTHBIX MaCIITa0HBIX 3aKOHOB ITPUPOJbL.
OIHAKO IOCKONIBKY 3T 3aKOHBI CTAHOBSITCA
LIe/IOCTHBIMY, JIMIIb KOTAA MX PaccMaTpi-
Baelllb BO BCeM JMalla3oHe MaciTabos Bee-
JIEHHOII, TO CTQHOBUTCS IIOHATHBIM, HOYEMY
KaX[as U3 CIelaabHbIX AVCHNUIUIVH He 6 CO-
cmosHuu 3a smum ppazmenmom yeudemo
OBLLEBCEJIEHCKN 3AKOH.

[TosToMy 3afjaua aBTOpa B 3TOII pabore
CBOJIM/TACh 3a9aCTYI0 K COOUPAHUIO U3 PA3PO3-
HEHHDBIX 0CKOTIKO6 Ue/I0CHHOLL KAPMUHDL.

CaMoe IIOpa3UTENbHOE, YTO IIOYTY HUYETO
HOBOrO M300peTarb He NMpUIITOCh. B cbopxe
KapTUHBI MacuITabHOM cuMMeTpun BcereH-
HOII J[ja)Ke pe3y/IbTaT OKasasicsi 3HaKOMBIM:
HOBBIIT 3aKOH Y>Ke jaBHO n3yden kax SAKOH
MY3bIKANTbHOW TAPMOHWW.

Bornee Toro, nsydeHne MacitabHOI CUM-
MeTpUH MPUPOXbI MOKA3aI0, YTO BO MHOTUX
00671aCTAX 3HAHMA MHOIMMM MBICTUTEIAMU
U MCCTINOBATeIAMM yXKe JJABHO IOHATBI OC-
HOBHbIC NPUHUUNBL 9TOr0 HampasjieHusa. He
ONUCAHA UL KAPMUHA IN020 A6TIEHUS 6 Ue-
710M. BOIIPOC HACTONIBKO CO3PEIL, 9TO Y MEHs
iaXke IOABMUJICA COOMA3H COCTABUTD BECh CBOIL
TPYA M3 ONHMX TONBKO IMTAT, CKOMIIOHO-
BaB JX B IPaBI/IbHOI MOC/IEHOBATETbHOCTIL.



OpHako 3TOT MyTh NMOKA3aJICA CIMIIKOM JOJI-
TUM ¥ TPYGHBIM, II0STOMY A B3N Ha cebd
OTBETCTBEHHOCTb 3a (POPMY/IUPOBAHNE ITOI
KapTUHBl COOCTBEHHBIM JIOTMYECKUM SI3bI-
koM. Kuura mocrpoena takum o6pasom, 4To
6 Hell 0OMUHUPYIOM NPOCHIblE CIMAMUCHU-
yecKkue 0000uieHUsA, OCHOBAHHDIE HA XOPOULO
npoeepeHHbIX U 00UleNPUSHAHHVIX Pakmax.
Cob6CTBeHHbIe PacCy>K/IeHNs, MOie/IbHbIe KOH-
CTPYKLIMU U TUIOTE3bl BBOJATCS JINILIb B CITy-
yae KpaliHeln HeO0OXOIMMOCTH. IIpaBpa, mo
Mepe MPOABIDKEHNA K KOHI[y KHUTHU VX HOJIA
BO3PACTAET, IOCKO/IbKY TaM COCPeJOTOYEHbI
6ojiee TO3/HIE BBIBOABI V1 PE3Y/IbTATHI, MHO-
TJie 13 KOTOPbIX IIO/Ty4eHbl IIOKa JINIIb B MHTY-
UTUBHOI OpMe 1 He OTCTOSIIVCD €llje B TOIax
(heHOMEHO/IOTNYEeCKIUX IPOBEPOK.

W ewge. Heckonbko obpaleHuii K pasmmy-
HBIM KaTeTOPMAM YMTATeTIeN.

K TPAOVMLMOHHO MbICIAWLMM YYE-
HbIM. He crapaitrecs moitMaTh aBTOpa Ha MeJ-
KVX HETOYHOCTSIX VIV Ha He3HAHMM KaKX-JIM-
60 TOHKOCTe}1 B KOHKPETHOI 0071acTy 3HaHMW,
KOTOpOiI Bbl TIOCBATWIM BCHO CBOIO JKIN3Hb.
CoenyHNTh B OFHY KOHILEMIMIO acTpOUNKY,
OMOTIOTHIO, TEOTIOTIIO0, TEOPHIO CYCTEM, TEOPHIO
cuMMeTpry, GU3NKY MUKPOMUPA 1 T.1. — 3a/ja-
YJa HeTOCH/IbHAs JULS1 OJHOTO YeIOBEKa, eC/u He
HOVITI HA OIPEfie/IeHHYI0 OOIIHOCTD OMMCAHVISL
MHoroe 37iech Cfie/IaHO BUYEpHe, I ellje IPefCTO-
ut 6oblias paboTa MO eTaTbHOMY pa3BepThI-
BAHUIO 3aKOHOB MACIITAOHOI CUMMETPHIL.

Kpowme Toro, mpeanaraeMsiit MHOIO ITOfXO
He IPeAnoiaraeT OTPULAHNS BCEIO TOTO IjeH-
HOTO, 9TO OBI/IO JOCTUTHYTO B KOHKPETHBIX 00-
nactsx sHaHus. Her. OH mpepnonaraer Iuinb
6blusieHeHUe U3 HUX 001ecucmemMHo20 UHBA-
puanma u usyuenue e20 Kax HeKoti camocmo-
AamenvHoli cywpocmu. VI aBTop Oymer pag,
€C/IN BaM IIOKa>XeTCA y,IIO6HbIM II0/Ib30BAaTbCA
HpefIaraeMbIM METOJOM aHa/IN3a 3aKOHOMep-
HOCTeI B Ballleil 00/1acTy IeATETbHOCTI.

K ABTOPAM OPYI'MX HOBbIX KAP-
TNH MUPA. Mos koHuenmys He IpeTeHyeT
Ha abCOMIOTHYIO HENOTPELINMOCTD, HONHOTY
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u TeM 0ojee eAMHCTBEHHOCTb. DTO MPOCTO
MOJI B3IVIAL Ha IPOOIEMBI MUPOYCTPONCTBA.
5] He MMer0 HUYEro IIPOTUB MHOXKECTBA HPY-
IUX CTONb >Ke 0000LaIINX B3rIAnoB. Yeno-
BEYECTBO TOJBKO CTYNWIO Ha IIOPOT HOBOTO
MIPOBO33pEHMsI, TI09TOMY 4eM OoJIblie Hesa-
BUCHMBIX ¥ Pa3HbIX HETPAJULMOHHBIX MUPO-
BO33PEHYECKMX CHCTeM OyIeT CO3[aHO, TeM
nydute. Ecmu ke OKaXKeTcs, YTO YacTb upeit
9TOII paboTHI yrKe ObITa KEM-TO PaHee BbICKa3a-
Ha, TO 5I C Y/JOBO/IbCTBYEM IIPU3HAI0 IIPHOPUTET
3a 9TMM aBTOPOM, ITOCKOJIbKY JJa/leK OT MBIC/IIA,
OynTo BceBBIIIHMIT PUCKHY/T BIOXWUTb HOBbIE
/e B TO/IOBY BCETO JIVIIb OJHOTO YeI0BeKa.

BesycnoBHo, paboras Hapx 3Toil mpobiie-
MOI1, sI 3HAKOMWICA C JAPYTMMM BHemapa-
AUTManbHBIMM KOHUenuysiMu. TpymHo ceit-
Yac ONPeeNTh, KAKOe VIMEHHO BIIVISIHIE OHI
OKasamM Ha MOM B3ILAAbL [lymaro, ORHAKO,
YTO OKa3asy, IIOTOMY 4TO BCe UJeH, KOTOpbIe
371ech OYIYT U3/IOKEHBI, YK€ HOCATCS B BO3JY-
Xe, I MHOTME BUIAT VX pas/NdHble aCIeKTbI.
[ToaTOMYy 51 MCKpeHHe IpM3HATeNeH BCeM He-
3aBMCHMbIM aBTOpPaM HOBBIX B3IJIS[0B Ha MUP
3a UX IepOMYeCKIil IOMCK HOBBIX OTBETOB Ha
crapble mpo6neMsl. He mepeuncrsio s 3mech
BCEX aBTOPOB JIMIIb IOTOMY, YTO ONACAIOCH
He YIIOMSIHYTb KOro-/m160, KTO KOIa-TO Jal
MHE HOBYIO MH(OPMALMIO WM TOMYOK K Ka-
KOMY-1n60 MCCIefOBaHNI0. B CBOIO odepenp,
s ICKpeHHe 1 [Ty 60KO IIpM3HATe/IeH BCeM, KTO
[OMHUT M€HsI, KTO CIMTAET, YTO 5, B CBOIO OYe-
pernb, XOTh 4eM-TO CMOT MM IOMOYb. [lymaio,
YTO MBI BCe JielaeM 00HO 00uiee 6Gonvuioe
0ef10, A OLIEHUTD BKJIaf] KOKIOTO B OTHAEIBHO-
CTU CMOTYT JIAIIb HAIIN IIOTOMKIL.

OpHAKO 51 He MOTY He YIIOMSHYTh TeX, KTO
HOJIIeP>KaJl MOY MJeV Ha CAMOM ITepBOM JTalle.
9ro cembst KaMummoBbix, ceMbst CalryHOBBIX,
B.JI. Koxapa, C.B. Yebanos, 10.A. Illpeitaep,
cynpyru CBuHbuHbL TpyRHO cKasarhb, cTas Obl
sI JajIblile PA3BMBATh B Te JajIeKyie TOfbl CBOU
upen, ecim Ob1 He KoHpepeHLuA B bopke (1979
rofi) U He Ta 6OJIbIIAs ICUXOIOTYeCKast MOf-
Iep>KKa, KOTOPYIO 51 IOJIY4N/I Ha Hell JIsl CBO-
elt jampHeitert paboTsl.



Xovercss OT AyLIM HOONATOfAPUTH U pe-
maxkTopa atoii kuuru [II. ByTenko, xoropas
CBOEJ1 PEMMMOCTBIO ee M3JIaTh MOMOITIa MHe
3acecTb 3a HaIlMCaHMe KHUTHU Ha 3 rofa, a 3a-
TeM € I/TyOOKMM HOHMMaHMEM CJiefiaia MHOTO€
JUIsL TOTO, YTOOBI U/ien aBTOpa ObIIN BBIpaXKe-
HbI Hanbosiee JOCTYIIHO 1 SICHO.

Belpakaio TakKe CBOW 0/1arofapHOCTb
B.IO. Tarypy, A.L. Vsanosy, B.M. Komaposy,
H.JI. O6pa3oBckoMy, a TaKXKe JPyTUM ydacT-
HMKaM ceMuHapa «MacmrabHas rapMOHUSA
BcenneHHOI», BHUMaTeIbHOE U [OOpOXKesa-
TEeNIbHOE yYacTie KOTOPBIX IIO3BONM/IO MHe
TIOBECTH TEOPETUYECKYIO YaCTh ITON KHUTH O
60b1IIeTT ACHOCTI M YeTKOCT.

OrtenbHO XOTeNoCh Obl 1MOOIArOapuTh
H.IT. TpeThsikOBa 32 BHUMATEIbHOE TPOYTEHIE

KHUTY TIepey] ee M3TaHNeM U 3a Te IleHHbIe 3a-
MeYaHNs, KOTOpble NO3BOMNIN M30eXaTh He-
KOTOPBIX HETOYHOCTEI B U3TI0KEHUHA.

Taxxe BbIpaXkalo IyOOdYalilIyo IpuU3HA-
TEJIBHOCTb BCEM CBOMM DPOJHBIM ¥ OJIM3KUM
APY3bAM, KOTOpBIE J[ONIME TOAbI IOMOTaan
MHe, YeM MOI/IM, Ha TPYJHOM IIyTU K HOBBIM
3HAHMAM.

Sl mpusHarenen cBoeii MaTepu, KOTOpas
B 70-e rofbl OKasbIBala MHE JEHEXHYI0 IO-
MOIIIb B I10€3[JKaX Ha Hay4Hble KOH(EepEeHLINI,
HOA/lep)KMBajia BCErJa BCe MOM HEOOBIYHbIE
JKM3HeHHbIe TTaHbl. OCO6EHHO JKe A Mpy3Ha-
TEJIeH CBOEMY J0OPOMY aHTeTy-XpaHWUTENIo,
mo6byumoit Hatame, n60 B caMbIX TPYAHBIX
CUTYaLMAX MOeJ )KU3HU OHA OCTaBaslach Bep-
HBIM JIPYTOM I HaJJeXKHOI1 OITOPOIA.

NMPEAUCIIOBUE ABTOPA K TpeTbemy U3jaHunio

ITocne mepeoro mMsgaHmsA MPOIIO POBHO
20 ner. Beimo u BTOpoe mspanme 2002 ropa.
Kak-To cmyvaitHO 3Ta KHMTa BBIXOJUT IIOf
3HaKOM [IBYX nudp — 2-xkm u 0: 2000-11 rox,
2002-11 n BOT Temepsp 2020.

[IpruuHoOii nepenMspgaHms CTaga aKTUB-
HOCTb aBTOpa B Me[IMa-IPOCTPAHCTBE, KOTO-
pyto cTumympoBan KaHan «PaccBer» (Kues).
W onate xe cobnagenne (?) — nepsoe usfa-
tenbcTBo «Codusi» (Knes), pegakrop — Tamn-
Ha ByTeHko, 6/1arogaps MHUIMATUBE KOTOPOI
KHUTa 11 ObUIa M3JaHa, CaM aBTOP TOXe KOp-
HAMU C YKpamHbl. OTU MMIIY/IbChI, UYL
u3 ucropmieckoro saxppa Poccun, us Ykpaunst
o4eBMIHBL. MoOXeT ObITh, MMEHHO TaM Xpa-
HUTCS CaMblil IPEBHUI VICTOPUYECKUIT T€HOM
pYycckoit (a aBTOp He pasjiefAeT YKPaMHCKYIO,

6€e/I0PYCCKYIO 1 PYCCKYIO KY/IBTYPY — 9TO Ipa-
HIU OJ{HOII [Je/TOCTHOCTY) €/HOI KY/IbTYPBL.

Ho Tax mnu mnHave, KOMMYECTBO IOJIINC-
YMKOB Ha aBTOpCKoM Kaname lO-ty6a po-
CcTUINO 12 ThICAY, ITepBas NEKIVs Ha 3Ty TeMy
cobpanma oxormo 400 THICAY 3puUTesnell, KHUTY
OIATH CTany CIPpAallMBaTh B PasHBIX MecCTaxX
U Telepb yyKe IO MHMIMATUBE XyJOXKHMKA
Amnppest KuncOypckoro, KoTopslit 6oree gecsi-
TU JIET BU3ya/lU3UPYeT BCe MOAEIN 1 0Opassl
aBTOpa, KOTOPBIii 110 CBOEJ MHUIMATUBE pac-
NpOCTpaHsAeT UJIeN ¥ KHUTY aBTOPa, KHUTA U3-
JlaHa B TPETUM pas.

OHa He moTepsIa CBOI AKTYaTbHOCTD 32
ot 20 /€T, T.K. pasBepThIBAET Iepey YuTare-
JIIMM OCHOBY HOBOTO MMPOBO33p€HMA, MUPO-
Bo33peHu Il TeicaueneTus.



Mb1 He MOXeM onpenennTs... MecTo Tesa nHade,
KaK COOTHECS €ro ¢ KakuM-H1oyab [APYruM TESIOM.
Bce Halue 3HaHMe. .. 0 MPOCTPaHCTBE M0 CyLecTBy
OTHOCUTEJTLHO.

Ox.K. Makcsenn

METO/0JIOrW4ECKOE BCTYNNEHUE

Moxuo 6eckoHeyHo ¢unocodcTBOBaTH
0 LIeJIOCTHOCTU BceneHHOI, 0 B3aMMOCBA3NU
BCEX €€ 9JIEMEHTOB, O Y€/I0OBEKE KaK O MUKPO-
KOCMOCE ¥ 0 MHOTMX HOJOOHBIX TeMax. [1pu
aToM (unocodus He HyXJjaeTCs B UNMC/IEH-
HOIT Mepe, a HayKa 6e3 Hee He MOJXKET.

Kak Tonpko MbI 3ajjauM cebe HaydHbIA
BOIIPOC O B3aMOCBSI3U 1 LIe/IOCTHOCTH 9/1€K-
TpoHa 1 [anakTuky, 4emoBeKa 1 3Be3[bl, aTO-
Ma 1 BcerleHHOI1, MBI cpasy e JOJDKHBI OyzieM
OIIpefeNnUTbCsl C METPUKON IPOCTPAHCTBA,
B KOTOPOM Mbl OyfileM MCKaTb 3Ty L|elOCT-
HOCTb. V TyT e mepes HAMM BCTAHET HEKO-
Topas nperpasga. Jleso B ToM, 4TO Macutabst
MUKpPOMMpPA M MaKpoOMupa OTIMYAIOTCA Ha
TeCATKN TOPSANKOB, ¥ Ha CTONBKO K€ OT/IN-
YalTCs MaclITabbl MAaKpOMHUpPa OT MacLITa-
608 Meramupa. Kax sxe mosxcno cpasnusamo
HUSHD KPOXOMHO20 I7IeKMPOHA U 2U2AHM-
cxoti Ianakmuxu?

B 0ObBIIEHHON >XM3HM Mbl UMEEM [eI0o
Jalre BCero CO CpaBHEHVSIMY aGCOMIOTHBIMIL
Hanpumep, ormevaeM, uro ViBan VBaHOBUY
Ha 10 cantumerpos Bbiile [lerpa IlerpoBnu-
Ya, a ero 3apIviaTa npu atToM Ha 200 pybreit
HIDKe.

OpHaKO CTOUT HaM TO/IBbKO BBIITY 32 paM-
KI OJHOTUIIHBIX OOBEKTOB, KaK MBI BBIHYX-
TeHBI TIepeliT Ha CUCTEMY OTHOCHTETbHBIX
CpaBHEHMUIL.

BosbMeM K IpuMepy TaKoe YTBEpKIeHNe:
ob6vexm A 6onvwe ob6vexma b na 2,7
mempa.
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Topoput M HaM 3TO yTBep)KJeHUE
4TO-/m160 O B3aMMHOI pasHUIIe ITUX 0OBeK-
TOB, €C/T MBI He 3HaeM, 0 4eM ufieT peub? Ecu
CPaBHMBAKOTCA [Ba iepeBa, TO — fa. Ecm xe
CpaBHMBATH [JBa aCTEpONIa, NaMeTPbl KOTO-
PBIX USMEPAIOTCA KUIOMETPAMH, TO PasHMUIIA
B 2,7 MeTpa TepAeTCA B NOTPEUIHOCTAX U3Me-
peHmit. VI aTa >xe pasHMIla CTaHOBUTCA abCo-
JIOTHO HUYTOXKHOI M OeCCMBICIIEHHON, eCu
OHa OTHOCHUTCA K IBYM raJIaKTUKaM.

Mexpiy TeM 3TOT IpyMep ObUI B3AT 13
6acuu Kpotosa 1po coHa 1 MocbKy, u pas-
HUIIA B 2,7 MeTpa B JaHHOM C/Iy4Yae OTpOM-
Ha, 160 TPeXMeTPOBBIl POCT C/IoHa B 10 pas
(!) 6ombure, yem 30-CaHTMMETPOBBIL POCT
Mocpku.

STOT NPOCTEHBKMII TpUMEp IOKa3bIBa-
eT, 4TO, KOI7la HaM HeoOXOJMMO CPaBHMBATh
MeXJy cob60il 00BEKTHI U3 MUKPO-, MAKPO-
U MeTaMMpa, HaM He 00OITUCh 6e3 omHocu-
menvHotl cucreMbl cpaBHeHuit. Ilepexon or
a0COIIOTHOI CHUCTEeMbl CPaBHEHMII K OTHO-
CHUTE/IbHOM MOXKHO YIIOZOOUTH Iepexomy OT
TOPU3OHTA/IN K BEPTUKAIIN.

EcTp eme ogHa ManeHbKas fIeTasb, O KO-
TOPOJI HEeUIIHE HATIOMHUTD 71 T€X YUTaTe-
JIelt, KOTOpbIe He 3aHMMAIOTCA Hay4HOIL pabo-
TOJ, CBA3aHHOM C TOYHBIMM M3MEPEHUAMMU.
Ileno B TOM, 4TO ecnu pasmep atoma B 100 000
pas MeHbllle PasMepa >XUBOJI KIEeTKH, a K/eT-
ka B 100 000 pa3 meHblIe pasMepa 4eIOBEKa,
TO 9Ta 3aINCh ellje BBIIIAAUT YRo6HOIL. On-
HaKO YTO [ieflaTb CO CPaBHEHMEM pasMepa



NpoTOHA C pasmepoM lamaxktukn? Bemp onH
B 100000000000000000000000000000000000
pa3 MeHbIe?

3pech MaTeMaTMKa IIpefIaraeT yIpolle-
Hue. Brlleo3HayeHHOE YNMCTO MOXKHO 3alIlu-
catb B Busie 10, r/ie cTeneHb JIECATKY yKasbl-
BaeT Ha YUCTIO HyJIelL.

Yro06s! ertie 6071ee yIIpOCTUTD CeOe KU3HB,
MaTeMaTMKa OT CTEeNeHHBIX BBIPaXKeHUII Ile-
pexonuT K norapudmudeckuM. V rorma ymo-
MsHyTOe Bbiie ynco 10%° o6paiaercs yepes
IeCSITUYHBII ToraprdM B 4mcio 35:

1g10* = 35.

Yro ato maetr? [la TO, YTO BMECTO CIIOX-
HBIX TIO[ICYETOB HYy/Iell WIM BO3BENEHMA
B CTeIleHb MBI CPa3y ke IIePEXOAIM B 06/1aCTh
IBYX IPOCTBIX apupMeTM4ecKux HeiiCTBUIL:
CroKeHNMA M BBhIYMTaHMA. Hampumep, ecmmn
MBI XOTUM y3HaTh, BO CKOJIbKO Pa3 YelToBeK
MeHbIIIe 3Be3/Ibl, MbI IOJDKHBI BBIYECTD U3 JIe-
CATUYHOTO JIorapudma CpegHero AmaMerpa
sBesnpt (Ig10" = 12) mecaruunbiii norapudm
cpeqHero pasmepa 4enoseka (1g10* = 2):

12 -2 =10.

9To 03HauyaeT, YTO 3Be3ja OONIbliIe Yeso-
Beka npumepHo B 10" pas. Eciu BbI xoTHTE
HONy4uTh OO/ee «IIOMHOE» BIIEYAT/ICHIE
OT 3TOTO CpaBHEHN:A, MOXKETe 3aIlcaTh ero
B passepuyTom Buze: 3BESOA BOJIbLUE
YEJTIOBEKA B 10 000 000 000 PAS.

B panHoit pabore Mbl 6yzeM OYeHb 4acTo
[I0/1b30BATHCST  IOTapUMIIECKOI  LIKATION,
160 3TO CyIIeCTBEHHO YIIPOIaeT CPaBHEHVS
IapaMeTpoB MUKPO-, MaKpO- U Meramumpa.
VHorpa, maMATysA O TPafULMOHHBIX popMax
II0fia4M, MBI OyJieM I0/Ib30BATbCS M CTEIleH-
HBIMI BbIpaXeHUssMu. VIHorma OymeM ux ajist
HAIJBSIFHOCTH pacunpoBbIBATS.

Tak, HanpuMep,

10* cm = 1 mertp,

10~ cM = 10 MukpoH,

107 cm = 1 anrcrpem,

3.10" cm = 1 mapcex.

W eme ofHO MeTomO/IOTMYECKOe 3aMeva-
Hue. [leio B TOM, 4TO y /mOrapugpMuaeckoi
LIKAJIBI, B OT/IM4ME OT apuMeTUIecKoil, He
co6cemM NPUBLIYHAT MemPuKa mexncoy eou-
Huunoimu Oenenuamu. Hy, Hanpumep, ecin
MBI XOTMM IIOKa3aTh, YTO 00beKT A B 3,16
pasa 6onbiue o6bexTa B, pasmep xotoporo
paBeH 1 MeTpy, TO Ha apUPMeTNIECKOI LIKa-
/1€ Mbl OTJIOKUM BIIpaBO 4yTb 60}II)HI€ Tpex
Ie/IeHNIA, @ BOT Ha JIorapuMmIecKoil mKae
MBI OT/IOKVM TOYHO 5 menmeHunit.

Taxkum obpasom, Ha wikane nozapudmos
IIepexof T pa3mepoB obbekTa b k pasmepam
06DbeKkTa A OyeT COOTBETCTBOBATh HOMO6U-
He paccTosAHUA OT 1 10 10, 4TO B IPUBBIYHON
MeTpHKe y HacC acCOLMUPYETCA C YIMCIOM 5.
B uem 3mech meno?

1 2 3 4 5 6 7 8 9 0 LM
L | 1 1 | | 1 | | 1 -
A r S
b A A
|4 \ 2
| T [ T T T T T Ll
0 0,5 0,7 i LoLw)

L — 370 pasmep obvekTa (apucpmeTHueckan wkana). Lg L — wkana gecatuunbix norapudmMos,
fanee B KHure uMenyeman M-ocbio, unu MacwrabHoii ocbio BeenenHoi.
®akTHyecku Ha M-ocH yKa3biBaeTcs NnoKa3sarens CTeneHu, B KOTOPbIH Haao Bo3secTy yucno 10,

uT0BbI NONYYHTL peantHbie pasmepol obbekTa (L).




Jlerno B TOM, YTO B OMHOCUMENILHOTL CUCe-
Mme mep pasmep oObeKkTa A JeNICTBUTENBHO
JIEXUT TOYHO Ha IIOJIOBMHE IYyTU OT 1 MeTpa
K 10 meTpaM. Befp ecnu Mbl €ro yMHOXUM
elje pa3 Ha 3,16, MbI ToTy4nM yxe 06bekt C,
¢ pasmepamu B 10 MeTpOB:

1 metp X 3,16 X 3,16 = 10 meTpOB.

ITosromy mpouenypa ysenndenus B 3,16
pasa paBHOCU/IbHA CIBUTY MEX[Y JeleHIAMU
Ha norapugmmdeckoii (c ocHoBanuem 10) ocu
Ha 0,5 geneHmus.

06 37011 0cO6eHHOCTI HE06X0AMMO OyHeT
HOMHUTb, KOIjja Mbl OyfileM paccMaTpyBarTh
TOHKYIO CTPYKTYPY MAacIITaOHOTO IOpsifiKa
u OyneM HepeBOAUTH OMM3Kue MO pasMepam
00BbeKTHI B yorapudmuueckoe MCUUCIEHNeE.
B arom cy4ae yacto 6yzeT BO3HMKATb, Ka3a-
JIOCDH OBI, YMC/IEHHOE HECOOTBETCTBIE.

Tak, Hanpumep, BemuuHa B 31,6 MUKpo-
Ha OyzieT mepeBOANTHCS B orapudmmdeckoe
3Ha4YeHMe CIeAYIOLM 00pasoM:

31,6 MmkM = 3,16 - 107 cm = 107> cm,
a cpeHNIT POCT YesnoBeKa B 1,6 MeTpa:

1,6 M=1,6-10"cm = 10 cm.

Heo6XoguMoO IIOMHUTB, YTO BCe 9TU
u noff06Hble  TpaHCchOpMALMM HUYETO He
MEHAIOT 110 CYIIeCTBY, OHU JIMLIb SBJIAIOTCA

Pa3IMYHBIMU CIOCOOAMM BBIPAKEHVA OfM-
HAKOBBIX 3HAYeHWII. 3Ha4YeHUSA BeIMYUH
OynyT IPUMEHATbCA B TOM WINM MHOM BUZE
UCK/TIOYUTETIBHO 13 HHTEPECOB YAOOCTBa.
Yurareno ocTaeTcsi B IpoLiecce 03HaAKOMIIe-
HYS C JAHHOM paboToit 160 MOBEpPUTD, YTO
aBTOP MHOTOKDAaTHO IIPOBEpPAT CBOM pacye-
TBI, MO0 BCIIOMHUTDb 3TOT IIPOCTON pasfern
MaTeMaTVKJ U IPOBEPUTb BCe, YTO 3aX0YeT-
s, ¢ HOMOIIBIO MPOCTEIIEro KaJbKy/IATO-
Pa, B KOTOPOM €CTb (PYHKLUA NECATUYHOTO
norapupmMmupoOBaHusI.

XodercA 3aBepuUTb YUTATeNId, KOTOPOMY
HpUIeTCs BCHOMHNUTD, Ka3ajoch Obl, CTOJb
CKYYHBIIl pasfiell MaTeMaTHKM, KaK IepeBOf,
OOBIYHBIX YMCTIOBBIX 3HAYeHMII B jorapud-
MMYeCKYI0 LIKaIy, YTO 9TOT IIepPEeBOR HaeT
BO3MO>KHOCTb CPAaBHITD MEX[Y 006011 OUeHb
yHaJIeHHBIE APYT OT Apyra 00beKThI U VX Mac-
wTabpl. Brarogaps sTtomy Iepef HaMu OT-
KPBIBAeTCSA COBEPLICHHO YAUBNUTEIbHBII MIP
MacitabHoro nopo6usa BceneHHOI, B KOTO-
POM Mbl JXMBEM, HO MMMO KOTOpPOTO Ka)K,T_II)H/UI
nenb npoxopuM. ITosToMy MOXHO ¢ yBepeH-
HOCTBIO CKa3aTh, YTO TPYJI YUTATE/IA Ha IIpeo-
TOJIeHNe MaTeMaTNIeCKIUX CJIOKHOCTelt 6yzieT
HOTpayeH He 3ps.



BBE[JEHUE

BOI/ICTI/IHY LE€HTPpa/IbHbIM BOIIPOCOM

M060T0 MUPOBO33PEHUS ABJIAETCS BOIPOC
o MECTE YEJIOBEKA N XXU3HW B LIE-
JTOM BO BCEJIEHHOW.

Bo Bce BpeMeHa 4YelnoBeYeCTBO JCKAIO
OTBET Ha 3TOT BOIPOC, U B pasHble SIOXI,
B Pa3/IMYHBIX KYIbTYpax M TPAagMLUAX OHO
HAXOAM/IO Ha HETO pas3Hble OTBETHI, IPUBJIe-
Kasi JJIsl 3TOrO UCKYCCTBO, PEJIUINIO, PUIOCO-
¢uro u Hayky.

MBbI XUBeM B 3TI0XY HAyYHO-TEXHINYECKO-
TO IIpOrpecca, ¥ HPAaBUTCA /U 3TO KOMY-TO
WIN HeT, HO OTBET Ha 3TOT BOIIPOC B IIEPBYIO
ouepenb IaeT HayKa, Ja’ke eCIM 3TOT OTBET
IIPOTUBOPEYNT PEIUIMO3HBIM 1 (utocod-
ckuM TpaguuyaMm. Y ecin Brnots go H. Ko-
IepHNMKa HayKa pacCMaTpuBaza MUP Yeyo-
BeKa KaK IIeHTpajIbHYI0 0bmacts BeeneHHoit,
IpUYeM LIEHTPAIbHYI0 He TONbKO B TeoMe-
TPUYECKOM, HO U COOBITUMITHOM, pusndeckom
cmpicre, To mocrie Komepuuka, Bpyno, Ke-
mwiepa ¥ lammmes B3IIAL Ha 9TOT BOIPOC
IpeTepIie/l KapAMHAIbHOE, PEBOMIOIVIOHHOE
M3MEHEHIIE.

IlepeHeceMcss MBICIEHHO B  CpefHUe
Beka. JIrogy Toro BpeMeHM IOJaraiy, 4YTo ux
MUp — 3TO IIOBEPXHOCTb IUIOCKOI 3eMn,
IUTaBaollell Ha KUTax B MMpOBOM OKeaHe
M HaKpbITON 3Be3gHbIM KymonoMm. He 6ynem
MPOHM3UPOBATh IO IIOBOAY (pu3muecKoi
CMEeXOTBOPHOCTHM TaKOJl MOy Mupa, 06-
paTuM BHMMaHMe Ha Jpyroe — Ha TO, Kak
BOCIIPMHMMAJI CaM ce0sl 4eloBeK TOM MOpPbI
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A venosek. 51 nocpegunHe mypa.

8a MHO0 Mupnaabl MHQDY30pui,

lNepeno mHo Mypnasbl 38e34,

S mexay HUMU fier BO BECb CBOV POCT —
[Ba 6epera csszyroLyee Mope,

[lBa kocMoca coennHUBLLINI MOCT.

Ox.K. Makcsenn

BO BcenenHoil. A BOCIpMHMMAn OH CBON
vmup xak LIEHTP BCEJIEHHOW. Bens
nnaHemuvl U 36e30bl BPAUATUCY B0KPY2 IMO-
20 mupa, paxe Apkoe CONHIE NMOJHMMAIOCH
HaJl TOPM3OHTOM U YXOJWJIO 32 HETO I10 KPYTY,
B IIEHTpe KOTOpOro (B 10601t Touke 3emn)
Bcerza 0T Habmrofarenp. JJa 1 BeCb KOCMOC
«6bIT Ha cIy>x6e» y yemoBeka: ComHIje ocBe-
mano u rpemo 3eMio, Houblo JIyHa cBeTmma
B TEMHOTE, 3B€3/Ibl IIOfICKa3bIBa/IN IIyTh MO-
pelUIaBaTesio, IIaHeTbl — CyAbOy mpaBuTe-
10, KOMETBl Hpemynpexpanys O TpAAyIUX
KaTaK/Iu3Max. BOT y Ie/ICTBUTe/IbHO «BCe —
Ha 671aT0 4e/I0BeKa, BCe — BO MM €ro».

BesycnoBHO, IIpy 9TOM GOMBIIMHCTBO JII0-
Teil BepU/IN, 9TO TAKOE 3aMeyaTe/IbHOE, YIOT-
HOe, pasyMHOe ¥ y0OHOe MUPOYCTPOICTBO
BO3HMK/IO Omaropmapsi TBopIy, KOTOpBIl cO-
3[jaJ1 3TOT MuUp [ denoseka. [losTomy ecnn
TOBOPUTb TOJBKO O MaTepuaJibHOM MUpe
BceneHHOI, TO TYT COMHEHMIT He ObIIIO MHO-
Iie BeKa: #en06eK 6ce20a HAX0OUTICA 6 UeH-
mpe Pusuueckozo mupozoanus. Teomerpus
u $U3MKa, BCS CBSI3h KOCMUYECKUX COOBITUI
C 3eMHBIMU — BCe IO[TBEPKAAJI0 JPEeBHEMY
YeJI0BEKY, YTO 3TO TaK.

Bornee Toro, kocMoc Bcerga ObUT cousme-
pum uenosexy no macumabam, Befb 3Be3/bl
majam Ha 3eMyIl0 — 9TO ObUIO BUVIMBIM
un HeocnopumbiM (paktom. JIyHa mpexcras-
JUTach OONBIIMM KYCKOM ChIpa, I/TaHETHI
Bpallanuch Ha Hebe C IOMOIIBIO MeXaHM-
YeCKUX ILIecTepeH 1 TBepabix cdep. ComHile



y IPeBHMX eIMIITSH IUIaBaJI0 O HeGeCHOMY
Huny Ha mopke, a B CKa3Kax IpeBHUX Hapo-
IOB €r0 MOIJIa IPOITIOTUTDb NTHUIA, KPOKOAVII
U T.IL

ITosToMy JpeBHEMYy 4YelOBEKy Jaxke
B TOJIOBY He MPUXOANIO, YTO KOCMOC — 3TO
OeckpailHye IyCTble HPOCTOPBI, UTO /H00ast
3Be3Jla B MIWUIMOHBI pa3 6osblile 3eMJIi, YTO
HIYero, kpome JIyHBI, Ha caMOM fiesie BOKPYT
3eM/I He BpaljaeTcsa®.

Ecnu tenepn mocMoTpets Ha Teopuio Ko-
IIEpHYMKA IO 3TUM yI‘}IOM 3p€HNs, TO OKaXKET-
Cs1, 9TO IVIABHBIM B Heil OBUIO He M3MEHEeHMe
(buU3MYeCKOTO NPUHINIA BpalleHNs IUIaHeT
U CBETWI, a TO, YTO OHA MOMHOCMbIO Pa3-
pywana uoderw UeHMPATLHOZO NOMOHEHUST
mupa uenoeexa 60 Bcenennoii. Tem caMbIM
OHa JIOMaja CTeP>KEHb JPEBHETO MIPOBO3-
spennst. (Hegapom LlepkoBb cTomeTnsiMim ax-
TUBHO 60pornachk ¢ yuenuem Konephnuka.)

OpHAako OCTAaHOBUTb pa3BUTUE HAYKU
ObII0 HEBO3MOXXHO. Belb MeHHO n3MeHeHe
¢dusuyeckoil KapTuHbI BceleHHO! OTKpbI-
JI0 4eJIOBEYeCTBY IBEpU B HOBYH (pU3UKY,
KOTOpas depe3 HEKOTOpOe BpeMs IpuHecIa
TePMOIMHAMMUKY (IIapOBBIe ABUTATEIN), TIEK-
TPOAVHAMUKY (9/IEKTPUIECTBO), AdPOAMHA-
MUKy (caMOJIeTBI), a TaKXKe BCe, YTO COCTaB-
7AeT CETOf{HA NMPAKTUYECKYI0 OCHOBY >KU3HU
6GONBLIMHCTBA JIIOMEIL.

W BoT Temepb, KOTa y>Ke HEMBICTMO OT-
KasaTbCsl OT O1ar COBpeMEHHOI HayKu, OKa-
3aJI0Ch HeBO3MOXXHBIM ¥ He CUUTAThCA C Ha-
PUCOBAaHHOI €10 KAPMuHol MUpo30aHus,
a OHa TaKOBa.

* BepHee ckasaTh, Takas MBICTb IPUXOAMIA BpeMsd
OT BpeMeHN, Hampumep, Apucrapxy CamMocckoMy BO
BTOPOM BeKe 710 Haiell 3ppl. OfHaKO BOCIIPMHIMA/IACh
TaKas uyjes Kak AuKasg, abCypiHas M MpOTHBOpevalas
BCelT COBOKYITHOCTY HAO/TIOIEeHMIT U TIPAKTHKE.

boinn, mpaBpa, emje 930TeprdecKyie TPaJuInm, B KO-
TOPBIX MUD PYCOBAJICA TIO-UHOMY, HO MX T€PMETHU3M He
OKa3bIBaJI HA MACCOBOE CO3HAHME KAKOro-mbo 3ameT-
HOTO BIVIHUA.
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Ime-to cboky ot neHTpa COIHEYHON
CHCTeMBl BpaljaeTcsi HeOofbluasi, Jake II0
cpaBHeHuto ¢ lOmmrepom, mmaHera 3emid.
O6urareny 9TOJ IVIAHETHI Y)Ke 3HAKOT, YTO UX
LIEHTpa/JbHOE CBET! /IO — BCEro JIMIIb OFHA
"3 OKpaHHBIX 3B€3[l, KOTOPbIX B apxXuIienare
lamaktukm — pgecatkn mmmappos. [locne
OTKpBITHS >Ke Xab07oM [pyrux TralmakTUK
0Ka3asoch, YTO U Hamra [ajakTmka — TOXe
JIMIIb MajeHbKass YacTb OIPOMHOTO MMpa,
B KOTOPOM HACUYMTBIBAETCA OKOJNIO MECATU
MUINNapaoB prI‘I/IX TA/TIaKTUK.

YeMm e AB/IAETCA Ha 3TOM IIOTIOTHE HAIllA
3emna? IIbUIMHKOM, COPMHKOI, MOJIEKYION?
A Mup 4YeroBeKa CKMMAeTCA IO COBCEM MU-
KPOCKOIMYeCKUX MAacIITa0OoB U TepseTcs Ha
OKpayHax OKpayH.

bonee Toro, reomerpmyeckas HUYTOX-
HOCTb JOHONMHseTCss  (usmdeckoit  Ges-
IOHOJ — Befb 3a IIpefilelaMy HaIllero Mupa
OOMMHUPYIOT JIefsHble IPOCTOPBI BpaXK-
ZeGHOro M IPaKTMYeCKU MYCTOTO KOCMOCa,
KOTOPbIJl MPOHM3aH TYOAIIMMM BCe >KUBOE
I/I3Hy‘IeHI/IHMI/I.

CropammBaeTcs, eCTb 1M HaM Jeno [0
9TUX IYCTHIX, BPOKAEOHBIX BCEMY >KUBOMY
IpPOCTPaHCTB? 3aueM HaM [yMaTb O HUX?
Benb [/1s1 TMTaHTCKOTO KOCMOCA, Ifie OyIIyIoT
9HEPTUM, paspyLIAloliue Lelble TaTaKTUKMY,
Halla IJIaHETa — HUYTOXXHasA MEI0Yb.

Ja ¥ dYTO MOXeT 4YelmoBeK WM3MEHUTD
B 3TOM Mupe? Pa3Be TObKO Ha TOHKOI Bepx-
Hell IVIEHOYKe Halllell IIaHeThI-COPUHKY IIe-
PeMecTUTb Koe-4To?

ITony4aercs, 4enmoBeKk — caM IO cebe,
BcenenHas — caMma 110 cebe, c653b coObimMUL
8 IMUX 08YX MUPAX HEBO3MONHA U3-3A PA3IU-
UST MACUMAO06 U 2UAHMCKUX PACCIMOSHULL.
ToBOpKTB e 0 BO3Bpare Ujje! LIeHTPaIbHOTO
HIOJIOKEHN:A YesloBeKa BO BcenenHoit ¢ Hayy-
HOJT TOYKM 3peHst BOOOIIe KaxKeTcs abCypa-
HBIM U HEJICIIbIM.

YHbITast 1, 51 ObI CKasas, Tparmdeckas Kap-
THHA MUPO3JAHNUA PUCYETCA COBPEMEHHON



Haykoii. Hemapom eme akapsemuk B.JI. Bep-
HAJICKUJ1 B OJHOJ U3 CBOMX pabor (B cTaTbe
«VI3y4eHue sIB/IEHNI )KU3HY 1 HOBast QU3MKa»,
1931 1.) BbIcKa3a 00eCIIOKOEHHOCTD XapaKTe-
POM PasBUTHA COBPEMEHHOTO €My eCTeCTBO3-
HaHMA: «YBEINYMBasA MUP JJO YPE3BbIYAHBIX
pasMepoB, HOBOE HAy4YHOE MUPOBO33pEHNE
B TO JK€ BpeMs HU3BOJIMJIO Y€TIOBEKa CO BCEMU
€ro MHTepecaMy U JIOCTVKEHUAMU — HU3BO-
[MIO BCe ABNEHUA >KU3HM — Ha IO/I0KEHMe
HIYTOXXHOII TofpobHocTH B KocMoce»*.

HuuroxxHast Togpo6HOCTb... Bpsap mu Mbl
10 KOHIIa OCO3HAaeM, HaCKOJIbKO 9Ta KapTHHa
MUpa IPOHMKAET BO BCE MOPbI HALIETO CO3HA-
HIA, BIUIOTb [0 JIMYHBIX M CaMBIX ITyOOKMX
Tparefuil OTAENbHBIX JIIOflell, KOTOphle He
MO2Yym HAUMU CMbICTIA 8 HUBOMHOM U Kpam-
Ko8peMeHHOM NPeOblBAHUL HA NOBEPXHOCTU
MUKPOAMOMA 02POMHO20 MUPAQ.

OTa KapTUHA CHOCOOHA BHYIIUTD TONLKO
yKac U CTpax M000MY, KTO BCepbe3 MOIIbITa-
eTCs MPEeACTaBUTh ceOe MeCTO SKUSHU B 9TOM
TUTAaHTCKOM MHUpE, — OHa OCTaBJIAeT IOC/Ie
cebs BCe/leHCKOe yHBbIHME U TOCKy. Hemapom
u3BeCcTHBIN Kocmonor I1. JIaBuc nuiiet, 4To
«4€TI0BEYECTBO TaK M HE CMOITIO MOTHOCTBIO
ONPaBUTLCA OT MHTENIEKTYalbHOIO IIOKa,
MOPOX/IEHHOTO TeM, 4YTO 3eM/A yTpaTuia
CBOU TTPUBUTIETUI» ™,

W He y>XacHO MM TO, YTO YETOBEYECTBO
y>Ke HUKOIJ]a He CMOXKeT 3a0bITh 00 3Tux Oec-
KOHEYHBIX IMYCTBIX NPOCTPaHCTBAX, HUKOIZA

* Bepuapckmit B.JA. TIpo6nmemsr 6uoreoxummmy /
B. V1. Bepuapckmit // Tp. Buoreoxummdeckoit nabopa-
topun. — 1980. — T. XV1., 247.

** IaBuc I1. IIpocTpaHCTBO U BpeMs B COBPEMEHHOI
kaprtuHe Beenennoit. M.: Mup, 1979. C. 32.

HUKaKye HaOmofeHns y>ke He BEPHYT Hac
K CTOJ/Ib YIOTHOJ M JJOMalllHeil KapTuHe Bce-
JIEHHOJI 3TIOXY CPeIHEBEKOBBSI.

VI MBI y)Xe HMKOI[A He CMOXXeM 3a0bITh
0 COOCTBEHHBIX MU3EPHBIX MacIITAbaX B 9TOM
OrPOMHOM MMpe, O HallIell IPOCTPAHCTBEH-
HOIl TrepudepuitHoCTy, 3a0BITh O TOM, YTO
pakera OyzeT /eTeTh O OMyDKaliiIelt 3Be3/bl
ThicsTun 7eT. [nnoresa Konepunka crana dax-
TOM HAlleTO BPEMEHM, U BBIYEPKHYTH ITOT
(akT HeT HMKAKOIT BO3MO>KHOCTH.

..V1 BOT, KOTa y>Ke KaXeTCsl, YTO HeT BbI-
XOfia U3 9TOTO MMPOBO33PEHUYECKOrO TYINKA,
YTO HAKOIUIeHNe (PAKTOB O Ha/IbHMX Ta/laKTH-
Kax ¥ 0 IIyOMHax KocMoca Bce 6oriee yHIDKaeT
YeIOBeKa, Jie/laeT ero Bce 6o/ee HUYTOKHBIM
97eMeHTOM BcereHHOIT, B 9TOT MOMEHT BLpYT,
CKBO3b Xa0C HaKOIUTEHHON MH(OpPMaluy, 11o-
SIBTISIETCST TPOOIeCK KpacuBeiileil KapTiHBI
MIpA, B KOTOPOJT YeIOBEK 3aHVMAET He CITyJail-
Hoe, a LIEHTPAJIbHOE MNMOJIOXXEHUE.

OpnHakKo 39TO MONIOKEHME SIBIISETCS IieH-
Tpa}IbeIM HE B 06bI‘{HOM n HPI/IBI)I‘-IHOM JIA
BCeX TPeXMEPHOM IPOCTPAHCTBE, a 6 uepap-
xuueckom mupoycmpoticmee. MoXHO Ha-
sBatb ero MACLUTABHbBIM MPOCTPAH-
CTBOM. Yro6bl NOHATH, HACKOIBKO BakKeH
IJIL BCEX HAC 3TOT OOBEKTUBHBIN Hay4HbI
dakT — ueHmpanvHoe nosnoxNceHUe HUSHU
8 macumabHomM npocmparcmee, He00OXO-
AMMO CHavaja [OKas3aTh, YTO 9TO MPOCTPaH-
CTBO UTPaeT BO BcelleHHOII I/1aBeHCTBYIOLLYIO
POJIb U YTO COObIMUS, NPOUCXOOSTUsUE NO 3a-
KOHAM mpexmepHOo20 NPoCmPanHcinea, A6-
10MCsA TUWY cledcmeuem NPU4UH, Komopovie
3apoH0armecsa 6 IMOM Heu36eCIHOM NoKa
O7IsL HAC U3MepeHUU.
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MACLUTABHbIA NOPANIOK BCENEHHOM

bonee 100 ner nasag M. Ilmankom B fo-
K/Iajle Ha 3aceJaHMy HeMeIKOil AKameMun
HayK ObLIM BIIEPBbIE IIPE/IOKEHBI TaK Ha3bI-
BaeMble IJTAHKOBCKIE BE/IMYUHBI', B 4aCTHO-
CTU CTaBINAsA C TeX IIOp 3HAMEHMTON IUTaH-

KOBCKas JIJIHA:
1L,=Vh-G/c’~10 " cm, (1.1)

rae h — mocrosunas [Inanka, G — rpaBura-
I[VIOHHAas NOCTOsIHHAs, C — CKOPOCTb CBeTa.
ITOT pasMep npexcTasser coboit Hekuii npe-
0enbHO  0oNyCMuUMbLl MUHUMATbHOLLL pa3-
Mmep, Ha MaclITabe KOTOPOTrO ellie [ielICTBYIOT
U3BeCTHbIe HaM 3aKOHBI ¢usuku. [IpoHuKHO-
BeHIe ke B CTPYKTYPY MaTepuu ruybxe mmubo
BOOOIIe HEBO3MOXHO, /MO0 TpebyeT cospa-
HIsI HOBOIT pM3MKIL, 60 NpuBefeT K II0Ma-
JAaHUIO B JPYIYIO BCEIEHHYIO, aHAJIOTMYHYIO
Hameit (cM., Hamp., paboTy M.A. MapkoBa®).
B mo6oM M3 9TMX BapMaHTOB IUTAHKOBCKasd
[IMHA ABJIACTCA PyHOAMEHMANbHOL HUMNCHET]
2panuyeli Hauezo mupa.

Co CTOpOHBI MeramaciTaOoB HPOHUKHO-
BEHIE acTPOHOMMM BO Bce 6ojee yHaTeHHbIe
yronku BceeHHON NPUBENIO K TOMY, YTO yfa-
JIOCh YBUJIETb IPaHMIIbI MeTaranakTuKy Ha pac-
crosnuax nopagka 10* cm. ITpaspa, B Teope-
TIYECKO¥ Mopem Bonbioro B3pbiBa Jianekue
pybexxu Haiueit BceneHHOM HaXOfATCA ellle Ha
NOPAZIOK jiasbie — okono 10°*° cm. Mrak, B XX
BeKe HayKa CyMeia Ha MHOTYe IOPAIKY Pa3iBy-
HyTb MaclITaOHble IPAHNIIbI HALIIETO MIpa.

IIp1 5TOM OKa3ajI0Ch, YTO HAW MUP 02pa-
HuueH 6 Macumaoax.
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Ecmu ecTp Kakne-mbo rpaHMIysl, To, 6es-
YCIIOBHO, KpaiiHe TI000NBITHO Y3HATb, YTO XKe
HaXOJUTCA B LieHTpe Mexpy Humu? UTo ke
PAaBHOYZA/IEHO KaK OT OFHOTO MacuITabHOro
Kpas BcenenHoit, Tak 1 ot fpyroro? Ipyrumu
crosamu, rje pactionoxen MACLUTABHbIV
LIEHTP BCENEHHOW?

ITpu 3TOM HEOOXOAMMO IIOMHUTB, YTO
TPafiMIMIOHHOE IIPefCTaB/IeHIIe O cepeduHe
mupa 371eCb He MOXKET OBITh MCIO/IB30BAHO,
B€Ab pe4b UAET HE O IIPVMBBITHOM IIPOCTPAH-
CTBEHHOM KyOMKe, B IIeHTpe KOTOPOTo Iepe-
CeKaloTcs AMaroHam. Bompoc ctaBuTcs nHa-
ve. Haritu MeXXay MaciuTabHbIMU TPaHUIIAMI
CepefyHy — 3HAYUT MOA00paTh OODBEKTHI
«CpPefMHHOro Macurtaba», T. e. Takue, KOTO-
pble 66U OBI 80 cmombKO pas Gonvuue PyH-
0amMeHmManvHoil OMUHDBL, 60 CKONILKO Pa3 OHU
meHvuue camotl Beenennoii.

Ha mepBbIif B3IIAX B 3TOM IIOMCKE HeET
(UBMYECKOTO CMBICTA, Befb OOBEKTOB C Ta-
KJMMU pasMepaMy MOXKeT ObITh BO BeeneHHOI
OrpOMHOe MHOXecTBO. OfHAaKO IpPOCTUM
cebe mpasgHOe TIOOIBITCTBO U BCE XKe OIIpe-
[le7NM, Kakue MMEeHHO 00beKThl BO BcerneH-
HOJl HaXOJATCSl B MacIITabHOI cepefuHe ee
MepapXnU4ecKoro yCTporcTBa.

MaciuTabHblit IeHTp HaiTI O4eHb IPOCTO.
JI/i2 9TOrO KOCTATOYHO IOCTPOUTH JIOTApud-
MITYECKYI0 OCb pa3MepoB 00bekToB BeeneHHOI
(B mpuHIMITE TIpK 3TOM Oe3pasIMIHO, KaKoe
OCHOBaHue ytorapu¢ma Mbl BO3bMEM, XOTsI IS
IOJICYETOB Y00Hee B3sITh OCHOBAHNE ECSTD),
OTJIOKUTb Ha Hell TpaHmubl Bcenennoil mo



61 nopsagok

30,5 30,5

-32,8 -2,3

MII[B

28,2 M-och

Puc. 1.1. MacwTabHbIn nHTEpBan pasMmepos
06beKTOB BceneHHow (0T dhyHAaMeHTanbHowm
AnvHbl M. Mnaxka — 10728 cm go Bugmmon
rpaHuubl Metaranaktkm — 10%%2cm), pac-
MOSTIOXEHHBIA Ha MacluTabHon ocun (M-ocm),
1 ero MacLutabHbiv LeHTp (MLLB)

MUKPOMUPY U MeraMmpy ¥ IOHeNUTD IIONy-
YeHHBII 0TPe30K momoaM (cM. puc. 1.1). Tou-
Ka BIIEHTpe 9TOTO OTpesKa MMeeT 3HadeHNe
10 cMumu 5+ 107 cM, T. e. 0K0710 50 MUKPOH.

[TonyyeHHOe 3HayeHue, BO-IEPBBHIX, pa-
[yeT CBOel HOCTYIHOCTBIO (Takue 0OBEKTHI
MO>KHO PasIIsifieTb B OOBIYHBIN MUKPOCKOI),
a BO-BTODBIX, YAMBIIAET CBOEN TOYHOCTBIO.
Benb rpanuipl — bor 3Haet rie! OgHa — 3a
IIpefielaMyl BO3MO>KHOCTeIT TeJIeCKOIIOB, ApY-
ras — Ha CaMOM JHe MUKPOMUPA, a 3[,eCb —
50 MuKpoH. Yxe 5 i 150 MUKpOH — J1oCTa-
TOYHO JA/IeKO OT TOJ TOUKI.

[ToaTOMYy WMHTEPECHO OIIpefeNuTh, Ka-
KIfe JKe PacIpOCTpaHEHHbIe B €CTeCTBEHHOI
pupoae OObeKThl MMEIT PasMepPbl TAKOTO
MOPSIZKA.

B nescusoti npupode — 3T0 pasmep NblIn-
HOK 11 3epeH B MMHepaJax, T. €., Ka3anoch OB,
HIYEro 0cO6eHHOro, HO BOT B XUB0L NPUpo-
Je B 9TOM BBIJIE/IEHHOM L[EHTPATIbHOM MeCTe
BCEro MacIITabHOTo MHTEPBasIa HAIlleTro Mypa
HaXO#MTCs OMOIOrMYecKas K/IeTka B ee cpeo-
Hezeomempuueckom pasmepe (cm. puc. 1.2).
[TpudeM BaXHO OTMETHUTB, YTO ITOT Cpef-
HEreoOMeTPUYECKNIT pasMep CBOVICTBEH BCEM
BUAM SAJIEPHBIX KJIETOK: OJJHOKIeTOYHBIM,
PACTUTENbHBIM U )KUBOTHBIM.

Boree TOro, mpuMepHO TakKue pasMepsl
UMEIOT U TIOJIOBble KJIETKM OOJIbIIMHCTBA
JKVMBBIX CYILECTB, HE3aBUCHMMO OT WX pas-
MepoB. Hampumep, KieTka JIVCHI, IO/IEBON
MBIIIY, KOMapa, CJIOHA U... K/IeTKa 4Ye/lIOBeKa,
C KOTOpOJl TI0C/Ie ee OIUIOIOTBOPEHUSA HAHU-
Haem 601l Nymv 6 3Mom 6UOUMDBLIL MUpP U3
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macwmabnozo uenmpa Bcenennoil xasxucoviil
u3 nac!

VTaK, MCronb3ysi Muib 00IIen3BeCTHBIE
JaHHbIe acTPO(MU3VKM, MBI IIOJy4aeM CO-
BEPUIEHHO HEOXKMJAHHBI ¥ VHTPUTYIOLINIL
pesynbrat:

B MACLUTABHOM LIEHTPE BCENEHHOW
PACTOJTOXXEHA XXNBAA KIETKA —
OYHOAMEHT BCEW XN3HW HA 3EMJIE.

Y4uTbIBas TUTAHTCKMII pasMax MacIITal-
Horo nHTepBana Beenennoit — 61 nmopsimox (1),
HeT OCHOBAaHUII CYUTATD STOT HAYuHbLll pakm
creficTBUeM crenoit caydaitHocTu. ITomua xe
0 TOM, 4TO TIOAB/IsIIONIee OOMBIINHCTBO MH-
dopManuy — o HallleM OpraHyu3sMe, O HalleM
XapaKTepe, BHEITHOCTH U, CKOpee BCETO, CyTb-
6e — MBI IIO/Ty4aeM B HAaC/Ie[ICTBO, MO>KHO yBe-
PEHHO yTBEP)KIATb, YTO 2eHEMUUECKUL 4eso-
6eK «IIepeXOfUT» 13 IOKOJIeHN: B IIOKO/IeHMe
Yyepe3 «y3KOe TOPJIBIIIKO» MacIITaOHOTO Ka-
Haja ¢ «cedeHueM» okono 50 mxm. IIpu stom
«SI»,
B KOKJON KJIeTKe, BCeITa HAXOOUTCS TOYHO

Hallle HACTIeICTBEHHOE COXpaHseMoe
B MaciutabHOM LeHTpe BeemenHoii!

VTak, LeHTpaIbHBI pasMep MacIITab-
HOTO JAMalia3oHa Hallero Mypa MpuHajJIe-
XUT HUBOLL KiIemKe, KOMOPAsL 60 CIOILKO
pas 6orvue PynoamenmanvHoii 0nuHbL, 60
CKONbKO pa3 ona menvuie Memazanaxmu-
Ku. VI 910 — BpAK 1u CIyvaitHblil (GaxT, CKo-
pee — KJTIOY K MOHNMAHNIO XKN3HN
BO BCEJIEHHOM.

OpnHako 4TOOBI CHemaTh OKOHYATENbHBIN
BBIBOfl, HaM IIPEICTOUT COBEPIIUThH YBIIe-

KaTe/IbHOE ITyTEIIECTBME B MUP HOBBIX /IS



MakcuMoH

Knetka

MeTraranakriuka

50 MukpoH

Puc. 1.2. MacwrabHble rpaHuubl Hallen BceneHHoW TakoBbl, YTO TOYHO B LEHTPE MacLuTabHoOro
MHTepBasa HaxoouTCA XUBasa KneTka, KoTopasa BO CTOJSIbKO pa3l 6onblle MenbyanLlen YacTuubl
BceneHHo — MakcuMMOHa, BO CKOJIbKO pa3 OHa MeHbLLE ee BepxHel rpaHuLbl — MeTtaranaktmkm

HayKy 3aKOHOMEPHOCTell, OTKPBITH s cebst
MHOXECTBO paHee HUKOMY He W3BECTHBIX
cummerpuit. HaMm MpeAcTOUT COBEpIINTD
JUTUTeNIbHOE MyTellecTBUe B MUP MacuITa6-
HBIX 3aKOHOMepHOCTell. VM 4To6bl He TOf-
HaThCs HA COOMA3H IPUICHIBAHNIS EIICTBI-
TENHOCTYU TeX 3aKOHOMEPHOCTEl, KOTOPbIX
B Hell HeT, Mbl 6y7ieM TBEPJIO TIPUTIEPKUBATb-
¢S TIPOCTOTO TPABUJIA: UCHONb308AMb MOb-
KO MHOZOKPAMHO nposepeHHvle HAYUHDIE
daxmor u dannvle, ONUPAMBCA HA MAKYIO
Paxmonozuro, Komopas npaxmuuecku ysxce
He nodeepzaemcs COMHEHUIO 6 HAYKe.
BepHeMcst K MacITaGHOMY IMAMA30HY.
Ecnu roBOpUTH O HaJIeXKHbIX, POBEPEH-
HBIX SKCTIEPUMEHTAMIU U HAOTIONEHUAMMY Tpa-
HUIL[AX, TO BECh HALI BUAUMBIIL MUp (OT IPOTO-
Ha 10 MeTaramakTyki*) 3aK/modeH B Ipefiesiax
pasmepos ot 107 1o 107 cm, 4TO CocTaBmAET
posro 40 MOPAOKOB (13+27). Ecnmu xe
NPUHATH BO BHUMAHUE BIIOMHE BEPOSTHBIE
U Yalle BCEro MpU3HaBaeMble meopermuyeckue

* B oKcIIepMMEHTa/IbHOI (U3NKe YAANOCh MPOHMK-
HyTb TO/IBKO Ha ITy6uHy 1077 cM, HO HafieXKHBIMY Tpa-
HUIAMI 9KCIIEPUMEHTA/IbHOTI'O ]/[3y‘{eHI/[H Halrero Mmpa
ABIAITCA MacmTabpl HyKIoHOB — 107 cM (mpoToH,
HeiTpoHn). IlosaToMy aBTOp 3apaHee NpeyNpeXx/aeT,
YTO BCE€ BbIBOJDI, CXEMBI I MOJE€/IN, KOTOPbIE B HaHHOﬁ[
pa6ote orHOcATCA K amamasony 1077 ... 1077 cm, —
SKCTPANOJIALNA.
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2panulbpl MaciITaboB HaIlero Mupa, To HeoO-
xopumo paccmarpusath yxxe 61 NOPAOOK
(ot 10 mo 10® cm — oT MaxcuMoHa o Me-
taramakTuky). Ho ecmt yautsiBaTh TOT axr,
4yTO 3a 16 M/IpA. neT pacuypenne Meraranax-
THUKI ITPOJIO/KANIOCh, TO 3a IpefienaMu 16 mpy,.
CBETOBBIX JIET IPOCTUpAETCs 00/MacTb B fiBa
pasa 6osblIIast, YTO IIO3BOJISIET IIPEAIIONIAraTh
CyllecTBOBaHMe HeBUAMMBIX IpaHul, Merara-
naktvky noutu B 107 cm. B atom cyvae Bech
IMana3oH Ha M-ocu Heo6XomuMo YBENUYNTD
10 sHaYeHnA 61,8 mopsanxka.

UYro HaxoguTCA 3a IpefenaMy 9TOTO MH-
TepBaja — BOIPOC YUCTO TEOPETUYECKUI],
1 €r0o UCCIefloBaHMe YacTo BefeT K MapajoK-
CaJIbHBIM BBIBOJAM (CM., B YaCTHOCTU, MO-
nenb «Mukpo-MakpocummeTpudeckoit Bee-
nenHoi» M.A. Mapkosa®). MbI ke CTaBuM
nepey;, coboit APYrylo 3ajady: nocmompem,
KaK O0peaHu308aHa 6HYMPEeHHAL NeCHUUA
macumabos Bcenennotl, na cmynenvkax xo-
Mopoil pacnonoxcervt s7ieMeHmapHvle 4acmu-
Ubl, AMoOMbl, KJIeMKU, HUBOMHbLE, NIAHEMbL,
36€300l, 2ANAKMUKYU U UX 6CE603MONCHbIE COe-
OuneHuss u cucmemvl. I10CMOTpeThb C Lje/IbIO
Y3HaTb, CYIIECTBYET I MACLITAOHbI MOPs-
IOK MUPOYCTPOJCTBA WU €TO HeT.

Ha mnepBbli B3ITIAR 3TOT BONPOC JIMILEH
KaKoro-moo

HayIHOTO CMbIC/ITa — CTOJIb



PpasHbIe CUCTEMBI COTIOCTABIIAIOTCA JIPYT C APY-
rom. ITosToMy nuIIb B HayYHO-HOITY/IAPHBIX
TPy/iaX MHOTAA IIOAB/IAIOTCA KapTUHKM (CM.,
Harip., kunry B.A. Bopouriosa-Benbsamunosa®),
Ha KOTOPBIX COIIOCTAB/LIOTCS MaclITabbl aTo-
MOB, MOJIEKY/I, TOpOfioB, COTHEUHOI CUCTEMBI,
Ta/IaKTUK U JPYIUX 00bEKTOB. ITU KapTUHKI
TIPU3BaHBI JaTh TIOHATD HAYMHAIONIEMY Y9eHO-
MY, 4TO pa3bpoc pa3MepoB M3y4aeMbIX HAyKOM
0ODEKTOB OTPOMEH, U OTYACTU YXKe IIOITOMY
KadOblil MACUMAOHbLLL Cpe3 Haulezo MUpa mpe-
6yem omoenvHoeo U3yueHus.

ITpaBpa, opHaXABI HayKa HATOMKHYIACh
Ha CTPAHHBII MACIITAOHBII IOPSTOK, KOTOPO-
MY TPYAHO HaTh Kakoe-nOo 0ObsCHeHME, HO
KOTOPBII 1 HEBO3MOXKHO UTHOPMpPOBaTh. Ere
B Hayaje Beka A. OpauurroHoM u II. OpeH-
decToM 6bITa OOHApY>KeHa YHMKaJIbHAs Mac-
mTabHas 3aKOHOMEPHOCTb: 0KA3AN0Ch, 4o
pasymHas KomMOUHAUUS U3 PASTUMHBIX KOC-
MOTI02UMECKUX KOHCINAHM 0dem 6 pe3ynvma-
e 00HO U Mo e 6e3pasmepHoe Huco, 6ru3-
xoe k 10" unu ezo xpammoe. I1a npobrema

NpUB/IEKana BHMMAaHME BCEX M3BECTHBIX
¢usukoB, Taknx, Kak JiHiuTeitH, [amos, qu-
Pak, U [IPYIMX Y4YEeHBIX, 3aHMMABIIMXCSA MU-
POBO33peHYECKIMI IIPO6IeMaMH YCTPOIICTBA
Bcenennoit. Oxasanoch, 4YTO HOMYyYEHHBIN
Pe3y/IbTaT He ¢71€008a71 HU U3 OFHOI TEOPMUI,
a MHOTOJIETHYIE TIOIIBITKM HAJITV eMY O00bsACHe-
HI€e ITOKa3alu, 9TO €TO Hesb3s U 6bl6ecmu U3
KaKOI1-11M00 M3BECTHO (PU3NUECKOIT TEOPUIL.

[Tpo6nema monyumna Haszsauue «[1PO-
BJIEMA BOJIbLUMX YUCEJ». Ona 3a-
KII09aeTcsA B TOM, YTO CYUIeCTBYIOT 3ara-
TOYHbIE YMCTIEHHBIE COBIAZIEHNSA HEKOTOPBIX
6e3pasMepHBIX YUC/ICHHBIX OTHOIICHWII, CO-
CTaBJIEHHBIX M3 aTOMHBIX KOHCTaHT, CKOPO-
CTM CBeTa U C/IeAYIOMIMX KOCMOTOTMYECKIX
KOHCTAHT: Bo3pacra BcenenHo t,, pagmyca
Bcenennoii R, cpemHeii mioTHOCTH Belle-
cTBa BO BcenmeHHol p, M rpaBUTAIMOHHON
nocrosaHHoM G. Okasanocp, 4TO pasniudHbIe
OCMBICIHHbIe KOMOVHALIMM 9TUX KOHCTaHT
[Al0T YAUBUTEIbHO OFMHAKOBYIO Ge3pasmep-

HYIO BEINMYIMHY:

Cuibl:

KynoHoBcKast (ITpOTOH-3IEKTPOH)

e’/ r? e?

I'paBuranuonnas (mpotos-snektpos)  G-M-m./ r G- M, /m,

= 02:10° (1.2)

JouHbl:
Pannyc Beenennoii R
= = 5 3 = 3-10% (1.3)
Kraccudeckuii paanyc anekTpoHa e’/m, ¢
Maccsbl:
Macca nabmonaemoii BeeneHHOH — gpeo P, - R} B .
Macca npoToHa ~ HYKJIOHOB M, = (024109 (14
npu miotHoctd P, =7 - 107 r/cM® (coBpeMeHHas olLieHKa)
Bpems:
Bospacr Beenennoit B tp B 10' jrer _ 3.10% s
DileMeHTapHas €MHUIA BPEMEHH B e’/m, - ¢ 1073 cexyHp - (1.3)
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Kax Mpl BujjM, MacIITaOHBIN MHTEPBAI
B 40 IOpAJKOB, KOTOPBIN HMPOTAHY/ICA OM
npomona 0o Memazanakmuku, CBOCTBEH He
TO/MbKO COOTHOIIEHUIO pa3MepOB, HO 1 COOT-
HOIIIEHMIO Macc, cuil 1 BpemeH. HexkoTopoe
BpeMsI 9TV HEIIOHATHbIE COOTHOIIEHN 0CTa-
BaJIMCh IIPEMETOM OTJEIbHOIO MCCIENOBa-
Hyst. B 30-X roax Ha HMX 06paTMII IPUCTATb-
Hoe BHuMaHue II. JImpak, KOTOpbII MOHAT,
YTO OHM He CIyYallHBI, a MPOABIAIT COOOIL
IIyOOKYI0 CBA3b MEXKJly KOCMOJIOTHEN, Tpa-
BUTaNMel 1 dNMeKTpriecTBoM. OH BBIABUHYI
IUIOTe3Y, 4TO (PpU3MUecKre KOHCTAHTbI MEHI-
I0TCsI CO BpeMeHeM, 11 ChOpMyIMpOBaI CIey-
rouuit nocrymar — MNMPUHUWM OVPAKA:
«JT106bie dse ouerv Gonvuue (npumepro 10%)
bespasmepHole pusuveckue 6enUMUHDL CBA3A-
HbL NPOCbIM MAMEMAMUYECKUM COOMHOULe-
HUeM, 8 KOMOPoM K0P PuyueHmo, — enuqu-
HbL NOPAOKA eOUHULbLY .

ITockonbKy >ke 9TOMy HPMHLMUITY IIOfi-
4yyHsAeTCA U cooTHoueHue (1.5), B KoTopoe
BXOIIMT BO3pacT BcesmeHHOI, TO TyT e BCTa
BOIIPOC:

o 160 3TOT IPUHINII eliCTByeT BO Bce-
JIEHHOII BCeTfa, HO TOI7ja C y4€TOM M3MEHSI0-
I[Erocst BO3pacTa 00/MHCHbL MEHAMbCS KOCMO-
JI02uMecKue U armomHble KOHCIAHMbL,

o /MO0 JJAHHBIN TPUHIUI BBIIOTHIETCS
TOJIBKO B HeOOJIbIION IIPOMEXYTOK BpeMe-
HU CYILIeCTBOBAaHUA BceeHHOM, 1 TOIzja Mbl
JKVBEM B KaKOM-TO 0COOEHHOM Bbl0eneHHOM
MoMeHme ee Pa3eumust.

Yro6sr
acTpodM3MKM IIPOBENM TeOpeTUYecKue JcC-

IpOBEPUTb IIEPBYI0  BEPCHUIO,
CTIeflOBaHNUA, HAIIpaBJIeHHbIE Ha TIONCK OT-
BeTa: IIOCTOSAHHBI /M (HU3NYECKye IIOCTOAH-
Hble? TI0O>KUTENbHBIE OTBET OBUI HOTy4YeH
C OUeHb BBICOKOII TOYHOCTDIO.

OpnHako B XOfle THPOBEPKM BBIACHUICA
ellje OFMH TTAPaJIOKC: 0KA3a/I0Ch, 1Mo so0bvle,
camvle He3HAMUMENvHble USMEHeHUs (Pusude-
CKUX KOHCIMAHM NPUBOOAIN K MOMY, YMO 8¢
Bcenennas oxasvieaemcs cosepuieHHO UHOLL.
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W3 storo cneposan ouesunabiii BbIBOL: sce
KOHCImanmvl «nodobpanvi» maxum o6pa-
30M, umo6vt nonyuunaco Bcenennas, 6 xo-
mopoii MOITIA Bbl noseumvcas MKU3Hb,
exmouas YEJTOBEKA. BaxxubiM crencTBu-
€M M3 3TOTrO BBIBOIA ABJIACTCA TO, YTO BCE
KOHCTaHTbI Hallell BceZleHHOI IMEIOT He CITy-
JalHOe 3HAUYEHNE, & CHPO20 Y8A3aHHOe OpY2
¢ Opyzom uepe3 HeuzeecmHvlii cO8peMeHHOL
acmpodusuxe 3aK0H UX 2apMOHUSAUULL.

OO6cy>x/eHe YYeHbIMM 9TUX Pe3y/IbTaTOB
HPI/IBe}IO K IIOABJIEHUIO I_IBYX HPOTI/IBOHOHO)K'
HBIX BEpCUIL:

1. TMNOTE3A MHOXXECTBEHHOCTN
BCEJIEHHDbIX (8 yactHOCTH, ee pasBuBaeT
B. Kaprep’). CornacHo 3T0it rumotese, Bce-
JICHHBIX — IIOYTU 6eCKOHe‘-IHOe MHO>XECTBO.
Bce onu pasuble, u QusMIECKME KOHCTAHTHI
B HJX NIPUHMMAIOT KaKOe YTOZHO 3HadeHIe.
JInib B OFHOIT 13 BCENIEHHBIX O/1arofaps ciy-
YAIHOMY CTEYEHWIO 0OCTOATENBCTB KOHCTaH-
THI IPUHSAIN TAKOE 3HAYEHIE, ITO MOABUIACH
BO3MO>XHOCTb BO3SHUKHOBECHNA )KM3HU.

1. TMNOTE3A IMOBAJIbHOIO EANH-
CTBA BCEX MAPAMETPOB BCEJIEHHOW
(B wacTHOCTH, ee pasBuBaeT K. Yunep). Co-
[JIACHO 9TOIl ruIoTese, BceneHHass — OnHa,
HO B Heil [7I06a/IbHbIe U IOKA/IbHbIE 3aKOHbI
3BOIIOI N CTHHyTbI B OIVH Tyr017[ KOHHCHTY-
aJIbHBIIL Y361, YTO II03BOJIIET YIIepy 3afarh
CIIey O BOHpOCSZ

«A HE 3AMELUAH JIM YENOBEK
B MPOEKTUPOBAHME BCEJIEHHOW
BOJIEE PAOVKAJIbHbIM OBPA3O0M,
YEM Mbl OYMAJN OO CNX NOP?»

[Tpo6rnema yBA3KM PU3NIECKNX KOHCTAHT
HAIIIEeTO MJpPa C BO3MOXKHOCTBIO CYIIECTBO-
BaHWs Ye/OBEKa HACTONMBKO B3OYHOpaXMIa
HAyYHBIIT MUP, YTO COOCTBEHHO TIOPOAMBLIAS
ee [IPOBJIEMA BOJIbLLUNX YACEJ yuiia
B TE€Hb ¥ OKa3aJ1ach Ha epudepun BHUMAHUSL.
OHa TaK 1 0CTanach HepasrajlaHHbIM (heHOMe-
HOM IIPMPOJbI U JIVIIb M3PENKa YIIOMIHAETCS
B 0030PHBIX KOCMOIOTMYIECKIX paboTax.



B 70-x ropax s, COBEpIIEHHO HMYEro He
3Hast 00 9T0JT IIpo6TIEMe, TOCTABIII IIEPES; CO-
6011 BeCbMa CMeTyI0 MIPOBO33PEHYECKYIO 3a-
Jady: OIpefeNnuTb, ecinv U 6 MACUmMAaoHotl
uepapxuu Bcenennoii kaxoii-nubo camocmo-
AmenvHoLil NOPAOOK YycmPoticinea.

ITockonbKy MOPAJOK MOXHO —OIIpefe-
JINTb, TONIbKO ONMPAsCh Ha KOJMYECTBEHHbIE
KPUTEPMHM, TO HY>XHO OBbIIO BBIOpATbh TAKOM
mapaMeTp, KOTOpBII ObUT Obl YHMBepcameH
U CBOJICTBEH BCeM cucreMaM 0e3 MCKIoYe-
HuA. Bpems, mMacca, cuybl, pasMep u Apyrye
IapaMeTpbl ObUIM pPacCMOTPEHbI MHOI Ha
IpeaMeT UX YHUBEPCATbHOCTY U OCTYIIHO-
ctu. Okasanocp, 4T0 Hamboree MOMHAsT VH-
dhopmanys 0 Bcex 6e3 MCKII0IeH s 00'beKTax
BceneHHOMI OTHOCUTCS K MX TeoMeTpude-
CKUM XapaKTepUCTUKAM, & B CAMOM IIPOCTOM
BIfie — K UX pasMepaM (IIMHaM BOJIH 1 T.II.).

Bo-nepevix, 6ce eeusecmeentvie 00o-
eKmvlL 6e3 UCKTIOUeHUS uMelom pasmepul,
U CpaBHUBATb UX HAPYT C JPYrOM MOXKHO
MMEHHO II0 3TOMY IapaMeTpy. OTOT MOJXO,
KCTaTH, COITIACYeTCA C IO3UIMeil Takux ¢u-
3UKOB, Kak [K. Yunep un JI. broxuHues, Ko-
TOpbIe CYMTAIN, YTO BCIO (UBUKY MOXKHO
cBecTu K reomerpun. B wactHocty, II. bio-
XMHIIEB IHCAT «..3aKOHOMEPHOCTU TeoMe-
TpuUn ABIATCA CaMbIMU 06HH/[MI/I " IIpOoCTU-
pAloOT CBOIO B/IAaCTb ¥ 3HAYMMOCTD Ha JIH00bIe
COOBITHSI U SIBJICHUSI B MUpPE, KOTOPBI MbI
sHaeM»’,

Bo-émopuix, Gonvuuncmeo Haubonee
pacnpocmpanennvix o6vexkmos Bcemenmoii
8cex yposHeil ee 0peaHU3AUUL UMEIOM 6€Ch-
ma cmabunvHovle pasmepolt. CreoBaTeIbHO,

CpaBHeHUe OOBEKTOB MMEHHO II0 pasMepam
MOJKET IPUBECTU K [JOCTATOYHO HAJEXKHBIM
1 YCTOMYMBBIM BbIBOZIAM.

B-mpemvux,
MO>XHO OLI€CHUTDH 110 J/ITHAM MX BOJIH.

BCE€ mnonesvie IIpOLECCDL

B-uemeepmuix, eciut Bce 00bEKTHI U IIPO-
meccsl BO BceneHHoN o0bequHsieT 00usuil
2apmoHuMecKull npuHyun, mo oxH 0013aH
nposieumocs yepe3 pacnpedenenue 00%-
eKmoe no pasmepam u pacnpedeneHue no-
71e6bIx césA3eli Hepe3 OMUHbL 60TH; €CTIU XKe
rapMoHuu Bo BcenleHHOI HET, TO B pacIono-
JKEHMM BCeX 00'beKTOB Ha MAcIITAOHOI HIKa-
Jie [JO/DKeH LapUTh Xaoc.

Vicrionp3yst camble pacnpoOCTpaHEHHbIE
cnpasoutivie OanHvle 0 pasmepax 00veKmos
Bcenennoii, A cTanm IOCTENEHHO paclofa-
TaTh MX Ha IIKaJI€ OEeCATUYHBIX }IOI‘apI/I(bMOB
(M-ocu), ¥ BOT TYT-TO NPOSIBIIACH IIOpPasy-
Te/lbHasl 3aKOHOMEPHOCTDb: 0KA3A470Ch, 4INO
Haubonee munuunvie 06vexmvt Bcenennoii
3aHUMAIOM 6 C60UX CPeOHUX Pa3mepax Ha
M-ocu mecma cmpozo uepes 10°. Bornee Toro,
MHOTME K/II09eBble CICTeMHBbIE CBOICTBA 06'1)—
eKTOB BceneHHOII (CTPYKTYPHBIX U AMHAMU-
YeCKuX) MMenT nopobue ¢ koadduumenra-
mu 10", 10", 10%. Briepsble 3T1 pe3ynbTaTht
ObutH onmoXKeHbI Ha IlepBoil KoH(bepeHLIUN
o Teopun Knaccuduxaunu B ropope bopox
B 1979 rogy u omy61MKOBaHbI B HAyYHO-IIO-
MyNAPHOM XypHaste «3HaHMe — cuma»'°. 3a-
TeM TIOCTIeNIOBaM eme Be my6GmKkamyu' " 2,
KOTOpbI€E B CXKATOM BI/ie TIOKa3bIBa/IN OCHOB-
Hble 3aKOHOMEPHOCTY OTKPBITOTO SIB/IEHVISL.

PaccmoTpuM Teneph BbIABIEHHYIO 3aKO-
HOMEPHOCTb H0JIee IeTaIbHO.



[JIABA 1.1
NEPUOIMYHOCTD

MACIUTABHOH CTPYKTYPbI BCENEHHOM

B HacTos1ee BpeMsI CUCTEMOII ¢ HAUbo/b-
WUM pasMepoOM, KOTOPbIN JOCTYIIEH MPAMO-
MY HaOJIIOflaTeIbHOMY M3MEPEHMIO, SIBIIeT-
¢ Meraramaktuka. Vicxonsa m3 mauamasoHa
pasbpoca BospacTta Bcenennoit, mo BcTpe-
YAIOMIMMCA B KOCMOJIOTMYECKOI! JIUTeparype
ccpinkaM (10-25 MuIImMappoB jeT), MOXKHO
IIPUHATD C HEKOTOPOV [O/ell HETOYHOCTU
MIUHMMAJIBHBI pa3Mep Buaumoli Merara-
JMakTUKy 3a 1,6 + 10%* cm wmm 10 em.

C ppyroro Kpas MacuiTaboB B HalleM
MUpe MUHUMANbHbIL (OTIpee/AeMblil SKCIIe-
PUMEHTATbHO) pa3Mep MMeeT TaKas M3BeCT-
Has cucTeMa, KakK mpoToH, — 1,6 « 1077 cm
win 107"* cM. OfiHaKo TOCKOMbKY faxke B
9KCIepMMEHTaX Yy[aloch IPOHMKHYTb Ha
HECKOJIBKO TOPSIZIKOB IIIy0)Ke, TO TeOpeTnKa-
My 6BUI TIOCTaBJIEH BOIPOC: €CTh /I BOOOIIE
mpefen Aid pacliellIeHnss MUKPOYacTUl] Ha
COCTaBHbBIE YaCTU?

KBaHTOBass TeopudA, ommpaschb Ha BCIO
COBOKYIIHOCTb CBOMX 3HAHMII, BbIBella He-
KNI TeOpeTUYecKUil Ipefien paclell/IeHNs
MaTepuM Ha 57IeMEHTbl — 3TO TaK HasblBae-
Mas ¢pyHoamenmanvuas fuuHa. Ee cBoiicTBa

TAaKOBBI, YTO JIF0ObIE MEHBIIINE YACTHUIIBI, €CTII
OHI CYIIECTBYIOT, y)Ke He HMOJUMHSIOTCS 3a-
KOHAaM HAIIleT0 MUpa, U He MOTYT ObITh OITN-
CaHBI COBpeMeHHOIT (usnkoir. Msl He Gyaem
YITyOIAThCS B 9Ty 00/1acTh GU3NIECKOIL Te-
opui, OHa UMeeT CBOIo crernpuky. OTMeTrM
JIAIIb, YTO MMEHHO 3TOT (GyHAAMEeHTaIbHbII
pasMep MOTYT MMeTb HEKOTOpble IHMIIOTe-
TUYECKMe MUKPOYaCTUIBl (MX HasbIBaIM
[O-PasHOMY: MaKCHMOHAMMU, IITAHKEOHAMH,
¢dpupmonamn u t.11.). TouHoe 3HavYeHMe PyH-
JaMeHTaJbHOTO pa3Mepa OMpefieNAeTcs 13

¢dopmyssr (1.1):

L= Vh-G/c?=16158- 10 cm,

wi 1078 ¢

M.

CBOJICTBa 3TUX YaCTUL, TAKOBbI, YTO IIpU
OTIpefleNIeHHBbIX YCOBUAX BHYTPU KaXK7oi
YaCTUIIBI MOXKET OBITh COCPeOTOYeHa Ie/tast
BCeJleHHas1, aHamornyHas Hamreit (M.A.Map-
KOB IIPEANONIOKUI 3TO, ONMPAsACh TONIBKO
Ha u3BecTHble 3aKoHbI (usuku). C mpyroi
CTOPOHBI, Halla BcereHHass MOXeT ABJATbCS
MaKCMMOHOM METaBCEe/IEHHON C/IEYIOLIErO

ypoBHA (cM. puc. 1.3).

_ Makcumon | MetaranakTuka

~ - -

Puc. 1.3. MacwTabHo-uu-
KNn4Hasa mofesib mupa no
M.A. Mapkosy.

L,cm o
Lg._ . Hawa BceneHnHas no atown

-94 -33 +28

M-ochk MOJ€enu — BCEro NLlb OJHO
3BEHO U3 ANIMHHON (BO3MOX-
HO, 6ECKOHEYHOW) MacLLTa6-

HOW Lenu BCeNeHHbIX




Takum 06pa3om, ey 0CTaBaTbCs B PaM-
KaX M3y4aeMOrO HaMM MUupa SBJIEHUN, TO
C OIIpe[ie/IEHHOI [Oo/Mell YCIOBHOCTY MOXKHO
CYMTATh, YTO HAa Pa3MEPHOII LIKa/le AeCATUY-
HBIX 7orapudMoB* HaIl BUAMMBIN MMP 3a-
KJIIOUeH B JialasoHe 61 mopsAgka: OT MaKcu-
MoHa 10 Meraranaktuku (32,8 + 28,2 = 61).
ITocMoTpuM Temepb, KaK pacllOOXXEeHbI Ha
9TOJI IIKase Harbosee M3BECTHBIE U PACIIPO-
CTpaHeHHble CUCTeMbl. B kadecTBe TaKOBBIX
MHOIO BbIOpAH CTIeHYIOLINI PAL;:

0 — MaKCUMOHBI. ..
... 4 — IIPOTOHBI, Aflpa AaTOMOB,
5 — aToMBbl BOJOPOJA,
6 — >XUBbIE KJIeTKH,
7 — 4enoBeK,
8 — Axpa 3Bes,
9 — 3Be3[pl,
10 — Appa rajakTuk,
11 — ranakTuku,
12 — MeTaramakTuka.

O6ocHyem BbIOOp Takoro psia. Bo-mep-
BbIX, 99 % BemecTBa Bcemennoit cocpenoro-
YeHO B 3Be3TaX', KOTOPbIe MPAKTIYECKN BCe
coOpaHbl B TaTaKTUKN. 3Be3fpl Oojiee YeM Ha
70 % 1Mo Macce cOCTOAT M3 BOJOPOAA, APOM
KOTOPOTO sBJIseTcsl MPOTOH. C y4eToM TOro,
4TO II0 KO/IMYECTBY 3/1IEMEHTOB BceleHHoit Bo-
nopog, npesbpliaer 90 % copepKaHuA OCTasIb-
HBIX aTOMOB, a HpOTOH HpI/I 3TOM ABJIACTCA
Hanboree JOMTOXUBYILeil yacTuieil Beenen-
Hott (~10° eT), — BBIGOP TAHHBIX OGHEKTOB
Ha MAacCIITaOHBIX YPOBHSX OIPENe/sIC UX
HOJJaB/IAIONEl YMCTIEHHOCTBI0. Bbibop Kitet-
K@ M 4Ye/JIOBEKa — Cyé'beKTI/IBeH JIIb HaA
HCPBI)H?[ B3I7IAL. C Y‘ICTOM TOrO, 4YTO BCA Hay—
Ka — 3TO JesATeTbHOCTb He CJIOHOB U HAaCeKO-
MBIX, 2 UMEHHO YeJI0BeKa, — MeCTO 4YeloBeKa
B 9TOM PALy 110 KpaiiHeil Mepe IpefCcTaB/sgeT

* Bpi6op 1IKanbl MMEHHO AECATUYHBIX 710rapupmMoB
6bIT OTpefie/ieH Ha IMEPBBIX 3TAlaX COOOpaKeHMAMMI
ymo6cTBa, TaK KaK GO/BIIMHCTBO Pa3MepOB 0ODHEKTOB
Bcenennoii B Hay4HOI MuTEpaType NPUBOAUTCSA MMEH-
HO B ATOI TDATUIIMOHHOI hopme.
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coboit onpeneneHuslit nHTEpec. CooTBeT-
CTBEHHO Y€JI0BEK, KaK 1 BCe MHOT'OK/IETOYHbIE
OpraHNU3Mbl, COCTOUT U3 KIeTOK. bonee Toro,
10 MHEHWIO MHOTMX OVMOJIOTOB, K/IETKa — 9TO
HanbojIee BaXKHAs U IPEfCTaBUTE/NIbHASA 6110-
normdeckas cucrema buocdepsr.

V3BecTHO, YTO sAfpa aTOMOB OIPEETAIOT
OCHOBHbIE CBOJICTBA CAaMMX aTOMOB, XOTSI IMe-
10T pasMepnl B 100 000 pas menbuine. OfHaKo
He BCEM M3BECTHO, YTO AaHAJIOTMYHO B Mera-
MUpe UMEHHO sAfpa 3Be3[] U Ta/JaKTUK OIlpe-
IeJIAI0T VIX OCHOBHBIE CBOJICTBA, a X pa3Mephl
IIPYMEPHO BO CTOJIBKO K€ Pa3 MeHbIEe CaMUX
3Be3], U TajakTuK. VIMEeHHO MosToMy sAfpa
3Be3J| U sipa F/IAKTYK BBIOPAHBI /151 TOCTPO-
eHVIsT K/TacCU(UKAIMOHHOI CXEMBL.

Pasmeppl mpoTOHa M aroma BOROpPOfA
U3BECTHBI HayKe C TOYHOCTBIO [0 JECATHIX
moneit KoadduimeHTa mepey CTENEHbIO Je-
catu. CpemHMil POCT desoBeKka Korebascs
B UICTOPUM €TO CTAHOBJIEHMS], HO BCe-TaKM JI0-
BOJIBHO B Y3KIX IIpefienaXx. Pasmepnl ki1eTok,
SIiep 3Be3[, sifiep Ta/IaKTUK Y CAMUX TaIaKTUK
OIIpefesIICh MHOIO KaK cpedHezeomempute-
CKue TI0 OJHON U TON e npouexype. Ecnm,
HANpyMep, U3BECTHO, YTO 3Be3[ibl He ObIBa-
1oT menee 10" cm u 6onee 10" cm, T0 cpesi-
HUI pasMep 3Be3fIbl OIpPeIeNIANCA KaK TOuKa
Ha IIIKajie, PaBHOYa/eHHasA OT 9TUX I'PaHMII,
T.e. — 10" cm.

JleTabHBIE MCCTIEIOBAHNA aBTOPOM 3TOTO
BOIIPOCA IIOKa3ajM, YTO C IOTPELIHOCTBIO [0
10 % (0,5 mopsifiKa Ha MIKaje [eCATUYHBIX JIO-
rapn¢MOB) BbIOPAHHBIN Psifi CUCTeM (BK/IIOYAs
CpefiHYIe pa3Mepbl 3Be3]I, lA/IAKTVK 1 T.IL.) 3aHN-
MaeT Ha M-ocm Mecra, depenyromuecs 4yepes
5 opstaKoB* (M1 KpaTHbIi eMy MHTepBai). Ha
pucyHke 1.4 nzobpaxeHa M-ocb 1 TOYKM Ha-
XOXKIIeHVsI Ha Hell BBIOPaHHBIX OOBEKTOB.

* EZMHCTBEHHBIM MCK/IIOYEHMEM U3 YCTAHOBJIEHHOTO
TIpaBUIa ABIAETCA caMa MeTaranakTiuka, KoTopas pac-
nojno>keHa Ha M-ocu Ha 1 IOpAJ0K IpaBee pacYeTHOTrO
MecTa.



JTOT pesynbTaT CBUETENBCTBYET O
ToM, uro B MACLUTAEHOIN MEPAPXIM
BCEJIEHHOW NPUCYTCTBYET CTPO-
M NOPAOOK — OMPELENEHHASA
MEPNOONYHOCTb, xoropas He cBssa-
Ha C BUJIOM JIMHEVKM (CAaHTUMETPbI, METPHI,
[ApCeKN...) U ONpenensieTcss 6e3pasMepHbIM
OTHOIIIEHVIEM, KOTOPOe MOKHO COpMyIupo-
BaTh OYEHb IPOCTO.

Cpedusisi zanaxkmuka 60 CHMOAbKO Pas
6onvute cpedHezo A0pa 2anaKmuxu, 60
CKO/bKO nocnedHee Gonvuue cpedHezo pas-
Mmepa 36e30b1, KOMOPLLil, 6 C6010 0uePedd, 60
CMONBKO e pa3 6onvute cpedHezo pasmepa
s0pa 36e30v1, U m.0.

Bepuemcst x ITPOBJIEME BOJIBIINX
YVICEJI. Mbl BUAMM, YTO 9TA YHUKAJIbHAS 3a-
KOHOMEPHOCTb SIB/ISIETCSI JINIID parMeHToM
ob111el 3aKOHOMEPHOCTH, OTKPBITOI aBTOPOM
(cm. puc. 1.4). IlpaBpa, MOXeT IOKasaTbcd,
yTo 3akoHOMepHOCTb BLOJIBIIMX YMCEJI
uMeetr Oojee oOLMIT CTATyC, TaK KakK B Hell
IPOSIB/ISIIOTCS. 3aKOHOMEPHOCTI B HECKOJIb-
KUX [apaMeTpax, a He B OJHUX pa3Mepax.
IIpenBapuTenbHOe MCCNIENOBAaHME aBTOPA,
OJIHaKO, [TOKA3ajIo, YTO OOHapyXKeHHas 6e3-
pasMepHasA IEepUOANYHOCTb C OCHOBHBIM
koadduimentom 10° cBOMICTBEHHA BCEM OC-
HOBHBIM ITapamMeTpaM BceneHHoit: BpeMeHaw,

MaccaM, CcumjiaM " T.II.

~10% = (10°)”

BONBLUME 4YMCNA 10° = (10°)’

pasmepos B 10 pa3

* Mo npegnonoxexuto aBTopa.

** [Ina npocToTbl 06BACHEHNS OCHOBHOW maewn
B paboTe 1CMonb3yTCs Be MOAENN macLuTab-
HOM cummeTpum  BceneHnHow:  yripoLyeHHas,
VNN OKPYTNeHHas [0 LenbiX NOopsiaKoB, U yToY-
HEHHasi — C WCMONIb30BaHWEM COTbIX [onen
nopsigka.

VrpoLyeHHasi mogens ypobHa [na  yACHEHWs
OCHOBHbIX 32aKOHOMEPHOCTEN MacLUTabHOl CUM-
METPUW, & YTOYHEHHas — [nsi NPOBePKM heHo-
MEHOJIOTMYECKMX AaHHbIX.

Mpy 3TOM ynpoLleHHas Mofenb Npu onucaHum
1 NOCTPOEHUM rpadMKoB MUCMONb3YET 3HAYEHUS

=33 =28 -=-23 -18 -13 -8 =3 2 7 12 17 22 27 M-ccb
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= - o =
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Puc. 1.4. MacwrtabHasa ocb BceneHHow (yrpoLyeHHas mogesnb* ), paspeneHHas Ha 12 nHTepsanos
no 5 nopsakos kaxapln. Casmr no M-ocu Ha 0auH NOPSAOK BNEBO UMM BNPaBO 03HaYaeT U3MeHeHve

pasmepa makcumoHa — 107 cm 1 pasmepa Me-
TaranakTuku — 10?7 cM (4TO COOTBETCTBYET ee
BO3pacTy npumepHo B 1 mwunnuapg ner), T.e.
onepupyeT M-untepsanom [-33; +27] anvHon
B 60 NOpsiAKoB.

YTo4YHEHHas MoLE b NCMONb3YET 3HAYEHUS pas-
mepoB — 1028 cm 1 10?2 cM COOTBETCTBEHHO,
T. e. paccmaTtpmBaeT M-uHTtepsan [-32,8; +28,2]
AJIMHOW B 61 NOpsIAOK.

Takasi 3amMeHa OHOro WHTepBana Ha Apyroun
B LieNIAX aKUEHTUPOBaHWS BHUMaHWUA 4uTaTens
Ha rnaBHbIX NyHKTax Maev asTopa Aaet norpeLw-
HocTb Bcero 1/60, T. e. Bcero 1,5 %
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ToT dakt, 4TO OCHOBHbIE IPEICTABUTENN
MACLUTABHBIX KITACCOB* cricrem pac-
II0/I0KEHBbI Ha M-0CH CTPOTO MeproIIecK,
C IepUOJIOM, KOTOPBIiT He MEHACTCSA Ha IIPOT-
JKeHuu 12 omepanmii o €ro OTK/IaJbIBaHNUIO
OT KpalHel JeBOJM TOYKM, a TOYHOCTDH IIpu
3TOM cocTasysger Gonee 10 %, ceudemenv-
cmeyem o HanUMUU 6 MacuimalbHoll uepap-
xuu 06vexmoe Bcenennoii cmpozoii ynops-
O0ouennocmu. VI XOTs1 O 3HAYEHVSIX CPENHUX
pasMepoB Takux 0OBEKTOB, KaK sjpa 3Be3f
" AOpa rajJakTUK, Mbl B HACTOAILEE BpEMA
MOXKEM CYIMUTb C He OYeHb OOJIBIION CTelle-
HBI0 TOYHOCTY, OJHAKO Hallle MCCIIeflOBAHIe
[IOKa3bIBAeT, YTO IIPY J[a/bHEIIeM yTO4-
HEHU!U pPa3MepOB TOYHOCTb UX COBIIAIEHMS
C MOJIe/IbHBIMY (IIpM yueTe BBbIABJICHHON Ou-
MOJIaZbHOCTM B pacIpefeNeHusax ') Iuib
HIOBBIIIAETCS.

[ToxakeM Ha KOHKPETHBIX IPUMepPax, Kak
COBIIAZIAIOT pa3Mepbl 0OBEKTOB C MATUIIOPSIJ-
KOBBIM HEPUOOM.

MACLUTABHbI/ KJTACC Ne0. Kpaii-
HAA J1eBasd TOYKa MaCIHTa6HOI‘O VHTEpBa-
Nla — pasMep MakcuMoHa ((yHaMeHTaIbHas
JUIMHA) TEOPeTUYEeCKV OIIpefie/ieHa C O4YeHb
BBICOKOJI CTENIEHBI0 TOYHOCTHIO

l;=1,6158 - 107 cm.

MACLUTABEHbIA KJTACC Ne4. Pos-
HO yepes 4 MHTepBajia IO 5 MOPAJKOB, 4TO
maeT caBuUT 1o M-ocu Ha 20 MOPAJKOB, MBI
nonyyaem sHauenue 1,6 - 107 cM, koTopoe
¢ norpertHocThi0 HiKe 0,05 mst kKoapdu-
L[MIeHTa Iepef AeCATKON MAEHTUYHO Oua-
mempy npomona. VITak, Mbl COBEpLININ
caBur B 20 MOPAAKOB U IIONTYYM/IA TOYKY Ha
M-ocu, xoTopas ¢ TouyHocTbio o 0,005 om
00H020 NOPsAOKA COOTBETCTBYET YpPE3BBI-
YyallHO Ba)XHOMY pa3Mmepy Bo Bcenennoi —

pasMepy  Hambomee

pacrnpocTpaHeHHOI

* Yerkas Knaccmqwmaunﬂ 6yneT aHa [anee, CM.
puc. 1.7.

28

1 IONITOKUBYIIEH  YacTULBl — NPOMOHA.

CrnemoBare/bHO, OTKJIOHEHME PacCUMTaH-
HOTO HaMI pasMepa OT peajibHOrO MeHbllle,
gem 1/20000!

ITpaBpa, OTK/IOHEHNE MOYXKHO OTIpefenATh
U HO-Apyromy (cM. cxemy Ha cTp. 29).

MACLUTABHbI KMACC No5. Eme
OJIVIH 1LIaT Ha IATb NOPAAKOB 110 M-ocu faet
Ham pasmep 1,6158 - 107 cm. TTo pamHbIM
OOTIBIIMHCTBA VICTOYHVKOB, Ouamemp amo-
ma 80dopoda pasen 1,4 - 10° cm. Orxio-
HEHMe OT pacdeTHOro sHadeHus — 0,2158%.
Ha opHOM mopsjike OTK/IOHEHME COCTaBIA-
er B 10 pas menbue ~ 0,02. C yyeTom TOIO,
4TO CABUT OT (YHJAMEHTATBHON IIMHBI CO-
CTaBfIAeT 25 MOPAAKOB, MOJCYET IOKa3bIBaET
morpenrsocts B 0,04 % (0,02 : 25 = 0,0004 =
0,04 %). MakcumanbHOEe OTK/IIOHEHME OT Te-
OPETUMYECKON CETKM B 5 MOPAJLKOB BBIIE
u paBHO 0,4 %.

MACLUTABHbIA KJTACC Ne6. Crnenyto-
Wit IIar fjaeT HaM 3HadeHye 1,6158 - 107 cm.
ITpumepHO Takoil pasmep, KaK IIOKasaso
u3ydeHne MaTepuana IO I[UTONOTUH, Teii-
CTBUTE/IPHO UTPAaeT Ba)KHYI0 POJIb B >KM3HU
KJIETOK.

K coxanennto, B 6uonornm Ko cux Imop
OTHOCATCA K pa3MepHBIM IIapaMeTpaM Kak
K WITIOCTPAaTUBHBIM M 3a4acTyIO JlaXke He
YKa3bIBaIOT pasMephl TeX MM MHBIX K/IETOK,
aecmM M YKasblBalOT, TO BeCcbMa INPUOIN-
»keHHO. [loatomy emie mpegcront cobparb
DOCTOBEPHYIO CTAaTUCTUKY IO KIETOYHBIM
pasMepam, 4TOOBI felaTb Kakue-1ubo yse-
peHHble BBIBOABI. MOXKHO, OIHAKO, CKa3aTb,
4TO ¢ MOUHOCMbIO 00 1 nopsadka amo 3Hae-
Hue coenadaem co CPeOHUM PA3MePoM 6cex
K7emox. B 3TOM cilydae IOrPEIIHOCTD pac-
yeTa Ha 30 mopsjakax He InpesblmaeT 1/30,
a gng cetku — 1/ 2,5.

* IIpuumHOI TAKOTO HECOBITAfIeHMsA MOXeET OBITh 1 He-
KOTOPOE 3aHMIKEHME MCTMHHBIX PasMEPOB aTOMOB,
TpaHMIbl KOTOPBIX OHPEIENAITCA 0 MaKCUMAIbHOM
IJIOTHOCTY 97IEKTPOHHOTO O0/aKa.



MACLUTABHbIA KITACC Ne7. Eme omu
11ar BIpaBo jIaeT HaM 3Havenne 1,6158 - 107 cm.
Cpennuii pocT yenoseka fo Hayana XXI Beka
ObII JOCTATOYHO O/IM30K K 1,6 M, B Hallle Bpe-
M OH yBemuumica Ha 4-5 cM (ckopee Bce-
IO 3a CYeT TOPMOHJIAbHBIX JOOABOK K INIIe
XMBOTHBIX). Ho BpAm /M oH OTKIOHAETCA
OT cpepiHero 3HadeHus B 1,62 cM Hero 6oree
4yem Ha +10 cm. [ToaTomy ¢ 60nbIINM 3amacom
MO>XHO IPUHATD, YTO IIOTPEUIHOCTD COCTaB-
nsaeT meHee 0,1 M, a 9TO JACT HaM OTK/IOHe-
HIe OT pacyeTHOro sHavenusA B 0,02 nmopsapgxa.
C y4eTroM TOro, 4ro IpefenbHOe OTKIOHE-
H1e — 2,5 IOpAfAKa, CPESHMIT POCT YeTOBeKa
omnpeperneH ¢ TOYHOCThIO Bbiule 0,4 %. Baxxno
OTMETUTD, YTO 6 pacHemax cpedHezo pocma
4e7108eKa UCNONbL308ANUCy MPU U3BeCMHbLE

Kocmonozuuveckue koucmanumor (G, h, ¢)
¥ OfIHa, OTKPBITAs aBTOpoM, — 107,
PaccmoTpum 6oree mogpo6HO ITOT pas-
Mep. OueBMAHO, YTO NONy4YeHHas IIOTpPell-
HOCTb SIBJISIETCS] HACTOIBKO He3HAYMTeTbHOI,
YTO HEeC/Ty4allHOCTh POCTa 4YeloBeKa B 00-
IEBCETIEHCKOI MepapXuyi MOXXHO CYUTATh
CTPOro Ji0KasaHHON. Ecmu e ydectp, 4TO
B [IEPUOANIECKOM DSy pa3sMepOB MOI/IM Ha-
KaIUIMBaThCsl OTK/IOHEHUs (4T06BI 0OpaTh-
Cs1 IO 4e/IOBEKAa, MBI CAelany 7 TaKMUX Iia-
TOB, IIPY 3TOM OTK/IOHEHVsI He HaKOIMINCD,
a B3aMMHO CKOMIIEHCHPOBA/INCDB), U €CIN
Y4€CTb, YTO PEabHbI CPEHNII POCT OTKIO-
HAETCA OT BennumHbl 1,6158 meTpa MeHbLIe
yeM Ha 10 CaHTMMETPOB, TO IOIAJaHNe
pocTa denoBeKa B OOIIMIT IEPUOANIECKIUIT

CXEMA PACHETA IMNMOIPELLHOCTH

Ecnn yyecTb, 4TO Ha BCO MacluTabHyl0 OCb
(M-0oCb) Mbl HanNOXWnN NEPUOAMNYECKYIO LUKany
cwarom B 5 nopsigkoB (Mepuvopuyeckyto cet-
Ky), TO BeM4MHA MaKCUMasibHO BO3MOXHO-
ro OTKNOHeHMUs Havboriee BaXHblIX OOLEKTOB
BceneHHon OT y3noBbIX TO4YeK ceTku 6ymer
cocTaBnATh 2,5 Nopsaka (MakcMmarbHO yaaneH-
Has To4Ka OT BblOpaHHbIX OTMETOK 6yAeT Haxo-
[OUTbCS MOCEPEANHE MeXAy HUMK).

CnepoBaTtenbHO, MakcumanbHoe TeopeTude-
CKOe OTKISIOHEHVEe OT Y3/0B BbIGPaHHOW nepu-

TOYKM MaKCUMasIbHOTrO OTKIOHEHMWS!
OT MepuoanyEcKon TeOPeTUHECKON ceTkn Ha M-ocu
CHBWHYTbI OTHOCUTESILHO Y3J10B Ha 2,5 nopsiaka

M-oce

IIJU

V31l NepMoanyeckon CeTKM C Lwarom B 5 nopsiakos

5x10?...6 x 10? (o1 5 §o 6 M) = 0,1 vHTepsana B 1
nopsgok. (OauH NOpsifoOK COOTBETCTBYET yBesmye-
Huto paamepos B 10 pa3).

. [

T e T

10°

el
P
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ofnyeckon ceTkn 6ypeT cocTtaenate 1/2,5 no-
psgka, noatoMy pAana koadduumeHta nepeg
[eCATKOW, 3Ha4YeHMe KOTOPOro MOXET npoberatb
BenmnyMHbl oT 1 oo 9,9..., Kaxgasa uenas egm-
HUUa OTKNOHeHus 6yfdeT AaBaTb MOrpeLlHOCTb
B 1/25. (Hanpumep, nepexop oT pasmepa B 5
MEeTpPOB K pa3mepy B 6 METPOB COCTaBNsAET BCe-
ro NuwWb n3MeHeHne npumepHo B 1/10 ogHoro
nopsgka, ans 2,5 nopsgkoB Takoe W3MeHeHue
pasmMepoB NPUBOAUT K OTKIIOHEHMIO BCErO NULLIb
B4 % (0,1:2,5=0,04 =4 %).)

[MockonbKy OTKMIOHEHWE pa3mepa MpPOTOHa OT
TEOpPEeTUYEeCKoro 3HayeHus He npesbiwaeTt 0,05
hepMu, TO CymMMapHas MOrpeLlHoCTb B JaHHOM
cny4ae MOXeT 6bITb onpefeneHa Kak BenuvymHa
0,05:10:2,5=0,002, unn meHee 0,2 %. 3Ta no-
rPeLIHOCTb 6OMbLUE, YEM MOJTyYEHHAs Bbille, HO
BCE paBHO OHa MPeHe6PEeXUTENBHO Mana, a y4un-
TbiBasi HETOYHOCTb ONpefeneHns auameTpa npo-
TOHa NS 3HAYEHWI Mocne OecATbIX, e0 MOXHO
BOOOGLLe NpeHebpeYb.
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PAR MepapXMYeCKMX 9TaXKeil MOXKHO CUUTATh
IIPOCTO Ui€a/IbHBIM.

HeB03MOXHO IIpM 3TOM OTHECTH [AHHBII
¢dakT Ha cyer 6e3qyMHOro KOMOMHMpOBa-
HIsA KOHCTAHTAMMN. Beﬂb @yHnaMeHTaanaﬂ
jinHAa, norydenHas M. ITnmankom 6omee 100
JeT Hasajl U3 Tpex (PUBMUECKUX KOHCTAHT,
CUMTAETCA B HAyKe OfIHOM M3 BaKHENIIUX
pasMepHBbIX KOHCTAHT Halero mmpa. A 6es-
pasMepHbIit Koadduiuent 10°, BbIBeIEHHbII
aBTOPOM, YHUBepCasieH [/ BCeX OCHOBHBIX
06beKTOB BceleHHOI, ¢ ero IMOMOIIbI0 BbI-
CTPOEH pA0 pa3mepos, B KOTOPOM TOUHO Ha-
XO[IATCS ¥ IPOTOH U BOJOPOJ, U BCe OCTallb-
Hble 3HAKOBE 0OBETHI.

IIpucBouM pacueTHOMY KOCMOJIOTMYe-
CKOMY 3HA4YeHMIO CPEJHEr0 pOCTa JeloBeKa
craryc cpeprero pocra YHEJIOBEKA PA3-
YMHOIO BCEJIEHCKOTIO (Lygy):

Luy = (1094 = (10°) - 1,6158-10™* cm
=1,6158-10% cm = 161,58 cm, (1.6)
rie k — HOMep MaciTaGHOTO Kiacca, 1im HO-
Mep MAaCIITaGHOrO YPOBHsA, [Is1 YelIoBeKa OH
paBeH 7.

MO>XHO IPEATIONOKUTD, YTO 3a BCIO MCTO-
PUIO Ye/IOBeYeCTBa CPEIHNUIT POCT KOebancs
OKOJIO KOCMOJIOTMYECKOT'O CpeJHEro pocTa,
WM cTpeMumics K Hemy. OT/ie/IbHbLIT MHTepec
IIpeJCTaB/IAeT pacyeT CPeHEro pocTa coBpe-
MEHHOTI'O 9€/I0BEKA B PA3/INYHBIX CTpaHaX.

CremaeM mnopcyeT AA Haielt crpassl. [1o
marabpiM BCI, B CCCP B 1960-1970 rT. cpen-
HUIT POCT MY)XUMH 6bUT 167-168 cM, a >KeH-
muH — 156-157 cm. HetpygHo nmopcunrars,
YTO /It CPEIHETO >KUTENsI CPEIHMIT POCT ObIT
rge-To B mpepgenax 161,5-162,5 cm. Cpenne-
apndMeTnyeckoe 3HadeHue paBHO 162 cM.
C ydeTroM TOro, 4TO B 3TO BpeMs >KEHIUH
B cTpaHe ObUIO HpyMepHO Ha 10 % 6orblue,
CpenHee 3HavYeHMe HEOOXONUMO MOLKOPPEK-
TUPOBATb B MEHbBILIYI0 CTOPOHY. Takum 06-
pasom, cpepuuit poct sknteneii CCCP B yka-
3aHHBI Ilepuoj oTamdanca oT Lyg, MeHee
4eM Ha 4 MM.
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Y4aurbiBas e TOT pasdbpoc B 1 cM, KOTO-
Pblil COIPOBOXXIAeT YKa3aHMe Ha CpPefHMIt
pocrt yesnoBeka B bCO, MOXXHO Io/Iararh, 4To
OH BOOO1Ie He OTKIOHA/ICS OT BBIYMCTIEHHOTO
HaMmm Ly !

BripoyeM, ¢ MOMeHTa IpOBEIEHHOTO
IIEPBOTO pacyeTa CPEIHETO POCTa YeIOBEKa
OH nopipoc Ha 4-6 cM. CKopee BCETo 3a CUeT
NIpMMEHEeH)sI TOPMOHOB IIpM BbIpAlliMBAHUU
CebCKOXO3AMCTBEHHOM npoxykuuu. VI cran
0oJIbllle PacUYeTHOTO TEOPETUYECKOTO 3Hade-
Hus. Ho €II1€ pa3 IIOBTOPUM, YTO OTK/IOHEHNE
nmaxe B 10 cM /11 3TOTO 3HAYEHU ST — HUYTOXK-
HO MaJlas IOrPelIHOCTb.

Tem 6oree, 4TO IONyYEHHBIN pacyeT —
3TO BCETO JIMIIb IepBasd NPUKNUIKA, HO C/IMII-
KOM Y>X TOYHO COBIAJAIOT STU JIBE€ BeN-
YYHBl — KOCMOJIOTMYECKMII CpefHMUIl pOCT
u peanbHbll cpepumit poct xurena CCCP,
4TOOBI ITOT pacyeT ObUI OUepeHbIM CITyYail-
HBIM COBIIafIeHNEM.

Wrak, Mbl BUIMM, YTO, IO KpaliHell Mepe,
ISt TpeX 0O'bEKTOB: IPOTOHA, ATOMA BOJIOPO-
Ia U Je/I0BEKa — TOYHOCTD IEPUOLNIECKO-
ro paszbuenust M-ocu sIBsieTCS HEBEPOSITHO
BBICOKOJI. BO3HUKaeT IpenmnonoxxeHue, 4To
M IJIsL APYTUX CUCTeM BcenenHoit xapaxrep-
Hble pa3Mepbl MX Hambojee MpeCcTaBUTENb-
HBIX BUJIOB IMEIOT CTO/Ib K€ BBICOKOE COBIIA-
IeHIEe C PACIETHBIM.

Kcraru, MO’KHO OTMETUTH (CM. COOTHOIIIE-
Hus (1.2) — (1.5)), 9TO CTONMb B3BOTHOBABIIIEE
Bcex ¢usukoB coorHomene BOJIbLLUNX
YNCEJ] umeer norpentHocts 6osee OHOTO
nopsigka (xkoadduumentsr ot 0,2 go 3,0) Ha 40
TIOPAJIKAX, YTO JjaeT TOYHOCTb He Bbime 1/40,
T. €. 2,5 %. Ecnut morpemHocTs B 2,5 % He cMy-
TUIa (USMKOB B MPOLIIOM, TO HOTPELIHOCTh
B 0,005-0,04 % TeMm 6oree He HODKHA CMYTUTD
X B HACTOSAIIEM UCC/IETOBAHMNIA

MACLLUTABHbIE KITACCbINe8,9, 10, 11.
Elje yeTbIpe YpOBHsI OIpefesIsInCh 110 CIIpa-
BOYHBIM [JAHHBIM KaK Cpef{HereOMeTPUIeCKIe



pasMepnl 3Be3]l, Afep 3Be3]l, TAIaKTUK U Afiep
rajlakKTUK, KaK y)Ke YIOMMHA/NIOCh, C TOYHO-
creio 10 10 %. B panpHeitmeit pabore Tex-
HOJIOTHI OIpefie/ieHNsI TUX pasMepoB OyzeT
II0Ka3aHa B Pa3BEPHYTOM BUJIE.

MACLUTABHbI/A KJTACC Ne12. Me-
mazanaKkmuka — OlieHKa ee BUJVMOTO pa-
Anyca 1o acTpopu3NIecKuM JaHHBIM KOJe-
6metcst B mamasone 10 cm — 2,5 - 10% oM.
B cooTBeTcTBMM C IIpe[CTaB/IeHNMEM O KO-
HEYHOCTM CB€Ta, TOT «Kpail» MeTarajaKTy-
KJ, KOTOPBINI BUJAT ACTPHOMBI, HaXOLUTCS
B IIOJIOKEHWUM TOPasfo O/vKe pearbHOro.
W3-3a pacmmpeHns peanbHbll paguyc Me-
TaraJKakKTUKM MOYKET OBITb OT 32 CB. JIET,
a MaMeTp COOTBECTBEHHO MOXXET OBITD B /iBa
pasa 6Gosnblie M JOCTUTATh 3HAYEHUS MMOYTU
B 6,4 10* cM. Takum 06pa3oM, B pasHbIX Ba-
PUAHTaX MOYKHO MCIIO/Ib30BaTh IapaMeTpbl
(1,6-6,4) 10* cm.

[l manpHeNIIMX pacuyeToB MBI OyneM
MCTIONb30BaTh 3HayeHue 1,6 - 10% cm, mmu,
4To TO Xe camoe, — 107 cm. Tlo mpuumne
TOTO, YTO BCE I/IEKTPOMATHUHbIE KOIeOaHMs
TOIL/IN JIO HaC U JIO SPYTUX Yronkos Beenen-
HOJl MMEHHO C 9TOr0 paccTosAHMA. B atom
cy4ae 9TO HabJIIofaTeIbHOE 3HAYEHNE VIMEeT
MaKCHMaJIbHOE OTK/JIOHEHME OT MOJe/TbHO
Touky Ha M-ocu (107 cM) mpumepHO B OfiMH
HOPATOK.

Wrak, soiacamnocs, uro HAWBOJIEE
MNPEOCTABUTEJIbHBIE OBBLEKTbI CBO-
X MACLUTABHbIX YPOBHEW PACMONNO-
YXEHbl BOOJIb M-OCU BCEJIEHHOW CO
CTPOrov MEPUOONYHOCTBIO. Ognako
B 9TOV IIEPUOINYHOCTH, BO-TIEPBBIX, ECTb MM~
KpOMHTEpBas (TaK HasblBaeMblil omBan Ju-
paka), CTPyKTypy KOTOPOTO MbI BBIHY>K/|€HbI
9KCTPAMONUPOBATH, PA3MeCTUB (POTOH, ALPO
97IEKTPOHA U CaM 9/IEKTPOH Ha MaCUITAGHBIX
II0/I0YKAX, O KOTOPBIX COBPEMEHHAs HayKa He
MOJKET TOKA HUYETO CKAa3aTh JlaKe B Teope-
TUYECKMX pacyeTax. A BO-BTODBIX, €€ [BE
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[IOJIOYKM MbI 3aHAMM OMoo6bekTaMy (KIeTKa
U 4e/I0BeK), KOTOpble B 00IeM psifiy CHCTeM
BcesleHHOI BBIIMIAGAT KaK YaCTHBIA (XOTA
IJIs1 HaC M BaXKHBIN) crydait. Takum o6pasom,
B BBICTPOEHHOI NEPUOAVYHOCTY U3 TPUHAJ-
LIaTY 3TAXEN Cyulecmeosanie namu smaietl
ocmaemcs nod 6onvuium onpocom. B manp-
HeJlIIIeM MBI IOKa)KeM, YTO 9KCIIEPYMEHTAIb-
Hble (Qu3MYecKue JaHHblE CHUMAIOT IOITHO-
CTPI0 BOIIPOC C OJHOTO M3 3TaXel — 6-To,
KOTOPBIil UTpaeT B TepMOAMHAMMKe BceneH-
HOJI K/TI04eBYI0 poyb. OJHAKO OCTa/IbHbIE de-
ThIpe aTaxka (1,2, 3 1 7) BO MHOTOM OCTAOTCSI
B HEKOTOPOII CTENEHN IIPOTHO30M.

METODOAOTMYECKOE
OTCTYNAEHUE

Mpexge 4em gBuraTbcs ganee, MHe 6bl X0-
TENoCb PaccMOTPeTb BOMPOC O METOL0Sornm
BbICTPaMBaHUA MepuoanN4EeCcKOn MacLUTabHON
nepapxvn. [Jeno B ToM, 4TO nto6as HenpepbIB-
Has MaclLuTabHas NocnefoBaTeslbHOCTb CUCTEM
BcenenHon 6yget BOCNPUHMMATBLCSH €CTECTBEH-
HbIM 06pa30M, eCfiM B HEN eCTb MOCTOSAHHbIN
K03hhULMEHT nepexofa Tuna «COCTOUT U3...»
WNn «BXoguT B...». Hanpumep, MeTtaranaktunka

«COCTOUT M3...» ranakTuK, KOTopble 3a ee
npegenamn He HabnooJalTCs, NO3TOMY BCe
ranakTuku «BXogdaT B...» MeTtaranaktuky. Ja-
nee, nobas ranakTuka «CoCTOUT U3...» 3Be3[,
1N HaobopoT, He yoanocb HanTW eLle cBoboa-
Hble OT ranakTuk 3ee3fabl. Camn e 3Be3nbl
«COCTOSIT U3...» aTOMOB. [paBga, atoMbl BMoJi-
He MOryT cyLliecTBoBaTb BHe 3Be3g. OpgHako
C ApPYyron CTOPOHbl, 3TUX BHE3BE3[HbIX aTto-
MOB BO BceneHHow Tak mano (mexee 0,1 %),
4YTO MMM MOXHO MpeHebpeyb 1 HanucaTb 06-
paTHyto hpasdy: aTombl «BXOAAT B...» 3Be30bl.
ATOMbI TOXE «COCTOSIT U3...» MPOTOHOB, HEW-

TPOHOB U 3NTEKTPOHOB, U Mbl MOXEM YBEPEeHHO



npegnonarartb, YTO 60IbLUMHCTBO 3TUX HacTuL,
He «rynsieT Ha cBobofde», a «BXOAMUT B...» aTo-
Mbl. [lanee, 4actuupl, BUAMMO, «COCTOSAT U3...»
MaKCUMOHOB.

NTak, Mbl MMeeM HenpepbIBHbIA pag cu-
CTEM, KOTOPbIA O4YEHb >XECTKO CBA3aH OpYyr
C ApYroM CUCTEMOW B3aWUMHOrO BKIIHOYEHUS.
B atom psgy, Kak yxe 6bi10 OTMEYEHO, eCTb
OTHOLLEeHUs1 MacLuTa6oB Tuna 10° unm kpart-
Hble emy. lMpn 3TOM ecnu Bce NpakTU4ecku
04YeBUOHO A1 MUKPO- U Meramupa, To ons ma-
Kpommpa Mbl HaTankMBaeMcsi Ha Cepbe3HYHo
MEeTOo00ornyeckyto npoénemy. Mol xe He Mo-
XEeM yTBepXaatb, YTO 3BE3[bl «COCTOAT U3...»
nogen (xota xpeupl gpesHero Erunta Tak
cuutann). MNpaBga, fanblle BCE B MOPSOKe:
YenoBEK COCTOUT U3 KNEeTOK, KNeTKN COCTOAT
13 aTOMOB...

N3 astoro MAPAOOKCA (koTopbid Mbl
camu, KCTaTu roBopsi, co3aann) CerogHs o4eHb
TPYyOHO HavTu Bbixod. Begb ecnu cumtath 3em-
10 CO BCEMU ee obutTaTensiMm — HebOonbLLIOW
6OKOBOW BETOYKOM (MO Macce) Ha rMraHTCkoMm
mMacLitabHom cteone BceneHHon, Torga Bce ee
06bEeKTbl — BeCbMa YaCTHbIN acnekT CTPYKTY-
pbl BceneHHoin. OCHOBHOW e «CTBOS» B NPO-
MEeXyTKe OT aTOMOB [0 3Be3[ HayKoW NpocTo
elule He mM3y4deH. B cuny 4MCTO NPUPOAHbIX
M METOOONMOrMYeCKUX TPYOHOCTEN acTpodu-
3MKa He B COCTOSHUM UCCnefoBaTth CTPYKTYpbI
C pasmepamMn MHTepecyloLlero Hac nopsgka
He TO YTO B 3Be3fax, HO faxe Ha ConHue. Mo3-
TOMY HayKa He MOXET yTBepXAaTtb Kak To, YTO
Ha 9TOM MaclUTabHOM MHTepBasne ecTb Kaku-
€-nM60 BblAENIEHHbIE W YCTOMYMBLIE CTPYKTY-
pbl, TAK M TO, Y4TO UX HET BOOOLLIE.

B aTOM cnyyae HeT HUKakux 3anpeToB Ha
HEKOTOPYIO MOZLENbHYI0 (haHTa3nio 1 MOXHO
NPeanosioXunTb, YTO 3Be3dbl «COCTOAT WU3...»
HEKOTOPbIX eLLe He 0O6HaPY>XXEHHbIX, HO OYEHb
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YCTON4YMBBLIX MOACUCTEM, pasmMepbl KOTOPbIX
B cpegHemM B 10° pas MeHbllue MX COGCTBEH-
HbIX. DTO, KCTaTW, BMOSHE MOATBEpXaaeTcs
NOBEPXHOCTHOW CTPYKTYypon ConHua (cpegHui
paamep 3Be3gbl ~10' cM), «rpaHynbl» KOTO-
poi MMET B CPefHEM MOPSOOK pas3MepoB
~10” cMm. Camm «rpaHysibl» MO Hallei cxeme
OOJMKHbI TAKXKE COCTOSITb M3 HEKOTOPbLIX O4EHb
YCTON4YMBBLIX CTPYKTYP METPOBbLIX PasMepos,
KOTOpbIe €elle Ha 5 NopsaKkoB MeHbLUE WX ca-
MUX. TMOHATHO, YTO pasrnsageTb TakoBble Ha
NOBEPXHOCTU — He TO 4TOObI 3Be3d, a Aaxe
ConHua — B HacTosiLLiee BpeMsi He npeacTas-
nseTcs BO3MOXHbIM. ELLle 60nee HeBEpPOSATHON
3afayelt ABMsSieTCS MpoBepka Teanca O TOM,
HYTO 3TN METPOBble HacCcTu «rpaHyn» OOJDKHbI
«COCTOSITb M3...» KBA3UK/IETOK C pasmepammu
B JECATKN MUKPOH.

WTak, nockonbky actpotmamnka go cux nop
He BbISIBUS1a HUYEro NoJo6GHOro faxe B CTPYK-
Type ConHua, Mbl 06Hapy>XXMBaeM ruraHTCKui
npoBan Hay4YHbIX CBEAEHUA O MaKpPOCTPYK-
Typax Hanbosiee pacrnpoCTPaHEHHbIX CUCTEM
BceneHHon — 3Be3q. [Mony4aetcsl, 4TO Ha-
ONIOAeHNs He [JalT HaM HUKaKon WHdopma-
L1n 0 CTPYKTYypax B Auarna3oHe pa3mepoB OT
macLTaboB aTOMOB [0 MacLuTaboB 3Be3[.

Ecnu cneposath Knaccu4eckum nNpeacTas-
JIEHNAM, TO 3Be3[bl COCTOAT U3 aTOMOB (M UX
noHoB). CnepgoBatesnbHO, OT 3B€34 4O aTOMOB
B HalleMm psify CUCTeM 4epe3 5 nopsiaKoB Mbl
NPaKTU4ECKN HE MOXEM MOCTaBUTb C YBEPEH-
HOCTbIO Kakune-nnbéo cTabusibHble CTPYKTYpbI.
BO3MOXHO VX OEVWCTBUTENIbHO HE CyLLEeCcTBY-
€T, HO Torga CyLlecTBYeT rMraHTCKuin nposan
B MacLuTabHbIX aTaxkax BceneHHol (nponyck
Tpex cTyneHek). BoaMoxHO, OHW eCcTb 1 urpa-
10T BECbMa BaXKHYIO pOSib B XWU3HW 3Be3f, HO
noka ele He OOGHapPYXeHbl, MO3TOMY ITOT

MacLUTabHbIN npoBan — pesynbraTt Hawlero



rnyboKoro He3HaHUs WCTUHHOW CTPYKTYpbl
3Be3g. Elle pa3 HanomMHuM, 4TO 3B€3abl — 3TO
99 % BeLecTBa BceneHnHon, noatomy nobble
NCCnefoBaHna 3TOro pspga Tonbko Ha 3em-
ne — nbOomMbITHbI, HO CTATUCTUYECKN OYEeHb
HenpencTaBUTESbHbI.

Y710 KacaeTcs MOeh COOBCTBEHHOW TOYKMU
3peHus, TO 1 BNOJSIHE [oMycKato, YTO Cy6CTPyK-
Typa BCex 3Be3[ MMeeT BCe BblOeNeHHble
BbilLle YCTOMYMBBIE 3Taxu, 4epenyloLimecs
Hepes 5 nopAOKOB. N BbISBUTb UX MOXHO He
0653aTeNnbHO  BMPSIMYIO — BWU3yasnbHO, HO
N KOCBEHHO, 4Yepe3 3aKOHOMEPHOCTM 4acToT-
HbIX NEepuodoB, KOTOpble HaBepHsKa cBA3a-
Hbl C 3TUMM MMNOTETUYECKUMW YCTONYMBBLIMM

pasmepamu.

ITopBopsa uTor aTOMy pasyieny, Mbl MOXKEM
ormetuts, uro ecnu JOMYCTUTD cyme-
CTBOBaHNe ele 4-5 BbIieIeHHBIX YCTON-
4MBBIX pasMEpPHBIX 3TaKell BO Bcenennoii,
TO BCA ee MaclITabHasA CTpykTypa Oymer
NOZ4YMHEHa CTPOroi nepuopmynoctu. [1pu-
YEM B OTOECIbHBIX cnyqaax yHaeTCH yCTaHO-
BUTb, YTO 3T NEPUOANIHOCTb COOMIONAETCA
C HEBEPOSTHO BBICOKOI TOYHOCTBHIO. Ecmm
>Ke OTOPOCUTD BCe MPERIONIOXKEHNS, TO TTOKa
MBI JIO/DKHBI OTMETUTD, YTO TMTaHTCKasA Mpo-
HaCTb B MAacIITaOHOII IIEPUOAMYECKOI CTPYK-
Type BcenenHnoit oT aTOMOB 10 3B€3[ 3aI0JI-
HsETCs B Halllell paboTe TOHKUM Iy TUHHBIM
MOCTOM B OCHOBHOM U3 OVMOJIOTMYECKUX CH-
cteM 3emn. JIpyroro HaM Ha CerofiHA IIPOCTO
He JJaHO 3HATb.

Yro6bl y uMTaTeNsA He CIOXMIOCh BIle-

YaT/ieHne, 4YTO JaHHAasA IepUOJUIHOCTD
CBOJICTBEHHA TONIBKO pa3mepam 006BEKTOB,
IpuBeileM HECKONbKO IPUMEpPOB U3 JPYIUX
HapaMeTPUIeCKIUX 00/IacTeit.

BospbmeMm, Hampumep, pAj  XapaKTep-
HBIX (U3MYECKUX U KOCMOJIOTMYECKUX 6pe-

men. IIpenBapuTeNbHO OTMETHUM, 4TO JH00as
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CHCTeMa MOYKET TEOPETUYECKU UMETH (U, KaK
HpaBmIo, nMeeT HaKTUIECKN) KaK MUHIMYM
TPU XapaKTePHBIX BPeMeH:

t — BpeMs IPOXOXKEHMS MONEPETHNUKA
CUCTEMbl CHUTHAJIOM, PpaclpOCTPaHAIOIMM
IECTBIE C MPEENbHOM CKOPOCThIO (HAMpu-
Mep, CO CKOPOCTBIO CBETA);

T — BpeMms KojnebaHUs CUCTEMBI OTHO-
CHUTENbHO TOYKM paBHOBeCHsl (COOCTBEHHBIN
Hepuoz Kone6aHms);

T — BpeMst HAXOX/IEHVS CUCTEMbI B BO3-
Oy>K/IEeHHOM COCTOSTHUN.

Bosbmem mns mawama ATOMBbIL. Jlerxo
HOJCYNTATh, YTO MONEPEYHUK aTOMa 9JIeK-
TPOMAarHUTHAs BOJIHA IPOXOAUT 3a Bpems t
okomo 107 ¢ (107 cm /10" cm /c).

Cob6crBennbiit nepuop kKomebaumit (T)
BCEX aTOMOB B KOHIEHCHPOBAHHBIX Cpefax,
KaK M3BECTHO, TIOCTOsIHeH 1 paBeH 1077 c.

Bpems xusHM aTomMa B BO30Y>XIEHHOM
cocrosiuun (T) Taxke M3BECTHO, OHO PAaBHO
10%c.

MbI BUIVIM, 9TO MTOCTIEOBATENBHOE COOT-
HOLIIEHNE MEXY STUMI TPeMsI BOXKHEN MU
aTOMapHBIMYM  XapaKTePHbIMM BpeMeHaMU
paBHO 10°. MosxeT 6BITh HaHHOE COOTHOIIe-
HIe€ CBOMCTBEHHO TOJIBKO mis aromoB? Oj-
HAKO 3TO He TaK. PaccMOTpUM XapaKTepHbIe
BpeMeHa /I APYIUX OODBEKTOB MUKPOMI-
pa — siiep aTOMOB.

Jlerko mOpCYMTATh, YTO IIOMEPEYHMK
AOPA ATOMA snexrpomarHuTHas BOJI-
Ha mpoxonut 3a Bpems t, pasHoe 107> ¢ =
10" cm: 10" cm/c. D10 Xe BpeMs HIMPOKO
M3BECTHO B sifiepHOI (usuke n Gpusuke sje-
MEHTAPHBIX YacTII] KaK XapaKTepHOe BpeMs
AePHBIX B3aMMOJEIICTBUIA.

[lpyroe Bpemsi, BpeMsi )KM3HU sIApa B BO3-
6yxpenHom cocrostHun — T, Takxke xo-
pouo ussectHo. OHo pasHo 1077 ¢, uto Ha
10 mopsmKoB OoJblile BpeMEHU SIIEPHOTO

B3aMMOJIEVICTBUS.
B coorBercTBMM € yCTaHOBJ/IEHHOI
IJIA  aTOMOB  3aKOHOMEPHOCTBIO  MOYKHO
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Puc. 1.5 MMpepnonaraemasi aBTOPOM MaclUTa6HO-BpeMeHHasi nepuoanyHocTb (10°) BceneHHoi

* 10" cekyH — npuMepHo 10 MUNIMapaoB NeT — BPeMs XUaHu BceneHHom.
** inn nnaneTHasa opbuTta, Hanpumep, Mepkypus.

HOACYNTATD COOCTBEHHBIT IHepuop Komeba-
HuA Axpa aroma — T. Ilo Hamelr cxeme oH
Jo/KeH ObITh B 10° pas MeHblile )XU3HNU Af[pa
B BO36y>X/IeHHOM cocTosHun — 107"

Urax, mbr moxkem [MPEOMNOJIOXKUTD,
9TO W IS siiep aTOMOB TPU XapaKTepHbIX
BpPEMEHHI COOTHOCATCA ¢ KoadduumeHTOM
10°. Bo BcsikoM clly4yae, 3TO OYEeBUIHO IS
IBYX U3 9TUX BPEMEH.

Moxuo [NMOJIATATb, uro Bpemennas
norapuMmdeckas ocb Ha [JAHHOM HHTep-
BaJle MACIITabOB TaKXKe MMeeT Bbljle/leHHbIe
TOYKM (CM. puc. 1.5), KOTOpBIe OTCTOAT APYT
OT fpyra Ha 5 MOPAAKOB. VHave Kak 00bsic-
HUTb TOT (aKT, YTO XapaKTepHbIe aTOMHbIE
BpeMeHa 9/IeMEHTAPHO IMOMYYAloTCs M3 Xa-
PAKTepHBIX SIIEPHBIX BPEMEH IIyTeM YMHO-
skenus ux Ha 10° ? Kak 06bscHUTD TOT axT,
4TO [/IA 3eMHOII OpPOUTDI, pa3Mepbl KOTOPOIL
okono 10" cM, MbI TIyTeM YeThIPEXKPaTHOTO

* OHAKO aBTOPY He YAA/I0Ch HalT! YIOMMHAHNA O Ta-
KOM BpeMeHN B jmTepaType. BoamokHO, 0OHO TpocTo
PeaKo YIOMUHAETCH, BO3MOXKHO, OHO TIOKa ellie He 06-
Hapy>keHo.
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YMHOXKeHNs Meprofia KomebaHmsi aToMa Ha
- (1004 1. e
oxoro 107 ¢, uto YAMBUTEbHO O/IM3KO (C yde-

10° monyunm sHavenue: 107 ¢

TOM OIPOMHOTO DAacCTOSIHMS Ha jorapud-
MIYECKOI OCHM) K 3HA4eHMI0 OfHOTO Trofa
(365-24-60-60=3-10"c).

CnenosarenbHo, moxxao [1PEOMOJ1O-
XUTb, uto Ha M-ocu koagppuyuermom ne-
pesoda xapaxmepHvix pasmepos é xapaxmep-
Hble 8pemeHa sB7eMcs CKOPOCb céema.

Tanee. Koadppumment 10° MoxxHO 06Ha-
PYXXUTb U B COOMHOWEHUSIX NOE6bIX 83a1L-
modeticmeuii. Tak, sKCIepYMeHTa/IbHO Haill-
[EHHYI0 KOHCTaHTY d4eTbIpexdhepMIOHHOIO
B3aMMOJENICTBIIA, KOTOPYIO COITIACHO MOJENN
DepMyt MOXKHO CUNTATh C/TabGbIM B3anMMOKeil-
CTBMEM, MOKHO 3aIliicaTh B Bujie'®

G;=10"-R’/M*- ¢, (1.7)
rie h — nocrosinas I[Tnanka, ¢ — CKOpPOCTh
cBeTa, a M — macca HyK/IOHa.

Jpyroit npumep 13 0671acTU MUKpOPU3NU-
xu. [ogcunrano'®, uro macca 6030Ha, He06-
XOMMOTO ISl OCYIeCTB/IEHNS TAK Ha3bIBa-
eMoro 6onvui020 o6veounenus (Bcex BUIOB



B3aMMOJENCTBII), [O/DKHA OBITb 6O0sblile
Macchl TpoToHa B 10" pas, uTo Ha Macuma6-
HOi OCU MACC COOTBETCTBYET TPEXKPATHOMY
yMHOXen1Io Ha Koadduiment 10°,

MTaK, MBI BUJVIM, YTO B COOTHOIICHMAX HE
TOJIbKO Pa3Me€pPOB, HO ¥ B COOTHOUIEHUSAX IPY-
I'VIX B)KHBIX [IaPaMeTPOB (BpeMeHa, MacChl...)
Hanbosee IpefCTaBUTENBHBIX 00beKTOB Bee-
JICHHOJT 4acTO IPOSIB/IAETCS OFWH U TOT XK€
6e3pasmepubrit koadduruent — 10°.

ITepeunciennble Bbilie (AKTBI, MMEO-
1y OTHOIIEHEe He K pasMepaM, a K [PyTuM
IapaMeTpaM, MOTYT ITOKa3aTbCsl CIyYaiiHoO
of0OpaHHBIMM, [IO9TOMY aBTOP ellle pas
HpeRyIpeXaaeT, YTO TIaTebHOE 1 MOTHOe
UCCIefoBaHMe MAcCIITaOHO IepPUORAUYHO-
CTHU IPOJAETAHO MM TONBKO I/ IapaMeTpa
pasmepoé cuctem. VIMeHHO B 9TOII 06macTn
BBIOOp KaXjoil M3 TodeK Ha M-ocu 060-
CHOBaH, a He cly4yaeH. Henmmne eme pas
HAIIOMHMUTD, YTO B MOCIENHIE [eCATUIETHS
60IbIINHCTBO QUSMKOB-TEOPETUKOB BCe 60-
jlee IPUXOAAT K IOHMMAHNIO BeAyLIell ponu
[POCTPAaHCTBEHHBIX 3aKOHOMEpPHOCTEIT. Vet
MHTEHCUBHAs paboTa IO TeoMeTpU3aluy
busnkn.

«Marepusi ecTb BO30OY)XIZEHHOE COCTOS-
HIe IMHAMIYECKOl TeOMeTpun. .. leomeTpust

npefonpenensaeT 3aKOHBI IBVDKEHUS

MaTepun...»*

3akaHuyMBasg 9TOT pasfeN, PacCMOTPUM
6onee mOpPOOHO TOXanyit Hambonmee WH-
Tpuryromuii  GakT, yCTaHOBJIEHHBII aBTO-
POM B XOfie MCCIEfOBaHMA MAacIITaOHO
uepapxvm Bcenennoit: LIEHTPAJIbBHOE
PACIMNONOXEHVE HA M-MHTEPBAIJE
BCENTIEHHOW MONOBOW KNETKM YE-
JIOBEKA (cm. puc. 1.6A). C HeBeposiTHOI!
TOYHOCTBHIO Hp]/[pona 6yKBa}IbHO IIOATOHAET
of; 3HaveHne, 6mskoe K 30-50 MKM pasmep
MY KCKOJ TIOTIOBOV KIETKM U Afipa ANLEKeT-
Kn 6 momenm ux causinusi (cm. puc. 1.6B),
a Bellb VIMEHHO 3TOT pasMep COOTBETCTBYET
MACIITABHOMY IEHTPY BCEJIEH-
HOWV (MIIB), unu touxe Ha M-ocnm (-2,3).

MHoroneTHne paSMI)IIJ_UIeHI/IH Hag 3TUM
¢dakroMm ybemumn MeHs, YTO 9TO He COBIA-
NeHne, a ciedocmaeue 000020, 8vL0eneHH020
NOI0NCeHUS HCUZHU U Her06eKd, 8 0CO0eHHO-
cmu 6 macuima6Hoii uepapxuu Bcenennoii.
Bepp ecit paccMarprBaTh YeoBeKa B 6oree
0600111eHHOM IITaHe, KaK p0008020 Uenosexa

* Yunep JIx. IlpemBupenue OiiniureitHa. M.: 1970.
C. 15-18.

Puc. 1.6A. Cnepmaroso-
va (a) umeet gnuHy 50-60
MUKpPOH. XKeHckas nosno-
Bas Knetka (6) ropasgo
6onblwe: 130-160 mu-
KPOH, HO ee sApo Takxe
NPUGNN3NTENBHO  PaBHO
30-60 MUKpOHaMm




(a Ha 9TO ecThb MHOXXeCTBO OCHOBaHMIT, Ha-
npumep takoe: 6onee yem Ha 80 % >KU3Hb
YelloBeKa OIpefie/sIeTCs] ero TeHeTUYeCKOil
HAC/Ie[ICTBEHHOCThIO, KoTopass (GopMupy-
ercs kak pas 8 MLB), To moxuo yBepen-
Ho yrBepxpaars, uro YEJIOBEK ABJIA-
ETCA KBUHTOCCEHLUMEN BCEX

MPOLIECCOB, NayLwnx BO BCEJNEH-
HOW, N SBAHVNMAET B EE VEPAPXI
ABCOMOTHO TOYHO LUEHTPAIJlb-
HOE MECTO.

OnHako 9Ta TeMa CTOIb BakKHa, YTO MBI
OCTaBUM ee [I0 0COO0r0 pacCMOTPEHMSI.

MECTO BCTPE4U

(B MacLutabHom LleHTpe BceneHHou)

Puc. 1.6b. B pesynbrate «roHku» fullb OAVH 13
200 000 000 cnepmato3ongoB npobusaeT 06004-
KY )XEHCKOW KNeTKM (&) N NPOHUKaeT BHYTPb Hee Ans
OCyLLeCTBIEHNA npoLecca oniogoTBOPEHNS.

U3MEHUTb HEJIb351

lMocne atoro ronoeka cnepmaro3onga, Ko-
TOpasi o 06beMY HAMHOIO MEHbLLIE XXEHCKO-
ro NnepBnYHOro agpa, Ha4ynmHaeT NnocTeneHHo
yBENUUMBATLCA B pa3mepax (6), noka He fo-
CTUrHET NpueNN3nNTeNbHO obbema sgpa -
LIeBOW KNETKM 1, 4TO 3amevartesibHo, — pas-
MepoB OKono 30-50 MMKPOH. Jiuwwb nocne
3TOro0 COAEPXMMOe 060MX MEPBUYHBLIX SAEP
cnueaetca B obliee Aapo (B). CnusHvem
AfepHOro mMarepuana, KoTopoe npoucxoauT
abComMOTHO TOYHO B MacLUTa6HOM LieHTpe
BceneHHoi, 3akaH4MBaeTCs npoLecc onso-
NOTBOPEHUS U HA4YMHAETCH OHTOreHeTu4e-
CKOe pasBuTME HOBOro opraHunama (r).
Takum o6pas3om, CTapToBOW MacLuTabHOMn
«MNIOLAAKOoA» [NA KaXOoro YenoBeka siB-
nsieTcs MacluTabHbIv LeHTp BeenerHon (50
MUKPOH), @ (OMHULLHOW «MacLUTabHOW Yep-
TOV» SIBNSIETCA pa3aMep B3POCNOro opraHus-
Ma, KOTOPbI TOYHO Ha 5 NOPAOKOB BbILLE MO
MacLUTabHON LLKane pasmepos




[JIABA 1.2

MACLLUTABHAS BOJIHA YCTONYMBOCTH

Wrtak, MBI YCTAHOBW/IM, YTO C JOCTATOY-
HOJ TOYHOCTBIO (B OTIOECIbHBIX CHy‘IaHX—
C HEBEPOSITHO BBICOKOIT) OCHOBHBIE OOBEKTHI
BcereHHOIT pacIionoyXeHsl Ha ee MacIITaGHO
MePapXIIecKoll OCM He XaOTUYHO, a CTPOro
YIOPSIIOYEHHO, Yepe3 5 nopsiakos. Eciu npu-
DJIAAfIeThCSL K BBIABICHHOMY PAAY (CM. piC.
1.4), To obpamaer Ha cebs BHMMaHuUe elle
OffHa 3aKOHOMEPHOCTbH: B HEKOTOPBIX CITyJasix
Jepe3 5 HMOPSKOB YepPeNYIOTCS sAApa CUCTEM
U MX CTPYKTYPHBIE HaiCTpOiKu. Bo3Huka-
er NMPEAMONIOXEHWUE, uro cyuecmesy-
em euje 00HA nepuoduuHoCcmb ¢ wazom 6 10
nops0Kos, U Mbl umeeM 0e/I0 HA camom Oesie
¢ 08yMs pdamu: A0EPHLIM U CHPYKMYPHbIM,
Komopuie CcO8UHYmMbL OpYye OMHOCUMENLHO
Opyea Ha 5 nopsioKos.

[TockonbKy e shpa 0ObEKTOB ropasno
ycroitunBee (B caMOM OOLieM MOHMMAHNUK
9TOTO TEPMMHA), YeM UX CTPYKTYypHas Haj-
CTPOJIKa, TO BBISAB/IEHHBIE [Ba PsIfa MOXXHO
PACIIONIOKUTD Ha Ouazpamme 00uH HAod Opy-
2um. TaKUM pacIiono>KeHeM MBI 3aKpeIisieM
UHTYUTUBHYIO YBEPEHHOCTb, 4TO ALpPO (aTo-
Ma, 3Be3JIbl, Fa/JlaKTVMKI U T.I1.) 60/Iee yCToil-
YMBO K BHELIHEMY BO3[EJICTBIIO, MNOJbIIE
CYILIeCTBYeT U MeHee ITOfBEPXKEHO TpaHcop-
MaIVsIM, 9eM CaMa CTPYKTYPHas Ha/ICTPOIIKa.

[TocTpouM emie pas guarpaMmy pacro-
JIOXKeHNS BBIJ/ICHHBIX OCHOBHBIX O0ObEKTOB
Bcenennoit Ha M-ocu (B manbHelieM mpa-
BOMOYHOCTD TaKOTO IOCTpOeHMs OyfeT MOox-
TBEP)K/I€HA SMIIVIPUIECKVIMIL JAHHBIMIL).

Ha guarpamMme 91cTO yCIIOBHO 13 cO06pa-
senmit yno6crsa npuusto, aro YCTOUNYU-
BOCTDb eo3pacmaem no ocu Y énu3s. B atom
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Clydae BeCb SIEPHBLL pPsf PACIOIOXKeH
nop, M-ocbio (cM. puc. 1.7), a CTPyKTYpHBbIi
pAn — Hag M-ocbio.

BepxHre ¥ HIDKHUE TOYKU COENUHUM
CUHYCOMIOI, KOTOpas, Kak OyfieT MOKa3aHo
Jasblile, OKa3bIBAeTCsl OYeHb YOOHOI Mofe-
JIbI0, OTPa)KAIoIlell MHOXKECTBO CHCTEMHBIX
cBOIICTB 00bekTOB Beenmennoit. B cuny toro
YTO BO BIIA/VHAX CYHYCOWM/BI YCTOMIMBOCTD
00BEKTOB B L[€JIOM BBIIIE, YeM Ha IPebHsIX,
Ml gapnm nonydensoit MOOEJIU nassanue
«BOJTHA YCTOV4YMBOCTU» (BY).

Sta Mozenb HeceT Ha cebe, KpoMe BCETO
[POYero, CIEHYIOL[YI0 CMBICIOBYI0 HAarpys-
Ky: OCHOBHble 00vexmul BeenenHoil He momvko
pacnonoxcervt 6001 M-ocu cmpoeo ynopsioo-
4eHHO, nepuoduUecku, Ho U NepuoOUHHOCHb
ux pacnonowenus umeem BOJIHOBOW,
FAPMOHVYECKUIN XAPAKTEP.

OpHako HapALY C OYEBUAHBIM Pa3IIYN-
eM SIIEPHDBIX U «HALBSNEePHBIX», VI CTPYK-
TYPHBIX, 00beKTOB Mbl Bupum Ha BY pnse
CUCTEMBL, KOTOPBIE, Ka3a10Ch OBL, 13 9TOIT 3a-
KOHOMEPHOCTH BblmazaoT. Peus uper o HE-
JIOBEKE u KJTETKE.

Ha mepBbIit B3I/LAL X pas3MeliieHne B 00-
IeM YepefOBAHMY sfep — CTPYKTYP HEKOp-
pektHO. C IPYroit CTOPOHBI, K/IeTKa BIIOTHE
COOTBETCTBYET «sePHOMY» CTAaTyCy IIO OT-
HOIIEHNIO K Ye/IOBEKY, Belb MIMEHHO OHA CO-
Iep>KUT OCHOBHYIO CTPYKTYPHYIO MHPOpMa-
1uio o HeM. [IpaBaa, noHsATHE «AApO» GoTee
[PUBBIYHO PACCMATPUBAETCS KK OJ[HO eIVH-
CTBEHHOE AJIPO, KOTOPOE HAXONUTCS, KPOMe
TOTO, B T€OMETPUYECKOM L[EHTPe CHCTEMBL.
3nech Ke pedub UIET CKOpee O IOMSAEPHOI
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Puc. 1.7. KonnyecTBeHHo-Ka4ecTBeHHas avarpamMmma maclutab—ycTo4nBoCTb, nonyymsLuas B 1979 rogy HaseaHne —BonHa Yctonumnsoctn (BY).
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MEFAUHTEPBAN

OTMeTUM 3apaHee, YTO BBELEHHbIE HAMW MacLUTabHbIe Kracchl ABNSIOTCS 06LMMU A1 BCeX BUAOB cucTem BeceneHnHon. OavH 1 TOT XXe MacLuTabHbIN Knacc
3anonHeH 06bEKTaMU ¢ pasHbiMu cBocTBamu. Hanpumep, knacc Ne8 3aHnMaloT nnaHeTbl, sapa 38e3s U 61oLeHo3bl. [py 9ToM MacluTabHble rpaHuybl 3TUX
06bEKTOB OKa3bIBAKOTCA MHBAPUAHTHBLIMU OTHOCUTESIbHO UX BELEeCTBEHHOrO HarnoJIHeHUs!




crpykrype. OCTaBMM MOKa [IPABOMEPHOCTD
TAKOro pasMmeleHyiss 6e3 OObACHEHNIT 1 TO-
CMOTpPUM, K KAKUM K€ BbIBOJJAM MbI IIPUIEM
B pe3yJ/ibTare BCEro MCC/IEOBAHNSL.

OnHAKO IpeXx/ie YeM IBUHYTHCS JIasblIle,
HeobxonuMo pmononHutenbHoe METOOO-

JIOT'MYECKOE NOACHEHME.

[MonyuenHas puarpamma (cMm. puc. 1.7)
ABJIAETCA BCETO JIMIIb IIOTYMETPUYECKOIt
KnaccmdmxauMOHHoﬁ CXEeMOM, B KOTOpOI
PASMEPbI CUCTEM (ropusonranbhast
0Cb) OIIPEJETISIIOTCS C HPeOeTbHO 803MOHCHOI
mounocmvio, a YCTONYMBOCTb CU-
CTEM (BeprukanbHas 0Cb) sIB/ISIETCS YCI06-
HO1l KauecmeeHHOIl MepOoii.

HamomunuM, 4T0 B KIacCHUKAIMOHHDBIX
paborax mOmOOHBIE KayecTBEHHBbIE Iapame-
TpIMYeCKue IIPOCTPAHCTBA YacCTO JICHONb3Y-
I0TCA BecbMa YCIelHo. BosbMeM, K mpumepy,
M3BECTHYIO KIAcCH(UKALMIO TATaKTUK — Jya-
rpammy Xa667a (cM. puc. 1.8). B Heil raaktiku
YIOPSZOYEHDI IO THUIAM, a TUIIbI COIUHEHDI
B BeCbMa YC/IOBHYO Ka4eCTBEHHYIO II0C/IE0Ba-
TETIbHOCTb, B KOTOPOIT METPYKA 1 060CHOBaHNE
PACITONIOXKEeHVA OTCYTCTBYIOT KaK 110 TOPM30H-
TaJIY, TaK U 110 BePTHKA/IL. JTa IIPOCTaA CXeMa,
HeCMOTpsA Ha MHOTOYNC/ICHHBIe IOMBITKU ee
MopmduKaryu'’, TIPOCYIecTBOBAMA JECATKM
JIeT ¥ O CUX IIOp VICIIONIB3YeTCs IIPAKTIIECKI
BO BCeX 0030PHBIX pabOTaxX II0 TaTAKTHKAM.

ITocTpoeHHas HaMM KOIMYECTBEHHO-Ka-
JecTBeHHas: fguarpamma (cM. puc. 1.7) Ha

3nnunTuHeckue
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[AHHOM 9Talle aHA/IN3a MacIITaGHOI CMMe-
TPUM SIBISIETCS He Gomee YeM YCIIOBHOM cXe-
Moit. Ham oHa Heo6Xonmma it Toro, YTo6bl
HauaTb pasanyaTh 0O0DbeKThl BcemeHHOI He
TONIbKO IO MX pasMepaM, HO U IO APYIUM
kputepusiM. [Ipu aTOM 3apaHee HeOOXOANUMO
IpeRyIpennTD, YTO IIABHOII I[e/IbI0 JaHHO-
I'0 TPyAA SABIAETCA BCe JKe M3ydeHIe 3aK0-
HOMEPHOCTEl ~pacIpeNeNeHus, «JBIDKe-
HILS» ¥ M3MEHEHNA 00beKTOB BIOIb M-ocu
(Bmonb ymorapuQMuyUecKoil OCu pasMepoB).
VIMmeHHO B 3TOM HallpaB/JI€eHNN aBTOpPOM
NPeAIPUHATH HanOO/bIIe YCUIUS Y TIOTTy-
YeHbI HanbojIee TOUHbIE U YCTOMYIMBBIE HAYY-
HbI€ PEe3y/IbTAThL

OpHako YTOOBI CpaBHUBATh OOBEKTHI
LpPYT € APYTOM, 3a4aCTyI0 OGHOTO Pa3MepPHOTo
mapaMeTpa ObIBaeT HeZOCTATOYHO. VI Torma
HOSIBIISIETCS] HEOGXO[MMOCTD B OIIOTHUTEIb-
HBIX NPU3HAKaX M CBOVICTBAX, KOTOpble He
BBIBOJJVIMBI BIPAMYIO U3 pasmepos. Iloaro-
My #aHHas pabora COTKaHa Kak Obl U3 ABYX
OYeHb Pa3HBIX METOLOTOTMYECKIX TUHUIL.

C opmHOII CTOPOHBI — O4eHb MOuHOe
onpedenenue koopounam na M-ocu u cospa-
me MOJENbHOW NEPUOANYECKOW
CETKW, & ysnax xomopoit usmensiomes
8acHbIE c60licmeéa mamepuu, pacnosnodice-
Hbl Haubormee pacnpocmpaneHHvle Cucte-
Mbl, U T. 1L

C ppyroit cTOpOHBI — Hemempuueckoe
uHmyumueHoe pasoenenue 00veKmMos no ux
ceoticmeanm.

SBe Puc. 1.8. lMepBas wun camas
pacnpocTpaHeHHas KamMepTOH-
Has knaccuukauma ranakTmk
3. Xa66na.



BosBparuMcsa K Halleil BOJHOBOI MoO-
pemu (cm. puc. 1.7). Iocrpoenne BOJIHbI
YCTONYUBOCTU 6b110 Odenn pomrum,
KPOIIOT/IMBBIM IIPOILIECCOM, KOTOPDIl MO>KHO
CPaBHUTH C BOCCTAHOBJIEHMEM BHENIHOCTYU
HEUSBECTHOTO J[PEBHETO JKUBOTHOTO IO He-
CKONIBKVM HalifleHHbIM ()parMeHTaM €ero CKe-
nera. VI TONbKO KOMIUIEKCHOCTh CpPaBHEHUS
¢daxToB, UX MHOTOAKTOPHAs CBEpKa Ha CO-
[JIACOBAHHOCTD MO3BOMIU/IN BCE XK€ YBEPEHHO
yrBepxkarh, uro BOJIHA YCTONYMBO-
CTWN — 10 e mnon Boo6pakenus, a OOHA
N3 ®PUSNYECKNX PEANN HALLEMO
MWPA. B nanpHeilimux pasmenax KHUIU 9TO
GyneT mOKas3aHo CO Beeil pele/IbHO BO3MOXK-
HOJI IIOJTHOTOJA.

BOJTHA YCTOMYMBOCTW (BY) paer
BO3MOXKHOCTb PACIIONIOKUTh HA PAsIMIHBIX
MAaCIITaGHBIX YPOBHSIX sIIePHBIE U CTPYKTYP-
Hble (OPMBI BEIeCTBA, OHA IIO3BOJAET HATh
KadeCTBEHHOE CPaBHEHIE X OTHOCUTETBHOM
ycroiranoctn. Kpome roro, TOHKW MNMEPE-
CEYEHNA BY C M-OCbHO, xax BbiaBun
aHA/N3, ABJIIIOTCS PA3MEPHBIMU 2PAHULAMU
JUIsL OCHOBHBIX KJIaCCOB BBIOPAHHBIX HAMU
CHUCTEM.

BOJIHA YCTOWYUBOCTWU o6namaer
U PSAJOM JPYTUX JOIOTHUTENbHBIX MH(OP-
MALMOHHBIX CBOJCTB, KOTOpble, KaK Oymer
MIOKa3aHO JIajiee, BBIBOJAT HAC HA 3AKOHOMEP-
HOCTM MacIuTaGHOI AUMHAMMUKM BO BcemeH-
Hoit. Hajio ckas3aTp, 9TO MHOXKECTBO YIAYHBIX
CBOJICTB BOJTHOBOJT MOJIE/IV [IENIAIOT €€ IIPOCTO
He3aMeHUMbIM UHCIMPYMeHmMOoM npedsapu-
menvHO20 aHANU3a MACUMAOHBIX 3AKOHO-
mepnocmeii 60 Bcenennoii.

Ho npu sTom HeOOXOAMMO OTMETHUTD,
4TO B HEl eCTb 11 BeCbMa HelpopaboTaHHbIE
MecTa.

Bo-nepsbIx, aTO MHTEpBan oT-33 10-13 —
TaK HasblBaeMblii nofsas Iupaka. Pasmectus
TaM 9eKTPOH U (POTOH, aBTOP 3aBELOMO IO-
IIeT Ha IIPOM3BOJL, MO0 HMKAKUX Cepbe3HBIX
apryMeHTOB B I10JIb3y TaKOT'O LIara Her.

Bo-BTOPpBIX, 110 CYTH fiefIa Y3/I0BbIe pa3Me-
pbI -3, +2 110 1 +7 O04eHb C1ab0 MOFKPeIIeHbI
CTaTUCTUYeCKOIT 6asoit n3 usnxu. [a, -3 —
9TO B@KHENIINMT pasMep mas Omocdepsl,
CpefHMII pasMep KJIETOK, 1a +2 — Ba)KHEN-
NI pasMep /st YeloBeKa — ero co6CcTBeH-
HbIII pocT. Ho Kak MOXKHO CONOCTaB/IATDH
KJIeTKY C Ye/IOBEKOM U BeChb OCTAJIbHOI (u-
3ydeckuii mup? OT4acTy Ha 3TO JaH OTBET
B KHure «Yemosek B macmrtab BceneHHOI»,
HO BOIIPOCHI OCTAIOTCA.

B-TpeTpux, acTpo(pusuKy He 3HAIOT JC-
TUHHBIX pasMepoB sAfep 3B€3[. VIx Teopern-
YecKuil pasmep B +7..+8 mopsAgkoB Ha M-ocu
He COITIACYeTCs C aCTPOPU3NIECKUMI pacye-
TaMy, KOTOpble AT Ha MOPARKM OOJbIiNe
pasmepbl. Takum 06pa3oM, Mbl He 3HaeM, Ka-
KOBO JMICTMHHOE COOTHOLIEHUE MEXMY Cpefi-
HIUM pa3MepoM 3Be3[pl I ee sAzpa. OHo Takoe
Ke KaKk y aroma, T. e. 1 k 10° unu cyectBeHHO
MHOe, HarpuMep, 1 k 1002

Takum o6pasom, K cTpyKType BomHb
YcToiuMBOCTN €CTh MHOXECTBO BOIIPOCOB.
Ho ¢ apyroit CTOpOHBI HET HY OfHOTO HAaOIIO-
HaTenbHOTO (aKTa, KOTOPBIN ObI ee HapyILIa/l.
EcTb HesicHbIe, HEIPOPabOTaHHbIE MECTa, HO
IIPOTUBOPEYMIil ¢ PaKTUUECKIM MaTepyanoM

BCE€-TaKI HET.



[JIABA 1.3

KNACCUDUKALIUOHHDIE MPAHULLBI
B MACLUTABHON CTPYKTYPE BCENEHHOM

B npenpifymyx rmaBax 6bUIO IOKa3aHo,
4TO HAubo/mee Munu4Hvle NPEICTABUTENN
13 OCHOBHBIX K/IacCOB 00DBeKTOB BceneH-
HOIl pacronoxeHbl Ha M-ocu co cTporoit
NIEePUOAMYHOCTEIO Yepe3 5 um 10 mopAaKos.
ITpu 3TOM MBI MCIIONB3OBAIN CpedHezeoMme-
mpuyeckue pasmMmepbl BHIOPaHHBIX 0O'bEKTOB.
HamomHUM, 4TO 3TOT apaMeTp ONpefesisii-
Cs1 KaK CpefHsisi TOUYKa MaclITabHOro Auamna-
30Ha CYILeCTBOBAaHNUA 00beKTOB. [l 9TOrO
Ha M-oc1 oTMeuanuch pa3MepHble IPaHULIbI
IJIsT K&KIOTO MCCTIefyeMoro Kmacca (MUHM-
MyM U MaKCUMYM), 3aTeM HaXOAMUIACh Cpef-
HsAA TOYKA ITOTYYEHHOTO OTpe3Ka.

Jlormueckoe pasBUTUE 3TOM CXEMBI
B CBO€ BpeMs M IpUBEIO aBTOpa K IIO-
crpoenmio BOJTHbl YCTONYMBOCTW.
M TyT HeoXMaaHHO OKas3anoch, uro MO-
IOEJIb BY o6nagaer [OMONTHUTENIbHBIMU
Ha-
HpuMep, BO MHOTUX CITy4asix 00nyCmumubli
ouanason pasmepos o6vexkmos coénada-
em ¢ moukamu nepeceuenuss BY u M-ocu,
a macwumaobnas 0nuHA 3mMozo ouanaszona

IBPUCTUYIECKMMN BO3MOXHOCTAMMU.

60 MHO2UX CLYy4AAX PasHa 5 nopaoxam.
13
KJIacCoB BceneHHON pacnoyioXeHbl JpyT

T.e. He TOIBKO OCHOBHBIE OOBEKTBI

OT Apyra Ha PacCTOSIHMM 5 MOPAJKOB, HO
M MaclTabHbIN guanasod 11 u3 HUX ToXe
IIOYTH BCerja paBHAeTcA 5 nopsAapkam. Ilpu
9TOM KaX[as BepxHss monyBonHa BY,
UMelas MaclITabHYIO IMHY B 5 IOPAL-
KOB, KaK MblI y»X€ TOBOPU/IM, «3acCelleHa»
B OCHOBHOM CHIPYKIMYPHbIMU 0OBEKTAMU,
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a KaKflas HIDKHAA IONTYBO/NHA — A0epHbl-
Mu 00beKTaMM.

bonee Toro, oxasamoch, 4YTO BepXHUE
U HIDKHME TOYKM nepern6a BY rakxke sBs-
IoTcA  KIacCUMKAVOHHBIMU TPaHUIIAMIA,
HO y>Ke BHYTpU Kakzgoro u3 13 xnaccos. Ilo-
ckonbky OCOBbIE TOYKW na BY (rou-
K1 nepern6a M TOYKM IlepecedeHns ¢ M-o-
CbI0) 4epenylTcs 4epe3 2,5 MOPSAAKA, TO
ama modenv 3a0dem HAM UEPAPXUHECKYIO
macwmabHylo Knaccuduxauyuio.
KIaccuduKaumym ectb KPYIHBIE AYeKI,

B aroit

MacitabHas IIMHa KOTOPHIX paBHa 20 mo-
pAnKaM. OTM KpPYTHbIe AYeiiKM pasfensdioT-
¢ Ha A49erku 1o 10 MmopsAAKoB, KOTOpHIE,
B CBOIO O4epe/ib, pas3eAoTcsa Ha AYEHKN 110
5 IOpAAKOB, a Te — Ha AYENKA 110 2,5 MOpAL-
ka. Bonee Toro, kak 6ymer mokasaHo, MMe-
10T (pM3MYECKM peasbHBIl CMBICT U AYENKU
B 15 mopsaakos. Bce aro roBopur o cmox-
HOM COY€TaHUM Ppa3/INIHbIX K/IaCCOB I[pyI‘
¢ gpyroMm. BpaApj nmm 3TO MOKHO NPUHATH 3a
CIIy4ailHOCTb, MIO3TOMY Yy aBTOPa POAMIOCH
MPEONOJNIOXEHWE, uro BY, mocrpo-
eHHas Ha IIepPBOM 3Talle IPOCTO Kak o6pa3
ycmoiiuueocmu 00veKmos, ABJIAETCA elle
U y00OHOU KnaccuPukauuoHHol mampu-
ueil Ot macuma6Hoz20 pasdenenus dma-
sceil Beenennoii. I1okaskeM, HaCKOIIbKO 3TO
IIPEeIONTOXKEeHNe COOTBETCTBYET haKkTam.

Hauynem anHanus ¢ Hambormee KpPyIHOTO
KIaccuUKAIVOHHOTO pasfeneHus BY Ha
TpM OJVHAKOBBIX y4acTKa, IpuMepHO 110 20
MOPANKOB KaXKJbIIA.



1.3.1. TUMbI
B3AVIMOOENCTBU

B MACLLUTAEHOW
WEPAPXWW BCENTEHHOW

B HacToAllee BpeMA HayKe JI3BBECTHBI
n BpaSHM‘IHOﬁ CTCIICHN €0 I/[3y‘IeHbI 4eTbIpe
B3aMMOJIEIICTBYA: CMaboe, CUIbHOE, NeKTPO-
MarHMTHOE 1 TpaBUTAlMOHHOe. IIpumHIM-
[MaIbHO BA)XHO OTMETHUTb, YTO KAH00e U3
HUX o6nadaem pasnuuHOLL CimeneHvio 603-
Oelicmeus HA Mamepuio 6 3aéUCUMOCL Om
macuma6nozo yposus'®. Ecmu o101 dakt He
3aMe4yaTb, TO MOXXHO IPMITU K HeBEPHBIM
yrBepkperuam. Tak, [x. Yunep micam: «Ya-
CTO TOBOPST, YTO «KOHCIMAHMA C653U 2pa-
BUMAUUOHHO020 NOons Mana». OTHAKO TaKOro
pona yTBep)KIeHHE B paMKaX KIacCUYecKoil
(bU3MKY JIMIIEHO KakKoro-nmbo cMbicia, 160
He CYILIeCTBYeT eCTeCTBEHHOIo MaciuTaba Jyist
cpaBHenus Qusndecknx shdexTon»’
3fech uzeT peun? [la 0 TOM, 4TO Ha Pas3TNYHBIX

° 0O uem

MacIITaGHBIX YPOBHAX COOTHOLIEHME CIIT
B3aMMOJEIICTBUI CYIECTBEHHO OTIMYAETCSL.
V1 Bce B3auMopeiicTBUs HEOOXOAMMO paccMa-
TPUBATh TOTILKO C YYETOM UX PO B OIpefe-
neHHbIX 0o6macTsax Macurabos. Ilocmorpnm,
OHI/IpaHCb Ha Hay‘{HbIe OAaHHbIC, KaK 3TN B3al-
MOpeNiCTBIS «3acersiioT» M-ock (cm. puc. 1.9).

| — METANMHTEPBAIJN. TIpn paccmorpe-
HUU B3aUMOJENCTBUA 3Be3f U ramaktuk [ PA-
BUTAUMOHHOE BsaumopeiictBre oKasbi-
BaeTCs pernaroiyM ($akTopoM, TOrfa Kak Hiu
0 C/1abBIX, HIL O CHJIBHBIX, HIL O [ja)Ke /IEKTPO-
MAarHUTHBIX CI/IAX 3/I€Chb MO>KHO He YIIOMJHATb,
HACTOJIBKO HUMYTOKHBI Pe3y/IbTaThl MX BO3JEl-
CTBIUSA Ha MeraypoBHe Bcenennoit.

«Ecnu roBoputh 0 M060M KOCMMYECKOM
obbekTe B LienoM, Oyb TO IUIaHETa, 3Be3Na,
rajlakKTiKa " T.JI., TO HA B OJHOM U3 HUX Mar-
HNUTHBIE CIIBI He WUIPAIOT IJIABEHCTBYIOLIEN
ponu, OIpene/soNiell caMo CyIeCTBOBaHNUE
00bekTa. BCromy 0CHOBHAsI PONTb IIPUHAIEKUT
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cunam rpasurtamyy>’, TIpyuduHa 3mech B TOM,
9TO C POCTOM MAcCChl 0O'beKTa 3apsDKEHHbIE Ya-
CTUIIBI 9KPAHUPYIOT APYT APYTa, YTO IPUBOJUT
K KOMITEHCALINY X 9TIEKTPUIECKNX U MArHUT-
HBIX IOJIeif. DTO Kak OBl HeTpanmsyer 9/eK-
TPOMATHUTHOE IIOZI€ BeljecTBa. EcTecTBeHHO,
9TO Macca YacTHI] U MX TPaBUTALMOHHOE II0NIe
He 9KpaHMpyioTcs HudeM. [loatomy ¢ mepexo-
JIOM KO Bce 60j1ee KPYIHBIM 00'beKTaM IHepeust
IIEKMPOMAZHUMHO20 NOTIA pacmem He npo-
NOPUUOHATLHO 00LeMY HUCTTY Hacmuy, 00peK-
ma, a meonenHee.

«[paBUTALMOHHOE B3aMMOJEICTBYIE OT/IN-
9aeTCsl OT 97IEKTPOMATHUTHOTO TEM, YTO BCe
JaCTHIBI MMEIOT MaCcChl OffHOTO 3HaKa, BKIIIO-
Jasg ¥ aHTUYacTULBL. B pesynbrarte sTOro0 ponn
TPaBUTAL[IOHHOTO B3aMMOJEICTBN, Oe3Ha-
eXKHO CTTabOro B MIpe 9/IeMEHTAPHbIX YaCTHII,
IpyU TIepexofie KO Bce OOonbIImM Macumrabam
BO3pacTaeT u B Maciurabax BcemeHHOIT aGco-
MOTHO TIpeobnafaer*. [10aTOMY ecm B Masibx
o0beMax... MaTHUTHbIE CH/IbI MOLYT IIO/HO-
CTbIO praBHHTb IIOBE€CHNMEM BeEIeCTBa, TO
B IIIaHETe, 3Be3Jie I/IV TATIAKTHKE B [[eJIOM 9TO-
O yoKe HeT, a B eltje 60/bIInX 00/1acTsX, Cyllje-
CTBEHHO IIPEBBIMIAMINX Pa3MePbl OT/IETbHBIX
TaIaKTVK, AMHAMUYECKas PO/Ib MAarHUTHOTO
TO7Is1, BUMMO, HUYTOXKHO Masiar’.

I MAKPOWHTEPBAIJI. Becy ma-

KpOMUP, B KOTOPOM J>KMBET U JIEICTBYET ue-

JIOBEK, — 3TO MMpP, B KOTOPOM OCHOBHBIM
APXUTEKTOPOM U CTPOUTENEM ABJIACTCA IJIEK-
TpOMarHeTu3M. 3acuer TOrO, 4TO 9Ta C1ia UMeE-
€T PAaBHOLIEHHbIE «IIO/II0Ca» — IIPUTAKEHNE
1 OTTAZIKMBAHME, IIPNPOJa IIyTEM OTPOMHOIO
KOnmm4ecTBa KOM6I/IHaLU/II/uI 9TUX CUJI CTPOUT Ha
Pa3IMIHbIX MaclITaOHbIX YPOBHAX HEBEPOAT-
HO€ KOZIMYECTBO TUIIOB CUCTEM (SJICCI) YMECTHa
aHaJ/Ioruga ¢ 6]/[HapHI)IM S3PIKOM KOMIIbIOTEP-

HBIX IIPOTPaMM).

* Ilpym B3aMMOfENCTBUM JIBYX IIPOTOHOB 3/IEKTpuIe-
ckue cunbl B 10*° pas mpeBOCXOAT rpaBUTAIIMOHHbIE.
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A — «TOYKA TIEPEXO[OA». Opnaxo
PO/Ib 9TIEKTPOMATHUTHBIX CUJI OCTabeBaeT He
TOJIBKO 0 Mepe MPOABIDKEHNUS B METaMUp, HO
U [0 Mepe TOTPY)KeHUs B MUKpomup. Tak, Ha
apepubix Macmtabax cuet QJIEKTPOMAT-
HWNTHOI O BsanmoneiicTBisA yrke Topaspo cia-
6ee cun CUINbHOTO Bsanmonericteus. «Snep-
Hble CUJIbI BEMKY 10 abCOMIOTHOI BETUYMHE...
[l mpuMepa HOCTATOYHO CKasaTb, 4TO 0Oy-
C/IOB/IEHHAS SAMIEPHBIMU CUJIAMM SHEPTUA CBSI3U
npocreiirero sxpa (feiirpoxa) pasHa 2,26 MaB,
B TO BpeMs KaK OOYC/IOBIEHHas 9/eKTpOMAr-
HUTHBIMI CVJIAMU SHEPTUS CBA3M IIPOCTENIIEro
aroma (Bozjopopa) paBHa 13,6 aB»2*,

Opnako AOEPHBIE CWUJIbl sasnaworca
Hau6oree CUIbHBIMY JIUIIb B Y3KOM [MAIIa30-
He M-ocn.

«SImepHble CWIBI CMJIBHO W3MEHSIOTCH
C M3MEHEHUEM PpACCTOSHUS; HA PACCTOAHUU
1 pepmu szepHBIE CHIBI MEXJY IIPOTOHAMMI
B 35 pas 6osblie CUT 9NEKTPUYECKOTO OTTAJI-
kuBanus u B 10% pas Gonibllie rpaBUTAI[OHHO-
ro B3aumopielicTusa. Ha paccTosHMAX MeHb-
e 0,7 GpepMu sifepHble CHIbL IEMICTBYIOT Kak
CIJIBI OTTA/IKVBAHMSA, HA PACCTOSHUAX GOIbIIIE
0,7 pepMyr — Kak CHJIbI IPUTSDKEHMNST; Ha pac-

cTosHMY 2 epMIL X IefiCTBIIE PABHO HYITIO».

Il — MWKPOWHTEPBAJL. Ecin yruy-
OUTBHCST B MUKPOMMP [JAJIbIIIe, TO OKXKETCsI, YTO
CJIABBIE B3AMMOJEVICTBIS, KOTOpbIE Ha
Macitabax aTOMHBIX sifiep IPYMEpHO B 10" pas
cnabee CUIBHBIX, Yepe3 2-3 MOpsi/iKa OKa3bIBa-
I0TCSI TIPeoO/IajaloMy. Hajl BCEMM BUIAMU
B3aMMOJeNCTBMIL. Takum o6pasoM, MacIITaobl
JTOMUHUPYIOIIETO JIeiCTBIA C1abbIX CIJI, KOTO-
pble OTBEYAIOT 3a paclafibl 37IeMEHTAPHBIX Ya-
CTULI, SIfiEp ¥ APYTUX MUKPOOOBEKTOB, YKe CO-
BEpIIEHHO MUKPOCKOINYHBIL. «IDKCIIEePYMEHTBI,

* HeprHHO, KCTaTu, IMoACYnUTaTh, 4YTO 3Hepr1/m CBA3N
aroma Bofiopozia B 10° pas crabee sHepruy CBS3U MPO-
CTelillero U3 sfep — JENTPOHa, a PN 9TOM pasMep
IefiTPOHa TOYHO BO CTOMBKO e pa3 (B 10° pas) menvuie
pasMepa aromMa BOJOPOJa.



BBIIIO/THEHHBIE. .. HAa IYYKaX HEMTPUHO BBICO-
KX 9HEpIuil, NOKasaay, 4TO... Pajuyc Heii-
CTBMs CMJI C71abOTO B3aMMOZENICTBYS 110 Kpail-
Heit Mepe B 100 pas MeHblIle pajinyca IeiiCTBUSA
AnepHbIX cuL. [Ipu aToM Best «cmabocTb» cnabo-
IO B3aMMOJIENICTBYs 00YCIOB/IEHa MaTIOCTBIO X
pamiyca»®*, V3 3T0TO He ClTeyeT, 4TO POITb ITNX
cun Bo Beenennoit Mana. OHa CTO/b JKe BeNuKa,
KaK ¥ poJib 9/IeKTPOMaTrHUTHBIX, IPABUTALVIOH-
HBIX U CU/IbHBIX B3aMOfeiicTBMil. Beb kpome
pacmazia cadble CHIbl MHULMMPYIOT POXK/ieHMe
¥ TIpeBpaIeHie YacTuIl .

CnemoBarenbHO, cuaa KaKJEOr0 B3auMoO-
IeliCTBI MEHseTCsA Ha pasHBIX MacmTabax,
¥ Ka)KJoe U3 HUX OTBETCTBEHHO 3a TOT M/
MHOII 3TaX cTpoeHns Bcemennoit. O6pasHo
roBOps, B IIPUPOJie CYILIECTBYeT CBOeoOpasHoe
paspiezieHNie Tpyha MEX[IY B3aMMOJEICTBY-
amu: CJIABbIE CUJbl OOMUHUPYIOT
B MWKPOMWPE, OJIEKTPOMAIHWUT-
HbIE — B MAKPOMWPE, TPABUTALW-
OHHbIE — B KOCMOCE.

Vtak, Mbpl BuUOMM, YTO KaXKjJoe M3 B3a-
VMMOZIENICTBMIT UTpaeT BO BceneHHOI ouyeHb
BOKHYIO CTPYKTYPOOOPA3YIOLIYIO POTIb B IEp-
BYIO O4Yepellb Ha CBOMX MAacCIITAOHBIX TaXKax.
W tam, rme «KOMaHAyeT» OfHO U3 HUX, OHO
IPaKTUYECKU «He HOIYCKaeT» K CyIIeCTBEeH-
HOMY BO3JEICTBUIO HA MaTePUIO IPyTye B3au-
MogeiicTBus. Ecnu cymiecTBylor MaciutaOHble
«30HBI» JOMUHVPOBAHNA I/ KaXK/IOTO U3 B3a-
MMOJIEVICTBIUIL, TO MEX/Y HUMU ZO/DKHBI OBITH
U «CTBIKVM» — TaKue MaclITabHble YPOBHU, Ha
KOTOPBIX YeTKO IIPOCIIeKMBAETCA «Ilepefada
scradeTbl» OT OFHOrO BUAA B3aMMOJECTBII
IPyTOMY.

MMNOTE3A ABTOPA coctout B TOM,
4TO Kaxcdoe u3 eé3aumodeticmeuti (rpasu-
TAI[IOHHOE, 3TIEKTPOMArHUTHOE U crnaboe)
sanumaem na M-ocu OJVIHAKOBBIV mac-
wmabHoui unmepean. Torna Becb MacuITad-
HBIIl MHTepBan Bce/leHHO MOXKHO pasfie/inTb
Ha Mpu pasHvIX yHaAcCmKa.
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Ecnu rumotesa aBropa BepHa, To TOYKU
MEPEXOOA ot opHOro BmMpaa B3auMOfeli-
CTBUSL K IPYTOMY JO/DKHBI 00/1aiaTh Pe3KO BbI-
pakeHHBIMM 0COOBIMM CBOlicTBamu. [laBaiite
IIPOBEPUM ITY TUIIOTESY.

MEPBbIA BAPWAHT PACYETA TO-
YEK MEPEXOQA. [lns onpenenenust rpaHuiy
MEeX[y TpeMsi B3aMMOIENCTBUSAMU HeoOXO-
Mo M-uHTepBal B 61 HOPAAOK paspenuTh Ha
3 y4acTKa, 4TO JACT HaM JJIMHY KaKMION TpeTu
B 20,33 nopsizxa (cm. puc. 1.9).

IlponssenieM Ha M-0CM COOTBETCTBYIO-
H[yI0 pasMeTKy M IIOCMOTPUM, KaKue IIpu
9TOM 3HAYeHMs] pasMepOB MBI  HOTY4M-
mu. YMCTO YCIOBHO HAa30BeM KaX[bIL U3
TPeX Y4YacTKOB COOTBETCTBEHHO: MUKpo-,
Makpo- n Meraunreppanom.

TOYKA A. Ecmm OTZIOXKUTH OT JIeBO
KpaliHeit Toukn B (-32,8) mopsizKa, yCI0BHO OT
mouxu 0, piuny tpetu M-uHTtepBana B 20,33
HOPSI/IKA, TO MbI TTOJIYYNM MOOELHYI0 THOUKY
A na M-ocu:

(-32,8) + 20,33 = (-12,47),
COOTBETCTBYyIONLYIO pasmepy 3,4 - 107 cm.

COITTacCHO IMNUPUMECKUM JAHHBIM®® CUTTD-
Hble B3aMMOJIeVICTBIIS [IEPECTAIOT [IelICTBOBATh
Ha paccrostuuu 2,2 - 107 cum, T. e. pasmep Ha
M-ocu, re HabmOmaeTcs Mepexof OT CUMIb-
HBIX B3aMMOJEVICTBUII K 37IEKTPOMarHUTHBIM,
pasen 107*% cm. OTKIOHEHME OT MOMTyYeHHO-
ro HaMM MOJIeIbHOTO 3HayeHus — Bcero 0,19
nopsiika*.

TOYKA B. [lanee omioxum OT pas-

Mepa MakcuMoHa (oT mouxu 0) fBe TpeTu

* Tak XKaK MBI HAXOWIVM MOJEIbHYIO TPAHUILY ITyTeM
OTK/IaIbIBAaHVAA HEKOTOPOTO OTpE3Ka OT JIeBOM TpaHMIIbL
M-nunrepBana Beenennoit (ot touku 0), TO omeparist
6puma pomsBeneHa Ha 20 mopszpkax. CrremoBarenbHO,
TIOTPENIHOCTD BBIYMC/IEHNIT COCTaB/AeT MeHee 1 %. 910
BeCbMa HEIIOXOJ1 Pe3y/bTaT, TeM Oo/ee 4TO HeOOXO/M-
MO Y4IUTbIBATD HEONIPENEIEHHOCTD MICTMIHHOIO pa3Mepa
MeTaI‘a}IaKTI/IKI/I, YTO JIe/maeT r[paBylo rpaHI/[uy (TO‘-I](y
C), a crefoBatenbHO, U IMHY M-MHTepBasa, IIaBawo-
IIMMU B IIpefieIax ;[oneﬁ TIOpAAKA BENMYMHAMMU.



M-uHTepBana ¥ HONTYYNM JPYIYI XapakTep-
HYIO TOUKY — mouky B:

(=32,8) + (20,33 - 2) = 7,86.

Cornacio TMMNOTE3E ABTOPA oan-
notit pasmep (107%° cm) dommen pasdensmo
MmacuimabHvle IMaxcu OOMUHUPYIOW,E20 603-
Oeiicmeus IneKmpoMazHUMHbIX 83aumooeii-
cmeuii om macumabHvIx dmanceii 0OMUHU-
pyrowezo 6030eiicmeust  2pasumayuoHHvIX
63aumodeticmeuil.

[Tocmotpum, Tak mu 310?¢ 1A 3TOrO0 HaM
HeoOXOAUM MacCUB JaHHBIX 00 OJHOTUIIHBIX
TeJIaxX, KOTOPbIe MMeL ObI pa3Mephl Kak MeHb-

07* cm, Tak u Gonpiine.

e, 9eM 1

JIyd1iie BCETO /Ist 3TON Lie/N OfXOMST Tema
ConuHeyHolt cucrembl. B Heil MOXXHO BCTpe-
TUTb OOBEKTBI IIVPOKOTO CIIEKTPa Pa3MepOB:
MUKPONDbUIVMHKY, MUKPOMETEOPUTDI, METEO-
pbl, acTepoupsl u T.7i. Bce atu 06bekThl MMe-
10T Yallle BCEr0 HeNPaBMU/IbHYIO ¥ OCKOTIOYHYIO
¢bopmy, KoTopast 06yCIaBIMBAETCS IOKAIbHBI-
MJ B3aMMOJ[EIICTBIAMY aTOMOB U MOTIEKY/L

OnHako uvem 6onvide pasmepvl mes, mem
CunbHee POnb epasumauuu, ¥, yxe HaduHas
¢ 607IBIIINX IUTaHET, 3a GOPMY OTBEYAET TOIBKO
oHa. B or/mune ot smekTpoMarneTsMa rpaBu-
TalMsl VIMEET TOJbKO OfMH «IIOMIOC» — IIPU-
TsDKeHne. OHa Kak Obl «TOBOPUT» Ha SI3BIKE,
B a¢aByTe KOTOPOTO — eUHCTBEHHast OyKBa.
rpaB]/ITaIH/IH MOXXET BBIIIO/IHATDb TOJIBKO OHHY
¢byHKuMio — cobuparb, CTAIMBATD OODEKTDI
ApPYT K ApyTy. B cuyy atoro rpaBuraiys B mpe-
Jiefie CBOETO BO3JENICTBIS B COCTOSHIUY CO3/ia-
BaTb TOMbKO Lrapbl. CobMpaTeNbHble CIIBL ee
NPpUTKEHNA BCETa MMEIT eHMHCTBeHHyIO
TOYKY B LEHTPe MAcC KaX[Oro Te/a, KOTopas
IIpM [OTepe KMHETHYECKOil SHepIuy 3TUM Te-
JIOM CTaHOBUTCS Y T€OMETPUYECKUM LIEHTPOM
cepuyeckoro Tena. IloaToMy BCe IITaHETHI
¥ 3Be3[bl TaK YAMBUTEILHO OFHOOOPA3HBI IO
dopme: oHM cepuUIHBL.

Ilepexod om xaomuunoii $opmovt Koc-
Muueckux men k cepuueckoii dopme xax
pas sensemcs uHouKamopom nepexooa om
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O0OMUHUPOBAHUS ITIEKMPOMAZHEMUIMA K 2Pa-
eumayuu. Tax, HanpuMep, ISl KpUCTaINde-
CKUX IIOTHBIX TeJI TTepexof 0T 6ecopMeHHBIX
acTepousioB K MfeanbHoil GopMe LIApOB I/ia-
HeT U Jajlee — 3Be3] IPONCXOANUT B parioHe
coTeH K1oMeTpoB (cM. puc. 1.10).

Mbl BUAMM, YTO HAUMHAs C MUKPOIBIIN-
HOK ¥ BIUIOTh JIO KPYIIHBIX aCTEPONJOB Ha
nporsbkeHny moutu 15 mopspkos (!) B xoc-
Moce B NOAAB/IAIOIIEM YICTIe CTy4aeB BCTpe-
YAIOTCS MICKTIOYUTENBHO GecOopMeHHbIe TeTla,
KOTOpBIE VIMEIOT HY/IEBYI0 CUMMETPUIO — OHU
acummempuunvl. Ho Kak TONTBKO MBI IIPOXO-
IMM HOPOT B HECKOJIBKO COT KIMIOMETPOB, TaK
B [Ie/I0 BCTYIIAeT IPABUTALNS, KOTOpas CO3/a-
eT TIouTHU UfleanbHble chepruecke Tema’ .

CornacHO COBpEMEHHBIM TMIIOTe3aM BCe
KOCMMYECKIe Te/la 06pasoBaIiCh 3a CYeT CIy-
I[eHNA 13 KOCMMYECKOI MbUIM. DTO COeIHe-
HIJ€ YacTUI| B eIMHBIN O0OBEKT IIPOVUCXOLNUIIO
3a CYeT 9MeKTPOMArHUTHOrO cuervienns. Ha-
YMHASA OT MEPBUYHBIX KPUCTAINYECKUX 3aPO-
ZBILIENT, KOTOPBIE ellje MO/ Obl OBITh CHMMe-
TPUYHBIMY, HAbHENIINI POCT KOCMUYECKUX
Tes OBICTPO IPUBOAMI K HOTepe CUMMETPUN
(cm. puc. 1.10).

Brtote o acrepompoB B KocMoce o6pa-
30BBIBAINCh TONMBKO OecopMeHHbIE Tera.
Ho kak To/mbKo ObII IepelijieH OIpesie/leHHbII
[OPOT Pa3MepOB, TPABUTAIVOHHBIE CUIbL, TIPe-
OflO7IeB  COIIPOTUBJICHNE 9/IEKTPOMArHUTHBIX
CIJI, Cpasy >Ke CO3NaIM «IUAPBI», IIPU ITOM
MPON3OLWIEN MPEOENBHBIA  CKA-
HYOK CUMMMETPUMN — OT HYIIA OO
BECKOHEYHOCTN!

Be3ycoBHO KpaliHe JMHTEPeCHO OIpere-
JIMTD C TIPeJe/IbHO BO3MOXHOI TOYHOCTBIO, Ha
KaKoOM pasMepe IIPOVCXOAMUT TaKOJl IIpefienb-
HbLIl CKa4oK cuMmmerpuu. s 3aTtoro Heo6-
XO[MMO MCCTIeN0BaTh (GOpMy MajbiX IUIAHET,

* VI3 Teopum CUMMETpUM M3BECTHO”, uTO cpepa 06-
JafiaeT IpefeIbHO TPYIIIOi CMMMEeTPHM: co/co/m-m-m
(urap ¥MeeT OCH U IUTOCKOCTU CUMMETpPUM O6eCKOHed-
HOTO TTOPSIfKa).



l'lonspHan. _
3Besaa Anrapec
Y, =

Amanoren
®oboc (10742

(1053)

Kocmuueckue
Kocmuueckne Hactvupt (1071)
NbINKMHKK NoA
MWKPOCKOMOM
(107%)
Puc. 1.10. CKa4oK OT HOMb-CUMMETPUM K GECKOHEYHON CUMMETPUM Mpu rnepexofe Yepes rpaHuLy
3HadeHuit (10™*® cm ~ 300 km) Ha M-ocu.

B ckobkax OaHbl xapakTepHble pa3mepbl B caHTUMeTpax. BBepxy nokasaHa cchepuyeckas copma
3Be3[ 6e3 y4eTa ux nonoxeHuns Ha M-ocu
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MMEIIMX pasMepbl B COTHM KUJIOMETPOB.
9TO 0Ka3ajoCh BO3MOXKHBIM CIe/NaTb TOJNb-
KO IIOCJIe TI0/IeTa aMePUKAHCKUX CIIYTHUKOB
K la/IeKMM IIaHeTaM, KOTOpble Iepefaay Ha
3emi0 300 pajkeHe MaIbIX ITAHET.

BeisacHnnocs, 4to cgeputeckyio bopmy
MMEIOT CJIeAyIoll/e Majible IUIAaHEThbl acTe-
poupsoro mosica: Llepepa (1000 km), [Tara-
ma (530 xm) u Becra (530 xm)?. VsBectHbI
IUIAHETBbl ¥ MEHbILETo AMaMeTpa, KOTOpble
umerorT chepudeckyo ¢GopMy, HaIpuMmep
Mupanga (gnamerp 500 kM) — MajieHbKas
nyHa Ypawa, wiu Hampumep Mmmac® —
cnytHuk CaTypHa, AinaMeTp KOTOPOrO pa-
BeH 390 kM. C [IpyTOif CTOPOHBI, CIYTHUKI,
pasmepbl KoTopbix MeHbule 300 KM, UMEIOT
becnopsdounyo GopMy, HaIIpUMep CIIyTHUK
CarypHa — Mna® win campiit 6onpimoi us
MasbIxX CIyTHUKOB IOTTepa — Amanmpres®
(265 - 150 kM), He TOBOPsI YK€ O TAKMX Te-
nax, Kak cnyTHuKy Mapca — ®oboc (23 km)
u Jeitmoc (16 k).

Mrak, oxasanoch, YTO BCe Te/la BIJIOTb
no Amarnbren (265 KM) UMEIOT OecropsAmoy-
HYIO acummempuunyio popmy. OfHaKo yxe
Ha4MHaA ¢ pa3Mepos 390 KM, KOTOpbI€ IMEET
cnytHuk CarypHa Mumac, ¢popma npnobpe-
TaeT CTPOro cgepuueckyio cummerpuio. Cre-
TOoBaTeIbHO, MTepexof] OCYLIeCTBIACTCA B IU-
amasoHe pasmepos oT 300 mo 400 kM, unu Ha
M-ocu mexxay Toukamu 7,48...7,6.

Mpl BupMM, 4YTO TONyYeHHOE HaMU MO-
Ie/lbHOE 3HaueHMe 7,86 MMeeT OTKIOHEHUe
Bcero B 0,26 mopsaxa OT IPaBOil IPaHMUIIbI
SMIUPUYECKN OIPEfie/ICHHOTO MHTEpBaJa.
Ha 40 nopspkax 3To faeT IOIPELIHOCTb Me-
Hee 1 %. YIMBUTENbHBIN pE3ynbTaT!

10T pesynbrar Oyger eie 6onee yaMBI-
Te/IbHbIM, €C/M MCIIO/Nb30BaTh C/IeyIOLnit
pacyer.

BTOPOW BAPWAHT PACHETA TO-
YEK TEPEXO[OA. OG6menssectHo, 4TO
pasmep Merarajaktuky (mpaBas TI'paHM-
na M-unrepBana — mouxa C) 1o cux mop
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yrouyHnsercsa. [losromy BpsAp /M KOPPEKTHO
JCIIO/Ib30BATh €T0 JI/I1 TOYHOTO pacyeTa.

OpHako 7eBasg rpaHmua M-mMHTepBaa
(bynpamenranbhas ganHa — mouka 0) He
BBI3BIBAET 10 CUX IOp HM y KOTO HMKAKUX
COMHEHUIA.

Cronb >ke HaJeXHOI ABIAECTCA SMIIN-
puYecKy IIONyYeHHas TpaHMla Iepexofa
OT CUIbHBIX B3aMMOMEICTBMII K 3/EKTPO-
MarHuTHBIM (moukxa A = 2,2 - 1077 cm, T. €.
107126 CM).

Ecmn MacmTa6Hy}o mHy oT ToukM 0 1o
TOYKYM A mpuHSTH 3a 3TanoH (32,8 - 12,66 =
= 20,14) 1 OT/IOXKUTD €ro BIIPaBO 2 pasa, TO
MBI [TO/Ty41IM HOBO€ pa3OueHne 1 HOBOE 3Ha-
JeHue 1yis1 mouxu B.

Touxa B = (-12,66) + 20,14 = 7,48.

07" cMm) maer

Crenenb pecatu B mouxe B (1
pasmep KocMudeckux 06bektoB B 300 KM, KO-
TOPBIIT GOJIbIIE pa3Mepa XaOTUYHOM AMatbTen
(265 kM), HO MeHbIlle pasmepa ceprueckoro
Mnmaca (390 xm). IlosTomy umenno amom
pasmep (~300 km) moxcno cuumamo NEPE-
XOOHbIM om asnexkmpomaznumnoix cun
K 2pasumayuonHvim. B aTOM Ciydae CryTHU-
KV V1 MaJIble IUIAHETHI, Pa3Mepbl KOTOPBIX MEHb-
me 300 KM, ZO/DKHBI ObITh 6echOpPMEHHBIMU
TeJlaMy, a BOT IUIaHETBI, 1iaMeTp KoTopbix 300

KM M BBIIII€, [JO/DKHBI ObITH CepIraHbL.

Iloosedem umoz modenvHviM pacuemam.
O6a BapuaHTa pacdera OIpeNe/SIOT 3Hade-
HJle TOYKM IIepeXOfia OT 3/IeKTPOMArHUTHO-
ro uHrepBana (II) x rpaBuranuonnomy (I)
B mnamasone 300-700 KM, 4TO cormacyercs
C SMIUNPUIECKNMU TaHHBIMU. B 10 xe Bpe-
Ms CJIOKHbIE pacyeTbl KOOPAMHATBI 3TOTO
Iepexofia, CAe/laHHble B CBOE BpeMsl KIacCu-
YeCKNM TTyTeM ™, amy 3HaYeHme B ...2800 KM.
Orcrona crenyert, 4To Mofens BY mossomser
noay4aTb Gojee TOYHbIE TPAHNIEI, YeM —
KIaccudeckas pusnka.

Onmpasich Ha monydeHHble (IO BTO-
poMy BapmaHTy pacyera) Oosee TOUYHbIE



KOOPZIMHATBI IepBOJ TPETHU MHTepBaa (mou-
Ka A), MOXXHO YTOYHUTD ¥ MOJE/IbHBII pas-
Mep Metaranaktyku (mouka C). OH paBeH:

-32,8 +20,14 -3 =-32,8 + 60,42 = 27,62.

Ora crenendb (27,62) COOTBETCTBYeT pas-
Mepy 4,2 - 107 cM, 4TO KaK MUHMMYM B 2 pasa
MEHbBIIIe TEOPETUYECKOrO0 KOCMOJIOTMYECKOTO
pasmepa MeTaramakTuKiL.

IIpaBpa, eije coBceM He 00s13aTebHO, YTO
pasmep 107
NAKTUKN. BOSMOYXHO, 4TO 3TO — JIMINb IPaHNUIIA

CM ABfeTcA pasMepoM Merara-

TeMICTBYA TPaBUTALIMIOHHBIX CUJT — CBOETO POJia
FPABUTALMOHHBIA TOPU3OHT Mera-
TaJIAKTUKM, 3a KOTOPBIM TPaBUTALUsI y)XKe He
B COCTOSTHMM (POPMUPOBATD KaKue-mubo CTpyK-
TYPBL, 1 MX GOPMUPYIOT APYIHeE, «<MeTa-MeTara-
JIAKTUYECKME» CUTIbI, KOTOPbIE, KCTAaTy, MOTYT
TaK >Xe, KaK ' CU/IbHbIE BSa]/IMOIIeI‘/’[CTBI/[H, 3aHU-
Matb Ha M-ocnu Bcero 0,5 opszka, T. e. uarna-
30H 0T 5- 107 10 15 - 107 cm.

Vrak, make ecnum He MEHATh IPABYIO
rpanuny M-unTepBana Bcenennoit (nodcuu-
MAHHYI N0 NepeoMy 6apuanmy), To C IO-
IPETHOCTbIO MeHee 1 % MbI IIyTeM IPOCTOro
apudmeTndyeckoro jeneHus M-uHTepBaa
Ha TPpM Y4YacTKa IONYYUM JIe6YI0 U Npaeyo
macwmabuyio zpanuyy O0OMUHUPYIOULE20
6030eiicmeus HA Bewecmeo — dneKmpomaz-
HUMHBIX CUT. Y>Ke 9TOT Pe3y/IbTaT caM 110 cebe
(deHOMeHaEH, BENb BCSA «TEOPUSA» UCXOMUT
U3 TPOCTON UeN MacCIITaOHON CUMMETPUIL,
a BeChb «pacyeT» — U3 JOCTYIHOTO IIKOIbHMU-
Ky JiefleHNsI OTpe3Ka Ha TPV paBHbIE YacTH.
Kak 65 HM OBUI CMEXOTBOPHO IIPOCT 3TOT
IIOAXOM, OH J[JaeT CTO/b TOYHBIl Pe3y/IbTart,
YTO BO3HUKAET IPENIONIOKEHNE O Topasfo
6oree IPOCTHIX 3aKOHAX YCTpoiicTBa Beenen-
HOIT, 4eM MOXKET HPEIIIOIOKUTD CaMblil jaxe
¢danTacTuyeckuit yM. Begp mpu BmonHe pas-
YMHOIT KOPpeKTUPOBKe (n0dcuem no mopomy
8apuanmy) Mbl noumu 6e3 owu6KU HAXO0UM
nops00K NOZPAHUUHO20 pa3mepa MeHoy
INEKMPOMAZHUMHBIM U 2PABUMAYUOHHBIM
e3aumodeiicmeuem — 7,48.
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CrpammBaeTcs, oTKy#a 6epercs B Ipupo-
fie CTOTb BBICOKAsI TOYHOCTD Pasfie/IeHNs BCETo
M-yHTepBana Ha TPM PaBHBIX y4acTKa?

3akaHuMBasA STOT pasfies, 0OpaTUM BHMU-
MaHKe ellle Ha OZHY OCOOEHHOCTb IOJTydeH-
HOJM MaciuTaOHOM CXeMbl B3aMMOLECTBIUII
(cm. puc. 1.9).

Cummempusi - pacnonodxenus 63aumooeti-
cmeutl Ha M-ocu «Hapyuiena»: Ha CTBIKE C/la-
60ro U 37EKTPOMATHUTHOTO B3aMOJIECTBIUSA
Ha y3Koil MacuItabHolt mosocke B 0,5 mopsaxa
(mouxka A) TOMUHUPYIOT CUIIbHBIE B3aNMOJeli-
crBust. Torma Ha CTBIKE 97IEKTPOMArHUTHOTO
U TPAaBUTALOHHOTO B3aMMOJENCTBUII TaKXKe
moxno [MPEAMONOXUTD cymecrBoBanune
AHAJIOTMYHOMN «ITONOCKM» (mouka B), sansaToit
uexoit IATOW CUTOM.

Kasamoce 661, HUKAKOII MSATOI CUJIBI B IIPU-
poxze Het. O yem 9o roBoput? JInbo HapyIeHa
MacIuTabHas CUMMETpPUS, IPIYeM 9TO Hapylile-
HMe HOCUT IT06abHblit XapakTep. JIub6o [141-
TAA CUJTA B npupoxne cyliecTByeT, HO 10 CUX
II0p B 9KCIIEpMMEHTe He 0OHAPY)KeHa, TOCKOJIb-
Ky OHa Oeiicmeyem 60kpyz mouxu B (~300 xm)
8 Y3KOM MacuimabHom Ouanas3omne écezo 6 noi-
nopsioxa. IIpudeM, BOSMOXKHO, 4TO, TaK XKe KaK
CUnbHDIE 63AUMO0EIICBUS «CNPAMAHDI» 6 He-
opax amomos, max u NAMAas Cuna «cnpama-
Ha» 6 Hedpax 36e30 (V1 TTaHeT?).

U1 B 9TOM C/Ty4ae MMEHHO IIATasi CU/IA BefleT
K HOCTEIIeHHOMY pacuipeHuio 3emu (B HeKO-
TOPBIX TMIOTE3aX MMEHHO ITUM OOBACHIETCS
KOMIUIEMEHTAPHOCTb TPAHUI] KOHTMHEHTOB,
a He ux «pasberannem). VI MoxeT ObITb MMeEH-
HO IATasA Cujla NpUBOOUT K B3pbIBaM CBEPX-
HOBBIX U TIOSIB/ICHMIO TUIAHETAPHBIX TYMaHHO-
CTelil, a He MCYepIaHue «3B3€JJIHOTO TOIINBA»
B X Heflpax?

V1 MoXeT OBITh MMEHHO 9Ta «IISITasl CUJIa»
OTBeYaeT 3a «paclliipeHNe» XI3HEHHOTO IIpo-
cTpaHCcTBa Omomormyeckux cucrem? VIMeH-
HO OHa JjaeT MM MMIIY/ICBI /ISl BCETIEHCKOI
9KCIaHCUM?



1.3.2. MACLWUTABHbIE
KITACCUNOUKAUMOHHBLIE
AYENKN

no 5, 10 n 15 nopspkos

HanoMunm, 4to mMacumabnvimu ayeiixa-
Mu B Haieil paboTe SB/ISAIOTCA MacIITaOHbIe
MHTEPBAJIbl, B KOTOPBIX CYIECTBYeT paccMa-
TPUBAEMBbIil MACIITAOHbII K/1ACC CHCTEM.

[paHuIIbl 9THX sT9€€K ONPERENSITCS Iepe-
CeYeHUAMM MOJENbHON cunycousipl BY ¢ M-o-
cor0. Onn paspgerstor 13 ocHo8HBIX Macwma6-
HbIX K71ACC08 BCETIEHCKIX cucTeM (cM. puc. 1.7).

JTro6ble TpaHUIBI MMET COOCTBEHHYIO
IIVPUHY, U MacuTabHble TPAaHUIBI — He WC-
xoderne. OHM 06pasyioT cBOero popa mam-
6yprvte, nepexooHvie yuacmxu Ha M-ocu onu-
Hoil 6 1 nopsi0ox.

OO6beKTBI, PACIIONOKEHHbIE B ITUX «TaMOy-
pax», MOTYT OBITb OTHECEHBI KaK K Ipefblxy-
1[eMy MaclTabHOMY, MM Pa3MEPHOMY K/Iaccy,
TaK 1 K mocienymoiemy. [losTomy ecnu B pas-
MEpHBIX 30HaX COOTBETCTBYIIIVX Ilepecede-
Huit M-ocu ¢ BY MoxxHO ycTaHOBUTD Hamdne
KaKVX-100 CIOPHBIX (¢ KMaccuUKAIOHHOM
TOYKM 3peHusi) 0OBEeKTOB, TO 9TO OyneT sB-
JIATHCSI KOCBEHHBIM CBUJETENBCTBOM O00BEK-
TUBHOCTK BY-Knaccuduxarym.

Urak, BY — amo nuwv modenv, a cywe-
cmeyiom nu 2panuyvt 011 Pasmepos 00vex-
moe 6 deticmeumenvrocmu? UT0Ob OTBETUTD
Ha 9TOT BOIIPOC, HEOOXOAMMO PacCMOTPEThH
MAaCCUB OMIVMPUYECKNX JAHHBIX.

HAYHEM C BUWOCWUCTEM. Haunewm
C HUX B HepBon odepenb MMEHHO HOTOMy, 4qTo
U3 BCEro psifia 06’beKTOB BIOIb M-0CH JJaHHbIE
10 TPAaHMYHBIM pa3MepaM OmocucreM Hambo-
Jlee M3BECTHBI HayKe.

Eme B.J. Bepnajckuit unTEpecoBascs Bo-
IPOCOM TpefeNbHbIX PasMepPOB YIS XKMBBIX
cucTeM. 3a MeNIbYAlIIIyI0 YaCTHUIY SKMBOTO OH
HPMHS 6Upyc. DTOT BBIOOP HA/IEKO He CIyda-
eH U [0 CUX HOp MMeeT HayuHyio cuy. [erno
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B TOM, UTO 2/IA6HeliUM NPUSHAKOM IHUE020,
OMAUUAIOUUM €20 O HEHUB020, S6TITEMCS
cnocobHocmov  60cnpou3eo0umv 1o0000HYy10
cebe xonuro, uto HeBo3MOykHO 6e3 THK (mmmn
PHK). ViMeHHO BMpYCBI AB/IAITCA MUHMMAJIb-
HO BO3MOXXHBIMI XXUBBIMU CUCTEMAMU — «3TO
HeOO/IbIII0e KOMMYIECTBO TeHETUYECKOTO Mare-
puana (JHK mmu PHK), 3akitouenHoro B 3a-
WUTHYIO 6enKoByI0 06070uKy»>. OTHeNbHO
CylecTBylolye Ge/IKM He B COCTOSHUU OCY-
IeCTBUTD BOCIPOUSBOACTBO, TAKXKe He CYlie-
CTBYeT B IIPYMPOJE I «TOIbIX», OTHENBHO CYIie-
creyromux, JHK nnmmn PHK.

PasMep HauMMeHbIIEro M3 M3BECTHBIX
HayKyl BUPYCOB, Bupyca TabadyHOl MO3anu-
ki (BTM), pasen 1,5 - 10° cm. Pasmep Han-
0O/IbIIIEr0 U3 M3BECTHBIX HAYKe BUPYCOB —
53 . 10° e, M BUJIUM, 4YTO IO CBOUM
pasMepaM 9TM OOBEKTHI IIONANAIOT B pas-
MEepHBIIl  [IMAIla30H IEePeXORHOro  Kjacca
(10° - 107 cm), Mexay 5-M U 6-M Kmaccom,
tam, rie M-ocb nepecexaercs ¢ BY. Haur noz-
XOJ] TOBOPIT O TOM, 4TO BCe 06DEKTDI ITOrO {1
armasoHa pasMepOB OTHOCATCS K IEePEXOTHOMY
«TaMOYpHOMY» K/Taccy.

VIMEeHHO 1O3TOMY O CUX IIOp MAYT CIIOPSI,
CUYNMTATD JIU BUPYCHI )KMUBBIMY VTN HEXXUBBIMU
cucreMaMu. Benp «BupycaM... CBOVICTBEHHbI
JIUIIb HEKOTOPbIe, HO He BCe YepThl, XapaKTep-
Hble JUIA XKUBBIX OPraHU3MOB» . B wacTHOCTH,
BUPYCbl He MOTYT Pa3MHOXATbCsl CaMOCTOSI-
TE/IBHO, MM JJIS1 3TOr0 HeOoOXOfIMa Cpefia op-
raHusMa Apyroit, 6ojee KpyIHO 610CHCTEMBI.

JraK, MOCKONMbKY BUPYCHI ABIAIOTCA Ca-
MBIMI MAJICHbKIMI U3 U3BECTHBIX OEIKOBBIX
JKMBBIX CHCTEM, MO>KHO OIPEeINTD HIDKHIOK
pasMepHYI0 TpaHMIY I OMOCHCTEM Kak
107 cm (100-1000 anrcTpem).

Ompepersist pasmepbl HanOoOMbIIEN GenKo-
BoIt cuctembl, B.V. BepHanckuii nucan: «Pas-

Mepbl OpraHmMsMa He CIydaiiHbl... BepxHsas

* Bupycel MpaKkTU4ecKy IepBBIM OTKpBIT B 1852 romy
pycckuit 6otanux J1.V1. VIBaHOBCKMIL.



TpaHMIla TOXK€ He CIydYaiiHa: B TEYEHMEe BCell
Te0/IOTMYECKOil MCTOPUM OHA He BBIXOAMIA 3a
npegensl 200-300 M... MbI He 3HA€M IIPUYIVMHbI
atoro»™.

B.J1. Bepnajickmit He yKasbIBaeT B JaHHOI
pabote, Kakye MMEHHO 611000BEKTHI OH MMeN
B Buply. OfHaKO M3BECTHO, YTO HaMBBICIINE
PpasMephl B HAIN JHY UIMEIOT HEKOTOPBIE BUJIBI
KnToB — 28 M. bbutn HalieHbl OCTaHKM -
1710710k0B”, KOTOpble MMeN PasMephl OKOMO
30 m. OueBuaHO, YTO 0 YKasaHHBIX B.JI. Bep-
HAJCKMM DPa3MEpPOB He JIOTATMBANIO HU OJHO
XuBoTHOe. CKOpee BCEro, MM MMECh B BUJY
pactenus. JlefiCTBUTENTHHO, BHICOTA CEKBOI
MOXeT focTuratb 110 M, usBecTHbI Oypble BO-
mopocnu anuHoi 1o 100 M 1 TnaHbl AIVHOI 10
240 m.

Ecnu nepesecty yKasaHHbIE pasMephI B J10-
rapuQMBbI, TO HOYTY TOYHO MbI IOy YNM BepX-
HIOI0O TPaHMILy /A LeMOCTHBIX OMOCHCTeEM,
pasnyio 10*° cm. Takum 06pasom, Bce 6esko-
BbI€ L[EJIOCTHBIE CUCTEMbI 3aHMMAIOT JMAa30H
pasmepos ot 107° no 10*° cm (cm. puc. 1.11).

IInuua sToro mgmamasoHa Ha M-ocu mouno
pasna 10 nopsoxam!

YouBurensHo n ppyroe. Ecmu B kadectse
OMOCHCTeM paccMaTpuBarh ellle 1 MX BCEBO3-
MO>KHBIe «CKOIUICHVSI»: CTafia, CTan, GMOLIeHO3bI
u 6nocepy (kak Bce 06 beAMHAIYI0 QYHKIM-
OHa/IbHO 3aMKHYTYIO I LIeJIOCTHYIO CUCTEMY), TO
OKa)XeTCA, YTO OHM 3aHMMAIOT Ha M-ocm etre
5 nopsiakoB. Benp «amamerp» briocdeps! paBen
muaMeTpy 3eMmu, BKIOYas ee aTMocdepy —
1,3-10° cm. B yuects, 4To 3a mpepienamu
atMocdepsl, BIUIOTb O MAarHUTOC(Epbl MOTYT
BBDKIBATb BUPYCBI, TO pasMep buocdeps gors-
TYBAET JI0 1Me0pemuUeckoti KaaccuukayuorHotl
2panuypt Ha Bonre Yeroitamsoctu — 10™° em.

Jrak, Becb MacIITabHBI AMama3oH Oen-
KOBOJI KM3HU Ha 3emjle 3aHumaeT 15 = 1045
nopankos. Hasosem 3ToT mmamasoH M-ocu
BMOJTOTMHYECKUM MACLUTABHbBIM OW-
AMA30HOM (BM[).

B campIx oOumx deprax mpu uHmepea-
na 6 macuimabuom Ouonozuueckom ouana-
30He MO}HO 0003HAMUMY KAK KAemouHvlil,

Puc. 1.12.

Knetkw — 5

OpranHuzme — 5

BuoueHossl — 5

Ll e}

UenoctHeie opraHusmer — 10

vy
A

MACLWITABHbBIA AWAMA30OH BENKOBOW XMW3HKW — 15

A A A

Y




Yenoeek

-5,5 Bupyc

Buoccepa +9,5

7.5

Pwuc. 1.12. Henosek no cBoum pasmepamM 3aHMMaeT LieHTpasibHOoe MeCcTo B MaclUTabHOM AuanasoHe
6enKkoBom Xn3HM Ha 3emre. OH BO CTOMbKO Xe pa3 605blue MenbYanLlen YacTuLbl XXU3HN — BUpYca,
BO CKONbKO pa3 MeHbLLIe BEPXHEro npefena XusHn Ha 3emne — buocdepb!

7,5

opzanusmenHblll U OGUOUEHO3HDLL Macuma6-
Hole knaccot 6uocucmem. BM[I pmemutca Ha
3 yaactka (cm. puc. 1.11) no 5 nOpsIAKOB B Ka-
xgoM. Ha pucyHke BUIHO, KaK 4eTKO COBIIafja-
I0T 37eCh OOLIENIPMHSTbIE B HAYKe pasMepHbIe
TPAHNIBI KTTACCOB C TPAHMI[AMYL HAlleTT MO
(toukn nepecevenust BY ¢ M-ocbio).

Ha npumepe paccMOTpeHMst MacIITaGHOTo
IMamasoHa OenKOBONM JKM3HUM MOYKHO BbIJie-
JIUTD CTIERYIOLYI0 MACUIMAOHYI0 CHpPYKmypy
(545)+5=15. Ee MOXHO HalTV TaK>Ke B Mac-
IITAOHBIX [MaNasoHax JPYTUX TUIIOB CUCTEM,
YTO MBI 1 YBUJUM B fla/bHeliieM. TO MOCTy-
JKIT ellje OXHVM HOATBEPXKAECHUEM, YTO KU3HD
He SIB/ISIETCSl 4eM-TO CIydaliHbIM BO BceneH-
HOII, pa3 OHa OpPraHM30BaHa [0 TAKUM IJIO-
6anbHBIM 3aKOHAM.

VTak, caMbIil BBICOKUIL KnaccmbmxauMOH—
HbII1 ypoBeHb — 15 nops0xos. IpaHniipl aT0ro
MacIITaOHOTO VHTEpBaja OIpPENE/IIOT Mac-
wmabvl cyuecmeosanus écex opm iusHu
8 Buocgepe.
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Crnepyrommit ypoenb — 10 nopsaoxos, ot
BUPYCOB 10 Bojopocieii B buocdepe cyme-
CTBYIOT UeNOCHHble Op2aHu3MeHHble Genko-
6vle cucmembl, MIMEIOIVe KeCTKIe BHYTpPeH-
HJIe CTPYKTYPbL, GOPMBI 11 COfIEp>KaHIe.

OT HMX HPMHIMINATIBHO OTINYACTCA Clie-
AyIOIMiI IO pasMepaM KIacC OeNTKOBBIX CH-
CTeM, KOTOPBIil 3aHMMAET 5 MOPAKOB, — ITO
6uo0ueH03vl, KOTOpble He HMEIT >KeCTKMUX
CTPYKTYP, GOPM U copep>KaHMIL.

Takue >xe uHTEpBambl Ha M-ocu, 1Mo 5 mo-
PAIKOB, 3aHUMAIOT K/emKu — OT BUPYCOB
(107 cM) 50 KPYTIHBIX OFJHOK/IETOYHBIX Opra-
uusmos (10 cm); u opzanusmvr — ot npu-
MUTVBHBIX MHOTOKJIETOYHBIX ~OpPTaHU3MOB
(107" cm) 1o Bomopoceit (10*° cm) (puc. 1.11).

OT1henbHO HEOOXOHMMO OTMETUTD, YTO
YeIOBEK 3aHMMAaeT Ha 3TOM MAcCIITaOHOM MH-
TepBaJjie )KM3HM COBEPUIEHHO TOYHO IIeHTPasIb-
Hoe monoxkeHne (cM. puc. 1.12), MOCKONBKY
OH Ha 7,5 IOpAZKa 10 pa3MepaM OOJIbliie BU-
PYCOB M Ha CTONBKO >K€ HOPSJKOB MEHbIIe



brocgeppl. MOXHO CKONBKO YTOZHO TOBO-
PUTD Tellepb O HEOIMYCTUMOCTH aHTPOIOIIeH-

tpusma, Ho ectm B VIEPAPXUYECKOW
CTPYKTYPE BWOCO®EPbLI YEJIOBEK
SAHNMAET LEHTPAJIbBHOE MECTO,
TO C 3TUM OOBEKTUBHBIM (HaKTOM HEOOXOANMO
CYNUTATBCA.

PaccMOTpMM,  HACKONIBKO — BBISIBIEHHAs
il OMOCHCTEM 3aKOHOMEPHOCTD CIIPaBefIN-
Ba U JUIS APYTUX KPYIHBIX K/IACCOB 0O'bEKTOB
Bcenennoit: 3Be3y, rajakTuk 1 aromoB. Hau-
HEM CO 3Be3[.

3BE3[bI (KITACC Ne9). Cornmacro momenn
BY Bce 3Besfibl JO/DKHBI PACIIONararbcst B Mac-
urrabrom nurepsane 10”° - 10" em (puc. 1.13).
[TocMOTpuUM, TaK /U 9TO B AEHCTBUTENBHOCTH.

o pmamubivM cripasounuka K.Y, Ammena®
MOXXHO OIPEIeNTh [MAMA30Hbl TUAMETPOB

1A 3BE3[] pa3/INIHOrO TUIIA:

ceepxruranTel — 107 — 10" o
TUTAHTHI — 10" — 10" oM
Kap/IMKK — 10" —10" om

Takum 06pasoM, AMANasoH pasMepoB s
06BIYHBIX 3B€31 HA M-0cu 3aHMMaeT 4 mopsi-
ka ot 10" 10 10" cm. CperHeMaciiTabHbIM 3Ha-
yeHMeM ABIAeTCA BemumunHa 10" cM, 4To TogHO
COBIIAJIa€T C MOJEIbHBIM TPeOHEM 3BE3IIHOI
HOTyBOJHBI (cM. puc. 1.7).

YKasaHHbIII AMANa30H XapaKTepUsyeT OcC-
HOBHYIO MacCy 3Be3j. Eciu ydectb, 410 Cy-
WECTBYIOT M OYeHb PEIKO BCTPEYAIOIMecs
3Be3MIbl C MEHBUIMM M GOMbIIUMY pasMepoMm,
TO AMANA30H MOXHO OYfeT paclmputh B 06e
croponbl Ha 0,5 mopsazxa.

3BE3OHbIE CUCTEMbI (KINACC
Ne10). «BHyTpy OrpomHOI 3BE3[HOI CHCTe-
MbI — Ta/IAKTUKM, MHOTHE 3Be3J[bl 0ObeIHEHBI
B CHCTEMbI MEHbIIIEl YiC/IeHHOCT. Kaxkas us
ATUX CUCTEM MOYKET PACCMATPUBATHCS KaK KOJI-
NEKTUBHbI 4ieH ranaktuky. Camble MajieHb-
Kie KOJNIEKTMBHbIE YJIEHBl Ta/lAKTUKU — I3TO
JIBOITHBIE ¥ KPATHbIE 3B€3Mbl. TaK HAa3BIBAIOTCS

* Tak, Harpumep, uametp 4,7 - 10" cm umeer W Ledes.

s Agpa seesg — 5 | 3eesgsl — 5 A 3eeszgHble R
[ Sl i iy cKonneHus — 5
Je= LlenoctHeie cuctemer — 10 >

iz 3BE3[HbIA MACIUTABHbIA AWMANA30OH — 15 o
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TPYIIBI U3 JIBYX, TPeX, YEeTbIpeX U T.MI. [0 ie-
CATH 3Be3J], B KOTOPBIX 3B€3/Ibl YAEP>KUBAIOTCS
O/MM3KO JIpyr K Apyry Omaropapsi B3auMHOMY
MIPUTSKEHNIO COITIACHO 3aKOHY BCEMIUPHOTO
THI‘OTeHI/IH>>4O. BOHee prHHbIMI/I KOJIJICKTMBHbI-
MM YIeHaMM, KOTOpbIe COfiepyKaT yKe HeCATKU
u 6ortee 3Be3]I, IBISAIOTCS CKOIIEHVS.

3Be3/bl B [PYTUX Fa/laKTUKAX TAKOKE IMEIOT
CBOJICTBa 0OPA30BBIBATH Pa3TNYHbIE CUCHIEMDL
om 2pynn 00 CKONIeHU.

PaccTosiHUA B 2pynnax 36e30 4Ype3BbIYAITHO
pasmrunbr’': oT TecHbIx map (10 cm) o mupo-
kux map (10" cm). Ckonsenus sxe GbIBAIOT IBYX
BUJIOB: wiapoevlie W paccesHHvie. JMaMeTpbl
paccesHHbIX CKOTUTeHMit> — ot 6- 10" cm 110
10%° cM, Kom4ecTBO 3Be3 B HuX oT 20 10 2000.
B 11apoBbIX CKOIIEHNMSAX 3Be3f OOIblie: OT 10°
mo 107, a ux JyaMeTphl 3aHMMAIOT AMala3soH
10" — 10% cm.

Vtak, npenenpHo 60sbIie 3BE3IHBIE CKO-
nnenns umenT pasmep 10” cM, 4TO POBHO
Ha 10 mopsfKOB 6Osble CaMbIX MameHbKIX
3Be3n*.

B panbHerimeM Mbl HOKaXeM, 4TO TIpa-

HUOAa  MEXAY  3BE€3OHBIMU CKOIIICHNAMU

* MOKeT II0Ka3aTbCsl, IPABJia, YTO ABTOP IPOUSBOTIb-
HO OTpaHMYMII 3BE3HBIE CYICTEMbI TO/IbKO CKOIIJIEHNA-
MU, Beflb TATAKTHKI TAK)Ke COCTOAT 13 3Be3. OfHAKO
JE€I0 B TOM, YTO rajlaKTuKa KaK TUII CUCTEMbl OTIMYa-
€TCA OT 3BE3HOTO CKOIJIEHVA HECKO/IbKVIMM ITPUHIIN -
IIMa7IbHbIMM MOMEHTaMMU.

Bo-nepsvix, y 36e30Hbix ckonsneHuti He 6bIBaeT co6-
CTBEHHDBIX BbIJIC/ICHHBIX CprKTyp (pyKaBOB, IVCKOB,
sIiiep, Talo U T.IL.), OHM NPEACTAB/LIIOT co60it, 06pas-
HO TOBOPs, CTau 3Be3[l, WIN KOMOHNUN. [anaxmuku xe,
HOI[OGHO MHOTOKJIETOYHBIM OpTaHM3MaM, UMEIOT CBOIO
COOCTBEHHYIO )KU3Hb, KOTOPasl He CBOAMMA K COBOKYII-
HOMY cbyHKuI/IOHMPOBaHMIo OTMEeMbHBIX 3BE3].

Bo-eémopuix, 36e30Hble  CKOWeHUs HUKOTAA He
BCTPEYATCA BHE TA/TAKTHK, XOTA pasMepbl HEKOTOPbBIX
M3 HUX JOCTUTAIOT PasMEPOB KAP/IMKOBBIX SJIIMIITI-
9eCKMX TaNaKTVK. [4n1aKkmuky e CyLeCTBYIOT B KOC-
MIYECKOM MIPOCTPAHCTBE He3aBMUCHMO. Bo3bMeM aHa-
70ruI0. Bee crcteMbl COCTOST U3 aTOMOB, HO MBI YETKO
OT/INYAEeM COEMVHEHVIs 3 aTOMOB B BIJie CTIOKHOI MO-
]'ICKYJ'II)I VNN [laXKe KIETKU OT HpOCTOﬁ KpucTamin4ie-
CKOIT CprKTypr. VI XOTs ralakTUKM TOXKe B KOHEYHOM
MTOre COCTOAT 3 aTOMOB, HAM I B FOIIOBY HE IIpUXOaUT
Ha3BaTb Ira/IAKTUKN CKOTJICHUAMU aTOMOB.
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U TajlaKTMKaMy Ha M-ocu 001mast — 9T0 TOYKa

019,5t0,5

nepecedyenust M-ocu ¢ BY — 1 CM.

AOPA 3BE3[ (KJTACC Ne8). Paccmo-
TPUM Temepsb siiepHO-3Be3HbI Knacc. Cormac-
Ho mopenu BY oH 3anmMaer gmamasos ot 10*°
10 10™° cM. XapakTepHOI TOYKOI HAMBBICIITEIT
ycroitunsoctu siBnsercss pasmep 107-10° cm
(cm. puc. 1.13).

O spmpax 3Bes[; MOXXHO PacCyXX/aTh JINIIb
TEOPETNYECKN, TaK KaK Jaxe sApo OmvoKaii-
et K HaM 3Be3zipl — COJHIA JIO CUX TI0p He
UCCTIEROBAHO C TTOMOIIbI0 mpubopoB. OxHAKO
HOCKOJIbKY BCe 3BE3[{bl PAHO WM TTO3IHO YMU-
pAaIOT, TO MX OCTAaTKM BCeTfa [e/MATCS Ha JiBe
YacTI: BHENIHIOK I BHYTPEHHIOKW. BHemrHssa
4acTb — 060/109Ka — COPACBIBACTCSA C Pas/Ind-
HOII CKOPOCTBIO /I 3BE3J PA3INYHON MaCCHI.
BHYTpeHHsA — CKUMAeTCs 0 ONpeie/IeHHOTO
ropora, 06pasyst MepTBble (WM yMupaoLiue)
OCTaTKU 3BE3]I.

MO>KHO YCTTOBHO IIPMHSATD, YTO 9TH OCTAT-
KU 1 eCTb sfiepHble obpasoBaHus 3Bes. OHu
IeATCS B OCHOBHOM Ha TpM THIIA: Oenvie Kap-
nuxu (BK), neitmponnvie 36e30vr (H3) u uep-
Hote 0vipor ().

He6omnbine 38e3npl (¢ Maccoii ot 0,2 1o 1,2
maccol Comuiga), copacbiBas 060704KY, KOTO-
pasi OCTEIeHHO IpeBpAIAeTCsi B [UIaHETAp-
HYIO TyMaHHOCTb, CTAaHOBATCA 6eHI)IMI/I Kap}H/I-
kamu (BK), pasmepb! koTopbix kone6morcs®
B muamasone 10°-10" cm.

bBonee maccuBHbIe 3Be3/bl (¢ Maccoit ot 1,2
10 2,0 maccol CorHIa) B3pBIBAIOTCA KaK CBEPX-
HOBDbIC, a X H,[[pa CKUMAKTCA IO Hei[TpOHHbIX
ssesy (H3), cpensme ouenku pasmepos KOTO-
poix 6y k 107 cm.

Camble Ke MacCCUBHbIE 3Be3fIbl (C Maccoil
6oree aByx Macc ComHIja) ITOC/IE B3PbIBa MOTYT
o6pasoarp uepHsble fbipsl (Y1), nx pasmepsr
ouennBanTca’® or 3 - 10° o 107 om.

Bce nepeuncieHHble 00BEKTBI HPMHIIMIIN-
aJIPHO OT/IMYAOTCSA [0 CBOMM CBOVICTBAM OT
00OBIYHBIX 3Be3]]. Bo-nepevix, OHM COCTOAT yxKe



He I3 aTOMOB, a U3 VX s0ep WIN /leMeHMAPHbIX
uacmuy,. Bo-émopuix, sHeprus UX U3TyIeHUs
yKe He CBsi3aHa C TEPMOSIEPHBIM CHUHTE30M,
OCHOBHBIM MCTOYHMKOM dHeprum 3Besf. Cse-
TUMOCTb U IBET 3TUX O6'I)eKTOB TAaKXe CO-
Bep]l[eHHO OT/IMYHBI OT CBETMMOCTN U IIBETaA
OOBIYHBIX 3BE3].

Ozonennvie s0pa 36e30 — 3TO TPUHIN-
nuanbHO MHOI MacmTabubli knacc (KITACC
Ne8). BuyTpu aToro kracca Tpy THUIIA OTOJIEH-
HBIX Aep 3Be3]l Ha BY 3anuMaror Tpu yyacrka:

10°-107 cM — uepnvte dvipor (Y]1);

10'-10° cM — neiimponnvie 36e30vt (H3);

10°-10" cm — Genvie xapnuxu (BK)*.

Vrak, mpemensl pasMepoB st sifiep 3Be3f
3aHUMAIOT 5 mopskos: ot 10° 1o 10" cm. Imu
npedenvi COBUHY b OMHOCUMENLHO MOOENIbHBIX
Ha 0,5 nopspka Bipaso. [IpydnHa Takoro cisu-
ra, BO3MOKHO, 3aK/IIOYaeTcss B 00ujem cosuze
8Cex pasmepos mezamupa npaso, HO Ty 3aKO-
HOMEPHOCTb MBI PAcCMOTPMM jarnblie. B 1e-
JIOM ke KrmaccupuKaIiOHHast CXeMa J/Is 3Besfy
OK06HO 61OTOTIYECKOI COCTOUT 13 TPEX UH-
TEpBAIIOB 110 5 MOPsAKOB (cM. puc. 1.13).

ITOT iMaIa3oH B 15 MOPAIKOB MOXKHO Ha-
3BaTb 368e30HbIM MACUUMAOHBIM 0UANA30HOM,
KOTOPBIIT JENMUTCS Ha TPY K/Iacca o 5 MOpsif-
KOB K&K[IBLIT: I0epHbLil, COOCMBEHHO 36€30HDbLTI
U CUCMEMHO 38e30HDLIL.

Heo6xomuMM0o OTMETHUTDH, YTO 3BE3[HbIE
Hapbl U TPYNIBI (CHCTEMbI) Ha CaMOM Jiefe
HaYMHAIOTCA C pasMepoB mopsaaka 107 cu,
4TO Ha 2,5 IOPsAKa JIeBee TPAHMIIBI UX KIac-
ca. OfHaKo 9TO HapylleHNe KaXyleecs.
Beﬂb n OpI‘aHI/I3MI)1 COCMHAITCA B CEMbU,
TPYIIbI, CTaJa M CTal, pasMepbl KOTOPBIX
HAYMHAIOTCS MPAKTUYECKN C METPOBOTO AMa-
nasona (10% cm), 4To COOTBETCTBYET BbICIIEN

* JIro6OmBITHO, YTO MAacIITAOHOE PAaCIIONOXKEHIE
3Be3[IHBIX OCTATKOB Ha M-0Cu 3epKajbHO HpPOTUBO-
TIOJIOXKHO PACIOIOKEHNIO 3Be3]l, X MOPOAUBIINX: Ca-
Mble KPYIIHbIE 3Be3JIbl OCTAaB/IAIOT CaMble HebOOmblIne
sanpa — Y]I, a camble ManeHbKMe 3Be3JIbI OCTABJIAIOT
cample 6ormbiune us sAxep — BK.
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TOYKe TpebOHS BOTHBI XXU3HU (CpaBHUTE [jBa
Havasa: A/ 3Be3 U i OE/NKOBBIX CUCTEM).
3Be3abl TOXXe MOTYyT 00Opa3oBbIBATH OYEHb
TeCHbIE Mapbl. Mo 06u4ee cUcmemHoe C60li-
CMB0 €030a8amp 6CeB03MOMNHIE KOMOUHA-
Yuu 00veKmos, U OHO He 3A6UCUM 0M NOPo2a
pasmepos.

Mbl Xe BBIfiefisieM JApYyroe, HaM GaA}CHO
6vi0 ycmanosumv mom nopoz pazmepos,
n1eeee Komopoz0 na M-ocu ewe Moznu cyuje-
cmeosamv opzanusmvl (36e30vt), a npasee
KOMOPO20 MO2Y M Cyu,ecme06amp monavko ux
cucmemvt — OuoueHo3vl (36e30Hvle cKone-
Hust). VI BOT 371eCb-TO MBI BUJJUM, UTO B C/Iy4ae
CO 3Be3JaMy ¥ B C/Iy4ae C OpraHM3MaMM 9TOT
[OPOT HaXOAMTCS 110 MOJENM B TOUYKE Iiepe-
CedeHVsl TPABOJ TPAHMUIBI CPENHETO Kiacca
COOTBETCTBYIOIETO [MamasoHa ¢ M-ocbio
(cm. puc. 1.13).

[TosTomy MHTepBas B 15 MOPSAKOB KaK A/t
Buocdepsl, Tak u 115 3Be3[ MMeeT BHYTpEH-
HIOIO CTPYKTYpy 15 = 10+5 = (5+5)+5 u onu-
HAKOBBIl BUJ|: UeHMPanvHolii 2pebenv u 06e
NoNY60NHYL CTIe6a U cnpasd. ITo elle pas Io-
KasbIBaeT IUIOOTBOPHOCTb BBIOPAHHOI HaMu
BOJIHOBOJI MOJIEIN.

Ilo cux mop Mbl paccMaTpuBaIM Mac-
mTabHble MHTEpBaIbl KaaccoB. PaccMoTpum
Tenepb rpaHI/[uy, HaHpI/IMep, Me>1<,11y HByMH
u3 Hux: Ne§ m Ne9. D10 MO3BONMNUT HaM yBHU-
IeTh CTEIeHb TOYHOCTY IIPE/IOKEHHOI 3/1eCh
M-knaccupukanmim.

MBI yXe OTMedau, 4TO 3Be3J, pasMepoM
menee 10" cm acTpoHoMbI He HaxopaT. Takue
MaJICHbKNE 3B€3[bl OYCHb TPYJIHO yB]/I]IeTb
Ha Hebe, M03TOMY He VICK/IIYEHO, YTO BCE XKe
MOXXHO BCTPETUTDb 3Be3[ly, pasMep KOTODOIL
6yner 10™° cm. Tem Goree 4TO ompesieneHue /-
aMeTpOB 3Be3]] — BO MHOTOM TeOpeTIYecKas,
aHe HabmofaTenbHasa mpouenypa. Crenosa-
tenbHo, Mbl MoxkeM JOTMYCTUTD, uro mou-
Kka nepeceuenus 6asucnoii BY ¢ M-ocvio s6ns-
emcst MO4HOU HUXMCHell KAACCUPUKAUUOHHOLL
epanuyets cyuecmeosanus 36e30.
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Knacc norpaHdHYHbIX
nepexofHblx CHCTEM

«3aceneHa» CnopHbIMN 06bEKTaMU

Puc. 1.14. Mogenb pacnpegeneHus no paamepam o6beKTOB B IBYX MOrPaHNYHbIX pa3MepHbIX Knaccax.
Kak npasuno, Ha rpaHuLie K1iaccoB CyLLECTBYeT NepexofHas 30Ha LUMPUHOW B OAMH NOPSAOK, koTopas

3mech HeoOXOHUMO HeGOIbLIOE Memo0o-
nI02uyeckoe omcmynnenue. Jleno B TOM, 4TO
106as KAACCUPUKAUUOHHAST 2PAHULA MEXEY
COCEHMMU KITACCaMU 8 TI60M NPpoCmparcmaee
napamempos, KaKk MBI yXKe YKa3bIBa/ll, IIpef-
CTaBIsIeT cOOOII He IMHUIO, & IIOTI0CY. DTO 3Ha-
YUT, YTO CYILIECTBYeT 006/1aCTh BHYTPYU TAKOTO
[apaMeTpUYecKOro IPOCTPAHCTBA, B KOTOPOI
MOXXHO BCTPETUTb IIPECTABUTENEN, pasfiersie-
MBIX TpaHMIieit KaccoB (cM. puc. 1.14).

OTO ’Ke CIPAaBelINBO U [JIsL PA3Mepos.
Kaxxpmplii 13 COCemHUX KIaCCOB MMEET CBON
pa3MepHBIl [MAIa30H, CTBIK 9TUX J[MAIa3o-
HOB IpefCTaB/seT co60il HEKOTOPYIO IIONOCY
Ha M-ocu — TAMBYPHbIA MACLUTAB-
HbIA UHTEPBAJ dnunoii 6 0dun nopsoox.
B rakoM TaMOypHOM MacuITabHOM MHTepBaje
MOXKHO OOHApY>KUTb KaK Hanbosee KPYyITHBIX
IIpeCTaBUTe/IeN HIDKHETO K/Iacca, Tak ¥ Ham-
0071ee MeNIKVX IIpeiCTaBIUTeNel BEPXHETO Kyac-
ca. ITourn O4eBMAHO, YTO WIMPUHA IEPEXOf-
HOTO, TaMOYPHOTO, Kmacca 6yfeT 3aBUCETb OT
pa3MepoB rpaHMYanuX K1accoB. V ecrecTBeH-
HO, 4TO J|/Is aHa/I13a BBIOOP COCEHUX K/IACCOB
IOJDKeH IPOM3BOAUTHCS IO IPUHIIUITY MX O~
HAKOBOIT MacIITaOHOI IPOTSHKEHHOCTIL.

Tax, Hampumep,

3B€3bl BCTPEYAIOTCA

IPaKTUYIECKN Ha NPOTAKEHNN 5 TIIOpAAKOB, X
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simpa (6erble Kap/imKy, HETPOHHbIE 3Be3JIbl
VM YepHBIE [IBIPBI) — TAKKe Ha MPOTHKEHUN
5 nopsnkoB. CrIegoBaTeNbHO, MBI MMEEM IO
C COCEHMMI K/IacCaMit Ha MacIITaOHBIX YPOB-
Hix. [paHuna MeXxpy 9TuMMH KIaccamiu, Kak
U MEXZY MIOOBIMIL PYTUMI K/IACCAMIL, VIMEET
MacuITaGHYo MVPIHY IPYMEPHO B 1 OPAOK:
ot 10° 10 10" M, wn 10>°** cm. I10 03Havaer,
YTO B YKa3aHHOM JIalla30He Pa3MepOB MOXKHO
06HAPY>KUTb HEKOTOPbIE 3Be37IbI, KOTOPBIE yice
noumu He 36e30bt, I HEKOTOPbIE OOBEKTHI, KO-
TOpDbIE yiHce noumu 36e300l.

PaccMOTpMM, Hamlpumep, 8epxHIo 2pa-
Huyy s0ep 36e30 OerbIX KapiamnKoB, KO-
TOpbIe, KaK Mbl YIOMMHA/IM, UMEIT pa3Me-
pbl, pasmuyaromuecs Ha 2 nopsaka. Camble
6onpmve u3 Hux (10" cm) «3axomaT» B uy-
KO KJIacC — 3Be3JHbIN. VIMeHHO caMbie
Gonmple M3 GeNBIX KAPIMKOB, 10 MHEHUIO
MHOTHX acTPO(U3NKOB, HAXOAATCS B IPOMe-
XKYTOYHOM COCTOSTHUU MEX/Y 3Be3ZaMMU ¥ UX
AfpaMu. Beb MMEHHO B HUX ellle UAYT «BO-
IOPOJHbIE siTlePHbIE PEAKI[U, IPOUCXOfIALIIE
B OY€Hb TOHKOM C(epyiecKoM Coe Ha Ipa-
HJIIIe TTIOTHOTO BBIPOKIEHHOTO BEIeCTBA X
Hemp u arMocdepni» *°

OcHOBHasI >Ke SHeprusi BCeX OenmbIX Kap-

JINKOB «IMIIb Pe3y/nbTaT pPacXOJOBaHMA



TEIIOBOJl SHEPIMV ATOMHBIX sfep». Takum
obpasom, Oojblune Oejble KapinmKu, KOTO-
pble NpUHAIIEXAT PasMEPHOMY HAMAIA30HY
10°—10" oM, ABIATCA NPOMEKYTOUHBIMU
[IePEXOHBIMIL CUCTEMAMM, Befib OHN, C OffHOI
CTOpOHDI, AB/SIIOTCA OTPAabOTABLINMY CBOE
3Be3famIL, a C APYroif — YacTUIHO IPOLO/DKA-
10T M3/TyYaTh 3Be3NHYI0 (SIEPHYIO) SHEPIUIO.
9ror (aKT HOATBEPKAAET HPABUIBHOCTD Te-
OpeTUYeCKI OIpefieNIeHHOI KIacCupUKALNOH-
HOJI TPAHULIbI MEX/Y 3Be3/JaMIL U UX SA/JPaMIL.
Kpome sToro mpmmepa ecTb elie ORUH
(bakT, KOTOpDI MOKasbiBaeT HA PeabHOCTD
BBISIBJIEHHOTO B MOJEM PasMEpPHOro IOpora
MeX[y ABYMs Kaccamu. VIHTepecHO, 4To 9TOT
(baKkT OTHOCUTCS y)Ke K COBEPLIEHHO APYIUM
KOCMIYECKIM CHCTEMAaMI — I/IAHETaM.

MMAHETbBI (KJTACC Ne8). Mb1 nmeem
BO3MOXXHOCTb M3y4aTh b raHeTs: Coi-
HEYHOIT CHCTeMBL [I09TOMy CTaTHCTHYecKoe
0606111eH1e, KOTOPOe MBI MOXKEM C[IeIaTh, He
OYeHb IpefCcTaBUTeNbHO. ONHAKO B CUITY BaX-
HOCTU 111 HAaC 3TUX ACTPOHOMMYIECKUX TEI,
MBI BC€ JK€ PACCMOTPHM, KaK X Pa3Mepsbl CBsI-
3ansl ¢ BY.

Camast Ma/leHbKas CAMOCTOSITe/IbHAs UIa-
Heta — Mepkypwuii ¢ gamerpom 0,38 - 10° e,
camas 6ompuass — OmuTep, ero auaMerp 4yTh
6onbiie 10" cm. ITo pacrionoxenuto opout Bo-
kpyr ConHija (BHYTPU acTepOMIHOTO KOMbIfa
WIN BHE HEro) Bce IUTAHEeThl MOXKHO IIOfipasfie-
JIUTD Ha [{BE TPYIIIIbL:

IInanemui 3emnoii 2pynnor:

Mepkypuit 0,485 -10° cm
Benepa 1,210 10° cm
3emns 1,276 - 10’ cm
Mapc 0,679 - 10° cm
IInanemuwt 2pynnot IOnumepa:
FOmmrep 1,426 - 10" cm
CarypH 1,202 - 10" cm
Ypan 0,490 - 10 cm
Hentyn 0,502 - 10" cm
ITnyron 0,640 - 10° cm
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Mexny op6uTaMy 9THX ABYX TPYIII €CTb
«ITycTasi» OpONTa, 3aIIO/THEHHAS ACTePOUAMI
M KaMHsAMM, KOTOpas Kak OBl CIYXUT ecTe-
CTBEHHOI «IIPUPOJHON TpaHULE», pasfe-
JSAOLIElT 1BA TUIA [UIaHET. 3aKOHOMEPHOCTHI
[AMAMETPOB IUIAHETHBIX OpOUT — TeMa OT-
JienbHast. 37eCh JKe Mbl 00pAaTUMCS K TIPUHIIN-
OManbHOMY (GU3NYECKOMY OTINYMIO IUIAHET
9TUX ABYX rpymm. [IIaHeTsl 3eMHOIT Tpym-
bl — meepovle Tela, IIOTHOCTb KOTOPBIX
6onbue 2 r/cm’ (o 5,5 r/cm’). Tlnaners rpyn-
nbl IOnmrepa no Qusmyeckum CBONCTBaM
MOXKHO pa3fIenTh Ha IIAHETHI-TUTAHTHI (2a-
306ble TAPHI C ITIOTHOCTBIO 10 2 T/cM’, 67M3-
KOJI K IUIOTHOCTY BOJIbI) 1 HEGOTIBIIYIO maep-
dyio wranety ITnyToH.

Ecmu pacnionoxutsb Bce maaHeTsl ComHed-
HOJT CHCTeMbI B COOTBETCTBIY C UX pa3Mepamin
Ha M-ocu, TO OHM 3alIMyT TaM ABa IIPaKTH-
9eCKM OJVMHAKOBBIX MHTepBana no 0,5 nopso-
ka (cm. puc. 1.15). O6muM Ayt Bcex meep-
ObIX TUTAHET SBJSIETCS TO, YTO VX UAMETp He
npesbliaeT sHavenus 10*° cm — MopienbHOI
rpanunsl Ha BY Mexpy mrotHbIMU spepHbI-
M1 00Pa3OBAHUAMY VM paspeKeHHBIMU Ta30-
06pasHbIMU 3Be3IHBIMU 0Opa3oBaHusaMu. Bce
wiaHets! rpynmsl IOmmrepa mMmeT pasmep
6onpliie 9TOro 3HaYeHUs... Kpome IlmyToHa.
W umenno IlnyToH ABnsfeTCA MCKIOYEHUEM
Bo Il rpymnme, oH uMeeT TBEPAYIO IOBEPXHOCTD
¥ TIOTHOCTD Gormee 2 T/cM’.

3nech Bosuukaer unrepectoe [NTPELAMO-
JIOXKEHWE. Tieno B Tom, uro IInyToH — ca-
Masi KpaiiHss wiaHeta COMHEYHOI CUCTEMBL.
Haunnas ¢ Onurepa u ganee or ConHia Bce
ITAHETBI COCTOAT U3 JIETKUX STIEMEHTOB Ta-
6mmubl Mengeneesa (TOM) — Bce, UCKIIIO-
vast [IIyTOH, KOTOPBI COCTOMT M3 TSDKEJBIX
97IEMEHTOB. JTa IUIAHETa BbIIAfaeT U3 006-
1jeil 3aKOHOMEPHOCTY Oudepenyuayuu ge-
wecmea npomonnanemnozo obnaxa (nerxve
97IEMEHThl — 3a IMpefiellaMi  ACTEPOUIHOTO
KOJIbI}a), KOTOPYIO IIPU3HAIOT MHOTYE KOCMO-
rOHUYeCKMe Teopuu. BosHmkaer mpobrema



Puc. 1.15. M-knaccudukaumns
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nnaHet COnMHEYHON CUCTEMDI.

KAACC Ne§

3 BE3[HaA NonysonHa

Tl
anrt

Cucremuas nonyeonHa Makpoten

| — rpynna TBepAbIX
nnaHeT € MNnoTHO-
CTbto BbiLe 2 r/cm®.

I rpynna raso-

06pasHbIX  MnnaHeT
KAACC N9

C MSIOTHOCTBIO  HUXE

2 r/lem3.

OyeBunpgHa macLuTab-
Hasa nepuoanyHOCTb
B 0,5 nopsigka

C TIOSIB/ICHVEM Ha TPaHUIle 9TOM ra3oBoil 00-
macTu TBepporo Bemectsa Ilnyrona. ITpuxo-
IUTCS IPUAYMBIBATbh Bepcun 3axsara IlmyTo-
Ha U3 JPYIVX 3BE3IHDIX CUCTEM.

OnHAKO OTMETUM, UTO (pu3uuecKue c80l-
cmea IInymona cosepuiento He 6vinadaiom u3
Mmacuma6Hoti sakonomeprocmu (cm. puc. 1.15).
BosHukaeT BOIpoc: cy4aiiHo iu max ycmpo-
ena ConHeuHas cucmemd, 4mo He3ABUCUMO
om opoumbL 8ce NIAHEMbL C PASMEPAMU MeHee
10*° cm — meepdvie mena, a c pasmepamu 6onee
10°* cm — 2azo06pastvie (36e30010006Hbie)?

Wrax, name NMPEOMOJIOXKEHWE cBomut-
Cs1 K CIIC[YIOLIEMY: Mecto niaHemvl 6 mpex-
MepHOM Npocmpancmee He UTPaeT CTONb SKe
CYILLIECTBEHHOI PO, KaK ee HojoxeHue 6 mac-
wma6bnom npocmpancmee. COINACHO Hallell
MOJIe/N, eCTM pasMep IUIAHETHI COOTBETCTBYET
KJIACCY siiep 3Be3J — OHA SIB/LIETCS TBEPHbIM
TEJIOM, €C/IVL JKe ee PasMep OTHOCUTCS K KJIacCy
CaMIiX 3Be3]] — ra3000pasHbIM TENOM.

Braromapss Hameit Mopmemt 0GHapyXu-
BAaeTCsl M JIONMOJHUTENbHAS 3aKOHOMEPHOCTD
(cm. prc. 1.15), 06BACHUTD KOTOPYIO C HO3UIIMIT

of

TPafJULIMOHHOI Teopuy 0OpasoBaHMs IUIAHeT
ComHeyHOI cucTeMbl odeHb TpymHo. OHa 3a-
KJIIOYAeTCA B TOM, YTO B PACIIONIOKEHIM 00eyx
TPYII I/IaHeT Ha M-0CH 9€TKO MPOCMaTpPyBa0T-
A 3 MacIITabGHbIX MHTEPBaIa, IIMHON IpyMep-
HO 0,5 mopsipka Kaxaplit. [lepsple monmopsAgka
3acefeHbl ITaHeTaMy 3eMHo¥ rpymms! (1) i [Try-
TOHOM, BTOpbIE IOJIIOPSIIKAa — abCOMIOTHO Iy-
CTbl€, TPETHM IOIOPAKA 3aCeIeHbI I/TaHETAMI
rpynus! FOmurepa (II). I[Tpn stom HanMeHbIIast
IUIAHeTa 3€MHOII Ipymmbl — MepKypuil Haxo-
IUTCA 6IU3KO K JIeBOJL IpaHMIe MHTepBaIa IIa-
uer I rpymmsl, T. e. k Touke M-ocu — 5 - 10° cm.
HaumeHblnas 13 ra3oo0pasHbIX IUIQHET IOIM-
TEPUAHCKON TPYIIbl — YpaH HaXOAMTCA TaKKe
O7M3KO KJIeBOJI TpaHMIle MHTepBaga IUIAHET
11 rpymms, 7. e. k Touke M-ocu — 5 - 10° cm. Tlo-
3TOMY MOXXHO YBEPEHHO YTBEPXK/ATb, YTO JIe6ble
2PAHULbL 08YX NIIAHEINHDLX 2PYNN CONACHO SMNU-
pudecKum 0anHbimM pachonoxervt Ha M-ocu uepes
00uUH NOPSIOOK.

AHajmorn4Ho HambOsbIIasA IUTAHETa BHY-
TpEeHHeil TPynnbsl — 3eM/iA 3aMbIKaeT MHTep-
Ban | cripaBa, npu 3ToM ee auamerp B 10 pas



MeHblIe ayamerpa IOmurepa ¢ TOYHOCTBHIO
B 1 %. CrenoBarenbHO, npasvie epamuypl uH-
mepsanos 1 u II na M-ocu mosxe omcmosm
Opye om Opyza Ha 1 nopsdok ¥ C HEIIOXOI
TOYHOCTBIO.

Kak 00bsICHNTD, OMpasiCh Ha TPAULINOH-
HbIe TIOJXOMBI, TOT OYEBUIHBIIT (PaAKT, UTO pas-
Mepbl [UTaHeT [IBYX TUIIOB 3aHMMAOT Ha M-ocu
Ba MHTEpBaa 110 0,5 MOPS/Ka C IYCTHIM IIPO-
MEXYTKOM MeXpAy Humu B emte 0,5 mopsiaka?
W kak mpoiitu MuMmo toro daxra, 4o M-och
nepecexaer BY B Touke, rie yxe He BcTpeda-
0TCSI TBEpAible ITAHETHI TVIIA 3eM/IV I HaulHa-
I0TCsI ra3000pasHble, 3Be3[OIOf00HbIE TITaHe-
TbI TMNA IOmuTepa?

O606mas sce, mpl MoxkeM [IPEOMOJIO-
XXUTb, 4ro ue tonbko mmaHersl CoMHEYHON
CHCTeMDbl, HO U niaHemvl écex cucmem Bce-
JIEHHO1I N00PA30ensIomcs Ha 084 KAcca aHa-
nozuuno nnavemam ConHeuHoli cucmemvl.
N BCE MNAHETbl BCENEHHOW, PA3-
MEPbI KOTOPbIX MEHEE 10°° cm, BY-
OYT NOXOXXW HA MJTAHETbI 3EMHOW
rPYMMbl, A BCE MIAHETbI, PASMEPbI
KOTOPbIX BOJbLUIE 3TON TPAHU-
Lbl, BYOYT UMETb FA300BPA3HbI
COCTAB.

Kcrarn, FOnurep Boipenser Ha 60 % 6071b-
1Ie 9Hepruy, 4eM nonydaet ee ot CoOIHII, TI0-
9TOMY €T0 YacTO Ha3bIBAIOT «IIOYTHU 3BE3MOI».
OTO He YAMBUTENBHO C TOUKY 3PEHNsI KIacCH-
¢dmkanyonnsix rparny BOJTHbI YCTOWYM-
BOCTW, Benp mo cBoum pasmepam oH Ipu-
HaUIOKUT yxe K 3Be3nHoMy kmaccy (KJTACC
Ne9: or 10°° cm fo 10™° cm).

Hamra 3emyst — camas 6onblias IiaHeTa 13
IIepBOIT IPYIIIBL, U ee AMaMeTp IpHOMKaeTcs
K 3BE3[JHOMY K/1acCy. ITO, C OFJHOIT CTOPOHEIL, 3a-
MeYaTe/IbHO, TAaK KaK BbIfIE/SIET €€ CPe APYTUX
ITaHeT, HO C JPYTOil CTOPOHbI — CTOUT 3afy-
MaTbCs O TOM, Hemt iu 071 3eMu OnacHocmu
6 oM, 4o ee pasmep HAXOOUMCS 0ueHb OU3-
KO K HeKoeMy nepexoOHomy py6excy ycmoiiuu-
6020 COCIMOAHUST OIS KOCMUHeCKUX meJ.
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Urak,
CTEKJIO» OJHY M3 MOJENbHBIX Kmaccudukarm-

paccMOTpeB «B  YBEIMYUTENBHOE
OHHBIX TPAHNL], T.€. TOUKy Iepecedenus BY
¢ M-0cb10, MBI y6eIU/INCh, YTO OHA BeCbMa He-
IJIOXO OTPAXKaeT pedsibHvle KIACCUPUKAIIVIOH-
Hble TPaHuIIbI BO Beenennoit.

O6patuBumich K O€IKOBOMY JAMarnaso-
Hy, HAIIOMHVM, 4YTO pasMepHas IPaHWIA IS
HIDKHETO ITOPOTra JXMBBIX CUCTEM 3aIlOHeHa
BHPYyCaMI1, KOTOPbIe KO CUX IOP PasIMuHbIMIU
MCC/IeOBATE/SIMIL OTHOCATCS TO K SKUBBIM, TO
K HEXUBBIM CHUCTEMaAM, 4YTO CBI/[I[eTeHbCTBy-
€T 0 TOM, 4TO U 9Ta TOYKa mepecedyerns BY
¢ M-ocbi0 sABIIsIETCS peabHBIM KIaccuduka-
LIMOHHBIM 6apbepOM IS IIPUHIUIINATIBHO OT-
NUYAILINXCA APYT OT APyra CUCTEM.

FANAKTUYECKUE KITACCbI Ne10, 11,
12. Cornacuo mopenu BY ux oO6bekThl 3aHU-
Maror uaTepBan ot 10" fo 10°** cm. (cm. puc.
1.16), mpu stom ot 10"*° cm mo 10"° cm —
SAMIePHBII KJIacC, WIN KJIacc sfiep TaNakTUK,
aor 10”° cm mo 10**° cMm — Kjmacc camux ra-
NIaKTUK, WIX CTPYKTypHBIil. Janee upyr emte
HECKOJIbKO IIOPSIIKOB, KOTOpble IOZOOHO
3Be3JJHBIM CKOIUIEHVISIM 1 OMOIIeHO3aM JJO/DK-
HBI OBITH 3AITOJTHEHBI HEKMMMU HEXECTKUMNU
U OTKPBITHIMIU CUCTEMaMJ M3 TalaKkTuk. Pac-
CMOTPUM, COOTBETCTBYET /U TaKOe MOJie/b-
HOe JiefleHue M-0CU pealbHOMY pasInyuuio
CBOJICTB 0O'bEKTOB IaJlaKTUIECKOTO K/Iacca.

Ob1iee 4nMcIo raTakTuK B MeTaramakTuke
paBHo 10'’, 4TO YAMBUTENTHHO TOYHO COBIA-
[aeT ¢ IIaBHBIM KO3 @UIMEHTOM MacuTad-
HOJi mepyopuyHOCTH. Pasmepnl Hambonee
TUIINYHBIX Ta/IaKTUK 3aK/JIKYE€HbI B HpeﬂeHaX
10%' - 10” cm*’.  CremoBatenbHo, cpeHeMac-
mTabHbII pasMep 1A TaTaKTHK paBeH 107 cm.

Hamra co6crBeHHast [anmakTmka OTHOCUT-
cs1 K OdYeHb OonmblinM cucreMaM. Jumamerp
ee rano (cpepndyeckoro CKOIUIEHUS U3 [ie-
CATKOB MMTMApHOB 3Be3f) paseH 107 cm,
a TONMIIVMHA CIOMpaJbHOTO [AMCKa B 15 pas
menbme®® — 6 - 107 cm.



AcTpoHOMaM M3BECTHO HECKOJIBKO Ta-
JIAKTHK, pasMepbl KOTOPBIX OoJblie Hamleri:
o B. 30HHY49 — 970 ramakTuka M101, ee gu-
ametp pasen 1,5 - 10 cm; o B.A. Boponijo-
By—BC}IbHMI/IHOBySO — 9TO rajmakTuka M31, ee
muametp paseH 1,8 - 107 cm.

YnoMmAHyTBe pa3Mepbl ABIAITCA IIpe-
IeNoM /Il BO3MOYKHOTO pasMepa TalaKTUK.
Ewe Gompummy pasmepamu 06IafaloT TOJIb-
KO 2unepeanakmuky — HEeCKOIbKO TalaKTUK,
00beNMHEHHBIX 001el KopoHoili, ux b.A. Bo-
POHLIOB-Be/NbsAIMMHOB Ha3blBaeT «2He30amu
2anaxkmux». VIX pa3Mepsl, OflHAKO, He HAMHOTO
TIPEBOCXOAAT YKa3aHHBIN Tpefier, 0 AaHHbIM
b.A. BopoHnosa-BenbsaMuHOBa, OHU He IIpe-
BBIIIAKOT 3 - 107 cm.

Takum obpasom, Ha M-ocu 0OObIYHbBIE Ia-
JIAKTUKM 3aHMMAIOT BCErO 2 IMOPAMAKA OT 10
10 10% cm. Ecmt upitu B cTopoHy eltie 60mbimx
MacmTaboB, TO 3a 2HE30AMU 2A7AKMUK TIO0
pasMepaM CIIefYIOT 2pynnbL CO CpeIHUM pas-
mepom 10™ cM u ckonenus co cpeiHUM pas-
mepoM 10”° cm. CKomteHnst — 3T0 TIpefien s

FQJTAKTIYIECKOTO Kyacca CHCTEM, n60 OHN ellle
MOryT ObITh 0Opa3OBaHBI 3a CYeT COOCTBEH-
HOTO  TIPAaBUTALMOHHOIO  B3aMMOMENCTBUS
FQIaKTUK. 32 9TU MOPOTOM HAYMHAETCS MUP
Cy6CTpyKTypbl MeTaramakTuku, MUp céepx-
cxonnenuii (10 cm).

[IpoaHamisupyeMm Temepb CUCTEMbI, KOTO-
pble pacronoXXeHsl Ha M-0ocu ceBa OT rajak-
TIYECKOTO «rpebHsi». B uanasone 10°°-10"' cm
HaXOJSATCS TaK HasblBaeMble KAPAUKOBble 2a-
naxmuxu®'. Y4UTBIBAs, YTO YeM MeHbIIe Ta-
JIAKTUKQ, TeM TPY/JHee ee 0OHAPY>KUTb Ha Hebe,
YICTO TEOPETHUYECKV MOXHO IIPEAIIONIOKNUTb,
YTO MOTYT BCTPEeYaThCs TAIAKTUKIL 1 C pasMe-
pamu Menee 107 cm. OjfHaKo yke B 30He pazMe-
poB mepexopiHoro Kmacca 10°-10° cm y acTpo-
HOMOB BO3HUMKAIOT KOTIe6aHI/IH Hp]/[ OTHECEHUN
CICTEM TaKMX Pa3MepPOB K Pa3HbIM K/IaccaM.

BerpewaroTcsi  Kap/MKOBble  Ta/AKTHKI,
OOrplle TOXOXMe Ha TUIAHTCKVE IIapOBBIE
CKOIUTEHNSI 3Be€3fl, — WX MOKHO OTHECTH Kak
K KJIACCY TQIAKTHK, TAK M K K/IACCy 3BE3ITHBIX

CKOHTICHI/II?'[, HaXOJAIIMXCA B MEXTATAKTMYECKOM

Pwuc. 1.16

Anpa ranaktwk — 5

Nl

Pasmep camoil Bonbwon
W3 HIBECTHBIX FANAKTHK

lanakrukn — 5

Metaranaktuka

_, anaktuueckue

-

Uenocrupme cuctemm — 10

-
1T ckonnenna — 3,5
-

A A A

rANAKTHYECKWA MACLUTABHBIA AWANA3OH — 13,5

>
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npocrpaHcTBe. Ilo HEKOTOPBIM IpU3HAKAM:
Ha/IMYMIO Ta3a ¥ OYeHb TOPSAYNMX 3Be3] — 9TU
CNOPHYIE CUCHeMbl ACTPOHOMBI BCe JKe OTHOCAT
K K/IacCy Kap/IMKOBBIX Ta/laKTUK, a He K K/Iaccy
IMApOBbIX CKoIIeHnit. OfHAKO, IO CBUJETE/b-
ctBy B.A. BopoHtoa-Benbamutosa®, BeTpeda-
I0TCs1 3BE3JIHBIE CYICTEMBI TaKMX PasMepOB, y KO-
TOPBIX HET HY Ta3a, HY TOPAYMX 3Be3.

C ppyroit CTOpOHBI, BHYTPM TaJaKTUK
BCTPEYAIOTCS TMIAHTCKUE MLIApOBble CKOILIe-
Hus, flocTUraioue pasmepos 1,5 - 107 cm,
T. €. TUTAaHTCKUe CKOIIHVS II0 CBOVMM pasMe-
PaM «3aXOIAT» B YMCTO TAJTAKTUYECKMIT K/Iacc
(Nel1). TToaToMy 3Be3HbBIE CHCTEMBI M3 3TOI
0671acTy pa3MepoB SIBHO OTHOCSITCS K CIIOPHO-
MY «IepeXOTHOMY K/IacCy».

VITax, B nepexodHoii 30He IVHOI B ORUH
HOPSATOK CO CTOPOHBI MEHBIIVIX CUCTEM MBI VIMe-
€M TUTAHTCKIE Ulaposble 36e30Hble CKONMEHUS,
a CO CTOPOHBI OOTIBIINX CUCTEM — KAPAUKOBbIE
eanakmuxuy. IT0 NOATBEP>KAAeT IPaBUIbHOCTD
BBIOOpA KIaCCHUKALMOHHOI TPAHNUIbI B MO-
nenu BY na pasmepe 10" cm. «CrieBa» 1 «cripa-
Ba» OT 3TOJI I'PaHNUIIBI B IIpefeiax MOMIOpAaKa
MBI BCTpeYaeM CIIOPHbIE CHCTEMBI.

Kpome Toro, Hajjo OTMETUTDb U OYE€Hb BaXK-
HbII1 «PaspbIB» CBOJCTB Ha 9TOM pybexe: «...
SIcHO, YTO MEXAY 9IMITUYECKUMU TalTaKTy-
KaMM ¥ HIaPOBLIMM CKOITIEHUAMM CYIIECTBY-
eT 6onpinoe pasnmunane. HecoMHeHHO, 4TO BO-
0011le HET HMKAKMX OCHOBAHMII ITOJIaraTh, 4TO
IIapOBble CKOIUIEHVS ABJIAIOTCA IPOJIOJDKe-
HHUeM SVIMIOTUYeCKUX TalakTuK. Hamporus,
TOT (aKT, YTO CPeRHsISI IIOTHOCTD IIAPOBBIX
CKOII/IEHNIT HAMHOTO OOJIbIIIE, YeM SJUIATITIYE-
CKMX Ta/laKTUK, TIPOCTO YKa3bIBaeT Ha TO, YTO
3TU CKOIUIEHMS JOJDKHBI ObIIM BO3HVUKHYTb B
cucreMax ¢ 6ojee HU3KOI MIOTHOCTHIO. Eciu
ObI OffHa rpyIIIa 6bITa HPOJO/DKEHEM [IPYTOIL,
Mbl JIO/DKHBI ObUTM OBl HAMTV MIAPOBBIE CKO-
MJIEHNsI C TOM >Ke IJIOTHOCTBIO, KaK B CaMUX
CHCTEMaX. .. »>

Urak, BHyTpu rpe6-
a1 (KJTACC Ne11) Mbl mmeeMm cucmemobi

TATAKTUYECKOTO
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2a71AKMUHECK020 MUNA, TIPOUCXOXKEHE U 6a-
3UCHBIE CBOJCTBA KOTOPBIX MOTYT MMeTb 06-
I[YIO OCHOBY.

Cryckasch ¢ rpe6us (107 cm) BreBo, mpu
nepexojie yepes pasmep 10" cm Mbl onaaem
B 00/1aCTh CUCTEM COBEPLIEHHO MHOTO CBOJi-
CTBa — 36€30HbIX CKONIeHU].

Crryckasich ¢ rpeGHst BIIpaBo, Mbl O6Hapy-
XUBaeM, 4TO OYKBAJIbHO Yepe3 OMH MOPSLOK
3aKAHUMBAETCSl  CYLIECTBOBAHME TaJIAKTHUK
Y HAYMHAETCsl 00/IaCTb CYLjeCTBOBAHMS TeC-
HbIX Hap, THEe3[ " ,T_IpyI‘I/[X IEeTOCTHBIX CUCTEM
3 TATTAKTHK.

He o6HapyeHO IIOKa HJ OfHON TayaK-
THKY, pasMepsl KOTOPOIl ZOTSAIMBAIU OBl 10
10*° cM — @epxeii ModenvHOLl 2paHULbL UX
CYIECTBOBaHNUsL. DTO HECOOTBETCTBUE MOJE-
U IeVICTBUTENbHBIM (paKTaM HECKOIbKO JIO-
MaeT BBUSIBICHHYIO BBINIE 3aKOHOMEPHOCTb,
COIJIACHO KOTOPOJI CTPYKTYPHBII TalaKTide-
CKMIT KjIacc JO/DKeH 3aHmMarh Ha BY okomo
sty TOpsiKoB. OfHAKO eIy BCIOMHIT, 9TO
CBerFMFaHTCKI/Ie 3BE€3[bl, KaK U’ CBCPXJ_UH/IH-
HbIE BOJIOPOCTH/[ U IMaHbl, — ABJIEHNE B CBOUX
K/IACCaX KpaliHe PefKoe, TO He UCK/IIOIEHO, 9TO
CBepX0O/IbIIIe TaTaKTUKI, Pa3Mepbl KOTOPBIX
B 10 pa3 JO/DKHBI ObITH GO/IbILIE TAKOTO TUTAH-
Ta, Kak M31, II0Ka el1je TPOCTO He 0OHAPY>KEHBI
WM MMEIOT KaKyI0-TO HeOOBIYHYIO, HAIIPUMep
BBITAHYTYI0, pOpMY (BCIIOMHUTE PO JIMAHBI).
Kcratn, uenouxu zanaxmux [eiiCTBUTENBHO
06HAPY)XMBAIOTCSA HAOGTIOJATENAMN, TaK UTO
3/1eCh MOKHO ITOKa He Je/laTh OKOHYATeTbHbIX
BBIBOJIOB.

3aMmeuare/IbHBIM SBJIETCS M TOT (DAKT, UTO
camble 0071bIINe O€TKOBbIE OPraHM3MBbI He TIpe-
BBINTAIOT pasMepoB 3 - 10° cM (cremoBatenbHo,
OHM pacIoONOXKeHbl Ha 1,5 mopsjka Impasee
BepXHeil TOYKM MofenpHoro rpebus BY).
TouHo Tax e M camble GOJIbLINE TaTAKTHKY
He IIPEBBIIAIT Ha 1,5 HOpsfKa KOOPAUHATY
BEPXHET0 IPeOHs CBOEro K/1acca: IHes/a raiak-
TUK MMEIOT MaKCUMAabHbIi pasmep 3 - 107 cm,
a BepXHsAA Touka rpebHa — 3o 107 cm.



3nech MBI BUMM TT0f06Me Knaccudukarm-
OHHOJI 3aKOHOMEPHOCTH € K09 PuieHnTOM 20
HOPAIKOB.

Tenepp omycTMCsA B TamaKTUIECKUIL «ITOf-

Ba/».

AOPA TANAKTUK (KINMACC Ne10). Co-
IIACHO MOfey, Ha M-0cy OH 3aHMMaeT IATH
nopsaakos ot 10" cm o 10" cm. Cpemuit
pasmep amep ramakmuk — 107 cm (cm. pue.
1.16).

JaHHbIC, 4TOOBI IIOHATD, KaKy€ peajnbHbIE€ CU-

IIpoanammsupyem acrpodusmyeckye

CTeMbI MMEIOT TaKye pa3Mepbl M KAKOBBI UX OC-
HOBHBIE OT/INYNTE/IbHbIE CBOJICTBA.

[lo manueiM 9.5 BumbkoBuckoro®, Anpa
TaIaKTVK COCTOAT 13 BHYTPEHHEN CTPYKTYpPbI
(cobcTBEHHO AApa), pasMepbl KOTOPOII /IeXar
B muamnasose 107-10" cM u BHemIHell 060/104-
ku (3 - 10" - 10® cm). ITo gauusim B. Bamika
u P. Bpayna®, appo Hameit [amakTukm sBs-
eTCsl OYeHb KOMIIAKTHBIM PajMOMCTOYHIKOM
¢ pasmepamu nopsizika 10'° e,

Heo6xonmMo OTMETWUTD, 4YTO s0pa 2anax-
MUK — 3Mo He NPOCMO UeHMPAaTbHbIe cZyule-
HUS 36e30, a 0cobvle 00vexmuvl, obnadarousue
cneyuduueckumu Komopute
HeBO3MONCHO 00DICHUMD MONILKO U3 1pedno-

ceoticmeami,

JIOMCEHUA, YMO OHU 3ANONIHEHbL CKONTEHUAMU
36e30. Tak, Hanpumep, B TymanHOCTM AHJpO-
MefIBI ANpO TIpy pasMepax okoyo 10" cM umeer
1mnoTHOCTD B 1 000 000 pas Bbllle, 4eM B CpEIHEM
no Tamakruke®. Kpome Toro, axmusnvie a0pa
2071aKMUK S6NITIOMCS UCTOUHUKAMY MOULHDIX
u3y4enuti u 6v16pocos mamepuu, npednonaza-
emcs, Umo UMeHHO 6 HUX HAXOOAMC 2u2anm-
cKue 2anaxmuueckue HepHole OvIpol.

B 6oree MOMOABIX TaTAKTHKAX, TAKIX, KaK
ramaktuku Ceiidepra, sijpa «oxBadeHbl Oyp-
HBIMJ JIBVDKEHVSIMMU Ta30B... 31eCb PasbIrpbl-
BAIOTCsI BO BCell NOJIHOTE SIBJIEHNSI, KOTOPbIE
B HJIPaX TATAKTUKN U TyMaHHOCTI/I AHHPOMe-
bl y>Ke 3aTUXIN N COXpaHHIOTCH B HeCpaBHeH-
HO MeHbIX 06bemax»’. B.JL. Tmusbypr> ot-
MeJaer, YTO «TalaKTIIeCKue sfpa 1 KBasapbl
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BIIOJIHE MOTYT OBITb CBEPXMAaCCHBHBIMY IIIa3-
meHHBIMK Temamyt (M ~ 10° Mg, ,.; r ~ 107cm)
¢ 6OMBIIVIMY BHY TPEHHUMI JIBVOKEHVISIMU Bpa-
I[aTe/THHOTO TUIIA ¥ MATHUTHBIMY HOJISIMMU. .. ».

Haubomnee momnopple TalmaKTUKW, HaXOfs-
Hyecss OT Hac B HamOOJblIeM yJaleHnu, —
9TO TaK HasbiBaeMble k6a3apvt (QSO — kaa-
3m3Be3[Hble 00BEKTHI). SIPKOCTD UX CBEYEeHMUsI
CBUJIETENIBCTBYET 00 aKTMBHOCTM UJYIIMX
TaMm IIPOIIECCOB M 3aTMeBaeT COOCTBEHHO Ta-
JIAKTUKY, ANPOM KOTOPOJN U ABIAIOTCA KBasa-
pa1. VIx pasmepsl, o b.A. Boponnosy-Benbs-
MuHOBY™, nmexar B mmamasone 10°-10"7 cwm,
10"-10" cm. Tlo
APYTUM J[aHHBIM®' pa3Mepbl KBa3apoB Mo-

a 110 BI/IHBKOBI/ICKOMYGO, —

IYT JOCTUTATh ele GObIINX 3HAYEHMIT: KBA-
sap 3C345 umeer B nonepeurnke 6 - 10 cm,
a TUIIMYHBIE Pa3Mepbl JIEKAT B [MAMA30HE
3-10"-6-10" cm.

Takoe pacxoXfieHue B OLEHKE CPeTHNX
PasMepOB K68A3apoe8 CBA3aHO, BULUMO, B IIep-
BYIO OYepefb C TEM, YTO OHM HPENCTABISIOT
cob01t HeoOHOpOOHOe MHO20CTIOlIHOE 06pa30-
8aHue ¢ paspexenHoil 06onouxoti, s0epHoti 06-
JIACMBI0 U AOPOM, Y KK[bLL U3 CIIELMATIICTOB
BbIOMpaeT B Ka4eCTBe [PAHMIIBI TO WIM UHOE
o6pasoBanne. OIHAKO BaKHO OTMETHUTD, YTO,
10 CaMbIM KpaiiHUM OLleHKAaM, 3HAYEHUs J1a-
METPOB KBa3apOB He BBIXOJAT U3 [MANa3OHa
10" - 6 - 10" cM, 4TO TIPaKTUIECKM COBIATIAET
¢ rpanuamn Knacca spep ramaktuk (KITACC
Ne10), onpenenennbimu ¢ nomorpio BOJTHbI
YCTONYMBOCTW (cm. Bbiwe).

CoBrajieHne acTpopMU3UIECKUX KITACCU-
¢dukaunit u mogem BY ocobenno werko mpo-
SABIAETCSA B IOTPAaHMYHBIX pasMepax. [lamexo
He CIy4YaliHO KBasapbl, pasMepbl KOTOPbIX
MHOT/Ia TIONAJAI0T B OrPAHNYHBIIL CO 3Be3Ma-
mu pnanasoH (Ha jesyio rpanury KITACCA
No10: 10"-10" cM), HasBamM K6a3u36€30-
HoiMu O0beKTaMM, M [0 CUX IOP BEHETCs
IOMCKYCCUA O MPUHAMIOKHOCTY WUX K HaIeit
lamaxTyke U MX BO3MOXKHOI 3BE3[IHOI IIPUPO-
ze. Bo BCAKOM cr1yuae HEapoM ke HOABMIOCH



npepnonoxenne B.JI. TnH36ypra o ToM, 4TO
K8asapvl — 9TO IUIa3MeHHBIe Tenma (ITO POon-
HIT VX CO 3Be3IaMM).

Ha npasoit rpanune KITACCA Ne10 pac-
IOJIOXKEHBI OYeHb OObllNe M AKTUBHBIE A0Pa
zanaxmux (10°-10" cm), KoTopble MHOTMMMU
ACTPOHOMAMJL OIPENE/SIIOTCS KaK IIepexoii-
Hble GOpMBI — 3apodviuu zanaxmux. Hamm-
qye B TOUKax mepecevenuss BY n M-ocu atux
CIIOPHBIX 0O'BEKTOB — BEPHBIIT IPU3HAK TOTO,
YTO IepeXOfHble AMANA30Hbl OIpeJe/IeHbl
B MO/ 0CTATOYHO KOPPEKTHO.

Takum 06pasoM, Bce aCTPOHOMMYECKIE
[AHHBIE CBUETEILCTBYIOT O TOM, 4TO S0ep-
HO-2anakmuyeckue 00pA306aHUs, BKIIOYAs
KBa3apsl, 110 CBOUM pasMepaM TOYHO YK/Iajibl-
BAaKlOTCA B OTBe)IeHHbH‘/'[ JIM Ha MOJIeINn I/IHTep—
Bam: ot 10" 1o 10" cm, mpuyem ux cpenHmit
pasMep COOTBETCTBYET HIDKHEN TOUKE MOJENb-
HOJ1 O/yBO/HBI (cM. puc. 1.16).

Vraxk, s ranaktuk (Ipasfa, BO3MOXHO,
C HeGOJIBIIMM OTK/IOHEHNEM) TAKXKe IIpUeM-
neMa KmaccuyKanmMoHHas cxema 10 =5+5,
KOTOpasi CBOMMYI TPAHNUI[AMI CBSI3aHa C TOUKA-
mut nepecedernsa M-ocu BOJITHOW YCTOIN-
HY/BOCTW. Bepna mu 3pech cxema 1045, kak
B MakpouHTepBane?

Ecmum po6aBuThb 5 HOpANKOB K BepXHeN
TEOPETUYECKON ~ IPaHNLe  TaJaKTUYECKOro
rpe6Hs, Mbl monyunm pasmep 10°° cm, uTo
BBIXOZJUT JAJIEKO 3a pasMepbl MeTaramakTyKi,
CTIefOBaTeNbHO, cXeMa HeBepHa. OIHAKO ecn
Te e 5 MOpsAfKOB fo6aButh (cM. puc. 1.16)
K pasMepy HambosbIuell U3 M3BECTHBIX Ta-
maktuk — M 31, amamerpom 1,8 - 107 cm,
TO MBI TIOMy4uM pasmep 1,8 - 10” cm, koto-
PBIIL ¢ TOYHOCTBIO 710 KoadduiumenTa 61130k
[peNeIbHOMY pasMepy ISl BCell CHUCTEMBI
rajakTUK — MeTarajlakTuku.

B03MOXHO, YTO IIOJly4eHHOE COOTHOLIEHNE
B 10° MEXKTy MaKCMMa/IbHbIM pasMepPOM TajlaK-
TUKM M pa3MepoM MeTaranakTyKyl SIB/ISETCS
YICTO CIyYalfHBIM COBIIAfieHVEM. BO3MOXXHO,
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9TO BOITOM €CTb KaKas-TO 3aKOHOMEPHOCTb,
0 KOTOPOIT MBI [IOKa He MOXXEM HIYEro CKasarh.
IToCKONBKY >Ke COOCTBEHHO TalaKTUYeCKIi
KNACC Ne11 sBisiercst noumu kpasinum pa-
BBIM KJIACCOM JUISI BCell Halell BcemeHHOM, TO
KpaeBble 0COOEHHOCTI MOIYT HAK/IA[bIBATD CBOY
OTIIEYATKY Ha €T0 CTPYKTYPY.

PaccMoTpuM fiBa BO3MOXKHBIX BapuaHTa
KTacCuUKAILVIOHHOr0 pa3bmeHys MaciuTad-
Horo guamasona (M]I) f/ist raakTuK.

Ilepeviii eapuanm: (5+5)+3,7 — daxTu-
YECKIII, HO C HapyLIEHHOI IePUOSMIHOCTDIO
B TPeTheM IITUIIOPSIFKOBOM OIOKe.

Bmopoii eapuanm: (5+5)+(3,7-5). Uro 03-
HadaeT MaclITabHbLT nHTepBa (3,7-5)?

Mn  ucxomum u3  POPMAJIBHOIO
MPEAOMONIOXXEHWUA o Tom, yTo mocnemnmit
MATUIIOPAIKOBBI K1acc rajakrudeckoro MJI,
He YK/IafIbIBAIOIIUIICA HOJTHOCTbI0 Ha M-ocu
13-32 €CTECTBEHHOI IPaHNI[bI MeTaralak THKI,
MOXXHO OTJIOXNTH IO cxeMe (3,7-5). ITpnuem
¢dparmeHT (-5) OTK/IAAbIBAETCSH OT TPAHMIBI
Mertaranmaktuku 28,2 B 06paTHOM HaIpabie-
HMY, YTO JaeT TOYKy Ha M-ocu (28,2- 5=23,2),
COOTBETCTBYIOLIYI0 MaKCUMA/IbBHOMY pas3Mepy
st ranmakTuk (cM. puc. 1.16).

YuursiBasi, YTO HayKa MPAKTUYECKN TOTIb-
KO Havasa elje M3y4aTb raTakKTHUKI, MOXXHO He
TOPOIMNTHCSI C OKOHYATETbHbIMM BBIBOAAMNU
U IIPeABApPUTENbHO IIPUHATD, IIYCTh C HEKOTO-
PBIMU UCKKEHVSIMU M OTKIOHEHUSIMMU, YTO
M IS TAJIAKTYUK CIIPABEINBO JCIIONb30BaHIE
KaccupuKanoHHoit Mogenu BY co Bcemn ee
XapakTepHbIMHU TouKamy. HazoBem macmrra6-
HBIT guamas3on ot 10"’ mo 10°*? cM — e2anak-
muuecKum MacumabHviM Ouana3oHom, KOTo-
PBIiL IEMUTCA Ha IBa MHTEPBaJIa IO 5 MOPAKOB
¥ OOVIH MHTEepBaI — 3,7 mopAJKa.

ATOMbI (KIMACCbl Ne4-6). B coor-
BETCTBUM C IPUHATON BBILIE CXEMOJN U IIO7IO-
JKeHueM Ha M-0CK LIeHTPa/JbHOTO 37IeMEeHTa
COOCTBEHHO aTOMHOTO K/Iacca — aToMa BOJIO-
pona — amomuvlili MacumabHoli ouanazox



IOTKeH uMeTh rpanuisl ot 107>° 1o 10%° cm
(cm. puc. 1.17) u oppasensiTbCs Ha TPY KIIac-
Ca 10 5 MOPSIKOB KasK/IbIil:
Ne4. Knacc sep atomos: 107°° — 107 cm;
Ne5. Co6cTBenno aToMubIT: 107 — 1077 cm;
Ne6. Cucremno aTomusrit: 10°° — 10 cMm.
PasMmepbl MepeXoHbIX 00'bEKTOB, BCTpeda-
IOLIeCs B PA3TMYHbIX TPATUI[VIOHHBIX K/TACCH-
QUKAIUSAX, TOMKHBI ObITh CBA3AHBI C HAIIMMU
MopenpHbIMY Toukamut: 107°°, 107" 1 107 e
ITocMoTpyMm, Tak 1 3T0?

Haunem ¢ KJITACCA No5 — KIJTACCA
CAMUNX ATOMOB. Ero tieHTp 10 Mogienu co-
otBeTcTByeT pasmepy 107 cM*, mpaBas rpaHu-
na — 10~ cm, neBas rpanuma — 107 cm. Ha-
[IOMHIM, 4TO Hambojee pacIpOCTpaHEHHBIM
37IEMEHTOM BO BceneHHOIT ABNsA€TCA BOTOPO..
JlnamMeTp aToMa BOJOPOfiA PaBeH MPUMEPHO

* Kcrarn, stor pasmep (10™ cM) HacTONMbKO XapaKTe-
PeH 1A aTOMHOI GU3VKI, YTO OH IIOMYUM/ COOCTBEH-
HOe Ha3BaHIE — «aHTCTPEM».

1,4 - 10° cm. Eme meckombko Hamboree pac-
IIPOCTPaHEHHBIX XMMUYECKMX 9/1€MEHTOB JMMe-
10T MOm e IJaMeTp aTOMOB.

JIaMeTppl aTOMOB BCEX OCTa/lbHBIX 3JIe-
MeHTOB He npesbimator 107 cum. [Ipasee aToro
pasMepa aTOMbl B IIPUPOJie He BCTPEYAIOTCH.
OxnpaemMass Xe IO MOfieNM TpaHMIA Kac-
ca — 10™° cm. OTK/IOHEHMe CYIleCTBEHHOE —
HO/ITOpAa MHOpAfKA. ITU IONTOpa MOpPSAAKa
3aMIOJIHEHBl B IIPUPOJIE MOJIEKY/IaMU BCEX
YPOBHEIT CTIOXKHOCTI: OT IIPOCTBIX O 6GeIKo-
BBIX 11 BBICOKOTIONMMEPOB.*

PaccmMoTpuM Temepb JIEBYI0 PasMEpPHYIO
IpaHMIly CyllecTBOBaHus aToMoB — 107" cu.
Ha 3emsie aToMBI C TaKMM pa3MepoM yHAeTCs
HOTYYUTD IUIIb B MCKYCCTBEHHBIX YCTOBMAX,
KOIZIa OJMH U3 3/IEKTPOHOB 3aMelAeTCA OM-
puuamenvrovim me30Hom. Takue CHCTeMBI TTO-
y9ny HasBaHue Me3oamomos™. Vix auame-
TPBI OYeHb OMU3KM K HEPEXOLHOMY pasMepy:
s me306000poda — okomo 5 - 107 em (mm
107 cm).

Puc. 1.17

__flppa atomoe — 5 Atombr — 5 & |z CronneHus

- Ll Ll e} Ll
atomos — 5

= LlenoctHbie cuctemei— 10 |

) -

o MACLWUTABHbIA AWANA30OH ANA ATOMOB — 15 -

) Ll
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«ImaBHOII 0COOEHHOCTBIO Me30BOLOPOLia
SIBIAETCS TO, YTO PALMYC ME3OHHOI OpOMTBI
npumepHo B 200 pa3 MeHblIle, YeM 6OPOBCKMIT
pazguyc. I10aTOMy OO TENbHbII 3apsf; IPO-
TOHA O4YeHb 3a9KPAHNMPOBAH, ¥ ME30BOLOPOJ,
BO MHOIMX OTHOLIEHMAX BefleT Ce0s KaK Heil-
Tpa/TbHas YaCTHIR, AHATIOTUYHAS HEATPOHY»",
3mech CO Bceil OYEBMAHOCTHIO IPOSIBIISETCS
HepeXOfiHasl CYIJHOCTb Me30aTOMOB: C OJFHO
CTOPOHBI — 3TO ATOM, a C IPYTOil — YacCTUIa,
KaK ObI — HeJTPOH.

B kocMoce B 0671aCTH TEPEXOJHBIX pasMe-
poB (107'%° cM) cymiecTBYIOT aToMbl, CxKaTble
B Hefipax Oe/IbIX Kap/mKoB. PacueTsl oka3bIBa-
101, 4TO TIPU CKATUY ATOMOB B HEIPaX GesbIx
Kap/IMKOB PaCCTOSTHIS MEX/Ty aTOMaMU YMeHb-
matorcs. [Ipu paccrosnusax oxono 107 cm
97IEKTPOHHBIX 000/I049eK aTOMOB Oo7blle He
CYIIECTBYET — OHU «CAMPAIOTCS», VI SIfpa aTo-
MOB CTaHOBSITCSI «OTOJIEHHBIMI». VIMEHHO TIpU
TAaKIX PACCTOSHUSX MEX/y aTOMaMM HaCTyIa-
€T BHIPOX/IEHHOE COCTOSHME Ta3a’, OMMChIBA-
emoe craructukoin Pepmu.

Urak, mMacurtabHble TPaHNUIBI CYIIECTBO-
BaHUA aTOMOB B MX IIPOCTOM M MOJIEKY/LAp-
HOM BHJie BIIOJIHE COBIIA[IAI0T C MOJEIbHBIMU
(107"°...10™° cm). OfiHAKO ecnu CpaBHMBATDH
MacIITabHBIIT AMANA30H CYIeCTBOBAHMS aTO-
MOB C MAacIITaGHBIM [JMAla30HOM CYIIeCTBO-
BaHNs 3Be3], 0OHAPYKMBAETCA 3HAYNTETILHOE
pasmmune. [l 3Be3[ MBI MMeeM OT/e/IbHbIe
IpYMEpPbl CBEPXTUTAHTOB, HOCTUTAIOMIMX IO
CBOMM pa3MepaM BepXHEro Mopora MOJenb-
HOTO KJIacca, 1 aTOMOB K€ MBI BUUM, YTO
UX pasMepbl He [OTAIMBAT [O BEPXHErO
MopenbHoro mopora (10 cm) 6onee oHOTO
HOPpsIfKa.

Vrax, nepexod om cucimem muna amomos
K cucmemam muna si0ep OCyIeCTB/IIETCS Ha Tpa-
HUIle JIBYX MofiebHbIX Kmaccos BY — 107% e,
M 9TO YTBEpXJAEHNME He BbI3BIBAET 0COHOTO
BO3pakKeHUsI. BepXHss ske MOJieNbHas TPaHM-
I1a AaTOMHOT'O K/IacCa BBI3BIBAET OIpefie/IeHHbIe
COMHEHUSL.
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C a6COmOTHOI yYBEPEHHOCTBIO MOXKHO
yTBEPXKJaTh NMIb Crefyiomee. [Ipasas Mo-
nenbHast rparuia (okomo 107 cM) orpaHmdu-
BaeT B NPUPOJIE pasMepbl CUCTEM, COCTOAMIUX
3 aTOMOB, C MHAVMBUAYa/IbHBIM OTINYMEM CO-
craBa (6momakpomoreKybl). B aTux cucremax
IOAB/ICHNE JIM MCYE3HOBEHNE OJHOIO aToMa
IPUBOJNUT K Ka4eCTBEHHOMY M3MEHEHMIO BCell
CHCTEMBI.

AOPA ATOMOB (KJITACC Ne4). Uc-
TONb3Ysl METORMKY OIpefie/ieHNs PpajuycoB
sIep aTOMOB®’, MOYKHO TIOMYYNTH IOCTATOYHO
TOYHbI/ JMaMeTp fAApa aroMa BOJOPOJa —
nporona. OH pasen 1,62 - 10 cm. Kpome
TOTO, 4TO «...pafiMyC pacupefeneHusa 3apsAfna
BHYTpHU mpoToHa paseH 0,8 - 107 cm, paamyc
pacripefieieHnsl MaTHUTHOTO MOMeEHTa B IIPO-
TOHE ¥ HEMTPOHE OKa3a/luch IPUMEPHO OfIM-
nakosbvu 0,8 - 1077 cv»®, Omnpenernsaemble 110
IPUHATON B siiepHOI (DU3MKe YIIPOIeHHO
dopmyne R=1,3-10" A" cm imamerpoi simep
BCeX OCTA/IbHbIX aTOMOB JIeKaT B AManasoHe OT
2 1o 15 ¢pepmu* (re A — 9TO YUCIIO HYKJIOHOB
B sI/ipe aToMa).

YTo KacaeTcsa HIKHEN TPaHMIIBI AZIEPHOTO
MOJKI/Iacca, TO, IO MaHHBIM ML.A. MapKOBaGg,
OHa IpuHaIeKnT pasmepy 107> cM, KOTOpBIit
ABJIANCA TPaHMIIEll TIPOHMKHOBEHNA B MUKPO-
mup. Juamason pasmepos ot 107°° 1o 107" cm
(mo M.A. MapkoBy) — 3TO MUp CTpPaHHbIX
JacTuL¥, MUp JieTaniell CTPyKTyphl HETpOHa
U IPOTOHA.

MaxkcumanbHO J[IOCTYTIHBIE B HacTosllee
BpeMa (peub uper o 80-x romax XX Beka)
B Ta0OPaTOpUI SHEPIUY COCTAB/IAIOT BEINYN-
Hpl nopsAnka 1000 raB, 4eMy cOOTBETCTBYIOT

-17 7
MUHVMAJbHbIE PACCTOAHUA OKOIO 101 M 0.

* 1 depmu = 10™ em. Ananormaro anrcrpemy (10 cm)
B CPYKMYPHOM KJacCe IeHTPA/IbHBII pasMep A0epHO-
20 KjIacca, T. e. pasmep Hausviculeti ycmotiuueocmu,
TOXe MMeeT nMsA cOOCTBeHHOoe — «depmm». ITO elre
pa3 KOCBEHHO IMOATBEPXK/AeT afjeKBAaTHOCTb MOJE/N
BY peanbHbIM CBOVICTBAM MaTepUN.



Asrop MNMPEQOMOJIATAET, uro ecnu axcme-
PUMeHTa/bHOI (QUBNKe YACTCA TPOHUKHYTH

18...20 CM, TO

BIIy6b Marepun X0t Obl B0 10°
OHA BIUIOTHYIO COIPUKOCHETCS C BHYTPEHHEI!
CTPYKTYPOIL 97IEKTPOHOB.

CropaBa or ueHTpampHOI Touku (-13)
maunoro KJTACCA Ne4 pacmonoxensr Bce
Afpa, MAaKCUMA/IbHBII pasMep KOTOPBIX O/1i-
30K K 107 cm.

Urax, KITACC Ne4 B momemu BY coot-
BETCTBYeT OCOOEHHOCTSAM TPAJNIMOHHOI Cl-
cTeMarmsanuu mMypa yactul,. Ero mMopenbHblil
LIEHTp COBIIAfjAeT C BKHBIM /sl QM3MKM Pas-
MepoM — «epMu», U 37eCh XKe «00uTaeT» Han-
60JIee YCTOMYMBAs YACTUIA HALIETO MUPA —
nporoH. JleBee Ha 2,5 mopAfka OT IeHTpa
pacrionoxeH Mup cTpaHHbIX yacTul. ITpasee
Ha OJIMH IIOPS/IOK OT LiEHTPa — sA/jpa aTOMOB.

CrefiyeT nuIIb OTMETUTD, YTO B [JUAIA30-
He pasmepos ot 1,5 - 107? cm 10 107 cm Ha
M-ocu 1o cyti 06pasoBaoch nycmoe mecmo,
He 3all0/IHEHHOE HUKAKUMM eCTeCTBEHHBIMU
006pa3oBaHMAMIU U CUCTEMAMMU, KOTOPbIe ObLIN
OBl XOPOIIIO M3BECTHBI HayKe. ITO HACTONIBKO
CTPaHHO, Befjb IIPUPOJA HE TEPIUT IYCTOTHI,
9TO BO3HMKAKT ABA IIPEIIONOXKEHIs: 1160
B 9TOM [IMANla30He [IEMICTBUTEIBHO OYeHb HIU3-
Kasi YCTOIMMBOCTD CHUCTEM, /MO0 HayKe ele
TPEeACTOUT OTKPHITH IIENBI CIeKTP «IIPOITy-
IIIEHHBIX» €10 CYCTEM C JAHHBIMI pa3MepaMIL.

Uncro ymospurensHo moxso [MPEAMNO-
JIOXKWTb, uro moryT cymecrBoBarh Hekie
eucanmcekue s0pa WIN VX COXCHbvle s0epHble
Kxnacmepol, nocturaoume pasmepos 107 cm.
KpoMme TOro, 110 aHajIOrMy CO 3BE3[HBIM Mac-
mrabHbpIM AuanasoHoM MoxkHo [MTPEMMNO-
JIOXKNTD, uto B 3TOM MHTEpBaTe pasMepoB
CYILLIECTBYIOT IpefieIbHBIE II0 PadMepaM «CKO-
IVIeHs» 9TIEKTPOHOB. Befib CyIIecTBYIOT Ke
B aHamornyHoM Mecte BY maposbie n pacce-

SHHDbIC CKOIIVICHUA 3BE3 .

* CTpaHHI)IMI/[ YacTugamMm B d[')]/ISI/[Ke 9JIEMEHTAPHDBIX
YaCTUI] Ha3bIBAIOT K-mesonsr TUIIEPOHBI.
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Kak HU CTpaHHO, HO MeHbIle BCETO MBI
MOYKEM CKa3aTb O CHCTEMHO-aTOMHOM KJIacce,
KOTOPBIIT IPEIIONOKUTENLHO 3aHUMAET 5 T10-
panxos ot 10~ 1o 10™° cm (KJTACC Ne6). ITo
ananorun co 3sesgamu moxxno [MPELOMOJIA-
["ATb, 4o peds ugeT 0 HEKOTOPBIX ATOMAPHBIX
K/IacTepax, OODbeNMHEHHDbIX 3/MeKTPOMArHuT-
HBIMJ B3aVIMOJEICTBUSMI, M PasMepbl 9THX
KJIACTEPOB He MOTYT IpeBbIaTh 5-10 MM.

VITaK, MOKHO yBEPEHHO YTBEP)KJATh, YTO
ATOMHBIIl MAaCIITaGHDII [UANa30H 3aHUMAET
Ha M-ocn kak MuHUMYM 10 IOPAAKOB, KOTO-
pble MORpasme/sI0TCS Ha [Ba Kacca o 5 mo-
PAARKOB Kaxplit. CyILecTByeT I /11 aTOMHOTO
nuanasona gononuutensHbni Tpermit KIACC
(NeB) — ocTaeTcst OTKPBITHIM BOLIPOCOM.

3aKaH4MBas STOT pasfiesl, Mbl IMEEM BO3-
MO>KHOCTb IPEACTABUTh YK€ IIPUBEEHHYIO
BBIllE  IIEPUOANYECKYI0  KIACCH(UKALIIO
BCex cucTeM BcemeHHOIT, KOTOpas OmMpaeTcs
Ha Mozenb BY, HO HeckombKOo B MHOM Bupe
(cMm. prc. 1.18).

Xorst B Halleil KIacCUpUKALMU IPUCYT-
CTBYET JJOCTATOYHO MHOTO BOIPOCOB 13 061a-
CTV pa3MepOB MUKPOMUPA ¥ HECKOIBKO OTHO-
CUTE/IBHO CIIOPHBIX TPAHMNI, HO B LI€JIOM OHa
He BBI3bIBAET COMHEHMUII, TOCKObKY MOTPeNl-
HOCTM M OTKJIOHEHMS, BIIOJIHE [OMYCTUMbIE
[PU TAKOM LIMPOKOM OXBATE SMIMPUYECKOTO
Marepuana, He HaK/IaJblBAIOTCA APYr Ha ApY-
ra, a B3aMMHO KOMIIEHCHPYIOTCS, YTO IIPHUBO-
IOUT K COXPAaHEHWIO eOUHOL NepuoduuHocmu
Ha BCeM NPOTSDKeHMM M-ocu. i HOMHOTHI
KapTUHBI Mbl TOIbBITAEMCS 31€Ch 3aIIOMHUTD
«[IBIPbI» B OGIACTM MUKPOMMpPA U BCTPOUTbH
tyna ewe asa [UMNOTETUYECKUX mac-
TaOHBIX IMAalla30Ha.

CYBINEMEHTAPHBIE YACTWLbI (KITAC-
Cbl Ne1-3). TTepememasics o M-ocu B 06mactsb
ellje MEHbIINX Pa3MePOB, MBI MIONAJAeM B MUP
CTPYKTYP, HUKOI/IA He UCCTIEOBAHHBIX HAyKOI
9KCIepuMeHTaIbHO. Ha 9TOM IyTu Mbl Haxo-
IUM Le/Iblil KTacC BO3MOXKHBIX CHUCTEM, O KO-
TOPBIX II0Ka MOXXHO CKa3aTh JIMIIb CTIeYIOLIee.



99

DOTOHHBIA M — 15 (7) ATOMAPHBIH MJL — 15 IBE3/HBIA M| — 15

‘.
Botonsr — 10(7) Atomer — 10 Isezan — 10
fAapa | Coberscnno | Cronackns Atomusie | CoBeteeHno | Atomueie Isezansic | Cobersenno | Cronaenme
dotonos | HoToHE foTonos AApa | ATOMBI CROMICHHA Aapa IBCHIBI IBCIA
. B Pt > B * > I B e Pt E

Dy
e iy

Ml

"
@A&(‘N’

WEKTPOHHBINA MJT — 15 BHOJIOTHYECKHIA MJT — 15 FAAKTHYECKHIA M — 15
+ o < t > < 4 g
Fnexrpons — 10 Opraspss: — 10 Tanakrinen — 10 :
HAapa Cobereenno | Cronacaus Ounnokne- Muoroxae- | BuoncHoss Tanakrun. | Cobersenno | Cronacuns
aﬂeKI'pUHUB '],:IeI(TpOHEI 9,'Ie!l'|'|mHUH TOUYHBIC TOUHBIE Kﬂpa FANAKTHEH FANAKTHE
I

Puc. 1.18. O6Lasn macluTabHo-KnaccugukaumoHHas cxema o6bekTos BeceneHHon. [ns co3naqus nyiuero MHeMoobpasa (npeasioxeHve pegakropa) 6biia ncnosnb-
30BaHa LLecTas rapMoHuka maclutabHbIx konebaHui (cM. pasgen 2.5.1). MaclutabHasa anvHa Kaxgoro knacca pasHa natv nopsigkam. BugHo, 4to B ogHOM 1 TOM
e MacLUTabHOM Kracce MOryT NMpUCyTCTBOBaTh 06bEKThI Pa3fnyHbIX ypoBHel BeceneHHon. Hanpumep, ckonnexns 3Be3f 1 agpa ranaktuk NpucyTcTBYIOT B OQHOM
1 TOM Xe MacLuTabHoM Knacce Ne10, a cKOMnneHns 3NeKTPOHOB U aTOMHbIe fApa NPUCYTCTBYIOT B OQHOM 1 TOM Xe Kracce Ned. Mbl BUAWUM, YTO BCe 6 MacLUTabHbIX
nvanasoHos (M) nepecekatoTcst Apyr ¢ Apyrom, o6pasys rmuraHTckyto MacLuTabHyto Lenb cucteM. Toukm 0, A, B, C — 370 To4kM pasgenenns Bcero M-guanasoHa
Ha 3 ocHOBHbIX M-uHTepBana, no 20 NopsaKoB KaxAabii: 0—A — MukpouHTepsan, A-B — MakpouHTtepsan, B-C — MeranHtepsan. PasHble TWrMbl KNaccoBs:

* AepHbIN Knacc; m ® CTPYKTYPHbIN Kacc; :;E'@};. ® CMCTEMHBIII Knacc m
.} a




Bmyokaitmmii X aTOMHOMY CTPYKTYPHBIit
rpe6enb umeer koopaunary 107* cm. Mt io-
JIaraeM, 4TO OH «3aceneH» anekmponamu. Cko-
pee BCero, UMEHHO B 3TOM [JMaIla3OHe pasMe-
POB MOXKHO OyfieT CO BpeMeHeM OOHApyXUTDb
u cmpykmypy anekmpoua. V6o «Borpoc o pa-
JMyce CaMoOil «IpeBHei» 3/IeMEHTAapHOM dYa-
CTUIBI — 39/IEKTPOHA — IO CUX IIOP OCTAETCS
3aragkoil. BIiorh 00 HaMMeHbLIMX, HOCTYII-
HBIX IIpM COBPEMEHHOJ 3KCIIEpUMEHTA/IbHO
Texuuke paccrosanmii (10™° cm) anekTpoH Be-
meT cebst Kak TodedHas wacTuia» *. Vcxoms
us mopienu BY ero pasmep moxxer 6bITh 1O-
panxa 107 cm ¢ agepnbiv kepHom — 107 cm
(cm. puc. 1.19). Torna 1o aHamOTUM C BbISB/IEH-
HBIMJ paHee MacCIITaOHbIMI [{Yalla30HaMMU Mbl
MOXXeM CIIPOTHO3MPOBAaTb U CYIIECTBOBAHUE

* 9o 6bUI0 HamycaHo B 1972 roxy, u ¢ Tex mop ¢u-
3MKaM yJajioCh IPOHUMKHYTb B MMKPOMMUD elle Ha
2 1OpAJKa, OHAKO CIMPYKMYypa 31eKmpoHa 10 CUX IOp
MPEICTABIAETCA TOYEIHOIA.

NEKMPOHHO20 MacumabHozo O0uana3oHa
JUIVHOM B 15 IOPAJKOB.

Eme 6omee j1erkoit, o4Ty HEBECOMOII Ya-
CTHUIIEII-BOHON sABNIAeTCA ¢pomoH. Ilo nmoruxe
MOJIENN eMy OCTaeTCs eAMHCTBeHHOe CBOOOT-
HO€e MeCTO Ha MOCTIeHeM, KpaliHe 1eBOM Iped-
ne BY — 10 cm. Hac ipu aTOM He 0/mKHO
CMYIIATb TO, 4TO POTOH, KaK 11 I/IEKTPOH, MMe-
eT BOJTHOBYIO CTPYKTYPY, pedb UJIET O pa3Me-
pax ero KopmyckymsapHoit cyuHocTu. Torma
moxro [MPEANONIOXWUTB, uro cymecrsyer
ype3aHHbII gomonnwiii macumabHvii oua-
naszon ot 10 cm 0 10°%° cm, mpu 3TOM B Ka-
vecTBe si7jpa GpoToHa OyHeT BHICTYIATh IUIIOTe-
TUYECKUI MAKCUMOH.

OpfHAKO, CTOMT OTMETUTH, 4TO U ¢o-
TOH 1 97eKTPOH MOTYT OBITb He CTOIBKO
qacTugamMm C 4YeTKUMU FpaHI/IL[aMI/I, CKOJIb-
KO BUXpAMU WIM BO3OyXAeHuAMM (Tuma
CONMUTOHOB) B adupe U MOITOMY UX pasMe-
pbl — BOIIPOC IO-IIPEXXEHEMY OTKPbITBII
U TpeOyoLmit

DIyOOKOIl  TeOPeTUIeCKOit

Puc. 1.19

< fAppa 3neKTpoHoB — 5= < 3nekTpoHsl — 5 > < CkonneHua >
< UenoctHole cuctempl— 10 > AIKTPOHOR. = 3
| SNEKTPOHHbIA MACLUITABHbBIA AMANA30H — 15 |
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U 9KCIIepMMEHTaNIbHON Hpopaborku. bBomee
TOTO, TIPOBEeJCHHbIE TEOpeTHYecKye Ucce-
[oBaHuMA 3TOro Bompoca B pabore H.IL Tpe-
thkoBa u CJI. CyxoHoca («Apudmernxa
Bcenennori» B kHure «YenmoBex B MaciuTabe
BcenenHort», M.: Hosblit 1eHtp, 2004) mno-
Kasamm, 9YTO IIPAaKTUYECKM BCe 3IeMeHTap-
HBble YacTUIIBI — YeThIpeXMepHBIe pe30HaH-
Cbl MaKCHMOHHOII cpenbl. Vicxoms u3 aToro
[PEIIONIOKEH Vs TIPECTABIATh UX TOXOOHBI-
MU TelaM MaKpo- M MeTrajyanasoHa BecbMa
Ipo6IeMaTIyHO.

1.3.3. APYTUE
KITACCUONKALIMIOHHBIE
CBOWCTBA

BOJIHbI YCTONY/BOCTU

SABnatorcs mu gpyrue ocobble Touku BY
(HampyMep, BEPIIVHBI U BIAJVHBI) K1accudu-
KALMOHHBIMM TpaHmuammu? AHanm3 IoKasall,
YTO pasMephbl, COOTBETCTBYIOLIME STUM TOU-
KaM, B HEKOTOPOIT Mepe [e/iICTBUTENIbHO ABJIA-
I0TCS KJIACCU(PUKALMOHHBIMU TPAaHNULIAMI JL
Bcex cucteM Beenennoit. OfHaKo 3TU IpaHUIIbI
PasHeNAOT He CTONIBKO caMy 0O'beKTBI, CKOJIb-
KO CBOVICTBA 00'bEKTOB BHYMPU e0UH020 Kac-
ca. [IpuBeneM HeCKOTbKO IIPUMEPOB.

MIAHETbBI (KIACC Ne8). Mt yxe ormu-
CBIBA/IM IIepexo; OT 6ecOpPMEHHBIX MajbIX
IUIaHeT U CIIyTHUKOB K CepUdecKuM IIaHe-
TaM, KOTOPBII IPOMCXOZUT TOYHO B HYDKHEI
TOYKE OJHOM 13 BOJTH B TOuke 7,48 M-ocm.
3necb Mbl BUAUM OYeHb pe3Kyl0 TIpaHMUILY,
IIPOXOJA Yepe3 KOTOPYIO C/eBa HalpaBO, MbI
HoTy4aeM OeCKOHEYHBII CKAaY0K CUMMETPUIL.

3aMeTnM, 9YTO 3T CBOMCTBA MEHSAIOTCS BHYTpHI
OOHOTO KjlaCcCa — Kjacca IJIAaHET.

AOPA ATOMOB (KJTACC Ne4). Ms1 yxe
paccMaTpuBamL TPAHNIY MEXAY YCTOINIMBDI-
MU YacTUIIAMU U AfpaMy aTOMOB. B nuscneil
mouxe BY (-12,8), rie pacmonosxeHsl HyKIO-
HbI (IIPOTOHBI U HEJITPOHBI), HPOUCXOOUM CY-
wecmeeHHoe usMeHeHue CB0ICMe uacmu
mMukKpomupa.

Bo-nepevix, Bce 4acTULIbl, MEHbILINE 3TO-
ro pasmepa, He MMEIOT TaKOJ YCTONYMBOCTIH,
KaK IpPOTOH, pPa3Mep KOTOPOTO TOYHO COOT-
BETCTBYET 9TOJ TOYKe. Bo-8mopvix, VMEHHO
C 9TOro pasMepa HauMHAIOT 0OPa30OBBIBATHCS
sIIpa aTOMOB, BO3PACT XKM3HY KOTOPBIX, B 00-
[eM-TO, TOpas3no Gonblie, YeM BpeMs SKU3HU
6o0stee JIETKUX ¥ MEHBUINX IO pasMepaM ae-
MEHTAPHBIX 9aCTHI].

B mobom

cnyda€ MOXXHO YBEPEHHO

yTBepXHaTh Clefyloliee. B HIDKHeE TOY-
ecnu
IepeMelaTbcsa CIeBa Hampaso, pesko ME-
HAKOTCA CBOWCTBA MATEPWUW, ane-
MeHmapHvle  4aACMuLbL

8030elicmeue  CUNLHBIX

ke panHoro ¢parmenta BY (-12,8),

nonadawm noo
83aumooeiicmeuil
U NOMYyuAlOm 603MOICHOCIL 00pa306v16aMD
A0pa amomos.

AHa/u3 MoOKasbIBAET, YTO He MONbKO HUNM-
Hue, Ho u eepxHue mouxku BY sensiomces epa-
Huyamu usmeHenus ceoticms. OpHAKO 3TU
M3MEHEHNSI IPOVCXO/IST He BCErfa Y€TKO U Off-
HO3HAYHO BO BCEX Cpe3ax MacIlTaOHOI nepap-
XMM IS BCeX cucTeM. Boree TOro, Tiareb-
HBIIl CUCTEMHBIII aHa/IN3 MO3BOMUI BHIABUTH
LPYIYIO 3aMeYaTe/IbHYI0 XapaKTePUCTUKY ITUX
Toyek Ha M-ocu. OHU 3aHUMAKOT 0co6oe me-
€Mo 6 MacHITaGHO-CTPYKTYPHOM MHBapuaH-
Te, 0 YeM MbI PaCCKa)kKeM B CJIEAYIOLIeil I7IaBe.



[JIABA 1.4

MACIUTABHOE NOJ0BME BCENEHHOM

AHanus TIpenpIAyIIero Marepyana HaBo-
IUT Ha TOIOTHUTEIbHYIO TUIIOTE3Y — 0 63a-
UMHOM NO000UYU Mpex OCHOBHbIX UHMEPBATOs
M-ocu onunoti 8 20 nopsioxos. Benb ecnn Kax-
Iblil 3 HUX «IIPUHAJIEXNUT» TONBKO OJHOM
cue (cM. puc. 1.7), TO, BO3MOXKHO, 3aKOHBI
HeJICTBMA Ha MaTepPUIO STUX CUJI IMEIOT CXO-
XKWL XapakTep. 9TO MOXKeT B IIEPBYIO OYepesib
IPOSIBUTHCS 8 NO00OUY CTPYKTYP OOBEKTOB,
TIpUHAJIOKAINNX OfMHAKOBBIM  ydYacTKaM
TpeX BBIIEJICHHBIX MHTEPBAJIOB, T. €. 8 MaC-
wma6bHo-cmpyKmypHom uneéapuanme.

OTa ujes BIepBble MOABMIACH Y aBTOPA,
KOIZIa BBIICHM/IOCH, 4TO B Makpo- u Merans-
TepBajIaX eCTb 00BEKTHI C HOJOOHBIMI CTPYK-
Typamn. B mepByro odepenb — 3TO aTOMBI
u 3Be3fibl. XOTsI CTPYKTypa aTroMa ObUta Ha-
BesiHa Pesepdopay crpykrypoit ComHedHOI
CHCTeMBI B 1Ie/IoM, a He oTziennbHO CorHLeM,
CXOXKEeCTb aTOMOB MMEHHO CO 3Be3/IaMJ IIOKa-
3aJ1aCb aBTOPY OOJIbILIEIL.

B camoMm pene, 1 y aToOMOB, U y 3Be3f
ecTh LIeHTpa/IbHOE HeOO/IbIIoe 110 pasMepam
AP0, OHM MMEIT cdepudeckne 0060T0UKIH,
u Haubo/ee pacIpoCTpaHeHHBbIT aToM Bce-
JICHHOJI — BOJIOPOJ, — JIMeeT aHaJIOIMYHYI0
3Be3fgaM cepuunyio ¢opmy. Acrpodusnu-
KI yOeXJIeHbI, YTO MMEHHO B A0Pax 3Be3[
ULYT OCHOBHBbIE, OIpEMNeANIe WX CBOJ-
CTBa IPOLeCcChl. VI 1A aTOMOB XapaKTepHO
DOMUHMpYIOllee BIMAHME Ha HUX CBOJICTB
s0ep. O6001IeHHO TOBOPSI, 1 3BE3[Ibl, U aTO-
MBI IMEIOT APKO BBIPa)KEHHYI0 MOHOLIEHTPH-
YeCKyI0 CTpPYKTypy. Bmpouem, ConHeuHas
crucreMa (Kak, BUAMMO, U ao06as mpyras)
TOXKE MIMeeT MOHOL[EHTPUYECKYIO CTPYKTYPY:
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anpo — CornHie, HO Bce Ke, B OTIMYME OT
aToMHOII, cTpykTypa CoONMHeYHOI cucTe-
MbI — ITOCKasA. Permaromum $aktopom, of-
HaKO, /s BBIOOpA Iapbl MOJOOHBIX CTPYK-
TYp UL MeHs sBUJIOCh TO, YTO CPeJHMIL
pasmep 3Besp (10" cM) umeanbHO TOYHO Ha
20 mopsaxoB 6ofbllle, YeM pasMep aToMa
Bopoporia (107° cm). Korma sxe s BrepBbie
MO3HAKOMMUJICS C MaTepyaaaMi [0 HelTPOH-
HBIM 3Be3JjaM, TO GBI MOPaKeH TOYHOCTHIO
nogobus emje Gonmblre. Benb HelTpOHHBIE
3Be3bl COCTOSIT VICK/IIOYMTENBHO U3 TOJIBIX
HyK/IOHOB. ITo cyTm 3TO rMrantckme sppa
aToMOB, TONbKO B Hux — B 10% pas 6onbie
HyK/I0HOB. VIx pasmepsl (~107 cm) Ha 20 no-
PsAKOB 6Oblle PasMEPOB ATOMHBIX SiEp
(107" cm). MOXHO «060MTU» BCIO MEPAPXU-
YecKylo JIeCTHULy BceneHHOl BBepX-BHIU3
MHOTO pa3, HO He YAaCTCs HailTI HUYero Io-
ZOGHOrO HM Ha OFHOM APYTOM MacIITabHOM
sTaxke. CCTEMBbI 13 TOJBIX, IVIOTHO YIOXKEH-
HBIX HYKIOHOB (p ~10" r/cm®) ecTb TONMBKO
Ha JIBYX MacIITabHBIX YPOBHSIX: B SIfPax aTo-
MOB U 4epe3 20 IOPsAKOB Bblile (IIpaBee [0
M-ocn) — B HEIITPOHHBIX 3Be3fIaX.

51 6BICTPO HOHSJ, YTO COBIAJEHUEM 3TO
ObITb He MOXKeT. 3a 3TUM (PaKTOM CKPbIBAeT-
cs1 MacirabHoe Mofo6ye TUIIOB CTPYKTYP,
nopio6ue c xoapduruentom 10”. Tlposepka
HOATBEPAWIA IPEANOIOXKeHIe. JTOMY IIO-
o010 U MOCBAleHa faHHas rmaBa. OnHa-
KO IIpeXJe 4eM HEIOCPeACTBEHHO 3aHATHCS
STUM Iofo61eM, HeOOXOAUMO ChenaTb HEKO-
TOpbIe METONOMOTIIECKYIE TIOSCHEHNS I BBe-
CTH CXeMy JUIsi CPABHEHUsI CTPYKTYpP CTOJIb
JAJIEKON IIPUPOJIBL.



METODOAOTMYECKOE MOACHEHUE

BesycnosHo, KaX b MacLUTAOHbIN
YpOBeHb nMeet CBOHO HernoBTOPUMYHO
crieyncpuKy rnpupoaHbIX CBOUCTB.
VIMEHHO ee n3yyeHWeM 1 3aHsATa COBPEMEH-
Has Hayka, HadivMHasa Cc 3anoxu BospoxzaeHus.
M B 3TOM OHa [oCTUrNa HECOMHEHHbIX ycrne-
XOB, HAaKOMMB OrPOMHbIN (DaKTUHECKMIA MaTe-
puvan npakTu4eckn 060 BCEX YPOBHAX OpraHu-
3auunun BceneHHoM.

OpHako Npu 3TOM 3HA4YMTENIbHO MeHbLUee
BHMMaHVe YyOensanocb SBMEHUSM, O6LYUM
Ansi Bcex ypoBHe#r. VI 3TO 3aKOHOMEpHO.
Begab 4TO6bI TLLATENBHO N3YUNTL creyunghuKky
KaXKgoro ypoBHS MacLLUTa6GHOW opraHvM3aumu
BceneHHon, HeobxoOMMO CKOHLIEHTpUpoBaTb
BHMMaHMe Ha TOSIbKO eMy MpUCYLUUX YepTax.
Ecnu 6b1 Hayka 500 net He ot6packiBana 6bl
C HeBMAaHHbIM YMOPCTBOM BCE MOMbITKN OT-
JenbHbIX  MbICIUTENEN  CKOHLEHTpMpoBaTb
BHMMaHME Ha OOLMX CBOMCTBax OOLEKTOB,
OHa BpAS N BbisiBUa 6bl BCE HIOAHCHI 1 AeTa-
JIN CTPOEHUS BELLECTBA Ha KaXXZOM M3 YpOB-
Hen. Begb [OCTATOYHO ObINO XECTKO MPUHATH
KaKyto-imbo O6LLYKD CXeMy CTPOEHMs, MU Ha
3TOM MccnegoBaHue 60sbLLIOrO Knacca siene-
HWIA MOXHO 6bI10 6bl OCTaHasnNMBaTtb. B 3Tom
cnyyae Mbl He nony4mnu 6bl TOro 6eccrnopHo
LEHHOro W rMraHTCKoro knagess wuHdopma-
LMW, KOTOPbIM Ha HbIHELLHEM 3Tare yXe Brnos-
He «co3pen» Ons 0606LLEHNS HA JOCTAaTOYHO
BbICOKOM YPOBHE KOHKPETU3aLuu.

Co BpemeHem nyTb AndbdepeHumaLnm,
npu BCen ero Heob6xoOUMOCTK, BCE Xe K Ha-
CTOSILLLEEMY MOMEHTY 3aBeJfl HayKy B MMPOBO3-
3peHyeckuii Tynmk. OctaBmB dunocodun Bce
NomMbITKWU HaTK O6LLME 3aKOHbI NpUpPoabI, 3a-
nagHas Hay4Has napagurma Ha npoTsXKeHUM

MHOI'mX BeKOB C 4YyBCTBOM HeOoOBep4YMBOro
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npeHedpexeHns BcTpeyana ntobble NOMbITKM
0606LWNTE 3aKOHbI Pa3fINYHbIX MacLUTabHbIX
ypoBHeW. NpoBoanTb Takme paboTbl B 0puLm-
anbHOW HayKe CYMTanocb NPM3HaKOM OypPHOro
BKyCa, pe3ynbTaTtoM Mioxoro o6pasoBaHus
unn gunetaHtnama. Cumtanocb, 4To npodec-
CMOHASIbHO MOCTUYb OQHOBPEMEHHO HECKOJb-
KO OUCLMNIINH HEBO3MOXHO, 8 MO3TOMY Ntobble
o606LLaoLLMe TEOPUN BCTPEYANIUCh B LUTLIKA
y>XXe MOTOMY, YTO OHW ObINN 0606LLALLINMAN.
OTO Mexay TemM He MpPoTMBOPEeYUT ToMy dhak-
Ty, YTO «Kopudhesam B CBOen o6nactn» no3eo-
nanocb nucatb 6onbluve 0630pHbIE TPYAbl.
Mpy aTom, ecnu 3TU Tpydbl HE OTHOCWIUCH
K OOHON KOHKPETHOW AUCUMUMIVHE, K OOHOMY
MacLUTabHOMY Cpe3y, OHM 4acTo UMENN YUCTO
KOMMWIIATUBHBIVI XapakTep, n B pe3ysbrate
Takoro «0600LLEeHVsI» HUKOrga He rosiBrIsCs
OMEPLXKEHTHbII 3hhEeKT Lie/I0CTHOCTH, 00-
30p He npuBOAMN K 0600LLIEHNIO, U3 KOTOPO-
ro 6bl poOXAanuCb Kakue-To HagrnpesmeTHble
3aKOHb!.

3T0ro, NOBTOPUM, M HE MOrJ10 6bI MPON—
30iTU 63 YAaCTUYHOM NOTepU KOHKPETHO—
cTu, nbo obyee Bcerga 6egHee TOYHOCTbHO
M YacTHOCTAMM, YeM ero 4actu. B Tpaguumu,
roe crtonetuamm wina 6opbba 3a Bce 6onee
TOYHblEe N OeTallbHble 3HaHUA, nobble NonbIT-
K1 NPeanoXuTb TEOPUIO, MPUBOASLLYIO K yTEpe
3TOW TOYHOCTU, ObINN 6E3YCNOBHO NPOTUBOE-
CTeCTBEHHbI. MakcMmMyM, Ha 4TO Morna nonTu
Hayka, — 9TO WCMONb30BaHWE KOCBEHHbIX
macwtabHbix aHanoruy. Havbonee spkuii
npumep — 3TO UCTOPUS C MOZESbIO aToMa.

Kak n3BecTtHo, nepson 6bina npegsioxeHa
MoZenb TOMMCOHa, KoTopas npefdcTasnsna
COO0M MELLOK U3 MOMOXUTENbHbIX U oTpuLa-
TeNbHbIX 3apsXKeHHbIX YacTul, paBHOMEPHO
pacnpepeneHHbix Mo BceMy o6bemy aroma
(cm. puc. 1.20)7,



ATOM

Cx1000002

Puc. 1.20. CneBa usobpaxeHa nepeas (NONMLEHTpPUYECKas) MOAenb atoma TOMMCOHa, KoTopas
3aTemM 6blna OTBeprHyTa M 3aMeHeHa MOHOLEeHTpu4eckon Mogenbio Pesepdopga. Ho cTpyktypa
anpa okasanacb BCe Xe MONMULEHTPUYECKON (PUCYHOK B3AT M3 KHUrM 3. Popxepca «dusmka ans

NI0603HATESNbHBIX»)

«OpHako k 1910 rogy aTa KapTuHa nepe-
cTana 6bITb yOOBNeTBOpUTENbHON. Anbda-4a-
CTULbI, UCMOSIb30BABLUMECS KaK CHapsabl Ans
nccnepoBaHna CTPYKTypbl atoma, ganu pe-
3ynbTaThbl, KOTOPbIE HE MOITIN 6bITb OGBACHEHbI
MoZernblo atoma B Buae nyauHra. Pesepdopg
NPEeLNoXMI HOBYIO MOAENb atoma, MoyTu ny-
CTOro, C KPOLUEYHbIM aTOMHbIM 0POM, OKPY-
XEHHbIM  3MEKTPOHaMK, OBWXKYLUMMUCS MO
op6utam...»"

3pecb, noxanyi, Bnepsble AN peLleHus
rno6anbHOM Hay4HOW npobnembl Obina uc-
nonb3oBaHa MaclitabHasi aHasorusi, Korga
CTPYKTypa opraHnsaumm ConHeYHoW cUCTeMbI
6blna NI00TBOPHO NeEpPeHeceHa U3 Merammpa
B MUKPOMMUP.

OpHako pefKoCcTb yaaqHbIX MPYMEPOB CBU-
OeTenbCTBYEeT O TOM, YTO HE CyL4ecTBOBasio
camoro Mmeroga mMacLUTabHbIX aHasIoru.

JInwb ¢ Havana XX Beka BO3HWK 1 cTas no-
CTENEHHO HabvpaTb BEC CUCTEMHbINA MOAXOA
(A.A. borpaHos, B.. Bepragckuit), B pamkax
KOTOPOro 3aTeM cTana 3apoXparbcs HoBas
ancumnnHa — OBLUAA TEOPUA CUCTEM,
unn cokpatleHHo «OTC» (J1. BeptanaHdw,
B.H. Caposckui, HO.A. YpmaHues 1 ap.). OHa
cosfasanacb B MHULMATUBHOM MNOpsigke, pas-

HbIMU MbICIUTENAMU B pPa3HbIiX BapuaHTax.
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Kaxgplh BapmaHT npakTUyecku He passBuBan
npenbioyLlero, a NosiBMsANCS Kak 6bl 3aHOBO,
Ha nyctom mecTte. Kaxppw astop «OTC»
CTPeMUNCA CO3[aTb 3aHOBO BCKO akcuoMaru-
KY, BECb TEPMWHONIOrMYECKUI Tesaypyc, BCe
npaesuna. Mpu 3TOM OH onMpancst Ha Hako-
NMeHHble 3HaHUS B ECTECTBEHHbIX HayKax,
B OCHOBHOM B COLMONOrnM 1 6UONOMrNN, N Kax-
Obll aBTOP MPUMEHSN CBOW BapuaHT matema-
TUYECKON 06PaboTKMU.

Knaccuyeckas dmsmka He NpyHsna Ha BOO-
pyxeHnue «OTC». O6beanHeHne BCex MacLUTab-
HbIX SIBNIEHUIA (DU3VKU MbITANIMCh NMPOBECTU Ha
6a3e TpagMumMoHHbIX MeTodoB. OpHako 3a Bce
HeobXxoaMMO MNaTuTb. 3a HakonseHne getasb-
HOM MHpopmaLmm 3anagHas Hayka 3annatuna
MO/IHOM yTpaTor LE/I0OCTHOCTU KapTuHbl MUpa.
M oTHasHHbIe MOMbITKM ee NyyLmX npeacraBu-
Tenen cobpaTtb OCKOSKWM B eMHOe Liefioe, XoTA
6bl Ha camMOM O6LLEeM ypoBHE (DU3MKNM — CO-
3natb EOVHYHKO TEOPUIKO MOJHA, okoH4aTeNb-
HO MPOBANIMNMChL K KOHLY XX Beka, XOTs npu3 3a
peLleHne 3TOM 3afadn Oblfl HEeLLUYTOYHbIN, Kak
MUHUMYM — Hobenesckas npemus.

B aTtoni pa6ote ™Mbl mocnegyem ro nyrtu
cuctemMHoro nopgxopa. Bbi6op cTpykTyp-
HO-cUCTEMHOro metoga OOGYCIIOBIEH TeM,

YTO MOCTPOUTL «C XOAy» OOLLYI0 (PU3N4ECKYLO



TEOPUIO MacCLUTabHbIX 3aKOHOMEPHOCTEN Kpawi-
He TpyaHo. K ee pelueHuto Heo6Xoaumo Mnog-
6upaTbCa MOCTEMEHHO WM no3TanHo. HaunHatb
HEOOXOOUMO C MOUCKa CamMbiX OYEeBUAHbIX
MaclTabHbIX MHBapUaHTOB, TMyCTb [axe
LleHOW noTepu npucywlen usmke TOYHOCTW.
Mbl nonaraem, 4To Ha MepBbIX 3Tanax Takoro
nyT HEBO3MOXHO OXMAATb MOCTPOEHUS TOY-
Hon TEOPU EOMHOIO MOMA, kotopas 6bl
noseonuna B hopMynax COeauHWUTbL BCe creL-
nguryecke OCOBEHHOCTU pPasfNYHbIX BMOOB
B3aumMopgencTemii. Heobxogumo pnOns Hadana
onpepenuTb XoTsa 6bl camble obLLMe NHBapuaH-
Thl, MYCTb AaXe BblpaXXEHHbIE B BUOE KaKNX-Nu-
60 CMCTEMHBIX CXEM N KAYECTBEHHbIX MOJESEN.

Mpexpae 4yem Hayvatb Haw nyTb No M-ocw,
BOOPYXXVMCS YrpOLLaloLLEN CXeMOU CTPYK—
TYpPHOro aHann3a.

Ee cyTb B TOM, 4TO BCe CTPYKTYpbl AeNaT-
€A Ha [Ba MOJIOCHbIX TUNa: MOHOLIEHTpUYe-
ckue (M-CTpyKTypbl) U MONULIEHTpUYecKue

(M-cTpyKTYpBI)*.
* TunuvIHbIM TIIpeACcTaBUTENEM MOHOHCHTPI/I‘{CCKOIZ

CTPYKTYpPbl ABIAETCA aTOM, a HOHI/IIICHTPI/I‘{CCKOI?’I —
XAaOTUYHBIN acTrepounp.

Mexpay HUMWM MOXHO BBECTU HEMpepbIB-
Hbl MepexofHbl pag U3 MPOMEXYTO4HbIX
CTPYKTYp, KOTOpble B Hallem W3fIoKeHun 6y-
OyT HasbiBaTbca MI-CcTpyKTypamu.

He npeTeHOys Ha 3aBepLUEHHOCTb Knac-
cudunkaumn, npeanoxXumMm BOCbMUPA3PSALAHYHO
CxeMy, KoTopasi o6pa3yeTcs 3a cyeT GuHap-
HON KOMOMHATOPVKWN Tpex YPOBHEW 060
CUCTEMbI: CHapyxu — dopma, B rnybmHe —

LIeHTP, MEXOY HUMMN — MPOMEXYTo4Has cpeaa

(cm. puc. 1.21%)

Bce Tpy ypOBHS MOryT Kak WMMeTb, Tak

N He WnMeTb MNPU3HaKN MOHOLEHTPUYHOCTU.

Ons dopmbl — 3TO Hanu4yne cghepuyHoCcTU

(MM 6NM3KON K Her SNUNTUHHOCTK), LN

LeHTpa — 3TO Hann4ne unm OoTCyTCTBUE LEeH-

TpanbHOro CUCTEMOOBPA3YIOLLEro A4pa, Ans
MPOMEXYTOYHON CPeabl — 9TO Ha/nyme Wunm

OTCYTCTBME 060/104€4HOM CTPYKTYPbI.

* B panpHerimeM Mbl GyIeM IO TeKCTY UCIIONIB30BaTh
yrpolentsie 0603HadeHnst: [I-cTpyKTypbl 1 M-CTpyK-
TYPBI, KOTOpBIe BBOIATCA IS IIpefe/bHbIX popM (Ne§
u Nel), a Takxe MII-CTPYKTYpBI /ISl BCeX IPOMEXY-
TOYHBIX popM (Ne2-Ne7).

Osonovyku CoEPUYECKAS!
TPU MPU3HAKA MOHOLIEHTPU3MA DOPMA
Oso3H. | Ne | Anpo | Osonouki | CoEPUNECKAS
L | ooPMA No1 — MOHOLEHTPUE-
@ | 1] + + + CKASl ®UTYPA (ATOM)
2 |+ - + Ned — MIT ouryea,
@ i | * + = NPOMEXKYTOUHbIIA
£ i * - : MEPEXOHbII BAPYAHT
- - KNETKA AMEEbI
eSS TR T S
() 8 | - - - Ne8 — NONMLEHTPUYE-

CKASl OUr'YPA (ACTEPOM)

Puc. 1.21. [1a nontoca CUMMETPUM CTPYKTYP W LLECTb YCMOBHbBIX MPOMEXYTOUHbIX TUMOB
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[ononHUTENbHBIN, YETBEPTLIN, MPU3HAK MO-
HOLEHTPMYHOCTU WMMEET OTHOLLEHUE K CTPYK-
Typu3aumMm BHELUHEN cpegbl BOKPYr O6Gbek-
Ta, — 3TUM NPU3HaAKOM dABJIAEeTCA Hanun4une
paauanbHO—J1y4eBO CUMMETPUU [N BHELL-

HUX 060SI0HEK CUCTEMBI.

Wrak, BosBpamasach Kk M-ocu, oTMeTnM
cnenymomee. ITpefBapuTenbHbIl aHaMU3 IO-
KasaJl, 4YTO BbIfIe/IEHHbINT HaMy MaKpouHTep-
Ban BY Bo MHOTOM 1ojjo6en Meranurepsarny.
Ecnu aTo pmenicTBUTENBbHO Tak M BcA M-0cCh
OEeMUTCST MEXOY HOMAMU Ha TPU PaBHBIX
y4acTKa, TO OCTAaeTcs IPeAIoNoXKUTh, YTO
KAXCObLTL U3 IMUX YHACKOB UMeer HeKOmo-
polli UHBAPUAHM  CIMPYKMYPHO-OUHAMUYe-
ckux ceoiicme. IIpoBepum, Tak 11 3TO.

1.4.1. MAKPONHTEPBAIJI

HauneM mocrefoBaTeNbHBIl — aHAINU3
CTPYKTYPHBIX 3aKOHOB IIOCTPOEHMUs CUCTEM
CO CpefHero MacIITabHOro MHTepBaIa —
C MHTEpBaa, rae Ha 20 mopsAgKax B IIOCTPO-
TIPUPOJIbI
INEKMPOMAZHETNUM.

MakpouHTepBan* HauMHAETCA C pa3Me-

eHny  0OBEKTOB AOMIMHNPYET

poB 10" cm. Ha stom macmrabe Hanbornee
3HAYMMBIMIL CUCTEMaMU ABJIAIOTCA SAfpa aTo-
moB (KJTACC Ne4). Onu umernor npeumy-
I[ECTBEHHO TAaK HA3bIBAEMYIO HOMUUEHMPU-
ueckyto ctpykrypy (cm. puc. 1.22)". 310 ToT
caMblii «IyguHT ToMIICOHa», OTBEPTHYTHIN
B CBOE BpeMs [ CTPYKTYPbI aTOMOB, TOJIb-
ko B 10° pa3 MeHbUINX Pa3MepOB, U OTHOCH-
IVIVICS VICK/TFOUUTENbHO K IIOMOXKUTEIBHO 3a-
PSDKEHHBIM ¥ HETPA/TbHBIM YacTUIAM sIEpa

aToOMa — HYKJ/IOHaM.

* HamoMHIM, 9TO YICTO 3 COOOpasKeHNit yo6CcTBa TPU
uHTepBana 10 20 MOPANKOB KaXK/blil MOMTYYN/IM Ha3Ba-
HUA: CpeHMIT MHTEpBanT — Makpo-, 1eBbiii — Mukpo-,
npaBblit — Mera-. Jlanee Mbl GyeM paccMaTpuBaTh UX
TIPEVMYILECTBEHHO B 11€/I0YNC/IEHHBIX 3HAYEHMAX.
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Pasmeps! Anep He mpesbimaoT 107 oM,
3aTeM, KaK MBI YoKe IIVICAJIM, B IIPUPOJiE UET
HeOO'bsICHEHHDII NPOBaJ CTPYKTYP BIUIOTH
1o pasmepoB mMe3oatoMoB — 107'° cm. Opna-
KO CprKTypa caMHX aTOMOB B OTInU4YME OT
CprKTypr ux Anpep y>1<e TIPVHINIINAIDHO
MHasI — TIPENMYILeCTBEHHO MOHOUeHmpPUye-
ckas (cMm. puc. 1.23).

Wrax, ecnm uptu BRonb M-ocu Bereq 3a
9BOJIIOLIMEll BellleCTBA Ha PAaHHUX CTafMAX
ero dopmmpoBaHUs B poxpamwoleiica Bee-
JICHHOIL 0 SAI0epHbIX MACUuimabos 00 armom-
HbIX, TO OOHAPY)XMBAETCSI HeKOMmopwvlll Ka-
yecmeeHHvli ckawox munoé cucmem. [lo
OIpefIeNIeHHOTO [OPOra MacIITaboB CTPYKTY-
PBIL NOUUEHMPUUHDL 1 HE IMEIOT BBIJIE/IEHHO-
rO SAfjpa, IIOC/Ie MOPOra CKAYKOM HOSB/IAIOTCA
COBEPIIEHHO VHbIE CTPYKTYPbl — armomol
C APKO BLIPAHCEHHBIM STOPOM.

Puc. 1.22. Mopenb cdepuyeckoro sgpa
atoma 3onota. 7Apo MMeeT  TUMUYHYIO
BHYTPEHHIOIO MOSIMLIEHTPUYECKYIO CTPYKTY-
py v cocTout 13 197 HYKIIOHOB: MPOTOHOB
(cBeTnble CrycTkM) U HEMTPOHOB (TeMHble
CrycTkv). B sppe MHOro nycroro npocrtpas-
CTBa, TaK KaK paccTosiH1e Mexay LeHTpamu
HYKJIOHOB paBHO MpVYMeEpHO 2 depmu, 4TO
3aMeTHO 6onblue [ABYX pajuycoB HyKIO-
Ha. [NOTHOCTb HYKMOHOB W MHTEHCUBHOCTb
MOLLIHbIX AAEPHbIX CWUn (FYCTOM LBET) OAHO-
POAHbI Y LIEHTpa fApa v NOCTENeHHO nafatoT
K ero noBepxHocTu (61edHbIi LBET)




1 A uam ‘HZI_s cM

Has cTpykTypa matepmun. M.: Mup, 1984)

Puc. 1.23. Ha pucyHkax A n b npeacTasneHa SBHO MOHOLIEHTPUYECKas CTPyKTypa atoma: sapo, 060-
NoYKM 1 chepuyeckasn dopma. (U3 ctatbu P. Manepnca «Hactuupl u cunbl». B kH.: ®yHaameHTanb-

A. BeposTHocTHas Mofesib atoma Bogopoga (a)
1 YIOHa MOMEKYIbl BOAOPOAA, COCTOSLLEro U3 0f-
HOrO 3NEKTPOHA W ABYX NPOTOHOB (6).

B. Cxema, nosicHsiowlas nocnepoBaTesibHOCTb
PacnosioXeHWs ANEKTPOHHbIX 060SI04EK B TsXe-
JIoM atome (Hanpumep, atome 30510Ta).

(a) — Ha cxeme nNpuMepHo cobnoaeH macluTao,
N TOYKa B LEHTPE COOTBETCTBYET CaMOW BHY-
TpeHHen, nnu K-o60no4ke;

(6) — cpaBHUTENbHbIE pa3mepbl (C NpUMeHe-
Hvem cobniopgeHna MacwTtaba) K-060n04km
1 appa (Toyka B LieHTpe) 3onoTa.

B atome MMeHHO sAxpo onpepenser GpyH-
JlAMEHTA/IbHble CBOJCTBA, MMeeT Ha IHOPSf-
K11 GOJIBIIYIO MACCy ¥ 9Hepruio cBssi. Takoe
pesKoe BelljeCTBEHHOE BbI/e/IeHNe [IeHTpa —
yHI/IKaHbHOe SABJIEHME /I TIPUPOIDI, TEM 60-
Jlee 4TO pasMepbl sApa IPeHeOPEeXXUTENBHO
MaJIbl [10 OTHOLIEHUIO KO BCEMY aTOMYy™.

MoHoLeHTprYecKas CTPYKTypa aroMa
UMeeT ellje 1 [JOIIOHUTE/IbHBI IPU3HAK —
obonoueuroe cmpoenue, Belb IEKTPOHDI
«pasMasaHbl» [0 CBOMM 060IOYKaM C (uK-
CHpOBaHHBIMM [yaMeTpamu. Takum obpa-
30M, CTPYKTypa aToMa OT/INYAETCS OT CTPYK-
Typbl sAfpa TeM, YTO B Hell IPUCYTCTBYET

* Ecnm nmepeHecTy ponopuyy aToMa Ha COLMANTbHbIE
Macitabbl, TO YeJIOBEK, 3aHMMAIOIINI IOTIOKEHME
Aapa, 6yleT yjaaeH OT APYroro «dyenoBeKa-sAfpa» Ha
200 kM. OfHAKO PV 3TOM KaXK/bIi U3 HUX OY/AeT KOH-
TPONMPOBATh CUTYALMI0 HA TEPPUTOPUY IUIOM[ATBIO
607ee 40 000 KBafpaTHBIX KMTOMETPOB!
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(YHKIMOHA/IBHO Ba)XXKHOE SI[IPO U BHYTPEH-
Hs1s1 000/I09eYHAs CTPYKTYpa.

B npuHuMIIe MOXXHO yTBEpKAATD, YTO BECh
y4yactok M-ocu ot sapep (1077 cm) o aromos
(10 cm) samar MOHOLIEHTPUYECKIMU CTPYK-
TypamI, U 10 Mepe IPOIBIDKEHNA OT IIPOTOHA
K aToMy BOJOPOJa CTeIleHb MOHOLIeHTPUY-
HOCTM CTpyKTyp HapacraeT (ot Ne§ x Nel,
cMm. puc. 1.21). Opgnako ygactok M-ocu, rae o-
MUHUPYIOT MOHOLIEHTPUYECKMEe CUCTEMBI, 3a-
HIJMAET O4€Hb KOPOTKUI MHTEPBaJI, IPUMEPHO
B 5 mopsaKoB. JJoMIHMpOBaHIe MOHOIIEHTPH-
YeCKMX CTPYKTYp TNpaKTUIeCKM 3aKaH4INBa-
eTCsl TI0C/Ie ATOMHOTO IMana3oHa MacuITaboB.
Crout coBUHYTbCA 1O M-Ocu 4YyTh IIpaBee,
U MBI Cpasy e IonagaeM B 0671acTb JOMUHMN-
poBaHusA nonuyenmpusma (cMm. puc. 1.24).

Wtak, OTMETMM BaXXHbII (eHOMEHO-
norudecknit (akT: Ha KOPOTKOM MacIuTab-

HOM MHTEpBaje OT AOep aToMOB [O



CaMHUX aTOMOB — CTPYKTypa BeIjecTBa CO-
BepIlaeT INPUHININATIBHBIN CKad4OK C OffHO-
ro HOJII0CAa Ha APYrOil: U3 NOAUUEeHMPUusma
8 MOHOUEHMPUSM.

Bepuemcs Hasap 1 paccMoTpuM 6oree
HOApPOGHO XapaKTep MOMMIEHTPU3MA Sfep
aTOMOB.

SI@po remust WM [PYrOro sneMeHTa Iep-
BbIX HOMepoB TOM (Tabmuipl 9/1€MEeHTOB
Menpeneena)
cepuueckoe.

Bcero nuiib Heckonvko sdep umerom ¢op-
My cepui, a UMEHHO Te, Y KOMOPbIX 4UCTIO
HYK7I0HO8 ONU3KO K VM3BECTHBIM B SIEPHOI

CKOpee MNIIKOBATOE, YeEM

¢dusuke macuueckum vucnam — 8, 20, 28, 50,
82, 126.

DonblIMHCTBO >Ke sAfiep MMeeT mnbo
«wKecTKo JiepopmmpoBaHHyo» (opmy, 1o
«MATKYIO», KOTOPas IIOCTOSHHO MEHAETCA.
anpa
MOYXHO YC/IOBHO pas[ieNnUTh Ha JiBe KaTe-

«ITo-Bupyumomy, Hecdepuieckne

ropum... K nepBoﬂ KaTeropum OTHOCATCA

Puc. 1.24. Kpuctannuyeckas pelueTka 30-
nota. doTorpadus, caenaHHas ¢ NOMOLLbIO
3NeKTPOHHOro Mukpockona. Kaxpasa 6enas
TO4Ka — aToM 30110Ta, PaCMONOXEHHbIN
B KpMCTannorpaguyeckon ninockocTu
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«WKEeCTKO HedOpMUpPOBaHHbIe» sAApa. ITH
spa B OCHOBHOM MMEIOT YCTONYMBYIO CH-
rapoo6pasuyio ¢opmy. OHU HpefCTaBISAIOT
€000i1 BBITAHYThIE CHEePONIBI C OFHON HAINH-
HOMl 1 ABYyMS KOPOTKMMM OCAMMU. [Ipyryio
KaTETOPUI0 COCTAB/LIIOT «MsTKHUe», (opma
KOTOPBIX CM/IBHO MI3MEHYMBA. .. IJTABHBIM 00-
pasoM pasHOOOpasHble aCMMeTpPUYHbIE IJI-
JIMIICOMJIBL. .. @ TAK)KE HEKOTOPOE KOIMYECTBO
cdepuuecknx M IMIPOJOATOBATBIX CTPYKTYP
U CIUTIOLL€HHBIX c@epomno&..»”’

Takum 06pasoM, MBI BUAMM, 4TO Qop-
Ma sifiep aTOMOB JIMIIb O/isl OMOENbHbIX d7ie-
MmeHnmos npuobpemaem cepureckuii  6u0,
a B L[eJIOM Cpefiy HUX €CTb JJaXKe U BBITSIHY ThIe
(numetinvle) CTPYKTYpBI, M TMOYTH IIIOCKME
(0symeprvie). OXHAKO BCe OHU MMEIOT OCU
cummempuu épauwjenus. Uto >xe KacaeTcs
LIEHTPaJIbHOTO KepHa B s[jpe, TO €ro Ipo-
CTO HeT, PYTUMM CIIOBAMH, «AAPO He MMeeT
AMPBIIIKa» ° ¥ TUTOTHOCTD 3aPSIOB M MACChI
K LIeHTpPY He yBermmumBaetcs (cM. puc. 1.22).

BayTpeHHue 060/IOUKM ~ BCTpEYAIOTCA
JMIIb Y cepudeckux sfep, y HUX <IUIOT-
HOCTb 3apsja He CIajaeT C yBelIuueHueM
PacCTOSHMA OT LeHTpa, a (GayKTynpyer» .
[Toatomy B pmsmKe aTOMHOTO sIjpa YCIENUIHO
MCIIO/IB3YIOTCSI B Pa3HBIX C/TyYasix /iBe a/bTep-
HATUBHbIE MOJENIN: KANenvHAs U 0007104ey-
nas'’. OnHaKo faxe GOMbIIIE «Apa aTOMa
He MMEIOT ITIafIKOJl ITOBEPXHOCTH; IIPOTOHBI
Y HEJITPOHBI He pacIpele/sIoTCs 0 TOBepX-
HOCTM PaBHOMEPHO, @ CTPEMSATCS CTYCTUTh-
csi B anbda-qacTUIbl, Jienas MOBEPXHOCTb
«6yTpucToit»’®. Bce 3TO TOBOPUT O TOM, 4TO
8 o6nacmu macuima6oe s0ep amomos 0omu-
HUpyem nonuyeHmpuveckuti mun cmpyx-
mypuol, yepe3 KOTOPBLI JINIIb U3PEfKa «IIPO-
OUBAIOTCS» MOHOUeHmpPUHecKue NPUSHAKU:
cepunnocmy Gopmul U 0607104eUHOCINY BHY-
mpenHell cmpykmypul y f0ep ¢ Mazuveckum
4UCTIOM HYKZIOHO8. B 11e710M ke sifpa aTOMOB
ClIeflyeT OTHECTH K HOMHMICHTPIYECKOMY
THITY 00BEKTOB.



AN [TIH0OHBI

3 «BaneHTHbIX» KBapka

O QO Napbl kBapk-aHTUKBaPK

Puc. 1.25. 3TM mopenu nokasbiBaloT,
YTO rpu NMPOHNKHOBEHUN Bl'ﬂy6b npoToHa
CTerneHb MOoNMNLEHTPUHHOCTU MOXET BO3-
pactate. OpgHako Ha macwrabe ~107"°
CcM cdhepuyeckas chopma npoToHa npu-
JaeT eMy OOVH W3 BaXHbIX NMPU3HAKOB
MOHOLIEHTPUYHOCTW.

A. TakoBa nepBasi NapToOHHas Mopesb
MPOTOHa, BHYTPYM KOTOPOrO MOMECTUIIN
Tpu kBapka. OHa nokasbiBaeT, 4TO OT
npeacTaBneHuni 0 MOHOLIEHTPUYECKO
CTPYKTYpE Mpy «yrny6neHnm» B SNEMEH-
TapHble YacTuubl (PU3UKN  BbIHYXAEHbI
6bIny OTKA3aTbCH.

B. Tak «BbIrMAQUT» NPOTOH MpU Ha6mo-
OEeHUN C MOMOLLBI0 U3NyyeHus, obecne-
ymBatoLero paspelueHne okono 0,1 cdwm
(107 cm).

B. Tak BbIrnaguT NpoOTOH, NO MHEHWIO hun-
31KOB, KOrja Mbl ero Ha6nogaem ¢ nNoMmo-
LLbIO M3NYyYeHns, o6ecneymBaroLLEero pas-
peLueHue okono 0,01 om (107"° cm)

IIpocTeiimmumM npefcTaBUTeNIEM SIfiep sIB-
JsIeTCss A0PO 8000poda — npomon. Takux
siep Bo BcemenHOl — mopaBisiioniee 607b-
HIMHCTBO, 607ee 70 % Macchl Beenennori.

Kak »xe ycrpoen NMPOTOH? Mwmeer nu
OH IeHTpajJbHOE Sfpo, chepudeckne 060-
noukn? VIMEHHO TaKOBOII MPECTaB/IsIIACh
¢dusuKam ero CTpyKTypa JOCTaTOYHO JONIroe
Bpemsi. CkasplBamach MHepLUs IIEPEBOPO-
Ta, COBEpIIEHHOTO PesepdopmoM, KOTOPHIi
«I100M/T» MOHOLEHTPUYECKOIl MOJENBIO II0-
JILEHTPUYECKYI0 Modeny amoma TomIcoHa.
MoHoIeHTprYecKasi MOJie/b IIPOTOHA HOJTY-
Y1jTa Ha3BaHVe MOJe/IN C IIeHTPaIbHBIM Kep-
HoM. OfHAKO 9KCIEpPUMEHTa/IbHble TaHHbIE
BCKOpe OIpOBEpPININ 9Ty Mogenb. llpupona
KakK Obl M3eBanach HaJj MHEPIMOHHOCTHIO
MOJIE€IbHOTO MBIIIJICHUA (bM3MKOB. 3TO TakK
OILIEJIOMIJIO UX, YTO JIa’Ke B HasBaHMM ab3ara
0 CTPYKType HYK/IOHA B OJHOII U3 KIaccude-
CKUX KHUT IO sIA€pHOI (pusmke MpPOCKONIb-
3HY/IO COOTBETCTBYIOIjee HacTpoeHue: «Ko-
Hell KepHa» °.
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Boixoy m3 xpusnca Hamen P. @erman,
KOTOPBIII NPEIOKI MAPTOHHYI0 MOJENhb
(napm — 4acTh), Ile HYKJIOH COCTOUT W3
JacTeil, Y HET0 HeT 00OJIOYeK M HeT KepHa.
«CormacHo ®eitHMaHy, HYKJIOH B CBOEI CH-
CcTeMe TOKOsI SIBJSIeTCS CIIOXKHOWM YacTUIlen,
COCTOsALIEl W3 BUPTYaJIbHBIX TOYEUHBIX
yacTeit — MapToHOB»™.

OueBMAIHO, YTO TaKas BHYTPEHHAA CTPYK-
Typa HYKJIOHA SBJIAETCA A6COMOMHO Nnomu-
uenmpuunoii (cM. puc. 1.25), XOTs1 Ipu 3TOM
ero ¢popma cheprdHa, YTO SIBIAETCS BHELTHIM
[IPU3HAKOM MOHOLIEHTPUYHOCTH. IloaTomy
IIPOTOH MOXXHO oTHecTH K MIT-¢hopme Ne 5.

Wtak, XOTA noMuueHmpusm pacupo-
CTpaHeH ele Ha paccTosHUAX oT 107 cm 10
107 cM, MBI MO>KEM HaJlT} B 9TOM [MaIla30He
MacImTaboB 1 HEKOTOpble IPU3HAKU MOHO-
yeHmpu3mMa, X0oTsl OH ellle BeCbMa JajleK OT
cBoeil 3aBepuieHHOCTH. [IpaBee ke TOYKU
107" cM monuieHTpUYECKIE CTPYKTYPhI YKe
IIPpaKTN4Y€CKM HEBO3MOXXHO HU BCTPETUTDb

B IIpMpoOfie, HM 00Opa3oBaTb MCKYCCTBEHHO



(cospanme rumepsinep — 6onpiuas mpobie-
Mma®h).

MOXXHO CKa3aTb, YTO HOMUUEHMPUYeCKUe
cmpyKkmypuvi, 00MuHUpytousue, UOUMO, 00
1077 cm, nposenstowuecss ewe 6 amommvix
A0pax, NOTHOCMBIO UCHe3aI0m 34 NOPO2OM
107 em.

Ilanee, BioTh g0 pasmepoB 107 cwM,
B IIPUPOJie  BCTPEYAIOTCA  MCK/IIOYNUTENBHO
MOHOIIEHTPUYIECKIE CTPYKTYPBI

ATOMBI
U ¥IX MOHBL DTOT MacuimabHoiii uHmepean
momanvrozo monoyenmpusma (om 107" cm
00 10°® cm) COTIPOBOXKIAETCS BCEMU €TI0 Tpe-
M IpU3HaKaMu: ceprdeckoit Gopmoit, LieH-
TPAIbHBIM SAPOM 1 000TOYEYHON CTPYKTY-
POIi 97IEKTPOHHBIX OPOUT.

Wrax, erie pas 0TMETIM, YTO IIPOL[ECC CMe-
HbI TUIIA CprKTypr C HO}II/IHeHTp]/[‘IeCKO]U/I Ha
MOHOLIEHTPUYECKYIO IIPOUCXOANT B AMAIIa30-
e pasmepos 107 cm ...10™% cm, u Ha py6exe
10° cM aToMbl JIEMOHCTPUPYIOT HaM KJac-
CMYECKYI0 MOHOIICHTPUYECKYI0 CTPYKTYPY.
Ecnmu Tenepb HpOC}Ie,T_U/ITb HyTb 3BO/IIOI NN BE-
IecTBa OT aTOMOB jjasiee o M-ocu (zist He-
IBOI MaTepuu), To Ha 15 mopszkax (ot 107
mo 107 cM) MbI 6yzieM BCTpeyaTh B OCHOBHOM
nonuyeHmpuyeckue CTPyKTYpPbl: MOJIEKYIIBL,
KPUCTA/IBI®, MUKPOKPVUCTA/UTMKY, YaCTH-
LIbl, 3€pHA, KaMHM, METEOPUTHI, aCTEPONUJIbI
U T.IL, T. €. 6 MAKPOMUDE HeHUBOIl NPUpoobl
npaxmuyecky omcymcmeytom (M KpaiHe
PENKO BCTPEYAIOTCs) MOHOUeHmpuueckue
cmpyxkmypol.

Taxum 06pasom, Mbl BUFUM, 4TO Makpo-
uHTepBa7 M-0ocK 3ace/ieH pasHbIMM TUIIAMU
CTPYKTYp He OJMHAKOBO, B OOLIMX 4epTax
CHUTyalus TaKOBa: HA IEPBBIX 5 MOPAKaX —
ZOMUHMPYET MOHOLIEHTPM3M, Ha OCTaJIbHBIX
15 — nomuuentpusm (cm. puc. 1.26). Ectp,
[paB/ia, OY€Hb HTEPECHDIE VICK/TIOYEHISL.

B mupe Heopzanuueckoil mamepuu BO3-
BpallleHie MOHOL|eHTpu3Ma (XOThb U B Cla-
60M Bufe, T. €. HE 110 BCEM NPU3HAKaM) Ha-
O/MI0faeTCst  VICK/IIOYNTENbHO B AMalia3oHe
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pasmepoB 10-100 MKM, a MMEHHO B CaMOJl
HIDKHeN TouKe (B siMe) ZaHHOTO (parmMeHra
BY — Maxkpounrepsana (1, KaK yxe OoTMe-
yamoch, — B MACLUTABHOM LIEHTPE
BCEJIEHHOW)*.

Peub uper 06 0OHapy>KeHHOM 3arafod-
HOM moOsiBIeHun chepnaeckux ¢GopMm Kak
Cpey KOCMMYECKOi MbUN, TaK M B MBUIA
BY/IKAHMYECKOTO  MPOMCXOXeHus. [lemo
B TOM, YTO OOJDBIIMHCTBO IBUIMHOK KOC-
MMUYECKOTO IIPOMCXOXKAEHUA MMEET yF}IO-
BaTyl0 OCKOJIOYHYI0 (GOPMY, U METEOPUTHI
BCEX Pa3MepOB MMEIT XaOTUYHYIO (HopMy.
B 3TOM AIMHHOM PsIfiy OT COTEH aHTCTPEM U
IO COTeH KMIOMETPOB HMKOTZA He HaXOMMu-
M KaKO-1nO0 0co00il CMMMeTpUM, IOKa
He HaTOJIKHY/IVICh Ha MIAPVKI KOCMIYECKOTO
npoucxoxaenus (cm. puc. 1.27A). BoisicHu-
JIOCh, UTO «IIOAABJIsIONee GOMBIINHCTBO 1Ia-
PUKOB (POHOBBIX BBIIAJEHMIT MMeEET pasMep
20-60 mMkM»*', a mpakTHYecKMm Bce MX pas-
Mepbl 3aK/II04eHbl B Ayanasone ot 10 go 100
MKM. KonmmdecTBo mIapmkoB, BbIIAaoONINX
Ha 3eMJIIo, TI0 CaMbIM CKPOMHBIM OIl€HKaM
cocrapnser 10* Toun B rop. Takue e mapuku
ObITE OOHAPY>KEHDI Ha MOBEpXHOCTU JIyHBI.
[apyuky aHATOTMYHBIX pasMepoB ObIIM 00-
HApY>XeHbl ¥ B BYIKAHMYECKON IIbIINA, XOTS
ycnoBus MX GOpMUPOBAHUA BeCbMa JaleKu
OT yCI0BMIT (OPMMPOBAHNUSI KOCMMYECKUX
[IApUKOB. 3HAYUT, npupoda co3daem ce-
puueckue opmvr 6 Ouanasone pasmepos
om 10 0o 100 mxm He3asucumo om ycno-
6uil popmuposanus u noumu He3A6UCUMO
0m XUMU4ECK020 cocmasd. ITO 0COOEHHO
YI[I/IBI/[TCHI)HO Ha (bOHe yI‘TIOBaTI)IX N TUIIN4Y-

HO MOMNIEHTPUYIECKUX CTPYKTYP AJI BCETO

* Jlna Tydimero accOUMATMBHOTO MOHMMAHMA IPO-
6mempl B JanmbHelileM OyheM HCIIONb30BAaTbh HOBOE
noustne — IIOTEHIIMAJIBHAA AMA YCTOW-
YMBOCTH, xoTopas COOTBETCTBYeT HIDKHEN JacTu
BY mexpy ropbamn. Torma Ha mozien BY 6ynet Bcero
7 TIOTE€HLIMA/IBHBIX AM yCTONYMBOCTI (5 moMHBIX 1 2 T0-
JysIMBI 110 Kpasm M-nnrepsana) (cM. ganee rmasy II).



8.
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Kocmunueckue
Tenbua

Kocmuyeckmne
YacTuubl

1000 MKm

Kocmuueckune Yactuupl
ANE
10 - 100 MKM

Puc. 1.27A. T10 HENOHATHBIM [0 CUX MOP A1 HAYKWU MPUYMHAM YacTULibl KOCMUYECKOW U BynKaHu4e-
CKOW Nbinv B AvanasoHe pa3mepos oT 10 1o 100 MKM 4acTo nprobpeTatoT ChepruyecKyo naeanbHyo
dopMy, XOTa UX «coceamn» Nno pasmepam, Kak cneea, Tak 1 cnpasa, HUKOrAa He BCTpeYatoTcs Takomn
Xe cdepuryeckon opMbl

Baktepun @ MHdbysopun

A

1000 MKm

0,1 MKM

KneTtka pagvonspun
10 - 100 MKM

Puc. 1.27B. o mepe nepemelleHns Boonb M-ocu cneea Hanpaeo B «AePHOM» Kiacce BOSHbI XXU3HU
cMMMeTpUsA BMOCMCTEM HapacTaeT OT CamblX NPOCTLIX TUMOB [0 NPeAesibHbIX (Chepruyecknx n pagu-
anbHbix) B o6nact MLB (10...100 mkm). 3atem, nocne npoxoxgeHus 3oHbl MLIB, oHa nocTteneHHo
CHMXaeTcs, Noka He JOCTUIHET CaMOW NPOCTON hOpMbl — 3epKasibHOWM CMMMETpMM B 06n1acTu pas-
MEpPOB AJ1 XXUBOTHbIX, PbI6, NTUL, U T. 4.
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KPUCTA/INYECKOTO BEIeCTBA B [UAIla30HE
15 nopsapkos MakpouHTepBaa.

Haittyt ynomuHaHue o siapax u 060/104Kax
B LIApMKaX HaM He YAanoch. MOXXHO IIpeAro-
JIOJKUTDH, YTO B OTHEIbHBIX cnyqaﬂx prI‘I/Ie
Hp]/[SHaKI/[ MOHOI_[eHTpI/ISMa MOFYT IIOABUTBHCA
¥ B LIAPYKAX, HO BPSIf, JIV CTOUT OXKMAATH B X
CTPYKType HAJIMIMSA BCEX TPeX IPU3HAKOB.

Vtak, oT™MeTnM, 4TO pedkoe nposeneHue
MOHOUeHMPU3IMa 6 MaKpomupe COBIafa-
eT ¢ Ha/jm4yeM B 9TOM AMAIla3oHe pasMepoB
smot ycmotiuueocmu Ha BY, a kpowme Toro, ee
TOYHOTO COBIIAMIEHVS C MACHMAOHBIM UeH-
mpom Bcenennoii. O4eBUIHO, UYTO YHMKAJIb-
HOe HOSIBJIEHME B 9TOM [jYalla30He MacIlITa-
608 chepryeckoit GOpMBI IIAPUKOB CBSI3AHO
¢ otuMu GaxkTopaMiu, Befb U3BECTHO: HeM
cummempuunee dopma, mem ycmoiiuueee
obvexm.

BNOCUNCTEMBbI (KNNACC Ne6, 7, 8).
Ecmn paccmarpuBath M-uHTEpBan st 6uo-
CHCTeM, TO B €r0 Hadajle Mbl MMeeM TaKIe XKe
«IIEPBUYHDbIE KUPIINYINKIM», YTO N /1A HEXU-
BBIX CHUCTEM, — aTOMbl. 3aTeM HauMHAeTCH
«pasBUIKa».

B Hescuevix cucmemax aTOMBL U MOJIEKY-
7Bl 06pa3yIoT KpucCTanmmieckue, aMopdHble
U IIpoYNe IPOCTEIIIIIe CHCTEeMBI, B KOTOPBIX
JOMVHUPYIOT NPUHLUUIIBL CcUmMmMempuu ho-
eémopa, obpasywolye ynopaooueHHvte u 00-
HOPOOHBIE CPYKMYPbL. YCTIOKHEHIE CTPYK-
TYp Al HEKUBBIX CUCTEM Ha ITOM ITalle
[IPMOCTAHAB/INBAETCS.

[lnsa 6uocucmem yCloXXHeHVE CTPYKTYP
IIPOO/DKAETCS flajiee IPAaKTIIecKy 6es mepe-
PBHIBOB. B]/[OMOTICKY}II)I IIepexo AT B 6e}IKOBbIe
MOJIEKY/JIb, 3aTeM MY T BUPYChI, IPOCTeiIINE,
pacTeHms ¥ MHOTOKJIETOUHbIE KBOTHBIE.

OpnHaKO KaK M MacIITaOHBII Psijf HOKUBBIX
cuCTeM, pAL OeKOBBIX CUCTeM (3a MCKIIIOUe-
HIfeM KJIeTOK, KOTOpbIe 3aHMMAIOT ZOBOIbHO
y3Kumit uHTepBan M-0Cnu) IpefCcTaBlIeH B OC-
HOBHOM II-cTpykTypamu (cM. puc. 1.27B).
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PaccmoTpuM noppo6Hee, IOXanyii, equH-
CTBEHHOE MCK/II0UeHNe 13 9Toro psizia I1-1jeH-
TPUYECKUX CTPYKTYp — IyKaApuomuueckyio
xknemky (knetky c sgpom) (cm. puc. 1.28).
Kak yxe ymomMmHamoch, cpefgHue pasmepsbl
9YKapUOTUYECKIX K/IETOK IIPAKTUIECKHU BCEX
BUOB 3aK/II0UeHbI B inamnasoHe ot 10 go 100
MKM. OHU VIMEIOT SIPO, KOTOPOE COHEPIKUT
BeCb TeHETUYECKUII MaTepuaa U yIpasysieT
UX pasBUTHEM. DTVM OHM B IIEPBYIO OYepe/b
M OT/IMYAIOTCSI CTPYKTYPHO OT HPOKAPUMO-
muueckux knemox (cM. puc. 1.29), xors, 6es-
yCTIOBHO, JVIMEIOT " Maccy HPYI‘I/IX OTHI/I‘II/Iﬁss.

Y npoxapuom reHeTHUECKMII MaTepu-
aJl PacrojyoXXeH B LUTOIIa3Me )1 HUYEM He
samuieH. Hem ucmunnozo a0pa u Hem
A0pLIUKA.

Y aykapuom reHeTMuecKuit MaTepual
PACIIONIOKEH B XpPOMOCOMaX BHYTPU sIIep.

[l Hac >Ke BOXHO B JaHHOM CTydae TO,
4TO NPOKAPUOMYL IMEIOT Pa3Mephbl B OCHOB-
HOM 0T 0,5 10 5 MKM, a 3yKapuomui — 0ObIYHO
10 40 mxm. CriefoBaTeNbHO, AOPO — Kax npu-
3HAK MOHOUEHMPUHHOCMU — TIOABJIACTCSA

Puc. 1.28. MI-CTpyKTypa 3ykapuoTu4eckomn
KNneTku (ecTb LieHTpanbHoe 4po)




Puc. 1.29.
MonuueHTpuyeckas
CTPYyKTypa
NPOKapUOTUHECKOM
KneTkn-6akTepmm
(HeT chepuyeckoi
dopmbl, agpa

1 060504eK)

B KJIeTKaX (9yKapmoTax), pasmepsl KOTOPBIX
npeblaoT 10 mxm.*

OueBUHO, YTO ANPO KJIETKH, Pa3Mephbl KO-
TOPOro B cpepHeM 673Ky K 10-30 MKM, sIBIIA-
eT coboit Apkuil npusnax M-cmpykmypuvl nys
KUBBIX cucteM. OfHAKO [IPyTMX IPU3HAKOB
MOHOLIEHTPUYHOCTY B HMX HPAKTUYECKI HET.
Bce xnmerku (9yKapymoTsl) HO OIpee/eHIIo
MMEIOT XOTsI ObI OAMH IIPU3HAK MOHOLIEHTPIY-
HocTu — spo (cm. puc. 1.28), HO dopma ux
B OCHOBHOM He cepuyHa. Brpouem, orcyr-
crBye chepudeckoit GOPMBI Y KIETKI MOXKET
SIBIATBCS CIIENICTBIEM TOTO, YTO BOKPYT K Hell
TECHO NPUMBIKAIOT COCEIHIE KIeTKMU, ¥ OHM-
TO U MCKaXAIOT eCTeCTBEHHYIO ITOTEeHLMAIb-
HO cdepuueckyo GpopMy eVHNYHON KIIETKU
MHOTOK/IETOYHOTO OpraHmsMa. Benb ropasmo

CTPYKTYypYy
MMEIOT MHOTME IPOCTEJIIe OpraHu3Mbl —

6omee  IEHTPOCHMMETPUYHYIO
KJIEeTKV, KOTOpBIe CYIIECTBYIOT aBTOHOMHO,
Hanpumep papuosapun (cM. puc. 1.30), pasme-
PbI VX JIEXKaT B OCHOBHOM B uanasone 40-100
MKM. HemapoM oHM oy uny cBoe Ha3BaHMe,
UX paduycHo-myueséas cmpykmypa — 4-ii

* DTO He O3HAYAET, YTO KICTKU C AAPOM He OBIBAIOT
MeHee 10 MKM, HO 60/IbIIast MX 9aCTh BCE XKe PACIOO-
JKeHa B JinamnasoHe pasmepos oT 10 7o 100 Mxm.
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TOTIOTHUTEbHDIN TTPU3HAK MOHOLIEHTPUYHO-
ctu. Kpome Toro, MHOTMe 13 HUX UMEIOT cde-
pudeckyio Gopmy, eHTpanbHOe PO U MHO-
I7a — OOOJIOUKIA

«XapakTepHasi OCOOEHHOCTb CTPOEHUsA
pamuonApuii — 3TO HajlM4Me LEHTPATbHOM
KaIICy/IBlL... Y HEKOTOPBIX BUJIOB 00Opasyercs
He OfVH, a HECKOJIbKO IIapOB, BJIOKEHHBIX
IPYT B ApyTa M CONUHEHHBIX pPafyaTbHBIMU
UTTIaMIU»*.

Hocne pasmepa 100 mxm MoHOUeEH-
mpuuHOCMb NnpakmuuecKku omcmynaem
(cm. puc. 1.27B). Haxe papguonspun ¢ 607b-
MIVMMY pa3MepaM MOTYT IPUHIMATD y>Ke He
cTonb chepnuecKyo GOpMy MM COBepIIeH-
HO He cepuvecKyio U JjaKe MOMUIeHTpHYe-
ckyto (cm. puc. 1.31). [l OFHOKIETOYHBIX
OpraHusMoB ¢ pasmepamu 6omee 100 MKM
(nanpumep, 111 MHPY30pMit) U3 TPEX OCHOB-
HBIX TIPM3HAKOB MOHOLEHTPUYHOCTV MpHU-
CYII TOTBKO OAVH — Hajn4ue Afpa.

MTak, MOXHO YyBEpEeHHO YTBep>KJaThb,
4TO I/Is1 GENKOBBIX CUCTEM IPY ABIDKEHNUNU
BIO/Ib M-0CU MOHOLIEHTPU3M IIPOSABIIACTCS
B ociosHom B IMANA30OHE PABMEPOB
10-100 MKM**,

IMepememenne Bromb M-ocu 3a Tpefiensl
100 MKM IpMBOJUT K JOMMHMPOBAHMIIO CTPYK-
Typ [1I-Tuna u mo4Ty NOITHOMY VICYe3HOBEHIIO
crpykryp M-tumna (cm. puc. 1.27B). Vickmoye-
HIIEM ABJIAI0TCA KPYTIHBIE TOTOBBIE KIeTKI ¥,
KOTOpBIe Yallle BCETO MMEIT Cdheprieckyo
¢dopmy (cm. puc. 1.32) 1 B HEKOTOPBIX CTydasxX
TOCTUTAIOT B pa3Mepax HeCKONbKMX CaHTVIMe-
TPOB (sLIa ITHL, HATIPUMEP).

* JKusup xmBotHbiX. becnosBonounsie. T. 1 // Ilox
pen. JILA. 3enkeBumua. — M.: IlpocBemjenne, 1968.
C. 88, 90.

** Hamboree ApKO — y HO/I0BbIX K/IeMOK M00bIx op2a-
HU3MO08, 3 KPOME TOTO — Y PaJMONAPHIT COOTBETCTBY-
IOIIETO pasMepa.

*** TloaTOMy MOXXHO OTMETHTb, UTO 3a TIpezenoM 100
MKM C(epuvHOCTb MPOABIACTCA B IIEPBYI0 Odepenb
Tam, Ifie cucTeMa QYHKIMOHATbHO O7IVKe BCero K mpo-
11eCCy Pa3MHOXKEHMA.



Puc. 1.30. Paguonspun ¢ pasmepamu fo 100 MKM obnapaloT paguasibHO-y4eBON CUMMETpUen
1 UMEOT LieHTpasnbHoe sapo. Ha pucyHke npuBefeHbl «CKeneTbl» 3TUX paavonsapui

Puc. 1.31. Y pagronspui ¢ paamepamu cBbile 100 MKM B OCHOBHOM CYLLIECTBEHHO OcnabneHbl npu-
3HaKW LieHTpasibHO-y4eBOM CUMMETPUM MO CPABHEHWUIO C MEHBLLMIMU 0COBAMM
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3T0 sIBNIEHNE MOXKHO Ha3BaTh MAcuimao-
HOUl hamamvio dopmbl: TIOJIOBBIE KIIETKH,
BUJIMMO, B CAMOM Hayajie 9BOJIIOLMM 610-
CUCTEM BCerfa mmenu pasMepnl oT 10 fo
100 MKM, M /1IMIIb IOTOM HEKOTOpblE U3
HUX Ipuobpenu 6onplive pasMepsl, HO IIPK
9TOM OHM COXPaHMIU CHEPUYHOCTD U APY-
ryie IPU3HAKM MOHOLEHTPUYHOCTH. DTa Ma-
MATb (GOPMBI CKa3bIBAETCS U B SIIIIAX MITULI,
U B ceMeHax MHOrux pacTeHmit. Ho dro
MHTEPEeCHO: NPU3HAKU MOHOLEHTPUYHOCTHU
HPOSAB/IAITCA KaK namAmv (Hopmvl Hau-
6oree CUIBHO B MO/MOBLIX OP2AHAX MHOTVIX
MHOTOK/IETOYHbIX. Hamnpumep, AMYHUKYI
y JKMBOTHBIX — OpTraHbl, caMble OM3Kue
K cheprIHOI CMMeETPUM, a IIBETHI Y pacTe-
HUI — K pajuaabHOI.

Ecnu He 6path 3TM M Apyrue penKue uc-
KII049eHmsi (MOpCKme exu u nogobusie che-
pudecKkye ¥ pafuaabHO-ITydeBble (POPMBI
JKVBOTHBIX M PacTeHUil), TO OYEBUIHO, YTO
IoC/Ie Iepexofa OT KJIETOK K K/I€TOYHBIM
OpPTraHU3MaM MOHOUEeHMPU3M UCUe3aeT U Ha
CMEHY €My OIIATb IPUXOAUT NOAUUEHIMPUSM.

910

U B IIpOllecce Pa3BUTHs IIOJNIOBOI KJIETKIH,

O4Y€Hb HarmAgHoO IIpOABIIAETCA

KOTOpasi Cpasy ke I0C/Ie MEePBOTO Je/eHNs,
npeBpauasch B Omactymny (cm. puc. 1.33),
YXO[UT

OT MOHOLIGHTPUYECKOil  (popMbI
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Pwuc. 1.32. MMonoBble cchepmnyeckne KneTku.

A. fAluekneTka OBYCTBOPYATOro MOMIIOCKA C MHOMO-
YUCNEHHBIMW CMEPMUAMU, TNPUKPENUBLLMMUCH K ee
MOBEPXHOCTY.

B. MukpodoTtorpadus anLeKneTkn xoms4ka

K IONMUIEHTPUYIECKON MHOTOAIEPHOM,
XOTsI B OCHOBHOM elile cepuiecKoit.

B panpHerimeM MOMUIIEHTPUSM JIOMMUHMU-
pyeT Ha BceX YPOBHSX MAcIITaboB, 6n0mMb
00 nepexooa uepe3 mouxy B na M-ocu.

ITapannenbHO ¢ yTepeit MOHOLIEHTPH-
YeCKMX ITPU3HAKOB, IO Mepe Ilepexofia M3
puamasona 10-100 MKM B CTOpOHY 6onee
KPYIHBIX CHUCTeM, OBICTPO TEPSIOTCS U JJIe-
MEHTbI CUMMETPUM, U CTelleHb CUMMETPUNL.
Kak usBectHO®, mauevicwieil cummempueii
obnadoaem cepa ¢ ueHmpom cummempuu,
a HUSLIEN TPYIION CUMMETPUM SBJIAETCA
3epxanvras cummempust. IlosTomy, HaunHas
C pagMonApuil U IONOBBIX KIETOK, KOTOpPbIE
MIMEIOT CUMMETPUIO, PUOTIDKEHHYIO K MaK-
CUMaJIbHOIL, IIEPeXOf KO Bce Oomee KPpynHvim
6U00p2aHU3MAM COIPOBOXKJIAETCA HOTEpel
CUMMETPUN, ITI0OKA /I MHOTUX JXUBOTHDBIX 13
BCEX BUJIOB BO3MOXKHBIX CUMMETPUII B IIPU-
pofie He OoCTaHeTCsA NMUIUIb OfIMH — 3€pKajlb-
HBIJi, CAMblil HU3IIUI BUJ, CUMMETPUMN.

3a rpebuem BY — 10° cm (na xoTopom
«BOCCEMlaeT» 4YelIOBEK) B OCHOBHOM HauVHa-
I0TCS COUUATbHBIE U OUOI02UeCKUe CUCTeMbl
c006u4ecms, TaK Kak 3a METPOBBIN [alla30H
IepeIIaruBaAIOT pefKue >XMBOTHBIE, a 3 Jie-
CATUMETPOBBIII — pefKMe pacTeHusd. 3ech
TaKKe

AOMMHUMDPYIOT  IIOJIMLEHTPUYECKNE



Bnacryna

On nofoTsopeHHoe

ARLO

U

3mo.q'epma
(kHwkxa)

Hembiweunas
Me3onepmMa

Panuss ractpyna

Hepanas
" cucTeMa

Puc. 1.33. VYxog oOT uUeH-
TpasnbHOM CUMMETPUM  Ans

=
— PR GhocucTem. Tpu  nocnego-
BaTeSbHbIX CTAagUM PaHHEro
pasBMTUs opraHuama. Bua-
- JkTogepma

HO, KaK OT MOHOLEHTpr3Ma
npupofa cTpemMuTesNbHoO yaa-

Mt naeTca K NoNMUEeHTpU3IMy

CTpyKTypbl. Boee Toro, 3gech mpakTIdecKn
BoOOIIe yTpaumBaercsi cuMMmerpusi Gpopmbl

U CTPYKTYPBI.

VITak, 3aKOHYMM pacCMOTpeHMe 61OCH-
creM 1 BepHeMcst K paccmorpenuio MAKPO-
MHTEPBAIJIA B nenowm. Ilogsenem UTOrN.

Ha Bcem nporsxkennn MakpouHTepBania,
HE3aBUCUMO OT TUIIA CUCTEM M OT WX IIpO-
MICXOX/IEHVSI, HPOC/IEXMBAETCSI OfHA 3aKO-
HOMEPHOCTD: Nep6vlii Nopsa0ok 3aHumMarom
nepexooHvie popmvi, nocnedyioujue vemoipe
nopA0Ka UCKIIOHUMETbHO MOHOUeHmpuHe-
ckue opmvi, ocmanvHvle 15 nopsiokoe —
8 0CHOBHOM nonuueHmpuyeckue Gopmot.

ITO 03BOJISIET CXEMATUYHO M300pasnTh
MakpouHTepBan B Bufe ABYrop6oit KpuBoit
(cm. puc. 1.26) pmuHoit 20 TIOPAKOB, HA KO-
TOPOII IIOABEM ITePBOro rop6a I ero BepiinHa
«3aCe/IeHbl» MOHOLEHTPUYECKUMIU CTPYKTY-
pami1, a OCTalIbHOE MIPOCTPAHCTBO — IONN-
LEHTPUYECKUMU CTPYKTYpaMy Pas3ainIHOro
THUIIA.

Eduncmeentoim ucknoveHuem Ha HOMU-
UeHmpPUUeckoM yuacmke cocmasnsgem 6na-
ouna mexoy eopéamu (MUB), na xomopoii
00uH NOpPsI00K 3dceneH MOHOUEHMPUUECKU-
MU CIPYKMYPAMU, XOMS U C He NOIHOCHbIO
svipadceHHbIMU  npusHakamu. Ilpudem, He-
CMOTPps Ha OTPOMHYIO PasHUIY B CTPYKTYpe
I/IBYC]IOBI/IHX O6pa3OBaHI/IH Me>1<11y KOCMMU-
YECKON M BY/IKaHMYIECKOI IIbIIbIO, OHOKIIE-
TOYHBIMY OPTaHM3MaMU U KJIeTKaMJ BHY TPU
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opraHmsma, B juanasone 10-100 Mmxm, KoTo-
pBIII TOYHO COOTBETCTBYET CPENHEN YacTy
MaKpOBONHBI (M HIDKHENl YacTV HamBBIC-
meil yCTOMYMBOCTM Ha COOTBETCTBYIOLIEM
yuactke BY), mponcxonut sametHOE 1 04eHDb
CMAMmuUCmuvecKku 3Ha4UmMoe no8vieHuUe CUm-
mempuu, Komopoe nposAeniemcss 6 0CHOBHOM
8 paduanvHo-cgepureckoli popme u HATUUUY
sa0pa.

It (HaKThl MO3BOMSIOT IPENIONTOXKUTD
cymecrsoBanne EAVIHOMO MACLUTAB-
HOIro nomgd, KOTOPOE PEIYJINPY-
ET CTENEHb CUMMETPUN HA BCEX
YPOBHAX WMEPAPXMW BCENEHHOWN,
0 YeM MbI pacCKa)keM JaJIbllIe.

O60611as Bce CKasaHHOE, MOYKHO OTMe-
TUTD, YTO I/IEKMPOMAZHUMHbIE CUIbL CPA3Y
1ocse Havaja MaKpouHTepBana NPOA6nA-
10MCA 6 CIMPYKMyPHOM ycmpoiicmee amo-
MO06 0ueHb APKO. 37eCh KaK OBl IPOUCXOTUT
X KauecmeeHHoe cTaHoBieHne. Ha ocranb-
HBIX 15 mopAgKax upeT Konu4uecmeeHHoe Ha-
pallMBaHMe KaK MaccChl CTPYKTYpP, TaK U UX
CITO>KHOCTH.

1.4.2. METAMHTEPBAIJI

PaccmorpuM MerannTepsan (puc. 1.34).
OH HaumMHaeTcst C IPaBOIl rpaHuLbl Makpo-
uHTepBa 1a — ¢ pasmepos ot 107 1o 10° cm.

B sroM puamasoHe pasMepoB OCOOBILIL
MHTEpeC IMPENCTAB/IAT [BA THUIA CHUCTEM:
IUTaHeTBl U sifipa 3Be3f. Ha 3emse Taxoro



MacuTaba CTPYKTYpbl ABJIAIOTCS (parMeH-
Tamu ITOChepPI, CCIEfOBAHNE 3aKOHOMED-
HOCTENl pacrpefeneHysi KOTOPBIX 110 pa3Me-
pam®’ Hawanoch CoBCeM HellaBHO.

MIAHETblI (KITACC Ne8). Bmots
IO pa3MepoB IUIaHET KOCMUYECKVe Telna He
VIMEIOT MOHOIIEHTPUYECKNX IMpU3HaKoB. Bce
KOCMMYECKVIE Te/la B [Mala3oHe OT aTOMHOIO
pasMepa U O aCTepOUOB MMEIOT MONUIIeH-
TPUYECKYIO CTPYKTYPy — OHM COCTOAT U3
paBHOMepHO VIIN XaOTUYHO pacnpeneneHHblx
110 BceMy 00'beMy aToMoB. IIputnHa — B Ko-
POTKOZIEVICTBUM 3NIEKTPOMArHUTHBIX CHUJI Ha
takux Macirabax. CrmaxnuBauns Gopmbl He
TIPOUCXOIUT: BCe Tejla MMEIOT IPKO BbIpaXkKeH-
HYIO XaOTHYHYI0, OCKOJIOUHYI0 popMmy.

Kaxk 6b1710 mokasaHo B riase 1.3 (cMm. puc.
1.10), peanbHO 2panuya Mexny 6echopmeH-
HBIMU ACTEPOMIAIbHBIMI TelaMu u chepu-
YeCKVMMI IIAaHEeTapHBIMU (POpMaMU IIPOXO-
IUT rae-To 6 paiione 300-500 xkm.

Takum 06pasom, B [uamasoHe OT 107 no
10° cM BCTpeyaloTCs Kak TIOMUIIeHTPUYECKIeE,
TaK ¥ MOHOLIEHTPIYeCKIIe TeJla C TeH/IeHIIVel

IIepexofia 10 Mepe YBEeNM4eHN pasMepOB OT
HOJMIIEHTpU3Ma K MOHOLeHTpusMy. OdeHb
BO)XHO OTMETUTD, YTO AHAJIOTMYHYIO CUTY-
alMI0 CO CTPYKTYPHBIM IIEPEXOJOM MOYKHO
06Hapy>XuTh Ha M-0cH, ec/u CABUHYTHCA IO
Hell poBHO Ha 20 OPAJKOB jieBee. Boliie Mbl
ITOKa3aJIi, YTO MMEHHO TaM IPOMCXONT IIe-
pexop;, OT MOMLEHTPU3Ma K MOHOLIEHT UMY
B AJjpaX aTOMOB.

UMEHHO ¢ MNepeoz0 nopaoKa
¢dbopmupo-
BaTbCsA cepuueckue mena nnanem. Pac-

Urak,
Mezaunmepeana  Ha4MHAIOT
CMOTPHM, KOT[ja TOABJAIOTCA Apyrue Hpu-
3HAKJ MOHOLIEHTPU3Ma: L0pa u 06onoueunas
cmpykmypa.

HeT HMKAKMX JOCTOBEPHbBIX CBEIEHMIL, UTO
y miaHer pasmepom menee 1000 km (10° cm)
ecTb Anpa. BosmoxxHo, Aapo ectb y JIyHbl, ua-
MeTp KoTopoii 3,4 - 10° cm. «CormacHo pacripe-
IeTIeHNI0 CKOpPOCTeil... y JIyHBI MOXeT ObITb
MaJjIeHbKOe AIPO C PailycOM B HECKOJIBKO CO-
TeH KIWIOMETPOB. SIpo HaXOOMUTCS B pacIlIaB-
JIEHHOM WJTH TIOTTy pacIlIaBIeHHOM COCTOAHUM,
TaK KaK 4epe3 Hero He IIPOXOAAT IIoIepeyHble
BOJIHBI, I COCTOUT U3 PacTBOPa Fe-FeS»®.

3Be3bl

Keasapb!

fopa ranakTmk

Puc. 1.34. MeramHTtepean annHon 20 NopsaKoB NpocTMpaeTcs oT To4ku B go Toukun C

FanakTuku
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Tax xax mMazHumnoe none — 3T0 KOCBEH-
HBIJl TPU3HAK aKTMBHOCTHU SAfipa IUIAHETH,
MIPU3HAK €T0 HaIN4uA, TO 110 €r0 BeTNYNHe
MOYKHO CYAUTDb O HA/IMYMK Y IUIAHETHI Afpa.
TaK, y HyHbI BE/IMYMHA MAarHUTHOI'O OMIIOJIA
B 10° pas menblue, ueM y 3emmn, u B 300 pas
MeHblle, 4yeM y Mapca. Opgnaxo yxe y Mepky-
pus, puaMeTp Kotoporo paseH 5000 kM, mar-
HUTHOE IIOJIe MMeeT HAINpsHKeHHOCTb IpU-
MepHO 0,7 % HAIpsDKEHHOCTU MAarHUTHOTO
nons 3emu’®, 4TO MO3BONIAET MTAHETONOTAM
MpefiloNaraTb Haau4dyMe y HETo >Kelne3HOTo
szpa, 3aHnMamnero 50 % o6beMa ITaHeTh.
Yro e KacaeTcA 3eMIH, pasMepbl KOTOPOIt
npesbimaiT 10° cM, TO COMHEHMIT B HATMYUN
y Hee sAipa MpaKTUYeCKM HeT — OHa MMeeT
BHyTpeHHee A7po” muametpom 6Gomee 2000
kM (~10° cm).

Cdoepuunas JIyHa, y KOTOpOIl HABEpHOE HET
APKO BBIPAYKEHHOTO AApa, CKOpee BCero uMeeT
MO/TUIIEHTPUYECKYIO0 BHY TPEHHIOI CTPYKTYPY.
[lerto B TOM, YTO Ha ee BUAMMOIL CTOPOHe 0OHa-
py)KeHI)I CIJIbHbIE T'paBUTALIVIOHHbIE HEOTHO-
pomrocti’. «B 1968 rory Mionep u CherpeH,
u3y4as TpaBUTALVIOHHOE 11071e JIyHBI, 0OHapy-
KV KPYIIHBbIE IIOJIOKUTE/TbHbIE aHOMA/IUNI
Y BBE/IM IIOHATME O MAaCKOHaX KaK MCTOYHU-
KaxX 9TMX aHOManuii» . BriocmencTsmm, «korma
mepBble KOCMMYECKMe aIllapaThbl, 3amylleH-
Hble Ha op6MTy CITy THUKA HyHbI, Hayaau CBOIO
paboty, ydeHble C yAUBIEHVEM OOHAPY XN,
YTO CIOYTHUK JIyHBI JBIDKETCA HECKOIBKO
HeoObIYHO. B ero mBiokeHuy ObUM 3aMeTHBI
HeOosble puIBKY... OKa3anoch, YTO BHeI-
Hye cmon JIyHBI [I0 ITyOMHBI HECKOTBKO CO-
TEeH KIMIOMETPOB HEOJHOPOJHBL IJTO KakK Obl
PAO KpynHvIx 271vI06, NPUCLINAHHBIX CHAPYHCU
neckom (kypcus moti — C.C.), mpupaommnm
BceMy coopykeHnio ¢popmy urapa. Hekoropbie
113 MACKOHOB Jla’Ke BBIXO[AT HAa IIOBEPXHOCTDb
IaHeTh» >,

310 TOBOPUT O TOM, 4YTO B TeJIe HyHbI eCcTh
KpYIIHBbIe 00pa3oBaHMsI, KOTOpbIe 1160 ObIIN
BHEZIpeHBI B Hee Iocie ee (opmmpoBaHms,
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6o 06pa3oBamiCh B pe3y/nbTaTe BHYTPEH-
HUX IPOLECCOB, MO0 ABIAIOTCA OCTATKAMU
KPYIHBIX IIePBUYHBIX Tel. Macca nx — mo-
panka 10*' rpaMm, 9TO MO3BOJAET OLLEHUTDH
HOPAJOK pasMepa 3THUX KPYIIHbIX 00pa3oBa-
Huit npumepro B 107 cM. Jlanublit dakT no-
KaspIBAET, YTO /I TAaKUX IUIAHeT, Kak JlyHa
(ma m 3emna), mepBUYHBIE Tela PasMepoOM
B COTHU KIJIOMETPOB MOI/IY OBITb COCTAaBHBI-
MU YaCTAMM, BOIIEAUIMMM B COCTaB TIJIAHEThI
HE3aBUCUMBIMU T'OTOBbIMI 6IIOKaMI/I.

9TO TMPUBOANUT HAC K NTPOCTOMY BBIBOLY,
YTO Y MaJIbIX IJTaHeT B Auamasone 100-1000
KM CTPYKTypa MOXeT OBITb cKopee 0104-
HO-NIO/IMLICHTPUYECKOl, 4eM  06onoded-
Hoit. CremoBaTenbHO, HAHembl, 10000HO
AOPAM amomos, MOZYm UMemp CMEUAHHYI0
MII-cmpyxmypy.

MPEOMNOJIOXKEHUNE o 2emepozennoii
cmpyxmype Manvix naaHem COITIACYeTCA
C MOJIEZIBI0  CTPYJHBIX IOTOKOB X. AJjIbBeHa
uT. Appennyca®. ManoepoaTHo, 4T06bBI 13
MEPBUYHOM KOCMUYECKOII MBI B CTPYITHOM
IIOTOKe 00pa30BasIOCh JIMIIb OJHO IEPBIYHOE
A7pO, Ha KOTOpoe ObI 3aTeM HajMIIa/Ia IIbITb
(Takylo MOjieIb MOHOAZIpa MOXKHO Ha3BaTh
MOJE/IbI0 «CHEKHOIO KOMa»). PacdeTsl cko-
POCTM HaNMIAHUA YACTUI] HAa OFHO II/IaHeTe-
3MMajbHOE AAPO, MO OIlEHKAM 3TUX aBTOPOB,
IIOKa3a/M, YTO TAKOil IpOLecC He CMOr Obl
IPMBECTU K 00Pa30BaHMIO II/IAHET JaXKe 3a BCe
BpeMsA cymecTBoBaHuA COMHEYHOI CHUCTEMBL
Cxopee Bcero, mHapajUle/IbHO 00pa3oBbIBa-
TIOCh HECKOTbKO TaKMX KOMbEB, ¥ IUIIb TIOTOM
IIPOM3OIIIA MX MaKpocOopka (TaKylo Mofienb
dopmMmpoBaHMs MIaHET MOXXHO Ha3BaTb MO-
TIeNIbI0 «CHEXKHOI 6a6bI»). B MOMEHT OKOHYa-
TeIbHOII COOPKM I/TaHeTBI M3 TUTAHTCKUX 6710~
KOB, YacTb IUIAHETe3VMajIell M3-3a MOIIHBIX
yHapoB IIpM CTONKHOBEHMM pPa3BanuBaiach,
06pasys MeTeOPUTDI 1 ACTEPONJIBL.

Ouenxa pasmepos naanemesumaneti daem
2pamuLy, Komopas umeem 0cobeHHoe Mectno

Ha BY:



«Ha OCHOBaHWMM VHTEpIIPETAIUN VIMe-
IOIUXCA TAaHHBIX 06 OCOGEHHOCTAX pocTa
KPUCTQ/UIOB B JKEIE3HBIX METEOPUTAX IIPU
Hammaun audysun pasMepbl Te OKa3bIBa-
I0TCA TOPAZIKA CTa WIM HECKONbKUX COTEH
KMITOMETPOB»™.

TakuM 06pasoM, eCTb MHOTO OCHOBAHMUIA
HOJIararb, 4TO MOMULEHTPUIHOCTh C Mac-
mrabom HeogHOpopHOCTeH 100-1000 KM sIB-
JIIETCSL PE3YAbTATOM MAaKpOCOOPKM IUIAHET
Ha 3aBepUIAIONENl CTAfUM UX TOsBIEHUSL.
Crenpl ee, BUIMMO, COXPAHAOTCA U B Goree
KPYIIHBIX II/IAHETAX 3€MHOI PYIIIIBL, XOTs UX
NPOSB/IEHNE 3]IeCh MCKAKAETCA TPABUTAIIN-
OHHBIMY CUTTAMI.

Urak, moxxno NMPEOMOJIOXWUTb, gto
ot pasmepa 107 cM s10 pasmepa 10™° cm (T. e.
I BCeX IUIAaHET 3eMHOJ TPYIIIBI M MajblX
2emepozeHHocmy  cMPyKmypol
LO/DKHA WIPaTh TOPasfno GONBLIYI DOJb,

IIJIaHET)

4eM B COBPEMEHHBIX TEOPUAX IUIAHETHBIX
CTPYKTYp, OIMPAIOMINXCS HAa TPALMUIMOH-
Hble oOonoueuHble Mopenn. (besycnoBHo,
Ond 9TUX IIJIaHET OrpOMHyIO pOfIb I/[FpaeT
u 060/I04edHass CTPYKTypa, KOTopas B CO-
BOKYIIHOCTM C GJIOYHON CTPYKTYpOil opra-
HU3YET CIIOKHOE CTPOeHMe IUIAHET TAKOrOo
TUIa, Kak 3eMis.) 3[ech JKe Ba>KHO OTMe-
TUTD, YTO MACUMAG 0CHOBHDBIX NIAHEMHDIX
6710K08, 10 OIIEHKaM pa3/INYHbIX aBTOPOB,
CX00umcsi Ha pa3mepax 6 COMHU Kumome-
MPos, UmMo MmouHo coomeemcmeyem Huxc-
Heti 00nacmu si0epHoii nomyeontot Mezaun-
mepeana: 10°-10° cm.

Vcxons U3 BBIIIECKA3aHHOTO MOXKHO CJie-
narb ouenb Bakuoii BbIBOO. HA PYBEXE
10’-10% cm MPONCXOOUT CMEHA MNONN-
LIEHTPUYECKOWN CTPYKTYPbl KOCMMU-
YECKWMX TEJT HA MOHOLIEHTPUYECKYVYIO.

W ecnu st HeGOMBUIMX IJIAHET BOIIPOC
Ha/IM4IMA AApa ¥ 4YeTKON cTpaTndUKaLuy 110
IIJIOTHOCTU BF}IY6b TeJI ABJIAETCA rHI/[CKyCCI/[-
OHHBIM, TO IS IUIAHET 3€MHOTO MaciuTaba
(6omee 10° cM) 3TOT BOIPOC He BOHMKAET.
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Yske s Mepkypust (5 - 10° cm) namume
A7ipa He BbI3bIBaeT coMHeHmil. CrieoBaTenb-
HO, €C/IY IepBbll IPU3HAK MOHOLIEHTPUYHO-
TV — cpepuureckas popma NosABACTCA ITie-
TO Ha pybexxe pasmepos 3 - 107 cm, TO BTOPOit
U TPETUIL IPUSHAK — A0PO U 000/104K Y TIOSIB-
JISIIOTCS, BUAVIMO, Tfie-TO Ha pybexe 3 - 10%cm
(cm. puc. 1.35).

AOPA 3BE3[ (KJTACC Ne8). «Ku-
Bble» 3Be3/ibl UMEIT pasmephl 6omee 10" cm,
HO3TOMY CpeiM HUX HeT IpefcTaBuUTesNeil,
KOTOpbIe ObI pacrosaranuch Ha M-ocu B mac-
1ITabHOI 30HE Iepexofa OT MOMUIIEHTPU3MA
K MoHouenTpusmy (10’-10° cm). 3ato umeH-
HO B 3TOM [MaIla30He Pa3MepOB HAXONATCA
Herirponnble 3Be3npl (H3). Yro oun us cebs
IPEefICTABIAIT?

ITo muenuwo P. Bonga, H3 — orpommbie
sapa, nofo6Hble aTOMHBIM. B camom ferne,
KaK ¥ s7jpa, OHM COCTOAT MCK/ITIOYNTENBHO 13
IUIOTHO YIIAaKOBAHHBIX HYKJIOHOB (BCe 9JIeK-
TPOHHBIE 000/I0YKM OBIBLINMX aTOMOB paspy-
weHs! rpaButauueri). Brarogaps atomy H3
MIMEIOT YyHZOBMIHYIO ITIOTHOCTD, TAKYIO Xe,
KaK I si/jpa aTOMOB.

VTaK, HeilmpoHHvle 36e30bl — HOMULEH-
mpuecKue cucmembl — 60 MHO2OM NO C60€ll
cmpykmype nodo6Huvie sopam amomos. He mmo-
PasUTENIbHO /N, YTO IIPUPOJA Pa3MeCTI/Ia 3TU
9K30TMYeCKNe OOBEeKThI B [MaIla30He pa3Me-
POB, KOTOPbIII IIpaKTI4ecKn To4Ho B 10° pas
6orbiire pasmepos siep?! UTo MOXKeT SIB/IATH
co60Jl My4Inii mpuMep MaclITabHOro Io-
Ho0MA CTPYKTYp Ha TaKMX IMTAHTCKUX Mac-
IITaOHBIX PACCTOAHMAX!?

O6parumcs Ha Bpema k MAKPOWH-
TEPBAJTY. C neBoro u mpaBoro Kpas
MakponHTepBana IpUpPOAa PaCIOIOKMIA
AMIEPHBII TUI CTPYKTYpbL. MBIC/IEHHO IIe-
pemelnasch BHOMb M-ocu cieBa Hampaso,
MOXKHO yBMJIETb, KaK IIPU «BXOfie» B 9TOT
nnrtepBan Il-cTpykrypsl MukponHTepBa-
nma  TpaHcOpMUPYIOTCST B M-CTPyKTypHI
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Puc. 1.35. MeraunHTepsarn,

Ha KOTOPOM MoKasaH nepexof
OT MOSINLEHTPM3MA
K MOHOLIEHTPU3MY.
Paamepebl gaHbl B cM

AcTeroua
Npa ~10°

£

£
= 4
L/

~10°¢ ~107%

Korona ConHua
~10"

\.
£ A KPACHBI TUTAHT
\ | ~10"3
=\

ConHeyHAR
CUCTEMA

Tanaktuka SO
,.,‘I 0 22

OuooysHan
TYMAHHOCTE ~10%°

-

MEcTHAS rPynna
TANAKTUK ~10%4

~106

MNAHETAPHAR TYMAHHOCTE ~10 "7

CnMPANBHAA TANAKTUKA
~1 023

METATANAKTUKA
~10%




MaxkponnuTepBana (cMm. puc. 1.26), u Tak xe
npu «Bbixogme» u3 Hero: II-cTpykTypnr Ma-
KPOMHTEPBaja IPeBPaIaloTcsi B M-CTPyKTY-
pet Merannrepsama. YTO HABEPXY, TO
1 BHN3Y.

OpHako KpoMe IOROOMS eCTb U pasim-
4re (BIpOYeM, BO3MOXXHO — MHUMOE). Tak,
s7pa aTOMOB COCTOSIT 13 HYK/IOHOB, YMCIIO
KOTOPbIX He IIpEBBIIIAET HECKOTbKUX CO-
teH, a H3 cocrosr us orpomHoro uncia Hy-
KMoHOB — mopsaaka 10%°. OueBupHO, YTO
B paMKaX K/IaCCHMYECKOrO IIOFXOfA IIOTHOTO
CTPYKTYPHOTO TOHOOWS 3ech HeT U ObITh
He MOXeT. [ nonnozo cmpyxkmypHnozo no-
000ust y HellmPoOHHbIX 36€30 He Xeéamaem
MAKpoOKAACMEPHOLl cmpyKmypuol.
Hofo6Has CTPYKTypa He MOXET IOSIBUTHCH

OnHako

6marofapsi 9/MeKTPOMAarHUTHBIM CHJIaM, IIO-
CKOIbKY Ha TAaKMX MAacwmrabaXx OHM IIPOCTO
He MOTYT COIEPHMYATh I10 BO3LENCTBUIO HA
BelLleCTBO ¢ rpaButauyeit. VI tem 6omee ma-
KPOK/IACTEPHAs CTPYKTypa HE MOXKeT ObITh
CIIeaCTBIEM FpaBI/ITaHI/IOHHbIX cuiI, KOTOpre
JIMET CTPOFYIO ueHTpaHbHyIO CI/IMMeTp]/[IO.
MO)XHO 7V BOIIPEKNM 3TOMY BCe XKe Ha-
IeATbCA, YTO TPUPOJIA T03a60TUIACH O TTOJ-
HOM MaciuTabHoM mopobum ¢ mrarom 1072
Ecnu ma, To pasmepam mopsgka 10°-10° cm
HDO/DKHBI OBITb IPUCYLIM CTPYKTYPBL YiKe

He TPOCTO IONUIIEHTPUYECKMe, a Kaacmep-
HO-nonuyeHmpuueckue. JIpyruMu CroBamu,
H3 momKHbI cOCTOATh M3 [eCATKOB MU CO-
TEeH MerakjIacTepos.

Opnako B acTpoUBMUYECKO Teopuu
B IPMHIMIIE HET MeCTa [JIsI Marakjiacrep-
Hoit mogemu H3. B GonpmmucTBe TeopeTn-
4YeCKNMX MOJiefiell HEITPOHHBbIE 3BE3MbI MMe-
0T YaCTMYHO O6ONMOYEYHYI0 CTPYKTYpPY
(cm. puc. 1.36). [Ipyroit CTpyKTypBI ¥ HEBO3-
MO>KHO ce6e MpefiCTaBUTh, ONMMPAsICh HA K/IAC-
CM4YeCKoe HpeﬂcTan[eHI/Ie o I‘paBI/ITaI_U/IOHHbIX
U 37IEKTPOMATrHUTHBIX CHJIaX IpUpOfsl. Bensp
mis H3 mommumpyromeit cumoit (13-3a ux
YyZOBUIHON ITIOTHOCT M MAacChl) SIB/IAETCS
rpaButanus. OHa e CIIocoOHA TONBKO CTsI-
TMBATDh BEIECTBO K LeHTPy Macc. IIpu sTom
ecny M BOSMOXKHO Kakoe-nmnbo pasHoobpa-
311€, TO TO/IBKO 3a CYET CeTrPerali BelecTBa
[0 IVIOTHOCTU B CTPOTON 3aBUCUMOCTH OT
paccTosiHus 10 LieHTpa Macc. VIMeHHO 1103To-
MY B KJIACCMYECKOI acTpOdu3uKe HEBO3MOXK-
HO JIa)Ke B TIOPSIfIKE TUITOTE3bI IIPENIONTOXKNATD
CylLIecTBOBaHNe IT06aIbHO IOMMIIEHTpIYe-
CKOJI CTPYKTYPbI Y TaKux 06bekToB, Kak H3.
Her abCOMIOTHO HUKAKNMX TEOPETNIECKUX
OCHOBAHUII B TEOPWM TPABUTALINN JIsI HOSIB-
JIeHUs] BHYTPU Takux 06bekToB, kak H3, xa-
KMX-TN60 «MAaCKOHOB» VJIU «OT/eIbHOCTEI».

A

Pwuc. 1.36.

¢ A. BepoaTHas 65104HO-NONULIEHTPUYECKasA CTPYKTYpa HEMTPOHHOW 3Be3Abl (MO MHEHUIO aBTopa).
* B. O6ono4eyHas cTpyKTypa HelnTpoHHo 3Be3fpl (Mo W.C. LLknosckomy).
* B. BeepHas mogenb nanyyenus nynocapos (no M.C. LLiknosckomy)
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Opnako Habnopenus 3a H3 npurecn
CTO/IPKO MapafjOKCa/IbHBIX 3arafioK, 4To 060-
JI04e4HAs M00enb, TIO CYTH, He BBIIepPXKMBa-
eT CerofiHsA HUKAKOil KpUTUKM. PaccMorpum
atu 3aragku u soo6uie NMPOBJIEMY AOEP
3BE3[ nonpobHee.

Actpodusuke Majo 4YTO peanbHO M3-
BeCTHO O CTPOEHUM Afep 3Be3[] U APYIUX
06pasoBaHMil CTOMb MasbIX pasMepoB. Bo
BCEX CIIy4asx 9TO 06/1acTb MOAEIMPOBAHINA.
VickmoueHeM SBIIAOTCA HellmpoHHble 36€3-
0vlL u Genvle KApIUKU — 06HAKNeHHDblE 0P,
KOTOpBIEe JOCTYIHBI IIPAMOMY HaOJIOfCHMIO.
OpHako 13-3a GOJIBIION YaTeHHOCTH U Ma-
JIBIX Pa3MepPOB UX CTPOEHNUE TAKXKe OCTAeTCsA
00/1aCTbI0 TEOPETUYECKUX PaCUeTOB, OCHO-
BAaHHBIX Ha KOCBE€HHBIX [OAaHHBIX IIO Macce,
CBETVIMOCTU U T.II. TIApaMe€TpaM. Tem He me-
Hee Te HEeITPOHHBIE 3Be3/Ibl, KOTOPbIe HAaXo-
IATCA B aKTUBHOM COCTOSHMY, JAIOT O cebe
HONONMHUTeNbHYI0 MHbOpManuio. Peup mper
0 IIy/ibcapax.

Ilynvcapor 6pimu OTKPBITHL B 60-X rofax
XX BeKa U € TeX NOP He NEePeCcTAIOT YAUBIATD
U CTaBUTDb aCTPODU3MKOB B TYNUK. BbLAcHM-
JIOCh, YTO HYMbCAPbL — IMO HelimpoHHvle
36€3001, 8PAUAIOULUECT C 0ZPOMHOIL CKOPO-
CMbI0 U UTYHAIOUiUE KOPOMKUE UMNYTbCbL
paouousnyuenus. IToCKONIbKY HENTPOHHbIE
3Be3[Ibl 00Pa3yIOTCs U3 BPAILAIONINXCS 3BE3]
ropasfio GOMBIIMX Pa3MepPOB, TO VICXONA W3
YCIOBUA COXpaHEHUSA MOMEHTa KOJMYecTBa
IBIDKEHMs 9KBaTOpUAIbHAA CKOPOCTb CXKM-
Maollericss 3Be3fIbl NO/DKHA YBEIMUIMBATbCA
BO CTOJIbKO Pas3, BO CKO/IbKO Pa3 YMeHbIIIAeT-
cs ee papuyc (BCIIOMHMTe BpalieHue ¢ury-
PUCTKY Ha IbALy). «Ha KoHe4HOIT cTagum cKa-
TVA, KOIla 00pasyeTcsA HeITPOHHAsA 3Be3fia,
ee 9KBaTOpUAJIbHAA CKOPOCTb MOXET ObITh
OTPOMHOI, fjaxke ONM3KOII K CKOPOCTU CBe-
tal»* Ecmu 661 ConmHIle BAPYT MPeBPaTUIOCh
B HEJITPOHHYIO 3Be3[y, TO €ro Iepuof, Bpa-
IieHus ¢ 27 CYTOK YMEHbIIWICS ObI 1O OHOM
IeCATUTBICAYHOI TOMU CEKYHIDL
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IIpencraBbTe TeIepb, YTO B OTKPBITOM
KOCMOCe B BaKyyMe BpallaeTcsi ¢ OTPOMHOIA
CKOpOCTBIO cepa ¢ TUTAHTCKOI (sepHOIT)
IUTOTHOCTBIO, IOCKO/IBKY OHA COCTOUT IIpaK-
TUYECKU U3 OJJHUX HYK/IOHOB. Pasmepnl sT0I
cdepsr — okomo 100 kM. Y TaKoOro rMraHTt-
CKOTO BOJTYKA HET HMKAKMX NPUIMH TOPMO-
3UThCS, Belb OH BpAIAeTCs B IIYCTOTE; HET
HUKAKNX MPUYNH TePsITh SHEPIUIO, Belb BCE
silepHbIe PeaKIM B HEM Y)Ke [IPEKPATIU/ICh;
HET HUKaKNX IIPUYMH CKAQYKOM MEHATH pa3-
M€EpPbI — B€Nlb COI/TACHO IIPUHATBIM TE€OPETU-
YEeCKMM MOJIe/ISIM OH SIBJISIETCSI 00HOPOOHDIM
menom; HeT HMKAKMX HPUYMH MMETb Heof-
HOPOJHOCTY Ha MOBEPXHOCTH, Belb IPaBU-
TalysI, KOTOpas Co3/aja U HEeP>KNT €ro, IIpu-
[laeT eMy CTPOro cepudecKyo CUMMETPUIO
U HE IOIIyCKaeT KaKNX-1160 OTKIIOHEHUIT OT
Hee.

Bompeku BceM 9TMM OYEBUJHBIM IS
acTpopM3MKM PacCy>KIAEHMSM ITy/IbCaphl Ha-
PYLIAIOT UX ¥ HAPYILIAIOT HACTOIBKO SIBCTBEH-
HO, Y4TO He OCTAB/IAIT IIAHCA HE 3aMETUTh
CBOJL ITAPaTOKCHL

«...Hepemennpix mpobmem B ¢usuxe
HETPOHHBIX 3Be3] O0Jiee 4eM [JOCTATOYHO. ..
Hapno npsiMo ckas3arh, YTO Ha CETONHSLIHNIA
[leHb He CYIeCTBYeT OOIIEeNPU3HAHHON KO-
JIM4ECTBEHHONM TEOPUNL. .. nynbcapos»gs.

Ilepsas 3a0aua ¢usuxu nynvcapos —
«IIOHATH, MOYEMY BpallaloI[uecs: HeNTPOH-
Hble 3Be3/Ibl TOPMO3STCS, TEM CaMBbIM Hellpe-
PBIBHO BbIlenss sHeprmio»™ . Kak moxasanm
aHamu3 sTtoro Bompoca V.C. IIka0BCcKMM,
MarHMTHBIC IIO/IA HE MOI'yT BbI3BAaTb 3TOT
a¢pdexr. Hambonee BeposATHON IPUYMHOIL,
no V.C. IIIkoBCKOMY, ABNAETCA U3LyHeHue
nybcapom 2pasumayuOHHbIX 60IH, OHAKO
4TO 9TO TaKoe — Kiaccudeckas Qusuka 1o
CIX IIOP OIPEJEeNThb He MOXKET.

Bmopasi 3adaua — OOBICHUTH sBIIE-
HIe «36e300MpsCeHUs» — CKa4KOOOPa3HOro
YMeHbBILIEHNs TIepUOa BpallleHns My/Ibcapa.
«Takoe cTpaHHOE sIBJIEHIE MO>KHO OO'BACHUTD



TOJIPKO peasibHbIM CKa4KOOOpasHbIM M3MeHe-
HJIeM IIep1ofia BpalljeHVsI HeITPOHHOI 3Be3-
Ibl. VI3MeHeHue Iepuopa BpalleHNs: B CBOIO
oYepenb JO/DKHO OBITh CIeACTBUEM CKAadKo-
06pa3HOF0 yMeHbH_IeHI/[H MOMEHTa MHEpUUN
3B€3bl, BBI3BBAHHOTO KaKMMMN-TO CIO>XHBIMU
Tporeccamt B ee Hempax» ',

Tpemvst 3a0aua — OODBIACHUTb «Beep-
Hblil», WIN «KAPAHOAUiHbL», xapakmep pa-
Ouou3Ly4eHuss MynbcapoB. Jeo B TOM, 4YTO
Hy/bcap CBETUT KaK MasgK — Y3KMUM Bpallia-
IOIIVMMCA }Iy‘IOM, KOTOpri[ MbI BUOVIM TOJ/Ib-
KO B TOT MOMEHT, KOI7Ia OH «4MPKaeT» UM II0
3emse (cm. puc. 1.36B). IIpu atom npodunn
U3/Iy4eHMsI INY/IbCApOB COCTOST U3 3HAUN-
Te/IbHO 60JIee Y3KUX CYOUMIIY/IbCOB.

ITo 1.C. llIk0BCKOMY, IPUIMHOIL TAKOTO
ABJICHUA MOJKET CHY}KI/ITb TOJIBKO «ITATHUM-
CTasi» CTPYKTypa U3/Tydaroliell IOBEPXHOCTH
nynbcapos. [IpudeM Kaxkjjoe IATHO CTPOTO
3aKpeIUIeH0 OTHOCUTENBPHO Tela Iy/ibcapa
U He OMy)XZaeT IO HeMy, He MCYe3aeT U He
HOAB/IAETCS HeOXMaHHO. TakuMm o6pasom,
9Ta «IaHTEPHasA pacKpacKa» Iy/Ibcapa MOXeT
CITY>KUTb €T0 PafIUOIIaCIIOPTOM.

«Kakast ke IpuYMHa «Iep>KUT» M3Iyda-
IollMe TIATHA B CTPOTO OIpefe/ieHHbIX 06ma-
CTAX BOKPYT Bpaljaromleiica 3Be3fbI?» — 3a-
naet Borpoc J.C. IllknoBcknit. VI oTevaer,
YTO «TAKOJl MPUYMHON MOXET OBITH TOTBKO
OYeHb CUTbHOE MaTHUTHOE TTo71e» '*', XoTs mpu
9TOM He OOBSICHSET, KaK Y aOCOMIOTHO OfIHO-
POJHOTO ILIapa, 3al0/IHEHHOTO HENTpOHAMN
(orcrona HasBaHue 3B€3]]), MOXKET ObITh CTO/Ib
JKeCTKO HEOJHOPOJIHOe MarHuTHoe rnosne. Ero
Ppaccy>KzieHus, OfHaKO, MO>KHO IIOHSATb.

[paBUTALMIOHHBIE CU/IBI MICXOJHO MOHO-
LIEHTPUYHbI ¥ He CIIOCOOHBI CO3/IaBaTh reTe-
POTeHHOCTDb IPY TaKMX MaccaxX ¥ pasMepax,
IO3TOMY OCTAeTCs BCe OTHECTU Ha CYeT Mar-
HUTHBIX IIOJIeVi, B K/IaCCMYeCKoil acTpodu-
3JKe JIPyroro BapMaHTa IPOCTO HeT. B aTom
CIy4yae pacyeThbl JOIDKHBI JaTh CXOAVMMOCTb.
YTo YK TYT IpOBEPATDH?
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be3ycnoBHO, YTO acTpOdU3MKM KaK-TO
IBITAIOTCA OOBACHUTD BCE 3TU APKME aHOMa-
JIMY, HO BCe IMOIbITKY HOCTPOEHMA Modesieti
nynvcaposé ocmaromcsa xHeyoaunvimu. Ilpu-
YUHOM STOMY, 10 HameMy MHEHUIO, CIIy)KI/[T
He IpUHATHE BO BHMMAaHUe O0COOeHHOCHMU
pacnonoxenus nynocapos na M-ocu.

Benp ecnmm macmtabHoe mopmobue ¢ Ko-
adpuimentom 10” peanbHO, TO MymbCaphl
DO/DKHBI OBITh HOJOOHBI IO BHYTPEHHeI!
CTPYKTYpe sAApaM aTroMOB, T. €. UMETb Md-
Kpononuyenmpuueckyro CTpykrypy. Vx
HeJipa JOJDKHBI OBITh TaK )Ke HeOJHOPOJHEI,
KaK ¥ Hefjpa Ma/bIX IUIAHET TaKoro >Ke IM-
ala3oHa pa3MepoB. VI 3Tu «MacKOHbI», WIN
HEOITHOPONHOCTH, HEIITPOHHBIX 3Be3J] MOTYT
CO3faTh I'PABUTALMOHHBIN AyCOANaHC Tena
3BE€3[IBl, YTO U NIPUBEHET K II0Tepe €0 IHep-
run (rpaBUTALMOHHBIE BOMHBI). DTU Xe He-
OJIHOPOJHOCTH, 110 MHEHUIO aBTOpA, ABJA-
I0TCsI IPUYMHOM «IIATHUCTOCTI» U3TTyYEeHUS]
my/abcapa.

VI HaKoOHell, MOCKOJIbKY IIPOLIECC CXKATIUA
H3 mpopomkaercs, To BpeMA OT BpeMeHU
MaKpOK/IACTePhI TIOBUTAIOTCA JAPYT OTHOCH-
TEJIBHO IPYTa, YTO MOYKeT IPOUCXOUTD CKa4-
KOM B CIIy COM3MEPYMOCTM VX pasMepoB
¢ TemoM camoit 3Besgbl. OTciofa U «3Be3fo-
TpsceHns1». Takas yTpscKa MaKpOK/IACTepOB
IIpUBOANUT K HOCTeHeHHOMy YMeHbH_IeHI/[IO
pagmyca H3 u yBenmmyeHuio ckopocTtu ee
BpalljeHMA.

Eciyt cpaBHUTD Tenepb 068e MoOenu 6HY-
mpeHHez0 CIMPoeHUs Nyrvcapos — mpaou-
MOHOUEHMPUUECKY1O,
HYI0 Ha TeOpUM K/IaCCHMYECKOIl TPaBUTALINIL,

UUOHHY1O, OCHOBaH-
U MAcumabHo-no000Hy10, YIUTBIBAIOLLYIO
3aKOHBI MacIITabHOro momo6usa BcenmenHoi
(cM. puc. 1.36), TO OKQXeTCs1, YTO BO BTOPOIT
MOZe/IN BCe 3arafiki IMEIOT OFHY KapAHa Ib-
HYIO PasTafiKy — Me2anonuyeHmpu1Hocmo!

Wrak, mogenp MC-yHBapuaHTa ¢ JJINHON
B 20 nopsiakos NPEACKAS3BIBAET, YTO
Y MYJIbCAPOB CJEOYET OXWOATb



NOJIMUEHTPUYECKYIO CTPYKTVYPY,
BOIIPEKM BCEM TPAIMIIVIOHHBIM TEOPVAM.

KakoB ke mexanusm o6paszoeanusi ma-
xux MAKPOKJIACTEPOB? Benp un omna
"3 M3BECTHDBIX CUJI IIPUPOADBI HE MOXET IIpU-
BeCTU K UX IIOABJICHUIO. BbIJIBI/IHeM nmpenBa-
putensuyio TMMNOTE3Y.

B OBNNACTV PABMEPOB 100-1000
KM LOEWCTBYET wemssectHas Hayke
MATAA CUJTA — anmrunop (wmu aHamor)
CUJIbHOMY B3auMOJleNicTBuI0. VIMeHHO oOHa
OTBETCTBEHHA 3a 00pa3oBaHNe pasIMYHBIX
10 pasMepy OTHENbHOCTEN, U B IIEPBYIO Ode-
penb — 3a 06pasoBaHIe OTHENBHOCTEN C pas-
Mepamu 160 1 500 xm.

Orta cuna u dopmupyem mezaxnacmep-
HYI0 CHpPYKImypy Manvix nnavem,
MPOHHDIX 36€30 U BHYMPEHHUX s10ep 36€30.
VIMeHHO 9Ta 1151Tast CujIa co30aen HeoOHOPOO-

Heli-

HOCMU 6HYMPU NYTLCAPOE, KOTOPbIE IIPUBO-
AT K II€PEYNCICHHBIM BBIILIE SIB/IEHVISIM.

Y BBIIBUHYTOI TMIIOTE3BI €CTh OHA CY-
IecTBeHHas pobema. VI3 Hee OQHO3HAYHO
CTIenyeT, YTO U SA0pa 368e30 O00/HCHbI UMb
KBAHMOBAHHYI0 MACCY UI3-3a METaK/IaCTepHOI
CcTpyKTyphl nopsgka 100-1000 kM. JJaHHBIX
B II0/Ib3Y MX IIPEAIONaraeMoil reTeporeHHo-
CTM aBTOPY IIOKa HalT! He yianoch. Ecim xe
3Ta IeTePOTeHHOCTD PeabHO CYIECTBYET, TO
MOXXHO 6yfieT 0OHAPYXXUTb €€ IO C/IEFYIOLIIM
KOCBEHHBIM NPOSBIIEHUSM.

Bo-nepeévix, craTuCTMKa CIEKTpa Macc
3Be3JI, TaK )Ke KaK ¥ aTOMOB, JO/DKHA B 9TOM
CIyyae MMeTb KBaHTOBAHHbIN (IIO/MMOMAb-
HBIII XapakKTep).

Bo-emopuix,
Tp]/[ 3BE€3]] OO/IDKHBI VMMETb KBAaHTOBaHHBIN

MHOTHE€ TIpOLECChI BHY-
JDVICKPETHBIN XapaKTep, HOPMMPYEMBbI Ka-
KOi1-71100 YCTOBHOM MMHUMA/IBHON efVHNU-
Lell Macchl, KOTOpas OyheT efMHOl AIA Bcex
3Besf. DTa YC06HAA eOUHUUA — AHATOZ HY-
K70HA 6 A0pe amoma. Mbl HUYEro He MOXKeM
CKas3aTb O €€ Macce, HO OHa JOJDKHA MMEThb
pasmep, Omm3kmit k 160 kM (W ppyroit
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BapuaHT — 500 KM, O €ro NpOUCXOXXIEHUN
OyzieT CKas3aHo fjasiblie).

B-mpemuvux, ConHile He MOXKeT OBbITD VIC-
KJIIOUeHMEeM U3 IIPaBIIa, II03TOMY €C/IU Hallle
NIpeJIIoIoKeHIe O MeraKIacTepHOCTH sAfep
3Be3]] BepHO, TO B >k1u3HM CONHIIA BIIOTHE
MOTIIN 6bITb MOMEHTDI, KOI'Zla B HEM IIpOMC-
XOIWIN KBAaHTOBBIE, CKAYKOOOpasHble Iepe-
MeHBbI [7100a/IbHBIX MaciTab6oB. OueBUIHO,
YTO MX CJIefibl IOJDKHBI OCTAThCS Ha MOBEPX-
HOCTY IUIAHET, YTO MOYKHO OyIeT MpOBepuUTh
Ha 3emte u JIyHe, aHaMU3UPys 0COOEHHOCTHU
IPEBHUX OTIOKEHMIA.

Vcnonbsyst nodobue 08yx unmepea-
106 Makpo- u Mera-, MOXXHO BCIIOMHMUTb,
KaK B CBO€ BpeMs aHa/IOIMsA C IJITaHeTapHOI
CUCTEMOJI IOMOITIA PACKPBITh YCTPOICTBO
aToMa 1 ero Axpa. Terepsb mpuiiia nopa Mu-
KpOMI/Ipy IUVTIATUTDb OO/ — IIOJACKa3aTh, KaK
YCTPOEHBI IITaHETHl U 3Be3fbl. VI ecnm ycra-
HOBJIEHHbBIE CTPYKTYPHO-MacCIITabHble NHBA-
PUAHTBHI IefiCTBUTENbHO pealbHbl, TO B Jalb-
HeJlllleM UX MCIO/Ib30BaHMe MOXKET IOMOYb
PeLINTh OTPOMHOE KOMMYECTBO IMpob/ieM Ha-
YYHOTO MTO3HAHNUA MMpa. Belb 3akoHOMepHO-
CTU TE€X y‘IaCTKOB M-OCI/I, KOTOpPbBI€ 3BECTHDI

Puc. 1.37. CtpykTypa ConHua, senstoLerocs
TUNUYHOW 3BE3a0M




XOPOLIO II0 MeraMupy, MO>KHO IIePEHOCUTD
B Makpomup, U Hao60poT. VI MOXHO CKOH-
CTpyMpOBarh Bechb NeBblI Mukpounmepsar,
MCHONB3YsT 3aKOHOMepHOCTH Makpo- u Me-
eaunmepsanos. HeoOXofuMo IUIIb IOMHUTD,
9TO KpOMe MaciiTabHOro momobus ecthb
u macumabuoe «6ecnodobue», Vi UHIVBY-
Lya/lbHOCTD, IPUCYILIAs KaXKTOMY UHTEPBANY
B OTJE/IbHOCTIL.

3BE3bl (KITACC Ne 9). Paccmorpum
Merauntepsan ganbine. [Ipaee H3 n ma-
HeT Ha M-0CH paclono)XeHbl 3Be3Mbl. 3Be3-
OBl — TUIIMYHBIE M-CTPYKTYphI CO BCEMU
TpeMsi IpU3HaKaMy: OHM CepudHbI, y HUX
ecTh sAApa U UX CTPYKTypa — 000m04edHast
(em. puc. 1.37). IlpumeuarenbHO, YTO C Iie-
PeXof0oM OT 3Be3J; HeOOJIbIIOrO AyaMeTpa Ko
BCe OONbIIMM 3Be3[jaM HaOIomaeTcs OTCTa-
BaHMe pocTa Azep' .

Tax, ectu y ConHIla pasmep Agpa cocTaBs-
nset 1/4 fuaMeTpa, TO y KpaCHOTO TUTaHTa —
Bcero 0,001. CnemoBarenbHO, 4eM OoOJblie
AVaMETPp 3BE€3[bl, TEM MEHbIIIE COOTHOIIEHNE
r / R, rge R — papuyc sBesppl, a r — pagnyc
sippa (em. puc. 1.38).

ISta undopmanyst nmeer st mopenu BY
Ba)XHOe 3HaueHnue. VI3 Hee crefyert, 4TO st
s0ep 36e30 cywjecmeyem HeKOMOoPwlil NoPoz
pasmepos, uepes Komopvlii OHU He nepexo-
O0sim. AHanms Mojeneil 3Be3l MOKa3bIBaerT,
4TO CKOpee BCero aToT mopor pasen 10 cm.
B wacTtHOCTM, «B LIEHTpE KPacHOTO TUIaHTa
HaXOJUTCA BeMblit Kapuk»' .

B TO ke BpeMs, KaK M3BECTHO ', Gerble
Kap/mKu umeloT pasmepst ot 10° 1o 10" cm.
ITlosTtoMmy 1o Mepe IpOABVKEHUSA BJIONb
M-ocu u3 nonysonusl siaep 3sesn (KJTACC
Ne8) mbl momazjaeM B 3BE3[HYIO [TOTYBOMHY
(KJTACC Ne9), «ocTaBnssa» ssapa 3a IOporom
nepecedyenns BY ¢ M-ocoio.

Ecnt 6envie xapnuxu (BK) — onnopop-
Hble IIapbl, He MMeEIIe HI sAfpa, HUu 000-
JIOUeK, TO CPeOHAs 36e30a 2/IA6HOL nocie-
dosamenvrocmu ([T1) mmeer yxe n sppo,
u chepuyeckyo ¢GopMy, a B MOfenu Kpac-
Hozo euzanma (KI') sppo ocraetcss ManeHb-
kuM — (BK). TToBTopum, uTo pasmepst sapep
3Be3[| B OCHOBHOM He TipeBbrmaior 10" cM,
T. €. HE BBIXOIAT 32 MOPOT SIEPHOTO KIACCa.
ITocKOIBKY camyt 3Be3/IBI PV 9TOM MOTYT JO-
CTUTATh TUTAHTCKUX pasmepos — 110 10™° cm,

Boirom geHH?
INEKTPOHHRN rA3

Osoncura
MOEANEHOTO
rAGA

MEPEHOC IHEPTIAM
W3NYHEHMEM

A
KOHEEX THEHOE
A0PO

4

MEOTERFMUSECKOE

Puc. 1.38. Mogenu BHyTpeHHero cTpoeHus 3ee3f (o .C. LLIKNoBCKOMY) B 3aBUCUMOCTH OT pa3mepoB

MEPEHOC SHEPTVK
M3NYHEHWEM

1 — 6enblit KapnukK,

2 — mopenb ConHua,

3 — KpacHbIN Kapnuk,

4 — maccuBHas 3Be3fa,

FENWEBOE AOPO
= 5 — KpacHbIN ruraHt
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TO COOTHOILIEHME MEXIY HUMI U UX AApaMu
npesbimaeT 1000 1 MOXKeT TeOpeTUYeCKN 10-
crurHyTh miporopryu 10°. Hamomuum, 4To
MIMEHHO TaKOBa HPOIOPLMS MEXIY aTOMaMu
" ux Appamn!

36e30p1 — caMble CUMMETPUYHbIE CH-
crembl Beenennoit. Vix chepmueckas cumme-
TpuUsL — IpUMep uaeanbHoit popmbr M-Tuma.
Her npuymH cOMHEBATbCsI, YTO BHYTpPeHHee
CTpOeHVe 3Be3[l MMeeT OOOTOYEUHBIN Xa-
pakrep. IIpi 9TOM, COITTACHO COBpPEMEHHOI
TEOPUI 3BE3LHOTO TEPMOSAEPHOTO CHHTE3a,
VMEHHO SpPO 3Be3[l SB/IAETCS OCHOBHBIM
MCTOYHUKOM €€ TEIIOBOI 9HEPTUIL.

Nrax, 3BE3ObI asnawor coboit MOJI-
HbIh HABOP TMPU3HAKOB MOHO-
LEHTPNYECKNX CUCTEM: yenmpano-
HOoe U O4eHb 6adcHOe ONA 6Cell CUCHeMbl
s0po, 060noueunyro cmpyxmypy u cdepuue-
ckyto dopmy, a 6oxpyz 36e30v1 00pasyemcs
paduanvho-nyueeass cmpykmypa KopoHvl
(em. prc. 1.39).

Ocraercsi JMIIb YCTAHOBUTH, SIBJISIOT-
Csl U SIf{pa 3BE3Jl CTOJb JKe€ KPOIIEYHbIMU
II0 OTHOIIEHMIO K pa3MepaM caMuX 3Be3f,
KaK I s/jpa aTOMOB 110 OTHOLIECHMIO K CAaMUM
atomam. Jrtoro Brnonne moxkao OXKUOATD,
UCXOIA U3 mMacumaodno20 nooobus 36e30
U AMomMos, omcmoAuux 0pyz om opyza pos-
Ho Ha 20 nops0x06 no M-ocu.

Ecm ato mpepionoxeHue Oymer MHOf-
TBEPXK/IEHO [Ja/IbHEMIINMI MCCIeOBAaHNAMMI
BHYTPEHHUX CTPYKTYp 3Be3f, TO 9TO Oymer
SIBJISITH COOOI1 el1je OfVH YVIBUTETbHBII IIPK-
Mep MfieaIbHOrO MacCIITabHOro I0Zo0Ms.

Ecnu sxe mns 3Besn mporopuus 10° He
OOHapY>XUTCSI, 9TO OyfeT O3HayaTh, YTO
B IPMpOJie HA JJAaHHOM YydYactke M-ocu da-
CTUYHO HapyLUIEHO MaciiTabHOe Iofo0ue,
YTO [JO/DKHO MMETh CBOM IpMYMHbL Iloka
HecoMHeHeH mub crepyomuit BbIBOM:
CPEOHVA PA3MEP 3BE3[ TOYHO
B 10*° PA3 BOJIbLLE PA3MEPA ATOMA
BOOOPO[A.
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Pwuc.
KOpOHbI. Cnesa — HOPMbI KOPOHbI B Nepuos,
MWHVMYMa COITHEYHOM aKTMBHOCTM, cripaBa —
B Nepunoa Makcmmyma CONTHEYHOW aKTUBHOCTW.
BuaHa pagmansHo-nyyeBas cCUMMETpUS

1.39. PasnuuHble hOpMbl COMHEYHOM

Wrax, Bospauiasich B Hayano MEFAVH-
TEPBAJIA, mbr ob6HapyxuBaeM makoii e
pe3Kuil nepexod om NOMUUEHMPUUECKUX ClU-
cmem K MOHOUeHMPUUECKUM, KaK U B HadaJie
MAKPOWHTEPBAIJIA. II-cTpykTypbl, KOTO-
pble [IPEBAIMPYIOT /IO HAdYala STUX MHTEpBa-
JI0B, OBICTPO CMEHAIOTCS SIPKO BBIPAKEHHBIMIT
MII-CcTpyKTypaMu, KOTOpble OKOHYATeTbHO
TpaHCcGOPMUPYIOTCST B M-CTPYKTYpBI POBHO
depes 5 HOPSALKOB OT HAYa/IBHBIX TOYEK WH-
TepBaoB (cM. puc. 1.35).

Ananormuno MAKPOWHTEPBAJTY Ha
METAVMHTEPBAJIE mbl BumnM, 4TOo cMeHa
ITI-cTpykTyp (depes mepexomusie MII-¢pop-
MbI) Ha M-CTPYKTypbl IIPOMCXOSUT B VH-
TepBajie TePBbIX IATH MopAAkoB (or 107 1o
10" cm), npuyem M-CTPYKTYpBbl TIOTHOCTbIO
JIOMMHUPYIOT B MHTepBaie pasmepos or 10’
mo 10" cM, T. e. Ha TOTbeMe TIEpPBOTO TOp6a
MEFAMHTEPBAJIA. Opnako mOCKONBKY
BCTPEYAIOTCS 3BE3[IbI-TUTAHTBI, KOTOPbIE [0-
cruraioT pasmepos 10'*° cM, To mpu orenke
PACIpPOCTPAHEHHOCTH IIO/IHOCTBI0 MOHOLEH-
tpudecknx crpykryp METAVHTEPBAJIA
CTIeffyeT OTMETHUTb, ITO OHN 3aHMMAIOT, B OT-
mmane ot curyanyu Ha MAKPOWHTEP-
BAJIE, Becp Bepxumit rop6 BY (sBespublil
kmacc — KJTACC Ne9), . e. yensix 5 nopsu-
KOB. IIpu 9TOM ellle pa3 OTMETNM, UTO JIEBast
4acTb 3TOTO rop6a JJINHON B 2,5 mopsApka



«3aceleHa»  UCKAouumenvHo M-CTpyKTy-
pamu. Hem ceedenuii o cyuwjecmeosanuu
& npupooe II-cmpyxmyp ¢ pasmepamu om
10°° 90 10" cm!

Ha M-ocu 3a BepuIMHOI 3Be3HOTO Ipeb-

H NIOSABJIAIOTCS. HOBble MUnbl CPYKmyp.

MAPHbBIE 3BE3Abl 1 CUCTEMbI N3
3BE3[ (KJTACC Ne9, 10) — cBoero popa
3BE3[IHBIE «MOJIEKY/Ibl». He ynuBuUTeIbHO /N,
YTO MX IOsAB/IeHMe Ha M-ocu ToyHO Ha 20
HOPSAIKOB OTCTOUT OT aHATIOTMYHOTO MOsABIIE-
Hus Morekyn us aromoB Ha MAKPOVHTEP-
BAJIE? PaccmoTpum Gonee nopo6HO pacro-
JI0KeHMe 3BE3HBIX cucTeM Ha M-ocn.

IyTb BripaBo mo M-ocu ot rpe6us 10" cm
NPUBOJUT HAC CHAYaIa K HAPHbIM 36e30aM,
3amem K KPamHvIM cucmemam, K zpynnam
u 3axanuueéaemcss 6 o06nacmu WAPOBYIX
u paccesnnvix cxonnenuti (pasmepamu 0
10% cm)'®. Bee aTu 3Be3HBIE CHCTEMbI IO
LeHTpuyHbL. HeKOTOpOe NCKIIoUeH e COCTaB-
ot LUAPOBbBIE CKOTMIEHUA, guamerpst
KOTOPBIX 3aHMMAOT muamason 10°-10" cm
(3TO OTTONOCOK MOHOLIEHTPU3Ma, KaK 1 Besfie
B TouKax nepecevenust BY ¢ M-ocbio).

Paccrosinust mexxny Bcemn 3BE3OAMU
B MAPAX nexar B unrepsane'® or 10" 1o
10" cm. CnepioBarenbHO, BCe TIapHbIE 3Be3-
JIBI 3aCEJISIOT UCKTIOINTENBHO NPABbILE CKIIOH
nepsoro rpe6us METAVIHTEPBAJA.

Bce CKOIMJIEHMNA 3BE3[ — pacce-
SIHHBIE U IIAPOBble — DACIIONIOKEHDl B [0-
BOJIBHO Y3KOM JIMana3oHe pasmepoB'"’ — or
610" cm 10 10 cm.

CrneqoBarenbHO, aCTPOHOMMM TOKa He-
U3BECTHBI MOMMUIEHTPUYECKNE CTPYKTYPBI,
pasMepbl KOTOPbIX HAXOXMINCH OBl B AMa-
nasone ot 10'° 1o 10" cm. Ator amnupu-
YeCKU YCTaHOBJIEHHBIT (DaKT MHTEPECEH €llle
¥ TeM, YTO omcymcmeue Ha M-ocu nonuien-
MpuUHecKux cCucmem COBIAJAET C HIDKHEI ya-
CTBIO — «AMOI» — SANEPHO-TATTAKTUIECKOI
sormabl  (KJTACC Ne10), pacnonoskenHoit
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Mexpy neymst ropbamyr METAVIHTEPBA-
JTA na mopemn BY (em. puc. 1.34). Opgnako
UMEHHO B 9TOM AMAIa30HE PasMepPOB pac-
HOJIOKEHO MHOTO CHUCTEM C CUJIBHO BbIpa-

JKEHHBIMU TIPU3HAKAMIU MOHOLIEHTPUYHOCTH,
nanpumep: KBASAPbBI, A0PA TAJTAKTUK
W NMJIAHETAPHBIE TYMAHHOCTW.

FASOBbIE TAJTAKTUYECKUE TV-
MAHHOCTWU (KNMACC Ne10). MssecrHo,
4qTo HaI/I6OTIee CI/IMMeTpI/I‘—IHbIe U3 HUX — niaa-
HemapHvie, KOTOpbIe 110 (OpMe Ualle BCero
HarmomuHaoT Top'® (cM. puc. 1.40A). B ca-
MOJT G/IM3KOIT M3 HMX 0GHAPY>KEHbI BOTOKHA,
UAYLIVeE U3 LeHTPa K nepudepuit, Kak CImbl
y Koneca. Tak Kak 9Ty JieTany HaxOfsATCs Ha
mpefiesie pasperianleil CloCOOHOCTU Tete-
CKOTIa, TO aCTPOHOMBI TIPETONATAIOT *° X
Ha/M4ye y BCeX IUIAHETAPHBIX TYMaHHOCTET,
XOTS Y JA/IbHYX VX He BUJTHO.

BoNbLUIMHCTBO nAaHemapHvIX mymanHo-
cmeii umeet pasmeps 107-10" cm u o6maja-
eT BecbMa CHMMETPUYHON (POpMOIT HecMo-
Tps1 Ha OYeHb HUBKYI0 IIOTHOCTb — OKOJIO
107 r/cm3.

AGCOMIOTHO He CUMMETPUYHBIMU U TIPAK-
TUYECKM XAOTUYHBIMU — SBIAKTCA Oug-
dysnvie mymannocmu, tuna KpabosugHoir
(cm. puc. 1.40B), koTOpBIE ABTSAIOTCS OCmAm-
Kamu 63pvlé06 céepxHO6vIx 36e30. VIx Tu-
mraHble pasmepbl — 10710 cwm.

CpaBHuBasI 9TU [Ba BUJA TYMAaHHOCTEI,
KOTOpBIE COCTOAT M3 OFHOTHUIIHOTO paspe-
JKEHHOTO ra3a, MOKHO OTMETUTD C/IefyIolIee.
Te TyMaHHOCTH, KOTOpbIe MMEIOT pasMepsl,
COOTBETCTBYIOIIYIE HUMNCHEI] o1Ke NOmy60i-
#ot BY (sTa TOYKa cormacHo Hamel Mopmenmn
o6majjaeT IOBBILIEHHON YCTONYMBOCTHIO),
0071a/JAl0T 1OBLIUEHHOT] UEeHMPATLHOLL CUM-
mempueii (TopoBas ¢opma U pajuaabHaA
CUMMeTpUs comi). A TYMaHHOCTH, pasMe-
PBbl KOTOPBIX COOTBETCTBYIOT HEYCTOMYMBOI
3one Ha mopmenu BY, mmeror Hecummerpuy-

HYI0 Gopmy.



Pwuc. 1.40.

A. MnaHeTapHas TyMaHHOCTb, pasMepsbl
KoTopom 6nm3ku K 10'7-'® cm. YeTko BuaHa
KonbLesas cuMmeTpusi. He BuaHa, xoTs
1 06HApyXuBaEeTCs, paauanbHas cuMme-
TPUS «CrnLy».

B. Kpa6osupgHas TyMaHHOCTb, pa3mepsbl
KoTopon 6nmakn K 10%° cM. XaoTuyeckas
BOJIOKHUCTasi CTPYKTypa He WMeeT Ka-
KUX-INGO MPU3HAKOB CUMMETPUN

Ha HepBin[ B3I714[, HPI/I‘H/IHa pa3}H/I‘H/IH
B CMMeTpUI — 6 xapakmepe npovecca 06-
pasoBaHMs TYMaHHOCTeil, Befb TOPOBbIE
naanemapHvie MyMaHHOCMu 00OPasyIOTCS
[yTeM MEIJIEHHOTO ¥ CIIOKOIHOTO OMpuiéd
o6onouex kpacupix rurantos (KIN), a myman-
Hocmu muna Kpa6osuonoii — B pesynbra-
Te IPAH/VIO3HOTO 83Dbl6d CBEPXHOBBIX 3Be3[
(C3), uro npuBoguT K 6ypHOMY HpOLECCY
HepeMeIlnBaHsl BELeCTBA I TIOTepe BCAKOM
cumMMeTpun. 10 0OBACHEHNE MOXKXHO OBLIO
6Bl IPUHATD, €N ObI HEe HEKOTOPbIE HENAB-
Hite HaOmopeHys1. OHu [TOKa3au, YTO OCTat-
KJ B3PBIBOB CBEPXHOBBIX IIPOXOMAT CTALUIO
607ee BBICOKOIT CMMeTpuy (pOPMBI TIPH pas-
Mepax, 6rmskux k 107-10" cm. Kpome Toro,
BHYTPM XAOTHYECKMX BOJIOKOH aCTO MOX-

1o AOBOJIbPHO CMMMETPUIHDIE

HO HaOII0HaTh
CTPYKTYPHBIe ieTai — sIpKue KOJIbLia C pas-
Mepom okono 107 cwm.

CrnenoBaTenbHO, B3PBIBHAS ~MHAMMKA
npolecca He BIMsAET HA BO3MOXKHOCTb 06pa-

30BaHNA CYMMMETPUYIHDBIX (1)0pM, " 2/1a6HLIM
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6 IMOM CTyHae AGNAEMCA He PAZHUUA 6 OU-
HamuKe npouecca, a Macima6HLii yposeHv:
€C/I OH COOTBETCTBYET 30He NOBbLIUEHHOLL
ycmotiuusocmu u cummempuu (T. . HYDKHe
AMKe HoMyBonHBL BY), To maxke BHyTpuU xao-
TUYHBIX TYMAaHHOCTel 0OpasyloTcsa CUMMe-
TpUYHbIE CTPYKTYPHBIE YaCTN.

AOPA TANAKTUK (KJTACC Ne10).
CHauasa IpyBefieM JJaHHbIe 00 X pasMepax
M HEKOTOphIX ocobeHHOCTsX. Ilo maHHBIM
2.4 BI/IIII)KOBI/ICKOI‘O111, Afpa TamakTUK Co-
CTOAT U3 BHYTPEHHEII CTPYKTYPhI (COOCTBEH-
HO sifipa), pasMepbl KOTOPOIl JIe)KaT B AMa-
masone 107-10" cm, u BHemHeil 060/109KU
(3-10"% - 10 cm). ITo manusiM B. Bamuka
u P. Bpayna'"?
JIAEMCA 04eHb KOMHNAKMHbIM PAduoucmoy-
HuKoMm ¢ pasmepamu ropsika 10' cm.

, ;lbpo Hawetl lanakmuxu s6-

«Y CcrmpanbHBIX TaTaKTHK, KaK Ha6mo-
JlaeMBIX B IUTaHe, TaK M OOpAlleHHBIX K HaM
pedpoM, 0OBIYHO XOPOLIO PasINYNMO ALPO.
9ro Hambonmee sApKag OO/MACTb CIUPATBHOIN



ra/JIakKTUKN. SI1po HabMonaeTCs 1 y YedeBnLie-
o6pasHbix ramakTrk SO. B sjmTiyecknx ra-
JIAKTMKAX [IPU3HAKY €r0 MO>KHO OOHAPY>KUTh
TONBKO y Hanboree OKarhIx ranaktuk E6-E7.
Snpo — Hanbonee mIoTHAs 06/1ACTH TATTAKTH -
K. 9TO ecTecTBeHHO. V y Apyrux 3Be3gHBIX
CUCTEM — IIAPOBBIX CKOIUIEHMII, PACCEsTHHBIX
CKOIUIEHWII — LieHTpajIbHble 00/IACTI NMEIOT
HanbOMBIIYIO 3Be3JHYI0 IIOTHOCTH. OIHAKO
VICCTIEOBAHMS TTOCTIEAHNUX JIET [TOKA3aI, YTO
Anpa TATAKTVK... OOMAJAI0T PASOM BaXKHBIX
ocobenHocTeit. Tak, BBISICHIIOCH, YTO B CAMOM
LEHTpe s/jpa MOXKHO OOBIYHO OOHAPYXNUTb
elle OfHO CWIbHOE YIUIOTHEHME — SIpPBILI-
Ko... BpalljaeTcs oHO Kak TBEpHIoe Teno» ' .

Pasmeps! a0pviuxa npumepro 10 mapcex,
wn 3 - 10" cm, iepuon BpameHns okono 500
TBICSIY JIET, IVIOTHOCTH B 20 000 pas 6ombiie,
yeM B okpecTHOCTAX ConHIa.

«CormacHo B.A. Ambapuymsny, sgpa —
OCHOBHas1 aKTMBHasi 00/aCTb B Ta/jAKTUKAX
M MECTO COCPENOTOYEHMsI CBEpPXIIOTHOTO
BeleCTBa. [a/aKTIYeCcKIe B3PBIBBI IEepeHa-
CBILIIEHHOTO 9HEpPrueil CBEPXIUIOTHOTO Bellle-
CTBa BBIOPACBIBAIOT €r0 YacTU 13 sAfpa BMe-
CTe C IONYTHO O0OpasyILMMUCS 3Be3gaMu
¥ Ta30M BJIO/Ib CIIMPA/IbHBIX IMHMIA, T7ie B pe-
3y/lbTaTe HEIPeKpallalolierocs Apo6IeHNs
JacTeil CBEPXITIOTHOTO BEI[ECTBA IIPOJO/IKa-
eTcs rporecc popMUpOBaHMA 3Be3]] U Bbljle-
nenns muddysHoit MaTepum»' 4,

ITo HeKOTOPBIM OLleHKaM' '°, B IIeHTpe Ha-
meit [a/aKTUKM KOMITAaKTHOE SIPBIIIKO MMe-
eT pasmepsl He 6oree 10" cm.

B appax ramakTuK 49acTo IIPOMCXOJAT
OypHbIe ¥ HEOZHOPOJHbIE Hpoueccmm. 3Jto
CBUJIETENIBCTBYET O HEKOTOPOI MAKpOHeoo-
HOPOOHOCMU 8HYMPU ST0ep, TOITOMY TPYLHO
IPUBECTN MX CTPYKTYPY K HPOCTON TpaBu-
TAIMOHHOI cdepe. «AKTUBHBIE spa rajlak-
TUK — K HMM OTHOCSITCS M KBa3apbl — CTaIn
HOBBIM KJIACCOM ACTPOHOMUYECKUX OObeK-
TOB. DTO CaMble MOLIHbIE 1 CaMble HeCIIOKOII-

o 117
Hble 06'beKThI BeceneHHom» ' .
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Boxkpyr nekoropbix KBASAPOB Hepas-
HO ObUIM OOHApy>KeHbI C/I1abOCBeTSIeCs
TyMaHHOCTU. 3a 9QeMepHBIl BUJ] AHIINII-
CKJe ¥ aMEPUKAHCKIE aCTPOHOMBI Jay UM

KpacuBoe HasBaHme «fuzz» IyLIMHKA.
ITpaBpja, pasMepbl UX OKa3alucCh TAKUMIU Xe,
KaK ¥ pasMephl TaMakTHK. Takum o6pasom,
HEKOTOpbIe KBa3aphl PaCIIONIOKEHBI B IIEHTPe
TUTAaHTCKMX TYMaHHOCTell (IpeIBeCTHUKOB
HOSB/IEHUS TaM TaJTaKTMK?!) «KaK IUIOTHOE,
KPOILEYHOE 3ePHBILIKO TOIOMA B CBOEIl Iy-
X0BOit 060mouke»' .

Cornacao b.A. Boponnosy-Benbsamuno-
By”g, pasMepsI KBaszapos paBHbl 10°-10"7 ¢,
a cornacHo Busbkosuckomy'?’, oHu paBHBI
10-10" cm. o apyrum manubiM'>', pasme-
PbI KBa3apoB MOI‘YT JOCTUTATb 6OIII)II_II/[X 3Ha-
yeHuI: kBasap 3C345 nMeeT B MONepeyHNKe
6 - 10" cM, a TMTIMYHbIE pa3Mepbl KBa3apoB
nexar B muanasone 3 - 10 - 6- 10" cm.

Takoe pacxoxkfieHMe B OLIEHKe CpPefHMX
pasMepoB KBa3apoB CBA3aHO, BULUIMO, B IIep-
BYIO O4epelb C TeM, YTO OHU IPeCTaB/IAIT
co60i1 Heo0HOPOOHOe MHO20C/IOliHOE 06pA30-
8aHue ¢ paspeiceHHoll 000104KoOL, A0epHOI
0671acMbI0 1 A0POM, Y TIOITOMY KaXKIbIil 13
CIIELIVA/IICTOB BBIOMpPaeT B KayecTBe IPaHM-

bl TO VJINL UHOE 06paSOBaHI/Ie.

Wrak, 6 uenmpe MEFANHTEPBAIJIA,
B CaMOll HIDKHE TOYKe TMOTeHIIMATbHO
SMBl YCTOMYMBOCTH, — MEX/Y ABYMS TOp-
6amn BY, mpr o6HapyxnBaem (cm. puc. 1.35)
MII-cmpyKkmypol ¢ ueHMPanvHbIM 3HAYUMBIM
A0pom (a 803mMONHO — daice co ceputeckoil
popmoii). Ilpn sTom Bce aTu MII-CTpyKTypbI
3aHMMAIOT Ha M-0CH MMEHHO TOT IMAIa3oH,
KOmopoiii c60600eH OMm UUCIBIX NOTULEH-
mpuueckux cucmem. [laxxe ecu B [jabHell-
meM ¥ YEACTCA OOHAPY>KUTh HOMLIEHTpHYe-
CKUe CKOTIIeHUs 3Be3f| C pasmepamu ot 10"
110 10'*® cM, To 310 GyZIyT OUEHD peNKIE CTPYK-
TYPBI, TOCKOZBKY BO MHOXXECTBE MPOIIIBIX
HaO/IIOfIeHNIT OHY OOHAPY>KEeHbI He OBUIIL.



Bopown1oBbiM-BenbsamMrHOBbIM B 1969 romy
6bUTa BBICKA3aHA'> TMIIOTE3a, COIIACHO KOTO-
poit KBA3APbI, npobsimmecst Ha vactu (1mo-
HOOHO MeNAIIENiCs KIIETKE), COCTOAT M3 KOM-
[IOHEHT, KaKfas 13 KOTOPBIX MMEET CBOIO
CKOPOCTD VHA/IeHNsI OT HabmopaTess ¢ 3eM-
. OTUM OODBACHSAETCS Psifi aHOMAIMIl UX
CIIeKTpa, KOTOpbIe COBEPIIEHHO HEBO3MOXKHO
OOBSICHUTD C MO3UINIT OFHOPOAZHOI cdhepu-
YeCKOV MoJien™.

ITockonpKy KBasapbl HAXOJATCA Ha Ta-
KOM >Xe MecTe MeranHrepBaia, KaK U KIeT-
Ka Ha MaxkpounrepBane (cm. puc. 1.34
u puc. 1.26), To ux OeseHue Ha HAcmu ¢ Moy-
Ku 3peHUss MACUimadHoeo nodobuss — 6nonte
8eposimHo. B aTOM ciydae OHM MOTYT Haxo-
[UTHCS B MOHOSI0epPHOM CTaOUIBHOM IIOJIO-
JKEHUM POCTa ¥ HAKOIUIEHVS BEIIeCTBA VN
B nonusdepHoti (B IpoCTeiilleM Clydae —
6uHapHOIT) (pase aKTMBHOTO He/IEHNs C OYe-
BUJIHO HEOJHOPOJHOI CTpyKTypoil. CBupe-
TENbCTBOM B 9Ty HOJIb3Y SAB/IAETCS TOT (aKT,
4T0 60 % BCEX PafVONCTOYHNUKOB (siiepHBbIE
o6/1acTu TajaKTUK) — [ABONHbIE. IBOIIHAA
CTPYKTypa HaOmofaeTcss M y HEKOTOPBIX
KBaszapos' 2,

K coxarnennto, mpsimoe HaOmofieHne 3a
SIFpaMI Ta/IAKTUK HEBO3MOYXKHO, 160 OHM, KaK
[IPABUJIO, 3aKPBITHI 0OOIOYKOIT, B COTHM pa3
[IPEBOCXO/AIIEI UX 110 padMepam. VIcrounn-
KaMy MHQOpMALUM SABJSAIOTCA HEKOTOpbIe
KOCBEHHble HAOMIONEHNs: CKOPOCTb Tas3a,
[EPUOANYIHOCTD BpAIeHNUs, OFHOPOJHOCTH
U3NydeHNss ¥ T.IL. OTO IIO3BONSET CTPOUTH
Mmodenu A0ep 2anaKmuk, KOTOpble BEpOsT-
HO MMEIOT HEKOTOpPble MPU3HAKN MOHOILEH-
TPUYHOCTH: cheprdecKyio (GopMYy, SPBHIIIKO,
HO BpsI/] /I OHM MMEIOT 00O0/IOUKIL, ¥ CKOpee

* Kcrary, actpodusyKM MOMAraT, YTO (parMeHThI
[ENAIMErocs KBasapa BIIOCTEACTBMM HPEBPAIAITCA
B rajlakTiyeckue rpymimsl. He HamoMuHaeT u 3T0 HaMm
MIPOILECC, KOTOPBIN UleT TOYHO Ha 20 MOPAJKOB /ieBee
110 M-0cH, a MMEHHO — IIPOIIeCC Jie/IeHNs K/IeTOK, B pe-
3y/IbTaTe KOTOPOTO MOXKET MOSABUTHCH KOTIOHMA U3 KIle-
TOK VIV Pa3BUTBCS MHOTOK/IETOUHbII OPTaHU3M.
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BCETO OHM He ITOXOXX!M Ha TUTaHTCKUE 3Be37bl
10 CBOell BHyTpeHHel cTpykrype. Cobnas-
HUTEIBHO JlaTb UX CmpyKmype coomeem-
cmeue nodo6us ¢ HuUeoli K1emxoii, OTHAKO
sro MPEOMNONOXEHUE tpe6yer ouens
TIIATETbHON IIPOBEPKIA.

[lo maHHBIM acTpodUMKM >, TTABHbI
MCTOYHMK SHEPIMM /Il aKTUBHBIX sAfep ra-
nMakTUK — depHble gpipbl (U]]). Ecu aTo Tak,
TO pasMepbl rajakTudeckux YJI paccunroiba-
10TCsA 10 hopMyIe:

R,=2-G-M/c*=3-10°-M/M,em.  (1.8)

CpenHne Macchl TaJAKTUK®® B 3aBUCHK-
MOCTM OT THUIIA KONIeOMITCA B AMalla3oHe

5 Tlo 6onmee TOYHBIM

10°-10""® macc Conuna
oleHKaM sinanaszon mupe: ot 10° o 10" macc
ConHna. CnefoBaTe/bHO, 603MOXMCHbIE PA3-
mepor Y[ Ui ranakTHK, BBIYMCTIEHHBIE IO
dopmyre (1.8), nexar B uanasone ot 10" cm
10 10" cm. OfiHAKO yYUTBIBAS, UTO Y Ma/leHb-
K/X TalaKTUK IPAKTUIECKM OTCYTCTBYIOT
sipa, TeM 6oree akTMBHBIE, AuanasoH Y[
IUISL TAJIAKTUK JOJDKEH COKPATUTBHCS 110 MU-
HUMAa/IbHOMY IIOPOTY, I CKOpee BCero OH Ha-
yyHaercA ¢ 10" cm.

[IoaTomMy c ompeneneHHON [oO7el Bepo-
araoctu MmoxkHo [MOJIATATb, uro akTuBHBIE
sfipa TAMAKTUK B pOpMe HepHbIX Oblp VIMEIOT
pasmepst o 10" 1o 10" cm. ViMeHHO TaKOBbI
061acT MPOCTPAHCTBA, OMKY0a ucmexaem
anepeus. V1 3aMeTuM, 4TO MMEHHO 3TOT IM-
amasoH pPa3MepPOB COOTBETCTBYET HUJCHEI]
30He S0epHOll 2anAKMUYECKOLl NONYE0THDI
Ha BY. HanmoMHMM, 4TO MMEHHO B IIO06HBIX
HIDKHMX 30Hax BY mpyt ocHoBHbIE aHepre-
TUYECKIe TporLeccsl (sapa atomoB — Ha 30
MTOPSIIKOB JIeBee, siipa 3Be3n — Ha 10). to

** «...OnpepienieHNss Macc Ta/laKTUK HEPEAKO OTHOCAT-
Cs1 TOZIBKO K VX sifiepHbIM obmactsam» (B.A. BopoHios-
Benbammuos, mmr. cou. C. 163). IMosromy, 4TOOBI
HOJ'IY‘-II/IT}_) TeOpeTI/I‘-IeCKyIO BO3MOXHOCTb CpaBHI/ITI) -
aTa3oHbl Pa3MEPOB CYLIECTBOBaHMA rasaktuyecknx /I,
cuenaem crenytoutee NPEOMONOXEHWME. Tonycrim,
uro macca Y[ cousmepuma c maccoii éceii zanaxmuxu.



elje pas CBUAETENLCTBYET O €CTECTBEHHOCTH
KTaccnpUKALMOHHBIX CBOJICTB HAllell Mo-
nenbHOI BY (cm. puc. 1.7).

FTANAKTUKW (KITACC Ne11). Cnegom
3a ITApOBBIMM CKOIVIEHMAMM Ha M-ocnu npyT
Kap/IMKOBble TalaKTMKM, 32 HUMM — OObIU-
Hble TaJTaKTUKIL.

BoMpIIMHCTBO TalaKTUK TUIMYHDIE
nonuyenmpu4eckue CTPYKTYPBL, COCTOSLINE
U3 MHOXKeCTBA 3Be3J, OJOOHO TOMY KaK 13
aTOMOB ¥ MOJIEKYJI COCTOST Tena B MakponH-
TepBase. JIMIIb HEKOTOpBIe BUBI T'aTaKTUK
MIMEIOT YeTKO BBIPa)KeHHOE U aKTUBHOE ALPO.
B ocHOBHOM 9TO — chupanvHvie TanaKTUKN
(cMm. puc. 1.41), KOTOpBIe 3aHMMAIOT BEPLINHY
BTOpOro rpebHsa MeranHTepBpara.

KcraTn, 6ce 6udvt eanaxmux He mozym
mparcopmuposamocsi 0pye 6 Opyea, Tak Kak
OHM VIMEIOT Pa3HYI0 MacCy ¥ PasHbIN YITIOBOI
MoMeHT Bpaienns '*°. VI To u ipyroe, 1o MHe-
HIIO COBpPeMEHHOI GU3UKIL, He TepseTcs U He
npuobperaercs. T. e. Gonvuiue 2anakmuxu
HUK020a He ObLTY MATeHbKUMU, VI HAOOOPOT.

Ecmu aTo felicTBUTENBHO TaK, TO § Ma-
neHpbkux ramaktuk (10°-10" cm), KoTopble
Oobllell YacTblo — IMAUNMUHEcKUe, BHY-
TPeHH:A CTPYKTypa B OCHOBHOM IIO/HUIICH-
TpuuHa* (HeT obonovek M sAnep). BHemrnssa
ke opMa TAroTeeT K chepuieckoin (ammn-
conpr). ¥ 6onpmmx ramaktuk (102-107 cm),
KOTOpbIe OONbIIeNl YacTbI0 — CHUpATbHDIe,
dopma panexa oT chepbl, HO MPAKTUIECKN
BCer/ja ecTb AAPO.

* Tanpka Ha 6epery — aHa/Ior HeOOMbIINX /UIUITHYe-
cknx ramakTvk (3I). CooTHOIIEHNME pasMepOB TalbKu
” aToMa BHyTpI/I HEe IIPAKTUYECKN TaKO€ K€, KaK COOT-
HOILIIEHVE pasMEPOB ITUTITUYECKON TAJTAKTUKI U 3BE3-
nb1. Dopma ranpkn u I — swmnconpanbHad. Adnep,
Kak IIpaBIIo, HeT. Pasmeps! ranbku TakoBsl (~10 cm),
YTO OHa 3aHMMAET JIeBblil CKIOH TpebHs BY, Bepim-
Ha KOTOPOro umeer KoopauHary 10° cm. Pasmepst 9T
TAaKOBbI, YTO OHM 3aHMMAIOT JIEBBINT CKJIOH I‘pe6H${
BY ¢ Bepmmnoit B Touke 10” cm. Paccrosnue Mexpy
Humu — 20 opsAaKos no M-ocu.
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Puc. 1.41. CnnpanbHas ranaktuka ¢ Spko Bbl-
paxKeHHON afepHoN 061acTbio U CYTHUKOM

Takum 06pasoM, Mbl BUAUM, 4TO B MUpe
rajJakTUK B OCHOBHOM DAacCIpOCTPaHEeHBbI
MII-cTpyKTypbl.

Hanbonee MHOTOYMC/IEHHBI aAfunmute-
cKue 2anaKmuKu u Kapaukosvle 2anaxmu-
xu (tuma Cxymbntopa)'?. K atomy BBIBOZY
aCTPOHOMBI IPUIIIU ITOC/IE MOfICY€Ta COOTHO-
IIeHN YMCTIA SNIUNTUIECKNX Y CIMPATbHbIX
ramaktvk. 10.J1. Edpemos, o6paboras maH-
HBbIe KaTaJIoTOB TaJlaKTUK, IPUIIET K BHIBOLY,
YTO «IJUIMNTUYECKUX TaaKTUK IPUMEPHO
B 100 pas 60/bIIe, YeM CIMpPaTbHBIX -,

[TockonbKy 6onbUUHCME0  IAAUNMU-
HeCKUX 2aNAKMUK ABAAIOMCA KAPAuKamu,
a cnupanvHovIX — 2u2aHmamu, TO CTaHOBUT-
s AICHO CrIefiyIolee.

OcCHOBHOE KOMMYECTBO Ta/laKTUK, MMe-

021—22 CM),

folux Hebosbie pasmepsl (zo 1
O/IDKe K TIOMIOCY nonuyeHmpusma; 6ombpliie
JKe TaJlaKTMKM, KOTOpble B OCHOBHOM CIIM-
panbHble, nMeT MII-cTpykTypy ¢ 06:3a-
Te/IbHBIM SIIPOM.

Ilo T.A. Areksany'®, Kpome CIMpanTbHBIX
TalakTVK Sipa MMEIOT ueuesuuHoobpastvle
ramakTvkn SO U HeKkoTopble U3 Hanboree
CKaTbIX 9JUIMNITUYECKUX, Hartpumep E6-E7.

3a I'UraHTCKMMU CIVMPAIbHBIMY TalTaKTU-
KaMy Ha M-ocu ClIeflyioT eHe30a 2anaKmux,
napHvle 2anaKmuKku ¥ JPYyTUEe CUCTEMBI,



Puc. 1.42. CtpykTypa MeTaranaktuku.

Ha aToin kapTe nokasaHo pacripegesieHue OBYX MUIIIMOHOB ranakTuK (BCEro ux AecsiTb Munnvap-
[0B) AS19 OQHOIO U3 y4acTKOB Heba. ManakTnku cobpaHbl B CBEPXCKOMIEHUS, KOTOPbIE 06pa3yroT Crou
1 NeHTbI, pasgenieHHble 60MbLIMMM MYCTOTaMu; N0 CTPYKTYpe 3TO HANOMUHAET MeHy

cocrosmue u3 ramaktuk. dror [MEPEXO[
OT UEJIOCTHbIX OBBLEKTOB K WX
CUCTEMAM  nauunaemcs mouno uepes
10 nopaoKo6 nocne ananozuuHozo nepexooa
om 36e30 K UX NAPAM U CKONJIEHUAM, Uepe3
20 nops0xo06 nocme nepexoda 6uocucmem om
0p2aHU3MO8 K UX 2Pynnam u mouHo uepes
40 nops0x06 nocme nepexoda om amomos
Kk monexynam (cm. puc. 1.7). IIpakrudeckn
BCE CKOIUIEHUS TalaKTHUK, MX CBEPXCKOILIe-
HIUs U TUTAHTCKME SYeHKIM U3 HUX — BCE 9TO
nonuyenmpuueckue cucteMbl. OHI He VIMEIOT
BBIJI/IEHHOTO sifipa, obomodek u cdepude-
CKO hOpMBL.

CTPYKTYPA METATAJTAKTUKWN TAK-
XE MONMMUEHTPUYHA (cm. pumc. 1.42)
BIIOTD 10 pasmepos 10”7 cm. Bo Beskom cry-
Jae, aCTPOHOMaM He yJaoch HaiiT B MeTta-
Ta/IaKTVIKe SIFPO.

Ta/IaKTUK

(KNACC

Ne11) B OCHOBHOM HOMUHUPYET HOMUUEH-

Wrak, B Mupe

mpu3M, TaK KaK O4Y€Hb p€JKO MOXHO HaTU

T/IAKTUKM XOTsI OBl C [BYMs SBHBIMU IIPH-
3HaKaMyl MOHOILIeHTpUIHOCTU (sipo m ce-
puueckas ¢popma). ABTOPY He yHanoch Haii-
TY XOTs1 GBI OZHOTO mpuMepa M-CTPyKTypbI
B a/IaKTUYECKOM MMpe, I03TOMY MOXKHO
YBEpEHHO YTBEPXK[ATh, YTO MOHOUEHMPUIM
B YMCTOM BUJIE, KOTOPBIN C80UCIBEH /Ie80MY

epebnio METAMHTEPBATA, Ha ezo npasom

epebre omcymcmayem.

OBOBLUMM MPOOENAHHBIA AHA-
JIN3 METAUHTEPBAJA, paccmarpusas
cxemy (cMm. puc. 1.35).

Ilepswviii nopsioox Mezaunmepeana (ma-
JIble TUTAHETDI, aCTEPONMBI) 3aHAT IEPeXOf-
HBIMU (HOpPMaMI, 3Iech [0 Mepe MPOJBIDKe-
HU BIPABO MOMUUEHMPUIM NOCHIENeHHO
ycmynaem mecmo MOHOUueHMpu3my. ITo Ipo-
ABIACTCA B HepBon oqepeﬂb B IIOABJICHUUN
cepmueckoit popmer.

[Ipn atom moxxxo MNMPEOMNONOXWUTb,

49TO IIOINLEHTPU3M, O6YCTIOBTI6HHI)II71 Co-
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OTBETCTBYIOIIVIM PpPacCIpENENIeHNEM aTOMOB

CTPYKTYype
TeJI, Ha 3TOM y4acTKe M-ocu cMeHseTca 1o-

B KPUCTa/UINIECKOI 6OMbIINX
JIUUEHMPUIMOM Me2aKnacmepHvim (MaCKOHBI,
OTIEIBHOCTY GTIOKOB 3€MHOII KOpbI, HEOf-
HOpORHAsl CTPYKTypa Imynbcapos). Ecnu aTo
BEPHO, TO Me2aKAAcmepHbili NOUUEHMPUIM
nposensiemcs 6 menax, pamepol KOMoPvix
coomeemcmeyom nepeomy u 6mopomy no-
paoky Mezaunmepeana.

Yxe ¢ cepegMHBI IIEpPBOrO IOPsAKa
Ha CMeHy XaoTM4ecKoil ¢opme Ipuxo-
INT MOHOLeHTpUYecKass — cdepudeckas
(mpumep — Mumac).

Ecnm  opmeHTHMpOBATbCs  TONMBKO — Ha
dbopmy, TO ¢ cepedunvt nepeozo nopso-
Ka U 6KIIOUUMENbHO 00 NAMO20 NOPAOKA
MOHOUeHmPU3M TOCIOACTBYeT Ha M-ocn
6e3paspenbHO.

SInepHO-060/mOYeYHbIe TIPU3HAKM MOHO-
LEHTPM3Ma, BULVMO, HAYMHAIOT HPOSABIIATD-
CAL C cepeduHvl 6MoPozo nopaoxa (HapuMep,
Aagpo y Jlynsl wm y Mepkypus). VimeHHO
C 9TOIT TOYKYM M-0CK 1 8n0mb 00 WEC020
nopsoka (BepuiyHa 1epBoro rpedHs) MOHO-
LIEHTPU3M JOMMHUPYET BO BCEX TPeX CBOMX
HPOSB/IEHUSIX.

IToce mepBoro rpebHsi euje 064, 06a
€ NO/I06UHOTI NOPAOKA, XOTA U OYeHDb PELKO,
HO BCTPEYAIOTCS MOHOLEHTPUYHBIE CTPYK-
TYPBL: pevb MAET O CaMbIX KPYIIHBIX 3BE3JaX,
KOTOPBIE I TI0 MacCe, I 10 KOMMYECTBY 3aHM-
MAlT BeCbMa He3aMeTHYI oMK B 06uieM
3BE3[JHOM KJIacce.

OpHako ¢ rpeOHs IIepBOIl BOJHBI, T.e.
HaunHasi ¢ wecmozo nopsoxka METAUVH-
TEPBAIJIA, NOAUUEHMPUIM,

KOTOpriI B naanei{meM zocnobcmeyem ece

TIOABIAECTCA

ocmaswiuecst 15 nopsioxos.

Epuncreennoe mecto na MEFTANHTEP-
BATJIE, rme mbl HabOmI0Ma€M OYEBUIHBI 803-
8pam MOHOUEHMPU3MA, — ITO €r0 CepelnHa,

NOTEHUMANBHAA FMA YCTOWYMBO-

CTW, xoropass 3aHmMaeT 00uUHHAOUAMbBL
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nopsA00K, IUIIOC-MVMHYC ellfe ORVH IIOPSIIOK
(rUraHeTapHbBIE TYMAHHOCTH, SIIpa TaTaKTHK,
KBa3apsl).

Becb nodvem emopozo zpebms 3aceneH
CTPyK-

B KOTOPBIX 9JIEMEHTaAMI CUCTEM

B OCHOBHOM  MOJIMIIEHTPUIECKAMMU
Typamu,
SABJISAIOTCA 3Be3fIbl  (3Be3[HblE CKOIUIEHUS,
Kap/IMKOBBIe TamakTuku). Ha neBom ckione
BTOPOTO TPeOHS MOXXHO OOHAPY)XUTh HEKO-
TOpOe BoO3BpalleHre MoHoLeHTpusMa. C ero
Bep]lII/IHI)I HAYMHAKT IIOABIATbBCA NOAUUEH-
mpuueckue cmpykmypuot 6mopozo pooa, co-
CTOsILIME YOKe U3 Fa/llaKTHK, a He U3 3Be3].

Cnyck co émopozo zpebnst BY nys ranmak-
TUK HOAUYEHMPUYeH TIOTHOCTBIO BIUIOTH [0
OKOHYaHMsI MeranHrepBaa (ramakTudeckme
CKOIIJIEHVs BCEX BULIOB).

Ha dsaduamom nopsioxe Mbl HabmogaeM
TaKoe e Oe3pasdenvHoe 20cnO0CME0 NOmU-
UeHmpu3Ma, Kak U Ha JIBaJllaTOM HOPSKe
MWKPOUHTEPBAJIA 1 MAKPOUHTEP-
BAJIA (BonmokHucTas1, XaoTH4HAsL CTPYKTypa
MerarajmakTukm).

OTKIOHAIOTCS OT OMMCAHHON TOCIENO-
BaTeJIbHOCTI 36€30Hble WApPOosbie CKONAEHUS
u cepuneckue ckonnenus eanakmux. VI te
U IpyTVie PacloIOKeHbl B 30HE MepecevdeH st
M-ocu ¢ BY.

1.4.3. MACLLUTABHO-
CTPYKTYPHbIA UHBAPUAHT

ComoctaBuM Telepp fABa MHTEpBajIa
no 20 nopsgkos: MAKPOUHTEPBAJT —
(II) » METAMHTEPBAJT — (I) (cp. pmc.
1.26 n puc. 1.35). Cpasy 6pocaercs B ITasa
UX VOMBUTENbHOE, XOTA M He abCOMIOTHOE
MOAOBME C KOSODULIMEHTOM 10%.

PaccMoTpHM €ro mo3TamHo:

1. Oba nnTepBaNa rpaHMYaT CIeBa C MO-
JIMLIEHTPUYECKIMU CTPYKTYPaMIL:

IT — BHYTpeHHssI IAPTOHHASI CTPYKTypa

HyK/10HOB (<107 cm);



I — xaotmueckast popma u 6e3bsijepHast

crpykTypa actepousios (<107 cm).

2. Havano nepeéozo mnopsnka OTMeYEHO
IOSIB/IEHNEM II€PBOrO IIpM3HAKAa MOHOILIEH-
TpusMa — cepudeckoit popmblL:

II — npoTOHbI 1 HEATPOHBI;

I — cdepnueckue manble maaHeTsl (T

Mumaca) u H3.

3. Ha nepsom nopsijike JOMMHUPYET MO-
HOLIEHTPU3M POpPMBIL:

II — appa aToMOB;

I — wmasnble naHeTsl.

4. Ha nepeom mopsigke CTPYKTypa Iiepe-
XOAUT OT MUKPOIONNIEHTPUYHOCTN K MaK-
POIONINIIEHTPUYHOCTU (COCTaBHBIE J/IEMEH-
TBI CTAHOBATCS OJHOTO MOPS/IKA C CUCTEMOIA):

II — HyK/IOHBI B AJJpax aTOMOB;

I — MacKOHBI BHYTpM IUIAaHET THIIA

JIyHBI, TUHOTETUYECKVE ANPBIIIKA
B A7Ipax 3Be3I.

5. Ha nepeom nopsijike IByX MHTepPBaIOB
HAXOMATCS YAMBUTENBHO HOJOOHBIE (IO CO-
CTaBY 37IEMEHTOB ) X YIIaKOBKe) CMCTEMBI:

II — aygpa aTOMOB COCTOAT 13 HYK/IOHOB;

I — HelTpOHHDBIE 3Be3ABI COCTOAT U3

HYKJIOHOB.

6. C nepsozo no namuvuii NOPSAKOK Ha-
pacTaeT HOMUHUpOBAHME MOHOLIEHTpUYe-
CKUX CTPYKTYP, HPaKTHMYeCKM OTCYTCTBY-
0T 4YJMCTO IONMUIEHTPUYECKUEe CUCTEMBI,
IOIbeMbl IIePBBIX BOTH 0OOMX MHTEPBAJIOB
«3aceeHbl»:

II — aromamu;

I — mraneramu, 3Be3gaMu.

VickmioyeHne COCTABIAIOT nepévte Iops-
KM, Ha KOTOPBIX COYeTAeTCs] BHENTHNUII MOHO-
L[EHTPN3M C BHYTPEHHVM TIOUIIEHTPU3MOM:

II — HyK/IOHHAasA CTPYKTYypa AfEP;

I — MacKkoHHas CTPYKTYpa MaJIbIX

IUIAHeT.

7. C uemeepmozo 10 namvlii NOPATOK
oba MHTepBaja 3ace/ieHbl MUCKIIOYUTEIBHO
MOHOIEHTPUYECKUMI CTPYKTYPaMU C YeTKO
BBIpaKeHHBIMU TpeMsA IIpU3HaKaMu:

IT — Me30aTOMBI, IONIOKNUTENIbHbIE MOHBI,

T. €. aTOMBI C «00OJIPaHHBIMI» B PA3HOI

CTeIeH N 37eKTPOHHBIMI 000TI0YKaMIL;

I — mmanersr Tmma 3emnsa u IOmwmrep,

OJVIHOKME 3Be3/IbI ITTABHOII IIOC/Ie[O-
BaTeIbHOCTIL.

8. Ha mnamom mnopsjke HUHTepBaIoOB

OKOHYATe/IbHO (POPMUPYIOTCS  IIOTTHOCTHIO

CTPYKTYPHI,
ome TpeMs (YHKIMOHATPHO Ba)KHBIMIU

MOHOLIEHTpHIYeCKIe obmana-
IIpU3HAKaAMM: ALPOM, cepudeckoit Gpopmoit
1 000/I04€YHOII CTPYKTYpoOit (mpuyeM TOY-
KIl CPEJHMX Pa3sMePOB yIAVBUTENbHO ONVHA-
KOBO PacIlOIOKeHbl Ha M-ocu, HO € IIarom
B 20 IIOPAKOB):

II — cpepHue pasmepbl aTOMOB;

I — cpennue pasmepsl 3B€3,.

9. C wecmozo mopsAiKa 9/1EMEHTHl HAYM-
HAIOT 0OpPa3OBBIBATD CUCHeEMbL NePE020 POOa:

IT — MomeKyibl M KpUCTAJIIbI;

I — nmapHble 3Be3[bl U 3Be3[HbIE CKO-
TIIEHMA.

10. C 2pebus nepevix 60nn 1 npaKkTude-
CKM JIO0 KOHIIa 000MX IHTEPBAJIOB HA NPOM -
seHuu 15 nopsA0K06 TOMUHNPYIOT HOJVILIEH-
TpUYEeCKMe CTPYKTYPBHI:

II — Moneky/nsApHbIe Cpefbl, KpPUCTAJIIN-

geckue (aMopdHBIe) CTPYKTYPBL;

I — 3BE€3JHbIC CUCTEMbBI BCEX BUOB, 3a-
KaH4YMBasg CBEPXCKOIUIEHMAMN Tra-
JIAKTUK, COCTOALMMU U3 3BE3].

11. Ha oounnaduamom nopsiske unrep-
BAJIOB, TOYHO MEXAY [IByX BOJH, B IIOTEH-
LIMA/IbHOM sIM€ YCTOMYMBOCTM B HEIIO/IHOM
Mepe
CTPYKTYP:

IT — mapuky KOCMUYecKoit (By/IKaHMYe-

BO3pOXIOaeTca MOHOLEHTPUYIHOCTD

CKOIT) TIBIIN, KJIETKY;
[ — sppa rasakTuK, KBasapsl, IIaHeTap-
Hble TYMaHHOCTH.

12. Ha odunnadyamom nopsinke moHo-
UeHMPU3M IIPOSIBIAETC YaCTUIHO: chepuye-
ckas popMa, AApo U 000TOUKU MOTYT BCTpe-
9aThCS OT/IENBHO.
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13. Monouenmpusm penko, Ha ypoBHe
CTaTMCTUYECKOTO (oHa, BCTpedaeTcs BIIOTH
00 15 nopsoka B Bune chepudHoil Gopmbl
Wit pOPMBI € Ty4eBOIL CMMeTpPHUeIL:

II — arima nTUI, M >KMBOTHBIX, Ce-
M€Ha M LBETbl pPacTeHMil Ha
MaxkpounTepnare;

I — mapoBble  3Be3fiHblE  CKOIUIEHUA

U SNIUNTUYECKME TalaKTUKM Ha
Merannrepsare.

14. Ha namuadyamom nopsiaxke MHTEpP-
BaJIOB 00pasyeTcsi HEKOTOpas CHUCTeMHasd
CBepTKa, KOTOpas IPUBOINUT K 06pa3oBaHMIO
NOMUUEHMPUHECKUX CUCTEM 6Mopoeo pooa
C HOBBIM YPOBHEM 9JIEMEHTHOI 6a3bl:

II — na MakpounTepBase Ha Iepexofe

or 15-r0 K 16-My HOpAAKy Haxo-
JOUTCS Me[iMaHa DPACIpefie/IEeHNs IO
pasMepaM IO3BOHOYHBIX, KOTODbIE
B Jla/IbHENIIEM HAaYMHAKOT CO3/jaBaTh
COOCTBEHHbIE CHCTEMBI: CeMbH, CTall,
CTaja, COIMabHbIe CCTEMBI;

I —15-16-it mopapmok MeraunTtepsana
— 3JleCb IIPOXOJUT MeAMaHa pac-
IIpefieNIeHNs 110 pasMepaM ralakThK,
KOTOpbIE B JIa/IbHENIIEM «HaYMHAOT
CO3JlaBaTh» Tapbl U THE3/Ia, CKOTIJIe-
HUS M CBEPXCKOIUIEHM .

15. O6a

€A MCKIIOYUTENDPHO IIOMNIEHTPUYIECKVUIMU

VMHTepBajla  3aKaHYMBAIOT-
CTPYKTypaMIu:
I — acreponppl, 6101}€HO3bI U COLNYMBI;
I — cBepXxCKOIIEHMsI Ta/IaKTUK, 06pasy-
Iol[Vie HUTYU SYEUCTON CTPYKTYpBI
MeTaramakTuku.

Vtak, Mbl BUFYIM, 9TO HOROOVIE OBYX MH-
TEPBAJIOB IIPOSIBIIETCS MPAKTIIECKI TIO BCell
uX JyHe. Bee 9T0 IO3BOMIAET HAM BBIE/UTD
nexoropbiit CTPYKTYPHbIA NHBAPVAHT,
LUIMHOWM B 20 NMOPAOKOB, kotopsiit kak
Obl BB pasBOpadmBaerTcs Ha M-ocw,
«craprys» ¢ pasmepos 1077 cm u 107 cm, . e.
poBHO 4epes 20 mopsiaKoB (cM. puc. 1.43).

besycnosHo, 4TO mOCKONIBKY Makpo-
1 MeranHTepBabl HAXOJATCA B Pa3HBIX Me-
cTax MaclITabHOI IeCTHULBI BeereHHoil, To
KpOMe CTPYKTYPHOTO HOfO6VA MeXAY HUMU
MOYKHO HalIT! ¥ CTPYKTYPHOE pas3nmyne.

Pacemorpum ato CTPYKTYPHOE PA3-
JIMYUE nosrtanso.

1. Hanuune «me2anyxnonoeé» B CTPYK-
Type sfiep 3Be3[, II0Ka He BbIAB/IEHO acTpoO-
¢dusukoit. Ecmm oHO OTCYyTCTByeT, TO 3TO
MPUBOLUT K CUIBHOMY CTPYKTYPHOMY pas-
JINYNIO Me)KI[Y AApaM aTOMOB U AXpaMu
3Be3].

2. He cyuiecTByeT s10ep amomos, pa3me-
PBI KOTOPBIX BBIXOAM/IN OBl 3G npedenvt nep-
6020 nopadka MakpouHTepBaa.

B To ke Bpems g MerannTepBaa acTpo-
(usmueckas Teopys faeT 3HaUEHUA pa3MepOB
sA0ep 36e30 KaK MUHUMYM [0 mpembvezo 110-
psAlKa BKIIOUNTENbHO. BO3MOXKXHO, YTO 3/1€Ch
/6o He BepHa acTpodumamyeckas MOJeNb
3Be3[HBIX sfep, Mmbo Ha MaKpouHTepBaIe
CYIIECTBYIOT pefiKie Sifipa aTOMOB C pasMe-
pamu B 1000 pa3 60oblie HyKJIOHOB, KOTOPbIE
elrie OOHAPY>KUTD He YAAIOCh.

3. VIsBecTHBI 3Be3/bl, pa3Mepbl KOTOPBIX
Ha JIBa MOPsA/IKA NPEBbIIIAIOT CPeJHNUIT pas-
Mep 3Be3JI, 3T 2U2AHMbL 3AHNUMAIOT Ce0bMO1i
u 60cbmoil TOPANOK MeranHTepBana, obpa-
3ys TIOTHOCTBIO 3aCeIeHHYI0 MOHOCTPYKTY-
paMI BEPXHIOK0 YacTh II€PBOJ BOIHBI.

IIpn sTOM aBTOp He BCTpeYan B JIMUTE-
parype ymnommuHaHue o6 aToMax, pasMepsl
KOTOPBIX IIPEBBIIIANy OBl AECATh aHICTPEM,

C/Ie[JOBATENIbHO, Ce0ObMOtl U B0CbMOIL II0-
pAmok MakpomHTepBajma aTroMaMy He
«3aceneH».

910 OoTIMYMe, OFHAKO, MOXKET OBITh He
CTO/b CYLIECTBEHHBIM, €CIM y4eCTb, YTO Ta-
KIX TUTaHTOB MeranHTepBana, KOTopble Obl
umenu auameTpbl 6onee yem 10" cM, cpenu
3Be3Jl KpaliHe Majio, M O HUX acTpPOHOMaM
M3BECTHO TOJIBKO Oyarofiapsi MX BBICOKOIA
SIPKOCTH.
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Puc. 1.43. MacLuTabHO-CTPYKTYpPHbIN MHBApUaHT




Kpome Toro, Ha MakpouHTepBane u3s-

BECTHBI IPUMeEPHl I[EHTPOCUMMETPUIHBIX
K/IaCTEPOB 113 aTOMOB. Pasmeppl 9Tux Kmacre-
POB Kak pa3 IIOIa/Jal0T Ha ce0bMOti OPSI/IOK,
U IIPM 9TOM Yy HUX B JOCTaTOYHONM Mepe pe-
a/M3yeTCs MOHOLEHTPUYHOCTD CTPYKTYPBL

4. BONMBIIMHCTBO 3Be3]] NMeeT pa3Mepsl
uemeepmozo v NsAMO20 TMOPSITKOB CBOETO
MHTEpBajla — 9TO Kap/IMKOBble 3Be3fibl. 1o
KOIMYeCcTBY BO BceneHHOM KapaMKOBBIX
3Be3]t 6Osbllle, YeM APYTUX.

BonpIIMHCTBO Xe aroMOB (BOZOPOX)
UMEIOT pasMephl eco20 TOPsIIKa.

5. [lonnueHTprYecKe CUCTEMBL U3 aTO-
MOB — MOJIEKY/IBI — COCTOSIT U3 9/IEMEHTOB,

KOTOpbI€ HaXOAATCA O4Y€Hb 6113KO apyr

K IPyTy, Ha PpAaCCTOAHUAX, COUSMEPUMBIX
C pas3MepaMy caMuX aTOMOB.
Paccrosuma ke Mexzay 3BesfaMu

B «3BE3THBIX MOJIEKY/IaX» — IaPHBIX I KpaT-
HBIX CHCTeMaX — Yallle BCer0 BO MHOTO pa3
IIPEeBBILIAIOT Pa3Mepbl CAMUX 3Be3]I.

[TosToMy «36e30Hble MOTEKYbL» B OT/IV-
Y1ie OT OOBIYHBIX MOJIEKYII ABJIAIOTCS KpatiHe
paspexceHHbIMU CUCTEMaMIL.

6. Bropoit rpebenp MeraunrepBaia Ha
eTo MoJ’beMe MPefCTaBIeH MHOXXECTBOM CHU-
cTeM ¢ OMU3KOI K cepuueckoii (annunmu-
ueckoli) cummempuu —
raJlaKTUKIL.

QJIUIUIITUYECCKIUE

Huuero momo6HOro Mbl He Habmiomaem
Ha [ojbeMe BTOpPOro rpeGHst Makpounrep-
Basia. BO3MOXKHO, Ha IIePBBIX 9TAIaX 9BOJIIO-
uu bruocdepst aTu maciutTabHble pasMepsl
Mo 6BITH MACCOBO MPENCTABIEHBI KOJIO-
HUSMU NPOCMeTiuiux, KOTOpbIe, KaK M3BeCT-
HO, YacTO IIPUMHUMAIOT C(HepOIofoOHYI0
¢dopmy.

[lerno B TOM, YTO 98070 UUOHHDLIL 803DACT
2a71KMUK TOPA3[0 MeEHBIIE IB0/OUUOHHO-
20 803pacma Buocgepol, ecnu ero u3Meparb
He KOJIMYECTBOM JIeT, a KOIMYECTBOM IIVi-
KJIOB POXJeHuil. B 9ToM cMbICTe MHOIVIE
T/IAKTUKN — IIPOCTO MJIA[IEHIIbl, BIIEPBbIE

HOSBUBIINMECS Ha CBeT BceneHHoII, Torma
Kak OMocyucTeMpl HPOLIIM OYEHb [ONTUI
U CJIOKHBIL Iy Th 9Bomonun. Iloatomy 60-
Jiee KOPPEKTHO cpasHusamv Mezaunmepsarn
¢ nepsuunvimu Ouocucmemamu Maxpoun-
mepeand, T.e. B JaHHOM ClIydae — C Iiep-
BBIMI KJIETKaMJ ¥ IIEPBBIMY KOJIOHVISIMU 13
HIIX.

Wrak, BHomHe ecrecTBeHHO, 4ro MA-
KPOMHTEPBAJT umeer kpome mnogo6ust
u muoxkectBo oTimumit or MEFTAVIHTEPBA-
JIA. OyeHb BepOSITHO, YTO 3TO MHOYXXECTBO
pasIMYmil CBS3aHO C TeM, YTO HAIUW IIpef-
CTaB/IeHNsI O MAaKpOCTPYKTypax chopmu-
pOBamiCh B OYeHb CrielupUIecKNX U YHMU-
Ka/IbHBIX YCTIOBMAX Ha MOBEPXHOCTY 3E€MIINL,
IpY 3TOM MBI He MOXKeM cebe faxke Ipef-
CTaBUTb, KaK yCTpoeH MaKpouHTepBa1 Ha
IPYTUX IUIaHETAX, He TOBOPS yXKe O APYTIUX
rajakTKax. B To Xe BpeMs O CTPYKTypax
Mezaunmepeana Mbl MeeM BO3MOKXHOCTD
cynuTh 60rmee 06beKTUBHO, OO HabMOKAEM
32 KOCMOCOM CO CTOPOHBI 1 COOMpaeM 0 HeM
CPe/JHECTATUCTUYECKYI0 MHPOPMALIIO.

1.4.4. MMKPOVHTEPBAIJI

9KcnepuMeHTanbHasa nHpopManua
O CTPYKType 9/IeMEHTAPHBIX YaCTUIL] IIOJIY-
YeHa HAayKoJl JIMIIb B JIMara3soHe PasMepoB
Muxpounrepsana ot 1077 10 107 cm.

[poron Ha MacmTabe 107 cm Teoperu-
K MPefCTaB/IAIT MOMUIEHTPUYHBIM, a Ha
macimrabe 107" o errte 6oree momuIeHTpUY-
HpM "% (cM. puc. 1.25). OTo MOKa3bIBAET, 4TO
weMm 2ny6xe 6 MUKPOMUD, mem 607iee CTIOHCHASL
U NOTUUEHMPUUHAT KAPMUHA OMKPbI6Aet-
¢ pusuxe.

Dry6xke, yem Ha 1077 cm, B MUKpomump
9KCIIEPMMEHTAIbHOM (U3VKe IPOHUKHYTb
He YZIa/IoCch, IOTOMY B 3TON 001acTu Mac-
Tab0B ITOKA JJOMMHUPYIOT TeOpeTIdecKie
Mopenu. OfHa U3 HUX — M3BECTHOrO ¢u-
suka JIx. Yunepa mpeamomaraer'®, uro Ha
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Puc. 1.44. KBaHTOBBbI BakyyM, Kak ero npeg-
ctasun B 1957 rogy . Yunep, ctaHoBuTCA
Bce 6051ee XaOTUYHbIM NpU ero GrvkanLiem
paccMoTpeHunn. B maclitabax aTOMHbIX s4ep
(BBEPXY) MPOCTPAHCTBO BbLIMMSAAUT OYEHb
rnagkum. Ha paccrtosHuax nopsaka 107° cm
Ha4YMHaOT NOABNATLCA HEKOTOpble HEepPOBHO-
cTn. Ha paccroaHusax npumepHo B 1000 pa3
MEHbLUMX KPUBU3HA W TOMOSOrMS NPOCTPaH-
CTBa CUMbHO (ONYKTYUpYyoT

Macmtabax nopsgka 10 cMm B cTpykType
BaKyyMa Ha4MHAIOT MOABAATHCA HEKOTOPbIE
HepoBHOCTH (cM. puc. 1.44)

Beigsunem TMIMOTE3Y, YTO CTPYK-
TYPHbIE OCOBEHHOCTW BCEIO MU-
KPOMHTEPBAJA OT 10°% 0O 107" cm
NOoAOBHbI MACLWUTABHO-CTPYKTVYP-
HOMY NHBAPUNAHTY. B sTom ciny4ae mbl
CMOXXEM HCIIO/Ib30BaTh HAKOIUIEHHBIE 3Ha-
HUA B 00/1aCTM MaKpo- ¥ MeraMupa, 4ToObl
[IPOTHO3MPOBATh CTPYKTYPY MUKPOMUPA.

[TprMeHUB 9TOT METOJ, MOXXHO IIPOBe-
CTM CTIEAYIOLIie aHA/IOTUI.

[IpuHukas BrIyOb 9/IeMEHTApHBIX Ya-
ctun, (Ha MacmTabnl MeHbmme 1077 cm —
BEpXHUII 9Ta)X MUKpOMHTepBana), GUUKN
HaJIeI0TCs1 OOHAPYXXUTD ellje 60Jee IpOCThbIe
[ePBOKMPINYNKY  BellecTBa (HAIpuMep,
kBapku). OfHAKO BIOMHE BO3MOXKHO, YTO

packpbiBaTh Bce Oornee GyHaMeHTaTbHYIO
CTPYKTYpPy MUKpPOMMpPA — I3TO BCE PABHO
YTO pacKpbIBaTh CTPYKTYpPy MeraranmakTuku
CHapYXI.

Yro6bl HMOHATH, KaKue MpoOIeMbl BO3-
HUKAIOT y (PM3NKOB NpM HPOHMKHOBEHUU
BHYTpb, HalpyuMep, IIPOTOHA, HEOOXOLUMO
MIpOfie/IaTh CIEAYIOLINIT MBICIEHHBIN 9KC-
[epyMeHT. YBenu4nuM cebst 10 pasMepoB BO
MHOTrO pa3 6o/bLINX, YeM pa3Mepsl MeTtara-
JTAKTUKM, Vi IIPUCTYIUM K €€ UCCIeTOBAHIIO
cHapyxu. PaccMarpnBas ee o «<MUKPOCKO-
IIOM», Mbl CHa4Yasia YBUIUM «IIAPUK» Mera-
rajJakTuku. HadumHaeM ero mpocBednBaTh

CTPYKTYypy
cBepxckomreHnii (cM. puc. 1.42). Manbheit-

1 OOHApY)XMBAeM  STYEUCTYIO
mas jeTajan3alus IO0KasblBaeT, YTO M OHU
COCTOAIT M3 MHOXeCTBa cKoruieHuit. Ele
IIy6>ke — TraJlaKTUKU, KOTOPble COCTOAT U3
OTPOMHOTO 4YJICIIA 3Be3I.

Msbl ¢ yauBlIeHuMeM OOHapyXXMBaeM,
YTO OYeHb IpPOCTast CHapyXm Meraramax-
THKa (BCIIOMHMM MaKCUMOHHYIO MOfie/ib
M.A. MapkoBa) II0 Mepe ee MBbIC/IEHHON
«pa3boOpKI» OKa3bIBAETCS] YCTPOEHHOII BCe
C/IOXKHEe U CTIOXKHee. DTOT IyTh BITyOb He
TIpUBEieT HAC K BBIABICHUIO IBYX, TPEX MU
HECKOJIbKIX 0oJiee pyHIaMeHTaIbHBIX «4a-
cTul», 4eM cama MerarajgakTuka. B To xe
BpeMa (I)I/IBI/IKa MUKpOYaCTHULl, IIPOHMKAsA
B aHanornyHoM Mecte BY BHyTps mpoto-
Ha, XJeT MMeHHo storo. C Hamlell TOYKU
3peHusi — HampacHo. Jpobutp mnpoOTOH
MOYKHO CKOJIb YTOJHO JJO/ITO Ha CKOJ/b YTOJ-
HO MaJIble YacTy C TAaKUM )Ke YCIIeXOM, Kak,
HaIpuMep, acCTepOusi: Ha BbIXoje OYAyT He
«pyHIaMeHTaNbHbBIE YacTU  acTepOMfa»,
a ero ciay4aliHble U XaOTUYHBIE OCKOJIKI.
M Bce sxcnepumentsl Ha bAKe pano umm
IIOIHO HMOKa)XY T MOJIHYI0 6eCIePKTUBHOCTD
[IOIBITOK INIPOHUKHYTb BINyOb aJZpOHOB.
9TO MOIHbIE Pe30HAHCHBIE CTPYKTYPBI,
KOTOpble HEBO3MOXXHO pa3bUTb Ha 4acTyu,
160 MX «JaCTU» — MAaKCHMOHBI, KOTOPBIE
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COOpanuch B TPEXMEPHBIN y3el YeThIpex-
MPHBIX KO/le6aHUsI BTOPOII TAPMOHUKIL.

VITak, BO3MOXXHO, 4TO (hyHOaMeHmAb-
HOLL yPO6eHb MUKPOUACTUY, TIEHUM CTUUL-
Kom 2y6oxo. VInTy HeoO6X0OIMMO MUHUMYM
Ha 15 mopspnkoB BrlIyOb, a He Ha 3-4, Kak
ceityac mpoiieHo. IIpumeHeHne macuitab-
HO-CTPYKTYPHOTO MHBApPIMAHTA [TOKA3bIBAET,
aro OYEPEHON YPOBEHb ®YHOAMEH-
TANTbHOM MPOCTOThI MPUPOMbI JIE-
XKUT HA TTTYBUHE 10 CM 1 107 CM.

O6pa3HO roBOPsA, Y HAYKM ITOKA «CIIMII-
KOM KOPOTKM PYKW», 4TOOBI JOOpaThCs MO
9TOrO YpOBHsL. B TO >Ke BpeMst 8ce cmpyKkmy-
poL 6 enybute npomona — 3mo cKopee 6cez0
MHOMCECBEHHOCb CIYHATIHbIX POPM NOU-
uenmpusma, nosmomy mvi moxcem [NPE[-
CKAB3ATb, umo 6 Hux Hem Huxaxoil npo-
CMOTL CIPYKYPbL U CBEPXNIIOMHOTE IHEP2UlL,
KOMOPY10 MOMHO ObL10 Obl nomyuumo, pas-
pywius npomou, no006HO MOMY, KAK HOTY-
4aemcs A0epHAs dHepIUs Npu paspyuleHuu
s0pa amoma.

[Touyemy ke p13MKa S7eMEHTAPHbIX YaCTHLL
TaK YIIOPHO HAI|e/IeHa Ha 9TH, BUVIMO, JIOXK-
Hble 3agaun? OTBeT mpocT. Kak Mbl yke muca-
JIU BBILIIE, 3[leCh CPabaThIBAET MHEPLs MOJe-
JmpoBaHMA. B cBoe BpeMs, IIPOHNKast BITYOb
MaTepumn — m3 Mypa MOTIeKyII B MIp aTOMOB,
a 3aTeM M3 MUpa aTOMOB B MMP UX saep, — (pu-
3UKa OTKPBIBAjIa MIP, KOTOPBIT OBIT YCTPOEH
Bce 6oree mpocto u $yHpaMeHTanpHO. OfHa-
KO HUKTO He MOT IIPEfIIO/IOKNTD, YTO 9T HA-
pacmarowas npocmoma ycmpoticmea mupa
amomos — 6cez0 UMb CIedCHeue NPOHUK-
HO6eHUA HA nepevie ypoenu Maxpounmep-
eana (myoa, ee INEKMPOMAHUMHDIE CUTTbL
3aK71A0b18A10M 0CHOBY CPedHez0 MACUIMAOHO20
unsapuanma Bcenentoil) M 4YTO 3a HOPOroOM
107" cM «saKanumBaercs acaabT» MPOCTOTHI
CTPYKTyp ¥ Ha4MHAeTCA «Oe3[OpoXKbe» II0-
JIMLIEHTPUYECKOTO ITIepPeIIeTeHNsI  CIOXKHBIX
cucreM. Befb POHMKHOBEHME TTyOKe 9TOrO
py6exxa IPUBOAUT HAC HE HA HUMCHUE STAKIN

yCTpoiicTBa Mupa, a Ha eepxHue staxu MU-
KPOWHTEPBAJIA. Cormacto >xe maciuara6-
HO-CTPYKTYPHOMY VHBAPUAHTy HA BEPXHUX
amascax Muxpounmepeana — 0OMUHUPYIOmM
MenKOOUChepCcHble NOTUUEHMPUHECKUe CIPYK-
mMypol ¢ NOUMU NOHOCMI0  BbLPOHOEHHOL
cummempuet.

Boumt mu y QU3MKOB 9KCIIEPUMEHTANIb-
Hble (PaKThI, CBULETENbCTBYIOLINE O TIEPEXO-
ne 3a moporom 107 cM B Mup Gonee c1oxk-
HBIL, 4eM MUp HyK/noHOB? [la, aHcamMbreBas
PE30HAHCHAsl CTPYKTypa MUKDPOYAcTUL| He
MOI/Ia He TIPOSIBUTBHCS XOTs Obl KOCBEHHO.
B wacTHOCTH, Yepe3 BepOATHOCTHBII Xapak-
Tep NOBefEHNMs, MPUCYLIT aHCaMOIeBbIM
(He JeTepMUHMPOBAHHBIM >KECTKO) CUCTe-
maM. Ho K coKaneHno, 3T CUTHa/bl ObLIN
IIPOMHTEPIPETUPOBAHDI HEBEPHO.

«CrartucTiyecKie 3akoHbl B (U3MKe
ObUIM VM3BECTHBI yXe faBHO. Ho pawblie
9TU 3aKOHBI BCEITIa OTHOCU/INCH K CUCTEMaM
C TPOMAJIHBIM YMCIIOM YaCTUL, TAKMUM, KaK
ras B COCyjie WM KyCOoK TBepporo rena. Te-
I1€PDb K€ BBIACHNIIOCDH, YTO BEPOATHOCTHDBIM
3aKOHAM IIOJYMHAETCS ABIDKEHNE U BOOOLIe
HOBeJIeHe OTHENbHBIX, N30/IMPOBAHHbIX Ya-
cTuIL. TOTO TPYAHO BBITO OXKUAATD» .

Ila, TPyAHO, eCclu He MMeTb Ilepef I/1asa-
v MACLUTABHO-CTPYKTYPHbIA K-
BAPUAHT (MC). Eciu ero Het, To ¢pusnka
BbIHY)KJIeHa OIIPaB/bIBATh CBOV HAOMIONEHIs
[aPaJJOKCATIBHOCTBI0 TIPUPOJBI  MUKPOMIUPA:
«CTaTUCTUYeCKNiT XapaKTep 3aKOHOB, OKa-
3BIBAETCSI, MOXKET ObITh COBCEM He CBSI3aH CO
CIOXKHOCTBIO CHCTEM, C T€M, YTO OHU COCTO-
AT U3 OYeHb GONMBIIOrO YMCTA OGHEKTOB» >,
Jla HeT, O CTAaTUCTUKOIL BCe B TIOPSIAKE, @ BOT
¢ MopensiMu — Gea B odepeHoit pas. Ilpu
9TOM C/IOXKHOCTb CTPOEHMSI 9/IeMEHTApHBIX
YaCTUL] IIPU3HAETCS, HO TOBOPUTCS, YTO 3TO
HEBEPOSITHO.

W BoOO1IIe, M30/IMPOBAHHBIE U IPOCThIE
MUKPOYACTHULIBI — STO MHEPLVSI MbIIIEHVS,
KOTOpas 8 mpemuii pas no08ooum Pusuxos
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IIpM MX HepeMelleHNny BAonb M-ocu Briybnb
MaTepuiu.

CHavanma TomIcoH, ommpasicb Ha JO-
MUHMPYIOUWINMI IONIULEHTPUSM CTPYKTYP
B MaKpOMUpe, IIPEeJJIOKIUII CBOI0 U3BECTHYIO
OLIMOOYHOCTPIO PABHOMEPHO pacIpefieieH-
HyIo Mofienb aroMa. OHa IPOBa/INIACh.

Torna Pesepdopn, B3IIAHYB Ha He6o,
JOrafiajicsi CMEHUTb TUIl CTPYKTYpPbl Ha MO-
HOLIEHTpUYecKuil. Tak BOCTOp)KeCTBOBasIa
MOHOLIEHTpUYeCKass MOJe/Nb aroMa. YCIeX
6bUI CTOMb BIIEYAT/LAIONINM, YTO Korga ¢u-
31Ka Jo0Opanack [j0 IPOTOHA, TO IO VHEPLUI
CTa/M TpeANoaraTb, 4YT0 B MUKPOMIUpe Bce
CTPYKTYpPbI MOHOLIEHTpUYHBL. Tak popmnach
MOJie/Ib TIPOTOHA C LEHTPAJIbHBIM KEPHOM.
ITpaBaa, ee IMPUIUIOCH TOXOPOHUTD IOJ, Ha-
OpoM (aKTOB.

Bsamen ObUta MpemjIo>KeHa IIOMMUIEH-
Tpudeckas (MapTOHHAs) MOJeENb MPOTOHA.
OpHako MHepLMs MBILUIEHUs Oba CTONb
BeJINKA, YTO 110 AHATIOTUM C HOMUIIEHTpUYe-
CKOJ MOJIENbIO siffpa aTOMa IPOTOHY CTaIn
HaBA3bIBaThb OJIOYHO-KIACTEPHYIO MOJIe/b
13 KBapKOB. YBBI, VX TaK HUKTO U He yBU/JETI,
160, BUAMMO, UX HeT B mpupoge. besycnos-
HO, TPYZAHO IPENIONTOXNUTD, YTO IPOTOH MO-
sxeT coctoath u3 10% wacTurl, pasmeps! Ko-
TopbIx paBHbl 107 cm. TTouemy?

IMpyumHa  YMCTO  METOROIOTMYECKasL.
[TpopBurasice Brmy6b marepuy, pUsUKM st
OIMMcCaHMA BHOBDb OTKpI)IBaeMbIX CHUCTEM IIO
MHEpPLMM MBIIUIEHNsI VCIOIb30BalIN  BCer-
fia Te MOJe/y, KOTOpble paboTal0T Ha ypOBHE
MacIITaboB TPaHUYHOI 0o6macTy (Crpasa IO
M-ocn). OHU KaK reHepaiibl, KOTOpbIe B MUP-
HOe BpeMsI BCeria TOTOBATCA K IIPOIIION BO-
jiHe. DTOT MEeTOHOTIOTMYECKMII IIpueM elle
KO€e-KaK OIIpaBfipIBal cebsi B ILEHTPaIbHON
obnmactu MAKPOVHTEPBAJTA, tak xak Tam
He TPOVICXOJMT CTO/b Pe3KUX KayeCTBEHHBIX
CTPYKTYPHBIX CKa4KOB IIpM IIPOHMKHOBe-
HUM BITyOb MMHEPaoB U MeTa/utoB. OgHAKO
OH IIO/IHOCTBIO IIPOBAIWICS Ha CTBIKE ABYX

MHTepBanoB: Makpo- 1 Muxkpo. V Terepb MbI
3HaeM I0YeMy.

OpHako gaske ucnonbsysa MC-MHBapHaHT,
aBTOP He PUCKYeT JaTb IIPOTHO3 06 YCTpOil-
cree MMKPOWHTEPBAIJIA, nouemy — cra-

HeT SICHO U3 Aa/IbHENIIIETO Martepunaia.

I30TEPUYECKOE OTCTYNAEHUE

OpfHVM 13 NepBbIX 3aKOHOB NPUPOAbI 6biN
chopmynuposaH epmecom Tpucmernctom —
3aKOH MacLUTabHoro rnogoéus:

«YT10 HaBepxy, TO U BHU3Y».

OTOT 3aKOH MNpU ero npaBuibHOM WUC-
MOSIb30BaHMN CTAHOBUTCA MOLLUHENLLUM  WH-
CTPYMEHTOM MO3HaHus. Kpome Toro, u3 Hero
MOXHO BbIBECTU KpanHe BaXXHOEe rHOCEONo-
rm4eckoe CrnefcTevie: Bce SIBJIEHWUs B MU-
Kpomupe N B MeramMupe MOXHO OO6bSICHUTL
C MoMoLYblO MPUMEPOB U aHanorui w3
makpomupa.

B atom cnyyae nio6oe sierneHne Bo Bce-
NEHHOW  CTAHOBWTCA  [JOCTYMHO  Haluemy
MOHUMAaHUIO.

Begb 4TO Takoe — MOHATH? ITO 3HAYUT
COMOCTaBWUTb HOBOMY SIBMIEHUIO YXE€ WU3BECT-
Hble fIBfIEHWsl, KOTOpble Mbl MOCTUraeMm He
TONMbKO YMOM, @ elje M C MOMOLLbI0 4YyB-
CTBEHHOro onbita. /IMeHHO onopa Ha 4yB-
CTBEHHbIN OMbIT NPUAAET 3HAHWSAM BbICOKYHO
YCTOMYMBOCTb, AOCTYMHOCTb U MPaKTUYHOCTb.
AT1O0T ONbLIT NpnobpeTaeTcsi HaMU TOJIbKO
B Makpomupe. B npoT1BOMOMIOXKHOCTb 3TOMY
nHorga, 3abnyamMBLUMCB, HayKa BbiCTaBnseT
yCnoBMe Heo6X0AMMOCTI OTKasa OT 3ApaBoro
CMbICnia 1 nepexoja B HEKOTOpbIA abCcontoT-
HO bopMarbHbIA, MOMHOCTLIO OTOPBAaHHbLIN
OT YYBCTBEHHOrO OMbITa MWP, HaNpuMep Mup
3MeMeHTapHbIX 4YacTtuy. Wnu pgpyron npu-
Mep — TeOopusi HbIOTOHOBCKOrO TArOTEHUs,

B KOTOPOW BO3JENCTBME Ten Apyr Ha ppyra
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nepenaeTcs He Yepes3 BELLECTBEHHYIO cpeny,
a yepes... HAYTO.

[ToHATB, KaKk BO3[ENCTBUE MOXET Nepena-
BaTbCA 4epe3 abCoMIOTHY NyCTOTY, HE CMO-
XET HW OfMH 4YenoBekK. [103TOMy CO LUKOMbHOWM
CKambW B HaLLIK rOfI0BbI MPOCTO UCKYCCTBEHHO
BKNagplBaeTcs aTa abCcTpakTHas M HeBepHas
cxema, nopsepraTb KOTOPYH COMHEHMWIO 3a-
npeLlaetcs. B ganbHenLwLem Mbl MOKaXeM, YTO
9TO He NnpocTo 3abnyxpeHue, 3To — 3a-
MypOBaHHbIV BXOA4 B 4yAECHbI mup Bce-
JIEHHOM, B KOTOPOM BC€ MpeAResibHO Mpo—
CTO U rapMOHWYHO. A rnlaBHoe — OY€eHb
MOHSITHO.

1.4.5. KOSOOUNLIMEHTDI

MACLUTABHOW CUMMETPUM
10'°, 10%, 10°

MbI yKe yIIOMUHa/IN, YTO 3aKOHAM Mac-
WTabHOM CUMMETPUM KpPOMe pa3MepHbBIX
COOTHOLIEHMI JO/IKHbI IIONYNHATHCA U [PY-
Ir'Vie ITapaMeTpbl HAIllero MMUpa: Macca, KOJN-
YeCTBO 3/IEMEHTOB, BpeMs, 4acToTa U T.II
Y aBropa, OffHaKO, He OBUIO BO3MOXXHOCTH
IpojesaTb aHAJIOTMYHBIN aHAIM3 J/I BCeX
9TUX MapaMeTpoB. Ho koe-kakue mpomnop-
oumn, Ha KOTOpre A 6yKBa}II)HO HaTbIKAJICA
B Xofie cbopa nHpOpMaLMM IO pasMEPHBIM
COOTHOIIEHNAM, HAKONWINCH ¥ IIPeJCTaB-
JIIOT, 51 AyMalo, OIlpe/ie/IeHHbII MHTepec [/
yytaTens. IIpuBoayM ux 3/1€Ch 7151 IOTHOTHI
KapTUHBI.

HAYHEM C KOS®DULMEHTA 10'°.

B OOBIYHBIX CIIPABOYHMKAX VM IHIMKIIO-
neguax 000 >Kenarolmii MOXKeT HailTu
IepeuncieHHble HIKe COOTHOLIEHM S, KOTO-
Ppble XOTS U SIBJISIIOTCS MPUOIVKEHHBIMY, HO
BBIIIOJIHAIOTCSA C TOYHOCTBIO IO OBHOTO-/IBYX
HOPS/IKOB:

o Bupumas Hamu BcenmenHas cocTout us
10" rayakTHK.

<

-8 2
D=10 cm * _\“"“——tim M
ATOM \\\i
«MacwtabHble

JIHEVKM» U3
CBETOBbIX Ny4en

o Hambomnee pacmpocrpaHeHHble Talak-
TUKM B cpefiHeM cofiepkat 10" 3Besy.

o Mosr uenoBeka copiepxut okono 10'°
HEeJIPOHOB.

o B xaxpoii kneTke B 46 XpOMOCOMax CO-
nepsxutcs okono 10" HykmeoTuos.

« Kpowme Toro, 7iet yepes msaTb/ecsT Hace-
nenne 3emnu coctasut 10" yenosek, mpuyem,
0 pacyeTaM 3KOJIOTOB, YMC/IEHHOCTH YeloBe-
4ecTBa JO/DKHA CTAOMIN3MPOBATHCS MMEHHO
ua sroit imdpe’.

TaxoBsl akTel. BoT elrje ofuH o4eHs sip-
KU IIpUMED.

MbI MajIo 3agyMbIBaeMCs O TOM, YTO BCe
MOpe cBeTa BO BcCelneHHOI COCTOUT He 13
HeINpepbIBHBIX JIy4eil, a U3 KOPOTKUX BOJI-
HOBBIX IIAKETOB, Belb (POTOHBI NCITYCKAIOTCS
aToMamy KBaHTaMy. TakuMm oOpasom, ecin
B KOCMOCe CBETUT 3Be3/a, TO €€ Iy4yu — 3TO
«CONOMKA» U3 60THOBLIX NAKEO0B.

B cripaBoyHMKax 110 Gpm3nKe MO>KHO Hali-
TH, 9YTO BpeMs UCITyCKaHMsI KBAHTA CBETa —
107 cekyHIbI, 2 CKOPOCTb CBETa — MOpAfIKA
10" cm/c.

T. e. Onuna 601106020 naxema:

L.=10%c-10" cm/c = 10° cm.

Wrak, ecnu cpegHuii pasmep aroma pa-
BeH 107 cM, TO [IMHA CBETOBOIT «COMTOMIH-
Ki», paBHasa 10° cm, posno 6 10" pas 6ono-
ule cpedHezo pasmepa amoma.

T. e, obpasuo rosops, BECb MWP
MNPOHN3AH KAK Bbl «MACLUTABHbIMA
NIMHENKAMW» U3 CBETOBBIX JTYYEN,
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[UITIMHA KOTOPbIX B 10" PA3 BOJIbLUE
ATOMHbIX PA3MEPOB W COU3MEPK-
MA CO CPEOHMM POCTOM YEJNOBEKA.

IT10T daKT TOKUT Ha IMOBEPXHOCTHU, HO
B CBeTe BBIABIEHHBIX B KHIUIe MAacLITa0-
HbIX 3aKOHOMEPHOCTEN OH BbISHIBAET MACCY
Pa3MBbILIIEHNIA.

MACLUTABHbIN KOSODULIMEHT — 10%.
IIpoBenennblit aHamNs MOKasail, 4To BO Bce-
JICHHOJI OTPOMHYIO POJIb UIpaeT MaclITab-
Hoe mofiobue ¢ koaddunmentom — 107
JT1o6as Touka Ha M-ocu (Kpome ABYX Kpaii-
HUX) MMeeT KaK MUHUMYyM elle ABe cebe
CTPYKTYPHO IO[O0OHBIX.

Jlna MakpoMmmpa, KOTOPBLl HOCTYIIEH
HalleMy NPSMOMY BO3JEICTBUIO, B T060M
cpese MacIITAOHOM OCM MOXXHO HAWiTH IIO-
HOOHBIE CTPYKTYPBI B MeTa- ¥ B MUKPOMIPE,
KOTOpBIe OYAYT COOTBETCTBEHHO Ha 20 I0-
PSIIKOB OOJIbIIIE M/IV MEHBIIIE.

Cam koadduiment 10 mpu sTom cra-
HOBUTCSI HEKOTOPOIT (pukcuposanHoii mac-
wimabHoli nuHelikoll BceneHHON, HeKUM
apIIMHOM, C KOTOPBIM CYMTAIOTCS MHOTVE
mporeccel. Ero MOXXHO OOHapyXuTh He
TO/IBKO B CTPYKTYPHOM IOZOOMY, HO U BO
MHOTUX [JPYIMX HPONOPLMAX, KaK 00X
(rme OH TIIpOABIAETCSA YCPENHEHHO), TaK

Y YaCTHBIX (I/fe OH IPOSIB/ISETCS TOYHO).

MNPVBEAEM HECKOJIbKO MNPUME-
POB COOTHOLLEHWA 10%.

1. Hopmansusie 3BE3[bI nmeror cpen-
Huit pasmep — 10'? cM 1 COCTOAT U3 aTOMOB
pasmepom 107 cm.

2. BEJIbIE KAPJIMKWN — cpennumit pas-
Mep 10" cM, COCTOAT U3 CUTBHO CHKATBIX aTO-
MoB pasmepom 107 cm.

3. HEMTPOHHbIE 3BE3bl, cxarnie
rpaBUTALVENl OYEHb CUIbHO, — [0 107 cmM,
COCTOAT U3 HYKJIOHOB pasmepom 107" cm.

BO BCEX CNY4YAAX MACLUTABHOE
«PACCTOAAHVE» MEXKIOY CUCTEMOW

N EE 3NEMEHTAMW OOHO N TO
XXE — 10%.

Hanomuum numnHmit pas, 4To 3B€3bl —
310 607Mee 90 % BemecTBa Bcenmennoii, cie-
nosarensno, M-KOQOOULIMEHT 10 —
sto YHVMBEPCAJNbHAA BCEJIEHCKAHA
MPOMOPLNA.

4.MYNbCAPbI usy4ator Ha pasmmaHbIX
qacToTaX. IIOMHBIL [Mana3oH W3IydeHNsI
orpomeH. Tak, «OTHOIIEHME YaCTOT HA 060-
MX KOHI[aX OTPOMHOrO AMaIia3oHa 3JIeKTPo-
MAarHMTHBIX BOJIH, Ha KOTOPBIX n3nydaer NP
0531, pasno (10 : 1) — BenmmunHa danTa-
cTUdecKy GombIras» ',

Camasi BbBICOKas YacTOTa WM3JTyYeHMUs
my/Jbcapa — 9TO raMMa-/IManasoH, OH IIpe-
Boimaer 3 - 107 repr, camas Hu3Kas va-
CTOTa — 9TO PajMOAMAaNasoH, OH OIM30K
K 3 - 10’ reprr (ymHa BormHbI 10 M), T. €. MeX-
Ay HUMM OIATh HaOMIOgAaeTcs pasHMIA
B 20 IOpAAKOB.

5. B HOBOM CBeTe Telepb MOXKHO paccMa-
tpusars [TIPOBJIEMY BOJIbLLMX YACEJ.

3HavyeHMs1 MapaMeTpoB, MCIOTb30OBAH-
HbIX IIpy nonydeHuy bonpmmx Yumcen, BbI-
Oupanucp TakuMm 006pa3oM, YTO OHU OTHO-
CUINCH K Hawany Maxpounmepsana u KoHuy
Mezaunmepsana (cM. puc. 1.4).

B pesynbrate 6bUIN HOMTy4YeHbI K03PPu-
yueHmvl y060eHH020 MACUMA6H020 N000-
6us, 6nuskue x (10%°)* = 10,

Urtax, [TTABHbIV CTPYKTYPHbIN UH-
BAPVWAHT UMEET MPOTSXXEHHOCTb
B 20 MOPAOKOB HA M-OCU U PA3BO-
PAYUBAETCS HA MACLLTABHOW ONn-
HE BCENEHHOWN TPMXXObl: B MUKPO-
MWPE, MAKPOMWPE W MEFAMWUPE.
HpI/I 9TOM OH HpOHB}IHeTCH He€ TOJIBKO 6 no-
000uu cmpyxmyp 3TUX TpexX MUPOB, HO U,
KaK ITOKa3aam HpI/IBeJIGHHI)Ie BBIIIIC anMe—
PBl, 8 cOOmHoOuleHUU InemMeHmovl — cucme-
ma, 6 omHoueHuu xpaﬁuux HaACmomHuvIX
xapaxmepucmux 36e30 U T. 1L
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MO>XXHO BBIPasUTb YBEPEHHOCTD, YTO CO
BpeMeHeM OyieT HallleHO BeNUKOe MHOXKe-
CTBO PYIMX HPVMMEPOB IIPOSIBIEHNs JAaHHO-
ro KoadduiineHTa MacIITaGHOTO IOZOONA.

KOSOOULIMEHT MACLUTABHOW CAM-
METPUI 10%. M1 yxe yrmomusami, cormac-
HO Mojenu Mukpo-MakpocuMMeTpUYHOM
Bcenennoit M.A. MapkoBa, MakCMMOH MO-
JKeT ABNATbCA BceneHHON [ cBOeil BHY-
TpeHHelt CTPYKTYpbL, a BcemenHas — Makcu-
MOHOM 151 MeTaBCeIeHHOI U T. Ji. (CM. puc.
1.3). Onmpasicp Ha 3Ty MOJEb, MOXXHO TO-
BOPUTb O BO3MOXXHOM IPUCYTCTBUU B IIPU-
posme [10GANBbHON CUMMETPUM IOJOOUS
¢ koapduunenTom 10%, u ecrn Taxoit Koad-
¢buuueHT TOKOON CYLIECTBYET, TO 3AKOHO-
MepHOCIU U3SMEHEHUS CIPYKmyp no mepe
ux npubnuixcenus K Kpasm macuma6bnozo
unmepeana (10> cm u 10°° cm) mosxce 6y-
0ym no0o6HvIMu. PaccMOTPUM 3TOT BOIIPOC
60oree moppo6HO.

Haunem c toro, uto o6wexmvt Bcenen-
HOll HA MHOMcecmEe ee MACWMAOHVIX sma-
el MO2ym NPUHAONeHamv K PA3TUUHBIM
munam cmpyxkmyp.

Tax, Hampumep, gake Gernoro B3I
TZOCTaTOYHO, YTOOBI OOHAPY)XNUTb MOHABILA-
folllee [JOMUHUPOBaHNE cepuueckux 00-
pasosanuii Ha macmrabax or 10° o 10" cm
(KJTACC Ne9) — 3Besn. Ha sraxe 10%° —
102 cm (KJTACC Nel1) ramakTmkm mMemT

6ormee pasHoobOpasHble (GOPMBI, Cpemu HUX
BCTPEYAIOTCSI He TONBKO I/IUNMUYecKue
U CHUpanvHvie, HO N NAOCKUE, UeI0BUOHDBLE.
OpHako He TONbKO Ta/JlaKTUYecKue
9TAXKUM OTAMNYAITCA OT 3BE3IHBIX CBOUM
CPeHECTATUCTUYCCKUM MUNnoM pasmep-
Hocmu. B MakpoMupe arOMHBIE 9TaXMU
(KINNACC Ne5) BceneHHOIT NMEIOT HpenMy-
IIIECTBEHHO SIIEPHO-000/I0YEYHYI0 CTPYK-
Typy, @ KJIeTOYHble, OpraHM3MeHHbIe
n 6uonenosubie staxu (KJTACC Ne6-8) —
HOMLIEHTPUYECKYI0 1 0oJlee CIOXKHYIO.
Bce 9TO PMBOANUT HAC K MPEIONTOKEHNIO,
YTO 071 Kan0020 mMacuimabnozo ypoe-
Ha Bcenenmnoii ceéoticmeenna umMeHHo emy
npucywias cmpykmypa, O0OMUHUPOBAHIUE
KaKux-mo omoenvHvIx Munoe $opm u eu-
006 cummempuu. ITosToMy B 9TOM paszene
najee OyZieT NaH IpefBapUTE/IbHBI aHAIN3
[71006a/IBHOM  CTPYKTYPHOU PasMepHOCTU
BcerneHHoI1, CBOEro poja Makpoo63op rio-

6a/IbHBIX TEHIEHIINIL,

METODOAOTMYECKOE
OTCTYNAEHUE

YT106bI He BOaABaTbCA B TOHKOCTU CTPYK-
TYPHOrO aHanusa, OrpaHu4MMcs nullb ca-
MbIM BaXHbIM KpUTepUem — pasmMepHOCTbIO
cuctembl. Byaem BbigenaTb crnepyolmne oc-

HOBHble TWMbl Pa3MEPHOCTEN: HyNbMepHbIe,

3-x MepHbliA obbexT

2-mepHbid obbexT

Puc. 1.45

¥:Z2>3,3
Y:X>3,3

1-MepHbii obbexT 0-mepHbii obbexT
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OOHOMEpHble,  OBYMEpPHble,  TPeXMepHble
N YeTbIpeEXMEpPHbIE.

C oHOW CTOPOHbI, 04EBUAHO, HYTO NtoHast pe-
anbHaga cuctemMa B HalleM MUpe nMMeeT Kak Mu-
HUMYM Tpu n3mepeHusi. [Jaxe nayTnHka Kpome
OnVHbI MMeeT TonwmHy. C Opyrov CTOPOHbI, BO
BCEX 06M1acTAX eCTeCTBO3HaHWSA Mbl UCMOMb3Y-
€M TEPMUHbI: JINHENHas, Mnockas, 06beMHasl...
OTn TepMUHbI yXXe codepxaTt B cebe npeacras-
JIeHNe O pa3MepPHOCTN CUCTEMBI.

Be3 0cobbIx 060CHOBaHW (OHW 6yAyT AaHbI
BO BTOPOW KHUIE UMKNa) BBEAEM MUHMMASIb-
HbIi KPUTEPUIA «MOTEPU» OLHOr0 U3 U3Mepe-
HWIA: BOOMb HEro pasmMep CUCTEMbl OOMKEH
6bITb MeHbLUe B 3,3 pasa, 4eM BOOMb Makcu-
MarnbHOro pasmepa cuctembl. MakcmarnbHbIv
KO3 PUUMEHT «NoTepm» OOHON U3 pa3MepHO-
CcTh paseH npumMepHo 1:10. Torpa nobble cu-
CTeMbl MOTYT 6blITb NIErKO pasgesieHbl HaMKn Ha
pasnunyHble pa3mepHbie Tunbl (CM. puc. 1.45).

EOVHCTBEHHBIM UCKIIOYEHNEM OydeT 4e-
ThIPEXMEPHbIA TUM CUCTEMBI, FAe HEOH6X0ANUMO
ncnonb3oBaTh 60nee CNoXHbIE KpUTEPUM pas-
JeneHusi, BBegeHne n 060CHOBaHNE KOTOPbIX

Mbl TaKXXe OCTaBuUM Ha bygyLiee.

Wrak, HauHeM 0630p I7I00A/NbHBIX TEH-
mennuit ceepxy, ¢ METAFTAJTAKTUKWL.
B acTpoHOMMM HaKOIUIEHO MHOXe-

CTBO HEOIPOBEPXMMBbIX (l)aKTOB, KOTO-

pble o3BomMIM K KOoHIy XX BeKa CfienaTb

* Ecmy OBITb TOYHBIM, TO TEPMUH «CBEPXCKOIIICHIE»
abCOMIOTHO HEBEpEH, TAK KAK «YVC/IEHHbIe 3KCIIepH-
MEHTBI MOKA3bIBAIOT, UTO AHeucmas cmpykmypa ume-
em nepsuuHoe npoucxoxdeHue u obpasyemcs 00 mozo,
KAaK cHOpMUPOBANUCy 2ANAKMUKU U CKONTIEHUS 2A71aK-
MUK B AMOXy Ta3o00pasHoil daspr Bcemenuoii...»'.
Taknum 06pasoM, TOMBKO /ST 0O6pa3oBaHMil MacuITaba
ckorennit (10 cM) MOXHO TIPeJIIONATaTh eCTeCTBeH-
HOE CKy‘{I/IBaHI/[e TA/IAKTUK BMeECTE, XOTA, y‘-II/[TI)IBaﬂ
pO6/IEMy «CKPBITOI MAcChl», U 31€Ch OCTANOCh OYeHb
MHOTO HesicHoro. Hampymep, 0 KOHIA ellje He SICHO:

IIPEJIIONIOKeHNe, YTO MeTarajakTuka nMe-
eT A4eucmyo cTpykrypy. [Ipu sToM cpedruii
pasmep aueiixu pasen 100 mezanapcexam
(3 - 10°° cm). Bca MeraramakTuka uMeeT TIpu
aTOM pasmep routu B 100 pas 60/1b1mit, 4eM
cpemHumit pasmep sdeiikn, ~1,5 - 10 cm.

Yro xe u3 cebs npeacrassor AYENKN
METATANNAKTUKN?

CHauaja aCTPOHOMBI [TOJIATasIN, YTO OHU
06pasyloT 4YTO-TO BPOLie HeHbl WIN COM.
OpHako TIaTeNbHble HAOTIONEHNA IIOKa3a-
JIM, 9TO «CKOIUIEHVS T'aJIaKTUK... 00pa3yroT
CYIECTBEHHO OJTHOMEPHYIO CTPYKTYpy» 0,
CTIefIOBATE/NbHO, «CTEHKM» TUX «COT» Ha Ca-
MOM fieie — «IbIpsABbD» (cM. puc. 1.46).

[ToaTomy 60ee KOPPEKTHO CPaBHUBATh
CTPYKTYpy MerTaranaktuku ¢ 00seMHbIM
NPOB0OIOUHBIM KAPKACOM, COCTOSIIIUM U3 BbI-
TAHYTHIX CBEPXCKOIUTeHMiT > *, Ecu 910 Tak,
TO MBI MOXEM TOBOPMTb O TOM, YTO Ha Me-
ramacuirabax 107...10* cm B Mupe moMuHU-
PYeT 00HOMePHOCIN® CTPYKTYP, IMOCKOIBKY
COOTHOLIEHVIE IMHBI 3TUX «CBEPXITPOBOJIO-
4YeK» K IX IuaMeTpy paBHO B cpefHeM 6:1.

OmycTuMmcs Tenepb BITyOb, Ha MacIITa-
651 10°-10% cM. 3pmech MBI HOIaaeM B MUp
CKOTIIEHUT1 ¥ TPYTII FaakTHK . VIMeHHO 13
HUX COCTOSAT HUTM CBepXCKoIUteHmit. Ilpm
atom ¢opma ckomennii (~10° cm) u rpynmn
(~10* cm), mpeuMyIECTBEHHO JIByMepHa —
OHM 110 GOJIbIIIeTT YaCTH TIOCKHE.

ACTpPOHOMBI B CBA3Y C 9TVM YaCTO IIPYMe-
HSIOT TEPMUH «IIOCKVIE JVICKU CKOTITIEHWIT».

HqueM 9TU CKOIZICHUA Henpaeuﬂbuoeo139

COEIVIHEHDI /I JIPYT C IPYTOM «IIPOBOTIOYKI» CBEPXCKO-
IVIHUIT B eIVHYI0 00BEMHYI0 KOHCTPYKIMIO (KaK 9TO
n306pakeHO Ha puc. 1.46) WM KaKfjoe CBEPXCKOIITe-
HIe CYLIIeCTBYeT OT/IeNbHO. B moceHeM cydae MOXKHO
CPaBHUTD CTPYKTypy MeTaramakTukm ¢ BaToi, B KOTO-
POJi, OIHAKO, KaXK/lasd «HUTOYKa» CYLIECTBYeT caMa II0
cebe 1 He CBsI3aHA C COCEeTHVMU «HUTOYKAMM» HUYEM.
TT05TOMY C HEKOTOPBLIMY OrOBOPKAMMU, HO MOMCHO Hpu-
Hamo macwma6 10° cm xax Hexomopyio zpanuuy,
DPA30enAIOWYI0 MUP 2aNAKMUK U UX CUCIEM C MUPOM
snympenneii cmpyxmypol Memazanaxmuxu.
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Puc. 1.47. Pa3mepHOCTb NMpocTpaHCcTBa Ha
mMacLutabax MnaHkoBCKOW [fIMHbI MO Npef-
CTaBMIEHNAM HEKOTOPbIX (bm3m03134

THUIIA OJHOPOHBI 110 IIOTHOCTU U COCTOAT
n3 Haubosiee MOJIOABIX IFa/IAKTUK (B 4acCTHO-
CTM — U3 cnmpanbHbIx). [lostomy ecmu ro-
BOPUTH O COBPEMEHHOIT CTPYKType MeTara-
JIAKTUKM, TO Ha MaciTabax 10°-10% cm ona
IpefcTaBeHa B OCHOBHOM IBYMEPHBIMIU
CTPYKTYpPaMIL.

Puc. 1.46. «B6nman»
s4encTasi CTpykTypa
MeTaranaktmkm Mo-
XeT 6bITb TAKOBA, Ka-
KOW OHa n3obpaxeHa
Ha PUWCYHKE LLKOJb-
HOW MnoApyron po4e-
pn aeTopa — AHen
AbpukocoBoit.  JTa
4ncTo  abeTpakTHas
haHTasns «oT He-
Yero penatb» morna
ObITb U He Cny4anHon

BcTpewatorcs, TpaBha, M CKOIUIGHUSA

«npasunvHozo» Tuma (4NCI0 TaTaKTUK
B HUX — ot 200 o 11 000)', KOTOpBIE B OC-
HOBHOM COCTOST 3 CTAPbIX I/IUNMUHECKUX
rajIakTUK, COIep KallMX CTapble 3Be3/Ibl Iep-
BOro noxonenud. OT HenpasunvHvLX OHU OT-
JIMYAIOTCA ellle U TeM, 4TO MMEIOT IIpeuMy-
ILIIECTBEHHO Cheputeckyto opmy ¢ CunvHoll
KOHUeHmpayueil 2anakmuKk K ueHmpy, Tne
7I0THOCTD MHorga B 40 000 pas BbIle, YeM
CpefHAA IVIOTHOCTb paclipefie/ieHNsA Tajak-

TuK B MeTaramakruke ¥

. Ecnin npauHMMath
UIUIITUYECYKIE TATAKTUKY «KOCHOI» KOM-
IIOHEHTO! 3TOTO MMpa, a CIMpaTbHbIE —
>KIBOI1, TO CKOIICHMS «IIPaBUIbBHOTO» TPeX-
MEpHOTO THUIIa BHYTPM «HEPOHHOW ceTm»
U3 OKMBBIX» OIUIMIITUYECKMX TaNaKTUK
MOYXHO BOCIIPMHATH, KaK HEKMe Y3JIbl KOC-
HOCTY BHYTPU «CET SKU3HI».

Wrak, ecnn roBoputs o CTPYKTYPE
COBPEMEHHOW HAM BCENEHHOW
(a He paccMarpuBaTh OCTATKM CTPYKTYPBI
BceneHHoI1, KOria oHa OblyIa OY€Hb MOJIOJA
U ¥IMeJIa BO3PacT BCero 1 MWIINapy fer),
TO IIpM Iepexofie C YPOBHA Ha ypOBeHb
3/IeCh 4YeTKO IPOABIAETCA [OCTOBEpHasd,
HO OYeHb 3arajiouHas, Ha IepBbIIl B3I/IAL,
TeHJIeHII V.
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Vposenn 10" — 10” cm. Mopdonoru-
4yecKoe pasHooOpasue rajlakTUK [03BOJISET
BBIJISTIUTh BCE pa3MepHBbIE TUIIBI OT HY/b-
MmepHozo (KBaszapbl) [0 uemvlpexmepHozo
(crimpajnbHbBIe TATaKTUKIN).

Yposenb 107 — 10” cm. Tanaktuku co-
e[IIHEHbI B OCHOBHOM B 08yMepHble IPYILIIbI
U IJIOCKME CKOIUIeHUA, T. €. Ha YPOBHE CKO-
IUICHUII Ta/JaKTUK JOMMHMPYET IUIOCKOCT-
Hasd, IByMepHas CTPYKTypa.

Yposenb 10°° cm. CBepXCKOIUIEHMS MMe-
10T IIPEUMYILECTBEHHO OJHOMEPHYIO CTPYK-
Typy. JJOMuHMpYeT IMHeHAsA, 00HOMEPHAS
CTPYKTypa.

Vposenn 10”® cm. Ecin crarb Ha mosu-
unio M.A. MapkoBa, To B¢l MeTarajzakTuka
I/IA BHEIIHero HaOiofaTessi CKopee BCEro
IpencTaBisieT co0O0l TOYEUHBIl, HynbMep-
HbI1l 0OBEKT.

/3 Bcero aToro crefmyeT o4eHb MPOCTON
¥ HEO)KUTAHHBI BBIBOI,.

Haunnas ¢ ypoBHs MacuiTaba rajakTuk
¥ TIOJHMMASICh BBIIIE IO MaCIITabHON IECT-
Huie Beenennoii, o6uapysxusaercs MNOLLA-

FOBOE CHWXEHVME PA3MEPHOCTU
TUMOB CTPYKTYP BCENEHHOM:

453-52—-51-50

910 (eHOMEHONOIMIECKOE 0000IeHNe
TPYOHO OODBACHUTD C IO3ULVIT KIaccude-
CKOIT aCTPOPUSUKIL.

Ecmu o6paTtuthcsi K IIPOTUBOIIONIOXKHO-
My, JIEBOMY Kpal MacuITabHOrO AMarasoHa
BcesleHHOI, K MAacIITabHBIM YPOBHSIM MU-
KPOMUPA, TO OKAXETCS, YTO M TaM MOX-
HO HAlTM He4YTO HOfOOHOe, XOTS U MeHee
[IOCTOBEPHO yCTaHOB/IEHHOe. Peub wmper
0 meopuu cmpyH,
10T cyomMukpomup. (cM. puc. 1.47). Yaursr-

KOTOpbleé IIPOHM3bIBA-

Basg >Ke Mo3uIuio MapkoBa B OTHOIIEHUM
MaKCMMOHOB KaK TOYEYHBIX HYJIbMEPHbIX
O00DBEKTOB, KaX/IBIIl 13 KOTOPBIX MOXXET

CTPYKTYpPYy  LI€IOi
moxno [PEAMNOJTIOXNTD,

MMETb BHYTPEHHIOIO

Bcenennoii,

yro HA MACLLUTABHbBIX «KPAAX» BCE-
NEHHOW PA3SMEPHOCTb CTPYKTVYPbI
CMMMETPWUYHO MOHMXAETCH.

Torga, ups cieBa HampasBo BIONMb M-o-
CU, HAa4YMHasA OT MAaKCMMOHOB, U JOXOOA 110
aTOMOB, MBI OyZieM IIPOXOAUTDb CIIeHYIOLIYIO
IIOC/IeOBATe/IbHOCTD  HapacTalolleil pas-
MEepPHOCTH CTPYKTYP:

0->1-52-53-4
YTO XXE Mbl BUOUM B LIEHTPE M-OCW?

He BpaBasch B fleTany, MOXHO yTBEPK/aTb,
YTO B M3YYeHHOM HaMIM K HACTOAM[EMY Bpe-
MEHV MaTepMalbHOM MUpe Hausvicuiee pas-
Hoo6pasue Gopm, HAUBHICUAS CTLOHCHOCTD
CMPYKMyp U HAUBLICUAS PA3HONTAHOBOCHb
pasmepHocmeti  xapakmepHbl
Buocepot, xoropas B cBOeM MacIITaOHOM

UMeHHO O

[IMaIla30He B IIeJIOM HaXO[UTCA OYeHb OIM3KO
x MACLWUTABHOMY LEHTPY BCEJEH-
HOW u manexa ot ee Kpaes. A ecnu ompefe-
JIATH Pa3MEPHOCTb 10 KPUTEPUIO OTHOLIEHMS
4ucia CBs3eil, MPUXOAAIINXCS Ha OIUH y3en
CeTH, TO B HEMIPOHHOJ CETM MO3ra OHa CTaHO-
BUTCA MPOCTO HGaHTACTIIECKN MHOTOMEPHOIA.

| PasMepHocTb
obbexTos
BcenenHok

??

0 1
=33 -3

Puc. 1.48. PaamepHocTb 06bekTOB BO Bee-
JIEHHOW MOBbLILLIAETCSA MO Mepe yAaaneHus ot
ee maclTabHbIX Kpaes (rAe pasmepHOCTb
CTPEeMUTCSA K Hymto) 1 npubnvmxeHns K MLIB
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VI3 Bcero 3TOro MOXXHO C[e/aTh IIPef-
BapUTEIbHBI 00006IIAIOMIT BBIBOJ, UTO
I106anbHas CIIOKHOCTH (I Pa3MEPHOCTH,
KOTOpas CBA3aHA CO CIOXKHOCTBIO) Beenmen-
HOIT BO3pacTaeT OT ee MACIITAGHBIX KpaeB
K ee MacHITaGHOMY 1eHTPY (puc.1.49).

IToCKOMBKY XKe CTPYKTYPHAsI CIIOXKHOCTb,
Kak Oy/ieT IOKa3aHo B TPEThel KHUTE IIUKIIA,
sAB/sieTCss PyHIAAMEHTOM MH(OPMALIOHHOM
CTIO)KHOCTH CHCTEM, TO, €C/IU MBICTIEHHBIM
B30POM IIPOCTIEHUTD MYTh YCIOXKHEHWs Ma-
TepI/H/I OT MenbYalIlx JacTunlj MI/IKPOMI/Ipa
¥ la/ibllle, TIepef HaMM IIpefCTaHeT Kpacu-
Bas M 3arafjodHas 110 CBOeJl CYIIHOCTH de-
HOMEHOJIOTMYeCKast KapTIHa.

Om muxpomupa nocmenenHo, no mepe
nepemeuieHus No  MacumaobHoli  ecm-
Hapacmaem
mosé u cucmem, Oocmuzaem MAaKCUMyma

HuUue, CNOHHOCMb — 00BeK-

8 UeHMPAnvHOUl Ouonozudeckoii obnacmu
M-ocu, nposisnsisico uepes ¢panmacmuue-
cKoe pasHoobpasue HuUsvlx Popm, U 3amem
HauuHaem NOCMENEHHO  YMeHbUAMbCS,
noxa He 00x00um 6 obnacmu 2anaKmuk 00
OCHOBHVIX MUN0E MOPPOTI0ZUHECK020 PAZHO-
00pasus, a 3amem CMpPeMUmMenvHo ymeHb-
wiaemcst  enomv 00 JUHEUHBLIX CHPYK-
myp, 3aKAHYUBASICL HONbMEPHLIM 00BEKMoO,
«mouxoti» Bcenennotl, xomopas no meopuu
M.A. Mapxosa cmanosumcsi HpuomoHom
onst Mema-BcenenHoii.

JaHHasT 3aKOHOMEPHOCTb  BbISBIIEHA
[IOKa JIMIIb B CaMOM OO0IeM ¥ MPUMEPHOM
BUJie U IPEeLCTaB/sieT co60lt MoKa MNIIb 06-
pas, HO B IOC/IEAYIOLIEM MbI ITOKKEM, UTO
3a 9TM 00pa3oM CKpbIBaeTCs IIyOoKas du-
314YecKasi CYIJHOCTb MAacCIITaOHBIX B3aMMO-

JIeicTBUI BO BceneHHoii.

©0 | PasHoobpa3ne
obbekToB
BcenexHomn

MakcumoH

WH®OPMALIMOHHAA BEPTUKANBb BCENEHHOWU

BceneHHan

HOro AnanasoHa BceneHHol K ee LieHTpy.

Puc. 1.49. PazHoo6pasne 1 CnoXXHOCTb 06LEKTOB pacTeT Mo Mepe NpPUBNMXKXeHUs OT Kpaes MmacLuTab-

[
T -

-3 +28

M-ock
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3akaH4MBasI 3TOT pasfel, cfie/laeM Ipo-
MEXYTOYHOE 060011IeHIIe Vi TIePeUNCIIIM CTIe-
pytoumit PAO KOOOONLUNEHTOB MAC-
LWTABHOIO nogosna (CUMMETPUN):

10° — 10" — 10% — 10

Bce OHM KpaTHBI APYT APYTY, a UX KOM-
GUHALNY JAI0T BOSMOXXHOCTD HOTYYUTh PSif]
[IPOMEXYTOYHBIX 6e3pasMepHbIX KOHCTAHT,
manpimep: 10" — MACLUTABHbIA OVA-
MA30H, 10* — BOJbLUVE HYACNA.

Mrak, mocne aHanamsa OOJBIIOrO KOJM-
yecTBa MaTepuasa O pa3dMepax pasIMIHbIX
06bekTOB BcenmenHol MbI Bupmm, 4to ¢e-
HoMeH bompmmx Ymcen, KoTopblii 3aHMMan
yMmbl MHOrMX ¢usnkos — [upaxa, [amoBa,

ONHIITeIHA U APYTUX, — ABIAETCA NUIIb

ne6onbmoit gactsio MACLLITABHO CUM-
METPWW BCENIEHHON.

3akpeiBast Ha aToM paspen obmero CTA-
TUYECKOIO omucanna MACLUTAEHOW
CUMMETPUW BCENEHHOW, mb1 nomkHb
B06aBUTh, YTO (AKTUYECKOTO MaTepuaia,
KOTOPBIII IOATBep)Kjan Obl Hamuume Mac-
mTaOHOM CHMMMETPUM, B HACTOsIIee BpeMs
y aBTOpa HAKOIUIEHO ropasfo Oosbiie, yeM
[IPUBEIEHO B 3TOI YacTu paboTsl. B ocHOB-
HOM 3TOT [IOIIOTHUTENbHBIN MaTepuan II0-
3BO/IAET YTOUYHUTb WM NOOABUTb HEKOTO-
PpBle YaCTHbIE ACTIeKThI M3TT0>KeHHON MO,
OHAKO M3 HETO MOXXHO IONTYYUTb KpOMe
TOro U MHGOPMALMIO O TOHKUX OCOOEHHO-
CTAX MaCIITabHOI CUMMETPUN.

B cnepyomert rmaBe Mbl CHenaeM JUIIb

HepBbII/uI mIar B 3TOM HaIlpaB/I€HUMN.



[JIABA 1.5

JNOXU CTPYKTYPOObPA30BAHUS

Jlo cyx mop MbI CTapaInCh IOKA3aTh, YTO Ha
M-ocu BcerneHHol1 cy1ecTBYIOT 0c0o0ble mouKu
CMabunvHoOCmu, KOMopvie He 3A6UCAM OM Xa-
paxmepa 3acensouux ux 06vexmos. Mol Bbl-
IensuI 0cobble, XapaKTepHble pa3Mepbl IPUpO-
Ibl ¥ TIOKA3a/11, YTO OHM OTPA’KAI0TCSI MOJIE/IbIO
Bomnnpr Ycroitunsoctu. Ilpu sTom, ¢ TOuKu 3pe-
HUA MH000I1 TOKaJIbHOI HayYHOJ JVICUVIIIVIHEL,
MbI PaCCMaTPUBA/IN 3TU XapaKTePHbIE pasMepbl
0UeHb YCPeOHEHHO, € MOUHOCbI0 00 00HO20 NO-
psidka. Jlaxke TaKoil BOXKHBI pasMep, KaK Mac-
LITaOHBI LeHTp Bcenennoii, Mbl onpepenamm
B paMKax jiuanasosa ot 10 1o 100 Mkm.

Bce 310 6bBIIO ONpPaBJAaHHO MOTOMY, YTO
«IUILIOM K MY JIMLIA HE YBUJATDY, T. €. B Haya-
JIe MCCIejOBaHms TPeOOBAJICS 832710 U30anU
Ha MacIITabHYI0 CUMMETPIIO, HEKOTOpasl OT-
CTPaHEeHHOCTb OT JeTaseil 1 ToHKocTeil. Of-
HAKO Ha C/IElYIOIEM STalle aHA/IM3a BOSHUKAET
Heobxomumocts demanusauuu MACLLUTAB-
HO-CTPYKTYPHOI'O KAPKACA ycroitun-
BBIX, 0COOBIX pasMepoB.

Be3ycnoBHO, 4TO 1Ie/IMKOM 3Ty paboTy Ipo-
BECTU OJHOMY 4e/IOBEKY He II0 CUJIaM, Befb /I
9TOr0 HEOOXOAMMO PacCMOTPETh CTATUCTHUUE-
CKUe KpMBble paclipefie/ieHus IO pasMepaMm
OYeHb OOJIBLIOrO YMC/Ia THUIIOB CuUCTeM Bce-
nenHoit. Ham >xe 3fiech 1o cumaM nuib B3ATb
«yBETIMYUTENBHOE CTEKIIO» 11, BbIOpaB Ha M-o0-
CU HEKOTOpble Hamboree XapakTepHble 06/a-
CTH, pacCMOTPETh UX 60JIee IeTaIbHO ¥ TOYHO.

EcrecTBeHHO, 4TO B IEpBYI0 OuYepenb
9TO HEeOOXOVIMO CHENaTh /I aTOMOB ¥ MX
Aanep, aTakke A 3Besfl. Hamomumm, dTO
B 3Be3[HOI (opMe cocpeoTodeHo Horee
99 % BemecTBa BcenmeHHOII, a aTOMbI — 3TO

CTPOUTE/IbHBIE STIEMEHTDI JI/Is BCEX €€ Bellje-
CTBEHHBIX CTPYKTYP.

1.5.1. BMUMOJAJIbHOCTb
PACMNPEOENEHNA ATOMOB
No PASMEPAM

B paccMoTpeHHOI Bblllle KacCuguKarym
OffHUM 13 Hanbo/mee VHTEPECHBIX YYacTKOB
M-ocu ABIAETCA TOT, IJie PacIOI0KeHbI aTOMBbI.
OH umeer fiBe Hanbomee XapaKTepHbIE TOUKH
Ha M-ocu: cpefiHuII pasMep aToMa 1 ero Afpa.
CorlacHO YTOYHEHHBIM pacyeTaM, Hamboree
XapaKTEePHBIMU /IS 3TUX CUCTEM pasMepamy
ABJIAIOTCA pasMepsl 1,6 ¢ 10%ecmu 1,610 cm
COOTBETCTBEHHO.

ATOMbI (KITACC Ne5). Artommble pa-
IMYCBL OIPEREAIOTCS IO TeCHOTE COMKEHNS
aTOMOB B CTPYKTYpe MOJIEKYN VI KPUCTA/IIOB.
[TonyyeHHbIil TakuMm crocoboMm papnyc (r)
papuycy
MaKCUMyMa paiiaibHOI IVIOTHOCTY B pacipe-

HpUOMUSUTENBHO  COOTBETCTBYET
Ie/leHNN 3apsjia HellTpalbHbIX aToMOB. Kpome
TOTO, BEeIMYMHa 21‘, Wi faMeTp aTroma, npu-
O/M3NTENIBHO paBeH ra30KMHETUIECKOMY fya-
MeTPY [IBVKEHVsI OfHOATOMHBIX MOJIEKYIL.

Ecmi BOCIIONB30BaThCs 3HAYEHMSAMU I /IS
Pas3NIMYHBIX aTOMOB, IPUBENCHHbIMM B CIIpa-
Bounke K.Y, Annena'”, 10 MoHO mocTpouTh
2UCIMOZPAMMY  PAcnpeOesieHUss  XUMUHECKUX
anemenmos no TOM 6 3asucumocmu om
amomnozo ouamempa (cMm. prc. 1.50).

AHanmus TUCTOTpaMMBI IIOKa3bIBAET, UTO
Ha M-ocu CylecTBYIOT 064 0co0vix pas-
mepa,  BOKpPYT

KOTOPBIX CTAaTUCTUYECKU
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KOHIIEHTPUPYIOTCA 3HAYEHST ATOMHBIX
IVMaMeTpPOB.

9Tu ABa 0cobvix pasmepa, VI MOABIY,
UMEIOT CIefyiolue KOOpAMHATBl Ha M-ocu:
nepsas mofa — 1,2...1,6 - 10° cm

u BTOpasg Mofia — 2,4...3,6 - 1078 cm**.

K nepeoii mode OTHOCSTCS TaKye 3/IeMEHTDI,

KaK: Bogopon — 1,4
yrnepos — 1,5
a3o0T — 1,4
Kkucnopopg — 1,2
¢drop —1,2
Ko emopoii mode — oxomo 60 ocTambHBIX

Haynbormee pacHpOCTPAHEHHBIX B IIPUPOJE
97IEMEHTOB.

Tpwaem FEJINA — Bropoit Homep, my-
it cpasy sxe 3a BOOOPOJOM 1o rabuue
37eMeHTOB MeH/leleeBa I [0 pacIpOCTPaHEH-
HOCTM BO BcereHHOIT, MMeeT AyameTp, OTHO-
CAIUMIICS. He K IePBOII MOJe, UTO, Ka3amoch
6b1, OBUIO OYEHD JIOTMYHO, & KO BTOPOMl —
2,44- 10" em.

* Kcrary, MOXHO BBIIEINTD M C/TAGO BBIPAKEHHYIO
TPETbI0 MOJy, HO MbI ITOKa OCTABMM 3TOT BOIPOC 3a
CKOOKaMM HaIIero pacCMOTPEHMA.

** O6paTuM BHMMAHME, YTO Y PA3/IMYHBIX 3/IEMEHTOB
MEHSIOTCS TONbKO Koadduimentst neper 107, mostomy
Iasiee IPUMEHNTENTBHO K pa3Mepam a7eMeHToB TOM 6y-
0eM yKa3vléatmv monvko dmu kodPdunuenmor.

TenpeHIMs K YBeMVYEHUIO pocma ouame-
mpa amoma no mepe ygenuueHus ezo sA0pa
uYucna JNeKmpoHos Ha opbume mPOCTA
nnoniarHa. OpHako mpu Ooree [eTalbHOM
paccMoTpeHny 06HAPYKIBAETCsI BeCbMa IIpo-
TUBOpEYMBAaA KapTUHA: 9Ta TEHICHIMA VIMEET
«BO3BPATHO-TIOCTYIIATE/IbHBI» XapakTep. [y
JWULIOCTPALMY Mbl IIOCTPOM/IM IIPOCTEIIIYIO
puarpammy (cm. puc. 1.51) 3asucumocmu oua-
Mempa amoma om HoMepa 2pynnvl B IePUOII-
yeckoit cucreme anemeHToB [1.J1. MeHieneeBa.

AHanuzupys amy Ouazpammy, moi 6UOUM,
41mo no mepe NPoosuUICeHUs 800Tb NOPAOK0B020
HOMepA I7IeMEHIN06 NPOABTIAECS 00HA U 1A e
cxema: peskuti cka4wox pasmepa amoma I epyn-
noL 8 Haudze Kax0020 nepuoda u nocredyioujee
3ame0nAtoueecs yMeHbUleHUe Pasmepos amoma
10 Mepe NPpUbTUNEHUS K KOHUY nepuood.

Ecmu He 6parh BO BHUMaHUE MHEPTHbBIE
raspl, TO CO3/A€TCs BIIEYaT/IeHIe, YTO HOCTpa-
uBaHMe 000/109eK [0 MaKCHMAjbHOI IHOTHO-
Tbl, HaunHaA ¢ [II nepuopa n fanee, BO3MOXKHO
TOIBKO B IIpefie/iaX OYeHb y3KOTO AMalla3oHa
pasmepoB: 2-3,6 aHICTpeMa.

Bornee TOro, ecnum BHMMATEITBHO PaccMoO-
TpPeThb MOCTPOEHHYIO JYIArPaMMYy, TO CO3[AeTCs
BIIeYaT/IeHNe, YTO Ha Hejl BHO IPUCYTCTBYIOT
JIBA «L[eHTpa IPUTSDKEHNST» BCEX «TPAEKTOPUIT»,
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Puc. 1.50. Tuctorpamma pacnpepenexHus ane-
MeHTOB Tabnuubl anemeHToB MeHpeneesa
(TOM) B 3aBMCUMOCTM OT AMamMeTpa 3NEMEHTOB.
Ha ructorpamme B1gHo, 4TO BCe pasHoobpasmne
aToOMHOro coctaBa BceneHHoli cBsizaHO C [By-
M$i OCHOBHbIMM padmepamun (mogamn) — 1,4
1 2,8 aHrctpema. Ecnv nocTpouTb aHanornyHyo
ructorpaMmy, C Y4eTOM KOnM4yecTBa aToMOB
Kaxgoro anemeHta Bo BceneHHon, To Bogopoa
npupgacT nepeoit moge Bec 6onee 90 %, a re-
JIMiA — BTOPOW Moae — OKoso 7 %. OcTanbHble
anemMeHTbl 6ygyT MO CyTW CO34aBaTb HE3HaYu-
TemNbHbIN (POH, KOTOPbIM MOXHO MpeHebpedb.
OTO CBUAETENLCTBYET O TOM, 4TO iBE MOABI, Bbl-
[eneHHble Hamu, ABAAITCSA Ype3BblHaHO npea-
CTaBUTESNbHBIMU C NOObIX TOYEK 3pEHMSI
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pynnbl
a | | MEPMOAMYECKAS CUCTEMA XMMUYECKIX SNEMEHTOB JLUMEHAENEEBA | . V' |, vil 5
Mepuiopp
1 H 2 He
1 H " sl " sl Y sl Y sl Y | 1o007es 4,002602
BOLOPOLL rENMN
3 Li 4 Be 5 B 6 C 7 N 8 O 9 F 10 Ne
2 6,941 9,01218 10,811 12,011 14,0067 15,9994 18,998403 20,179
TR BEPWNIVIA BOP YMIEPOA A30T K1CNOPO ®TOP HEOH
11 Na 12 Mg 13 Ai 14 Si 15P 16S 17 Cl 18 Ar
3 22,98977 24,305 _ 26,98154 28,0855 _ 30,97376 32,066 35,453 39,948
HATPUV MATHW ATIOMUHII KPEMHWI ©OCOOP CEPA X/IOP APFOH
19K 20 Ca 21 Sc 22Ti 23V 24 Cr 25 Mn 26 Fe 27 Co 28 Ni
39,0083 40,078 44,95591 47,88 50,9415 51,9961 54,9380 55,847 58,9332 58,69
. KATIVIN KATbLII CKAHOMI TUTAH BAHALMN XPOM MAPTAHEL| XENE30 KOBANLT HUKENb
29 Cu 30Zn | 31 Ga 32 Ge 33 As 34 Se 35Br 36 Kr
63,546 65,38 | 69,723 72,63 74,921595 78,971 79,901 83,798
MELb LMHK | rARnun TEPMAHI MblLLIbsIK CENEH EPOM KPUNTOH
37Rb 38 Sr 39 Ge 40 Zr 41 Nb 42 Mo 43 Tc 44 Ru 45 Rh 46 Pd
85,4678 _ 87,62 88,90584 91,224 92,90637 95,95 ~97,972 101,07 102,9055 106,42
s PYBMAVIA CTPOHLMY UTTPUN LIMPKOHUI HMOBUN MOJMBAEH TEXHELWN PYTEHUV PO MANNALNA
47 Ag 48Cd | 491n 50 Sn 51 Sb 52 Te 531 54 Xe
107,8682 112,414 | 114,818 118,71 121,76 127,6 126,90447 131,293
CEPEEPO KAOMVA | VHOUA Of10BO CYPbMA TENNYP on KCEHOH
55Cs 56 Ba 57 La* 72 Hf 73 Ta 74W 75 Re 76 Os 771r 78 Pt
132,905452 137,327 138,90547 178,49 180,9479 183,85 186,207 190,2 192,22 195,08
. LE3VA BAPUI TIAHTAH TAGHIN TAHTAN BOJb®PAM PEHVIN OCMVIn VPV MIATUHA
79 Au 80Hg | 81Tl 82 Pb 83 Bi 84 Po 85 At 86 Rn
196,9665 200,59 | 204,383 207,2 208,9804 ~208,9824 ~209,9871 ~222,0176
3071010 PTYTb | TANNWM CBYHEL| BUCMYT NONOHM ACTAT POLIOH
87 Fr 88 Ra 89 Ac** 104 Ku 105 Ns 106 Sg 107 Bh AToMHbIA
7 ~223,0197 ~226,0254 ~227,0278 ~(261 ~(262) ~(263) ~(262) Homep 922U
OPAHLIN PALIVIN AKTUHWA | KYPYATOBUV | HWIbCEOPUN CYIEOPT N 5OPUI 238,02891
ATomHas YPAH
macca
58 Ce 59 Pr 60 Nd 61 Pm 62 Sm 63 Eu 64 Gd 65Th 66 Dy 67 Ho 68 Er 69 Tm 70 Yb 71Lu
140,116 140,90766 | 144,242 ~144,9128 | 15036 | 151,964 | 157,25 | 1589254 | 162,50 | 164,9304 | 167,26 1689342 | 17304 | 174,967 _
LIEPW MPASEO[MM | HEOLWMM | MPOMETV | CAMAPUIA | EBPOMM | rARONVHII| TEPEUN LMCTIPO3WI | ronbMui | 3PBUN TV UTTEPBUIA | MIOTELWI
90 Th 91 Pa 922U 93 Np 94 Pu 95 Am 96 Cm 97 Bk 98 Cf 99 Es 100 Fm 101 Md 102 No 103 Lr
232,0377 | 231,03588 | 238,02891 | ~237 | -244 | ~243,0614 | ~247,0703 | ~247,0703 | ~251,0796 | ~252,0828 | ~257,0951 | ~258,0986 | ~259,1009 | ~260,1054
TOPUN MPOTAKTUHIV | VPAH HENTYHUA | NAYTOHUA | AMEPULIMI | KIOPVI BEPKNUV | KATM®OPHI | SUHITENHWA | ®EPMUA | MEHOENEBWM | HOBENMIA | NOVPEHCII
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Puc. 1.51. quarpamma «paamep atomMa — HoMep rpynnbl» Ans Tabnmusl anemeHTos MeHaeneesa

Ha puarpamme BupHO, 4TO psgbl BbicTpau-
BaloOTCA NPUMEPHO «MapanfefisHo» Apyr Opyry.
Y106kl Ha AnarpammMe He o6pasoBanach «kala»
N3 TOYeK, NS 9NEMEHTOB HWXHMX psfos TOM
60nbLUMX NEPUOOB BblAENeHO OTAeNbHOE Me-
CTO, @ HoMepa rpynn AN HWKHUX PAfoB nome-
YeHbl MHOEKCOM «H». B pesynbrate nonydena
pasBepHyTas B MIOCKOCTW Auarpamma pacrnpe-
Oenenvs atomoB BRonb M-ocu.

Bbi60p B kadecTBe BTOPOW KOopauHaTbl CTOMb
hOpManbHOro KpUTEpUs, Kak HOMep rpynrbl,
06YyCrnOBMIEH CTPEMSIEHVEM chenaTb aKUeHT Ha
pacnpenaeneHnn atoMoB 1o pasmepam. MoxHo
6bIn0 6bl NOCTPOUTL M 6onee hrU3nyeckn Hamnos-
HEeHHble Ouarpammbl, B3fB B Ka4ecTBe BTOPOro

napameTpa, Hanpumep, MnoTeHuman WoHU3aumm
WM NNIOTHOCTb pacnpeneneHns ANeKTPOHOB B 06b-
eme aTtomMa, HO CyTb OT 3TOr0 M3MEHWUTCHA Mano.

AHanus guarpammsbl rnokasblBaeT, Y4TO pas-—
Mep aToMOB pacTeT Mo Mepe yBeNNYeHus
maccbl aTOMOB.

OTO BMOMHE TIOrMYHOE ABMEHME UMEET, OfHa-
KO, Ha NepBblii B3rNs4, BECbMa CTPaHHOE BHY-
TPEHHEE NPOSBNEHNE: POCT pa3MepoB Mpounc—
XOAUT He NMocTerneHHo, a ckadykamu. CKadvku
3TU HOCHAT, Kasanocb Obl, HEMOTMYHbIN Xapak-
Tep: BCE 3NIEMEHTbl, C KOTOPbIX HaYMHaTCH
nepuopabl, B CBOMX Nepuodax SBnsoTca cambiMm
60/IbLUMMU aTOMaMW, XOTSI UMEKT HauMeHb—
Liee 4ACno NPOTOHOB W 3NEKTPOHOB
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IBe 00/IaCTM IIOBBILIEHHON YCTONYMBOCTY Ha
M-ocn: mepBasi — B obnmactu pasmepos 1,2 —
1,6 anrctpema (I u Il mepuopsr), Bropast — B 06-
nacty pasmepos 2,4 — 3,6 anrcrpema. OHIU BbI-
Zie7ieHbl Ha IMarpaMMe IATHAMIL

O6pasHO TOBOPsI, 37IEMEHTHI KaX[0ll HO-
BOII TpyIHIBbl, 00pasoBaBIuMecs BfaneKke OT
9TUX obJacTell, IO Mepe pocTa CBOEN Macchl
CTPEMUTENBHO HPUTATMBAIOTCA 3TUMM 00/Ia-
CTSIMU, @ «TPAEKTOPUIM» KaXKIOTO [IEPUOJA «I3-
ru6aTCsA» MOf, AeMCTBUEM IPUTKEHNUS ITUX
BYX O6macTeil.

OTOT YHMKAJIbHbBI (PAaKT MOXKHO MHTEp-
[IPeTUPOBATD CIIEAYIOIINM 0OPa3OM.

Yemoiivueocmv  konduzypauuu
MPOHHBIX 0POUM aMOMO6 No6blAem s NPU
sanonnenuu umu YCTONYMBBLIX AYEEK
MPOCTPAHCTBA ¢ aByMs OCHOBHBIMU Xa-
pakTepHbIMM (YCTOYMBBIMU) pa3Mepamu —
(1,2-1,6) u (2,4-3,6) anrcrpema.

CremyeT OTMETUTD, YTO BCE «TPACKTOPUIL»

JneK-

Ha [yarpaMMe BefyT cebsA OYeHb IIOXOXe.
[TocnemoBaTenbHOCTY, Ha KOTOPBIX «CUTAT»
aTOMBI, CABUTAIOTCA B CTOPOHY OONBIINX pas-
MEpOB, a X HIDKHME YaCTH, 3aceTIeHHbIE npe-
OenbHbIMU AMOMAMU, OKAa3BIBAIOTCA IIPY 9TOM
B OYCHD y3KOIT pa3MepHOIT 30He, KaK OYATO aTa
06/mactb M-0ocH BTATMBAET UX B CeOsL.

BbisiBieHHas Bblle GMMOJATBHOCTD IIPU-
BOJUT K HEOOXO[MMOCTM HEKOTOPOTO yTOU-
HeHVA IIOCTPOEHHOI HaMu paHee Mopermu BY.
Bemb ecnu mepsas mMopia (~1,6 - 10™° cm) pac-
CUMTBIBAECTCS 3TOJ MOJENDbIO, TO 3HAYMMAasd
Bropas Mopa (~3 - 107 cm) 3apaHee Monie/nbio
He IpefcKaspiBaeTcsl. Ecmm ke ydmThiBaTh
pO/b aTOMOB, KaK Ba)KHEHIINX 3TeMEHTOB
CTPYKTYpBI BeerleHHOIT, TO 3THM JOCTOBEPHBIM

(bakToM mpeHebperarb He CIIELyeT.

Urak, eme pas saduKkcupyeM HOTydYeHHbIE
Pe3y/IbTaThL

Bo-nepevix, ycroitausbiit pasmep 1,6 - 10 cm,
KoTopblil fmaer Mojenb BY, mpepcrasnen ne
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Tabn. 1.2.
PacnpocTtpaHeHHOCTb rpynn 3feMEHTOB BO
BceneHHon' . [na Bogopona NPUHATO 3Ha-

yeHune 100
pynna anemeHToB | Ywucno Macca
aToMoB

H 100 100

He 8,5 34
C,N, O, Ne 0,116 1,75
MeTannbl 1 gp. 0,014 0,50
Bcero: 108,63 136,25

TOJIBKO BOZIOPOJIOM, HO U ellje YeThIPbMs Hal-
Gornee pacIpOCTpaHEHHBIMM 3/EMEHTaMU BO
Bcenennoit (uckmodas remmit), MaccoBas JONA
KOTOpBIX (cM. Tabm. 1.2) Gomee dem B 3 pasa
HPEBBIIIAET JIOMI0 BCEX OCTa/IbHBIX 3/IEMEHTOB.

Bo-smopuix, psagom ¢ 3TuM Haubormee
«BECOMBIM» pasMepOM MBI OOHAPYXMBaeM
€lle ONVH BBIJENIEHHBII pPasMep, KOTOPBIN
HOYTH B2 pasa OoJblIe HEepBOro, IPUMEPHO
3,0 - 107 cm. DTOT pasmep XapakTepusyeT 607b-
IIMHCTBO OCTA/IbHBIX 37IeMEeHTOB BceneHHOIL,
Kak 1Mo ux ymncieHHoctu (60 anemertoB TOM),
TaK U 110 Macce.

Takum o6pasoM, muib rge-T0 0Komo 30
OCTa/IbHBIX 37IEMEHTOB VIMEIOT pasMephl, He
IpVHAJIEXKAIINEe [BYM OCHOBHBIM YCTOMYM-
BBIM pasMepaMm, HO 3TH 30 3/1eMeHTOB I10 MX KO-
JM4ecTBY BO BeeseHHOII cocTaBAwT He 6oree
0,01 % (cMm. Tabm. 1.2). B npuHIpume Ha TepBOM
aTane UMX MOXXHO BOOOIIe He paccMaTpuBaTh
BBMJY MX KpaliHe He3HaYMTEIbHOI JOM.

CrnepoBaTenbHO, €M PacCMATpPUBATh Ipe-
Oenb BY B 06mactit aTOMHBIX pa3MepoB, MbI
TOJDKHBI OPMEHTMPOBATLCA B OCHOBHOM Ha JIBa
pasMmepa (c yueToM HeOOJBIION VICIIEpPCHUN).
Onun pasMep HaM M3BeCTEH, Mbl PaCCUMTANIN
ero, MCIomb3ysi KoadduiueHt MacurrabHOI
cummerpuyt — 10°. [Ipyroit — HeoXKUTaHHbII
WA Halllell MOJeNu pas3Mep, CylleCTBOBaHUE
€ro Hallla MOJe/Ib B CBOEM II€pPBOHAYa/IbHOM
BIJIe He IIpefiCKasbIBaa.



KcTaTi, MOXXeT BOSHUKHYTD BOIIPOC, ITOYe-
MY MBI yfieliIeM CTO/Ib MHOTO BHIMAHMA Y3KO-
MY AMaNasoHy pasMepoB, KOTODBI 3aHNMaeT
Ha M-ocu MeHbllle ofHOro mopsska? Benp Bo
BceneHHoI CyIIeCTBYIOT M MOTIEKYIIBI, ¥ YaCTHU-
1IbI, pa3Mepbl KOTOPBIX O/IM3KM K JIBYM BBIYMC-
JIEHHBIM pasMepam.

OtBer mpocT. BecoBas pmonmsas Monmexyn
M IbUIM BO BCeleHHOI 110 OTHOLIEHNIO K CBO-
6GOIHBIM aTOMaM MCYE3aNolle Maja, TaK >Ke
Majia BecoBas JIO/IS IIaHeT ¥ KOMeT. Eciu Mbl
MBIC/IEHHO HauHeM IlepeMelnatbcs mo M-ocu
BIIPaBO OT IBYX BbIJICIEHHBIX HAMJ Pa3MepOB,
TO NpaKMuUecKy 6na0Ms 00 Pasmepos 36e30,
4T0 Ha 20 MOPANKOB IpaBee 1Mo M-ocu, MBI He
cMoxcem Hatimu 00vexmol 80 Bcenenrotl, mac-
€08ast 007I5L KOMOPvIX 0Ana Obl HAM X0Mb KAKO-
e-1mMo 8036blleHue Ha duazpamme Ha QoHe mac-
€080t 007U AMOMO8.

Ecnn ke MBI COBMHEMCS C aTOMHOTO Ipe6-
HA BJIEBO, TO Yepe3 IATb MOPAAKOB OKaXKeMCH
B MacuITabHoit 30He sAfep atomoB (KJIACC
Ne4). B Hux copmepxkutcst 6omee 99,9 % arom-
HOIT Macchl. JI/Isl HUX TOXKe BaKHO MCCIEOBATh
XapaKTepHble TOYKM Ha M-ocn.

ATOMHBIE 4A0PA (KNACC Ne4). Pac-
CMOTPUM, KaK pacIipefiefieHbl 110 pasMepaM Afpa
aToMOB. Pajiychl NIeTKMX Afep ONpeessioT-
ca'* o smMTIMpyIecKy BBIBEIEHHOI popMyTTe

R=1,3-10""- A" cm.

Hac sxe uHTepecyl0T B [JaHHOM cIy4ae [iBa
AIpa — 6000p00a U 2e/U.

Kaxk y>xe ymommHanocs B pasgene 1.3.2, iu-
amerp AOPA BOOOPO[A, cocrosimiero us
00H020 HyK70HA, paBeH 1,6 - 1077 cm™,

[lvameTp sippa remus, KOTOpoe TaKxe 00-
JIajjaeT 4Ype3BBIYANIHO BBICOKOI yCTOMYMBO-
CTBIO ¥ COCTOMT M3 YeThIpeX HYKIOHOB, KaK
MMHUMYM B 2 pasa IpeBbIIaeT AMaMeTp Afpa
Bopopona — 3,2 - 107 cm (em. puc. 1.51).

ITockonpKy BOIOPOJL, ¥ TenMil B LIEIOM 3a-
HuUMawT Bo Beenennoit 60mee 90 % BelecTsa,

~3.2- 107"
RoP O

I"\

11,6-10"cm

Puc. 1.52. Agpo renus, unn Ol-4actmua, co-
CTOUT N3 ABYX HEMTPOHOB 1 ABYX NPOTOHOB

TO MOXHO TOBOPUTB 0 OuUMOdAnvbHOCHU
u 8 pacnpedenenuu ss0ep amomos™.

OnHa Moa — ISl IPOTOHA, T. €. Spa BO-
mopona, pasHa 1,6 - 1077 cm (73 % Bcelt Bu-
muMolt Maccol BeenenHoit). Jpyras mMopa it
anpa eenus — 3,2 - 107 cm (25 % Bceit Bumm-
MOJ1 Macchl Bcenennoii).

Heo6xogumo mpu 9TOM 3aMeTHUTh, YTO
B OT/INYME OT ATOMOB pacIipefie/ieHue sifiep 1mo
UX pasMepaM MMeeT HelpepbIBHBII XapaKTep.
Sopa na M-ocu He KOHUeHMPUPyOmcsa 6 06e
2pynnot, ecnu ux pacnpedenerue paccmampu-
eamv 0e3 yuema maccosoti 00u.

Vrak, Mbl BUAUM O4eBMAHBII (akT Ou-
MOJQ/IBHOTO PpAaCIpefie/ieHNs] OCHOBHbIX 3rie-
MeHTOB BceneHHoit Ha M-ocu B UX sIIepHOI
1 aTOMHOIT popMme.

1.5.2. 3BE3HbIE BOJIHbI

Ecnu aToMbl — 3TO OCHOBHBIE 3/IEMEHTHI
Bcenennoii, To 3Be37bI — OCHOBHbBIE OOBEKTHI,
B KOTOPBIX OHM CKOHI[eHTpupoBaHbl. [losro-
My aHa/IM3 3aKOHOMEPHOCTeIl paclpefesieHNs

*  OpHAKO KaK M [/Is1 aTOMOB, TaK U AJISI UX sIieP MOX-
HO BBIIENTUTH TPETHIO MOJTY B PACTIPE/IENIeHNH, KOTOPYIO
3aHMMAIOT AIPa 7eMeHTOB TPYTIBI Xeresa. [l srpa
xeresa (A = 56) Mbl momy4um pasmep 10,7 - 107 em.
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3BE3] M0 MX PasMepaM CTONb YK€ BAKEH I
Hac, KaK M aHaIu3 PaclpeleNeHns Mo pasMe-
paM aToMoB™.

Ocuosnoit BAMBICEJT cocrosan B ToMm,
9TO €C/IN JUIS 3BE3]] KOOPOUHAMA 8epXHell 10U~
xu ropba BY (KJTACC Ne9), coorsercrsyro-
mas pasmepy 10" cM, sBnsiercs ocobennoit, To
ama KoOpOUHAHAS MOUKA DONIHHA NPOSEUNL
ce0s 8 3a8UCUMOCTIAX HAUDOJIee BANCHDIX NAPA-
Mempos 36e30 0 UX pasmepos.

Hpe)l(ne yeM Hp]/[CTyHI/[Tb K 3TOMY BbI-
SICHEHWIO, HEOOXOIMO CIEaTh HEKOTOPbIE
ob6uue 3ameuanus ornocurenvno XAPAK-
TEPA 3BE3[HOV 3BOJOLIMM B Meta-

TaJIaKTUKE.

Actpodusuky, aHaMM3MPYS XUMMYECKII
COCTAB 3Be3J| 11 PACIIpe/ie/IeH e 3Be3T B pasiny-
HbIX YacTsAX Haulein [AIaKTUKU, CO BpeMeHeM
OOHAPYXXWMIH, YTO 36€30b1 MONHO 00CHAMOU-
HO HadedxHo paszdenumv Ha 08a mund. «X0OTs
3Be3I
04T OJMHAKOB, Y HUX BCe XK€ MMEITCA He-

XUMMYECKUIT COCTaB  OOJbIIMHCTBA
6onpiune pasmuyanst. OHM He O4YeHb BIMAIOT Ha
CBETMMOCTD VI 1[BET 3BE3JIbl, HO MOTYT ObITH
o6Hapy>KeHbI B crekTpax. [IouTn Bce 3Besfbl
COCTOAT B OCHOBHOM U3 8000p00a U 2enius: Ha-
HpyMep, y OOMBIIMHCTBA 3Be3/ B Halleil 06/1a-
ctu Tamaktuky muib 1 % Macchl COCTaBISIOT
TSKEJIble 37IEMEHTDI, Y OY€Hb HEMHOTMX 3Be3]]
TsDKeble 3IEMEHTBI COCTaBJISIOT ellleé MEHb-
1IyI0 Jom0 — BIIOTDb o 0,01 %. 3Bespbl THIA
ConHIla Ha3bIBAIOTCS 3Be3aMu, 6OraThIMU Tsl-
JKeJIbIMI 97IeMeHTaMy; B Halel [anakTuke sTn
3Be3/Ibl IPUHA/IeXaT K Hacenenuo I, B To Bpe-
MS KaK 3Be3JIbl, OeJHbIe TAXKEIbIMI dIeMeHTa-

MU, TIPUHAJITEXAT K HacemeHuio 11»'%.

* K coxanennio, B Hanbosee JOCTYIHBIX CHPABOYHN-
Kax He yJa/I0Ch HAlITH KaKUX-/T100 TabMMIHBIX JAHHBIX
O CTAaTUCTMKE pacCIpefielieHNs BCeX TUIIOB 3Be3[ 110
MX pasMepaM, aHaJOTMYHON PaCcIpefe/IeHNI0 aTOMOB.
[Ipuitock MpuUGErHyTh K KOCBEHHOMY, OOXOJHOMY
MyTH, YaCThI0 PACCYMTHIBASA UX Pa3Mephl 110 M3BECT-
HBIM acTpodusndeckum popmyTam.

I[lo MHEHNMIO U3BECTHOTO aCTPOHOMA
B. Baaze'¥’, a10 pasjenenye Ha JiBe TPYIIIBI
He CIy4aliHO, a CBS3aHO C 08YMA Inoxamu
36€30000pasoeanus.

IlepBas smoxa 3Be3006pa3oOBaHUA IIPO-
IIIa OJJHOBPEMEHHO He TONBKO B MeCTHOI
Ipynne ranakTyuk, Ho 1 NOBCIORY B MeTaranmak-
trike. OHa OTHOCUTCSI K MOMEHTY PaCIIMpeHis
Metaranaktuku (t, ~ 10° jet), xorma mpou-
3omienn GYpHbIN BCIUIECK 3Be3[000pa30BaHs
U3 TIEPBUYHOIO BOJOPOJHO-TEMEBOr0 MIapa,
BUIUMO, B yxKe c()OPMUPOBABIINXCS IIPOTOra-
JTAKTIYEeCKNX 06maKax. 1o 6BUIO camMoe nepsoe
noxosnetue 36e30.

B Hacrosiiiee Bpemst 13-3a BBICOKOII IIPOOTI-
JKUTEIBHOCTY XKU3H IIEPBOTO IIOKOJIEHNS 3Be3
MbI MMEEM BO3MOXXHOCTb HaOnromaTh Ha Hebe
3TUX HanI/IapXOB, XOTA X 9YUCJI0 3aME€THO Hope-
neno. VIMeHHO a1 nepBeHIfpl BeenenHolt u no-
ayunnn HasBaHue 3Besp, Il Tuma HacemeHms
U3-32 OCOOEHHOCTEIl CBOEro pacIpee/eHust
B Hauel! [ajlakTuKe, — IPEVMYIIeCTBEHHO OHY
PAcCIIONIOXKEHBl B CPepUIecKK Tajo TalaKTUK
VI OY€Hb 4aCTO — B I_[IapOBbIX CKOIIVZICHMAX Ta/Io
(cm. puc. 1.53).

CyiiecTByeT MHEHMe, 4TO BCJIe 3a IIep-
BOJI 3110X01 3B€31000pa3oBaHys IOC/IEfOBAIA
BTOpasi, 6ojee IMTETbHAS 3M0XA, B XO/e KO-
TOPOII B Hareli [anakryike o6pasoBanuch 36e3-
0l 2a71AKMUHECK020 OUCKA.

Bropas snoxa, no muennto B. baaze, npo-
XoziIa MeHee OYPHO U JIIUJIach, CKOpee BCero,
HECKO/IbKO MUJUIMAPHOB et 484,

B HacTosllee BpeMs HAaKOIMIOCH JIOCTa-
TOYHO Ha6]IIO,IIaTe}II)HbIX JAHHDbIX, KOTOpre
CBUJIETEIbCTBYIOT O HEPAaBHOMEPHOCTM IIPO-
ecca 3Be3fo00pazoBaHus. JIOXU OYpHOro
POXIeHNs 3Be3]I pasfe/ieHbl IePUOJaMIL OTHO-
CUTE/IbHOTO 3aTHUIIbSL.

** Ceituac, no muennio C.A. Kanmama'*®, mpoxomut
TpeTbs 9M0Xa, KOTOPas JO/DKHA MPeKpaTuThcs B [a-
naktuke depes 10°-10° jieT, Tak KaK Mpy HBIHELIHUX
TeMIax 3Be3f000Pa3OBAaHMA 3alACOB MEX3BE3HHOI
cpepbl Ha GosIbliee BpeMs He XBAaTHUT.
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Puc. 1.53. Bug Hawew Manaktuku ceepxy (A) n c6oky (B). B LeHTpe — chepuyeckoe rano, Kyaa Bxo-
AT 38e3dbl Il Tuna Hacenexus (6enble KPYXKM Ha cxeme B — nepBoe NokoneHve 38e3f) 1 cnvparsb-
Hble pyKaBa, cocTosiLne 13 38e3[ | Tuna HaceneHus (4epHble TOYKU — BTOPOE MOKOMNeHNe)

Ilns1 Hac 5ke B&XHO OTMETUTB, YTO CAMbLE
nepevie 36e30bl HAYAIU IOSIBIATHCSI 6 MO-
menm pacwiupenus Memazanaxmuxu, Korja
ee pasMepbl GbiTM paBHBbI npumepHo 107 cm
(1 munmuapy, ner). IIpu 9TOM OYeBUJHO, YTO
nepeuuHvle 36e30bL MO COCHOAIMNY MOTLKO
u3 6000p00a u 2enust, TaK KaK MosiBeHne 60-
Jlee TsDKEJIBIX 9/IEMEHTOB, COIIACHO ObLienpu-
HATOIl KOHIENIMY XVMWIYECKON 9BOJIIOLUI
BeIjeCTBA BO BCeIeHHOII, MOITIO IPOM30ITI
y>Ke B XOfie 9BOJIIOLVIN CAMUX 3BE3,.

Ilpyrye 3Besfpl, KOTOpble B OCHOBHOM
COCPeIOTOYEHBI He B Tao, a B AMCKe [amak-
TUKY, MOSIBWINCH Ha ClefyomeM srare. OHn
CYIIECTBEHHO OTIMYAIOTCS OT IMEPBBIX 3Be3[
pacronoxeHneM B camoil [ajakTuke, Hacbl-
INEHHOCTBIO TAXKEJIBIMI 3/IEMEHTAMM, a TAKXKE
APYyTUMM TapaMeTpaMi. OTH [{Ba THUIA 3Be3N
JIETKO Pas/MYaoTCs B acTpouUsIKe, KaK ABa
OTHOCKTE/IBHO He3aBUCUMBIX Kiacca. B manb-
HejIeM MBI IIOKaXKeM 9TO 6oriee AeTa/IbHO.

Terepb paccMOTpUM o0coGeHHOCHU 63au-
Mmosasucumocmuy  Pusuueckux napamempos
36e30. CoBpeMeHHas1 aCTPOHOMISI PAcIozIara-
eT METOfjaMI OIIpefe/leHNs OCHOBHBIX 3Be3J-
HBIX XapaKTEPUCTVK: CBEMUMOCHU, NOBEPX-
HocmHoll  memnepamypul (ysema), paouyca,
XUMUHECKO020 COCABA U MACCYL.

Bo3HuKaeT BaXHBII BOMPOC: SBJISIOTCS N
9TU XapaKTePUCTUKM He3aBUCUMbIMI? OKasbl-
BaeTCH, HeT.

IIpexxfie BCEro CyIIECTBYET PYHKUUOHATID-
HAs 38UCUMOCIND, CBA3bI8AIOULAS PAOUYC 36€3-
Ovi, ee bonomempuueckyio (UHmeepanvHyo no
8CeMy CheKmpy) c6emumoco U no6epxHOCH-
Hyl0 memnepamypy.

Kpome Toro, emie B Hayajae HAIEro CTo-
NeTus JaTdaHWH [epimpyHr 1 aMepuKaHery
Peccen Ha 6OMBIIOM CTATUCTIYECKOM MaTepu-
ajle YCTAaHOBUIN 3A8UCUMOCb MeHOy céemu-
MOCMbI0 36830 U UX UBENOM.

3aMeyvaTenbHOI 0COOEHHOCTDIO MOCTIENHENT
3aBUCUMOCTY OKa3ajoCh TO, YTO IIONIOKEHIE
BcexX 3Be3f] BcenmeHHoll Ha guarpamme «Cse-
TUMOCTb — CIIEKTPA/BHBII K/IAcC, WM 1IBET»
(mmarpamme Teprmmpynra-Peccenma) oxasa-
JIOCh OTHIONb He 0ecnopsi004HbIM WM CITy-
vaifHbIM (cM. puc. 1.53A) 3Besgpl 06pasyior
OIIpefieieHHbIe MOC/IEOBATENBHOCTH (CM. PIC.
1.53B), cpeny KOTOpBIX ecTh Hambomee Gora-
tas 3esfgamu — [JTABHAA MOCJIEOOBA-
TEJTIbHOCTDb (I'M).

30HBI CIyILIeHNs 3Be3]| Ha JyarpaMmax Ta-
KOTO TUIIA YaCTO HA3bIBAIOT BETBAMU U U30-
OpaxaloT B BN JVHWIL, 6007b KOMOPLIX
U NPOUCXO0UM IBONIOUUS 36€30.
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Ab6contoTHasn 3Be3fHas BenmM4mHa

Benbie
Kapnvku .

Puc. 1.54. PacnosnoxeHue 38e3g BcenerHol Ha guarpam- [ 12 .

Me «abCooTHas 3Be3aHas BeMYMHa — CreKTpanbHbIN o B A F G K M
Knacc (LBeT)», KOTopyto OTKpbINK MepulunpyHr u Peccen CreKTpanbHbIii Knace

Tor Qakt, 4TO mpakTMYecKyu Bce 3Be3fpl  Trhe: M, — abcomoTHas 6omomeTpryecKast

«BBIOMPAOT» Ha [UarpaMmax TaKOTO THUIIA
OYeHb y3Kie IapaMeTpUuecKye 30HBI, CBU-
IeTeNIbCTBYET 0 HAMU4uu 6 npupode 36e30
(a cegoBaTeNbHO, ¥ B OCHOBHOJ 4YacTy Ma-
TEPUN) YCMOUMUBLIX COOMHOUleHUTi napa-
Mempo8, KOTOpble 00ecCIeunBalT MX CTa-
OWIbHOE M JONroe cyliecTBoBaHMe. VI xors
HaJIM4Me TaKUX CTaOVIbHBIX M3OPAHHBIX 30H
HapaMeTpoB — IpobjeMa MHTepecHas cama
1o cebe, Il HAC VIHTEPECHDI B IIEPBYIO OYe-
pernb 0cobvie pazmepol B STOM [Malia30He Mac-
Ta6oB. [109TOMY, MCIIONTB3YsI 3HAYEHS IMUX
napamempos, paccuumaem pasmepv. U IO-
CTPOUM JJIsI 3B€3J| aHATIOTMYHbIE AMArPAMMEI,
HO HECKO/IbKO B [PyruMx KoopamHarax. s
9TOr0 y0OHO OyHeT MOCTPOUTD HUATPAMMY
«CIIeKTpabHBII Kmacc — puametp» (S,-D),
Ha KOTOPOIl JIOBOJIBHO TOYHO COXPAHAETCH
B3aMIMOPACIOJIOXKEH)E OC/Ie0BATeNbHOCTEN
3Be3p. Tummdanble pasmepsl 3Be3f | Tuma Ha-
CceJleHMs B3ATBHI U3 CIIpaBoYHMKa*. JIis 3Besp
I Tuma HaceneHuMs pa3Mepbl ONpefeUIICh U3
U3BECTHOTO COOTHOIIEHVIS:

M, =42,31-5Ilg(R/R) - 10Ty, (1.9)

3Be3fHas BemunHa, T . — addexTuBHAsA TEM-
neparypa 3Be3fibl, R — papguyc sBesppl, R, —
paguyc ConHua.

Coornomenre (1.9) MOXHO mepemucarb
s guametpa (D) sBesgbr:

IgD=19,62-02M,-2lgT. ~ (1.10)

V3 crpaBoynyKal ObUIM B3STHI 3HAYEHMS
Mv u Teff, n nocne nepesopa no popmyre:

M, =M, +BC, (1.11)
rme M, — abcomoTHasE BU3ya/lbHAsl 3Be3HAs
BennunHa, a BC — 6omomeTpnyeckas momnpas-
Ka, 1o ¢popmyre (1.10) ObLM HOTydeHDI pasMe-
pot aa 3esp 11 Tuna Hacenenus.

Bce sTu maHHBIE M pe3ynIbTaThl pacyeToB
OpUBEZIEHBl B OKOHYATE/bHOM BHjE Ha Ha-
meit puarpamme «CIeKTpajbHBIL KIacc —
muamerp» (S,-D). Ina ymobcTsa cpaBHeHuA
capyruMmu pamarpammamyu M-ocu ata fua-
rpaMMa pacronokeHa He TPaJUIMOHHO, a TaK,
4TOOBI OCh PasMepoB OblIA TOPU3OHTAIbHOI
(cm. puc. 1.54).

* Cm.: Annen K.Y, Actpodusndeckie BemnunHbL. M.:
Mup, 1977.
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Puc. 1.55. inarpamma «cnekTpasnbHbIi Knacc — ArameTp», KoTopas nofyYyeHa aBTopoM M3 guarpam-
Mbl lepuinpyHra— Peccena nytem nepesofa abCoMOTHON 3BE3[HON BENUYUHLI B AUaMeTp 3Be3f,.
ToncTble NUHUM — CyLLECTBYIOLLIME 3BE3HbIE NOCNEeA0BaTENbHOCTU. [1pepbIBUCTbIE NTMHUM — Mped-
nonaraemMble NocnefoBaTesibHOCTM B MPOLLSIOM (— — —) 1 6yayLiem (— - — - — - — )

PaccMOTpUM 3Ty HECKONbKO HeoOBIYHYI0*
mns actpodusuku aumarpammy. Ha Heit Bbife-
JIEHBI TPY KOMOKOI00OPa3HbIX (QYHKI[VOHATIb-
HBIX 3aBUCHMOCTH. [T035ke MbI IIOACHUM, II04Y€e-
My YacCTb U3 HUX HpeﬂCTaBTIeHa I_HTPI/IXOBI)IMI/[
JIMHUSAMIL.

CpenHsist KOTOKOM00Opa3Has 3aBIUCUMOCTD
COCTONT 13 JIBYX BETBEI: «ITIABHOII II0CTIELOBA-
TEIBHOCTM» — 271 (JIeBast) U «BETBU CBEPXIM-
raHToOB» — 211 (IIpaBas).

OHI/I II04YTUN SCpKaHbHO CI/IMMeTPI/I‘IHI)I
OTHOCHUTE/IBHO BEPTUKATbHON OCH, KOTOpas
IPOXOANT Yepe3 BEPIIMHY KOMTOKOIA U MMeeT
KOOPAMHATY IO OCY Pa3MepoB, PAaBHYIO IIpH-
MepHO 12,45.

* Eme pa3 moguepKHeM, 4TO 9Ta AuarpaMma HeoObId-
Ha /UIb II0 BbI60py n OpI/[eHTaLU/II/[ KOOpJI]/IHaTHI:IX
oceit, a JAHHbIE JI/Is] Hee HUYeM He OT/IMYAI0TCS OT JJaH-
HBIX K/IACCUYECKOI ArarpaMmbr I'-P.

Ewe pas obparumcs Kk acTpousndecKum
IpEefCTaBleHNsIM O 3Be3fax. B mocennee
BpeMs CO3JlaHa Henpomueopeuusas meo-
pust asomoyuu 36e30, B paMKax KOTOPOIl Ka-
X[Ias 3Be3fia B X0ie COOCTBEHHOTO pasBUTHUS
(B 3aBMCMMOCTY OT HEPBOHAYAIBHON MAacCCHI)
OIIMCHIBAET Pas3/IMYHbIe TPEKM Ha AuarpaMme
lepymmnpynra—Peccena.

Ecmu TTIABHAA MOCJIEQOBATE]b-
HOCTDb (na puc. 1.55 oHa nso6paskeHa miHmer
2J1) — 3TO OCHOBHasI 00/1aCTb CyI|eCTBOBAHNUA
GONBIIMHCTBA 3Be3[, TO 6eM6b C6epXeuzaH-
mo6 (211) SIBIAETCS IMOCTeRyIOel CTafuer
pasBuTHs MaccuBHbIX 3Be3y O 1 B xmacca'®.

B TakoM caydae MOXKHO CKasarb, 4YTO
BE€TBb CBEPXIUTAHTOB ABJIACTCA MPeKoOM uUx
paseéumus: 6marogaps cBoeyt 60JIbIION Macce
CBEPXIMTaHTbl YPEe3BbIYANHO OBICTPO MPOXO-
IAT ee BIIPABO, 3aKaHYMBAs CBOIl IYTb BHMU-
3y. OHM Kak Obl «CKaTBIBAIOTCS C BEPIIMHBI
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KOJIOKO/Ia» BIIPAaBO BHU3, DPACIIMPAACH IPU

9TOM B pasMepax.

OnHoit u3 ocobennocreit [TTABHOW MO-
CINEOOBATEJIbBHOCTWN saBnserca To, uro
OHa, [IpY O/IVDKAIIIIEM PaCCMOTPEHIN, COCTOUT
U3 napanienvHvIX TUHULI-NOCTE0068ameNbHO-
cmeil, KOKIAsE 13 KOTOPBIX 3aCeJIeHa 3Be3aMu
€O CPO20 PUKCUPOBAHHVIM NPOUEHMOM M-
Henvix anemenmos (cM. puc. 1.56).

Huncnuii kpaii nonocor TTIABHOWN MO-
CJIEOOBATEJIbHOCTW 3acenen 3Besgamu
C HE3HAUYNMTEJIbHBbIM HAa/INM4YMEM B 3Be€31aX TAXKe-
JIBIX 97IeMEHTOB (KOIYIECTBO 37IEMEHTOB TsDKe-
nee Bogopoxa Z = 0,01).

[To Mepe IPOABYDKEHUS BBEPX [OJS Ts-
JKENBIX 97IEMEHTOB pacTeT, ¥ Ha I[PaBOM
kpaio [TTABHOW MOCNELOBATENIHOCTU
Z =0,6.

YuursiBasg TOT Qakt, 4TO 60/€e no3oHue
38e30v1 poxcoatomcsi 8 cpede Gomee 60zamoil
MmsHenvIMy  dNeMeHmMAamuy, MOXHO CJIeaTh
BBIBOJI, 4TO 00JIee IO3[HIE 3Be3[bl PACIIONo-
xenpr Ha [TIABHOW MOCNEOOBATESb-
HOCTW Bbiute (cm. puc. 1.55) wam mpasee
(cm. puc. 1.54), uem paHee HOSIBUBIINECS.

[ToaToMy MOXHO yTBepKpaTh, uto [JIAB-
HAA NMOCNEAOBATEJIbHOCTb CO BPE-
MEHEM OCYLUECTBJIAET MOCTEMNEH-
HbIN «OPEN®» BMPABO, B CTOPOHY
BOJIbLLUNX PASBMEPOB (cm. puc. 1.54). 9to
[I03BOJIAET II0-HOBOMY ITOCMOTpETb Ha BETBb
cy6xapnuxos (171) U BETBb KPACHBIX 2U2AHMNO06
(1m) u cmenats psip MNPEAMONOXEHUN.

[ockonsxy CYBKAPJIMKW — ouens cra-
pble 3Be3[bl, KpaiiHe OGeHble TsHKETbIMMU JJie-
MEHTaMI, a VIX BeTBb 3aMETHO C/IBUHYTA JIeBee
BETBJ) IJIABHOI IIOC/IENOBATENBHOCTI U ULET
IO ee CepefyHbl MapaUIeNIbHO eif, TO BO3HMU-
KaeT CIefyIoliee, He CTOMb YK 6e30CHOBaTe b-
HOe, IIpeANoNoXeHre. Bemev cy6kapnuxos
ABNIAEMCA NPOCHIO OCHAMKOM «HEPEUHHOL
271061011 NOCTE0068aMeNTLHOCHUY, KAKOT 0HA
6vina 6 momenm pacwupenuss Memazanax-
muku 1 munnuapo nem.

VIMeHHO B 9TOT MOMEHT IIPOM3OILIEN Hep-
8vuil ecneck 38e30006paszosanus. O6 sToM
ybenuTenbHO TOBOPAT U MccefoBanus B. baa-
me: «DaKThl yKas3blBalOT, YTO Hepef; COBPeMeH-
HOI1 3110XOI1 3Be31006pasoBaHys Oblia Apyras
3T0Xa, XapaKTepusyemas IOYTU OFHOBPEMeH-
HbIM IIOsB/IEHNMEM WM 0OpasoBaHUEM 3Bes[
B ra/lakTIKax» ">,

Bemev kpacnvix zuzanmoe — 310, BUU-
MO, TIPaBBblii CKaT «II€PBUYHOI ITTABHOII MOCTIe-
moBarenbHOCT». Ilo HeMy 3aBeplIaT CBOII
Iy Tb 3Be3/IbI IEPBOII MOXM 00Pa30BaHu C Ce-
pemuubl Obiureit [T1.

Bce 6onee ropsiume u sipKue 3Be3Jbl Iep-
BuyHoI I'Il 3a monTopa mecaTka MunIMapnoB
7IeT 3aBepIINIM CBOe cylecTBoBaHMe. OHU
IIPOCTO MICYE3/N C AMATPAMMBI.

ABrOop cumraer, 4TO ecmu OBl YHAIOCh
pecTaBpupoBaTh

IIEpBNYHbIE  MATrPAMMBI,
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=
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Puc. 1.56. Ha paHHOM pgmarpamme 4eTko
npocnexusaetcs «apeiic» [TABHOW MO-
CJIEOOBATEJIbHOCTW (') B CTOPOHY
60nblLUei APKOCTM (M pa3mepoB) BBEPX MO
Mepe nepexopa OT cTapbix 3Be3f (He6orb-
LLIOe CoAep>KaHue THXEenNbIX MeTasoB) K HO-
BbIM 3BE34aM
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TO OHM NIPUHSAIN OB, CKOpee Bcero, Gopmy Ta-
KOTO >Ke KOJIOKOJIA, HO PAacIIONIOKeHHOTO JieBee
HbIHEIIHETO.

IIpocrast reoMeTpuyecKas pecTaBpaijyis,
OCHOBaHHas Ha NpUMHINIIE CUMMETPUN U II0-
fo6us, IO3BONAET BOCCO3JATh HEPEUHHDLL
K0710K071 (IlyHKTUPHAS JIVHU), KOTOPBIH, KaK
MBI TI071araeM, OTPakKaeT TOT BUJ AMarpaMMbl
(I), KOoTOpBIIT MOXXHO 6BITIO OB TIOCTPOUTH Cpa-
3y TIOC/Ie nepeoii anoxu 36e30000pA306aAHUS.
Bepiyza 3T0ro KomoKona nmMena O KOOPA-
HaTy Ha M-ocu 4y Tb 6onbie 12,0.

OTa MBICTb O JBYX KYNO/IaX, KaXXIbI U3
KOTOPBIX IMPUHA/JISKUT CBOEJ 3I0Xe, O4YeHb
XOPOLIO COITIAacyeTcsi U ¢ BbIBO#OM B. Baape:
«BpII0 OBl MHTEPECHO BBICHUTD, [ECTBU-
TE/IbHO /I MbI MMEEM [1€J10 C HAJIOJKECHMEM ABYX
GbyHKUMIT CBETVIMOCTH, YTO 03HAYATIO OBI HATIO-
JKeHVIe JIBYX CIIEKTPOB Macc» .

Or 3TOJI IIePBIYHOIT BOJTHBI K HACTOALEMY
BpeMeHI MajIo YTO OCTA/IOCh, OHA OCEa I Ola-
na. Tak e MOCTeNeHHO «OCHINAETCA» 3Be3TaMU
1 HbiHelHuit «komokom» (II). Pano mam mosp-
HO OH IIOTepsieT CBOK FOPSYYIO I APKYIO Bep-
IIVIHY ¥ OCSAZET HIDKe.

Ecnu 61 acTpoduauKy SKUIM B TedeHNe
BCeX 15 MIIIMap/OB /IeT BMeCTe CO 3Be3AaMu
u cTpownu Obl AMAarpaMMbl, OHM HaOIIOfaNu
OBl UBSIIHYIO0 KAPTUHY B3[bIMAIOLINXCS 1 OIIa-
JlAfoIVX BOTH Ha imarpamume (S,-D). ITpu stom
BOJ/IHA OBl He IIPOCTO MOJHMMAIACh U ONafasa,
a JBurajgach Obl BCIEN 3a pacuiupsioueiics
Memazanaxkmuxoii 6npaso.

Kcrary, 4ncto 3puTeNbHO 3TO OUYeHb II0XO-
JKe Ha OKeaHCKylo BojHy. Ha rpe6He stoit Bom-
HbI CBETAT HAM CaMbl€ APKHNE U TOPAINE 3BE3[bI,
JKU3Hb KOTOPBIX, YBbI, CaMasl HEIPOJO/DKIUTEb-
Hast. [IpaBzia, HEOOXOAMMO OTMETHTD Vi IPUHLIY-
IMa/IbHYI0 PasHULLy B 00pa3ax. 3Be3/iHble BOTHBI
UMEIOT OUCKPemHblil XapaKTep, Mexnoy 60THOI
nepeoil 3noxu 1 607HOLL 6MOPOLL INOXU PA3PvLe
6 HECKOZIbKO MUNIUAPO0E JieMt, TI0ITOMY MEXY
BETBAMI JMarpaMMbl — IIyCTOe IapaMeTpude-
CKO€ TIPOCTPAHCTBO.

IlopBenem HexkoTopbie mtorm. Ommpa-
ACh UCKTIOUNTENPHO Ha OTPOMHBIN MacCHB
JaHHBIX O ITapaMeTpax MHOXKeCTBa 3Be3Nl Bce-
JIEHHOI, MBI IIOIyYUIM Ha M-ocu IOnyBoOmHY,
JIEBBIIT Kpall KOTOpoit (271) ynupaercst B 6e/bIx
Kap/IMKOB, a IpaBblil (211) — B pasgyBLIMXCA
Ha TIOCTIeiHEl CTaluM CBOETO CYI[eCTBOBAHNA
KPacHBIX TUTAHTOB. LIeHTp 9TOM IMOMYBONTHBI
SIBTIIETCS BEPIINHOI KOIOKOTOOOpasHOil 3a-
BUCHMOCTY CIIeKTPa/JIbHOTO Kjacca OT Aua-
MeTpa 3Be3f;. Ero coBpeMeHHble KOOPHMHATHI
6rmmsku K 3Havenmio 10 cm.

Ecmn npuHATh BIONHE 0OOCHOBAaHHYIO
PEKOHCTPYKIMIO, TO PANOM C CerofgHAIIHEN
IIOJTYBOJIHOJ MOXXHO PeCTaBPMPOBAaTh BOJIHY
(1n-1m), MOABMBIIYIOCS B IEPBbIT MIJUIUAPH
net pacmyperns Meraranaktuku. Korna pas-
Mepbl MeTaramaxktuku 6bim 6mmsku x 107 o,
BepIIHA KOJMOKO/MA IIOYTM TOYHO COOTBET-
crBoBanma Ha M-ocu kooppyHare — 10' cM.

TakuMm 06pa3oM, MbI MOKEM TOBOPUTH IO
kpaitaeit mepe O BUMOOAJIbBHOM PACTIPE-
OENEHNN TMAPAMETPUYECKUX ®YHK-
L 3BE3[.

[Ipnyem nepeas mooa CBsi3aHa C CaMbIMU
IIPOCTBIMU 3BE3aMI1 HeP6020 NOKOIEHUS, VI,
KaK JX HasbIBAIOT acTpousNKy, — 36e30amu
II muna nacenenust, — OHM COCTOAT B NIEPBYI0
odepesb 13 BOJOPOJA.

Bmopas mo0a cocTout u3 3Be3 6Mopozo
noxonenus, w 36e30 I muna nacenenus, Ha-
CBHILIIEHHBIX TSKEBIMU 97IeMEHTaMI B TOPas3fio
6orbliert Mepe.

Wrak, aHa/m3 (YHKUUIA pacipeneneHit
3Be3] I10 UX [IapaMeTpaM II0Ka3asl, 9T 36e300l
€ 00CMAMmouHo 6vICOKOli 00CHO0BEPHOCTLIO
Mo2ym Gvunv paszdenenvt Ha 06a Mmuna.

OnyH TuI 3Be3l, MOABUBIINXCA B OCHOB-
HOM B IlepBble MWIINAPHbI €T PacLIMpeHNusI
MeTaI‘aHaKTI/IKI/I, JIMEEeT MEHbIINME MaCChl
M IIOYTU HE MMEET B COCTABE 3BE3] TAXKEIbIX
a7eMeHTOB. B Hamrer [alakTuke Takue 3Be3[bl

COCTAB/IAIOT €€ KapKac, CKeJIeT — rajio. BTOpOI?[
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TUII 3BE3[T, IMOABMBIINXCA CIIYCTA HECKOIBKO
MWINApaoB I€ET (B CpeHEM X BO3PaCT OKOJIO
5 MIUUINAapAoB }ICT), B OCHOBHOM PacCIIONIOKEH
B IIVTIOCKOM OMICKE lamakTuku.

1.5.3. TAIAKTNHECKAA
BMMOJAJIbHOCTb

TanakTuky Takke MOYKHO pasfelnTh Ha JBa
Haybo/Iee PacIpOCTPAHEHHBIX TUIMA: AAUNMU-
yeckue 11 cnupanvuvte (cM. puc. 1.8). Ilo MHO-
TYM OI_[eHKa‘M152 9TU TUIIbI TAJTAKTUK COCTABIAKT
601ee 70 % o61iero 4mcia rajakTuk BeeneHHoin.
Ec/mn ydects, 4TO TpeTbe MeCTO IO pacrpocTpa-
HeHHOCTI nMetoT rajaktuky tina SO, xoropsie
SBJBIIOTCSL CBOETO POJiA MPOMEKYTOYHBIM KIac-
COM MEXJY CIMPATbHBIMI U S/UIANTHIECKIMI
Fa/JIAKTUKaMI, TO Ha [IOMI0 APYIUX K/IacCOB ra-
JIAKTYK TIPUXORUTCs He 6oree 15 % ux obugero
gyicra. UTo e OT/IMYaeT B CaMbIX OOLIMX YepTax
JiBa OCHOBHBIX TUIIA TJIAKTHK?

®OOPMA N CTPYKTYPA. 3mmurnye-
CKUe T/IAKTUKY UMEIOT O4eHb npocmyio ¢op-
MY U BHy TPEHHIOI CTPYKTYPY.

«Innunmudeckue raIAKTUKI, B OT/INYNE OT
OCTaJ/IbHBIX, OeCCTPYKTypHBle. B OTHOIIEHNN
CTPYKTYPBI OUIMNTUYECKUX TAMAKTUK MOX-
HO TOBOPUTD TONBKO B IUIAHE pacIIpelieeHyst
B HUX TUTOTHOCTEI! TIO pajjuycy» .

CnupanvHble TaTaKTUKN MMEIT CTIOXHYIO
¢dopmy norapupmMmuecKnx CImMpanbHbIX pyKa-
BOB, JIUCK, PO, SPBILIKO ¥ MHOXXECTBO [IPY-
IMX 0cobeHHOCTell CTpyKTypbl. bBomee Toro,
KK/as CHMpanbHas TalakTHKa JMMeeT Tajo,
KOTOpOE MPeNCTaB/sIET COO0IT INITHYECKOE
o6pa3oBaHme U3 MIAPOBBIX CKOIUIEHWIT 3BE3J.
ITpakTuyecku BHYTPM KaX[OWl CnupanvHotl
2anaKMUKU eCTb BCTaBKA — I/IUNIMUYecKas
«eanakmuxa» (cM. puc. 1.52).

BO3PACT. Bospact 60/1bIIIHCTBA ra/IaK-
THK, [0 OLIEHKaM acTPO(U3UKOB, IIPUMEPHO
00uHakos. Bce oHM 06pa3oBaIICh B CAMOM Ha-
Jajie pacumMpeHust BcesleHHOI, B TOT MOMEHT,
KOT/Ia OHa mepena mopor 107 cm.

IIpy aTOM B InAUNMUUECKUX TaTaKTH-
Kax 36e30000pa3oeanue npakmuqecku npe-
Kpamumocb, B HUX HET MaTepyaa — rasa
Y TIBUIN, M OHU COCTOAT 13 CTapbIX 3Be3p 11 Tnma
HaCe/IeHMA.

B cnupanvHoix Ske TalakTHKax crapble
3Be3abl (HOPMUPYIOT CHepUUecKylo «BCTaB-
Ky» — TaJIO, a IIbUIb ¥ HOBbIE 3BE3/Ibl B OCHOB-
HOM pacIpefiefieHbl B [IMCKe U CIMpajIbHBIX
BEeTBAX. B CIMpa/bHBIX TalTaKTUKAX HPOOOsI-
Haemcs npovecc poxcoeHus 36e30.

VImenHo HO3TOMY MOXHO yTBep)K]IaTb, 4qTo
anaunmuyeckue 2anaxmuxy (Cofa Mbl BKJIIO-
JaeM 1 SJUIUITHUYECKVIe KOMIIOHEHTbI CIIMPaIb-
HBIX T/IAKTUK) — CHIAPble CUCHEeMbl Nepeozo
NOKO7IEHUS, 3 CHUPAIbHBIe TATAKTUKY (B 4acTH
UX crenuduyecKkoil CTPYKTypbl) — MOJIOAbIe
CUCTEMBI BTOPOIT 9II0XU 3Be31000pa30BaHMs.

PA3MEPbI 1 MACCBbI. Han6onee xpy-
HBIMJ IIO pasMepaM ABIAIOTCA CHUPATbHbLE
raJlaKTUKY, HaMOOJIbIIMe U3 HUX HPEBBILAIOT
muamerp 10% cM. ABTOpY He yanoch Haiity
B }II/ITepaType yHOMI/IHaHI/Ie O CIIMpa/IbHBIX Ta-
JIAKTUKAX, pasMepbl KOTOPBIX ObIM Obl MeHee
10” cm. C Jpyroit CTOPOHbI, 8ce KaAPAUKO8ble
2ANAKMUKY — SANUNMU4ecKUe N JJIA HUX HIDK-
HUM TIOPOroM AB/sieTcs pasmep 107 cm.

Kpowme TOro, 1o CTaTUCTIYeCKMM JaHHbIM >
IVANa30H MAacC CHUPANIbHBIX TATAKTUK JIKUT
B nipenenax 10°~10" macc Comna. Jlyist smmmunTy-
YeCKMX K€ TaJaKTUK 3TOT JMAIla30H CUIBHO
CAIBUHYT B CTOPOHY Majibix Macc: 10°-10" macc
ConHila. 9TO CBULIETENILCTBYET O TOM, 4TO CHU-
panvivie 2anaKmuky é cpedHem bosee Kpynvle
u Oonee MaccusHvle, a InNAUNMUUECKUE 6 Cpeo-
Hem boriee MenKue U MeHee MACCUBHDLE.

BXOXXOEHWE B CKOTMIEHUSA. B cko-
IVIEHUA TaJaKTUK BXOZMT OKOlo 76 % an-
JIMNTUYECKUX TIAKTUK U JUIb MeHee 50 %
crimpanbHbIx' >,

Wrak, Mb1 Bugum, 4to BceneHHas 3ace-
JIeHa B OCHOBHOM [IByMs TUIIAMMU Ta/laKTUK.
Annunmuueckue — 6osee crapble, B CpegHEM
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MeHblIIe IT0 pa3Mepam, botee mpocToie 1o dop-
Me U CTPYKTYpe, OHM BXOJST B MeTaranakTiie-
CKMIT AYENCTHIN KapKac ckonnenuit. Cnupano-
Hble — Gojlee Moyofble, Haubomee KpyIHbIE
U MacCUBHBIE, OHI 6o7ee CBOOOFHEL OT CTPYK-
TYPHOTrO cKefeTa MeTaramakTUKM.

OueHb BaXXHO, OTMETHUTbD, YTO MEXIY 9TH-
MU JBYMsI TUIIAMI €CTh 9eTKasi TPaHb [10 MHO-
JKECTBY IapaMeTpPOB, YTO CBULETENbCTBYET 00
VX TIPUHIUITNATBHOM Pas/IiduiL.

OCHOBBIBAsICh Ha 3TUX Ka4yeCTBEHHbBIX OaH-
upix, Mpl Moxem [MPEOMOJIOXKNTbL, uro
anAUNMuUYecKue TATAKTUKI OTHOCITCS K nep-
801 Mo0e IIPENIIONAraeMOro OMMOJAIBHOTO
pacrpeneneHNsi TalakKTHK II0 UX pasMepam,
a cnupanvhvie — Ko émopoii. Vl o ananorumu
¢ aromamu u 3Be3famu Mbl Moxkem [TPEIMO-
JIOXKUTb, uro B cTaTucTyeckoM pacrpene-
JIEHMV TQJIAKTHUK IO pasMepaM MeXTy STVMI
MOJIaMI €CTb IIPOBAJL.

1.5.4. MOXU
CTPYKTYPOOBPA30OBAHUA
BCEJIEHHOW

VTak, aHa/M3 CTaTUCTUIECKUX XapaKTepH-
CTVIK OCHOBHBIX CTPYKTYp BcemerHoit: aTomoB,
3Be3J] 1 TAJTAKTUK — IOKAa3bIBAET, YTO Be3fje
MOKHO BBIJIE/INTD 110 KpaliHell Mepe JiBe SIPKO
BBIp@XeHHbIe MOZBL. [IpyyeM MepBasg MOfa BO
BCeX C/Iy4asx cpopMupoBaHa 0O'beKTaMm nep-
6011 3n0xu 06pazosanus 36e30. IIoCKOMbKY 5Ke
pedn uzgeT 06 OffHOBpeMeHHOM (GOPMUPOBAHNI
3Be3f, TA/IAKTYK U aTOMOB, TO B JaJIbHeliIIeM
Mbl 6yzeM ucnonb3obath Tepmut — [TEPBAA
AMNOXA CTPYKTYPOOBPA3OBAHUAA.

OTa s1moxa BBIABISAETCA BO MHOXKECTBE
OT[ENbHBIX ¥ CIIEHMaNbHBIX PaboT, IOCBS-
LEeHHBbIX 9Bomonunu Bcenennoi. OHa Hava-
J1ach, BEpOSITHEE BCETrO, B TOT MOMEHT, KOIZia
pacupenne BceneHHOI JOCTUIIO Pa3sMepoB
okono 107 cM, 4TO HPOM3OIUIO B MOMEHT
BpeMeHn t, ~ 1 Mmwumapg net. VimenHo Torma

copMupoBamNCh IepBble 3BE3[bl B IEPBBIX
STUIMITUYECKUX TAJAKTUKAX, KOTOpBIE, CKO-
pee BCero, COCTaBU/IN HePBUUHYIO SHEUCTYT0
cmpyxmypy Memazanaxmuxu. VIMeHHO 103-
TOMy SJUVINIITUYECKNE Ta/IaKTNKN B OCHOBHOM
Hp]/[HaI[}Ie)KaT CKOITZICHMAM Ta/IaKTUK.

STa nepBasi 910Xa CTPYKTYpooOpa3oBaHms
IIPOIIIIA OfHOBPEMEHHO 110 BCEM MaCIITaOHbIM
sTaaM BceneHHoit 1 mopoamna ee 6asucHble
00DEKTHL: UIUIITUYECKIE TATAKTIKY, 3BE3IbI
Il Tuma HaceleHMs, JTErKMe aTOMBI BTOPOTO
[eprofa MePUOAITIECKOil CUCTEMBI TIEMEHTOB
II.V. Menneneesa u, BUAMMO, MeTa- U CyO-
CTPYKTYPBI, KOTOpbIe COIJIACHO CBOMM pasMe-
paM 4eTKO pacrpefeieHpl [0 TPpebHsM 1 BIIa-
IVHAM Halel MogenbHoi BY.

Takoil  BCIIeck  CTPYKTypooOpasosa-
HUA 6bUI O4Y€Hb MOIIHBIM ¥ OTHOCUTE/IBbHO
KpaTkoBpeMeHHbIM. Ilocie Hero Bcenennas
BIEpBble MpHOOpena CBOIl MPUBBIYHBIA L
Hac o0mmK, HO 0e3 ocoboro pasHoOOpasms
CTPYKTYp: He OBbUIO CHMpPAIbHBIX TaNaKTHK,
TSKEIBIX XMMUYECKUX 9/IEMEHTOB, MOJIEKY-
JISIPHBIX 00/IAKOB, HEOOBIYHBIX 3BE3T ¥ T. I
BbumM IpencTaBMTENM BCEX MacIITaOHBIX
KmaccoB BcenleHHOIT, HO cpOpMUpPOBaHHbIE 1O
MUHUMYMY DA3HO00pa3us. B 9T0T MOMEHT Bce
CTaTUCTUYECKVe KpPUBBbIE, eC/yi Obl HAIIencs
CTaTUCT-aCTPOPU3NUK, BBIIVISIAENN Obl OYeHb
IIPOCTO — 00HOMOOAILHO.

Cyns mo BceMmy, IIOC/Ie 9TOTO IepUOfa
fa/pHellllee paclMpeHe MPOUCXOAUIo 6e3
3aMeTHOT0 OOHOB/IEHMSI CTPYKTYPHOTO CO-
craBa Beenennoit*. Tax win uxade, acTpodu-
3MKJ OTMEYAI0T 3aTHIIbe, KOTOPOe IOCTIE ellle
IPUMEPHO 5 MIUIMAPKOB JI€T CMEHWUIOCH
nosoit, BTOPO/ BOJIHON CTPYKTY-
POOBPA30OBAHWNSA, nopopusueit o6bex-
THI, B HECKOJIbKO pa3 6osbliie IO pa3Mepam
U Macce.

* BO3MOXXHO, YTO pacUIMpeHMe 3aMeIniIoCh, YTO
O6’I)${CHI/IMO, ecnmn y‘-IeCTI), 4YTO B paMKax Hameﬁ MoOzenmn
MeraranakTyka nomajaa B pe30HaHCHOE OYEHb YCTOM-
YUBOE MAacIITaOHOE COCTOSTHIE.
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Bo3MOXHO, 3Ta BTOpas 31moxa 3aKOHYN-
JIaCh, BO3MOXKHO, OHAa 3aKaHYMBAETCH, MOXKET
OBITb, €llle IPOJO/KAETCS.

ITpyt 5TOM Ba)KHO OTMETHUTb:

¢ YTO MMEHHO BTOpas S5I0Xa MOPOANIA
CIVpajbHble CTPYKTYpbl B HEKOTOPBIX 97I-
JIMNTUYECKUX TATAKTUKAX, IPUYeM Hpenumy-
IIECTBEHHO B CBOOOIHBIX OT CKOIIJIEHNII;

¢ YTO MMEHHO OHA IIOPOAM/IA BCE 3BE3MIbI
I Tuna Hacenmenus;

* ¥ IMEHHO OHA IIOPOJiN/Ia OCHOBHYIO Mac-
CY TSDKETIBIX 9/IEMEHTOB.

Bce mepeuncieHHble 0OBEKTHI B CTATHUCTH-
YeCKVX paclpefe/ieHNsaX TPYHIUpPYITCs BO-
KpPYT 6M0poii MOObL.

1 06beKTHI jany BceneHHOM He BUaH-
HOe paHee MHOrooOpasme 1 IaIUTPy HOBBIX
cBoitcTB. KcTaru, He MCK/IIOUEHO, YTO ceityac
Mbl TIePEeXMBaeM He OCTaTKV BTOPOIl 3IOXIL,
anagano TPETBEWN, camoit ceexeit SMOXM
CTPYKTYPOOBPA30OBAHWS, kotopas no-
poXx/aeT Hanboee KPyIHbIe TUIIBI CTPYKTYP Ha
BCeX 9TaXax M-0cCH: TsDKeNble U CBEPXTSDKebIe
9/IEMEHTbI, CBEPXMACCUBHBIE U OYEHb AKTUBHBIE
raJlaKTUKI, HOBEJIIIIE 3BE3[bI.

Yro KacaeTcs 3Be3Jj, TO CYLIECTBYIOT He-
KOTOpble IPN3HAKNU TOTO, YTO HPembs Inoxa
OTJe/IeHa OT BTOPOU MEPUOJIOM 3aTHIIbSI, I HA
AMarpaMMaXx MMeeTCsl pa3phblB MeX[y 3Be3fa-
MI BTOPOJI I TPEThEI SMOXI.

Emre pas manmomunm, uto TPETBIO 3MO-
XY CTPYKTYPOOEPA3OBAHUA sbige-
nser, B 4acTHocTy, actpoHoM C.A. Kamman.
OcHOBaHVMEM [JI1 3TOTO ABIAETCA, BUIMMO,
OTJIe/IbHAS OT IJIABHOM IIOC/IENOBATENbHOCTH,
CABMHYTas B CTOPOHY OOJBIINX PasMepoB
BeTBb APKMX rnrantoB (371). OHa IPaKTHIeCKN
UJIeT TapajIeNIbHO rMABHOW MOCNEQO-
BATEJIbHOCTW Ha guarpamme Sp-D.

MOXHO TIPEAIIONOXUTb, YTO 3TO U €CTh
[JTaBHAasl IOC/IEOBATENIBHOCTb CETOHSAIIHETO
nporecca popmuposanus 3Besf. Torna y Hee
OyneT pasBMBATbCS NPOJOKEHNE BHU3 Be-
BO, B CTOPOHY MEHBIINX II0 pasMepaMm 3Be3f,
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U BIIPAaBO — IIyTh J/Is OTKUBLINX CBOE 3Be3]I,
CKaT B CTOPOHY KPACHBIX CBEPXTUTAHTOB.

OKCTpanmo/Lsinyst 3Tl BONHBI B Oypayliee
03BOJISIET HAM HAIITV U BEPXHIOI TOUYKY TPETh-
€ro, COBPEMEHHOTO 3BEe3JHOr0 Kojokoma. Ero
KoopaMHata Ha M-ocu paBHa npumepHo 12,9.

[IpyHIMINATBHO BaXXHO OTMETUTDb, YTO
BCe 00BEKTBI NePeoti SIOXU CTPYKTypoobpa-
30BaHI OTCTOAT JAPYT OT Apyra Ha M-ocu Ha
paccroanus, Kparubie 10°. ITu 06beKTH 3a-
HIIMAIOT JIeBble KpaliHue (nepevie) MOfbI B O1-
MOJIa/IbHOM pacIpee/ieHIN.

Pacnionoxxenne >xe Ha M-ocu 00DBex-
TOB 6MOPOil 3I0XM CTPYKTYypoOOpasoBaHmMs
MHOe. TN 00BEKTHI MBI OTHOCUM KO 6MOPbIM
mooam.

Bmopvie M00bt KaXAOro Kimacca, Kak
sto MoxxHo npensapurensio [MPEAMNONO-
KUTb,

IIEPBBIX HE HA ITIOCTOAHHYIO BEJINYVHY, & Ha HE-

CHIBMHYTHl BIIPABO OTHOCUTENBHO
KOTOPYIO IIepEeMEeHHYIO BEIMYMHY CBUTA, KO-
TOpasl YBeMMYMBAETCA 110 Mepe IPOJBIKEHUA
BOTb M-0Cl BIIPaBO OT aTOMOB K TaJIAKTHKAM.

B yem npuumHa TaKoOro CABUTA, MbI IIOIIbI-
TaeMcsl 0ObSACHUTD B CTIAYIOLIEM pasfierie 9Toi
IJIaBbI.

1.5.5. IBE MACLUTABHbIE
BOJIHbl YCTONYMBOCTU

MHoroneTHre pasMBILUICHNA —IIPUBEIN
aBTOpa K BBIBOAY, 4TO XapaKTepHble (YCTOIi-
YuBble) pasMepbl BceneHHON HEBO3MOXXHO
OODBACHUTD, MCXORA MCKIIYUTENLHO 13 JIO-
KaJIbHBIX B3aMMOJENCTBUII. MHOTrue BaKHbIE
pasMephl OIpPeMeATCA TPAHNYHBIMU YCIIO-
BMAMM MAcCIITAaGHOTO [Mana3oHa BceleHHOI.
BosmoxHast pusmdeckas MHTepIIpeTaLys 9T0-
ro BbIBOfia OyfeT HaHa B IOCTERYIOLINX pas-
ZIeax, a 371eCb Mbl OTPAHMYMMCS €€ aHa/IM30M
B paMKax Kame20puti cumMmempuu.

Buioenum na nepeom amane 0eéa Haubo-
nee 8aicHvIX Oe3pasmepHvlx KodPPuyuenma
M-ocu: 10° u 10%".



Ilepsviii Koapdpunuenm sBusercs (eHo-
MEHOJIOTMYeCKOil ~ TaHHOCTBIO, JIOCTOBEPHO
IpOABJIAIONIENICA  BO  B3aMMOOTHOIICHUAX
MHO)KeCTBA Pa3/IMYHbIX [TapaMeTpOB Ha Bcex
MacIITaOHbIX 3TaKax. OH CBA3aH C APYTUMU
bonpummmy Yncnamu, ABIAACH HaMMEHBIINM
006IIMM KPaTHBIM /IS HUX: 10", 10", 10%, 10*.
Hasosem ero BASVICHbIM koaddunuenmom
macwma6Hoil cummempuy (B JanpHeeM —
BA3VCHbIM KOSO®DOULIMEHTOM MC).
Ero mnpoucxoxpjeHne paccMOTPeHO B pabo-
Te aBTOpa coBMecTHO ¢ H.IL TpeTbAkoBBIM
«Apudmernxa BeenenHori» 1

EcTh Beckue OCHOBaHMs CUMTaTh, uto 10°
SIB/ISIETCSI HEM3BECTHOII paHee HaykKe Ge3pasmep-
HOJ1 KOHCTAHTOI HAIIEr0 MUPA, He MEHEe BaXK-
HOJ1, 4eM CKOPOCTb CBeTa M/IM Macca IPOTOHA.

Bmopoti kosgppuyuenm — ato Hambonee
nocrosepro onpegensembiit MACLUTABHbIV
WHTEPBANT BCEJIEHHOW, COfepIKAIIUIT
61 HOpS/IOK Ha ILiKaze AecSITUYHBIX orapud-
MoB: 28 — (-33) =61.

Ero 6oree To4HOE 3HAYEHIIE 3aBYCHUT OT JIC-
TMHHOTO pasMepa (zmamerpa BcenenHoit, ko-
TOPBIIl OLIEHUBAIOT B AmanasoHe ot (3,2...6,4)
10% cm, uto praet pasber 61,2...61,6. Oxpyrnss
37Iechb €To 3HaYeHIe 10 MUHIMYMAa/IbHOTO 3Ha-
yeHMs 61, MBI He IIpeTeH[[yeM Ha OKOHYaTe/lb-
HYI0O TOYHOCTb pacyera, 160 oHa OymeT BO3-
MOJXHa /INIIb IIpu HOHY‘ICHI/H/I [AOCTOBEPHBIX
IAHHBIX O pasMepax BcemeHHOI 1 0 CKOPOCTH
TOTO B3aMMOJENCTBYs, KOTOpOe 00yCaB/m-
BaeT (HOpMUpPBOAHIME MacIITabHO-Vepapxuye-
CKOJ1 CTPYKTYpbI Beenennoit.

ComocTaBss iBe 6e3pasMepHble BeINYN-
HBI 5 1 61, MBI BUIMM, YTO MEXKJY HUMU HET
I[e/IOYMCIEHHOTO  B3ayMooTHomeHnA. Ecmu
orknanbBarh GasucHsit koapdument MC,
HauMHasA OT JIeBOro kpasg M-ocu, To OH He
YK/IaJBIBAeTCA IeJI0e YMUCI0 pa3 B MacIITa6-
Hblil MHTEpBa BceneHHolt, npu stoM Habeza-
em ocmamox 6 00UH NOPs00K.

OpHako ecnm Obl Bcenmennas mmena pas-
Mepbl 1,6 - 107 cM, To Torma ofmjas mIMHA

M-unrepBana BcenenHoit 6puta 651 paBHa 60
HOPSI/IKaM, KOTOPBIL 6e3 ocmamka Oenumcs
Ha 5 nopsoxoe 12 pas.

OueHb BKHO IOAYEPKHYTb, UTO TaKas
CUTyauys B MOfeN pacuupsioeiics Beenen-
HOJT BIIO/IHE (PM3MYECKU peanbHa, OHa MOITIA
BO3HUKHYTb B TOT MOMEHT pacCIIMpeHMus, KOr-
fa BceneHHasi 1MMena BO3PAcT OKO/IO OJHOTO
mumappa net. Kax ybexxaenst actpodusuki,
umerHo B ator Momert (OCOBON M-CUM-
METPWW) npomen 6ypHsIit mporecc CTpyK-
Typoo6pasoBaHus Ha BCeX 9TaXkax BcenmeHHOIL.
MbI e MOKa3amy Bblllle, YTO BCE CTPYKTYPBI,
copMupoBaBIIeCs B 9TOM IIPOLiecce, MMEIOT
CpefHue pa3Mepbl, KOTOpbIe yAUBUTETBHO TOY-
HO OTCTOAT APYT OT Apyra no M-ocu Ha 5 1o-
PARKOB (HYK/IOHBI, BOLOPOX,... CTapble 3BE3MIbI
U QJTIUIITUYECKIUE Fa}IaKTI/IKI/I).

Bcero atux enasuvix munoe cucmem
IO/DKHO ObII0 00pasoBarbcsi BO BceneHHOI
cornmacHo mMopenn BY — dsenaduamo, ne cuu-
Tas MEePBUYHON — MaKCHMOHA, 3aMbIKAIOIIIEro
¢ 1eBoro Kpas M-yuanason Bcenennoii n npu-
HSTOTO HaMI 32 TOYKY HOJIb.

be3ycnoBHO, B HacTOsIee BpeMs MbI C YBe-
PEHHOCTBIO MOYKEM COIIOCTaBUTD 13 y3mam Ha
M-ocu numb 6-8 peanpHBIX TUIIOB (u3nde-
cknx cucreM. OfHaKO TOT GaKT, YTO HECMOTPS
Ha PaspbIBbl B [IOC/IE[OBATENIBHOCTI, Pa3MepPh
rmaBHbix rnpencrasutenein  JBEHAOLATU
KINNACCOB na M-ocu mnony4aiorcs myTeM
TpaHcnsuu  6asucHoro koadduuuenrta 10°
[I0CTATOYHO TOYHO (MHOTIAAa — (HheHOMEeHATbHO
TOYHO), MO3BOJ/ISIET BBIABUHYThH CIIENYIOLINIL
CLIEHAPVN PA3BUTWNSA COBbITUN BO
BCEJIEHHOW.

B Bo3pacrte BcenenHoit B ofuH MMUIMapy,
ner pa mapamerpa (10° u 10%) cosmamu oco-
oyro MACLUTABHO-PE3OHAHCHVIO cu-
TYaLII0, KOTOPOJI He OBUIO aHATOrOB B HOCTIE-
AyIolileM Ipolecce pacumpeHnsa. Bo3aMoxHO,
MIMEHHO TT03TOMY Ha M-ocu 6asycHble CTPYK-
TypHble pa3Mepbl OCHOBHBIX KJIaCCOB 00'Bb-
eKTOB BcelleHHOI OTCTOAT ApYr OT Apyra Ha
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5 MOPSIAKOB C TOYHOCTBIO 10 KOaddurimenTta
1,6 mepep VX 3HAYEHNAMIL.

JanbHeree pacmypenue MeraramakTu-
KU B TeyeHMe MOCTeHNX 16 MUIIMAP/OB eT
IIpuUBENIO K yﬂ}II/IHeHI/IIO MaCH_ITa6HOI‘O VHTEpP-
Ba/a BCeTo Ha ofyH mopsAfok. Ho atoro oxa-
3aJ10Ch JOCTATOYHO Ji/I PacCOITIaCOBAaHMA Mac-
TaOHOTO pe30HAHCA.

KonmuecTBo 1 XapakTep OCHOBHBIX KjIac-
coB Ha M-ocu He M3MEHMJICA 3a 3TO BpeM::
Ta/IaKTUKHN, 3BE€31bl, AaTOMbI " npyme 06’beKTbI
CYILLECTBYIOT I10 KpaliHeli Mepe ¢ Bo3pacTa Bee-
neHHol B 1 Mmwuinapy net. C Tex mop He 1os-
BUJIOCH €llle XOTs1 ObI OHOTO HOBOTO MacIITa0-
HOTO KJIacCa CHUCTeM, KOTOPBII 3aHMMAy Obl
CTPOTO BBIJIE/IEHHbIII MACIITAOHBI MHTEPBAT.
Cnenosatensuo, YACJ1IO KJTACCOB, PAB-
HOE 12, ABNAETCA BEE3PASMEPHOW
KOHCTAHTOMN M-OCW (MoxmO mpuusaTh
IPYTYI0O PAaBHOLIEHHYI0 KOHCTaHTY — 6 BOJHY,
KOTOpbIe 00pa3yioT 12 IOMTyBO/IH, B3AThIX HAMU
3a OCHOBaHMe 1A BbifieieHns M-KmaccoB).

Wrtak, B HacToslee BpeMs B pacIIups-
ouerica BceneHHON OCTarOTCS HeM3MEHHbI-
MI II0 KpaifHell Mepe TOCIefHNe IPYMEPHO
10 munnuappos ner OBA MACLUTABHbIX
NHBAPWAHTA. Ilepeviii — amo 5 nopsoxos.
Bmopoii — amo 12 xnaccos, unu nomyeosnt.

Pas6buenne M-ocu stuMu OBYyMs WHBa-
pyaHTaMM IIPOMUCXOAUT IIO Ppa3HbIM NPUHIIN-
IIaM, — ¥ 3TO [/ JaIbHEVIINX PACCY KeHMIA
TIPYHIVIINAAIBHO.

Tepseiit BASVICHBIA kosddurment —
10° — KaK MoKasbiBaeT BCsA (PEHOMEHONOTHA,
CTPOTO TOYHO OTK/IAfIbIBAETCA OT JIEBOTO Kpasd
M-untepBana (or Toukm 0), pasbuBas BCiO
M-ocb Ha CyLeCTBEHHbIE Y3/Ibl, YepeyIole-
cs 9epes 5 IOPAJKOB.

Bmopoii
eéecv M-uHTepBaZ TOYHO Ha 12 OTpe3KoB

Koagpduyuenm  pasbuBaer

* 3ameTnm, 4TO YMC/IO0 6 OBIIO BBIOPAHO HAMU He CITy-
yariHo. J[eo B TOM, 4TO 6 — 3TO MepBas KOMIITIEKCHAs
YeTHO-He4YeTHAs TAPMOHNKA B PAAY LEbIX ducen: 1, 2,
3,4,5.. Begp 1:2.3 = 6.

HE3aBUCKUMO OT eT0 MeHsitoweics jymabl. Ecre-
CTBEHHO, YTO B Pa3Hble MOMEHTbI PACLIMPEHIS
Meraranktuknu pasbuenve ee M-uHTepBama
Ha 12 JacTeil IpMBOAUT K IONTYyYEHMIO OTpPE3-
KOB PasHoOI1 JymHblL. Ecu pasnennts ee coBpe-
MEHHYI0 JUIMHY B 61 TOpAOK Ha 12 Kmaccos,
MBI IONYYUM HEKYI0 HOBYIO Oe3pasmepnyio
senuuny 10"
cmanmoil, a pacmem émecme ¢ pacuiuperuem
Memazanaxmuxu. Hazosem ee 9BOJIIOLIN-
OHHbIM  xoagpduyuenmom macwmabroii
cummempuu (ABONIOLUNOHHBIM KO3®-
OVLUMEHTOM MC).

Kasamocy 6bI, momydeHnme HeOOIbIION

, KOomopast He SA6751emcst KOH-

IONPAaBKM IIOC/Ie 3aIITOM IpU TAaKMX Mac-
mrabax — HecyllecTBeHHas Menoyb. OfHAKO
6rmarofapst 3TOI MOMPaBKe Mbl MOXKEM CJie/IaTh
€lle OfVH Ba)XKHbIVl M MPUHIMIINANbHBIN 1IaT,
a IMEHHO — IIEPENT 0 NPOCcmozo pasbue-
HUs K 6071HO60MY. Benb ¢ popManbHOI TOUKY
3peHus1 pasOueHne MEHsIOErocs: MHTepBaa
Ha IIOCTOSHHBIE Iie/ble 6 BOMH (mnu 12 momy-
BOJIH) eCTb He uTo uHoe, kak MOJEJIb MAC-
LUTABHOW CTOSAYEM BOJHbI, muma
KOTOpPOJ 3aBMCUT OT IIPaBO} MEHAIOIIENCcsS
MacurtabHoll rpaHubl MeTtaramakTuku.

B arom ciyuae okaseiBaercst, uro BA3VC-
HASl BOJTHA YCTOMYMBOCTU (BBY)
UMeeT CBOI0 «TeHb» — CO8UHYmMYylo no dase
9BOJIOLIMOHHYIO BOJHY YCTONYW-
BOCTU (3BY), kortopas uenoe umcno pas
YK/IafibIBaeTCsI B MaclITaOHbI Auama3oH Bce-
neHHoit (puc. 1.57), siBsisch MaciTabHOI CTO-
s19erl BOJTHO®.

Xapaxmepuvie ycmoitiuuevie mouku Ha
M-ocu ons Deomouuonnoii Bonnwvt 3asucam
om paouyca Bcenennoii.

Ilo mepe pacmmpenus Bcemennoit BTo-
pas CMHyCOMpja B OT/IMYME OT IepBOil Oy-
IeT pacTATMBAaTbCA BIPAaBO KaK TapMOIIKa,

* HamoMHNuM, 4TO COIZIACHO Teopuu KojebaHmit 10-
6as cmoA4as 60/1HA BCETAA IieNl0e YNCIO Pa3 yKia-
JIBIBAETCA B IPAHMIIBI CPEfibl, B KOTOPOJ OHA pacipo-
CTpaHsAeTCA.
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M BCe YCTOIYMBBIE TOYKY, KOTOPBIE OHA 3a-
maet, OyoyT CHBUraThCsl BIPaBO 10 M-0cu.
910 MO3BOJISIET CAENATh CIIERyIollee BaXKHOE
NPEOMNONOXEHNE.

Bo Bcenennoil 6ce xapaxmepnuvie, ycmoii-
uuevie pasmepvr umerom BIMOOAJIbHOE
(Hamboree SIPKO BBIPAXEHHOE) pacnpedese-
nue. Ilepevie M0OvI 0OPA3YIOTCS TPAHCIIALIMEN
(cmBuT Ha 5 OPALKOB) BRONb M-0CH OT 71€BOI
kpaitneit Toakn (107°>° cm) koadduumenta 10°.
C HMMU CBA3aHBI BCe XapaKTepHbIe pas3Mephl
OCHOBHBIX TUIIOB CUCTEM*.

Bmopvie modvt B pacupeneneHnn 00beK-
TOB II0 VX pa3MepaM GyAyT BCeTa paconoxKe-
Ha CIIpaBa OT IIepPBOJ MOABI**.

CremoBaTenbHO, 0o/ee IIONHAsA MOZENb
Bomnubr YcronyuBocTu 6y,11eT BBIITIANETh Pas-
JIBOEHHOII, KaK 9T0 M300paXkeHO Ha puc. 1.56.
BA3VCHAA BY umeer csoero fBoitHuKa —
BOJIHY C HEKOTOPBIM cpBurom ¢asel. Ecmm
paccMarpuBarh PUCYHOK, BUJHO, 4TO Tpeb-
HM ¥ BIOAAUHBL BTOpoil BonHbl (OBY) — mo
Mepe nepeMelleHns oT Toukyu 0 — ypangoTcsa
ot rpe6Heit u BraguH nepsoit Bonusl (BBY).
B kpaitueit npasoii touke C — OBY npe6pisa-
€T B COCTOSTHIY MaKCVMa/IbHOI YCTOYMBOCTIL.

Urax, mbt [TOJTATAEM, 4ro ecnu mepsast
BorHa — BBY o6pasyercs 3a cuer nenouncien-
HOCTY YICXOTHOTO K03 duiienTa 10°, To BTO-
past — OBY o6s13aHa cBOMM IIPOUCXOXKEHIEM
LIeTIOYICIIEHHOCTYI BOJIH, KOTOpbIE YK/IafbIBa-
I0TCA B MaclITabHbBII MHTEPBAlT TOYHO 6 pas.
Bo6oux cnyuasx coxpaHsemcs uenouucieH-
HOCMb, XOMS 00UH BUO0 CUMMEMPUU 8 0aHHbILL
Momenm wusnu Bcenennoii He coenacyemcs co
8mopuim. Benuuuna paccoenacosanus ons écezo
unmepsana Beenennoii pasna 1/61 unu 1,64 %.

* Ortu pasMepbl (C y4eTOM IIOMPaBOYHOTO K0adu-
1yenTa 1,6) u npuBeneHbl Ha rpaduke Bomubr Yeroii-
YMBOCTHU, KOTOPBIM MBI IO/Tb30BAIICH B MPEBIYIINAX
paspenax.

** Kak 1mokasasy BBIYMCICHNS, 3T MOJbI 06pasyroTcs
IyTeM TPaHCIALMHU BOTb M-0cu DBOMIOIIIOHHOTO KO-
s durmenta MC, KOTOPBIIT B HACTOsAIeE BPeMs PaBeH
5,083.

METODOAOTMYECKOE
OTCTYNAEHUE

CpenaeM He6osbLLOE MeTOAoNornyeckoe
OTCTYNSIEHNE W BBEOEM HEKOTOpble MaTe-
maTudeckne opmel onmcaHus BA3VCHON
n 3BOJIIOLUMOHHOW macwwTabHbix BOJH
YCTOMYMBOCTWN. OHu noTpebytoTcss Ham
B JanbHerwem Ansa ygobcTea pacyera xapak-
TepHbIX To4ek Ha M-ocu.

CHayana cpenaem ato ans BA3VICHOW
BOJIHbI, koTopas umeeT nepuog yCTOMYMBO-
ctm — 10°. MpumeM B NepBOM MPUGTINXKEHUN,
410 BY — 3T0 CMHycomnaanbHas Kpusas, B KOTO-
poui aprymeHTOM fiBNsieTcs norapnudm pasme-
pa cuctembl — IgL. [Ans NpoCTOTbI BblpaXXeHusi
NnepeHopMUpyeM 3Ha4YeHUe aprymeHta Takum
o6pasom, 4Tobbl KpanHe neas Todka BY co-
OTBETCTBOBASIA 3HAYEHWUIO aprymMeHTa, paBHO-
My 0. [na storo BBegem pasmep B eAUHN—
yax ¢pyHpameHTanbHou AsmHbl — |, Torpa
pa3mep cucTeMbl B caHTUMeTpax 6ygeT nepe-
BOAMTBCA MO criepytoLlert oopmyne B pasmep
B eavHMLax oyHOAMEHTaIbHOM O/ IMHbI:

IgD = IgL —Igl. (1.12)

CooTBeTCTBEHHO cama thyHAameHTasnbHas
OnvHa B eavHunuax dyHgaMeHTanbHON AnnHbI
6yneT nmeTb KoopamHaTty Ha M-ocu:

IgD; = -32,8 — (-32,8) = 0.

Torpa, Hanpumep, koopavHaTa (pasme-
pbl B eauHuuax yHAaMeHTanbHOM AJSIMHbI)
cpegHero pocTta 4enioBeka Ha M-ocu 6yget
BbIrnsageTs Tak: IgD = 2,2 — (-32,8) = 35. 910
NoKasbIBaeT, YTO «pa3Mep» 4YenoBekKa TOYHO
Ha 35 nopsakos 6onbLue pa3mepa pyHOaMeH-
TanbHOW AJNHbI.

Tenepb BblibepeM OYyHKLMIO 015 MOLENNPO-
BaHuA BY, Bo3bmem kocuHycougy. O603Hauvm
eOVHMLEN COCTOsIHME MpefdesibHoM YCTONYMBO-

CTV CUCTEMBI B K&XXOW U3 CeMM NOTEHLMArbHbIX
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5
© BasucHan BonHa — «kameptons, A /2=10

Pacwwpsiowancs
rpakvua
Metaranaktukm

5,083

Croauan sonta ssonoumn, A./2=10

Puc. 1.57. XapakTtepHble ycTon4mnBble To4KM Ha M-ocu (pa3mepel) Ans BTOPOW BonHbl — OBY 3aBucat
oT paguyca BceneHnHon. Mo mepe pacluvpeHusi BceneHHol BTopas cuHycomaa B OTMYME OT NepBoW
(BBY) 6ygeT pactarneaTbCsl, Kak rapMoLLKa, BNpaso, NPy 3TOM BCE YCTON4MBbIE TOHKM, KOTOPbIe OHa
3afaeT, Toxe 6ynyT casuratbes no M-ocu Bnpaso

SIM yCTON4MBOCTY Ha BY. COOTBETCTBEHHO B Me-
cTax rnepece4yeHusi KocuHycompovi ocn X ee
3Ha4YeHna 6yayT pasHbl Hymo. [Npyaaanm aTomy
3HayeHWe npeaesibHO HeYyCTOMYUBOro COCTO—
SHUS CUCTEMbI. BepxHue To4kn oyHKLmm 6yayT
COOTBETCTBEHHO NMPUHUMATb 3HAYEHVE «MUHYC
1», 4TO BYOET OTpaxaTb WX ycToM4YnBOe cenl—
JsioBoe pasHoBecHe (cM. puc. 1.58).

HanomHum, YTO  BEKTOp  yCTOWYn-
BOCTM B Hawen wmogenu BY HanpasneH
BHU3, cnegoBaTenbHO Hwxe M-ocu 3Haue-
HUS  (PYHKUMW  [OJIOXKHUTEsIbHbLI, a Bbille
M-ocn — oTpuyaresibHbI.

Bce a1V noHATUA BecbMa 1 BeCbMa YCrioB-
Hbl, TaK KaK caMo Mo ce6e NOHATME YCTONHNBO-
CTW CUCTEMbI UMEET KOMMIEKCHBIN 1 [OBOSbHO
CIOXHbI CMbICIT, KOTOPbIN Mbl He 6yaem 3[ecb
obcyxaatb. BeegeHne atnx doopmanm3mMoB He-
06X0AMMO B NepBY0 o4epefb Ans TOro, Y4Tobbl
npupate BY nogobue ¢pyHkunoHanbHou 3a—
BUCUMOCTU U UMETb BO3MOXXHOCTb paccym—
TbIBaTb XapakTepHbie To4ku Ha M-ocu o
¢hopmyrie, a He C MOMOLLbIO JIMHENKU.

WUtak, npu npuHATLIX 0603Ha4YeHnsx BA-
3VCHAA BY umeeT cnepytolmin gyHKLMO-

HanbHbIV BUA;

Fo(L) = cos (2p - IgD /1g10') =
= cos (36°IgD),
roe Fo(L) — dyHKUMA 6a31CHON MacLUTabHON

(1.13)

YCTOMYMBOCTM cucTembl, a 10'° — 6espas-
MepHas maclutabHas AnuHa BOMHbI (MMeeTcs
B Buay mamHa BA3MCHOM MACLLUTABHON
BOJTHbI).

Pacuet no copmyne (1.13) nossonut Ham
HanTK BCe Hambornee XxapakTepHble pa3mepsbl
1 onpepenuTtb nx paHr no bBY.

Ocoboe BHMMaHWe crieqyeT o06paTUTb
Ha TO, YTO NPV LENOYUCIIEHHBIX 3HAYEHUsX:
IgD=N=0,1,2, 3, 4,5, 6..., KOTOPbIMX Xapak-
TepusyloTcst Bce To4ku Ha M-ocw, ngylive Ye-
pe3 KoaULMeEHT yBennieHns pasmepos B 10
pas, hyHKUmMs (1.13) npyHUMaeT 3Ha4eHns:

F, (L) = cos (36° N) = 1, (0,809), (0,309),

(- 0,309), (- 0,809), (1), (- 0,809)...

B nonyyeHHOM psigy KpOMe O4eBUIHbIX, 3a-
JaHHbIX 3apaHee 3Ha4eHn 1 n —1 Mbl o6Hapy-
XMBaeM MPOMEXYTOUHbIE 3HAYEHUs PyHKLMM,
KOTOpble MOXHO NpeAcTaBvTb B APYroM BUAE:

+0,809 ==+ (0,5-1,618),

+0,309 =+ (0,5 - 0,618).

B ckobkax Mbl 06HapyXuBaem gBa o4YeHb

Ba)kHbIX KoaghchuymeHTa cummeTpun. OguH

135



U3 HUX — 30J10TOE ceYeHue*, a apyron pa-
BeH 1/2**,

CnepoBatesibHO, NofyyYeHHass HaMun PyHK-
LUnst MPUHMMAET B TOYKE MEXAY ABYMS npe—
AeJIbHbIMU COCTOSIHUSIMU  YCTONYUBOCTU
Ha M-ocu 3HaveHwe, KpaTtHoe 30J/10TOMY
ceqyeHuIo.

KakoBa 3gecb cBsi3b mexay BY un 3Hame-
HUTOM 30M0TOM MNPOropunen, noka ckasaTb
TPYOHO, HO MPOWTM MUMO 3TOrO COBNAaAeHus
TOXE HEBO3MOXHO.

®yHKUMA yctonumeoctTn ans SBOJIOLN-
OHHOW BY 6yaeT uMeTb crefytoLii BUA;

Fs(L) = cos (2p - IgD /1g10'%'¢") =

= cos (35,4° IgD), (1.14)
T. €. OHa cOBMHYTa No (ha3e B CTOPOHY yBeNM-
YeHus nepuoga Ha M-ocu Ha 0,167 eguHuL,.

B panbHeviwem pns onpepeneHns Koop-
OuHaTbl BTOpow mogbl (X;) Ha M-ocu Mbl 6y-
OeM Mnonb30BaThCA pacyeToM Mo crepyloLlen
copmyne:

Xo =112 (rs + 32,8)K — 32,8, (1.15)

* Ha aror ¢akT BriepBble 06paTil BHUMaHMe aBTOpa
B. Komapos.

** Kak OyzeT II0Ka3aHO B CTIeyIOLIeil KHHUTe LIMK/IA, 9TH
Ba K03 GuIeHTa CUMMETPUY SIBJISIIOTCSL Ga3UCHBIMI
Wi 06yX PA3NIUUHBIX MUNOE CUMMEMPUU: 1n0000Us
u pasencmaea.

roe X, — CTeneHb [AeCcATUHHOro norapudgma
BEPXHUX N HWKHUX Todek OBY, K — Homep
knacca Ha BY, ry — nokasaresnb cTeneHu gecsr-
KN B 3a4eHUKN pagunyca BeceneHHow (B €M) Ha WH-
TepecytoLLMiA HAaC MOMEHT ee XM13Hu. Hanpumep,
ans papuyca BcenenHoi 10%2 cm nokaszarens
paBeH 28,2. Toraa X, ana KITACCA Ne7 paseH

Xs=1/12(28,2+32,8) - 7-32,8 =

=12.7-32,8=35,58—-32,8=2,78.

310 paet pasmep 10278 cMm, Unm 6M3KMIA
K 5 MeTpam, 4TO o3Ha4aeT cnepytoilee. Ecnu
poCT 4enoBeka pacnosioxeH Ha M-ocu B y3ne
BBY, nmetoem koopamHaty 1,6 meTtpa, To ns-
TUMETPOBbIE rUraHTbl (6yAb TakoBble HA 3eM-
11e) COOTBETCTBOBaNM 6bl Y311y IBY, nmetoLe-
My KoopauHaty 5 MeTpoB Ha M-ocwu.

MoxHo Hanucatb v apyryto dopmyny Ans
pacyeTa 3Ha4eHVs 3BOJIIOLUOHHON MOAbI:

L% =1 (Rg/1;) K™, (1.16)

Ecnu npuHsaTb 3HadeHne Rg = 10772 cMm, Ko-
TOpOEe COOTBETCTBYET MacLUTaBHO-pe30HaHC-
HOMY COCTOSIHVIO (MPUMEPHO B MOMEHT ee
Bo3pacTa B 1,6 munnvapga net), To hopmyna
(1.16) npumeT BMA, KOTOPbLIN COOTBETCTBY-
eT dopmyne gnsa pacyeta 6a3vMCHON NepBom
MofAbl B pacnipegeneHum Ha BY:

LB =1, - 10%. (1.17)

=Y

YeroiumsocTb

HEeYyCTONYMBOCTU O6BEKTOB

LecTe «cepens YCTOWUHBOCTH Ha Kawgon w3 BY

CeMb «AM» NOTEHUHANLHOW YCTOHUMBOCTH Ha kawpgol uz BY (BBY w 3BY)

Puc. 1.58. Mogenb aByx BonH YcToiumBoctu. Ceepxy, Ha rpebHsx BBY n OBY, HaxopsaTca gvana-
30HbI PA3MEPOB MaKCUMasIbHON YCTOMYMBOCTU [Nt OOBbEKTOB CTPYKTYPHOrO psja — CBOeo6pasHble
«cefna yctonumsoctn». BHnay, B cemu smax gns BBY n OBY, HaxogaTcs 30HbI YCTOMYMBOrO pas-
HoBecus Onsi O6bEKTOB AAepHOro pspa. Touku nepeceyeHnss BY ¢ M-0cblo — TOYKM MakcMmarbHOM
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MpoBepuTb cnpaBeanMBOCTb NPUMEHEHWS
3TUX MOZESbHbIX PacCyXAeHWU MOXHO, ecnm
NMOCTPOUTL AuarpaMMbl pacrnpepeneHns oc-
HOBHbIX MapamMeTpOoB rNaBHbIX TUMOB 06bEeKTOB
BY B 3aBMCMMOCTM OT KX pa3MepoB, a 3aTtem
CPaBHUTb MONy4YEHHbIE 3HAYEHUSI MOL C MO-
[OeNbHbIMU 3HAYEHUSIMU, PACCUUTAHHbIMU Ha
6a3e OBYX BOJIH YCTONYMBOCTM (CM. puc. 1.57).

MpoBenem Takoe CpaBHEHWE AN pacCMo-

TPEHHbIX BbiLLEe KIacCoB.

AOPA ATOMOB (KJTACC Ne4). 310
IepBbIil MacITAOHBI ypOBEHb, C KOTOPOTO
MBI MOYKEM OIMPATbCA Ha IMIMPUIECKIE [JAH-
HbIE O Pa3Mepax CUCTEM.

Ilepsas mooa ycmoiinueozo pasmepa B co-
orserctuu ¢ BY pasna 1,6 - 107 cm (4 mara
no 5 nopsapkos or Toukm 0 — ¢yHZaMeH-
Ta/IbHOI JIJIVHBI). IToBTOpUM, YTO AUAMETp
Hayboee pacIpoCTpaHEeHHO YacTuIbl Bce-
JIEHHOi — IIPOTOHAa — JIMeET MMEHHO TaKoe
3HaYeHMe.

Bmopoii ycmoituuevotii pasmep, onpepens-
eMbIll MCXOfiA U3 MPUHATOTO Ha CErofHA pas-
mepa Beenennoii B 1,6 - 10 cm, no agonoyu-
onnoti gopmyne (1.15) pasen 107 cm, mnm
3,410 em.

[lnameTp 6mopozo HanboMee PaCIpOCTpa-
HeHHOTO sAfjpa aToMa BO BceneHHoit — s0pa
2enus — SMIVMPUYECKN OIpefeNsaeTca U3 Te-
OMETPUM €T0 TeTPas[pUIecKON YIaKOBKU
(cM. prc. 1.51). OHa BrucbIBaetcsi B cepy au-
ametpom 2 - 1,6 - 107° =3,2- 107" cm.

CpaBHeHMe [IByX 3HAUEHMIT — MOJIE/bHO-
TO ¥ 9MIIMPUYECKOTO MOKA3bIBaeT OTKIOHEHME
B 6 %. C y4eToM BecbMa IIPUO/IVDKEHHOTO OIIpe-
menenudA pajyyca BeeseHHON B HACTOAILMIA MO-
MEHT U KaK CJIefICTBIe BeCbMa IPUO/IKEeHHOTO
OIIpeie/ieH1s 9BOMIOLYIOHHOrO KoadduumenTa
MacIITabHOJ CUMMeTPUIL ONTYYeHHBIT Pe3y/ib-
TaT BBIITIARUT JaKe CIUIIKOM TOYHbIM.

Koncrarupyem, 4ro Ha M-ocu B obmactu
Afep aToMOB Ha 6ase 1AByx BY momyuensr gsa

Hanbonee ycroitumBbIx pasmepa: 1,6 u 3,4
depmi, KOTOpbIE HOYTU TOYHO COOTBETCTBY-
10T 3KCIEePVMMEHTA/NbHO YCTAaHOBJIEHHBIM [M-
aMeTpaM JByX Hambosee YCTOMYMBBIX sifep
u vacTul Beenennoit (mporony u a-dactuie).

OpHaKko CeNaHHbBI BBIBOJ, IPYUBOJUT
K O4€Hb CEpbE3HOMY IPOTMBOPEYMIO CO BCEN
KOCMOJIOTMYEeCKOIi Teopueit. [leo B TOM, 4TO
mogenb BY rtpakryercst Hamm Kak cucmema
paspeweHnbIX npupoooti ycmouusvix pas-
Mmepos. B Hacrosmee Bpemst Gnaromaps OBY
paspeleHo  yCTOWYMBOE  CYIIeCTBOBAHME
sapa ¢ pasmepoM okono 3,4 gepmu. Ecmu xe
BEPHYTbCs B IPOLIJIOE, TO 3HaYeHME BTOPOIN
YCTOMYMBOI TOYKM Ha M-ocu OyneT MeHblie
3,4 hepMu. ITO MO>KHO TPAKTOBATh TAKUM 00-
pasom, uTo Jo Bo3pacTta Bcenennoii B 10...12
MWIIUAPLOB JIeT 2euti He M02 HAXO0OUMbCS
8 ycmotiuueom cocmoanuu. Ilpome rosops,
ero He 610!

YacTU4HO CHATb 9TO IPOTUBOPEUNE MOXK-
Ho, ecu NMPEAMNONOXWTD, uro terpasap
sAapa refus MMeeT Kak Obl fBa YCTOMYIMBBIX
pasMepa: MaKCUMAJbHBII — [MaMETpP OIM-
CaHHOI cdeppl U MUHNMMAJIBHBII — BBICOTA
terpasppa (cm. puc. 1.52).

Pacuyer no ¢opmyne (1.16) mokasbiBaer,
uro Ha OBY Bropas mopa focTuria sHaveHus
MUHVMMA/IbHOTO YCTOMYMBOTO pa3sMepa, paBHO-
TO IS a-9acTuip 2,6 pepmu, B BO3pacTe Ipu-
MepHO 7 MWIIMApHoB neT. Onupasch Ha 3TU
MOJIe/V, MBI MOXXEeM peKOHcTpynpoBaTe BE-
POSATHBIV XOO COBbITUA B PAHHEW
BCENTEHHOW.

Pacummpsiace Bnpaso mo M-ocu, Merara-
JIAKTMKA ITOCTENIeHHO C MOMeHTa 1 MUINAp-
Ia JIeT c0éu2ana énpaso 6éce mopvie MOOvL
ycmotiuuevix pasmepos. B nepsbie 7 MuIn-
apfioB JIET 3TOT CHABUI He JaBajl BO3MOXXHOCTH
3aKpeNUTbCA B YCTONYMBOM COCTOSIHUN ANPY
renuA. OfHaKo yepes 7 MUIIMAP/OB IeT CABUT
JOOCTUT HVDKHETO IIOpOra pasMepHONM yCTOM-
YUBOCTM TETPAdAPUUecKoil KOHpuUryparmm
U3 HYK/JIOHOB, YTO CO3//I0 IIPELIOCBUIKY O/
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HenpepviéH020 nepemexanus s0ep 6000pooa
U3 nepeoii MoObl YyCMOoUuUB80CIU 60 6MOPY1O.
Hauascs 6ypusni nmporiecc BTOPOW 3MOXM
CTPYKTYPOOBPA3OBAHWUA, B xkotopoit
[nA Anpa Trenmns 61)1]'[]/[ CO3daHbl MaKCHUMalb-
HO OraronpusTHbIE MaTPUYHO-MACUITAOHbIE
YCIOBUSI, YTO JAJO CTAapT Hadyaly MaccOBOTO
cuHTe3a renust B Hempax 3Be3f. C MoMeHTa
7 MWUIVAPAOB JIeT 9TY sAfpa CTaIM MOIAfaTh
B YCTOIYMBBIE IPOCTPAHCTBEHHBIE SYEIKU
¢ pasmepoM Gornee 2,6 GpepmMu U MOTIM COXpa-
HATHCA B HUX JOCTATOYHO IO/ITO.

B03MOXHO, IMEHHO 3TV MOJie/IbHBIE pac-
CYXK/IeHNsI BeyT K 00BACHEHUI0 3amumvs
Mexnc0y nepeoii u 6mopoii INoxamu crmpyKmy-
poobpasosanus 6o Beemennoii.

Topcuets! ¢ momobio Mogenu BY moxa-
3BIBAIOT, YTO [MAIA30H PasMEPOB OT MUHH-
MaJIbHOTO pasMepa a-4acTHUIIbI 1O MAaKCHMaJIb-
HOTO BTOpasl MOJja NMPOIIa MpuMepHO 3a 8-10
MIWITHAPAOB JIeT pacumipenns Meraramak-
TUKM. B HacToslmee BpeMs MaKCUMasIbHBII
pasmep saapa remus (3,2 - 1077 cm) 4yTb MeHb-
1le 3HA4YeHMsA BTOPOIl MOJBI YCTOMYMBOCTU
(3,4- 10" cm), nopicunTanHoil O Qopmyrne
(1.16).

ATOMbI (KJTACC Ne5). Eme pas Hanom-
HUM, YTO pacyeTHOE€ 3HAuyeHue i IepBOit
moppt 1o BY pasno 1,6 - 10 cm. JTlnametp aro-
Ma BOJOPOJia COITIACHO CIPAaBOYHbIM JJAHHBIM
pasen 1,4 - 10° cm. OTk/IOHeHMe cOCTaBAET
13 %, 9TO He TaK y>K ¥ MHOTO, €C/IA YYECTb, YTO
Pajuyc aToMa SMIIMPUIECKM OIIPENie/ieH Yepes
pajuyc MakCMMyMa pPajMaZbHONM IIOTHOCTH
B pacHpefieleHny 3apsAja HeliTpaabHOIO aTo-
Ma BOJOpoOfia. fICHO, YTO 32 3TUM pajuycoM
IIPOCTUPAETCA ellle HEKOTOPOe IIPOCTPAHCTBO,
UMeollee  HelOCPeCTBEHHOe  OTHOLIeHNe
K aroMy Bofiopofia. BosMOXXHO, YTO OHO IIpO-
cTUpaeTcs Kak pas jio nuamerpa 1,6 - 107 cm.

D60mOUUOHHAS MO0 [JI PacIpene/ieHNst
aTOMOB I10 pasMepy IIpu Auamerpe MeTaranak-

21
tuku 1,6 - 10° cm, mopcuntanuas no popmyne

(1.16), paBHa 4,1 - 10™* cm. Mb1 Bunm (cM. puc.
1.50), uto Hamboee 3HAUUMAS MOOA B pacIpe-
JieJIeHNH aTOMOB 110 pasmepam (pakmuueckue
danmbie) 3aMeTHO MeHbITe ~ 3,0 - 107 cm. 3xech
BO3MOYXHO HECKO/IBKO OODACHEHMIL.

Ilepsoe. ITocKONBKY 9/IEKTPOHHOE 00/IaKO
HE JIMEET TaKOM JKe JKECTKOM CTPYKTYPBbI, KaK
HYK/IOHHbIe KaIUIM AAep, TO Ha Hero MOTYT
OKa3bIBaTh BTOPMYHOE BO3JIENICTBUE ANepHbIE
XapaKTepHble pa3Mepbl. A OHU IOPOXKJAIOT
BITOM C/Iydae depe3 06asucHbIN K03(duIm-
ent MC (10°) cBOUX HBOIHMKOB: 1,6 u 2,4-3,6
anrcrpema (puc. 1.59). Bropoit guamason to4-
HO COOTBETCTBYeT IIMPMHE BTOPOI MOABI Ha
KPMBOII CTATUCTUYECKOTO PacIpefie/ieHNs aTo-
MOB 110 pasmepaM (cm. puc. 1.49).

Bmopoe. He uckmoueno, 4ro pasmep Me-
TaraJTakTUKM IIPOCTO HECKOIBKO MEHbIIe,
nanpumep 10 cm. B atom ciyyae sBomonu-
OHHBII K09(uIMeHT MacmTabHOM CHMMe-
Tpun Oygmer Taxke MeHblue. CrieoBaTenpHO,
TEeOpEeTUYECKNMIT pacyeT AAcT 3HauYeHMe OIIDKe
K peaibHOMY.

Tpemve. Bropas moma Mmorna ObITb ITO-
pOXJieHa BTOpPOIl SIOXOil CTPYKTYpooOpaso-
BaHMA, KOTOpasA JIuIach ¢ Bospacta 7 o 15
MwumapHos neT. Ecmu B3ATh pasmep Mera-
ralaKTuKy, pasHsiit 7 - 107 M, To, UCTIONb3ys
dopmyiy (1.16), MOXXHO IIONTYYUTb KOOPAVHATBI
Bropoit Mol — 107 cm = 2,9 - 10 cm, uTo
BIIOJTHE COITIACYeTCA CO 3HAYeHHEeM BTOPOI
MOJIbI B pacIpelie/leHNy XMMIYeCKIX S/eMeH-
TOB Boib M-ocu.

Mopenb HOKa3bIBaeT, YTO CUHTE3 ATOMOB U3
BTOPOJT MOJIbI B 0CHOBHOM IIPOUCXOAMI B IIPO-
1jecce BTOPOIL 3MOXM CTPYKTYPOOOpa3oBaHus,
Y 3TO BIIOJIHE COITIACYETCsI € aCTPOPU3NIECKN-
M1 TIpeficTaBIeHnsaMu 06 aToM mpouecce. bes-
YCIIOBHO, 3TO He O3HAdaeT, YTO B HACToAIlee
BpeMsA MOJeNb HAaK/Ia[blBaeT 3allpeT Ha CUH-
Te3 5/IeMEHTOB 9TOr0 Pa3MEpPHOro Kacca. 1o
JIMIIb O3HAYaeT, 4To Hayubojee OypHbIL Hpo-
11ecc MX 00pa3oBaHNsl COBNATI C Pe30HAHCHBIM
COCTOAHMEM BTOPON 3IOXU. ATOMBI BTOPOI
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MOJIbI COXPAHMIIMCh KaK CJIE] 9TOr0 MpPOIiecca.
Ceityac xe, BEpOSITHO, OJIATONPUATHBIM SABJIA-
erca CUHTE3 QJIEMEHTOB TPETbEN
MO[BbI, co cpegunm guamerpom atoMoB 60-
7ee 4 aHTCTpeM, 4TO COOTBETCTBYeT CIabo
BBIPa)KEHHOI TpeTbeli Mofie. besycnoBHO, MbI
He CTaBUM 37jeChb cele IIeJIbI0 CO3[aTh IIOHYI0
MOJieNlb MAacCIITabHBIX YCIOBMIT IS IIPOLjecca
CHHTe3a XMMMYECKUX 9EMEHTOB B IIpoOLiecce
paciumpennsi Bcenmennoit. Kak Mbl moKakeMm
HIDKe, 47151 607lee TOYHOTO pacyeTa BCeX TOHKIX
CIIEKTPOB XapaKTEPHBIX Pa3MepPOB HETOCTa-
TOYHO NIPUBJIEYEHNS IPOCTON IOTUKU 3aKOHOB
cumMmeTpun. 3fiech HEOOXOIMMO MPUMEHATh
Bo Bceit ero momu METO[L FTAPMOHUNYE-
CKOIO AHAJIN3A. Tonbko B aTOM Ctydae
MOXXHO MOTYYUTH HOCTATOYHO TOYHOE COINA-
COBaHIe C MMEIIMMUCS IKCIIEPUMEHTAIbHBI-
My aHHbIMK. HoO Ha nepBoM aTare HaM Bax-
vo mokasats HEMPOTUBOPEYMBOCTb
MOOXOMOA. Begp oueBMAHO, YTO Ha CTaTH-
CTMYECKOI KPUBOIT PaCIIpefie/ieHsi aTOMOB II0
UX pasMepaM SABHO BBIIE/AIOTCA 2—3 MOJIbl, KO-

TOPBbIE JIOTMYHO NIPUBA3BIBAIOTCA K 2—3 3110XaM

A

H=162d =26.10 cm
A

[
T T T >

1,6 2,6 3,55

Puc. 1.59. YcnoBHasi cxema pacnpegeneHms
aTOMOB 10 pasmepam.

3HayeHusa Tpex mog (1,6; 2,6; 3,55 aHrcTpe-
Ma) MOXHO MONy4UTb, ONUPasiCb Ha pasme-
pbl MPOTOHA ¥ sApa renusa (B ABYX SKCTpe-
MasbHbIX 3Ha-|evax), €CNMN YMHOXUTb 3TU
paamepbl Ha KOHCTaHTy 10°

CTPYKTYpOOOpPa30BaHys € IIOMOIIBIO HPOCTON
TpaHCIALMM BAOMb M-ocu ko3dduumeHTOB
MaciTabHoit cummerpun. OuyeHum menepy,
HACKOZIbKO MOO0enb 08YX 607IH YCMOUMUBOCHIU
10360714 NOLy4UMb XapaKmepHvle pasmepol
07157 36€30HO0LL CMAMUCUKLL.

3BE3[bl.

COBPEMEHHDBIX 3B€3]] MMEET BO3PACT OKOJIO

ITockonbKy — GONMBLIMHCTBO

10 MMWIIMApHOB JIET, TO OHM MOABUINCH IIPU-
MEpPHO BO BTOPYIO SIOXY 3Be31000pa3oBaHMA
U B CpeflHeM B MOMEHT pacuipeHns Merta-
Ta/aKTUKY, KOTTA OHa VMMeJa BO3PAacT OKOJIO
7 MUIIMAPJIOB JIET. B 9TOT MOMEHT ee pasMephbl

6bmyt pasbt 7 - 107 cm = 107%

cM. Onpepenum
10 ¢popmyrte (1.16) KOOpPAMHATHI BTOPOIT MOJIbI
mis 3eesn. Ouu pasusr 10 cm.

CremoBaTenbHO,  XapaKTEepHBII — pasMep
1A 3Be3J BTOPOJI SII0XM 3Be3[j000pa3oBaHmsA
MMeeT II0Kas3arenb crerneny 12,69. Habmopma-
Te/IbHbIE [AHHblE MAIOT HEMHOIO MEHbILINIl
pasmep — 12,45 (cm. puc. 1.54), 4to cooTBet-
CTByeT Bo3pacty Bcenennoit 3,4 mmmnmappa
neT. Jln4 Bo3pacTa B 5 MUIIMAPHOB €T KOOP-
nuHata Ha M-ocu Oypmer paBHa 12,58. OpHako
YYUTBIBAsE OYeHb NPUOIIDKEHHOE U YCpeIHeH-
HOe OmpefiefieHNe pasMepoB MeTaraqaKTUKu
B MOMEHT, KOI7Ia OHa IIPOXOAiN/Ia Yepe3 BTOPYIo
310Xy OYPHOTO 3Be3[000pa3oBaHILs, IONYYeH-
Hble IMGPBI MyTeM pacyeTa IO XapaKTePHbIM
toukaM BY moxxHo cunrars ynosnersopuress-
HbIMI. OcTaeTcs MUIIb ONpeNeIUTb XapaKTep-
HBIl pasMep I IMIOTETUYECKOTO TPETHErO
KOJIOKO7Ia Ha imarpamme (S,-D), komokona, Ko-
TOPBIN 3acCeNeH 3Be3/JaMI TPEThell SIIOXM 3Be3-
I006pasoBaHA, SIIOXN, KOTOpas IAET ceilyac.

Koaddurment macmtabHOM TpaHCIALN
I COBpPeMeHHOTO pasMepa MeTaramakTuku
MBI OIIpefie/IV/IN paHblile, OH paBeH 5,083. Xa-
PaKTEpPHBLIT pasMep [/ 3Be3[HOI IIOTyBONHBI
Oyzmet pasen 12,95.

PecraBpauys TpeTbero Konokona (cM. puc.
1.54) TOKasbIBAET, YTO NOCIE008AMENLHOCHID
APKUX 2U2AHMNOE AENAEMCS, 6UOUMO, He0o-
CHPOeHHOI] 6eMBb10 27IABHOTI NOCTIE006aeTb-
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HOCIMU mpemveti dn0Xu 36e30000pa306anus,
Komopast udem ceiiuac. KoopyuHarsl ee Bep-
myHbl (12,9) odeHp OMM3KU K HOTyYeHHOMY
B Hallleil MOJie/IV 3Ha4eHMI0. MO>KHO CIIPOTHO-
3/IpOBaTh 1 IOABJ/IEHNE BETBU «HOBbBIX CBEPXTU-
TaHTOB», KOTOPasl, BO3MOXXHO IIOKa IIPEJCTAB-
JIeHa JIMILIb OYeHb PEKVMMU 3Be3/laMI.

Tenepp comocraBuM IIepBYIO MOLY Ha
rpaduKe pacrpefeseHusi aTOMOB IO pa3Me-
paM c IIepBOJ MOZOJ Ha 3Be3[HOI fiMarpaMme
(S,-D). Ilomyumm, 4TO OHM OTCTOAT JAPYT OT
Apyra poBHO Ha 20 OPAIKOB:

10" em: 107 em = 107 = (10°)°,

IpudeM, C TOYHOCTBIO [0 K09(D(PUIMEHTOB.
Bropas 3Be3gHasA Mofia TaKXKe KOppenupyerT co
BTOPOJi aTOMapHOIl MOJIO¥, TOJIbKO Yepe3 JIpy-
roit koaduument — (107",

3aKaH4yMBas 9TOT Pasfiesl, Mbl MOXKeM KOH-
CTaTVPOBaTh, YTO PACYETHI C IOMOLIBIO IABYX
BY xapakrepubix pasmepoB Ha M-ocu mia
3Be3[HBIX CyCTeM MeTarajakTuku, He MpoO-
TUBOpE€YAT MMEIOIVMCA Ha6HIOHaTeHI)HI)IM
OAHHBIM, JIOTMYECKNM C HUMU COFHaCyIOTCH
U IOATBEP)KAAIOTCS B OCHOBHBIX BbIBOZAX. [1o-
CKOJIPKY B HAIlIMX pacyeTax MCIOIb3yI0TCs KaK
cBOOO/HBIE, TaK U He OIpefie/IeHHbIe C OCTa-
TOYHOJ TOYHOCTBIO IapaMeTpbl, 6€3yCI0BHO,
YTO MX COOTBETCTBUIE (I)aKTI/[‘-IeCKI/IM OAaHHbIM
ABIAETCA BeCbMa HPI/I6HI/I3I/ITeT[beIM. Ho no-
TMKa 9THX PACYeTOB M XapaKTep C/IBUIa BTOPOIL
MOJIBI II0 Mepe yBeIMueHNs K1acca Ha MOJeNu
BY nenpomusopeuusuou.

Wrak, name [MPEAMNMOJIOXXEHWE o ponu
UeIOHUCTIEHHbIX  CUMMEMPUHHDIX  OeleHuil
M-ocu Haxooum céoe oueHv ybedumenvHoe
noomeepxcoenue. Ha unrepanme M-ocu, kKak
LIeIOCTHO 3aMKHYTOM ((asoBbIMU Ilepexo-
[laMIi) € ABYX CTOPOH IIPOCTPAHCTBE, ATMHON
B 61 TOpsAROK, TOYHO 12 pa3 yKIajbIBAIOTCS
HOTYBOJIHBI (V1M 6 pa3 BOJIHbI) YCTOMYMBOCTH,
nopoxoas cnekmp ycmouuuevix pasmepos
uepes Kaxuovie 5,083 nopsoxa, HauMHAS OT
n060it TOUKY (CIIpaBa M CeBa).

Ha aToit ke M-0ocy MbI HAXO[VIM ¥ Xapak-
TepHBIe pasMepbl, HopoxcOaemvie OPy20il yesno-
uucnennoil eenununoil — 10°. Ona mopoxiaer
depe3 Kaxible 5 MOPAJKOB CBOU YCTONYMBBIE
U XapaKTepHbIe pa3Mepbl, HO HAYMHAIOTCS OHI
C7IeBa, 1 K KOHIIy MHTepBaja CIIpaBa OCTAeTCs
«XBOCTJVK» B OIVH IOPSITOK.

9TOT «XBOCTMK» Ha [EPBBIIT B3I/ IOPTUT
BCIO LIeTIOYMCIEHHYI0 crMMeTpuio. OfHaKo Ha-
IIOMHIM, 4TO B MOMEHT pacliupeHns Bcenen-
HOI1, KOT/Ia OHa ToCcTur/a pasmepos 1,6 - 107 cm,
6asucHbll Koadduiuent ToyHo 12 pas yio-
XXWICA B JUIMHY Bcero M-MHTepBaja, U «XBO-
cTuKa» He 6bUI0. VIMEHHO 6 amom macuma6-
HO-Pe30HAHCHBIL Nepuod u npowna nepeas
6ypHas anoxa cmpyxkmypoo6pasosanus.

Ecmm rtemepp m306pasuTb [Be BOJHBI
yCTOﬁI‘H/IBOCTI/I pAROM, TO MbL HOHy‘H/IM HO8)Y10
xapmuny MACLUTABHON TAPMOHWW.
Mbl BUAMM pacIIeIIeHHbII CIEKTP Xapak-
TEPHBIX Pa3MepOB BJO/Ib Bcero M-1HTepBana.
CnenoBatenbHo, y 1106020 6a3ucHozo xapax-
mepHozo pasmepa 60 Bcenennoii psoom, kax
meHb, cmoum 0pyzoti — Gomvwuii pasmep.
IIpu 9TOM, XOTsI MOJbI OY€HD ONIU3KY, UCHOKU
UX YCMotMu60cmuy HAxX00AMCs HA NPoOMUE0-
nonoxcHvIx Kpaax M-unmepeana BceneHHOIA.

Ilepsast moda — nopoxoena BBY, xotopas
«KaMepTOHOM» 3BYYUT OT JIEBOTO Kpasg M-uH-
TepBasa. Bmopas moda — nopoxdena IBY,
KOTOpasi OTpaKeHa OT IIPaBoOro Kpas M-uH-
TepBala M 0OpasyeT CTOSAYYI MACIITAOHYIO
Bo7HY. TakuM 06pa3oM, psgoM B KOXKJOM U3
K/IACCOB BCEINA «KUBYT» CUCTEMBI OYEHb pas-
Hble, IIpefieNbHO pasHble, kak VIHb n AH.

BesycroBHO, ecnu Hama MOJENb BeEpHa,
TO MCK/IIOYEHWIT 13 9TOTO IPaBM/Ia HE MOXKET
OBITH HM /IS OFHOTO Kjiacca cucrteM. MOKHO
rosoputh B 9ToM cydae o [JIOBAJTbBHOW
BVMOOANBHOCTW (MynbrumonansHOCTHI)
B pacIpefie/ieHnt Bcex BIUOB cucTeM Beenen-
HOI1, KOTOpasi ONPENe/sieTCsl 2APMOHUHECKUM
e3aumooeticmeuem 08yX OCHOBHVIX 60/H
ycmotiuusocmu.
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JI/1 IPOBEPKM 3TOTO MPETIONOKEHUS Mb
BBIOpTM TIPOMEXYTOUHBIII MeX/Ty aTOMHbIM
¥ 3Be3[IHBIM YPOBEHb — YPOBEHb MacIITa6oB
10°~10" cm. JtoT BBIGOP OOYCIOBIIEH TeM, YTO
B /IaHHOM J[Malla3oHe pasMepoB MOKHO HailTu
OCTaTOYHO TPeACTABUTENbHYI0 UHPOpPMA-
LMI0 O HEKOTOPBIX BUfIaX CUCTeM, 06afiaio-
IMX CTAGUIbHBIMU pasMepamy JUINTeNbHOe
BpeMs, 1 9MC/I0 KOTOPBIX Ha 3eMJle, B CUTy MX
MacIITa6oB, HEBEMNKO, YTO IO3BOJIAET CAIE/ATH
HOHHYIO CTaTV[CTquCKyIO BbI60pKy.

1.5.6. OCOBEHHOCTH
MOBANBHOIO
PACIPEOENEHNA
MEQJIOTMYECKNX

N COUMATIbHBIX CTPYKTYP
No NX PASMEPAM

VpeanbHpiM OOBEKTOM I IIOFOOHOIO
UCCTIENOBAHNS SIB/LSIIOTCS. O/IOKU 3€MHOI KOPBI
U BCe CBA3aHHbIe C HUMM CTPYKTYpbl. broku
chopMIpOBaICh, BepOsITHEE BCETO, B MOMEHT
3apOXKIEHNA 3€MHOI KOPbI, OKOJIO 5 MUIIMAp-
TIOB JIET Ha3aj,

B sToT mepuop pasmepbl MeTaranakTuku
moryu 6s1Tb 0komo 10% e (15 - 5 = 10 Mum-
appos net). Pacyer mo Mopenu ABoitHOI Bos-
Hbl YcroitumBocty mo ¢opmynam 1.16 m 1.17
JAeT clefyouye IpefcKasaHysa B OTHOLIEHUN
CTATUCTUKM pacHpenesieHns 3TUX OIIOKOB II0

pasmepam (KJTACC Ne8):
L% =1-10"=16-10"cm-10°°=1,6- 10" cm =
=10"cMm,
L=l (R/L)¥ = 1,6- 107 cm- (10%/10729)" =
=1,6-10" cm=10"" cm,

min 160 kM.

nn 540 kM.

BonpocoM o BbIABIEHUM CTaTUCTUYECKN
3HAYNMMBIX BBIJIC/IEHHBIX DPa3MePOB O/IOKOB
3eMHOJI KOpPbI 3aHMMasIcs B 80-€ rofpl KOJIeK-
TUB IIOJ, PYKOBOZICTBOM JupeKTopa VHcTuTy-
ta ¢pusuku 3emmu M.A. CapoBckoro. B atom
[IMana3oHe pa3sMepoB OHM YCTAHOBIIIM 0, UTO
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Hanboiee YaCTO BCTPEYAIOTCS O/IOKM C pasMe-
pamu 120 1 500 kM. C y4eToM BCeX BEPOATHBIX
HOTPEIIHOCTell COBIAfieHIe HAIINX MOJeNb-
HBIX 3HAYeHWII CO CTATUCTUYECKIMMU JaHHBIMU
BECbMa BEJIMKO.

PaccmoTpum fjanee CIefyIOLIYIO LIEMOYKY
JIOTMYeCKMX paccy>kpeHuit. Ecnu 67oku seMHOI
KODBI TATOTEIOT K 6UM00anvHomy pacnpederie-
HUI0 U TOCKOTIBKY OHU OIPERENSIT 2PaHULbL
2e02paguueckux pezuoHos, TO 1 Te, B CBOIO Ode-
penb, O/DKHBI IIPY 06pabOTKe CTATUCTIYECKOTO
MaccCuBa BBIABUTD IIPEICKa3aHHYI0 OMMOMab-
HOCTb. Teorpadutdeckne rpaHuIbl ke, B CBOIO
ouYepenb, OIPEEIOTC 110 KIMMATUYeCKOIT,
HOYBEHHOI ¥ pacTuTenbHON mudepena-
1y moBepxHocTH 3emymu. Kak ycranosneno'™,
COUUATILHO-IKOHOMUYECKUE MEPPUMOPUL TOXKE
HpMBs3aHbl K MaHAmadTHO-reorpaduyeckum
MaccuBaM. C/IefjoBaTe/IbHO, U B paclpeeNeHNnu
CTpPaH M MX BHYTPEHHUX CTPYKTYp (IITaros,
obmacreit 1 T.I.) IO pa3MepaM JO/DKHA IIPOsIB-
JIATBCS TaKas )e OMMOIATbHOCTD.

Cpenaem Bronse noruydoe [MPEOMNO-
JIOXKEHUE, 4ro B mpouecce ¢opmmposa-
HIA COLIMAIBHBIX TEPPUTOPUIL CYI|eCTBEHHYIO
pOb urpaer 670uHAS CMPYKmypa 3emMHOl
KOpvl HA 6cex MacumabHvIX YPOBHAX, KaK
B CTaTVKe CTAHOBJ/IEHMA STHOCOB 4epes JIaHf-
wadTHYo crenyduky (IOYBbBI, PacTUTENb-
HOCTDb 1 [p.), TaK U B OUHAMUKe PACCEIEHIs
HapOJIOB 10 eCTeCTBEHHBIX Iperpay (ropHble
LieT, peKy, IMyCThIHM U T.IL). Jpyrumu cio-
Bamit, muTocdepHble GpparMeHTbl, KaK MaTpu-
113, HOPOXKAAIOT CTPYKTYPY reorpadudeckyo,
HOC/IEiHASA JKe, B CBOIO OYepefib, HOPOXKIaeT
COLVa/IbHO-9KOHOMMYECKYIO.

JlaHHBIE O pacrpefe/leHUI CTPaH 1 UX pe-
TMOHOB II0 pa3MepaM* aBTOp B CBOe BpeMsd
CTATUCTMYECKM 00paboTa U MOMydna BecbMa
IpuMevaTesibHble  pesynbTatel . OHU  100-
meepouny NnpedcKazamenvHylo Cunmy 3akoHa

* JIns ynpoleHns pacyeToB YCIOBHBIN pasMep M060-
IO pernoHa ONpefenanca Kak KOpeHb KBaJIpaTHbIN 13
€ro TITTOMA/N.



6umodanvHocmuy 6 pacnpedeneHuu 6cex Mac-
WmMaoHo 3HAUUMBLX CUCHIEM.

PaccMoTpuM, Kak pacrpefieieHbl  COLM-
ajJIbHbIe CTPYKTYphbl Ha M-ocu (cm. pruc. 1.60
u Tabm. 1.3).

Kpueas Nel moxasbIBaeT CTAaTMCTUYECKOE
pacIpefie/ieHye BCeX CTpaH Mupa I1o pasMepam™.
BbIuncieHNs1 yCIOBHBIX pasMepoB U3 IIIOLIa-
fieit mokasanu cnenytouiee. Haubonee npedcma-
sumenvHoie mo0vt: 130 kM (30 cTpan) u 450 KM
(58 crpan) (cm. Tabm. 1.3). Emte ofHa 3HaunmMast
Mozia — 15 KM (24 cTpaHbI) IpefcTaBIeHa Kap-
JIMKOBBIMU ¥ OCTPOBHBIMM ~ TOCY[ApCTBAMIL.
MpbI BUANM, 4TO GOMBIIMHCTBO CTPAH MMpa TaK
WM VHAYe TATOTeeT K pasMepaM O/IOKOB 3eM-
HOJI KOPBI, WV K J{ByM Hanbosee yCTONIMBBIM
pasMepam Ha M-ocu B BBIOpaHHOM HaMI I
paccmotpenust KITACCE Ne8. Kcraru, 6mmke
BCEro K TOYHOMY KOCMOJIOTMYECKOMY pasMepy
(162 xm) ycmoBHblit pasMep Bennkobpuranun.

Kpusas Ne2 mokaspiBaeT CTaTUCTUYECKOE
pacrpenenenue ob6macreit  6piBimero  CCCP.
dakTuyecku Bce BHYTPEHHeE PErMOHalIbHOEe
pacnipenenenne B CCCP umeer 6umodanvHuiii
xapakmep.

IlepBast moga — 180 km (65 obmacreit)
u BTopas Moaa — 420 kM (37 obnacreii).

Kpueasa Ne3 mokaspiBaeT 0606LieHHOE
pacIpezieienne 1o pasMepaM BHYTPEHHUX pe-
TMOHOB KpyMHBIX cTpaH mupa: CIIA, bpasu-
s, Viapma — mratel, Kutait — npoBuHIum.

/3 Tabm. 1.3 BUFHO, 9TO B KXKOI CTpaHe
BBIJIE/IIOTCSL T€ JKe JBe MOJbI, IIpUdYeM BTO-
past — oxoyo 450 kM Haubonee Becomas. O6-
Ijee KO/MMYeCTBO PETMOHOB B IIEPBOI MOfie —
150 kM paBHO 17, a BrOpas moma — 450 KM
TIpefiCTaB/IeHa 73 pEeTMOHAMIL.

Uraxk, [y1s BCeX CTpaH MMpa U UX BHYTPeH-
HIX PETMOHOB XapaKTepHO GumodanvHoe pac-
npedenenue 10 pasMepaM.

** Pacrmpefieienne ABHO MY/IbTMMOJANBHO, C WA20M
6 0,5 nopsioka Ha M-ocu. Kcratn B gannbix M.A. Ca-
TOBCKOTO TaK)Ke MOXKHO BBIABUTDL cpefHui mar B 0,5
TMOpANKa U [T 6/10KOB 3€MHOI KOPBI.

Ilepeass mooa: 120-180 kM coBmajaer
C pacueTHBIM 3HaYeHJEM pa3Mepa yCTOININBO-
ctu BBY OJTA KJTACCA Ne8 — 160 xm.

Bmopas mooa: 420-450 xm 6113Ka K pac-
4eTHOMY 3HaueHuo OBY — 540 km.

O6e MopibI CBsA3aHbI C pasMepamy 0JI0KOB
3eMHOI1 KOPBI 11 MX eCTeCTBEHHBIMI I'PaHNIIA-
mit. Ho /151 Hac BaKHO He CTO/IBKO 9TO, CKOTIb-
KO TO, YTO MOJE/NbHBIN pacyeT YCTONMYMBBIX
pasMepoB, KOTOPbIII OCHOBBIBA/ICA Ha BeCbMa,
Ka3a/och Obl, JATeKUX OT TeO/IOTNYeCKIX U CO-
[MaJIbHBIX IIPOLIECCOB (aKTOpax Ie0CTHOI
MacurTabHoil cummMerpuu BceemeHHOI, IpuBoO-
AUT K YAMBUTEIBHO TOYHBIM (AJIsI TAKOTO MH-
TepBaJIa MacCIITabOB) IPeCKa3aHMAM.

Herb3st mpoiiTi MYMO elije OffHOTO BBIBOJA.
[l Bcex cTpaH Mupa ¥ [/ UX BHYTPEHHUX
PEernoHanbHbIX O6HaCTeﬁ[ B CTAaTUCTUYECCKOM
pacIpeneneHy 10 pasMepaM SIBHO JOMVHI-
pyeT emopas ssontoyuonnas mooa — 450 .

A %

S
T LgSi(km)

Puc. 1.60. PacnpepeneHue coumanbHbIX
TeppuTopuii Mo pasmepam (S — nnowiagb).
1. — cTpaHbl Mupa; 2. — obnactn CCCP;

3. — wratbl CLWA, pervoHbl Kutas, UHgunm,
Bpasunun
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TABJIMLIA 1.3 Vnrepsansr, N; LgS, km*
— Vv, % Vi Y2
Peruon 1, 14 2, 24 3, 34 4, 4, 5, 54 6, 64 7, X M, o
Espona - 1 4 - 2 - 5 5 16 1 - - -
Asust 1 - 1 1 - 3 6 4 15 7 5 1 1*
Amepuka - 1 11 3 3 1 7 3 9 1 6 3 -
Adpuka - - 2 - 3 - 8 3 16 11 12 - -
ABCTpasnus u 4 _ 6 3 3 _ 4 _ 2 _ _ 1 -
OxeaHust
O6miast Nel-5 5 2 24 7 11 4 30 15 58 20 23 5 1 4,52 5,30 1,50 33 0,80 | -0,16
O6mactu CCCP - - - - 5 6 41 2 2 - - - -
6e3 PCOCP
Kasaxcran,
Typxkmenus
«O06IacTHBIE) - - - - 5 7 65 28 37 3 5 - - 4,76 4,64 0,57 12 -0,45 | 0,49
exn. CCCP
CIIA (trarsr) - - 1 - 2 - 6 5 33 1 1 - - 4,88 5,24 0,63 13 1,88 5,10
Kuraii - - - - - 1 1 2 19 4 2 - - 5,34 5,28 0,47 9 0,99 2,60
Nupns - - - - - - 6 2 11 - - - - 4,42 5,23 1,13 26 1,10 0,14
Bpasunus - - - - 1 1 4 4 10 3 3 - - 4,99 5,23 1,00 20 1,80 3,90
O6miast Ne9—12 - - 1 - 3 2 17 13 73 8 6 - - 4,95 5,24 0,86 17 1,92 4,47
OGmas Ne8—12 - - 1 - 8 9 82 41 110 11 11 - - 4,90 - 0,75 15 0,98 3,49
O6mias Ne6, 14 5 2 25 7 19 13 112 56 168 31 34 5 1 4,76 - 0,75 24 1,23 2,02
I S (1-5) 10 i=1 3 cccp
pUMeYaHust: = { . BE3/104YKOI OTMEYEHO 3HAYCHHE /ISl TEPPUTOPHI
NTU(5-10) - 107, i=d.




Hna ecex... kpome Poccuu. EpyHCTBeHHOI
CTPaHOIi, B KOTOPOJl perroHaIbHOE pacIpefie-
JIeHMe MIMeeT B KadecTBe TOMUHUPYIOLIell nep-
8y10 6asuctyto Mmooy — 180 km, sasnsanca CCCP
(ubIHE — Poccus). O yeM cBUJIETENBCTBYET STOT
HECOMHEHHBIIl CTaTUCTUYeCKuit (pakT Harei
COLIMAIbHO-KY/IBTYPHOI Ie/ICTBUTETbHOCTI?

Bo-nepsvix, o tom, uro Poccust (CCCP)
NPUHUUNUATIDHO OmMAUHAemcs oOm  6ce20
ocmanvHoz0 mMupa CBOell BHYTpEHHeH reo-
rpaduuecKoil U COLYaTIbHO-TePPUTOPUAIbHON
CTPYKTYPOIL.

Bo-8mopuix, IOCKONbKY IepBasi MOfia CBs-
3aHa CO BCeMM JpeBHUMM ¥ Hambosee Ipo-
CTBIMU, HO PYHIAAMEHTa/IbHBIMIU CTPYKTYPaMu
Bcenennoit, To moxxuo MMPEOMONIOXUTD,
4TO MACIITAOHO-PE30HAHCHOE IPOCTPAHCTBO
Poccun HacTpoeHO Ha JPYyryl0 4yacToTy, YeM
IIPOCTPAHCTBO OCTa/IbHOro Mypa. OHO HacTpo-
exo va YHACTOTY COXPAHEHW/A BA3UC-
HbIX CBOWCTB COLMAJIBHOIO MPO-
CTPAHCTBA, wm na gacrory IHb.

Mb1 BUAMM, YTO CpaBHEHNe IIPOCTOTO aHa-
NM3a CTATUCTUYECKOTO PACIpefie/IeHUs peru-
OHOB MMpa II0 UX pasMepaM JlaeT O4€Hb INTy-
6O0K1e OCHOBAHMS /151 Pa3MBILUIEHNUIT O CBA3U
TeONO/IUTHUKI € IIPOLieCCaMy CTPYKTypoobpa-
30BaHNA BO Beenennoii. 3ech 3aTpOHYT MUIIb
Kpail 9TOJt 6O/IBIIION 1 IIOKOTBOPHOIT TEMBI.

1.5.7. UTOI'N

[TpoBenieHHBIT BBIlLIe AHAJIN3 TTOKA3bIBAET,
41O AB7eHUe 6umMo0anviozo (B 6oee TOYHOM
PAacCMOTpeHUN — MYIBTUMOJAIBHOIO) pac-
npedeneHuss cucmem no ux pasmepam umeem
obuwescenenckuli xapaxmep. ITO OTKpbIBa-
eT HeBepOsITHble BO3MOXKHOCTH IIePeOCMBIC-
JIeHUsI MHOXKECTBA CTaTMCTUYECKMX KPUBBIX
pacrperneneHust Bo Bcex 06macTsx Hayku. Benp
IIOCKOIbKY OCHOBHbBIE MOJBI IOJAB/IAIOIIETO
60/IbIIMHCTBA CUCTEM (ATOMBbI, 3BE3bI U T.IL.)

VIMEIOT YE€TKYI0 IIPMBA3KY K JBYM BOJTHaM

YCTOIYMBOCTH, TO ¥ BCEBO3MOXKHbIE PA3HO-
BUJHOCTU CHUCTeM BcelleHHOI [JO/KHBI OBITh
KaKMM-TO 06Pa3oM CBA3aHBI B CBOEM PasHOO-
6pasuit ¢ ITUMY BOTHAMIL

Mp TMPEOMONAMAEM, wumo 3axoro-
MepHOCmu pacnpedenerusi 100bIX cucmem 1o
ux pasmepam OOMICHbL OMPANAMY HALUHUE
08yx-mpex anox cmpyKmypoobpasosarus. ITo
csoero poga CKBO3HAA MACLUTABHO-
PE3OHAHCHAA KAPTUHA.

O6HapyXeHue 9TOil  3aKOHOMEPHOCTU
NPUBOAMUT K HEOOXONMMOCTH PaCCMOTPEHMUS
mpex cnedcmeuti U3 Hee.

Bo-nepevix, HECOMHEHHO, YTO KaK BbISAB-
neHHble KO9(GQUIMEHTb, TAK U 3aKOHOMEp-
HOCTM MAcCIITabHOM CUMMETPUU U YCTOIYU-
BOCTU MMEIT 001yI0 (pU3NYECKYIO IIPUYUHY,
npepnonoxurensio — HEKOTOPOE YHU-
BEPCAJIbHOE MACLUTABEHOE B3AU-
MOOEWNCTBME. Iousts, uto oHO u3 cebs
[PEICTAB/ISET, — SHAYUT IOHATH HPUYNHY

HOSIBTIEHNsT  OOHApPY)KEHHOI — MacIITabHOI
CUMMETPUH.

Bo-émopuix, naxe ecnmu He BaBaThCa
B (DU3MYECKMIT CMBIC/I 9TOTO SIBJIEHMS, OCTa-
BasCh B paMKaX KaTeropuil CUMMETPUU, TO
CTaHOBUTCA SICHO, YTO HA/IM4Me LBYX COCEX-
HMX BOJIH YCTOIYMBOCTY He MOXKET He IPUBO-
OUTb K X OYCHDb CHO)KHOM)’ B3aI/IMO,[[eI‘/'[CTBI/IIO
(B yacTHOCTH, K MHTepdepeHInN ABYX «Mac-
ITaGHBIX M3IyIeHNIT»), KOTOPOe JO/DKHO II0-
POKJaTh Le/IbIVl KaCKal, CIEfICTBUIL.

B-mpemvux, TOCTelleHHOE «CIIO/I3aHME»
ssomoryonHoit BY BopaBo ot 6asucHoit BY
sapaer mexoropsiit NIOCTOAHHO OENCTBY-
OLLNIA BCENEHCKUIA BEKTOP 3BOJSIO-
LMW1 B CTOPOHY CUCTEM C BOJIbLLUMM
PASMEPOM. Moo cKkasaTb, YTO BCETEH-
CKas 9BOMIOLMA MMeeT Ha M-ocu m3bpaHHOE
Hanpasrerve, cBoero poga MACLUTABHbIN
BEKTOP. B arom nposiBiisieTcs I0Ka/bHAsL BO
BpPEMEH MACUMAOHAS acummempus. Jlasee Mbl

PpaccMOTpUM BCE 3TU CIIENCTBYUA.



HACTDb |l

MACIUTABHAS! IMHAMMKA BCENEHHOM

JJo cyx mop MBI pacCMaTPUBA/IN CTATHYE-
CKYIO KapTMHY MacuITabHol cuMmetpuu Bee-
JIEHHO1, YMbIILIEHHO 1306erast, HaCKOIbKO 9TO
ObI/I0 BO3MOXXHO, IPMMEPOB IMHAMIYECKOI
cuUMMeTpyi. IDTOT IpueM ObUI HEOOXORUM
HaM [jd TOoro, ‘ITO6bI y YuTaTensa CIOXUICA
nexoropsiit 06pas KAPKACA MACLUTAB-
HOIo MPOCTPAHCTBA BCEJIEHHOW,
4TOOBI yIIOMIHAHME O KaKuX-m160 pasmepax
ABTOMATIMYECK! BI3BIBAJIO ACCOLVALINY C MU-
POM KOHKPemHbIX 6CeNIeHCKUX cUctem U Ux
macumabHvimu Kaaccamu.

OpfHaKO C/IOKeHHast U3 KYCOYKOB SMIIN-
pudeckrx GaKkToB MO3ayKa MMeeT CBOIO M-
HAMIYECKYIO0 XXV3Hb, MOAYNMHAETCS 3aKOHAM
cummempuu 0éuxcenus suronp M-ocu. Ios-
tomy ganbiue Mbl nepeiitem OT CTATUKU
K OMHAMUKE macitabHOMT  CTPyKTypbl
Bcenennoit. VI 3mech Hac >KfieT He MeEHBbIIIE,
ec/u He OOJIblie, 3aTafJOYHBIX U YAMBUTEIb-
HBIX 3aKOHOMEPHOCTEIL.

Ormnepesxasi BBIBOZIBI 3TOI YACTH, 3aMeTUM,
4qTo ,[[I/[HaMI/[Ky IOBVKEHUA O6'I)CKTOB BIOOJ/Ib
M-ocy nydile BCEro OMMCHIBATb, ONMMPAsCh
Ha 00pa3 XOJIMIUCTON «IIOBEPXHOCTU» Bo-
HbI YCTOMYMBOCTU. MBI IIOKaXKeM, YTO JaCTO
BCTPEYAIOTCS TIPOIIECCHI, B KOTOPBIX 0O'BEKTHI
Kak Obl CTPEMSITCSI CKAaTUTBCS T10 €€ CKIOHaM
B CaMbl€ HIDKHNME TOYKMN. HaHOMHI/IM, 4qTo
9TOT IIPOLIECC COIIPOBOKAAETCSI OUYEHDb 3HAYM-
TE/IbHBIM yBe/IMdIeHneM (WM yMeHbIIeHEM)
pasMepoB 9TUX 00beKTOB. UTOOBI UMTATEIO
OBL/IO 7lerde B a/IbHeIIIeM OPYEHTHPOBAThCS
B MOp€ HOBBIX /L1 HeTO (PaKTOB, PEKOMEH/IyeM

Iep>xaTb 1epeq co601t (MBICIEHHO MITN peatb-
Ho) kapTuHy BY (cm. puc. 1.7) u ipepcTaBsaTs
cebs CKOMB3AIMM Ha CaHKaxX (MM JIbDKAx)
MAacCIITaGHOrO [JBIKEHVs, KOIJA JIBIDKEHIE
BBepx 110 cknoHaM BY Tpebyer 3arpar suep-
TUH, A [BVDKEHE BHU3 IIPOMCXOIUT «C BeTep-
KOM», T. €. SHeprus BBICBOOOKHaeTcs. Ilpu
9TOM M Ha CKJIOHE, M OCOGEHHO Ha BepILUVHe
MOYXKHO 3aKPENUTbCA M OCMOTpeThesl. VITak,
OTIPAB/IsIEMCS B HAIY YAMBUTENBHYIO IPO-
Ty/Ky 1o cknonam BY.

HauHeM ¢ HECKONMBKMX APKUX 1 06PA3HBIX
npumepo Ha 3BE3OHOM MACLUTAB-
HOM ONATMA3OHE (cm. prc. 2.1).

Bce 3Be3npl paHO WM MO3JHO 3aKaHUM-
BalOT CBOK AaKTMBHYIO >XVU3Hb. [l 3Besp
PasHOII Macchl 3TOT INPOLECC IPOUCXOFUT
[0-Pa3HOMY.

MNAHETAPHBIE TYMAHHOCTW. Tlo
COBPEMEHHBIM acTPO(U3NIECKUM MPEICTaB-
MennAM' > TITaHeTapHble TYMAHHOCTH 06pasy-
I0TCS Ha KOHEYHOII CTaIUM Pa3BUTHSA KPACHBIX
2U2anmoe, Koryia Te COPACHIBAIOT HAPYKHYTHO
060710uxy. OHA-TO U TIpEBpAIAETCA B HaAHe-
mapHyo mymManHocmp, a OCTaBleecs A0PO
TIOCTETEHHO TIpeBpaNiaeTcs B Oenbtil Kapuk,
MuHUMAnbHbIl PasMep GebIX KaplIuKOB pa-
BeH 10° cM. Pazyc oTpbiBa 060/109KI OKOIO
10" cM, a ee MaKCMMasbHBIE pa3Mepbl TIOCIIE
pacmmpenns gocturaior 10™ cm.

[ImaHeTapHBIX TyMaHHOCTeit B lamak-
TUKe JIOCTATOYHO MHOTO, WX JJa)Ke CUUTAIOT
OCHOBHBIMU TOCTABIMKAMM KOCMUYECKOI
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3BE3HbIA MACLWITABHbIM AUAMA3OH (MA) — 15 NOPALKOB

Lg L, cm

M-ock

10’

Puc. 2.1. CummeTpuns guHaMmnkn cmepTu 3se3g Ha M-ocu.

3eesga 1 (M<M,) pasnetaetca no M-ocu Ha gBa «ockonka»: MNT — nnaHeTapHylo TyMaHHOCTb
1 BK — 6enbiii Kapnvk, KOTOpble HAXOAATCA Ha PAcCTOAHMM 5 NOPSAKOB OT UCXOAHOM TOYKM pasneTa.
3sespa 2 (M>M,) pasnetaetcsa no M-ocu Ha aBa Apyrux «ockonka»: AT — anddysHyto TymaHHOCTb
1 H3 — HenTpoHHyto 3Be3ay. (M — macca 3eesfbl, My, — macca ConHua)

. Tak 4To mporecc nx o6pasoBaHus u3
KPAaCHBIX TMTAaHTOB MHOTO pPa3 IIOBTOPSICA
BO Bcenennoi u obmazaer CTaTUCTUYECKOI
3HAYMMOCTBIO.

Tereps ke 06paTM BHUMaHIE Ha TO, YTO
Ha M-ocu 3TOT mpoliecc UfeT CUMMETPUYHO
B 00€ CTOPOHBI: B CTOPOHY YBe/IMYEHMs pas-
MepoB — OT 13-ro nopsgka fo 18-ro nponc-
xoauT cABur Ha 5 (!) MOPSAKOB; M B CTOPOHY
yMeHbllleHuA — OT 13-ro mopsApgka po 8-ro
IPOUCXOAUT YMEHbIIEHME Ha 5 IOPANKOB
(eM. puc. 2.1). PaccrostHme Mexpy AByMs
«OCKOJIKaMI» KpacHOro ruraHra Ha M-ocu
pnocTturaet 10 mopsAgKoB.

ONOOY3HBIE TYMAHHOCTW. Tlo-
HOOHBIE TYMAaHHOCTM IIO TEOPeTUYEeCKNUM
COOOpakeHNsIM MOIYyT 0OpasoBaTbCsl JIMILb
II0C/Ie B3pbIBA 3BE3[bl, Macca KOTOPOIl Ipe-
Bbimaer 2-10 comHeuHpIx Macc'®. Cormac-
HO CIIPaBOYHBIM HAHHBIM'*', 3Be3[bl C Ta-
KOl Maccot — mmbo ceéepxzuzanmvl BCeX

CIIeKTpabHBIX K/ACCOB C pasMepamu 102%-
10™ oM, 6o 2uzanmoi TIABHOI TOCTENOBaA-
TeNbHOCTH ¢ pasmepamu 6onee 10> cm.

3a KOpOTKO€ N0 KOCMMYECKMM MacIlTa-
6aM Bpems 000/104Ka, COpOIIeHHAs B30PBaB-
mreficst 3Be3foil co ckopocThio 10 000 kMm/c,
pacmmpsieTcs MaKCUMMAaJlbHO [0 pasMepoB
okomo 10 cM u TpeBpaIaeTcs B «CTaboBbI-
pakeHHbIE BOTIOKHA 11 OOPBIBKI» — Oudys-
Hyt0 mymannocmv. OJHOBPEMEHHO PO
CBEpXHOBOII C)KMMaeTcA [0 pa3MepoB Heti-
MPOHHOTU 36€30bl, MUHUMAJIbHOIL [UAMETp
xotopoit — 10° cm.

Ecnmu npunHATh, 4TO B CpefHEM [uaMeTp
B3pbIBatollelics 3Be3fpl paBen 10 cM, To Ha
M-ocu MBI OILATb Hab/TI0aeM CUMMeTPUYHbII
pasyeT «OCKONIKOB»: HA 7 NOPAOKO6 6npaso
YXOIUT OT 3Be3Jibl e 000/104Ka, V1 Ha CTOILKO
e 67160 OT Hee YXOuUT A0po (cM. puc. 2.1).

Wrak, BosHukaer sompoc. ITouemy Bce
3Be3[Ibl, 3aKAHYMBAasA CBOIO JKU3Hb, «Je-
NATCA» Ha IBe YaCTH, KaKaaA U3 KOTOPhIX
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npogsuraerca mo M-ocu cuMMeTpUYHO B
IPOTUBONONOKHbIe HampaBineHna? Orme-
TUM IOKa TMIIb OY€BU/IHOE.

Msr nmeem mpumep QUHAMUYECKOW
MACLUTAEHOW CUMMETPUI, KOTOpOIt
HOJYMHEHa caMasi pacIpocTpaHeHHas popma
Martepuy Bo BcenmenHo — 3BesjiHasg, cOCTaB-
nstromiast 99 % ee Macchl.

Ha mepBpiii B3IIAj 3TOM 3aKOHOMEPHO-
CTHU HEBO3MOXKHO HaliTu ¢usmdeckoe 00bsic-
HeHMe. Befb Korma Mbl paccMaTpuBaeM CUM-
METPUYHBI pasjeT OCKOJIKOB TI'paHaThl OT
LeHTPa B3PbIBA, Mbl IIOHMMAEM, YTO Ha HUX
TeNCTBYeT CUMMeTPUYHAsA CUJIa PaCIIMpPeHN
B3PBIBHOII BOMHBL. Korga Mbl paccMaTpuBaeM

CTOJTIKHOBEHME [BYX OJMHAKOBBIX OWIbSPJ-
HBIX IIAPOB Ha CTOJE, PACKATHIBAIOLINXC
07} OJVHAKOBBIMM YITIAMM B CMMETPUYHBIX
HaIIpaBJIeHUAX, TO IOHUMAeM, YTO 3[jeChb Heli-
CTBYeT 3aKOH MeXaHMKU — 3aKOH COXpaHe-
HUA I/IMHY}Ibca.

Kaxkue e cunvt mozym Oelicinéosamo
80010 M-ocu, umo6vi npusooumov K cumme-
mpuu cmonv pasxvie nPoueccol, Kax pacuiu-
penue 000n10uKY 36€30bL U cHcamue ee A0pa?
Benp pedp uper o CMMMeTpuM B JUHAMUKE
IIPOLIECCOB, KOTOPbIE B ONHOM CIIy4ae UAYT —
BOBHYTPb 00'beKTa, a B PYTOM — BOBHE €ro.
MosxeT ObITb, B IPUPOJE COXPAHSETCS UM-
IY/IbC U B MAaCIITaOHOM M3MepEeHUN?

3Be3[bl, 3aKaH4YMBas CBOK XMU3Hb, «OensaTcs» Ha
[Be 4acTu, NPy 3TOM NPOLLECChI UOYT CUMMETPUYHO
; OTHOCUTENBHO MCXOOHOW O6OMOYKM: CXatue agpa
- BHYTPb 1 pacLumpeHne 0605104k BOBHE.

Ob6onouka
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[JTABA 2.1
NENEHNE-CUHTES

Pacemorpum AAPA ATOMOB (KNACC
Ne4). IBaguareiit BEK OTMEY€EH B 9HEPreTHKE
ABYMSI IPaH/IMO3HBIMM COOBITUAMIM:

e YCIEIIHBIM OBJIafIeHMEM SHepIuell pac-
nafa (OeneHust) sifiep aTOMOB;

o IIPOBA/IOM IIOIBITOK OBJIAJICHN SHEp-
TMell TepPMOAJEPHOrO CUHTe3a (CIUAHUA)
Afep aTOMOB.

ITpudeM KOMMYECTBO YUEHBIX, 3a/je/iCTBO-
BaHHBIX B paboTax [O BTOPOMY Halpasjie-
HUIO, ¥ CYMMBI, BbIJje/IeHHbIe TOCYHapCcTBAMMU
Ha OBJ/IaJIeHVIe TepMOsIIEPHON SHeprieit, Obutn
HUKaK He MeHblIle IIOKas3aTeJiell MepBOro Ha-
npasneHnsA. CrieoBare/ibHO, Heypada C Tep-
MOSI[IePHBIM CUHTE30M 00YCIIOB/IEHA KaKIM-TO
DIyOOKVM 1 IPYHIMIINATIBHBIM fedeKToM 3Ha-
HISL B 9TOM 06/1aCTI BCeil COBPEMEHHOI! HAyKIL.

Ham BaXHO 37ech IIOYEPKHYTb, YTO He-
CMOTps1 Ha O/IM30CTb 9THX ITpoLieccoB Ha M-ocy,

cunmes udem HA MEHLUIUX Macwma6ax, Hem

denenue (cm. puc. 2.2)'%

. Yl MmoxxHO 1pepmiono-
JKITB, YTO TPAHMIA MACIITAGHBIX 30H CHHTe32
u menenus ~107 cM ABMISIETC OHOBPEMEHHO
KAKUM-O0 HeBUOUMBIM, HO OHeHb NPUHUUNU-
anvHvIM Pusuveckum 6apvepom* (cm. puc. 2.2).
PaccMOTpuM 9TOT (PUBMYECKUIT IKCTIEPUMEH-
TaJIbHO JIOCTOBEPHO YCTAQHOB/IEHHBI Gapbep
MEX[y CHHTE30M I feneHneM 6oree fieTaIbHo,
C [IPVBJIEYEHNEM [JAHHDIX U3 sIePHON (UMK

Jrak, W3BeCTHa  SKCIEPUMEHTATbHO
YCTAQHOB/IEHHAs 3aBUCUMOCTh (cM. puc. 2.2)
YI€/IBHOIT SHEPrUM CBSI3Y HYKJIOHOB B sifipe
aToMa OT 4MCIa HyK/IOHOB (A). Yem Bbime
SHEPIUSA CBS3M, TEM SAIPO MPOIHEE.

* IlpuyeM MOXKHO TIOIMYTHO 3aMeTUTD, YTO 3TOT Oa-
pbep, 06pasHO rOBOPS, JIEMUT MACIITAOHbI IHTEPBAI
/A A7eP aTOMOB Ha «IIPaBYI0 YaCTh 3HAHUA» U «/IEBYIO
JacTb HE3HAHUA».
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A, Unun, 4To 04EBUAHO, OT Pa3MepoB Aapa.
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Puc. 2.2. OkcnepumeHTanbHas 3aBUCMMOCTb YAENbHOW  [epHbI B3PbIB BbIAENSET SHEPruto CBA3N
3HEPrum CBA3WN HYKIIOHa B Ape € OT MaccoBOro Yvucna  npu cuHTe3e sgep, a aaepHbIi — Hao6o-

3aBuCMMOCTb MOKa3bIBAET, YTO B 30HE
nerkvx sigep (Manbix pasmepoB) coegu-
HEeHWe HYKIMOHOB NMPMBOAUT K YCUNEHMIO NX
cBA3u gpyr ¢ apyrom (€), a B 30He TsHKe-
nbIx saep (6onbLUMX, YeM SAPO Xenesa) —
HaobopoT, CpPOCTOM fApa MPOYHOCTbL
CBA3el HYKIIOHOB B Hem ocrabesaer. Mo-
3TOMY ANA JIerknX sifep 3HepreTyHecku
6oree BbIroAeH CUHTE3 (C YBESIMYEHVEM
pa3MepoB CUCTEMbI), a A1 TSKEbIX —
3HepreTn4eckn 6onee BbIFOOHO AesieHune
(C yMeHbLLEHVEM pa3mepoB).

Ha 3Tom 3HaHun n NOCTPOEeHa TexHoNornsa
OBYX BMOOB AOEPHbIX B3PbIBOB. TepMOﬂ—

POT, Npu X aeneHnn
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Snpa a7eMeHTOB B cpefHell YyacTy Mepu-
ommueckoit cucremnl (28 < A < 138), 1. e. or
4 Si mo **;,Ba, nan6onee mpounsre. Anmpa
C YMC/IOM HYK/IOHOB MeHbIlle 28 MMEIOT MEHb-
IIYI0 YCTOYMBOCTD, KOTOpAs PacTeT IO Mepe
yBenmmdenus A. JIns Afep ¢ 41CI0M HYK/IOHOB
6orbie 138 sHEPIMs CBSI3U U IPOYHOCTD I1a-
maroT 1o Mepe pocta A. Ilepemom menden-
yuu npoucxodum 20e-mo 8 obnacmu sioep
epynnvl cene3a. VIMEHHO XapaKTep 3Toit

3aBVICVMOCTY U OIIPefeNsieT Pas/Indie MeXLY
IBYMsI BUAMIL [TOTYYeHVISI SIIEPHOIT SHEPI L.

YT06BI JyYlle MPeNCTABUTh 3TO PaA3IN-
uyite B MopenbHOI norvke BY, oro6pasum
3aBUCUMOCTb Ha pUC. 2.2 3€pKajbHO OTHO-
curtenbHo ocut X (A). JIns sTOro BBEEM IIO-
HATHE: OMHOCUMENbHAS HeYCMOMu60Cmy
s0pa 1/€, koTopast XapaKTepusyeT 130bITOU-
HYI0 VIEIbHYI0 SHEPIMIO CBSI3M HYK/IOHOB
B Agpe atoMa (puc. 2.3). UeM oHa 6orblie,

o-
it H 8 2R=2(1214™)10 " em
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z-
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5-
s-
ol u
9-
Fe
m L L 3 1 2 Il L Il 1 1 'l Il 1 [l L L _Is
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= e
Puc.4.3

Puc. 2.3. O6pas noTeHunansHom «AMbl YCTOMHMBOCTW» AN aAep aTOMOB. Ha yieBOM CKIoHe gnarpam-
Mbl MET OAVH TUM CUHTE3a, a Ha NpaBoM (npasee To4ku Fe) — gpyron Tvn.

OTa gnarpaMmma noctpoeHa aBTOPOM B HECKOSb-
KO HeTpaguumoHHon dopme. Ee Buag no cytu
3epkasieH 3aBUCUMOCTU Ha puc. 2.2, 3a c4yeT
TOro, 4YTO 3HEprus cBA3n B agpax atomos — €
no Mepe ABMXEHUa BBEpX No ocn Y — najaer.

Takoih mpuem MOCTPOEHWSI MO3BONAET nyYlle
co3faTb MHEMOOOPA3 CKaTbIBAIOLLMXCS B HUX-
HIOI0 TOuKy ycTondmsocTn (€ ~ 9 MaB) sgep.
M3 pnarpammbl BMAHO, YTO nepBble 4eTbipe
3MOXM AOEPHOro CMHTe3a B 3Be3Aax OoTpaxaroT
KackagHoe «nepeTekaHue» pacTyLlero agpa rno

hpakTanbHOW MOBEPXHOCTU «AMbl YCTONYMBO-
CTV» B 3aBMCMMOCTY OT CBOEro pa3mepa B 30Hy
MOBbILLEHHOW YCTOMYMBOCTM — K rpynne sgep
xenesa.

BupaHo Takxe, 4TO CUHTE3 afdep TsKenee xene-
3a (S-npouecc 1 R-npouecc) Ha NpaBoM CKITOHe
SIMbl MAET B SHEPreTMHecKoM MnnaHe nHave: agpa
aTOMOB Kak 6bl 3aKaTbIBAKOTCA U3 HUXHEW TO4KMN
MakcrMarnbHOM yCTOMYMBOCTU BBEPX MO MpaBo-
MY CKJIOHY SiMbI.

* A — KONM4eCcTBO HYKITOHOB B fApe
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TeM OOJIblile SHEPTUM MOXXHO «3abparb» 13
siipa IPYU ero CUHTe3e C APYTUM SApOM MIN
IIPY €T0 Je/IeHNUN.

[Tpu 5TOM MBI BUAMM, YTO IIO/Ty4eHa, IO
CYTH ZeNa, HOMEeHUUATbHASL AMA YCmoiHu-
8ocmu 071 si0ep amomos. Bce simpa snemeH-
TOB Ha 71eBOM cKyoHe (1< A < 56) 3TOil MBI
npu 08UNMEHUU 6 HUNCHION THOUKY YCMOUYU-
80CMU YBENUUUBAIOMCS 8 PA3MEPAX, ITO BO3-
MO>KHO TOJIBKO 3@ CUET CUHIMe3d, IIPUCOENN-
HEHVA K HUM OOIIO/THUTEIbHBIX HyKTIOHOB.
YBenmunBasch B pasmepax, OHU, €CTECTBEH-
HO, TIepeMelaloTCst Bo/Ib M-ocu 61paso.

Bce simpasnemenToB (56 < A < 238) Ha ipa-
BOM CKJIOHE SIMbI YCTOMYNBOCTY «CTPEMSATCSI»
CKAaTUTBCsI BHMU3 U TIPY 9TOM I€PEMEIIAI0TCS
671e60 10 M-ocu. ITOT TpOLECC BO3MOXKEH
TOJIBKO TIPM MX [ENEHUM, T. €. YMeHbUleHUU
6 pasmepax KOHEYHBIX IIPOJIYKTOB Je/IeHMSL.

O6a mporecca — CHHTe3 U JielleHne —
UZYT C BBICBOOOXK/IEHVEM SHEPI MU U HAIIPAB-
neHpl M0 M-ocu HaBCTpedy APYT K JAPYIY,
[IPU 9TOM OHU CXOJSTCS 6 HeKOMmOopoii 30He
pa3mepoe nausvicuteil ycmotiuueocmu. Mot
8UOUM, UMO 6 IMOIl «sIMKe» HAUBvICULell
ycmotivueocmu, agpa
97IEMEHTOB TIPYIIIBL XKe/le3a, Y)Ke HeT U30bI-

rme Ppacrol0oXEHbI

TOYHOI 3Hepruu. B manbpHerimieM MblI TOYHO
OIIpeieNM pasMep 3TOII 30HbI, HO y)Ke ceil-
9ac HeOOXOMMO OTMETUTb, YTO €C/IU Tpa-
¢buk Ha puc. 2.3 mepeBecTu B norapudmmnie-
CKYIO IIKaly M HAJOXWUTb B COOTBETCTBUU
¢ ero xoopamuaramu mo M-ocu Ha BY, 1o on
CBOMM HIDKHUM U3IMOOM COBIAJET C HIK-
HUM usruboM coorBercTByomeil yactu BY
(cm. puc. 1.7). Bugno, 4to nepexod om cun-
me3a K OeleHUI0 NPOUCXOO0UM 8 HuMHeil
3one BY KJITACCA Ne4.

Urak, nepern6 mopensroir BY B aroil
30He MOfOOeH Ieperndy 9KCIepUMEeHTaNb-
HOJM KPUBOW YCTOWYMBOCTU SALEP aTOMOB
(cm. puc. 2.3). Ob6bpas
ctv» (JIMHOM B OfMH TOPSIZOK) KaK HIDK-

Hero ¢parmenta BY mns KITACCA Ne4

«IMKJU  yCTONYMBO-

[IOATONKHY/I MEHSI B CBO€ BpeMs K HeoObIU-
MMOTESE:

KpuBas (cM. puc. 2.3) AB/AETCA BCETO JIMIIb

HOM 9KCIIEpMMEHTa/IbHAA

¢dparmenToM 60s1ee 061Ielt IPUPOHOI 3aBU-
CHUMOCTH YCTOIYMBOCTY 0OBEKTOB MacIITaba
107"...10™" cm ot ux pasmepos. [Ipexie yem
B 9TOM Pa3o6paTbCsi, BBEleM HEKOTOPbIE Me-
TOJO/IOTMIECKIe CXEMBI 1 0OPasbL.

MODEAb M-9Mbl YCTOWUMBOLTH
C BAPbEPOM CUHTE3A — DEAEHUY

[MpepcTtaBum, YTO Mbl NbITAEMCH COBUHYTb
BOO6paxaeMbli 06BEKT, MOMELLEHHBIA B HMX-
Heu ToYKe MoTeHUMaslbHOM siMbl S0ep aToMOB
BMpaBO WX BNeBO. OTO PaBHOCUSIBHO MOAHS-
TUIO ero Ha 6O0MbLUYy BbICOTY, YTO TpebyeT
JOMOSHUTENbHBIX 3aTtpaT 3Heprun. O6pasHo
roBOpsi, Mbl PN 3TOM Kak 6bl 3aKaTblBaem Ka-
MEHb B ropy.

Ecnu xe Mbl momMecTMM Hall Boobpaxa-
eMbIl KaMeHb Ha JIEBOM CKJIOHe, TO JocTa-
TOYHO HEBOMbLLLOro TOMYKa, U OH MoKaTUTCA
BrpaBo, K CaMOW HUXHeN Touke aAmbl. Ecnn
€ro NOMecCTUTb Ha MpPaBoOM CKJIOHEe, OH MO-
XEeT nocne HebOoNbLUOro TonYKa CKaTuTbCA
BHWU3 Bs1eBo*. 3abynem Ha BpeMs O agpax
aTomoB. A6cTparmpyemcs 40 YyCIOBHOW MO-
Oenu noTeHumanbHOM AMbl YCTOWYMBOCTW.
lMockonbKy BeCcb NpoLecc NpoOUCXOAuT B na-
pameTpMy4eckoOM MpPOCTPaHCTBe, rae nwbdoe
OBuxeHwe Bponb M-ocu BepeT K cyuje—
CTBEHHOMY WU3MEHEeHUI0 pa3MepoB CH-

CTeMbl, TO cnefyeTt pacCMOTpeTb, KakK 3T

* TlockonbKy 7n€BBIl CKIOH TOpas3fo Kpydye IpPaBoOro
(cM. puc. 2.3), TO 3[eCh HAIIPAIIMBAETCS A/IETOPI:
yAep>KaTb «CaHM» CHMHTE3a Ha JIeBOM OYeHb KPyTOM
CITyCKe TOpas3fo TPyAHee, YeM «CaHN» [lefleHns — Ha
mpaBoM 6ostee TMONOrOM CIiycke. Bo3MOXHO, MO9TOMY
yTIpaB/IeHue /IeBHIM CITYCKOM ellje He OCBOEHO, B TO
BpeMdA KaK yIpaB/ieHNe MpaBbIM y)Ke 0TpaboTaHO [0
MeJoyeit.
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Pacwupetrue

Cwarue

Puc. 2.4. Mogenb M-aimbl n cxema
OBVXEHUS B MOTEHUMANsLHOM none
YCTOWYMBOCTU C COXpaHEHUem
Le/IoCTHOCTU CUCTEMbI:

1 — paclumpeHune cucTemsl,

M-oce
> 2 — cXaTue cucTeMsl

ABNEHNSA NPOUCXOOAT C HEKMMU YCIIOBHbLIMU
o6beKTaMn, HafdeleHHbIMW YCNOBHOW NS0T-
HOCTbIO U pasmepamu.

[Mpeanonoxum, 4TO0 Ha npaBoM CKJIOHe
NnoTeHUManbHON fMbl HAXOQUTCA HEKUA 00b-
€KT, KOTOpbI Mof, BO3OENCTBMEM HEKOTOPbIX
(haKTOPOB CTPEMUTCS 3aHATb 6ornee yCTonyn-
BOE MOSIOXEHWE U CNYCTUTLCA BHU3. [1ns aTOro
eMy Heo6XOAMMO W3MEHWUTbL CBOW pasmepbl,
KOHKPETHO — YMEHbLUUTb UX.

MepBbIi NPOCTON BapuaHT — OObLEKT
YMeHbLUaeTcsl B pa3Mepax 3a cYyeT Cxa-
TUS, 4TO TMPUBOAUT K €ro yrnaoTHeHUIo
(cM. puc. 2.4). A 4TO ecnm 3TO HEBO3MOXHO,
KakK, Hanpumep, C HyYKloHamu, KOTOpble He
cxXumMatroTca? B aTom cnyyvae ecTb Opyrown Ba-
puaHT — 06beKT YMeHbLUaeTCsl B pa3Mepax
3a cYeT (pparmeHTauumn Ha 6osiee men-
KUe camocCToSITeJIbHble HYacTH, Kaxpas u3
KOTOPbIX MO CBOWM pa3mepam 3aHMmaeT Ha
M-ocun nonoxeHwe nesee NePBUYHOIO 06BHEK-
Ta (cMm. puc. 2.5).

PaccmoTpuM Tenepb CUCTEMHbIE BapuaH-
Tbl IepemeLLeHNs1 06beKTa Ha IeBOM CKJ/10—
He. 3[ecb Takke BO3MOXHbl [Ba BapuaHta
(cm. puc. 2.4 n 2.5). O6beKT yBenu4mMBaeTcs
B pasmepax M nepemeLlaeTcs B SHepreTnye-
CKku 6onee BbIrOQHOE NMONOXEHWE:!

* 3a cYeT pacLUNpeHUs;

* 3a cYyeT COeAUHEHUS Pa3INYHbIX
06bEKTOB B HOBbIA LLEIOCTHbIN 06bEKT — Ba-
pvaHT cuHTe3a.

B panbHenwem Mbl NOKaXem, 4TO ABa Ba-
pvaHTa noBedeHUs Ha NPaBOM CKIOHe M ABa
BapvaHTa NoBefEeHNst CUCTEM Ha NEBOM CKJI0-
He fIBNSIOTCA yHMBEpCallbHbIMU CXeMaMu Ans
MHOrMX npoueccoB BO BceneHHown. MNoka xe
BBEJEM 3[eCb HOBOE MOHATME — 6apbep
cuHte3sa-genenus (C-[). 91o noHsTne 06o-
3Ha4aeT MacluTabHbIn pa3mep, COOTBETCTBY-
IOLMIA HUXKHEN Hambosiee YCTOMUYMBOW TOYKE
M-ambl. OH pa3pensieT aHepreTUyHecku Bbirog-
Hble MacluTabHble 30Hbl CuHTEe3a (cnesa) OT

M-30H genenus (cnpaga).

Lenenue

Cuures

Puc. 2.5. Mogenb M-ambl n cxema
OBWXEHUA B NOTEHUManbHOM none
YCTOM4YMBOCTN 63 CcoXxpaHeHus
L|esTIOCTHOCTU CUCTEMBI:

1 — CMHTE3 cuUcTeMbl,

2 — peneHve cucTemsl
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Temepp Bepremcs xk APAM ATOMOB
(cm. puc. 2.3).

Kak BbIsiguT rpaduk  3aBUCHUMOCTH
YCTOWYMBOCTH SIfiep ATOMOB OT MX Pa3MepOB?
Bo-nepBeIx, €ro «HO» MMEET HECKONIbKO JI0-
KaJIBHBIX «yITIyO/IeHNui», B KOTOPBIX YCTOII-
YMBOCTb sifiep IOBBIMIAETCSA. BO-BTOPBIX,
eC/Iu IepeMelaThCs BIEBO OT HIDKHEN TOUKNI
YCTOMYMBOCTH, TO KPUBAsl BCE KPy4e YXOZUT
BBepX. V3rub KpuBOIl IMHUY, HO MEHEE KPY-
TOI1, MBI BUIM U IIPaBee LIEHTPa yCTONYINBO-
cTu. PaccMoTpuM Te maHHbIe QU3MKMU sfep-
HBIX peaKljyil, KOTOpble WUIIOCTPUPYIOT 3Ty
3aBUCUMOCTD.

Bce aTOMBI 71€BOIT YaCTH SIMBI IIO/TYYAIOT-
Cs1 B IIPOIiecce MOCTOSHHOTO TePMOSIEPHOTO
CUHTe3a B HeApax 3Be3/], I7ie U3 sAhep BOZOpPo-
[ia TIOCTOSIHHO CO3JAIOTCS, «IEISTCSI» sApa
6ormee TSDKeENBIX 37IeMEHTOB. B actpodmsnke
BBIJIETIAIOT *° HECKO/IbKO UUKIIO8 CUHIMe3d: BO-
JIOPOJIHOE TOpEeHIIE, TOPEHIIe TeNusl, TOpeHe
yrepona, KpeMHyst. MakcumyM, 4To 1mojyda-
eTcsl B KOCMOCE B pe3y/IbTaTe 3TOro Ipolec-
ca, — 9TO AApa aTOMOB TPYIIIIBI >Ke/le3a, TaK
KaK «©Kejle30 1 OM3Kie K HeMy sifjpa Xapak-
TEpPU3YIOTCSI MaKCUMAJIbHOI 9Heprueil CBsI3u
Ha OIMH HYKIOH» °'. «JTu peakuym momy-
4y Ha3BAHME e-TIPOLIECCHI, 1 OHN, B KOHIIE
KOHIIOB, IPUBOAAT K 0OpasoBaHUIO yKermesa
(*°Fe) u 6MM3KMX K HEMy 37EMEHTOB B YCIIO-
BUSAX  TEPMOJMHAMMYECKOTO  PaBHOBECHS
U IIpY 3Be3JIHBIX B3pbIBax... /st mpespare-
HUA Afpa 26 "Fey, B A0 4,*U s HEOOXOMUM
182-KpaTHbIII 3axBaT HENTpPOHa, Yepeaylo-
mmiica ¢ aktamu P-pacmazma»'®. Tpu stom
TSDKeJIble SIpa IIOTyYaloTcsi, [0 COBPEMEH-
HBIM aCTPO(DU3NYECKUM IIPefCTaBICHIIM,
B pesy/brate kamacmpogduueckux yoapHvix
npoueccos, IpONCXOAAIINX BO BpeMsi B3pbIBa
CBEPXHOBBIX 3Be3[. [lefl0 B TOM, YTO CHHTE3
sifiep aTOMOB TsDKeJIee JKee3a SHepreTUYeCK
3aTPATHBII NPOLIECC, TOITOMY OH IIPOUCXO-
AUT TONBKO Orarofapsi yHapHoil noonumie
9Hepryell B3pbIBa 3BE3/IbL.

Bce moOmbITKM CO3HaTh MCKYCCTBEHHO
sAfIpa ATOMOB C YMC/IOM IIPOTOHOB GOJIBIINM,
4yeM 106, He y[januch B CUTy pe3KOTO MOBBIIIE-
HISA 3aTpaT SHEPIUM, HeOOXONUMBIX A/ 9TO-
ro, u HU3KOM CTa6I/I}IbHOCTI/I I/ICKYCCTBCHHI)IX
spep. Ecim 06paTuThest K MOfie SAMbI yCTOM-
YMBOCTY U SKCIIEPUMEHTAIbHYI0 KPUBYIO Ha
puc. 2.3. IpeACTaBUTb KaK MOJE/b THUIIA PUC.
2.5, T0, 00pasHO TOBOpsI, A0epHAs Pu3uKa
cmanosumcs nodobuoti Cusugy, kamsusemy
B0l KAMEHD 6 20py 10 NPABOMY CKIOHY, HO He
CIIOCOOHOMY €ro IOKaTUTh [0 BEpIINHBI, I7ie
OH MOT 6bI CTa6M/IbHO TIOKOUTDCA.

CrieoBaTeNbHO, eCT «CAHKU» SI0ePHO20
CUHME3a CKAMbIBAIOMCA C /1e6020 CKIOHA
no0 coOcmeeHHvLIM 6ecoM, MO HA NPAGbIli
CKTIOH OHU MO2ym 3a0pamvcA auuiv 1o
UHEPUUL CUTIbHOZ20 MONTUKA.

Kpome sTOr0 OTIMUMS, CyLIECTBYeT
U IPUHIUIIMATIBHOE CTPYKTYPHOE pasimdie
MEX/y CHHTe30M sijiep Ha JIEBOM CKJIOHE I Ha
npaBoM cki1oHe M-smbl. OHO 3aK/IIOYaeTcst
B TOM, 4TO B CHHTe3¢ Ha JIeBOM CK/IOHE MOTYT
y4acTBOBAaTh KaK OAMHAKOBBIE IIO pa3Mepam
A#pa, TaK M pasHble. B mocmegHeM ciydae
flaKe MeHbIlee 13 HUX SABISIETCS CIONCHBIM
sapoM. IIpy 9TOM CHHTE3 HAa I€BOM CKIIO-
He — scerna OQHOAKTHbIN mpouecc. [IBa
spa CIMBAIOTCA BMeCTe 1 06pasyoT HOBOE
SIIPO, B pesy/bTaTe BBIAE/SIETCS CBOOORHAS
SHEPIHsL.

Ha mpaBoM e CK/IOHEe — CHHTe3 OCy-
I[eCTB/ISIETCSI TOTIBKO 3a CYeT IIPUCOMHEHsT
K TsDKEJIBIM SffpaM OTHeIbHBIX HEIITPOHOB —
Menb4Aatiuiux 13 BO3MO>KHBIX 971eMEHTOB SIfiep-
HOTO CuHTe3a. [Ipudem mporecc cTaHOBUTCS
MHOIOAKTHbIM, cuntes, no cyru, mepe-
XOJJUT B NPOUECC NOTIOULEHUST KDY NHBIM TOPOM
MENKUX YaACMUlY, TIPU STOM IHeP2ust He 6vlde-
Agemcs, a Hao6opom — 3ampauueaenmcs.

3zxech BIIOJIHE KOPPEKTHO JICIIONb30BaHIE
BBelleHHOro paHee noustnsa — «BAPbEP

CUHTE3A-OENEHNA» 2.6).
Sror 6apeep memur M-AMY Ha 2 yuactka:

(em.  pme.
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JIEBBII, Tfje 9HEPreTIIeCcK! BBITOLEH CUHTE3
sIIep, M IIPABBIIL, I7ie S9HEPreTNIeCKI BBITOJHO
IeTeHue simep.

Mo)XHO BBeCT) 1 HeKOe 00ujee npasuso:
HA NNEBOM CKJTOHE M-AMbl JOMWHW-
PYET CUHTES3, A HA NMPABOM — [0O-
MWHWUPYET OEJNIEHUE.

OnmHako ecmi MBI BBOJVIM IIOHATHE 3a-
HpeTa CUHTe3a ISl IPABOrO CKJIOHA SIIEPHOM
M-AMbI, To Bosuukaet Borpoc: a Kak e 06b-
SICHUTD TOT M3BECTHBI (aKT, 4YTO B IPUPOJE
BCe JKe VT CUHTe3 sifiep TsDKenmee Kemesa?
Bepp 911 sifpa HAXOMSATCS B MACIITAGHOI 30HE,
COOTBeTCTBYyIOLIEl TpaBomy ckiory M-AMbl.

[Toka)keM, YTO COITIACHE C MOJENBIO IIPU
9TOM He HapyIlaeTcs.

Bo-nepevix, KaKk yxe yHOMUHA/IOCh, CUH-
Te3 9TUX TSDKEBIX siep (Ha IPaBOM CKJIOHE)
UJeT B O4eHb GyPHBIX B3PBIBHBIX IIPOLECCAX,
a MCTOYHMKOM 9SHEPIMM ISTUX B3PbIBOB sIB-
JIAIOTCSL siEpHBbIE PeaKUMy CUHTe3a JIETKMUX
Afep 7eBoro ckmoHa M-amsl. IIpocto dacTpb
BBIfIe/IAEMOI TIPU 3TOM SHEPrUU IIOIOLIA-
€TCA SHEPreTUYECKN 3aTpaTHbIM CHUHTE30M
Ha IIpaBoM cKIoHe. O6pasHO TOBOPsI, CUHTE3
[IPABOTO CK/IOHA «IIAPasUTUPYeT» Ha CUHTE3€e
JIEBOTO CKJIOHA.

Bo-smopuoix, Ha MPaBOM CKIOHE MbI BU-
UM OPYHIWINAIBHO OTINYAIOLMIC THUII
Ipoluecca. Y>ke He CMHTe3 JIByX OJMHaKOBbIX
(nmm 67M3KMX TI0 Macce) siiep, Kak Ha JIEBOM

CK/IOHe, — a MPUCOEIVHEHNE HETPOHOB.
A BEOb AN HEMTPOHOB MOJESb HE
SAMPELWIAET CWHTES3! Ona sanpemaer
€Tro LA TSKENbIX Afep IPaBOro CKIOHA.

Wrak, pjid OfHOro y4acTHMKAa CUHTE3a,
KOTOPBINl PACIO/NIOKEeH Ha IIPaBOM CKJIO-
He (TsDKenoe SAPO), MOENb «3aIpelaeT»
CMHTE3, a JyIsi APYroro y4acTHMKA CUHTe3a
(HelTpoHA), KOTOPBIN pACHONOKEH Ha JIe-
BOM CKJIOHe, — He «3ampelaer». VI ator va-
CTUYHBII 3ampeT, 0OpasHO TOBOPSs, IIPUPOLA
IIPEOJ0IeBaeT 3a CYET B3PbIBHOTO XapaKTepa
mporiecca (B3PBIBHOI XapaKTep IIporecca
UJIET 32 CYeT MOITIONIEHNUs SHEPINH C JIEBOTO
CKJIOHA, I7ie B3pBIBOOOPA3HO CHHTE3UPYIOTCS
JIETKJIe 37IEMEHTHI (CM. puc. 2.6)).

VITaK, Mbl BU[YIM, 9TO IIPU TI€peMeEIeHNN
CIeBa HAINPABO BAOMb M-0OCH TIpM MPOXOXK-
nernu BAPBEPA C-[] cymectBenHO MeHs-
eTCs TUII PeakUMy CUHTe3a, — II0 CyTH, OT
€O6CMEeHHO cunme3a TPOUICXONNUT MEPEXON
K MHOTOKPATHOMY 3AX6amy HeilmpoHos.

MaxkcumanvHoi pasmep sAfpa, KOTOPbIi
yuacrsyer 8 CUMMETPUYHOM CUHTESE*
Ha 1e60M cKkoHe, — okomo 7 - 1077 ey

Ha npasom ke cKoHe CUHTE3 IBYX MOY-
TU OJVHAKOBBIX KOMIIOHEHTOB CTAaHOBMTCS
HeBO3MOXKHbIM 1 ycrynaer mecto ACUM-
METPUYHOMY CUHTESY, T. e. nornore-

HUIO MEJIKNX HeI;ITpOHOB OAHVIM KPYIIHbIM

Bapwep C—[

Puc. 2.6. MPOLIECC CUHTESA (1)
B 30He CMHTe3a (Ha NeBOM CKIIOHe
AMbl YCTON4MBOCTH).

MPOLIECC CUHTE3A (2) B 30He
AeneHnsi (Ha NpaBoOM CKIIOHE fMbl)
MOeT 3a CYeT y4acTus 3MEeMEeHTOB,
CKIMOHHbIX K CUMHTe3y. VIx pa3mepbl
MeHble BAPbEPA C-[, noatomy
CUHTE3 B 3arnpeLyeHHON MOoAesnbio
30He npoucxoauT Kak Obl 3a cuyeT
npeogoneHnss BAPbEPA C-[0 men-

KUMU aniemMeHTamu
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komnoHeHTOM. Kak 6ymeT mokasaHo B fajb-
HelllIeM, 9TO pasnn4ye uMeeT obuecucTeM-
HOe 3HaYeHNe.

Paccmorpum  temeps MACLUTABHbBIE
OCOBEHHOCTW OENTIEHUA A0EP.

Bce s0pa Ha npasom cKmoHe RETTCA
C BbIfie/IeHNeM M30BITOYHOM 9HEPINH, CMe-
asich 10 M-ocu BieBO («cCronsas» BHU3 —
B M-AMY). VsBecTHO, 9TO aKTMBHOE CIOH-
TaHHOE [eJeHMe IPUCYIle TOMbKO OYeHb
KPyIHBIM sigpaM (OHM PpAcCIIONIOXKEHbI Ha
camoM npaBoM kparo M-AMbI mozenn BY).
Bornee menkue siipa CIIOHTAHHO He HETISITCS,
OJIHAKO OHJM MOTYT IIOCTEIIEHHO TpaHC(op-
MMPOBATbCSI B Haubosnee yCTOMYMBBIE SfPa
rpymmbl xenesa'®.

Ha neéom cknone denenue si0ep — sHep-
TeTUYECKM KpaliHe HEBBITOJHBIN IIPOIEeCC,
TAaK Kak IIOTyYalOLIyiecs: IPM 9TOM OCKOJIKM
GyIyT B COBOKYIIHOCTHU MMETb (OIbILe SHep-
IUM, YeM UCXOfHOE siapo. [loaTomy feneHue
Anep, KOTOpble JIerde sfep TPYILIBL XKeje3a,
CIIOHTaHHO MATY He MOJXKET.

Urax, BAPBEP C-[ genur M-AMY pia
Ipoljecca felleHus siep TaKXKe 4eTKO Ha ABe
vactiL. JleBee Gapbepa fleieHIe «3apemieHo,
mpaBee — «paspelieHo». KpyTusHa ckio-
HoB M-AMBbI 3nech (cMm. puc. 2.2) mocrermnen-
HO BO3PAacCTaeT, O YeM CBUAETETIbCTBYET TOT
akT, 4TO CcaMble TsDKeble sAfpa (IIpaBbIi
kpait M-AMblI) ckarbiBatoTcst BeBO ouyeHb
JIETKO, a PasfpoOUTh HYKIOHBI (JIEBBIIT Kpail
M-AMBbI) na kBapku pusnkam-sKcrepuMeH-
TAaTOpaM [I0 CUX IIOp He YAa/I0Ch, HECMOTPS Ha
TUTAHIYECKIE YCUIIL.

MOXHO HIPOFO/DKUTD BBIMIEYIOMSHYTYIO
QJUIETOPUIO ¥ CKA3aTh, YTO KAMUMb KAMEHD
no nesomy cxnony Cusugy euie 6onee msieno,
uem no npasomy.

Bosnukaem 6onpoc: HaCKONbKO Ha/leKo
YXOEAT CKJIOHBI MOJEIbHOI M-sIMBI BI€BO

* DTO TAKOII CHHTE3, B KOTOPOM COEIMHSAIOIINECA YaCTI
PaBHBI 11y O/IU3KY [0 pa3Mepam.

¥ BIIPABO ¥ IIPOVCXORNT JIV VX BBIIIOTIXKIBA-
Hue Wi nepern6?

AHanm3 3aKOHOMEPHOCTEN! CaMbIX PasHO-
00pasHbIX AMHAMMUYECKUX IPOLECCOB MHpU-
POIbI Ha PA3NIMYHBIX MACIITAOHBIX YPOBHAX

Bcenennoit mpusen aBTOpa K Clefyouen
MMMOTES3E.

BOJIHA YCTONYMBOCTU ABNAET-
CA OOHOBPEMEHHO ELUE W MOJE-
NblO ANA PASNNYEHUA NMPEOBJTALA-
OWMX MPOLIECCOB AOENEHUNA WA
CUHTE3A HA PASJINYHbIX MACLUTAB-
HbIX YYACTKAX BCEJIEHHOW.

[TosTOMy MOXXHO paccMaTpuBaTb 9Hep-
retndyeckyio M-AMY B o6mactu sipep aromos
B KadeCTBe HeOO/MbLIOro ¢(parMeHTa BCell
BY, o6pasno roBopsi, B KauecTBe MajieHb-
KOJ KOCTOYKM IMHO3aBpa, II0 KOTOPOJ MbI
TIOTIBITaeMCA BOCCTAHOBNUTD BECh €TI0 CKeNeT
(cm. puc. 2.7). Torma neBbIe CKIIOHBI BCeX
M-fIM BY* — at0 maciuTaGHble 30HBI 3HEp-
TeTUYeCKI BBITOJHOTO 3[€Ch CHHTEe3a CUCTEM,
a BCe MpaBble CKIIOHbI — MacCIITaOHbIe 30HbI
9HEPreTIYECKY BBHITOXHOTO [{eIEHNA CUCTEM.
Bepumusr BY — 3o 30HBI cennoBoit ycToii-
YMBOCTY, A BIAJVHbI, — 30HBI YCTONYMBOIO
PaBHOBECHUA CUCTEM.

Ina mpoBepku 3TOV TIMIIOTE3bl pac-
CMOTPMM IIOC/IEOBATEIbHO, HAYMHAS OT
mporoHa (M-sma Ne4) m BrmoTh o Mera-
TaIaKTUKM, KAKue Munvl npoueccos 00-
MUHUPYIOM HA PASTUMHDIX MACULMAOHBIX
ypoensax Bcenennoii.

M-AMA Ne4 [-18; —-13; -8]

B cambIx 061MX YepTax, Kak yxe yIoMu-
Ha/lI0Ch, MOTEHIUANIbHYI0 fMY YCTONYMBO-
CTU J/1 Aflep aTOMOB MOXKHO MOJENMPOBATh

* M-amamu BY Mbl HasbIBaeM y4acCTKM MOJIENIbHOM CH-
HYCOMJBI OT rpebHs 70 rpebHA. IleHTpanbHas YacTb
M-sM coBmajjaeT Mo pacmonoKeHnio Ha M-ocu ¢ 4ert-
HBIMU MacIITabHbIMK Kaaccamu. Iloatomy Hymepavus
am Gydem coOXpaHAmMb HyMepayuIo HemHvIX K1accos
(em. puc. 2.7).
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dbparmentom Hmwkneit wactu M-AMbl BY
(KJTACCA Ne4). [lpnuem uenmpom ycmoii-
4UEOCMU ISl SIED SIBJIAIOTCS spa TPYIIIIBI
Kerlesa, pasMep KOTOpbIX 6/m3ok k 107 em*.

OpHako Mogie/ibHas sIMa — IVIAfiKas, a pe-
anmbHast (cM. puc. 2.3) — 3ybuaras, HepOBHas.
Kpowme Toro, B Mmogenbroit M-AME ectb onna
HIDKHAS TOUKa ycToitunpoctn — 1,6 - 10 cm,
a B peajibHOM sIMe MX II0 KpaliHell Mepe JBe:
1,6 - 107° cm (sapo Bofoposa) u 9 - 107 cm
(stmpo xemnesa).

* Kak Mbl BUJMM, LIEHTP YCTONYMBOCTU IS MBI CIBU-
HYT Ha OIH IOPSAZIOK BIIPAaBO. ITO sB/IEHIE, 10 MHEHUIO
aBTOpA, CBA3AHO C OMMOJAIbHOCTBIO BY, mosromy Bce
SIMBI MMEIOT HAMBBICIIYIO 30HY YCTONMYMBOCTH, HECKO/b-
KO CMEIIIEHHYI0 OT HIDKHEN MOJIeNIbHOl Touky bBY.

B mpenpimymieit 9acTM MBI paccMaTpuBa-
7 GMMOJANIBHOCTD B paclpefieNieHnn 00b-
eKTOB II0 pa3MepaM M B JTaHHOM MHTepBaje
(10™...10" cM) BBIABMIM BCETO NIWIIb JBE
HaMBBICUINE TOYKU YCTOMNYMBOCTY 1,6 - 10" cm
n3,4 - 10" cm. Obe OHM C OUEBMIHOCTDHIO
IIpOCMaTpUBaOTCA Ha pucyHke 2.3. Ho BbI-
ABJIeHHasA Ha M-ocu TpeTbs TOYKa, paBHas
9 depmu (9 - 107" cm), mna BricTpanBaemoii
3mech Mojenu BY — HeoXMEAaHHOCTH. ITO
CBUJETENTbCTBYET O HEMOTTHOTe MOJeNN 1 He-
00XOIMMOCTI €€ HajbHelinero 6onee e-
TaJIbHOTO Pa3BUTHA.

Bripodem, #Be TOYKM YCTOMYMBOCTY Ha
M-ocu (1,6 - 10® cmu 9 - 107 cm) HaxopaT-
csl IPYT OT Ipyra Ha PacCTOAHUU B IIpefienax

Puc. 2.7. OuHamunyeckas mogens BY

A. Cxema noTeHumMasnbHOM iMbl yCTONYNBOCTH.

3 — 3Heprus

CY — cepnoeas ycTtonumBocTb, YP — ycTonumBoe pasHoBecue, C — cuHTe3, [1 — [eneHue,

D> >

NeO Ne2 MNed Neb NeB Nz 10 Ne12
Homepa am Lo L cm
L il 1 1 il 1 J=
—33 =23 =13 -3 7 17 +27 M-ocs

B. BonHa ycTOM4MBOCTM C 0603HA4EHHbIMW 30HaMU AoMuHMpytowero cuHtesa (C) n genenus ([);
Takxe nokasaHbl MacLUTabHble YPOBHW OCHOBHOMO BblAeneHus aHeprum ()
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ofHOoro mopsnka. Ina Bceit M-AMbl, Mac-
mrtabHast [IMHA KOTOPOit cocTapysier 10 mo-
PsAKOB, 3TO jaeT pasbpoc B 1/10 (morper-
HocTh 10 %). TakuM OTK/JIOHEHMEM MOYKHO
U peHe6pedb.

B KOHIle 3TOiT 9acTV KHUTYM MBI ellle pas
3aTPOHEM JJAHHYIO IIpo6JIeMy, HO y>Ke Ha 60-
Jiee BBICOKOM YPOBHE OOITHOCTIH. 3/1eCh JINIIb
OTMETHUM, YTO 3KCIIEpMMEHTa/IbHAsA KpMBas
YCTOYMBOCTY sifiep aToMoB (cM. puc. 2.3)
CBUJETENbCTBYET O PpaxkmanvHom BULe
Bomnnbt YcroitunsocTn.

Ba)kHO TaxXe OTMETUTb, YTO €C/IMU Iep-
Bas Touka ycroitunsoctu (1,6 - 107 cm) mipu-
HaZIJIeKUT 4acmuye — IPOTOHY, TO BTOpas
(9- 10" cm) — ancambaro wacmuy (56 ny-
k10HOB). ITosToMy xapaxmep ux ycmoiiuu-
eocmu umeem NPUHUUNUATLHOE Pa3nuHue.
Brpouewm, 1moka ocTaBuM 9Ty Ipobiemy.

BoiiifieM Temepb 3a TpefieNibl UAMa3oHa
10"° e — 107"? cm. HauneM c n1e602o ckio-

na M-AMbl

OH YXOIMUT BIUIOTb IO Ced/060% o001acmu

Ne4. Cornacro mogenmn BY,

YCMOTIMUBOCMU, KOTOPAs MeeT KOOPAMHATY
Ha M-ocu (-18). ITo namemy MNPEAMNONO-
XEHWMIO nmenno Takme pasmeps! mmeer
97eKTpoH. PU3MKAM XKe YAanoch B 9KCIEPH-
MEHTax [O06PaTbCst UIIb 10 Pa3MEPOB OKO-
no 1077 cm. 3ajymaeMcs, B 4eM CyTb 9THUX
9KCIEPVUMEHTOB?

CyTh 9TMX 9KCIEPUMEHTOB 3aK/II0YaeTcs
B TOM, YTO 3/IeMeHTapHble YaCTUIIbl PA3TOHA-
JIUCh B YCKOPUTEISX IO TUTAHTCKUX CKOPOCTEN
C LeNIbI0 PasbuTh UX Ha MenmKye OcKonku. [To-
CKOJIBKY K€ JI/Is1 paspyILEeHs 9aCTHUL] Pa3MEPOM
10™"® cM MpUXOAMIIOCh CTPOUTD YCKOPUTENH JU-
amerpom 6ornee 2 kM (10° cM), MOKHO CKa3aTb,
YTO «IIPOYHOCTb» YACTUL] BECbMa BeJIMKa™.

* TlpepctaBuM cebe, 4TO HaM HEOOXOXMMO pasBa-
JIUTb HA COCTABHBIC YaCTU 6y}II/IHI)HI/[K " 1714 3TOTO MbI
CTPOMM YCTaHOBKY, pasMepbl KOTOpoii Ha 20 mop:Ap-
k0B 6onbine. Takas ycTaHOBKa OyfieT MMeTh AMAMETP
8 MunnuUoH pa3 6onvute opoumvr FOnumepa.

IIpy 9TOM He BCe YaCTUIBI YHAETCS Pasb-
eMHNTb HAa COCTaBHble yacTy. Hampumep,
KBapKy TaK M He YHAJIOCh BBIYWIEHUTb U3
HYK/IOHOB. O 4yeM 3T0 ropoput? O TOM, 4TO
Ha nmesoMm ckroHe M-SAMbl Ned pasoderne-
Hue 97IEMEHTAPHBIX YaCTUI[ HA COCTABHBIE
YACTM SHEPreTMYecKy BecbMa 3aTparHas
poLenypa.

Ha npaBom cknone M-AMbl Ned, xax
y>Ke OTMeYanoch, MPOUCXORUT CAMONPOU3-
807bHbIlL pacnad 6oree KPYNMHBIX sfep Ha
OCKONKMU. 3[1eCh KapTWHA 3€PKaJbHO-IIPO-
TUBOIIO/IOKHAsI. PasOuTh KpymHBIe sfpa Ha
COCTAaBHbIE YaCTM HNUYEro He CTOMT. A BOT
CHMHTE3MPOBaTh, CIOXKUTb U3 YacTell snpa,
pasMepbl KOTOPBIX mpesbimanyu 661 107 cm,
IO CUX IIOp He Y[AeTCsl, XOTS NP 3TOM VIC-
HOTIbSyIOTCH TUTAHTCKNE SHepFI/II/I.

CornmacHo guHaMmM4eckoit Mopemn BY
(cm. puc. 2.7) mpaBee nwkHelt Touku M-AMbl
Ne4 na 5 MOPsIKOB HO/DKHO OBITH Ce0710 YCmoii-
uugocmu st KITTACCA Ne5 (koopamnara ced-
71a Ha M-ocu (-8)). TaM 1eJiCTBUTENIBHO «CUIAT»
BCs Tabyuia 97eMeHTOB MeH ieneeBa, Tak Kak
aToMb! uMetoT ayametpst oT 107° 10 6 - 10 cm.
K coxarnennio, y aBropa HeT MH(bOpMAIyu
0 Ipoleccax, UAYIMX ¢ CUCTEMaMH, pasMepbl
KOTOPBIX HaXOIWINCh Obl B imamasone ot 107
1o 107 cm. TToaToMy OCTaeTcs MPEIONOKNTD,
9TO U 37I€CH TAKXKE SHEPTETIYECKN HOTIee BHITOJI-
HBIM sIB/ISIETCS] PaCIIaj; CVICTEM, YeM VX CHHTES.

M-AMA Ne6 [-8; -3; +2]

OcraBuM Ha BpeMsi MUKPOMUDP U IIe-
peMecTMMCs B C/IEAYIOLIYI0 10 IIOPSJKY
NOTEHLMA/IbHYIO MY ycTolumBocTu. lleH-
TPaJIbHBIN IMANIa30H PasMEPOB B 3TOM AMe —
10...100 mxm. Teopermyeckme TOYKM HOBBI-
enHol ycroitumoctu: 1,6 - 107 cm (BBY)
n5-107 cm (OBY).

B coorsercTBMM C BBIBUHYTON IM-
[0Te30/1 O TMOJoOMM SIM  YCTOMNYMBOCTHU
(cm. puc. 2.7), cneéa om uenmpanvHozo ou-
anasona énnomv 00 sepuunvt BY (10 cm)
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Hepzemuuecku 00/miceH Gvimv Gonee 6vi20-
OeH cunmes, a cnpaea, 6ni0Mmv 00 Pasmepos
10% cM, — denenue.

PaccMoTpuM  (paKTOMOTMYECKe [aHHBIE
0 XapakTepe MacIITAGHO-AMHAMUIECKIX [IPO-
11eCCOB B 9T0I1 0Omacty MaciTaboB. Hanbonee
AMHAMUYHBIMY CUCTEMAMU C TaKVMU pasMe-
pamu ABJSIOTCS KUBBIE KIIETKM.

KJIETKW. Kak yxe ymommHanocn, mmpax-
TUYECKV BCe BBl 9YKAPMOTIYECKNX KIETOK
VIMEIOT CPeIHMIL pasMep B fuanasoHe oT 10 go
100 MKM, T. €. KaK pa3 B MHTepeCYIoLIell Hac 06-
JIaCTM MacIITaboB, KOTOPask COITIACHO MOJIENN
BY sBnserca 30HOIT HamBbICIIEl YCTOIYMBO-
CTIL. VI3BeCTHO, YTO BCE K/IETKM Pa3MHOXKAIOTCS
Oe/IeHEeM I TEM CAaMbIM yBefII/I‘II/[BaIOT Ynciao

U CTIOYKHOCTD XKMBBIX crcTeM B Briocdepe.

METODOAOTMYECKOE TCTYNAEHUE

Mpexpae 4em Mbl NPUCTYMUM K CUCTEMHO-
My aHanuay npouecca AefneHns KNeTok, 4oro-
BOPMMCS O HEKOTOPbIX MOHATUSIX U CMbICTTOBbIX
orpaHnYeHusIX.

Bo-nepBbix, KpaiHe TPyAHO MO aHanorum
C Si0epPHbIM [iefieHNeM 1 CUHTE30M OMNpeaennTb
3HepreTnyeckme napameTpbl NPOLECCOB B XU-

BOM Mupe. [Mo3ToMy NpenMyLLecTBO TOro unm

MHOro Tuna npouecca Mbl 6yaem onpenensrtb
no ero AOMUHUPOBAHMIO B 3BOSIOLIMOHHOM ABU-
XEHUM CUCTEM: Pa3MHOXEHUE, YCIOXHEHWE
n T.N. Hanpumep, u3BecTHO, 4TO 6esIku yc—
JIOXHSIIOT CBOKO CTPYKTYpPY NyTeM CUHTe3a,
a BOT KJIeTKU Pa3MHOXXaloTCs feJIEeHNEM.

Bo-BTOpbIx, nocnegHee He O3Ha4aerT,
4YTO MNPV 3TOM He 3aJeNCTBOBaHbl NMPOLECCHI
cuHTe3a. NoaToMy Mbl, roBops 0 Npeobnaga-
HWUM TOrO WM MHOrO npouecca, 6ygem UMeTb
B BUAy crnepytoLLee.

1. Peyb 6ygeT naTu NCKMIOUMTENBHO O BEPX—
HeM MacLUTabHOM ypoBHe cucTembl. [oBops
npoLle — O npoueccax, UAOyLIMX C Hel ca-
MOW Kak LieNloCTHOM CUCTEMOMN, O mpoLeccax,
noyLwmx Ha maclutabax ee opmbl. Tak, Ha-
npumep, Ans KNeTkn pedb 6ygeT uatm o ee
BHELLHUX pa3mepax B MOMeHT JeneHus. Bce
npouecchbl CUHTE3a, uayLumMe BHYTPU KIETKM
B npouecce ee XU3HedesTeNnbHOCTU U B MO-
MEHT [ENeHUsi, Mbl HE MPUHWMaeM BO BHU-
MaHue, Tak Kak OHW MAOYyT Ha APYruX, HMKHUX
MacLUTabHbIX YPOBHSX.

2. Mbl 6ygem penatb akyeHT Ha KOHe4Y—
HOM aKTte npouecca. Befb npexge yem pas-
OennTbCs, KNeTka pacTeT (3a CHET CUHTEe3a Ha

neBoM CKJ'IOHe). OKOHYaTeNbHbIM Xe aKToM,

Bapbep C—[]

L

Puc. 2.8. MPABUNO O3KCTPE-
MANIbHOrO PA3MEPA (L). Ons
onpefenexHns pasMepa CuHTe3a
(C) HeobxoaMmo 6paTb HauMeHb—
WniA paamep cucTemMbl. Ons onpe-
nenexus pasmepa genenus (O0) —

Han6oNbLLIMIA Pa3Mep CUCTEMbI
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rocrne KOTOpOro BO3HUKAET HOBOE Ka4eCTBEH-
Hoe CoCTOsiHME (MMBO poXAeHMe napbl KNETOK,
Mo ovepenHOW aTan pasBUTUSE MHOFOKIe-
TOYHOW CUCTEMbI), ABNSETCA OAeneHune.

PaccmoTpyum npumep — nornoLleHve
nuwm. Pa3xeBbiBas KYCKW MULLIM, Mbl MOrTO-
waemMm unx, HO OHWM He CMOryT CoeiuHUTbLCA
C OpraHM3amMoMm [o Tex fop, noka He 6yayT
pasgeneHbl Ha 3NeMeHTbl C pa3mMepamMu Ha-
CTONMbKO MENKUMMW, YTO CMOTYT y4acTBOBaTb
B €CTECTBEHHOM rpouecce cuHTesa. lNMpunyem
r10/1e3HOE YCBOEHWE HE MPOUCXOAMT Oaxe Ha
MacLTabHOM YPOBHE KNETOK, KNeTKU MNuLLm
HeO0O6XOAMMO pacLUennUTb OO0 MOJEKYNSIPHOro
COCTOSIHUSA.®

Ecnn «ycBoeHne» KNeTo4HbIX CUCTEM BCe
e NpoucxoauT, TO 3TO — 3apaxeHne opra-
HU3Ma napasutamu, T. €. SBHO aHTUIBOMIOUN-
OHHbIV npoLiecc.

CnepoBaTteflbHO, MHOMOKNETOYHbIA — Op-
raHM3m CcrnocobeH cUHTe3upoBaTb B Ce6s
C MoJs1Ib30# TONbKO Te OGLEKTbI, KOTOPbIE MO
CBOMM MacLuTabam MeHblUe KNEeToK (HadnHas
OT MonesHbIXx 6aKkTepuit U Menbye). Tak Kak
cpefnHun paamep knetok — 10...100 MKMm, TO
peyb MOET O CUHTE3E ANIEMEHTOB feBee 6apbe-
pa C— O**.

OnaTb Xe OTMETUM, 4YTO Hac He OOJX-
Ha CMyllaTb MapannensHoCcTb BO  BpeMe-
HW MPOLECCOB CMHTE3a U [eNeHus B OfHOM

knetke. Hago ckasaTb, 4TO Takoe cTporoe

* Be3ycoBHO, B 61O/IOTHM eCTh BCe 00bACHEHMA, TOYe-
My IHUIIA JO/DKHA 6bITH Tepes yCBOEHMEM TlepeBapena,
T. €. pacljeryieHa 0 MOJIEKY/IAPHOTO COCTOsHMA. Mbl
He coOmpaeMcsi 3aMEHATh 9TV OOBSICHEHVS] CBOVMIL
3nech b ugeT 06001IeHIIe Pa3/IITIHBIX XOPOIIO U3-
BECTHBIX (PaKTOB JI0 YPOBH: €{UHOI CXEMBI.

** IlpaBpa, B TOC/IeHEe BpeMs HayKe Y[anoch Ipeo-
[O7eTh 3TOT Gapbep M HavaTh BXXMBJICHME YY)KUX Op-
TAaHOB, YTO SABJIACTCA TUIIMYHBIM CMHTE30M Ha HpaBOM
cknone. Ho kakoBa miara 3a ato npeoponenue! Ckosb-
KO TPy/ia M IeHeT CTOAT o06HbIe oneparun!

hukcupoBaHne OBHOI0 M3 MAaCLUTAGHbIX
cpe3oB — Heobxoaumoe ycrioBue AJis rnep-
BUYHOIro aHann3a BO BCEX C/Iy4asix paboTbl
¢ M-ocbio.

3. B 30He nepexopja OT cuHTE3a K gene-
HUIO MHOrdA CIIOXHO YCTAHOBWUTb, KaKoW U3
pa3mMepoB SIBJIIETCA KPUTUYHbIM «pa3me—
PpOM AenieHusi» (ApYruMun croBaMu, «pa3-—
mMepom cuHTe3a»). Tak, Hanpumep, gensaiias-
¢ 6aKTEpPUS MOXET UMETb AJIMHY, B HECKONbKO
pas npesbiatoLLyto ee guametp. nn gpyron
npumep: OBE MOMOBbIX KIETKM B MOMEHT KX
CNMUSIHWS MOTYT OT/IMYaTLCA B pa3mepax 6onee
Yyem B 10 pas. [ns nsberaHna pasHOYTEHUN
™Mbl npumem 3gecb OBLLEE MPABUIO. Ecnn
cucrtemMa MMeeT cyLleCcTBEeHHoe pasninquve
pa3mMepoB Mo LnpuHe, BbICOTe U AJIUHE, TO
pasmep cuHTe3a (AeJieHUs]) cregyer onpe—
AenAaTb BAOJb HarnpasBJIeHUs1 npouecca
(cm. puc. 2.8).

Hanpumep, ecnn 6aktepus umeeT aua-
MeTp, B 10 pa3 MeHbLUUIN ee AnvHbI, U AenuTca
Ha [Be 4YacTu rornepek, TO KOOPAUHATbI NPO-
uecca Ha M-ocu 6ygyT onpefenaTbCs No AnvHe
6aKTepun, a He No ee gMameTpy. AHanornyHo,
€CNY CUHTE3 [OBYX BbITAHYTbIX cuctem 6yget
natn 6okamm (CM. puc. 2.8 n 2.9), To KpUTKY-
HbIM pPa3MepPOM HYXXHO CHUTaTb AUaMETP.

Bonee cnoxHas cutyaums ons paccMoTpe-
HUA BO3HWKAET B TOM Cllyyae, Korga B akTe
C/HTe3a (OeneHus)) y4acTBylOT [OBE CUCTEMbI
pasnuyHoro pasmMepa. B atom cnydae ans
CvHTe3a cfiegyeT BblOensaTb ABa pasmMepa:
KPUTUYHBIA  (MUHUManNbHBIA) U BTOPUHHBIN.
Tak, yxe paccmatpusancs npumep, Korga Ts-
Xenoe A4po (BTOPUYHBIA pa3mep) nornoluia-
€T HEUTPOHbI (KPUTUYHBI pa3mep). U 3pech,
ecnu xoTa 6bl OAMH U3 YHaCTHMKOB akTa CUH-
Tesa HaxoguTcs nesee 6apbepa C—L, cuHTe3

BO3MOXXEH.
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4. O4yeBMOHO, 4YTO Kak JgesieHue, Tak
U CUHTE3 MOTYyT UMeTb NMO3UTUBHbIEe U He-
raTtuBHble rOCNEACTBUA A1 6MOCUCTEM.
Ecnn, Hanpumep, pasgenutb no6oe Mno3Bo-
HOYHOE XXMBOTHOE Ha [Be paBHble YacTu, 3TO
npvBeneT K ero CMepTn, HO 3TO He O3Havaer,
4YTO pasfgefieHne Ha 3TOM YpOBHe MacLUTaboB
BeOeT TOMbKO K Jerpajauuv, Bedb poxpae-
HVMEe NMO3BOHOYHbIX — 3TO C CUCTEMHOM TOYKM
3peHnsa Toxe akT geneHusi. C gpyron cTopo-
Hbl, €CNN CpacTUTb XUPYPruyeckum nytem
OBYX MO3BOHOYHbLIX BMECTE (CMHTE3), TO 3TO
6yOeT 04eBUOHO HeraTuBHBIA aKT, HO 3TO BO-
BCE HE O3Ha4aeT, YTO CMHTE3 Ha 3TOM YpOBHE
BCerga npvBOOMUT K MIOXUM MOCNEenCTBUAM,
HanpumMep 60N MONOBOM akT — 3TO Bpe-
MEHHOE C/msAHME OBYX Ten C fanbHenwnmu
nocneacTBUAMM.

MMoaTomy, 4TO6bI M36eXaTb ABYCMbICNEH-
HbIX TONMKOBaHWA BbIBOLOB, KOTOpble 6yayT
chenaHbl B panbHenweM, cpady OroBOpUM-
€A, 4YTO AN1A PacCMOTPEHUS TEHAEHUUU Mbl
BblOMpaeM nulb Hanbosiee ecTecTBEHHbIe,
ycTOoN4nBbIe, HacTo MOBTOPSIOLLUECS U KO-
He4YHble aKTbl, BegyLyne K YCIJIOXHEeHUo
WU Pa3MHOXEHUI0 6UOCUCTEMBI.

B 3TOM OTHOLLEHMW MNONOBON aKT Kak CUH—
Te3 He MOAXOAMT MO MOCNedHEMY KpUTEPWIO,
OH He sIBJIIeTCs1 3aBepLuaroLyM aKToM MosiB-
JIEHUST HOBOU CUCTEMbI. TaKUM akTOM ABNSET-
Csl pOXEeHMe HOBOrO CyLLIeCTBa, T. €. oT4ese—
HMe nnoJa oT MaTepu.

5. AHanuaupys sMnupudeckue gaHHble
N BBOOA Kakme-TO pasMepHble OrpaHu4eHus,
6apbepbl Ha TOT UK MHOM NPOLKECC, Mbl ByaemM
UMeTb B BUAY TEHAEHLMN U NpaBuna, KoTopble
MOTYT MPOSABAATLCS, KaK XeCTKO AeTEPMUHU-
poBaHo, Tak n cratuctnydecku. B nocnegHem
crny4ae Bcerga MOXHO 6yaeT HarTu HECKONbKO

OK30TUHECKUX MPUMEPOB, KOTOPbIE HapyLlaT

BbIABUHYTOE oOrpaHuyeHve. Mol nonaraem,
YTO y yuTaTens B 3TOM clyyae Bcerga 6yneT
B NamsiTu KpuBasi CTaTUCTUHECKOro pac-
npepgeneHns c ee [OCTaTOYHO LLUMPOKOW AMC-
nepcviei, Mbl Xxe 6yAemM OpPUEeHTUPOBAaTbCS
Ha mMoAy KpuBO#. OTO NO3BONUT Ha NEPBOM
lware He yTOHyTb B [eTansx, BbiiBUTb MyCTb
N NPUGTINKEHHO, BEPOSTHOCTHO, HO FMaBHYO
TEeHAEeHUMIO.

Mocne Bcex atux orosopok MPUCTYTINM
K AHAJIM3Y ®OAKTUHECKOIO MATEPWUA-
JIA OANA BUOCUCTEM, PACMONOXXEHHbLIX
B M-AME Ne6.

PROTOZOA (MPOCTEMLUVE OOHO-
KIIETOYHDbIE). [lna HUX OCHOBHBIM CIIO-
co6oM 6ecronoro pasmMHoxeHus SIBIAETCS
Oenenue. IIpu [e/leHUM TENO POFUTENHCKON
ocobu pacieruiseTcs Ha fiBe 6oee W Me-
Hee CaMOCTOsITeNIbHble 4YacTU. HeKoTopsiM
HPOCTENIINM HPUCYILe U II0TI0BOE PAa3MHO-
JKeHIIE, «XapaKTepu3yolieecsi TeM, ITO COo0-
CTBEHHO PasMHOXEHMIO... IIPEfIIECTBYeT
HOJIOBOJT IIPOLIECC, XaPAKTEPHBIM IIPU3HAKOM
KOTOPOTO AB/IAETCA CIMAHME ABYX IIOTOBBIX
KIeTOK (rameT) WIM [BYX... sifiep, Befyliee
K 00pa3oBaHMIO OJHOV KIETKU — 3u2omuvl,
Jlatoliest HaYaI0 HOBOMY TIOKOTIEHWIO» © .

Ecnu 3a «pasmep Oemenusi» MpUHUMATD
pasMep [IeNAIeiics KIEeTKY, a 32 npodyKmbl
OefieHuss — pasMepbl BHOBb 00Pa3yIOLINXCs
KJIETOK, TO Y IIPOCTENIINX CYILIeCTBYeT OIpe-
Ie/IeHHBIIT 6apvep OemeHust, IpaBee KOTOPOTO
TOJIBKO VI MOYKET IPOUCXOINTH JleTIeHNe.

[TpubmmKeHHOE CpejHee 3HAYEHVIE ITOTO
6appepa Ha M-0ocu 151 0CHOBHOIT MacChl Kite-
ToK — 3 - 107 cM (eme pas HaMOMHUM, 4TO
pedn uueT o Mode 8 pacnpedeneHuu 3HaueHUti
6apvepos 1l OCHOBHOI MaCChl OfHOK/IETOY-
HBIX, /I3 Y€ro CJIEAYeT, YTO MOTYT BCTPedYaTh-
Cs1 UX OT/e/bHBIE PASHOBUAHOCTH, HJIsL KO-
TOpBIX Oapbep Ha M-ocu OyfeT HaXOLUTLCA
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ClleBa WM CIOpaBa OT BbILIEYKAa3aHHON
Moubl). VM monvko «nepeganusé» 3a amom
Gapvep nymem pocma unu cAUSHUS € nOcre-
OyouumM pocmom, npocmetiuiie HA4UHAIOM
Oenumucs.

Sror xe Gapbep spnsiercs BAPBEPOM
CUHTESA, Tax kak B OCHOBHOM MOJIbKO Op-
2aHU3MbL MeHbUIE20 N0 OMHOUWEHUI0 K Oapbe-
Dy pasmepa cnocoOHbl K CAUSTHUK € NOCTIedY10-
UWUM PASMHOMCEHUEM.

Voxe 151 60/IBLINHCTBA OPraHU3MOB C pas-
Mepom 6Gomee 10 cM CuHTe3 He CBOJICTBEH,
a eC M BCTpedaeTcsl, TO B BUJE CBOeoOpas-
HOTO II0JIOBOTO aKTa IJIsI IIPOCTENIINX, IOy~
YMBILIETO Ha3BaHMe KOHDBIOTANY — BPEMEH-
HOTO C/IMAHUSA [ 0OMeHa HaC/IefCTBEHHOI
uHpOpMAalMer U3 YacTell UX SAJEPHBIX alIllla-
paros (cm. puc. 2.9).

«[IBe

HO TIPUKIAOBIBAIOTCA OPYr K APYry M B Ta-

unpysopun cOmkarorcsa, Tec-

KOM BHJOE IDIABAIOT JOBOJJIBHO [JIMTEIb-

HO€ BpeEMA BMECTE... 3areM KOHBIOTAHTBI

pacxopaTcs»'®,

Puc. 2.9. KoHblorauns nHdysopuin (cxema-
TU3MPOBaHo). Bpems OT BpemeHn y nHgy30-
puin HabnopgaeTca ocobas U Ypes3BblHaiHO
cBoeobpasHasa opma MofioBOro Pa3mMHo-
XEeHNA — KOHbrorayus. NocKonbKy UHAY-
30pUM UMEIOT pa3mepbl, KOTOPble OTHOCATCA
K npaBoOMYy CKJIOHY AefieHusl, TO npouecc
o6MeHa reHeTM4eCKMM MaTepuanom npowc-
XOOMT MO O4YeHb CHOXHOW U Hamnps>KeHHOM
cxeme, kotopas TpebyeT oT UHAY30puUK Bpe-
MEHHOrO «CMMaHus», T. €. CUHTe3a

Konwozayuto Henp3ss OTHeCTVM K IIOJ-
HOILIEHHOMY CUHTEe3y COITIACHO IIYHKTY Ne2
(cm. cTp. 158), 9T0 KakK OBI K6a3uUcUHME3, KO-
TOPBIII IPOAB/IAETCA B BUe CIAapUBaHMA Ha
npasom cknone M-SMbl Ne6.

W neiicTBUTENbHO, NI UHPY30pUli KOHD-
Joranyisi IPKCYIIA TOMBKO 0COOSIM, pasMeps
KOTOPBIX TpeBbmanT 1,6 - 107 cM, T. e. Ha
npasom ckrore M-AMbI.

[IpumMeyarenpHo, dYTO I Gakmepuil
KOHDBIOTAINA HPOMCXOJUT IO LPYroil cXe-
me'®, HanomuHaroMmeit cTuB HeTH U3 TaHKe-
pos (cm. puc. 2.10).

Takum o6pasom, ecmu uHy3opun «o6-
HUMAIOTC» B CTPACTHOM IIOpbIBE (MHAYE
Ha [IPaBOM CKJIOHE ¥ He YAePKUIIb IPOLecc
CUHTe3a), TO OaKTepUU CIIOKOHO MEHSIOT-
Cs1 HAC/EICTBEHHBIM MartepuanoM, ubo Ha

Puc. 2.10. MukpodpoTorpadusi KOHbOrMpy-
IOLLINX GaKTepuUin (OOHOW «MYXCKOM» 1 ABYX
«KEHCKMX» 0coben), nony4eHHas C Momo-
LLbIO NPOCBEYMBAIOLLIETO 3NIEKTPOHHOMO MU-
kpockona. MacLutabbl BCero nosns npotecca
(okonno 10 MKM) TakoBbl, 4YTO OH MPOXOAUT
B HWXHEN TOYKe fMbl YCTOMYMBOCTW, rAe
CHHTE3 NpouCXOaMT NpakTUdyeckn 6e3 Ka-
KUX-TINBO CTPYKTYPHbIX U3MEHEHWUNA. VIMeH-
HO 3TO MO3BONAET GakKTepusM B OTNNYKME
OT MHY30pUIA «CMOKONHO» OBMEHUBATHLCH
reHeTM4ecKMM Martepuanom. 3TOoT npouecc
HanoMMHaeT CnMB HedTN U3 TaHKEPOB
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71e60M CKIOHe Culme3 udem npocmo u 6e3
HANPSHCEHUS.

[TpuBeseM HECKONBKO KOHKPETHbIX HpPU-
mepos cymecrsoBanust BAPbEPOB [EJIE-
HNA-CUNHTESA cpepu npocreitmmx.

1. Vudysopun uxTnopTupyc pacryr
U, TONIBKO JOCTUTHYB pa3MepoB okono 0,1 cm,
HAYMHAIOT MTOC/TENIOBATebHOE JleNeHe’ ..

2. Criopo30ouThI OTpsifia KOKIUAUN, CPef-
HIe JIMHBI KOTOPhIX MeHee 10~ cM, pacTyT
U, JOCTUTHYB pa3MepoB 3 - 107 oM, memsat-
cs1 Ha HeCKOnbKo crop. IIpmbnusnrenbHO
TaK >Ke HPOMCXOAUT pasBUTHE KPOBSHBIX
crioposukos'”".

3. Y rperapuH pasaM4YHOrO poja Ma-
Kporamera ¢ MaKCUMA/JIbHBIM pa3MepoM
(0,35-0,7) - 10 cM cnuBaeTcs ¢ MUKpOTa-
meroit (0,35 - 107 cm), BHOBb 06pasyiolile-
ecsl TeJI0 pacTeT J0 cTaguy oouuthl (6oree
3-107° cM) U TONBKO 3aTeM MCIIBITHIBAET He-
OJIHOKPATHOE JIe/IeHIe.

AHanu3upys mpoljecc pasMHOXKEHUs Off-
HOKJIETOYHBIX, INPUXOAUIIb K CHAESyILIeMy
BbIBOOY.

OpnHOK/IETOUHBIE, KOTOPbIE IMEIOT pa3Me-
per, 6ombume BAPBEPA CUHTE3A-OEJIE-
HUA (cpennee snauerne — 3 - 107 cm), mepen
IeNieHNeM He Y6enu4u6aromcs B CBOVX pas-
Mepax, OHM Kak Obl ys#e umerom nomeHyuan
Oenetus. B 9TOM BapmaHTe OYepPHIUE KIETKI
PacTyT mocie fieJleHNsI O pasMepoB VCXOf-
HOJ MaTepUHCKOIL.

OpnHOK/IETOYHBIE, KOTOPbIE IMEIOT pasMe-
pbt Menee 107 cM, Kak mpaBusio, évipacma-
tom 110 pasmepos Gonmee 3 - 107 cm mepen
CaMIM aKTOM [IOE/ICHUA. HPOI[YKTBI nx pene-
HIISL Cpasy >Ke 00pasyIoTCs «HYHHbIX» pasme-
P08 ISl TIOCTIeAYIOLeil XKM3HEeAesATeIbHOCTI
(cm. puc. 2.11).

Wrak, me u3 npocmetiwmiux, pasmeput Ko-
mMopvIX MeHvule nopoza OeneHUs, pacmym
nepeo OeneHuem, me u3 npocmetimiux, pas-
MepobL Komopvix Gonvuie nopoza OeneHust,
pacmym nocne Oemnenusi. OfHako B 060UX

cnydasx pasmep pensuerics cucrembl B MO-
MEHT OENEHUNA BOJIbLUE BAPbEPA
CUHTE3A-OEJIEHUA.

Huxaxue npocmeitimue knemxu [NYTEM
CBOPKW ne o6pasyrom xaxux-nu6o cnos-
HOIX cucmenm.

COEOVHEHA BMECTE omoenvruix
83pocvix U
6 npupode He npoucxooum. OO6pa3HO To-

CaMOCMOAMETNIbHbIX  K/IemokK

BOps, OTAEIbHblE KIETKM — OKYTKUe
MHAUBUAYATUCTDD».

Kononuy mpocreiflmmx, KOTOpble [O-
CTUTAIOT MHOTAA OYeHDb NPIIMYHBIX pasMe-
poB (Hampumep, B coctaB KomoHumii Volvox
gloobator Bxommt 10 20 THICAY OT/EIBHBIX
KJIeTOK, X pa3Mepbl OCTUTAIOT 2 MM), BCer-
ma 00pasyloTcsi B «pesymvmame 6ecnonozo
PA3MHONCEHUST nymem OeneHUs, NPU KOmopom
npodyKkmolL OelleHUsi 0CMAarmcst C8A3aAHHbIMU
apye c dpyzom»'™2,

3mech crenyeT OTMETUTD MePMUHONOZU-
Heckoe HecosnadeHue TTOHATUSA KOTOHUN AL
OPOCTeMIINX U I/ COLMAIbHBIX CUCTEM.
B mocenHeM cydae darie BCEro KOJIOHNUM 06-
PasyIoTCs 3a CIeT KOMIOHM3ALMI — IIpoLiecca
3aceneHust, COOPKY, coeOUHeHUsT PA3TITIHBIX
ocobeit B OOHO reorpaduyueckoe MpoCTpaH-
ctBo. Huuero nogo6Horo He HabmopmaeTcs
B Mupe npocreiinmx. Her Huxakoit c6opku
U COENUHEHUs, KIemKU €030a10m KOmoHUU
nymem OeleHUss MaTePUHCKUX ocobeil 6e3

OTCOCAMHEHMA OT HUX «HETOK».

KNETKWN MHOTOKJIETOYHbIX. Csoii-
CTBEHHBIN KJIETKaM IIPOLlecC pOCTa BCerpa
MMeeT CBOJI IIpefieNl — 3TO /b0 cMepTh, b0
neneHme ¢ 06pa3oBaHMEM HOBBIX K/IETOK.

[Tporecc pa3MHOXKEHMSI KIIETOK IIPOMCXO0-
IUT TOJIBKO 3a CUET Je/leHUs UX Ha [Be VN
60ree yacTu. PasnnyanTcsa HECKONIBKO BUIOB
IeNeHUs: amurmos, Mumos u meiio3 (mepe-
YMCIeHBI 10 Mepe YCIOKHEHUS Ipoliecca).
Kaxxziplil Buj, Je/ieHNsI HeceT OIIpefie/IeHHYIO
HarpysKy B >KM3HM opraHusma. Hecmorps
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A Bapeep C-O

.
-
M-ocb

Puc. 2.11. 1sa Tvna npouecca AeneHns KneTok.

A. Ecnn kneTka nmeet pa3mep MeHbLue 6apbe-
pa C[, To nepen AeneHWeM OHa CHadana pac-
TeT (1-2) Jo pasMepoB, KOTOpble MpeBbILLIAOT
6apbep C[, 3atem penutcs (2—3) O UCXOOHOrO
pasmepa 1 ganblue NpogomkKaeT MYHKLMOHNPO-
BaTb C 3TUM pasmMepom (3)

A Bapeep C-O

O

T

b
M-ocb

B. Ecnu knetka B 06bIHYHOM COCTOSHUW MMeeT
pa3mep 6onbLue 6apbepa CL, To nepen feneHu-
em oHa He pacTteT. lNponcxoauT npouecc fene-
HUA (1-2), @ 3aTeM NOSIBUBLUMECS «parMeHTbI»
BbIPaCTaloT O UCXOAHOMO HOPManbHOro COCTO-
AaHnsa (2-3)

Ha TO, YTO BCE BU[bI e/IEHNsI XapaKTepusy-
I0TCSL CBOMMM MOPQOIOrndeckuMy u QpyHK-
IIVOHAa/IbHBIMUI OCO6eHHOCTHMI/I, OHI MMEKT
CXOXmne qeprI, HOSTOMy MBI UIM€€M BO3MOXK-
HOCTb C[jellaTh HEKOTOpble 06oObIarome
BBIBOJIBL.

Camviii usyuenmoiti u Haubonee pacnpo-
CMPAHeHHDLIL 6 MHO20KTIEMOHHBIX OP2AHUSMAX
6u0 Oenenuss — amo mumo3. OH 3aHUMAET
IpUOIUSUTENBHO 4 % BpeMeHM >KM3HEHHO-
TO IMKTA CTIOCOGHBIX K JETEHNIO KITETOK' o,
MuTO3y IIpeAIecTByeT pOoCT pasMepoB sjpa
M CaMO¥l KJIeTKU. DTOT POCT U SIB/ISETCH, 110
MHEHUIO OOJBUIMHCTBA YYEHBIX, OCHOBHOIL
TIPUYMHON feNIeHN .

Tak, Hampumep, «Ha MasKaX KOCTHOTO
MO3Ta 3[OPOBBIX JIIOfIel U JTIOHEN € pas3ind-
HBIMJM  HApYIIEHMSIMM  KPOBETBOPEHUS. ..
B HOpMe OefieHue MAamepuHcKux Kaemox
Hacmynaem nuuib nocie mMoz0, KaxK Knemxa
oocmuzaem onmumanvHozo pazmepa (Ou-
amemp 18-19 mxm)... (xypcus moti — C.C.)
Nuorpa... npu runepdyHKUMN KPOBETBOP-
HBIX OPraHOB K/IETKM He JOCTWUIAIOT OITHU-
MaJIbHOTO pa3Mepa, I AeIeHIe UX IIOTTHOCTHIO

npekpamaercsa»’ .

AHamu3 paboThl M3BECTHOTO aMepMKaH-
ckoro rrrorora JI. Masus'® mokasa, 4To Xa-
paxmepHuvie pasmepol Kiemox npu OeneHuy —
(3...6) - 10 cM, a pacxXoX/eHne XpOMOCOM
npovcxoguT Ha paccrostamsa (1...5) x 107 cm.
CrenoBaTeNnbHO, I KIETOK MHOIOK/IETOUHBIX
OPraHM3MOB MUHUMATILHbIM NOPO2OM OeseHUsT
saengemcsa pasmep 10 mkm, HO, CKOpee Bce-
ro, HOpPMa/IbHOE Jie/ieHie HAYMHAETCS BCerfa
¢ 30 MKM 1 BBIIIIE.

Cam [I. Masust Tak obobujaetr paccmo-
TpeHHble [JaHHble: «Bce 9TM OMBITHI, [TO-BM-
AMMOMY, CBUMETEIBCTBYIOT O TOM, YTO
KJIeTKA JO/DKHA JOCTUTHYTh HEKOTOPOIT Kpu-
TUYECKOI MAacChl MpeXe, YeM OHA JIO/DKHA
mennuTheA. .. KeTku okaspIBaloTCA HECIIOCO6-
HBIMI K JIa/IbHEIIIIEMY JIe/IeHNUIO 11 TOrn0aloT,
KOI'ZIa VX Pa3Mepbl BBIXOMST 32 IIPeIe/Ibl Kpu-
TIYECKOTO MUHUMYMa» ' '°,

IIpaBpma, JI. Ma3uA oueHb HeoIpeleneH-
HO OLICHMBAaET KOHerTHyIO Be}II/I‘—II/IHy 3TOTrO
MUHMMYyMa. OTO NUIIHUI pas CBUAETENb-
CTBYeT, YTO 60NPOC 0 nopoze OemeHusr (Cum-
me3a) 6 yumonozuu, Cyssi 0 JAHHBIM, Me-
IOLIVIMCS Y aBTOPA, U3yueH He 00 KoHya. Mbl

JK€ BUOUM, YTO OH MMEET beH}IaMeHTaJ’IbHOe
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3sHaueHue, TeM 6onee uro mra M-AMbl Ne6
9TOT Gapbep TeCHO CBsI3aH C MacCIITaGHBIM
LIeHTpoM Bcenennoii.

Ho camoe mopasurenbHOe 3aK/IIOYaeTcs
B TOM, YTO B LIUTOJIOTUM [I0 CUX IIOp He onpe-
OesleHa UCMUHHAS npuuuHa OeneHus. Benp
Ha TIEPBBIT B3IJISL Y KJAeMKU Herm HUKAKUX
ApUdUH ONIT 8CMYNIIEHUS 8 CMOMb CTIOHCHDILL
u HeecmecmeeHHuIil OISt Bcell ee HU3HU Npo-
uecc, kax Oenenue Ha deée yacmu. ducto ymo-
3PUTEIBHO OHA MOXET PAaCTH [0 CYI[eCTBEH-
HO G6OJPIINX pasMepoOB, COBEPLIEHCTBYs
CBOIO BHYTPEHHIOI CTPYKTYPY U YBe/IMIMBast
maccy. [Togemy ke 9BOIOLHS TOCTaBUIA Oa-
pbep 9TOMY IIPOLIECCY POCTa KJIETOK 3a CYeT
CMHTe3a Ha mopore okono 30 Mxm? ITouemy
IPUPOfa He CO3fama >KMBbIE CHCTEMBI Me-
TPOBBIX PasMepOB B BHJje TMTAHTCKOI KiIeT-
KV C pa3BUTHIMY BHELIHVIMYL VI BHY TPEHHVIMU
crpykrypammn? CKasarb, YTO B KJIETKE He XBa-
TaeT 3amaca MHQPOPMALVIOHHO CIOXXHOCTHI
He/Ib3s1, 60 MPOLIecChl, UAYIINe B Heil, ITopa-
XKAIOT BOOOpaXkeHIe BUPTYO3HOCTBIO IIPUPO-
IBI, ¥ OHJ OTHIOADb He IPOIIe, YeM IPOLIeCChI,
UAYLe B MHOTOK/IETOYHBIX cycTeMax. Ilo-
yeMy ke mpupoga mocrasuna BAPBEP g
9THX cucteM 6 HucHeti mouxe M-AMbl Ne6?

3aIyTaHHOCTb OTBETa Ha 9TOT BOIIPOC
B COBPEMEHHOJ OMOJIOINN BIIO/IHE IIOHSIT-
Ha. Bronorn u npepctaBuTh cebe He MOIYT,
BOKPYT KaKOTO Ba)XKHOTO 17151 BeeneHnHoit 6a-
pbepa IPOUCXOMUT BeChb 3TOT «IUCTO OYOTIO-
TMYecKuiny crop. Jloragarbess, YTO pacTyiiast
xierka pocruraer pasmepa MACLLUTABHO-
O LIEHTPA BCEJIEHHOW u 3atem mepexo-
IUT U3 MacIITaGHO 30HBI ZOMMHIPYIOLIETO
BCENEHCKOIO CWHTE3A B maciuTa6-
Hyo 3oy gomunupymomero BCEJIEHCKO-
O LOENEHWNA, neBosmoxxHo, ecnu omnu-
PaTbCsA UCKIIOYUTENPHO Ha OMOIOTMYecKue
marnble. 3nech nomoraer muiub [TPAHLIAM
MACLLUTABHOIO MNOOOBUA, koropsii

IIO3BO/IAET II€EPEHOCUTDb 3aKOHOMEPHOCTUN

CUHTE3a-[€NE€HNA AQEP aTOMOB 4€pe3 10

HOPSAJKOB B 30HY CUHTe3a-JielleHns O61O0JIo-
rudecknx cucreM. Bepremcs x BAPBEPY
«CUHTE3-OENEHUE».

PaccMoTpeHne Bceil COBOKYIHOCTH I{-
TOJIOTMYECKUX OaHHBIX HPI/IBOHI/IT K BIIe4yaT-
JIEHUIO, YTO KjlemouHoe OeneHue (TIpyu BCeX
M3MEHSIIOIVXCSL BHEIIHUX YCIOBYSX) IIPO-
UCXOUT HpaKmuyecku 6écez0a Ha zpaHuye
nepexoda om cuHmesa x OeneHu10, 8 HUNc-
neti mouxe M-AIMbl Ne6. Ecnu >xe ucxopn-
Hasl KJIeTKa MIMeeT OYeHb OOJIbIie pasMepbl
M BCTIACTBUE 3TOTO yhalneHa mo M-ocum oT
sonst BAPBEPA C-[] ouenb panexo Bmpa-
BO, OHA JIeJIUTCS 10 MHO cXeMe. 3/1eCh OYeHb
[IOKa3aTeNbHO ApoO7eHUe 0n000mBE0peHHO
knemku. Ilpu pasmepax sijiniekmeTkn, 6mus-
Kknx K 107 cm, oHa JeIUTCS Ha JIBE, YeThIpE,
BOCEMb U T.JI. YacTeil Kaxjas. B mporecce
Ipo06yeHns SO He yBeIMYMBAeTCs B pas-
Mepax, a pasfe/seTcs Ha Bce Oojiee MenKue
KJIeTKU. 3a IIepuof, ApOOTIeHNsT YUCTIO KITeTOK
HOCTUTAeT HECKONIbKUX COTEH WM ThICAY' .
CuHXpOHHOe Japo0OJIeHMe C YMeHbIIeHUeM
pa3Mep0B, HO-BI/I,T.U/IMOMY, 3aKaH4YMBaeTCA
[P HOCTVDKEHN KJIETKaMU HUMCHe20 nopoza
oenenusi-cunmesa — 10...16 mxm. O6pasHO
rOBOpsI, SIMI[eK/IeTKA, APOOSCh, CKAThIBAETCS
C IPABOTO CKJIOHA [IO CAMOV HIDKHEI TOYKM
YCTOIYMBOCTY M-AMBI, IIOC/IE Yero MpoLecc
PasBUTMA 3a CYET [J€eHMs Y>Ke CTAaHOBUT-
Cs1 HEBO3SMOXXHBIM. I/ euje mMeHbuwux cu-
cmem paszéumue 603MONCHO NUWDb Nymem
cunmesa.

Ewe 6orplire oTinyaercss cxema apobie-
HIA OYeHb KPYTHBIX AliekneTok. OHM B oc-
HOBHOM [J€/IATCA HE Ha prHHbIe IIOJIOBUHKMN,
a X Teno 6ykBa/IbHO pparMeHTUpYyeTCA (puc.
2.12178), TOSIB/IAIONINECS HOBbIE KIETKI MIMe-
10T pasMepsl, 6/3kue K 100 M. [t cambIx
6onbimx siieknetok (puc. 2.13'7°) denenue
II0 CYILEeCTBY IpeBPALIAeTCsl B omoesieHue OT
AMIA MENKUX KIETOK, OHO HE UJET IO CXe-
Me /iBa, 4eTbIpe, BOCeMb. [losIB/IeHNE B 3TOM
cy4ae HeOOBIINX K/IETOK — SIPKUIT IIPUMep
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Puc. 2.12.

HepasHomepHoe
€ TpeTbero ApobreHus) apobnexHune anua ns-
rywku. HepaBHomepHOCTb OpobneHusi 06b-
ACHAETCA B MOAENN TeM, HYTO MKPUHKa 3Ha4u-
TENbHO 60NbLLIE CPeOHNX Pa3MepOoB KNeTKn

(HaumHas

TOTO, YTO HAaubomee akmueHass NPuUPooHas
30Ha OenleHust oueHv OnU3KA K nopozy Oene-
Hus-cunme3sa Ha modenu BY.

CrefoBaTe/IbHO, HE3aBUCUMO OT MCXOJ-
HBIX Pa3MepPOB SIL[EKIETKU CaM IIPOLIECC Jie-
JIEHV S UZeT B OJHOI 1 TOJ )Ke 30He pa3MepOB:
10...100 MKM, T. e. B quanasone MLIB u B ca-
MOJ HIDKHEN 4YacTy TNOTEeHLMAaTbHON SMBbI
ycroitauBocty Ne6.

Wrak, mbl mokasamu, uyro OEJIEHVE
KJIETOK MHOIOKNETO4YHbIX OPTA-
HN3MOB npoucxogut monvko na npagom
cxnone M-AMbI Neb 1 B ocHOBHOM — 6 HuM -
Heil 4acmu 31020 CKIOHA.

Paccmotpum tenrepp HEKOTOPBIE OCO-
BEHHOCTW AOENEHNA N CUHTESA MMO-
JIOBbIX KJTETOK.

[lns cTapra mpolecca AelleHMsl pasind-
HOTO TUIA HeOOXOAMMO HAaOpaTh PasIMIHYI0
«spicoty» B M-AME. Ha sTo yxopur pasmny-
Hoe BpeMs1. [Ipu aToMm 07151 npocmozo denenust
[IPUpOJie HeT HYXX/bI BKIIOYATh KaKye-mnbo
0co6ble CTUMYIATOPBL: KIeTKa pacTeT ecTe-
CTBEHHBIM 00pa3oM U, «3a0bpaBLINCh» YYTh
BBILIIe TIOPOTa HEJIeHNS, JEMUTCS Ha IBe 4a-
ctu. He tak obcrout feno ¢ opobnenuem
nonoeoii kmemku. 3xech npupone Heobxo-
[MIMO «3aKaTUTh» K/IETKY Ha 0ojiee BBICOKMIT
[OTeHIV/IbHBIIl YPOBEHb TaK, 4YTOOBI [0

OIUIOJ[OTBOPEHVS] OHA He Hayajaa JeNNThCA,
aTOC/Ie OIUIOOTBOPEHNST MOIJIA UCIBITHI-
BaTh Jje/leHNe [0 HECKONbKUX THICAY pas,
[I0Ka pasMepbl BCEX K/IETOK He «CITYCTATCS»
10 MMHVMMA/IbHO BO3MOXKHOTO ITOPOTa.

«Heb60/1b1110i1 COMAaTUYECKOI KIETKE Aya-
MeTpoM 10-20 MKM 0OBIYHO TpeOyeTcst OKO-
JI0 CYTOK, /I TOTO YTOOBI YABOUTH MAcCy
IV TIOATOTOBKE K JieleHuo. Toit JKe KIeTKe
IIPU TaKMX >K€ CKOPOCTSIX CMHTE3a MaKpOMO-
JIeKyJ TIOHaJJ06MT0Ch 6Bl OUYeHb MHOTO Bpe-
MeHM, 4TOOBI JOCTHYb B THICAYY pas 6omb-
1€l MAcChl, XapaKTepPHOM IS AMLEKIETKN
mrekonurtawuiero (aumamerp 100 MKM), min
B MIWUIMOH pa3 GOJbLIET Macchl siifla Hace-
xomoro (mumamerp 1000 mkm). fIcHO, 4TO MX
ANIEKIETK TOKHBI 0671ajaTh 0COOBIMU Me-
XaHM3MaMM /1A JOCTVXKEHMA CTO/Ib prHHbIX
pasmepoB» '’
MexaHusMamu, mopmo3suumu Oenexue 00
HY}HCHO20 MOMeHma.

. MoxxHO 106aBUTD: U 0cOOBIMU

3a/lada
Y MY>KCKOII 1TO/I0BOJM KeTku. Eit Heobxomm-

[Ipsamo NIPOTUBOIOIOKHAA
MO OCYLECTBUTD CHHTE3 C )KEHCKOII IT0I0BOIL
KkneTKoil. Kak y»Ke yIOMMHAnoch, KIeTKaM
B 1I€IOM He CBOJCTBEH IpPOLECC CIAVAHUA.

Puc. 2.13. MocnepgoBatenbHble cTaamMm ra-

cTpynaumm amcunnii'®.

Ha pvicyHKe BUAHO, 4TO NOSIBASAOLLMECH KIET-
KN UMEKT pa3mMepbl, 3Ha4YUTeSIbHO MeHbLUue
NepBUYHON MONOBON KneTkn. JTO cBupae-
TENbCTBYET O TOM, YTO [EeNeHne NPOVCXOAUT
B 30He pa3mepoB, 61m3kux K 10—100 MKM
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VicknmrogeHreM ABIAETCA TOMBKO CIIy4ail no-
7106020 PA3ZMHONCEHUS, KOT/IA CIIepMuil OyK-
BaJIbHO IIPOH3aeT OOOJIOUKY SII[eKIeTKI
U ero AfpO CIUBAETCA C ee AfpoM (CM. puc.
1.6). IIposepum nawe MNPEOCTABINEHUE
0 TOM, 4TO CUHIMe3 udem Mosvko npu pasme-
pax o6wvexmos, menvuiux MOPOTA C-[.

Ecnn npupopa «3Haet» 0 M-sime u o 6a-
pbepe CUHTe3a-eNIeHNsI, TO /IS TOTO, YTOOBI
IpollecC CYHTe3a IpOLIe/T aKTUBHO M Ha-
BEPHSAKA, MYMCKASA NON06As Kiemka nepeo
0n1000MmeopeHuemM 00/IHA «3AKAMbIEAMb-
CA» HA NPOMUBONONONCHDII /1e6blil CKIIOH
M-amuv.

3TO HEICTBUTEIPHO IMPOMCXOAUT B IPO-
Liecce crepMarorenesa. VcxomHble My>KCKue
U >KEHCKMe II0JIOBble KJIeTKM MMEIOT OfjYIHa-
KOBble pasMmepsl. [lanee mpupopa 3amyckaer
pasHBle TIPOILECCHI
K/emKku pacmym 6 pasmepax, a myxcckue,
Haobopom, ymeHvuaromcsa. «lannongHble

IIOATOTOBKI: MeHCKUe

KJIeTKM, KOTOpble C/IMBAIOTCA IIPU OIUIOHOT-
BOPEHIN, Ha3bIBAIOTCA raMeTaMu. B Tummy-
HOM Cquae 06pa3y10TC${ TraMEThbI ABYyX THUIIOB:
KPYIIHbIE HeNOfBVDKHbIE siiyexnemku (Mam
ATiYA) ¥ MeNKIe, CIIOCOOHbBIe MepeBUraThCst
cnepmuu (Mm cnepmamosoudvi)» .

ObpasHo rosops, mpupoja Oeper uc-
XONHBIe K/IeTKM IIPUMEPHO OHOTO pas-
Mepa, 3aTeM pasBOAUT NUX OT OGapbepa
CHHTe3a-ie/IeHNsI BIIEBO 1 BIIPABO HA PacCTO-
sIHJe HECKOIbKUX MOPSIIKOB* 1 JIMIIb MOCTIe
9TOTO OTIYCKAET, [IOC/Ie 4ero OHM CKAaThIBa-
I0TCA K LIEHTPY HAMBBICLIEN YCTONYMBOCTH
B M-AME Ne6.

B pe3thTaTe CUIHTE3 ABYyX IIOJIOBBIX KJIE-
TOK MJIET BCET/ja TAKMM 00pasoM, 4TO OffHA 113
HYX (My>XXCKasi) HAXOAUTCS Ha JIEBOM CKJIOHe
M-AMbI, 6 pasmeproii 3ome paspewertozo
curmesa. TIpumep: CriepMaTO30MJ, YeOBEKa,
ero I7IaBHasi 4acTh O4YeHb Maja (cM. puc. 1.6)

* IlomHnTe croBa mecHM: «/laH IpyUKa3 eMy Ha 3amapf,
ell — B JIPyTyI0 CTOPOHY...»

(mmmHa cepmaTosonja — He XapaKTepHBIN
pa3Mep, TaK KaK XBOCT BBIIIOHAET QYHKLIIO
TPAHCIIOPTHOTO areHTa M B MOMEHT C/IUAHIUA
oTbOpachIBaeTCs, Kak OTpabOTaHHASA CTYIEHb
y paketnl). HecMoTpss Ha orpoMHoe pasym-
41e B pa3Mepax caMMX JKMBOTHBIX, /IMHA UX
CIIepMaTO30UJI0B OT/IMYAeTCA OYEeHb Majo
Y IPaKTUYeCKM He CBA3aHa C Pa3MepOM Terla.

1
TaK, HanlpuMep, A/INHA CIIEPMATO301 0B 831

o Kamamora —4,1-107cm;
o JIVICULIBI —53-107 cm
o C/IOHA —5.107 cm;
o yeoBeka — 5,3-107 cm.
e MBI —8-107 cm;

Pasmepnl ke TO/IOBKM — IJIaBHOTO Tena
crepMarosonjia ropasfo MeHbue. [lna ye-
JIOBEKa OHUM COCTAB/IAIOT 4-6 MKM,
~5-10" cm.

Ecnu saimexknmerka —

nim

camas KpyIHasd
KJIeTKa OpPraHmaMa, TO Crepmmit (nm crep-
MaTo301f) OOBIYHO MEHbIle BCEX APYIUX
KJIETOK, TIPAKTUYECKH €r0 TOIOBKAa — CaMast
MajieHbKass B oOpraHmsme. 3[iechb IpPUpOfa
He IIOCKYIIIach Ha HaJEeKHOCTb: pasMepbl
4-8 MKM OTHOCATCA, B IIOJITHOM COOTBETCTBUN
c TpeGoBaHyeM Mopmeny AuHaMudeckoi BY,
K OYeHb YCTOIYMBBIM Pa3MepaM CHHTe3a.
VTaK, KaK Mbl 1 IIPEAIONATaIN, OIMPAsICh
Ha nogo6ue ¢ M-IMOW Ne4, B OBJIACTU
PA3MEPOB 10-100 MKM YETKO MNMPO4AB-
JNAETCA BAPBEP CUHTE3A-OENEHNSA*.
Cucmemvt ¢ pasmepamu 00 3mozo 6a-
pvepa mozym 360m10UUOHUPOSANY U PacTU
MOoNbKO Hepe3 cunmes, ¢ pasmepamu nocsue
Hez0 — monvko 4epe3 OeneHue. Vicxonsa 13
9TOr0 IPENIONIOKEHNs, YXO4sI BIPaBO OT
9TOro Oapbepa BBepX IO NPABOMY CKIOHY
M-AMbI, mbI TeopeTnyeckn mOMKHBL BCTpe-
YaTh UMD IGOTIOUUIO Hepe3 dereHue. YXOMs
671660 — I60/IIOUUI0 Hepe3 cuHme3. Y aBTOpa

* 10T bapbep CKOpee BCEro NMEET JBOMHYIO MM JaXKe
TPOJHYIO CTPYKTYypy: 16-18 mkm, 30-35 mxm, 45-50
MKM; BO3MOXHO, 4TO 9TU TpU 6apbepa OTHOCATCA CO-
OTBETCTBEHHO K MUTO3Y, AMUTO3Y U MeJI03y.
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HEeT BO3MOXKHOCTM YITIYOJIEHHO M JieTa/JbHO
[IPOAHAIN3MPOBATh TOHKOCTH 3TOTO HpOLec-
ca B 6uonornu. IlpuBenem 3pmecy mumib Ge-
Dbt 1 pparMeHTapHBII aHAIN3 HEKOTOPBIX
IIOKa3aTebHBIX (PaKTOB.

MPABbLIA CKINOH M-AMbI Ne6. Ecmu
[IPOAHA/IN3MPOBATh IIPOLECC PA3MHOXKEHIS
U POCTa MHOTOK/IETOYHBIX, TO BEChb IIPABBII
ckmon M-AMbl Ne6 mnpepocraBnsier Ham
IIpUMepBl monvKo OeneHus. ITpoxons Mbic-
JICHHO BIIPaBO OT 6apbepa CHMHTe3a-Jle/IeHN,
MO>KHO OOHapy>KUTb IPUMEpP OTHOYKOBAHIIA
HOBBIX 0c00€i1 OT TH/IPB, ellje IpaBee — Mac-
1TabHbIe KOOPAHATBI /15 KJIaAKY SIAL] U JTU-
YMHOK y HACEKOMBIX, POIbl — Y >KUBOPOJS-
myx u T.0. O4eBUHO, YTO BO BCEX CIIyYasax
KOHEYHON CTafiiiell B Ipolecce IOSABIECHNUSA
HOBOTO CyIIeCTBa sIB/IACTCS OeseHue (IIst Of-
HOKJIETOYHBIX) VIV OM-0e/leHue OT MaTePVH-
CKOro Tefma (H/Isi MHOTOK/IETOYHBIX). VI yxxe
COBEPIIEHHO OYEBNU/IHO, YTO Ha TPABOM CKJIO-
He M-AMbI ne ecmpeuaemcs cnusnus osyx
ocobeil 8 HoB0e uenoe. Bce 3BOMOLIMOHHBIE
IIPOLIeCChl CHHTe3a MpUpOoJa KakK Obl OCTaBU-
na 3a 6appepom (creBa). CrusiHMe HA IPABOM
CKJIOHE BO3MO>KHO JIMIIb KaK BPEeMEHHBIIT aKT
(HampuMep, IOIOBOIT).

NEBbIA CKITOH M-AMbIl Ne6. 3pech
00pa3oBaHye HOBBIX CHCTeM B OCHOBHOM
uzer myTeM cuHTe3a*. K 6mocucremMaM aToro
AManasoHa IIPMHAJIeXAT TaKue 61OMOIeKy-
7b1, Kak JTHK, 6enkn, a Taxoke BUpYychl, 6akTe-
PV U BHYTPUK/IETOYHbBIE OPTaHE IIBL.

Benxku u nyxmeunoevie kucnomvi. ben-
KM COCTaBnAlT okono 50 % cyxoro Beca
Tella BCEX OPraHM3MOB, M OHU YCTPOEHBI

OYeHb MEpPapXMYHO: MMEIOT BTOPUYHYIO,

TPETUYHYI0 ¥ YeTBEPTUUHYIO CTPYKTYPY o .

HCPBI/I‘-IHI)IC INOIUIIETITUAHBIC LICIIN 6enKoB

* XoTa B KadyecTBe NpeBapUTENbHON IIOATOTOBKM
K HEMY YaCTO MCHONb3YEeTCA M MEXaHU3M [€IeHNA.
Ho ckopee Bcero, menenue Bcerma mpeT B pasMep-
HOII 30He cefyla ycToinumBocTu: oT 1 10 10 aHrcTpem
(cm. puc. 2.7).

CUHTEe3UPYIOTCsI Ha «KOHBeiiepe» B prboco-
Max (pasMep KOTOPBIX IPUMepHO OKoto 200
aHICTPEM) Memo0om c6opKu.

«buocnHTes 6€IKOB — IpOL[ecC MHOIO-
CTYIEHYATbII, OCYIIeCTBIAETCA OH C ydYa-
CTMEM MHOI'MX OpPTraHOMAOB KIIETKU: A[pa,
pr60oCOM, MUTOXOHAPUIL, Pas3INYHBIX BUJOB
HYK/IEMHOBBIX KucnoT, AT® u gpyrux coenu-
HeHMit. Benmok, cuHTesupyrommuii MeXaHU3M
KJIeTKM, paboTaeT YPe3BBIYATHO CIaXKeHHO
KaK B [IPOCTPAHCTBE, TaK 1 BO BpeMeHM. OH
YIIPaB/IsIeTCs U PeryanpyeTcsi BecbMa COBep-
LIEHHO OMOIOTMYIeCKO KUOePHEeTNIeCKOI
cucremoit. . .» "%

Cunme3 HACIMONbKO ecthectéen HaA Jle-
60M CK/IOHe, YTO JlaKe MCKYCCTBEHHO pas-
Ipo6eHHble Ha HECKOTIbKO YPOBHeN Oenku
II0C/Ie CO3JJaHMs OIIpe/ie/IeHHbIX YCIIOBUIL CO-
6uparTCs B 1efioe 6e3 moTepy CBOUX MCXO[-
HBIX CBOVICTB. «BBI/I0 ycTaHOB/IEHO, YTO 6OMIB-
masi MojeKyna 6eka OFHOrO BMAA YIMTKU
C MOJIEKY/IApPHBIM BecoM 574 000 pacnagaet-
Cs1 IIpU NOAIIIEIAYMBAHUY PACTBOpPA CHavasa
Ha ITOJIOBMHKI, 3aTE€EM Ha BOCbMyIHKI/I, a3aTeM
Ha LIeCTHAJLATbIe JOJIY, T. €. Ha COCTAB/IAI0-
1ie ee cyOopenyuuibl («610Km»). Eciu Takoit
PacTBOP MOAKNUCIIUTD, TO paclaBIInecs ObIIo
CyO'BeMHNIIBI BHOBb COOMPAIOTCS M aCCOLM-
MPYIOTCS B eIMHOE Tieoen ',

ITpencraButh cebe MOFOOHBIN MpOIlECC
C MHOTOKJIETOYHOJ CHCTEMON HEBO3MOYKHO.
Ecmn paspenutp mo6oit OpraHusM Ha KIIeT-
K, TO CIIOHTAQHHbI/I BO3BPAT K MCXOZHOMY
COCTOSIHMIO HEBEPOATeH. JTO JIMIIHUI pa3
cupierenscreyer o tom, yro HA JIEBOM
CKJ1OHE OOMWUHWUPYET CUHTES, A HA
NMPABOM — OEJIEHVE.

«Ba)XHO OTMETUTD, YTO KKHAs U3 Ipe-
ABIAYLUIMX CTPYKTYp Oenka Hmpefonpenernsiet
IIOC/IEAYIOUIYI0: TIepBUYHAsA — BTOPUYHYIO,
BTOpMYHAA — TPeTUYHYIO M T.JA. A 4TO fa-
nee? A panee monexynvi 6enka ¢ mpemuy-
HOUl cmpyKkmypoii mozym 00ve0uHsmvCs
nymem max HA3v6aemMoli camoc6opxu
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6 accouuauuu yemeepmuUHoli CMpyKmypol
(xypcus moti — C.C.) emje 60/ee BBICOKOTO
ypoBHs opranmsanyu. CefyeT cKasarb, 4TO
IPOCTbIe MOJIEKY/IbI, TaK HasbIBaeMble IIPO-
TOMEpBI, T. €. aMUHOKVCIOTBH OenKOB Min
HYK/IEOTUIDI HYK/ICMHOBBIX KUC/IOT, II0 Mepe
nepexofa 1x K 60jiee BBICOKUM YPOBHAM Op-
raHM3aL Uy IPUOOPETAIOT HOBbIE (PUSVKO-XN-
MIYecKiie CBOJICTBA 1 HOBbIe O1OTIOTMYecKye
ynxmmn',

[TpuBeseHHas uTaTa HAWIYYIIUM 0Opa-
30M IIOKa3bIBaeT pojb cOOpku B 0b6pasoBa-
HIM MAaKPOMOJIEKYI, CAM TePMUH «camoc6op-
Ka» yKas3bIBaeT Ha IHeP2emutecKyro 6vizo0y
makozo npoyecca Ha 1e60m cknoHe. I1piiem
JAaHHOE CBOJCTBO CaMOCOOPKY XapaKTepHO
He TO/IbKO 7151 6€/IKOB MHOTOKJ/IETOYHBIX, HO
u i1 6enkoB Bupycos: «bekoBsle cy6benu-
HMILIBI BUPYCOB 00/IaIal0T yAUBUTEIbHO CIIO-
COOHOCTBIO K CaMOCOOPKeE ¥ CO3IaHNI0 TAKIM
006pa3oM caMbIX Pa3HOOOpa3HBIX OEIKOBBIX
aHcaMOs1eil YeTBEPTOro MOPSZIKA C U3SIIHOM
apxurekTypoi»'®, Ilns Bupyca TabauHoit MO-
3aUKI TaKas caMOCcOOpKa MPUBOAUT K IIOSAB-
neHnto 060mo4ky fuamerpom 180 aHrcTpem
u pnuHoi okono 3000 aHrcTpeM, YTO CBUJIE-
TE/IbCTBYET O TOM, YTO B [[UAlIa30He Pa3MepoB
ot 10 mo 3000 anrcrpem, unm OT 107 cM mo
107 cM, IOMUHUPYET CUHTe3 KaK CIocob yc-
JIOXKHEHVsI CTPYKTYP U IIOCTPOEHMs HOBBIX
CUCTEM.

Cunme3 A671AeMCA KN04e6bIM Npoyec-
com u ons obpasosanus JJHK (PHK). Op-
HAKO 37leChb eCThb HEKOTOpble HIOAHCHI Jlerno
B TOM, YTO IepeJ, CUHTE30M HOBOI KOINU
JOHK mpoucxomut mpolecc [eleHus Iep-
Buunoit JJHK na gBe nutu. CraemoBaTenbHO,
deneHue u cunmes udym 3ecv psioom. Mbl ke
HOMHIM [IPABUJIO, YTO IJTABHOE — 3TO KOHEY-
HBII 9Tal mporecca. 3decy deseHue — Nno020-
MoBKA K OKOHYAMENbHOMY 3A6epuiarijemy
aKkmy — cuHmesy.

BWPYCBbI. V Bupycos Her mora, moaro-

MYy OHI HE€ MOTYT PasMHOXXaTbCA ITIOJIOBBIM

HyTeM, KaK BbICIIVIE€ OPTraHM3Mbl, OHI HE pa3-
MHOXAIOTCS TAKXKe JIe/IeHIEM, KaK GaKTepun
VIV IPOCTEIINE.

«TeM He MeHee BUPYCHI BOCIPOU3BOMSIT
cebe MOOOHBIX B OTPOMHOM KOJIMYECTBE. ..
U CTONIb CBOEOOPAsHBIMM CIIOCOOAMU, YTO
B CBO€ BpEM: 3TO ABJIEHNE CTA/IV UMEHOBATh
penpooykuueii... IIpy pernpogyKuum BUPY-
COB IIyTeM OMOCHHTe3a KOIMPYIOTCS MOJIEKY-
JIbI HYK/IEVHOBBIX KMCTIOT, @ COIIACHO 3aKIII0-
YEeHHOII B HUX MH(OPMALUY CUHTE3UPYIOTCS
BUpYyCHbIe Gemki» ' .

«...JlocmemoBaTeIbHOCTh COOBITUIL, Be-
Aymux K 00pa3soBaHMIO BUPYCHON YacTHIIB,
BBIIJIAAUT CIefylommM obpasom: 1) cuHTe3
BUPYCHOTO GefKa; 2) «co3peBaHMe OefKar;
3) cBsaA3bIBaHNUe OeKa C BHOBb 00pasyoleii-
cst BupycHoit PHK; 4) o6pa3zoBaHue mONTHBIX
BI/IpyCHI)IX LIaCTI/IH»190.

Vrak, eupyc 6 omnuuue om 00vbiuHOl
Knemku He pasmuoxmcaemcs Oenenuem. OH
IPOHMKAET B [PYIYI0 K/IETKY, TOYHeEe, OH
BCIIPBICKMBAET TY/A CBOI FeHEeTMYECKMIT Ma-
Tepua, 3aTeM BHYTPU K/IE€TKU IIPOUCXOLNUT
samenienue ee cobcrsennon THK na THK
BUpYyCa, M K/IeTKa mnornbaer, BbIOpachIBas
Ha CBeT YY)K/ble e/f HOBOSIB/ICHHbIE BMPYCHI.
ITa )KyTKas ClieHa OYeHb SPKO 1300parkaet-
Cs1 B HEKOTOPBIX COBPEMEHHBIX (haHTacTMde-
cknx ¢uibMax, tumna «yxue». Tonbko Tam
MaclTabbl IPOHMKAIIX B YeJI0OBEKa CYIIl-
HOCTeN yBeTII/I‘IeHI)I B MIIJIMOH pa3, a IpUH-
LI [IOXOXK Ha IIPUHINII PEIPORYKLMUN BU-
pycos. Otcropa y>xac. B npupoge >xe Takoro
«CcuHTe3a» ObITh He MOXeT. O 3anpeuyen.
Jlna Takoro popa mpoliecca ecTb CTPOro 3a-
IaHHBII MacIITabHbIT 0Tpe3ok: oT 107 cm
10 107 cm.

Bce cragum pasMHOXeHMs BUpYyca, Ha-
YiHas C HPOHMKHOBEHNsSI B K/IETKY, KOTO-
poe 4eM-TO CPOAHM NPOHMKHOBEHUIO B sIil-
LIeK/IETKY TOJIOBKM CIIEPMAaTO30M[d, — 9TO
cuHTe3. OHAKO eC/M B C/Iydae OIUIOLOTBO-
peHus HauMHaeTcs OYpHBIN IIpollecc pocTa
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MHOTOKJIETOYHOI CYICTEMBI, TO B C/Ty4ae 3apa-
JKEHMA BUPYCOM — TOe/Ib KIETKY ¥ Oy PHBbIi
IIPOLIeCC POCTA OTHOK/IETOYHBIX BIPYCOB.

BAKTEPUW. Pasmuoxatorcsa 6akrepun
denenuem'®’, Kpome TOro, y HUX O6HApyKe-
HO IIpOCTelilliee OJI0BOE pasMHOXKeHe TUIIA
Konwrozauuu'”. «B 67aTONPUATHBIX YCIOBH-
X GaKkTepuy pacTyT O4eHb ObICcTpo... JJo-
CTUTHYB OIIpeJe/IeHHOTO pasMepa, 6aKTepun
HepeXomAT K 6ecronomMy pasMHoxeHuwo (6u-
HAPHOMY [I€JIEHNIO). . »1%

Ectp Macca pasHOBUEHOCTeil 6axre-
PpWii, KOTOpBIE JENIATCA IIPY pasMepax OKOJIO
1 MKM, 9TO KaK MMHMMYM Ha OJJMH HOPAMOK
neBee Gapbepa feneHnA Ha M-ocu.

Takum obpasom, 6akmepuu Hapywarom
Kpacusyio 3aKOHOMepHOCMb Hauieti mooe-
au — onu oensmcs nesee BAPBEPA C-[,
6 30He cunmesa. IlpaBpa, 3TO HapyleHMe
JIMILIb CABUTAeT Ha OFJH HOPANOK (M3 HecATH)
Oapbep Me/leHNA BIEBO OT YCTAaHOBJICHHOIO
IUI1 BCeX OCTAIbHBIX KIETOK. VI amo Hapy-
uieHue C60UICMEEHHO TONbKO  GaKmepusm,
y KIIeTOK TaKVX MCK/IIOYeHMIT aBTOp He OOHa-
Py>ku1. MOoXKHO 6bUIO OBl JaHHOE OTK/IOHEHNe
(B 10 %) npmHATH KaK HOTPENIHOCTh MOJIEIN
U CIIMCaTh €T0 Ha CTaTUCTIYECKYIO AMCIep-
cuto. Ho He 6ymeM ympoluatb IpUpoOLy 1 pac-
cMOTpuM TIpobyIeMy feneHs 6akTepuii Goree
BHJIMATE/IBHO.

Bo-nepevix, Bce aymompogHvie (camo-
CTOATENIBHO OJKUBYINYeE) OaKTepuy MMEIT
pasmep 6oree 10 MKM, IIO9TOMY UX [ie/leHIe
He Hapymaet npasmia BAPbEPA. Hapyura-
0T 9TO IIPABIUJIO JIMIID TeTepOTpOodHbIe HaK-
TEpUM, T. €. Te, KOTOPbIE HUBYM 6 npupoode
He CAMOCMOSIMENbHO, A4 UCKTIOHUMENbHO 34
cuem Opyzux op2aHu3mos.

VIMeHHO 9TM OakTepumu, pasMepbl KO-
TOPBIX HAXOPATCA B mamasoHe 107! cm —
107cm (1. e. B 30He CHHTE3a), HaApywiawm
obujee npasuno.

B «Armace anaroMuu 6aKTepumii, HaTOreH-
HBIX IS 4eOBeKa U JKMBOTHBIX» ' MOYKHO

HaWTU NPYMepHI JeleHNA O9eHb MHOTVX W3-
BeCTHbIX OakTepuit. IIpakTmdecknm Bce OHU
HeNATCA IpU pa3Mepax oT 1 o 5 MKM, U 6ce
oHu umetom pasmepor meree 10 mxm.

Jns Hac KpaljiHe BaXKHO TO, YTO PA3MHO-
NHeHue namozeHHvIx 6akxmepuii HUKAK HeTlb-
34 Npu3HAmMb I60MIOUUOHHBIM NPOUECCOM,
Nnpoueccom YCIOMCHEHUS HUBLIX CUCHEM,
Beflb €C/IM UX pa3MHOXKEHJe He OCTAaHOBUTb,
MHOTOK/IETOYHBII ~ OpPraHM3M  HOTMOHET
U Pa3NoXUTCA.

V3 3TOTO MOYXHO CJie/aTh MpefBaPUTENb-
noe MPEOMONOXXEHUE. Tonbko denenue
npaeee Oapvepa CyuHTe3a-Ie/IeHNs SBIISIET-
ca mpoueccom IOBOJIIOLUMOHHBIM  nns
6uocdepnl, ecnmu xe OeseHue IIPOUCXOTUT
nesee bapvepa, 6 30He CuHMe3a, — 3TO IPO-
LiecC namonozudeckuil, O0ecmpyKmueHbvlii
u pezpeccusHuvlil.

Kpome Toro, pmeneHme maroreHHbIX 6ax-
Tepuil MAET BHYTPU OPraHM3Ma, Ha YYXKOI
MUTATEeNbHO Cpefle, C/lefloBaTebHO, 3TO,
CKOpee BCero, mpollecc mMapasuTHbIL. Ero
IINTAT 3Hepr1/[e17[ IIpo1eccol, I/[JIYHH/Ie B MHO-
TOK/IeTOYHOM opraHmusMe. CrefoBaTenbHO,
Jie/leH1e MTAaTOTeHHBIX OaKTepuil B 3arpeleH-
HOIT 30He CHHTe3a MOXKeT UJITY TOTIbKO MCKYC-
CTBEHHBIM IIyTeM, 3a CYET «3IKCIITyaTalluu»
IIPOIIeCCOB, KOTOPBIE He HapYIIAIOT YCTaHOB-
TIEHHYTO 3aKOHOMEPHOCTD.

Bo-smopuix, iporiecc pasgenenus 6akre-
pWit Ha ABe [OYEPHMX YACTU OTINYAETCSA OT
nponecca femenns knetknu (puc. 2.14'% %),

Mumo3s knemox UAET KaK Mpollecc pasfie-
JIEHVA Ha OIB€ YaCTU IIOATOTOBJ/ICHHBIX K 3TO-
My 3apaHee IByX CAMOCTOATENbHBIX K/IETOK.

JIpyroe Mpl BUAMM HUpu OeneHuu Oak-
meputi. BHyTpu MartepumHCKO OGakTepyum Ha
MeMOpaHe MOSBISETCS IEPEropojiKa, KOTO-
pas pacTeT U IOCTEIEHHO [EeMUT GaKTepuio
Ha JiBe YacTM. JTO TOXOXKe Ha JBYDKEHMe
BHYTpb OaKTepuy 3ac/IOHKM, KOTOpas pas-
pesaerT ee momonmaM. IIpmmeuarenbHO, YTO
IOC/Te TAKOI «Paspes3Ku» JouepHue ObakTepun
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Puc. 2.14. A. Cxema nocnepgoBaTesibHbIX cTaguii MuTo3a. 3aechb
Mbl BUOWM NOCTEMNEHHOE 06pa3oBaHNe BHYTPU KNETKWU OBYX CUMMe-
TPUYHBIX LEHTPOB, KaXAblA U3 KOTOPbIX NOCTENEHHO (hopMMpyeTCa
B MOYTW CAMOCTOATENbHYIO KNeTKy. M 9Tn fBe KNeTku kak 6bl pacTsi-
rMBatoT 1 Pa3pbiBalOT MaTEPUHCKYIO KNETKY Ha [BE 4acTy.

B. Cxema penenus 6aktepun. BugHo, 4TO B OTNMYMe OT MUTO3a,
Npu KOTOPOM MPOMUCXOAUT LENOCTHOE pas3feneHne KneTku Ha [Be
Oy6NUpPYIOLLIMXCA NMOSIOBUHbI, Y 6aKTEPUn NPOUCXOAUT CBOEOOpasHoe
BHYTPEHHee pa3pe3aHune KNeTku, 3a CHET NPOpacTaHns «3afBUXKKN»
(OT cTagmn «a» K ctagumn «6»)

He pas[BUTaloTCs, @ OCTAIOTCS BMeCTe, obpa-
3ys1 VIMHHBIE L[ETTOYKIL.

Wrak, npouecc OereHus 6axmepuii upet
B BAMPETHOW AN OENEHUA some mo-
nemu M-AMbl.

Camoe mpocToe — IpU3HATh, YTO Oax-
TepUM SIBJIAIOTCS MCKIIOYEHMEM U3 OOIero
HpaBwia, TeM 6osiee YTO OHM HAPYIIAOT €ro
Bcero Ha 10 %. Ho Mo>xHO nonbITaTbcA HANTU
B 9TOM MCK/IIOYEHNN JIOTUKY, KOMMOPAs AU
ycunueaem npasuno. Jra JIOIMKA 3aKIII0Ya-
eTCsl B NPU3HAHMYU BO3MOXKHOCTEN He/eHMs
KJIETOK B 30He CHMHTe3a JIMIIb KaK namosozu-
4ecKk020 TIpollecca, Kak IMpoliecca MapasuT-
YeCKOTO U IeCTPYKTUBHOTO.

KpoMme nepeuncieHHbIX Bbille GaKTOPOB
moxxno [MPEOMONOXNTb, urto pmenenue
OpPraHU3MOB C MMKPOHHBIMM pasMepaMiy,
HaIlpuMep HeNaTOreHHbIX OaKTepuil U Cu-
He-3€JIEHbIX BOIOPOCIE, IIPOUCXOAUT TOJb-
KO B TOM CJTy4ae, €C/I OHY HaXOIATCA BHY TPU
MeTaCUCTeMBl OOJIBIIOrO TOPsAKa pasMe-
POB, HalpuMep KOJOHWIT, KOTOpble Oorblire
10 MxM. MoxeT ObITh, 9HEPreTHKa KOTOHMUI
TaKOBa, YTO MIMEHHO 6/1arofapst e mpoucxo-
IUT feneHye 6aKTepuil Ha IEBOM CK/IOHe?

[TprHMMas Bo BHUMaHMe CrielnuKy fjerne-
Hust Gaxrepuit, BoiBuHeM Hosyo [ VINOTE3Y.

Kpome LEHTPAJIBHOIO BAPBLEPA
CUHTE3A-OEJIEHUA,
B AuamnasoHe pasmepoB 10-30 Mkm (ckopee

KOTOPBIA  JIEKUT

6mmke K 16 MKM), CYLIECTBYIOT II0 KpailHei
mepe eme [BA BAPbEPA — CIIPABA
M CJTIEBA OT OCHOBHOIO HA M-OCW.

Jlesvuii G6apbep, cKopee BCEro, COBUHYT
Ha MOpPAJOK, 3TO 6/113K0 K 1,6 MKM. Ipaswvui
Oapbep Taxoke CABUHYT Ha MOPAZOK — OKOJIO
160 MKM.

Jlesvuii Gapvep Tpu 3TOM XapaKTepeH
TONBKO IJIA MPOKAPUOmuueckux KieTok. [e-
JIeHNe B HEM HOCUT SBHO BBIPOXKJICHHBIN
XapakTep, HAIIOMUHAaeT 3allle/IKMBaHUe JIU-
apparmpel ¢doroammapara WM BXOXK[IEHME
3a/IBUDKKIL.

Mpaswii 6apvep (160 mxm, win 107° cm)
XapaKTepeH TONbKO IS JIeTICHUA ITOTIOBBIX
ANIEKTeTOK MHOTOKJIETOYHBIX, KOTOpOe HO-
CUT KacKaJHBI/I, MHOTOSTAIIHBIN XapakTep
U 3aKaHYNMBAETCA y LEHTPAJIbHOIO Gapbepa.
SitnexneTkn, Kak y)e yIOMUHANIOCh, PaCTyT
nepey, JeleHueM aHOMa/IbHO JOJITO, OHU KaK
ObI 3a61parTCs Ha GOJIBIIYIO BHICOTY IIPABO-
rO CKJIOHA, YTOOBI, 3a/lep>KaBIINICh HEHA0I-
ro y mpaBoro 6apbepa, TaBUHON ApO6IeH s
YCTPEMMTBCA K HIDKHEI TOYKe YCTON4YM-

BOCTH.
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Ienmpanvnoui 6apvep (16 MM, min
10™* cM) — OCHOBHOII, OH XapaKTepeH I
MUTOTHYECKOTO [IeJIEHNs] BCeX OYKapUOTHU-
YeCcKMX KJIETOK, KOTOpPO€, KaK MpaBuio, Ou-
HapHo. B TO e BpeMs1 LleHTpasIbHBII 6apbep,
BUJIUIMO, UTPaeT BaXXHYIO (YHKIVMOHAIbHYIO
POJIb B )KM3HY BCEX BUJIOB KJIETOK.

CreflyeT IOJYEpKHYTb OYEHb BaKHOE
pasimidiie MeXaHM3MOB ¥ MPUHIMIINATbHBIX
CXeM Je/IeHVsI OKOJIO 9TUX TPeX pasHbIX Oa-
ppepoB: duagpazmentoe — OKOJIO JIEBOTO,
6unapHoe — OKOJIO IIEHTPATBHOrO (MUTO3)
U CTIOMCHOE KackaoHoe OpoObieHue sIIleKIeT-
K1 — OKOJIO IIpaBoro 6appepa*.

BesycoBHO, fenath OKOHYATe/lIbHbIE BbI-
BOJIBI PAHO, MOCKOJTIbKY HeoOxopuMo 6oree
TIIATe/TbHOE UCCIE[OBAHIE VIMEHHO MacIITab-
HbIX 0CO6CHHOCTei{ JOeneHmA BCeX BUIOOB KiIe-
ToK. He McKI04eHo, YTO 3HaYeHNe pasMepa,
C KOTOPOTO TOYHO HAUMHAETCS Jie/ieH1e, He
MIMeeT >KeCTKOro (pukcupoBanust Ha M-ocu,
a IIaBaeT IO Heil B [MarasoHe HeGO/IbIIOro
momycka. B atoM ciywae kaxcouiii 6apvep npeo-
cmaesnsgem co00l CMAamucmu4eckyo Kpueyio
pacnpedenenust ¢ MOOOTi HA OMMeHEHHDIX Bblule
pasmepax. BO3MOXKHO, 4TO KaXK[plii U3 OC-
HOBHBIX 0apbepoB MMeeT CIipaBa «gy0iepay,
KoTopslit onpegensiercs IBY. B atom ciydae
y LIeHTpa/IbHOrO 6apbepa, PacIIONOKeHHOTO
Ha OTMeETKe 16 MKM, MOXKeT ObITh «COCE], crpa-
Ba» — Ha otMeTKe 50 MxM. He nckmodeno, uto
Pas3nIMYHBIM BUJIaM KJIETOK (fjaXKe B IIpefiesiax
OfHOrO THIAa Oapbepa) CBOWMCTBEHHBI COO-
CTBeHHble CYOMOJIa/IbHbIE XapaKTEPUCTUKI
MacuITabHBIX IOPOrOB CHHTE3a—/Ie/IEHNIS.

ABTOp y6expeH, 4T0O M3ydeHue mpobie-
MBI Oapbepa CHUHTe3a—[e/leHUs ISl KIeTOK
3TO OT/ie/IbHAsL OYeHb OOLIMpHas 06/acTb 3a-
KOHOMEPHOCTEN IPUPObL, KOTOpas /sl BCEX

* OI[HaKO HENb3A MCKIIYNUTD, YTO JIJIsI CUHE-3€JIEHbIX
BOZIOPOCIIENl YeHmpanvHulii 6apvep A6AAeMCs AHAO-
20M npaeozo 6apvepa Ons AliYeKNeMOK, TaK KaK OHII,
3a0paBILNICh 32 HETO, 0e/IsTMCS KACKaTHO Ha HECKOTIBKO
JacTeit.

obmacTell HayKM MMeeT OrPOMHOE 3Ha4YeHINe,
TaK KaK BCe 3TU MPOIIECCHI IPOXOAAT B CAMOM
neHTpe M-ocu BeenenHori.

Urax, na neeom cxnone M-AMbl Ne6
ycnoxcnenue u paseumue 6uocucmem udem
8 OCHOBHOM nymem cunmesa.

OcraeTcst 607BIION TPOOIEMOIT TSI MO-
el NMIIb pasMHOXKeHMJe IMaTOTeHHBIX Oak-
TepUil ¥ HEKOTOPHIX BUJOB OJHOK/IETOYHBIX
3TOJ )Ke pa3MepHOIL TPYTIILL.

KOCHbBIE CUCTEMbI. Paccmorpum, ka-
Kie 3aKOHOMEPHOCTM B IIpoIiecce CHHTe3a-
JeNeHns CYIECTBYIOT I KOCHBIX CHCTEM
TIPUPOJIBL.

Tax, Hampumep, U3 NPAKTUKM U3METb-
YeHUsl MMHEPATbHBIX MaTepMasoB C IIe/NbIo
MONTy4eHNA TOHKOJUCIIEPCHBIX IOPOIIKOB
XOpOLIO M3BECTHO, 4YTO JpoO/eHme Mmu-
HepalbHBIX YacTUI, [0 IOpOra IPUMEPHO
10 MKM — 3TO OfVH 3HepreTU4ecKmii mpo-
1ecc, a Menbye 10 MKM, M OCOO@HHO Meibde
1 MKM, — y>Ke apyroit nporecc. «Ecnu Heo6-
XO[IMMO MIMETb CpelHMIt pasMep IMPOAYKTOB
usMenpyeHus 6onblue 10-15 MKM, TO cliefiyeT
MIPUMEHATD CyXOil IIOMOL... B cryvae cBepx-
TOHKOTO M3MENb4YeHUsA CpeJHMIT pasMep
NpOAYKTOB u3Menbyenua 1-0,1 MKM MOX-
HO TONy4YUTb, TPUMEHAA TONBKO >XUJKME
IVCIIEPCHBIE CPEJIbL... IOCKOMbKY IPU CYXOM
ITOMOJIe MOKET IMTPOUCXOUTD 3HAYMTENbHAA
arperanus (svioenero muoit — C.C.) MeIKuX
qactuiy '

O6cysxaenne 3Toi MPOOIEMbl C OZHUM
13 aBTOpOB ynomsaHyToit kauru — LII. 3aii-
LIeBBIM, YO€IIO MeHs B TOM, YTO CIeLuaI-
CTBI B 00/IaCTM M3MeNIbYeHMsI MUHEPa/TIbHBIX
MaTepyaoB MPeKPacHO 3HAIOT 0COOeHHOCHIb
nepexo0Hoti 30HbL 0k0710 10 MKM, HO HUKOTZA
He HOJ03peBanyu 06 ee YHUBEPCaIbHON IIpU-
upHe. I monpocun I.I1. 3aitiieBa Hammucatp 06
3TOM sAB/IeHMN. IIpMBOXKY 31€Ch ero TeKcT 6e3
VI3MEHEHUI.

«Kak 1mokasasy OIbIT NPUMMEHEHMS IJIas-
MOXMMUIYECKUX TOPOIIKOB HUTPUJA TUTAaHA
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pasmepoM 1o 0,1 MKM, IIpM CMHTE3€ OKCU/[I-
HO-HUTPUJHON peXyllell KepaMMUKU BBICO-
Kas CTelleHb TeH/IeHIMN K arperanuy TaKuX
MOPOMIKOB B KOHEYHOM IPOJyKTe IPUBOJUT
K IOJTy4eHMI0 KPyIHbIX (7o 20— 30 MxM) 3e-
Pe€H HUTpUAa TUTAHA, YTO B CBOIO O4Y€peNb
CHIDKAeT MEXaHMYeCKUe U 3KCIUTyaTalliOH-
Hble CBOJCTBA KepaMuKu. ITOT Xe apPexT,
XOTsI M B MeHbLIEN CTeleHy, HabmogaeTcs
Opy JAUTETbHOM CYXOM IIOMOJIEé KOPYHTO-
BBIX ITOPOIIKOB, KOIZla yZAelbHas II0BepX-
HOCTb, HECMOTpPs Ha yBem/meHI/{e BpeEMEHU
IIOMOJIa, C OIIPE/Ie/IEHHOTO BPEMEHM Haul-
HaeT YMEHbIIATbCA, 4YTO CBUMETEIbCTBYET
0 BO3pacTaHMM [JONM arperatoB B oOIiei
Macce IOPOLIKa».

Wrak, ecmn 0o 10 mMKm TO3TAIHOE JpO-
6rmeHne Qpaximil IPOMCXOFUT 1O CTAHAAPT-
HOJT CXeMe: Ha Kax0yio eduHuly 6Ho8b 00pa-
3yemMOil NOBEPXHOCHU pPebyermcs NpumepHo
00UHAK0B0E KONUHECINB0 IHEPIUU U BpeMeHlU,
TO IIpM Iepexofie B 30HY pasMepoB MeHee
10 MKM 3ampamot 6pemeHU U IHepeuU HA 00-
pasosariue Ho8oii nosepxrocmu (OanvHeiiuiee
usmesnvueHue) pacmym HenuHeuiHo.
TOrO, B 3TOJ 30HE PasMePOB YACTULBI B IIPO-

bornee

1jecce M3MENbYEHNS HAUMHAIOT CAUNAMbCA
8 KOH27IOMepambl, 9TO, ECTECTBEHHO, IIPETIAT-
CTBYeT VX HajbHelieMy gpo6tmernio. OdeHb
TIOKa3aTeNbHO 1 TO, YTO NOTyYeHHbIe METOTIOM

I/IA3MOXMMMYECKOTO  CMHTE€3a MMKDPOHHBIE
U CyOMMKPOHHBIE IIOPOLIKN CIIMIIAIOTCA B JI0-
CTaTOYHO CUMMETPUYHbIE KOHIJIOMEPAThI Pas-
MepoM 20-30 MKM, KOTOpble HaXOJATCA moH-
#o Ha one M-AMbl Ne 6.

IIpouecc azpezayuu, cnunanus u c6op-
Ku wacmuy mamepuana Ha i1e60M CKioHe
M-AMbl Ne6 — siBrenne yHuBepcanbHOe
A OPUPOABL, a He CHelnpIIecKu TeXHM-
yeckoe. MOXKHO 3/1eCh IPUBECTU MHOXXECTBO
IIPYMEPOB, HO Mbl OTPaHMYMMCH JBYMS.

Yacmuuyvl 6 omKpoImMom KOCMUUECKOM
npocmpancmee 4Yacto oOpPa3ylOT arperarsl
pasmepamn Jio 40 MKM. «...YHacTuiipl JIyHHOII
IbUIM 3apsDKEHBl M OOafialoT yCTONYMBOM
BHYTPEHHEN 3/IEKTPUYECKOI IO/IAPU3ALIMENL.
BenmenctBue 9TOrO 3€pHa B JIHHBIX 06pas-
Ljax IPUTATMBAIOTCA JAPYT K APYTY... 00pasys
YCTOVYMBbIE TPYIIIBL DTO SABJIEHNE, BEPOATHO,
CBOJICTBEHHO BCEM TBEPJBIM TefaM, IOfBepra-
IOLIMMCSA BO3JIEICTBMIO pajiialiiyl B KOCMMYe-
CKOM HpOCTpaHCTBe»198 (cMm. puc. 2.15).

Bmopoit npumep. Ha
3eM/IM B eCTeCTBEHHBIX YCTIOBUAX WJeT He-

ITOBEPXHOCTH

IIPEPBIBHBIN IPOLIECC PA3PyLIEHMs TOPHbBIX
Iopof,. 3a CyeT IepenajjoB TeMIIEPATypPHI,
BO3[IeiICTBIUA BIAary 1 BOJBI CKaJIbl KPOLIATCS
U IpeBpaIlaloTCA IOCTEIIeHHO B IecoK. Ecu
IIOCMOTPETDb Ha CTapble Opbl, TO CTAHOBUT-
Csl OYEBUIHBIM, KYCKV IIOPOJBI ITOCTENIEHHO

Puc. 2.15. CkonneHne KOCMMYECKMX YacTul
B oopMe MMOKOM Lienn NPOTSHIKEHHOCTBIO OKOJI0
40 MKM OT OCHOBaHwusa arperara.

CTpyKkTypa B BuAe Lenu UNMIOCTPUPYeT anek-
TPOAMMONbHYIO MPUPOAY OTAENbHbIX MUKpo4a-
ctuy. OTa hoTorpadhus nokasbiBaeT npumep
€CTeCTBEHHOro CnvnaHua (CMHTe3a) 4YacTul,
pa3mepbl KOTOPbIX MeHbLUe 10 MKM, B OTKPbITOM
Kocmoce
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Mecok

Atombl

Puc. 2.16. lopHas nopoga paspy-
Laetcs Mof BO3AENCTBMEM ecTe-
CTBEHHbIX NPUPOAHbIX  (HAKTOPOB,
MOCTENEHHO MPEBpPaLLAsiCh B KamHW,
rpaBuii, MecoK, Mbib. [TyHKTUPOM
nokasaH fanbHenwuin ee runoTeTu-
YeCKWin MyTb — paspyLUeHne BMoTb
[O aToMOB (McnapeHue), 4ero He
NPOVCXOAWT M3-3a HanM4us nepernda
B NOTEHLUMANBHOW iME YCTOMYMBOCTUN
B 0651aCT! pa3mepoB okoro 10 MKM.
MbIMMHKK, AOCTUTLLNE NEBOTO CKIIOHA
AMbI, HAYMHAIOT 06paTHOE [BWKEHNE
B (0a30BOM MPOCTPAHCTBE, CMMAasnch
B 0Ca[j04Hble MOpOabl

PaspyLIAIOTCS, YMEHBIIAIOTCS B pasMepax
¥ TI0 CBOMIM pa3MepaM «CKaThIBAIOTCS» C TIpa-
Boro cko"a M-AMbl Bneso, noka He goctur-
HYT pasMepoB IecunHoK. Ilecuunxu umetom
pasnuunvie pasmepvi, HO 6 0CHOBHOM IMO
OecAmMKU MUKPOH.

Ecm 6bI He CyLIECTBOBANIO IIeperu-
6a B aTOIl OOMacTM MacmTaboB M IPABBI
cknor M-AMbI umen 61 mpoTsKEHHOCTH
B 0071aCTh TOPa3J0 MEHBIINX Pa3MepoB, TO
BCe MEeCYMHKY IIOCTEIEHHO OBl MPOJO/DKIU-
JIM Iy Th BJIEBO U IIPEBPATUINCH ObI CHaYaIa
B MeJIbYAIIIIYIO IBI/Ib, 3aTEM B IIYAPY, 3aTeM
B MOJIEKY/IBI U, HAKOHEL], PaclIaanch Obl Ha
atombl (cM. puc. 2.16). Toz0a éce cmapuvie
20pvL yice 0aéHo 6vt «ucnapunuco». Ode-

BUTHO, YTO 3TOMY IIPENATCTBYET KaKOI1-TO

(yHIaMEHTaIbHbII IPYHLUI  IPUPOJBL.
Mpr MOJIATAEM, uro npuumna, Memaro-
mas «ropaM ucmaputbcsi», — B HAJIU-

Y B 3OHE 10 MKM BAPbLEPA [J14
MNMPOLIECCA LOEJIEHWUA, neee xortoporo
npouecc pacnada obpausaemcs 6écnAmv,
I/IBCTyHaeT B XO[, HpHMO HpOTI/IBOHOTIO)KHbII‘/]
npouecc cunmesa. Takum 06pa3om, BCs Teo-
JIOTUYECKasl UCTOPUsI 3eM/IU JIaeT HaM Mpu-
Mep, HoATBepKaaouit aneksarHocts MO-
OEJIN M-AMbI Ne6 peanpubiM mpomeccam,
NPOUCXOMAIMM B IPUPOJE.

WTaK, ACHO, 9YTO M /IS >KUBBIX, U IS
KOCHBIX cucTeM mnoTeHnmanpHas M-AMA
ycroitunoctu Ne6 siBisieTcst Xopoueit Mo-
eIbI0, TOKA3bIBAIOLIEI, HeM PasIuuaomcs
ecrmecmeenHvle MeHOCHUUU NPOUECCo8 CUH-
me3a u denenust Ha M-ocu. YeTKo BbIfengeT-
Cs /1e6blil CK/IOH ecmecmeenHH020 cutmesd
cucmem u nPaswlii CKII0H — eCMecmeeHH020
oenenus cucmem. Huwxuas gacte M-AMb
SIB/ISIETCST 30HOIT IIEPEXOfia OT CHMHTe3a K Jie-
JIEHMIO U 30HOI HauOOIbIIen YCTOMYUBOCTI

711 BCEX CUCTEM 9TOrO AMara3oHa pa3MepoB.

M-AMA Ne8 [2; 7; 12].

9ra M-AMA umeer HmwkHiOK Hanbomee
YCTOIYMBYIO 4acTh B 061acTit pasmepos 107-
10° cm (100-1000 km). VIMeHHO 1O 3TUM pas3-
MepaMm pfomkeH npoxoputs BAPBEP C-[.
JleBbIit CKTOH HauMHaeTcs oT 10° CM, TIpaBbIiL
3aKkaHumMBaeTcs B obmactu pasmepos 107 cm
(cm. puc. 1.7). ITogo6HBble pa3Mepbl CBOICTBEH-
HBI KOCMIYecKnM TertaM COTHeYHOI CHCTEMBI,
6710KaM 3eMHOII KOPBI, 61101IeHO3aM U COLIA/Ib-
HBIM CHCTEMAM.

Berymass B o6macte Makpomacuitabos,
[ePeXONSIIMX B MeraMacIuTa0bl, MBI OKa3bl-
BaeMcsl B MeHee MH(GOPMUPOBAHHOM IIONIO-
»KeHun, 4eM B obmactu npenpiayumx M-AM.
[Tpoueccel, mpyupe ¢ OODEKTAMM TaKUX
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pasMepoB, Kak IpaBUIO, TOpasfo 6osee npo-
00/KCUMENbHDYL, VI TIOITOMY VX aHAIIU3 MeHee
Hadexcen. MHOTMe IIpefCcTaBIeHNsI O CUHTe3e
WIU [IeTIEHNN B MMpe TaKuX MaclITaboB HO-
CAT YMO3PUMenvHbLll VTN Meopermueckuil
XapakTep, 4aCTO CYIIECTBYIOT TOYKM 3PEHVIs,
IpsIMO TIPOTUBOIIOJIOKHbIE B OTHOIICHUN
TOTO, CMHTe3 WV JielleHue MPUBOAUT K II0-
SIBTIEHNIO KaKUX-M00 HOBBIX CHCTeM. DHep-
reTMKa IPOLIECCOB 37Iech ele 6o/mee TPyAHO
ompenenuma. Bee 9To mpuBoauT aBTOpA K He-
ob6xomMMOCTI IIpefynpeauTb, 4TO aHAIN3
stoit u nocnenykowux M-AM — ecezo nuwmv
npedsapumenvivie ICKU3HbIe HAOPOCKU, He
npemenoyroujue 0dxce Ha OKOH4UAMenvHOE
0006uerue, He 2060psA Yice 0 KAKUX-TU6O
ymeepiucoeHUAX.

KOCMUYECKUE CUCTEMBbI. [lo cux
HOp MAYT AMCKYCCUU U IOSIBIISIOTCS HOBBIE
Teopun 06 o6pazoBanuy wiaHeT COMHEIHON
CHCTeMBI, aCTEPONJIOB 1 MeTeOpuToB. B ca-
MOM 001leM BUJe MX MOXKHO pasfeluTh Ha
meopuu c6opxu (cxarusi) u meopuu Ppaz-
menmavuu (npobnenus, ormenenus). Pac-
CMOTPUM B CBSI3U C 9TUM, KaK COOTHOCATCSA
pas/IMYHble TEOPUM, TATOTEIONe K CHHTE3Y
VI K Je/IeHNIo B 9101t ob6macTy. HamoMHmM,
YTO HAC MHTEPEeCyeT B IIEPBYIO OYepenb BO-
monust 06pasoBaHMs TE OT METEOPUTOB [0
prHHbIX IVTaHET COHHC‘IHO]‘/JI CHCTEMBI.

«...Iumoresa IPOMCXOXIEHMS — IUIAHET
U CITyTHUKOB B pe3y/IbTaTe IPaBUTALIMIOHHOTO
KOJI/IANICa Ta30BOrO OOJIaKa SIBJISIETCS] Helpu-
eMJIeMoil. ITO 3aCTaB/IsAeT OOPATUTHCS K allb-
TEPHATVBHOMY IIPEAHOIOXKEHNIO, a IMEHHO
K IIOCTENIEHHO aKKpeIL[uy TBepAbIX Tel (3a-
poOpbIIell WM IUTaHeTe3MMaseil) u3 Juc-
IIepPCHOTro BeljecTBa (IBIIMHOK U rasa). Takoii
HPOLIECC YaCTO HA3bIBAIOT I/IAHETe3VMA/IbHO
aKKperuert; MofoOHast KaueCTBEHHasl KOHI[E-
s Bocxoput ere K XVIII Beky... CormacHo
HaHHOﬁ TUII0TE3E, pOCT IUTaHET "N CHyTHI/IKOB
HPOUCXOLWI B pe3y/braTe COyHApEeHUiT ¢ UX
HOBEPXHOCTHIO [OTOKA 3apOfbILIeil 1 3epeH

IO TeX HOP, II0KA Tejla He JOCTUI/IN Hab/mofae-
MBIX B HACTOSsIII[ee BpeMsI PasMepOB.

Llenbiit psAf TpsAMBIX HAOMIOAEHNUIT IIOf-
TBep)KZIaeT BbICKasaHHOe Mpefnonoxenne. Ha-
CBILIEHHOCTD KpaTepaMy IIoBepxHocTelt JIyHbl,
Mapca, ero ciry THUKOB ¥ MepKypus CBUIETENTb-
CTBYeT B II0/Ib3y aKKPELVM [PV COYapeHNsIX. .
[Ipsimble HabMIONATEIbHBIE JAHHBIE O CKOIUIE-
HISIX 3€PeH B KOCMMYECKOM IHPOCTPAHCTBE...
[OKa3bIBAIOT, YTO MHOTME 3€pHa, BXOMSAIINE
ceif9ac B COCTAaB METEOPUTOB, BO3HUKIIA B pe-
3y/IbTaTe KOHIEHCAIMN KaK OT/e/IbHbIe 9acTy-
1bl... C IIOMOIIbIO M3MEPEHNs 103 OOy IeHIs
MOXXHO I10Ka3aTh, 4TO BCJIEJ, 3a CYILECTBOBA-
HIeM M30/TMPOBAHHBIX YaCTUL] HA IPOTSDKEHNN
IUTNTENBHOTO BPEMEHU CYILeCTBOBAIN TPYIIIIBI
HEIIOTHO (BEPOSITHO, 9/IEKTPOCTATIYECKI)
yAep)KUBaeMbIX 3epeH. DTV TPYIIIbI, B CBOIO
odepefib, CBUIETENIbCTBYIOT O YepejOBaBILINX-
¢ mpoueccax (parMeHTanMyu ¥ aKKpeLui,
KOTOpble IPOMCXOMWIN IO Iepexofia B CO-
crosinne Gomee OMUBKMX IIPEIIECTBEHHNKOB
METEOPUTOB — TeJI pasMepaMyl B HECKOIBKO
MeTpos...»'* [puBeeHHas UTaTa TaeT MHO-
ro MHGOPMALNY O BOXHOCTI PasTpPaHMYEHsI
[IPOLIECCOB  CUHmMe3a (aKKpeuyn) U OenmeHus:
(¢dpparmeHTanym) B XOfie SBOMIOLMOHHOTO IIPO-
VICXOXK/JEHIS ITAHET U CITy THUKOB.

Inmoresa 00 axkKpeluy IUTAaHET MMeeT
cmaboe mecro. «Kak mokazan CadpoHOB...
BpeMsi, KOTOopoe Tpebyercs [ 3axBara
00/IbLIMHCTBA 3epeH B oKpecTHOCTH HentyHa
u II1yToHa, B HECKOIBKO pa3 OoIblile BO3pac-
Ta ConmHeuHot cucteMsbl. VI3 aTOro oH genaer
BbBIBO/J], 4YTO HeHTyH, HaHpI/IMep, 3aXBaTUI
TONIBKO HEOOBIIYI0 HOMI0 BEIeCTBA, CKOH-
LIEHTPMPOBAHHOTO B OKPY>KaIoIliell ero cpefe.
OcraBurasicsi 4acTh BeIIECTBa, KaK IPENIO-
JlaraeTcst, IPOJO/DKAET CYIeCTBOBATh B JIVC-
[IEPCHOM COCTOSTHUM. DTO He OYeHb BEpOsT-
10»*". HeBepOoATHO MOTOMY, 4TO eC/ut GBI 3TO
ObIIO TaK, TO BOKpYr HenTyHa MOXXHO ObIIO
ObI 0OHAPY>KNUTH ACTEPOUITHOE KOJIBLO, Macca
KOTOPOTO B HECKOJIBKO Pa3 Obu1a Obl 60sbIIe
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camoli nmaneTsl. ITockonbKy aToro Her, 2u-
nomesa akkpeyuu He MOXKET OOBACHUTD BCE
B IIpoljeccax obOpasoBaHmaA IvtaHer. Cracas
ee, u3BecTHbIe yueHble X. AnbBeH u I. Appe-
HUYC BBIJIBUTAIOT UJIEI0 CTPYIHBIX IIOTOKOB,
KOTOPBIE YCKOPAIOT MPOIIeCC aKKPeIV.
MOo>KHO TaxXe HPENNONIOKUTh W APYTOE,
YTO CU/IbHENIINM KaTaaM3aTOPOM aKKpeIyn
ObUIM THepyopudeckue 6vtopocvt u3 Contuya
naaHemMHvIX 3apooviieli, 0 BOSMOKHOCTU KO-
topbix et A.E. Xoapkos™'
nnauem u3 neop Connua 6nonme 0onyckarom-
cst modenvto M-AMbI. Cépoc o6omouku mi6o
BBIOPOC 3apofbIllIa B BUJie CTYCTKA BellleCTBa

. Taxue «podv1»

MOr OBl MHUIIMMPOBATH MPOLIECC aKKpPeLui,
T. €. POCTa 3apOJbIIIa 32 CYET HAKOIMBIIIE-
Cs1 BOKpPYT CoHIIa «IIUTATEeTIbHONM» TIbIIEBOI,
ACTEPOMIHON ¥ IIIaHETE3E€Ma/IbHOM Cpefibl.
V1 XOTs1, HACKOJIbKO aBTOPY M3BECTHO, Cpeau
acTpoMsNKOB 9Ta TIMIOTE3a He IOTydMIa
[IPM3HAHMS, OHA HE IPOTMBOPEYNUT JIOTVIKE
CXeMBI IIpoLjeccoB Ha npaBoM ckyone M-AMbl
Ne8, rne naxomutcss Connue (10" cm). Kcra-
TI, pOBHO Ha 10 HOpsA/KOB JieBee (MacuITaObI
10' cm. puc. 2.7.), na pasom cknone M-AMbl
Ne6 passutme GHOCKCTEM OCYIIECTBIISETCS
3a CcYeT omoeneHUs Na0da om MamepuHcKozo
mena, T. e. 3a cuer ponos. MACLUTABHAA
AHAJIOTUA cpogamu y >KUBOTHBIX 371eCh
6e3yCTIOBHO AB/IAETCSI OYEHb OTHATICHHOI
U YC/IOBHOIA, HO JUIA IIPUHIIUIINAIBHOTO BBIOO-
pa MeXLy [poLieccaMmyl CHTe3a WIN Jie/leHVIs
OHa OKa3bIBA€TCs IIOOTBOPHOIL.

3EMJTS. Haura rranera, o pasjiM4HbIM
oueHKaMZOZ, TIOTJIONIALT A0 10° TOHH KOCMITde-
CKOTO BeIl[eCTBA B TOfI, TO3TOMY 32 5 MIJUIN-
apyioB JIET OHA MOIVIa YBEIMYUTD CBOIO MacCy
Ha TIPWINYHYIO BemmunHy — g0 10" ToHH.
Kak mpaBwio, majamolje 4YacTUIbI VMMEIT
pa3Mepbl OT AHICTPEMHBIX O MUKPOHHBIX,
XOTs BCTPEYaloTCs M Gojee KpPYIHBIE Tela.
CnegoBarenbHO, 3eM/I BINUTHIBAET Ha CBOIO
[TOBEPXHOCTD Pas/INYHbIe [I0 PasMepaM U XIM-
COCTaBy 4acTMIbI 1 00beKTHL. VI X0Ts1 Mx Macca

He TpeBbINIaeT, 10 HeKOTOPBIM OIleHKaM, He-
CKOZIbKUX NPOY,eHO06 OT MACChI 3eMHOI KOPHI,
C Halllell TOYKM 3PeHNs, X POJib B GOpMIPO-
Banuu 6uocepnt orpomua®,

«B HacrosIee BpeMs OOBIINHCTBO y4de-
HBIX cuMTaioT, 4yTo COJHIIE M IIaHEeThI 06pa—
30Ba/MCh OFHOBPEMEHHO 13 OJHOTO U TOTO
Ke XOJIO[JHOTO Ta30IbUIeBoro obmaxa... Cua-
Yajla CyIIeCTBOBa/a XO/IOJHAsA Ia3oIbUIeBast
TYMAaHHOCTb, QaHAJIOTMYHAsA TeM, KOTOpble
aCTPOHOMBI HAOGTIONAIOT B HACTOALLIEE BPEMsL.
9Ta TyMaHHOCTb Ha 99 % cocrosina us rasa,
I7IaBHBIM 00pasoM — BOjoOpofa, 1 Ha 1 % us
KOHCO/IMAMPOBAHHOTO BelljecTBa (II0 Macce).
Pasmepbl OTHENbHBIX KOHCOMUAVPOBAHHBIX
Ten JO/DKHBI ObITh HeBemuky (mo 100 kM
B IMaMeTpe, Ha4Ye TYMaHHOCTb He Oblra 6b
yeroitunsoit)»**. OueBusHO, 4TO ras yien Ha
cosfanne B ocHoBHOM CoO7HIfa, a KOHCOMUN-
POBaHHBIE TeJa Ja/IN HayajIo IVTAHeTaM.

CregyeT OTMETUTH, YTO B 3TOI Teopun
KJIAfIeTCsl pasMepHblil IpefieNl A/ IepBUY-
HbIX KOCMMYECKUX TE€/I, KOTOPbI€ MOITIN y‘{a—
CTBOBAaTh B CMHTe3e ItaHeT, — 100 KM, 4TO
MIONTHOCTBIO COT/IACYeTCA C Hallell THUIIoTe-
3011 O HA/MYUM B 3TON 0O/IACTY Pa3MepoB
BAPbEPA CUHTES3A-AENEHUNA. TTosro-
My OYeHb Ba)KHO OTMETUTD, YTO He MOnbko
Ha nepeoii cmaduu dopmuposanus 3emnu
npedenom pasmepos 0N yHACMEYHOULUX
6 cunme3se men 6vin nopoz 6 100 (1 MoxeT
OBITH HECKONBKO 0Ooree) Kumomempos, of-
HAaKO XOPOIIO M3BECTHO >, Y4TO U 3a 6C10 NO-
CIe0yI0ULy10 UCIMOPUIo 3emMau HA ee NO6epPXx-
HOCIb HU PA3Y He yNano Kocmu4eckoe meso,
pasmepuvt komopozo npesviuanu 6vt 100 km.

Wrak, nopassiomiee GOMBIIMHCTBO Tell,
yYacTBOBABIINMX B CHMHTe3e IUIAHET, He Ipe-
BBIIIAJIO 1IO pasMepaM nopszaka 100 kM. IToTt
IIOPOT  COXpPAHsAETCSA ¥ BIIOCTENCTBUU, —
B IIOITIOIAeéMOM IUIaHETaMI BellecTBe He
y4YacTBYIOT Tefa, pa3Mepbl KOTOPBIX MpPEBbI-
maroT 100 kM. JI106ble >Ke CTOTKHOBEHMS C Te-
namn 6oree COTHM KMJIOMETPOB B JlaMeTpe
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He 68edym K I60MIOUUOHHOMY CUHIME3Y,
a IPUBOJAT MO0 K PA3pyuieHut0 TUIaHeTbI
menmukoM (rumorerudeckusi ®aston), 6o
K y0apHoMy 6blOpOCY 13 Hee Tela aHaIoT Y-
HBIX pa3MepoB (TMIOTe3a O 3eMHOM IPOMC-
xoxjeHun JIyHsr).
CrieioBarte/ibHO,  COeOuHeHue naaHemvl
c menom 6onee 100 km 6edem He K cuHmesy,
a K OesieHut0. ITO CTABUT CYIECTBEHHBIIT pas-
MEpHBIIT OPOT IS [POLiecca aKKPeLit, KOTO-
pbi pacnionoxxeH 1o M-ocu ToyHo Ha 10 mo-
PSIIKOB IIpaBee aHAJIOTMYHOTO TI0POTa U3 MUpPa
6uocncremM n Ha 20 MOPSIIKOB IpaBee aHAIO-
TUYHOTO [TOPOTa U3 Mypa sePHOI (pUBMKIL.
[IpumenuM B faHHOM ciydae Ty xe MO-
OEJIb NMOPOTA C-[, uo yxe g M-AMbl
Ne8. B sToM crydae Mbl MOXeM HPOZHO3U-
poéamv Kak MUHUMYM [Ba Gapbepa: OZUH
¢ koopruHaroit 1,6 - 107 cm (160 km), apyroit
¢ KoopauHaToit ~5 - 107 cm (500 km). B aToM
cnyvae no aranornu ¢ M-AMAMW Ned 1 Ne6
Becb npasvtii cknon M-AMbl KITACCA Ne8
3aII0/THEH CUCTEMaMU, Il KOTOPBIX BIIOJIHE
BEpOsITEH Npouecc OesieHust Uy omoeneHus.
Ho Ha 3TOM CKIOHE CyLIeCTBYIOT BCe IIaHe-
Th1! C/Ie[JOBATE/IBHO, X YCTOMINBOCTD BECh-
Ma OTHOCUTeNIbHa. IIpaB/a, He Bce Tak II0XO.
Ananornu ¢ npeppigymmmu M-AMAMA
[IOKA3bIBAKOT, YTO AKMUBHO 0e/IAMCS 8 0CHO8-
HOM 06veKmbl, PA3MePvl KOMOPbLIX NPEBOCXo-
0s1in nopoz dereHust He 607iee Hem HA NOPSOOK,
C1e008amenvHo, PA3pyuieHur mozym Ovimo
noosepicetvl, ckopee 8cezo, HeGomvUe NAHE-
muot (pasmepoM MeHblre JIyner). [Insa o6bek-
TOB pasmepoM c¢ IOmurep sepossmnee npouecc
omdenenus (posxcdenus) criyTHUKOB . 3eM-
7151, KOTOpasi Ha 06a nops0Ka npasee 6apvepa
CUHTE3a—JIeJIeHNs, CKOpee BCEro, He CIIocoOHa
K paspylueHnio Ha ¢pparmeHTsl Hogo6Ho Das-
TOHYy (Cyns mo obieit Macce acTEpOUFHOTO
Mosica, 9Ta TUIIOTETMYeCKas IUIaHeTa Oblia
o4eHb HeOObIIOI). XOTs, B IPUHINIIE, 3eMIIs
Mor1a Obl OTHeNATh (OTIIOYKOBBIBATh) OT ce0s
HEKOTOpbIe Tea. B CBA3YU € 9TUM BOZMOXKHO,

YTO TMIOTE3bI O MpoMcXoXxenun JIyHbpl Kak
OT/IENMBILETOCA OT 3eM/IM Tela He CTOMb YK
" paHTACTUYHBL

Wrak, MBI BMAUM, YTO OOJBIIMHCTBO
MMEIOIINXCA CETO/IHA aCTPOHOMUYECKUX CBe-
JEHMII ¥ TeOpMil He IPOTUBOpPEYAT MOZEN
M-AMbI Ne8.

Bo-nepsvix,
BCTpedaeM IOATBEepXeHMe TOro, 4To obpa-

IIpAaKTUYEeCKN BeE3[N€ MbI

30BaHIeE I POCT IUIAHET OCYLIECTB/IAITCS 3a
CYeT CHHTe3a TeJl, pa3Mepbl KOTOPBIX He IIpe-
sormator [TOPOIA C—[1 ~160 kM.
Bo-emopuvix, MOOENb M-AMbI ue na-
K/Ia/ibIBAEeT 3aMpeT Ha MPOLECC «POXKEHS»
IUIaHeT 3a c4yeT oTHeneHus ot ConHua ¢par-
MEHTOB BelljeCTBa (1IN CIly THUKOB IUIAHET 3a
CYeT OT/Ie/IEHNS OT CAMUX IUTAHET UX YaCTeln).
I[IpaBaa, TMIOTE3BI O «pokaeHNI» CONMHIEM
IUIaHET ¥ CIIyTHUKOB ropasgo crmabee pas-
paboTaHBl ¥ MPAKTUYECKM He MNPU3HAT-
cs1 oduimanbHON Kocmororueit. IIpudanna
npocra. Ipasumayus — cvna, cobuparonas
MaTepuIo, JaeT AOPOry TEOPUsM, CBA3aHHBIM
¢ CMHTE3OM BemecTBa, €ro KOHCOMMAALIN-
eit. Dpazmenmanusi, pasoenerue, OMNOUKo-
eanue, 6vIOPocyL, «PoObL» U TOMY IIOJOOHBIE
npoueccst AEJIEHNA unyT Bpaspes ¢ rpasu-
TAL[IOHHOI TeH/IEHIIVell, I03TOMY IIPUHIMA-
I0TCSL HAYYHBIM COOOLECTBOM rOpPas/o TPyA-
Hee, YeM IIPOLECChl, CBA3AHHbIE C CUHTE30M.
IIpepnoxennas momens M-AMbl ¢ mByms
CKJIOHAMIU JIAeT HO8Yl0 0nopy O7is eunomes,
OCHOBaHHVIX HA npouecce Oenenust. IIpaBpa,
camMa MOJe/lb He MMeeT IIOKa (M3UYECKOro
OO'BSICHEHUsI, HO MBI IIOCTApaeMcsi B Jasib-
HellleM pemnTs Ty mpobnemy. IToka sxe Mbl
JIALIb OIMpPAEMCSI Ha 3aKOHBI MAacCIITaGHOTO
HOKO6YsI, KOTOPbIE YAVMBUTENIbHBIM 06pa3oM
He MPOTMBOpPEeYaT TPOMAJHOMY KOMUYECTBY
(dakTIyecKoro MaTepuaja, HAKOIUIEHHOTO
HAYKOJ B Pas/IMYHbIX 00/1aCTSX 3HAHMIL.
COUNANBHBIE CUCTEMBbI. IIpoxon-
sxkum aHanmus teHpenumit C—[] na undop-
MAaIMIOHHOI 6a3e >KMBBIX cucTeM. HavHeM
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C CHCTEM COLMAJIbHBIX, HO IIPEK/Ie YIIOMAHEM
OfIHy OYeHb OPUIMHAIbHYIO pabOTY, BBIIIE]-
mylo coBceM HeflaBHO. Ee aBTopy B.A. Ba-
cunbey””  ymamoch BBIBUTH B UCTOPUM
YEIOBEYECKIUX Ky]IbTyp O4Y€Hb I/[HTepeCHyIO
3aKOHOMepHOCTb. Kpynnvie coyuymot nepuo-
ouuecku (uepes 400 nem) cmensirom Hanpas-
JleHUe C60e20 PA3BUMUA: Om UHMezPAyuL
K 0e3unmezpauuu.

9To ABIEHMe MOYKHO Ha3BaTb CBOETO POJia
MACLUTABHOW MYNIbCALIMEN COLINY-
MOB, xoropyoo B.A. BacuibeB cBsi3biBaer
C KOCMMYeCKUMMIU PUTMaMM, IIPOSABIIAIONIN-
MJCS Y B COTTHEYHOI aKTYBHOCTH.

OTKpBITHE 9TOI 3aKOHOMEPHOCTH IOKa-
3bIBaeT, HACKOIbKO Ba)KHO CUCTEMHOE MCCIe-
[IOBaHME IPOLECCOB, MAYIVX B COLYIaTbBHOM
IIPOCTPAHCTBE, B IIEPBYI0 OYepelb Ipoliec-
COB POCTa, [pOOIeHMA, CHHTe3a U APYTUX
HOJOOHBIX IPOLIECCOB, KOTOpbIe IPUBONAT
K nepemeteruo CoyUanbHol Cucmemvl 8007b
M-ocu. Begp ipy 3TOM couuanvHas cucte-
Ma Moxcem nepeceKamv HEKOTOPbIe OYEHb

CTIOXKHBIE Pa3MepHbIe 30HbL, B KOTOPBIX Pe3Ko
u3MeHsIemcst, Kak ObIIo TIOKAa3aHO Ha JPYTUX
[puMepax, 00uias meHOeHUUs paseumus
cucmem 8 MACLUTABHOM TOIJE.

HaunHas ¢ camoli IpocToit A4eiikn ob1we-
cTBa (ceMbu) U fiajiee, Mbl OyjieM IepeMelaThb-
cs1 mo neBomy ckimorny M-AMbl Ne8 smpaso
(puc. 2.17) BHU3, K 6ojee YCTONYMBOMY IIO-
noxennto. CormacHo o6bwmeir TMMNOTESE,
smecy momuuupyer IBOJMOUNA YEPE3
CUHTES.

CEMbfA — «mepBnyuHas sveiika oGie-
cTBa», 0bOpasylomasics B pesynbprare J0Opo-
BOJIHOTO COEVHEHISI B HOBYIO LIe/IOCTHOCTD
IIBYX HE3aBUCUMBbIX CyO'beKTOB 00LIeCTBa.

B Hambonee ecTeCTBEHHOM CBOeM BIJE,
B CEJIbCKIX YC/IOBUSAX CEMbsI 3aHUMAET TEPPU-
TOPHIO C pasMepaMiL O HeCKONbKUX 0ecsin-
K08 Mempo6 00 HECKOLKUX COMmeH Mempos.
[IprMepHO TaKas TePPUTOPUS MOKET OBITH
06paboTaHa OJHO CAMOCTOATEIbHON CeMb-
eit (BHe CreluanM3aluyl HOCTUHLYCTPUAIb-
HOTO 00611ecTBa) 1 CHOCOOHA ee IPOKOPMMUTb.
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Puc. 2.17. PacnonoxeHue coumanbHbix cucteM Ha M-Ame ycTonumBocTW. BupHo, 4TO Hambonee
YCTOM4MBOE NOJIOXKEHNE 3aHUMaIOT NPOCThIE rOCYAapCTBa, pa3Mepbl KOTOPbIX HAXOAATCS B AManaso-
He 100-200 kM. Bce coumymbl MeHbLLEro pasmMepa TAroTelT eCTECTBEHHO K 06beAVHEHWNIO B Takne
CTPYyKTypbl. CnoxHble rocygapcTea, uMmnepun n Hoocdepa HaxogsaTCA Ha NPaBOM CKIOHE, KOTOPbIN
XapakTepuayeTcs NOCTOSHHOM TeHAeHUmel K dpparmeHTaumm, pacnagy. Moatomy ans ux nogaepxa-
HWUa TpebyeTcs 6051ee MOLLHBIA rOCYAAaPCTBEHHBIN annapaT yrnpasieHunsi, KOTOpbIV Yalle BCero npu-
obpeTaeT BCe NPU3HaKM TOTaNUTapHOro XaHAapMCcKoro Tmna
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CeMbM CO BCEMU UX Pa3BETBIEHUSMU OT
00111er0 npefika 06pasyioT poovt unu cemeti-
cmea. ITo yxKe KUnomemposvie macumaool.
Ha nepsblit B3rA4p 3ech, B pofiax, B ceMeli-
CTBAX, MbI BCTpe‘-IaM HpOTI/IBOHO}IO)KHbIﬁ
[PUHINI CO3/IaHVsI CUCTEM: OMNOUK08AHUE
(1. e. denenue) ot 0O1IeTO KOPHS BCe Ooree
HOBBIX BeTBeil. OfHaKO He ciefyeT 3a0bl-
BaTb, YTO B YMCTOM BUJI€ ITOT IIPOLIECC BeleT
K BBIPOXK/IEHUIO POJia M/IU CEMENICTBA, KOTO-
pI)IM J19)5: HpeﬂOTBPaH_[eHI/IH IIOABJ/ICHUS T'€He-
TUYeCKNX AedeKTOB HY)XHA CBEXas KPOBb.
ITOCKOIbKY TyTb HPOCHI020 «NOUKOBAHUIL»
eedem K Oezpadauuu NONYAAYUU, MOJIOfbIE
Hapbl B POJOBBIX ¥ IVIEMEHHBIX 0O0IecTBax
BCerfa CO3/IaBajiCh HOJ, KOHTPOJEM CTap-
mnx HPCHCTaBMTeHeﬁ[ pa37H/[‘-IHI)IX pO,HOB nim
ceMeiiCTB. B cmyvae nx coemunenus B 6pake
TOBOPAT O MOpPOAHEHUN (COeqVHEeHNUN) ce-
MelicTB, ponoB. Takoe nopooHeHue — cé0-
eo6pasnuvlii
6 HeKomopyio eOunyro o0uHocmv Gonee
8bICOKO20 YPOBHA, KOMOPAL NPuU60oum
K €030anuto naemeH u Hapooos. Hackonbko

cunme3 PpasnuuHvIX P0006

TParu4HbIM MOXKET OBITh TaKOI CUHTe3 (MIn
HPEMATCTBYS K HEMY), XOPOLIO M3BECTHO 13
sHaMeHuroit Tpareguyu Ilekcnupa «Pomeo
u JIKynberTa».

Takum 06pasoM, cembu 1 podvl MOTYT Be-
crtu cebs kak CAMOCTOATEJIbHBIE OT-
OEJIbHOCTW, pematoiue Ha ceoem yposre
macuima6o6 npo6IeMy coeOuHeHUs VN He
COoeOuHeHUsI BMeCTe.

MOCENEHNA. Kak npasumo, mocerne-
HUS — 9TO KMIOMETPBI MK faXe decAmKi
KU/omMempo6 KOHTPOJIIPYeMOIt TepPUTOPUIL.
OO6pasyIoTcst OHM OILSATD XKe 3a CUeT CUHme3d.
Ha HOBOe MecTO IepecesisieTcst KaKasi-To OfHa
CeMbsI MM POJI. 3aTeM B 3TO MECTO CTEKAIOTCS
C OKPECTHOCTEI Jpyriue CeMbU U OTHEe/IbHBIE
monu. ITocenenne pacTeT 3a CYeT «8HUMIbL-
sanus» B cebs 6ojee MENKMX COLMATbHBIX
eIVMHUIL] ¥ HOpAacTaeT 3a CYeT TAKOTrO CUHTe-
3MPYIOLIETO IIPOLecca 10 pa3sMepoB 20pooa.

ToponoB, pasMepbl KOTOPBIX IMPEBbINIA/IN
OBl CTO, He TOBOPA yXe O THICAYM KUIOMe-
TPOB, aBTOp He 3HaeT. B Poccun camblit npo-
TsSOKEHHBIN Toposi, — Bonrorpaj, oH mMmeer
IJIMHY OKO/O 70 KM.

MNEPBUYHBIE (MPOCTbLIE) TOCY-
OAPCTBA. Kak mokasbiBaeT MCTOPUIECKIIT
aHaJIM3, OHU CO3JaBaNCh O1arogaps MpyUxo-
7y Ha HOBYIO TEPPUTOPUIO IITIEMEH U3 OKPECT-
HbIX 3eMenb. IIpomcxonmna KoHIeHTpaumsA
MOCeTIeHNI1 Ha OTPAaHNYeHHOI TEPPUTOPUNL.

Ckopee Bcero, 3/ieChb IpaBbl Te MCTOPH-
KIf, KOTOpbI€ CBA3BIBAIOT TAaKOE «HPeccosad-
Hue» naeMeH ¢ USMEHUBUUMUCT 6 XYOUuiyio
CIMOPOHY IKONOZUHECKUMU YCTIOBUAMU. ITO
BBIHY)KfJaeT VX JKaThcs K 6oree IUIOJOPOX-
HBIM 3eM/IAM ¥ TIepeXOANUTb OT MPUBBIYHOTO
CKOTOBOJICTBA M OXOTHI K HENIPMBBIYHOMY Ha
IepBHIX MHOpax semsefermio. Tax, BUAMMO,
06pa3oBamCh BCe pedHble TOCYAapCTBa, Ha-
unHasA oT JIpesHero Erumra.

I[Tpouecc no00o6HO20 cunmesa 1Ien fOCTa-
TOYHO [OJITO 11 ectnectéeHHbIM 00paszom, 6e3
YCUINI CO CTOPOHBI CAMMX TIEPBUYHBIX TOCY-
mapcTB. B manmbHeitmeM chopMupoBaBIecs
HOBBI€ TOCY/JapCTBa MPOJO/IXKa/IN UCTIOHATD
ponb nozzaomumens OKpeCTHbIX IJIEMEH, KO-
TOpble, HAKAThIBASACh U3 «IMKOTO» IIPOCTPAH-
CTBa, BNUMDIBANUCL TOCYaDCTBAMU, ACCU-
MUIUPOBANUCL VIMU U Nepepabamvléanicy
8 HOBYIO OBLLUHOCTb — HAPO[.

Tak 6110 B [IpeBHem Ermmre: «V3romo-
JaBIIMeCsA TJIeMeHa U3 PasHBIX MECT, BKIIO-
Yas eBpeeB, X/ILIHY/INU B IITIOJOPOHYIO JIENbTY
Hwuna B nonckax nponuranus. Vicropus csu-
TeTeNbCTBYET, YTO eTUNTAHE BCTPETUNIN UX
I06poKenaTenbHO» %,

AHaZIOTMYHO IMPOTEKANO PaclIMpeHMe 3a
CYeT CMHTe3a IJIeMeH* I MHOTUX APYTUX Iep-
BUYHBIX TOCYZlapcTB. Kak mpaBuio, ux cpef-
HUE DPasMepbl He IIPEBbIIANN HECKOMbKUX
comen Kuniomempos.

3aTeM paspacTarlyecs 0 ONpele/IeHHbIX
PasMepoB IePBUYHbIE TOCYAAPCTBA HAUMHAIOT
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CTAJIKMBaTbCsA C HOBOJ ¥ HEMPUBBIYHONM IPO-
Oremoit — c mendenyueti k Ppazmenma-
yuu Ha omodenvHvie cmpykmypuvl. Briepsbie
B MICTOPUY 4YeJIOBEYeCTBa 3Ty IPOOIeMy HIpH-
IIIOCh PellaTh, BUANMO, ¢papaoHam [IpeBHero
Erunra, mis KOTOPBIX pacmyuias camocmos-
MenvHOCMby HOMOB IIpUBeNa K HeoOXOAMMO-
CTU TIOCTOSIHHOTO YCU/IEHVISI QiMVHUCTPATB-
HOII BlacTu. BiocnenctBum ¢ yenmpobesxncroii
menOeHyuell CTONKHYINUCh BCe IePBUYHDIE
TOCYJApCTBa, BK/I0Yas 1 Pyce.

I[HH HAaC O4Y€Hb Ba>XHO OTMETUTDH, 4YTO
yeHmpoOexcHvle Cunvl cenapamu3ma pezuo-
HO6 — MO0 NPU3HAK nepexooa pacmyuwumu
8 X00€ 360I0UUY COUUATTLHLIMU CUCTEMAMUL
BAPbEPA CUHTE3A-OEJIEHUSA, nepsuuii
py6exc xomopozo npoxooum no pasmepy
160 xm (B pasgene 1.5.6 ObUIM ONpee/IeHBI
TOYHBIE 3HAYEHNs 3TUX OapbepoB). [Tpu aTom
pedb MAET He O TOM, YTO OT/ie/IeHNe COLIMab-
HBIX CTPYKTYP [PYT OT Ipyra He BCTPeYaeTCst
Ha MeHDIINX MacuITabax, IIPOCTO Mbl MCCIIe-
LyeM B IIEPBYI0 OYepefb TEHAECHLMN HO3U-
muéHvle, KOTOPbIE BENYT K I60TI0UUL COUU-
ANIbHBIX CUCHIEM.

Poct pa3MepoB COLMaNbHBIX CHCTEM Ha
IIPOTSDKEHNM BCeil MICTOPUU Ye/IoBeYeCcTBa —
06bexTuBHBIT (akT. C TOYKM 3peHust Mac-
1ITaGHOTO HOAXOJIA ATOT POLIECC MOXKET ObITh
OIIVICAaH KaK noctenenHoe «3acenemue» éce 60-
Jlee BbICOKUX MACUUMAOHbIX YPOBHell opeaHu3a-
yuu. TToaToMy ecu B ICTOPUY YeOoBeYeCcTBa
U CIIy4a/uch Kakye-mmbo pacrajbl cemericms
U njemer Ha MHOXKECTBO He3aBUCHMBbIX I Ca-
MOCTOSITe/IbHBIX 00pa3soBaHMit, TO, 110 Hallemy
MHEHNIO, 3TU IIPOLIECChI HOCUIIM MCKIIO4YM-
TEJIbHO 0eCMPYKMUGHDLI XapaKTep.

Cornacho e nauterr [MIMOTESE, nepe-
itps yepes BAPBEP C-[] (160 wn 500 km),

* IlpaBaa, He Bcerjla IpOLeCC TIOIIOUIEHMS AMKUX
mwiemeH 6bi1 6e3bonesHenupiM. Tak, mcropus JIpes-
Hero Erumnra COXpaHu/Ia CBUIETENbCTBA 06 «y)[(aCHOM
HALIECTBUM» TMKCOCOB, KOTOPbIE YaCTb0 ObUIM 3aTeM
MI3THAHBI, YaCThI0 ACCMUIVPOBAHBIL.

Je/I0Be4eCTBO BIIEPBBIe CTOMKHYIOCH C ABTIe-
HIIeM, KOTZia 0anbHetiuuti poct couuymos 3a
cuem [TPOCTOIO CNHTESA oxasvieaem-
csL «IHepzemuuecky Heévizo0HvIM», a DPAT -
MEHTAUWNA 6onvumozo couuyma na 6onee
MenKue CMpPyKmypvL moxycem 0KA3AMbCa
NOMONUMENIVHBLIM € I60TIOUUOHHOL MOUKU
3penust npoyeccom. Pazbepem oty mpobnemy
6oree oapO6HO.

[TepBuyHbBIe TOCYAAPCTBA, KOTOPbIE IIPef-
CTaB/IsUIM COOOIl OTHOCUTENbHO Hebosbline
COLMa/IbHbIE CUCTEMBI C pasMepamy, Onms-
kM K 160-500 kM, HaXOmsTCSA, COTJIACHO
MOJIe/V, B 30HE MOBBILIEHHO YCTONIMBOCTIA,
B HiokHeit Touke M-AMbl Ne8. Pas Bosuuk-
HYB, OHM JIO/DKHBI CYIIECTBOBAaTb B CBOUX
pasMepHBIX TpaHMIAX [OCTATOYHO OJITO.
Ecmm onu no cBouM pasmepaM OKasbIBaloT-
cst mpaBee Gapbepa 500 KM, TO TeHIEHIUN
K parMeHTaLMN ellje He CTO/Ib BETUKMY, YTO-
ObI OKOHYATEbHO MX paspyIuinTb. B uctopun
IJISL HaC COXPAHMIOCh HECKOIbKO IIPUMEPOB
TaKMX «KO/MebOaHMil» COLMANIbHBIX CHUCTEM
OKOJIO LIeHTPa PaBHOBECHSI, KOTTIa [IePBUYHbBIE
TOCYAiapCTBa TO pacHafaloTcA Ha OT/elbHbIE
00671acTH, TO COERNHSIOTCS BHOBB (puc. 2.18).

Tak, Hanpumep, B Havane III ThicAdese-
TVSI 1O H.9. TIPOU30IITIo 06beaHeHne Bepx-
Hero u Hmwxknero Erumnra, mocie uero BcsA
cTpaHa Oblta pasgeneHa Ha 42 HoMma. Iloce
2325 . 10 H.3. «B YCIOBMAX HAaTypPa/JbHOTO
X034JICTBa ¥ HapacTalollell HelleHTpanmsa-
nuu Ermmer TepserT HaTaXeHHYIO CHUCTEMY
yIpaB/IeHus ¥ IpeBpaliaeTcs B pa3fgpobien-
Hoe rocyzapcrso... Hakonen Homapx n3 Te-
paxsteonosns 3aBnagen Memdrcom 1 00bsIBIUI
He3daBucumoctb Hmxknero Erunra. IapctBo
pacnanocs... Oxono 2040 r. go H.9. papaoHy
Mentyxoreny I... yganocs 3aBoeBarb CeBep-
Hoe napctBo (lepakieononp) u 06bEANHUTD
Bepxuuit n Hyoxuuit Eruner. Tak BO3HUKIIO
Cpennee mapcTBo»>®,

Jna pycckux Hambonee HArJIsifieH Apy-

roii npumep. CHayaja BO3HUKHOBEHME
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Baprep C—J,

1M 160 km 1ae.

Puc. 2.18. ®a3oBoe npoCTpaHCTBO Mac-
LITaBHON YCTOMHYMBOCTM TaKOBO, YTO MpO-
cTble rocyaapctea (1) n cotosbl NnemeH (2)
cTpemsATcs o6pas3oBaTb CIOXHblE rocyaap-
cTBa (3), KOTOpble 4Yepe3 HEKOTOPOE BPeEMS
pacnagatoTcs Ha NpocTble rocyaapcTaa

KueBckoro rocymapcrBa. 3areM — MEX[0y-
COOMIIBI 1 ero paciaj MPaKTUYecKu Ha TPU
He3aBUCUMBIX pernoHa: Kmesckuii, Hosro-
ponckuit 1 Mockosckuii. Bnocnencrsum Pych
oIsATh 00BEMHIIACH, HO IPOILECC ITOT IO
CUX TTOp HaMsITeH HponuThiMu ViBaHoM [pos-
HBIM pekaMu KpoBu B Hosropope n maccoii
IPYTVX IPUMEPOB HACWIVA B XOJIE CO3JaHNsA
ruraHTckoit Poccuiickoit umnepun.

Ms MPEOMNONAMAEM, 4to, kKak Tomb-
KO TOCYHApCTBO IlepepacTaeT KPUTUYECKUI
pasmep (oxono 500 kM), OHO TepsieT CIOCO0-
HOCTb K ectnectmeéeHHoOMy CUHMe3y Vi MOXKeT
PacTy aHAJIOTMYHO KPYIHBIM S/[paM aTOMOB
JINIIb 83PbLE006PA3HO.

MMIMEPUN N HALUMOHATbHBIE O-
CYOAPCTBA. Ilocne Toro Kax mepBUYHBIE
TOCYZJapCTBa MCYEPIBIBAIU PECYPC POCTa 3a
CYeT MOITIONEHNA I/IEMEHHOI Cpefibl BOKPYT
ce0s1, OHI HAYMHAKOT IPaOUTENIbCKIIE U PA3pPy-
IIMTe/IbHBIE TIOXO/bI IPYT IPOTUB JIPyTa.

ITOT pesKuil nepexod om ecmmecmeeH-
HO020 pocma K HACUNbLCMEEHHOMY 3aX64-
My COCeNHUX TEPPUTOPWUIL, C Hallell ToY-
ku spennms, cssan ¢ [NEPEXOOOM W3
30Hbl 3BOMOUMKM COUMYMOB 3A
CHET CMHTE3A B 30HY 3BOJIIOLMN

3A CHET POCTA C NOCNEAYIOWNM
JOEJIEHVEM.

IIpunyun macwma6Hozo nodo6us 1o-
3BOJIACT HaM CPaBHMBATD IIpoLjecc 06pa3oBa-
HIJA VIMIIEPUIL C IIPOLIECCOM POCTa KPYIHBIX
Afep aTOMOB WM ¢ 06pasoBaHIeM KOTOHMIL
K/IeToK. [lefio B TOM, 4YTO POCT MMIIEPMIL,
00pasoBaHye KPYIHbIX Alep aTOMOB M KJle-
TOYHBIX KOJIOHMII IPOXOJAT B aHATOTMYHBIX
soHax coorBerctByromux M-AM (Ne8, Ne4
N Neb), a MMEHHO B IEPBOIl YaCTU IPABOTO
ckinoHa (po mepecedenuss BY ¢ M-ocbto).
BosbmeM, k mpuMepy, Ipolecc 06pasoBaHus
KOJIOHUJ KJIETOK W/IM IPOCTEMIINX MHOTO-
KJIeTOYHBIX. DTOT HPOIiecc UJeT 3a CYeT po-
CTa KJIETOK J... UX MOC/IeAYIOLIeTO JeNeHNA,
HO 0e3 pacXOX/eH!A B CTOPOHBL.

VTaK, eCTeCTBEHHDBII CHMHTe3 I/ TOCY-
[ApCTB yrKe HeBO3MOXKEH, Co3aHe 6omee KpyII-
HBIX CVICTEM COIIPOBOXXAAETCA «3aKaTbIBAaHNEM»
CHCTEMBI BBEPX I10 IPABOMY CKJIOHY, KpyTH3Ha
KOTOPOro TpebyeT ropaso 6osblieli SHepreTy-
K11, 4eM Ha IIPebITYIIMX STallax pocTa. Vcross-
3yA IPUHLUMUIT MACUMAOH020 10000US, MOXKHO
CPaBHMTb 3TOT IIPOLIECC € CMHTE30M Hambosee
KPYIIHBIX ffIEP aTOMOB, KOTOPbI ITPOUCXOIMT
He B CIOKOHOM IIpollecce HYKICOCHMHTe3a
3Be3Jl, a BO B3PbIBHOM IIPOLIECCE CBEPXHOBBIX.
Buodumo, u cunmes umnepuil 603MOoxNceH TUUD
6 pe3ynvmame 63pvli6HO20 3AX6AMHUHECKO20
npouecca. Haynbonee sApkmil npyumep — UM-
nepusi AjtekcaHppa MaKeTOHCKOTO, KOTOPBII
MeHee 4eM 3a 10 jieT 3aXBaTvI OTPOMHYIO Tep-
puropyio. OFHAKO KaK CBEPXTsDKE/Ible aTOMBI
CTAaHOBATCA HEYCTONYMBBIMU 1 IIOf{BEPraloTCs
pacmagy, Tak pacmajalorcs M uMiepun. Vim-
nepus AnexcaHapa MakeJOHCKOTO pacIanach
Cpasy Iocye ero cMepTi. I1o ObUIa, HOXKAIYIL,
caMas KOPOTKOKUBYIIAA MMITEPYIA.

ITpaxkTmyeckn Tak e, B3PLIBHBIM 06pa-
30M, obOpasoBamach ummepus UmHrucxaHa
Y MHOTHE [OpYyIMe KOTOHMAa/IbHBIE U MUPO-
Bble MMInepun. V Bce oHM B KOHIle KOHIIOB
pasBamumuch Ha ¢parMeHTsl. llpnMmepHas
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CHCTeMHasl CXeMa IIpoljecca 00pa3soBaHUs
nMIepuit n3obpaxxeHa Ha puc. 2.19.

Kak mokasano B pabore®'’, cnemyer npun-
IUONMATbHO PA3ANYaTh MMIEPUM HECKOJb-
KX TUIIOB, HOBTOMy cxXema ux 06pa3OBaHI/IH
U pacmajia To)Xe HeCKOTbKO pasnnyHa. Tak,
HanpuMmep, B npouwuiom Poccuiickaa umie-
pUs — 3TO UMIEPUA HAUUOHATLHO20 MuUna,
bpuranckas — kononuanvHozo, a Pumckas —
mupoeozo muna. IIpu 5ToM Kakjasg KpyHas
IUBUIN3AIUA TPOXOAUT MOC/IENOBaTeTbHO
uepe3 TPU ®A3bl PASBUTUA VMMEPUIA:
HAUUOHATVHASL — KOJIOHUANIbHASL — MUpPO-
6451, KOTOpbIe IIATCA TpuMepHO 110 500 feT.

OO61VIM SB/ISETCS TO, YTO UMHEPUU CO3-
oalomcs Ha6e4Ho, a cyujecmeylom He 6ornee
HecKonvkux cmonemuti (Ipefen BoO3pac-
Tta — 500 ster). VI TO, 94TO CO3JAIOTCA OHM HE
B IIpolecce 0OPOBOIBHOTO NPUCOEANHEHNS
HapopioB (Kak, K IpuUMepy, HepBUYHBIE TO-
CyfapcTBa), a 0OBIYHO B pesy/ibraTe KpoBa-
BBIX U JKECTOKUX 3aXBaTOB C IIpMMeHEeHMEM
JKeCTKOTO  IIeHTPaJM30BaHHOTO  ammapara
TIOfIaB/IeHM .

Haxxe Poccmitckast nmmepnst (HecMOTpst
Ha TO, YTO MHOT€ HapO/ibl BOILJIN B €€ COCTaB
106pOBONIBHO), HauMHas Cc 3axBara KasaHu
1 HoBropopa, o4eHb 4acTo paclypsiia CBOU
TPaHMIIBI 32 CYET BOEHHON 9KCITaHCHUML.

ViMnepnu, Kak IPaBUIO, MIMEIOT >KECT-
KYIO LIeHTPa/IM30BAaHHYIO BIACTh U JIEPXKaTCsA
B OCHOBHOM Ha Heit. CTOUT 0C/TabHyTh 0 Ka-
KUM-MO0 IpUYMHAM LEHTPATbHON BIACTH,
KaK MMIepus O6pICTPO pasBaIMBaeTCsl, BHI3bI-
Basi 9TUM LIOK y BCeX cBOMX oburarerneit. Ilo-
cnegauil npumep — pasBan ummnepun CCCP,
KOTOPBIl MBI 10 CUX HOpP 60/Ie3HEHHO IIepe-
X1BaeM KaK COLMTIbHYIO KaTacTpody.

Hosumuena unu Hezcamueéna ponv umne-
puii 6 ucmopuu uenosenecmea? I1ockonbky
3TU BOIIPOCHI, KaK MPaBU/IO, UCCTENYIOT UH-
Te]'UIeKTya}II)I, TO MMIIEpUAM [OCTAIOTCA OT
HIX B OCHOBHOM HETraTVMBHBIC OLICHKN. Otcro-

fia, HaIIpUMep, TaKye PacXOyKIe ITAMIIBL, KaK

Bapwep C—=11

M-ocs
| -

10.000 km

10 km 160 km

Puc. 2.19. MacwrtabHo-aMHammyeckas cxe-
Ma 06pas3oBaHus UMMepuin (4) N3 CNOXHbIX
rocygapcte (3), npocTbix rocygapcts (1)
M nnemeH (2)

«MIIepus 37ma». Ilogemy ke, Kak IpaBUIIO,
VHTE/UIUTeHTHI He Mo0AT nMnepun? [maBHas
IpUYMHA B TOM, YTO MMIIEpUM U3-3a CBOEN
TPOMO3JIKOCTY KOHCEPBAaTMBHBI, 3a4acTyIo
IIOABIAT ]'H/[‘—IHYIO I/[HI/IIU/IaTI/[By I HU3BO-
JAT 4Ye/loBeKa Ha POJb BUHTUKA CUCTEMBI
ViMnepun He MOTYT CYILIeCTBOBAThb 6e3 JKecT-
KOJ1 IIeHTPa/N30BaHHOM BIAaCTU, OT KOTOPOI
OfIMH IIAT JO TOTaIUTapu3Ma, OHI 06pasyioT-
cs 4epes 3aXBaT HAPOJOB U JIep>KaTCs 3a CUeT
IIOJAaBJICHNMA IIOIIBITOK BbIXOJAa M3 HUX. Bce
9TO OYeHb NMPOTUBOPEYUT CBOOOHOMIOOMBOIL
M VHIUBULYaNTUCTUIECKON HaType WHTEN-
nexTyana. ABTOp — He uckmodenne. OgHako
00DbeKTUBHOCTD BBILIE TINMYHBIX IPUCTPACTHUIL.

CucreMHBIt B3INIAN Ha POIb MMIIEPUIt
MOKa3bIBaeT, YTO Ha OIpeeNleHHOM 3Talle
OHVI CHAHOBAMCA KpatiHe He00X00uMbIM co-
yuanLHO-noAUMUUecKUm sAenenuem. VI onu
HeCyT B ceOe MHOXKECTBO IIO3UTVBHBIX MO-
MmenToB. Kak MuHMMyM Tpu daxkropa omnpas-
IbIBAIOT CYIeCTBOBAHME UMIIEPUIL.

Bo-nepeévix, oHM pacIpOCTPaHAIT Hau-
6oree mepenoBoil 00pa3 JKM3HM Ha OKpa-
VHHBIE TEPPUTOPUY, TIEPEHOCA TydlINe JO-
CTVDKEHUA «Afpa» MMIEPUN Ha OCTa/lbHBIE
HapOJbl.
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Bo-emopuix, OHY CO30AIOT B MACIITaOHO
nepapxmym CoumaabHbIX CUCTEM €lI€ OAVH
ypOBeHb. A Kak OyJieT IIOKa3aHO Jajee, pac-
IIYpeHMe COLMyMa B MaclITabHOM HaIpaB-
JIeHUJM — 4YyTb /1M He IVIaBHAaA 3ajada 4eno-
Be4YeCKoil LMBIIM3ALMM. VIMEHHO Ha 3TOM
Iy TI MOXKHO o6paThes 7o Hoocdepst.

B-mpemvux, mocne pasBama VMMIEpPUIT
OCTAIOTCA COLMYMBI 6oOJiee pa3BUTHIE, YeM
Te, YTO BOLIY B Hee [0 ee 3apoxeHyA. OHu
CTaHOBATCS HOBBIMU CTaOM/ILHBIMY TOCYHAp-
CTBaMU C YMepeHHbIMM pasMepamu (cpen-
Huit pasmep 500-600 kM). MOXXHO 10O3TOMY
yrBepxaarb, uro IMMEPUN — STO «PO-
OVNBHBLIE LOMA» 15 HALMIA.

Hapoppl momagaoT B uMIepuu, Kak nie-
MeHA U HAPOOHOCMU, a BBIXOUAT U3 HUX
HOC/Ie pa3Baja MMIIEPUIl y>Ke KaK caMOCTO-
HAUUOHATIbHDIE  20CY0apcmea.
Hanpumep, nocne passama CCCP o6paso-

ATCIbHbIC

Banmnch Kasaxcran, Kuprusms, Asepbaiig-
JKaH — HOBBble HaIOHa/IbHble TOCYHApCTBa,
KOTOPBIX He OBIIO IO BXOXK/IEHNS 9TUX HapO-
nos B Poccuiickyo mmmepuio. AHalOTMYHO
3TOMY B CBO€ BpeMA B Hefpax MOHTO/MbCKOM
uMIepun Bbispena pycckas Hauusa. 1. Ty-
MIJIEB, KaXKeTCsA, cKasanl, 4To Ha Kynmkoso
07Ie IPUIIUIM MOCKBMYY, TBEPUYY, PSA3AHLIBI
U T.IL, @ YIJIM C HETO — PYCCKMe.

Urak, umnepuu Huxoz0a He paséanusarom-
C1 HA nepsuuHble NIEMEHHvIe CMPYKmypol,
4mo ceéudemenbcmeyemm 00 ux NO3UMUBHO-I-
807IOUUOHHOIL «nepepabomueckoii» PyHKuuLL.
Ecmn kakast-mi6o 4acth uMiepun He 0o3pena
IO BO3MOYKHOCTH CO3[IaHMsI IIOIHOLIEHHOTO Ha-
L[JIOHA/IPHOTO TOCYAAPCTBA U HAXORUTCS B (pase
IJIEMEHHOTO pa3BUTHA (C IVIEMEHHO! M POfio-
BOJ BPOXMIOM BHyTpM), TO OHA He 6 COCMOAHUU
0mno4K08aAMvCA OT sANpa VIMIEPUM Y BbIUJle-
HUTBCA B HOBOE€ TOCYJAPCTBO, U BBIHY>KI€HA
OCTaTbCsl BHYTpU 3TOro Anpa. IlpumMeps! ynau-
HOTO OTfETICHIA HAPOO06 OT MIMIIEPUIL B CAMO-
cmostmernvHble 20cydapcmea BO3OYKIAIOT y po-
006bIX COY4UYMOB TIOTIBITKY COBEPILINTD IIPHIKOK

4epe3 ecrecTBeHHbIe (pas3bl pasBuTHsL. Brumo,
9TO U MPUBOJUT K HOSIBIEHMIO TAKMX «BEIHO
OTHEIAIOLIMXCS» OT OBIBIIMX MMIIEpPUIT Teppu-
topuii, Kak Vpmaupus, A6xasust, HYeduns u ap.
Ort/ierieHe TaKUX MeTKVX TePPUTOPUIL C ellie He
chOpMMPOBABIIMMIICS OCHOBaMM HAIMIOHATIb-
HOTO TOCY[ApCTBA IPOTHBOECTECTBEHHO B JIO-
ruke mopermt M-AMbIl Ne8, noatomy oHo 1 He
IPOVICXOJMT [0 KOHIA.

ViTak, mpuMeHss HnpuHyun macuima6-
H020 10000UsT, MO)XHO C ITOMOIIBI0 XOPOLIO
U3BECTHBIX 3AKOHOMepHOCHell 6 o6nacmu
A0epHOli PU3UKU U UUMONO2UU I10-HOBO-
My B3IIAHYTh Ha axryasnbuble [MPOBJIE-
Mbl CTPOUTENBCTBA COUWMAIBHbIX
CUCTEM.

OTUMM 3aKOHOMEPHOCTSIMU Heb3sl IIpe-
HeGperarb npu crpontensctee HOOCODE-
Pbl. OxasbiBaetcs1, 4TO co3panme Muposozo
eocyoapcmea, MacuTabbl KOTOPOTO IIPEBBI-
IIAIOT Ha HECKOJIBKO MOPSI/IKOB YCTOIYMBYIO
sony M-AMBbI,

U HeOpAMHapHas. 3[iech MOXKeT He paboTarh

3agadya O4YE€Hb CIIOXKHaA

OIIBIT, KOTOPBIIT 4€/I0BEYECTBO IIOTYYNIIO IIPH
IIOCTPOEHMM TIPEABIAYLIINX YPOBHEN COLM-
a7IbHOVI MIEPAPXIIL.

Hoocgepa no nozuxe modenu M-am
Oydem NOCMOAHHO cmpemumovcs Kdpaz-
menmayuu Ha Gonee menxue yacmu. 31ech
He 6yoym pabomamv Te NPUHLUIILL 0eMO-
Kpamuueckoz0 yIpaBleHVs, KOTOpble IIpe-
KpacHO cebs 3apeKOMEHJOBanM Ha MeEHb-
mmx Macmrabax (Ha nesoM cknone M-AMbl
Ne8). CrefoBarenpHo, mepexon B 3Ty HOBYIO
IUISL 9elIoBeYeCTBa 30Hy Macurtabos Tpebyer
NPUHUUNUATILHO HOB020 100X00A K COUUATL-
HbIM NPOONEMAM U CHPYKILY PAM.

BNOLIEHO3bI. npupoye

CIVIOIIb ¥ PAROM BCTPEYAIOTCA IPUMEpPbI

B xuBoit

CuHmMe3a SKUBOTHBIX, IITUI] 1 PbI6 — B CTafa,
crau u cembyt. Ho o6pasoBaHie mepBbIx G110-
LIeHO30B (cucreM C OONMBIIMMM pa3MepaMi,
YeM COTHM METpPOB) IPOM3OIIIO B OCHOB-
HOM B CTO/Ib [JaBHNE€ BpPEMEHA, YTO pr,T_[HO
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OIIpeNeNNTb AMHAMUKY 9THX IPOLIECCOB, T. €.
PeLINTh, UAYT I OHM AHAJOTMYHO COLIMAIb-
HBIM WY HeT. Bexp 6morieH03b1 MOry T hopmu-
POBATHCsI KaK B pe3y/bTare npuxo0a u3 pasHvix
Mec OTHe/IbHBIX 0COobelt, TaK 11 8 pe3ynvmarne
PA3MHOINEeHUS Ha OXHOI TePPUTOPUN IIEPBIY-
HBIX Iap («aJaMoB U eB» KOK/[0ro Brza). B mo-
CTIefiHeM CrTydae 9To OOJIblile IOX0XKe Ha IIPo-
1jecc JieneHust, yeM cunTe3a. Crieyer B CBA3MU
C9TUM BHUMATENbHO MPOAaHAIN3UPOBATh CO-
BpeMeHHbIe cny‘{al/[ MacCOBOI1 MI/IFpaLU/H/I KN~
BbIX CyHIeCTB 10 HOBerHOCTI/I IJIAHETHhI U I10-
IIBITATbCS IOHATb, SIB/ISIIOTCS IV OHM OesleHUeMm
CTail ¥ CTaj| Ha /iBa HE3aBUCHMBIX OMOLjeHO3a
VI COOPKOTL U YyNIOMHEHUEM C TTOCTIERYIOLINM
IiepeceyieHneM Ha HOBYIO TEPPUTOPUIO.

[IpuMep OYEBMUFHOTO «PA3MHONEHUST» CO-
00uecme nymem 0esieHust JaeT HaM ITIe/IVHBI
POIi, KOTOPBIiI BBIJENAETCA U3 Y/Ibs KaK CaMoO-
CTOsITeNIbHAsI CeMbs. PadMepbl y/Ibsl, Kak IpaBu-
JI0, He BBIXOJIAIT 32 METPOBBIE TIPEMIETIBL, T. €., KaK
y>Ke YIOMIHAJIOCh, OTHOCATCS K IPABOMY Kpaio
M-AMbI Ne6, a ato yrxe 30Ha gemeHys.

Ilpyroe meno, ecmyu 6bI YAAIOCH YCTaHO-
BUTD, YTO B JKU3HM ITUL, WIU PBIO, NN K-
BOTHBIX CTaM M CTaja Pasfe/sIloTCs Ha JiBe
4acTy 11 06pasyIoT HOBbIE CIMAOUNTbHBLE CTAU
u crajia. HackonpKo aBTOpy M3BECTHO, TAKOTO
«poeHnsi» B obmactu pasmepos 6onee 10 me-
TPOB IPAKTUIECKN He HaOMoaeTcs™.

Murpanus, Kak IpaBuio, npobiemMa MH-
AMBUYYMOB, a He 60/bIIMX conmyMmoB. Ecte-
CTBEHHO, He CJIefiyeT IyTaTb 3Ty Hpobiemy
¢ MPOBJIEMOW MEPECENEHNA HAPO-
OB, xorga BECb COUNYM nopuumaercs
C OFHOTO MeCTa I IepecesIeTCst Ha IPYToe.

Bopodem, MOXKHO IPEANONOXUTb, HUTO
BOTOM IMpaBWie eCTb WCK/IYeHNs, I[09-
TOMy aBTOp OyZeT 4Ype3BBIYAIHO IpU3HA-
Te/lleH CIELManuCcTaM B COOTBETCTBYIOIIMX

* KCTaTI/I, aBTopy HEM3BECTHDBI M1 aHAJIOTYHbIE cnyqam
06paSOBaHI/IH HOBBIX ITOCETKOB VIV TOPOJIOB ITyTEM OT-
[EIEHNA OT CTAPBIX ITOCENIKOB MV TOPOJIOB YE€I0BEYEC-
CKOT'O «pOs».

00671acTsIX, KOTOpbIe YKOXYT eMy Ha cyuau
«PASMHONCEHUS» COUUYMOE nymem @paz-
MeHmayuy u omoeneHus.

M-AMA Ne10 [12; 17; 22]

Cormacao mopermt BY ona pacmomaraercs
B MamasoHe pasmepos ot 10 10 10% cm, T. €. oT
CpeJIHMX Pa3MepPOB 3Be3J| 10 CPENHUX Pa3MePOB
rafakTuk. B nentpe — pasmepnr 107-10" cm,
9TO MaciiTab CpEIHEro pACCTOSHUS MEXMIY
3Besfamu B [aakTuike, Maciirab sijep rafakTuk
U KBa3apoB. VIMEHHO 31€Ch TO/DKEH IIPOXOIUTD
BAPBEP C—[. V13-3a 0TCyTCTBUS JOCTOBEPHOI
daxTirdeckoit MHGOPMALL O TIPOUCXOIALINX
Ha TaKUX MacIITabax JUHAMUYECKVX U 9BOJIIO-
LMOHHBIX ITIPOLIECCAX OTPAHMYMMCS b Ge-
IJIBIM 9KCKYPCOM B 3Ty 00/IaCTb.

B cooTBeTCTBMM C IPEJIOKEHHBIM HPUH-
UUNOM MACmabHoz0 10006US BCe CUCTEMBI
or 10" 5o 10" cm MOTYT 3BO/IIOLIVIOH/POBATh,
co3faBasl HOBBIE CHUCTEMBI nymem cOOpKuU
(cunmesa). 9T0 OTHOCUTCA B IIEPBYIO Ode-
pejlb K 3B€3JaM, UX HapaM n KpaTHbIM cu-
creMaM, TakK Kak Ha nesom cknoxe M-SMbl
Ne10 (cm. prmc. 2.20) MBI He MOYKEM yKas3aTb
Ha Kakme-mibo Hpyrue CUCTEMBI, CTOMb XK€
PAaCIIpoCTpaHeHHbIE, KaK 3Be3/Ibl.

HampoTns, Ha npaeéom cknoHe TaHHOI
M-AMbI, cormacHo Mopenu, Bce cucTEMBbI
JO/DKHBI 9BOJIOLMOHNPOBATh Hymem oOere-
HUsL, OMNOYK08AHUSL, (hpazmenmayuu, om-
Oenenust u T.11. Beco npassiit cknon M-AMbl
3acejIeH ALPaMM TaTaKTUK, 3BE3THBIMU CKO-
[UTEHUAMY, CAMUMU TaTAKTUKAMU.

HOCMOTPI/IM, KaKIMI JaHHbIMU pacno}Ia—
raeT COBpeMeHHast acTpodmsmka o mporec-
cax, NAYIIMX B 9TOM AManasoHe MacIITaboB.

NEBbIA  CKIOH (10'%-10" cm).  Us-
BECTHO, 4TO 3Be3[bl OOpPAa3ylT HE TONBKO
mapbl M HeOOblIMe KPaTHbIE CUCTEMBI, HO
1 oObelMHEHbl B CKOIUIeHNUA. TeopeTmdeckn
9TY 3BE3JjHblE METacUCTEMbI MOTYT 06pa3o-
BaThCsl B Pe3y/IbTaTe ABYX COBEPILIEHHO IIPO-
TUBOIIOJIOXKHBIX MIPOLECCOB.
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JHeprua

3sesgpbl [anakTHkK

YTO 3Be3[bl MOr'yT COeAuHATLCA B Napbl, rpynnbl.

Puc. 2.20. ToTeHumanbHas MNOBEPXHOCTb MacLUTabHOM
YCTOMYMBOCTU ANA 3BE3[ M ranaktuk. M3 cxembl BUAHO,

Accoumauum xe 1 CKOMNEHNs 3Be3f,
pa3mepbl KOTOPbIX HAXOAATCS OKOMO
10" cM, OTHOCATCS K NPaBOMy CKJl0-
HY, U X UCTOPUS [OMKHA ObITb MHOW,
4YeM ncTopusi nap v rpynn. 13 cxembl
crnepyeT Takxe, YTO sgpa ranaktuk
HaxofsTCst B MOMOXEHUN, aHasnoruy-
HOM Kretkam. [oaTomy OHWM MoryT
OenUTbCS C BbiAeNEeHNEM JHEPTUN.
OT ranakTk MOryT OTrNO4YKOBbIBaTbCS
Opyrve ranakTuku, OHW MOTYT «pO-
XaTb» HOBble ranaktuku. OpHako
0BEe ManeHbKne ranakTuku HUKOr-
[a He CMOryT 06beaVHUTLCS B OfHY
6OnbLLY0, CO3AAB HOBYIO LIENIOCTHYIO
ranakTuky. XoTs ranakTukm MoryT co-
6upatbcs B napbl, rpynnbl U T.M., HO
yXe Ha JIeBOM CKJIOHe criefytoLein
M-AMbI Ne12.

Lg L, cm

B mepBoM BapuaHTe OHM 00pasyroTcs
U3 CBOOOJHBIX 3Be3[] TaNaKTIIECKOro IO,
B pesy/IbTaTe TPaBUTALMOHHOIO  3aXBaTa
u ckyunBanust — aro Bapmantr CUHTE3A.
Mgt MNOJIAFTAEM, 4uro takum o6pasom Bo3-
HMKAlOT B OCHOBHOM IIapbl U prHHbI 3BE3]I.
VX BO3pacT IIpu 3TOM MOXET OBITh Pa3HBIM.

[To BTOpOMY CIIeHapUIO 3BE3JHBIE CH-
CTEeMBI MOTYT 00pa3OBBIBATHCS B Pe3y/bTarTe
dpazmenmavuu

coB — ato Bapuaut JEJIEHUNA. Mer Bupum,

Ta30IIbIYIEBBIX  KOMIIJIEK-

YTO BO BTOPOM BapMaHTE «IIOIYTHO» pella-
eTcst u mpo6ieMa rnosiBienns 3sesy. O4ueBuj-
HO, ITO BO3PACT 3Be3]L B 9TOM CIIydae LO/DKEH
OBITH OIMHAKOBBIM. Buinmo, Takum o6pasom
BO3HMKAIOT Bce GOMbIINE 3BE3HbIE CKOIIIe-
HIIsI, HAYMHasA OT aCCOLMALIMI U 3aKaH4YMBas
PacceHHHbIMI/I CKOIIJ/IECHUAMMUI.
«OMIVIPUYECKVM TIOATBEP>KIEHNEM IIPO-
mecca obpasoBaHmsi 3Be3n 13 00O/IaKoB
MEX3BE3[[HOI CpeNbl sABIAETCA TO... YTO Mac-
CUBHBIE TOpsIYME 3BE3MIBI BBICOKOI CBETMMO-
CTH... pacupefieieHs! B [a/lakTiKe He OHOPOJ-
HO, 4 TPYIIIMPYIOTCS B OTAE/IbHbIC OOLIMPHbIE

CKOIUIEHN; TaKUe TPYIIIVMPOBKNM 3BE3[ IIOTY-

YW HasBaHMe ,,accormarit»>", OKasanoch,
YTO 3Be3[bl M3 ITUX ACCOLMALMIT PACXOIATCSL
M.C. IlIkmoBcKkuit Ha3Baj TaKue acCOIMALIVIN
«PORV/IbHBIMIL IOMaMI» [/IsI 3Be3]I.

MPABBI CKJIOH (10"7-10% cm). Kak
y2Ke OTMeYasIoCh BBILIIE, IMEHHO Ha 3TOM CKJIO-
HE HpOI/ICXO,T_H/IT, II0 MHEHUIIO 6OHbIlII/IHCTBa
acTpodM3NKOB, TpoLecc @dpazmenmauyuy ra-
30IIbIIEBBIX KOMIUIEKCOB, BEAYLIMI K 00paso-
BaHUIO HOBBIX 3Be37]. Ha 9TOM ke CKJIOHE, B ero
BEPXHEIl YacTH, «KUBYT» TATAKTUKI.

Paccrosumnsa Mequy TA/IAKTKaMII O4Y€Hb
BEJIUKI, KPOME TOT0, COIIACHO [JAHHBIM O Kpac-
HOM CMeIljeHUY B paMKax Teopuu Bosblioro
B3DBIBA, 6Ce 2a7IAKMUKY Pa3bezaromcst 0pyz om
Opyza. YKe T03TOMY TPYAHO IIPENIIONOKUTD,
YTO Ta/IAKTUKI TIOOBIX pa3MepOB MOTYT COEJ-
HATBCSA APYT C APYTOM B KaKue-/160 TeCHbIe CHi-
cTeMBL. JIpyrumu cioBaMu, Ha npaeom cKaoHe
HEBO3MOMNCHO NPedCcasumy ciusHue 08yx 2a-
naKmuk 6 00Hy 6osee cOICHYIO cucmemy, He-
BO3MOYKHO TIPEAIIONIOXKIUTB, YTO JIBe HeOObIIIVIe
TQ/TAKTUKI CUHTE3UPYIOT OfHY 607Iee KpyIHyIo.
Eme 60ree Heseposimen npovecc cnusHus s0ep
2anaKmMuK, KOTOpble NPY WX OTHOCUTEIBHO
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MM3€ePHbIX pa3Mepax, JaKe ec/t Obl TaTaKTUKI
IIPOLLJIM IPYT CKBO3b APYTa, BPSi/ /I CMOI/IN ObI
HIOTOVTY O/TM3KO APYT K APYTY.

VTaxk, cpefHee pacCTOsIHIE MEXY TalaKTu-
xamu B 100 pas 6osblire X pasmepa, sfjpa rajak-
TUK B 10-100 TbICAY pa3 MeHbIlIE CaMIX TaJlaK-
VK. [amakTuky pasberaroTcs fpyr ot gpyra. Bee
atn ¢akropsr npaxtudeckn VICKITIOYAIOT
kakoit-m6o Bapuant OBOJIOLNN TAJIAK-
TUK NN X A0EP YEPE3 CUHTE3HA
MNMPABOM CKJTOHE M-AMbl Ne10*.

BepositHocts mporjecca OEJIEHUA  kax
dakropa OBONMIOUMMA  HA TPABOM
CKJTOHE TOPA30 BbILLE.

Bo-nepeévix, 970 aKTUBHOCTb sifiep rajak-
TUK, KOTOpas MHOIJa NPUBOAUT K B3PbIBaM
TMTAHTCKON CH/IbI® 2. B3phIB Takoro poma —
CBU/IETETIBCTBO PA30eieHUst U nocnedyouezo
pasnema sdep zanaxmux (Hanpumep, Ceii-
¢deprosckux). CyljecTByeT HEKOTOpPas MO
Ta/IaKTVK C OYeHb IIOBbILIIEHHBIM U3y YeHNEM
B LIEHTPAJIbHOI 0061acTH.

«PanyonsnydyeHne daile BCero OOHapy-
JKMBAETCA y TaJlaKTUK C paclieIlIEHHbIMUI
Aappamu... TpakTyembix [.M.ToBMacsHOM Kak
AMpa B TIPOITeCCe aKTUBHOTO eTeHNA»” .

K takuMm fensmmmcst sifpaM acTpOHOMBI
ToC/Ie IONTUX CIIOPOB” ¢ OTHECTN TaMaKTUKY
Jle6enp-A (puc. 2.21), NGC 5128 n 1275.

Daxm OeneHus A0ep 2anaKmux — 3mo
nopasumenvHoe noomeepicoeHue HATUUUS
MC-uneapuanma, Beib OHO IIPONCXOAUT HA
M-ocu mouto na 20 nopsoxos npasee Oese-
HUS A0ep Kemox.

Hamnbonee spko 3TO sABJIEHUE IIPOSBILA-
€TCsl B Keéasapax, siipa KOTOPBIX, IO MHe-
HUIO OOJIBIIVHCTBA ACTPOHOMOB, CIIyXaT

* Eie pas crouT NoBTOpUTD, 4TO MOfienb BY ne sanpe-
I[aeT CoefjHeHMe ralakTUK Boobe. Kak Ha yrmiie Mo-
FyT CTOTIKHyTbCH IIBa Y€/I0BEKA, TaK I B KOCMOCe MOT'yT
(BepOATHO) CTONMKHYTbCA ABe ramakTuku. Mopenn BY
yTBepxq;(aeT JINIIb TO, YTO CTOJIKHOBEHME ]:[BYX Tajlak-
TUK He nPpueodum K nosiéneHuto 6omnee croxcHoll 8 360-
TIHOUUOHHOM CMBICTIE CUCTEMDL.

MCTOYHMKAMI HEIPEephIBHOTO BBIOpOCA U
dparmenramyy Bemecrsa’’®.

Habmonennst 3a sifpamMm raIakTuk, o6Ha-
PY’KeHHOe MX IOBBIIIEHHOE SHEPrOBbIese-
HIe TIPUBE/IN M3BECTHOTO COBETCKOTO aCTPO-
HoMa B.A. AmbapuyMsHa K BbIIBIDKEHUIO
TUMOTE3HI ° O CYIIEeCTBO BAHIM HEKMX 3ara-
HOYHBIX D-Tes1, CBepXMacCHMBHOTO COCTOSTHYS
BelllecTBa, pparMeHTanyss KOTOpOro u mpu-
BOIMT K HEOOBIYATHO BBICOKOII SHepreTumde-
CKOJT aKTMBHOCTHU sIfiep TaTaKTUK U BBIOPO-
CaM BellleCTBa U3 HUX.

Kpome Toro, muo)xectBo ororpadumit
aKTVBHBIX sifiep TA/IAKTUK Y BBIOPOCOB 13 HUX
CBUJIETENIBCTBYET B IO/Ib3Y MPEIOIOKEHN,
4TO AOpA 2anaxmux mozym Oenumvcs’’
u Ppazmenmuposamo, BbIOPACBIBATb YACTh
BellleCTBa 3a Ipefe/Ibl BHYyTPEHHeIT 06/1acTu
U Ja)ke 3a IIPefie/ibl CaMOJ Fa/laKTUKIL.

ITO NPUBOAUT K MBIC/IHU, UTO 6 HudcHell
obnacmu npaeéozo cknona M-ambl BION-
He BO3MOXXEH aKTUBHBI Ipolecc obpa-
30BAHMS HOBBIX CUCTEM 34 cuemn OeneHust
u ppazmenmanuu.

Vcrionp3yst aHa/IOTIO C IIPABbIM CKJIOHOM
wist M-AMBbI Ne6, rae B 6uocucremax npouc-
XOINUT POXK/iEHVE HOBBIX OOBEKTOB, MOXKHO
BoIBUHYTH npexBapurensuyo [MINOTE3Y

Np-KOMNOHEHT

LexnTpanombid
KOMNOHEHT

. Sf-womnonent

A " L " L " L L

Puc. 2.21. Tanaktuka Jle6egb-A, KoTopas
paspenunack nocne B3pbiBa Ha ABa chpar-
MeHTa. DHeprua B3pbiBa B ee ffpe 6bina
CTONMb KofioccarnbHa, YTO ee HEeBO3MOXHO
06BACHUTL U3BECTHLIMW Hayke npoLeccamm
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0 TOM, YTO HOBble 2a7AKMUKY MOZYHl NOS6-
JIAMBCSA MONBKO 6 Pe3ynvimame «PoioeHuss»
ux Opyaumu 2anaxmuxamu. BO3MOXHO,
TeCHble TPYIIIbl TaJaKTUK, OOHapy>KeHHbIE
B.A. BOpOHHOBbIM—BeIII)HMI/IHOBbIM218 (11 06-
pasHO HasBaHHbIE UM «THE3fjaMIn»), KaK pas
U ABJIAKOTCS JeICTBUTENbHBIMU 2He30aMU JIJIs

BHOBb POAMBIINXCA I'a/IaKTUK.

M-AMA Ne12 [22; 27; 28]

OHa 1o CyTH ABIACTCA «IOMYAMON», TaK
KaK COCTOUT 13 OJTHOTO 71e6020 CKJIOHA, KOTO-
pbIit HauMHaeTcs ¢ pasmepa 10% cM 1 3aKaH-
4yBaeTca B ob6macTu pasmepos 107-10% cm.
Becb 9TOT CKJIOH 3acelieH IapaMu, IPyInamy,
CKOIUICHUSAMU ¥ CBEPXCKOIUICHUSAMU TajakK-
TuK. ECTh MHOXECTBO TeOpuii O B3auMOfeil-
CTBUY TaJIAKTUK, JOITYCKAIOLINX UX COeOuHe-
nue'®. OnHako amom cunmes we npueodum
K 00pa306anul0 HOBLIX 2aNAKMUK, OH LIPU-
BOAUT K 0OpasoBaHMIO IIAp ¥ APYTUX TPYILI
rajakTHK, pagMepbl KoTopbix (10° cm) Beerna
IPEBOCXOAAT pa3Mep BepxHero rpe6Hs BY
(em. puc. 2.20).

He odeBuiHO, HO BIIO/THE JOITYCTUMO, YTO
BCe CKOIUICHVS U CBEPXCKOIUICHNUA TalaKTUK
00pasoBaiCh B pe3y/nbTaTe COeVHEHNs He-
3aBUCUMBIX T'aJIAKTUK B HOBBIE Mezdcuce-
mot. Ho BoIpoc 0 JOMMHMPOBAaHMM Ha 3TOM
CK/IoHe M-AIMBI CMHTe3a HaJl JielIeHIeM OCTa-
€TCs TTI0Ka OTKPBITHIM.

UTOTI. Mrax, MbI paccMOTpe/n 4eThIpe
¢ nonosusoii M-AMbl sa BOJIHE YCTOW-
YNBOCTW. TIpo6nema macumabnoii npu-
853KU OOMUHUPYIOUIUX NPOUECCO8 cuHme3a
7160 OenleHUsT PACCMATPUBAETCSI CKOpee Bce-
0 B HayKe BIIEPBBIE.

[TOCKO/IBKY aBTOPY B 9TOM BOIIPOCE HEBO3-
MOXXHO OIepeThCs Ha IPEIIeCTBEHHIKOB, TO

IoaHHas mpobieMa He MOXKET OBITh MCCIIeNo-
BaHA C TaKO}l TOYHOCTBIO U IIONHOTOIL, YTO-
6Bl [e7aTh OKOHYaTeNbHbIe BBIBOABL. OHAKO
MHOTH€, B TOM YNCIIe VI OCTAaB/IeHHbIE 3a TeK-
CTOM (baKTbI I KOCBE€HHbIEC TaHHbIC, II03BOJIA-
10T aBTOPY yXKe ceityac caenars [NPEAMNOJNO-
XEHWE, urto cywecmeyem ynusepcanviwiii
NPpUPOOHDLIL NPUHUUN CMeHbL MeHOeHU Ul
cunmesa-OeneHus ¢ nepuoduunocmoio 6 10°.
CoO0TBEeTCTBEHHO Yepe3 Kakzple 10 IOpsiiKoB
IpMpoOia BO3BPALIAETCSA K OFHOMY 13 CIIOCO-
60B 3BOMIOLVY BHOBbD.

9ra
00pasoM Koppenupyer c 2nobanvHoii mac-

HEePUOANYHOCTb  3aMeyaTe/bHbIM
wimabnoil knaccuduxayueil 6cex 06veKmos
Bcenennoii, pacCMOTPEHHOI B IpeAbIgyIei
YacTu.

V ecnu BbIsIBNEHHAs 3aKOHOMEPHOCTb
OyzieT MOATBEepIKAIeHa HOCIeAyoImuMn 6osee
PasBEpPHYTBIMU MCCIENOBAHVSIMU, TO IeEper
HaMy OTKpOIOTCSI HOBble (aHTacTUIeCKIe
TOPU3OHTBl B METONONOIMYU MCCIIE[OBAHIIS
CaMbIX BaKHBIX [IPOI[ECCOB BO BeenenHoit.

SApnepHas pusnka, 6uonorus n actpodu-
3MKa MOTYT B3aIMHO O0OOTaTUTbHCS, UCIOIb-
sya METOO MACLUTABHOIO nopo-
BUA.

Kaxkercst HeBepOsITHBIM, HO acTpodu3sn-
KI, Ojad TOro ‘-ITO6I)I Hy‘{me IIOHATDHb HPOHeC-
Cbl, UAylMe B AApPAX raJlaKTUK, BO3MOXKHO,
OyZyT U3y4arh 61OIOrMIecKme 0COOEHHOCTH
Ie/eHNsI KITeTOK.

MbI BUAMM, YTO YTOYHEHHBIN HMPUHIIUII
macwmabnozo nodo6us TEPMECA TPU-
CMEIMCTA o6oramaeTcs HOBBIMU HEOXKM-
JaHHbIMU FpaHHMI/I.

3akaHuyyBas BbIABIEHNME OCOOEHHOCTEN
MacUITaOHBIX 30H CUHIMe3a U Oeslerus Ha M-o-
CM, MBI MOXX€M II0-HOBOMY IIOCMOTPETh Ha
MaclITaOHbI uHTepBan Bcenennol B 1je1om.



[JIABA 2.2

IMObAJNIbHASI MACLLTABHAS IMA
NMOTEHHANLHOKH YCTOH4MBOCTH

PaccmoTtpum Tenepb B caMoM 006111eM BIifie
eecv M-unmepean BceneHHON C moO3mMuumit
MacuTabHON fUHAMUKI. [IJIs1 3TOr0 BepHeMCs
K paHee IpeIOKeHHOIT cxeMe (cM. puc. 1.7).
Hanomunm, uto coznacto asmopckoii [U-
MNOTES3E, mpu octosnvix éuda é3aumodeii-
cmeus Oenam M-unmepean Bcenennoii na
mpu o0unaxosvix yuacmxa (cM. puc. 1.9).

O6paTum BHMMaHME Ha TO, YTO Ha Ipa-
BoM yuactke (B—C) pomunupyrouwue F'PABU-
TAUMOHHBIE CWUJIbl cosparor B3ammMuoe
npumsiicenue Bcex 06bextos. He cymecmey-
em 2pasumayuOHHLIX CUl OMMAIKUEAHUA.
OrTcrofia 1erKo CfienaTh BbIBOJ, YTO Ha IIPABOM
y4acTke (Oaznee — CK/10He) JOMMHUPYIOT CO-
GuparenpHble TEHAEHLVM, B KOTOPBIX IIPOVIC-
XOIUT COMMKeHne 00'beKTOB, X KOHUeHmPa-
YU B IPOCTPAHCTBE. B pesy/braTe 1cxonHast
BellleCTBEHHAs CUCTEMa CKMMAETCS ¥ CTaHO-
BUTCA MEHbIIIE.

B pamkax JIOTMKM MacIITaOHON JMHAMMU-
KI 13 9TOTO CJIefyeT, YTO Ha IPABOIl TPeTH
M-untepBana Bcenennoit nomunupyer JIE-
BblA BEKTOP M-CWJIbl, xoropsiit crpe-
MUTCSI IIEPEMECTUTD BCe CUCTEMBI 10 M-ocu
BJIeBO (ellle pa3 HAIIOMHVM, YTO YMeHbIIIeHMe
PasMepoB COOTBETCTBYET [BIDKEHMIO CHCTe-
MbI 10 M-0cH B/IeBO, a yBe/TndeHie — BIPABO).

[TorryTHO HAIOMHMM, YTO TAKOJ IIPOLfecC
MOXeT MATY KaK C M3MEHEeHVeM IUIOTHOCTHU
JICXOJZHBIX KOMIIOHEHTOB, TakK U 6e3 m3Me-
HeHVs ux IvoTHoctu. Hampumep, nuddys-
Hasg TYMaHHOCTb CXXJMMAeTCs IIOf, BO3[eil-
CTBUEM TPaBUTALVIOHHBIX CUL IIpu aToM ee

[UIOTHOCTh pPacTeT. IIIOTHOCTH K€ aTOMOB,
MOJIEKYJI U IBIIMHOK, 13 KOTOPBIX OHa COCTO-
UT, OCTaeTcs HeusMeHHOI. Ha ompeneneH-
HOM 9TaIle CKaTus ee LeHTpanbHast 06/1acTh
[IpeBpaIaeTcs B 3Be31Y, a nepudepuitHas —
B IUTAHETBI. ATOMBI, MOJIEKY/IBI U IBUIMHKI
B IUIAHETAX MMEIOT IPAKTUYECKM TAKYI0 XKe
]/[CXOIIHYIO IIZIOTHOCTbD. B Hp]/[HLU/IHe Majio
M3MEHAECTCA IUVIOTHOCTh 3TUX KOMIIOHEHTOB
M BHYTpU 3Be3fbl. I109TOMY Bech 3TOT 9Tall
MOXKHO Ha3BaThb aManom cOOPKuU, XOTA s
Bcell nudQy3HOI TYMaHHOCTI STOT IPOLIECC
MOYKET ObITh Ha3BaH CHCAMUEM.

Hecko/IbKO 110-MHOMY IIPOUCXOAUT HPO-
1lecc Iocje cMepTy 3Be3fpl. IpaBuTainmon-
Hble CUJIbI OKUMAIOT €€ SIPO JI0 COCTOSHUSA
6enoro kapmvka (BK), mm mo cocrosiHus
HelirponHoit 3Be3nsl (H3), wm go cocros-
Hust gepHoit ipet (Y1).

B mepBoM crydae IJIOTHOCTH aTOMOB 110~
BBIIIAETCS HA MOPAMIKY, TaK Kak 06beM aro-
MOB Pe3KO yMEHbIIAETCS HpPY WX CKATHUIL
B BK amomnas cmpyxmypa eewecmea
[IPaKTUYeCKN paspyuaercs. Bo BTopom ciy-
Yae IIOTHOCTh HOBBILIAETCA €llle Ha MHOTME
HOpAMKY, Belb BemectBo H3 — crutomHas
«kama» u3 HyknoHoB. B H3 paspyuraercs
yKe ss0epHas cmpyKkmypa eusecmaea.

B TperpeM crydae IUIOTHOCTD BeleCcTBa
BO3pACTaeT ellle Ha MHOTME MOPSALKM, M IIPU
9TOM pa3pyIIAIOTCA yXKe CaMM HYKIOHBDL
[Tpaktudyeckn B Y[l paspymaercs eewe-
CMEeHHAs CMPYKmypa, TaK KaK IPU TaKuX
IyLOBUIIHBIX [JABIEHNSX I IUIOTHOCTAX yXKe
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He MOXET «BbDKUTb» HU OJIHA d/IeMeHTapHAsI
yactua. Moxxno [NOJTATATb, uro Y[ co-
CTOAT yoKe U3 ONHUX MAKCUMOHOB.

[IpuBeneHHbIe BbIlle TIPUMEPHI MO3BO-
JIAIOT ellle pa3 IOZYEPKHYTb TOT (aKT, YTO
2pasumayus, ecnu eii He NPOMUB00eiiCMEy-
1om Opyzue cunmvl, edem UMb K OOHOMY
npoveccy — cxamuio, a cne006amenvHo —
K 08unceHu10 cucmemvt 600nv M-ocu cnpasa
Haneso.

IleperinmeM Tenepb K PacCMOTPEHNIO TEH-
TEeHIWIA, JOMUHUPYIOIX Ha CPEJHEM YIacTKe
M-unrepsana (A-B). 3necy npenmyiectsen-
HO «paboraror» OJIEKTPOMAIHUTHbLIE
B3AUMOLENCTBUA. Tlockonbky B cryuae
OJIIHAKOBBIX 3apAMOB CUCTEMBI OTTAJIKUBA-
I0TCs1 IPYT OT APYTa, a B C/IyYae pasHbIX 3apsi-
OOB — HPI/ITHFI/IBaIOTCH, MO>XHO yTBep)KIIaTb,
9TO Ha CpefHeM ydacTKe MakpomHTepBaia
«paboraror» [IBA M-BEKTOPA — seswuii

unpasouii. JleBbli OTpaXKaeT CUTYALNIO
C IPUTSDKEHUM [IBYX PasHBIX 3apAJOB, a IIpa-
BbIJl — C PaCTa/JIKMBAHUEM JIBYX OIMHAKOBBIX
3apsayoB. JIo60e MaKpOTENIO MOXKeT NMeThb KaK
NPeuMyuLecmeento NooNcumenbHolil 3apsap,
TaK M HNPEeUMyULeCneeHHo OmpuyamenbHuolil.
ITosTomy 5TM JiBa BeKTOpa XapaKTepHbI [iA

BCETO y4JacTKa MaKpOI/IHTepB ajia.

O6paTtumcs Temepp K jeBOoMYy, Mukpo-
nnrepBany (0—A). 3mecp, Kak MBI y)ke paHee

HOKa3any, HSOMUHUPYIOT —VICK/IIOYUTENBHO
CNABbIE B3AVMMOLEWCTBWS. Hamom-
HUM, 4TO «...OCHOBHOI «Ipodeccuei» cia-

6bIX B3aNMOJEIICTBUIL ABJISETCA He CO3MaHIIe
CIWI, a OCYIIeCTBIEHNE pacnaoos (Kypcus
moti — C.C.) wactuip*. T. e. Ha 1eBOM Kpaio
M-unrepBana BceneHHON JOMMHMPYIOT TEH-
IeHLUN, CBsA3aHHble C OeKOHueHmpauueii,
¢ pacumipenueM o6bekToB. OUeBMIHO, YTO
9TOMY IIPOLiecCYy MOXKHO comocTaButs [1PA-
BbIll M-BEKTOP.

B 1emom >xe BCs KapTMHA TOMUHMPYIO-
IMX TeHAEHLMIT MOXXeT ObITh €CTeCTBEHHBIM
obpasom mpencrasnena kak [JTIOBAJIbHAA
MOTEHUMANBHAA  M-AMA  YCTOW-
YNBOCTW BCENEHHOW, wm MM-AMA
(cm. puc. 2.22).

Yem ypobua takas MOOEJIb? Tem, uto
B Hell TeHAEHLMN K CKATHUIO VIM paclimpe-
HVIO MOJIeTUPYIOTCA TEHAECHIMAMY K CKaThl-
BaHMIO CUCTeM BHU3, B Oojee ycToiumBoe
COCTOsAHME, K LeHTpy M-untepsana. llapux
Ha /1e60M CKJIOHe M-sMbI OyfieT CTPeMUTDC

* Iupokos 10.M., F0xuu H.IL. Snepuas ¢usuxa. M.:
Hayxka, 1972. C. 356.

o
6. CunbHble
7

@

Lg Li(cm)

-13

-33

Puc. 2.22. TnobarnbHas «ama» noTeHuuanbsHol yctonyimeoctn (MM-ava) Ha MaclutabHo ocv Beeneh-
HOW, NOKa3blBatoLLaa NePeEXoabl Mexay pasnmyHbIMY BUaaMm B3auMO[ENCTBIUS (YrpoLyeHHas Mogersib)

H >
7 28 M-ocb
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CKAaTUTbCs BIPABO, IPU 9TOM €ro pa3Mepbl
yBeIMUMBAOTC (HampuMep, WUAeT pacraf
vactunpl). lllaprk Ha npasom cxioHe 6yner
CTPEMUTBCS CKATUTBCSA BIEBO, P 9TOM €ro
pasMepnl GymyT YMeHBIIATbCS (HAmpuMmep,
UeT KOJIIAIIC sIpa 3Be3fbl). B meHTpambpHOI
yacTM M-MHTepBaia LIAPUK MOXET HaxXo-
AUTHCST B KOmebaTelbHOM COCTOSIHUM (ITy/ib-
CHPOBATh, PacIafaThCsI-COOMPATHCS U T. IL.).

OdeHb BaXHO OTMETHUTb, YTO IIPU IIO-
cTpoeHnn Mogpienu riaob6anpHoi M-sambl Bee-
JIEHHOJ1 MCIIOJIb30BA/ICSI IIPAKTUIECKN BCEro
opun npuanun — NPUHLUMIM MACLUTAB-
HOW CUMMETPUMW. B arsom cryuae sep-
KamvHOil 0Cbl0 cuMmMempuu SIBIISETCST OCh,
npoxopsas yepe3 MLB.

JlOIOMHNTENbHO OTMETUM, YTO HA Y3KOII
II0JIOCKe B TIOIIOPsIfKa — Ha CThIKe MuKpo-
uHTepBana U MaKpouHTepBasa — JOMVHU-
pylor CUJIbHBIE B3AVWMOLENCTBUS,
KOTOpbIe OTBEYAIOT B OCHOBHOM 3a ciamue
HYKJIOHOB B ff[paX aTOMOB. VIX BeKTOp Ipo-
TIBOIIO/IOXKEH BEKTOPY C/IaOBIX CUIL.

Ha croike >xe MakpounTepsana u Mera-
MHTepBaia, Kak Mbl IIPEAIIONIOKIIN paHee,
MOTYT [IeiiCTBOBATb PACMANKUSAIOU4UE CVIIbI
Henspectroit Hayke MATON CUJbI, Taioke
Ha y3KOI1 II0JIOCKe B IIOJIOPANKA.

Urak, mp1 moxxem [NPEOMOJIOXKUTD,
4TO M06OMY Hhpoueccy, NPOUCX0OTULEMY
C yéenuuenuem pasmepos Ha jIe60M CKIIOHE,
MONHO HAlimu 3epKanvHulil AHMUNoO Ha
npasom cKnoHe, NPOUCXo0AUULl ¢ ymeHvlULe-
HueMm pa3mepos.

IlomyTHO BO3HMKaeT BOIPOC: pasBe Ha
[IpaBOM CKJIIOHE WEYT MOMbKO IPOLIeCChI
oKatusA U coefiuHeHns cucrtem? besycnosHo,
ecu Obl 1efICTBOBAIA TO/IBKO I'PABUTALIVSL, TO
MMEHHO TaK ¥ 651710 661. Ho B TOM-TO 1 Aiero,
4TO BO BceleHHOIT mpouecc cxcamus, Kax
npaeuno, ypasHoseeuien npoueccom pacuiu-
penust. JIro6as 3Be3a MOMEHTA/IbHO CXKajlach
OBl 110J1 BO3JEIICTBIEM CVJI TPAaBUTALIUM, €CIII
ObI He BHYTpeHHee IaBJIeHIe, 00YCIOBIeHHO

Ipoleccamyl, MAYLIMMU Ha YPOBHE MUKPO-
mupa (reBast Tperb M-umHTepBana). Jlrobas
IUIaHeTa CKajaach Obl rpaBMTALiMEN O MM-
3€pHBIX Pa3MepoB, HO CI/Ia 9/IEKTPOMArHUT-
HOTO OTTA/JKMBAHV MEXAY aToMaMu IIpe-
IATCTBYeT 3TOMY. VI 06paTHO, Hepen36bITOK
BHYTPEHHUX CMJI MUKpPOMMpA MHOT[A IpHU-
BOJUT K CTO/Ib TPAHAVMO3HBIM B3PbIBAM, YTO
paseTaTCsl He TONMBKO 3BE3[HbIE CUCTEMBI,
HO U Ta/MaKTUKY (CM. puc. 2.21). DtoT paspan
CTO/b KPYIHBIX CHCTEM, UX «paclafy, UAeT
HAa [PAaBOM CKJIOHE, MIET BOIPEKU TPaBu-
TaIVM, BOIIPEKN OOIIell TEHJeHI[UN, U [03-
TOMY OH IIPOVICXOAMT B3PbIBOOOpasHO, Ka-
TacTpopuIecKy, MOMEHTanbHO. VIcIomb3ys
MIPUHINI 3ePKANIbHOL CUMMemPUU, MOXXHO
MPEOMOJNTIOXKWTD, uyto Ha neBOoM CKIOHE
TAKKe MOXET HMPOUCXOANUTH KaracTpodude-
ckuit (IPaKTUYeCKy MTHOBEHHBIN) MPOLece
C 0OpaTHBIM 3HAKOM — KO/I/IANC 4acmuy,

CBOBODHOE OTCTYNAEHUE

WNTak, ecnv rpaBuTaLMOHHbIE CUJIbI OTBE-
HaloT UCKIOHYUTENbHO 3a CXaTue BeLLecTBa,
a cnabble — 3a ero pacnag, To Ha OO0 Snek-
TPOMArHWUTHbIX CUJ1 BMOSIHE NIOMMYHO OCTalTCA
NPOLECChI CXAaTUs— pacLUUpeHunst (NpUTsKe-
HUA—OTTankMBaHus). PaccMoTpum elle pas
mofeslb MOTeHUMasibHovi SMbl yCTOUYUBOCTY
ans Metaranaktvku (CMm. puc. 2.22).

Ha macwtabHon «Tepputopum» crnabbix
(pactankmeatooLmx) cua Mbl BUOUM HEOOMb-
LYK MOMOCKY O4YE€Hb aKTUBHO CXMMaroLmnx
cun — cusbHble B3anmopgeicTeus. Ecnn
NPUHATE NPUHLMN 3epKanbHOW MaclUuTabHoM
CYMMETPUU, TO MOXHO HaWTN MECTo 1 ANs ru-
NOTETUHECKOW MSATOMN CHUJIbI, KOTOPAs [OMKHA
oTBeYaTb 3a pacTasKuBaH1e rmnoTeTUYECKNX
rpaBMHYKIIOHOB B siipax 3Be3f W nnaHet. Yc-
JIOBHO FOBOpPSi — 3TO «CUJIbHbIE aHTUTPaBU—

TaynOHHbIe» B3aMMOLENCTBUS.
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[Mpn 6onee BHMMATENBEHOM PaCCMOTPEHUN
OKa3bIBaeTCH, YTO MONy4YeHHas MacluTabHas
CXeMa yOMBUTENBHO HAaNOMWHAET U3BECTHYIO
BOCTO4HYtO cxemy cun: MHb—AH.

Begb cumBonbl VIHb 1 9IH HecyT Ha cebe
CMbIC/IOBYIO Harpy3ky, o4eHb 6M3KYH0 K pac-
cmaTpusaemoni npo6neme. Tak, NHb — 3To,
KpOMe BCEero MpoYero, elie W paclunpeHue,
a 9H — cxatne®. Kpowme Toro, VIHb ato —
BHYTPW, MPOCTPAHCTBO, HW3, >KEHLUMHA...
a fIH — cHapy>Xu, Bpems, BEPX, My>XX4YMHa (CM.
puc. 2.23).

Ecnu paccmatpusatb M-ocb TpaguumoHHO
BepTuKanbHO, TO Hebeca, Kocmoc 6yayT Ha-
BEPXy, @ MMKpoMup — BHU3Y. Ecnun yenoseka
npu 3TOM pacrofioXuTb Ha TOYKe ero pasme-
pa— 10% cM, TO BCe, YTO 6YHET HUXe STOM
TOYKW, MOXHO OTHECTU K ero BHYTPEeHHeMy
MUPY, TaK KakK OH COOepXMUT B cebe 1 KeTou-
HbIA, 1 MONEKYNSAPHBIA, U aTOMHbIA, U Opyrue
ypoBHW. A BCe, 4TO BYAET BbILLE ITON TOHKN, —
6yOeT MMeTb OTHOLLUEHUE K BHELUHEeMY MUPY
yenoseka. He npaspaa nv, coBnagaeT MHoroe?

BHyTpu BellecTBa ecTb cnabble (KeHCKue)

CUIbl, OTBETCTBEHHbIE 3a pacLUMPEHUe, OHU
OOMUHUPYIOT BHU3Y M-ocu. CHapyxu Yenose-
Ka OOMWHMPYIOT rpaBUTaALMOHHBIE (MYXCKME)
CUJbl, OTBETCTBEHHbIE 3a cxXaTue, OHN OOMU-
HUpytoT BBepxy M-ocu. Mpu 3TOM >XeHckune
CUIbl OKa3bIBAOTCH HUXKE MYXCKMX Ha M-ocu
B TOYHOM COOTBETCTBUM C PACMOSNIOKEHNEM Ha
HEeM «)KEHCKOW TOYKU» — CPEedHUN POCT XXEH-
LLIMH HMXKE MY>KCKOrO, MO3TOMY XXEHCKas To4ka
Ha M-0CK 4y Tb HMXE MY>XXCKOW.

Camoe MHTepecHoe COCTOUT B TOM, YTO Ha
NPOCTPaHCTBE MHBCKUX CUM eCTb HebosbLLOoe
SIHCKOe NATHO, OTBevawllee 3a cxaTtve —
cunbHble B3aumopencTeums. Torga, cornacHo
NPUHLMMY 3epKasnibHOW CUMMETPUX, U Ha Npo-
CTPaHCTBE SHCKUX CUS OOMKHO 6blTb CUMME-
TPUYHOE Y3KOEe MATHO HEKMX pacTanKMBatoLLmx
aHTUrpaBUTaLMOHHBIX CUA (CM. puc. 2.23).

WTak, Mbl BUOMM, YTO AeTalnbHOE N3yyeHune
ponv B3aMMOZENCTBUN Ha pPasnn4YHbIX Mac-
LWITA6HBIX YPOBHSX HEBOMbHO MPUBOAUT HayKy
K OpEeBHEN 330TepPUHECKON CXeMe, C BO3MOX-
HOCTbIO cenaTb NPOrHO3 OTHOCUTENBbHO NoKa
HEN3BECTHOW el NATOW CUrbl.

Lg L (cm)
H .

—=33 -13 =3
Puc. 2.23. Tmob6anbHas «sama» noTeHumasnbHON yCTon4mMBoCcTM Ha MacLlutabHowm ocn BeceneHHonm, noka-
3blBaKoLLan nepexoabl Mexay pasnndHbiMmn cunamm Bsammo,qeﬁcmmn

7 28 MTOCb
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Ho n at0 ewe He Bce. CywiecTByeT us-
BECTHbIN (OUNOCOCKNIA NPUHLNIN: KparfHOCTH
cxogsited. OH UMeeT noATBepXAeHWE W Ans
MM-AMBbI.

107 cm, no mogerm M.A. MapkoBa, Mbl nona-

B o6bnactu pasmepoB MeHbLUe

JaeM B Opyrylo BCENEHHYI, a crefoBarefib-
HO BCTynaem B MUP rpaBUTalMOHHbIX CUN, HO
BHYTPW WMHOW BCeneHHon. C Aapyrovi CTOPOH®I,
Hawa BceneHnHas ssnsetcs, no M.A. Mapkosy,
BCEro NULLb MakCUMOHOM [Ani MeTaBCeNleH-
HOW, KOTOpPbIN ONATb Xe O6yneT CTUMYNMpPO-
BaTb pacluMpeHne 1 pactarnkuBaHne B CBOEM
Mukpommpe. CnegoBaTenbHO, OT rpasuTaumm
Mbl MEPEXOAMM K KBa3ucnabbiM cunam 3Tou
MeTaBCeNeHHOWN.

Ecnun xe He ncnonb30BaTh 9K30TUHECKYHO
mogens M.A. MapkoBa, a onupaTbCs TONbKO
Ha pac4eTHoe cooTHoLeHne cnn®?', 7o Mbl
TaKkxe yBUOMM, 4TO Ha pa3Mepe MakKCUMO-
Ha rpaBuTauus onsiTb CTaHOBUTCS CyLye—
cTBeHHou! [paBuTauusi, Kotopas Mo mepe
NOrPY>XEeHNsi B MUKPOMMUP YXe Ha MacLuTa-
6ax 107'® cm cTaHOBMTCS MpeHebpeXmTerb-
HO Mana, nocrne norpyxeHus etle Ha 20 no-
pSAKOB BAPYr BO3POXAAETCH Kak (DEHUKC 13
nennal

Wrak, BO3MOXHO, yToO, 3aMKHyB
M-METNIO, rpasutaunss co cBoero npe-
AensHoro pasmepa 10° cm BHOBb no-
AIBJIIETCS, HO XK€ B MUKpPOMUpEe, UHBEPTU—
PYSACb BCBOI MPOTUBOMNOJIONHOCTb — CUJIbI
«pacTtasiKUBaHUs».

Ona pasmepoB e MeTtaranaktvmku, no
mogenm M.A. MapkoBa, MOXET HacTynutb
nHBepcna — MeTaranaktnka CTaHOBUTCS
MakCUMOHOM 11 BCENEHHOW CriedyoLLero
MacLTabHOro ypoBHS (ecnun ee macluTabHblIn
«pa3Max» aHanorvyeH «pasmaxy» Hallen
BceneHnHon, To pa3mepbl ee 6ygyT B Hallewn

MeTpuKe noTtpsicatoLe senvkm — 10%° cm).

Wrak, B 11e1oM, Bo BceneHnHoit peannsyer-
cs 06111as TeHIeHIMA:

e B JIeBON Tpetn M-ocu crnabvie cunvi
cTpeMsATCsL pasbpocaTb Marepuio IO Ipo-
CTPaHCTBY (IIpeo6IafaloT CUIbl OTTa/IKMBa-
HUA, [e/IeHNA);

o 9TM C/abble CHIIBI HAXO[AT CBOE 3ep-
Ka/IbHOE IPOTUBOJEIICTBIE B IIPABOIl TPETU
M-ocu, e epasumayyoHHble CUIbI IMEIOT
JINIIb OJVIH 3HAaK — HpI/ITH)KeHI/[H;

e B LIEHTPa/IbHON TpeTn M-ocu obe TeH-
JeHLMN JIeIICTBYIOT BIEPEMEXKY: /MeKmpo-
MazHumHbvle CYIbl IMEIOT KaK 3HAK MPUTS-
JKEHUs, TaK U 3HAK OTTA/AKMBaHUS.

[Monyyennas MOJIe/Tb 17106aIbHOI
MIM-AMbI nmogBopnT K MBICIM O TPOCTOM
MpUHIUIE, OOBEANHSNIEM TPU CUIBI BO
BcenenHoit. 9tu Tpu CHIIBI — BCETO JIMIIb
cocrasubie vactu OJHOW BCEJTIEHCKOW
MACLUTABHOW CUMbI.

YTo6BI MTONTY Hablile, BHIABUHEM creny-
rowyio [MMOTE3Y.

Bo BcemenHoit Omaromapsi  [eliCTBUIO
CNABbIX CUJT upet nocrosunoe POXKIE-
HVE HOBbIX YACTUL, BELLLECTBA.

brarogaps yeMy M Kak MOXKeT IPOUCXO-
IUTb 9TOT IIPOLECC, MBI PACCMOTPMM B CTIENY-
OILIVX pasjienax.

M3 mnosoit MMMOTESbI

¢ ne6o20 ckinona MIMN-AMbl nocmosnno «cka-

ClIenyeT, 4To

TBIBAIOTCS» BCe HOBBIE CHUCTEMbI, 00/Mafaro-
IMe KMHEeTHYeCKOl SHeprueil pasberaHns,
pasbpacblBaHMs OT LjeHTpa «BIpbIcKa». OHI
BIOJIHE MOTYT IPOCKOYNUTDH IO «MHEPLUI»
gentp MM-AMbl u momactes Ha npaewrii
CKJIOH, OTKyfIa OHM MOTYT CKaTUTbCA o6Opart-
HO, COKUMAsICh 3a CYeT IpaBUTALMN. B Takoit
mopienn paboraer kak 661 M-MAATHUK.
IToreHnmanbHasA NpefeNbHasA aMIUINTY/A KO-
nebaHWil IJIA BCETO BelllecTBa Beenennoit —
He MeHee 61 mopsaxa. Bce aTo MoXHO u30-
OpasuTh B BUJIE YNCTO MEXAHUUECKOU MOOenU
PAacIIONO>KeHNs MIapyKa Ha [IafKOil TOBepX-
Hoctu MIM-AMBbl, criycTus xoTopslit ¢ ogHOTO
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Kpasi, MBI IIOTly4MM IIOCTOSIHHOE KonmebGaHIe
IapuKa OKO/IO LIeHTpa ycroiunBocTi. [lon-
HBLIT LMK/ TAKOTO KonmeGaHmsi ob6pasyeT Kak
661 macwmabnyio nemmo (M-NETIO)
(puc. 2.24).

Kax coemecmumv amy modenv ¢ panee
paccmompennvimu M-amamu Kaxc0020 mac-
wmabHoz0 Knacca?

CyuiecTByeT efUHCTBEHHDII BapUAHT:
paccmarpusarb o6myro MOOEJTb CUH-
TE3A-OEJNIEHNA KAK ®PAKTAJBHVYIO.
Torga [TIOBAJIBHAA MIMI-AMA — 510
nepevui Bepxuuit yposenr, HOMEPHbIE
M-AMbl — emopoii ypoBens, Ha TOBEpPXHO-
ctu HoMepHbIX M-AM MoryT cyuectBoBars
csonu nokanbHble M-AMbI tperbero yposus
(cM.puc. 2.25). braropaps Takoit CTpyKType
r7106a/IbHBII

NOTEeHIIMA/IbBHO BO3MOXKHBIN

Bcenencknit M-UNKJT ppoburcs na wmuo-
»)xectBo nokanpubix  M-LIMKJ1OB,
pble MOKHO U300pasuTb B BUJE JIOKAIbHDBIX
M-AM. ®paxmanvnocmv cosmaer ropaspo
60s1ee CIIO>KHBIIT MHOTOCTYIIEHYAThIIi, KACKaJI-

KOTO-

HBIl IIpOIjecC NpeBpallleHNs BellecTBa IpyU
ero gerokernu B MIM-AME. TIpocTbie cxembr
HoMmepHbIX M-AIM — Bcero nuub opun cpes
CJIOYKHOTO MHOTOYPOBHEBOT'O SIB/IEHMS.

Ecmu yiitm oT MopienbHBIX IpefcTaBiie-
HILIL U TIEPENTH K IIPUBBIYHBIM JIJIA HaC Tpex-
MepHBIM 00pa3zaM, TO MOXXHO IIOCTPOUTH
CTIeAYIOMYI0 KapTuHy. V3 enybun mamepuu

(U3 mukpomupa) mNOCMOAHHO BbIPLIBACTNCS
(coszdaemcst U3 MAKCUMOHOB) BCe HOBOE Bellje-
CM60 U BbimeKaem éce HO8Ast IHep2ust (8bLC60-
603c0aemcst nNOMeHUUANLHAST IHEP2UST CB53U
MAKCUMOHO8) — MOYKU NPOCMPAHCIMBA KAK
6bL ucmouam u3 ce6s 6eu,ecmeo U IHepeuro,
pasbpacvieas ux oxpye.

B pesynbraTe Cl10)KeHMs BCEX JIOKA/IbHBIX
IIPOLIECCOB B 1I/IOM MAET KaK Obl Ha/fyBaHme
«BCENIEHCKOTO LIAPYKa». ITOT «IIAPUK» Pas-
neTencsi 6bI Ha MeJIKMe OpBISTM B IYCTOTY,
ecrmit 6Bl TPaBUTALVOHHBIE CUIIBI «00OpydIeM»
He CTsruBany Obl MaTepuio BMecTe, He coou-
panu Obl ee B IUIAHETHI, 3BE3[bl U TaJIAKTH-
ku. Takum o6pasom, TPABUTALNIO B aroit
MOZIE/I MOXKHO PacCMaTpPUBaThb KaK CBOETO
ponpa CUIY VIMPYIOro HATSXXEHUA
MPOCTPAHCTBA.

OmnuiieM Terephb 3TOT IPOLIECC, MCIIONb3Ys
Mogenb rnobanproit MIM-AMbI. ®usnueckmnii
BaKyyM pOXXZaeT BCe HOBBIe, Bce OOJbliye
[0 pasMepaM YacTULEL VIeT HenpepwviéHoe
posxcoenue eeutecmea (npu coxpameHuu ma-
mepuu u IHepauLL), KOTOPOE MbI BOCIIPYHIMA-
eM KaK pOXJEHUe TOIbKO HMOTOMY, YTO HIVK-
HIIe 9TKI MATEPUU CKPBITHI OT HAC B TEMHOTE
HeBefleHVA U HeBujieHu (cM.puc. 2.26).

B 1enom, B MUKpOMUpE UJIET IIOCTOSIH-
HBIIl POCT pasMepOB CUCTEM 3a CYeT paciu-
peHUs, 32 CUYET COeNMHEHVSI MENKMX YaCTHI]

B Ooree kpymnHble. «PopgyBlIMecs» 4acTUIIbI

Puc. 2.24. O6wian guHamuka BeceneHHon
MOXeT ObITb MpefcTaBneHa 3amMKHYTON
M-neTtnen. PoXpeHHble BaKyyMOM YacTu-
Lbl, pasnetascb B pasHble CTOPOHbI, CO-
6upatoTcs 06paTHO 3a CHET rpasuTaumu,
YTO B KOHEYHOM CHETE MOXET MPUBECTU
K 06pas3oBaHuIoO YepHOW [Ablpbl, COCTOSA-
LLiei U3 NepBUYHbIX MakCUMOHOB. Takum
Xe obpa3om BceneHHasi, paclumpssch 13

:M-oce NepBUYHOM YacTuLbl, MOXET BEpHYTbCS
. [

06paTHO B UCXOQHOE COCTOsiHWE (MOfEenb
nynbcupytoLen BceneHHom ¢ 0TCKOKOM

28
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He NOAGAAIOMCA U3 Hu4ez0, OHU 0Opasy-
I0TCSI B XOJie CIIO>KHOTO «CTPOUTENbCTBA» U3
MaKCUMMOHOB Ha HEBUIMMBIX IS HAC dTaXKax
Mmarepun (B nopsane [Iupaka). Momenm ux
porcdeHus — 3TO BCETrO JIUIIb HePexod UMU
4yepes TPaHMI[y HAIEro 3HAHWUA, depe3 To-
PU30HT MUKpPOMMpaA, 4Yepe3 TOT TOPU3OHT,
IIPOXOJ Yepe3 KOTOPBIN CHM3Y BBEPX flellaeT
BEI[eCTBO BEI[eCTBOM B IIPUBBIYHOM JIJIA HAC
TMOHMMAaHUMN.

METODUYECKOE OTCTYNAEHUE

3pecb CcToUT onpefenuTbest ¢ TEPMUHOMO-
rnen. bygem B ganbHeriem HasblBaTb Mate—
pues Bce, 4TO COCTOUT U3 MaKCcUMoHOB. Ma-
Teputo (BecbMa yCroBHO) 6yaemM pasaensiTs Ha
[Ba BMAaA: BeLecTBO U aghup.

Mop agpupom mbl 6ynem noHumats cpegy
U3 MaKCUMOHOB.

Mon BewectBoM Mbl 6yoeM noHUMaTb
YCTOWYMBbIE KOHCTPYKUNU U3 MAKCUMOHOB,

NSIOTHOCTb KOTOPbIX HUXKE OKpYXaroLyero
agpupa.

Ha pgpyrom macmirabHoM kpaio Bceren-
HOJ MJeT NMPOTUBOIONOXHBIN Iporecc. Bee,
umo pasbpacvieaem muxpomup, cooupa-
em mezamup, OH CTPEMUTCS BEPHYTb BCe
k uentpy MI-AMbIl. O6a mpouecca wupyt
¢ Bbifienervem sHeprun, sens JIOBOE MO-
HVKXEHVE TMOTEHUWAJIA (BbICOTHI)
B MMN-AME COMNPOBOXXOAETCA Bbl-
LOENIEHVEM CBOBOAHOW 3HEPT W,

O6a mporjecca MOTyT He OCTaHaB/INBATh-
ca B MUB, a mo mHeprmm mpockaxkmBaTh
HIVDKHIOIO TOUKY YCTOMYMBOCTH, T. €. 062 IIpo-
1jecca MOTYT M/TH HaCKBO3b, Yepe3 BCe YPOB-
HU CTPYKTYpbl BceneHHOII, HaBCTpedy ApYr
APYTY, ¥ 9TU MPOLeCChl CBOVICTBEHHBI MJIs
BCeX ypOBHel MacliTaboB (63 UCKITIOYeHNA),
I Beex BunoB cucteM. Ho B cuy Toro, 4To
B psAfie CUCTeM 3T ABa IZI00aIbHBIX IIpoLiecca
CKPBITBI B IIyOMHAaX CTPYKTYPHBIX YPOBHEIL,
OHU MOTYT He Hab/II0/jaThCsl BIPSIMYIO.

Puc. 2.25. MNoeepxHocTb rnobanbHoi M-amMbl Mpy 6avXanlieM pacCMOTPEHUM MOXET oKasaTbeCs
gppaKTasnbHOM, T. €. NOKPbITON BTOPUYHBIMU, TPETUYHBIMU U T.M. BNaAMHaMu ycTounsoctu. Moatomy
no6as avHamvka Bo BeceneHHon MOXeT MMeTb KackagHO-CTyneH4YaTbli, KBaHTOBbIN XapakTep

1 1 L 1 1 L

2 7 12 17 22 27
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Yenoseuyeckun «rnass,
KOTOPbIH BOCNPHHUMaET
rpaH1Lly paspelleHus
KaK BaKyyMm,

ToHkogHcnepcHoe ™
BEWECTBO

Bewecteo

MacwrabHblid ropH3oHT

" MNogean [lupaka:
* BaKyyM-MaTepHs,
. B KOTOPOH cyliecT-

Puc. 2.26. MaTtepusa B guanasoHe
ot 107"° cm go 10%® cm BocnpuHM-
MaeTCs HaykoW Kak BelLeCcTBeH-
Has BceneHHas, B nopsane e
Ovpaka, B ananazoxe ot 10°% go
107 cm, oHa BOCMpUHUMAETCS
KaK HeCTPyKTypuMpoOBaHHas HeBe-
LecTBeHHas cybCcTaHums — Ba-
KYYM, SBASIOLLMIACS MPOBOJHNKOM
BCex BWAoB nornen. Ho ckopee
BCEro 3TOT NoaBan UMEeT CBOH
CNOXHYIO MepapXMYeckyto auc-
NepCHY0 CTPYKTYpPY, KOTopas He
BOCMPVHMMAETCA TakoBOW M3-3a
TOro, YTO HaxXoguTCs «3a» Mac-
LUTabHbIM FOPU3OHTOM MPOHUKHO-
BEHWS YENIOBEHECKOro NO3HaHMS

B MHKpOMHP

EcTp, 0mHAKO, TaKue YPOBHM OpraHy3a-
1y BeereHHOIT, Ha KOTOPBIX JaHHBIE TIPOLIEC-
col posiBrsiioTcst Harmsiguo. Torga M-TTETI1A
MMeeT sIPKOe IIPUPOJHOE BOIIIOLICHIE.

Hanpumep, macuwmabhvie nemau MOX-
HO Habmozate Ha noBepxHocTy ConHija. 910
mpoTy6epaHIipl, WIM TUTAHTCKUE BBIOPO-
cpl n36bITOuHOI sHepryuy CoNMHI@A, KOTOpast
BBIJIE/LIETCS 3a CYET MPOLECCOB, MAYLINX Ha
DIYOMHHBIX YPOBHAX CTPYKTYPBL €ro Bellje-
crBa (cm.puc. 2.27A). Ecmu ofHOMOMEHTHO
paccmoTpeTs xu3Hb COMHIA 32 JOCTATOYHO
IONTUIT TEPUON BPeMeHU, TO Oy[eT BUHO,
YTO OHO BCE OKPYXKEHO C/I0eM U3 IpoTybe-
paHeB — (OHTAHOB BEIECTBA U IHEPTUM,
KOTOpBbIe BBUIETAIOT MSHYTPK 3BE3ADI U BO3-
BpalalTcs 00paTHO.

Bmecte B3siTble, IpoTyOepaHIpl 00pa-
3yI0T CBO€OOPasHYI0 SHepreTHMdYecKl-Belle-
CTBeHHYI0 «1IyOy» Bokpyr ComHua (cM.puc.
2.27B). Kaxpplil OTHeIbHBIN NPOTybepa-
Hel] — Be/IMKOJIeN bl cuMBon M-mietn. Ta-
Ko€ «(pOHTaHMPOBAHME» JOIDKHO OBITH 0ObIY-
HBIM SIBJIEHUEM JI/IsI BCEX 3BE3].

«DOoHTaHNPOBaHE» HAOMIONAETCS I Y 97Te-
MEHTAPHBIX YacTUL. Bce WacTmupl «OfeThl»
B «uIyObl» M3 APYIMX BUPTYAJIbHBIX YACTHIL.
ITO 03HAYaeT, YTO KXKAas YaCTULIA UCITYCKaeT

U3 ce0s IpyTue YaCTHIIbI, KOTOPbIE TYT e BO3-
BpaLal0TCA 0OpaTHO U Mcye3aioT. ITu (oHTa-
HbI BUPTYa/IbHBIX YaCTUL] 1 0OPa3yIoT BOKPYT
HYX «ury6kum». Tak, 37eKTpOH OfieT B «uIy6y»
U3 BUPTYAIbHBIX 5MEKTPOHOB, IO3UTPOHOB
U QOTOHOB; HYKJIOH OfieT B «IIyOy» 13 BUP-
TYaJIbHBIX NIOHOB, HYKJIOH-aHTMHYKJIOHHbIX
Hap M APYIMX CHIBHO B3aMMOJEICTBYIOLIMX
vactui,

«DoHTaHMpyeT» U KaXKJasd TOYKA «IIy-
CTOrO» MPOCTPAHCTBA — BaKyyMa. Bakyym
HEIPEPbIBHO «KUIIUT» BUPTYalbHBIMU Ya-
CTUILIAaMM, KOTOpBIE POXJAIOTCA U TYT XKe
ucye3aT B «irycTore». CyllecTByeT Npel-
TONIOXKeHe™™®, YTO MMEHHO STOT TPOIIECC OT-
BETCTBEHEH 3a TeMIleparypy Bakyyma — 2,7 K
(Tak HasbIBaEMOE PenuUKmOoeoe U3nyveHue).
Tak 4TO ec/mv /1A YaCTUIL ITPOLIECC POSKICHVIA
U3 «ITCTOTBI» — BUPTYAJIeH, TO /IS SHEPTUIL,
HPOABJIAIOLIENICA B TEMIIEpaType BaKyyMa, —
BIIOJIHE peajieH!

M-TeTin MO>XXHO HAWTHU U HA 2anaKmu-
"eckom macuima6nom smae. Slnpa ramak-
TUK BpeMA OT BPEMEHM BCIIBIXVMBAIOT W3-
OBITKOM SHEPruM U BbIOPACHIBAIOT U3 CeOs
CTPYM M CTYCTKM BemjectBa (cMm.puc. 2.28).
3a cyeT rpaBUTALIUM 3THU CTYCTKU BO3Bpallja-
I0TCA Hasag B A#po. Ecmn ke cuma BerGpoca
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Puc. 2.27.

A. TvraHTckuii npoty6epaHel, Ha ConHue. Takow
BbIGPOC BellecTBa M3 ComnHua 3akaH4MBaeTcs
B OCHOBHOM €ro nafeHnem obpaTHo, XOTs 4acTb
BeLecTBa M W3Ny4YeHUs yneTaeT B OTKPbITOE
NPOCTPaHCTBO.

B. Ecnn «paccmatpusate» ConHue «yepes ¢o-
Toannapar» B TeYeHWe [OOCTaTo4HO 6OMbLIOro
NPOMEXYTKa BPeEMEHU, TO OKaxeTcsi, 4To CornHue

BCE MOKPbLITO MMraHTCKUMK Bbibpocamu, obpasy-
IOLLMMMN BOKPYr Hero nmetnun. VIx MoXHO HassaTb
BELLIECTBEHHON «LLy6oi» ConHua (Mo aHanorum
C «Lly60M» 13 BUPTYyaslbHbIX YacTuL, BOKPYr, Ha-
npvmep, nNpotoHa). Cucrema, ¢ MOBEPXHOCTU KO-
TOPOV (POHTAHMPYIOT BELLECTBEHHbIe CTPyW, Mpu
ONUTENbHOW 3KCNO3MLIMK BYLET BbIMMAAETb Kak Obl
O[ETON B BUPTYaSIbHYIO «LLYy6Y»

IIpEeBbIIIAET OIpefie/IeHHbll IOPOL, TO U3
SIpa BBIPBIBAETCS CTONIBKO BEI[eCTBA U SHEP-
IUM, YTO NPOMUCXOIUT POXKZIeHVe HOBOII ra-
makTukn (cM.puc. 2.29).

Ha opyzux amaxcax matepuyu M-netin
peanusyTcs, BUAMMO, 10 Oojiee CIOXKHOI
cxeme. Ho, B 11e710M, 04€BUJHO, YTO U3 TITy-
6VH MaTepu B Pas/IMYHbIX ee BelleCTBEHHBIX
¢dopMax BBIPBIBAIOTCSI 9HEPIMsl U BELECTBO,
4YTO co3maeT BO BcermeHHON nocmosHHbI
«N00NOP» ¢ HUNCHUX YPOBHeli ee CIMPYKMyp-
Hoz0 cmpoenus. C BepXHNX YPOBHel TpeccoM
JABUT TPAaBUTALIMA, KOTOPAs He Ia€T BEIECTBY
PaccpefoTOYNUTDCA 110 BCEMY «ITYCTOMY» IIPO-
CTPaHCTBY 1 KOoTOpas ¢opmmpyer 13 Bellje-
CTBa IJIAHETHI, 3BE3MIbI U TaJTAKTUKI.

Cor/1acHO HEKOTOPBLIM Mopemsim??* macca
Bcenennoit TakoBa, YTO TI'paBUTAlIOHHbIE
CUJIBI He JJA/IyT €1 PasieTeTbCsl OKOHYATe/lb-
HO, ¥ PAHO MM IIO3JHO HAYHETCS BENVKNIL
BO3BpAT BellleCTBa B MCXONHYIO TOUKY. Bce-
JeHCKass M-IIeT/IsT M3O0THETCs, U MBVDKEHIE

Marepuy IOBEpHETCs BCIATb — BceeneHHas
IepeiifieT OT CTafAuy PAaCUIMPEHNUs K CTagnu
okarust (cm.puc. 2.23). Tlostomy Haubomee
2no06anvhoii macumabHoli nemseti MOXHO
CYMTATD IpeJIoaraeMbplili UMKI Bcenennoi:
OT BOJIbLLOIro B3PbIBA 13 TOYKI OO
MPEAQENBHOIO PACLUMPEHUA N OB-
PATHO B TOYKY. BesycnoBHo, Bcst Mofienb
Bonpiioro B3pbiBa BecbMa 2unomemuuHa,
HECMOTPSI Ha MHOXXECTBO €€ CTOPOHHNKOB
B KOCMOJIOTMM. MBI 3[jeCh JIVMIIb ITOKa3bIBa-
eM, 4To M-IeTIs MMeeT meopemuueckyo
803MONCHOCHY Peanu306ampcs Vi sl BCeil
Bcenennoii.

Ho ecnu rnobanpras M-nets, 6epyias
Hayajio B BaKyyMe, — BCETO JIMIIb Teope-
TUYECKM JOIycKaeMas Bepcus, IPOBEPUTHb
KOTOPYI0 He IIPEe[CTaB/IAeTCI BO3MOXHBIM,
TO CylIeCTBOBaHME JIOKaJIbHBIX (pparMeH-
TOB M-nleTesib B Bufie Oenvix U uepHvIX Ovip
IIO/ITBEPXK/JAETCSI HEKOTOPBIMYU ACTPOHOMM-

225
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8bIOPACHIBAIOM  6eU4eCINBO B06HE, TO 6IMO-
pole, HAOOOPOT, NoIOW4AIOM €20 — TaK UTO
OHO CTaHOBUTCSI HEBUAMMBIM JJIsI BHEIIHETO
HabomarTens.

Kak mnosBistorcss ueprvie Ovipvi? Korma
Cu1aM I‘paB]/[TaI.U/H/[ y)Ke HE HpOTI/IBOCTOI/IT BHy-
TpeHHee [aBJIeHNe «IIPOTOPEBIIEl» 3Be3Mbl,
ecrm1 Macca 3Besfbl 6osblue 2,5 macc ConHIja,
SIPO 3BE3MIbI OKMMAETCS O Pa3MepOB IPaBM-
TaiuoHHoro pajyca (okomo 10°cM) u yxomut

32 TOPM3OHT COOBITII .

Yro mpoucxopuT
BHYTPU C BeIL[ECTBOM MOYXHO TO/BKO JIOT/Ibl-
BaTbCsl, 31eCh AQKE TEOPETHYECKME PACIEThI
OKa3bIBAIOTCA MHOIA GeCCHIbHBL B Heilmpon-
HOti 36€30e IUIOTHOCTH BEILeCTBA HACTOIBKO
Bemka (nopspxa 10" r/cv’), 4To anekTpoHHbIE
06OJIOYKM C aTOMOB CIMPAIOTCA U OCTATCH
CKaTble B TECHDIIT AP CIUIONIHbIE HYK/IOHBL.
B uepnoii 36e30H01i Ovipe TUIOTHOCTD Belile-
crBa GyzeT BbILUE ellle MUHMMYM Ha TPU I0-
PANKa, ¥ OYEBUJIHO, YTO TaM y)Ke HE CMOTYT
CYILLECTBOBATH JJA)KE U3BECTHBIE CETOJJHA HAY-
Ke 9/IeMEHTapHble YacTUIbl. B KaKoM e Bujie
6y/leT IIPefICTAB/IEHO BENECTBO, EC/U YepHas
BbIPa COXXMETCS 10 TOUKM, KAK 9TO IIPefIIoNa-
TafoT HeKOTOPbIe MOfIEN’, BOO6IIe CKa3aTh
HEBO3MOKHO. KpoMe 4epHbIX JABIp ¢ Maccami,

TUIIMIHBIMI JIJIS1 3B€3]], 0 MHEHWIO aCTPOHO-
MOB, IIOYTH HaBePHsIKA CYIeCTBYIOT U C6epX-
Mmaccuevie uepHvie ObIPbl, PACIONIOKEHHBIE
B [[eHTPaX ra/laKTHK.

Ho ecnm mpoucxoxjeHue YepHbIX [bIP
(40) kak-To 06BACHNMO Yepes rpaBUTALU-
OHHBIIT KOJUIANC, TO KAaKW€e CUJIBI MPUPOLIbI
MOIYT MOPOXAaTh Genvie Owvipvr (BI) —
OCTaeTCcA 3arafiKoil. ICHO O[JHO — U3 «ITyCTO-
ro» mpoctpancrsa B B[l poxpaercs orpom-
HO€ KOJIMYECTBO BEIEeCTBa. Torma Mbl MOXKEM
conocrasuts B[l Bocxopsmyto BeTsp M-met-
mm, a Y] — Hucxopsmyto.

Bosuukaer Bornpoc: Moxer i B Kocmoce
npoucxoputh 3aMkHyTh1 BO-Y[ mpouecc,
T. €. TaKoll IpOLiecc, B KOTOPOM BCe Bellje-
CTBO, poXKfieHHOe paHee B B[], 6p110 651 CO
BpeMeHeM CTsiHYTO B Y[1? B aTOM cry4uae mbl
yMeny GBI TOTHOCTBIO 3aMKHYTYI0 M-11eTrio,
KOTOpast AB/IsIA cO60iT KaK Obl JIOKATbHYIO
Mozenb Bonbinoro B3peiBa. Bedv 30ect noumu
U3 MOUKYU NPOCPAHCINBA MONEM POHOAMb-
CA Beuyecmeo, KOomopoe, 3anonHss nycmomy
B0KpYe ce0s1, Moxcem npespawamucs 8 2anax-
muky. Co BpeMeHeM BCsI TalaKTVKa MOXKET
coOpaTbcsi 0OpATHO B CBOII LEHTP, CKATHCS
mo cocrosauA Y/.

Puc. 2.28. ®otorpadma TymaHHocty M87 =
NGC 4486, sBnswooLleinca sopom pagvora-
nakTuku [lesa-A. XopoLLO BUAEH AVCKPETHbIA
BbIGPOC BellecTBa M3 fapa ranaktmku npu
dhoTorpadmpoBaHum ero ApyrumMm crnoco6om

Puc. 2.29. ®oTorpadmsa ranaktmkn M51. Ha
KOHLle OOHOW W3 crnvpanen BUAEH ManeHb-
KWA CMNyTHUK-ranakTnka, KoTOpblA BMOMHe
MOXeT 6bITb BbIGPOCOM U3 aKTMBHOIO sapa
9TOM ranakTuku
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Puc. 2.30. Cxema BO3-

MOXHOIO  06pas3oBaHus
pasfnnyHbIX MacLUTaGHbIX
...... neTenb.

Metnn MOryT OTNnn4aTbCA
KaK no AnvHe, Tak 1 no
«[Ny6UHEe» 3apoXAeHus.
CnpaBa mnokasaHbl “e-
Tbipe  runoTeTuyeckune
6onblue M-netnu, Ko-
TOpble MOMMN Obl Ha4n-
HaTbC C MaKCMMOHHOrO
YPOBHS

bonbluas meTaranaktnyeckas netns

bonbluasa ranakTnyeckasa netna

Takas nymrvcayusi éewjecmea He CTOND
YK U ¢daHTacTU4YHA, KaK MOXKET II0Ka3aTb-
Cs1 Ha TepBblIit B3I ECTh MHOXKECTBO Ha-
O/MI0faTe/IbHBIX JJAaHHBIX, KOTOpbIE MOXXHO
MHTEpPIPETUPOBaTh Kak (hparMeHTHl 3TOro
mporecca.

C TOYKM 3peHusA MO[EeNMPOBAHUA IIPO-
1lecCOB B BUje M-meTesb pasndye Mexay
KIIEeHNeM BaKyyMa, [IOBEPXHOCTBIO IIPOTO-
Ha, npory6epaHniiamu Ha ConHIle, raaKkTude-
ckoit M-netseit wiu rmobanpHoit M-metei
3aK/II0YAETCS JIMIIb B MAacCIITaOHON MjuHe
M-metin u TOuKe ee crapra. llocimemHss,
OJIHAKO, CKOpee BCero BO BCeX CIIydasx MMe-
eT KOPHU Ha CaMOM HIDKHEM CTPYKTYPHOM
ypoBHe BemectBa — 107 cm (cm.puc. 2.30).

Ho BepHeMcs K MeTadu3I4eCKOIl TOTHKE.
Ecmt 8 MIM-AME creBa (B Muxpomupe) cytue-
CTByeT «pacTajKMBaHMe» BeIeCTBa, a CIIpa-
Ba (B Merammpe) — MpPUTSDKEHME BEIECTBY,
TO MO>KHO 3aJ1aTh BOIIPOC: II0YEMY >Ke BCe TaK
ycrpoeno B mpupone? OTBeT O4eBN/€eH: fja II0-
TOMY, 4TO ecu Obl Bce 6bUI0 HA060POT, TO He

6b1710 OBI 11 HAbO/TIOATEIST, KOTOPBIIL ObI BCE 3TO
yBuper. V160, Ha060poT, — amo cunvi pacman-
KUBAHUS HA Me2ayPOBHe, 6 KOCMOCe, U CUTIbL NPU-
MAHeHUS HA MuKpoypoere. Ilepsble — pas3opo-
cajm Obl, pacces/i Bce BELIECTBO, B KAKOM Obl
BIJie OHO HI1 IIOABWIOCE. Bropble — Bce «y6pa-
7u» OBI B BAKYYM, CKaB /11000i1 00BEKT [0 MM-
HJMaJIbHO BO3MOXKHBIX pa3MepoB. O6pasHo ro-
BOP#, TaKasA BCEJICHHAA — 9TO MUp OecKoHeuHO
CHUMAIOULUXCS 8 TMOUKY CUCIIEM, KOTOPbIE TIPY
9TOM pasberamnch Obl APYT OT Apyra. [loHATHO,
YTO 3aMeHa TPABUTALMY HA aHTUTPABUTALIIO
He IIpuBenIa 6])1 HI K '{eMy XopomeMy Hanr Mup.
CrouT OCyIeCTBUTh TaKyl (AHTA3MIO B pe-
aIbHOCTHM, KaK 3eMIA BMecTe C (aHTa3epoM
IIPOCTO Pa3opBeTCA KaK IMraHTcKasg 6oMba, a ee
OCKOJIKM HAYHYT CTPEMUTE/IBHO yIeTaTh APYT
OT [pyra B XOJOGHYI0 IyCTOTY KocMoca. [re-
TO Me>1<,uy HUMU 6y].],'yT JIETETb N KpOll€YHbIE
KYCOUKJ aBTOPA TAKOJ1 BEIBEPHYTON HA060POT
Bcenennoit. Maso Toro, 3T Kycodku OyayT He-
IPEPBIBHO CKMMATbCA Ha MUKPOYPOBHe, ITOKa
He CTAHYTCS B TOUKIL.
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IloBTOpuM emie pas: Hawa Bcenewnas
umeem UMeHHO MAKy10 CUNOBYI0 KAPMUHY
600716 M-ocu, KaKkas monavko u no3eosnsem
Cyuiecmeoseamo Ham 6 Kadecmee ee HAOI0-
Oameneti u ob6umameneii. [Ipyroro 1mpocro
He gaHo. OmHako...

METAGU3UYECKOE OTCTYNAEHUE

B cBoe Bpems, Korga s nepsbIi pa3 0co3-
Han Hem36eXHOCTb CyLLECTBYIOLEro pac-
npenenexHus cun Boons M-ocu v nepBbili pa3
4YeTKO ee CHOPMYNMPOBar, HEKUIA OyX NpoTU-
BOPEeYMsi MOATONKHYN MEHS K 3epKarnbHON Kap-
TUHE CUNOBbIX B3auMoZencTBun. N TyT MeHs
oceHuna forapka.

Benb BapvaHT «Ha060pOT» — BO3MOX—
HO, U eCTb YU3NYECKNN BaKyyM, unn acup,
COCTOSALLMIA M3 KOMNancupyoLmx B MakcMmo-
Hbl MMKPOYaCTULL, BCSI COBOKYMHOCTb KOTOPbIX
npu 3TOoM pasberaeTcsi B NpocTpaHcTBe Bcee-
NEHHON, KaK pacnon3aeTcs YepHUnbHas Kanns
no noBepxHOCTU BoApl (cMm.puc. 2.31). Torpa
moxHo MPEOMNOJTIOXNTL, yto BELLECTBO
N BAKYYM — 3TO OBE B3AMMOOOMNOIN-
HAOLWNME APYr OPYIA CYLWWHOCTU BCE-
JNIEHHOW, Y KAXKOOWN U3 KOTOPbLIX MPSA-
MO MPOTUBOIMONIOXHbLIE TEHOEHUWN.
W npupoge He Hapo BblGMpaTb M3 OBYX BO3-
MOXHOCTEWN OfHY — OHa Bbl6upaeT obe!

[paBuTaums CXvMMaeT BELLECTBO B BaKyy-
Me, a BakyyM MNpv 3TOM pacLuMpsieTcsi BMecTe
CO BCEM BeLLeCTBOM (pa3beraHve ranaktmK —
3TO He «pasberaHne» camuix ranaktvk, a pac—
rnonsaHuve npocTpaHcTea (3¢hupa), B KOTOPOM
MoMeLLieHbl 3TU ranaktuku). Cneea, Ha Opyrom
Kpato M-vHTepBana, B MMKpOMMpE, pasyrnioTHe-
Hue advpa BEAET K POXAEHWIO HOBbIX 3NIEMEH-
TapHbIX H4aCTUL, 1 aTOMOB, HOBOIO BeLLIeCTBa. Tak

Ha3blBaeMble crabble B3auMOOENCTBUS BEXYT

K pacnagy 4acTuu, K pacLUMPeHWIO Konmarcy ero
CTPYKTYpbl 00 NAOTHOMO COCTOSHMA admpa, o
MNMOTHOM YyNakoBK1 MakcMoHoB. CrnefoBatenb-
HO, CXXMUMAaeTCs1 CXXUMaeTcsi aghupHoe Mpo—
CTPaHCTBO, B KOTOPOM OHO PaCMOSIOKEHO™.

Ho ecnu npocTpaHCTBO CNOCOBHO K Lienoc-
THOMY (PM3M4ECKOMY MPOLIECCY pacLUMpeHUs,
OHO 0043aHO ObITb CBSI3aHHbIM. W3 3TOro
crefytoT CTOSMb HeopAWHapHbIe BbIBOAbI, YTO
1M 6ygeT NocesiLLeHa oTaeNbHas KHura. 3gecb
Mbl NIULLb OTMETUM, YTO, JTIOTMYECKM ONMMpasicb
Ha 3aKOH MacLTabHOM CUMMETPUN, MOXHO
NMPUATK K BbIBOLY O BO3MOXHOCTU CYLLECTBO-
BaHWS MHOrO MUpa — 3epPKasibHOro Hallemy.
Bce, 4TO NponcxoauT B HaLLEM BELLECTBEHHOM
MUPE, MPOUCXOOUT 1 B MIHOM MUPE, HO C NPOTU-
BOMOJIOXKHbIM ANHAMUNYECKUM 3HAKOM.

Wtak, BcA MeTaranaktndeckaa «kanss

adhmpa» pacLUMpPSAETCs, YTO acTPOHOMbI U Ha-
6nopatoT B BuAe paclumperua BeceneHHon. Ho
He ranakTuku pasberaroTcs, OHU NpUBA3aHbI
K rno6asnbHon 3(UPHON CTPYKTYpe, Y HUX HET

CaMOCTOATESNIbHOIro AOBMXEHUA OTHOCUTENIbHO

* Ecmm BakyyM — He ITyCTOTa, a 3ePHUCTAsA CTPYKTypa
a¢upa, TO BELIECTBO B HEM — ITO IIY3bIPHU, Pa3peXKeH-
HO€ NIPOCTPAHCTBO. Besib BelecTBo 1 BaKyyM — aHTH-
TOIBI TI0 OIIPEiEIEHIO.

37ech ¥ KpoeTcsl paszadka pasumayuy — Tena npiu-
TATUBAKOTCA f_[pyI‘ K ;c[pyry HOTOMY, YTO OHM MCIIBITBHI-
BaIT MI/[Kpoyuapr MaKCMMOHOB CO BCE€X CTOPOH, HO
CO CTOPOHBI, Ijie 3P PaspexeH, YAAPOB MeHbIIIE, [10-
9TOMY OHM IIOCTETIEHHO «IIOATIBIBAIOT» APYT K JIPYTY.
PaspeskeH ke apup 6onblite ¢ TOi CTOPOHBI, ITie eCTh
BeecTBo. V ueM 60omblle Macca 06'beKTa, TeM Jajbllie
OT Hero MpoCTUpaeTcs paspexxenne apupa. Yem 607b-
1e Macca 06bekTa, TeM Oorblire «Iopa» B adupe, TeMm
CHIIbHEE CTeTleHb pa3peXXeHsi BO3/ie 00beKTa.
VIMEHHO TO3TOMY “em 60nbule MACCA CUCmeMbl, mem
cunvHee ee 2pasumanuonnoe npumsicenue. OCTaBUM
MOfPOOHOE PACCMOTPEHVE MAEN «TPABUTALNS — KaK
Pe3yfII)TaT TpafyeHTa IJIOTHOCTN BaKyyMa» 19)8°8 CHeI[y-
oueit Kuuru. OTMETUM IUIIb, YTO 3¢up JIMeeT, CKopee
BCEro, pasinyHble (pasoBble COCTOSHN, B YaCTHOCTI
JOIYCKAEeTCs1 ero MpeJiCTaB/IeH e B BIfje HEC)KIMAEMOI
CBEPXTEKyYeil MeNKOAMCIEPCHONM Cpefibl, B KOTOPOIi
JABVDKEHME BEIIECTBEHHBIX TE/T MOXKHO YHOJ:[O6I/ITI) OB~
JKEHUIO HYSI)IpbKOB Trasa B XUIOKOCTIU.
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Puc. 2.31. Cxema mupa, KOTOpbIA Obln Obl
NPOTVUBOMONOXEH HALLEeMy MPUBLIYHOMY Be-
LLIeCTBEHHOMY MUpy. B aTom mMupe BmecTo
rpaBuTauMM  OENCTBYET aHTMrpaBuUTaLus,
KoTOopas MPUBOAMT K Pacron3aHuio npo-
CTpaHCTBa BO BCE CTOPOHbI, & BMECTO U3ny-
YaroLLIero N36bITOYHYIO SHEPruto Bakyyma —
BcenornoLjarLLas cyécTaHums, B KOTOPON
Ha MVKPOYpPOBHE [ENCTBYIOT TONbKO CWbl
coxaTtua («MUKporpaBuTaLms»)

i

!
i

apyr gpyra. OHM pacnon3arTcs OTHOCUTESb-
HO Opyr gpyra noToMy, YTO «pacrnonsaercs»
ahmpHas maTpuua, Ha KOTOPOW OHWU «CUOAT».
3pecb ymecTe o6pa3 pasgyBaeMoro BO3ayLu-
HOro Luapuka C PUCYHKOM Ha HEM ranakTuK.
Taknm 06pa3om BCe Napafokebl T.H. CKPbITOW
MaccCbl ranakTUK 1N HapyLLEHUsi 3aKOHOB TArO-
TeHust HbtoToHa MayT OT HeNoHUMaHus pyHaa-
MeHTasIbHON OCHOBbI 6UTUS BceneHHown.

CyTb Npo6neMbl B TOM, 4TO pacronioXeHune
1 OBWXEeHWe BellecTBa Bo BceneHHon B nep-
BylO o4epefnb (Ha rrnobanbHOM MacLuTaée)
3aBUCUT OT BHYTPEHHEN CTPYKTypbl adwupa.
Ero chpakatanbHas (Mepapxmyeckm opraHm3o-
BaHHas MHOrOYpPOBHE) CETKa CO3[aeT pa3Hyto
NNOTHOCTb 3dhmpa. Ml BeLeCTBEHHbIE CTPYKTY-
pbl TMNa 3B3ef W ranakTvk BO3HUKAIOT, pas-
BMBAIOTCA M yMUPAIKOT B y3Max HauMeHbLUeln

NAIOTHOCTN 3TOW CETKU. [103TOMY X AMHaMUKa

BO MHOrOM onpefensieTcs rno6anbHou CTpyK-
Typon acmpa 1 He MX COBCBTEHHOW Maccown,
KoTopas cyasa no geduvuuty Macc Ans ranak-
TMK B 10 pa3 MeHbLLe HeobxoanMoro 6apbepa,
a ans ckonnexHun ranaktmk — 8 100 pa3 MeHb-
e Heobxogmmoro 6apbepa. U paclumpeHue,
OBVKEHME 1 NepecTporika rnobanbHOM CTPyK-
Typbl MeTaranakTmkum BefeT K 3axsaTy CKO-
nneHni n ranaktmk. OHM NOJo6HbI «Mycopy»
Ha MOBEepPXHOCTWN peku. B HekoTorpbix mectax
3(hMp CMOKOEH, Kak B TUXOW XaBOAW W ranak-
TUKW NPOCTO NfaBaloT B HEM, KakK KyBLLUMHKY
B npydy. B ppyrux mectax rno6asbHble Mo-
TOKM 3dmpa 3axBaTbIiBAKOT Lenble CKOMNSeHNs
ranakTvK 1 BOBJIEKAIOT MX B CBOE [BMXXEHUE,
KOTOpPOE COBEPLLUEHHO HEBO3MOXHO OOBbSAC-
HUTb MCXOASA U3 TPAAMLIMOHHBIX acTpoduamye-
CKWUX npepcTtaenexHuin. Bce atn cTpyun, NoTokm
1 BpaLleHWsl Ha ranakTU4eckoM aTaxe — 370
BCe MapKepb! ABVXeHUS admpa.

MoyeMy e 3TO He OCO3HAEeT COBPEMEH-
Hasa dumsmka? [a noToMmy, YTO OHa OCHOBaHa
Ha onbITe NOSly4EHHOM Ha MUKPOYPOBHE. Tam,
roe anemMeHTapHble YacTuLbl B3aMMOOENCTBY-
10T APYr C APYroM Ha HUX OENCTBYIOT Apyrue
CWnbl, 3a4aCTyl0 BHYTPeHHUe cunbl. CpaBHUM
OfHaKo MNJIOTHOCTb MPOTOHa W [anakTuKu.
Y npotoHa oHa pasBHa 10" r/cm®, y Manak-
TMkn — nopsagka 107 r/cm®. Pasvuua B 37
nopsigkos!

O‘-IeBVI}:lHO, 4yTO B3aVIMO}:|,el7ICTBI/Ie ranaktmk
C 3(PMpHLIM (POHOM M MPOTOHOB NpPOTEKaeT
Nno-pasHoMy. Y «pbIXfbIX» ranakTuK BCS Au-
HamMuKa onpenenseTcs BHELUHEW OUHaMWKOWN
3(PMpPHO NonsA, Yy NPOTOHOB U3 COGCTBEHHbLIM
MOMEHTOM [BWXeHus. Bbonee Toro, BHyTpu
NPOTOHA COCPEQOTOYEHa rMraHTCKas aHeprus
OVKEHNST 3UPHBIX YaCTUL, — MaKCUMOHOB.
Mpn B3aumopgencTBun € cebe nogo6HbIMU

Hactnuamm, 3ta 3Heprna MoXeT 4HaCTU4HHO

198



BbIPBATbCA HAPYXy, YTO NMPUBEHET K PE3KOMY
N3MEHEHWIO KUHEMATUKN ABMKEHUS MPOTOHA.

3aKoHbl TAroTeHMs HbloTOHa HanmcaHbl
ANsl «CTePUNbLHOro» MyCTOro MPOCTPaHCTBa,
OHUW He y4MTbIBalT B3aUMOLENCTBUE C 3Up-
HbIM HEOOHOPOAHbIM MPOCTPAHCTBOM. Taw,
roe oHo 60nee MeHee OOHOPOQHO, 3aKOHbI
pa6oTatoT. Ho mpu conoctaBuMbIX pasmepax
o6bekTa U HEOQHOPOZHOCTW (Hanpumep Ans
ranakTvk) Heo6xoOMMO BBOOUTb CYLLECTBEH-
Hble MOMPaBKW Ha BIMSIHWE 3TUX rPaBUTaLMOH-
HbIX HEOOHOPOOHOCTEN.

PaccmoTpym € 9TOM MO3UUMM  HEpHYIO
AbIpy.

Ha4Hem ¢ Toro, 4to NOOOK BEKLLECTBO —
3TO NMyCTOThI B adhmpe. Korga 3sesga cxuma-
€TCs 0 COCTOSAHNA HEUTPOHHOM, ee NI0THOCTb
BblpacTaeT B cpegHeM Ha 15 nopsgkoB. OTo
003Ha4aeT, Y4TO KOHyeHpauus NycToTbl B a¢hu-
pe Bblpocna Ha 9t xe 15 nopsgkos. W no-
CKOJIbKY BCE 3TO COCPefoTO4EHO B O4EHb He-
60nbLLOM 06beM (nopsaka 107 cm), rpagueHT
N3MEHEHUS MNOTHOCTU 3hnpa O4eHb PE3KUN.
M xoTs o6Luas macca 3Be3abl MOXET MO4TU He
N3MEHUTbCS, HO MPUBNMXKEHME K ee Macce Ha
6onee 65M3KOe pPacCTosHWE MPUBOAUT K Cy-
LLIeCTBEHHOMY MpuUTankuBaHuio adupa K ee
NMOBEPXHOCTMU.

Mpennonoxum, 4TO BELLECTBO paspyLuu-
nock A0 OCHOBaHWA. Ecnv 310 o caMoro ocHo-
BaHWSA, TO U36bITOYHAA SHEPrusa NPOCTO yNeTuT
B MPOCTPAHCTBO M Ha 3TOM MECTe OCTaHeTcs
CO BPEMEHEM «YUCTOE MATHO» HEBO3MYLLEH-
HOro acpmpa, KoTopoe Boo6LLEe He ByAeT METb
BO3MOXHOCTb 4YTO-TO NPUTArMBaTb. NMeHHOo
K TakoMy (puHany [OMKHbI MPUXOauTb BCe
YepHble Ablpbl cornacHo Bepcun C. XoykuHra.

Ho ecTb N1 4yepHble Apipbl, KOTOPbIE MO-
rnawaiotT BCe BOKpyr? OTO Befb [[OMKHA

6bITb «ropa B admpe» NULLEHHAa CTPYKTYPbI.

MoxHO ckazaTb — 4MCTOE BELLECTBO, Belle-
CTBO 6€3 CTPYKTYpMpPOBaHHOCTMN ero Yactuua-
Mu. A nodemy 6bl 1 HeT? Bce MOXeT 6bITb BO
BceneHHoin. Ecnv mMoryT 6bITb pe30HaHCHbIe
ny3bipukn pasmepom B 107'° cm, To MoryT
6bITb M Pe30HAHCHbIE My3bIpU C pasmMepamu
B 107 CM U1 T.N. «KBAHTOBAHHbLIMW» pa3Mepamu.

KoHeuHo, pasgeneHne BceneHHom Ha Halw
MUP U MUP 3epKasibHbI — YCNOBHOCTL. Bee-
NeHHas efvHa B 3TUX ABYX CBOMX MposiBre-
HUSAX, HO HayKa u3y4ana o HacTosLLero spe-
MEHW N1LLb OAHY M3 3TUX cTopoH. MPULLITIO
BPEMA YBUOETb W OPYIYIO CTOPOHY
MEOAN.

Wrak, Mpl BuguM, yto M-meTim BCTpe-
YalOTCA Ha Beex sTaxax Beenennoii. Ilo cytu
OHU ABMIAIOT c000i1 sipkmit mpumep M-pu-
HaMuKu. [IBiokeHme Bpomb M-ocu umeer
Leblil CIEKTP PasMaxoB, YTO OIpefieNiAeT
onuny M-nemnu. Camble KOpoTKie M-mert-
M — «OblxaHue», IpU KOTOPOM pasMep us-
MEHAETCs Ha IPOLEHTHI U O/IU IPOLEHTOB.
Papgom croar «nynvcauuu», Apxmit 1pu-
Mep — Omenue ceppua. IIpm mynbcanusax
COXpaHsieTcsi OOBEKT, He M3MEHSETCS €ro
1[e/I0CTHOCTb. OTHOCUTE/IbHBII pasMax My/lb-
caumit MOXKeT ObITb KaK O4YeHb MajIeHbKUM
(manpumep, OueHme ceppua), TaKk U OYEHb
6ompunm (Hanpumep, — Lledennpl, pasmep
KOTOPbIX M3MEHseTCs JI0 JIBYX pas). ABTOpY
HEeM3BECTHbI ITy/IbCALIUU C TAaKMM PasMaxoM
Ha M-ocu, Korfja 06'beKT COXpaH:AI OBl CBOIO
CTPYKTYPy IIpU M3MEHEHUM CBOMX pasMepOB
B JIeCsATh 1 6ortee pas.

Hanee upyT BceBO3MOXHbIe M-nemau
c paspvieamu. PaspbiB 03HadaeT, 4T0 00B-
eKT Ha Qase paclIMpeHNsI mepsiem 6010 ye-
JIOCMHOCMb U PACIIbUIAETCA B OKPY>KaIOIel
cperie. B nenom, cpefia BosBpalljaeT BeleCTBO
17151 06paTHOTO XOfia B LK. Tak, Hanpumep,
II0CTIe B3pBIBAa CBEPXHOBOII 3B€3/IbI OTPOMHAs
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YacTh BEIeCTBA paccenBaeTcs B NPOCTpPaH-
cTBe, 00Opasys auddysHoe BeijecTBO ra-
JIAKTMKU. BIocnmemcTBMM  9TO  BellleCTBO
y4acTByeT B IIPOLIeCCe CKATUSA U POXKIEHUA
HOBBIX 3Be3f, yxe 06ojee 6GOraThIX TsKe-
NBIMM 97IeMeHTaMM. TakyuMm 06pasoM, LMK
3aBeplIaeTcs.

Hpyrumn
B3pbIBAsICh, PACIIMPSAETCHA, HPY ITOM OHA

CTIOBaMM, CHavajaa 3Be3fia,
IBVDKETCA 1o M-ocu BIPaBO, HO €e I1e/I0CT-
HOCTb, <MHAUBIUAYAIbHOCTb», TUOHET B 3TOM
mporiecce. BemecTBo mpy 3TOM paccemBaeT-
Csl B IPOCTpaHCTBe. Uepe3 HEKOTOpOe BpeMs
3TO JKe BellleCTBO (BMecTe C APYIMM Bellje-
CTBOM) CXKMMAETCA B HOBYIO 3Be3fjy, 00/1aKo
(dparMeHTVMpyeT Ha 3Be3[HbIC 3apPOMBIIIIL.
BemectBo mBIDKeTcA obOpaTHO mo M-ocy,
BreBo. [lmHa M-meT/u fiis TMOHYINX 3Besy
IIpEBbIIAET 5-7 MOPAAKOB 1o M-ocu.

AHaJIOTVYHYI0 KApmMuHy pPa3poléHbLX
M-nemenv Mbl HabmomaeM u B Buocdepe.
JIx060i1 OpraHusM yMUpaeT, X BELeCTBO €ro
Te/a paccerBaeTCs B IPOCTPAHCTBE M/IaHETHI.
BriocefcTBMM U3 3TOTO BEIIeCTBA POXK/AET-
¢ HOBBINI opraHusMm®. Pacmmpenue BIpaso
1m0 M-ocu OT TOYKM «deloBeKa» OyneM Ha-
3bIBaTh MPAGOIl TeT/eil. 3apofblll, cobupast
BOKpPYT Ce0s BeIeCTBO U3 CpPelbl, CTPeMMU-
TENbHO pacTeT, IlepeMeliasAch BBepx 1o M-o-
cu. Ha M-pmarpaMMe 3TOT IpOLECC MOXHO
IpeNCcTaBUTh Kak JieBylo M-mermo. Ecmn
COEIVIHNATD 3T JIBa MPOLECCa, TO TOMYINTCA
cBoeobpasHass M-BocpMmepka (cm.puc. 2.32),
KOTOpasi He BCEITla MOXKeT ObITh CMMeTpUY-
HOIf, CKOpee BCero, ee BepXH:AA MeT/A Bcersia
INMHHee HIDKHEN, a KpoMe TOTO, ee BePXHAA
BETBb IMEET Pa3phIB.

He mnopckaspiBaeT /M HaM  IIpUMep
c 6MocucTeMaMy, 4TO M POXKJIEHVME HOBBIX
3Be3]] JOHKHO MMeTb 3apopbpim? Yro ecnn,

* IlpaBfa, 37eCb €CTb CYIIECTBEHHOE OTINMYME OT
3Be3: B brocdepe Kax/plit HOBBINI OpraHuM3M obpa-
3yeTca «BOKPYI» 3apofbliieBoii KneTku. IIpo 3Bespibl
9TOTO BPOfie OB He CKaXKEIlb.

HallpuMeEp, TaKVIM 3apOIbILIEM MOXET CTAaTb
HelITpoHHasA 3Besfia? Ecim snech peanusyer-
cs1 M-nofobue, To acTpodusuke mpupeTcs
1IepecMOTPeTb TEOPUIO POXKIEHNA 3Be3].

Ho MoXHO HailT u npumepsl Geccriop-
HOTO mopo6us. VI3 6monornn n3BecTHO, 4TO
TP MaCCOBOI rubenu 4j1eHoB TTOITY /LA
POX/IaeMOCTb B Hell yBenmuyBaeTcA. Takum
006pas3oM, cmepmov evicmynaem Criumysmo-
Dpom pasmHodceHust Guocucmem.

Heuro ananornyHoe mMbl BupuM u B Koc-
Moce. B3PI)IBI)I CBEPXHOBDIX 3B€3[] HapyIJ_IaIOT
IPaBUTALMOHHYI0 CTaOMIBHOCTD TIa30IIblje-
BBIX KOMIIJIEKCOB MEX3BE3JHON Cpefibl, YTO
MIPUBORUT K Hadany ee ¢pparMeHTaIm, cxa-
TUIO ¥ B KOHEYHOM UTOre — K 00pa30BaHIIO
HOBBIX 3Be3ll, T. €. (AHAJIOTMYHO CUTYyal[uu
¢ 61I0CUCTeMaMu) CMePHb 8biCinynaem cmi-
MYAAIMOPOM POHCOCHUST.

Yenoeek

@

“ogagpet™ Monosan knetka

Puc. 2.32. CxematnyHas M-netnsa gns
yenoeeka (nogobHa neHte Méoéuyca).

1 — obpa3oBaHune rNonoBown KNeTkn

1 3a4aTtue;

2 — pocT nnopaa v poXxaeHue;

3 — paccenBaHuVe BelllecTBa YenoBeka

B Buocdepe nocne cmepty;

4 — cobupaHue BellecTsa U3 buocdepsl
B NpoLiecce pocTa 1 XU3HW YenoBeka
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Eme pas BepHeMCS K HAC/Ie0CMEeHHO
M-nemme. [Ins dyemoBeka M-IeTII0 MOXHO
XOpOLIO JCCNIEJOBAaTh HAa YPOBHE €€ HIDKHell
IIOJIOBUHBL, B TOT MOMEHT, KOIZIa IIOABJIAETCS
[O7I0BasA KJIeTKa. BepoATHO, YTO CBOIICTBA
IIOJIOBOJI KJIETKM OIpENEeNsIOTCS He TONBKO
Iepe/JaHHbIM €Ji TeHeTUYECKUM MaTepuaioM,
HO 11 BCeM COCTOsIHMEM OpraHmama (c y4eTom
K€ acCTPOJIOTMYEeCKO) HayKy — ellle U CBOIl-
ctBaMM Bcell CO/IHEUHOI CHUCTeMbI, a BO3-
MOYKHO, 1 Bceit Beenennoin). ITomoBast KiieTka,
HepeMelasich 13 MecTa CBoero oopasoBaHms
K MECTY BCTPEUN C [JPYTOM IOIOBOM KJIETKOIA,
OCTaeTCs1 Ha OfHOM M TOM >K€ MacCIITaOHOM
ypoBHe. ClusiHMe [ABYX IOJIOBBIX KJIETOK Be-
IOeT K Hadaly IIpollecca pasBUTUA HOBOTO
OopranmsmMma, T. €. IBVDKEHMIO BBEPX 110 M-ocn.
Takum 06pasoM, MBI MOXKEM YETKO IPOCIe-
IUTb B 9TOM IIPOLECCE HEPA3OPBAHHYIO HIK-
HIOI0 4acTb «M-BOCbMEPKI», €€ JKe BePXH:A
4acTh pasopBaHa B cpeny (cM. puc. 2.32).

MO>KHO OTMETUTB, uTo togo6Hbie M-TET-
JIN MEPEPOXXOEHWSA Boixopat 3a npese-
b1 koHKpetHoro M-KJTACCA. [Ipyrumu co-
BaMl, 3B€3/]a HE MOXKET IIOPOJIUTD I'AJIAKTHKY,
Je/I0BeK — 3Be3ny u T.11. IIpouecc nepeposicde-
Hull udem 8 pamkax co6cmeenHozo Knacca.
Ho ecnmu paccMOTpeTb BepXHIOO IIOTIOBUHY
BOCbMepKM 0orlee BHUMATE/IbHO, TO OKa-
JKeTCsI, YTO OHA 6Ce e OMKPbIma 6 COCeOHUI
knacc. Tak, BeIecTBo, KOTOpOe MJeT Ha CO3/ia-
HJe HOBOTO OPIaHM3Ma, IIOCTYIAeT He TOIbKO
¢ 3emyn, Ho 1 u3 Kocmoca®®, us mpocrpan-
ctBa CONHEYHOI CUCTeMBbl, C/IeOBATeIbHO,
8 €030aHuu Kax00eo opeanusma Ha 3eme
yuacmeyerm He MObKO 36e30Hblll YPO6eHb, HO
U 2a71aKMUYecKUil, TaK KaK MEX3Be3JHOE Be-
I[eCTBO, IIOCTYIaolIee Ha 3eMITi0, coOupaer-
Csl Ha rajlakTuyeckux mpocropax. C apyroit
CTOPOHBI, pedb UAET O BelleCTBe, KOTOpoe
POXZFaeTca B He#pax 3Be3[], C/IefOBaTe/lb-
HO, €C/IMl B NPOCTPAaHCTBEHHOM ITOHVMMAaHUY
OHO TIOCTYIAeT C Ta/JlAKTUYECKOrO YPOBH,
TO B MaclITAOHOM IMOHVMAHUY — C yPOBHs
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3Be3f. AHAJIOTMYHO U ISl 3Be3[, BPSJ, /I Be-
I[eCTBO /Il HUX IIOCTYIAeT M3 COCEHMX Ia-
JIAKTHK, CKOpee BCero, TaIaKTUKI 3aMKHYTHI
IO BEIeCTBEHHOMY IIOTOKY.

Hy a pna ramaktuk? JIna HUX BeliecTso,
II0 aHaJIOTUM C HPCI_UJIJIYH_U/IMI/I HpI/IMepaMI/I,
MOXKET IIOCTYNaTb M3 MEXIaTaKTHIeCKO
cpepsl.

Eje ofyH mmactT BOIpPOCOB — SIB/ISIOTCA
7yt M-I1eT/1i IpOCTO MY/IbCALVISIMU VI KaMH(-
Ovblil yuxa 0aem umo-mo Hosoe? [ mo6oii
6]/[0CI/[CT€MIJI OTBET OYEBUCH: KaK ObIXaHNE,
TaK U «IIEPEPOXKJEHNE» TPOUCKXOINUT C 603-
HUKHOBeHUeM HOBLIX C60IICME Ha ouepeo-
Hom yuxne. VIHaye He ObUIO ObI SBOTIOLNK
U pasBUTHA. AHAJOTUYHBIA BBIBOJ MOXKHO
crenaTh v st 3Be3fl. IlosBeHne KaXK/joil HO-
BOJI 3B€3jbl — 3TO He IIOBTOP CTapoil, BeMlb
n06aBIIAIOTCSA HOBBIE, OOJIEe TSKETble XUMMU-
yeckue sneMeHTbl. CllemoBaTeIbHO, HA Kd-
HOom M-yuxie nosensemcs umo-mo Hosoe.

Ecm aTOT BBIBOJ, PacIpOCTPaHUTb U Ha
MOBAJIbHYKO BCEJIEHCKYIO M-TMET-
JIHO, To cnenyer npusHarh, 4TO JaXKe B MOJENN
Iy/bcupylolieit BeenmeHHoM Kaxkas mMoceny-
fomast BeeseHHast 6yieT OT/IMYATBCA OT IIpe-
IBIAYIIel, YTO-TO JOIDKHO OCTaBaThCsI U ITOCTIE
[106a/TbHBIX KaTacTPO(MIeCKIX KOIAIICOB.

OUNOCOGCKOE OTCTYMAEHUE

OfHVM 13 BaXKHEWLLUMX pe3ynbTaToB BBeE-

OeHna  Mopenu  auvHamumyeckux  M-netenb
ABNSAETCA BO3MOXHOCTb paccMmaTpusaTtb Cu-
CTEMHO rpob6rieMy POXAEHUS U CMEPTH BO
BceneHHou.

Mbl BUAUM, 4TO BCE mpoLuecchbl poxae—
HUss — 3710 M-BeKTopbl, HanpaBieHHble
B onpefeneHHyto To4ky M-ocu. Poxpenve
N060ro MHOrOKMETOYHOr0 — SIPKMI NpUMep
aTomy. Beob n3 BHewwHewn cpefpbl noctyna-

eT nuTatefbHOe BeLlecTBO, 6e3 KOTOpPOro



HEBO3MOXHO BbICTPOUTb HOBbIN OPraHU3M.

[MoTOK  KOHUeHTpupytoLerocs  BelyecTsa
cripaBa HasieBO Ha30BEM MpaBbIM 0J10—
XutenbHeiM M-BekTopom. [NapannensHo BO
BPEMEHU C MUKPOYPOBHEN MPOUCXOQUT ABU-
XeHve pacTyLLero 3apofplilla csieBa Brpaso.
HasoBeM 3TO [BWXEHWE JIeBbIM MOJIOXN—
TenbHbIM M-BekTopom. Ha M-ocu Becb npo-
Lecc o6pas3oBaHna HOBOrO OpraHu3ma BblIrns-
OVT KaK KOHLeHTpaLus cneea u crnpasa B 0gHy
TOYKY MacLTaboB MHpopMaLmn U3 MUKPOMUI-
pa u BellecTBa U3 meramupa (cm.puc. 2.33).
B npouecce poxpaeuusi 3Be3g w3 Ty-
MaHHOCTEN Mbl OGHapYyXWUM rpaBbifi MO-
JIOXKUTEJIbHBIN BEKTOP, KOTOPbLIN OTpaxaeT
npouecc CO60pPKU CTPOUTENbHOro BeLecTsa
K TO4Ke c60pkn Ha M-ocu, rge nosiBnseT-
ca HoBasa 3Be3ga. Mo aHanoruu ¢ 6uonoru-

HYeCKMM npoueccomMm cnengyet oOxXxugaTtb, 4YTO

CYLLECTBYET W JIeBbl MOJIOXUTENbHbIN
M-BekTop. OpyrvMu crioBamu, s poxaeHust
Ka)XOoW HOBOW 3Be3fdbl Mano npolecca rpa-
BUTALMOHHON COOPKM BeLLECTBA, HEO6X0AMMO
eLle 1 Hanuyme 3apofplilla, KOTOpbIA Hec 6bl
B cebe «reHeTMYeCKyo nporpammy» 6yayLien
3Be3fbl. YTO MOXET MOCNYXWUTb TaknM 3apo-
ObllwemM? HewntpoHHas 3Be3pa, 6enbin Kap-
VK, 6enas gelpa unu YepHas abipa? A Moxet
6bITb, 3TO — HEU3BECTHbIE MOKa eLlje Ham
06BEKTbI, pa3Mepbl KOTOPbIX MO KOCMUYECKUM
Mepkam HacTonbko Manbl (100-1000 km), 4TO
06HapYXUTb NX NPAMbIM HabntogeHem B Koc-
MOCe CerogHsi He MpencTaBfseTCA BO3MOX-
HbIM? A MOXET 6bITb, 3apObILLM HOBbIX 3BE3[,
Bbl6pacbIBatoT U3 cebs gpyrve 3se3gbl? Ecnu
[Be 3Be3[bl «MposieTaloT» 4OCTATOYHO 6NIN3KO
Opyr oT gpyra, TO Nnof BO3OeWUCTBUEM rpaBu-
TaUMOHHOrO MPUTSXKEHNA U3 HUX MOTYT 6bITb

Yenosek

(2]

M-oce

| | »

Puc 2.33. MacLutabHble cxemMbl pOXAEHUSA 1 CMepPTH Ans YenoBeka 1 38e3abl. [yHKTMPOM nokasaHb!
npegnonaraemMble, eLle Hay4HO He BbISIBIEHHbIE TPAEKTOPUM

12 17 LglL, cm
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WCTOPrHYTbl Mfa3MeHHble CrycTKW, KOTOpble
B fasibHeNnweM MoryT obpecTn HOBYK MNAOTb
3a cyeT nuTaTenbHOW cpefbl ranakTUyeckmnx
TymaHHocTen. [locnegHuin BapuaHT, B KOTO-
pPOM y4acTBylOT ABe 3Be3fbl, O4YeHb OnM30K
K MOLENu «MnapHOro pasMHOXeHus». ABTOP
CKITOHEH cuMUTaTb MPOLECC POXAEHUS HOBbIX
cuctem B Kocmoce He nmpocTo (husmyeckum
npoLieccom, a rno aHanorum ¢ buocdepon rs1y-
60KO OpraHu30BaHHbIM WHEGOPMaUNOHHO-BE-
LLjeCTBEeHHbIM poLeccom.

Kctatn, Hanmnyue 3apopbilua, Heobxogu-
MOro A/1 POXAEHNA KOCMUYECKUX OOBLEKTOB,
ABNSAETCA TMNOTETUHECKUM TOSbKO /15 3BE34.
Ans ranaktvk Hanuume 3apogbilla, noxarnymn,
He Bbi3blBaeT COMHeHUn. CKopee BCero Tako-
BbIMW ABMSAOTCA KBa3aphbl.

Pa3mepbl KBa3apoB NpUMeEpPHO Ha 5 nopsaa-
KOB MEHbLLE ranakTU4ecKmnx, HO UX akTUBHas
3HepreTMka M TOT (PaKT, YTO OHU OKPY>XEHbI
TYMaHHOCTAMW, pa3mMepbl KOTOPbIX YXe OTHO-
CATCA K TUMWYHBLIM pasmepam ranakTuk, fgatooTt
ocHoBaHusa NMPEOMOJIATATb, 4TO Mbl BUAMM
cTapT npouecca pPoXAeHUs HOBOU raiakTuKu,
KoTOopas BblpacTaeT U3 KBasapa 3a Bpewms,
COMocTaBMMoe Mo MPOMNopuUMAM CO BPEMEHEM
pocTa 3apogpiua Brocuctembi®®. 3gech Mbl
BUOVM NPOSIBMIEHHbIV 1paBbIVi  [10SIOXKNTES1b-
HbIi M-BekTop (cM. puc. 2.33).

Ho HWMKTO He 3HaeT, oTKyga cobupaetcs
BELLECTBO AN HOBOW ranaktuku. Boamox-
HO, OHO CTArMBAETCH CO BCEX MPOCTOPOB ra-
JTAKTUHECKOro CKoOrjieHnsa, B KOTOPOM OHa
poxgaetcs.

PaccmoTtpum Tenepb, Kak 6ygeT BbIrns-
netb cuctemHass M-BekTopHasi mopgesb
npouecca cmepTy Bo BeceneHHOM.

OdyeHb HarnAgHbI MaTepuan ans aT1oro
JaeT HaM cmepTb 3Be3[. ACTPOHOMbI XOpO-

WO n3y4unu 3TOT npouecc. Kaxpgas 3sesga

3aKaH4nBaeT CBOW XWU3HEHHbIN LMKIT pasphbi-
BOM Mexpay sApomM un obosoykou. Mpy 3ToM
A0pO CXKUMaeTcs, a 0605104Ka pacLumpseTcs.
B rnaBe 2.1 Mbl nokasanu, 4To 3TOT npouecc
Ha M-ocu npoucxoguT C yAMBUTENBbHOW CUM-
MeTpuen. 3aecb Mbl 06paTMM BHUMaHWe Ha
OpYron acnekT.

[MpaBbIi  BEKTOp OTpaxaeT pacLumpe-
HMe 060SfI0YKW, a feBbl — cCXatve agpa.
HeTpygHo 3ameTtutb, 4TO Ha M-ocn oba Bek-
Topa CMepTU 3epKasibHO MNPOTUBOMOMOXHbI
BeKTopaMm poxpgeHus (cMm.puc. 2.33). Haso-
BEM VX MpaBbiM OTpULYaTesIbHbIM U JIEBbIM
oTpuyartesibHbIM.

Cam npouecc cMepTu BbIrmaguT Ha M-ocu
Kak npouecc JeKOHUeHTpayumn, Kak npouecc
paspbiBa. HanomHum, 4TO npouecc poxpe-
HUA BbIMMSAAWT Kak NpoOUecC KOHLUEeHTpauuun
N CO0pPKMU.

Hanuuo oveBupgHas 3epkasibHass cUM-—
mMeTpusi BO BCeM, W NPOTUBOMOCTaBIiEHNE
poXaeHuss 1 cmepTn nony4daeTt Ha M-ocu ap-
KOe BOMMOLLEHMEe B 3epKasbHbIX MOAENbHbIX
CcXemax.

WTak, ¢ To4Ykn 3peHus macLuTabHoOWN CUM-
MeTpuM JI060M MPOLECC POXAEHUS U CMePTU
MOXXHO M306pa3MTb ABYyMs1 cxemamu.

Y70 HOBOrO 3TO Ham gaet?

OTO [aeT HaM COBEpPLUEHHO HeoXuaaH-
HbIl U HOBBIA MOAXOA K npo6rsieme cMepTu
yersioBeKa.

Ecnn cxema, koTopas o4eBuMgHa Ans
3Be3[, SBNSAETCA YyHMBepcasnbHOM (a K 3To-
My Hac noaBoauT TOT MHOIMOKpaTHO ynoma-
HyTbIn hakT, 4TO 605ee 99 % BeLlecTBa BO
BceneHHol cocpefoTodeHO B 3Be3fgax), TO
cxema cmepTu Ha M-ocu ans YenoBeka JOMX-
Ha 6bITb Nogo6Ha 3BE3OHOM CXeme CMepTU.
B atom cnydae cmepTb Kaxgoro 4enoseka

OOJIXKHa conpoBOXAaTbCA OT/IeTOM HeKOTOpOVI
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0607104k (ByWwmn?), KoTopas, pacLUMPSSCh,
MOXET OOCTUTHYTb OYEeHb 6O/bLUMX pasme-
pOB, VI NPAMO NPOTUBOMONOXHbLIM Mo M-ocu
npoyeccom Kosnnarnca «sgpa» 4enoseka [o
MUKPOCKOMMYECKNX padmepoB. Kakux? N yto
370 3a A4po?

YUCTO MHTYUTUBHO MOXHO NPenanonoXuTb,
4YTO CXMMaTbca 6ydeT HekoTopas HeBeLye-
CTBEHHas cybcTaHUmsl, KOTopas MOXET CKOf-
nancvpoBaTb Ha MacwTtabbl 00 5 MOpsiaKoB

MeHbLLMX (BCMOMHMM Konnanc 3se3g). B atom

cny4dae konnancvpytowas cybctaHuma MoXeT
poctnyb pasmepos 10-100 MKM, npumMepHO
50 MKM. TakoBbl CpefHWe pasmepbl KNeTKu
YenoBeka, TakoBbl MacLUTabHble KOOPAUHATbI
MLUB. U, kak 6yget nokasaHo gasblue, TaKoBbl
pa3mepbl TEOPETUYECKM NONYHYEHHON CTPYKTY-
pbl — «3epHa MUPOBOro AyXa».

MTak, XOTA Mbl M nony4nnn 6osbLle BO-
NpOCOB, YEM OTBETOB, HO MOXET ObITb UMEHHO
30eCb COKpbITa Hay4Hasi TPOnvHKa K rpobrie-
Me BEYHOW XXU3HU.



[JIABA 2.3

®A30BbIH NOPTPET
SEPKANIbHO-CUMMETPUYHOKU BCEJIEHHOM

B mpeppinyiiesi r1aBe Mbl BBIIBUHYIM (OPIMUIOTE3Y O TOM, YTO HAIll BeleCTBEHHBIN MUp
MIMeeT CBOII 3epKanvHblil anmunod — mup dusuyveckozo eaxyyma — adup. OT KIaccudecko-
O IyCTOTO BaKyyMa — IPOCTPAHCTBA OH OT/IMYAETCA TEM, YTO B HEM B CBA3aHHOM COCTOAHUM
IPUCYTCTBYeT MaTepus (MaKCYMOHBI) M NOTeHIMaIbHAA SHepriA ee cBAsK. Elle oH oTmmyaercs
TeM, 4TO CIIOCOOEH NOPOXIATh HOBbIe (POTOHBI, NEKTPOHDI U APYTHUe 9eMeHTapHble YaCTHUIIBL,
KOTOpbIE COCTOAT 13 MAKCMMOHOB TaK JKe, KaK IIJTaHeThl I KAMHM COCTOAT U3 aTOMOB. VI X014
mup aupa O6bIT BBEfieH, OIMPasACh Ha YUCTO (GOpMajbHbIe IIPYHIMIIbI, OIMPAsACh JIMIIb Ha 3a-
KOHBI MacIITaOHOV CUMMETPUM, JA/IbHENIINIT aHA/IM3 TI0KA3aJl, YTO IH0MH He6e00Mblii HAM MUP
n0360717em HALIMU PeaibHble 8bIX00bL U3 MHONMECEA NPOMUEOPeHUil COBpeMeHHOTE PusUKL.

B aToii rmaBe Mbl paccMOTPUM TOIBKO OJHO, HO OY€Hb BAXKHOE C/IE€ACTBIIE 13 BbIIIBI/IHYTOIv/I

rumoresst — TEPMOOVNHAMUKY BCENEHHOW.

CBOBODHOE PACCYXDEHUE

O6LLEen3BeCTHO, 4YTO BCe MNpOLEecchbl BO
BceneHHon mayT c BblgeneHvem Tenna, Yto
W 3aKpenneHo BO BTOPOM Hayasie TepMo-—
AvHamukun. TlpocToe 0606LLeHMe ITOro SAB-
NEeHNs NPUBENO PM3NKY K BbIBOLY O TEMSIOBOM
cmepTtn BecenenHon. B nocnepgHue rogel B pa-
60Tax N0 CUHEPreTUKe 3TOT BbIBOA OCTOPOXHO
06X0OnNTCs 3a CYET pasfeneHuss 3aMKHYTbIX
N He3aMKHyTbIx cucteM. OpgHako B pamkax
TpaguLMOHHOM KOCMOJIOrMM BOMPOC O He3aM-
KHyTOCTM BceneHHOM He vMeeT hr3nyecKon
nHTepnpetaumn. COBEPLUEHHO  HEMOHSTHO,
KyAla HYXHO «pa30MKHYTb» BcesneHHYyo,
ecsin oHa — Becb MuUp. B cuHepreTuke BBO-
OUTCA HEKOTOPbIN MOTOK HErsHTPONMUU, KO-
TOPbIN NOCTYNAET U3BHE B OTKPbLITYIO CUCTEMY
N TEM CaMblM CHUMAET BO3MOXHOCTb €€ Obl-
cTpon gerpagaumun. Ho otkyaa 6epertcs no-

TOK HeraHTponuu n3sHe BceneHHou, ecnun

BHe ee (Mo O6LYENPUHATON MOJENU) HeT
Hu4ero? I'me HaXoQUTCA TOT «KpaH», N3 KOTO-
poro aTta 6narogaTtb usnueaeTca BO Bcenen-
HYIO 1 He JaeT el «3aCOXHYTb»?

HesicHOCTb BCeX 3TMX BOMPOCOB 3acTaBnseT
acTpoPU3NKOB N KOCMOJIOrOB paccMaTpusath
BceneHHyo no-npexHemMy kakK 3aMKHYTYH
cucTemMy W fenatb BbIBOL, O HEU3GEXHOCTU ee
TENNoBOV CMepTU. 3Oecb BO3HWMKAET BecbMa
napagokcancHas cutyaumsa. CornacHo Tep-
MOOMHaMMYeCKon Teopuwn, Bo BceneHHoln Bce
npoLecchl OOMKHbI BECTU K gerpagauyuu, HO
aHanu3 HabntogartesibHbIX AaHHbIX MokasblBa-
€T, 410 BO BceneHHon B 0603pvMOM NPOLLSIOM
CMOXHOCTb CTPYKTYpP NKLLb BO3pacTaeT.

AHanornyHbln BbIBOL, MOXHO cpenaTb
1 ona ConHe4How cucTemsbl. He ncknoveHem
asnsetca n buocdepa. HeT comHeHur, 4TO
BO3pacTaeT M MHMOPMAaLMOHHAA CIIOXHOCTb
BoaHukaet

YerloBeYeCcKOn  LMBUNIN3AaLMN.
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BOMPOC: OTKyAa Xe 6epeTcs Bce 370 pas3HOo-
6pasve mvpa 1 no4emy oHo, BOMPEKN BTOPOMY
Havany TepMOAMHaMUKK, NnLLb pacTeT?

He Haxogs MCTOYHMK NMOCTOSIHHOIO YBENN-
YeHUs MHPOPMALIMOHHONM CNOXXHOCTU Beenen-
HOW, KOCMOSorms penaeTr napafokcasbHbIn,
HO JIOMMYECKN EeOVHCTBEHHO OOCTYMHbIA eun
BbIBOA: coBpeMeHHasi BceneHHass — 310
nocnencTBusi eQUHCTBEHHOro W cClyYan—
HOro HEersHTPONUIUHOIro BCJiecKa, KOTOPbIN
Aan ToN4oK B NPOLUSIOM BCEM MnpoLieccam pas-
BUTUA, a TO, YTO Mbl MMeeM cerogHsd, — 3TO
BCEro NvLb MHEPLUMOHHasA hasa 3Toro aBne-
Hua. PaHo mnvM no3gHO MNOCNEeACcTBUSA 3TOr0
BCMfiecka nof Hanopom xaoca W TensioBOro
6ecnopsaka 6ynyT paspyLUeHbl, 1 MUp ONSATb
NOKaTUTCA NO «MPaBUSIbBHOMY» NMyTU — K fe-
rpagauum 1 ynpoLLeHUto.

CnepoBatesibHO, MO 3TOV Bepcumn B 6ECKO-
HEYHOM MPOLUSIOM U GECKOHEeYHOM OyayLiemM
MUP XaoTU4eH n 6eCFIOpﬂJ:|,O‘-IeH, HO B HEKOTO-
pOM hparMeHTe ero UCTOpMU NPOU3OLLIEN He-
BEPOATHbIV BCNJIECK HEr3HTpoNuK, 6narogaps
YeMy MOSBUMNCHL N Mbl — HabnogaTenu n getm
3TOro BCriecka, Ho 6yayLlero y Hac HeT, TaK
KaKk MUp BCE paBHO BEpHETCs K «HopMarib-
HOMY» XaOTUYECKOMY COCTOSIHMIO. YXacHas
dunococpus.

Ewe pa3 otMetum, 4TO 9TOT napagokc
He HaBA3aH WMCKYCCTBEHHO KakKMMW-TO OeMO-
HUYECKUMW CUMamMW, OH BO3HWKaeT U3 fpo-—
CTOM HECTbIKOBKM MeXAy LOBYMS SIBHbIMU
1 04EBUOHBLIMW, MHOMOKPaTHO NMPOBEPEHHbIMMU
1 He BbI3bIBAKOLLMMN COMHEHUIN Y rPaMOTHbIX
crneumanncToB haktamu, a UMEHHO — MeX—
AY haKTOM BblfesieHUs1 Ternia rnpu J1loo6bIX
npouyeccax N (haKTomM BO3pacTaHusi C/I0X—
HocTu BeceneHHOM.

NTaK, «cnacutenbHbli» BbIXOA, KOTOPbIN

npennoXxunn y4deHble, 3anoXxmB B OCHOBY

3BOMIOUNN NYCTb FMMIraHTCKUA, HO BCE Xe CIy-
YalHbIN  BCMNMECK HErsHTponuu, sBnsgeTca
€ONHCTBEHHbIM AN TPaaULMOHHOM HayKW Bbl-
xoAoM. B uenom xe aToT Bbixog — cypporart
pelueHunsi, nb6o nrobdas cry4amHoCTb — Heno-
3HaHHass 3aKOHOMEPHOCTb, W, MPUHAB Takoe
peLLeHne, HayKa nNpocTo «3amena npobnemy
nog Koeep». Takon NoAxXon — 3TO M3ALLHbIN
crnoco6 npugaTb CBOEMY HE3HaHWI0 KBasuHa-
Yy4HOE M KBa3unorndeckoe o6bfCHEHWe, Cro-
CO6 COXpaHWUTb XOPOLUYKD MUHY MpW MIOXomn
urpe. Ho gaxe 3TOT NannmaTuB He BblOEePXU-
BaeT KPUTMKM, KaK TONbKO OT SiIBNEHWI JocTa-
TOYHO [Oanekon M CMYTHO MPOCHUTLIBAEMOW
KOCMOJIOrMM Mbl Nepexogvm B 605iee 4YeTKo
oco3HaBaeMylo obnacte — 6uonoruio. Bosb-
MEM NULLIb OAUH CaMbIi MPOCTON haKT.

Heno B ToM, 4TO BCe 6eNKOBbIE MOSEKY-
Nbl ABMAOTCA JieBoBpaLjarolmMmMu. A npu
3TOM HE OOHApPYXEHO HUKaKuUX (pu3ny4eckmx
HhaKTopoB, KOTOpPble MOrNN 6bl MPUBECTU K Ta-
KOW TOTaslbHOM NeBOBpaLLaloLLen CcUTyauuu.
B knaccmyeckon Hayke ocTaeTcs Nullb hak-
TOp CNy4anHoOCTW.

OpHako «...pacHeTbl MOKa3blBaloOT, YTO
BEPOATHOCTb CaMOMPOU3BOSIbHOMO BO3HUKHO-
BEHMS B NPUPOAE OaXe camblX MPUMUTUBHBIX
OopraHm3MoB abCOSMIIOTHO UCKMYeHa. Tak,
NoACYUTaHO, 4YTOObI ObITb CMOCOBHBLIM XWUTb,
cambli MPOCTOM XUBOW OpraHvuaM LOSHKEH CO-
CTOATb HEe MeHee Yem n3 239 6enkoBbIX MO-
nekyn. BeposiTHOCTb TOro, 4TO BCE aMUHOKMUC-
noTel 6yayT nesoBpallarommm, pasHa 107",
HeocyLLecTBUMOCTb 3TOro COObITUSA LEMOH-
CTPUPYET, B YACTHOCTWU, TOT (PaKT, 4YTO KOmnu-
4eCTBO BCcex 6eNKOoBbIX MOMEKYS, Korga-nnéo
CyLLIeCTBOBaBLUMX Ha 3emre, He npesbilaeT
10%%, a BEpOATHOCTb TOrO, YTO MPOCTOE CoYe-
TaHne 13 239 TONbKO nesoBpaLlarLmx 6en-

KOBbIX MOMEKYS Npon3onaeT cryYanHo, B OO
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TOrO HEeXVBOM Npupoae 3emru, npu Konnye-
CTBEHHOM paBEHCTBE JIeBOM MPaBOBpPALLA-
IOLMX GEmNKOBbIX MOMEKYN, WCKIIOUYUTENbHO
Mana Uu npakTn4eCkn HeocylleCcTBMMa, TakK
Kak cocTaBnsieT Bcero 1072945, 2%0
CnepoeatensHo, HE MOXXET BbITb
N PEYUN O CNYYAVHOM BO3HUKHOBE-

HUW XXN3HWN.

[ToBTOpUM ellle pa3 21aéHOe NPOMUB0-
peuue mepmoounamuxy. JlokanbHble HaOIO-
meHrss GU3MYECKUX SBIEHUIT HEOCIIOPUMO
CBUJIETE/IBCTBYIOT O PAacCeMBaHUM 3SHEPIUN
B BIfe TeIuta npu moowvix nporeccax. 0606-
IeHJe 3TOrO0 HEOCIIOPUMOro HaGIIofeH s
Ha BCIO BceleHHYI0 IPUBOOMT K BBIBOAY
0 HeM36EKHOCTH TEIUIOBOII CMEPTH U O JO-
MUHIPOBAHUM IPOLECCOB AECTPYKILMM Haf
nporeccamu cosupanus. Ho rnobanbHble Ha-
OmiopieHNs1 3a pasBuTVeM BceneHHOI 1 aHa-
M3 PasBUTHS XIU3HYU Ha 3eMyle HeOCIIOPMMO
CBUJIETENBCTBYIOT O OOMUHUPOBAHUU NPO-
Ueccos YCoNCHeHUs, NPOUeccos CoO3UOAHUS.
Mexpy aTmu ByMs paKTaMu MOXKHO Hail-
TN JIOTMYECKIN HerOT]/[BOpe‘II/IByIO CBA3b,
KaK MbI [TOKQ&XeM fajiee, MULIb Yepe3 Mac-
mTabHOe M3MepeHne. 31ech Mbl HafyIM JIMIIb
IpeiBApUTENbHBII OAXOL K IIpobieMe.

Haunem ¢ aHammM3a BCeX SHTPOIMITHBIX
IPOLIECCOB 6 PA3080M NPOCHPAHCHIBE <MAC-
wma6-ycmoituusocmo» (M-Y OUAIPAM-
MA). Ecu Bce mpotiecchl B MMKPOMUPE U Me-
rammpe MpPUBOJAT K BBIIEIEHUIO TEIUIA, TO

BCe B 9TOM MMpe PaHO WV T03[JHO 3aKOHUINT-
51 TEIIOBBIM (MH(PAKPACHBIM) U3y IEeHVEM.
3amazum cebe BoIpoc, 20e ye Ha M-ocu pac-
nosnosxen Ouanason uHPpaxpachvix ny4eti
(MK)? OtBer ectb B m06OM CIIPABOYHIUKE TIO
¢usuxe: nmanason VK 3aHumMaeT oTpe3ok
B Tpu topsizKa ot 7,7 - 107 o 107" em. U ecrm
OT/IOKNTH ITOT OTPe30K Ha M-ocu u moje-
mnTh mononaM (puc. 2.34), TO MblI MOTYyIUM
TOYKY, KOTOpas MOYTH MFeaTbHO COBIama-
et ¢ MLIB. Otot daxr BbIsbIBaeT OrpOMHBII
nnrepec. Kpome toro, HabmogeHns MOKa3bl-
BAIOT, YTO MAKCHMYM TEIUIOBOIO M3/TydeHMs
OOJIbLIMHCTBA TeJ IIPUXOSUTCS AefICTBUTEIb-
HO Ha finanaso” MIIB, T. e. Ha cpeHMIt IopA-
IOK BHYTPM BCero nHGPpaKpacHOTo A1anaso-
Ha. Ho 910 nnu danractnyeckoe copmageHue,
WIY YHUKAJIbHAS 3aKOHOMEPHOCTD!

3abymem Ha MuHYTy 00 uH(pakpac-
HOM u3/IydeHnu. PaccMoTpum r106aibHyI0
MM-AMY ¢ mosuumm abcrpaxtHOil sHep-
retuku. JIi060e OBVOKEHME BHUS3, K HVDKHEI
TOYKE YCTOMYMBOCTU, [O/DKHO COIIPOBO-
XK[ATbCsI BBIfie/IeHIIeM ITOTEHIIMATIbHOI SHep-
TUY U IIpeBpallleHNeM ee B KMHETUYeCKYIO.
[TpudeM IOCKONBKY BCe [BVDKEHWS BeHyT
B HIDKHIOIO TOYKY, TO (OPMaIbHO MMEHHO
30eco U 00/HeH 3aKAHYUBAMYCA KACKAOHDLL
npouecc npespauseHus IHepeUll 6 HeKyw mac-
wmabHo-ueHmpuueckyto ee dpopmy (cm.puc.
2.35). Jloru4yHo 6yzneT 1300pasuTh ITOT MPO-
I1ecc Kak cTekaHue ¢ fByx cknoHos MIM-AMbl
9HEpruy BHM3, B CPENHIO TOYKY. VIMeH-
HO CIOfa [IeVICTBUTEIBHO M cOOMpaeTcss BCA

7,1 10_5 n K—gnanawﬂ 10"
A Lg L,cm
_'5 _'4 e _'1 ('} M-rocu Puc. 2.34. iwanasoH favH uHepa-

KpacHbIX BOMH. BupgHo, 4TO ero
MacLUTabHbIN LEeHTP MnoYTn uge-
anbHo coenagaet ¢ MLIB
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Tennosoe ninydyeHue

A

1 1 I I I

-33 -28 -23 -18 -13 -8

Puc. 2.35. Cxema 3HepreTnuyecknx NoTokoB BeeneHHon Ha dpakTansHol nosepxHocTn MI-ambl.
1 — XMMMYECKOe OKUCIIeHUe (ropeHne); 2 — saepHas SHeprus;
3 — runoTeTnyeckasn 3Heprus saep 3NeKTPOHOB, BbIAENAIOLAACS B AApax ranakTvk

-
Ll

2 7 12 17 22 27

sHeprus BceneHHoI B Bupe Temta. Takum 06-
pas’oM, Hallla JOBOJIbHO aGCTPAaKTHAS MOJIENb
OKasanach macumabnoii unmepnpemavueti
6mopozo Hauana mepmoounamuxu. Ho Bo
BTOPOM Hayasie HeT HI CJIOBA O MACIITaOHOI
CUMMeTpUM, B TO Bpems kak mopmenb MI1-
AMbI yauBurensso cumMmmeTpudHa.

Urak, 0o6pasHO TOBOps, cyujecmeyem
mennosoii cmox snepeuu 6 MACLUTAB-
HbI1 LEEHTP BCENEHHOW. Mocrponm
00001IeHHYI0 [MarpaMMy 3HepreTUYecKux
mporeccoB Bo Bcemennoit (cm. puc. 2.36).
Bce myHammveckye IIpOLecchl B JIEBON Ya-
ctu (B MUKPOMMpE) BELyT K HIDKHEN TOYKEe
ycroitanBoctu rinobanpHoit MIMT-AMbI Brpa-
BO (BeKTOp «1»), BCE MPOIECCHI B MeraMumpe
BEJYT K 9TOI XKe TOYKe BJIEBO (BEKTOP «2»).
VI B TO e BpeMs BCe IIPOLIECCH Ha BCEX
MacCIITaGHBIX YPOBHAX BceleHHO!T BemyT
K BbIIeIeHNIo Terta (BekTop «3»). Ha mope-
m rnobanproit MIMN-AMbI ato moxuO M30-
6pasuTh B BUJle TPeEX BEKTOPOB. [lMHammka

MUKpoMMpa «1» U Merammpa «2» IPUBOJUT
K IIOSIB/IEHNIO M30BITOYHOrO Terma «3» —
[I0Ka 9TOT BBIBOJI He HECET HUYEro HOBOTO,
SIB/SIAACH JIUIIb [apaMeTPUIECKNM IOpTpe-
TOM BTOpPOrO HaYaja TEPMOIVHAMUKMU Ha
ONATPAMME M-Y. HoBsIM 3pech, moxa-
nyit, sensercst b 1o, yto TEMNIOBOW
BEKTOP PACIO/IOXKEH HA M-OCU
TOYHO B EE LIEHTPE!

Vtaxk, mo6oii npouecc 60 Bcenennoii 6 xo-
HeYHOM umoze nocvinaem 6 dPupHoe npo-
CIPAaHcmeo OuHamuueckoe 6030yicoeHue
¢ 0nunoii eonnwl, coomseemcmeyroweii MAC-
LUTABHOMY LIEHTPY BCENEHHOW. ITpu
9TOM, 006pasHO TOBOPsL, KaXX/blil IPOLIECC BO
BceneHHOI Kak 6bI «00I0KEH TEIIOBBIM Ha-
7IoroM»: «Xod4ellb 4TO-TO CHeNaTb — Harpei
IIPOCTPAHCTBO», — 4eM OOJIblile [ie/Iaelllb, TeM
Oorbliie HarpeBaelb. VI OT 9TOI «HAIOTOBOA
CTy>KObI» BeemeHHOIT HeT BO3MO>XKHOCTH YT
B 9TOM 11 IIPOSIB/ISIETCSI BTOPOE HAYAIIO TEPMO-
muHamuky. Ha 9to >ke TpaTmTCsi COOpaHHBIN
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«Hamor»? Kimaccnaeckas ¢pusmka BUAUT TOMb-
KO OIHO — Xaoc TeruioBoii cmept. Ho aTo He
Tak, BO BcemenHoil Bce pasymHo. Ilokakem
3To Ha (Ha30BoIl fUATPaMMe.

Panee Mbl BbIABUHYINM (POPMATbHYIO
cucremuyio [MMNOTE3Y o Tom, uro dusu-
"eckutl 6aKyym — 9mo 3epKanvHulii éele-
CMBEHHOMY CBA3AHHLLL MAmMePUATbLHDLIL
mup Bcenennoii. Ecnu y4ecTb MCTOPUIO Ha-
YKI, TO B [faJIbHEIIIIeM MO>KHO TOBOPUTb 00
O®UPE, koropslit ompeseeHHbIM 06pa3oM
3aII0/IHAET BCe IPOCTPAHCTBA U pearupyer
Ha M3MEHEeHUS B HeM IIeJIOCTHBIM 06pa3oM —
KaK CIUIOIIHaA cpepa. T. e., 10 MHEHUIO aB-
TOpa, aup — 3mo 00HOPoOHAst cpeda u3
MAKCUMOHOE.

Panee mpr NMPEOMNOJIOXKNIN, uto 312
Cpefia pacIIMpsieTCsl Ha MeraypoBHSIX M CKU-
MaeTcsl Ha MUKPOYpPOBHAX (cM. puc. 2.36).
IIpy aTOM MBI He 3aJaBaaiCh BOIPOCOM —
omKyO0a Gepemcs sHep2us Ha IMOm npouecc.
Tenepb ke MOXXeM NPENIIONOXNUTD, YTO ee
HOCTaB/IAIOT TEIVIOBbIE KONIeOAHUA MAKCUMO-
H08 — «3», I UMEHHO 3TU TEIIOBbIE Komeba-
HMA 00eCIeYnBaIOT pacliupeHne IpoCTpaH-
CTBa «—2» M KOJUIAIIC €r0 YacTeil «—1».

PaccmorpuM nymwv anepeuu na gaso-
801l ouazpamme 00 KoHua (cM. puc. 2.36).
[IpaBas BeTBb 3(UPHOrO PACIIMPEHUA «—2»
3aMbIKaeTCsA Ha IIPaByl0 BETBb I'DaBMUTALlU-
OHHOro OKaTus (BeKTOp «2»). JleBast BeTBb
MMKPOCKATUA KOHCTPYKIMU Y3 MaKCHMO-
HOB «—1» 3aMBIKaeTCsl Ha JIEBYIO BETBb Bellle-
CTBEHHOTO PacIIMpeHns «1».

ITo cytnt Mpl monydaem Hexotopsiit JIN-
HEVHbIA BAPVAHT TOPOBOIO BUX-
PA HA M-Y OUATPAMME (cm. puc. 2.37).
Jo cux mop Kmaccudeckas HayKa paccMaTpH-
BaJia BCe SABJIEHNA, KOTOpbIe CBA3AHBI UMb
€ HUMCHell 4ACmbl0 31020 6UXPS, TIOITOMY
BO3HUKA/IN YIOMSIHYThIe BbIlIe [T06aTbHbIe
MUPOBO33peHYeCKIe IPOTUBOPEUIL.

Wrak, cormacHo noruke maciurabHo-ga-
30BOJI AMarpaMMbl:

M-ocb

1 1 1w
>

-33 -3 28

Puc. 2.36. lMonHbIi TepMoauHaMUYeCKunin
umnkn BceneHHol Ha M-guarpamme:

1 — 3Heprusa pacLuMpeHuns;

2 — 3Heprua cxartus; 3 — 3Heprus Tenna;
(—1) — sHeprus konnanca BeLLecTBa;

(—2) — aHeprusa pacLuMpeHns NnpocTpaHcTea

e PACLUMPEHWVE NMPOCTPAHCTBA 30U-
PA OBOPAYMBAETCHA CXXATUEM BELLE-
CTBA (NOPOXXAEHVEM PABUTALININ),

o KONNAMC MPOCTPAHCTBA — OBOPA-
YBAETCA PACLUMPEHVMEM BELLUECTBEH-
HOW CTPYKTYPbI, OBPASOBAHUIO BELLIE-
CTBEHHbIX YACTWL, (CJTABbIE CUABI).

Takum 06pasom, Mbl IOTy4aeM IIpefiBa-
PUTENBHYIO MOJE/Ib BCETEHCKOIO «BEYHOTO
ABUIaTeNIsA», B KOTOPOM HEIPePhIBHO IPOVIC-
XOINT IepeTeKaHne SHepruy 13 ofHoit ¢op-
MBI B IpyTyIo (cM.puc. 2.37). DTy I0TNYeCKyI0
CXeMy MOXKHO CPaBHUTb CO CBOeOOpasHOI
neHToil Mébuyca, rie Mup u anmumup He-
3amemHo nepexodsim 0pyz 6 0pyza, MEHASCL
mecmamu 6 OuHamuyeckoii macuima6Hoi
HanpaenenHocmu, U 20e Hem HU HAYANA, HU
KOHUa.

TertoBoe I/I371y‘—IeHI/[e BbIIIOJTHAET POJIb
JHepzemu1ecK020 «MOCIA» Mexnoy O06yms
mupamu. Takas TOCTAaHOBKA BOIIPOCA CHMMa-
eT mpob/eMy TeIUIOBOI cMepTu BceneHHOI,
Ipo6/ieMy HEIpephIBHOTO POCTa SHTPOINN.
Ja, sHTpOIMs HapacTaeT Ha OJHON CTOPOHE
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BCE/IEHCKOIT «IeHTbl MEOuyca», HO TYT Xe
TpaHCHOPMUPYETCsT B CO3UJIATENBHYIO Hesi-
TENIPHOCTD 4YeThIpexX (Mmm IsITM) BUEOB OC-
HOBHBIX B3aMMOJENCTBMUII BeIeCTBEHHOI
Bcenennoit Ha Ipyroi CTOpoHe 3TON BCETIEH-
CKOJ1 «JIeHTbI». boree mofpoOHO MbI paccMo-
TPUM, KaK BO3HMKaeT HOBas MH(QOpMAIV
6rmaroziapst pacimpeHnio BeeneHHoit 1 mysb-
canmaM MaKCUMOHOB B C/IeAYIOLIEl! I/IaBe.

[Tonpobyem Teneps 0T (Ha3oBBIX MOZENEN
OCTOPOXKHO IEpeiiTy K TPaUIIIOHHBIM (u-
3NMYECKMM MOJC/IAM. H}IH 9TOro Ha IEpBOM
ware HaM focraroyno nonyduts [MPOCTYIO
JIOTMYECKWN HEMPOTVBOPE4YYBYIO
CXEMY.

Bce nponeccel Bo BcenenHoll BbIfieNAIOT
terno (Uaer mporecc «3»), KOTOpoe Harpe-
BaeT adup. IPup pacwupsemcs — wuper
mnporecc «—2». JlokanvHolii Hazpeé adupa
8edem K menno6oii HeOOHOPOOHOCMU 6 OMm-
OefIvHLIX MOUKAX Npocmparcmea, Komo-
pvle HAUUHAIOM «Kunemb», 4o npueooum
K pasynnomuenuro sdupa u noseneHUI0
6 pesynvmame cun zpasumayuu* — uneT
mpouecc «2». B pasyIIoTHeHHBIX 0671acTsaxX
a¢upa 00pasylOTCA «aXypHbIe» KOHCTPYK-
LUV Y3 MAKCUMOHOB — OT YacCTHI] 10 CKOIIIe-
HUIJT Ta/IAKTUK. 32 CYeT HOITIoNeHNs 3GUpoM
TeIlla B MPOIeccax KOMIamca 3TU «ITy3bIpu»
PaHO WM O3[HO CX/IONBIBAIOTCS (MAET Mpo-
1iecc «—1»), HanpuMep, 3Be3/Ibl IIPEBPAIIAIOT-
cs1 B YepHble ipIpbl. JlaBiieHue B a¢upe u ero
TeMIepaTypa Majjaior.

Wtak, ecnyt B OXHOM MecTe 3up pacin-
psieTcsa U pa3phbIX/IAeTCs, TO B APYIOM MecTe
OH CKMMAeTCs U YIUVIOTHAeTCA. DTU Ipoliec-
CBI UAYT IO BCeli Bcenennoit napannenvno
60 8pemeHlU, HO NPOMUBONOTIONHO NO MAC-
wmabnomy Hanpaénenuro. B mporecce cxa-
TUA U YIUIOTHEHWS 8€U{eCH60 PA3Pyuiaemcs
cHayasa o aroMoB (BK), moTom 0 Hyk10HOB

* CpA3b IpaBUTAlMM C PasyIIOTHEHNEM a¢upa pac-
CcMOTpeHa B KHuTe aBTopa «Kumamuit Bakyym Bcenmen-
HOT», M.: HoBpIit 1ienTp, 2005.

M-ocb
1 1 1 .
'
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Puc. 2.37. YcnoeHaa TopoBas cxema Tep-
MOAMHaMU4eckoro uukna BceneHHon Ha
M-pnarpamme. BugHo, 4TO 3aMKHYTbIN Tep-
MOoAMHaMUYeckuin UmMkn BceneHHo MoxeT
6bITb MpefAcTaBfieH B BuMAE MaclutabHoro
TOpa, pasnunyHbie BETBU KOTOPOro BOCMPU-
HUMAIOTCS HAMU, KakK pasnuyHble BUabl Cun
BO BceneHHon

(H3), satrem mo GOTOHOB U, HAKOHEN, MO
makcumonos (Y[). Makcumonse — amu
nepeoKupnuduKy 6cezo 60 BcenenHoii, 0CBO-
OOXJAIOTCSI OT CTPYKTYPHOI 3aBUCHUMOCTU
(TO Ke, 4TO U € Pa3oOPaHHBIM [0 KMpIIUYel
3[aHIeM) U TPUOOPETAT HE3aBUCUMOCTD,
9TO IpeBpallaeT UX HOTEHIVATbHYI0 SHep-
IUMIO CBA3U B CTPYKTYpe BellleCTBAa B KUHe-
TUYECKYI0 SHEPIMI0 CAMOCTOSITE/IBHOTO JIBM-
keHyst. CBOOOJHbBIE MaKCHMMOHBI CIIOCOOHBI
3aHOBO COOpAThCsl B MeCTaX Pas3ymIOTHEHVS
a¢upa B HOBble CHUCTEMBI: 3/IeMEHTapHbIE
qYaCTuIbl, aTOMBI, MO}IeKyfIbI n T.II. — UJEeT
mpouecc «1». [paButanus cobupaer U3 HuUX
KOCMMYeCKIe Tella — UJieT npoiecc «2». Ilpu
9TOM BBIE/ISIETCS M3OBITOYHOE TEIUIO — WJET
nponecc «3». VI rak 6e3 KOHIIA.

Bbiiire Mbl HadaayM pacCMOTpPEHME C 3Ta-
I1a BbIJe/IEHNA Teraa. B OeCKOHEYHO JIeHTe
Mébuyca abcomoTHO 6e3pasIniHo, C KaKOi
TOYKJ MBI HAaUHeM JBVDKEHIE U Ky/ja — BJIEBO
JWIN BIIPAaBO, LMK/ BCe PaBHO Oy/eT ommcaH
Becb. [lokaxcem amo Ha npumepe.
4TO HMPOCHPAHCHIBO
Bcenennoii pacwupsiemcsa. B pesynbrare

Haunem c¢ Toro,
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9TOTO IIPOIlecca B OTHENbHBIX TOYKAX 3up-
HOTO NIPOCTPAHCTBA BO3HMKAOT TOKANbHbIE
pacmsizuearowue Hanpsienus. upHoe
IPOCTPAHCTBO HA4YMHAET PBATbCS B ITUX
MecTax, 00pasys MyCTOTH (pasyIIOTHEeH-
Hble 007acTu 3PUpPHOI cpefibl). DTU IIYCTO-
TBI, JVICTIOKALMN VI HEOFHOPOFHOCTI VIMEIOT
PasHOMACIITAOHbI XapakTep: OT MeJIbyail-
HINX 1y3BIPbKOB ((POTOHOB) HO I7IOGANBHOI
HeHbI CTPYKTYpbl MeTaramaktuku. B mecrax
PaspblBOB KMHETMYECKAas OHEPTUsl BbIIIE,
u ee M3OBITOYHASI YACTb IIOITIOIIAETCS M-
pOM B BUJ€ TEIUIOBOTO WM3/TyYeHNs], KOTO-
poe, B CBOIO Ouepenb, HarpeBaer 3(UpHOE
HPOCTPAHCTBO U BELET K PaspbiBy B €ro OT-
HenbHBIX MecTax. «Ha KoMy MoYano — Hadm-
Hall cHadanar». Ilapuncckas akademus Hayk
007HA 6bI0AMDb 6010 Npemuto 3a u3obpe-
meHue éeutozo 0euzamens Iocnody Bozy.

Be3ycnoBHO, npenio)KeHHasl cXxeMa sIBJIsi-
eTcst moka Bcero b morudeckoit [NMNO-
TE3OW, xotopas HyXJaeTca B JeTaIbHOI
npopaboTKe U II03TOMY He IIpeTeHfyeT Ha
dbopmanbHble pacyeThl KOHKPETHBIX (usnm-
veckux sBreHuit. Ho maxe B TakoM ympo-
I[EHHOM ¥ 3a9aTOYHOM BUJie OHA ITO3BOJISIET
HAJTU HOBbIE ACIIEKTHI TEPMOSMHAMUIECKUX
IPOLeCCOB BO BeeneHHOI%, 4TO IO3BOTIAET CO-
BepIIEHHO [0-MHOMY B3I/IIHYTh Ha XOPOIIO
U3BeCTHbIE (PAKThIL.

Ipumep nepesviii. Paccmorpum 3BE3[bI.
OueBNIHO, YTO OT 3Be3J{ IIOCTYIAET IbBIHAS
IOMs TEIIOBOI sHepruu. VIMEHHO B sihpax
3Be3f| UAET IIPOLIeCcC TePMOALEPHOTO CHHTE3a
Agep aTOMOB. SIfpa aTOMOB — 3TO MacIuTa-
661 opsimka 107 oM, a szpa 3Besm — 9TO
MacmTabbl mopsaka 107 cm. O6e Toukm pac-
nonoxensl cumMmerpuuHo (!) oTHocuTeNH-
Ho MLB: BreBo u Bmpaso mo 10 mopspkoB
(cm. puc. 2.35). Takum o06pas3oM, TbBUHAS
TOJIA TeIl/Ia IIOCTYIaeT B 3pMpPHYI0 cpeny 6ma-
rofapsi MacITaGHO-CHMMETPUYHOMY IIPO-
11€CCY, KOTOPBIIT MIeT OfHOBPEMEHHO Ha CThI-
Kax 97eKTPOMAarHUTHBIX CUJI CO ClabbIMu

Y TPAaBUTALMOHHBIMM CHIaMu. Bpsig mu ara
CUMMeTpusi — C/IyYaifHOCTh. B0O3MOXHO,
ama cumMmempus s6ngemcs 0013amenvHoLl
07151 1106020 npoyecca évideneHus menua.
YT06BI 3TO IIPOBEPUTD, HEOOXOAUMO 60-
Jlee TIIATeTbHOE MCCTIeLOBaHIe MacIITabHOII
CUMMETPUM TePMOAVHAMUYECKUX IIPOLjec-
COB. 31ecb MbI IIOKa He OyAeM yrmyOmsaThest
B ATy MHTEPECHYI0, HO C/IOKHYK OOG/IaCTh.
PaccMoTpuM MULIb elile [Ba IpUMepa 1mepmo-
OUHAMUYECKOTI MACUIMAOHOLL CUMMEMPUL.
Ipumep emopoti. Yenosex (10° cm) —
eIVIHCTBEHHOE CyIecTBO B bBuocdepe, xo-
TOpOe IOAydYaeT Temio (ZOMOTHNUTEbHO
K COTHEYHOMY)
HOAJep)KUBaeMOMY  IIPOLECCY
XMMUYECKOMy OKuceHnio aromos (107° cm).

611ar0,uapﬂ MCKYCCTBEHHO

ropeHnsa —

He mpaBpa nu 3amMedaTeNbHO, YTO U 37€Ch Mbl
BUIVM MacIITAGHO-CHMMETPIUYHBIIT IIPOLIeCC
(cM. puc. 2.35), Ho yxe c koadduimentom 10° ?

ITpumep mpemuti. OTHOCUTENIBHO He-
ZaBHO ObIIO OOHApy)KeHO, YTO KBasapsl
u anpa ceiipeproBeknx ramaktuk (107 cm)
OCHOBHYIO [JIOTIIO CBOEIT SHEPTHUM MCIIYCKAIOT
B mH(pakpacHoit obmactu crekrpa. Omnn-
pasch Ha OPMHOWI MAacIITaOHOM CrMMe-
Tpun  (cM. puc. 2.35), MOXXHO BBIJBUHYTb
MNPEAMNOJIOXXEHWNE, uto 6 sdpax 2anax-
mux (U 6 K6a3apax) UCMOUHUKOM IHepzuU
AGNAOMCT He MmepmosiOepHble NPOUeccol
(10" cm), a cummempuuno pacnonoxcentvte
Ha M-ocu omnocumenvro MUB npoueccuot,
udywue nHa Gonee 2my60Kom ypoene mame-
puu (107 cm, npednonoscumenvro — A0pa
anekmponos). EcTecTBEHHO, YTO SHepreTyKa
Ha 9TUX ypOBHHX Ha MHOTO HOPHHKOB 60Hee
a¢dexTuBHA, YeM Ha YpOBHE TepMOszep-
HOro mpouecca. Moxket, 3T0 M OOBICHSIET
OTPOMHO€ KOJIMIECTBO BbIE/ISIEMON 9HEPIUN
B KBaszapaxX ¥ B3pBIBAIOI[MXCS TalaKTHUKaX
tua M82 (wnu papgyoranaktuku Jlebenn-A,
cM. puc. 2.21), rjie Mo CaMbIM OCTOPOXKHBIM
oleHKaM Boiensercs go 10% apr Terma. Bemp
HOJCYEeTH aCTPOPU3NKOB MOKA3BIBAIOT, YTO
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JlaXKe a0ConOmHO He6eposmHbLL 00HOBPeMEH-
Hulll nepexo0d 6 eenuil eewjecmea eceti eandax-
MUK, cocmosuieti noaHOCMbvI0 U3 6000p00d,

dacm monvro 10° ape*®®

. Ilockonbky maxke
TAKOJ COBEPLIEHHO HEBEPOATHDBIN IIPOLECC
He MOXKeT 00eCIeduTh 3Hepruio Habmoxae-
MOTO B3pBIBA, TO BIIOJIHE IIPABOMOYHO repeii-
mu ¢ s0epHOl NoNoUKY MAcumabos Ha 6osnee
eny6oKy10, THe TIPU TOIL JKe Macce MOXKeT BbI-
[eMUTbCA TOPasfo OOIbIle SHePI M.

Wrak, ecnmu o6Hapy)XeHHass MacIITabHas
CUMMETpUsI TepMOEMHAMUYECKVX IIpOIec-
COB He 3HAaeT MCK/IIOYEeHWIl, TO BO3HUKAeT
yBJIeKaTe/IbHellIIast 3aja4a [1epeoCMbIC/IEHNS
BCeX M3BECTHBIX 1 IPeJIoaraeMblx mpolec-
COB BO BcesmeHHOI, MAYIMUX C BbIAEIEHNEM
Terra. BO3HUKaeT BOIPOC: coxpaHsemcs
iU MACWMAGHAT cuMMempusi 01 Opy2ux
npoueccos?

BMecre ¢ TeM ele pas IOATBEPXK/AeTCs
ynuxanvnocmo mecma MUB na M-ocu, Benp
mia cucteM ¢ pasmepamu MLUB tero Mmosxer
BBIfIE/IAITBCST TONBKO IO BO3HENCTBUEM Ue-
JIOCIHO020 08UNCEHUS CamM020 00vexma. Kpaii-
HYe IUIeYM TEePMOAMHAMMYECKUX MAacIITab-
HBIX BETBeJ 3/jeChb CTATMBAIOTCS MPAKTIIECKI
B TOUKY (cM. puc. 2.35).

B MLB, xak MbI HOMHIM, PacIOIO>KeHbI
BCe KIETKM. DTO HABOOUT Ha (aHTacTmye-
cxoe MPEOMOJIOXEHWME: ucrounux co6-
CTBEHHOTO [IBIDKeHMsl (Iy/IbCAluil) K/IETKNU
HaxoIguUTcsA Ha MacmTabax mmamasoHa MLIB.
MoskeT GBITD, K/IETKA HOTy4YaeT SHEPIUIo He-
HOCPeICTBEHHO OT 3dupa? MoxeT ObITb, Ya-
CTBIO ee 9HepreTUKI SB/SIETCS TaK HasblBae-
MOe€ penuKmosoe usnyueHue?

CpaBHUBasI 9HEPreTUKY KIETKU C 3Hep-
TeTUKOIl 3Be3[ibl, MbI, OIMpAsCh HA CXEMbI
2.35 n 2.38, MO>)KEM OTMETUTD CYIIECTBEHHOE

pasmrane. FOPO 3BE3[bI xak uemoctHbiit

* TloaToMy B acTpoQu3MKe O CUX IIOP OCTAeTCs He-
pelleHHOJi NpobIeMa MCTOYHMKA SHEPrUM KBa3apoB
U B3PbIBAIOLVXCS SAfiEP TaTAKTUK™.

o6bekT MerapasmepoB (107 cM) mommep -
BaeTCsl IpolLeccaMy, MAYIMMU Ha ypPOBHE
mukpomacimtabos (107 cm). KNETKA kak
o6bexT Makpopmanasona (~10~ cm) cormacHo
JIOTHKe TIPEIOKEHHBIX CXeM JTOJDKHA HOfIIep-
XKVBATbCA IPOLIECCAM, MAYILVIMI Ha THX XKe
Mmacirrabax (~107 cm).

CnepoBarenbHo, KJIETKA —
CTBEHHBI [JUHAMUYECKUIT OOBEKT, KOTOPBII
OHEPIETUYECKW MACLUTAEHO CAMO-
JOOCTATOYEH. Kakue tepmopmHammdeckue

TAIHBI )KMBOJ KJIETKV CTOAT 3a 3TUM BBIBOJOM?

eNH-

Ecnmu pasBuBaTh [ajblile MOJETb Mac-
wtabHO-TOPOBBIX Buxpeit (cMm. puc. 2.37), To
[pOCTast SKCTPAIOALMSA HO3BOJISET, YINTHI-
Bas BBIIIECKa3aHHOE, MOCTPOUTh 060011eH-
HYI0 MOZienib M-napamempuueckux moposuvix
suxpeii (cMm. puc. 2.38). Cpeny Hux Hambosee
SIBHBIMJ SIB/ISIIOTCSL T€, ITO CBSI3AHBI C HUM-
Humu mouxkamu Bonnwvr Yemoiiuusocmu, 160
MIMEHHO TaM Matepysi HaXOUTCs B Hauboree
YCTOMYMBOM COCTOSIHUM, IIO9TOMY HMEHHO
Tam 6OJIblile BCErO IUIOTHOCTh MOTEHI[MAIb-
HOM 3HepFI/H/I, HOBTOMY VIMEHHO OTTyJIa Hp]/[—
poma u3BIeKaeT Hambosbllee KOMMIECTBO
KIHETIIECKOIT S9HEPTHUM, KOTOPasi B KOHEYHOM
UTOTe TPAHCHOPMUPYETCS B TEIUIOBYIO.

BbIBOAbl

VItak, MbI y6e;11/1}11/[c1> Ha MHOXXECTBE IIpH-
MEpOB, 4YTO [AMHAMMKA IIepeMeleHnss 00b-
eKTOB BceneHHol Bmomb M-ocu MMeeT CBOIO
0cobyIo crennduky, KOTopasi BCKpbITa U Ya-
CTMYHO JCC/IEflOBAHA B JaHHOI pabore. Mac-
mtTabHast AMHAMMKA TIPOIECCOB OOIafaeT psi-
TOM Ba)KHEMIINX 3aKOHOMEPHOCTEI.

Bo-nepevix, oueHb MHOT€ IPYHIIUIINATIb-
HO Ba)KHbBIE IlepeMeleHNs CUCTeM BJjomb M-o-
CU IIPOVICXOJAIT MACIITAOHO CUMMETPIYHO.

Bo-6mopuix, BbIACHUIOCD, YTO BCE CK/IOHDI
BY nmeror cBoIl1 «3HaK IPEAIIOYTEHA» B JOMU-
HUPOBAHUY IIPOLIECCOB CMHTE3a WIN HeNICHI.
Ipanuuamm Mexpy aTMMu 30Hamy Ha M-ocu
SIBJIAIOTCA BEPXHUE U HIDKHIE TOuKM BY.
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Takum 06pa3oM, yHamoch BBeCTU IIO-
uarue YCJIOBHOIO TMPOCTPAHCTBA
«MACLUTAB-YCTOM4YMBOCTb», B koto-
POM IepeMelleHVsI BCeX CUCTEM ITOYMHEHBI
HEKOTOPBIM OOIMM 3aKOHOMEPHOCTSIM, 4TO
CYLIECTBEHHO PACIIMpsieT BO3MOXXHOCTI IPU-
MeHEeHsI IPUHIUIIOB MACULmMA6H020 n0006US.

B-mpemvux, BBIACHWIOCH, YTO BecChb
M-puania3on BeernenHoii pezncrasisier co6oit
LIEIOCTHYI0 M O4YEHDb JIOTMYECKV IIOHATHYIO
dazoeyro ouazpammy, B KOTOPOI KaXKfas U3
M3BECTHBIX (DU3NKE CUJI B3aMMOJENCTBUIN —
9TO BCETO JIMIIb IPAaHb OJHOTO U3 IEePeXOHOoB
obliero Imporecca IepeMelleHns: MaTepun

BOTb M-ocH.

B-uemeepmuix, aHanus 3aKOHOMEPHO-
cTell IOBeleHNsI BelecTBa Ha asosoit [NA-
TPAMME M-VY nosBommn chemaTb BecbMa
opurunansoe [MPEAMNONOXEHUE o cy-
I[ECTBOBAHNY 3€PKANbHO20 MUPA, IIPOLeC-
Cbl B KOTOPOM OCYIIECTB/IAITCA B OCHOB-
HOM 4Yepe3 MaKCUMOHHYIO cpeny (agup). Ha
OCHOBaHWM 9TOTO IIPENIONOXKEHNS YAAIOCh
HOCTPOUTH JIOTMYECKN HEIPOTHUBOPEUNBYIO
Ka4eCTBEHHYI0 TePMOAMHAMUYECKYIO [ua-
rpammy i Beenennori.

Bce BblenepedncieHHOe CBUETENb-
CTByeT O TOM, YTO HE TOMBKO CTaTHYeCKOe
PACIIONIOKeHie OCHOBHBIX K/IACCOB M CTPYK-
TYPHO-CUMMETPUYHBIX CBOJCTB CHCTEM Ha

esunumuﬁ
. «AHTUMHP 3./

ypoBHst (1078 cm);

eTCsl 3Heprus CBA3N MakcMoHoB (107 cm).

Puc. 2.38. ®asoBas M-guarpamma obpasoBaHuns Bo BceneHHon maclLTabHO-CUMMETPUYHBIX Temnmno-
BbIX MOTOKOB: 1.— yenoBek (10° CM), CXMraiowmi TOMNBO, BbICBOGOXAAET SHEPrMI0 C aTOMHOTO

2. — B Hegpax 3Be3f, B Ux sapax (107 cM) nporcxoamT npouecc spepHoro cuHtesa (107" cm), B pe-
3ynbTaTe KOTOPOro BbICBOGOXAAETCS TEMIOBas SHEpPrus;

4. — MOXHO NPEANoNoXMnTb, YTO B aKTUBHbIX spax ranakuk (10" cm), Takux, Kak ranaktuka M82, npo-
VICXOZMT BbifENeHVe SHEPTvM HA MaCLLTAGHOM YpOBHE MpegronaraemMbix sgep anekTpoHos (1072 cm);
6. — Bce 3aMblkaeT BonbLUo TepMoarHamMudeckuin uukn BeenenHon (10%° cm), B KOTOPOM M3BIeKa-

P.S. Uuknbl 3 1 5 He pacCcMOTpeHbI
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M-ocu MOFUMHEHO CTPOTOMY IOPSIKY, HO
U [MHAMUKA TepeMeIleHNs CUCTEM BJOIb
M-ocu nmeeT BIOMHE TOTUYHYIO 3aKOHOMEP-
HOCTb, B KOTOPOIl €CTb MpPU3HAKU CUMMe-
TPUY, LUKIMYHOCTY, 3aMKHYTOCTH 1 MHOTE
ApyIMe CBOJCTBA. JTO IO3BOJSIET IPENIIO-
JIOKUTb, 9TO M-0OCb SBJISETCA HE IPOCTO
(OpMabHBIM TAPAMETPOM, OTPAXKAIOLIUM
KO/IMYECTBEHHbIE XaPaKTEPUCTUKY CHUCTEM
(KONMMYECTBO 37IEMEHTOB B CUCTEME, 3aHMMA-
eMoe IIPOCTPAHCTBO U T.IL.).

MACLUTABEHOE W3MEPEHME BCE-
JNIEHHOW umeer crombko co6CTBEHHBIX
CBOJICTB CUMMETPUM U CTONBKO COOCTBEH-
HBIX 3aKOHOB, 4to ocraerca [IPEOMNOJIO-
XINTb, 4yt0o ono sasnsgerca YETBEPTbLIM
MPOCTPAHCTBEHHLIM N3MEPEHUNEM
HALLEFO MWPA, xotopoe obnamaer co6-
CIMBEHHBIMU 3AKOHAMU CUMMempPuu, coo-
CIMBEHHDIM NOPAOKOM U COOCMEeHHbIMU
3axkoHamu Ounamuxy. [pyrvMu ClIoBaMu,
nepeMeleHe BAOIb M-0CU MMeeT TOX CO-
60i1 Ka4eCTBEHHYIO (PU3UUECKYI0 OCHOBY.

VI3 9TOro MOXXHO CHe/IaTh IPUHIMIINAIIb-

Ho Hosbiit BbIBO[, uro BOOJIb M-OCU
JEVNCTBYET HEW3BECTHAS PAHEE

HAYKE MACLUTABHAA CUJIA u gro cy-
mecreyer MACLUTABHOE B3AUMOOEW-
CTBME, koropoe, 1o cytu, seénsemcs 06o-
COUHAIOWUM O 6CeX pPaHee U3BECHHBIX
83aumodeiicmeuii.

Bornee Toro, 310 fajke He IATast CUIA, IO-
JICKOM KOTODOJl 3aHMMAeTCs B HACTOsIIee
BpeMsI MHOXXECTBO MCC/IEfOBaTelell 1Mo Bce-
My mupy. Peus uper o nekoropom E[VIHOM
MOJE BCENEHHOW, rpauu xotoporo mbi
usydaeM KakK Te WIN MHbIe 8UObl 63AUMO-
oOeiicmeuil, sensouuecs He 6onee yem J1O-
KAJTbHO MACLUTABHbIMA CPE3AMU
OBLUErO0 MACLUTABHOIO MoOJiA. Tak,
rpaBUTALMsI — 9TO Meracpe3 MacIITaGHOro
0711, 97eKTPOMAarHUTHbIe CHIbI — MaKpo-
cpes, U T.4.

MNPEAOMOJIOXKEHVE o

BaHUM MAcuimabnozo 63aumooeticmeust,

CYLLeCTBO-

MacuumabHoll cunvl U Macuma6bHozo nons
[IO/Ty4€HO Ha OCHOBe 06001eHNsT 6OMbIIO-
ro KommyecTBa (HaKTMYECKOTO Marepuaa.
[TosTOMy MOABMIAETCS HEOOXONMMOCTD pac-
CMOTpeTb HPCHHOCI)UIKI/I JUTA HOCTpOeHI/IH

EOAVHON TEOPUM MACLUTABHOIO
B3AUMOLENCTBUA.



[JIABA 2.4

MACLLUTABHASI TAPMOHUS

BCE/NEHHOM

Bce rompl, KOTOpble OBUIM HOCBAIIEHBI
USYYEHNMIO 3aKOHOMEPHOCTM MacCIITabHOI
cuMMeTpun BeeneHHoit, aBTOPY He jaBai Imo-
KOs BOIIPOC: KAKAS CUA 0meemcmeeHHa 3a
CmMonv yHuKanvHoe Aénenue? Belb AcHO, 4TO
HJL OIMH U3 BUJIOB B3aMMOJIEVICTBIS, U3BECT-
HBIX HayKe, He MOXXeT OTBEYaTh 3a ITOT OPSi-
MoK Bo Bcenennoit. JlaB aToit cusme Ha3BaHUe
macwima6bHoil, a 63aumodelicmeuro — mac-
wimabnoe, s1 MUIIb yKasaa caMoMy cebe Ha
HeoOXOMMOCTb IOMCKa HOBOTO (yHIaMeH-
Ta/IHOTO [IpoLiecca.

IIpr 9TOM OCTajECA HESICHBIM B0OHPOC
mexanu3ma @Popmuposanus 08yx 601H
ycmotiyueocmu 60onv M-ocu. IlocreneH-
HO, IPaKTM4eCcK) Ha MHTYUTUBHOM YDPOBHE
OCO3HAHMS, 51 IPUIIET K BBIBOAY, YTO ¥ 9TUX
IBYX BOJIH COBEPIIEHHO pa3Hble MEXaHMU3MBI
¢dbopMupoBaHu.

Beinre 66110 MOKa3aHo, YTO BO BeemeHHoit
IIOCTOAHHO I[ef/‘ICTByIOT AB€ CUJIbI, KOTOpPbBIE
IPUBOJAT K IOSBAEHMIO MACIITaOHOI CHUM-
metpun. OfHa M3 HUX — KOHCEpBATMBHAs,
6asucnas, TopoXjaoLlas Oe3pasMepHbI
koapduuuent 10°. Jlpyras — agomouuon-
HAasA CUIa, KOTOopas CBs3aHa C MacIITaOHbI-
MM TpaHMLaMy MeTaranakTuKy, ITOPOX/aeT
6e3pasmepHblit K03 UIMEHT, 3HaYeHNE
KOTOPOTO HeIIPepbIBHO MEHSIETCS B XOfie pac-
mpenns: MeraranakTUKi.

O6pasHo TOBOps, Nnepeas meHOeHUUs
HeiicTByeT U3 FIIy6I/IH MaTepun, OHa KakK
KamepmoH HacTpauBaeT Ha MACUimMaGHIL

xoagpdpuyuenm 10° Bce mepapxmuecKue

aTaxu BceneHHOIT, 1 OHAa HMKOMM 00pa3oM He
MOXXeT OBITD CBsI3aHa C pa3MEePHBIMI ITapame-
TpaMu 00BEKTOB, BEJIb ee HeU3MEHHOCHb Npo-
A67IAEMCA KAK CUCEMHASL 30KOHOMEPHOCMb
IUIZ BCeX OODBEKTOB, BCEX MePapXUYeCKUX
YPOBHEI1, BO BCe BpeMeHa >K13HU BceneHHoi.

Ipyroe geno — emopas mendenyus. OHa
NIPOSIBJIAETCS Hepe3 UenoHucieHHoCmy pas-
Oenenust amaceti Bcenennoii B 3aBUCUMOCTI
OT €€ U3MEHAIOLIENICA MaCIITAOHOI I/IMHBDI.

BnusocTb 9BOMOIMOHHOTO K03 duimeH-
ta Macmrtabuoit cummerpun (MC) k 6asuc-
HoMy K03 ¢uunenty MC He HO/DKHa BBO-
IUTb HAac B 3abmyxpaeHne. Peub umer o AByX
PasIMYHBIX 00I[eBCETIEHCKIX SBIEHSIX.

Kak HM cTpaHHO, HO aBTOPY B IEPBYIO
ouepefb yIaoCch HAaliTH TeOpeTUYeCKMIL TIOfI-

X 0H232

K MEHSIONIIENCs, 9BOJIOIIMIOHHOI CUJIE.
IIpy 3TOM aBTOp IpPEKpPacHO OCO3HAET, YTO
BCe IOC/IEAYIOLE TEOPETUYECKIE PACCYKe-
HIUS, IPUBEJiEHHBIE B 9TOII I/IaBe, — He 60stee
ueM nonvimka Hawynamoe nymu x 6yoyuse-
My meopemuueckomy o060cHo8anulo see-

HUuA macuimabnoii cummempuu Bcenennoii.

2.4.1. CTOAYME
MACLUTABHBIE BOJIHbI
BCENEHHOM

BosspamaHCb K TIOTy4Y€HHBIM pe€3YyJIbTa-
TaM, Mbl TO/DKHbBI IIPpU3HATDH, YTO PACIIO/IO-
>)KeHue Ha M-ocu Haubonee IIpeaCTaBUTENIb-
HBIX OOBEKTOB IIpMpoAbl 3a4acCcTyl0 MMeEET
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HACTO/IBKO BBICOKYIO TOUHOCTb, YTO BO3HMKA-
eT HOJj03peHIe, YTO 9Ta TOYHOCTD SIB/IAETCS
abcomoTHOI. C Hallleil TOYKM 3PEHNS, OFHUM
U3 MeXaHM3MOB, KOTOPBIIT MOT ObI IIOPOLYUTH
TaKyl0 TOYHOCTb pasbueHys M-uHTepBa-
na BcemeHHoil, A6nAIOMCA 2apmMoHUUEcKUe
KoneGanus 6 uemvipexmMepHOM NPOCMPAH-
cmee, KOmopuvie nopoN0aom y3nol — mpex-
MmepHvie ycmotimuevie cucmemvl. Paccmo-
Tpum oty upepsaputensuyio [UMNOTE3Y
nogpobHee.

CTOAYME BOJIHbI
hopMMpyIOTCS TAKUM 06pa3oM, 4TO UX ONUHA

Kak wu3BecTHO,

8cez0a uenoe YUCIo pas yknaovieaemcs 6 00-
w0 0nuHy 68036yxcoaemoil cpedvl. B maHHOM
ClIydae pedb UAET O MacuimabHoii Onute,
aMacumabHy0 0cb, KaK Mbl Y>Ke YIOMU-
Haay, Mbl MPUMHUMAEM 3a yemeepmoe npo-
cmpancmeennoe usmepenue.

OpHaKo MHOTOMEpPHBII MeXaHU3M MoJe-
JI1 OYeHb TPYIHO MOHATD 6e3 IpeBapuTe/b-
HOTO TIpMBJIEYEHNUSA AHATOTUI U3 IPUBBIY-
HOTO [Nl HaC OffHO-, IBYX- UM TPeXMEPHOTo
mupa. IToaToMy HauHeM ¢ caMOTO IIPOCTOTO,
OJHOMEPHOTO IPUMepa.

Bosbmem cTpyHy, 3a)KaTylo C JBYX CTO-
POH, 1 CO3JaiuM Ha Hell BO30y>XueHue (puc.
2.39). CrpyHa — nuHetiHas CUCTeMa, BO3-
Oy [eHMe IPOUCXONUT B HAOCKOCIU, A y3€Il
cTostuelt BOMHBI — MoOueuHblti 00DeKT. AG-
CTparupyeMcsi OT peajibHOIl TONMIVHBEL (u-
3UYECKMX CHCTeM U OyfieM paccMaTpyUBaTh UX
PasMepHOCTD B JJa/IbHENIIEM B COOTBETCTBUM
C IOMUHUPYIOLIEl POTAKEHHOCTDHIO.

B aToM cryyae MOXXHO 3ammcarh, 4TO:

N,=N.-1=1-1=0,

N, =N.+1=1+1=2,
rae N — pasmepHOCTD cucremsl, Ny — pas-
MEpPHOCTb y3/1a CTOsAYel BOMHBL 1 N, — pas-
MEpPHOCTb IIPOCTPAHCTBA ABJDKEHUS.

Wrax:

N,=N.— 1, N, =N_+1. (2.1)

[TpenmonoXumM Tenepb, YTO 3TO YCIOBUE
BBIIOJIHACTCA [/I II0OBIX 3Ha4eHNIT N,

OT opmHOMEpHOI Cpefibl CTPYHBI Iepeii-
meM k gByMepHoit (N, = 2) cpefie, HanpuMep
KPYIVION IUIOCKOI MeMOpaHe — IeperoHKe
6apabana (puc.2.40). HacpimaB Ha Hee mecok
U yAapsisi IO LIEHTPY, MbI OOHAPYIKMM, UTO Ye-
pe3 HeKOTOpoe BpeMs BecCh IIeCOK cobpaycs
B JMHeliHble KonbleBble CTPYKTYphl (N, = 1),
KOTOpble KaK Obl MapKMpyIOT Te MecTa Ha
MeMOpaHe, Ifie He IPOMCXOJUT HUKAKOIO
OBYDKEHNA, T. €. TIPeACTaBIAT HaM JIMHel-
HBI€ «y3JIbI» CTOSIYMX BOJIH Ha IVIOCKOCTHL.

Utax, HeTPYAHO YOERUTHCH, YTO COOTHO-
menne (2.1) Beimonusercs u i N, = 2, Tak
KaK y3/IbI CTOSIYVX BOJIH Ha HAI0CKOCHU — 3TO
KOJIblieBble /IUHeliHble 00pa3oBaHus, a BO3-
Oy>XX/ieHVe PacIpOCTPAHAETCS IepPIeH/NKY-
JIIPHO IJIOCKOCTY — B MpexmepHoti cpefe.

[lepeiimem oT AaBYMEpHON Cpefpl K cpefe
tpexMepHoit (N, =3). Cremys b hopMaIbHON
JIOTVKe, MBI OyfieM VIMETb Pa3sMepHOCTD Y3/IOB,
paBHYIO IByM (IUIOCKME IIeperopopku obbeM-
HBIX sT49eeK), @ BOT BO30OyXzeHue OyfeT mporic-
XOIMTb B YeTbIpexMepHoit cpefie (N, = 3+1 = 4).
Yro TaKoe YeThIpexMepHOe BO30OY K IeHMe?

Ng=2

Puc. 2.39. KonebaHus
HaTAHYTOW CTPYHbI
(1-11 06EPTOH).

!
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Puc. 2.40. HacbinaHHbIi necok npu kone-
6aHnax MemMbpaHbl 6GapabaHa o6pasyeT
KonbLa

Puc. 2.41. BHyTpn ky6a npu konebaHu-
AX BO3HUKAIOT AYENKM C HEMOABMXHLIMM
neperopogkamu

B pauHeit pa6ote aBTOpa’> 6biNa Mpo-
aHAIM3MPOBAHA M3BECTHAS VUJes O TOM, 4YTO
yemeepmoe npocmpaxcmeeHHoe umepe-
HUe — 3MO0 0pMmozoHaNvbHOEe MmpexmepHO-
My npocmpancmey usmepenue. B gactHOM
Cly4ae MOXXHO CUMTATh, YTO BBIHY)KJEHHbIE
Iy/IbCALMN TPeXMepHOro obbeMa (puc. 2.41),
ero IepUOAMYECKOe CKaTHe—pacIIipeHie
IO/DKHO NPUBOAUTD K MpPexmepHvIM CHos-
YUM BOZTHAM, Y37Tbl KOMOPLIX — CYMb hepe-
20pooxu y sueex. C 9Ty OTOBOPKaMI, MOXKHO
IPUHSTD, YTO IPY PasMePHOCTH CpPefbl, paB-
HOIT TpeM, ycroBue (2.1) ocTaercs B cue.

CBOBODHOE PACCYXDEHUE

Mbl OMyCTUM [OCTATOMHO A0y CUCTEMY
[10Ka3aTenbLCTB TOro, YTO MacLUTabHoe 13Mepe-
HWE BMOJIHE MOXET MPEeTeHO0BAaTh Ha PoJib YeT-
BEPTOro reoMeTpUHYEecKoro MpoCTpaHcTea. JTo
6ymeT caenaHo B 04epenHoi KHure asTopa™,

Tema [OMONHUTENbHBIX U3MEPEHUI Hallle-
ro NpocTpaHcTBa 06CyXaaeTcs B nutepaType
C MPOLUSIOro BeKa, XOTs UMeeT UCTOPUIO eLle
6onee ApeBHIO. B yacTHoCTM, B 0630pHOM
pa6ote t0.C. Bnagummposa®® nokazaHo, 4to
coBpeMeHHas uanKa He OCTaBnsieT MoMbi-

TOK BbISIBUTb, KAKOM MMEHHO napamMeTp MoXeT

npeTeHgoBaTb Ha Pofb YETBEPTOro M3mepe-
Hus (B kHure t0.C. BnagumumpoBa OHO Hasbl-
BaeTCH NATbIM).

C Haluen TOYKU 3peHusi, MUp MHOrome—
PEH, HO Yenoseyeckas LMBUIM3aLms noctmra-
eT 3Ty MHOrOMepHOCTb M03TanHo>>, oTpaxas
OKpY>XaloLMin MMp B MOAENsSX, pa3MepHOCTb
npocTpaHcTBa KOTopbiX BCcerga pasHa N + 1,
roe N — Tekywasi pa3mMepHOCTb Mopenen
Mupa TOM unm nHow umeunusaumm, a 1 — go-
NONHUTENbHOE N3MEPEHNE — BPEMS.

B HacTosiLlee Bpems, HauyMHas C 3Moxu
Bo3poxaeHus, B HAy4YHOM MbILLNIEHUN YTBEP-
ovnace mogenb 3+1, HO Mbl yBEpeHbl, 4YTO
BpeEMs — 3TO He e[VHW4YHbIA napameTp Ha-
LIero Mupa, a COBOKYMHOCTb He MO3HaHHbIX,
He BbIBIEHHbIX €eLle W3MEepEeHW, Mo3TOMy
npaswnbHee 6ydeT Hanucatb, YTO B HAcTo-
fAujee BpeMsi Hay4yHas napagurma onupa-
ercs Ha mMopesib Mupa C pPa3mMepHOCTbIO
3+X, rae X — MHOXeCTBEeHHOCTb U3Mepe—
HWIA, BOCMPUHUMAEMbIX HaMU KaK Bpems.
ViccneposaHue aBTopa nokasano®, yto no-
cne 2000 roga YyesnoBe4yecTBO A[OJIXXHO CO—
BepLINTb O4YepenHOV Luar B MOCTUXEHUU
MHOroMepHOCTU Hallero mupa, v Torga ye-

pe3 HeKoTopoe Bpemsi Mbl MOSyYnUM MOAENb
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Mupa C pasMmepHocTbio 4+X. B nepexogHom
Xe nepviofe Mopernb [ofmkHa 6bITb 3+1+X,
roe JOMONHUTENbHOE M3MEepPEHNE K TPEM YXe

BbISIBJIEHHbIM — MacLUTabHoe.

[Tocmotpum, mmeeT mu (GHOPMATIBHO IIO-
CTpoeHHast Mofienb (cM. puc. 2.41) kakoe-mu6o
9KCIIepUMEHTAIbHOE TIOATBepKaeHne? [TocTa-
BUM MBICTICHHBIII 9KCIIEPUMEHT, B KOTOPOM
KyO1deckuit 06beM >KUKOCTH, HACBIIEHHBIN
JIETKVMIY Y9acTuijamy (B3BeChI0), IOABepraeT-
cs1 okarmo. O6pasyloTcst M BHYTPU TaKOM
JKUJKOCTY OOBEMHBIE SUEHKI C JBYMEPHBIMI
IIeperopofKaMu?

[IJi pOBepKM 9TOTrO IIPERINONIOKEHN,
cnaBa bory, HeT HeOOXORMMOCTY IIPOBOANTH
crienasnbHble MCCeRoBanys. Bce Heobxonn-
Mble HaM 9KCIEPUMEHTBI Y)Ke JaBHO VI MHOTO
pas 6pn mocTasnensl. Hanpumep octeiBaio-
I KUOKNUI CIJIaB MeTayla — 3TO U eCTh
Ta caMasg MOJeNb, KOTOPYI MbI OIMCAaIN
BbIlle. Belb ecu B XKUJKOI Cpefie OCHOBHO-
rO MeTal/Ia eCTh Pa3/MIHbIe IPUMECH, TO II0
Mepe OCTBIBaHNU: 00beM OTIMBKI OyeT CKM-
MaThCsl CO BCEX CTOPOH, obecreunBasi He0O-
XOIVMO€ HaM OPTOTOHATbHOE K TPEXMEPHO-
My NpOCTpaHCTBY ckaTue. V uro xe? Jla o,
YTO MpPEeKPacHO M3BECTHO BCEM MeTajjIoBe-
faM, — /1000Il CIIaB B IIpoLiecce OTBepe-
HVISI 3aII0/THSIETCSI TaK Ha3bIBaeMBIMI 3epHa-
M, JBYMEpHBIe TPAHNUIIBI MEXAY KOTOPHIMU
00pa3oBaHbl B3BECbIO (f0OABKaMU, IOpaMu
W TIp.). DTV IPAaHNILIBI V1 €CTh 08YMepHbLe Y3/l
uemvipexMepHvIX KOmebanuli mpexmepHoti
cpedwt (cm. yenosue (2.1) Ha cTp. 215).

Cnenys manee GopManbHOI OTVIKe, YBeNu-
M Pa3MepPHOCTD CPefbl ellje Ha OfHY eAMHUIY
(N, = 4). Eciu B TaKol1 4eThIpeXMepHOIT cpefie
6yzieT CO3IaHO OPTOTOHAJIBHOE eil JIBVDKEHVe
(N, = N, + 1 = 4+1=5), To B Heil 06pa3yroTcs
Y37IBI, Pa3MePHOCTb KOTOPBIX OyZieT paBHa TpeM
(Ny=N.-1=4-1=3). Y10 370 32 y37b1? Dop-
Ma/IbHO TOBOPSI, 3TO TPEXMepPHbIE Tea, YCTO-

9UBOCTb KOTOPBIX O6yC}IaB]'H/IBaeTCH JINIIb

TEM, YTO OHM SBJIAIOTCS Y3/1AMU NAMUMEPHDIX
KoneGanuii 6 uemvipexmepHoii cpede. Hetpyn-
HO JOTaJiaTbCsl, YTO TPeXMepHbIe Y3/Ibl — 3TO
M €CTb Halll YCTOITYMBBI Mup 06bexToB Bee-
neHHoIt! IIpOTOHDI, aTOMBI, K/IETKM, IVIAHeThI,
3Be3JIbl, []a ¥ CaM YelIOBEK — BCe 3TO CTIOXKHbIE
CYIepIIO3UINY KO/eOAHUIT YeThIPEXMEPHOro
IIPOCTPAHCTBA.

JUTeIbHOCTD  CYLIECTBOBAaHUA  BCeX
cucreM BceneHHOI, yCTOMYMBOCTD K BHEII-
HUM BO3JIENICTBUAM, C/efloBaTebHO, CBA3a-
Ha C MOIIHOCTBIO Y3713, T. €. C 9HEPTeTUKON
MOPOXXAAIMX ero Komebanmit. OnmcaHne
JKe BCEr0 MHOroo0Opasusi >KusHu BceneHHO
MOYKHO OCYILIECTBUTb C IOMOLIbIO TEeOpUN
BOJIH 1 KO/e6aHuit, HO B cpefie Goree BBICO-
KOJ1 pa3MepHOCTH, YeM JI0 CUX MOP MCIONb30-
BajIa TPAJUIIMIOHHAs QU3MKa.

WTak, Mbl BBIJBUHYIM OYE€Hb BAKHYIO
MMMOTESY. Becv oxpyxcatouguii nac mup
ycmotiuuevix 06vexmos Bcenennoii — amo
Y37IbL CIMOAYUX B07IH CIONCHO20 2apMOHUYe-
CK020 K0e0anus 6 HemvipexmepHoii cpede.

ITocTpoenue BOMHOBOM KapTHHBI Beenen-
HOII ¢ OOJBIIOI CTENEHBI0 TEOPETIIECKON
TOYHOCTU — JIe/I0 OY/AYILero, Tak Kak 3ajada
3Ta I'PaHAMO3HA. 3[leChb K& MBI clieflaeM II0
3TOMY NyTU caMble IepBble maru. JInsa atoro
YIPOCTUM YCIOBMS, CBEJIS BCE PACCMOTpPEHMe
K Npoexuyuu “emvlpexmepHoz0 npocmpa-
cmea Ha 00HOMePHYI0 0Cb. DTOIT IPOEKLel
KaK pas 1 sABnAercss M-och, Kaxjas TO4Ka
KOTOpOJ — TpeXMepHbIil MUDP BBIOPAHHOTO
Mmacitaba. Hanmpumep, Touka (-8) — BceneH-
Hasi aTOMOB, To4Ka (+12) — Mup 3Be3fg 1 T. II.
nAMUMepHo20
B 9TON Mopenu OymeT HeplneHAMKY/IsIpHa

ITpoexus TIBIVDKEHU ST
K M-ocn, ceoBaTeIbHO OHO Oy/eT IPOUCXO-
IUTDb B IIJIOCKOCTM PUCYHKA. Y37bL cmoAuux
80/1H — TOYKM Ha M-0C1, KOTOpbIe ABIAITCA
KOOPAMHATAMIL 0CO00 YCTOIYMBEIX pa3MepOB
mpexmepHvix 00'beKTOB BeeneHHoI1.

MBpl yxe ynoMmHanu, 410 Bo BcenenHoit
BCE€ BELIECTBO B OCHOBHOM COCPEJOTOYEHO
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B aroMax (X sipax) u 3Be3gax (UX sigpax).
CreoBaTeNbHO, XOPOILIO M3BECTHO, KaKue
30HBI MacIITabHOI Mepapxuu BcemeHHoI
3aceneHbl Haubormee pPaCIpOCTPaHEHHBIMU
U TONTOXUBYIMUMM  cucteMamu. Ilocmo-
TPUM, COOMEEMCMEy10m il IMmu 30HbL NO-
eviuennoil ycmoiivueocmu Ha M-ocu, Ko-
TOpble MBIl ONMCANM B INIaBe 2.1, mouxam,
KOmopvle MONCHO NOTYyHUMb € HOMOULLIO
MOOenIU CIOAHUX NAMUMEPHLIX BOTIH 6 He-
muoipexmepHoli cpede.

Paccmorpum Bech M-mHTepBan Bcenen-
HOW, OKPYIJIMB BCE 3HAYEHNA €ro JIeBOTO
U TIPaBOTO Kpad [0 IeJIbIX Y IPUHAB pasMep
Mertaranaktuku B 10” cM, 4TO COOTBETCTBYeT
ee BO3pacTy B 1 MwiImapy netT. 9Tu BpeMeH-
HbIC ,IlOl'[yHIeHI/IH IIO3BOJIAT HAM 60)1ee BbIITYy-
KJIO IIOKa3aThb IIpMHIMUIINAIbHbIE ACIIEKThI Ha
YTIPOIIeHHOM BapuaHTe MOJIEII.

Ilepeviii ocno6HOli mMOH, KOTOPDI BO3-
OyX/ileH M3 MATUMEPHOrO IPOCTPAHCTBA
(puc. 2.42), sagmaeT KpaeBble TOYKM M-MH-
TepBaja: JieBbll y3en (-33) — MaKCUMOHBI,
npasbiit (+27) — Metaranaktuka. ITyqHocTb
OCHOBHOTO TOHa MMeeT KoopauHary (-3),
4YTO cOOTBeTCTBYeT 10 MKM. B cooTBeTCTBUN
C IPMHATON JIOTMKON MAKCUMOHbL U cama
Memazanaxmuxa — sto Y3J1bl CTOAYEN
BOJIHbl OCHOBHOIO TOHA, nosromy
OHU — Haubonee cmabunvHvie cCUCHEMbL
Bcenennoti, obmaparomye npedenvHol s
Hee YCTONYMBOCTBIO K BHEIIHUMM BO3MY-
MIeHNAM ¥ MaKCUMaJIbHONM IpPOJO/KUTEIND-
HOCTBIO >KM3HM. MOXHO CKa3aTb, 4TO IIOKa
CyliecTByeT BcenmeHHasA, 0 TeX IOp B Hell
CYILLeCTBYIOT MaKCHMOHBL. VI Ha060poT, Max-
CMMOHHAA cpefla M 3aflaeT HaM VCXOJHBIN
cybcrpar BeenenHoil.

LlenTp MacmTabHOro MHTepBaza — 3TO
pasMep okono 10 MKM, Ha KOTOPOM JIOCTUTA-
10T MAKCUMYMA KOTIeOAHUS HemvipexmepHoii
cpedvi. COOTBETCTBEHHO 3TO AMHAMUYECKU
Hanboree SIPKO BBIPAKEHHBIT MacUITad BO
BceeHHOI /151 JaHHOTO paHra KomebaHmii.

1-# M-obepTo
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Pyuc. 2.42. TapmMoHMyeckne KomebaHmsA
Ha M-ocu (ynpousernnas modenv)

Kakyo ¢usnmueckyio HMHTepIIpeTarnio
MOXHO [jaTb IIOJlyYeHHOMY cpe3y BceneH-
HOVI — Bcenennoti ocnoéHozo mona?

OueHbp mpocTylo — 9T0 GU3MIECKIUIT
BakyyM (W 3¢up), B KOTOPOM HET HIU Of-
HOTO BEIIEeCTBEHHOTO OOBEKTa U KOTOPBIi

219



3aIl0JIHEH  KolebaHMsAMYU, MaKCUMaJbHast
IUIOTHOCTh UX SHEPTMU JOCTUTAETCS B -
amaso”e mmMH BomH oT 10 go 100 MkM (Ha-
[IOMHMM, YTO B YTOYHEHHON MOJENM Mac-
IITaOHBI LEHTP CABUHYT BIPaBO U B CUIY
6umopanbHocT BY 3anmmaer HexoTOpBIN
IVaIia3oH).

B camom perne (cm. puc. 2.42), cormacHo
[IPUHSITON JIOTMKE YCTONYMBOE COCTOSIHIE
B 9701 cpefe uMerot Tonbko Y3J1bl. Vix Bcero
nea: MAKC/IMOHbI (-33) 1 METATAJTIAK-
TUKA (+27).

Yrobbl B 9TOI Cpefe MOIIM IOSBUTHCS
aTOMBI, 3B€3[[bl I T.IL, I 9TOTO HEOOXOmu-
MO TIOsIBJIEHME Y37I0B BHYTpU M-mHTepBaa,
Ha pa3Mepax aToMOB, 3Be3[ 1 T. 7i. Ho 60 Bce-
JIEHHOTI 0CHOBHO20 MOHA UX NOKA euje Hem.

[Tpu 5TOM HalI MOJENbHBIIT 3GUP He MPOo-
CTO COCTOMT M3 MaKCUMOHOB, OHU ITy/IbCHU-
pyioT (xonebmorcs BRomb M-ocn) u HOpox-
[AIOT B CBOEII Cpefie BeCh CIIEKTP JIMH BOJH
or 10 cm pmo 107 cM (uckmodas kpalinue
3HAYEHUS), T. €. OH 3AMOTHEH COOCMBEHHOLL
aHepzueil, KOTOPAst TIOPOXK/AETCS HE 3BE3/Ia-
MU VIV BEILIECTBOM, @ CPENOil M3 MaKCHUMO-
HOB (B TPaAMIMOHHO pU3NKe — HOIEM).

Kakoe siBnenne Bo BcenenHoit MoxeT co-
OTBETCTBOBATb 3TUM Konebanmam? OueBup-
HO, uTto Tak HasbiBaemoe PEJIMKTOBOE
N3NYYEHMWE, Ho penuxmosoe i 0HO B 9T0M
crmydae? 37iech MBI OILATh-TAaKM BO3BPAIIAEMCS
K ¥Jiee 0 TOM, 4TO Hpouecc 06pa3oeanus e-
uiecmea u3 6axKyyma He 3aKOHUUIICS 6 nep-
évle menoeenusi nocne Bomvuwozo e3pwvisa,
a e3aumooeiicineue eusecmea ¢ Ppusuueckum
8aKyyMOM NPOOOTIHAEMCT 00 CUX NOP.

JaeT 1 HaM BBIBOJ, O ITOCTOSIHHOI aK-
TUBHOCTM 9¢upa 3a cYeT BO30OYKIEHHOrO
OCHOBHOTO TOHA MAcCIUTAOHBIX KOIEOAHMIL
Kakue-mb0 BO3MOXKHOCTM mporHosa? [la,
MaKCUMyM aKTMBHOCTYM 9TOTO M3/Ty4eHNs
[OJDKEeH IIPUXORUTHCS, COIIACHO Y TOYHEHHOI
MOJie/N, Ha JAJIVHY BOJIHBI, 67IM3KYI0 K 50 MKM.
KakoBa >xe peanpHasA KapTuHa?

B coorBercTBUMM C IPUHATON KOCMOJIO-
TMYECKO MOJIENIbI0 CHEKTP PEeIUKTOBOrO
U3Ty4eHUsl JO/DKEH COOTBETCTBOBATD CIIEK-
TPy uepHOmMenvHO20 U3LyHeHUs, KOTOpPbIi
onucpiBaeTcsa Kpusoii Ilmanka. Makcumym
B 9TOM C/Iy4ae NPUXOANUTCA Ha 1,5 MM mmm
10" cm. B Hameli yTOUHEHHOI MOJIENM MaK-
cuMyM (IyYHOCTb OCHOBHOTO TOHA) IIPYXO-
OMUTCA Ha JI/IVHY BOJIHBI B pajioHe 50 MKM, 11n
107>’ cm. Takum 06pa3om, MoJIe/TbHbIIT MaKCH-
MyM Ha 1,4 mopsapka neBee o6meanHHToro.
Il Moz IepBOro MpUOIVDKeHNS MOTyde-
HJE TIOTPEIIHOCTH B IOATOPA MOpAAKa Ha 60
NOpAJgKaX — HEJYPHOI! pesynbrar.

WTak, Mpl paccMOTpeny OCHOBHOM M-ToH
C €ro y3/1aMy U Iy4YHOCTAMMU. B mampHenmmx
PacCy>K/IeHUsA Mbl YIPOCTUM 3ajady M 0y-
0emM paccMampueams UCKIIOUUIMETLHO Y37ibl
cmoavux M-eonn. BepHeMca K yIpoOILEeHHOM
MOJIENN.

Ilepeviii 0o6epmon 3amaer Ham y3en (-3)
BMLB — wmacmrabuom 1entpe Bcemen-
HOJ, KOTOPBIJ MMeeT pasMep OKomo 10 MKM
(cM. puc. 2.42). MOXXHO TPeAIIONIOXNUTD, YTO
mepBblit - M-06epToH BcenmeHHoOIT  co3maer
B BaKyyMe HEKOTOpble OecTenecHble CBEPXY-
CTOIYMBbIE TAaMHCTBEHHbIE CUCTEMbI, KOTO-
pble COBeplIeHHO He M3BeCTHBI Hayke. Eciu
MaKCMMOHBI BbIBEOCHbI XOTA 6bI TeopeTnIe-
CKU, TO 9TH HeBefloMble 3epHa Ge3 nmomu,
3epHa «0yxa MUpoe0zo npocmpancmea» He
BBIBOJVIIACH paHee Jake TeOpeTUYeCKM, He
TOBOPSI yKe O TOM, YTOOBI HAMTI X IKCIIEPH-
MeHTajIbHO. Jlajiee MBI ellle BEpHEMCS K 9TUM
HOBBIM JIJIsI HAC «00bEKTaM».

Bmopoii ob6epmon 3amaeT HaM [OIOJ-
HUTENbHO €llie JJBE TOYKM YCTOMYMBOCTM Ha
M-ocn: (-13) u (+7). [locmoTpum, 4TO Hpex-
craBjsgeT o601t 9TOT cpe3 Beenennoii. Jlesas
TOYKa — pa3Mep HYKJIOHOB, IIpaBas — pas-
Mep HEMTPOHHBIX 3Be3fi (1ay B 60see 0611eM
CMbICITe — sIfiep 3Be3).

Wrak, Ha BTOpOM 00epTOHE MBI IIOJY-
YU OCHOBHOL 0a3UcHbLli 8eujectneeHHblll
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cocmaé Bcenennoii: smo s0pa 36e30, cocmo-
Augue U3 HYKIOHOB.

To, 4TO MMEHHO TaKue CUCTEMBI SIBJIA-
I0TCSI KOHEYHOJ CTafiyell pasBUTUA MHOTUX
BUIOB 3Be3l, — oOmensBecTHbI dakrt. To,
4YTO BellecTBO Beemennoii 6onee yeM Ha 99 %
COCPE/IOTOUYEHHO VIMEHHO B 3TUX CUCTEMax,
B HACTOsIIljee BpeMsi — TaK)ke OOIjen3Bect-
HbII pakT. Ho OTMeTHM [OIIONTHNUTENBHO, YTO
BpeMs XU3HU HYKIOHOB (10° et) u, Bumu-
MO, sfiep 3Be3[] — HauBBICIIee IO IPOJOII-
JKUTETIBHOCTY CPefy BCeX M3BECTHDIX Bellje-
CTBEHHBIX cucTeM BceneHHOI.

Kpome Toro, Bropoit o6epTon ¢ ¢anra-
CTUYECKON TOYHOCTBIO 3afjaeT HaM U pac-
CMOTpPEHHOe Bblllle pasfiesieHre M-nHTepBa-
Jla Ha TPM y4YacTKa JOMMHMPYIOLIMX BUJOB
B3aMIMOJEVICTBUIA.

CrefioBaTe/IbHO, MOXKHO YTBEPXK/aTh, YTO
BCe pasHOOOpasme TUIIOB B3aMMOJEVICTBUI
00yCIaBMBaeTCsi BO3AECTBIEM HA MepBUY-
HYIO YeThIpeXMepHYIo cpefly BceneHHoit BTO-
poro M-o6epToHa.

Tpemuii o6epmon 3aaeT HaM elue IBe
HOBbIX TOukM: (-18) u (+12). JleBass TOUKa,
[0 HAIIUM IPEAIONOKEHNSIM, — pasMep
anekTpoHa. [IpaBast, Kak y>ke OTMeYanoch, —
CpeHMI pasMep 3BE3I.

Yemeepmotii 006epmon 3aaeT deTbIpe
HOBBIX TO4YKM Ha M-ocu: (-21), (-9), (+3),
(+15). YV aBTOpa HeT HU3NIECKOI UHTepIIpe-
TALUM STUX Y3/IOB, IO3TOMY OCTAaBUM MX 0e3
KOMMEHTapyeB.

IIamouii 06epmon yMeeT BbIfieTIeHHOE T10-
JIOXKeHIe B 9TON MiepapXuii, TaK KaK OH 3afjaeT
TOYKM Ha M-0CH, KOTOpPbIE HOUYHO CO0Mmeen-
CIBYI0mM MOUKAM 0CHOBHO20 MOHA U NePEbix
0syx enaewvix obepmonos. Takum o6pasom,
ero ycroidmusbie M-30HbI BKIIOYAIOT B cebs
ycroituuBble M-30HBI IEPBBIX TpeX TapMo-
HuK. K HuMm st 06epToH fo6aBseT b
IBe COOCTBEHHBIX YCTONYMBBIX TOYKM Ha
M-ocu: (=23) u (+17).

MBI BUAMM Tellepb, YTO IIOJIOBMHA Psifa
YCTOMYUBBIX 00DBEKTOB BceeHHOM, MOmy-
YEeHHBIX HaMM B pe3y/brare IMPeSbIAYILEro
IMIIUPUIECKOTO OOOOILEHNS, OIIPeenseTcs
namoim M-o6epmonom BcenenHoit (cm. puc.
2.42), TaK Kak BCe sifiepHble 0OBEKTHI TOYHO
COOTBETCTBYIOT y3/1aM 9TOr0 06epToHa, 06pa-
3YIOLLNM A0ePHDLIL PO YCMOUMUBOCHU:

-33 — MaKCHMOHBI;

-23  — sappa anmeKTpoHOB (?);
-13  — appa aTOMOB, IPOTOH;
-3 — ANPO KIETKI;

+7 — Anpa 3Be3;

+17  — sAppa rajakTuk;

+27+1 — MeraranakTuka.

B atom pspy Hanbosee ycToidmBbie 00b-
exTbl Bcenmennoil depepnytorcs depes 10 mo-
psankoB. Ecmum umHTepBambl MeX[Ay HUMU
pasfenuTb CTPOro IOIojIaM, TO o6pasyeTcs
CTPYKTYPHBIIA PAJl, CABUHYTBI OTHOCUTEb-
HO SAJIePHOTO Ha 5 MOPAJKOB BIIPaBO, 00b-
€KTbl KOTOPOTO TAaKXe 4YepefyloTcs depes
10 mopARKOB, TaK Ha3bIBAEMBINl CHPYKHyp-
HOLIl PO YCMOUMueocmu:

-28 — ¢oromusi (?);

-18  — anexTpoH=I (?);
-8 — aTOMBI;

+2 — YeJIOBeK;

+12  — 3Be3mbl;

+22  — raJlakKTUKMU.

3aMeTuM, 4TO OOBEKTbI CTPYKTYPHOTO
psAfa OKasalmch Ha Tex MecTax M-ocu, Ko-
TOpble B IIATOM M-06€pTOHe COOTBETCTBYIOT
ero myyHoctsaM. Ilyunocmu >xe, COIJIACHO
IPUHATON 3]1eCh JIOTUKE, A6IAI0MCA 30HaAMU
N0BBLIUEHHOTL IHEPZEMUKU, HO NOHUNCEHHOT
ycmouiuueocmu.

Jlnsa 3Besj M aTOMOB TaKoe IPOTUBOpE-
Yyie HaCTOPa)KMBAET. BBIXOJ MOXXHO HaiiTH,
ecn paccmorpers 11-it M-o6eproH (cMm.
puc. 2.42), B KOTOpOM IOJIOBMHA Y3JIOB TOY-
HO COOTBETCTBYeT y371aM 5-ro M-o6epToHa,
a Jpyras IOJIOBMHA IPOMEXYTOYHBIX y3/I0B
3aJaeTcsl, B OCHOBHOM, 11-M M-06epToHOM.
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Orcropa cnenyer BbIBO[, uro mmenno
12 rapmoHuK (0ocHOBHOI TOH u 11 o06ep-
TOHOB) [{OCTATOYHO I TOrO, 4TOOBI MO-
AY4UTH MOJENb, KOTOpasg pAaeT TOYHOe
coOTBeTCTBIE (PEHOMEHONIOTMYECKH BBI-
CTPOEHHOMY PAXY

Bcenennoii (cm. puc. 1.7).

OCHOBHBIX O0OBEKTOB

[TpaBpa, BO3HMKAET BOIIPOC, KaK ke ObITh
¢ y3mamu 4-ro, 6, 7, 8, 9 u 10-ro 06epToHOB?
Yr106BI OTBETUTH HA ITOT BOIPOC JOCTATOYHO
MIOCTPOUTD CYMMAPHY10 KPUBYI0 YCIMOiiu1L60-
cmu 12 nepevix M-zapmonux (cm. puc. 2.43).

MBbI BUAVM, YTO Ha Hell 9eTKO ITPOCIIeXN-
BaeTCA HeKas MepUOMIHOCTD Yepes 5 mopsp-
KOB, YTO CBUMIETE/TBLCTBYET O TOM, YTO Y3JIbI
3TUX 12 TapMOHMK B OCHOBHOM CKOHII€HTPU-
poBaHsl BOKpyYT 13 touek Ha M-ocu. UIMEH-
HO B 3TUX TOYKAX N PACIIOJIOXE-
Hbl PASMEPbI OCHOBHbIX KJITACCOB
CUCTEM BCENEHHOW.

Bupyumo, ocTrasmbHble T'apMOHMKM JHAIOT
NMIIb  6MOPUUHYI0 Ppakmanvhyio pabv
Ha KPUBON YCTOMNYMBOCTH. Orcroga crenyer
BbIBO[, uto, nockonbKy st 601b1ImMHCTBA
M-rapMOHMK Y37IBI OKa3bIBAIOTCA B OFHOM
PAMY, KOTOPBII KpaTeH 5 HOpAfKaM, TO B IpU-
pone ocymecrssiercst MACLLUTABHO-TAP-
MOHWYECKWIN PEBOHAHC.

VTak, Mbl BUAMIM, 4TO HaIlla MOJE/b JaeT
TOCTATOYHO TIIOTHOE COOTBETCTBUE Y37IOB
MacIITaOHBIX FAPMOHMK ITOIOXKeH!I0 Ha M-0-
CI OCHOBHBIX KJIaCCOB CHUCTeM BcemeHHOIL.
JKenarp 607b1IIETO COOTBETCTBMSI HA IIEPBOM
JTale MOCTPOEHNUSI TeOpUU MacIITabHO-Tap-
MOHWYECKIX KOJIEOaHWIT IIPOCTO HEPEATIBHO.

YTO N3 3TOrO CIIEAVET?

Bo-nepevix, to, uto Bcenennas umeem
Kax Ovt mnomecmeo M-uacmommuvix cpe-
306 (cn0eB), KaXAbIl U3 KOTOPBIX OIIpe-
penser csoii MIEPAPXVMYECKUA PS[
YCTOMYMBBLIX CUCTEM. Iepsviii cpes —
a¢upHas Bcenennas, émopoii cpes — uH-
dbopmannonnas Beenennast, mpemuii cpe3 —
BellleCTBeHHas BeemeHHast 6a3MCHBIX CUCTEM.

Heenaouamoii cpe3 (11-it 06epTOH) 3amaeT
HaM y»Ke CTPYKTypy BceneHHoil B ee mpu-
BBIYHOM [l HAaC BeI[eCTBEHHOM BOILIOLIe-
HUM: QOTOHBI, 3NEKTPOHBI, ATOMBL... 3BE37Ibl,
TaJIaKTUKU U UX Afpa. XOTA B JBEHALIATOM
cpese y>Ke eCTb TOYKM YCTOMYMBOCTH JI/IA Ta-
KX CUCTEM, KaK KJIETKY U KMBOTHBIE, OH €llle
He VIMEET NPOMENCYMOUHBLX 30H YCMOUYUE0-
Ctu, B KOTOPBIX ObI cMOIIM 0OpasoBaThCs
MaKpOMOJIEKY/IbI, JNOKIETOYHbIE CTPYKTYPbI
U IIpoune CyOCUCTeMbI CTIOKHO YCTPOEHHBIX
MEPAPXMYECKUX CUCTEM.

Kak nokasaso paHee ncciefoBaHue aBTo-
pa®®®, Genoevie susvie cucmempt OTINIAIOT-
Cs1 TeM, YTO UX MacUITaOHO-MepapXudyecKast
OpraHmMsallus MMeeT HPedesibHO MNII0MHYI0
ynakosxy. [l MacmTabHOM OCK 9TO JOCTH-
raeTcs B TOM CIydae, KOIfla KaKzas CUCTeEMa
6ojee BBICOKOTO YPOBHS MepapXum B Cpef-
HeM B 3,16 pasa 6osblue pasMepoB CBOUX
a71eMeHTOB. Ha M-ocK TOYKM C TaKUM LIaroMm
06pa3yoT MepUOFUYHOCTD C MHTEPBAIOM
B 0,5 nopsAgka.

IlockonbKy obmeBceneHckmit  M-mHTep-
Basl cofiepnT 60 IOPsAKOB (B YIIPOIIEHHON
MOJIeTN), TO COOTBETCTBYIOLIee pasbieHe ero
MOXKET IaTh TOMbKO 120-s1 rapmonuka. VI3 ato-
IO BO3MOXXEH BBIBOJI, YTO BO3MOKHOCTD CyIIe-
CTBOBaHM:A 0€TKOBOIT JK3HY NOJIIeP>KIBaeT-
cs1 M-o6eproHoM He Hipke 120-ro mopspxa.
ITpaspa, B sTOM criydae M-cmpykmypa #cu3Hu
00/KHA NPOHU3bLIGAMb 6Ce MacuimabHvle
YPOBHU, 6KTIOHAT MUKPOMUP U KOCMOC.

AnbTepHATUBHBIM  BapMaHTOM  9MIN-
pUYIeCKN BBISIBJIEHHOI M-Hep]/[OJII/I‘-IHOCTI/[
c mraroM B 0,5 opsAKa ABIAETCA MeXAHUIM
noxanuzauuu  M-zapmonux.
ecnn «BbIpe3aTb» U3 M-uHTepBana Bcenen-

Hanpuwmep,

HOIT 15 HOPSIAKOB, KOTOpbIE 3aHMMAeT Oes-
KOBasi >KM3Hb (OT BUPYCOB HO 6mocdepsi),
TO BHYTPM 9TOTO MACIITAGHOrO AMamasoHa
6e/1KOBOII XKU3HU pasbueHne M-ocu ¢ mrarom
B 0,5 mopsAgKa nmonyyaercs y>ke Ha 30-11 rap-
monuke (15:0,5=30).
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Puc. 2.43. Mpachuk cymMMbl CTOSAHMX BOSH NepBbIX 12 rapMOHKK (ynpoLLeHHas Moaesb)

[na yao6¢cTBa NoCcTpoeHus rpacduka Bo3bMeM
nHTepBan ot 1 fo 2. Torga MOXHO 3anucatb,
yto X € [1:2], rae X — 3TO NpOCTO YUCHO.

lg L € [-33;+27], — 310 M-uHTepBan.
lgL=-33+60 (X—1), — 310 WwKana
nepesopa X B L.

Torpa To4ka X = 1 Ha rpachvke COOTBETCTBYET
Ig L =-33, T. e. pa3amepy MakcMmoHa.

Touka X = 2 cootBeTcTBYET Ig L = +27,

T. €. pa3mepy MeTtaranaktuku, a Todka X = 1,5

cooTeeTcTByeT Ig L = -3, T. e. Touke MLB, n T.4.

[na paccMoTpeHns Hallen TeopeTUHeCcKomn
MopJenu yCToN4MBOCTM 06beKTOB BeceneHHom
MOCTPOMM rpacOuKn My3bIKarnbHbIX FraPMOHMK,
rae N — NopsiAKOBbIN HOMEP rapMOHMKN.

y = Sin (n T X), — rpacduk yHKLMM rapMOHUKK
C NOpsiAKOBbLIM HOMEPOM N.

N

Y =2/NX Isin (n Tt X)l, (2.2)

— cymma pyHKUmIn N rapmoHuk, rae 2/N —
3TO KOI(PPULIMEHT, ypaBHUBAIOLLNIA 3HEpre-
TUKY BCEX FaPMOHWK K CyMMapHOWn 1.

BHu3y npviBefeHb! rpachvku nepBbIX TPEX
rapMOHVIK, a BEPXHAS KpuBas npeacTasnseT
CO60W pe3ynbTaT CoXeHUs MOAynen aMmnantyn
CTOSYMUX BOJTH NepBbIX 12 rapMOHNK

(N =12) no copmyne (2.2).

OTa KpuBas faet npefcrasrieHve o noteHumane
YCTONYMBOCTN/HEYCTONHMBOCTN OGBEKTOB, UK,
MOXHO CcKasaTb, 4TO 3TO — (DYHKLMS SHEpreTu-
4YeCKOW HeyCTONYMBOCTN O6BEKTOB B 3aBUCUMO-
ctv ot norapudma (Ig L) nx pasmepos.

YeMm meHbLUe Y, TeM ycTonymBee 06bEKT, COOT-
BeTCTByOLWMIA X (Mpy 3TOM pa3mepbl 06bekTa
BbI4MCNAOTCA MO hopmyne:

IgL=-33+60 (X-1)).

MbI BUgUM, 4TO Hamboree yCToN4MBbLIMU
06beKTaMU, He cHMTast MakCMMOHOB U caMo
MeTaranakTnku, ABNSOTCSA 06bEKTbI, pa3Mepbl
KOTOpbIX HaxoasaTcs B MLIB.

Ecnun nepecuutatb X Bcex «BnaguH» (1<Y<
1,5) B norapudmbl pa3mepa, TO OKaXeTcs, Y4To
BECb psAf U3BECTHbIX HAM 06bLEKTOB BceneHHom
pacrnonaraeTcs B 9TUX «BrnaguHax».

ABTOp BbIpaxaeT 6narogapHocTts A.l'. ViBaHoBy 3a
MOMOLLIb B MaTeMaTU4eCKOM OCbOpMJ'IEHVIVI noen
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B mo6oM cnydae MBI BUAMM, UTO [JIS
00DSICHEHNS BCEX 3aKOHOMEPHOCTEN mepap-
XMYECKOTO YCTPOMCTBA GETKOBBIX Tel HE0O-
XOIVIMO YCTIOXHSITb MOfieNlb M-rapMOHMK 10
ropasno 6osee BBICOKMX OOEPTOHHBIX YpPOB-
Hell. IoaToMy ocTaBMM [aHHYI0 HpoGreMy
11 JanbHeumx pabor.

Bo-emopuix,
M-06epTOHOB MOXET OBITh MOTEHI[MATBHO

IIOCKOJIBKY  KO/IMYECTBO
6eCKOHEYHO, TO HI OfHA TOYKa Ha M-ocu He
MMeeT HyY/IEBOI yCTOMuMBOCTH. Ipyroi Bo-
IIPOC, YTO MOITHOCTD Ka)XK/JOTO MOC/IeAyIole-
ro ob6epToHa majiaeT, Cl1efoBaTeNbHO, MafjaeT
U CTeleHb YCTONYMBOCTH, OOYC/IOBIEHHAS
ero yanamu. [ToaTomy kapTiHa o011eit ycToit-
4UBOCTU 00DBEKTOB BeeeHHOI B 3aBUCHMO-
CTM OT UX pa3MepoB OyfieT UMeTb CKOopee Bce-
ro ®PAKTANbHbLIV BUA.

Orcriopa — OYANIM3M CTPYKTYPbI
MNMPOCTPAHCTBA. C ognHolt cTOpOHBI, OHO
K6aAHMOBAHO, TIp14eM KBAHTOBAHHOCTb 0CO-
OeHHO APKO [O/DKHA IIPOSBIATHCA BOIM3YU
IJIaBHBIX y3/10B M-ocu, a ¢ Apyroi cropo-
HBl — OHO KOHMUHYANbHO, TaK KaK B6bic-
wiue 00epmona co30aim HenpepviHvLll Pso
ycmotiuusocmu.

IIpy 3TOM OYEBMUOHO, 4YTO OTHeENbHbIE
ygactku M-ocu OyAyT IpenMyliecTBEHHO
KBaHTOBAHHBIMU (BOKpPYT IJIaBHBIX Y37IOB),
a Ipyrue — IperMyIeCTBEHHO KOHTUHYaIb-
HBIMU (MacIITaOHble YPOBHU MaKCHMATbHO
yHa/leHHble OT OCHOBHBIX Y37I0B).

VIMeHHO 9TUM OODBSCHsETCS, C Hallei
TOYKM 3peHus, TOT (PaKT, 4YTO MUKpOPM3NKa
YCIEIIHO ONMCBhIBAaeTCs KBAaHTOBOI Teopueil,
a Makpou3suKa B Heil He Hy>K/laeTCA.

Moxso nmumb [MPEOMOJNIOXUTD, uro
u st Gu3KKM sfep 3Besf (13-32 MOIHOCTH
y3na 2-ro obeprona — (+7)) CyljecTBeHHOe
3HaYeHIe MIMEIOT KBaHTOBBbIe 3 PeKThI, KOTO-
phble B HacTosAIlee BpeMs MOKa ellje IPOoCTo He
06HapY>KEeHbI.

B nenom >xe He NpeACTaBIAeT TPyfia IO-
JIy4UTb MaTeMaTHYeCcKoe BbIpKeHMe [yId

MHTETPajIbHOI YCTOMYMBOCTY O0OBEKTOB Bee-
JICHHOII, OIMpasACh Ha C/IOKeHNe TapMOHUK
psna @ypbe (cm. puc. 2.43). BesycnosHo, 4To 110-
Ty4eHHas 3aBUCUMOCTb HOCUT KayeCTBEHHBIN
Vi IPUHLMAIIMA/IBHBIA XapaKTep, B Ja/IbHeNIIeM
OHa Tpe6yeT yTO‘IHeHI/IH " KOHKpEeTU3alnm.

Bepuemcs x MNMPEOMONOXEHWUIO, urto
Bcenennas cocmoum u3 xax Ovt 6é710%eH-
HbIX 0pyz 6 Opy2a HemvIpexMepHLIX CI0es,
KaXX/Iblif 13 KOTOPBIX MMEET CBOIO YaCTOTHYIO
XapaKTepPUCTHKY.

Tak, Hampumep, OCHOBHO} TOH 3afaeT
Bcenennyio adupa, Bropoit obepron — Bee-
JIEHHYIO sifiep 3Be3f... 11-it obepron — Bce-
JICHHYIO 3B€3]] ¥ TalTaKTHK... 120-i1 06epTOH —
bU3MYIeCKYI0 MATPULLY Ye0BeKa.

BosHukaeT BOIpOC: KAK U uepe3 4mo
83aumoodeiicmeytom smu ciou 0pyz ¢ 0py-
2om? OueBUIHO, YTO Hambonee oOIMM [
BCe CJI0eB SIBsieTCst CIoil adupa, T. e. Mak-
CMMOHHaA Cpefia, Yepe3 KOTOPYIO IepefaeTcs
TpaBUTAI[MOHHOE ¥, BUAMMO, BCe OCTabHbIE
BO3JieiicTBYA. B 11eoM >xe mpo6iema B3anmo-
HeJiCTBMA Pas3/MYHBIX 00ePTOHOB — BecbMa
HEIPOCTON U KpaiiHe MHTEPECHBIN BOIIPOC.

Ipyroit Bompoc: mozym nu o06wvexmuvl
00H020 7105 nepexodumv Ha Opyzue cnou?
Ecnu, nanpumep, 3Be3bl NpuHaAnexar 12-my
croxo (11-it 06epTOH), TO MOTYT /IU OHM TIEpe-
JITV BBIIIE VIV HIDKe?

VI3BecTHO, 4TO 3Be3/bI IOCTIE MCUEPITaHNA
BHYTPEHHETO WCTOYHMKA OSHEPIMM yMUpa-
10T. B wacTHOCTH, 1714 3Be3f, Macca KOTOPBIX
Oonblle IBYX, HO MEHbIle [eCATH CONHEY-
HBIX MacC, acTpOPU3MKM pacCUUTaNIM Ta-
KOJI CIleHapumil: 3Be3Ja B3pbIBaeTCsl, 00pasys
CBEPXHOBYIO, Y KOTOPOil 060/I04Ka pasjera-
eTcA B MIPOCTPAHCTBE, a AP0 COKNMMAETCA [0
CBEPXIUIOTHOTO cocTosAHUA. [Ipu aToM B sAzpe
IIPOMCXOAUT paspylleHne CTPYKTYpbl BceX
aTOMOB, X 3/I€EKTPOHHbIE O6OIIO‘—IKI/I CMMHa-
IOTCA, 1 OCTAKTCA INIIb I'O/IbIE HyKTIOHbI.

[ToryyeHHas CTPyKTypa — HeHTpPOH-
Has 3Be3a, KOTOpas IpeAcTaB/sieT co0oi
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ruranTckoe sAnpo. H3 umeer pasmepsr oko-
70 107 cM, a ee smemeHTHl — 1077 cm. Takas
CTPYKTypa NPUHAJIEKUT BTOPOMY 00EpTOHY
(cM. puc. 2.42), a TOCKONbKY MCXOTHAS CTPYK-
Typa (KuBas 3Be3fja), 110 KpariHel Mepe, Ipu-
HajiIeXxaa TpeTbeMy 06epTOHY, TO cMepmb
383061 — 3M0 ee NePexod ¢ BLICUIUX 2APMO-
HUYMeCKUX ypoeHeti HA HU3ULUe.

JTOT BBHIBOL BO3BpAILIAeT HAC K paHee
chemaHHOMy Habmofennoo (cM. puc. 2.33),
4TO poxcOeHue — IMO KOHUeHMpauus Ha
M-ocu, a cmepmo — Oexonuenmpayus. Te-
[Iepb MOXKHO OBOPUTH yiKe 0 ToM, yto KOH-
LIEHTPALNA — BTO MEPEXOL, C HNXK-
HUX TAPMOHUWK HA BbICLUNE (puc.
2.44), 1 Ha060POT.

Ira MacmTabHas cxeMa pacKpblBaeT HaM
6oree TIy6OKIMIT CMBICT SIB/IEHNIT POXKEHIIS
n cmepru. NOHVMXKEHVME OBEPTOH-
HOIo YPOBHA — 39TO MPOLECC -
BENMW, CMEPTU JIIOBOM CUCTEMbI
BCEJTIEHHOW.

OueBnpiHO, OTCIOHA CIIEAYET 3€pKajb-
ubiit BbiBOJ, uto [1OBbILLEHWE OBEP-
TOHHOIO YPOBHA — 3TO MPOLIECC

POXOEHUA N PASBUTUA CUCTEMBI.
ITocMOTpUM, MMeeT /U 9TOT BBIBOJ KaKoe-
160 COOTBETCTBUE PaKTaM.

Eue pas Bepuemcs k «3EPHAM MUNPO-
BOroO [OYXA», cocrosaummx u3 mMuposozo
adupa.

Best mormka MacuTabGHO-rapMOHMYECKON
MOJieM TIOKa3bIBaeT, YTO 4eM HIDKe 0bep-
TOHHBIII YPOBEeHb, TeM 0O/bIIe MPOJOIKI-
TeIBHOCTH JKU3HMU €r0 CHCTEM.

Tak, ec/tu IPOTOHBI U siipa 3Be3[ (BTOPOI
00epTOH) >KUBYT MUIMAPJbI JIET, TO MaKCH-
MOHBI 1 Bcenennast (0CHOBHOI TOH), OYEBIJL-
HO, fofblire. Mexy HuMmu (IepBblit 06epTOH)
naxoparca «3EPHA MUPOBOIO OYXA».
CrefoBatenbHO, OHM 60JIee YCTOMYMBEL, YeM
nporonsr, T. e. OHW YCTONYMBEE JHO-
BOIo BELLECTBA!

Bo Bcenennoii nepsozo obepmona eie
HeT HMYero, KpoMe MaKCMMOHOB, U3 KOTO-
PbIX OHUM Mormu 6bI cocrosAThb. B Takoit Bee-
JIEHHOJI ellje HET HJ OffHOTO IPOTOHA, J/IEK-
TPOHa, B Heil HET 3Be3Nl, IIAHET, IalaKTUK.
B Takoit BcenenHoit ele HeT BellleCTBa, BEIb
BEIlleCTBO TPA[JUIMOHHO MOHMMAETCS, Kak

~ Poxxpenue
-

KoHueHTpay1s
M BOCXOXHEeHHe

. : JleKoHUeHTPaLUMA °
1 NOHKNKEHWE

Puc. 2.44. YcrnoBHasi cxema poXAeHWs U CMepPTU Ha Anarpamme MaclUTabHO-06ePTOHHbBIX YPOBHEN.
CnpaBa — cMepTb 3Be3/bl. B jaHHOM cnyyae nokasaHo, 4To pasfeneHue 3se3pl (+12) Ha 5apo (+7)
1 060M04KY (+17) NPUBOAMUT K MOHMXKXEHUIO OGEPTOHHOMO YPOBHS.

Cnesa — poxpeHue Yenoseka. [lokasaHo, 4TO pocT 3apofbilia (—3) 3a cHeT BelecTsa buocdeps!
(+7) BEAET K MOBbILLEHNIO 06EPTOHHOTrO YPOBHSA U MOSBMEHWO YenoBeka (+2). BeaycnoeHo, npuvse-
[IEHHble MPMMepbI NINLLb CXeMaTU4HO NepeparoT O6LLYI0 UAE0 U He NPETeHAYIoT Ha TOYHOCTbL Mofe-
nu1poBaHus npoLecca
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Marepus, COCTOAIIAs M3 aTOMOB (WIM XOTS
ObI HYK/IOHOB), @ UX B IIEPBOM 00epTOHE HeT,
HeT U ($OTOHOB, MO0 POTOHBI KAK YACTHUIIBI
HOABIAOTCS Ha 11-M 06epToHe.

ITpu atom 680 Bcenenwoii nepsozo o6ep-
mMoHa, B OTANYNE OT BcermeHHOI OCHOBHOTO
TOHA, €CTb OOBEKTbI NOBOALHO-TAKU OOJIb-
LIMX pa3MepoB — Iopsiaka 50 MkM (910 Te ca-
Mble pa3Mepbl, B KOTOPBIX TBOPUTCS SKU3HB).
VI o1nt 6ecmenectvie Heseusecmeenivie 06pa-
308aHUA TEOPETUIECKY UMEIOT YyMONOMPaUU-
MenvbHy10 YyCmoliMue0cmy 1, CTIeffOBaTeNbHO,
Bpems >kn3HM. Kak MbI mpefnonaraem, BpeMs
UX XKM3HU JO/DKHO OBITh He MeHee YeM Bpe-
MsA KM3HM BceneHHOI, T.K. OHUM HOABWINCH
B CBOEM YMCTOM BHJie Ha BTOPOJ rapMOHMUe,
Ha niepoM o6epToHe. Ecrn Beenennas cyue-
CTByeT 14 M/IpH /€T, TO K UX BO3PACT TAKOI
xe. VI moka Bcenennas cyuiecTsyet, oHu 6y-
IYT TaxoKe CYIIeCTBOBATD, ABMAACH HEOTHEM-
JIEMOII YaCTbhIO ee SKVM3HIL.

3akaH4yMBasAg 3TOT pasfiell, Mbl OTMETUM,
YTO OTPOMHOE MHOXKeCTBO CAMBIX Pa3HOO-
6pasHbIX (DAaKTOB, COOpPaHHBIX aBTOPOM 3a
25 nmeT mccnefoBaHMA 3TOTO BOIPOCA, IMOJ-
TBEPXKAIOT PearbHOCTh MacuITabHo (de-
THIpEXMEpHOIT) rapMoHun. [lonrme ropmpi
(beHOMeHOMOrNYecKoit 06paboTKI MHOXKe-
CTBa CIIpaBOYHbIX NaHHBIX O pa3Mepax, Mac-
IHTa6HOI‘/1 AVHAMMKE 1 9BOMIONUY pa3IMIHbIX
cucrteM BcenmeHHON TO3BOMMIM  BBIABUTH
u cpOpMYIUPOBATh OCHOBHBIE IPUHIIMIIBI
MacuTabHol cuMMeTpuit Beenernoit.

Bce 311 rofipl aBTOp MHTYUTUBHO YyBCTBO-
BaJl, 4TO 34 IMUM MACUMAOHLIM NOPAOKOM
CKpbI8aemcs 00UH NPocmoti u 00CMamo4Ho
Kpacuevtil npunyun. JINb 1nocnegHne Tofbl
IpUfiali MHE YBEPeHHOCTDb, IO3BOJMBIIYIO
¢dopMan30BaTh 3Ty MHTYUTUBHYIO MOJENb
U PELINTHCS aTh 0ObsICHEH e MIEPAPXITIECKO-
MY TIOPSJKY € HOMOUibI0 MOOeTU Hemvlpex-
mepHoii 2apmonuu Beenennoii.

Oxasanock, 4T0 He0OXOAMMO CJie/IaTh BCe-
TO JIMIIb OiH, HO OYeHb IPUHINIINATbHBIN

IIaT OT TPEeXMepHON MOJIeNV IMPOCTPaHCTBA
MHUpa K 4YeThIpeXMepHOI, KaK OKa3bIBaeTcsd,
YTO BCA CTPYKTYpa M AUHAMUKa Bcenennoi
MOTYT OBITH ONNCAHBI C IOMOUILIO TEOPMM
BOJIH U KO/TeOGaHMIf, C IPMMEHEHNeM IPUH-
IUITOB MY3bIKaIbHOI FAPMOHNH.

Ecnu ¢ moMolpio Teopuyt BOH 1 Koje6a-
HUI MBI MOXKeM IIOJTyYNUTDb BCe YCTONYMBLIE
pasMepbl 9BOMIIOLIMOHHOTO CIIEKTPa, KOTOPBIN
P STOM HEINIPEPhIBHO IIepeCcTpaMBaeTCsa
B CBOMX TOHKHMX O€TAaIAX, TO BOSHMKAET BO-
IIPOC, OMKY0a e NOAGIAIMCA 6Ce CheK-
mpwut 6a3ucHozo psoa, Komopoviii ocmaemcs
HeUu3MeHHbIM 60 6cell UCMOPUU PA3eumus
Bcenennoii?

2.4.2. BA3V/ICHbIV
KOQDDOUUMEHT
MACLLUTAEHOW CUMMETPUN

Ectb Bce ocHOBaHuA Inpefnonararb, 4TO
basucHass MaciiTabHasi BOTHA OCTAaeTCs He-
VI3MEHHOJI OY€Hb JJONITO€ BpeMs, BO3MOXKHO,
4TO OHa BCerja ObUIa TAaKOM KaK MUHUMYM
c momenta T, = 10° niet, Kor/a Hayam 06paso-
BBIBAaTbCA IlepBble 3Be3fibl. Ee HeM3MeHHOCTb
CBs3aHa C IIe/IOUMC/IEHHOCTDI0 6a3MCHOTO KO-
adduumenta macutabuoit cummerpun — 10°,
KOTOPBII IPOHM3BIBAET BCIO MACLITAOHYIO
CTPYKTyPpy BceneHHOI1. Y Hac HeT HUKaKMX OC-
HOBAHUIT CYNTATB, YTO ITOT KO PUIEHT Cy-
1eCTBEHHO MEH:AJICA 3a nocefnHue 10 Mumm-
apzoB 1eT. Bo3MOXXHO, UTO OH ABJIAETCA TaKol
JKe CTabM/IbHOI KOHCTAHTOM BcemeHHOI, Kak
1 nocrosHHas IImanka, CKOpocThb CBeTa 1 T.II.

[TonpiTaeMcst 375eCb HaMETUTb XOTsI Obl
MIPUOMTUSUTENIBHBIN IOAX0A K OOBSICHEHNIO
nepuopusanuy (C MIaroM B IATh IOPSJKOB)
MaciTabHOro u3MepeHus BeeneHHOIL.

IIpenono>xum, 4To 1MOC/Ie epBOro aKTa
BO3SMYILEHMA TIEPBMYHOM MaTepuaabHON
cpenbl 06pa3oBaNCh HEKOTOPBIE TIEPBOIJIE-
MEHTHI. byzieM cumraTh, 4TO OHM MOABUINCH
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B BUfe CepuuecKnx OOBEKTOB, KOTOpBIE
UMEIOT HEKOTOPYI0 KMHETHYEeCKylo 9SHep-
ruo mynpcanuit (konebanHuit Ha M-ocnm).
VTaK, MCXOXHO MBI IMeeM HEKOTOPOe OY€eHb
0O0/IbIIIOE KOMMYECTBO MEPBUYHBIX «IIAPU-
KOB», KOTOpBIE IIyJIbCUPYIOT C €CTeCTBEH-
HOW /IS HUX YAaCTOTOM U 3aIOJHSIT HEKOe
MIPOCTPAHCTBO.

Peub ujeT, €CTECTBEHHO, O MAKCHMOHAX.
Pasmepsl 1 Bce OCTanbHble ITapaMeTpbl MC-
XOJHBIX MaKCUMOHOB MOTYT OBITb OIVMHAKO-
BoiMu. Ho nockonbky y Hawero LIEJIOIO
(MeTaranmakTrKm) eCTh TPAHUIBI ¥ HEOJHO-
POZHOCTH, YaCTOTA My/IbCALIUII MAKCHMOHOB
MOYKeT He3HAUUTe/IbHO BapbUpoOBaTh. B cumy
9TOTO B YaCTOTHOM II0JIe MAaKCUMOHHOI cpe-
IBI MOTYT BO3HMKATh MHTEP(epeHIOHHbIE
SABJICHUA. BTH/I3OCTIJ JICXOOHBIX HapaMeTpOB
MaKCUMOHOB II03BOJIAET [ONYCTUTh, YTO
CKOPOCTb ¥ aMIUIUTYAbl MacHITaOHbIX BOJIH
IpuOIU3UTENbHO OYAYT paBHBL, T. €. MOTYT
BO3HVKHYTb OUEHUS NybCAUUOHHBIX BOTIH.

J14 wmocTpanum nocneRyoIuX BbIBO-
IIOB PaCCMOTPUM CHavasa npocmetiuiuii npu-
Mmep OGueHus 13 KIIaCCUYeCKOI QUMK

Ha puc. 2.45 n306pakeHbl JiBe OT/je/Ib-
IBVDKYILIN-
ecsl BIO/MIb OHOW NMuMHUMU. B HYOKHe! vacTtu

HbI€ CHMHYCOMA/IbHbIE BOJIHBI,

pmcyHKa 9TV BOJITHBI HAaJIO’KE€HBI ,T_[pyI‘ Ha ,T_(py-
ra CJIOKEeHMEM CMeIlleHMI, CO3/laBaeMbIX [IBY-
Ms BOJIHAMU B K&K Ol TOUKe.

B Tex Mecrax, rie ob6a cCurHaza MMEOT
npubIM3UTEIBHO OfUHAKOBbIe (asbl, pe-
3yanMpy10maH aMH}II/ITyﬂa OKa3bIBAC€TCA
6onpiueit. Tam, Ihge OTHeNbHbIE CUTHAJIbBI
CIABMHYTBI 10 ase npubmi3nTenpHo Ha 180 °,
B pesynbrare MHTep(depeHLMr BO3HUKAET
CUTHAJl C O4eHb MAajIeHbKO}l aMIUIUTYHOIL.
ITpennonoXum, 4TO YacCTOThI ABYX CUTHA/IOB
paBubl 8 1 10 ru. YacToTa cyMMapHOIi BOJ-
HBl — 607IHbI GueHus, OyfieT paBHA pasHUILe
YacTOT MICXO[JHBIX BOJIH, T. €. 2 I'll. EcrecTBeH-
HO, 4TO JyIMHA BO/IHBI O1eHns OyzeT B 4 pasa
6oJIblile IIEPBOIT MCXOMHOI BOJHBI U B 5 pas
607IbI1Ie BTOPOIT MCXOHOI BOJTHBI.

BepHeMcsa Temepb K HaIUM «IYIbCUPY-
0IMM IIapuKam». IIpeAmonoxum, 4To IO
KaKMM-TO HEM3BECTHBIM IPMYMHAM pasHMIA
YacTOT MEXZY OfIHOM MX 4YacTbl0 U JPYyTOil
OueHb He3Ha4UTeNbHA 1 paBHa 1/10°. Hetpyz-
HO IIOHATD, YTO BOJIHA 6]/[eHI/I}I 6y]1€T JMMETDb
YacToTy B 10° pas MEHBIIIYIO, & [J/IMHY BOTHbI
B 10° pas 6osnblulyo, 4eM MepBUYHAS BOJHA.
ITockonbKy MaKCUMOHBI MMEIOT cepude-
CKYIO CUMMETPHUIO, TO U BO/THA OueHust 6yneT
MMeTD TaKyIo 5ke chepUdecKy0 CUMMETPUIO.

VAR

poxpaeT 6onee ANNHHYIO BOMHY

7 =

Puc. 2.45. CnoxeHune curHanos ¢ yactotamu 8 n 10 Ny faeT Ham 6ueHne ¢ YacToTor 2 I'u, YTo no-
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61 nopagok
2n3~25 3mn5~30
2u5~20 2u3ns5-~20
2n7~20 2un5u7-~61
30 nopsgkoe +30 -
+30
e e — >
+25
[ ————— e ——————— -
25 nopsgkos . | +0
20 nopapakos . | [+20 . _[+20 A,
M-ock
® @ @ O @
-13 -8 -3 2 7 12 17 22 27
Aapo Atom  Knetka  “Yenosek  fapo  3sesga  Mapo  lanaktuka  Mera-
aroma 3BH3ALI ranakTHEW ranakTuka
Punc.2.46. BasncHble KOathULMEHTbI MacLUTaGHOM NEPUOANYHOCTM MPU UX CIIOKEHUM U NOBTOPEHUN
3a0atoT CETKY y3/10B YCTOWYMBOCTU, KOTOPas He 3aBUCUT OT pa3mepoB BceneHHol 1 oT BpeMeHu.

CrnefoBaTe/IbHO, B MaKCHMOHHOI Cpefie
HOABATCA Cepudeckue MOBEPXHOCTHU (TOU-
Hee — y3710Bble 00'beMBI), pa3Mepbl KOTOPBIX
6ynyT B 10° pas 60nblie pazMepa MaCUMOHOB.
9T 0671aCTH MOTYT IIPHOOPECTI OLpeLeTIeH-
HYIO CAMOCTOSITE/IbHOCTb.

Tak MoxeT OBITH 0Opa3OBaH OdYEpPeTHOI
9T Mepapxum, Ha KOTOPOM HeOOXOAMMO
paccmarpuBarbh yxke 6Goree KpyIIHbIe CHUCTe-
MBI — «METAaMaKCUMOHbI». DT «MeTaMaKCH-
MOHBI» 6y11yT VIMETb CBOJ CIEKTP ITy/IbCaLiuA,
HO OH OyJeT »KeCTKO CBsA3aH C MCXOIHOI Ya-
CTOTOIl MakcMMOHOB. HeT HeobxommmocTu
JIOKa3bIBaTh, YTO pasHUIA 9acToT B 1/10° Ha
9TOM 9Ta)Ke IIPUBENET K MOSBICHNUIO CTeAYI0-
IIETO YCTOMYMBOrO YPOBHS MepapXum ¢ Ia-
TOM B ITATH HOPHHKOB.

IlompiTKa MOMYyYUTH C IMOMOLBIO 3TOIA
moziemu koadunmera 10° mpusenu aBTopa
K pacdeTaM, OIYOIMKOBAHHBIM yXKe IOCTIe
[IEPBOTO U3JAHNs 9TOI KHUTY U OHM JJOCTOII-
HBIII yIIOMUHaHVsI. BapuaHT BOSHUKHOBEHUS
6asucunoro koadduumenta 10° 6p11 paccmo-
TpeH B paboTe «Apudcmernka Beenennoii» 1,

rge Ha 6ase MOJeI IJIOMHHBIX MacIITaOHbBIX
BOJIH (BOJIH IIy/IbCAallMil) C IOMOIBI0 KOM-
IBIOTEPHOI! IPOrPaMMBbI ObIIN IOTYYEHBI KO-
sdpdunmentst ~107, ~10%, ~10%° u ~10%. Itu
K09 PUIMEHTHI 3a/Jal0T OCHOBHbBIE YCTOIYM-
Bble 00beKThI BeeneHHoI (puic. 2.46) u He Me-
HSIIOTCS B 3aBUCHMOCTY OT €€ PACIIVPEHISL.

Ec/t HaiT¥ COOTBETCTBIE STUM Y371aM, TO
MBI [IOJTy9MM BeCbMa IIPUMeYaTe/IbHYI0 CXeMY
(puc. 2.47).

[TpuBeneHHOE ONMCAHYE OCTAB/IET MACCy
HEpElIeHHBIX BOIIPOCOB, CaMblil ITIaBHBIN U3
HJX — II0OYeMYy pasHMUIIA YaCTOT B MAKCHMMOH-
HOI Cpefie B OCHOBHOM PaBHA OJIHOIl CTOTBI-
csraHoit. OfHAKO HpefIoKeHHast MOJIeNIb 11 He
IpeTeH/yeT Ha BBIBOJ 6a3ucHOro Koagduim-
€HTa MacIITAOHO CUMMETPUM M3 KAKUX-TO
o61ux coobpaxennit. Ee 3ajjada — mokasarb,
KaK MOTYT BO3HUKATh YCTOIYMBbIe 00pa3oBa-
HIS B MAaKCMMOHHOII cpefie Ha 60j1ee BBICOKUX
9TaXKaX MePAPXUN — Hepe3 MexaHusm OueHus
6onH. IIpy 9TOM HeT HUKAKOV YBEPEHHOCTH,
YTO MMEHHO TaKuMM 06pasoM IIPOMCXOUT CO-
3[jaHMe YETKOM MEPEPXMIECKO CTPYKTYPhI
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61 nopapok

2n3 ~ 25

2n5 ~ 20

2n7 ~ 20

3n5 ~ 30

30 nopaakos ElEIR I 20
2nbun7 ~ 61

25 nopsapkos

20 nopspakos

M-ocb

-33 -13

Dﬂ@ Doooe

fAapo Knetka  Yenosex flapo 3sezpa flapo  CnwpanbHan  MeTa-
aroma 3BE30bI FANAKTHEH TanakTka ranaktueka

Puc.2.47. HanonHeHve y3noB 6a3MCHON YCTOMYMBOCTU U3BECTHLIMW U Hanbonee NpAacTaBUTeSIbHbIMN
ob6bekTamu BeceneHHon.

Bcenennoit ¢ marom B mATh TIIOPATKOB. Bos- AOJDKHBI BO3HMKATh CYMMapHbI€ ITy/IbCallVN,
MOJXHO, 4TO 6ueHus 31€Ch B006H.le HU 1IpN Cynepno3nuyAa KOTOPBIX MOXET NPVBOIUTDH
yeM. BaxxHo nuiib IIOHATb, YTO B MCXOOHOM K CylI€CTBEHHO 607ee MacIITaOHBIM SABJIEHMN-
IIyAbCUpPYyIOMEM NPOCTPAHCTBE MAKCMMOHOB AM, 4€M CaMI MAKCUMOHBI.



[JTIABA 2.5

HEKOTOPBIE PASMbILLITEHUA
05 3BOJIOLIMH FAPMOHWYECKOM

CTPYKTYPbI BCENEHHOM

B atom pasnene Mbl II03BOIMM cebe HEKOTOpPbIE BO/IbHbIE Pa3MbIIIJIEHNA I HETPUBUAIb-

HbI€ acconanyiyl, OIMpasACh Ha NIPEIIOKEHHbIE B IIPEAbIAYIINX MaTepualax (1)aKTbI " MOJIEIIN.

ITM pasMBIIIIEHNA He MMEIOT CTPOTOI 1 3aKOHYEHHOM JIOTUKM, HO OHM, BO3MOXKHO, TIOMOTYT

HOCTIeYIOINM MICCIeToBaTe/NAM Ipo6/ieMbl MacIITaOHO CMMMETPUM TIOVTY Jajblie aBTOpa.

Kpowme TOro, oHM O3BOJIAT ITOKa3aTh, KaK aBTOP BUANT 3BOJIOLNIO BceneHHoIt, ncxop U3 Bce-

T'O paHe€ N3JI0’KEHHOI'0 MaTepuaia.

DaxTBl CBUJETENbCTBYIOT O TOM, YTO BO
Bcenennolt uaeT 3BOMIONMA CTPYKTYp Ha
BCex €€ MaCHITa6HbIX ypOBHHX OpraHmsanmnmn.
OCHOBHOIT BEKTOP BOTIOLIIN IIPU 3TOM Ha-
npasiieH o M-ocu BIpaBo, B CTOPOHY yBe-
A4eHNs pasMmepos BcemeHHol.

STOT BBIBOJ, MMeeT IPUHIUINAILHOE M-
poOBO33peHUecKoe U Hay4dHO-¢unocodckoe
3HavyeHre. OH CBUIETETTbCTBYET O TOM, UTO 6Ce
npoueccot cmpyxmypoobpasoéanus 6o Bce-
JIEHHOTI CUHXPOHUSUPOBAHDL HA ee MACUIMAl-
HBIX IMANAX U HemKO NPUA3aHvl K usme-
HeHU ee 2PaHU4YHbIX Ycnoeuil (pasMepoB
U T.IL). MBI mO/IaraeM, 410 HET MCK/IIOYEHMI
U3 3TOTO MpaBWJIA JIA TOOBIX CTPYKTYP.

Bupumo, HavazioM OCHOBHOI 3BOIOLUN
CTPYKTYP MOXKHO CYMTATh 0c060€ COCTOsIHIE
BcenenHoil, Korja ee pasMepbl B IIpoliecce
pacIIupenyss NOCTUIMM 3HaueHUs, ONMU3KO-
ro k 1,6 - 10”7 cm (t~10° et). ViMeHHO B 3TOT
TIepyof;, B KOCMOTIOTMYECKO MOJe/N pacIlu-
psiforiericst BcesmeHHOI MHa MacTabHOTO
uHTepBana BcemeHHON ObUla TOYHO paBHA
60 mopsigkaM. 9ToT M-MHTEpBan Iieoe 4Ic-
J7I0 pa3 ennica 1o 5 nopAgKoB Ha 12 mony-
BonH (umm 6 BonH). ClIefoBaTeNnbHO, B 3TOT

0COOEHHBIT MOMEHT PaCUIMPeHVsI JIBa UMC-
na: 10° u 12 gaBanu abCoOMIOTHO OJVIHAKOBYIO
pas6buBKy M-ocum Ha XapaKTepHBIe TOUKIL.
VIMEHHO B 5TOT MOMEHT SBOIOLMOHHASA CTO-
syas macmrabHas BY mmena «ummy» 10"
(T.e. 60 : 6 = 10), KOTOpasi TOYHO COBMAAIA
¢ mmHon 6asucHoit BY. 9ro cocroanue Bee-

neunoit mpi Hasamu [JIOBAJIbHbIM PE-
30HAHCOM BCENEHHOW.

HamomuMM, 94T0 MMEHHO K 3TOMY BO3pa-
cry (1 Mwuimapp jet) NpuUBs3bIBaeT 60Jb-
IIMHCTBO KOCMOJIOTOB IIEPBYI0 U OCHOBHYIO
3MOXy OYpHOro CTPYKTYpOOOpasoBaHMs.
VimMenHo Torga 6puM cHOPMUPOBAHBI TaKue
CHCTEMBI, KaK IaJIaKTUKM U 3BE37Ibl, KOTOPBIE
U ceifdac ONpeyeNsioT 00K KocMoca.

HanpHermee pacmpenne BcemenHoit
MIOCTENIeHHO NPMBOAIIIO K OTKIOHEHNIO 9BO-
JIIOLIMOHHO BOJMHBI 10 (pase OT Ga3MCHON
BOJIHBI. DBO/IOIIOHHbIE XapaKTePHbIE TOYKNU
ITOCTOSTHHO IO/I3/IM BIIPaBo o M-ocu, Bereq
3a pacummpsmwomeiica MeraramakTukoir. Ha-
IIOMHMM, 4TO Oa3MCHBIE Y3/IbI YCTONYMBOCTHI
Ha M-ocr ocraBanuch HeM3MeHHBIMU. B Ha-
crosiiiiee BpeMsi 00liiee paccoracoBaHme 1o-
CTUIJIO OJHOTO TOpsAAKa At MeTaraakTuku
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U Pas3IMYHBIX JOJell MOpAAKa AIA JIPYTUX
00beKTOB BeeneHHOI.

[TocMoTpuM Terepb, Kakoit (uamdeckui
CMBICTT MOXXHO TIPMAATh MACIITaOHBIM Tap-
MoHMKaM. Beezem pina storo nousarue MAC-
LUTABHOIO MONA — nons, nepedarousezo
e3aumooeiicmeue 600m1v M-ocu. B ipuBby-
HOM (M3MYeCKOM CMBICIE TaKoe IIoIe OM-
seuaem 3a CUHXPOHU3AUUI BCeX NYNbCaUULl
60 Bcenennoil, TaK Kax m00as 13 Iy/Ibcaliui
(cxatme — pacumpenne) — 9To KojnebaHue
Bronb M-ocu. IlosToMy B caMOM IPOCTOM
BapUaHTe MO)XHO PAacCMaTpUBaTh Macuimao-
Hoe nosie Kak 21o6anvHoe pe3oHaHcHoe nomue
nynavcayuil.

Hanee. Becb Haml mpenpImylmiuii aHamus3
[OKa3bIBaeT, 4YTO Ha M-ocum ectb o0cobvle
MOuKU, B KOTOPBIX CTAOMIBHOCTD OOBEK-
TOB yBeMM4MBaeTcA. [IpyrmMm cimoBamm, Ha
M-ocr ecTb BbIfielIeHHbIe Pa3Mephl CUCTEM,
PacIpoCTpaHEHHOCTb KOTOPBIX ¥ KOMILIEKC-
Hasl YCTOIYMBOCTD BbIIIIE, YeM CUCTEM C IIPO-
MeXYTOUHBIMM pasMepamu. Ilpmpopa Kak
Obl CTPEMUTCSI K OIIpPee/IeHHbIM pasMepam
(ompepieneHHBIM TOYKaM Ha M-ocm) u y6e-
raeT OT IPOMEXYTOYHBIX pasMepoB. Takum
00pasom, B IpUpPOJie eCTh YCTOMIMBLIE 1 HEY-
cTOIT4MBbIe pasMephl. IlocMOTpuM, Kak MOXK-
HO 3TO MHTEPIPETUPOBATh C IO3ULMIT BBE-
OEHHOI'O HaMI IIOHATNA M-nons.

ITocko/bKy BbIJje/leHHbIe, 0COOBIE TOYKM
Ha M-ocu ompepensiior Hanbosee yCTONYN-
Bole pasmepsl, Mokro [MPEOMOJIOXKUTD,
4TO YCTOMNYMBOCTD OOBEKTOB COOTBETCTBY-
IOLVX pa3MepoOB CBSI3aHA C TeM, YTO U3Me-
HeHUA MAcumabH020 NOIA 6 IMUX MOUKAX
MUHUMATbHL UYL PABHBL HYTII0, 6 10 8PeMS
Kax Mexo0y yCmotivuviMu mouKamu usmeH-
yueocmv M-nons éospacmaem.

DeHOMEeHONIOTMYeCKUI aHa/IN3 O3BOINI
BBIABUTD 13 OCHOBHBIX YCTOMYMBBIX TOYEK Ha
M-ocu. Mbl cBsisamm ux ¢ ysmamm 12-7 mMac-
wtabHoit rapmonuky (11-m obeproHom). bes-
YCTIOBHO, KpoMe 12 rapMOHVK HeOOXOZMMO
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YUNUTBIBATD U IPYyTHUE Lie/IOUVC/IEHHbIE CTOsTINe
BOJIHBI, OPOXKaeMble 0OEPTOHHBIMI YacCTO-
Tamit. V 09TOMY HeOOXOAMMO paccMaTpyuBaTh
[PaKTUYECKN BeCbh IMOTEHIVAIBHBIN CIIEKTp
CTOSTYMX BOMH. [TOCKOBKY XK€ U3 TEOpUU KO-
7e6aHNMIT I3BECTHO, YTO IHEP2US 00epMOHHOTE
uacmomvt nadaem no mepe yeenuueHus Ho-
Mmepa 06epmona, mo 3HAUUMOCHb Xapaxmep-
Holx pazmepoe Ha M-ocu, komopuvie Gydym
nOPONOAmMbCA Hacmomamu, 00NNCHA YMEHb-
WAMvbCs 10 Mepe y6eTUHeHUs 1.

BakHO elje OTMETHUTb, YTO KaKHas 13
M-4acTOT MMeET CBOJ CIEKTP YCTOMYMBBIX
pasMepoB, KOTOpble B3a!IMOCBsI3aHbl IMEHHO
4epes oty dactory. [loaromy, ecnn Ha M-ocu
MBI HaXOJVIM JiBe COCEf{HIIE I OYeHb OTM3KIe
TOYKH YCTOIYMBOCTH, MOMem OKA3Amvcs,
4o OHU NPUHAOIEHAM K COBEPULEHHO PA3-
JIUMHBIM HACIMOMHBIM PE3OHAHCAM U He C6-
3anvt 0pyz ¢ Opy20m, OHU MOZyh Obimb 0adice
aHmMazoHUCmMamu 6 HeKOmopvIX npoyeccax.
Takoe 6orarcTBo U pasHoOOpasme yCTON4M-
BBIX Pa3MepOB, KOTOpPble MPOHMU3BIBAIOT BCE
9TaXu BcelleHHOII, MOXeT IIOPOKHATH COOT-
BeTCTBYIOIIee 6OraTcTBO U pasHOOOpasue ux
BelLleCTBEHHOTO BOIUIOI|EHSI.

ITpu 3TOM HEOOXOAVMO IIOMHUTB, YTO
B KOHEYHOM C4eTe BCe TOHKYVE CIIEKTPBI DBO-
mounoHHoi BY 3aBgsanbl Ha ooun 6asuc-
HbLi] cnexmp, Bce OHI ABIIOTCS 06epTOHAMY
I[JIABHOT'O TOHa, @ TaK Kak BY — o710 crostyas
MacuITabHas BOJIHA, TO HACMOMA 2/IA6H020
moHa onpedensiemcst Onunoii M-unmepeana
Bcenennoii, komopwtii mensemcsa co epeme-
HeM, no mepe pacuupenus (unu nynvcayuii)
Bcenennoii.

CrieioBaTe/IbHO, CTOSTYME BOJHBI U BeCh
CIIEKTP YCTOIYMBBIX Pa3MepoB O6OMOUUOH-
Hoii BY — amo nocmosanno mensrowuiics
cnexmp. B cBA3U C 9TUM BO3HMKAET TPAHMN-
O3Has 3afada CMOMEIMPOBATH IIPOLECC pac-
mypens BceeHHOI, 0COOEHHO ¢ MOMeHTa
BpeMeHN B 1 MWIIMapp /€T O HAIIMX JHE,
C TaKMM YC/IOBYEM, YTOOBI BOCCTAHOBUTD BCIO



KapTVHY OOEPTOHHbIX KOTeOaHMU M IOPOXK-
J1aeMOT'0 VIMY CIIEKTPa 3BO/IOLVIOHHBIX YCTOII-
YMBBIX PAa3MepPOB. YKe IepBble IIOIBITKM MO-
[enMpoBaHMs YOERMIN aBTOPA B TOM, 4TO 9TO
O4YeHb MHTepecHas I IVIOJOTBOPHAs 3afiava,
peliieHre KOTOPOil IO3BOJINT MOHATH MHOTHE
crienmdecKye 0COOEHHOCT SBOJIIOLNI Be-
1ecTBa BO BeemeHHOIT Ha Beex ee YPOBHSX.

PaccMoTpuM Apyroi acmekT Impo6ieMsl.
Yacto aBTOPY 3aal0T «KaBep3HbIE» BOIPO-
cbl: IoyemMy Bo Bcenennoit umenno 107*° cm
u 10*®* cM ABNAOTCA CTONDb 3HAYMMBIMY Pa3-
Mepamu? Ilouemy B M-mHTepBase MMeHHO 61
HIOPAJOK, a He 62 nan 537, K npuMepy?

OrTBeT Ha 3TV BOIIPOCHI MOYKET OBITh HEOXKN-
[AHHO IIPOCTBIM. Bce aTM caHTMMETpBI U TIO-
PAIKY — YUCTO YesioBeyecKas yCTIOBHOCTb.
ON9 BCENEHHOW BECb M-UHTEPBAJT —

3TO UENOE, PABHOE EOVHULIE.

Tapmonmnueckoe pmenenue asroir EAVHN-
Lbl ocymecrBisercs mo Tem Xe 3aKoHaM,
YTO U JieJIeHVe CTPYHBI CTOSYMMU BOTHAMU
OCHOBHOJ1 YaCTOTBl 1 OGEPTOHHBIX YaCTOT.
[Tpu 9TOM HU [UIMHA MacIITAOHOTO MHTEPBa-
JTa, HY M3MEPEHIE eT0 CAHTMMETPaMIL HIIETO
B IpuHLuIe He MeHseT. IloaToMy Bcs Teo-
pus My3BIKQ/IbHONM TapMOHMM IPUMEHMMA
K T€OPUU MacIITabHOI rapMOHUIL.

[MosiB/ieHMEe >Ke KOHKPETHBIX pPa3MepOB
B CAaHTMMETPAX — 3TO MCTOPUYECKM Bpe-
MeHHOe sIBJIeHIIe, Beflb MOXXHO ¥ JUIMHY yHa-
Ba M3MepATb, KaK B M3BECTHOM MYIIBTHKE,
MOy TasIMIL.

[TpaBpa, yAMBUTENBHO INPK ITOM, 9TO,
HECMOTPsI Ha HECOMHEHHYIO YCIIOBHOCTb
CaHTUMETpPa, OH COITIACOBAH CO CPENHUMU
pasMepaMu Teja 4elnoBeKa HOUMU uepe3 Ko-
apdpuyuenm 30momozo ceuenus. Hamom-
HVIM, YTO CPeHMII POCT YeI0BeKa COOTBET-
CTByeT OfIHOJM U3 BEpIIVH 6a3ucHoil BomHbl
YcToynBocTH.

BosHukaer Bompoc u gpyroro popa. ITo-
YyeMy MMEHHO MaKCUMOHBI SIBJISIIOTCS TOUKOII
oTCYeTa [yIsi BCeX MPOL[eCCOB?

ITOT BOIIPOC TOXKE MOXKHO PacCMOTPETh
B Ipyroit mIockoctu. IlpencraBuM Ha HeKo-
TOpOe BpeMs CUTYALIo, KOIla B HEKOTOPOIL
NEePBUYHOI MaTepUalbHOM MHOTOMEPHOI
cpefe, BaYKHBIM CBOJICTBOM KOTOPOJ SABJIAET-
Cs1 BO3MOXKHOCTb OECKOHEYHOro [po0ieHys
Ha Bce 60Jiee MeJIKiie 57IeMEHTBI, IIPOUCKXOIANT
HEKOTOpOe BO3MYyIlIeHMe, HAlpuUMep, POXK-
[aeTcst OFHOTOHHBI 3BYK («B Hauazme 6b110
CnoBo...»). Torga B aT0il cpemie 0bpasyercs
CTOsT4ast BOJIHA CO BCeMy 00epTOHAMIL

IlepBblit OCHOBHOIJI TOH 3aJiaeT JBe Kpaii-
HUe TOYKM Ha M-0cu — 9TO Y3IIbl IepBOI
BOJIHBL. B 9TMX y3/1ax ycTOMNYMBOCTD MaTepuu
OyzeT HamBpICLIel (IpUdyeM CrIeBa U CIpa-
Ba OT HMX MaTepus He KOHYAeTCs, II09TOMY
MO>XHO JIMIIb TOBOPUTD JIMIIb O HEKOTOPBIX
¢asoBbIx rpaHuuax Ha M-ocn). JmmHy nep-
BUYHOTO VIHTEPBA/Ia IPUMEM 32 eNHUILY.

JleBbII Kpail MHTepBaja 3aJacT HaM
YCTOMYMBBIL pasMep HEKOEro IePBUYHOTO
97IeMEeHTa — IEePBOKMUPIMYMKA BCETO Bellje-
crBa — EOVMHNYHOIO. Ham He BaxkHBI
ero pasMepsl, BBIpaKEHHbIe B YeM-T100.
Ham BaxkHo, yTO OH Gymer menbuie LIEJTO-
0. IlpaBeiit Kpail — 3ajacT HaM TPAHUILY
LIENOrO. 3arem Ha HeM 06pasyeTcst CIIEKTP
06€pTOHHBIX KO/eOaHMIl, KOTOpbIe PasfeLaT
BeCh MHTEPBa/l HA MHOXECTBO OTPe3KoB. Tak
nosBATcs cuctemsl Menbire LIEJTOMO.

Yewm 6orblre OyzeT 06epTOHOB, TEM OONb-
11e 6y/eT y3/10B CTOSTYMX BOH Ha M-ocu, TeM
6orblie 6yzeT pasHOOOpasye pasMepoB, TeM
6orblie 6yeT ypOBHE BHYTPU L|€IOTO MH-
TepBasa, TeM Oonblie GyfeT CTymeHell MeXAY
JIEBBIM U IIPABBIM €70 KPasiMIL.

JIJI 4acTOTHOrO CIHeKTpa MacIITaOHON
OCH 3TO pasIndre U3MepsieTCss 00AIMU eou-
Huyvl. [l Hac Ke, KaK st (PUSMYECKUX
00DEKTOB MHOTOMEPHOTO MUpaA, pasindie
MEXIy KaMHeM 1 3Be3[0il M3MepsieTCsl MHO-
TUIMI MILTHAPAAMI METPOB I KVIOTPAaMMOB.
B mepBoM crydae — pasnmume MOYTH Hesa-
MeTHO. Bo BropoMm cirydae — orpomMHo.
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VTaK, MOCKONIBbKY, OCTaBasChb B paMKax
JIMIIb MAcIITAOHOTO M3MepPeHNs, Mbl 3afiann
B Ka4eCTBe MCXOLHOIO — YCIOBMEe OeCKOHed-
HOJI BO3MOXXHOCTH Je/IeHVsI [IEPBIYHOI Ma-
TepUAIbHOM Cpefbl Ha YacTH, TO MOMYIUTDH
B KoHeuHoM cuere 1/10% domo LIESIOMO
CTOJIb K€ JIETKO, KaK ¥ OTY49NUTb BCE OCTallb-
Hble fjonn. Hy a IOCKONbKY MBI He 3HaeM,
I7le Ha caMoOM Jefie OOpbIBaeTCsl Ipolecc
n gactoio kakoro CBEPXUEJIOIO sasnser-
csa name LIENTOE, o Bce mpo6nemsr Takoro
POfa CTAaHOBATCS BECbMa YCIOBHBIMIL

VIMeHHO TaK MOIJIa IOSIBUTbCS MepapXiis
YCTOMYMBBIX pasMepoB — IPEeANOChUIKA IS
POXJI€HMsI aTOMOB, 3Be3[l, FaJlaKTUK U T. IL
Bce ux pasmepsl Ipy 9TOM MO>KHO M3MEPSITh
B ponsax EOQVIHNLDbBI, LLENNOIO*. Torma mb
n HOHy‘II/IM yIH/[B]/[TeHbHYIO TOYHOCTbH yCTOﬁI-
YMBBIX PasMepOB M UX COIIACOBAHHOCTb Ha
BCeX YPOBHSIX nepapxuu BceneHHOIL.

[ToaTtomy eduHcmeeHHOT ecmecmeeHHO
U UCTUHHO (PU3UUECKOLl Mepoti OIS 8Ce20 60
Bcenennoii cnegyer cunrars MEPY TIPO-
MOPLUMW, MEPY OTHOLLUEHWN, BE3-
PASMEPHbBIE KOSOOULIMEHTbI. Vmen-
Ho nostomy HYNCI10 ecmv mepa scezo.
pacemorpum  [UMOTE3Y
0 08yx 8u0ax macuimabHovIX KoneO6aHuii, Ko-

Eme pas

TOpBIe OTBETCTBEHHBI 3a GA3UCHYIO I 9BOJIO-
myouHy0 BY.

Paccmorpum cuagana BASVUCHbBIN B[
KONEBAHUW. Mpr npegnonoxummm, d9to
MMeHHO 0asucHass M-BojHa, KoTopas Oeper
CBO€ HAYaJIO B JIeBOJ KpaliHell Touke M-mH-
TepBana BeeneHHoit (Ha aTaXke MaKCMMOHOB),
¢dbopmupyeT Hanboee yCTONYUBbIE M PACIIPO-
cTpaHeHHBble 00beKThl. VIMeHHO ¢ maciuTab-
HOJ mmiHON 10° CBsI3aHbI TakKye CTabV/IbHbIE
CTPYKTYpbl HAlLIer0 MMpa, KaK 3JIeKTPOH,
HIpOTOH (HENTPOH), BOJOpox M T. Ai. VI xoTa
MexaHusM (HOPMUPOBAHNS ITUX KOIeOGaHIMIT

OCTaeTcsA NI aBTOpA 3arafKoif, MHTYUINA

* Yro, KCTaTH, U CAEIAHO Ha puc. 2.43.

IIOJICKa3bIBAET, YTO MBI MMEEM J€JI0 C Mac-
IITAaOHBIMY  B3aMMOJEVICTBUSAMY, KOTOpbIE
UAYT U3 CTPYKTYPHBIX ITTyOuH BceneHHOII.

9TK B3aMMOJIENCTBUA MOTYT IOPOXK/ATh-
cAa Hy)II)CaI_U/IHMI/I TIEPBUYHDBIX 9/IEMEHTOB Bce-
JIEHHOJ — MaKCHMOHOB, KOTOpPbIE He 3aBUCAT
OT pasMepoB rpanui; Meraramaktukm**. Ka-
KUM-TO 00pa3oM 9TO Iy/IbCHpYIOliee I0TIe
MaKCUMOHOB TopokfaeT B 10° pas 6omee
HU3KYI0 YacTOTy mynbcanuii. CooTBeTCTBEH-
HO J/IVHA BOJIHBI 3TOJ BTOPOJI YaCTOThI TAK-
e B 10° pas 607blile JUIMHBL BOTHBI TIEPBUY-
HOJi 4aCTOTBI pa3MePOB MaKCYMOHOB.

Ba)kHO NOAYEpKHYTh, YTO HOBAsl 4aCTO-
Ta MMeeT CTO/b >Ke JKeCTKMe IapaMeTpbl,
4ro 1 nepBuyHasd. OHa popmupyer Ha Horee
BBICOKOM YPOBHE MePapXuy MaTe€pUM HOBBII
BUJ| 00BEKTOB, pasMepbl KOTOpbIX B 100 000
pas 6osblire MaKCMMOHOB.

O™ 00DBEKTHI, B3AUMOAENCTBYS MAPYT
C IpyroM, MOTyT 00pa3oBaTh TPETHIO YaCTO-
Ty, KOTOpas 3ajacT 4yepes3 5 IOPAAKOB elle
ofiuH 60ojIee BHICOKIII YPOBEHD MePapXUIL.

Ha 4eTBepToM Iare oT MakCHMOHOB (dJe-
pe3 20 IOPsAAKOB) MBI IIOJIy4aeM Takue CTa-
OM/IbHbIE YAaCTHUIIBI, KaK IPOTOHBI 1 HEHMTPO-
HBI, Ha IATOM — BOfOpof. CTabuIbHOCTD X
YacTOT U APYTUX ITAPaMeTPOB CTOMb e BbICO-
Ka, KaK 11 Y MaKCMMOHOB.

Jamee, Kak MBI ITIO7IaraeM, MO TOMY >Ke
IPUHLINAILY CTPOATCA BCE OCTa/lbHble YPOBHU
MepapX1M BIUIOTb JIO METaraakKTU4ecKoro —
1,6 - 107 cm.

Eme pas oTMeTum, 4TO /1 aBTOpa cAMOiL
Hepaspeuumoti 3a2a0Koti A61AeMc cyuje-
cmeosanue 60 Bcenennoii cmonv Kpyznozo
waza menoy MACWmMaGHLIMU YPOBHIMU,
xax 10°. TloueMy MMEHHO 3TO YHCIO OKa-
3a/10Chb CTONb «KMUByunM»? Ilouemy me 10°
win 10>, nanpumep? BosmoxHO, pasrazka

** OCHOBHbIe ITapaMeTPhl MAKCUMOHOB SBIAIOTCA
CTOMb e (yH/IaMEHTaTbHBIMI KOHCTAHTAMU TIPUPO-
Ibl, KaK 1, HaIpUMepP, CKOPOCTb CBETA.
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COKpBITa B OOLIMX CBOVCTBAX B3aMMOJEIi-
CTBUS MY/IbCUPYIOLINX 0OBEKTOB, BO3MOXKHO,
9TOT mapamerp ObuUr 3anoxeH CosgareneMm
KaK HeKas IepBMYHas KOHCTaHTa MacuITab-
HOJ OpraHM3alNy BCENl MaTEPUIL.

OTBeTa Ha 3TM BONPOCH y aBTOpa HeT,
HO MHTYMIMA IIOACKasbIBaeT, YTO B /T0O0OM
ciaydae 6asyucHble KO/meOaHUsT MAYT M3 IIIy-
O6uH Martepuu B M060i TOYKE TPEXMEPHOTO
mpocTpaHcTBa. PaboTaeT Kak Obl Macumao-
HO-4ACMOMHDLIL KAMePMOH, KOmopbLil cma-
6unusupyem 6ce eeujecmeéo u o6pasyem
uepapxuueckuil ckenem Bcenennoil. Imom
MacumabHvlll Kapkac He MeHIemcs npu ne-
pemewjeHuy 6 nNpocmparcmee, OH He MeHH-
emcs 80 8pemenl, OH yHueepcanex u cmaobu-
JIeH, U OH NO00ePHUBACTNCA HEKUM 60TTHOBbIM
MACUmabHuIM  Ko7e0amenvHoIM  NPOUECCOM,
Komopuili Oepem c60e HAYANIO 6 MAKCUMOH-
HOtl cpede u He 3asucum om pasmepos Mema-
2ANAKMUKYU U OM T00bIX BHEUHUX YCTI06UTI
mpexmepHozo mupa.

WrTax, 3TOT mpoIiecC CTPOUTCA CHM3Y, OT
IIEPBOTO YPOBHS, OT PYH/JAMEHTAIbHOTO pas-
Mepa. [ToaToMy Bcst 9Ta CIOXKHas MaclITab-
Has KOHCTPYKIMA-3TaKepKa IIPOHM3aHa TOY-
HBIMI 623MICHBIMIY [TPOIIOPLVISIMY, KPaTHBIMU
B KOHEYHOM cyeTe (pyHIaMEHTa/lbHOMY pas-
Mepy, Macce, 4acToTe 1 T.I. — IIapaMeTpam
makcumoHa. Co BpeMeHeM B IIpoljecce pac-
mypeHnsa MeTaramakTUKN 3TV HPOIOPIUN
(cnemoBarenbHO, pasMepbl) He MEHSIOTCH,
OHI ABJIAIOTCA KOHCTaHTaMu BcenmenHoit, ee
UHBAPUAHMHBIM HEUSMEHHDIM CKeIemoM.

Admom uacmomuvlii HOMOK, KOMOPvLil
udem u3 2nyOun mamepuu, IPOXORUT Yepe3
IIOBEPXHOCTH TI000ro 06beKTa U3HYTPU Ha-
PY>Xy (1 4e/loBeKa B TOM 4NC/Ie) U YXOGUT 32
Hero, B Oojee Bbicokue ypoBHu. OH coxpa-
Hsem OCHOBHbIE ITapaMeTpbl Beenennoii. bes
3TOro IOTOKa BceneHHas mpeBpaTmiach 6bI
B HEKOTOpOe ObICTPOMEHsAIOLIeecs] TeKydee
Ka7IefJOCKONIeckoe MeCUBO U3 IOSABIIAIO-
LMXCSA M ICYEe3AI0IINX 00'bEeKTOB. ITO CBOETO

pona KAMEPTOH BCENNEHHOW, ua oto-
PbliT HACTPaMBAIOTCS BCe 63 MCKITI0UeHMs ee
CHCTEMBI.

OBOJMOLMOHHBIA BUAO KOJEBA-
HWUW — s10 crosume BOMHbI i UX 06EPTOHEL.
Dusnyeckas IIpMYMHA UX IIOSAABIEHNSA BECbH-
Ma npospavsa. Jlio6ble mynbcaunu Bo Bce-
JIEHHOJI, PacIpOCTPaHsAsACh B IPOCTPAHCTBE,
IDO/DKHBI OTpaXkaTbcsl OT rpanmi; Merara-
MakTUKY. VIX B3aMMOfeNCTBME MOXKeT IIpHU-
BOIOUTDH K IIOABJICHUIO MaCII_ITa6HI)IX CTOAYUX
BOJIH, JIBIDKEHIE KOTOPBIX OyZieT HallpaBIeHo
BHYTPb CTPYKTYPHOTO yCTPOIICTBA MaTepyIL.
9K oTpakeHHbIE BOIHBI OYAYT CKMMATHCS
JI0 TeX IOp, OKa He JOCTUTHY T MaKCUMOHHO-
ro kpasg M-unTepBana.

O6pasyromuiics TOTOK OTPAXKEHHBIX OT
rpaHui MeTaranakTuku BolH obpasyer VIH-
®OPMALIMOHHBIN criextp mapamerpos.
TepMmuH MHPOPMALMOHHDI NPUMEHSIETCS
37leCh BecbMa yC/IOBHO. Peub maer o ToM,
4TO BCe KpaeBble N3MeHeHMs 1 MeTaramakTu-
KNI 4epe3 CIOKHYI0 CUCTeMY KacKaJZHO-He-
PapX1yuecKoro BO3JEMCTBYUS POHM3BIBAIOT
C ero IOMOIIbI0 BCe 00BEKTHI HALIETO MUPA.
Amom nomox udem xax Ovt céepxy, ¢ me-
2aypoeneii. OH IPOHM3BIBAET OOBEKTHI TAK,
4YTO IHeP2US U UHPOPMAUUT UOY M CHAPYHCU
606HYmMPD.

Takum 00pa3oM, CYIIeCTBYIOT Kak Ob
IBa BCTPEYHBIX (Ha MaCIITaOHOI 0CM) TOTO-
Ka (cM. puc. 2.48). OHM [JO/DKHBI TOCTOSIHHO
B3aMMOJIEIICTBOBATh 1 CO3/aBaTh BPEMEHHO
ycroituuByto  cunrerndeckyro M-BOJIHY
BcerneHHOI1, KOTOpast IIOCTOSAHHO (HO, CKOpee
BCEro, HI/ICKPCTHO) MEHAET CBON y3TILI nmy4-
HOCTM ¥ 9yTKO pearupyeTr Ha BCe M3MEHEHNS
BO BceneHHoI1 B 1je/om.

ITa BOJHA, B CUTY 3aKOHOB IIOPOXK/IEHVS
06€pTOHHBIX YaCTOT, TAK)XKe MIOPOXK/AaeT Mac-
Cy 0COOBIX TOYeK Ha M-0cu — YCTONYMBBIX
Pa3MepoB, CIeKTP KOTOPBIX MMeeT PpaKTab-
HbIiT XapakTep. [lepexopns Ha 06bIYHBIE 00Opa-
3bl, MO>)KHO OTMETHUTbD, YTO JiBe I7I00a/bHbIe
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10_33cm

Puc. 2.48. [1Ba BCTpeyHbIX MacLuTabHbIx notoka — aHeprum (Nel) n nHcopmaumm (Ne2) — nepece-
KaloTcs Ha BCex ypOBHAX nepapxun BcenernHol, Ho B MaclutabHom LieHTpe BceneHHown B3anmopen-
CTBME 3TUX MacCLLUTa6HbIX MOTOKOB MOXET UMETb 0COOble NOCNeACTBUSA

1028CM

M-BOJIHbI Bcenennoii BosmeiicTBylor Ha
OfMH MAaKCUMOHHBIN CyOCTpar, I[03TOMY
00s13aHBI, B3aUMOJENCTBYSI APYT C [PYTOM,
HOPORUTL OOLIMIT CIEKTP YCTONYMBBIX CO-
CTOSIHUIT — mMacumabnyto unmepdeperyuro
M-xonebanuii 60 Bcenennoii. VImeHHO ee Mbl
u Bocpuanmaem kak BELLIECTBEHHbIV
MWP. Tlockonbky sTa MHTEpdepeHINOHHAS
KapTVHa MeHseTCs U3-3a [IMHAMUYECKUX
IIPOLIeCCOB, MAYIIMX BO Bcenennoit, To Me-
HseTcss u Mup. YacTo TO, 4TO OBUIO Buepa
YCTOMYMBBIM U Ka3aJloCh HE3bIONEMBIM, KaK
110 MAHOBEHMIO BO/IIEOHOI MaJOYKM 3aBTpPa
cmbiBaeTcst HOBOW orpaxenunoin M-BOJI-
HOW, koropas mopoxpiaer Apyryio paccra-
HOBKY CJI I COYeTaHNe JPYTUX IapaMeTpOB.
ITpyu aToM, 6/1arogaps Ha/IMIMIO0 HEV3MEHHOI
MAacIITabHON YacTOTHI C J/IMHOM BOMHEI 10°,
Ha BCeX YPOBHSX MacIITabOB COXpaHsierT-
Cs HEKOTOPbI/I HEM3MEHHBII CTPYKTYPHBIN
KapKac BellleCTBa, YTO MO3BOJSET MUPY CO-
XpaHATb IIPK BCeil ero M3MEHYMBOCTU CBOIO
IPeeMCTBEHHOCTb.

C ¢umocodckoit TOYKM 3peHus, MOTOK,
UYL U3HYTpHU m0boro obbexTa Beenen-
HOJ1, MOXXHO Ha3BaTh JHepzemuuecKum no-
moxom NHb. Ina mo6oro venoseka 6omee
OMM3KNUM ¥ IIPUBBIYHBIM SIB/SIETCS 00pas
IOTOKa, UAyILero us ruy6us 3emmn. Ilouemy?

Jla Bexb MbI )KMBEM Ha ITOBEPXHOCTH IIAPH-
Ka. Bce, 4TO nyjeT MSHYTpPY 9TOrO MIAPUKA, —
upet 6rarogaps 6azuchomy notoky. Bee, 4to
UJIET CHAPYXU, — OIarofiaps 3600UULOHHO-
my motoky. 9to Tak. He cTout nuuib 3a6bl-
BATb, UTO USHYMPU HAPYHCY KAHO020 Hen0-
6eKa UMIeT €601l 6a3NCHBII IIOTOK, a CHAPYXXU
BOBHYTPb — €601l 9BOJTIOL[VIOHHBIIL.

B atom cmsicie CUJTA VIHb cocpenoro-
JeHa He IIO]] HOTaMI, a 6 27Iy6uHe cmpyKkmyp-
HOli Op2aHU3AYUL Her06eKa, B TO BPeMs KaK
CWUIA SH uper He cBepxy, a cO Bcex CTOPOH
BceneHHOI1, ¢ 607ee 8bICOKUX UEPAPXUHECKUX
ee amaviceil.

JIBa BCTpedyHBIX IMOTOKa MH(OPMALNY
U 3Hepruy IPOHM3BIBAIOT BCE MaCIITAOHbIe
9TaXX BceleHHOI, 1 Ha KOXKIOM 13 HUX 9TU
JiBa IIOTOKa IIPOXOJAT JAPYr CKBO3b Jpyra
(cm. puc. 2.46). B camom e nentpe M-ocu
OHM BCTPEYAITCS 6 MACUMAGHOM paseH-
cmee c60ux cus. 37ech, B 3TOM MaCIITaGHOM
boxkyce, OHI TOPO>KAAIOT HaNOOIEe CIOXKHYIO
UTPy MHTep(pEPEeHINOHHbIX BOH. 31eCh U3-
MEHEHNA ITPOUCXOIAT C HauBBICIIEN CKOpo-
CTBIO. 37IeCh XKe OTPaXKaeTCs BCe, YTO HPOIIC-
XO[IUT, KaK B IIyb6uHax BcenmenHoit, Tak u Ha
ee 0eCKpailHUX KOCMUYECKUX IIPOCTOPAX.
VimenHo 3pech, Ha ataxxe MLB, popnmacs oc-

HOBa XM3HNM — KJIETKa.
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MMEHHO NMO3TOMY XXN3Hb — 3TO
®OKYC BCEX BCEJIEHCKUX MPOLEC-
COB, EE KBUHTSCCEHLNA.

JKn3Hp KaXXOro 4yemoBeka — 9TO OTpa-
JKeH1e B €MKOM HpOCTpaHCTBeHHOM BHUne
BCEr0, YTO IPOUCXOUT BO BeeneHHoil.

M-NOJE nepepaer u perynupyer poxxie-
HIe U CMepTh, paCLIMpeHue IPeeoB ro-
CYHApCTB U UX TMGeNb, OHO PETyIUpyeT BCe
npoueccsl Ha 3eme. s nac M-TTOJ1E — a10
ose, Yepe3 KoTopoe BcenmeHHast ympasisieT
BCEM MUPO3JIaHIEM U BCEM, YTO HaM OIM3KO.

Urtax, mer [MTPEOMONTIOXWUIIA, uto xo-
nebanusi 6001v MacuimabHol ocu umerom
Hexomopwuii Pusuueckuii cmoicr.

Mu MPEOMOIIOXWIIA, uto nexoro-
past abCTpakTHAsI BOTIHA B MaCITaGHOM TIPO-
CTPAHCTBE [TOPOXK/AeT YCTONYNBbIE Pa3Mephl
00BEKTOB.

Ecmu sxe neperitu u3 obmactu ¢popmainp-
HBIX PACCyXX[eHWil B OG/MACTh TPaJULMOH-
HBIX IIPEACTaBIeHNT O (PU3NUIECKOM MMUPpe,
to u3 Bcero sroro CJIEAYET, uro BCE
BE3 WCKMOYEHNA BELWECTBEHHbIE
CWCTEMbI BCENEHHOW MNOOOEPXMN-
BAIOTCHA B CBOMX PASMEPAX HEKOTO-
PbIMW 3ATAQOYHBbIMA MACLUTABHBIMW
KONEBAHNAMW.

W3 Bcero aroro taxke CIIEOYET, uro
VIMEHHO 9TII, HEM3BECTHbIE PaHee HayKe, Mac-
mtabHble KomebaHmst 1 co30atom éce pa3Ho-
obpasue, Kax cmabunvHoix Popm mamepuu
(BABVCHAA BY), max u ee usmenuusocmu
(OBOJTIOLIMOHHAA BY).

Urak, BCEJIEHHAA — CJIOXXHAA
YETBIPEXMEPHAA (KAK MWHUMYM)
CUCTEMA, B KOTOPOI PEANIN3YIOT-
CA CTOAYME MACLLUTABHBIE BOJHbI.

Y3/1bl 9TUX BOIH — MMpexmepHbl, TI0ITO-
My BO BcereHHOI cyIiecTBYIOT mpexmepHvie
OOBEKTHI C IIOBBILIEHHOI YCTONYMBOCTHIO
U C IOHVDKEHHOM YCTOMYMBOCTDBIO (ycrmotiuu-
80CMb 3A6UCUM OM CrmeneHu YOaneHHOCMU
o6vexma om y3na).

METAGU3UYECKOE OTCTYNAEHUE

Y70 MOXET 6bITb Henenee KapTvHbl MUpa,
KOTOpPbIN MpULLIEN HWOTKYAA, M3 Matematuye-
CKOW TOYKM — U3 abCTPAKTHOrO0 HUYTO, NPON-
AeT MMraHTCKNI NyTb 3BOMIOLIMK, MOPOXAEHNE
pasyma, Cnoco6HOro oTobpasvTb BeCb 3TOT
nyTb, N KOTOPbIN 3aKOHYUTCA BCEOOLLEN CMep-
TblO, XaOCOM, Il He OCTAHETCS HUKaKnX cre-
[OB Hayana 3Toro mupa u ero 3sonouun, —
TOMbKO OrPOMHOE MHOXECTBO MeSlbYanLumx
XerneaHbIX Karesiek, pacrbliieHHbIX Mo Bce-
MUpHOM nycToTe. BeccmbicneHHoCTb U ab-
CYpAHOCTb 3TOWN KapTWHbI BbI3bIBAET Y aBTOpa
BCEJIEHCKYIO TOCKY.

CTouT Xe TONMbKO BOCCTAHOBUTb CUMME-
TpUo rnob6anbHOM MacLUTabHOM AUHAMUKM,
W 3Ta yHblNas KapTuHa yneTyyMBaeTCsi, Kak
OCTaTKM KOLLUMapHOro cHa rnocne npoéyxpe-
HUA pasyma. M nepen Hamu BO BCEM CBOEM
BEJIVKONENUM OTKPbIBAETCA COBEPLLEHHO NHOM
MUp, B KOTOPOM HET MecTa rnobasnibHOMy Xao-
CYy ¥ NycTOTe, rAe XWU3Hb U CMepTb — 3TO [Be
NPOTMBOMONOXHbIE dhadbl GECKOHEHHOrO Nepe-
BOMJIOLLIEHNSt MaTepun 1 aHepruu, raoe Beenen-

Has — BEYHbI ABUraTesnb, KOTOPbIA HUKOrga

A M-ocb

Tennosble konebaHus
T e o W W N e B A A TAa s a Vol

a»

Puc. 2.49. MacwwtabHo-Tennosas cxema
BceneHHoM BbIrNAanT Kak KpecTt
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He CTOAN M HMKOrga He OCTaHOBUTCA B 6yay-
wem. I HeBonbHO o6paLlaeLlbes K penurmos-
HOMY MUPOBOCHPUATUIO, B KOTOPOM HET MecTa
YHBIIOMY 1 6€CCNaBHOMY KOHLly 3TOro Mupa,
1 06HapyXuBaeLlb noTpsicaloLne napannenu.

Ecnn M-ocb n3o06pasvite BepTUKANbHO,
B COOTBETCTBMU C OOLLENPUHATLIM NpeacTaB-
neHvem o Bepxe (Merammpe) u Huse (MMUKPO-
MUpe), TO ¢ha3oByrO KapTUHY 3Hepretnye—
CKUX MMOTOKOB MOXHO NpeAcTaBUTb B BUAE
kpecrta (cm. puc. 2.49).

Beptukanb macwtabHon unepapxum Bce-
NEHHON [OMOJIHAETCA TOPU3OHTamNbI0 3HEep-
reTM4eckKoro MoToka TEmnyoBOro WU3NyyeHus,
KOTOpPOE COCPEfOTOYEHO B Y3KOM MacluTab-
HOM Cpe3e, TOYHO PaCroONOXEHHOM B LIEHTpe
M-uHTepBana.

[opu3oHTanb cMmBONU3MpyeT BCe Tpaau-
LIMOHHO M3yYaeMmble HayKoW BUAbl OBUXEHWS,

KOTOpble, Kak NpaBuio, He BKIIHOYaloT B cebs

mMacluTabHble ABWKEHWSA (OBWKEHWS BAOMb
M-ocn). Jlio6oe 6pOyHOBCKOE OBMXEHME Ya-
CTUL BeLLecTBa, ABWKEHUE 3Be3[ B ranaktu-
Kax, konebartenbHoe ABMXEHNE aTOMOB B KpU-
CTannMyecknx peLueTkax, OBWXKEeHWe nofen
no ropogy v aBToMallMH No Tpaccam, OBuU-
XeHue nnaHeT B COMHEYHOW cucteme U T. 4.,
W T. M. — BCE 3TO AVHaMnKa MacLUTabHo rno-
CTOSIHHBIX MPOLEeccoB, KOTOPble UOyT Ha of-
HOM ypOBHE MacLUTaboB.

Knaccnyeckaa ¢usvka B 60MbLUMHCTBE
Cny4yaeB 3aHATa pPaCCMOTPEHVWEM WMEHHO
3TUX «TOPU3OHTasIbHbIX» MPOLECCoB. VIMeH-
HO MOTOMY OHa PaBHOAYLLHO NPOXOOUT MWMO
nexawmx Ha MOBEepXHOCTU MPMMEpPOoB Mac-
WTAabHO CUMMETPUYHBIX MPOLIECCOB CMEPTU
3Be3[ 1 ApYrux npoLeccoB (KPOXOTHYIO HacTb
KOTOPbIX Mbl MOMbITANIUCH PACCMOTPETb B 3TOM
KHWre), YTo BCE 3TO — AMHaMUKa BEPTUKAIH,

a He ropu3oHTasM.

A
M-ock
28
-3r =
a3k Y Y
A) B)

Puc. 2.50. MNMpocTpaHCTBEHHAA cxema MOMMTBEHHOIrO KpeLleHnsi TanHCTBEHHbIM 06pa3oM coBnagaeT
C OTKPbITO aBTOPOM CXEMOW ANHAMUYECKUX, «XNBOTBOPALLMX>» NPOLIECCOB BO BceneHHo.

A. [BvxeHne cBepxy BHU3 — 3T0 CroBO (3BYK), KOTOpPOe MOPOXAAET CTPYKTYPY, NPOCTPAHCTBEH-
HO-MHPOPMALIMOHHBIV Kapkac 3TOro Myupa Yepes CTosHyo IBOSOUMOHHY0 BonHy YcTonumsocTtu.

B. [IB1XeHne CHM3y BBEPX [0 CepeanHbl — 3TO MPOLECC HANOMHEHNs 3TOr0 KapKaca BeLLeCTBeHHbIM
Cy6CTPaTOM, UCXOAHBIM ChIpbEM KOTOPOrO Cry>XaT MakCUMOHbI, MOPOXAEHNE BELLECTBEHHOro Mupa.
B. [IB1XeHre no ropusoHTann — BeLLECTBEHHbI MUP NOPOXAaEeT TEMNNoBoe N3ny4eHne, AnmHa Bor-
Hbl KOTOPOro TOYHO COOTBETCTBYET cepenHe M-BepTukanu.

I". [BMXeHne ¢ cepeunHbl BBEPX — 3TO MOPOXAEHWE TENSIOBOrO paclumMpeHuns BeceneHHow, koTopoe
NPVBOAUT K HOBOWM MPOCTPaHCTBEHHO-NH(POPMAaLIMOHHON MaTpuLe. Linkn 3ambikaeTcs.

W... HoBoe CnoBo, HOBbIW 3BYK... U HOBOE MOMIMTBEHHOE KpeLLeHne

B) r
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Tenepb Mbl BUOMM, YTO HapsZy C Knaccuye-
CKOWM OMHaMWKOWN HaykKe Heo6XOAMMO OTKpPbITb
HOBbIN pasfgen — pasgen macLutabHou au-
Hamuku. B aTom pasgene Heobxoaumo 6yner
M3y4nTb BCE 3aKOHbl TaKMX MPOLECCOB, Kak
nynbcawuunsi, pacLUMpeHne 1 cxartume, poxaeHue
N CMEepTb CUCTEM.

KcTatu, xo4etca 3amMeTuTb, Y4TO KpecT —
37O eLle 1 MeTadm3nyecknii CUMBON rnobasb-

HbIX OUHAMWYECKMX NPOLIECCOB BO BceneHHom,

a MONMTBEHHOE KpEeLLieHVe — CBOEro poaa Mo-
JlenvpoBaHne 3TUX npoLeccos B Buae aso-
BOW Anarpammel (cMm. puc. 2.50).

3aBepurast 37ech oOIiee paccMOTpeHne
3aKOHOMEPHOCTENl MacUITa0HO! TapMOHUU
Bcenennoii, BbIjemMM B OTJENbHBI pasfien
paccmotpenue ee ¢okyca, a umenHo MAC-
LUITABHOIO LIEHTPA BCEJIEHHOW. On
IOCTOVH TOTO, YTOOBI ellle pas, Terepb y>ke BO
BCeil IIO/THOTE, OBUIN TI€PEUNCIEHBI er0 3aMe-
YaTe/IbHbIE U OCOOEHHbIE CBOVICTBA.

PacnsTtve B YeTbIpEXMEPHOM NMPOCTPAHCTBE.
Canbsatop [danu. «Curpus Hypercubus»



[JIABA 2.6

YHUKANbHLIE CBOWCTBA

MACLUTABHOIO LIEHTPA BCENEHHOM

Korma B camoM Hauajze 9TOTO MCCIEHO-
BaHUs, eie B 70-e roabl, s 06Hapy>KI/UI, 4TO
6 MacumabHoOM yeHnmpe Hauiezo Mupa co-
8ePULEHHO MOUHO HAXOOUMICS JUBAS K/em-
Ka, MHOII OBJafiell TpemeT IpUOOIIeHNA
K CaMOJi COKPOBEHHOI1 TaliHe BceneHHoi.
U nmenHo sT10T (axt Oyaun Bo MHe Heyra-
CUMOE€ JKeJlaHMe ITOCTUYb, YTO IPENCTaBIsIeT
co60it MaciiTabHOe IPOCTPAHCTBO, LIEHTP
KOTOPOTO TaK TOYHO 3aHAT )KU3HDIO.

COMHEHVA HOCTOSHHO BMTAIM HAJo
MHOI1, IHOTJ]a OXBaTbIBas IIOIHOCTbIO, 11 TOT-
Ia MacurTabHble TPAHNIBI Ka3aluch 3bIOKM-
M, MX OIpefie/leHNe BBIITISAeI0 IIPOU3BOTIb-
HBIM, CaMa MacIITabHas OCb CTAHOBUTIACDH He
6oree 4eM yCITOBHBIM IIaPaMeTPOM.

IIporHath COMHEHMSA S MOT JIMILIb €IVH-
CTBEHHBIM CIIOCOOOM: COOPATh ellie OfJH IIACT
MHpOPMALINY, CHCTEMATU3NPOBATh €r0 BIOJb
MAcIITabHOM OCH U OLPENENUTh €ro CTPYK-
Typoo6pasymowyo pomb. Tak IMpOsSBIAIACH
cagama CTATUKA MACLUTABHOIO Mo-
PAOKA, sarem Borasunoce CTPYKTYPHOE
MOLOBWE TPEX QTAXEW BCENIEHHOW,
nposicamics cvpicn AUHAMUYECKOW TME-
PUOONYHOCTUN CUHTESA-OENEHNA. ..

ITocne xaxkporo sTana COMHEHNA Ha Bpe-
M OCTaBJIAIM MEH:d, HO 3aTeM IOABILANICH
BHOBb. CrmiikoMm 607blioi 1maacT uHOp-
Malyy MPUIIOCh IOFHATb, YTOOBI OBITH
YBEPEHHbIM B TOYHOCTU ¥ OOBEKTUBHOCTU
COOCTBEHHBIX BBIBOLOB. Tpyn IO cucTeMma-
TU3ALMM MHOTAA CTAHOBMICS IIPOCTO M3HY-
paomuM. Ho ycramocTs oTcTymanma, Korma

S BUJIeTI, YTO HUKTO, KPOMe MeHs, 1O CUX IIOp
He 3HaeT O IIeHTPAIbBHOM MACIITaGHOM I10JIO-
>KeHUM >XU3HU BO BcermeHHOM, U Korga s BU-
Tell, ITO 3TO He3HAHMe BefleT K yKacaloleMy
MHIPOBO33PEHUYECKOMY YHBIHMIO U ILIMHU3-
my. Torpa st BHOBb Opajicsi 3a CIPaBOYHUKY
U CIeLUaIbHYI0 TUTepPaTypy U KOOBIBAT elje
OIMH Cpe3 MacliTabHOIO MMPOYCTPOJCTBA,
KOTOPBIl YOEXHan MeHs caMoro, 4To Mac-
wmabHvill yenmp Bcenennoii — e nycmas
dopmanvrocmo, a eaxcHelimuil acnexkm Ha-
ulezo mupa.

KoHe4HO, Becb HaIll MUP C €TO0 Ta/JlaKTUKA-
MM M aTOMaMU MOXXET ABJIATHCA BCETO JINIIb
YacTbIO TOPas3fo OOJMBIIEro MMUpa, Ifie Cylie-
CTBYIOT [IpyTHe 3aKOHOMEPHOCTH, Tfie BeflleT
TPYAHYIO pabOTy OCTIDKEHVSI APYTOI pasyM,
HO pa3Be OT TOTO, 4TO BceneHHasA, B KOTOPOIX
MBI KIBeM, — JaJIeKo He BeCb MUp, pasBe OT
9TOrO 3ajjaya IOCTYDKEHNA ee 3aKOHOB CTaHO-
BUTCSI MEHee BaXKHOM?

SBnsAorcss M MacmTaOHble TPAHULIb,
KOTOpbIe MbI VICIIO/Ib30BA/IM B TAaHHOI pabo-
Te, AOCOMOMHBIMU VTN OMHOCUIMENbHBIMU,
OrpaHMYMBAIOT M1 QyHIAMEHTa/NIbHAs IMHA
1 papguyc BcenenHoi MUp TONIBKO JI/Is Y€sio-
BEKa MIN I1d BCEX pa3yMHbIX Cyll[eCTB Bce-
JIeHHOJI — Bce 970 (mmocodckme BOMPOCH
OYeHb 001I1ero IIaHa.

YenoBeK He MOXKET BBIPBAThCS U3 COO-
CTBEHHOI 000JIOYKY, TIOKMHYTh CBOIO 3eMITIO
M CTaTh MHOIUTAaHETAHMHOM. MBI co3gaeM Hay—
Ky Jofielt, a He 3¢)eMepHBIX 001TaTeIell MHBIX
MupoB. VI [ Hamell HayKu BbIABIICHHBIE
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TpaHMUIIbl HaBCET[lJa OCTAHYTCA TAKMMM OKe
BAXHBIMM, KaK U I'PaHMIIBI IUVIAHETHI 3eMid,
YCTAaHOBJIEHHBIE CTOIETUA Ha3af.

W BoOT, mocTurass 3aKOHBI MacCIITaOHOTO
IIPOCTPAHCTBA /I TOTO, YTOObI YCTaHOBNUTH
pealbHYI0 3HAUMMOCTb  MAacCLITaOHO-LIeH-
TPa/IbHOTO IIO/IOKEHUSA JKM3HY, 5 MOCTEIEH-
HO OOHapy>kKuBas Takye GaxThl, KOTOpble He
ObIIV CBSIBHBI C TPAaHMYHBIMY YCTOBUSMMU
U faXKe ¢ MacCIITaOHOI CMMeTpHeIt.

51 obHapy>xuBan GpaxTsl, KOTOPbIE IPOCTO
MTOKa3bIBa/N BbIfleTIEHHOE MOMOXKEeHNe Mac-
mrabuoro nenrtpa Beenennoit (MLB) B ue-
papxum IpoLeccoB U sABNeHui BceneHHOIL.
Tak MLIB cran paborars Ha 06paTHYIO CBSI3b.
Ero BhIfIeNIeHHOCTD MOAKPEIIANA PEaTbHOCTh
MAacIITaOHBIX IPAHNI] HAILIETO MUPA.

W crano AcHo, 4To pasmep okoso 50 MUKpOH
caM sB/sIeTCs QyHIAMEeHTIbHBIM [TapaMeTPOM
Halllero MUPA, CTeNIeHb TOYHOCTY OIPefe/IeHNs
KOTOPOTO TaKas e, KaK M CTelleHb TOYHOCTHU
orpefienieHns pajuyca Beenennoit.

ITpocThle moOACYETHI TOKA3bIBAIOT, YTO
npu auamerpe Beenennoit B 1,6 - 10%° cm —
MLIB pacnionosken Ha 50 MKM, IIpu iuaMeTpe
Bcenennoit B 10°® cM — Ha 40 MKM, pu Ana-
metpe B 2,5 - 10°* cM — Ha 63 MKM, pu -
merpe 10°** cm - Ha 100 MKM.

MBbI BUAVM, YTO BECh AMAINA30H TEOPETH-
YecKVM pacCYMTaHHOTO Bo3pacTa BcemeHHOI
ot 10 go 25 MUIMApAOB JIET JaeT OYEHb He-
3HAYUTeTbHble M3MeHeHus nonoxenns MLB
B guama3oHe oT 40 mo 100 MKMm.

Ewme pas nmocmorpum, uem npumeuame-
JleH UeHmpanvHolli OUANA3oH Pa3mepos
Bcenennoii.

IIpy 9TOM HEOOXOZMMO HOHMMATh, UTO
B IIPMPOJie 3aKOHOMEPHOCTM YacToO Ipobu-
BalOT cebe [OpOry depe3 CTATUCTUYECKOE
pasHoobpasue.
aHAIM3MPOBATb 0OBEKTHI C Pa3MEPOM TOIBKO

[TostoMy 6eccMbICIEHHO

B 50 MKM, a ¢ pasmepom B 40 mnmm 60 MKM He
paccmarpuBarhb. [l Havana BIIOJIHE [OCTA-
TOYHO BBIOPAThH AMAIIA30H BCETO JIMIIb B OIMH

nopanok: ot 10~ cm 10 107 em (mmm ot 10 7o
100 MKM), 4TO cocTaBuT 1/61 Bcero M-unTep-
Basa Bcenennoit, nnm okono 1,5 % ee IyMHBL.

CrleioBaTe/IbHO, paccMaTpuBasg —<«KUP-
HYIO» TOYKY Ha M-0cu B OfVIH HOPANOK, OT
10 mo 100 MXM, MBI ITO/TyYaeM OTK/IOHEHNS He
6omee 1,5 %, 94TO [Is1 IIEPBOTO TEOPETUIECKO-
ro npubmKeHns 6ojee YeM TOYHO.

Jlns cokpaitenns 6yzmeM B AanbHeiIeM
pasmep B 50 mxm HasbiBath MLB, a guamason
ot 10 mo 100 mxm — pmamasonom MLIB.

ITepeuncinm MHOXKECTBO 3aMeYaTeNbHBIX
ocobeHHOCTelT MaciuTabHOro IeHTpa Bce-
JIEHHOJI, MOApa3feNnyB UX Ha OTHOCAILINMECS

MCK/TIOYUTENTBHO K OMOIOTUU U K (1)1/[3]/[1(6.

BUOJIOrMYECKNWU ACMEKT

Ilepsoe. Vimenno pmamazon MLB sB-
JISIeTCSL CPEJHUM Pa3MepoM MJIsi BCeX BUIOB
KJIEeTOK: OJHOK/IETOYHBIX, PaCTUTEIbHBIX
U )KUBOTHBIX.

Bmopoe. VIMeHHO B 5TOM iMala3oHe pa3Me-
POB KJIETKM IPUOOPETAIOT IpefenbHyo popmy
CUMMETPUY — PajiiaIbHO-C(heprnaecKyro.

Tpemve. IIpakTnuecky TONBKO B AMaIa-
3ore MUB nponcxonut TanscTBO nNpeBpaire-
HUA HeXUBOI MaTepUN ¥ 3HEPTUN B XUBYIO,
TaK KaK J AMAaTOMOBBIE BOIOPOCIN, ¥ ayTO-
TpodHble 6aKTepun, ¥ XTOPOIUIACTBI pacTe-
HUIl VIMEIOT pa3Mepbl B OCHOBHOM 13 9TOTO
AMarnasoHa.

Yemeepmoe.

TOYHBIX OPraHM3MOB UIET 3a CYET IIpolecca

PasmHOXXeHIE OFHOKIIE-
meneHus. VI 9TOT mpoliecc B OCHOBHOM IIPO-
UCXOUT TIPU JOCTVDKEHMU OpTaHM3MaMu
pasmepos anamnazona MLB.

IIamoe. Pa3aMHOXXeHE MHOTOK/IETOYHBIX
OpFaHI/I3MOB HpOI/[CXO,T_[I/IT 3a CYeT CIUAHNUA
IBYX IOMOBBIX KIIETOK.

DoNpIIMHCTBO CHepMaToO30MJ0B U sep
YKEHCKVX TOJIOBBIX KJIETOK MMEIOT pasMepbl
puanasona MLB.
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Illecmoe. Pasmep Azipa >KeHCKOII ITOJIOBOIA
KJICTKU Y CIIepMaTO30M/ia Ye/I0BeKa B MOMEHT
UX CIMAHUA NPAaKTUYeCKU MOeabHO COOT-
BeTcTBYeT pasmepy MLIB.

HUmax, srigenennoctsy puamnasona MLIB
B MacIITaOHON Mepapxuu i OeNKOBbIX CU-
CTeM OdYeBM[IHA. VI3 9TOrO MOXHO CJie/arh
cIenyomuit GyHIaMEHTa/IbHBII BBIBOJ,.

XW3Hb HE TONMbKO COCPEOOTO-
YEHA B CBOEW OCHOBHOW — KIJIE-
TOYHON OOPME B MACLUTABHOM
LIEHTPE BCEJIEHHOW, HO U MO$BW-
NACb, Y MPOJOIMKAET PASMHOXATb-
CA UMEHHO B 3TOM MACLUTABHOM
CPE3E.

MO3BOAUM CEBE HEKOTOPbIE
OUNOCOPCKUE PACCYXDEHUS
HA 3TY TEMY

Mbl Bugmm, 4to B MLB npoucxogut 3a-
POXAEHWE He TONMbKO BCEX MHOMOKMETOYHbIX
CYLLIECTB, HO 1 B 9TOM Xe AManas3oHe pasMepoB
NMPOUCXOAMNT aKT Pa3MHOXEHMUS st BCEX OZHO-
KNETOYHbIX OpPraHMaMoB. [OCTUIHYB WMEHHO
3TUX Pa3MepoB, OHW HaYMHAKOT OENUTLCA, MNOo-
poxgpas TeM cambIM HOBble KNeTku. Mpaktuye-
CKM BHE 3TOro finanasoHa pasMHOXEHME OfHO-
KNETOYHbIX OPraHM3MOB He MPOVCXOAMT.

CnepoBarenbHo, Ha 9ToM y4yacTke M-ocu,
Ha 9TOW MepapxmMyeckor MnoLlagKe OCyLLecT-
BNAETCSH TAUHCTBO PAa3MHOXEHUS BCEX XU—
BbIX OPraHW3MoOB: OT OAHOKJIETOYHbIX [O
MHOrOK/IeTO4YHbIX.

Bonee TOro, He TONMbKO Pa3MHOXEHMWE yXe
paHee 06pa30BaBLUMXCA CUCTEM, HO U hop-
MUPOBaHWE HOBbIX — MpeBpaLyeHne mMepT—
BOVM MaTtepuu B XXMUBYIO — OCYLLECTBNSAETCA

B 3TOM Anana3oHe pa3mMepoB.
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HanomHum, 4TO BCe XMBOe Aennutca Ha
[OBEe OCHOBHble rpynmnbl: nNepeas — XWBET 3a
cHeT hn3nYecKom cpefbl M PUINYECKOM SHEP-
rvun, o6pasysa yHgameHT nupamMugbl IMTaHus;
BTOpas — >XMBET MWCKMIYUTENBHO 3a CHET
3HEpPruv NepBon rpynmnebi.

[MmaBHbIM COCTaBHbIM 6SIOKOM NepBoOM
rpynnbl ABASIOTCA pacTeHusl, U3 MHOrokme-
TOYHbIX TONbKO pacTeHuss MOryT npeBpaLyartb
3HEepruo CoIHEe4HOro ceeta B 6MONMOrM4YecKyo
1N PU3NYECKyo cybCcTaHumMio — B Buonorunye-
CKyt0. Bce ocTanbHble XuBble OpraHu3Mbl Yep-
nawT 3HEPIUI0 N BELLECTBO B KOHEYHOM CHe-
T€ MMEHHO 13 pacTeHui. N Tonbko pacTeHus
NCMNONb3YIOT AJ151 pOCTa BELLECTBa U3 HEXXVBON
cpegdbl.

WTtak, pacteHusi ABNAOTCA WCTOYHWKOM
XWU3HU Ha 3emne B TOM CMbICNE, YTO UMEHHO
OHW OCYLLECTBNAT TAMHCTBO OXMBJIEHUS
MepTBOV MaTepuu.

PacteHna umetloT pasHble pasmepbl, HO
OY4EBWAHO, YTO BECb NPOLECC OXMBIIEHUS NPO-
TEKaeT B PacTUTEJIbHON KIJIeTKe, CPepHuii
pa3mep KOTOPOW, KaK y>e yrnoMUHanoch, Ha-
xoauTca B guanasoHe MLB.

OpHako 3ToT (haKT NnLLb CBMAETENLCTBYET
O LIeHTpasibHOW POSn B OXMBIIEHUW MaTepuu
TakoW CTPYKTYpbl, Kak kneTka. [ockonbKy xe
BCE XMBOE (MCKMIOYas [OKMETOYHblE CUCTe-
Mbl) COCTOUT U3 KNETOK, TO HUYEro HEOObI4HO-
ro B Nnony4eHHoM BbiBogde o ponu MLIB, kasa-
Nock Obl, N HET.

Mpupopa pana elwle OBe MOACKA3KW, KO-
TOpble MO3BONSAIOT MPOBEPUTL NOMMUKY BblABU-
HyTOW runotesbl. [deno B TOM, YTO 3Heprus
COJIHEYHOro cBeTa npespaLlaeTcs B 61Uonoru-
YeCKYI0 9HEPruio He caMon KIeTKOM, a cneuu-
anbHOW CTPYKTypou — xJsiopornsiactoMm. JTa

cucteMa UcXogHo Morna 6bl ObiTb  Kakowm



yrogHo Nno CBOMM pa3mMepam: ropa3fo MeHbLLe
KNETKWU UM COCTOATb U3 COBOKYMHOCTU Kile-
TOYHbIX KOMOHUIM. Ho 1 3geck Bce coBnagaerT:
habprika no nepepaboTke prU3nHeckon aHep-
MM B OUONOrMHYECKYI0 — BHYTPUKIIETOYHbIE
opraHougbl Xoponaactbl — MMEKT ANUHY,
koTopas Kak pas gocturaet 10 MKM (HUXHeN
rpaHuLpbl 0603HAYEHHOrO HAMU UHTEpBana).

BTtopasa nopckaska cBa3aHa ¢ 6GakTepu-
AMW. KpoMme pacTeHui ecTb elle OAWH Bug
61ONMOrMYECKNX CUCTEM, KOTOPbIE OXUBIISAIOT
mMepTBYylO cpepy, — 310 6akTtepuu. Npasga
He BCe MX BUfbl, & TOSIbKO ayTOTPOdHbIE.

[Nockonbky 6GakTepun OblBalOT OBYX BU-
OOB: reTepoTpodHble N ayTOTPOMHbIE, TO to-
60MbITHO MOCMOTPETb, Kak OHW OTNMYarTCH
Nno CBOEMYy MEeCTY OTHOCWUTESIbHO AuanasoHa
MLUB. EcTb 1 mexagy HUMK NpyHUMNnanbHoe
pasnuyve B pa3mepax?

WTak, n3BECTHO, 4YTO reTrepoTpopHbie
6aKTepuu NNTAIOTCA UCKITIOYNTENBHO OpraHu-
YeCKOW MULLIEN, T. €. NapasuTUPYIOT Ha XUBOW
mMaTepun, a ayToTpogpHble CroCO6HbI K nep-
BMYHOMY MPOAYLIMPOBAHWIO OpraHM4yeckoro
BellecTsa B buoctepe. Tak BOT, NpakTU4eckun
BCE reTepoTpoPHbIE 6aKTEPUN UMEIOT pasme-
pbl MeHbLle 10 MKM, a BCe ayTOTPOGPHbIE —
6onblue 10 MKM 1 HaxogsiTcsi TOYHO B gua—
nasoHe MLB.

CnepoBatesnibHO, 6aKTepun Takxe okasbl-
BalOTCH CMOCOOHBbIMU K TaWHCTBEHHOMY MpO-
Leccy OXMBIIEHUS MepPTBOW cpedbl TOMbKO
BHYTpK AnanasoHa MLIB.

Bornee Toro, HecMOTpsA Ha TO, YTO MHOIO-
KNeTo4Hble pacTeHuns coctasnatoT 6onee 90 %
BeLlecTBa 6uocepbl, NOYTU NONIOBUHA KUCHO-
poga n 6uomacchl BblpabaTtbiBaeTC OQHOKIE-
TOYHBbIMM BOLOPOCNAMW, B OCHOBHOM — AU—

aromoBbiMM. [lopaBnsawoliee 60SbLUMHCTBO

3TUX BOLOPOCNEN UMEET pa3mepsbl, NpuHaane-
Xawme gnanasoHy MLB.

MoaBops MTOr, MOXHO cAenatb Becbma
HeTpuBManbHbIi BbIBOL: BCE CUCTEMBbI,
KOTOPbLIE OTBEYAIOT 3A CO30AHUME HO-
BOW »XN3HW, UIMEIOT PASMEPbI OVAMA-
30HA MUB.

O6paszHo roeopsi, B MLUB W TOJIbKO
BMLB BO BCEJIEHHOM MOXET POX-
OATBCA XKN3Hb! 3TO TA EQUHCTBEHHAA
TOYKA HA M-OCU, N3 KOTOPOW BbLET
POOHNK XXKN3HW.

MMeHHO 3aecb COnMHe4HbIi CBET npeBpa-
Laetcs B OUONOrMYECKyl0 3SHepruto, 3aechb
MUHepasbHble BeLecTBa TpaHChOPMUpPYOTCS
B 6eNkoBble, 3[eCb OCYLLECTBNAETCA pasfe-
NeHVe MaTEePUHCKOW KNETKN Ha JOYEepHUE, YTO
No3BOJISIET OAHOKNETOYHbIM 3aMoJSiHATL BCe
MbICIUMbIE U HEMbICNIMMbIe 3KOMOrnyeckue
HVULWW B Mpupode, M 3[eCb Xe BCTpevatTcs
[Be MOJoBble KNETKN Y MHOTOKIIETOYHbIX Op-
raHW3MOoB, 4TOObl AaTb CTApPT HOBOW XM3HMW,
HOBOMY cyLlecTBy. BnonHe BeposiTHO, 4TO
1 MepBble XVBble CUCTEMbI, MOSBMBLUMECS Ha
3ewmne, nmenu pasmepbl MLB.

1 YEJTOBEK HE MPOXOONT MUMO 3TO-
'O MPABWIA. Mopa3anTesibHO TOYHO 3HAYEHMI0
MLIB cooTBETCTBYIOT ANMHA MY>XXCKOW NOSIOBOM
KINeTKM — CnepMmns — 1 paaMep aapa XXeHCKoM
NOnoBoON KNeTkn — anuekneTkn (30-50 MKm).
M xoTsl cama anuekneTka 3Ha4MTeNnbHO 60sbLue
LeHTpomacLuTabHoro pasmepa (ee auameTp
konebnetcs B npegenax 130—160 Mkm), ogHaKko
NbBVHas JONS ee BELLEeCTBa — 3TO BCErO NULLb
nuTaTeNlb Hbld MaTepuan Ans nepBbiX 3TaroB
pas3BuTUs, He 6oree Yem Cbipbe.

[MaBHble nNpoLecChl Pa3BUTUA YenoBe-
4YecKOro 3apofpllla HayMHalTCA CO BCTpe-

M cnepmMmua 1 dppa ANLEKNETKM, KOTOpO€e
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NPakTU4eckn uaeasnbHO® TOYHO MNPOUCXOAUT
Ha MacLUTabHOM «MONOYKe», PaCMONIOXKEHHOMN
B CaMOM LieHTpe MacLuTabHoum nepapxum Bee-
neHHown! 30ecb AENCTBUTENBHO «MEeCTO BCTpe-

YN UBMEHUTb HENb34».

®U3NYECKWN ACMEKT

Ilepsoe. MLUIB — ato nentp puamasona
ITOMUHVPYIOLIETO JEVCTBUA 9TEKTPOMArHUT-

HBIX CUJT:
-13 MLB +7
e 10 (23) 10 Ny
N M-och

Bmopoe. MLIB o4enb 6130k x Macuira6-
HOMY ILIeHTpy AMAIla30Ha TEIIOBOTO WU3IIY-
9eHNs, KOTOPO€ SBJIAETCSA YHUBEPCATIbHBIM
«HAKOIIUTENIEM» BCeil KUHETUYeCKOI SHEPIUN

Bcenennoii:
-4 MLB -1
5 ~1,5 @ ~1,5 N
m~ U [l

M-ocb

Tpemve. MLIB — 510 nentp cimmerpun
IULSL 3BE3JJHOTO IIpOLiecca BHIPaGOTKY TerlIa:

-13 MLUB +7
e 10 @ 10 Ny
N M-ocbk

Yemesepmoe. MLIB — s10 njeHTp cumme-
TPUM [JIsL TEIVIOBOTO U3Ty4YeHus1, oOpasyro-
I[ETOCS B TIPOIIECCE TEXHOTEHHOTO CKUTAHMIS

BeIleCTBa:
-8 MLB +2
< 5 (3) 5 >

N M-ocbk
IIsmoe. MUB — oar1o mnpenmonarae-

MbIJi LIEHTP MacIITabHON CHUMMeTPMM JJIA

* Eule pa3 HAIOMHVM YMTATENIO, YTO NI06bIE KOIbPu-
LMeHTHI OT 1 10 9,9 mepef; 1eCATKOI CO CTENEeHbI0 — 9TO
BCETO NNIIb OTKJIOHEHME Ha OJVH HOPHI[OK B npenenax
61 Topsi/iKa, CIe0BATEIbHO, U3MeHeHMA Koaddunnen-
TOB C COXPaHeHI/IeM CTeIIeHNn 6yJIyT HPI/IBOI[I/ITI) K OYeHb
He3HA4YMTe/IbHOI ITorpenrHocTty B 1,5 %.

BBIIENIAEMOTO B IIpOLi€CCE€ B3PBIBAHUA ANEP
TATAKTUK TUMTAHTCKOI'O KO/IMYE€CTBA TEIlIa:

-23 MuB +17
< 20 (3 20 ”
N M-ocb

Illecmoe. YacTHBIM, HO OYEHb BaXKHBIM
IOTOTHNUTEIbHBIM TIPUMEPOM SIBISIETCST TOT
dbaxkr, yro usnyderre COMHI[A UMeeT MAKCH-
MaJ/IbHYIO YCTONYMBOCTD BO BpEMEHI MMEHHO
B Iuamasose yactor MLB.

«KomndecTBO TeIIOBOM 9Heprum, w3-
TydaeMoil B efuHUI)y BpeMeHN CONHIEM...
OT/INYAETCA  YAMBUTEABHON  HEM3MEHHO-
ctp10»**°. HO CTOMT TOMBKO CBMHYTBHCS IO
M-ocnu BreBo mmu Bupaso oT MLB, kax cra-
OMIBHOCTD M3TydeHMs ucdesaet: «...Ecmm
cyauts o ComHie 10 yaIbTPadIoNIeTOBOMY,
PEHTTEHOBCKOMY, TaMMa-U3/TyIeHNIO M/ 110
YPOBHIO MOIJHOCTH PaJViOM3/TyIeH . .. IPH-
XOfUTCS JienaTh apyroit BbiBog: ConmHile —
3Be3fa IMepeMeHHasA. JVIHTeHCMBHOCTb KOp-

nycKkynspHoro usmydenus ConHIA... TOxe

xonme6mercs»™.

Umax, Boimenennocts pmamasona MLIB
B MacIITabHOI MepapXun J/is1 6eNKOBBIX 1 He-
6e/KOBBIX cucTeM odeBuzHa. Ho BoT 4TO Ma-
PaJioKCanpHO: menio60e u3yueHue, Cornac-
HO OOLIENIPUHATOMY MHEHUIO, HeceT B ceOe
Xa0C, GeCropsiIOK U 9SHTPONMUIO, & HU3HD
HeceT B cebe IPSIMO IIPOTUBOIIONIOXNHOE SIB-
JIeHVe — TOPSZIOK, HersHrponuio. OmHaKo
06a Ipoliecca COCPefOTOINBAIOTCS Ha Y3KOI
[IO/IOCKe MacIITaboB TOYHO B MACIITAOHOM
nenTpe Beenennoit. Yo aT0? CaydaitHOCTH?

He cnumkoM nu MHOro «coBHajeHM»
I/ KpPOXOTHOTO TIATauKa Ha M-ocn?

Wtak, moukoii pasHosecus, ocvio puviua-
2a mMacuimabHvix 8ecoé Onsi éceil Beenenmoti
sensemcs mouxa MUB. Benp umenno x Heit
cTekaeT sHepreTuka Bcenennoit. Kak sxe Bce
MHTEpPECHO OKa3bIBAETCSI OPraHM30BAHO!

Bo-nepévix, MIMEHHO OTCIONA, M3 TOYKNU
MLIB, 6bet dpoHTaH 61OTOTMYECKOl SKUSHIA.
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Bo-6mopuix, IMEHHO 3[1eCh IIepeCceKaloTCs
MacutabHble MOTOKM 3HEpPIMu U MHPOpMa-
1y, 06pasysi B 9TOM MecTe Hayubosee Hachl-
I[eHHYI0 NHTeP(EPEHIMOHHYI0 KapTUHY Mac-
IITAaOHBIX B3aVMOAEICTBII (CM. prc. 2.48).

Kpome TOro, B 3TOM BBIJ[E/IEHHOM II0JIO-
xernvim MUB, B cummerpun tepmopguuamu-
YeCKMX IPOLIeCCOB eCTb U Imybokuit ¢pusm-
YecKUIl cMBICT, TaK Kak umeaHo MLB asnaet
co00i1 y3es1 crmostueil 60HbL BMOPOLL 2APMOHU-
KU MacumabHvix xonebaruti Beenenroil, ecnn
paccMarpuBarh ee B Y€THIPEXMEPHOIT MOTIEII.

Bonee Toro, 3a WMCKIIOYEHNEM KpaHMX
MaciuTabHbIX rpaHul BeemenHoit, HeT 6oree
BO)XHOM [yl MAacIITabHO TapMOHMYECKUX
konebauuit Touku, yeM MLB. Benp xak mu-
HUMYM Ka)Kflasl yeTHass M-rapmMoHuKa cospia-
eT B 9TOII ToYKe Ha M-0cu 0cobble YCIOBus
CTaOMIBHOCTI.

VIMeHHO II03TOMY, C TOYKM 3PEHUS aB-
topa, B MUB cywecmeento sospacmaem cu-
CTeMHAST  YCMOUUMUBOCYb, CBUIETEIHCTBOM
4eMy SB/IACTCA HOBbIULEHHASA CHieneHb CUM-
mempuu Bcex 6e3 VCKIIOYEHNsT OOBEKTOB,
pasMepbl KOTOPBIX COOTBETCTBYIOT 9TOMY M-
ara3oHy MacIITaboB.

BesycnoBHO, B 3T0i1 paboTe cAenaH Nulib
[epBBIIT IIar K HOHVMAHUIO POV MacuITab-
HBIX B3aMMOJENCTBUII U POIM LIEHTPa STUX
B3aMMOJEVICTBUIL, pO/IN LIEHTpa MacIITabHOI
cummerpuu Beenennoit — MLUB.

ABTOp yOeXeH, YTO fa/lbHelIINe UCCTIe-
[IOBaHMsI 9TOTO BOIIPOCA OTKPOIOT HAaM HeBe-
POSITHOE KONMMYECTBO 3aMevaTe/IbHBIX 3aKO-
HOMEPHOCTEI IPUPOMbI, KOTOPbIE PACKPOIOT
HAM MHOTM€ COKPOBEHHbBIE TAllHbl IIPOVC-
XOXKIEHVSI KU3HU, ee MeCTa U POIN BO BCeX
6€e3 UCK/II0YEHS] BCEJIEHCKMX IIPOL[ECCAX.

Ho 3apmamum cebe elje OfMH TPyRHBIN
BOIIPOC: cyujecmeyem nu Kakoii-nu6o zeo-
Mempuueckuii, NPOCMPAHCMEEHHDIL CMBICT
y uenmpa macuma6Hoii ocu?

Ha mepBplit B3IIA 9TO KaKOM-TO HeHa-
crosiuii 1eHTp BceneHHOI, Bemb makux

UeHMPOB 6 Heli beckoHeuHOe MHOMeCB0: TaM,
I7ie eCTh OOBEKT C PasMepoM OKOIO 50 MKM,
TaM ¥ LeHTp.

Ipyroe meno uentp cdepsl nam Kyba.
OueBUIHO, YTO OH EAVMHCTBEH M YHUKAJIEeH.
MacurTabHblit e LeHTp BcemeHHOI mmeer
KaKOJ1-TO HEIPVMBBIYHbBIV CMBIC]I.

Amo uenmp 6e3pazmeprozo nPonopuuo-
HATLHO20 NPOCMPAHCINGA, 6 KOMOPOM U3Me-
pAemcs 6ce He MeMPAMU UMY KUL0ZPaMMAamu,
a OMHOWEHUAMU, 310 — UeHMp uepapxue-
cKoeo ycmpoticmea Bcenennoti, komopoe npo-
MAHYNIOCL OM MAKCUMOH08 00 Memaeanax-
muxku (puc. 2.51).

B 3TOT 3arajjoYHbI LIEHTP, YBBI, HEIb3A
[IOCTaBUTbh KaKyI0-HUOY/Ib CTENTY C HAAMUCHIO:
«31ech HaXOOUTCA LeHTp BcemeHHOT».

Ho moxHO 1erko mokasars (cm. puc. 2.51),
uro MOHATUE LEHTPA BOOBLLE — NO-
HATNE OTHOCUTEJIbHOE NHE UMEET
HNKAKOIO CMBbICJTA BE3 MNPEOBAPK-
TEJIbBHOIO OMNPEOENEHNA PA3MEP-
HOCTW MOLENTN MPOCTPAHCTBA.

Hanpumep, 04eBMHO, YTO HA IOBEPXHO-
CTM IIapa, TaK XKe KaK ¥ Ha OKPY>KHOCTIL, IleH-
Tpa HeT BooO1e!

PaccMoTpuM B KadecTBe IpuUMepa O4YeHb
mo6oMy
MeT — croil. Ha Bompoc, rjie y Hero LeHTp,

3HAKOMBII 4UTA0EMy  pef-
OOJIbIIMHCTBO YMTATENEl C XONY YKaKeT Ha
LeHTp... cronemHunsl. Ho Bexp Gmaropaps
HOXXKaM CTOJI MMeeT 00beM, I II09TOMY €ro
«VCTUHHBII» IEHTP HAXOJUTCS MO, CTOEL-
HMIIElT, Ha TI0/IOBMHE Iy TH K IIOTY.

CregoBare/lbHO, B TpPEXMEPHOI Mope-
I CTONMA eOUHCIBEHHDBITI teHMp HAXOZUTCS
He TaM, Kyfla YKaXyT GO/BIINHCTBO 13 HAC.
Ecnu sxe 06beMHyI0 GUIypy CTONA MBIC/IEH-
HO paspe3arb [apa/UIe/IbHBIMU CTOJIELIHNIIE
IJIOCKOCTSIMU  GeCKOHEYHOe 4MCIO pas, TO
Kaxcooe ceuenue Oydem umemv c60il eOuH-
CMBeHHbITl UeHmp, HO OH OYHeT OTINYaTbCs
110 CBOEMY IIPOCTPAHCTBEHHOMY IIOTIOKEHNIO
OT TpexXMepHOro LeHTpa (cM. puc. 2.52).
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Mpoekumns
LBYMEPHOro LieHTpa
Ha O[JHOMEPHYIO
NoBepxXHOCTb

N=1

LleHtp?

Mpoekums
TPEXMEPHOrO LieHTpa
Ha OBYMEpPHYO
NOBEPXHOCTb

N=2

MacLutabHbIv
LleHtp =50 p
€CTb MpoeKums
Ha TpexmMepHoe NpPoCTPaHCTBO
€[VHCTBEHHOrO LeHTpa

13 NPOCTPAHCTBA 4-T0 U3MEepPEHNst 50y

3AMKHYTOE OAHOMEPHOE NPOCTPAHCTBO
LleHTp?

«/ICTUHHBIN» LIeHTP OKpY>XHOCTK (N=1) Haxo-
[MTCA BHE ee caMon —
B npocTpaHcTee (N=1+1=2)

3AMKHYTOE OBYMEPHOE NMPOCTPAHCTBO
LleHTp?

«/ICTUHHBIN» LIEHTP ABYMEPHO cdepbl
(N=2) HaxoguTCs BHE camOi 060M04KN —
B o6beme (N=2+1=3)

3AMKHYTOE TPEXMEPHOE MNMPOCTPAHCTBO

«/ICTUHHBIN» LIEHTP TPEXMEPHOro
npoctpaHcTea (N=3) HaxoguTcsi BHe ero
€amMoro — B MPOCTPAHCTBE 6OJIbLLErO
namepeHns (N=3+1=4)

Pwuc. 2.51. NprMepbl noucka UCTUHHOMO LieHTpa
B NPOCTPaHCTBaX pasfnM4HON pa3MepHOCTU, KO-
TOpble MOKAa3bIBAIOT, YTO €OUHCTBEHHbIA LEEHTP
Mo6Oro 3aMKHYTOro MPOCTPAHCTBA HaxoguTcs
B NPOCTPaHCTBE BbICLLEr0 U3MEPEHUS

OkaspiBaeTcs, fladke B TaKOM IIPOCTOM
IpMMepe CO CTOJIOM LIEHTPOB MOXET OBbITb
CTOMb ke OeCKOHeYHOe KOMUYEeCTBO, Kak
M MacIITaOHBIX LIEHTPOB.

CrenoBaTenIbHO, C/IM MBI pacCMATpPUBaeM
mpexmepHy1o MOJieNb 00BEKTa, MBI MOXKeM
HAJTY B Hell eOUHCIBEHHDLI UeHmp, HO Hepe-
XOZIA K IUIOCKVMM MOJIE/IAM, MBI OOHApy)KMBa-
€M, 4TO UEeHMPO6 CIMAHOBUMCT 6ecKOHeHHO
MH020.

Ilosimem pmanbure. IlpepcraBuM, 4TO MBI
JKUBEM B IByMEPHOM MIP€, HaIIpUMep Ha I10-
BEPXHOCTH HAIero crona. Torga okaxercs,

YTO B 9TOM MUPE €CTh BCETrO JMIUIb OJVH-e-
OMHCTBEHHbIT LeHTp (0H OymeT Hamek oOT
IOPYTOTO «MCTUHHOTO» IIeHTPa TPEXMEPHOTO
crona). ITockonbKy e depe3 CTOJEMIHUILY
MO>KHO IPOBECTU OECKOHEUHOe MHOXKECTBO
JMHWIL, TO KaXfJad M3 HUX OyfeT MMeTb
CBOII LIEHTP, KOTOPBIIl COBEPIIEHHO He 00s1-
3aTeIbHO COBIAfIeT C I[eHTPOM CTOJIEIIHU-
upl. Ongmo Mol nomepanu eOUHCHEEHHDbLL
yernmp.

CrenaeM Ba>KHbIN BBIBOJ:

EAVMHCTBEHHbINA LIEEHTP OMPELE-
NAETCA NWb ONns NPEAENLHON
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Puc. 2.52.

CTBa, B KOTOPOM PacCMaTpUBaETCs CTON.

A. TMonckKn MCTUHHOIO LeHTpa cToNa 6eCCMbICIIEHHbI, €CNU He onpefdeneHa pa3MepHOCTb NPOCTpaH-

B. Y TpexmepHOro crtona MoxXeT 6biTb 6E€CKOHEYHOE MHOXECTBO [BYXMEPHbIX CEYEHUN, Kaxaoe u3
KOTOPbIX UMEET CBOW COOCTBEHHbIN €ANHCTBEHHbIN LEHTP

PASMEPHOCTW MOMEJIN MPOCTPAH-
CTBA, KOTOPOW Mbl MOJSIb3YEMCS*,

W ecnu Bo BceneHHoit Mbl MOXKeM HalTU
6eculC/IeHHOe MHOXECTBO TPeXMEpHBIX KO-
OpAVHAT eUHCTBEHHOIO MacIITabHOrO IjeH-
Tpa, TO 3TO JMILIb CBULETEIbLCTBO TOTO, YTO
MacumabHas ocv AGNAEMCA Hemeepmvim
npocmpancmeennvim  usmeperuem. Ilos-
TOMY B Y€TBEPTOM M3MepeHum pasmep B 50
MIUKPOH YHMKAJIEH, a B IIPOEKLMAX Ha TpeX-
MepHbI€e Cpe3bl HALlIET0 MIPA Mbl HAXOJMM €TI0
B 6€CKOHEYHOM HPOSIBIIEHN.

WUTAK, MACLUTABHbI/ LIEHTP BCE-
NEHHOWM — 3TO HE LIEHTP B TPEX-
MEPHOM NPOCTPAHCTBE, 3TO LIEHTP
B YETbIPEXMEPHOM MPOCTPAHCTBE
BCEJIEHHOW.

* Kcrary, mosToMy B OBITY MbI MOJCO3HATENBHO MC-
0/Ib3yeM pa3/IIHbIe MOJIE/V IPOCTPAHCTBA B 3aBYCH-
MocTH OT curyarmy. Hampumep, Kora MonopoxeHam
NPEJ/IaraloT CeCThb B IIEHTP CTONA, TO MM He IpupeT
TOJIOBY B30MpPaThCA HA IIEHTP CTONENIHUIIBI UM 3ajie-
3aTh 10| Hee — B TPEXMEPHBIIT LIEHTP, OHY IIPEeKPACHO
HOHMMAIOT, YTO Peyb UJET O TMHETHOM IPOCTPAHCTBE
KPOMKM CTO/IA, LIEHTP KOTODPOJ HAaXOJUTCA COBCEM
B JIPYTOM MecTe.

ITpaBpa, 4TOOBI 3TO JOCTATOYHO aPIyMeH-
TMPOBAHO JIOKa3aTh, Hy>KeH 00beM OTHeNb-
HOI KHUTH, KOTOpas ceifyac MMIIeTCA aBTO-
pom®*, 31ech MbI IMIIb B caMOM 0611eM Bijie
OTMETMM, 4TO IPOCTPAHCTBO HAIIEro Mupa
0e3yCIIOBHO He TPEXMEPHO, a MHO20MEPHO,
XOTs Halll 3HAHMA O HEeM OTPaHMYEHBI ITOKa
BCETO TMUIb TPeMs U3MEPEHUAMU.

Bcs coBpeMennas HayKa (usnka, XuMus,
aCTPOHOMUA U T. JI.) — 3TO HayKa O Tpexmep-
HOM cpese BceneHHOM, 0 Mupe, B KOTOPOM
paboTa0T B OCHOBHOM 3aKOHBI MPeXMEPHO20
npocrpaHncTsa. B III TeicAueneTns dyenoseye-
CTBY NPEACTOUT COBEPUIUTD IIAT B MOHMMA-
HIie HemplpexmepHo20 yCTPOiicTBa Mupa’™ ™.

MoskeM nu MBI celfyac B pefABepUM ITUX
TPAH/IMO3HBIX IIEPEMEH CPa3y IOHATD 1 IIpef-
CTaBUTb cebe, YTO JKe ITO TAKOe — YeTBepToe
U3MepeHne IPOCTPaHCTBA?

Hapo cxasarb, 4TO 3TOT BOIPOC OBLI 3a-
JiAH 110 KpaliHei mepe 120 et Hasap.

«@NATAAHDUS»

«...[Insi NnepBoro 3HaKOMCTBa C YeTblpexmep-

HbIM MMPOM HaM KaxeTcsi 6oriee MoaxoasLLmMm
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Meton aHanoruv. OCHOBbIBasiCb Ha Harmsg-
HO-FeOMEeTPUHECKUX NPeACTaBNeHUsIX O pa3Mep-
HOCTN FreOMETPUYECKUX (DUIYP, Mbl MOXEM CO-
BEpLUMTbL MOCTENeHHOe BOCXOXAEHME Mo LuKase
pa3MepHOCTEN U MepexoauTb OT OOHOMEPHbIX
huryp K AByMEpHbIM, OT ABYMEPHbIX — K TPeX-
MEPHbIM U, HAKOHEL, CAenaTh peLuatoLLuii Lwar:
BOCMONb30BaTLC  3aMevaTesibHbIMU - 3aKOHO-
MEPHOCTSIMU 1 NEepenTn K pacCMOTPEHNIO YETbI-

pexMepHbIX cnryp»2*. (C. 7).

Briepspie Boimrepmaa B 1880 ropy KHura
9. 9660TTa «DIaTIAHAA» — IIOUCTUHE I10-
Xa/IbHOe COOBITIIE B HAYKe O IIPOCTPAHCTBE.

B oueHp mnomynApHONl M OCTPOYMHOII
¢dbopme aBTOp CyMen IIOKa3aTb, HACKOIBKO
YCIOBHBI BCE HAIM MPEACTABIEHUA O TpeX-
MEpPHOCTU IPOCTPAHCTBA. 114 3TOrO OH Ipu-
IyMaJl Le/blii MUP Ha IIJIOCKOCTH, B KOTOPOM
CYLIeCTB TPEACTAB/ANM MHOTOYTOJIbHUKH,
OTPe3KU, OKPY>KHOCTI.

OTHU CylleCTBa >KWIM 10 CBOUM IIPaBU-
JIaM, pasauyann pyr Ipyra o CKOpoCTU U3-
MEHEHIUsA APKOCTYM IPU IepeMEUIeHUN JIpyT
OTHOCUTE/IIBHO JApyra M T.I. Y HUX ObUIK
CeMbH, JIETH, JJOMA, CBOsl [ByMepHas HaykKa,
KOTOpasi JIOTMYHO OOBACHsIA, [OYEMYy MIUP
YCTPOEH MIMEHHO TaK — JIBYMEPHO.

Ho BoT offHa>K/IbI C OHMM 13 T€EPOEB 3TOT'O
MYpa CITyYUI0Ch HEOObIYHOE IIPUKTIOYEHIE.

«LLlen nocnegHuit geHb 1999 ropa Haluen
3pbl. MepHbIA WYM OOXAA OaBHO yXe BO3Be-
CTWU O HaCTyMfeHMn Houn. A cugen B obLLe-
CTBE CBOEW XEHbl, Pa3mblILLIAS HaL COObITU-
AMU NpoLSIoro U nbiTadaCb npepyragartb, 4YTO
NPUHECET HaM rpsipyLLMiA rog, rpsgyLuee cTo-
netue, rpagyluee Tbicadenetune». (C. 83)*

* Bce cchuku OYIyT yKasaHbl IO LUTHPYEMOI KHUTe
9. 9660TTa HOMEpAaMU CTPAHMUI] B CKOOKAX.
** Crout 06paTuTh BHMMAaHNUE Ha JaTy, KOTOPYIO BbI-

6pan 9. D660TT, BeAb IO Hee B MOMEHT ITyOIMKaIum
ero Kauru 6110 emie 120 er.

Y B 9TOT MOMEHT B KOMHAaTe HCOXNITAHHO
IIOABUJICA HE3SHAKOMEI.

«KakoB e 6bln1 Hall yxac, Korga npsmo
nepep co6on mbl yeupenu durypyl.. A nogy-
Masn, 4To 310 OKPYXHOCTb, HO TaUHCTBEHHas
durypa Ha Moux rnasax MeHsina cBou pasme-
pbl COBCEM He TakK, Kak 3To genanu OKpy>KHO-
CTW uUnu Nobble U3 U3BECTHbIX MHe [MpaBunb-

HbIX puryp».

Yepes HeKOTOpOE BpeMst DOO0TT pacKpbl-
BaeT TailHy INOBENeHNUs CTPaHHOI OKpyX-
HOCTM ¥ CTAHOBUTCA SICHO, 4TO DrmaTmaHpmio
nocetuna Coepa (cm. puc. 2.53), koropas,
IIPOXOJsA Yepe3 IVIOCKOCTb STOTO MMpa, Me-
HsJIa pa3Mepbl cBoero cedeHmsA. EcrecTseH-
HO, YTO IVZIOCKME JKUTEIU (DIIaT}IaHJII/H/I MOI'N
BUMETD JIUIIb Opr)KHOCTb, HO ee CBOJICTBa
ObUIM /11 HMX HEBEPOATHBI — OHA MOIJIA
OYeHb OBICTPO YBEIMYMBATBCA B pa3Mepax
U YMEHBINATbCA, TMOABIATBCA «U3 HUYETO»
U MCYe3aTh «B HUKY[a».

9TO «HUYEro ¥ HUKYAA» OBITIO TPETHUM
U3MepeHMeM, O KOTOPOM IUIOCKAaTUKU Hake
He JIOTaJIbIBa/INCh.

Jlanmee crmemyeT OYeHb OCTPOYMHBIN IM-
anor, B kotropoM Cdepa TIIETHO NBITACTCA

Puc. 2.53. MNyTb TpexmepHoW cdpepbl Yepes
nnockui mup ®dnatnaHguu. BupgHo, kak
OKPY>XHOCTb Ha MIOCKOCTM CHavana pacTer,
3aTeM yMeHbLLaeTcs U ucyesaet
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OOBSICHUTD I'epolo, 4TO OHa TpexmepHa. [To-
Hayajly pasroBop Booblie HOCUT abCypAHBII
Xapakrep. JInb 1mocie JIMTENbHbIX yCUINIA
elf yIaeTcs CKa3aTb YTO-TO pa3yMHOe:

«HeaHakomew. 51 npnbbIN K BaM 13 TpeTb-
ero umamepeHusi. OHO NpoCcTUpaeTcs BBEPX
1 BHU3.

£1. Bawa cBeTnocTb, No-BMAUMOMY, XoTena
ckasaTb, K CEBEPY M K tory?

He3Hakomey. Hnyero nogo6Horo! MNosops
0 TPETbEM U3MEPEHUN, I UMEN B BUAY Hanpas-
JIEHVEe, B KOTOPOE Bbl HE MOXETE 3arfsHyTb,
NOTOMY YTO y Bac HeT rnas cookKy.

A. MNpowy npoLleHusi, Balla CBETNOCTb,
HO JOCTaTO4HO daxe 6ernoro B3rnsga, 4YTo-
Obl BaLla MUIOCTb Morfa yoeauTbes: Tam, rae
CXOOATCS ABE MOM CTOPOHBbI, Y MEHS pacnoso-
XKEHO BESIMKONENHOe OKO.

HesHakomeL. He cnopto, HO Ans Toro, 4To-
6bl Bbl MOMM 3arnsaHyTb B [poCcTpaHCTBO, BaM
Heo6X0OMMO WMETb [Nas, pPacrnosioXeHHbIN
He Ha nepuMeTpe, a Ha BOKY: Ha TOM MecCTe,
KOTOpOE Bbl CKOpee BCEro Haseasnu 6bl CBOEN
BHYTPEHHOCTbIO. Mbl B Tpexmepun Ha3blBaem
€e Halleh CTOPOHOW.

A. ViMeTb rma3 B CBOeN BHYyTpeHHoCTH!
[ma3 B co6¢cTBEHHOM Xenyake! Balwia munocTb
LyTUT.

He3Hakomey. ¢ OTHOOb He pacnosno-
XeH WyTuTb. foBopto BaM, 4TO A NpubbI 13
[pocTpaHcTBa, UK, NOCKONbKY Bbl HE MOHK-
MaeTe, 4TO O3Ha4vaeT [lpocTpaHcTBO, — U3
CtpaHbl Tpex Vamepenuin, oTkyga s eLle co-
BCEM HeaBHO B3upan Ha Bawy [MnockocTb,
VMEHYEeMY0 BaAMWN UCTUHHbIM pOCTpaHCTBOM.
3aHnMas CTofb BbIFOAHYI0 MNO3ULMIO, S MOr
6e3 Tpyda 3arfsHyTb BHYTPb J1l060ro npeg-
MeTa, KOTOpbI Bbl HasbiBaeTe OOBLEMHbLIM

(T. e. «OrPaHNYEHHBIM C 4YETbIPEX CTOPOH»):

B BallM [OOMa, Xpambl, CYHOYKU U Cendbl,
Jaxe B BalUM BHYTPEHHOCTU W Xenyaku. Bce
6bIN10 OTKPBLITO MOEMY B30pYy!

A. ...0omxeH npusHaTbCs, Balla MUIOCTb,
YTO He MOHSAN HY CfoBa U3 TOro, O YeM Bbl MO-
BopwuTe...» (C. 89-91)

ITposeMOHCTPUPOBAB Jialee HEeCKOMbKO
pa3 CBOM BO3MOXKHOCTU IIPOHMKATb B 3aM-
KHYTble Ha IJIOCKOCTH, HO OTKPBIThIe B 00D-
eMe KOMHATBI, WKa(bl U IpOYNe IPefMeThI,
Cdepa Tak u He ybegmna repos, 4To Tpex-
MepHBIT Mup pearneH. Eil mpuuuiocs BbiTa-
I[UTh €r0 B KOHI[e KOHI[OB B TpPeXMepHOe
IPOCTPAHCTBO U [TOKA3aTh €My BeChb €ro JIBY-
MEPHBII MUP CBEPXY.

To, 4TO OH YBMJIEN, HAKOHELI-TO OTKPBIIO
I71a3a HalleMy repor. Bor TyT-1o u HacTyma-
eT Ky/IbMUHAIMOHHBII MOMEHT, pajyu KOTO-
pOro M mycanach KHNUTa:

«51. Ho, B3AB MeHs c co6on B CTpaHy
Tpex MamepeHuni, Balla CBETNOCTb Nnokasana
MHe BHYTPEHHOCTU MOWX COOTEYECTBEHHWNKOB
B CtpaHe [1Byx ViamepeHuii.

YTO MOXET 6bITb flerdye, 4em B3sTb CBOE-
ro NMOKOPHOro Cryry BO BTOPOE MyTeLUECTBUE,
B 6/1arocfioBeHHyt0 obnactb Yetseptoro Us-
MepeHus, OTKyAa 3 Mor 6bl BMECTE C ero CBeT-
nocTblo 6pocuTh B3rag Ha Ctpany Tpex W3-
MEPEHUA 1 YBUAETL BCE, YTO CKPbITO BHYTpU
JO6Or0 TPEXMEPHOro A0Ma, MOCTUTHYThL Taw-
Hbl TPEXMEPHOW 3eMMu, Mo3HaTb COKPOBMLLA
LIaxT U PyAHWKOB Tpexmepusi U BHYTPEHHOCTU
0600 TPEXMEPHOMO XXUBOMO CYLLIECTBA. ..

Capepa. Ho roe Haxogutcs ata CtpaHa Ye-
Tblpex N3amepeHnin?

5. He 3Hao, HO MOEMy BbICOKOYTUMOMY
HacTaBHWKY 3TO [OMXKHO 6bITb M3BECTHO.

Cepepa. MHe Hu4ero He u3BecTHo. Ta-

KoM CTpaHbl HeT. Cama MbIClb O TOM, 4TO
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OHa CyLlecCTBYeT, JiMlieHa BCAKOro cMbicna».
(C. 109)

ITomyumnock, 4TO aHAJIOTMA PacIIMpuiIa
CO3HaHMe JBYMEPHOTO I'eposi, U OH IOHA, 4TO
BO3MOXHBI Apyrue N-mepuble Mypsl. Ho Cee-
pa He CMOITIa 9TOTO cebe IPefCcTaBUTD, IOTOMY
YTO ee CO3HaHMe JIMIIb PEefYLMPOBANOChH II0
XOJIy COOBITHII Ha OIHY Pa3MepPHOCTb HIDKE.

Besycnosno, mpobnema [EPEXO[A
K HETbIPEXMEPHOMY BUOEHWIO o4ens
HEIIPOCTa [/IA HAIllero CTaHAAPTHO TPEXMEPHO
OpraHM30BaHHOIO CO3HaHMA. Ecmm ke mpu-
HSTb BEPCUIO aBTOPA O TOM, UTO Hemeepmvim
usmepeHuem A6AEMCA MACUMAOHAL 0Cb, TO
Torga moboe IBIDKeHNe BOMb M-ocu Oyner
U3MEHAMb Pa3mMepbl CUCTEMBL.

Torma MHOHATHO, 4YTO BCe IIyIbCALIUN
(oxkatma — pacmmMpeHMs) — 3TO YUCTO

4JeThIpeXMepHble ABIDKeHn:A. Harme cepame —
caMblil yeTbIpexMepHbIit opran! bonee Toro,
YeThIpeXMEepPHbl ¥ IIAPOBble MOJIHMY, 160
VIMEHHO OHJ MMEIOT CIIOCOOHOCTb IOSIB/IATh-
Cl «M3 HUYETO» U MICYe3aTh «HUKY/a».

Cronp e O4eBMUIHO, YTO BCe MICTOPUU
cHJIO — ar0 BCTpewya ¢ «IyTelIeCTBYIO-
MMUMI» B YeTBIPEXMEPHOM MPOCTPAHCTBE
00BeKTaMu, [/ KOTOPBIX HALIl MUP — BCETO

JINHIb OOVIH 13 Iapa/lJIeJIbHbIX MIPOB.

JA 1 HALL MWP HA CAMOM [JEJIE BO-
JIEE HETbIPEXMEPEH, YEM TPEXMEPEH.

EcTecTBeHHO, YTO HENOHMMAaHNUE 3aKO-
HOB CTPYKTYPHOI OpraHM3anuy MaTepuu
BJIOTIb Y€TBEPTOTO M3MEPEeHUsA KOMIIEHCUPY-
eTCA MMCTHMKON U TIPOYMMMU OKKYIBTHBIMU

00bICHEHUAMMU.

KapTuHa Mopuca depa «Pentunum» UnncTpupyeT nepexon
13 ABYMEPHOro M1pa B TPEXMEpHbI 1 06paTHO
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B TakoM HOBOM BOIpOCe, KaK paciuupe-
HIe CO3HAHNS [IO YeThIPEXMEPHOTO, YeIOBe-
4eCTBY 6€3yCTIOBHO NPEJCTOUT pa3OupaThCst
elrje MHOTMe TOABL. MBI XKe [OKa aleympyeM
K QHAJIOIVSM U PaccMarpyuBaeM CKopee npo-
eKyUY Yemeepmozo usmepeHus Ha mpaou-
UUOHHDIE MOOENTU HAWIEZ0 MUPA.

IIpn stom MACLUTABHAA OCb — aro
JiaeKo He eAMHCTBEHHAs NPOeKusl. MOXHO
FOBOPUTH U 00 MepapXIIecKoM YCTPOMCTBe
BceneHHOI, M O JyXOBHOM BeKTOpe, U 00
O4Y€Hb MHOIMX HE€ IIOMELJAIOUINXCA B TpeEX-
MepHOIT MOIe/IV MUpa U3MePEHNSIX.

Yro sxe xacaercs MLB, to 6e3ycnosHo,
4TO B JJa/IbHEIIIEM OYYT OTKPBITHI €lile MHO-
rie YHUKAJIbHble 0COOEHHOCTV 9TON TOYKM
Ha MacumrTabHoit ocu Bceenennoit. Ham sxe

Ba)XHO CJIEIATh 3/1eCh HOBBIN [IS1 COBPEMEH-
Hott mapagurmst BbIBO[, uro

YENNOBEK KAK TIPEOCTABUTEb
BUOCDEPHLI — HE CINYYANHOE $IBJIE-
HWE BO BCENEHHOW, A $BNEHWE
O4YEHb 3AKOHOMEPHOE W MO MoJio-
XXEHNIO HA M-OCW — LIEHTPAJTIbHOE.

[IpaBa, B TOM K€ IIEHTPE €CThb MECTO
U OTPOMHOMY MHOXKECTBY HPYTUX CUCTEM,
u6o sror uenrp JAET BCEJIEHCKVYIO NH-
OOPMALIMKO ONA BCEX XKWMBbIX CY-
LLECTB 3EMJIN.

[TosToMy [anblile BO3HMKAeT BOIPOC,
YEM XE C TOYKN 3PEHNA PACCMO-
TPEHHOW MACLUTAEHOW MOJEN
MWPA YEJNOBEK OTIIMYAETCA OT
OPYINX XXNBbIX CYLLECTB?



HACTb [l

3BOJIIOLMA YKN3HN B MACLUTABHON

WEPAPXUW BCENEHHON

Visno>keHne pesynbTaTOB MCCIENOBAHNUA
MacIITaOHOM CUMMETPUM B LIeJIOM 3aKOHYe-
HO, JOporoii ymuraTenb. OCTanuCh MUIIbL He-
6ornblie pparMeHThl, KOTOPBIE TI0KA elle, 10
MHEHUIO aBTOPa, «He 03Penu» IO CUCTeMa-
TUYHOTO U3TOKEHNUA.

W Bce ke Bac KJeT elle OfHA TOBOILHO
obmmpHas vacte KHuru. Korma xHura 6nura
3aJjyMaHa, HallMICaHMe 3TON YacTy He IJIaHNU-
POBasoch, U BCe ke OHa MoABMUIACh. [Toyemy?
K Heit MeHs IpuBenu cefyoe npuHyUnu-
anvHovle MOMEHMDL.

Bo-nepevix, 04€BUHO, YTO MEX]Y OIMN-
CaHHBIMM BbIIIE 3aKOHAMU TapPMOHMYHOTO
YCTPOJICTBA M MAacCIITaOHOI IIe/IOCTHOCTH
BcenenHoii, ¢ ofHOJ CTOPOHBI, ¥ HeCOBEp-
IIEHCTBOM COIMa/TbHOTO YCTPOJCTBA YenoBe-
4yecTBa — C IPYTOIif, CyIecTByeT ABHOE MUPO-
BO33peHYecKoe MPOTUBOpeYle.

Bosuuxaem eonpoc: a ynpaensemo nu
4e7108e4eCcme0 6CeNeHCKUMU 2APMOHUYHDL-
mu 3axonamu? MoxkeT ObITb, KpOMe 3aKO-
HOB TapMOHMU BO BceneHHON [elicTBYIOT
" 3aKOHBI JICTAPMOHUY, KOTOPBIX aBTOPY He
YHanoch BbIABUTB? VI MOXeT ObITh, B 4e/IOBe-
YeCKOM co06miecTBe JOMUHMUPYIOT He CTONb-
KO 3aKOHBI TapMOHMM, CKOJIBKO 3TU HEBBI-
ABJIEHHBIE 3aKOHbI AucrapmMoHmu? pyrumum

3anoBesb HOBYIO faro Bam,

a nobute apyr apyra;
Kak 51 Bo3/1t06u71 Bac,
Tak v Bbl, fa 1obute apyr apyra.

EBaHrenune ot MoaHHa, 13:34

CTIOBaMU, MOXKET OBITb, COLMAIbHBIN MUP —
9TO KaKOJ-TO «HeyOpaHHBII MEBEXWIT yTO»
Bcenennoii?

Bo-emopuix, BbIBOA O MaclITabHO-IjeH-
TPaJbHOM IIOJIOKEHMN KIeTKu BO BceneH-
HOJ1, O4eBMIHO, IPUBOAUT K ABHOMY MUPO-
BO33peHUYeCKOMY Hepekocy. [Tomydaercs, 4To
HIYEeTo I[eHTpajabHee 1M BaKHee KIEeTKU BO
BcenenHoit HeT (IIyCTh AaXke C Y4€TOM TMIIO-
TETUYECKOTO «3€PHa MIUPOBOTO AyXa»). Hero-
BeK K€ CIBMHYT OT MacCUITabHOTro IieHTpa Ha
5 MOpAAKOB IIpaBee, COOOILIECTBO ONEN —
elle lasiblile.

B TedyeHme Bcero mporecca HaNlMCaHUA
u obopmenns atoit kaury 3navenne MLB
C TOYKM 3peHNus] MaclITabHOM CUMMETpPUN
0CTaBa/IOCh [JIA MEHA HEOCIOPMMO Ba)XKHBIM.
OpnHako s IOHMMAJI, YTO IPUOPUTETHOE OT-
nowenue Kk MLB s excednesnoii uenoseuecxoii
npakmuke MOXeT IIPUBECTU K Oe3y/ep>KHO-
MY 9TOM3MY MIH K (GeTUIIN3aINU CBOETO Ha-
C/IE€[ICTBEHHOTO «SI».

B-mpemvux, c HOBOII OCTPOTON BCII/IBIT
paHee IIOCTABJIEHHBII 6JOIOraMu BOIPOC:
3aueM buocdepe Heobxopmmo O6bUIO CO3-
IaBaTb MMUP MHOTOK/IETOYHBIX OpTaHU3-
MOB I 4e/IoOBeKa B YacTHOCTM? Bemp kiet-
Ka — TOJIbKO JUIS HECIEIVAINCTOB — 3TO
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MajleHbKas KallenbKa 4ero-to. Lluronoru or-
JIIYHO 3HAIOT, YTO K/IeTKa — BENMKOJIEIIHOE
CO3/IaHIe IPUPOJDI CO CIIOKHOI BHY TPEHHEN
CTPYKTYPOIl M OT/IaKEHHBIMY MPOLieccaMu
JKMBHEOCATECIbHOCTY HA BCEX ypOBHHX opra-
Husanu. V, KcTaT, §o cux mop 61oJIory He
[la/Iu OTBETA, HOYeMy IIPMpPOJia He IIOLIIA M-
TEM yBeINYeHNsI KIIeTKYU [0 CAHTUMETPOBBIX
U METPOBBIX pasMepOB, a 3alyCTHUIa Mexa-
HI3M IPOO/IEHNS KIeTOK M CO3TaHMs MHOTO-
KJIETOYHBIX CUCTeM. Belb HUKaKUX 0COOeH-
HO NIpMHOUIINAJIbHBIX HpeHHTCTBMﬁI K pOCTy
KJIETKY JI0 TOpaso 6OMbIINX pasMepoB 61o-
JIoT¥sl He BUUT. [la 1 BOOOIIe HEHMOHITHO,
3aueM ObIJIO IIPUPOJE, CO3MHABIIE BEINKO-
JIETIHBINI KJIETOYHBINI MUP, KOTOPbI, KpoMe
BCEro, HAaXOQUTCA O4YeHb OIM3KO K CTOMb
Ba)KHOMY s BcenmeHHoit MacmTafy, Kak
MLIB, myckaTbcst BO Bce TSDKKHMe M CTPOUTD
U3 KIE€TOK OpraHusMbl. Benb MHOrVMe COTHU
MIWUIMOHOB j1eT B brocdepe xmmn Tonpko
opHOK/IeTouHble. Kakas e BCeleHCKas mpu-
YMHA IIOTHa/Ia OJHOKJ/JIETOYHbIC B <<MypaBe17[-
HMK» MHOTI'OKJIETOYHBIX CUCTEM, I'I€ YMCIO
KJIETOK JIOCTUIAeT, HallpyIMep, B YelOBeKe —
BemuuHbl 10'°? U kakas cuia 3ateM morxana
MHOTOK/IETOYHBIX B CTal, CTajia ¥ 61OIeHO-
3p1¢? YemoBeKa ke — BBIPBaJIa 13 LIIOCTHOIO
U TApMOHMYHOTO MUpa OOLIMHHON XWU3HH,
B KOTOPOM OH JKU/I HE€ MEHEE COTEH ThICAY
neT, u 6pocuIa B «MypaBeilHUK» OOBILINX
TOPOJOB M JXeCTKYI0 CHCTEMY TIMIaHTCKUX
UMIIepUit?

OTM ¥ aHAJIOTMYHBblEe BOIPOCHI MHOTHUE
TOZIBI He AaBa/i MHe oKos1. He To 4T06b! 51 He
3Ha/I HA HUX TPpaIMLVIOHHBIX OTBETOB 61/[0}10-
roB 1 ¢punocodos, mpobdrema 6buIa B LPYTOM:
KaK Haiimu o6uuii omeem Ha HUX 8 PamMKax
nocmpoenHoli MHO10 MoOesn.

Benp momywamoch, 4TO 1uM6O 3aKOHBI
MaciTabHol cuMMeTpur Bo BceneHHolt Ha-
pyuaoTcs, mbo ee MacIITaAGHbIE TPAHMIIBI
OIIpefie/ieHbl HEeBEPHO, MO0 HMKAKOTO 0CO-
6oro Mecra JjIs 4enoBeka BO BcenenHoit He

IIpefycMOTpeHo. [l KIeTKM — IpefycMo-
TPEHO, a JyIA YenoBeka — HeT. O6yMbIBas
MHOTJI€ TO/{bl BC€ BO3MOYKHbIE BAPMAHTBI OT-
BETOB Ha 3TU BONPOCHI, 1 B KOHEYHOM UTOTe
TIpUIIENT K CTIEYI0IeMy BBIBOTTY.

Ilymato, 4to Bo Beernennoit «xyer» MAC-
LUTABHbIVA BETEP MEPEMEH. U «ryer»
OH B OCHOBHOM CJIeBa HAalpaBo, BIonb M-ocu,
T. €. I3 MUKpO- B Makpomup. ITosTomy Bompo-
CBI MAaCIITAOHOIO PaBHOBECHUA, YCTONYNBOCTH
U CHMMETpUM HeoOXOfIMO paccMaTpyBaTh
€ yueToM 9T10ro dakropa.

Korpma-To MHe mpuiuen B ronoBy ob6pas,
KOTOPBIif HEIJIOXO MIITIOCTPUPYET 3Ty UAEI0.
IIpenmonoXxmuM, d4TO Mbl IPOBOAMM B 3a-
KDBITOJ KaMepe HMpOCTEMINNI SKCIEPUMEHT
C onpefie/ieHNeM Hayubosiee yCTOIYMBOro I10-
JIO’KEHMA MOHETDBI Ha pEIIETKeE. HpmrnamaeM
IIOCTOPOHHETO HAOIONATeIA ¥ IPOCHM ero
IpUAaTh MOHeTe Hambosee yCTOYMBOE IO-
noxenne. Habmiomarenpb, ecTeCTBEHHO, IIO-
TIOKUT MOHETY IIJTalIMdA, eMY 1 B TOJIOBY He
[IPUJIET CTABUTbH €€ Ha pebpo.

W pmeiictBUTENBHO, B CIy4ae yCTaHOBKM
MOHeTBI Ha pebpo Hebosbiume KomeOaHMs
KaMepbl IPMBEAYT K ee MajieHNIo, a B JIeXKa-
4yeM IIOJIOKeHMM MOHeTa TaK M OCTAHEeTCH
nexarb. Temepb HECKONbKO M3MEHUM YCTIO-
BUA SKCIEPVMMEHTa, HUYETr0 He CKazaB 00
sTOoM Habmiopareno. CosmafuMm depes pe-
LIETKY MOIHBIN BO3JYLIHBIA IIOTOK CHU3Y
BBepx. Torza mono)keHHas IVIALIMA MOHETa
3aKyBBIPKAeTCSI B 9TOM BO3JYIIHOM IOTO-
Ke, TIOCKO/IbKY OKa)XeTCs B HeyCTONYMBOM
nonoxenun. Ilocmaenennas sxe Ha pebpo
MOHEMa 0KANeMCs HeONUOAHHO MAKCUMATTb-
Ho ycmotiuueoil. Ee 60ka OynyT ob6myBarbcs
BOCXOJAIVMM IIOTOKaMM C MMHUMATbHBIM
COIIPOTHB/IEHNEM.

HesaBucumblit HabmogaTenp, KOTOPOTo
MBI He TTpefyNpeayay O BKTI0OUeHHOM BeHTH-
NATOpPE U Y KOTOPOTO HeT HMKAKOM BO3MOX-
HOCTH OLIYTUTH BO3JYLIHBIA IOTOK, OyfeT
KpaiiHe yiuB/eH yBujeHHbIM. Kaprtuna mna

252



Hero Iokaxxercsi abcypaHoit. Bonpexn sppa-
BOMY CMBICIIY CTOsIIIlasl Ha pebpe MOHeTa He
OyzeT majaTh Ipy BUOPALMM U TOKAYVBaHN-
X KaMepbl.

Hp]/[MepHO B TaKOM K€ I/I3YMHCHI/H/I MO-
JKeT 0Ka3aTbCsA /M000I, KTO CTAaHeT M3y4YaTh
MacHTabHYI0 CUMMeTpUI0. ABTOp caM ObIn
monroe BpeMs B HefoyMeHuu. Ecin He BBO-
INUTD MOHATIE MACUMAa6H020 6empa nepe-
MeH, TO MHOTO€ B HaPMCOBAHHOII TaHOpaMe
MAacIITaGHBIX IPOLECCOB MOKAXKETCs Heo-
TMYHBIM, CTPAHHBIM M [axKe a6cyp,quIM.
B wyacTHOCTH, MOXXHO CJielaThb HeBEepHDIN
BBIBOJ, 00 OYeHb HEYCTONYMBOM M CIydaii-
HOM Io7moXXeHnu buocdepsr Bo Bceenen-
HOM. MOXXHO IOIBITATBCS HPUHATH KaKo-
e-To 6ojIee yCTOYMBOE IOTIOXKEHNUE U IPH
9TOM «Jledb Honepex» 6CeNEHCK020 NOMOKA
nepemen. Hampumep, ecnmu He yd4UTHIBATb
HaIlopa éempa nepemeH CieBa HaIpaBo, TO
MOXXCHO B LIEHTP MUPO3JaHUsI MOCTABUTh
cBOe HacyeficTBeHHoe «SI» unu ceoe Aro. Ho
IpY TIEPBOM >Ke MOPBIBE BCEIEHCKOTO BETpa
TaKO€ MTOJIOKEHIE OKaXKeTCsl BeChMa HecTa-
OMIBHBIM, M BaC MOXKET «3aKYBBIPKATb» II0
JKU3HUL. ..

Bce 910, MOXXeT CKa3aTb YMTATeNb, TUTE-
parypHble 06pasbl. A /e $aKThl, IOATBEPK-
JArol[ie Ha/MM4le 9TOTO BEKTOPa CIABUTA 9BO-
JIIOLIMY BIIPABO BJOTb M-ocu?

VYBbI, unrarens npas. PakToB MOYTH HET.
EcTb ke B OCHOBHOM UHMYUMu6HOe BULEHNE
HeKOTOporo siBeHus. Ero MOXXHO Ha3BaTh
M-9BOJMOUMEN, cospatomeit mocTosH-
HBIV HAIIOp JJIS CABUTA BCEX IPOLIECCOB pas-
BUTHUS BO BceleHHOII B CTOpOHY 60IbLINX
MacuITaboB.

Y MeHs, KaK y aBTOpa 9TON KHUIM, HET
JBOCTAaTOYHBIX (AKTOB ¥ APTYMEHTOB, YTOOBI
omucarb M-OBOJMKOUNKO cronb xe mogm-
po6uo, xkak M-CUMMETPUIO umu M-OUN-
HAMUKY. Tlostomy s okasancsi ImocTas-
JIEHHBIM TIeper; BbibopoM. MoxkHO 6b1TO 6B
YIOBIIETBOPUTHCS

MN3NIOKEHNEM  3aKOHOB

MacIITabHONl CUMMETPUM M OCTAHOBUTH-
Cs1 B TOM MecCTe, Ifle 3aKaHYMBAeTCs BTOpas
YaCTb KHUTY, WIN IIYCTUTBCS B paccyioeHust
Ha 9Ty CJIOKHYIO U TIIATE/IbHO He Mpopabo-
TaHHYIO TEMY.

Katocp, cHauanma s BbIOpasn HepBbIil Ba-
PUMAHT, KOTOpbII ObUI ropasgo OesomacHee
C TOYKV 3PEHNSI BOBMOXKHOIM KPUTUKY U Ha-
magoK ommoHeHTOB. ORHAKO KOrfa IIOCie
HECKO/IBKMX BBICTYIIEHMIT Ha KOH(pepeHIu-
AaX A yB]/[I[eII, Ky;[(a HOBOpa‘—II/IBaeTCH MI/IPO-
BO33peHIe MHOIUX C/IyLIATeNIell, TO MIPUILIeN
K yOOXK/IeHUI0, YTO JIyd4llle HONbIMAMbCs
CKA3amb, Nycmv euje U He CO8CeM MOUHO,
nonvo u npasunvho, 06 M-OBOJIOLINN,
HeM NPoMonHam o Heti 6000uje.

Tak mony4dmnach ciaefyomas CTpyKTypa
TpeTbel YacTu.

B ee nauane naHbl 04eHb HeOOIbIIINE CU-
cmemHble apzyMeHmpl B TIO/Ib3y CYIECTBO-
BaHIsI 6eMpa nepemeH.

Jlanee 3T OCHOBaHMsA, KOTOpPbIE HAIIONIO-
BI/IHy Ha6}IIOJIaeMbI, HaHOHOBI/IHy HOCTY}II/IPY-
€Mbl, TIPUHSATHI 33 AKCUOMY.

VI3 akcuOMBI CHeIaHbl 02uUecKue cneo-
Cmeéus U BBICTPOEHBI HEKOTOpble o0b1ine
IpUHIMIIBL M-3BOIONNN.

3areM s MOIBITAJICA HANTU coomeem-
cmeue cOeNaAHHbIM CIe0CHEUAM B VICTOPUN
MMPOBOJ KYIBTYpbl — B ee ¢punocoPckom
U penu2uo3HomM TUIacTaX. VIMEHHO B 9THX,
a He B HAy4HbIX, IUIACTAX, HOTOMY YTO OHMU
SIBJISIIOTCSL MUPOBO33peHYecKH 6osiee 3perbl-
MM, 4eM Hay4HBIil IU1ACT OCMBIC/IEHVSI MUPa,
Bellb KOIZa-TO BCA HayKa IPOM3OIIIA U3 pe-
yruy 1 punocopun.

EcTecTBEHHO, YTO TaKOil IIOAXOJ YacTO
YBOJVI MEHSI 8eCbMa 0A71eKO OT M3/I0XKEHHBIX
B IIEPBBIX [IBYX YaCTsAX BBIBOAOB U cxeM. OH
YBOAWI B OO/IACTb JIUYHBIX MUPOBO33pPeHHUe-
ckux npedcmasnenuil u npucmpacmuii. Bos-
MOJXHO, I'Ie-TO 3T HpeJICTaBHeHI/[H HOKa)KyT-
Cs1 YUTATENI0 HEJJOCTATOYHO 3PeJIbIMY, T/ie-TO
IPOTUBOPEINBBIMIL.
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Jleno B TOM, 4YTO f, KaK aBTOp, U He
cmasun nepen coboit 3agady — 0amov cob-
CMBeHHOe UeNOCMHOe MUPOBO33PEHUECKOe
nonomuo. 3agada OblIa IIOCTaBIe€Ha ropas-
mo 6osee JMOKanbHasA: HAtimu xoms 6vl ac-
COUUAMUBHYI0 (65136 0ABHO U3BECHHDIX
8 MUPOBOIl Kynibmype 3aK0HO8 U NOTOMHCe-
HUll ¢ nPed8apumenbHoO U3N0NeHHOL udeetl
M-seontoyuu.

Ecmu e Koro-to MHTepecyeT, IOYeMy
aBTOp He ITIONBITAICA JaTh C680e IeTIOCTHOE
BUJIEHNE, TO OTBeT ImpocT. IloTomy, 4TO OHO
[I0Ka ellle BBI3pEBaeT, OHO He Npuobpeo
OKOHYATebHOI (OPMBI, M MHOTHE ero obma-
CTU BBIITIAOAT CprbIMI/[ n HpeJlBapI/[TefIbeI—
Mmu. [la mpoctut Mens nostomy locnops bor
3a BCE MOM BO3MO)KHbIE OLIMOKM B 3TOIT 3a-
BepIIAOIIell KHUTY 4acTu!



[TIABA 3.1

HAMPABJIEHHOCTb 3BOJIOLWK
B MACLLTABHOM NPOCTPAHGTBE

Bce manHble, cOOpaHHbBIE B KOCMOJIOTHN,
CBUJIETE/IBCTBYIOT O TOM, 4TO BcenenHas He-
IIPEPHIBHO 3BONIIOLMOHMPYET. Bce pnanHHbIE,
coOpaHHble B OMOIOINM, CBUETEIbCTBYIOT
O TOM, YTO HEIPEPBIBHO 3BOMIOLMOHMPYET
u buocdepa.

B KOCMO/IOTMYeCKOi MOJENN PaclIpsiio-
utesicsa BeeneHHOI CylecTByeT eCTeCTBEHHA
HOCTIENOBATENBHOCTD POXKIEHVSI Y PA3BUTIS
ee nogcucreM. CHavana GOpMUPOBAICS MUP
9/IEeMEHTAPHBIX YaCTHMI, 3aTeM IOsBUINChH
HpPOCTENilIe aTOMbI, B Ha/bHENlIeM pas-
BUTHE IO )K€ Ha Macurtabax 3Besp M ra-
nakTuK. Ilocne saBepuieHns 3Toii OCHOBHOI
nepeoil snoxu cmpyKmypoo6paso6anus 1o-
clefoBana émopas anoxa. B artor mepuon
K OCHOBHBIM IIPECTABUTEISIM KaXK/JOTO 13
KJIaCCOB CHCTeM B pesynbrare auddepenim-
alMu U CUHTe3a CTa/MU JOOABIATHCS HOBBIE
pasHoBupHOCT. Hambosnee HarIAZHO 3TO
HPOSIBISIIOCHh B MPOIIECCe XMMUIECKOI 9BO-
mouun BceneHHoil, B pesynbTraTe KOTOPOIt
pocio pasHoOOpasye ee aTOMHOTO COCTaBa.
ITpu 9TOM U Ha IIEPBOM, 1 Ha BTOPOM IJTare
BEKTOP 9BOMIOLMM B IIeIOM OBUI Halpas-
JIeH B CTOPOHY YBeIMYEHMs PasMepoB, IO
M-ocu — BrpasBo.

Moskuo NMPEOMOJNTIOXXUTb, uto ssonro-
yust Buocepvr nosmopuna nymo sgonoyuu
Bcenennoti (6e3ycnoBHO B OOIINX CHCTEMHBIX
Yyeprax).

K aTomy mpefmono)XeHnio Hac IOJBO-
IUT TOT (aKT, YTO IepBble obuTaTeMM 3eMIu
ObUIM OZHOK/IETOYHBIMM, U IOTPeOOBAIOCH

BpeMsi, YTOOBI MOSBUIMCH MHOTOK/IETOYHBIE,
IYyTb PAa3BUTHA KOTOPBIX O CYLIECTBYIOMINX
HbIHe (POPM TOXKe OKA3aJICs [JOCTATOYHO JOJI-
ruM. Ec/iu He BoaBaThCs B TN, TO B CAMbBIX
OOILIMX YepTax MOXXHO yTBEP>KAaTb, YTO 3BO-
oIuA OMOCUCTeM Ha 3eMjie IIa OT MeHb-
INX pasMepoB K pasMepaMm OONbLINM, U ee
MO>KHO pasjie/IuTh Ha TPU KPYIIHBIX 3TaIa.

Oman nepeéviii. IBOMOLN OFHOK/IETOU-
HBIX OPTaHU3MOB.

Oman eémopoii. IBOMONUA MHOTOKIIe-
TOYHBIX OPTaHN3MOB.

Oman mpemuii. DBOIIOLUA IONYLALN-
OHHBIX CUCTEM.

Ckopee BCero MOCHAENHMIT STall JIMIIb
TOJIBKO HAdajcA. ABTOP CYMTaeT, YTO HAM-
6ojee CIIOXKHBIMYM 13 BCeX IIONMY/IALI SIB-
JIIOTCSA TIONY/IALVM ColuanbHble. [loaTomy
TPeTUil 9Tall MOXKHO Ha3BaTb ellle 1 3TAIlOM
COILIMIa/IbHOM 3BOJIIOINNA.

Ha macmtabHOM OCM KaXK/IOMY U3 9TUX
TpeX 3TallOB MOXXHO COIIOCTaBUTH OIpefe-
JICHHBII MHTepBaJ, pasMepoM B 5 mHOpAf-
KOB KaXpblil. [Ipm aToM KaXK[blli MHTEpBa
MO>KHO MPEJICTABUTD €r0 MacCIITaOHBIM IeH-
TpoM — (okycoM sBomoumu. A opHO-
K/IETOYHBIX (POKYC 3BOJIOLMU PACIIONOXKEH
B MUB, m1a MHOromeHTOYHBIX — B TOYKe
(+2), anst MONyIALMOHHBIX GOPM — B TOUKe
(+7) (cem. puc. 3.1).

MPEOMNONOXNM, 4o kaxxpit u3 HOKy-
COB Xxapaxmepusyem ueHmp mMaxKcumanbHoll
aKmueéHOCmy 3BOJIIOLVIOHHBIX IIPOLIECCOB HA
Ka)XJJOM VI3 TPeX BBI/Ie/ICHHBIX BBIIIIE 9TAIIOB.
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Puc. 3.1. «®okycbl» aBontoumm Brocdepsl Ha M-ocu

MPEXDE YEM UDTU
DAAbLUE, CDENAEM CBOBODHOE
OTCTYNAEHUE

Paccmotpum pgBa 6nu3kuMx npouecca:
poxxaeHue N TBopeHne. HecMoTpsi Ha MX No-
XOXECTb, MEXAY HUMW €CTb U MpUHLMNMans-
HOe pasnuyue.

PoXxgeHne — npouecc noBTOPHOro rno-
siBJIeHUs1 (BOCIMpPOU3BOACTBA) CUCTEM, YyXe
CyLlecTBOBaBLUMX paHee. [M03ToMy XOTS Kax-
Abli pa3 1 poXx[aeTcs HOBbIN OOBLEKT, OAHAKO
B CBOMX KITHOYEBbIX CBOWCTBAxX OH MOBTOPSET
HEeKMI OBLLMIA TUM.

PoxpeHne — saBneHve pns BceneHHow
BceoOLLee 1 Be3fecyLlee. PoxpatoTcs HoBble
3Be3[bl, HOBblE OPraHW3Mbl, HOBbIE FanakTuKu,
HOBbIE YacTuLbl. DTOT MPOLIECC MOET Ha BCEX
aTaxax BceneHHon, B Kaxpon Touyke M-ocwu.
HeT Hmn4yero Be4yHoro Bo BceneHHow, Bce nme-
€T CBOW KOHEL, N CBOE Ha4ano — poXaeHue.

TBOopeHMe — siBNeHWe Kakoro 6bl TO HU
6bITI0 TUNAa OOGLEKTOB B rnepBbiNi pa3. Ecnu
BEpWUTb KOCMosoram, 6binM BpemeHa, Korga

BO BceneHHoW He 6bino He TONbKO ranakTuk
1 3Be3[, Kak TUMoB CUCTEM BOOOLLIE, He ObINo
Jaxe aTOMOB W 3fieMeHTapHbIX Yactuu. Cne-
JoBaTenbHO, W TBOpPEeHWe, BMAWMO, MpucyLle
BCeM 3Taxam BceneHHon, HO B CpaBHEHWUU
C POXAEeHNeM TBOPEHWe Bceraa sABnseTcs aKk—
TOM, TaK Kak rnocne co3faHus rnepsbiX 3Be3[
W ranakimk ux panbHevllee MosiBeHne BO
BceneHHon yxe nepexoguT B paspspn fBne-
HUA  poxaeHus. [encTBUTEeNbHO, COTBOPUTH
YTO-NNMOO MOXHO MPaKTUYECKM BCEro NuLlb
OfVH pas, OKOoH4aTenbHo. BesycnosHo, 4TO,
paccmatpvBasi TBOPeHWE B CPaBHEHWM C MO-
crnefylowmmMmn  6ecHUCeHHbIMM - oBTOpamm
POXAEHMSA, Mbl MOXEM Ha3blBaTb €ro akTOM.
OpHako ecnu 3TOT aKT UCCnepaoBaTb OTAESbHO,
KaK camoCcTosiTeSIbHOe fIBfeHUe, TO TBOpeHue
NPOSIBAETCH KaK CMOXHbIN NPOLECC C MHOXe-
CTBOM BHYTPEHHWX 3Tanos, K3)K,£1b|l7| N3 KOTO-
pbix TpebyeT oTAeNnbHOro uayyveHus. B panb-
Henwem Mbl 6yaem Ha3bliBaTb TBOPEHME aKTOM
WM MPOLECCOM B 3aBUCUMOCTM OT KOHTEKCTA.

WTak, ecnun 6paTb OJ1s CpaBHEHWS TBOPEHME
N poxpeHne (MOBTOPHOE BOCNPOW3BOACTBO)
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B 00/1acTM 4eNloBEeYECKOW OeATeNIbHOCTWU, TO
MOXHO OHO3Ha4YHO YyTBEpXAaTb, 4YTO TBO—
peHne — 6osiee C/IOXHbIN npouecc, 4em
poxnaeHue. Begob COTBOPUTL MOXHO TOSbKO
YTO-IMO0 MPUHLIMNNANBHO HOBOE, T. €. TO, Yero
paHee BO BceneHHoM He 6bi10.

OTa HepaBHOLEHHOCTb ABYX SIBMEHUA OT-
paxeHa, KCTaTtu, N B pesIMrMo3HOM CO3HaHNN™.
Bor — Orteu, Ho Bor — B nepByo o4epenb
TBopeu, 60 OH cOTBOpPUN STOT MUP, BMECTE
CO BCeMu Tunamu 06‘beKTOB, ero HanosHaA-
wmmmn. O4eBmaHoO, 4TO ponun Teopua B penuru-
O03HOM YYeHWUn npuaaeTcs 6onbluee 3HaYeHue,
yeM ponu OTua. 310, C HaLLUEN TOYKU 3peHMs,
oTpaxaeT obluee npeacTaBfieHNe O COOTHO-
weHun BO BceneHHow 3Ha4YMMoOCTM paccma-
TPUBaEeMbIX SBIIEHUN.

Ecnn Tenepb BEpHYTbLCS B €CTECTBO3HA-
HVe, TO, CpaBHMBAs YenoBeKa C XMBOTHbIMMU,
MOXHO HaWTV npuHUMNManbHoe pasnuyve
B TOM, YTO YENOBEK OTNIMYAETCS OT XXMBOTHbIX

CMOCOBGHOCTBIO K TBOp4YecTBY. Bemb ntoboe

* ABTOp — BepyIOIINIT 4eTIOBEK, XOTS 11 POC, KaK 607Ib-
LIMHCTBO CBEPCTHUKOB B COBETCKOE BPEMsI, ATEVICTOM.
B mocreiHee BpeMs MHOTE YYeHbIe PAcCTAIOTCA C aTe-
M3MOM U TIBITAIOTCS HANTU JIOTMYECKIE Hay‘-[HI)Ie OCHO-
BaHNA 6I)ITI/[H Boskus. HackonbKo 9T TTOIIBITKI ycnem-
HbI — S He 6epyc1; 31ecChb CyI[I/ITI), HO MHOTIa OY€BUIHO
«CMellleHNe CTU/IEN» — B YMCTO HAY4HOI, JJaKe 9KC-
MePUMEHTAbHOI PaboTe MOABAIOTCA PACCYXKCHMA
o CospgaTene. 3a4aCTyI0 OHU 3aMeI[al0T HeJOIOHMMA-
HIe YCTPOIICTBA M3y4aeMOrO aBTOPOM TaKoil pabOThI
KaKOT0-TO y4acTKa Bcenennoii. [lna pasButua Haykm
TOOOHbIE «CCBIIKV HA MCTOYHUK» BPSIZ /I YTO-TNOO0
TAmoT. OHI/[ JINIID ITOKA3bIBAKT, UYTO UX aBTOp — Bepylo-
Uit B Pa3yMHOCTb 9TOTO MIPa YeTI0BEK.

3aTparmBas CTONMb CIOXKHYIO /I3 HAyKU TeMY, Kak
sBomonus BcemeHnoit, s xoTen 6pl cpady 0603Ha-
YNUTH CBOIO TO3ULNIO: CHUINAIO, 4INO Mup co3oan Bce-
BLIUHUM.

3adauy xe HayKu 5 6UICY 6 MOM, HMOOBI HOCIMOAH-
HO packpoviéamv 3amvicen Co3damens u 3aK0OHbL, KO-
mopwvte On ycmanoeun 60 Beenennoii. 3akonvt monvko
M020a 071 HAYKU AGTIAIOMCA 3aKOHAMU, KO20A U3 HUX
UCKTIIO"eH NPOU3 60T UL YCIMAHOBTIEHA CIPO2AsL I02UKA,
KOMopas 6 pamkax 00nycka 6bINOTHAEMCA 6 NPUpo-
Oe asmomamuuecku. 1109TOMy eC/i MBI B 4eM-TO He

XMBOTHOE CMOCOGHO K MOBTOPEHMIO BCEX TeX
HaBbIKOB M WMHCTUHKTOB, KOTOPblE 3aSI0XKEHbI
B HeM OT npupodbl. bonee Toro, knaccnyeckoe
MapKCUCTCKOE pasfeneHne XMBOTHbIX 1 Yeno-
BeKa Nno cnocobHOCTU K TPYAY He BblAepXuBa-
€T KPUTUKW. Beﬂb MHOrvme XX1MBOTHblE TPYOATCA.
Hanpumep, MypaBbu, N4enbl, NTULbI, KOTOPblE
CTPOAAT rHe3fa, MefBefb, KOTOPbI CoopyXaeT
6epnory. Bce 310 TpyA, HO TPYA «MHCTUHKTUB-
HbIi», CTEPEeOTUNHbLIN, TPy nosTopa. N Tone—
KO YeJsloBeK criocobeH cTaTb TBOPLIOM HO—
BbIX O6GbEKTOB U SIBJIEHMI. TONbKO 4ENOBEK
co3faeT TO, Yero He 6bI10 A0 Hero Ha 3emre.
M nmMeHHO 3Ta cnoco6HOCTb TBOPUTL B Mep-
BYIO o4yepefb, MO MOEMY MHEHWIO, BblAenseT
YyenoBeka M3 XMBOTHOMO Mupa.

[103TOMYy MOXHO MO3BONUTL CeE6E COMHe-
HMEe B OTHOLUEHUWN KIACCUYECKON MapKCUCT-
CKOM (hopMynbl O TOM, 4TO «Tpyh co3gan
yenoeeka». YenoBeka M3 XMBOTHOrO Muvpa
BblENINIO0 TBOPYECTBO, UMK 6onee LUMPOKO —

TBOPYECKUI TpyA.

MIOHMMAEM MUPOYCTPOIICTBA, TO, C MOEI TOYKM 3PEHMS,
JJIs1 HaC — 3TO BbBI3OB, aKTMBHbIﬁI HpI/I3bIB K ITIO3HAHUIO.
HOSHaHI/Ie JKe BK/II0YaeT OJZ[HOBpeMeHHO V1 HAKOIIJICHNEe
(akToB, U cTporoe 0rnYecKkoe 060CHOBaHMe, U CBA3D
yCTaHOB)’IeHHI)IX 3aKOHOB C HpeJII)IJZ[y]J_U/IMI/I 3HAaHVAMU.
PasmpIiniaa B fanbHelIeM HaJ MpolieccaMy 9BOJIO-
1vn Brocdepsr n BeenenHoit, 51 crerpanbHo 6yy mo
Mepe BO3MOXKHOCTHM YXOAWUTb OT «cchlok» Ha Cospa-
TennsA, 9TOOBI HE MOMMHATH MM Ero Bcye. S cumraro,
4YTO €C/IM MBI HEe MOXXEM OTKPI)ITI) 3aKOH paSBI/ITI/IH Ka-
KOI1-7n60 4yacTu BceneHHOl, TO TO-YeIOBEYECKN MBI
MOXeM BC]'UIeCHyTI) pyKaMI/I U CKa3aThb: «TaK yCTpOI/UI
Bce TBoperp.

OpnHako m060i1 YUeHbIl, eC/IM OH X0YeT 0CTaBaThCsA
B paMKax Haqube METOJ 0B (I/IX 3aKOHHOCTb I U_II/IPI/I-
Ha — He IpeAMeT O00CYXX/ieHNA B JaHHOIT paboTe), He
MOXeT 00/IerdnTh cebe MpOoIlecc MO3HAHMA, PacCyXasa
Ha TeMBbI 3BOTIOLVN CChI/IKaMI HAa BOJIIO BCeBI)ILLIHeI‘O.

B CI/UIY BCEro BbINIECKAa3aHHOTO, I/IC]'IO}'II)SYH TepMI/IH
«TBOpEHUeE», A OyIy II0f;pasyMeBarh, 4To B BceneHHoi
6I)ITII/I CO3J1aHbI TaKue I/IH(l)OpMaLU/[OHHbIe, JIOT4YeCKue
n cbmsmqecxme npennocmmﬂ/{, HPI/I KOTOPI)IX cTano
BO3MO)KHO IOSIB/IEHME HOBOTO BHIa CUCTEM. IDTO-TO
nepeoe noseneHue HOB0Ii cuctembt s 1 Oy HasbIBaTh
«aKTOM TBOpeHI/Iﬂ».
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Jliobon TBOpYECKMIA YenoBek, 6yab TO Nu-
cartenb, y4eHbI, KOMNO3UTOP UM n3obpeTa-
Tenb, 3HAET, HACKOSIbKO aKT TBOPEHWUS COX-
Hee 1 aHepreTu4eckn 6onee 3arpartHbli, 4Yem
aKT nocrenyLllero MOBTOPEHWUs, YeM aKT
poxpaeHusi. Ecnu xe rny6oko 3agymatbcs Hapg,
TBOPYECKOW [eATeNbHOCTbIO 4enoBeYecTBa,
TO NOPasunLLbLCA ee 3HAYMMOCTLIO ellie 6onee.
Bepnp, co3paBas gaxe camble NMPUMWUTUBHBIE
opyausa Tpyda 1 npeaMeThbl 6bITa, YeNoBeK CO3-
Jasan To, Yyero HMKorha Ao 3Toro He 6b1710
BO BcenenHon (mpu ycnosuu, ecnn 3em-
9 — edVHCTBEHHasA obuTaemas nnaHeta), BO
BCSIKOM Clly4ae — 4ero HMKkorga He 6biio Ha
3ewmre.

[MoaTomMy HanpacHO HEKOTOpble UCTOPUKU
CMetoTCsl Haf Ty3emuamu, KoTopble MEeHSoT
Ha OCKOJIKM CTeKna cBoe 30m0T0. Begb 3011070
CyLLeCTBOBAsIO U paHbLLe, OHO 6bINO eLle Ao
NosiBNEHNs1 YenoBeka Ha 3emne, ero Haxoau-
nn 1 npegkun TysemMues, 1 Npeakn nx npenkos.
30M0T0 — O06bLEKT MPUPOAbl, O6LEKT 0ObIY-
HbI, AaBHO yxe cyLecTBytoLLmi. OCKOMKM Xe
CTeKkna, Hao60poT, — 3TO OOBLEKTbI, KOTOPbIE
Ty3emubl BUAAT BrepBble. OTO — 0ObLEKTHI,
KOTOpbIE 6bINN COTBOPEHbI YEMOBEKOM. DTO —
He MpPOCTO OCKOMKW CTeKna, 3T0 — OCKOJIKU
BEJIMKOW  UMBUIIN3AUNOHHON  [EATENIbHOCTYU
YesioBeyecTaa. Ty3emubl CnpaBeanvBo UM Mo-
KNOHSAIOTCH, MO0 3TN CTEKNALLKN HecyT B cebe
3apaf BENWKOro TBOPYECKOro HanpsKeHus
BCEW LUMBUIM3aLMM ONPELENIeHHOr0 BPEMEHM.
OHM ABNAIOTCH CMMBOJSIOM OT/IMYUS YerloBeKa
OoT npupodbl. VI Heobpa3oBaHHble Ty3emupl
HyBCTBYIOT 3TO Jy4dlle, 4eM 3TO MOHMMaOT
MHOIrMe COBPEMEHHbIE YHEHbIE «MyApeLbl».

Pasmbiunas Hag ponbilo  TBOpYeCTBa
B MCTOPWUM YENOBEYECKOW LUMBUIN3ALUMA Mbl
BMJIOTHYIO MOAXOAWM K TauHCTBY Borpoca
0 ponu U MecTe 4esioBeka Bo BceneHHou,

0 €ero MNpUHUMNUanNbHOM OTIMYMM OT BCEW
ocTasibHOM NpUpoAbl.

AHanns 0603puMoi uctopum Burocdepsbl
nokasbIBaeT, YTO 3a MOCMefdHWe TbiCAYM neT
He NOSIBUMIOCb HU OJHOIO HOBOrO BMAA XMBOT-
HbIX, NTUL WK pacTeHWn. HekoTopble BUAbI
MNCYE3MN, HEKOTOPbIE MPOZOSKAKT McHesaTb,
HO HMYero HOBOIro Ha NamATK Ngern npupoda
He co3pana. Bca ee TBopyeckas akTMBHOCTb
OTHOCUTCA K Janekomy npoiunomy™. MNoatomy
MOXHO MOYTU YBEPEHHO YyTBeEpXAaTb: B MO-—
criegHue TbICSIYU JIeT rpoLecc TBopYecTBa
Haubosiee 6YpHO U pPa3HOCTOPOHHE MpPo—
Tekaet Ha 3eMsie UMEHHO B YeJI0BeYECKOU
ynBunnsauynm.

MbI He 3HaeMm, Kak 1 KakuMu Temnamm npo-
MCX0aMN B MpeXHWe BpemMeHa npoLecc CoTBo-
peHVs BCEX HbIHE CYLLECTBYIOLLUMX UMK paHee
CYyLLIECTBOBABLUMX XXMBbIX cUCTeM. Boamox-
HO, 4TO OH MPOMCXOAMN CTOMb Xe BYPHO, Kak
1 HbIHELLHWI NPOLECC YeNOBEYECKOro TBOpUE-
ctBa. Ho Mbl 3Haem, 4TO0 B 0603puMoNn Ans
Hac 4actn BceneHHoi B HacTosiLjee Bpems
npouecc TBOpeHUs uAeT Hanbosee aK-
TUBHO U UHTEHCUBHO B OYE€Hb Y3KOM cJioe
matepum — B 4YesloBeYECKOM o6LyecTBe.
OTMeTMM, 4YTO MpW STOM MPOLIECC POXAEHUSI
HEe WM3MEHUN CBOEN WHTEHCUBHOCTU: TaK Xe
KaK v npexae, POXXAaTCs XUBOTHbIE, MTULbI,
pbI6bl, HACEKOMbIE, POXAAITCA HOBbIE 3B€30bl
1 ranakTuku.

30ecb MOXET BO3HUKHYTb BOMPOC O CO-

OTHOLLUEeHMN Ka4deCTBa TBOPYECKOro npoaykrta

* ABTOp IPEABUJNT, YTO y HEKOTOPHIX GMOIOTOB 9TO
yTBep)](I[eHI/Ie BbBI3OBET HerI/IHTI/Ie CBOEN KaTerole{—
HOCTbBIO. OHI/I MOFyT B03paSI/ITb, 4TO, MOJI, MbI IIJIOXO
3HaeM HpMPOHHbII“/I MI/IP TIJTAHETHI, ‘-ITO6I)I yTBep)KJIaTI)
3TO CTONMb OfHO3HA4YHO. [lomycTum, 4TO 61MONOTH He
3aMeTWIN IOSIBIEHVsI KaKOro-mnbo OIOIOrIeckoro
HoBoro Bupa. Hy n uto? PasBe 9T0 MeHAET B MpMHINU-
e COOTHOIIEHME TBOPYECKOTO MOTOKA YelOBedecTBa
u Brocdepsr (ecnu ee 6path 6e3 yemoseka)?
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Buocdepbl n umBunudauumn. MHoroe wu3
CO3[aHHOro 4efi0BEeY4ECTBOM 3a CBOK WUCTO-
puio — epyHpa no CpaBHEHWUIO C NOObIM BU-
OOM XXVMBOTHOIO, MEHEE COBEPLLUEHHO 1 MHOTAA
BpefHo ans buocdepbl. OgHAKO «LbINAAT No
OCeHu cuuTaroT». Hago nogoxaaTh, Korga ye-
NI0BEYECTBO MponAaeT MnyTb TBOPYECTBa XOTHA
6bl B OOVH MUIMOH NeT. Beab B pacnopsxe-
HUKM y Brocdepbl 6110 HEe MeHee Tpex MUANN-
apgoB net, a y BcenenHoi — 6onee gecatu
MUMapaoB. YTo xe KacaeTcs BpegHOCTH, TO
BCMOMHMM MPO capaH4y, KoTopas YHU4TOXaeT
Ha CBOEM MyTW BCKO pacTUTENIbHOCTb U Apyrue
nofo6Hble npuMepbl. BcnoMHUM nNpo MHoro-
KpaTHO noBTopstoLLmMeca Ha 3emse 6uoctep-
Hble «KaTacTpodbl», KOTOPblE C NEPUOANYHO-
CTbtO B [ECATKM MUIISIMOHOB fieT O6HOBNSANN 80
NonoBWMHbI BUOOBOIrO COCTaBa >XMBOMO Mupa.
[MocnenHee 06HOBNEHWE MPUBENO K UCHE3HO-
BEHWIO [MHO3aBpoB*. KcTtaTtn, ecnun 6bl B Te
BpeMeHa CyLLeCcTBOBano O6LEeCTBO 3alyuThbl
XKMBOTHbIX, TO HA KOro 6bl OHO MOAasno >ano-
6y? Begpb TONbKO B (haHTACTUHECKMX pOMaHax
60 MUINMOHOB NeT Has3af No 3emMsie HOCUIUCh
CO CTPENIKOBbIM OpPYXWEM TO NN Npegku mito-
Oen, TO N1 UHONMaHEeTSAHe.

Y Hayku HeT hakToB O BMeLUaTenbCTBe
B X0f aBontoummn brocdepbl Kaknux-nméo veno-
BEKONoJoObHbIX cylwiecTs. Ecnu Takne dakTbl
NosIBATCH, aBTOPY ObIfio Obl KpaiHe NMHTEPECHO
C HMMK No3HakoMuTbCA. [ymato, 4TO cKopee
BCero 6ygyT YCTaHOBMEHbl O6LLEeCUCTEMHbIE
3aKOHbl ynpasneHus asosoumnent buocdepsl,
KOTOpPble PACKPOIOT BAIMSHME Ha 3TY 9BOSIOLMIO
NpoLEeCcCoB, MayLLMX BO Bcen BceneHHo (a He

B 9KCMEePMEHTanNbHOM KON6e MHOMMNAHETSH).

* KcraTu, BOIpeKky 6OMbIIMHCTBY BEPCHil aCTPOHOMOB
u paHTACTOB, OMOMOTMYECKUE PACKOIKN YOeIUTETbHO
CBI/[JIeTe}'II)CTByIOT O TOM, 4YTO I[I/[HOSaprI «ymcyesanm»
B TeYeHIIe COTEH THICY (eC/IV He MIJUIVIOHOB) JIET.

Wtak, wuctopusa Buocdepbl cBuaeTens-
CTBYET O TOM, YTO Hapsay C NOSBIIEHNEM B HEl
HOBbIX BWOOB MPOMCXOOWIO U UCHE3HOBEHME
cTtapbix BMAoOB. [NpaBpa, 4YacTb OpeBHENLLMX
BMOOB COXpaHunack Ha 3emsie O cux nop.
[MoaToMy Npu3biBbI COXpaHUTb Ha 3emne Bce
B HEMPUKOCHOBEHHOCTWN MAEanUCTUYHbI, HEHA-
Y4HbI, HepearsbHbl 1 6ecnepcnekTUBHbI. ABTOP
OTHIOAb He NpPu3bIBaeT Npu 3TOM K 6e34yMHO-
My NnepeycTponCTBY NOBEPXHOCTU 3emnn. 1O
apyrasi KpamHOCTb.

71 y6exaeH, 4To yesioBe4ecTBy Heobxoan—
MO TBOPUTb, HO TaK, YTO6bI He NnoryéuTe ca—
moro cebs u cBoto nnaHety. [Npy 3TOM He Bha-
0aTb B KPaiHOCTb My3eMHOro KOHCEPBUPOBAHMSA
CerogHsLLIHero, TekyLero coctosHus bBrocde-
pbl. 160 Takaa KpamHOCTb FyouUT TBOP4ECTBO
YerioBeYveckor umemnm3aumn B 3apogsiwe. O6-
pasHo roBopsi, OHa MPMBOAUT K JOMUHUPOBAHMIO
SIBMIEHUS POXOEHUA Haf ABMEHMEM TBOPEHWS,
W CriefoBaTesibHO, K HA3BEOEHUIO  YeroBeYe-
CTBa [0 YPOBHS XXMBOTHOIO CYyLLIECTBOBAHMS.

ABTOp OTHIOAb He cobupaeTcs 3gechb fa-
BaTb peLenTbl, Kak OpraHM3oBaTb TBOPYECTBO
umBMAM3aumm, 4Tobbl OHa He norybuna cama
cebs. Bce 3T paccyXaeHus Hy>XXHbl NULLb ONs
apyroro — 6onee BbINyKNO NokasaTtb, CKOSlb
BaXHO fIBIEHWE TBOPEHWA ANs YenoBe4yecTsa
B ripyHYure.

ConocTaBneHve ABNEHNs TBOpPEHUs
N POXOEHWA SBHO HABOOWUT Ha MbICNb, YTO
SIBNleHne TBOPEHUs ropa3fo 6ofiee 3Ha4nMmo,
4YeM fIBNeHne poxaeHuns. XoTsa 6bl NOTOMY, Y4TO
nepsoe 6bIBaeT NWLLb pas, 1 eLle NoToMy, YTO
co3faBaTb HOBOE Bcerga C/IOXHee, YeM Mo-
BTOPATb paHee CO34aHHoe.

MoaTomy B gansHeriLemM 6yaem onupartbes
Ha ngeto o TOM, 4TO TBOPEHNEe — caMoe BaXK—
Hoe 1 camoe UHTepecHoe AJ1s1 Hac siBJIeHne

npupoasl.

259



TBOPEHME MPEOWECTBYET PO-
XOEHNKO — wus sroro aBTOMaTmyecku
crefyeT, YTO IOC/Ie BCTYIUIEHUA IIpoliecca
POXIEHMIT B CBOIO CTabMIbHYIO a3y MmoBTO-
pa opHOI GOPMBI TBOpEHUE HaJ| 3TOI OIIpe-
HeseHHOI (HOPMOIT MPAKTUIECKM CXOAUT Ha
HET.

IIpumep dYenoBedecKoil LMBUIM3ALUA
[IOKa3bIBAET, YTO, COTBOPMB OAMH IIACT ObI-
TIs, IO He OCTAaHAB/IMBAIOTCA U IIEPEXOAAT
K crnenyomeMy. EcTb Bce OCHOBaHuA IONa-
ratb, uto BO BCENEHHOW MPOLIECC
TBOPEHNA HE OCTAHABJIMBAETCH
HUKOI'OA.

B cBA3M ¢ 3TMM BO3HUKAET BOIIPOC O «Me-
CTe» aKTYa/IbHOT'O TBOPEHM B TapaMeTpuye-
CKOM IIPOCTPAHCTBe ObITHs BeeneHHOI.

MPEANONOXXWM, uto, «orBOpMB» MU-
KPOMMp CO BCeMM ero GapyroHamy, JIelToHa-
MU U pe3oHaHcaMM, BceenHas octaBuia ero
B COBEPIIEHHOM TapMOHMYHOM BUJE U IIe-
pelia K Makpo- 1 Meramupy. B stom ciyyae
MO>KHO TOBOPUTb O IlepeMellieHnn «pokyca
KOHILIEHTPAaLMM TBOPeHUA» BAoab M-ocu.
Kone4Ho, 3T0T QOKyC MOXKET IepeMeIaTbcs
He TO/IbKO BJOJIb MAacCIITaOHOTO M3MepeHNs,
CKOpee BCEro OH «OMy’>KHaeT» IO CIOKHOMY
CUCTEMHOMY 3aKOHY B MHOIOMEPHOM Ilapa-
METPUYECKOM IPOCTPAHCTBE BcemeHHOIL.
ITockonbKy MBI MICCTIelyeM B HaHHOU paboTe
M-usMepeHue, B Ja/npHelleM Mbl OyaeT ak-
LIEHTMPOBaTh CBOEe BHMMaHMe Ha Ipobieme
nepemeleHnsa  «(OKyca TBOPEHUs» BIONb
M-ocu. [Ipu 5TOM MBI Ha IIEPBOM 3TaIl€ YIIPO-
cTuM cebe 3ajady HO IIpefieNia U He CTaHEM
PasMBILUIATD HAJl MACIITAOHON «IIVPIHOI»
TUIIOTETNYECKOTO «(pOKyca TBOpPeHMs», Ha-
CKOJIBKO €ro MacIITaOHble Kpasi pasMbIThI
1 T. 1. MbI 6yfieM pacCy>kaaTh B CaMBIX OOIINX
4epTax O TeHJEHUUAX, IPUOPUTETAX U IIPefi-
IIOYTEHUAX, HO TEPMUHONIOTMYECKN CBOUTDH
BCe K IIPOCTOMY IlepeMelleHNI0 Bonb M-ocu

HEKO TOUKU KOHIEHTpauuy TBOPEHNA.

Ynpouas cebe 3agaudy, Mbl OyzieM B Haib-
Hetturem omuparbest Ha [TPEAMNOJTIOXKE-
HUE o Tom, uto 6 useecmnoii nam Bcenen-
HOIi 6 HACMOUee BPEMS CYUjeceye 6Ce20
UMb 00UH-eOUHCMEEHHVIE MacuimabHblil
doxyc npouecca meopenus, TBOPYECKOE
HAIIpsDKEHNe B 9TOM (POKycCe SIBJISIETCS Ham-
BBICIIMM ¥ MMEHHO K HeMYy CTSHYTHI BCe
TOHKME HUTM MHQPOPMALVOHHBIX IIOTOKOB
Bcenennori.

IIpy 3TOM 0COGEHHO XOYeTCs BBIEIUTH
elle pas C/IoBa «8 u3secmuoii Ham Bcenen-
Hoti». 51 OTHIONb He YTBEP)KHA0, YTO Iapa-
MeTprdecKuit GOKyC BCEIEHCKOTO TBOPEHNUS
opuH. Boree TOro, BO3MOXKHO, 4TO [jaXke Ha
OofHOM mapameTrpe — M-ocM UX B HacTo-
siilee BpeMsl HECKOTbKO. Pedb MeT Milb
0 TOM, YTO, UCCTIEAYSI MHOXKECTBO Pas/MIHBIX
IIPOLIECCOB B MX SBOIOLVIOHHOI Pa3BepTke,
stancro uHTyntusHO mpumen k [MPEAMO-
JIOXKEHWIO, uro ma M-ocu cymjectsyer
0751 KAH0020 BpemMeHlU PA3BUMUST CBOST OY-
Ka 0c00020 npedenvHo20 80MIOUUOHHO20 HA-
npsiKeHUs. AHAIN30M CIIE[CTBUIL U3 3TOTO
TIPENTIONOXKEHNA MBI U 3aliMeMCA B 9TOM 4a-
cru KHurn. OIpasch Ha HEro, MOXKHO IOJIa-
rarb, yto [10 M-OCU OBUXXETCHA BOJI-
HA TBOPEHWS. TIpuuem pBmxercs cneBa
HAIIPaBO, U3 2/yOUH Mamepuu K ee 6epXHUM
amacam.

STOT Te3UC TPYSHO [OKA3BIBATh, OIIV-
pasich Ha KOCMOJIOIMYECKYI0 6a3y HaHHBIX.
Ecnn ke ciyctuthbest Ha 3emitio, To 6rmaroia-
psl pacKomKaM JIeTOINMCh 9Bomonuu Gpopm
JKMBBIX CyU_IeCTB HpeHCTaHeT Hepeﬂ HaMun
«3aIPOTOKOIMPOBAHHOI».

MpbI 3HaeMm, 4TO Ha 3emjie KOTHa-TO He
ObUTO, HAIpMMep, [UHO3aBPOB. IloToM
B briocdepe 6bi1 coTBOpEH 9TOT BUf, U AN-
HO3aBpbl MHOTVE MWUIVOHBI JIET HOBTOPSI-
JNCh B TPOLlECCE MHOXECTBA POKAEHMIL.
U xota JI]/[HO?)aprI BUOOM3MEHANNCH, OHU
BCe PAaBHO OCTABAMNCh VMEHHO [MHO3aB-
pamm. 3areMm sta ¢opma mcdyesna, HO OblTa
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COTBOpeHa HOBas (popMa — MIIEKOIMTAIO-
e, AHAJIOIMYHO K020a-1Mo énepevie Oviau
comeopeHvL 6ce HviHe cyujecmeyoujue Ha
3emrne 6u0vL HUBLIX CYUsECTE.

Wrtak, ecm KOCMOJIOTH HNpednonazanom,
YTO BO BceneHHON KOrfja-TO IPOMCXOAWIIO
TBOpEHJE ee OCHOBHBIX 0a3MCHBIX CHUCTEM:
YJaCTHUII, aTOMOB, 3Be3[] 1 Ta/JaKTHK, TO Ouo-
JIOTYL TOYHO 3HAIOM, YTO Ha 3emie npouyecc
meopeHust 6vi1. Mano Toro, oHU, B OTINYNE
OT KOCMOJIOTOB, JIOCTaTOYHO BEPHO MOTYT
OIIpefeNINTb ero IOC/IeJOBATETbHOCTD.

OdeHb BaXXHO MMOTYEPKHYTH €IIje pas, 9To
Hay4YHble JaHHBIE HEOCHOPVMO CBUJETEeNb-
CTBYIOT: 9BOJIIOIVIA Ha 3eMJIe IIIa KPYITHBIMU
9TallaMy — CHavaja OTpabaThIBamuCh BCe
($OpMBI OHOK/IETOYHBIX, 3aT€M — MHOTO-
KJIE€TOYHBIX. B CBS3U C 3TMM BO3HMKAaET JIIO-
OOIBITHBII BOIIPOC: 3aKOHYMIICS /IM B 11€/IOM
IpoljecC TBOpeHVs Ha Maciutabe OIHOKIIe-
TOYHBIX OPTaHM3MOB IIOCTIe TOTO, Kak B bnoc-
(epe HavYa/ICs AKTUBHBII [TPOLIECC CO3VTAHIIS
Ha MaclITabe MHOTOK/IE TOYHBIX?

Benpb ecnmu BepHyTbCA KO BcenenHnoit, To
B Heil, CKopee BCero, y>ke He CO3[IaloTCA HI
HOBBIE TUIIBI 3JIeMEHTAPHBIX YacTHUIl, HI HO-
BbIe BUJBI aTOMOB. DTall TBOPEHM Ha 9TOM
ypOBHe MaciTaboB Ajs1 BcenmenHoit octan-
cs1 ganexo B npornoM. O6pasHo roBopsi, Ha
MHOTUX 9Ta)KaX BCETIEHCKOI MepapXuy HaBe-
IIeH Miea/IbHBII CHCTEMHBII IOPANOK, YOpaH
CTPONTENbHBII MYCOp, IPOMICAHbI BCe Mpa-
BIIa B3aMMOJEIICTBYA, M 3aKOHBI IIPUPOIBI
paboTaT TaM YeTKO ¥ OJHO3HAYHO — «IIO
dbopmynam».

MpbI BIIO/IHE MOYKEM IIOHATH IIOI‘I/[KY 3TUX
COOBITHII, BeIb M 4eJI0BEK YKe 60JIblile He BO3-
BpalljaeTcss KO MHOTMM IvtactaM Opitust. Tak,
IDAaBHO Y)XKe 3aKOHYWJICA MpOIeCC OffOMAll-
HUBAHUA >KMBOTHBIX, BbIBE[IeHIsI OCHOBHBIX
COpPTOB NOJE3HbIX /A 4elOBeKa pPacTeHUI
uT. . O6pa3HO roBOps, HUKTO Y>Ke€ Cerop-
Hs1 He m3obperaer Komeco. Hosbie ¢opmsl
U BUABI KOJIEC TPV 3TOM MOTYT IOABIIATHCA
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B OTBET Ha HOBbIE 3aIIPOChI I HOBbIE TEXHO-
JIOrMYecKye BOSMOXKHOCTM, HO 9TO — JIerKe
My TalMy B IIPefienax KOrja-To COTBOPEHHOTO
«IPMHIIUIA KOjleca». VI yK BO BCIKOM CITydae
TBOpPYECKOE HAIPSDKEHME [PV 9TOM Ha MHO-
I1e IIOPANKM HVIKE, Y€M B IIpOLE€CCE ITOIIBITOK
CO3/JaHMs TePMOSIEPHBIX PEaKTOPOB.

AmnanornyHo MoxHO BeiBuHYTH [1PE[-
MNONOXEHWE, uro u B Buocdepe mocre 3a-
BepIIEHNs JINTEIBHOTO IIePUOJA TBOPEHIS
Ha 9TaXKe OfHOK/IETOYHBIX IPUPOJA IIepelia
K TBOPYECTBY Ha 60Jiee BHICOKOM MAcCiimab-
HOM 9TaXKe, VICIIONIb3Ysl O HOK/IETOYHBIX yiKe
B KadyecTBe paboduero marepuana. besycnos-
HO, [IPM 9TOM €l IPULIOCh BUAOU3MEHUTD
MHOTI'Ve paHee CO3[aHHble (POPMBI KJIETOK.

Buonmorn wacro mogMedaror, 4To MHOTME
BHYTP]/[KT[CTO‘IHI)Ie CUCTEMDBI UMEIOT IIpEeaIIe-
CTBEHHVKOB B OJHOK/IETOYHbIX OpraHM3Max.
AHaJIOTIO 3TOMY IIPOLIECCY B YeTOBEYECKOM
ofliecTBe MOXXHO HaliTH, HAalpyuMep, B Ma-
POBOM KOTJ/Ie, M3HAYATIbHO CO3[AHHOM MJIsl
OIIpeJie/IEHHbIX LieJIell, BIIOC/IENCTBUN XKe ero
[OCTaBWIM Ha IApOBO3, Ile OH 3HAYUTE/b-
HO m3MeHmIcs. Takyro jke aHATOTMI0 MOXXHO
HAJITI ¥ B MMKPOMUPE, IJie CBOOOIHDLIT 3/1eK-
TPOH CYIECTBEHHO OTINYAETCS OT 9/IEKTPO-
Ha, BK/IIOYEHHOTO B CUCTeMY 60JIee BBICOKOTO
YPOBHS — B aTOM.

Omnmpasch Ha VMeIuecs y HaC JaHHbIe
u naryunuio, MOCTYJIMPYEM ouens Bax-
Hoe ToNIoXeH1e: 6 Buocgepe sonna meope-
HUS Yie 0a6HO NPpowina uepes Imaix 00HO-
K7IemOouHvIX 1 HeOAGHO NPOULTIA HePe3 IMANC
MHOZOKTIeMOUHDBIX.

MNOCTYINNPYEM, HYTO ®OKYC
TBOPEHNA B BUOCDEPE
HAXOANTCA B HACTOSALLEE BPEMA
HA NonynAuMoHHOM
YPOBHE MACLLUTABOB.

CHpaHII/IBaeTCH, Hoquy HaC TaK MHTE-
pecyer, rie HaxopuTcs Gokyc TBopeHus? [a
TIOTOMY, YTO HPOUECcC MEOPeHUS He MOTbKO



8 Buocgepe, no u 60 Bcenennoii — amo ca-
MLl CIOMHCHBUTL, cCamblii UHPOPMAUUOHHO Ha-
ColUleHHDLIL U, CTIe008ameIbHO, CAMbLIL BaX(-
HblLil npouecc.

Mo>xHO nojaraTb, 4TO MMEHHO BOprI‘
3TOr0 IIpoIlecca CKOHIIEHTPUPOBAHO OC-
HOBHOE «BHVMaHJe» BCeleHHOI M MMEHHO
K HEMY IOJTATMBAIOTCA BCe €€ Pecypchl, Bce
TOHKIe 9Hepruu, Bce MHPOPMaIOHHbIE [O-
TOKHU, II09TOMY B cucteMe mpuoputeros O6-
mecTBa, buocdepsr u Bcenmennoit npouecc
mMe0opeHUs 3aHumaem 6epxXHIor CmpouKy.

Het Hy>XIbl OOBSCHATH, KaK BaXHO I
4ye/IoBe4ecTBa B II€IOM M /I KaXKHOIo dYe-
JIOBEKa B OTHE/IbHOCTU MMETb IPaBUIbHYIO
CHUCTEMY 2APMOHUHHO CO2TACOBAHHBIX 00-
ulecmeeHHvIX, OuochepHvIX U 6CeeHCKUX
npuopumemos.

JIt060i1 4YenoBeK HOMEHUUANILHO MOXKET
2APMOHUYHO YYACTBOBATb BO BCENEHCKOM
npouecce meopeHus, B IPOTUBHOM CiIydae
OH b0 eMy MelIaeT 1Mo COOCTBEHHOI Cre-
II0TE N BI‘OI/IBMY, }II/I6O ABIAETCA MMAaCCUBHBIM
MaTepuajoM.

VIMeHHO 1MO3TOMY TaK BaXHO OIpefie-
JITB, CYLIeCTBYIOT /11 Ha M-ocu Kakue-nmn60
cpOKyCUpOBaHHBIE TOYKM, BOKPYT KOTOPBIX
IIPOMCXOANT Hambojiee aKTUBHBI 1 Hanbo-
Jiee Ba)KHBII Ha JaHHOM KOHKPETHOM 9TaIlle
IIpoL[ecc MOsBJIeHNMs HOBBIX popM. V160, ecu
MbI TOYHO ONPEeeINM 9TU KOOPJAMHATDI, Mbl
CMOKeM U B CBO€}l IIOBCEJHEBHOI JlesATeNb-
HOCTU NPABUTbHO 6bICIPOUMDb UEPAPXUIO
cucmemvt yeHHocmei. VI Torga, mogIMHAS
BTOpMYHbIE LNEHHOCTN LEHHOCTAM II€pBUYI-
HBIM, MbI CMOXKEM B Halllel KU3HU JOOUTHCA
2apmonuu co Bcenennoil, coenacosannocmu
C 960TIOUUOHHBIM NPOUECCOM, MOUYHOU aAK-
myanusayuu ce6s 60 épemenu. Toraa u Bech
MUp BO BCEM CBOEM MOIYIIeCTBe IpUAeT
JIIOAAM Ha IOMOUb B KOKIOM UX IIare, moj-
AEPKUT BO BCEX BHEUIHUX [€IaX U IIpUAacT
YYBCTBO MATKOTO M TaPMOHMYHOIO JIBVKE-
HIUA B MUpe.

Utax, ecmy ozpanuuumv nOKA Paccmo-
mpeHue sonpoca gomouuy pamxamu Buoc-
epvi, TO B IEPBOM MPUOTVDKEHUN MOXKHO
MNPEAMNONOXWNTb, uro mpu nepemerernn
¢dokyca spomonny Mo M-ocu IPOMCXOZUT
3amyxanue 360MIOUUU HA UETOM yHacKe
6uonozuueck020 OUANA3oOHA, U3 KOMOPO20
amom oxyc yxooum.

Ecnu 910 TaK, TO Ha 9TXKaX MACIITaOHOI
CTPYKTypbl buocdepsl, MOTHOCTPIO 3aKOH-
YMBIINX CBOK 3BOIIOLVIO, HMYETO HPI/IHLU/I-
[a/IbHO HOBOTO 1 Gosee crmoxkHoro Ilpm-
pona yxe cosgaBarh He GygmeT. 3aKOHUMIACH
9BOJIIOLMS BUPYCOB, GAKTepPUit, OXHOK/IETOY-
HBIX, PBIO, PACTEHUIT U )KUBOTHBIX. [loaTOMY
IIPU3BIB K COXPAaHEHMIO BCEX BIUIOB >KMBBIX
OpPraHM3MOB KpajlHe aKTya/IeH, — Mbl IMEEM
B HacTosIee BpeMs B buocdepe cosepuren-
HYIO CVCTEMY VI3 OPTaHM3MOB, JIyHiulie KOmo-
poii ysice Huuezo ne 6ydem cosdano na 3emue!

Vrak, 3aBepIIEHHOCTb OMOMIOTMYECKON
9BOMIOLVM IPUBOJUT HAC K HEOOXOAMMOCTHU
Hp]/[3HaTI), 4qTO

Mbl )KMBEM B CAMOM JTYYLLEM

N3 MNPOB...
(Mckntovas coumanbHblin).

Opyrumu cnoBamu, [Ipupopa yke He B cii-
JIax co37aThb 60JIee COBEPILIEHHYIO KOLIKY, CO-
Oaxy, Turpa, ClI0Ha, fenbduHa win 6abouKy.
Bce cywiecmeytowue noine Ha 3emie 6udvt —
amo camvte cosepuiennvie meoperus Ilpu-
poovL 6000wie, 8 uenom, 6e30mHocUmMenTLHO
8pemeHu U, 803MOMNHO, npocmpancmea. Vi3
BCETO IIOTEHIMAIBHOTO pasHoobpasust hopm
n ctpykryp Ilpuponma BbiOpama um ocTaBumIa
Ha 3eM/Ie K MOMEHTY IHosiBleHus YemoBeka
caMble COBEpIICHHbIE U Ty YIIILE.

I[IpaBpa, BBIBOT O 3aBEPLIEHHOCTH SBOJIIO-
uyn Briocdeps! Ha nepBbIT B3IIAL IPOTUBO-
peUNT pe3ynbTaTaM CeneKIMOHHOI paboTsl
CaMOr0 4YelOoBeKa, KOTOPBIL CO3[al HOBBIE
COpTa pacTEHMiI M HOBBIE IOPOJBI KUBOT-
HBIX, HO Pa3Be MOXXHO yTBEpPXK[ATh, YTO 3TN
copra 6o/ee COBEpIUEHHBI, YeM WX JUKIeE
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npenxu? OHM y0o6Hee /11 CAMOTO YeIOBeKa,
He 6oree Toro. Hu ofyH 13 MCKyCCTBEHHBIX
BUIOB He 3aKpeIUIAeTcad B AUKOIN IPUPOJE.
CremoBaTe/IbHO, BCe OHU ABJIAIOTCA 6MOPUY-
HObIM pPe3ynbmamom yice He 6u0n02UY1eCKOl,
a couuanvHoli 3600UUU. ITO He IBOJIOI
Buocdepsr, a Mmopudukanys ee moj yCaoBus
PasBUTH UMBUIM3AaLNK. Benp Korma smonery
BBIpAI[BAET Ha IOJOKOHHVKE KapIUKOBYIO
COCHY, OH C TOYKM 3peHusi buocdepsr muuib
YPOAyeT ee MpeKpacHOe TBOPEHMe.

ITosToMy, XOTA panbpHelillee u3MeHeHUe
Buocdepsr mpopo/mkaeTcs, 3TO HUKAK He
TIPOTUBOPEYNT BBIBOAY, CHIETaHHOMY paHee,
0 TOM, UTO IGOMIOUUST OP2AHU3IMO6 Ha 3eme
3aeepuunace 6 momenm (PacTsAHYTHI, 6e3-
YC/IOBHO, Ha MHOTYE TBICAYM JIET) HOA6TICHUS
Ha 3emne uenosexa.

Wtak, Mbl moBTOpUMCS — (POKYC TBOpe-
HusA Ha M-0cu HaXoguTCs B LIeHTpe TpeTbe-
ro y4actka 0elKOBOrO JMala3oHa pasMepoB
(cm. puc. 3.1). U3 aroro cremyeTt, 4TO Hau-
BBICIIIETO HAIpsDKeHMA aBoyonusa biocdeps
B HaCTOsIlljee BpeMsi HOCTUIVIAa HAa MacIuTab-
HOM VIHTepBaJie NONYASUUOHHBIX Popm, 6 ee
COUUAILHOM naacme.

Vmenno specy Ilpmpopma cospaer cerrdac
HOBbIe [/1s1 BCenleHHOI CUCTEMBI, TIOCTENEHHO
THOBBIIIIAS UX CTIOXKHOCTD, pasHOOOpasue 1 ycu-
ueas ux uenocmuocmo. Ilocnenusis moctura-
eTCsI 3a CUeT 2APMOHU3AUUU 63AUMOOHOUIe-
Huil enympu coobusecme mopeit. Onypasich
Ha CJeTaHHbIE IMPEAIIONOKeHUS Y CIIECTBUA
us Hux, moxno [MPEOMNOJIOXKNTb, YTO
MPNPOLOA CO3LOANA BNOBIWI HYEJIOBE-
KA ONd NMOCTPOEHNA OYEPEOHOIO
MPOMAOHOIO MACLUTABHOIO OTAXA
MEPAPXUYECKOIO 30AHNA BNOCODE-
Pbl — COUMATNBHOI O 3TAXA.

Kaxue y aBTOpa OCHOBaHMs fIe/IaTh TaKOl
BbIBOA¢ OueHb IIPOCTHIE.

Bo-nepeuvix, conyanbHble C1CTeMBbI 0071a-
IalT OOJIbIIEll SHEPreTUYECKOll MOIBI0 110
CPaBHEHUIO C OMOLIEHO3HBIMIA.

Bo-emopuix, conmanbHble CUCTEMBI TO-
pasgo 0Oojee CIOKHO OPraHM30BaHBI YyXKe
XOTs OBl IIOTOMY, YTO BKJIIOYAIOT B Ce0s Bce
HpeAbIAyIie MaclTabHble YPOBHM, ¥ TOpa3-
Ho 6osmee OIEPATHBHO U LIETOCTHO OTK/IMKA-
FOTCSI Ha BBI3OB BHEIIIHE Ccpeppnl.

B-mpemvux, Mbl BUIMM, YTO COIMAsIb-
HbIe CJCTeMBbI 6yPHO Pa3BUBAIOTCA B HOC/IE-
HIfe KaK MUHUMYM IIATDb ThICAY JIeT. Bee aT0
CBUJIETE/IBCTBYET O TOM, YTO (POKYC 9BOIIO-
LIVIOHHBIX IIpolleccoB B buocdepe Haxopurcs
He BOOOIle — Ha TpeTbeM MacIITaOHOM MH-
TepBaJie, a8 KOHKPETHO — Ha ero COLManbHOM
cpese.

B-uemeepmuvix, TOIbKO  COLMAIbHBIE
CUCTEMbI CIIOCOOHBI K MajbHeifleMy Hpo-
IBIDKEHVIO OJOTOTMYECKOil JKU3HM € 3eMn
B KocMoc, T. e. OHM CLIOCOOHBI ITPOJOIDKATD
dsuscerue 26010UUU 66epx no M-ocu IIyTeM
CO3JaHMA KOCMIYeCKUX LIMBYIN3ALMIL.

IToosedem umozu. BONBIIMHCTBO MMe-
IOIUXCS Y HAYKM HAO/IIOfaTe/IbHBIX HAaHHBIX
O PasBUTUM ¥ 3BOJIIOLMM CUCTEM Ha pas-
JIMYHBIX MAacIITaOHBIX YpPOBHAX BceneHHoit
cBuperenscTByer o ToM, uro IBOJIO-
UMA OBBLEKTOB MWPA TTPOUCXO-
AT OOHOBPEMEHHO C POCTOM UX
PASMEPOB*.

9T0 mpaBUIO MMeeT KaK MHAMBUIYasb-
HOe, TaK U BUJOBOE, TaK 1 OO0ILIeCHCTeMHOe
3HadeHVe. B camom pene, pasButye mo6o-
ro >KMBOTHOIO IIPOMCXOIMT 13 3apOfbILIa
B IIpoliecce ero pocra. Passurtnme Bceit buoc-
(bepbI ToXe IPOUCXOFNUT C YBEIUYEeHNEM Pa3-
MEepOB ee CUCTEM.

ITosToMy cOBUT BCero GEIKOBOrO MHTEp-
Baya o M-ocu BIIpaBO Ha 5 HOPANKOB Jia-
neko He caydaeH. OH CBUJIETENBCTBYET, UTO

* MBbI gameky OT abCOMOTH3ALNI 9TOTO IpaBuIa. Bos-
MO>XHO, 4YTO B HeKOTOprX 0C06I)IX CJ'Iy‘-Ia}IX 3BOTIOLNA
UieT C yMeHbIIeHNeM Pa3MepoB CICTEM, OfHOBPEMEH-
HO C npoueccom X CXKaTuda UIn (bpaI‘MeHTaI_H/[I/I Ha
cocraBHble yacTu. OFHAKO ITIOKA aBTOPYy He yHamoch
HaJTU IIPUMEPbI TAKOTO POfia.
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U JHU3Hb Kax nodcucmema Bcenennoii pas-
8UBAEMCA 6 UE/IOM 6 CINOPOHY yBenuteHUs
pasmepos.

IIpu 5TOM BO3MOXKHO, YTO B 3TOM [IBIDKE-
HUU #U3Hb onepexcaem 6cto Becenennyro. Benb
COIVIACHO MOfe/NN pacupsiomeiicss BcemeH-
HOIL, 3a mocegHne 3,5 Muwumapaa et (Korma
110 passurie brocdepsr) rpannna Merara-
JIAKTVKU IIPOABUHY/IACH IO M-0CK BCero /b
Ha TIO/IMOPSA/IKA BIIPaBo, ¢ pasmepa 10” cM fo
pasmepa 10°*° cm. YKusnb ke, Hauap cBoe pas-
BUTME C IIEPBUYHBIX KIETOK (10’3 cM), 32 TOT
»Ke TIPOMEXYTOK BpeMeHM IepeMecTIIa CBOI
LIEHTP SBOMIOLVI Ha METPOBLIE pa3Mephl op-
ranu3moB (10° cM), T. e. Ha 5 TIOPSAIKOB BIPABO,
a BIIOCTIEICTBI €llle Ha 5 opsiKoB M — B 00-
nactb nonynsumonasbix popm (107 cm). Tpu
3TOM (OKYC 3BOIOLIVIOHHOTO HAIPSKEHNA Tie-
pemMecTiics BIipaso 1o M-ocu.

Wrak, 3akaH4MBas BBeleHMe, 0003HAYNM
UCXOAHbIe To3uIVM. BecbMa BepOATHO, YTO
9BOJIIOLIO SKM3HM Ha 3eMjIe KOPPeKTHO pas-
AEMNTb Ha TPpU OTAEIbHBIX GOIIBIHI/IX JTamna:
OJHOKJ/JI€ETOYHBIX, MHOTOKJI€ETOYHbBIX " HOHY-
NALMOHHBIX (opM. [lamee MOXKHO cJienath
Becbma cmenoe [IPEOMONOXEHUE, uyto
«poxyc aBoronyn» nepemeraercs mo M-ocu
c/leBa HaIpaBo.

Jst Biocdepsr 9T0 03HAaYaeT: HAa HACTOSI-
IMI MOMEHT «(pOKYC IBOTIOLINI» COCPEOTO-
JeH Ha TPeTheM y4acTKe GeIKOBOro J1anaso-
Ha, a Ha JIBYX IIPeJIIeCTBYIOINX — 9BOJIIOINA
B LIJIOM Y>Ke 3aBeplIeHa.

Eme ogno MPEOMOJIOXXEHUE: B nHa-
cTosillee BpeMsi MaKCUMa/IbHOE HAIIpsDKeHMe
9BOJIIOLIVIOHHOTO IIpoljecca B buocdepe co-
CPEfOTOYEHO B 0O/IACTy COLMATIbHBIX CTPYK-
TYP, KOTOPBIII MOYKHO IPEJICTAaBUTD KaK OffUH
U3 apaMeTPUYECKMX CTI0EB TPETbErO y4acT-
Ka 6e/IKOBOTO AMalla3oHa.

PaccMoTpuM Temepb, Kak 9TH IIpef-
[IO/IOKEHNsI O IIO9TAIIHOM caBure Qoxyca
9BOMIOLMM 110 M-0CH MOXXHO COITIaCOBATh
C UEHMPATIbHBIM NOJIONEHUEM KAEMKU 6 MAac-
wmabrom npocmparicmee Beenernoti u uesno-
6exa 6 macuimabHom npocmparncmee buoc-
¢epot. [1y1s1 9TOrO KaXK[blil 13 TPeX yIacTKOB
0€e/IKOBOTO AMara3oHa, MIN KaKABIl U3 Tpex
9TAIlOB 3BOMIOLNM JKM3HU Ha 3eMiIe, IpoaHa-
NM3UpPyeM C HO3UIMU MACIITAOHBIX 3aKOHO-
MEPHOCTEN, BCKPBITBIX B HPELIeCTBYIOMINX
qacTsAXx paboTel. OpHOBpeMeHHO OymeM co-
IIOCTABJ/IATh 9TU 3aKOHOMEPHOCTH C IIPEAIO-
JIOXKEeHJEM O LIeHTPaJbHOM (OKYCHPOBAHNNI
9BOJIIOLVIOHHOTO HAIPSDKEHMS B COL[MAIbHOM
AMaIa3oHe MacIITaboB.



[TIABA 3.2
MEPBbIA 3TAN. XN3Hb

B MACLUTABHOM LEHTPE BCENEHHOM

ITepBblil 5TAll SBOTIOLNY XXVM3HU Ha 3eM-
Jie, Ha KOTOpOoM c(pOopMMPOBaINCh BCE OJIHO-
K/IeTOYHbIe OPTaHM3MBI, IIe/T He MeHee JIBYX
MIJUINApPAIOB 7IeT. bronorm He MOTYT HaTh
TOYHOTO OTBETa, KaK 3apOAINIACD )XI3Hb, YTO
ABWIOCH CTMMYJIOM JIA ee IOSABJICHNA U Ka-
KUMM OBUIM IepBble OpraHu3Mbl. MBI yike
OoTMe4dann, 4TO Teopusa CHY‘{aI}’[HOFO BO3HUK-
HOBEHUS CIOXHBIX O€/IKOBBIX CHCTEM HE BbI-
Tep)KnBaeT HUKAKOI KPUTHUKIL.

C otkpeiTHeM @yHOameHmanvHoli ponu
MUB B >xusHemearenbHocTM BceneHHoin
HOSBJIAIOTCA TONONHUTEIbHbIE, OYeHb 3Ha-
YUMBIE APTYMEHTBI B IOJIb3Y HECAYHAiiHO-
20 3apoxcoenus #u3Hu. Begb ckopee Bcero
MLUB siBnsietcst ysmom écex anepzemuneckux
u uH@opmMayUoHHLIX NPoueccoé 60 Bcemen-
Hoti. [losToMy BpsAJ| /1M ABNIAETCA CIIyYaliHbIM
TOT (DaKT, 4TO CpeHUE Pa3Mepbl BCEX KIETOK
OKa3a/lChb paBHbIMU 3HAYEHMIO [MAIa3o-
Ha MUB. MoxxHO mpenmonoxutb, 4To MH-
dopmanusa nocrymaer co Bceit Beenennoii
M cocperoToYnBaeTcsa Ha Macmrabax 10...
100 MUKPOH, M 3TO ABIAETCA BaXKHENIIIM
¢akTOpoM cBA3M 6GMOTOTNYECKUX KITETOK CO
BceM Kocmocom.

bBornee TOro, HallOMHUM 4YTO COIJIACHO
MOJeNN  MAacIITaOHO-TapMOHMYECKMX KO-
nebaHMit Ha IepBOM >ke obepToHe BceneH-
Has I[OPOXKHAEeT HEKUe «HeBeleCTBEHHbIE»
(s¢upHBIE) CTPYKTYpPbI, pasMepbl KOTOPBIX
touno coorBetcTByI0T MLIB. B pamkax sToit
MOJIe/IU IIPOCTPAHCTBO BceneHHOIT OYKBasb-
«3epHamu»,

HO «HAIIIIMTOBAHO» TaKUMI

KOTOPBIE COCTOAT TOJAbKO M3 MAKCUMOHOB.
B HUX HeT HM 9/IeMEHTAPHBIX YacTul, Hu ¢o-
TOHOB, IO3TOMY OHJ He PETUCTPUPYIOTCA CO-
BpeMeHHbIMY npubopammu. ITockonbky Mak-
cumoHbl Ha 30,5 MOpsAJgKa MeHbIIE «3epeH»,
UX KOTIMYECTBO B KaXK/IOM «3€PHE» MOXET Ji0-
CTUTATb HEBEPOATHO OOJIBbIIOIN BETNYNHBI —
okomo 10%° ().

CBOBODHOE PACCYXDEHUE

PaccmoTpum cnepcTeums U3 9Toro MOAenb-
HOro npepnonoxenus. Ecnu npegnonoxwurs,
4YTO BHYTPU «3epHa» MakCMMOHbI pacronara-
I0TCA HE CyYariHO, @ KOMOUHMPYIOTCA B HEKO-
TOpble KOHGUrypaumm, To cregyeTt OonycTutb
TaKxke, 4YTO KaX[oe Takoe «3epHO» MOXET
HakannMeatb, XPaHUTb U NepefasaTb MHOpP-
Mauuio. [lloTteHuymanbHass UHEOpPMaLYNOH—
Hasi eMKOCTb TaKkoro «3epHa» 6ygeT daH-
TacTUYeCKN Benmka 6narogapsi rmraHTcKomy
KONMMYECTBY COCTaBASAOLMX €ro 3/1eMEHTOB.
MpenBapuTenbHble OLEHKM MOKAa3bIBAKT, YTO
UHGpOpPMaLUNOHHASI EMKOCTb «3€pHa» CO-
noctaBuma ¢ MHGhOPMaLNOHHON eMKOCTbIO
Bceu BeeneHHOM.

OTOT BbIBOA Ha MEPBbIA B3rNaL MOXET
nokasatbcs ao6cypaHbiM. Kak wuHcopmauuns
yactTn BceneHHom MOXeT ObiTb 60sblUe WH-
hopmaumm Becent BeceneHnHon? OgHako aHanms

nokasbiBaeT, 4YTO nNnapanokcalsibHOCTb 3TOro
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BbIBOLA MOXET BMOJSIHE COOTBETCTBOBATb pe-
anbHOMy nomnoxeHuto gen. PaccmoTpum ero
nogpobHee.

Bo Bceit BeenerHol okono 107 HyKoHOB,
CyMMapHO€e KOM4eCcTBO ranakTuk Bo Becenen-
Hovt — 10'°, 3Be3g — npumepHo 10%°. B ogHom
Xe «3epHe MMPOBOIro AyXa» MOXET 6blTb OKO-
1o 10%° mMakcuMOHOB. [MOCKOMLKY KONMYeCTBO
3MIEMEHTOB B «3€pHe» ropasfo 6onblue, Yem
KONMMYECTBO BCEX BELLECTBEHHbIX 3/IEMEHTOB
BceneHnHon, T0 noteHuymanbHasi MH¢hopma—
YUOHHAsi eMKOCTb «3epHa» Ha MopsfKu
npeBocxoanT MOTeHUManbHy MUHGpopMma—
ynoHHyro emkoctb Metaranaktuku. Ecnu
6bl KTO-NMMOO 3agasncs Lenbko 3anucatb WH-
dopmaumo o0 MMpe, UCNonb3ys s 3TOro B3a-
MMHOE pacrionoXeHune 3Be3d, ranaktuk, aTo-
MOB WJIN HYKJTOHOB, TO OH CMOT 6bl 3anucaTb Ha
3TUX «HOCUTENSIX» ropa3fo MeEHbLUMA 06beM
MHOPMaLMM, YeM MpPU UCMONb30BaHUM KPO-
XOTHOro no Macwitabéam BceneHHol «3epHa
MMPOBOro Ayxa». 34ecCb YMECTHO HanoMHUTb
O TOM, 4YTO B NamMATn HebonbLLOro KOMMblOoTEPa
CerofHs ymellaeTcs ropa3go 60onbLue nHop-
MaLmm, Yem B rMraHTckom 6mMbnuoTteke, Tosb-
KO NWLLb 3@ CYET UCMOMb30BaHUsSI NpY 3anucu
3/IEMEHTOB ropasfo MeHbLUMX Pa3MepoB, YeEM
O6YKBbl U PUCYHKU. [10O3TOMY MOXHO C YyBe-
PEHHOCTbLIO CKadaTtb, YTO MHGhOpPMAaLNOHHAas
namsiTe «3epHa MUPOBOro gyxa» 6o0JibLue,
4eM MHQOpPMAaLMUOHHas NamsiTb BCeN Be—
ujecTBeHHou* BcesieHHOM.

MpuBegem  aHanoruto. YenosevecTBO
3a BCKO CBOK WCTOPUIO HAKOMWIO TUraHT-
CKyl0 WHopmaumo. Hekotopas ee 4acTb
namsTHUKax

XpaHutca B apPXUTEKTYpBI,

* HamomHum, 4To 107 6eu4ectme0om Mbl JOTOBOPUINCH
MOHMMATh OObEKThl BceneHHOl, cocTosme U3 U3-
BECMHLIX 3HeMeHTaprIX YacCTUIL, TAKUX KaK HyK}IOHI)I,
9JIEKTPOHBI U T. 1.

HekoTopas — B MH(PpacTpyKType

nrocyoapcTte, HekoTopasd — B 6mbnnoTekax

ropoos

n My3sesix. OgHako, noxanym, HanbonbLUNIA ee
06bEM XPaHUTCS B KOMMAKTHON U KOHLUEHTPU-
poBaHHOW hopme B OMnbITe U NaMATU OTAENb-
HbIX NIOOEN, YCNOBHO roBOps, — «B rOfloBax».
OyeBnOHO, YTO, HaXoO[sCh UMEHHO Y YerioBe-
Ka, VIHCbOpMaLl,I/Iﬂ umnBmnnn3aymn aBnaeTcd Hau-
6oree JOCTYMHOM U MOGUNBbHOM.

Mpogomkas aHanorno, MoOXHO 3aMeTuTb,
4YTO TaK Xe, Kak JIlo6Oo# YesloBeK n3y4yaer
MUpP ABOSIKO — BO-MEPBbIX, CAMOCTOATESIbHO,
BO-BTOpbIX, Yepe3 OMbIT APYruX IOAEN (B LLKO-
e — 4Yepes3 yunuTens, NoToM — 4epe3 KHUMM
WT.N.), — TaK Xe MOXHO u3sy4arb Bce-
JIEHHYI0 — BO-TIEPBbIX, NYTEM €€ 3KCrnepu-
MEHTaNbHOrO «OLLyMbIBAHWS» U, BO-BTOPbIX,
nyTeMm nonyyeHns wnHopMaumm u3 «3epeH
MMpPOBOro agyxa». [epBbii NyTb 6€3 BTOPOro
BefeT K rpybomy matepuanmamy. Bropon nytb
6e3 nepBoro — Kk GECNOYBEHHOMY MAeanns-
My. TONIbKO rapMoHUYHOe coYyeTaHue AByX
9TUX Ha4an, npeacTaB/soWnX ABa MUpa
BceneHHou, BefeT K onTuMasbHOMYy pas-—
BUTUIO JINYHOCTU U O6LYECTBA B L|€JIOM.

BesycnosHo, MHopmaumsa, «3anncaHHas»
Ha MaKCMMOHHOM YPOBHE, MOXET XpaHWUTbCSH
BO BceneHHol He TONMbKO B «3epHax MUPOBOro
ayxa», HO U B OTKPbITbIX MAKCUMOHHbIX CTPYK-
Typax, pasMepbl KOTOPbIX MOryT 6biTb CKOMb
YrogHO MeHbLue 50 MKM 1 CKOMb YrogHo 601b-
we. Ho ecnu TakoBble CTPYKTYpbl UMEIOTCS, TO
1X pOrib, CKOpee Bcero, BTOPUYHa, Bedb cornac-
HO Halley MOAJEnW, rnepsbisi 06epToH co3naeT
BO BceneHHom 4pesBblHaiHO yCTOM4YMBbLIE 06-
pa3oBaHnA U3 MakKCUMMOHOB, W BMNOJIHE Bepo-
ATHO, YTO BHE «3€PEH» MaKCMMOHOB ropasfo
MeHbLLEe. Kpome Toro, B KaXOOM U3 «3epeH»
COOEPXMUTCA KONMUYECTBO 3NIEMEHTOB (MaKCu-

MOHOB) MPVYMEPHO PaBHOE KONMYECTBY BCEX
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«3epeH MMpoBOro ayxa» BO BcenenHoi. 3T10
paBeHCTBO onpefenseTcs cpeamHHbLIM MECTOM
pacnonoxeHus «3epHa» Ha M-ocu — 50 MKMm,
npu NIOTHOW ynakoBke BO BceneHHon Moxer
paamecTuTbea 10%° Takux «3epeH». MoaTomy
MNMOTEHUMATIBHAS unHgpopmaynoHHass em-
KocTb BcesieHHOW npuy Ucrosib30BaHNM «3e—
PeH» B Ka4decTBe 3JIeMEHTOB 3anucu npuv—
MEepHO Takasi Xe, KaKk u UHhopMaynoHHas
eMKOCTb eAUHCTBEHHOI O «3epPHa».

BesycnoBHO, COBOKynHas wHGopmMaums,
3anucaHHas BHYTpU BCEX «3epeH MUPOBOro
oyxa» BceneHnHon, 6onblue, Yyem WHopma-
uMsa, 3anucaHHas BHYTPU OOHOMO «3epHa».
Mo aHanoruu, Hanpumep, O6LLECTBEHHOE CO-
3HaHWe 4enoBevyecTBa XpaHUT B cebe 6osbLue
WHGOpMaunn, YeM CO3HaHWEe OTOENbHOro Ye-
noseka. OfHako «ronosa» Kaxnoro yenoseka
SIBNSAETCA TEM 9NIEMEHTOM MMraHTCKOW CTPYK-
Typbl O6LLECTBEHHOrO CO3HaHWsA, B KOTOPOM
BCS MH(pOpMaLMA KOHLEHTPUPYETCH, XPaHUTCA
1 nepepabaTbiBaeTcs.

VTaK, MOXHO NpeanonoXuTb, YTO MHGPOP—
mauunsi Bo BcesleHHON KOHLIEHTPUpPOBaHHO
XpaHUTCsl B «3epHax MUPOBOro Ayxa», BHe
«3epeH» ee 06beM MOXeT 6bITb ropasfo
MEeHbLLNM.

Hapo oTMeTuTb, Y4TO B 3TOM MAee ecTb eLle
OOVH npuBnekaTesfibHbI acnekrt. VHdopma-
LMo, 3anncaHHyo TakMM KOMMaKTHbIM o6pa-
30M, ropasgo npolle rnepemeLyatb U3 O[HOM
obriactu BcerneHHovi B Apyryro, Yem ecnu 6bl
OHa 6blna 3annucaHa B He CTPYKTYpPUPOBaHHOM
Ha «3epHa» MakCUMOHHOM rioJie.

HemanoBaxHbIM ABNSETCA U TOT (hakT, 4TO
«3epHa MMPOBOro Ayxa», BO3HMKLUME Ha nep-
BOM 06epToHe, 06nafaloT rnpegesibHo BbICO—
KOM YyCTOMYNBOCTbIO BO BPEMEHU N YCTOMN—
YUBOCTbIO K BHELUHUM BO3A[ENCTBUSIM MO
CpaBHeHWO C 6O ApYyron CTPYKTypoun

BceneHHon (kpome camon BceneHHom 1 mak-
CMMOHOB, MOCKOJIbKY OHW BO3HWKNW MpW Npo-
XOXOEHMM OCHOBHOMO TOHA).

Wtak, oTkpbiBaeTcs nopasutensHoe MNPEM-
NONOXEHUE.

«3epHO», KOTOPOE COCTOUT U3 MaKCUMO-
HOB, MOXET OKa3aTbCs MMaBHbIM 3IEMEHTOM
«MbllAeHusi» BcenenHol, EE MTABHOW CA-
MOTMOCTUIAIOLLEN AYENKOW.

OuyeHb BaXXKHO NpUW 3TOM, HTO TEOPETUHECKM
3Ty AYENKY HUKaKune BeLLeCTBEHHbIE NPOLEeCChI
BcenenHon paspywnte He moryT. Ee He mo-
XET YHUHTOXMWTb HU aTOMHbIN B3PbIB, HU Aaxe
B3pbIB fApa ranaktvku. Moyvemy? [da notowmy,
YTO SHEprus 3TMX MPOLECCOB peanvayeTcs Ha
TaKUX BbICOKMX CTPYKTYPHbIX dTaxax mMatepuu,
YTO BO3MYLLEHME C HUX «HE JoNeTaeT» Ao Mak-
CMMOHHOro ypoBHsl. O6pa3Ho roBopsi, «3epHO
MUPOBOro Ayxa» nnaesaeT B rnyéuHax «Okea-
Ha», 1 BCe 6ypu, TanyHbl U LyHamn, naywime
Ha ero MOBEPXHOCTU, He OKa3biBalT Ha Hero
HMKaKOro paspyLualoLero BO3OEWCTBUSA, Kak
XMMUYECKNE peakumm ¢ atomamum He paspyLua-
I0T SiAep caMMx aToMOB UM Kak MpoLecc Apo-
611eHMA TOPHOW MOPOAbl HE NPUBOAUT K U3me-
HEHWIO aTOMHOr0 cocTasa nopogbl.

CnepoBaresibHO, «3epHO MUPOBOrO Ayxa»
MOXET ABNATbCA, No cyTn, BEYHbIM SJIEMEH-
TOM BCEJIEHHOW.

«3€epHO» B COCTOSIHWM 3@ CHET U3MEHEHUS
BHYTPEHHEN CTPYKTYpbl HakamnniueaTtb W xpa-
HUTb B Cebe MMraHTCKoe KONM4yecTBO MHAOP-
Mauuun. |_|paKTI/IL|eCKVI OHO B COCTOAHUN «MNOM-
HWUTb» abCOMIOTHO BCe, YTO MPOMCXOAMIIO BO
BceneHHon ¢ mMomeHTa ee poxpenus. U ato
«3epHO» UMeEeT TeOPEeTUYECKN BbIYNCIIEH—
Hble NpPOCTPaHCTBEHHbIe pa3mepbl, KOTO—
pbie [Mpupopa yAuBUTENIbHbIM 06pa3om
COBEpPLUEHHO TOYHO Bbl6pana AnsA cyLje—
CTBOBaHUs1 XXUBOW KneTku!
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PasBe 370 He nopaxkaeT BOO6paxeHmsa?

MoxeT 6bITb, AENCTBUTENBHO Kaxaas KneT-
Ka Hallero opraHv3ma Kpome CBOel Belle-
CTBEHHOW CTPYKTYypbl 06/1a0a€eT eLle n (HeBeno-
MOV MoKa A1 HayKu) 3MpHOM (MakCMOHHOM)
CTPYKTYPOW, KOTOPas XPaHWT BCHO MHpopMaLmio
06 okpyxatoLen Hac BcenenHoli? Begb Torga
1 BCS HaLLa XXM3Hb, MOXET ObITb, 3anMcbiBaeTcs
Ha 3Ty 3(hMPHYIO MaTpULly HaBe4YHO?

[MpoBepuTb BbILLENPUBEAEHHbIE PA3MbILL-
JIEHNST HanpsMyro Hay4YHbIMW METOLAMMW, Kak
BMOMTCS aBTopy, BpAd nu 6ydeT BO3MOXHO
B 6nvxanwem 6yayuiem. ECTb TONMbKO He-
CKONbKO KOCBEHHbIX apryMeHTOB, KOTOpble
NoKasblBatoT, YTO 3TN NPEAMNONOXEHNA BMOS-
He BeposiTHbl. OTU apryMeHTbl OCHOBaHbl Ha
npuHyMne nogo6ums (VN aHTMnopgooms) AByx
MUPOB: BELLECTBEHHOrO 1 achmpHoro. Cornac-
HO 9TOMY MNPUHUMMY BCE, YTO Mbl OBHAPYXM-
BaeM B BELLECTBEHHOM MMpe, MOXeT UMeTb
aHanoruio B M1Mpe apupHoOM™.

HanomHum, 4TO B fiApe KneTku (pa3mepsl
KOTOpPOro COOTBETCTBYIOT AmanasoHy MLIB)
XpaHUTCA BCA reHeTMyeckasa wHdopmMaums
J060ro XMBoro cylecrsa. Ta nHdopmMaums,
KOTOPYIO CYLLIECTBO YCMesno HaKonuTb 3a Bpe-
M$ XKM3HM (MOKa 3TO YCTAHOBIEHO TOMbKO AN
reHeTU4ecKon WHgopMaLmMn™*), KOMNaKTHO
nomMeLlaeTcsl B MOSIOBYIO KNETKY U nepepaeT-
cAa crepytoLlemMy NOKOMEHU0, KOTOPOe NOTOM
(MOXHO cKasaTb — BCHO CBOI XW3Hb) pasBo-

payvBaeT 3Ty nporpammy. Ha reHHOM ypoBHe

* B Tammype HammcaHo: «YTOOBI TO3HATH HEBUVIMOE,
CMOTpPU BHIMATETbHO Ha BUVIMOE>.

** I1paBpa, mapagurManbHas 610IOTHA IPU3HAET MOKa
TONIBKO TO, UTO HAKaI/IMBAeTCA ¥ IEpefiaeTcs camas
npumumueHas MHGOpMaIysa — Ha yPOBHE TeHeTude-
CKUX OIMOOK, BO3JIEICTBUA MyTareHHbIX (HaKTOpPOB
u T. . MoxeT ObITh, OHa U TpaBa? 3adeM 3aMuChbIBaTh
Ha TeHETMYECKOM ypOBHE Ty MH(DOPMAINIO, KOTOPYIO
ropaszio a¢dexTuBHee MOKHO 3aIcaTh Ha aQUpHOM,
MaKCHMOHHOM?

3anMcaHo O4YeHb MHOroe, O YeM CBUAETENb-
CTBYET XM3Hb OOHOSANLEBbLIX 6GNIN3HELIOB.

Ecnun acmpHbIi Mup Nnogo6eH BeLLecTBEeH-
HOMY, TO B HEM, BO3MOXHO, OCYLLIECTBNSAETCSA
npouecc passopaqvBaHns KOMMaKTHO ynako-
BaHHOW B «3epHe MMPOBOro gyxa» uHgopma-
UMM (MO Hawemy MpPepnonioXeHUIo, «3epHO»
coenHEeHO C NepBMYHON 3apOfbILLIEBON KNeET-
KOW) U hopMMpOBaHUA U3 HEro AyLUM Yerno-
Beka (aHanormyHo )opMMpOBaHMIO U3 MOSO-
BOW KNETKWN Tena 4Yenoseka). Bo3aMoXHO, 4To
obpaTHasa yknagka nHopmaumm nponcxogut
B MOMEHT CMEPTMU.

PaccmoTpum emie opMH aclekT B3an-
MocBs3u >kusHu ¢ MIIB. Kaxpabiii yemoBek
U3y4aeT B IIPOCTPAaHCTBO BceneHHoIt Bce-
BO3MOXKHBIE BOTHBL. MaKCHUMyM MOITHOCTHI
U3TydeHNA HAXOJAWUTCA B JMAIla30HE JeCATKOB
MUKPOH — 3TO TeIIOBble, Wiy MHppaxpac-
Hble, BO/HBI. C/leoBaTeIbHO, BCE MBI CBETUM-
Cs B HeBUAMMOM MH(QPAKPACHOM JAMaIla3oHe
C IPWINYHO MOLTHOCTBIO HECKOTIbKIX COTE€H
BatT, a KpuBasAg MHTEHCUBHOCTY HAIIETO U3ITY-
JeHNs MMeeT BEPXHIO TOUYKY B 06acTu ot 10
1o 100 mxM. C ipyToii CTOPOHDI, BCE T/TAHETHI
CONIHEeYHOI1 CUCTEMBI CBETAT Ha Hebe ¢ Mak-
CYMYMOM MHTEHCUBHOCT!U OTPa’K€HHOI'O COJI-
HEYHOTO CBEeTa TOXKe B uara3oHe ot 10 mo 100
MKM (cM. puc. 3.2). OgHaKo Py 3TOM KaXKzast
I/IaHeTa MIMeeT CBOM MAKCUMYM, a XapaKTep
KPMBOJ U3/TyYEeHNUs CYLIeCTBEHHO U3MEHAETCS
B 3aBUCUMOCTY OT yITIa IIJIAHETHI HaJ TOpU-
30HTOM IIpY HAOMIOMIEHISIX C 3eMII.

VHTepecHO Ipu 3TOM, YTO:

o 07UHA BOJIHLL COOCMBEHHO020 U3TTYyHe-
Hus naaxem (4-5 MKM) COOTBETCTBYeT pa3Me-
paM 207106K U cnepmamo3ouda 1 pasmepam Xpo-
MOCOM B pa3BepHyTOM Bufe (cM. puc. 3.2A);

o 0UAnason OAuUH 607H COOCMBEHHO20
menno6020 u3nyueHus naawem Ha M-ocu
HAXOIMTCs Ha OJVIH MOPSOK IeBee AMAaInaso-

na MLIB;
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11 — CaTtypH (NPOTMBOCTOSAHKE).

Puc. 3.2. I3ny4yeHunsi Bcex NnaHeT v 3Be3[ UMEKT MaKCMMyMbl MOLLIHOCTHU, KOTOpble Ha M-ocu yameu-
TenbHO 65M3Ku K MacLutabHomy LieHTpy BeenenHoin (MLB).
A. Cob6cTBEHHOE M3yHeHne B BEPXHUX C/I0sIX aTMOCghepbl:

1 — HoyHas JlyHa; 2 — BeHepa; 3 — Mapc; 4 — CaTypH; 5 — Mepkypuid.

OTpa)KeHHoe rnjaHeTamu co/iIHe4Hoe narny4eHuve:

6 — JlyHa; 7 — lOnuTep; 8 — BeHepa; 9 — Mapc (npotuBocTosiHue); 10 — KOnutep (MpoTUBOCTOSIHUE);

Hapg rpachukom A B COOTBETCTBUM CO CBOMMMW pasmepamyt pasmelleHbl: XPOMOCOMbI, MYXCKas
1 XXeHcKas NonoBble KNETKM YenoBeka (CTpenkamu nokasaHbl pasmepbl Ux aaep).

B. CnektpanbHas sHepreTnyeckas spkoCTb HOYHOro Heba Npu pasHbIX yrrax BU3MPOBaHWS.

AsTop npuaHateneH H0.B. CopokvHy 3a npefocTaBeHHbIe fJaHHble

250 y vy
| )
/ 90
0
A, MKM 2 5 10 15 L MKM

o MAKCUMYM U3NLyYeHUs OMPAaXeHH020
CONTHEUHO20 céema niaHemamy IPUXOJUTCS
Ha fuamazoH M-ocu (cMm. puc. 3.2A), xoTo-
Pt yoKe 6/yDKe K MaciiTabam smpa HeHcKot
nonoeoti knemxu, T. e. Kk pyamnasony MLB;

o Ka¥c0as naaHema TaK)Xe MMEET CBOIO
crienudUYecKyo KOOpAMHATY (B  CMBICTIE
MaKCUMyMa U3ydeHns) Ha M-ocu;

o CIIEKTDP W3JIy4eHWs KaK[Oil IUIAHETHI,
KPOMe BCEro IIpOYero, CyILjeCTBEHHO MEHs-
eTCsl B 3aBUCHMOCTH OT YIVIa HaKJIOHA II07IO-
JKEHIS IUTAHETHI 110 OTHOIIEHNIO K TOPU30HTY
3emmn (M. puc. 3.2B).

3mech BO3HMKAeT OYEHb HEOXMIAaHHOE
MPEOMONOXEHWE. Ymo ecnu ceem om
nnawem nonaddem Ha 2eHemuueckutl ma-
mepuan, HA NON06ble KIEMKU 6 MOMEHM
UX CAUSHUS U 67USIEM HA 2eHemuYecKyio
HacnedcmeeHHocmo?

VITak, 4TO >Ke MonydaeTcs?

Kaxx/1p1i1 ueJIoBeK «OTIPaB/IAETCA» B CBOIL
JKMBHEHHBII MyTb OT cTaHiuy «Macirab-
ueiit Lentp Bcenmennoit» (guamason 10-100
MKM). B MOMEHT «OTIIpaB/ieHUs» OH IOJY-
4yaeT MH(OPMAINIO CO BCETO 3BE3JHOrO Heba
B BU/JI€ U3Ty4YEHMIT C MAKCMMYMOM MOIHOCTH
B TOM >Ke JIMalla3oHe J/IMH BOJIH.

He 3pech nu  OTKpbIBaeTCA BO3MOX-
HOCTb HAay4HOTO OOOCHOBAHNS aCTPOIOrMu?
Benp MMEHHO B MOMEHT CIMAHMA >KEHCKOTO
U MY>KCKOTO sAfiep 06pasyeTcsi TOT HEIOBTO-
PUMBIII TeHeTHIeCKMiT HabOp, KOTOPBIIL, CY/sI
110 MHOTUM JCCTIEIOBAHUAM, U OIpefensaeT
BO MHOTOM «TPaeKTOPMIO» YelOBeKa 110 XKIU3-
HEHHOMY IIPOCTPAHCTBY. Bcio ocrasiryiocs
JKU3HD YeloBeK He PAcCTaeTCs C AMaNa3oHOM
MLIB: Benp Bce ero 10" kmeTok MMeroT cpep-
Huit pasmep otT 10 go 100 MKM, 1 MaKCUMyM
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€ro MHTETrPalbHOM CBETUMOCTY HPUXOLUTCS
OILATH )K€ Ha 9TOT [JUAIIa30H.

JTaKk, MOXXHO VBEpEHHO YTBEp)KHATb,
4TO 2eHemuueckuli Pynoamenm uenosexa
(a cmemoBaTenbHO, U 4€IOBEK — KaK POJIOBOE
TIOHATHE, KAK HEKOTOPBIN IJIAIMUIICA BO Bpe-
MEHU 11 M3MEeHSIIOIIMIics a7ieMeHT Briocdepsr)
tecHo npuBsizad k MUB, nnu, gpyrumu cro-
samu, F[EHETUYECKMIA YENOBEK HA-
XOOMTCA B MACLUTABHOM LIEHTPE
BCEJIEHHOW.

CBOBODHOE PACCYXDEHUE

Mo>xHo npegnonaratb, YTO U3MEHEHNE Xa-
pakTepa u3ny4eHus 3Be3f U NnaHeT B 3aBU-
CMMOCTM OT WX NONOXEHUs Ha Hebe (CM. puc.
3.26) B MOMEHT 3a4aTuna pebeHKa MOXET OKa-
3aTb creunduyeckoe N OYeHb KOHKPETHOE
BO3[AENCTBME Ha ero HacreAcTBEHHOCTb M Ha
ero fanbHenLUyto cyapoy.

Ecnn wncnonb3oBatb npuHUMN rnogo6us
ABYX MUPOB, TO B MOMEHT (POPMUPOBAHMSA
reHeTuyeckon matpuvubl 6ydyLiero 4denoseka
JOMmKHa hopMUPOBATLCA U ero admpHas ma-
Tpuua. Co Bcex npoctopos BeceneHHon moxeT
cobupaTtbC MHopMauMsi U KOHLEHTPUPO-
BaTbCA B «3E€PHO MMPOBOro Ayxa», KOTOpoe
no CBOMM pas3mepam vaeasnbHO COOTBETCTBYET
pa3mvepam [ABYX CIIMBLUMXCSA BELLECTBEHHbIX
anep. MNpyuyem o6bem MHoOpMaL MK, KOTOPbIA
nepepaeTcs 4YenoBeKy Ha 3OMPHOM YPOBHE,
MOXET 6bITb HA MHOIO MOPSAAKOB 60MbLUE, YEM
06Bbem MHopMaLuK, KOTOPbIN NepefaeTcs Ha
YPOBHE rEHOB.

Bonee Toro, ata uHopmauus — yxe He
0 XW3HWM poAa 4enoBe4veckoro Ha 3emse, aTta
nHdopmaumas — 0 XM3HU Bcel BceneHHon
C MOMEHTa ee POXAEHUS.

MosToMy BO3MOXHO, 4To KAXMObIA U3
HAC NOTEHUWMANBHO 3HAET O BCEJEH-
HOW BCE. Bonpoc nuLiib B TOM, Kak Npo4ecTb

3Ty MHOPMaLMIO, Kak NepeBecTy ee € A3blka
MaKCUMOHHBIX CTPYKTYP Ha 3blK PYCCKWUIA UNn
aHIMUACKUA.

370, BUAUMO, MOHMMANM eruneTckme XpeLpl
BPEMEH MOCTPOMKN BEMKUX nvpamng. Kak yoa-
nock fokasath P. Beioany?*®, yto Benvkas nu-
pamuga Xeornca MMeeT KaHaJslbl, PacrnofOXeHHbIe
Tak, 4YTO B ONpedeneHHbI MOMEHT B Kamepy Liaps
1 Lapuubl nonagarn CBET BbIGPaHHbIX N UCKITHOHM-
TENbHO BaXHbIX )19 ErUNTaH 3834 (CM. puc. 3.3).

P. BbioBan y6expaeH, YTo Takum 06pasom
Xpeubl Momoranu Aywiam ymepLumx dapao-
HOB COEOMHUTBCA C KOHKPETHbIMW 3Be3hamu,
a 3ses3fjam — O0OUTENAM MHOrMX Oyl npeg-
LLIECTBEHHMKOB BHOBb poXpatoLlerocs gapao-
Ha — cTaTb ero «poanTensiMus». B cBsan ¢ aTum
BbloBaN 4acTo UUTUPYET KyCOK M3 U3BECTHbIX
«TeKCToB nNupamug»:

«TBOSA cecTpa (xeHa), Mcupa, npuxogut
K Tebe HacnaguTbes Nt0O6OBLIO TBOEN. Thbl MOMe-
CTUI ee Ha CBOW channoc (LaxTy), 1 TBOe cems
BOLLJIO B HEE; OHA FOTOBA K TOMY, 4TOObI CTaTb
Cotuc (Cupuyc), n MNop-Coay (38e3ga) Bbien
13 1eb4, kak ['op, koTopblt B CoTuC...» (TeKcTbl
nupamug, 632).

Mpaspa, P. BeloBan npugaeT 3Tomy BbIGOPY
3BE3[HOro CBeTa Ha Hebe nuLb Mudonornye-
CKUI CMbICN. A YTO €Cnu ervneTckue XXpeubl
npvgasanu 3ToMy eLle 1 61uonoru4ecknn, u-
31N4ECKUI CMbICN, cHUTadA, 4YTO CBET KOHKpeT-
HbIX 3BE€3[, BbIOPaHHbIX UMW MO OnpegeneH-
HOMY MPWHLMMY, NO3BOMMUT B MOMEHT 3ayaTusi
6yanyLlero apaoHa 3anoXuTb B HEro acTpono-
rMYecKyto nporpamMmmy, UCKNIOYNTENBHO TONbKO

3TUM 3BE3AaM MPUCYLLYIO?

Mrak, Bo3BpalasAch B Hall BelleCTBEH-
HbII Mup, HanomHuM, uro u3 MUB mocne
CIMAHUA MYXXCKOM M JKEHCKOM ITOJIOBBIX
KJIETOK PpPa3BOPAauMBAETCA 4YeNOBeK, KOTO-
pBlii 3a 9 MecAneB «IponeraeT» 1no M-ocu
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5 nopsapkoB. PaccMOTpuM, KakoBa TpPaeKToO-
pus ABV>KeHMA o M-0cu KasK[J0ro 4e/ioBeKa
3a BpeMsI eT0 KU3HIL.

I 3TOro BBeleM HEKOTOpoe Iapame-
TpUYecKoe MpOoCTpaHCcTBO «M-T», T. e. Mac-
mTab-BpeMs, Ife BpeMs 0003Ha4eHO OyK-
Boit T (cm. puc. 3.4).

bymem cumrarh, 4TO MCXOZHONM TOYKOII
«1» IS KOXKJIOTO YelloBeKa AB/IAETCS MOMEHT
C/IUAHUS MY>KCKOJ U SKEHCKOI! TI0/IOBBIX KIe-
tok B MLIB. 3arem B Teuenne 9 mecsanes miox,
nepeMelraeTcs BLoab M-ocy modTy Ha 5 1o-
PAIKOB, TI0OKa He POXK/JAETCA B TOUKe «2». Ye-
pes 16-20 y1eT OH JOCTUTAET CBOETO MpPee/b-
HOTO pOCTa I IOMAafIaeT B TOUKY «3», KOTOpast
Ha 5 HOPAJKOB IIpaBee CTAPTOBON TOUKM «1».

Anbcha
upa‘KOHa

}—794{;}—79—{21\

Cupuyc

Puc. 3.3. AcTporeomeTpuyeckoe pacro-
NOXEHMe LaxT u kamep B Benwukoi nupa-
MUIe C yrfnamMuM MakcumasnbHOro nogbema
3Be3[ B nepuopf okono 2450 roga [o H.3.
(no P. bbioBany). B BepxHioo kamepy Laps
nonagan ceeT 3Be3dbl M3 nosica OpuvoHa
v Anbbl [pakoHa. B HUXHIOKO Kamepy ua-
puubl nonapan ceet Cupuyca n Koxaba

V3 Toukm «3» denoBeK coBepIIaeT ITyTelle-
CTBIE 10 BPEMEHH, OCTaBasACh B IOCTOSAHHOM
pasMepHOM [Malna3oHe.

ITocne cMepTH YeNOBEK MCUE3AET U3 SKU3-
M-T.
OpHaKo ec/my pacCMaTpyUBaTh €ro IMPOFOKe-

HEHHOro IIpOCTpaHCTBa [AMarpaMmbl

HIfe B IIOTOMKAX, TO AuarpamMma mpuobperaer
LMK/INYeCKUII XapakTep. B  ompenmeneHHbI
MOMEHT BpeMeHU BCsi MH(OpMALs, HAKO-
IUIEHHAsI Y€TIOBEKOM 32 €r0 >KM3Hb, COOMpaeT-
€Al ¥ KOHLIEHTPUPYETCA B €ro MON0BOI KIIETKe,
KOTOpas, COENMNHAACD C [PYTOIl II0/IOBOM KIIET-
KOIt, HauMHaeT HOBbIT 1K [Tporjecc mpno6-
peraeT MacuITabHO My/IbCHUPYIOLINIT XapaKTep,
¢ nepuopioM 1o Bpemenn B 20-40 et u ¢ nepu-
ofoM 1o Maciutaby Touno B 10° (em. puc. 3.5).
OueHb BaXXHO OTMETUTh, 4TO 6a30BOIL
1 CTapTOBOI TOYKOII 3aKperieHns Ha M-ocu
I Kakporo uenmoseka sapnsAercss MLUB. 9to
CBOEro pojia MacumabHoe uzonvHoe YuiKo,

T, spems A

MNonoean
3penoctb

PaospeHue

3auatue

DopmuposaHue
nonoeoH
KNETKH

Monoeas
3penocTb

Powxpenune |

3auatve

Pwuc. 3.4. MaclwutabHo-BpeMeHHas guarpam-
Ma (M—T) XW3HM «reHeTU4ECKOro YesloBeKa»
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yepe3 KOTOpOe KaXK/blil pa3 MPOXOIUT Yeslo-
BE€K, POXK/JasIChb BHOBb I1OCTIE CBOEI IPefbIY-
et )KU3HU.

CBOBODHOE PACCYXDEHUE

MOoXHO MpefnonoXuTs, onvpasicb Ha Mo-
[enb «3epHa MWPOBOro fyxa», YTO KaXAbl
4esioBeK — 3TO CUHTE3 ABYX Hadas: 3emM-
HOro u He6ecHoro. 3eMHOe HakanmmBaeTcs
U3 MOKOJIEHUs B MOKONIEHWE, NepeaeTcs C re-
HaMK OT NpPeaKoB K noTomkam. [lpepgnorno-
XMM, 4TO «3epHO MUPOBOrO fyXa» B MOMEHT

coegnHeHna [OBYX KJETOK MnpucoeanHaeTca

K COOPMMPOBABLLEMYCSI FEHETUHECKOMY Ma-
Tepuany HoOBOro YenoBeka 1 nonyyaeT MHop-
Mauuio ot Bcen BceneHHow. Torga wn 4Yepes
pacnonoxeHve 3Be3n MOXET 3aluMdpoBbI-
BaTbCs YacCTb «KOMaHOMPOBOYHOIO 3afaHus»,
KOTOPOE MOoJly4aeT KOHKPETHOE «3EepPHO MUPO-
BOro gyxa», coeguHsioLleecs C ANLEKNETKON
B MOMEHT ee OnnofgoTBopeHus. BesycnoeHo,
MHOIO€ M3 BbILLIEHANMCaHHOro — BCEro Nulb
nHTYyUTUBHble TMPEAMNOJIOXXEHUA. BaxHo
OTMETUTb, YTO OMUPAIOTCH XE OHW Ha paspa-
60TaHHYI0 B 3TOW KHWUre MOAesb MaclUuTabHbIX

rapMOHNYECKNX KONeBGaHNN.

[peBHsisi Beanyeckas KapTuHa MHOTOKPATHOro NepepoXaeHns YenoBeka MOXET GbiTb YTOYHeHa, Mo-
CKOMbKY MacluTabHble Nyfibcaummy Kaxablii YeNoBeK COBEpLUAET C pa3mMaxom TOHHO B 5 MOPSAAKOB: OT

A
10°
Y
Puc. 3.5. PoxpaeHne — 3penoctb — CMepTb.
MOSIOBON KNETKM [0 B3POCIIOro YenoBeka... 1 o6paTHo?




[TIABA 3.3

BTOPOM 3TAN. MECTO YENOBEKA
B MACLUTABHON EPAPXUH BCENEHHOM

He certyvite: TakoB cyfbbbl 3aKOH;
BpalyaetcsaBecb Myup BKpyr YesnoBeka, —
Vxernb oguH HeaBvXum 6y[eT oH?

A.C. lMywkuH, 1836

Hpe>1<11e Y€M NPUCTYIINUTD K 9TOI T7IaBe, aBTOP XOTeN 6bI 3apaHee OroBOpUTbD, YTO 3Ta N I10-

CIeayIomas rj1aBpl — BCETO JIMIID MOIIBITKA PACCMOTPETD Y€pPE3 NPU3MY 3aKOHOMepHOCTeIU/I

8eujecmeeHH020 Myipa 3afa4yl, CTOAILNNE TI€peEN IE€IOBEKOM B 3TOM K€ 8eujectnéeHHoOM MVIpE.

B Cniy 3TOro 00CTOsATENbCTBA IIOIaB/IAIOLIECE 6OIBIUIMHCTBO Marepuajia Ipu3BaHO PACKPbITH

BHEIIHIE aCIIEKThI YeJI0BEUECKOTO ObITUA. HeKOTOpOC JVICK/TIOYE€HIUE COCTAB/IAKT JINIIb TEKCTDI

«OTCTyl'ITICHI/Iﬂ», BOJIBHBIN TTOJIET MBIC/IN KOTOPBIX NHOI'Ja BBIBOAUT aBTOPa Ha HpO6}'I€MI)I BHY-

TPEHHEro MIpa 4e€10BEKa.

Hanomuym Hekotopble (akTbl, CBsI3aH-
Hble C OCOOEHHOCTDIO TTOJIOXKEHNsI YeoBeKa
B MacIITabHOII Mepapxun BceneHHOI.

MacmrabHoe MecTo denoBeka Ha M-ocu
oTcrouT Brnpaso or MIIB Ha nATh mopAan-
KOB. JTa aCUMMeTpM:A JlalleKo He CIydvaifHa
U MMeeT ITyOOKMIl CMBICIT, CBS3aHHbII C 9BO-
JIIOLMOHHBIM pa3BuTieM Bcenennoil. O4eHb
IIpMMeYaTeNbHO 1 TO, YTO He TOTIbKO 4eI0BEK
COBMHYT BIpaBo Ha 5 mopsakos or MLB,
TOYHO TaK e BCA «BOTHA KM3HI» CABIHY-
Ta OTHOCHUTEIbBHO MacIITAOHOIO I[eHTPa Ha
5 NOpsANKOB BIIPaBo, pu 3toM 10° ABnsercs
YHMBepCa/IbHOM BCeIeHCKOIT Ge3pasmep-
HOIl KOHCTaHTOM, 3Ha4YeHMe KOTOpPOM [
MacIITAOHBIX 3aKOHOMEPHOCTEIl SBJIAETCS
IEPBOCTENEHHBIM I HaMBA>KHEMILIM.

Eme pas HamoMHUM, YTO TOYHO TaK 3Ke,
KaK )K1Basl KJIeTKa HaXO[UTCS B MacIITaOHOM
LeHTpe BceneHHoit, TaK 1 4eloBeK HaXOUTCS
B MacIITaOHOM IleHTpe, HO «benkoBoil Bce-
neHHoi». IIpu 3TOM BaXXHO OTMETUTH, YTO
BEKTOP CIBUTa «BOJHDBI >XU3HM» COBIIAJAET

C BEKTOPOM pacumMpeHns MeTaramakTUKN
U C BEKTOpPOM IMI06anbHOI sBomonyn Bee-
neHHOI. Ecimm ke TOBOPUTDH O BpeMeHMU, Kak
0 mpollecce, UAyIEM B MaclITabHOM Ipo-
CTPAHCTBE, TO U BEKTOp BpeMeH! HallpaB/IeH
B Ty )Xe CTOpOHY. Benb ¢ BospacTom Bcenen-
Hasl CTAaHOBUTCS OoIblile, U I106abHOE BCe-
JIEHCKOe BpeMs Te4eT B CTOPOHY yBemnmde-
HIsI MaciiTaboB, a He Haobopot. boree Toro,
KaK y>Ke 0TMeYanoch, 60/bliIast 4acTh BUIOB
MHOTOK/IETOYHBIX (M/IEKOIMTAOLIYE, prGbI,
3eMHOBOJIHBIE) PACIIOIOKEHa B pPa3MepPHOM
JValasoHe OT 3 cCaHTUMeTpOB 1o 30 MeTpPOB.
Ha M-ocu 3TOT MHTepBas NMeeT CpeHeIora-
pudmmdeckuit pasmep, OMU3KNUIL K pOCTY de-
noBeka. CrreoBaTe/IbHO, YelOBEK HAXOAUTCS
He TO/IBKO B MaclITabHOM LieHTpe Bceil Oer-
KOBOJ KM3HU, HO U B MaclITabHOM LIEHTpe
MHOTOKJIETOYHBIX. Ero meHTpanbHOe mono-
JKEHJIe B CBSI3U C 9TUMM (aKTaMi BBIITISIIUT
BCe MeHee C/TyYallHbIM.

OpHako He TONbKO IIeHTPalbHOE MOIOXKe-
HUe B 0€/IKOBOM MIUpe BBIfie/IsIeT YeloBeKa Ha
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ChaBHr BONHbI MUIHK

.

Pacwwpenue Beenennon

-
Ll
Bpemsa -
Jeonouua
- M-oce
-

Puc. 3.6. BonHa X13HU CTpeMUTENbHO NPOABUraeTcs Bnpaso no M-ocu B CTOPOHY yBeNUYeHUs pas-
MepoB 605ee CNoXHbIX 6€NKOBbIX CUCTEM. MacLUTabHbIN LEHTP BOSTHbI XW3HW COBUHYT OTHOCUTENIbHO

mMacLuTabHoro ueHTpa BeceneHHon To4HO Ha 5 nopsigkoB

MacirabHoit ocn. Kak Mbl yxe mmcanu, ero
MacuTabHOe MeCTO PACIONIOKEHO IPUMEPHO
Ha 5 mopsapkos npasee oT MLB. Bonee Toro,
eCIM OTK/IA/IbIBATh 110 5 IOPSANKOB OT Kpail-
Hell 71eBOJi TouKy M-MHTepBama — oT QyHpa-
MEHTaJIbHON JUIMHBL, OT Touku A = 107% ¢,
(cm. puc. 1.7), TO pOBHO 4epe3 7 IIArOB MBI
[OMajieM Ha MaciuTab pasmepa denoBeKa —
10** cm = 161,58 cm, wn 1,6158 M. B TIPOIIOM
BeKe 3TO IPAKTUYECKN UJIea/IbHO TOYHO COOT-
BECTBOAJIO CPeiHEM pocTy denoBeka. Ho x Ha-
IIeMY BpeMEH!U CPeIHUIT POCT YBEIMYMIICS Ha
HECKOJIbKO CAHTVMETPOB, YTO MOXKHO OOBsiC-
HITb MAaCCOBBIM MCIIO/Ib30BaHIieM TOPMOHOB.
Bce BbllleyKa3aHHOE CBUIETENIBCTBYET
0 HeCOMHEHHO BBIfIe/ICHHOM, 0COOOM IIOIO-
JKEHVM 4eJIOBEKa B MepapXM4eCKOM YCTpOi-
CTBe He TONbKO brocdepsl, Ho 1 BeeneHHOIL.

CBOBODHOE PACCYXDEHUE

Ecnm 4yenoBek [ie/iICTBUTEIbHO 3aHUMAET
LEHTPA/IbHOE IONOXKEHVE Ha MACIITaOHOM
nHTepBase GENKOBOI >KMU3HU, €CIM OH SB-
JISIETCST [eVICTBUTENBHO AyHWUM Oemuiyem
Bcenennoii na 3emne, TO €ro MHAUBUIYANIb-
HO€ MOTYIECTBO MOIVIO OBI OBITH 1 TOPa3no
60ree BbICOKUM. TeM 6o71ee 4TO HECTh YMC/IA

mprMepaM, KOTfa MOTEHIMAa YeJloBeKa ro-
paspo 6osee BBICOK, YeM CTEIEHb ero pean-
3anuy. ITO KacaeTcst Kak (PuamMuecKux, Tak
M YMCTBEHHBIX U ICUXO(PU3NIECKNUX BO3-
MOXXHOCTeII yenoBeka. [IposBiAerca e aToT
CBerBI)ICOKI/H./'[ IIOTeHLMaa HO‘{eMy—TO JINIIb
B OTJE/IbHBIX CITyYasiX.

MsHorue nereufipl 1 MuQbI TOBOPSIT O TOM,
YTO CKPbIThIe BO3MOXXHOCTH YeIOBEKa B IIPO-
II/IOM HPOSIB/SUIMCH He B MEHbLIEN, a JAaxe
B 6onbiueit cremenn. Ecmm, Hampumep, Be-
puThb muTeparype 06 Atmantuge, [nnepbopee
U JPYTMX MCYE3HYBIIMX LMBWIM3ALUAX, TO
MHJVBNAYaTbHble BO3MOXXHOCTI B Te BpeMe-
Ha ObIIM CKA30YHO BEJIVIKIA: JIFOIV JIETaJIN, T1e-
peMelanich B MHbIE MUPBI, JBUTA/IN B3IJIA-
[OM KaMHM mupaMup 1 T. I. Kyza xe Bce ato
MCYESIIO0, eClu ObITO?

Jla u BooOue, 4to ke nomydaercs? Eciu
Cr1efoBaTh 6e3003cHOT meopuu s8ontouuu Jlap-
6UHA, TO TIOJIE3HOE CBOVICTBO, HaXKe CITy4aiiHO
[IpUOOpeTeHHOe, HAKATUIBAETCS Y 3aKPeris-
ercsa. EcTecTBeHHBII 0T60p B 9TOM CiIydae
HpI/IBeH 6])1 K TOMy, YTO 3a MHOTME ThICAYN JIeT
BBDKITD U IOOenuTh B 60pbbe 3a CylecTBo-
BaHye NO/DKHBI ObUIM MHIVBUBI, CIIOCOOHBIE
eCTh CTEKJIO, IIOJIOCOBaTh cebsa 6e3 mocmeq-
CTBUSI MeYaMy, IIUTAThCsl MU3EPHBIM KOJIM-
YeCTBOM TIMIIM, CIIOCOOHDBIE BUIETH CKBO3b
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CTeHBI, JIEBUTHPOBATh, 3aIIOMIHATh OTPOMHBIE
MaccuBbl MHPOPMALM, OSHONM CHJION MBICIU
Ho0OeX/aTh MoOble TPYFHOCTI I T. 1.

Ecnu xe Beputh B bora, To HemoHATHO,
3a4eM OH NOCTOSHHO IOKAa3bIBaeT 3TU MpPU-
MephI TIOfAM, HO He JjaeT UMM oBafieTh? Ha-
KasplBaeT 3a rpexu? Ilpm atom uyem pmosnblie
Je/I0BEYeCTBO JKMBET Ha 3eMJIe, TeM Oosblire
rpexoB Hapacraer? CjefoBaTe/NbHO, Yeso-
BEYeCTBO TBICAYN JIET UJIeT He TYAA, bor aTo
BUJNT, HO TToueMy-To Tepnut? Vi OH xovet
JNOXJAaTbCA, KOIMA TPeXOB HAKOINUTCA II0-
6orblire, 4TOO €U Y>K HaKa3aTb, TO KPEIIKO,
4T06BI TOLIHO cTamo! YTO e 3TO 3a MOJeNb
Cosparens, KoTopblil mopoanit HecoBepIIeH-
HBII MUP ¥ XJIET TONBKO yHOOHOro crydvas,
YTOOBI €0 YHUYTOKUTH?

ITpepcTaBuM, 9TO y HAaC €CTb JETH, KOTO-
pbIx Mbl mo6uM. leTn Ganyrorcs, LanAT, fe-
JTAIOT YTO-TO He TO. MBI XKe XJeM, KOTia OHI
UCIIOPTATCSI OKOHYATeIbHO, 4TOOBI cOoOpath
UX BMeCTe U BBIIOPOTb KakK clefyeT? ITo
MbICTb O Bore, koTopas Ero BossennunBaet?
MokeT ObITB, BCe mpole 1 morngHee? Yeso-
BeK CO BCeM CBOUM OMOJIOTMYeCKUM HPOIIIBIM
HacsenueM — XUBOTHOe. JKMBOTHBIE Jke IpyT
IpyTa efAT HOeOM COTHM MUUIVIOHOB JIeT”.

W BoT mosBnseTcs Ha 3eMiie nepeoe 3a
6ce MUNIUAPOLL JIem CyuLecmeo, Komopoe
CNOCOOHO UHMEHCUBHO PA36UEAMb NONYy-
NAYUOHHDLE YposeHv opzanusauuu Buocpe-
pot. Mensiercst Gokyc spomorym Ha M-ocn.
Ecnu o aToro campiM BaXHBIM st Buocde-
pbl ObITO co37aTh Hambomee COBepIeHHbIE

* Hapo fymath, 4TO Tak 1 ObUIO 3aM/IaHNPOBaHo. Benb
TIOIIBITKN y6paTb €CTEeCTBEHHDBIX Bparos BCerjga HpI/I-
BOAMIN K MAaCCOBBIM 60H€3HHM TpaBOHI[HI:IX " UX 1I0-
crefyionieMy BhIMupaHmio. [oaTomy mms aHTUIONEL,
KOTOPYIO TIO€fIaeT JIeB, 3TO COOBITHE aOCOMIOTHO Hera-
TUBHOE, & JI/IsI BCETO aHTU/IOMBErO COOOIIECTBA 9TO CO-
6bITIIE TIPOCTO 3aMeyaTenbHoe: «[lypHyI0 TpaBy C oA
BOH!» He HaM C HallIlMMM KpOXOTHbIMI/I 3HAaHUAMM O 3a-
KoHax Mupa cyauth Cosparens 3a To, yTo OH co3fan
Brocdepy Taxoif, Kak OHa eCTb, U YTO B Heil MUJIIN-
ap/ibl JIET IEICTBYET €CTeCTBEHHBI 0oT6Op U TMIeBast
nMpamuza.

" pasHOOOpasHble BUIBI MHOTOKIETOYHBIX
OpraHM3MOB, TO Tellepb 3Ta 3ajjada BbIIOJ-
HEHa U yIy4uiamov opzaHusmeHHvlil ypo-
6eHv yie He HAOo. Tenepb mpuIIa Mmopa
ns3 Y)Ke CO3JaHHbBIX OpFaHI/I3MOB CTpOI/ITb
cnepgyromuit atax. V To, 4to 6uepa Ovino
Uenv0 CO3UOAHUST — OP2AHU3SMDL, Ce200HS
CMAHOBUMCST CPedCcmeom, CHPoumenvHvIM
mamepuanom.

Te, KTO CTpowa KMpIMYHBIE JJOMa, IIpe-
KPaCHO 3HAIOT, YTO KOTJa IIOKYIIAI0T KMPIINY,
BCerfia CTPEMSATCsI 0TOOPATh UjjeaIbHble KIp-
YN [efible, 6e3 TpenH 1 ckomos. Ho xorga
Y3 HUX CTPOUTCS TOM, TO OY€Hb 9aCTO IIPUXO-
IUTCsT 0OKA/IBIBATD 9TH MJea/IbHbIe KUPIIIYM,
4TOOBI 3aBECTV IO/ MU HONOKUTH GasIKYy.
Tax m 3pech. IlepBoHauajbHO Uiea/NbHbIE
JIIOIM, TI0 Mepe «yKIAJKN» UX B COUUATLHYIO
nocmporixy,
«gedopmarnyn», obrecpiBannio. Conpar yqar

TIOBEPTAIOTCA  CIELMAIbHON

CTPeJIATD, MOMMLUI0 — JIOBUTh IPECTYIHMU-
KOB ¥ CaXaTb B TIOPbMBI, Cyfieil — CYAUTD,
XOTSI XPUCTHMAHCKNE 3allOBefM ITIACAT: He
yOuit, He cyzu. ..

IIpescTaByM Telepb, YTO TAKYyK HeCo-
BEpLICHHYI0 COLMAJIbHYI0 CUCTeMy OyAayT
3aIIOJIHATD He OOBIYHbIE JIONM, a 3TaKue
CyIepMeHBI, Mary U BOMIIEOHNUKM, KOMLY-
HBI ) JIETYHBI, T. €. JIONYU C HOBBILICHHBIMY
ncuxoUsnyecKMy, QU3NIeCKUMM U MH-
Yro
OynmeT? A Oyner Bce ropasjo Xyxe — Oyzer

TE€/UIEKTYa/IbHBIMM  BO3MOXXHOCTAMI.

B3anMHasi O6oppba ¢ OGOMBLUIMMU 3aTpaTaMu
9Hepruy, ¢ GOMbIINMY OTEPAMU 1 GefaMiL.
Benp mpaxTika OKa3bIBaeT, YTO COLMaIbHAs
rOKOCTb U AANITYBHOCTD SIPKIUX TNIHOCTEN
ropasfo HIDKe, 9eM cpefHuX. [op/bIHs Merma-
eT VM BIIMCATbCs €3 TPEHNUsI B COLMAIBHYIO
TKaHb >KM3HU. [109TOMY MHOIZA [jyMaellb,
uyro lTocnodv nadenstem modeii us écex ux
NOMEHUUATTOHBIX  603MONCHOCHell  camoti
manocmoro (MeHvUle KOMOPOIL yice 1 0amv
Heb351), HMo0bl MAKCUMATILHO CHU3UMD NO-
mepu om couuanbHbvIX KOHPAUKMOE™ .
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W nuib ayist TOro, 4TOObI MBI 3HAJIM U BU-
Jemy HaIl Hepeann3yeMbIl IOTeHLMANl, He
3a0bIBa/IM O HEM U CTPEMIIUCh K €r0 HOJy-
YeHII0, IMIIb [103ToMy locnopb mosBossAer
BpeMH oT BpeMeHI/I IIOAB/IATHCA HA

3emMiie MIOAM CO CBEPXbeCTECTBEHHBIMMI
CIIOCOOHOCTSIMM, HO INIIb B Ka4eCTBE IpuMe-
POB, NIUIIb B Ka4eCTBE OPUEHTVPOB, MAsSKOB
Oynymero. YacTp 9TMX /IOAEN CTaHOBUTCS
CBSTBIMU ¥ CBOMMU CIIOCOGHOCTSIMU IIpU-
HOCKUT mofsiM 61aro. YacTh He MOXKET cIipa-
BUTBHCA C ‘IyBCTBOM CO6CTBeHHOI7[ VICKTIOYM -
TEJIbHOCTY, YTO IOPOXKJAeT B HUX CO3HAHME
TUTAaHTCKOTO MPEBOCXONCTBA Y CAMOMHEHN,
IOPO’KJaeT TOPAbIHIO. DTO BefleT UX 110 Iy TH
rmoyvecTeit

3TrOUCTUYECKOI JKaXKbl CJIaBblI,

nnpexnoHenus. OHU MOIYT HAaTBOPUTH
CTOJIBKO 6efi, YTO 00I1[eCTBO B OUEpeHOI pas
YCBOUT: PaHO ellie JIIOisAM VMeTb CTO/Ib BBI-
coKkme BO3MOXXHOCTH. Hemapom >xe MHOrme
cTapipl Ha Pycu eciu He MOIIM CIIPABUTHCS
C TOPJbIHEN, TO IPOCUIN B TOPAYMX MOJIAT-
Bax y locmopa 3abpaTh map McLieneHus, Ko-
TOPBIIT OHY TIOTyYaIy IIOC/IEe OIPENeTIeHHOIO
Ieproya caMo3abBEeHHOTO CTpeM/IeHNs K 60-
JKECTBEHHOMY MJI€aIy.

[Tpu 9TOM aBTOp He COMHEBAETCs, YTO KaK
TONIBKO 4esl06euectnéo noe3pocieem u 00-
cmuzHem myopoii 2apMOHUL €O BCeNleHCKU-
MU 3aKoHamu, KaK monvko 6yoem co30aHO
2apMOHUYHOEe COUUANIbHOE YCMPOTLicmEo,
max cpasy sice omxporomcs maiiHuxu 6osice-
CMEeHHOTl UHOUBUOYATILHOL CUIbL Y O4eHD

MHOZUX T100ell.
Paccmorpum  eme opHO  mpepnmnoso-
JKeHIe, OCHOBAaHHOE€ Ha HPuUHUune mac-

wmabHvIx amanozuii Mupa (QU3NIECKOTO
¥ COLIMATIbHOTO.

MPEAMOJIOKNM, uro ncuxodusuye-

CKuUe cunvl yenoeexKka ABNAI0MmcCA aHan02om cuji

* Bo BcAKOM cimyyae, KpUTUYHO OIVIANIbIBAA CBOJ XK13-
HEHHBIil IyTb, aBTOP pajiyeTcs, 4TO He MMeN B IpO-
LIJIOM BO MHOTMX CIy4YasX peajbHO} BO3MOXXHOCTM
peanu3oBaTh CBOM THEBHBIE OPbIBHI.

SA0ePHbIX, A COUUATILHDIE CUTTbL — AHATIOZ0M
anekmpomaznumuoix cun. Torma ncuxou-
3MYECKIe CUIbI O/DKHBI OBITh TOPA3fo CUIb-
Hee COLMaTbHbIX Ha KOPOTKMX MaclITabax, Ha
yp0BHe I/IHHI/IBI/IHyaHI)HI)IX B3aMHBIX KOHTAaK-
TOB (BHYTPU COLIMATIbHBIX sAfiep), a Ha OO/IBIINX
MaclTabax OHM CTAHYT INPeHeOPEKUTETHHO
CMabbIMy U OYIYT IepecuIeHbl COLMaTbHbIMU
cwramy. UTo M MPOMCXOOMUT HA CaMOM [ierle.
INosicHuM 3Ty aHA/IOTMIO ellle pas.

ITpencraBuM cebe, 4TO MBI HAXOAUMCH
BHYTPHM CJTIOKHOTO sAfpa. Bompexm cumam
3/IEKTPOMArHUTHOTO OTTAJIKMBAHUSA IIPOTO-
HBI IIJIOTHO CONIPSDKEHBI B €MHOE Iieoe 3a
c4eT CMIbHBIX B3aumopeiictsuii. Ilpn atom,
€C/IM MPOTOHBI YHAETCS pacTallUTb Ha pac-
crosinue 4y Th 6onbiuee 107 cM, oHM MOMeH-
Ta/IbHO IOIAJAI0T B «00BSITIUSI» I/IEKTPOMATr-
HUTHBIX CUJI U PA3JIETAIOTCA JPYT OT fIpyra
TOJ] X BO3JIEVICTBIEM.

Bo3MoxxHO, 1 rIcuxou3nIecKe CUIbl Je-
JIOBEKa MMEIOT OYeHb OTPAHNYEHHBII ITIOTEeH-
1[Masn BO3AeNCTBNAA, T. €. PafiNyC UX JIeViCTBUA
OOCTAaTOYHO Maj. Torma, eciu Mbl IOTagaeM
B 9HEpreTNYecKoe I10jIe Mara, HaXo[McCs ps-
JIOM C HVIM, OH CIIOCOO€H y/iep>KIBaTh BOKPYT
cebs1 HEKOTOpOe KOMYECTBO YYEHUKOB, I10-
crefioBaTernell, MOKIOHALIMXCA eMy. OnHa-
KO KaK TOJIbKO MbI BBIXOJVIM U3 «CEKThI» (3a
TPaHMIBI «sIf{pa»), MbI [IONAJAeM B IIO/IE CO-
LIMAJIbHBIX B3aMMOJIEICTBUI, ¥ «Mar» TepseT
HaJl HaMI CBOIO B/IaCTb.

besycnoBHO, Tak e, KaK paHblle HYX-
HBI OBV LIKOJIBI PETUTMO3HbIE, MarndecKie
" MUCTUYECKNE, — CErogHA Hy)KHbI IIKOJIbI
y‘IeHbIX, pe)KI/[CCGpOB, MYSI)IKaHTOB " I10/In-
THKOB. COOCTBEHHO TOBOPsI, MI3HAYA/IbHO HET
HIYEro HEraTMBHOIO B OObeJUHEHUN TI0eit
BOKPYT OfIHOJ O4€Hb CU/IbHOM TMYHOCTU. Bo-
IIPOC IMIIb B TOM, Ky0d dma AU4HOCHb Ge-
Oemn c60UX yHeHUK08?

Bokpyr Mncyca Xpucra cHadama 6bII0
Bcero yuub 12 amocronoB. VX pepkanma
okono Hero He TOnbKO UCTMHHOCTH Ero
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npornosenieit. Benb He passneuenus pagu OH
IIOKa3bIBaJl CBOM CBEPXbECTECTBEHHbIE BO3-
MoHOCTH. [ToueMy e BO3HUKAIOIE CETOf-
Hs HOBbIe PeIUTMO3HbIe LIKOJIbI M CEKTHI 3a-
BOJIAT CBOMX IIOC/IefioBaTeneil 6 mynuk? 1o
O4YEHb CJIOXKHBII BOIIPOC.

B0o3MO0)XHO, OIVH 113 OTBETOB 3aK/TI0YAET-
cs B Tom, uto B YACTO PENUMMO3HOW
COEPE HMYEIMO NYYLWE YXE CYLIE-
CTBYIWOLWENO HE NPUOYMATb N HE
CO3[OATb. Bo BcsikoM ciyyae, O TeX IIOp,
10K BCe JeCATh XPUCTUAHCKIIX 3all0Befieil He
CTaHyT NMPAKTUKO Ka>KJOTO IHA.

V HacKOJIBKO 51 MOHMMAIO 3Ty Hpobiemy,
MHOT¥€ «IPOPOKM» MO0 YIPOIIAIOT U3BECT-
Hble PeNUTMO3Hble YYeHMs, MO0 CO3[AI0T
Ky/IbT He BOKPYT 00XKecTBa, a BOKPYT CBOEIl
MM4HOCTH. B 060MX cnydasx — 3To sB/IeHMe
HeraTuBHOE™.

Bmopoii acnekm macwma6noii auano-
2uy 3aKTI09aeTCA B MPOIOPILMOHATIBHOM CO-
OTHOILLIEHNN IPUPOIHBIX CUCTEM, B KOTOPbIX
HeIU/ICTByIOT CUJIbHBIE CBA3M, M CUCTEM, TI[e
CUIbHBIX cBs3eil HeT. HarmoMHuuM, 9T0 607Iee
70 % BemecTBa BceneHHON COCPeNOTOYEHO
B aTOMaXx BOZIOPOJia, a AP0 BOLOPOfia — ITO
BCEro JIMIIb OAVH HpoToH. CjefoBaTeNbHO,
sl OONbILEel YacTU BelllecTBa BceleHHoIn
CH/IbHBIE B3aMMOJIENCTBIS BOOOIIe He urpa-
IOT HUKAKOM POJIN.

Moscem Gvimbv, u 6 coUUAnvHOL cpede co-
omHouleHue 0oetl, 00be0UHEHHbIX 8 UIKOTIbL
U cexmul, U /1100eil 8He MAKUX CEeKM U ULKOTL
pasto npumepro 1:8?

Tpemuii acnexm macuima6noii anano-
euu. HamoMHuUM, 4TO caMoe TsDKenoe sApo
cocroutr He 6omee yeM u3 300 HYK/IOHOB.
3a mpefenaMy 3TOTO KOJIMYECTBA YAEpP)KaTb
HYK/IOHBI C TIOMOIIBIO CU/IbHBIX B3aMMOJeli-
CTBUI HEBO3MOXXHO. Moxcem 6bimb, U NCUXO0-

* Jlpyroe pfemo, ecmy CO3ZAIOTCA IIKONMBI HaydHBIE.
B 3TOM ciTydae MpOMCXOUT He TPoLecc 060KeCTBIIe-
HUA y‘{I/ITeH}I, a BCero Jmiib KOHL[eHTpaI_H/[H BHMMAaHUA
JI07ieli Ha HOBOJ Hay4YHOII nzee.

Pusuueckoe e3aumodeticmeue He CHOCOOHO
yoepicamv émecme nodeti vucnom 6onee 300
unu 0x0710 mMozo? MoxeT OBITD, II0OITOMY CeK-
TH ¥ BCEBO3MOXKHBIE IIKOJIBI, OCHOBaHHbBIE
VCKJIIOUUTE/IbHO HA HCI/IXO(i)I/ISI/I‘{eCKOM MOI‘Y-
I[eCTBE OFHOTO YeI0BeKa, M He XXUBYT HOJTO,
U He MOTYT MOJAYMHUTD cebe ropasno 60ib-
llee COLMAIbHOE IIPOCTPAHCTBO. BosMoxHo,
MIMEHHO 13-3a OTYasSHUA OT HeBO3MOXKHOCTH
PacLIMpPUTh CBOE COLMAa/JbHOE BIUSAHUE JIM-
A€Ppbl TaKMX MIKOJI npyT Ha 3KCTPEMUCTCKUE
Mmepsl. OpmH 13 Hambosee CBEXWUX IpuMe-
poB — cexta Aym CeHpUKE.

B03MO>XHO, IMEHHO IIO9TOMY TaK ILIOXO
COLMANIbHO afjallTUPOBAaHbl MHOTHE CUJIb-
Helllle 9KCTPAceHChl ¥ 4ymoTBOpIbl He-
BEpOSTHBIE CIIOCOOHOCTY BBIEAIOT UX U3
cpenbl OOBIYHBIX JIIOfiEll, ¥ OHYM He MBICTIST
ce0s MHaye, KaK IPOIOBENYIOUVIMU B WH-
IOMBUIYaJIbHOM XpaMe, IZle OOBIYHBIM JIIO-
IAM IO3BOJICHO JIMIUD IPEKTOHATBCA IIeper
HUMU. B TO >ke BpeMms BBIATYM Ha IIMPOKUE
IIPOCTOPBI COLMATIbHBIX IPOCTPAHCTB Ha «T'O-
n0it mcuxo(usMKe» OHM He MOIYT. YCIeXu
OTJIe/IBHBIX IIKOJI, KaK IIOKa3bIBaeT U3ydeHNe
UX JMICTOPUU, OCHOBBIBAETCSA Ha YMEJIOM MC-
HO/Ib30BaHMM BCETO HabOpa COBPEMEHHBIX
COLIMA/IbHBIX TeXHOJIOTNUI, BIUIOTh [0 IIONKY-
I1a BBICOKOIIOCTABJ/ICHHBIX I‘OCyHaPCTBeHHbIX
YMHOBHMKOB. MHOXECTBO CKaHJAIOB C HO-
BOABJICHHBIMY IPOPOKaMM, KOTOPBIMMU TaK
6orat, HarrpuMep, XX BeK, IOKa3bIBAIOT, YTO
HeB803MOCHO npotimu 6 6yoyujee ¢ uepHozo
X004, MUHYA JI02UMeCKoe Pa3éumue Kynvimy-
pot. IlyTb, MUHYIOIIMIT HAYKY, TOIbKO JIMILD
yepes APEBHION 330TEPUKY, 10 MHEHMUIO aB-
TOpa, — 3TO IOIBITKA OOOMTU TPYFHOCTU
HOCTPOCHMA /I02UHECKO020 KOHCHPYKMaA CO-
yuyma, IIOTIBITKA IIPOIITH B OyAyLiee B 0OXO.
Takue perpeccuBHbBIE XOfBI CBOJICTBEHHDI
JINHIb pa3Ba/IMBaIOIINMCA COLMA/IbHBIM CH-
cTeMaM, KOTOpble 8 (Pusuueckom epemeHu
osuxncymcst 8 0yoyuiee, a 6 I60MOUUOHHOM
8peMeHl — 6 npouisioe.
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ITocMOTpUM, OfHAKO, Ha 3Ty IpobaeMy
C JIpyroit cTopoHbl. Bee pasHoobpasue mupa
3VDKJIETCS Ha HaIM4IMM CJIOKHBIX aTOMOB
(crmemoBaTeNbHO, CIOXKHBIX Sifiep), XOTsI MX
rOpas3fo MeHblle IO Macce, YeM INPOCThIX.
Vicionp3yst MacIiTabHble aHATIOTHUI, MOXXHO
IIPEJIIONIOKUTD, YTO KIacTepbl U3 JIIOfiell TaK-
>Ke BHOCSIT B COLIMAIbHBII MUP 3aKBaCKy pas-
HooOpasus. [Toatomy Hu3600umv udeto 00-
uecmea 00 couUAnNbHO20 UOHUSUPOBAHHO20
UHOUBUOYATU3MA — AHATIOTMYHO IOIBITKE
BepHyTb BCeHeHHyIO K ee HepBI/I‘IHOMY BOIO-
POLHO-TIPOTOHHOMY COCTOSIHUIO.

Urax, moxuo MNPEOMOJIOXKUTD, gro
TaK XXe KaK dneKmpomazHumHvle Cubl, Ko-
mopute deprcam éeco maxkpoama: Bcenen-
HOTl, MAaK U COUUAnvbHoble 63AUMO0eliCEUSL
npeooonesaiom macuimabHvlii 20puU30HM
ncuxogdusuueckux cesaseil u paszodeuzarom
20pu3onm 06veduneHus nooeil.

YeoBeK HAXOAUTCS aAOCOTIOTHO TOYHO
B LleHTpe 0eIKOBOro MHTepBana Ha M-ocnm.
OnHAKO €ro L[eHTPaTbHOE MOMTOKEHIE SBJIA-
eTCsI TAKOBBIM TOJIBKO 6 cmamuueckoii ¢o-
mozpaduu macumabHoti cmpyxmypot. Mol
XKe TI0JIaraeM, 4To BJo/Ib M-ocu, B CTOPOHY
GOBIINX MAcIITabOB «yeT BeTep MepeMeH».
Ipyrumu cnoBamu, pacuipenne Meraranax-
TUKM CO3JAeT IIOCTOAHHO [EVCTBYIOIMIT Ha
M-ocu NMPABbI BEKTOP 3BOJTIOLINN.

Ecu xe paccMaTpyBaTh HepapXu4ecKyio
CTPYKTYpy BceneHHoIt 60ree TpagnIOHHO,
T.e. eepmuxanvno, torma BCETEHCKUN
OBOJIIOLUMOHHLIA MOTOK  HAMPAB-
JIEH BBEPX. EcrecTBeHHO, 4YTO aHTUIBOIIO-
[[IOHHOE, PETPECCUBHOE JIBIDKEHNE HAIIPAB-
JICHO BHM3.

Moxxno MOJTIAMATb, uTto p1a Takux 3BO-
JTOLIOHUPYIOLINX CHUCTEM, KaK 4Ye/IOBeK, paB-
HOBecIe He MOoxcem 6bib 0OCHUZHYMO TOMb-
KO JIMIIb 3a cyeT (POKYCUPOBAHUA YCUINIT HA
paseumuu
yposns (~10° cm). ToBOps TpPafUIOHHBIM

co6cmeenHoz0  macumadHozo

S3BIKOM, Y€JIOBEK HE B COCTOAHNMN YIEP>KaTbCA

B 9TOLIEHTPUYECKOI 1O3ULMy, nbo eMy Ipu-
IeTCsI B ATOM CITydae CONPOMUGIMbCs I60TMI0-
YUOHHOMY HANOPY 6CENEHCK020 macumaba.
CrenoBaTeNIbHO, €CM MECTO PaCIIONOXKEHNsA
yeloBeKa Ha M-0Cu U ABIS€TCS II0 MHOIMIM
Hp]/[3HaKaM HeHTpaHbeIM B 6CHKOBOM ona-
[1a30He, €r0 MMPOBO33PEHUECKUIT B3Op HOJ-
JKeH OBbITh YCTpEMIEH He «Ha IYTIOK», 4 86€pX
B CTOpOHY Oo7blnx MaciTabos. VI3 atoro, Ka-
3a710Ch OBI, IPOCTOTO MACIITAOHOTO «HAOMIOfe-
HIS» CTIEAYIOT OOLIeMIPOBO33PEHYECKIe BbI-
BOJIbI, KOTOPBIE MbI CEIT9aC ¥ pACCMOTPUM*.

Ilepsoe. YenoBex ILieHTpasieH OTHOCU-
TE/IbHO [IBYX HOJII0COB: IIO/IF0CA 3aBEPIICHHO
9BOJIIOLMM MYPA OFHOKJIETOYHBIX ¥ ITOJIIOCA
MY1LelT 9BOIOLMI — MUpPa COLMANTbHBIX CU-
crem. O6a mosroca yfaaeHsl OT HeTo Ha 5 1mo-
psAnKoB (cM. puc. 3.1). JleBas monoB1Ha 6€/1KO-
BOTO MHTEpBaJIa 3all0/IHEHa B OCHOBHOM YKe
copMMPOBABIIVIMICS B TAPMOHNYECKOM CO-
BEpIIEHCTBE CUCTEMaMI, a IIpaBas — TOIbKO
elile 3aronHsAeTCs GOPMUPYIOLIMMIC 1 TI0-
3TOMy HeCOBepI_HeHHI)IMI/I, HeI‘apMOHI/I‘—IHbI—
MU, HO paSBI/IBaIOH_U/IMI/[CH cuctemamu. Ecrte-
creenHo BosHukaer [IPEOMOJIOXXEHUE,
yro O[QHA 13 BakHeimmx samad yeoBeKa
B buocdepe — aT0 mepeHoc «n306pereHmin»
IIpupoas! U3 IeBOIl YaCTH MHTepBama Ger-
KOBOJI )KU3HM B €T0 IPABYIO YaCTh.

Her cMbicia 31ech [OKa3blBaTh, YTO CO-
I[Ma/IbHast Cpefia ropasfo Oojee CIOKHA, YeM
HOIY/IALIOHHOE YCTPOJICTBO )KMBOTHBIX. JTa
CTIOXKHOCTD 00€eCIIednBaeTCs 3a CIET COYUAny-
H020 KApKAaca, KOTOPBIII MO>KHO OINNCBIBATDH
B Pa3/INYHBIX Cpe3ax. ABTOpPY, KaK CHUCTEM-
HOMY MH)XeHepy, O/Ke BCero mexsocepa
COUUATbLHOIL CPedbl, TOITOMY PaCCMOTPUM ee.
4TO O KU3Hb

O‘-ICBI/IIIHO, COBpPEMEHHO-

To coumymMa HEBO3MOXXHa 6e3 TeXHUIeCKON

* Tlpexpe yem Mbl IepeiiieM K paCCMOTPEHMIO COLM-
QA/IbHBIX aCIIEKTOB 3TOTO ABVDKEHNA BBEPX, XOTE/IOCH 661
€llje Pa3 OTMETUTD: TPAHMIIA 3TOTO YCTPEM/IEHNUSA BBEPX
OTKpBITAa B O€CKOHEYHOCTD. [OBOPSA MO-APyromy, Bek-
TOP 3TOTO yCTpeM/IEHNA HallpaBjieH K BceBbimnemy.
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UH(PaCTPYKTYpbL: 3aBOROB, (HabpUK, TOMOB,
TOpOT, CPENCTB KOMMYHMKALMiI M IIPOYMX
BHeIHUX cucreM. Hasosem oty nopgcucremy
Hoocdepsr — TexHocdepoit. Ona ocobeHHO
6ypH0 Ppa3BMUBAETCA B IIOCTIEAHEM CTOMeTUM™.
Jonroe BpeMsi uckyccmeéenHvie 0ODeEK-
ThI (OT TOMOpa [I0 PAKeThI) BOCIPUHIMAIOCH
JIIOIbMU KAK ME0PeHUsT 6onee cosepuierHHuvle,
uem OuonozuUecKkue. ITo U MOHITHO, BEb UX
YE/IOBEK CO3MaBajl cam, CO3[aBal TPYAOM.
ITpu aTOM BCe GMOCUCTEMBI — «OT YeNBI 10
C/IOHa» — HOSB/IAIACH PETryIAPHO 6e3 ero
BMeIIATe/IbCTBA ¥ II09TOMY LIEHWINCh II0
APYryuM, 60/ee HUSKUM KaTerOpysIM.
besycnoBHO, TOIIOp Ha CTIOHA CErOfHA He
HOMeHsI€elIb, HO /IUIIb B CUIY TOTO 00CTOSI-
TE/IbCTBA, YTO CJIOH IPENCTaB/IAeT OO/bIIYIO
HOTPeOUTENIbHYI0 LIEHHOCTb I de/oBeKa.
JKuBy10 >Xe MBILIKY MBI JIOBMM B MbIILIEIOB-
KY, @ MEXaHUYECKYI0 VIV 3/IEKTPOHHYI —
C YIOBONIbCTBMEM IIOKyIlaeM s jereit. Bce
9TO OOBACHATOCDH TEM, 4YTO Hpmpona HE MOI/1a
CO3JaTh KOJIECO, YK, IYUIKY, KYK/Iy ¥ MHOTO€
Apyroe «3amMe€daTesIbHOE», 4YTO MOI' CO3[aTb
YECIOBEK.
* BenepctBue B3pbiBOOOpasHOro pacimmpenns Tex-
Hocdepbl 4emoBeveCTBO IOTYYNI0 KPOMe Psijia yE0OCTB
7 HE OYE€HDb NPUATHDBIE IIOCTEACTBUA, CBA3aAHHDbIE C HA-
PymeHNEM JKOOTMYECKOr0 paBHOBECUA VIYFPOSOﬂ
6BICTPOrO  MCYEPNAHMA TPALULUMOHHBIX PECyPCOB.
B cBs3m c aTuM Bce qamre CTanu NOABNATHCA OT/ICIbHBIE
VI€0JIOTY, KOTOPbhIE€ MPOKINHAKT BCAKOE TEXHNYECKOE
pasBuTue Boob1e, HazpiBas TexHochepy bedcmeeHHoil
ouiubKoil uenoseuecmea. CTONb pajiKanbHOE OTPUIIA-
nue TexHocdepsl, Kak MblI TT0/1araeM, — MUPOBO33PEH-
veckas omnbka. ITpo6memer TexHOChEPHI MOXHO pe-
IINTD MeXHUHECKUMU Jice Cnocobamu, u dpyz020 nymu
y Yenoseuecmea yiuce nem. OHAKO TeM TOPSIMM TO-
JI0BaM, KOTOPbI€ MPOK/INHAIT TeXHI/I‘{eCKyIO OUBUIN-
3aLMI0 6 NPUHIUNE, XOUETCS TI0COBETOBATb HAOPATHCSI
YEeCTHOCTU M TIOCNIE€IOBATEIbBHOCTIL. Tocno,ua, €C/In BBI
TIPOK/IMHAETe TEXHUYECKUIT TIPOrpecc, TO He CpbIBaii-
Te M He KyIIalTe «AJOBUTHIE IUIOAbI» C 3TOTO Jepe-
Ba — OTKaXXMUTECh OT BCEX yHOéCTB, KOTOpbI€ OH BaM
maer. JIyiA 9TOTO TOCEMUTECh TAe-HUOYAb B CHOMPCKOIT
Taire U ]:[)KYHI‘IIFIX AMa30HKK U BEPHUTECDH K «E€CTe-
CTBEHHOMY» CYIIECTBOBAHNIO, a YK€ OTTY/Ia, IIOKa3aB
CHayYajIa IpMMep «eCTeCTBEHHOI KU3HI» caMuM cebe,

TOIIBITAIITECH IPOIATAHANPOBATH CBOY YOEKIEHNS TI0
BCEMY MIUPY, HY, HaITpIMep, C TOMOII[bI0 6apabaHOB.

JInmp B XX BeKe, KOIZla HayKa BCEpbes3
B3sUIaCh 3a M3ydeHMe (YHKIMOHMPOBAHIS
OMOCHUCTEM, BBISICHUIOCH, YTO MHOTVE TeX-
HIYeCKue U300peTeHns — 6ce20 Tutlb ana-
7102 yrce 0a6HO cyujecmeyowux (Ha Ipyrux
MacmTabax) OMONIOIMYECKUMX MeXaHU3MOB
u cucteM. IIpunuio ocosHaHue, 4TO 007b-
WUHCINBO MeXHUYeCKUX U300pemenuti — He
4o uHoe, Kaxk nepeHoc (uauje 8cezo UHMyu-
MUBHOILL) NPOUECCo8 U KOHCMPYKUULI, KOmO-
pote yice cosoanvt buocgepoii u peanusosarvt
36070 Uell, 6 MOM HUCTe U BHYMPU CAMO20
4es06ekd. ITO OCO3HAHME IPUBENO K 3apo-
JK/IEHUIO HOBOTO HAyYHOTrO HAIpaBIeHMs —
6uonnkn®®. Tlo Mepe Bce 6omee rmy6oKoro
[IPOHMKHOBEHNUSI B TallHbl OMOMTOTMYECKUX
IIponeccoB CTajno IMNPUXOAUTH IIOHMMAaHUE,
4TO OONBUIMHCTBO (ecnu He Bce) M3obperte-
HUIT YelOBEKa MMEKT «IIPOTOTUIBI» B TIPU-
pone. Te >xe nzobpereHust, KOTOPbIe TPYAHO
COIIOCTABUTD C MPUPOSHBIMY POTOTUIIAMIA,
KaK IPaBUIO, SIBJAIOTCA HecosepuieHHbIMU
U NPOMENHYMOUHBIMLU.

B camom peme, uyTO Takoe KyXHA? ITO
JKE/TYJIOK 4Ye/IOBeKa, BBIHECEHHBII HapyXy.
Yro Ttakoe apmareBTnieckas ¢abpuka?
9TO pasBepHyTble HA MAaKPOYPOBHE IpOLiec-
Chl, MAyliMe B KiIeTKe. JIpyrmmu croBamu,
B camoM obuem Buge Texnocdepa — amo
6bl6EPHY MBIl HAUSHAHKY U NepeHeceHHblil
¢ Mukpomacuima6oe Ha maxpomacuimabol
opzanusm camozo uenoséeka (cMm. puc. 3.7),
eCcu  paccMarpuBarTh €ro KakK TUIIMYHO-
ro mpencrasutensa buocdepol. Bo Bcakom
cayuae, ecnu 6vt y0anoce co3damv maxyio
e COBEPUIEHHYI0 CMPYKMYPY CHAOMeHUs
6 00ujecmee, KaK KPOBEHOCHY10, MAKYI0 e
6e30mKa3HyI0 cucmemy ynpaeneHus, Kax
HepEHYl0, maKoil e udeanvHvlii yeHmp
ynpaenenus o0ujecmeom, Kax uenoseye-
CKuti M032, M0 HU3Hb 0MOeILHO20 Heio6e-
Ka-KiemKku 6 makom opzanusme-o6uiecmee
6vina 6vI HA HECKONILKO NOPsI0K08 KomPop-
mHee, cmabunvhee u 2apmoHuHee.
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Puc. 3.7. YenoBek SBNSIETCA TON OCbi0 MacLUTabHOro pblyara, KOTOpbI NEPEHOCUT «N3006PETEHUS»
npupoabl C MUKpoaTaxen buoctepbl Ha Meraataxu

-

BHewHHH couManbHO-TEXHHYECKHI
MHp yenoeeka, L= 7,5 nopagka

Urak, asrop MOJIATAET, uto odnoii u3
Ppynxyuii Yenosexa na 3emne sipnsercs VIH-
BEPCUOHHBIN MEPEHOC tex renmans-
HBIX M300pereHuit buocdeppr — KoTOpbIE
OH HeceT B cebe b0 KOTOPble OH HAXOLUT
B CTPYKTypax 1 (pyHKIMSX JPyIUX OpraHus-
Mo — C O[JHOW MACLUTABHOW MO-
JIOYKW HA OPYTVIO (cm. puc. 3.7). Ovenn
3HaMEHATeIbHO IIPM 9TOM, YTO Takas (PyHK-
LVIST «<KOPOMBIC/Ia», IEPEHOCSIIETO U3 MUKPO-
MMpa B MeraMmup TeHUajbHble N300peTeHNs
[Tpuponsl, 3akpensieHa ueHMpParbHoIM HOJIO-
JHeHuem camozo uenoeexda. Bemp Bce ero op-
TaHbl, CUCTEMBI, KITeTKI U UX HOJCUCTEMBI —
3TO €ro 8HympeHHue cmpykmypui. Iloatomy
Ha M-mHTepBasie >KI3HY /IeBas ITOJIOBJHA B 7,5
HOPsIIKA MOYKET CUUTATHCST BHYMPEHHUM NPO-
cmpancmeom Yenoseka, a mpaBasi MOMOBUHA
B 7,5 nopsinka — éHewHum. TakuM o6pasom,
mMexHozeHHY10 PYHKUUIO uero6eKa MONCHO
cuumamov euse U UHEePCUOHHOU PyHKuuei:
neperocom «u3obpemenuii» IIpupooot usmy-
mpu uenoeexa — 606He.

besycnoBHO, HEBO3MOXHO CJIENO IMOBTO-
psATh OMOTIOrMYecKye MPOLECChl Ha APYIuX
Macirabax, MOCKOIbKY, KaK MbI yXKe IoKa3a-
11, 3aKOHbL NPUPOODLL IOKATILHO MACUMAOGHO
He uneapuanmnuvl. IIpy nepexone ¢ ypoBH:A
Ha YpOBeHb BHYTpM MakpoMHTepBana Cy-
LIEeCTBEHHO MEHAITCA MHOTVE IPUPOJHbIE
3aKoOHOMepHOCTHU. Tak, Hampumep, NPUHLINI
PEaKTMBHOIO [BIDKEHNMS OAMHAKOB KakK JIf
KaJIbMapa, TaK U /I paKeThl, HO PasHUIIA B BO-
miomennn orpoMHa. Iloatomy Yenosex —
3TO He cjenoi Konmposanbuk I[Ipupoppr.
OH J0/DKeH, YMeNO MCIO/b3ysl HaKOIUIEHHbIe
JI0 HETO IIPUPOJON «pa3pabOTKI», MaCTEPCKI
BIIVCBIBATb UX B HOBbIE MacClITAOHbIE YPOBHU
C Y4€TOM MHBIX ycoBuit. O4eBUIHO, YTO IpU
3TOM HEOOXOAUMO He 3a0bIBaTh O IETOCTHO-
CTM CO3[IaBaeMbIX MM CUCTEM M O TOM, KakK
HOBBIE CUCTEMBI OY[yT BIMCBIBATBHCS B YiKe
cymectBytone cBasu ITpuponsr. Cremosa-
TEJIbHO, HeI06eK yKe UIMEHHO IIOTOMY 007IHeH
6vImb MeopuoM, 9TO CyLIeCTBYET MaAcuimao-
HAA HeuHsapuanmuocmv. VI yXe 1mosTomy
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3HaHUe MACUMAOHbIX 3aK0HO08 — >XU3HEHHO
HeoOXO[VIMO [/Is1 4e/IOBEeYeCTBa.

Urtak, maxke eCly caM YelOBEK HIYETO
IPUHLUIINAIBHO HOBOTO M300pPeCcT B 9TOM
Mype He B COCTOSIHUM, OH B COCTOSIHWUM, KO-
nupys msobperenus IIpuponbl, aganTupo-
BaTb MX K HOBBIM MAcIITaOHBIM YPOBHSIM,
4TO TOXKe TpeOyeT He3aypsiAHBIX TBOPYECKUX
CIIOCOOHOCTEIL.

Bmopoe Ba>xHOe C/IefiCTBIE 13 TIPEIIONO-
JKEHVSI O JIeVICTBUM BEpXHETO (IIPaBoOro) BeK-
TOpa 9BOJIIOLNY 3aK/II0YAETCSI B CIIEHYIOLIEM.
Iockonbky Yenosex — 3asepuiennoe meo-
penue IIpupoovt, a Hoocpepa — ecezo nuwuv
cmposwascst nocpedcmeom mooeii ouepeo-
HAs cmyneHv HA Macuima6HOll necmHuye
CTIOJKCHDIX  cUCmEM,
ye06eKa A6ACMCA YHACME06amb 6 IMOM

mo 3adaueil Kaic0020

cmpoumenvcmee. ITO 3HAYUT, YTO B MeasIe
KaxncOvlli Henoeex 00IEH OCMABNAML MUP
nocne ce6s 6onee pazeumoim. KoneuHo, s
OT/IE/IbHBIX JIIOfE 9TOT T€3UC MOYKHO OCIa-
p¥BaTh, HO B II€JIOM €C/IV MPU3HATH, YTO 00-
I[eCTBO Pa3BMUBAETCS (ABTOP TBEPHO CTONT Ha
9TON MO3ULNN), TO, OUYEBUHO, Pa3BUBAETCS
OHO YCUIMAMIY OMOeNbHbIX TNIHOCTEIL.

CBOBODHOE PACCYXDEHUE

30ecb MOXHO BbigBUHYTbL criepytoLlee MNMPE[-
MNOJNIOXKEHVE. MHUcxogHo cywjecTsyer He-
KW mugeansHbIi NnaH pasBUTUS COLMabHOMN
CTPYKTYpbI obljectBa. B aTom nnaHe Yenose-
YECTBO OBWDKETCA OT MPOCTbIX CTPYKTYP K CIOX-
HbIM. [1py 3TOM MOBbLILLIAETCH UHGOPMALMOHHASA
CNOXHOCTb CoLanibHOM CUCTEMBI (MHOMLa 3a CHET
BPEMEHHOMO HapYLLIEHWS Y>KEe [OCTUHYTOIN Ha npe-
OblOyLLen CTyneHu passuTua rapmoHum). Vicxop-
Ho [Mpuvponoi 3agymaHo, YTO KaXAbl YesioBeK
NpUXoANT B MUP C TaKUM BHYTPEHHUM OXua—
HUEeM couMnanbHONM CIIOXHOCTN CTPYKTYP, KO-
TOpOE 60sIbLUE, YEM €e peasibHoe COCTOSIHUE.

MoaTomy, Korga OH Ha4YMHaeT BXOOUTb B MUP CO-
LMarnbHbIX OTHOLLEHWIA, MeXAy ero BHYTPEHHUM
OXMOAHMEM U BHELLIHEW pearnbHOCTbIO YCTaHaBW-
BAETCS HaMNpshXeHWe paccornacoBaHus.

BHyTpeHHee cocTosiHWe rapMoHUN Ha-
XOAUTCSI Ha 3BOJIOYNOHHOW JIECTHULE Bbl—
we, yem peann3oBaHHoe BHeLLHee COCTOsI-
Hue. JTa pasHuua y cnabblx Nogen nopoxgaet
YHbIHWE U pa304apoBaHNE B XM3HU, Y CUSbHbBIX
NIMYHOCTEN — CTpemneHve nepefenarb Mup,
chenatb ero 6onee rapmMoHU4HbIM, 6onee cooT-
BETCTBYIOLLMM BHYTPEHHEN rapMoHun. [ocKosb-
Ky Xe Yy KaXAoro u3 nofei CBON >XU3HEHHbIN
nyTb, CBOW (PPOHT 60pLOLI, TO, CNefoBaTensLHo,
KaXbliA NMomy4aeT OT POXAEHUS CBOE «KOMaH-
OVPOBOYHOE 3afjaHne» ¢ Hebec, CBOW NfaH gen-
CTBUSA, CBOW «CEKPETHbIN MakeT». Bo3mOXxHO,
YTO 9TOT NaKeT 3aknagblBaeTcs Hebecamu B MO-
MEHT 3a4aTtusl, B MOMEHT COEAVHEHUs OBYX KIle-
TOK. BCKpbITb 3TOT NaKeT YesioBeK 06513aH BO
BTOPOW 3pPesiovi MoJSIOBUHE CBOE XU3HU.

WTak, ecnu Mbl NpuU3HaeMm, 4To 4esioBEK
OT poXKaeHus1 — Bcerga 6osiee rapMoHNYeH,
yem 51l060€e 06LecTBO, TO Mbl MOWMEM, YTO
J110604 4esloBeK creunanbHO «3anporpam-
MUpoBaH» Ha MOCTOSIHHYIO HeEY[OBJIETBO—
PEHHOCTb OKpYXarLuM ero coymnasnbHbIM
mupom. Ecnv 3Ta HeyoBNETBOPEHHOCTb NOBY-
XJaeT ero K No3NTUBHOMY AENCTBUIO, OHA — BO
6naro. Ecnu oHa cbemaeT 4enoBeka, OHA —
BO Bped. [oaToMy ecsm kaxgomy 4esioBe-
Ky C BeTcTBa OOGBSICHSATb, YTO COLMalbHbIM
MUp — 3TO CcTpouTesibHasi nJowjagka, 41o
OH MeHee COBepLUEHEH, 4eM ero BHYTPEeHHUI
MUP, U YTO 3afayva KaXxx[4oro — caenarb MUp
Jlyqlie Ha TOM y4acTke, KyAa ero rnocraBut
cyabba, TO MHOrMX pa3o4apoBaHuUi, KOTO—
PbIMM TaK MOJIOH HaLL MUP, He 6yaerT.

Mo cy™, MygpoCTb B TOM W 3aKJIHOHaeTcs,

YTOObI, BOMAA B coLmasibHbI MUP, BblIGpaTh CBOKO
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COBCTBEHHYIO (a He YyXyt) NFMKY U THYTb ee
C npedesibHon, HO He HapgpbiBHOM cunoin. My-
OpOCTb 3aKN4HaETCA B MOHUMaHNW, YTO U3HaYasb-
HO BHYTPEHHWA MUP KaxZoro 4enoBeka Bcerga
60ree COBEpPLLUEHEH 1 rapMOHUYEH, YEM BHELLIHWIA
coumanbHbin Mup. Tak 6bIsI0 BO BCE BeEKa, U Tak
6yLOeT eLLe O4eHb [ONro, BO3MOXHO, BCeraa.

3amevartensHo, YTO BCe 3TU MOYTM O4EBUL-
Hble ANs KYNbTYPHOrO YesioBeKa BbIBOAb! NIErKO
cAenatb, UCMonb3ys MPOCTYI0 CXeMY AMHaAMUYe-
CKOTO 9BOJTOLIMOHHOrO HanpshKeHusi, KOTopoe
cospaetcs BceneHHon Ha rpe6He aBonouun
ANsl Kaxgoro yesioBeka (cMm. puc. 3.7). Takoe
cornacue MopesbHbIX BbIBOAOB C OGLLUMMU MU-
POBO33pPEHYECKMMM UCTUHAMM, MPU3HATLCS, pa-
JyeT aBTopa.

Ewe oauH acnekt COOTHOLUEHUS] mMac-—
wrabHbix 3aga4 u yenen. OH CBA3aH C npo-
61eMoVi 340pPOBbsi KaX[oro 4esoBeka. Jny-
HbI OMbIT aBTopa nokasall, Y4To, CKOpee BCero,
OCHOBHas npu4mHa 605e3He KPoeTcs He BHY-
TpU 4enoBeka, a BHe Hero. besycrnosHo, Ha-
CNeACTBEHHbIe, reHeTUYEeCKe BONE3HN CKPbITbI
BHYTPW, HO MOJTy4EHBLI-TO OHW B OCHOBHOM MOf
BO3OENCTBMEM  HEOMaronpuATHbIX — BHELUHWX
(haKToOpOB B MPOLUIOM. B 4acTHOCTW, UCTOYHMK
6onesHelt KpoeTcs B HerpasBWNbHON camou-—
AEHTUGHUKALIMKU HeTOBeEKa B COLMATIbHOM MOpe
3afjay v npobnem. MeHee coBepLUeHHbI cO-
ynansHbivi MUP AehopMUpyeT YesioBeka. J1a
Jedopmaums B BUAE CTPECCOB U pal3oyapoBa-
HUI NPOHUKAET Yepe3 ero CO3HaHWe W NCUXMKY
B COMaTWKy, nopoxpas 60ne3Hy BCex BULOB.
[Aucrapmonuns BHelHero Mupa BegeT K Auc—
rapMoHuUn BHYTPEeHHero mupa, a nocnefHss,
Kak nokasanu uccneposaHns®?’, sensetcs npu-
YMHOWM MHOMMX, CINN He BCeX O0Ne3HeN.

Kak KneTku CTaHOBSITCH GOJIbHBIMU BHYTPU
opraHuama 4enoBeka, KOTOpPbI BeAeT Hempa-

BUIbHBIN 06pa3 XWU3HU, TaK Xe U coumasbHble

KNETKW-NI0AMN CTaHOBATCS 60SbHbIMU U3-3a He-
NpaBWbHOM XM3HW BCEro obLuecTsa.

OTclopga cneflyetT BecbMa HeTpUBMANbHbIN
BbiBog: JIYHLWEE CPEOCTBO OT BCEX BO-
JNIESHEW — FAPMOHWYHOE YCTPOWCTBO
OBLLECTBA.

CyacTnuBbIn,  pas3BMBaKOLLMIACA  COLMYM
6ygeT COCTOsATb U3 300pOBbIX Ntogen. B ceete
BbILLECKA3aHHOMO — YCUSIMA COBPEMEHHON Me-
OVUMHBI U NyYlWwnX 3Haxapen u uenutenew no
06BbEeMY UCXOOHO MeHee 3D(EKTUBHDI, YEM YCU-
Vst Nofen, KoTopble CTPEMSITCA O3[0POBUTH
06LLIECTBEHHYIO XMN3Hb.

ABTOp 3HaKOM C HEKOTOPLIMU TYHLLNMM Lie-
nutensmm Poccun. X peatensHOCTb NpoCcTo
nopaxaet cBoen 3ddekTnBHOCTEI0. MHorne
N3 HUX OEMOHCTPUPYIOT (heHOMEHasbHbIE pe-
3ynbTaThl U3NEYEHUs ThICAY OONbHbIX JOOEN.
OpHako napannensHo 3TOMy NnpoLieccy naneye-
HWUA OOHVMMU OLLUMOKM YNpaBneHusa CTpaHow Apy-
MM NPUBOAUAM K rmbenn niogei B BOEHHbIX
KOH(pIMKTax, OT OTpaBfieHUA HEeKa4eCTBEHHbI-
MW NPOAYKTamu U OT YrHeTalLwen coumanbHo-
3KOHOMMYECKON O06CTaHOBKM MUIIIMOHOB POC-
cusiH. BO3MOXHO, MHOrMe u3 HuxX Gblnn OYeHb
3[40pOoBbIMK NoabMU. Llenutenu u Bpaum nedat
GONbHbIX, a HEBepHas coumanbHas MnoauTMKa
yHuuTOXaeT 3nopoBbix. OLLUMOKY YCTpoVCTBA
obLyecTBa NepeyvepKnBaroT yCcums BCeu
apmun Bpadevi v LenmTesien. Het, asTop
He oTpuuaeT Heo6XOAMMOCTU CyLLEeCTBOBaHWSA
MeanumHbl. OgHaKo MOXHO M paccyuTbiBaTb
Ha TO, YTO OHa CrPaBUTCSA C OFPOMHbIM BPEAOM,
KOTOPbIN HAHOCUTCA 06LLECTBY HEBEPHOM, OLLIN-
604HON coumanbHOM AeaTenbHOCTbO?

Bonee Toro, cama mMeguuMHa elle ganeka
OT MOHMMaHUA MPUYUH BOSHUKHOBEHWUS MHO-
rmx 6onesHen. B ogHOM M3 amepuKaHCKMX
XypHasoB aBTop Kak-To npo4yutan, 4to B 40 %

Cry4yaeB amepuKaHckue Bpauy olumnGarTcs
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B AvarHo3e. Tak nokasasnm BCKPbITUS YMepPLLMX
OT 60ne3Hen ameprkaHueB. 31O odmumanbHO
npu3HaHHas uudpa, a KakoBa OHa B OEWCTBU-
TeNbHOCTU? U KakoB MPOLEHT NpaBWibHbIX An-
arHo30B B Poccrmn? MoxHO npegnonoxuTb, H4TO
OH MeHblle 50 %. Ho Torga monyvaertcs, 4TO
MeOuLMHa NONOBMHE XUTENen CTpaHbl cTapaeT-
€Sl MOMOYb, a ApYrov NOMOBMHE MOXET MpUHe-
CTW ¥ Bpe[, BbINUCbIBAs HEHYXHbIE NekapcTea
1 npouenypbl. Ecnn nocmoTtpeTh Ha cutyaumo
C MEAMLIMHONM C BbILLE06O3HAYEHHbIX MO3ULINNA,
TO 3TO NPOTUBOpPEYME BAPYr 060paYMBaeTCs HO-
BOW rpaHbio.

[eno B TOM, YTO MOGOYHbLIM C/IEACTBUEM
MeaNLMHCKOV MPpakTUKU SABISETCA Bce bornee
r71y60K0€ 1 TOHKOE MOHUMAaHWE NpoLeccoB, nay-
LMX BHYTpM opraHnama vesoseka. MNony4vaercs,
YTO OTHACTN UMEHHO 3a NONyYeHNe ITUX 3HaHUM
06LLIECTBO U MNATUT MeanKaM.

Tak, MOXeT ObITb, Halla MeguUMHa 3aRYy-
MaHa BbICLUMMM CUJIAMU He TOJIbKO A/1s1 Jie—
YeHus1, HO 1 AN n3ydyeHnsa? Bedb NOCKONbKY
OOHOW M3 BaXHENLUMX BHELUHUX 3afay Yenose-
Ka Ha 3emne sIBNsSIeTCA NOCTPOEHWNE rapMOHUNY-
HOro obLiecTea, TO noyemy 6bl HE NepeHecTn
CUCTEMHbIE 3aKOHbl OpraHusaumMm u yHKUmno-
HMPOBaHWS YesI0BE4ECKOr0 OpraHMamMa Ha co-
LmanbHbIN ypoBeHb? Yem He 3apada ans «Bbic-
e GUOHNKM»?

Bes3ycnoBHo, 3TOT NepeHoc Heo6XoAMMO Ae-
naTb Kak C y4eTOM MacLUTabHoro nogobus, nnm
WHBapWaHTHOCTU, TaK U MacluTabHOW HeuHBa-
puvaHTHOCTU. [103TOMY, MOXET 6bITb, BCE HaLle
neYeHve y Bpaven — 3TO «MpuMaHKa» ans Toro,
4TOObI COOGPaTh M CUCTEMATU3MPOBATL HAOEX-
Hbll 6aHK OAaHHbIX O OEeSTENbHOCTM YenoBeye-
CKOMO OpraHvM3ma Ha BCEX ero ypoBHsAX?

Yepes npnamy macluTabHbIX 3aKOHOMEPHO-
CTel MOXHO paccmoTpeTb 1 Bonpoc JINHHOIO
CHYACTb4.

YenoBek — MbiCnsLlee CyLIECTBO, MO3TO-
My €ro c4acTbe He MOXET ObITb MOSHbIM, €CIN
OH He MOHUMAaET CBOero MecTa B MuUpo3[aHny.
He moxet 6bITb cHaCcTINBLIM 4€/10BEK, BOC—
MPUHUMAIOLLNIA CBOIO XXU3Hb KaK CJ1yYaiHbli
BCNJecK Ha ¢hOHe BEYHOUN N YEepPHOU 6eCKo—
He4YHOCTU HeBbITUS. MOUCK CMbICTIa XWU3HM MO-
TOMY M BaXeH, 4To 6e3 oTBeTa Ha 3TOT BONpoC,
npuyem OTBeTa NPaBUSILHOO U ONTUMUCTUYHO-
ro, HacTosiLLee MOMHOLEHHOE CHACTbe OTAENb-
HOrO MHAMBMAA NPOCTO HEJOCTMKUMO.

Mpy 3TOM NOUCK CMbICMA XM3HM YenoBeYe-
cTBa — 9TO B NEPBYIO O4Yepedb MOUCK CBEpPX-
uenu ero cyuiectsoBaHus. O4eBUAHO, HYTO Ta-
KOBOW He MOXET ObITb NpOCTOe 6aaronony4ue,
nbo cBepxuenb Bcerga cnepyet uckaTb BHe
npegenos uccnegyemoro obvekrta. Npeano-
NOXUTb HA HEKOTOPOE BPEeMs, YTO CBEPXLESb
4eNI0BEYECKOrO CYLLIECTBOBaHMWS BOOGLLIE OTCYT-
CTBYyeT, 6e3yCrNOBHO, MOXHO, HO B 3TOM Crny4ae
SBOMIOLMA YenoBeyecTBa TepseT Kakom-mbo
CMbICI1 U NpeBpaLlaeTcs nnéo B NPOCTyo 60pb-
6y 3a BbIXMBaHWE, NMOG0 B NOrOHIO 3a YAOBOJb-
CTBUAMM 1 ygo6CcTBaAMM.

Mbl yxe nokasanu (XoTb 1 6erno), 41o Ha-
npaBnieHne pPasBUTUS YeT0BEYECKOro COoobLLe-
ctBa Ha M-ocu coBnapaeT Cc HarnpasrieHuem
pa3suTua BceneHHol Ha Bcex ee macLuTabHbIX
ypoBHsx. Noatomy ecnu nog uenbto gna Yeno-
BEKa MOHMMATb MPOCTO ABWXEHWE B Hamnpasne-
HMK, KOTOPOEe JOMUHUPYET BO BceneHHow, a He
YTO-NIMBO MPOTUBOMONOXHOE UMK «MEePNEHANKY-
NSIPHOE», — TO BHELUHSASA 3a[ia4a YeNoBEe4YECKOoro
6bITHS BO BceneHHoM (B paMkax pacCMOTPEHHOM
MOLENM MacLUTabHOM CTPYKTYpbI) 3aKoHaeTcs
B OYeHb MPOCTON (hopmyfie — 3TO BOBJIeHE—
HUe Bce 60JIbLUINX OObEMOB «KOCHOW» Ma-—
TEPUN B KPYroBOPOT XU3HU, «OXUBJIEHUE»
U ocsoeHne matepuu ¢ nocrepyroLen 60—
J1ee BbICOKOM rapMoHu3aynelt Bce 60bLIero
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npocTpaHcTBa, MNpuU4YeM MpocTpaHcTBa He
TOJIbKO TPEXMEPHOro, HO U napameTpuye-—
CKoro (MacLUTabHoro, BDeMeHHOro u T. I.).

Ecnun npuHate 3Ty npocTyto dopmyny, TO
Npu3blBbl O0TKA3aTbCA OT TEXHUYECKUX AOCTU-
KEHVUN LMBUM3ALMU U BEPHYTLCA K MNepBos3-
OaHHOW NpupoAe BbIMMAAAT NO MEHbLUEN mepe
HEBEPHbIMU, 1 (DAKTUHECKM ABASIOTCA UCKYLLIE-
HMeM «b6pocUTb CBOW KPecT» U MOWTU MpOTUB
BCEJIEHCKOro Te4eHus.

PacnpocTpaHeHue X13Hu BO BCe BUAbI NPO-
CTpaHCTBa, BO BCE U3MepeHusi, co3aHune B pe-
3ynsTaTe Bce 6051ee CMOXHbIX U rapMOHUYHBIX
CUCTEM, OBfageHue HOBbIMW MacluTabamum —
3TO MNOCTOSIHHAsA BHELUHAS «Lenb», KoTopas
noctaeneHa BceneHHon nepepn Buocdepon,
a 61oNorMyeckMin Bua 4YesioBeka B 3TOM pac-
NpPoCTpaHeHUn — o4epenHoe 3BEHO, HEOBXoaN-
MO€ A9 NPEeOOoNEHNs Nopora B YeTBEPTOE U3-
MepeHue, B 4eTBEepTOe (ha3oBoe NPOCTPAHCTBO.

Bonee Toro, norvka passuTus COBpEMEHHOMN
TEXHONOrMYECKOM MHAYCTPUM TakoBa, 4To B 61un-
Xanve [ecaTunetus oHa MOXET MNPUBECTU
K Kpaxy BCto umBunm3aumio. Kak nokasana ucTo-
pus, NOMbITKU OFPpaHN4UTL poxaaemMocTsb (Kutai)
WU NepenTyn K CAEPXMBAHMIO TEXHONOrMYECKOro
pocTa (bpasunbckuin opyMm) He JatoT pesynbra-
ToB. CrnepoBarenbHo, B 6yayLLEM HeIOBEHECTBO
XAOET rnobarnbHbI CUCTEMHBIV KPU3UC.

AHanu3 9aToM cuTyauMm B  CUCTEMHO-
NCTOPUYECKOM acnekTe npuBen aBTopa K Bep-
cun®®, 4To rMaBHbI U3 TEXHONOMMYECKUX KpU-
3MCOB — 3HEPrO3KONOrMYECKUA MOXET ObITb
B OyayLLeM MnpeodonieH 3a CYeT BbIHOCA BCeW
3Hepronpon3BosLLe MHOYCTPUN B KOCMUYECKOE
npoctpaHcTBo. OgHako Bbixog B Kocmoc — 3T0
He NyCTsK, 3TO rpaHano3Has 3agaya, TpebytoLas
OFPOMHbIX YCUINI 1 3aTpaT BCEro YenoBeyecTsa.

Kak e O6bITb C onpefeneHvemM cmbicna

XUW3HM KaK CO CTPEMSIEHMEM K cvacTbio? HeT

N 3gecb npoTtueopeydna? W 4To Takoe cuva-
cTbe? TpyaHO faTb 3TOMY HOBOE OMpegerneHue,
Bedb CTapblx Habpanocb yxe npegocTaToyHo.
OpgHako MOXHO AaTb onpefefieHne C4acTbio,
KOTOPOE MWHTerpupyeT Bce npedbigywme. Ons
3TOr0 MPOCTO HY>XHO BCMOMHUTbL, Korga 6onee
BCEro c4acTtimB 4enoBek? besycnosHo, B AeT-
ctBe. Ho novemy? [OBOPAT, 4TO HET 3a60T, HO
3TO Henpaega. [0BOPAT, YTO HET NPobnem, HO
1 370 He Tak. CYacTMBbI Mbl B ETCTBE NULLb
noTomy, 4to noctostHHo PACTEM n PA3BVIBA-
EMC{. PacTteT Hawe Teno, pacTyT Halln WH-
TenneKTyanbHble, AyXOBHbIE BO3MOXHOCTU, Mbl
pasBMBaEMCS, U y HaC NOSIBMATCA BCE HOBbIE
1 HOBbIE JOMOSNHUTENbHbIE CMNOCOBHOCTU. TO Xe
camoe npoucxoauT U co Bcen BceneHHou!
Ona Toxe PACTET n PASBUBAETCH.
CnepoBatenbHo, 6narogaps reHeTU4eckomn
nporpamme pPeGeHOK MNOCTOSHHO HaXOAWUTCs
B cornacosaHHoM [MMOTOKE 3BOJTKOLUNN BCE-
JIEHHOW, 1 noaToMy OH CHacT/IMB HECMOTpS!
HW Ha 4TO. JIlo60€e OTKIIOHEHME OT 3TOro MOTO-
Ka, He roBops yXe 06 OCTaHOBKE WNW OBWXe-
HWUW BCMSATb, AeNaeT Hac HecYacTHbIMU. To, 4TO
CYacTbsi B OCTAHOBKE HET, floKa3arl, Kak M3BEeCT-
Ho, ewe [éte B «®Paycte». OcTaHOBUTL npe-
KpacHOe MrHOBEHME Hefb3si MMEHHO MOTOMY,
YTO KpacoTa XMU3HM U cYacTbe Hepa3pbIiBHO
CBSi3aHbl C HENpPepbIBHbIM 3BOJIOLMOHHbIM
pa3Butuem. Jliobas octaHoBka, hukcaums Ha
AOOCTUrHYTOM paBHOCWUI/IbHA OTHOCUTEJIbHOMY
OBVKEHWIO MPOTHB BCENEHCKOr0 NOTOKa.
CnepoBarenbHo,

CYACTbE — 3TO
BCEJIEHCKUIN UHONKATOP
MPABUNBHOCTU OBVXXEHA
M0 XXN3HW.

W ecnun B feTcTBe Mbl Nosly4aem OT Npupo-
[bl BHYTPEHHE HE OTTOPXMMbI OT HAC pe3epB

pocTa 1 pa3BuTuKs, To, B3pocres, 60MbLUMHCTBO
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nogen Bce 60nbLUe NepeknioHaTCs Ha BHELL-
HWE UCTOYHUKM M NPOCTPaHCTBA, MHOIMe nogn
CTPEMATCA pacTu «BOBHE». 3OeCb eCTb MHO-
XECTBO BapvaHTOB: yBENM4YMBATb UMYLLECTBO,
dhmHaHChbI, BNacTb, U3BECTHOCTb, NMOMNYNSPHOCTb
v gpyrue. Bce atv nyTn o6begnHAET O4MH NPUH-
un — CTPEMJIEHUE «CTATb BOJIbLLE>.

B camom pgene, Bnactb U AeHbr NO3BONSAOT
ynpasnsTb coumanbHbIM U MaTepuanbHbIM Npo-
CTpaHCTBOM. Yem 60rblie BNacT u QeHer, TeM
60nbLUEN YyBCTBYET CEOS «IMYHOCTb». [Monynsap-
HOCTb aKTepoB 1 CNOPTCMEHOB, NOJINTUKOB U NU-
catenen no3BonseT UM HaMoNMHATb CBOUMMU 3MO-
LUMAMA, MbICASMU U OEACTBUSIMU KOHLIEPTHbIE
3asbl, CTaAMOHbI, ayauTOpnM 1 yMbl Ntogen. Yem
TanaHTIMBee 4efioBeK, Yem OH fp4e, TeM 60Sb-
LLIe ero «cBeTa» Ha 06LLEeCTBEHHOM HEOOCKITOHE.
Ecnu xe y 4enoseka npo6rnemMbl C cCamoBbIpaxe-
HVEeM, eCnn yXX OH COBCEM OfMH, TO Torga «cya-
CTb€ — 3TO Korga Tebs noHnmatoT». Begb ecnu
Teb6a NoHMMaeT XoTA Obl OOWH YENOBeK, TO Thi
yXe «Lmpe» camoro cebs B Ba pasa.

BbiBalT cnydau, Korga YenoBeK roToB
6eCKOPbICTHO CMY)XWUTb OpYyruMm nogsam: 60nb-
HbIM, CTapvkam, cupoTaMm M MHBanugam. 3TO
NPUHOCUT eMy c4acTbe, NOTOMY HYTO ero Jin4y-
HOCTb OKa3blBaET MOMIOXUTENBHOE BMUSHWE Ha
3TUX nmogen. Beneacteme 3TOro oH coumasbsHO
CTaHOBUTCA «60sbLUE», POBHO HA CTOMbKO, Ha
CKOJbKO 60sbLLIEMY KONMYECTBY JIOAEN OH Mo-
MoraeT. B martepuansHOM nnaHe Takow 4esno-
BEK HMYEro He NpuobpeTaeTt, HO OH JencTeyeT
B HampaBlieHUn «pocTa», a He «Konnanca»,
1 NO3TOMY CHACTNNB. ABTOP — HE UCKITIOYEHME.
71 cozgan cob6CTBEHHOE Oefnio — MpOV3BOACTBO
NyYlWwnX B CTpaHe anmasHbIX WHCTPYMEHTOB.
[eno kopmuT OKOMO ABaguatu cemew, U 3To
«BJIUSAHNE>» MPUHOCUT MHE pafoCTb.

B 1997 rogy s BbINyCTU CBOKO NEPBYHO KHU-
ry «Poccusa B XXI Beke». lHorga MHe 3BOHAT

n 6narofapsT 3a Hee. ¥ 3Hat0, YTO HECKONbKO
TbICAY YENIOBEK 4YuTanM ee U B 9TOT MOMEHT
ZyManu o TOM Xe, 4TO 1 1. ITOT «pOoCT» B CO-
uMyme pagyeT MeHs. Ecnv n gaHHas kHura yB-
neyeT MAes MM MacLLTabHON CUMMETPUM APYTruX
nogen, To Takoe «paclunpeHue» MOuX uaewn
coenaet MeHs elle 6onee cHactiMBbIM. M He
nan bor coenatb MHe YTO-NMMGO Takoe, YTO OT-
TONKHET OT MeHs fiaxe CTapbIX Apy3er 1 3HaKo-
MbIX, — 9TOT CoLMarnbHbIA «Kofnanc» caoenaet
MEHSI HECHACTHBIM.

Bce a3t npumMepbl Npr3saHbl NPOUSIIIOCTPU-
poBaTb MPOCTYIO MbIC/b: pacLUUPEHUNe JIMHHO—
CTU B coymymMe (3a CHeT BacTu, NMonynspHoCTy,
JeHer, 6naroTBOPUTENBLHOCTK, JIO6BM U T.1.)
npuHocut cdactebe. Mbl He obcyxpaem 3Oecb
HPaBCTBEHHO-3TUYECKUIA acrnekT 93Toro pocta
(k HeMy Mbl nogovigem B cregylolwleM pasge-
ne KHuru). Jiuwb OTMETUM, YTO MOJTHOLEHHbIM
cqacTbe pa3pyLmTesisi He 6biBaeT. Korga noan
roTOBbl 3anaTtuTb 3a CraBy He TOMbKO CBOEN
XKM3HBIO, HO M XXMU3HBIO APYrnX ntogei (repoctpa-
TOB 3a MCTOpWIO LMBUAM3aLMU 6biNO Hemarso),
3TO NWLLb CBMAETENLCTBYET O TOM, YTO UX ecTe-
CTBEHHOE CTPEMIIEHME K PACLUMPEHUIO MPUHSAO
B pesynbraTe Ypoa/MBbIE N UCKaXXEHHbIE (DOPMbI.

Begb Mup pacTeT u pa3smBaeTCcs He 3a cHeT
repocTpaToB, a 3a CYeT NPOMeTeeB U Co3npa-
Tenen. Moatomy BAJTAHC BCEIA B NMONb3y
CO3UOATENIbHOW CUNbl «PACLUMPEHNSA».
30ech Ha NNYHOE CTPeMSIeHMe «pocTa» BRUSET
W TEHOEHLUMA pocTa BHELLUHEro Mupa 4esioBeka,
obLlecTBa.

BesycnoBHO, 4TO HIOAHCOB B TAKOM CIIOX-
HOM BOMPOCE — OrPOMHOE MHOXECTBO. MoHK-
Masi CNOXHOCTb TE€MbI, aBTOp xoTen 6bl NuLlb
BblOenuTb rnaeHbi akueHT: CHACTBE — 3TO
BCErOA POCT U PA3BUTUE (pocT cnox-
HocTn). HECHACTBE — O3TO KOJIMAMC
1 OEFPAOALNS.
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Wtak, Ha M-ocu c4acTbe MMeeT BEKTOPHOE
HanpasfnieHve — BnpaBo. OgHa M3 npobnem
peanu3auum 3Toro ABWMXKEHWUSI COCTOUT B orpa-
HUYEHHOCTU coLMNanbHOro MpocTPaHCTBa.
CTpemscb pacwmputb cebs BOBHE, Mbl CTar-
KMBaeMcsi C [PYruMun NoabMU, TAHYLLUMMU PYKU
K TOMY Xe «Kycky mupa». [Moatomy, peanuays
CBOE «JT0KaNbHOE CHaCTbe», MOXHO caenaTb He-
cYacTHbIMK apyrux. bopb6a 3a cO6CTBEHHbIN
«pOCT» B TECHOM NMPOCTPAaHCTBE MaTepuasb—
HOro mmpa — OA1H U3 rNaBHbIX NICTOYHNKOB
BCEX KOHGQYJINKTOB U neyasnev Ha 3emsne*.

Kak un3bexarb KOH(PNMKTHOCTU? MOXHO
paccMOTPeTb HECKOSIbKO BapuaHToB. Hanpu-
Mep, BHYTPU Hac CyLyecTBYeT NpoCcTPaHCTBO,
B KOTOPOM XO03sieBaMy SIBJIIEMCS TOJIbKO Mbl
camu, — 3TO Halla BHYTPEHHSIS1 6eCKOHe4Y-
Hasi BcesnieHHas. [pegenoMm B TakoM Bbibope
nyTn ABNSETCSA CAMOCOBEPLLEHCTBOBAHME B MO-
HacTbipe unu B newlepe ora. OQHako XU3Hb
TpebyeT npuUCyTCTBUSA CO3HATEJNIbHbIX, Bbl—
COKO AYXOBHbIX JIIOAENA BHYTPpU couuyma,
a He U30/1I4UN X OT Hero.

Bonee o6LLMIA BbIXOO COCTOUT B TOM, YTOObI,
pacLumpsis BOKpYr ce6s coumarnbHoe npocTpaH-
CTBO, He 3abblBaTb, YTO OCBOEHWE ero npowuc-
XOOWT He pagun HakonneHuns 6oratctea (C cobon
B MOTUJTy He yHecelub), a pagu Toro, YTOBbI
OTO NPOCTPAHCTBO CHOEJIATb BONEE MAP-
MOHWYHbIM 1 COBEPLUEHHbIM.

[apMOHMA ¥ cyacTbe Ha pasHbIXx 3JTa-
nax >M3HW YenioBeka AOCTWraloTCs pasHbIMU
crnocob6amu.

* 36exarb MX MOXKHO Pas/MyuHbIMI criocobamm. Onux
U3 TIPOCTHIX — CKAYKOOOPasHOe pacIMpeHne JOCTYITHO-
T0 4YeroBeKy mpoctpancTsa. Hanpumep, Beixost B Kocmoc

11 OCBOEHYIE APYTVIX I/TAHET MOXKET Ha 01pedesieHHOM Ima-
1e CHATb KOHKYPEHTHY0 60pb0y 3a MecTo 1o, COmHIIeM.

Ha nepsom atane, korga npovMcxoauT pocT
opraHu3mMa v CTaHOBMIEHUE NIMYHOCTK, CHACTbe
JOCTUraeTcs nerye BCEro 3a CHeT NPUpPOJHOro
3anaca MHTEHCMBHOIO pocTa 1 pasBuTuS.

Ha BTopom atane, korga hopmMmMpoBaHue nny-
HOCTU B OCHOBHOM 3aBEpLLEHO, HACTyrnaeT aTtarn
oTdayy, LeHTpanbHbIA 3Tan Xu3Hu Yenoseka. Ha
3TOM 3Tarie COCTOSHME CHACTbA AOCTUIraEeTCs NULLb
Torga, Korga MYHOCTb PacLUMpSIET CBOE BAMSHUE
Ha OKPY>XatoLLMA BHELLHUIA MUP 1, OCBamnBasi BCe
HOBbIE NPOCTPaHCTBA, MPeobpasyeT NX coriacHo
3aKOHaM BHYTPEeHHeN rapMoHun. B 3Tom crnyyae
Takas «3KCnaHcus» He BbI3bIBAET arpeccuu v npo-
TUBOLENCTBMSA CO CTOPOHbI OKPY)KaHOLLMX.

Ha tpetbem 3Tane, korga ocHoBHasi 3a-
Aaya no npeobpaxKeHuto OKpyXaroLlero
Mupa BbIMOJIHEeHA, HaCTynaeT Nepuog cTapo-
ct. OH MOXeT MPUHECTU c4acTbe, ecnn ecTb
BO3MOXHOCTb, Hanpumep, BOCMUTbIBATb BHY-
koB. Befb gaps cBok Nto60Bb NogpacraroLemy
NMOKOMNEHMIO, Nepefasas emy CBOM OMbIT U 3Ha-
HWS,, YenoBEK CTPEMUTCS MPOAUTL cebs BO
BpeMeHM. ABTOp CHUTaET, 4TO 3TO TOXE POCT,
npasga pocT BO BPEMEHHOM MPOCTPaHCTBE.

Cosparens npepycMOTpen BO3MOXHOCTb
YesioBEeKy Ha KaXXjOM M3 XXM3HEHHbIX 3Tanos Ha-
XOOMTb CBOE COCTOsIHME cHacTbs. M 310 mygpoe
YCTPOMCTBO XN3HW NyYLLE He HapyLuaTh.

ABTOp CHMTAET, YTO BHELLUHAA 3ajaya 4e-
N0BEKA B TOM, 4TOObI TOMOYb XU3HU pacLun—
pUTb apeasn cBoero cyLujecTBoBaHusi 3a rnpe—
Aenbl 3emnn. Ecnn 4enoBeyecTBO OCO3HAET
3Ty BHELUHIOKW Leflb U NPUCTYNUT K ee J0CTu-
XXEHWIO, OHO CTaHeT 6onee CHaCTMBbLIM, YeM
HblHe. Cenyac Xe OHO, yBbl, B OCHOBHOM Mpe-
cnegyeT Opyryto uefb — martepuarnbsHoe 6naro-

nosy4ue pagm camoro 6narononyyus.



[JIABA 3.4
TPETWH 3TAN.

JBOMOLUA COLUANBHBIX CUCTEM

Ecnmm npunsaTe Tesuc o sasepuieruu 360-
THOUUU HA HUNCHUX dmancax buocpepu mocne
nepexofa €e MaKCMMAa/JbHOTO HalpsKEHUA
Ha BEpXHME 3TaXM, TO HAa ONPEJETIEHHOM
sTane Bbuocdepa mocTuria npenena BO3MOX-
HOCTY PasBUTUA M POCTa OEIKOBBIX Opra-
HU3MOB. [Iy11 >KMBOTHBIX — 3TO pasmep 40
MeTpoB (3a BClo ycropuio buocdepsr ator
pyOex He IepelIo Hi OJHO CyliecTso). Pac-
TEHMA CMOITIM HOCTUTHYTh pybeska ropaspo
6orblrero: iepeBbsi — 3a 100 MeTpOB, NMaHbl
u Bogopocin — 3a 200 MeTpoB.

OpHako OarnvHeliutee passumue 6 Ha-
npasnenuu ysenuveHus pamepos mMHozoxe-
MOUHbIX 0eNKOBbIX CUCHEM 0KA3An0Ch Hed-
ppexmusnvim, mostomy IIpupona BbiOpana
Apyroii myTh MPOJOKeHUs sBomonuu. Ha-
YMHas C KaKOro-TO 3Tala OHa IOIIIA IIyTeM
360m0UUL 61014eH0306, MIHUMAJIBHO YCTOM-
YMBbIe Pa3Mepbl KOTOPBIX HAUMHAIOTCA CPasy
K€ 3a IOPOrOM MAaKCMMAa/lbHO BO3MOXHBIX
PasMepoB /i1 MHOTOK/ICTOYHBIX OMOCKCTeM
(corHm mMeTpoB u 601€e).

Mosxkno MPEOMONOXWUTb, uro arot
IIePeXOf OT Pa3BUTHs BTOPOTO MacIITaGHOTO
uHTepBana bruocdepsbl K pasBUTHIO TPETHETO
HauajIcs eufe 00 noAeneHus uenosexd. Ilo
HEKOTOPBIM COOOPaKEHUAM €ro MOXHO OT-
HecTu K nepuopy B 10...15 mMiH. neT Hasap,
Korga cTamu GopMMUPOBATbCA COBPEMEHHBIE
OMOLIeHO3bI U3 OFHOPOMHOI Cpembl HOXKfe-
BBIX JI€COB, KOTOpbIeé PAaBHOMEPHBIM KOBPOM
HOKPBIBaIM [0 3TOTO JECATKM MUIIMOHOB
PasHoobpasne

JIET TIIOBEPXHOCTb 3€MIIN.

61O1IeHO30B BO3HMKIIA B Pe3yIIbTaTe IOXO0JI0-
IaHM, BBICYLIMBaHNA arMoc(epbl, oefieHe-
HVISL M HIOSIBJICHUS CaBaHH U JPYTUX NIPUPOJ-
HO-K/IMMaTU9IeCKIX 30H.

B aToM crydae MblI, BO3MOXXHO, Habmoz1a-
€M NHOC/Ie0H1010 3a6ePuLalouyio crmaouio 360-
nrouuu Buocgepor. Benb mocne nocTpoenus
Hoocdeps! x13Hb BBIET 3a Mpeiesl 3eM-
1, B KocMoc, 11 9BOMOLMOHHBI (POKYC aBTO-
MaTU4YecKy IepeMecTUTCs 1o M-ocu Bbllle,
B oOmacTh KocMuueckux Maciurabos. Ha
3emiie )Ke BO3HMKHET COBEpIIEHHO MHasl pe-
a/lIbHOCTb — AHTponocdepa, kotopas Oyner
y>Xe BO MHOIOM pETyIMpPOBaTbCA U yIPaB-
JIAITBCST OCMBICJIEHHO Y€IOBEKOM.

Eciu Bce 910 TaK, TO I0A6/IeHUE He06e-
Ka 03HameH06ano co0oii HAuano peanusa-
yuu crnedyroujezo amana — dmana co3oa-
nus LUENNOCTHOW cucmemwr Hoocgepur.
Hoocdepa nomxkua TAPMOHNYHBLIM OB-
PA30OM Bxmounts B cebs1, 80-nepewvix, Bce
OMOLIEHO3HbIE CUCTEMBI, & 60-8MOPBIX, OHA
IO/DKHA OBITh TaK >Ke BHYTpPEeHHEe COBepIIeH-
HO YCTpOEHa, KaK coéepuieHeH OP2aHu3M,
Hanpumep, uenoeexa. Benp BHy TP OpraHus-
Ma He HpOI/ICXOﬂHT BOJHBI Ha yHI/I‘{TO)KeHI/Ie
MEX[y HedeHbIo, IOYKaMy U cepaLeM. BHy-
TPU OpPraHM3Ma, eciiu OH, KOHEYHO, 300p08,
uapAm 3aK0Hvl MY3bIKANbLHOLL, 6CeNIeHCKOl
zapmonuu’”’.

OO61en3BecTHO, YTO BHYTPM YeTlOBeYe-
CKOTO cO0b11ecTBa 3a IOCHAENHNE IIATh ThI-
CSI9 JIeT He Obu1o 00CMUZHYMo 2apMOHULL
HermpepsIBHO 1M BOVHBI, KOH(IMKTOBAIN
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COLMYMBI BCEX YPOBHEI, Hau4MHAasA OT CeMell
U 3aKQHYIMBAs UMIIEPYIMIL.

Ecnmu mopxoguTh KO BCeM ITHM COOBI-
TVMAM 4MCTO SMOLMOHAIBHO, TO OT MCTOPUNU
Pa3BUTHUA Y€IOBEYECTBA HAYMHAET TOIIHUTD.
Ho ecnu BK/IIOYNTD JTOTMYeCKMIt anmapar, To,
[0 MHEHHMIO aBTOPa, OTYACTH BCE MPOMCXO-
[UBIIee SIBISTIOCH PE3Y/IBTATOM OYPHOLL 360-
JoyuY 6MOCUCTEM HA MacuITabaX TPeTbero
MHTepBaia. ABTOP YOEX/IeH TaKkKe, YTO KOT-
7ia 9Ta 9BOJIIOLSA 3aKOHYNTCH, 6Y0ym Haiide-
HbL makue PopmblL COUUANLHO20 Ycmpolicmea
4e/106e4eCK020 CO0OULeCBa, KOMopbie n0360-
M o0wecmey PyHKyuoHuposamy cmonv
JHce 2APMOHUUHO, KaK PyHKUUOHUPYem 0601
30006l 0p2AHU3M.

AKLEHT HA TPETbEM MACLUTAB-
HOM ®OKYCE 3BONOUN  CYLLE-
CTBEHHO MEHAET BCE HALWLUE OT-
HOWEHME K MPOUCXOOALEMY HA
3EMIJIE, B HACTHOCTW, K NMPONCXO-
AAWEMY B YENOBEYECKOM COOB-
LWECTBE.

BO-HepBbIX, CTAaHOBUTCA IIOHATHBIM, IIO-
YeMy, VICIONb3YsA OP2aHU3M NepeoHenosexa
KAK OCHOBY ISl OCYIIECTBIIEHVs IUIAHOB Ha
CrlefyoneM 9Tare 9BomoLy, [Ipuposa mo-
JKEPTBOBa/IA MHOTMIMM CBOMMMU IIPEKHUMMU
HOCTIDKEHISIMIL B pesysibTare denoBeK oKkasa-
Cs ¢ OVOMOIMYECKOI TOUYKYM 3PEHMsI TOpasfo
MeHee HaJIeKHBIM CYIIECTBOM IO CPABHEHIIO
CO MHOTVIMM aHAJIOTVMYHBIMII OPraHM3MaMIr*.
ITpudmHa mpocTa: Begb YTOOBI CO3/ATh COL-
AJIbHBIIA IUIACT OBITIA, HEOOXOMUMO ObUIO TIOfI-
TOTOBUTD /1A 3TOT'O CIIELMA/IbHBIC «3JIEMEHTDI».
W3 3usomHoti 0CHOBbI Obii CO30AHDL MaKue
«a7IeMeHMbL», KOMOpble NPeOHA3HAYANUCH OIS
BDINONIHEHUS BECOMA U BeCbMA CHeyuduUecKux

* Her Hy>XJIbI IIMPOKO PACKpPbIBATh 3/1€Ch 3TOT TE3NC,
9TO JOCTaTOYHO [JABHO ¥ TIOJTHO CJIeTAHO BO MHOTMX
paborax. B yacTHOCTH, BepTUKATbHOE TOTIOXKEHNUE Ye-
JI0BeKa MPMBOAUT KO MHOXECTBY HPOOIeM C MO3BO-
HOYHMKOM, CK€JIETOM 1 OpraHaMmI. OusnyecKn 4e10BeK
cmabee MHOTMX CBOMX COCEJIelt TI0 MacIITabHO IT0/I04-
Ke, HaTpumep 06e3bsH.

Pynxuuii, danexux om npocmoii 60pv6v 3 6vi-
scuearue. OIHAKO 3a BCe MPYXOUTCA IVIATUTD.
3a To, 4TO YenoBeyecKas Ipupofa Oblia Hazpy-
NHeeHA He C60TICINBEHHBIMU HUBOMHOMY opea-
HU3MY @YHKUUAMU U 3a0a4amy, TPUILIOCH
3aIUIATUTDb OC}Ia6}IeHI/IeM YNCTO JKMBOTHBIX
CBOJVICTB OpraHM3Ma.

Wrak, venoBex 6pu1 cosman IIpupopoit
I BBIIOJIHEHVA HOBOII 3ajja4lt, KOTOpas He
110 CH/IaM HY OHOMY APYTOMY BUAY Ha 3eM-
ne, — SAOAYN NPOOOITKUTE SCTADE-
TY PA3BUTUA BUOCUCTEM, YBEJIN-
YMBAA NX PASBMEPbLI HA TOPAOKW.

Takoro popa «6rocucreMaMy» ABJIAIOTCA
couMasnbHble CTPYKTypbl. Ha mporTsxeHuu
BCeJT MICTOPUI LVMBIM3ALIVN LIJIO YBE/IIYeHIE
KaK 4MC/IEHHOCTY COLMAIbHBIX CTPYKTYP, TaK
U 1x pasMepoB. OIHOBPEMEHHO IlIeJT IIPOLIece
YBEIM4eHNs BHY TPEHHEN CTIOXKHOCTY YCTPOI-
CTBa COLMAJIbHBIX CHCTeM. DTOT Te3NC TAKXKE,
HOXKaNyll, He TpebyeT mokasaTenbctTB. CraBs
9T (GaKThl B psAf APYTUX (aKTOB BOTIOLNNU
cucTeM BO BceneHnHol, HEBOIBHO MPUXOAMIID
K BBIBOZLY O TOM, YTO (POKYC 360/IHOUUOHHO20
passumust Buocepvr 6 Hacmosuee epe-
MA COCPe0OmoHeH HA COUUATILHOM YPOBHe.
U BceneHHass B HacToslllee BpeMs TBOPUT
OYepelHOlT 9TAIl 3BOMIOLMY CUCTEM B 007a-
CTH COLIMA/IbHOTO IIPOCTPAHCTBA € HOMOU4BIO
u nocpedcmeom uenogexd. CleOBaTeNbHO,
He 4e706eK, KaK OT/Ie/IbHBI VHIMBI]L, BaXKeH
U VIHTepeceH B Hacrosmiee Bpemsa mmA Ilpu-
ponsl, a HEJIOBEYECTBO, kak 6ce ycmosrc-
HAOWAACT CMPyKmypa 20pasoo Oonvuux
macuma6os. Jenosek Kak 6u0102u4eckas cu-
crema siBjsieTcst B aToM crpourerberse OMNE-
PATOPOM 3BONMIOLUNN MPUPObI. Ecin
Ke OH HapylIaeT Bce 3aKOHbI bora, To cTaHo-
BUTCSA [JIMHOIL, MaTePUanIoM, KOTOPbIM MOYKHO
U IIpeHebpedn*.

* «U He mymaiiTe roBOpUTD B cebe: «oTer| y Hac AB-
paam», 160 TOBOpIO BaM, 4TO Bor moxxer u3 KamHest
CUX BO3JBUTHYTH AeTell ABpaamy». Hoswiii 3asem, om
Mamdes 3:9.
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B03MO)XHO, YTO HepBbIe IIOAN B OMOIO-
IMYEeCKOM CMBICTIE OBUIN JIaKe Topaso boree
COBEpILIEHHBI, YeM YeTOBEK CETOfHSIIHMITY.
[TosTOMY MOXXHO 1 He CIIOPUTD C HEKOTOPHI-
MV TEOPUSMM, COTTIACHO KOTOPBIM YeIOBEK CO
BpeMeHeM KaK MHOVBUL HE TO/IbKO HE paSBI/I-
BAeTCs, a JJaXKe TepsieT MOCTENeHHO MHOIe
OuYeHb IIOJIe3Hble CBONMCTBA. Jlake ecnu 3TO
IeICTBUTENBHO TaK, 9TO JUIUIb IOATBEPK/a-
€T BBIBOJ] O TOM, YTO 3BOJIOLVIOHHBII (OKYC
HAaXOOUTCA B HaCTOHHlMI‘;I MOMEHT I/ICTOPI/H/I
B COBEpIIEHHO MHOI 06/1acTy MaciiTabosB —
TaM, I7le 9BOJIOLMOHUPYET COLMaIbHAsS
cdepa xusHu. VI Tak Xe, KaK B CBO€ BpeMs
MHOT€ OffHOK/IETOYHbIe OPraHM3MBI, IIONaB
B 00jlee Pa3BUTYIO Cpefy MHOTOK/IETOYHBIX
CUCTEM, YIPOCTIINCH, CIELNaIN3UPOBAIUCH
n HOTepH}H/I pH}I CBOUX HCPBI/I‘IHI)IX CBOﬁ[CTB,
TaK ¥ JIOAM KaK MHVBUIBI MOTYT TEPSATD PSJ
CBOUX IIEPBUYHBIX CBOJICTB, 110 Mepe Bce 60-
Jiee TUIOTHOTO BK/IIOUEHUS UX B COLIMA/IbHBbIN
opraHusMm. 3a Bce Hajio wiatuth. HeBo3mox-
HO CO3[aTbh 60JIee CTIOXKHYIO CUCTeMY, He 100-
pabomas TepBUYHBIE IEMEHTHI, KaK HEBO3-
MOXKHO IIOCTPOMTh NUpaMKAy, He oOTecas
KaMHMU.

Elnie pa3 BepHeMCsl K MUPOBO33PeHYECKO-
MY 3HaUeHUIO CIe/IaHHOTO Bbllie BbiBOfa. OH
MOKa3bIBAET, YTO C TOUKM 3peHMs BeemeHHO
Hemn 6 HacmosAuee 8pemst 6ornee 8axcHoil 3a-
Ooauu Ha 3emie 07151 8cex ee o6umamerneti Ge3
UCKTIIOHeHUST, HeM PA36Ueamv NOnyIAyuoH-
note dopmor scusnu 6 ux NPEOEJIBHOM
eéude — COLIMATIBHOM. Tlostomy »xn3Hb
Bcex ocobeil Ha 3emie, BK/IOYas U JIIOHEN,
[OJUMHEHA 3ajade 6ormee BaKHON, 4eM CO-
XpaHeHNe ¥ pasBUTHE VX VMHAMBUJYAIbHOTO
MOTYIL[eCTBa ¥ pa3HOOOpasusi, OHa HOYMHe-
Ha 3dadaue paseumus MemacucmemHozo Ons
0peanu3mos yposHs — coyuanvroeo. V1 ecnu

* IlpaBma, yBeMMYMIach CpefHAA TIPOJOKUTEITD-
HOCTb KI3HM OT/IeNLHOTO JeroBeka. OfHAKO 9TO ABJIA-
eTcsl, CKOpee BCero, CIeficTBueM 6ojee COBEpPIIEHHON
COIMATBHOI CTPYKTYPBI, YeM OMOIOTMIECKOIA.

9TOT IPOLeCC yIpasysieM (MM KaK MUHIMYM
VIMeeT JIOTVKY PasBUTHSL), TO 3ajia4a BCEro ye-
nosevectsa — nepeiiru k ero CO3HATE/b-
HOMY OCYLLECTBJIEHMIO.

OUYEPEDHOE PACCYXDEHUE

3pecb-T0 U kpoetca TPATM3M HEPAS-
FAOAHHOWM LENWN. Kaxobii vHAvBUG Ha
3emne cTpemMuTcs, B CUIy MHCTUHKTa coxpa-
HEHUS N Pa3MHOXEHUS, K UHAUBUAYaNIbHOMY
61arononyymio N caMocoxpaHeHuto. N B atom
OH 6e3yCfioBHO npas, MO0 HeNb3s He nog4u-
HATbCS COBEPLUEHHbIM 3aKOHam, KOTopble 3a-
noxeHbl [Npvpodon B pe3ynstate HECKOMbKUX
MUMNMapaoB NeT 3BOSOLUN.

Ho ecnun pecypcbl orpaHunyeHbl, TO 4acTb
nofen CTpeMmnTCs OTHATb UX y apyrux. Hakna-
OblBAEMOE Ha 3TO CTPEMIEHME K NPOANEHUIO
poda BefeT K TeHOAeHUuMM co3paBaTtb Gecko-
HeyHble (MHOMBMAOYyanbHbIE, CEMENHbIE, POao-
Bble) 3anacbl pecypcoB, KOTOpble CMOrn Obl
o6ecneynTb NOTOMKam 6e30MacHOCTb Ha MHO-
rve nokoneHus Bnepeg.

OTMM YenoBekK, KCTaTu, CUMbHO OTNnYaeT-
ca OT OPYrnx XMBOTHbIX, KOTOpPblE HE MMEIT
BO3MOXHOCTU  CO3[aHMa  HeorpaHWYeHHbIX
3anacoB. Y 4enoBeka Xe 4acTo MposiBNAeTCs
WHCTUHKT couMasibHOro XULWHNKa — OTHATb
BCE, YTO MOXHO, Y Apyrux nogemn n npuceouTb
cebe*.

OpHako uenb Ons 4enoBeka, Kak afeMeH-
Ta buocdepbl 1 BceneHHon, m3ameHunaco

* B cumy 3TOro 06CTOATENbCTBA U (1a60 PA3EUMONL
COUUANBHOU KOHCMPYKUUYU 00uU4ecéa y BIACTH dalle
BCEr0 OKasbIBaIMCh JIIOAM HE BBICOKO [YXOBHBIE,
a aJIeKBaTHO YCTPOEHHbIe. DT JIIOMM C TOYKU 3PEHMsI
abCOTIOTHON rapMOHNY OBUIM He CTO/Ib COBEPLIEHHEI,
HO OHU 60JIee COOTBETCTBOBA/M CMAb0 PasBUTOMY CO-
]_U/[a]'IbHOMy OpFaHI/ISMy, KOTOpI)IM praBHHHI/I, yeM I[y-
XOBHBIE I MHTE/UIEKTya IbHble njepbl. OTciona ¢pasa:
«LJapcmeo Moe 1e om mupa cezo».
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npuHUMNUaNbHO, W 3Ta TNPEXHAs norvka
HaxoouTCA B Pe3KOM NpPOTMBOPEYMU C N0rU-
KO crnepytoLLero atana 3BOSOLMM XU3HU Ha
3ewmne. MNepen yenosekom lMpupopa nocrasu-
N1a BHELLHIO Lienb, KOTOPYIO OHa HWKorga oo
3TOro He CTaBwna HW nepef OgHWM M3 CBOWX
BMOOB — MPOAO/IXNTb 3BOMOLMIO HA HOBbIX
aTaxax maclutabHou necTHuUubl BceneHHom,
NPOSOSIKMTL 3BOMIOLMIO HA COLMaribHOM YPOB-
He. OTOro MOXHO JOCTWYb, NVLLb yBEeInYnBas
pasmMepbl counanbHbIX CUCTEM U YCIIOXHSIS
UX BHYTPEHHIOW opraHu3aumio. Npu 3Tom
BO3HMKAIOT MPOTMBOPEYUMS MeXZy CTapbiM
1 HOBbIM crioco6amu NOBeAEHNS YernoBeKa.

Bo-nepBbix, yBenuyeHne pa3mepoB CoLM-
asbHbIX CUCTEM HEBO3MOXHO 6€3 yBENM4YeHns
WX BHYTPEHHelr 4ducneHHocTu*. CnepoBartesib-
HO, €CNN KaK OMOMHAMBUL KaXXAblA 4enoBek
MOXET CTPEMUTLCA YHUHTOXWUTb OPYrux Jto-
Jei — KOHKYPEHTOB 3a Pecypchbl, TO Kak coyu-
OMHAMBUL KaXX b YeroBeK JOSMKEH CTPEMUTb-
CSl yBENMYUTL YUCNO OpYruX Noaen Ha 3emre.

Bo-BTOpbIx, 3ajadya YCMNOXHEHUSI BHY-
TPEHHEW CTPYKTYpbl COUMAlbHbIX CUCTEM
BXOOWT B AMamMeTpanbHoe MpoTUBOpEYne Co
CTpPeMIeHNEM, 3aNIOKEHHbIM >XXUBOTHOMW Mpe-
AbICTOpUEN YenoBeKa, K IM4YHON abCoNOTHON
BMacTu BoOXaka B CcTae.

OpraHnameHHoe 30O (KoMaHObl K HeMy
nocbarTCa ABYMA WHCTUHKTaMWU. COXpaHe-
HUS 1 MPOASIEHUs pPOAa) YenoBeka CTPEMUT-
cA npepdenbHO YMPOCTUTL CUCTEMY BRacTw,
YHUPULMPOBAB €€ 3M1eMEHTbI A0 MOJNIOKEHNS
BVMHTUKOB.

BHelwHss couuanbHasi Uesb CTaBUT
nepen VHAMBMOOM MPOTMBOMOMOXHYIO 3afa-
4y — OOCTUYb MaKCUMyma COBEpLIEeHCTBa
BHYTPEHHEN CTPYKTYpPbl B3anMofenNCTBUN

* Bcniomunm 6ubmneiickoe: «IImopnrech 1 pasMHOXKai-
Tech!»

B coymnyme, a 310 TpebyeT yBEnnyeHus pas-
HOO6PAa3Ns «3NEMEHTOB», U TYT C «BUHTMKA-
MW» HAYEro CMoXHOro He Co3aaTh.

WTak, yxe Ha aTux AByX npumepax Mbl
BMONM, HTO HeJlioBeK HaxoauTCcqa B BeCbMa Tpya-
HOM W BHYTPEHHE KOHGYJINKTHOM [10J10Xe—
HuK. Becb ero reHeTUHECKUIA OMbIT, BCE MUIIN-
apfpl NeT NpefLIecTBYOLLEN OpraHN3MeHHOM
3BOJMOLMKN TOMKAKOT €ro K OAHOM MOAenu no-
BE[EHVs,, a BHOBb MOCTaBfIeHHas Nepepn HUM
Buocdepor 3apaya BegeT ero K npsiMo npoTu-
BOMOJIOXXHOM MOJENV MNOBEAEHWS.

W B Oro-noBefeHUn HET HUKAKOro KoBap-
CTBa TEMHbIX CWI, @ ECTb MHEpPLMSA CTaporo,
Yepes KOTopyo — B 6opb6e ¢ camuM co60#,
CO CBOMM XXWUBOTHbIM UHCTUHKTOM — [1PO—
6uBaercs HoBasi TeHaeHuns1, POXXOAETCH
YEJIOBEK HOBON ®OPMALIN — YENO-
BEK CO3HATEJIbHbIN. CospemeHHblii 4yerno-
BEK — apeHa 370l 60pbObI.

[a, 4enoBeKy KpynHO «MOBE3/10»: OH nonarn
Ha M310M OBYX rMo6arnbHbIX 3TarnoB 3BOMOLMA
XM3HM Ha 3ewmne. MNpuyeM ecnu NepsbI aTan
ANVIcs Myunnvappbl NeT, To BTOPON — TOMbKO
Hayancsi. I okasanocb, 4YTO BCe MPEKpacHO
nopxofsilee AnNs MMpa XXMBOTHBIX 4acTo CO-
BEPLUEHHO He roanTCs Ans Mvpa nogen.

Mpupopaa, y4nTbiBas CTOMb CIOXKHOE NOJIo-
XeHne YenoBeka B IBOSMIOLMOHHOM MpoLiecce,
KOMMeHcupoBarna emy 3ToT yLep6:

® TOMHOCTbK MOAYMHMNE €My  BCHO
Buocdepy;

° [fana BO3MOXHOCTb Mofy4aTb YyAo-
BOJIbCTBME OT COBEPLUEHHO HeMartepuasnbHbIX
WUCTOYHWMKOB: [yXOBHbIX, WHTENNEKTYyasbHbIX
MT. M,

° U faxe NOAKpenuna ero TpyaHyo posb
BO3MOXHOCTbIO MOMNy4YaTb MOMOBOE YAOBOSb-
CTBME BHE 3aBUCMMOCTM OT NOTPEBHOCTU Mpo-

OOMmKeHus poga*.
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WTaK, 0gHO 13 BaXXHeNLLMNX OTJINYUNI Hero-
BEKa OT XXMBOTHOMO B TOM, YTO €CIN XMBOTHbIN
MUp 6bInT co3aaH buocdepon pagn 3BOMOLMOH-
HOro pasBUTUSA OCOBEN, paay 6MUOSIOrMYECKOM
3BONOLMM, TO MMP YerioBeKa (BrepBble 3a BCHO
nctoputo Brocgepnbl) 6bin co3naH pagy nepe-
HOca LieHTpa 3BONOLUMM Ha colymasibHYIo cpegy.
Takum 06pa3om, IBOOLMS C MOMOLLBIO YesloBe-
Ka NpoLoMmKaeT CBOe ABMXKEHME BBEPX MO Mac-
LTabHoM CTPyKType BeceneHHom.

BnamMmo, ¢ TO4YKM 3peHnss MUPOBOWN Kyrib-
Typbl B COENaHHOM HaMW BbIBOAE HET HU4Yero
HoBOro. Hekotopble (ecnn He BCe) MMPOBbIE
penurum CTaBsaT ropasfo Bbie LEHHOCTU
4YenoBe4YeCKOro coobLiectsa, Y4emM LIEHHOCTU
nHamemayasnbHble. [OCKONbKY aBTOpP 3HAKOM
NMLWb C OOHOW M3 HUX — XPUCTUMAHCKOWN, TO
B OTHOLLEHUN 3TOM penurnn paHHoe yTBepX-
[OeHve He Bbl3blBaeT COMHEHWUA.

LapctBo boxwuve — BOT rnaBHasi uesb
Ansa noboro xpuctunaHuHa. Bce octanbHoe
OH MPOCTO 065A3aH MNOAYUHUTL 3TOW NaBHOM
uenu. Bce EBaHrenve npoHM3aHo 3TOM OCHOB-
HOW MbICNbIO, XOTA BOMPOC O BO3MOXHOCTU
co3panusa Llapctea Boxbero Ha 3emne co-
BCEM He NpocCT.

CnyXutenn UepKBM MPeKpacHO NoHMMA-
t0T, YTO MaeasnbHbIM Hall MUP caenatb npak-
TUYECKM HEBO3MOXHO. [103TOMY MOMbITKK
noctpoutb Paii Ha 3emne ¢ nx TOYKK 3peHus
3apaHee 06peyeHbl U NULb OUCKPEaNTUPYIOT
camy wupgeto LlapctBa Boxbero. [MocnegHui
* Benb 1 GONBIIMHCTBA XUBOTHBIX MOTIOBOM aKT —
penkoe siBIeHNE, KOTOPOE MPONCXOAUT OJMH-/IBa pasa
B TOfY, B OpadHbIit ce30H. Jlake y KPOIMKOB, KOTOPbIE
IJIOAATCA, KaK WM3BECTHO, C 0rp0MH017I CKOPOCTbhIO,
CaMKa He nonnycxaeT K ce6e caM1ia I10C/Ie TOro, KakK
IIpOM30LITIO 3a9aTHe. Y yenoBeka xe BcCerga 61)1]'[3 BO3-
MOYKHOCTD IPAKTUYeCKV 6ecrepe6oiiHOro momydeHus
ceKcyaanoro leOBO}'IhCTBI/IF[. BO3MO>KHO, 3TO — KOM-
TIeHCalA HpMpOJIbI 33 TOMY/IAIMIOHHbIE (COLU/[a)Ib-

HBIE) CTPECCHI, KOTOPBIM U€/I0BEK MIOf{BEP)KEH B ropas-
1o 6orbleit Mepe, YeM 0605 APYTOIt BUJ, KUBOTHBIX.
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npuMep — NomnbITKa NOCTPOEHNS KOMMYHUCTU-
yeckoro «pas» B CCCP.

OpHako CWUCTEMHBIN aHanuM3 nokasblBa-
eT, YTO He BCe Tak 6e3HafeXHO: MoOHUMaHue
HpPaBCTBEHHbIX 3aKOHOB Ha JIOrMYeCKOM
YpOBHE MOXET NPUBECTM OOLLECTBO K TAKOMY
COCTOSIHWIO, YTO OONbLUMHCTBO NtoAe 0COo3Ha-
toT, 4to XKNTb HPABCTBEHHO — TOPA300
KOM®OPTHEE U MPUATHEE, YEM XWTb
BE3HPABCTBEHHO. Tem 6onee 4to TPEBO-
BAHVE K COBMIOOEHNIO HPABCTBEHHBIX
3AKOHOB PABHOCWJIbHO TPEBEOBAHUIO
K COBJTIOAEHUIO NPABUJT TEXHUKI BE3-
OMACHOCTU B TAKOM CIO>XXHOM MNPEA-
MPUNATUN, KAK XKN3Hb.

ABTOp BHYTpEHHe YO6exAeH, 4YTO nepeq
BXOX[AEHVEM B COO6LLECTBO APYruX LMBWUIN-
3auun 4YesosBevyecTBy BCe paBHO npuaeT—
csl NPONTU Yepe3 «KapaHTUHHBIN nepuos»
(no moum pacyetam — 3710 Il ThicAYeneTre),
korga HY>XHO BYOET HABECTU FAPMO-
HUYECKUA MOPAOOK B COLMAJIBHOM
1 BUOCHOEPHOM YCTPOMNCTBE 3EMIIW.

PaHee Mbl nokasanu, 4To achmpHasa (Moe-
anbHas) M BellecTBeHHas (MaTepuanbHas)
yactTn BceneHHoOM B3aMMOZOMOSHAT Apyr
apyra, 6e3 OQHON U3 HUX HEBO3MOXHO CyLlie-
CTBOBaHWE W OpYro, — 3TO MPOCTO pa3Hble
06EpTOHHbIE CNOW LENOCTHOrO BCENEHCKOro

rapMOHUYHOI 0 ObITUS.

Vrak, ecnmu 3ajiaThcsi BOIPOCOM, 8 HeM
UeHHOCMb COelanHHbIX 30ect 6bl80008, TO
aBTOp cyuTaeT: B TOM, YTO OHU, HE HPOTI/IBO-
peda o6IIeMIPOBBIM [IEHHOCTSIM, ITOTYYeHbI
CMPO2o 102utecKUM nymem 6 pamrKax npeo-
JI0MHCEHHOLL MOOeU.

51 Hapetoch, uTO Grarogaps STOMy HayKka
nomyuaem OONONHUMENLHYIO OCHOBY IS
OBOCHOBAHUA OTUYECKNX TIPUH-
LMMNOB BbITUA. Benp nayka (ue myTtath



C y4eHbIMM) OblTa BCerfa IPMHIUIINAIBHO
BHE 9TVKM, BHE HPaBCTBEHHBIX L[EHHOCTEIL,
TaK KaK He MOIVIA HAWTM 9T MPUHIMIIBI
B 001X (a He TONBKO YEIOBEUECKUX) 3aKO-
Hax mpupopsl. Temepp ke OTPHIBAETCS BO3-
MOXKHOCTb 000CHO8amMb Imuteckue u Hpae-
cmeeHHble NPUHUUNDL, ONUPASICH HA MOOeb
Bcenennoti, nocmpoennoii ecmecmeeHHona-
YuHOIMU Memo0amu.

CounanbHas ctpykrypa Hoocgepoi cxa-
IBIBaeTCsl B HacTosiiee Bpems. Ee o6pasyer
CeThb CIIOXHBIX BSaMMOOTHOLHeHI/If/Il, KOTOpaH
yCTaHABMBAETCS B IIpoLiecce pasBUTHA 06-
I[eCTBa MEXAY JIIONbMU U UX 0OBeIVHEHIs-
mu. Coyuocepa — 310 TPEXKOMIIOHEHTHAS
CTPYKTYpa, B KOTOPYIO BXOHAT: OOIIECTBO,
texHocdepa u cenmpxoscepa. Ilocnenuss
[OSIBWIACh B 90Xy HEONNTa, a TeXHOChe-
pa COMpOBOX/a/la MPOTOYEIOBEKA BCET/a,
C IIepBOTO KOMbsl, KOCTPa M KaMHS. pera-
MEHTHPOBAHHAs 3aKOHAMV, IIPUBBIYKAMIL,
TPALMLVISIMU U IPABUIAMU CHIPYKMYpPa 63a-
umodelicmeus Kak omoenvHvlX nwdetl, max
u ux 06veounenuti. OHa Tak)Ke pasBUBAeTCA
[0 ONpeJe/ieHHbIM 3aKOHaM, IIPY 3TOM BCe
6o71ee YCITOXKHSAACD.

Ecn npoBecTnt mapaienb MeXy pasBu-
TIeM TeXHOC(epbI 1 001eCTBa, TO He UCKIIIO-
YeHO, YTO U 8 00/1acmiu COUUATLHBIX 3aKOHO8
MBopHecmeo0 ueno8exa Aub No8mopsem mo,
4o npupooa yxice uzobpena pawee.

B camoM fiente, He sAB/ISI€TCA TN TIPUMUTUB-
Hoe 001ecTBO MOfOOHBIM amebe, KOTOpast
niet cebe MPOCTPAHCTBO € OOJbLIEN ITUTa-
TeNbHOI cpenoit? CayyaltHo /1, YTO KalnTa-
JINCTUYECKOE OOIIECTBO Ha HEPBOI CTaIuu
CBOETO PAas3BUTHUS YIIOHOO/IAETCS XUIFHOMY
3BepI0, KOTOPBIIT OXOTUTCS 3a Goree CabbIMu
[PEACTABUTENAMMI XMUBOTHOTO MUpa?

OTa TemMa HACTONBKO TPAHIMO3HA, YTO
B [JaHHOIT paboTe MBI JaXKe HE CMOXKEM ee 3a-
TpOHyTb. 3/:[er MbI €IMHCTBEHHO OTMETUM,
YTO CHPYKMypa COUUANbHBbIX OMHOUWEHUTI
[pOIUIA HYTb OT HYAbMEPHOL CTPYKTYPHI

(repBOOBITHOOOIIMHHOE 00IECTBO) Uepes
ooHomepHy10 CTPyKTypy (paboBianenbye-
CKoe O0O0II1ecTBO), 08YMEPHYI0 CTPYKTYPY
(dbeomampHoe  001iecTBO),  mpexmepHyo
CTPYKTYpy (KamuTamicTudecKkoe obIiecTBO)
U TOfOLUIA BIUIOTHYIO K HembipexmepHoti
CTPyKType (HOBOe 06111eCTBO). DTOT BOIPOC
OB OTYACTM PAacCMOTpeH B paboTe aBTOpa
«Poccus B XXI Beke»™*®.

[IpuBesieHHbIe TIPUMEPHI ellle pa3 IOKa-
3BIBAIOT, UTO IVIABHOI 3ajjavyeli 4YeIoBeYeCKo-
0 co0011IecTBa SB/IAETCA He YHOBIETBOPEHIE
OTPeOHOCTEl KaXX/JOr0 U3 ero WIEHOB B OT-
IEeNbHOCTH, a €O030aHue HO0801l 27100anbHOil
6u0-mexHO-cOUUANbHOIL CUcmembvl, KOTO-
pas 3aHmMMasa O6bl Ha MACIITaOHON JIeCTHM-
Ije mpupopbl 6ojee BBICOKME YPOBHU, 4eM
3aHMMaeT CaM 4YeloBeK. [Ipyrumu CIoBami,

3ajjaya 4eIOBEYECKOTO COOOIIecTBa — 3TO
pasBuTME U COBEpPUIEHCTBOBaHME CaMO-
ro coobmiectsa. Bruatimas ueno — co-

30anue Ha 3emie HO6020 6uda PasymHoli
cucmemvt — Hoocepu.

3mech IO-HOBOMY OTKPBIBAETCS CMBICT
TOro (haKTa, YTO JIeT Yepe3 TPUALATH—IIATD-
eCAT IMCIIO JIIORElT Ha 3eMie MOYKET OCTIUYb
nopsaka fecatu Mummapnos (10"), uro co-
OTBETCTBYET 3HAYEHUIO OIHON 13 PyHOAMEH-
manvHvlx 6e3pasmepruix koHcmanm Bcenen-
Hoil. HarmoMHUM elrje pas, 9TO MMEHHO TaKOB
[IOPSOK KO/MIYeCTBA HEIIPOHOB B MO3TY y 4e-
noBeka. MokeT OBITb, KOIZIa 4Ye/IOBEYECTBO
[IEPECTYINT Yepe3 STOT 3aBETHBIIT IMCIIOBOI
pybex, OHO NpPeBPaTUTCA, HAKOHEI-TO, U3
GeccosHaTenpHOl aMEOOOOpasHOI  cucTe-
MBI B PasyMHOE MBIC/IALIEe IIe/I0e, B CBOEO-
6pasusii Comsspuc? U mepeiizer OT KO/UTeK-
TUBHO-0€CCO3HATENIBHOTO  CYIeCTBOBAHNUS
K OJUIEKTMBHO-CO3HATEIBHOMY?

OYEPEDHOE PACCYXDEHUE

Ecnun 310 Tak, ecnv 4enoBeyecTBO AENCTBU-

TeNbHO BMJIOTHYIO NOAOLUNO BrepBble 3a BCHO
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NCTOPUIO K O4EHb BXKHOMY MOPOTY U3MEHEHWIA,
3a KOTOPbIM KOMMYECTBEHHbIN POCT NpUBEAET
kK HOBOMY KAYECTBY BCEN LIIBUIN3A-
LI, To cTaHOBATCA MOHSATHbI T€ TPYOHOCTH,
C KOTOPbIMM YeI0BEHECTBO CTONKHYNOCH Ha MNo-
pore atoro MEPEXOIA.

YenoBeyecTBy OCTasioCb BbIpacTU BCEro
NULWb Ha HECKONbKO MUNIMapA0B, Y4TO6bI JO-
CTUTHYTb Marmyeckoro KOfM4eCTBEHHOro py-
6exa, KOTOpbI MO3BONUT eMy TpaHCHOPMMU-
posatbcs B HOBOE COCTOAHUE.

W, korga [o aToro Lwara ocTanoch Kakmx-To
HECKOSIbKO IeCATKOB NIET, BCE CUJIbI CTaporo,
BCe MHEePLUOHHbIE TeHAEHLNU, BCEe 3aKOHbI
MUnnInapaHOro 3BEepUHOro CcyLjecTBoBa-—
HUSI GUOJIOrMYEeCKONW OCHOBbI YerioBeYye-
cTBa cTtanu conpoTusnaTbcs. Ctapoe Bcer-
Ja COMnpOTMBASETCA HOBOMY, YyBCTBYS CBOIO
rpsagyLuyto BTopu4HocTb. Ckopee BCero, HO—
BOMY CO3HAaTe/IbHOMY 4eJ/l0BEeYEeCTBY YXe
He noTpebylTCs MHOTME 3aKOHbI, KOTOPbIMU
XWBET XWUBOTHBI MUp Brocdepbl. 3T 3ako-
Hbl 6yOyT NM60 OTOPOLLEHbI B MPOLUMIOE, Kak
oTbpackiBaeT OTPabOTaHHY0 CTYMNEHb pakeTa,
BbIXOAsLLass B KOCMOC, MO0 NoAgYnHEHbI 60-
nee BbICOKMM 3akoHaMm. HeT cmbicna xanetb
06 3TOM, Kak M HET CMbIC/a MPOKAMHATL 3TU
cTapble 3aKOHbl, MO KOTOPbIM pa3BuBanachb
MUnaMapabl neT Xu3Hb Ha 3emne. OHM 6bInn
HaCTOJIbKO OnpaBAaHHbl, HACKOSILKO OHM ObInn
HY>Hbl ONnA NOAAEpXaHus paBHOBECUS Mpu
CTPEMUTENBHOM OBUXEHUN Bnepes.

YenoBek He MOr OTOPOCUTbL BCE 3aKOHbI
XXMBOTHOrO Mupa cpasy. Tak pebeHOK, KOTOo-
PbIl TONMBKO €eLle YYUTCH XOOAUTb, HE MOXET
cpasy nepectatb non3arb Ha YeTBEpPEeHbKax.
[Oa, 4enoBeyecTBO, kak Pe6EHOK, MHOrO pas
BCTaBaso, genano npobHble Liarn, 3atem na-
[Jano 1 BO3BpaLLanochb K Non3aHuio Ha YeTse-
peHbKax, 1 Nafano BHOBb M BHOBb. M KTO 3HaeT,

Hay4unocb NI OHO Ha pybexe TbicadeneTumn
TBEPAO XOAWUTb HA HOrax, BbINPSMUBLUMCH BO
Becb ceoit OMPOMHbIV 3BOSIOLIMOHHbBIV
POCT, nnn emy elle NpeacTouT HECKOSNbKO
pas CNoTKHYTLCA M ynacTb. Heo6Xoanmo noHm-
MaTb, Y4TO B NO6GOM Crydae npoLiaHve ¢ OeT-
CTBOM, C MON3YHKaMW W MOATY3HUKaMW HEU3-
6EeXHO, B NO60OM cflyqae HensbexeH nepexoq
K HOBOMY COCTOSIHMIO XXM3HWN 06LLecTBa — Yn-
CTO YenoBe4YeckoMy, crefoBaTefbHO, pasyMm-
HOMY, MO0 OTNIMYAET YenoBeKa OT XXWUBOTHOIO
B NEPBY0 o4epenb pasym.

B nocnegHue rogpl B Poccum WMpoko pac-
NPOCTPaHAETCA MUCTUYecKas JnuTepartypa,
cTanu NosIBNSATLCA LUKOSbl SKCTPACEHCOPUKK,
LenuTenbCTBa U APYrnx HETPaAOMUMOHHbIX Te-
YeHu. Kak npaBuio, MHOrMe LUKOMbl U Fpyn-
Nbl BbIBANMBAKTCA U3 0ObIYHOW couManbHOM
>KM3HW, co3[aBas CBOW 3aMKHYTbI BHYTPEH-
HUA MUP. VIX OCHOBHbIM OTNINYMTESIbHBIM CBON-
CTBOM $IBfISETCA XXECTKas 3aBUCUMOCTb OT
yuutens (uenutens, Nnposuaua, NponoBeaHnKa
M T.N.), T. €. OT OTAENbHOW CUSIbHOW JINYHOCTU,
koTopas ob6nagaeT HeOObIKHOBEHHbLIMWU CMO-
COBHOCTAMU (3HAHUSAMKN, BO3MOXHOCTAMMW...).
[eMoHCcTpaumuss 3TUX CBEPXBO3MOXHOCTEWN
nopaxkaet BOOOpaXKeHMe YHEHUKOB M NPOCTO
cnyLwiartenen, a Nockosibky UM Bcem obeLLaeT-
€S oBfageHne TakMMm ke CBEPXBO3MOXHOCTS-
MU, TO OHM Ha4YMHAIOT CriefoBaTh 3a NIMAEPOM
(yunTenem) BO MHOMMX BOMPOCAX >XXWU3HU MOYTU
6€eCnpPeKOCNoBHO.

Bonee ToOro, crana nosiBNATLCS nuTepa-
Typa, B KOTOPOW yTBepXAaeTcs, YTo B ApeB-
HocTK (ewle po Ervnetckon umsmnusaummn) Ha
3emne cyLlecTBOBano OOLLECTBO aTNaHToB
(rvnepbopees, M T.M.), CMOCOGHbLIX neTaTh,
nepemeLlatb B3rNsgoM TSXKeNble KamHu, ny-

TewecTesoBaTb B UHbIE MUPbLI U T. M.
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Kak Mbl nmcanu, CywlecTByeT pasnu-
4Yne C TOYKM 3PEeHUs MacluTabHOW unepapxmu
Mexay Ncuxouan4ecknm BO3LENCTBUEM OT-
OENbHOW CUNbHOM JINYHOCTM WU COUMarnbHbIM
BO3EMCTBMEM.

OT0 pasnun4me CocTouT, BUAMMO, B TOM, HTO
nepBoe OEeNCTBYET Ha ropasgo MeHbLUMX Mac-
wrabax, T. €. NCMXoPU3NYeckKoe «mnone» —
MacLTabHO-JIOKa/IbHO, a CouManbHOoEe —
maclTabHo-rno6anbHo. [103ToMy MNepBbIM
MOTYT NONb30BaThCA TOSIbKO HEOOMbLUME Fpyn-
Mbl XXPELIOB, a BTOPbIM — BCE YENOBEYECTRO.
B npotuBHOM cnyyae Bce HEOObIKHOBEHHbIE
ncMxomanyeckme BO3MOXHOCTM, KOTOpble
BpeMsi OT BPEMEHUN SPKO MPOSABNATCA Y pen-
KVX nNpegcrasuTenen Yenose4vectsa, 6binn 6bl
3aKpenneHbl B couuMyme B peayfbrare ecrte-
CTBEHHOro oTéopa, 1 nMu 6bl BNaKENN BCE.

[MOCKOMBbKY 3TOro He NMPOUCXOAMUT, TO 06b-
ACHEHUI MOXHO HanTh aea. NepBoe U3 HUX —
penurnosHoe: NocnoAb, AaB B Ha4vane 4ye-
JIOBEKY HEOO6bIKHOBEHHbIE BO3MOXHOCTH,
OTHSIN1 X 3a rpexu ero. BTopoe obbscHe-
HWEe — Hay4HOe: eCTEeCTBEHHbI OTOOP MOTOMY
He NpUBES K 3aKpernsieHno B coumyme noTps-
caloLLMX CBOWCTB, YTO 3BOJIIOLMU 4YesI0BEKa
HeT, a eCTb TOJIbKO perpecc 4yesioBeKa Kak
BUAa.

O6a O0O6bSICHEHUS MeHsi He YOOBNETBO-
pAIOT, MO3TOMY f MOMbLITANICA HaWTU ApYroe,
OCHOBaHHOE Ha BCKPbITON 3aKOHOMEPHO—
CTU nepemeLyeHUs1 PoKyca 3BOJIIOLNU 10
M-ocu. Cmbicn ero B TOM, YTO NOTEHLMANBHO
KaxKObI YenoBeK — mar u BOMNLebHUK, Haae-
JIEHHbIA HEBEePOATHOM MCUXOUINYECKON CU-
101, HO MOCKOJIbKY rN1aBHOU 3aa4eu ABaseTcs
10CTPOEHNEe rapMOHUYHOIrO MOMyNSYNOHHOrO,
coymasnbHOro macLutabHoro ypoBHSi, TO 3Ta
cuna naen okasbiBaeTcs n3bbITOYHOM. Bo3-

MOXHO, rnocJsie [JOCTUXXeHUsl ornpenesieHHoro

YPOBHS couMasibHOro pas3BUTUSI ITU pe-—
3epBbl 6YAYT BCKPbITbl, OBHAKO OHU 6YARYT
nog4ymHeHbl [FTAPMOHUYHOMY OBLJE-
CTBEHHOMY CO3HAHMUIO.

Bo BCAKOM cry4ae aBTOpPY XOYETCH B 3TO
BepuTb. lMoka e [ocnofb pgonyckaeT nuvllb
oTaesibHble NpuMepbl Takoro MmoryulecTtsa,
Hagenss UM NULb O4€Hb OrPaHUYEHHbIA KPYT
nogent Ha 3emne. Atum OH NokasbiBaeT, YTo
€CTb Yy YenoBeYecTBa eLle He BCKPbITbI pe-
3epB. Ho nokaswbiBass, OH He pJonyckaeT ero
MacCcoBOro ncnonb3oBaHus. Kak getam msga-
fleka NokasbIBalT KOCTEP, HO K Cnnykam He
OOnyckatoT, Tak 1 Ham usganeka nokasblBaroT
«4yfeca», HO CMUYEK He JatoT, YTOOb! «g4eTu»
He npeBpaTuIn OTAENIbHbIe MasiKu KOCTPOB
B 3apeBO BCernoXxwuparowjero coymnasnbHoro
noxapa.

Otcioga cnegyet o4eHb BaxHbI BbIBO:
ypoOBeHb MoryujecTBa 4YesioBeyecTBa (Kak
U Kaxkgoro otgenbHoro 4yenoseka) PEJIA-
MEHTUPYETCS B nepByto o4epeab YPOB-
HEM Ero COLMAJIbHOW 3PEJIOCTH.

KcTtatn, 9T0 kacaeTcs He TOMbKO perna-
MEeHTaumMm MNCMxXoU3NYEeCKUX CWil, HO U CUn
npupoabl, KOTOPbIMU YENOBEYECTBY yAaeTcsi
oBnagetb. ABTOpP, Hanpumep, rnyboko ybe-
XOEH, YTO, KaK TOSIbKO yOoacTcst co3patb rap-
MOHUYHOE HOOC(hepHOe coobLLecTBO, cpasy
Xe y4eHble CMOryT OTKPbITb U OBfageTb Heuc-
CcAAKaeMbIM UCTOYHUKOM 3DUPHOWN IHEPruu.

Ewle ogHa Tema, koTopas npuobpeTaeT Ho-
BbIi OTTEHOK B CBSA3W C rMMNOTE30M O Nepeme-
LLIeHMM dooKyca 3BOMIOLMK ¢ Toukn 10% cM Ha
Touky 107 cM, — 3TO OTHOLLUEHUEe JINYHOCTHU
MbicnsAen N HPaBCTBEHHON KO «Bcerpa
HecoBepLUEHHOMY» O6LLEeCTBY.

locnoppk cospan Yenoeeka no o6pasy Ceo-
€My COBEpLLEHHBLIM 1 BIIOXMI B €ro gyLly Bce

3aKOHbI rapMOHUM BceneHHoN, OTKNOHEeHMe oT
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KOTOpbIX 060 Yenosek vyecTByeT NO TPE-
BOXHOMY CUIHANY COBECTW. MMepepg
yenosekoMm OH MocTasu aHanornyHyro 3aga-
4y: co3faTb CTOfb Xe COBEpPLUEHHbIN obLLe-
CTBEHHbIN opraHuam Ha 3emne — «Couunym».
Yenoseky NpuLLNIOCbL HaduHaTb C Hynsa. Emy
MPULLNOCL CTPOUTb CouuanbHble CUCTEMBI,
Ha4yMHas C camblX MPOCTbIX U MPUMUTUBHBIX
06pasLoB, XOTA OH He ocTasncs 6e3 NoAcKasKu
n 6e3 nnaHa. Mges Xpama — BHYTpU KaxK—
AOro u3s Hac, fopora K HeMy — B PeJInrmno3—
HbIX y4eHusix. Ho [octaTtoqHo v nponoseau
no6en? A Kak 6bITb CO CNpaBeAnMBOCTbIO?
C ecTeCTBEHHbIM OTOGOPOM  (KOHKYpPEHUMER).
C ncyepnaHnem pecypcoB?

MoaTomy, HECMOTPS Ha TO, 4YTO NOAABNAIO-
Lee GOMbLUMHCTBO NIOAEN Ha MnaHeTe OTHO-
CAT cebsl K TOW U1 MHOM MUPOBOW penunruu,
coumanbHas CTpykTypa obLiecTBa ganeka ot
ngeana cMCTeMbl, Janeka oT rapMOHUM U CO-
BepLueHcTBa. OTcioga BOWHbI, THOPbMbI, Ma-
dus 1 npouve 6efbl. Pacnnaynsaetrcsi 3a
9TO HeCoBepLIEeHCTBO U caM 4eJI0BEK, KO-
TOPbIN BbIHYXAEH XUTb BHYTPU 3TON He-
COBEPLUEHHOWN CTPYKTYpbl U BO MHOTOM €W
noa4YNHATBLCS, Befb oHa asnsietca YIPABJIIA-
tOLLEE METACUCTEMOW ans Hero camoro.
Tak co3paeTcs napafokcanbHas CUTyauus:
camoe COoBepLUeHHOe TBOpeHue [Mpupodbl —
YenoBek — CTpouUT Ansa cebsa coumanbHoe
«KUNULLEe» ropasgo MeHee COBEepLUEHHOE,
4YeM OH caM. Bonee TOro, CTPOUT «XXUNULLIE»,
KOTOpOe MOCTOSIHHO Ae(OpPMUPYET €ro BHY-
TPEHHWUIA FrAPMOHUYHBIN MUP.

Danee. EcTecTBEHHO, 4TO YeM MpoLle co-
UManbHbIA KOHCTPYKT, TeM npoLie [AOSKHbI
OblTb €ro pacnopsiguTenu — JOAN BRacTu.
MockonbKy coumanbHas cuctema Hukorga 3a
BCIO MCTOPWMIO YenoBeyecTBa He pocTurana

rapmMoHu4eckoro cosepLlueHCTBa, NOCTOJIbKY

y BnacTu Bcerga ctosnuv niogu 6onee agantu-
poBaHHble K 3TOMY HecoBepLUeHCTBY. M0aTo-
My OYXOBHble U WHTEMNMNEKTyanbHble NMAEpsbI
BCEX BPEMEH W HApOOOB Bcerga Haxomunmnch
B OMMO3ULIMM K BNIACTU, HACTO KOHPNNKTOBAM
C HeWn n Bcerga ee KpuTuKoBanu, scerga ob11m
€10 HeJOBOJbHbI.

Takum 06pa3om, Ha OAHOM U3 CoLManbHbIX
MOMOCOB HaxoAuTCsl BCerga agantvpoBaHHas
K KOHKpPETHOMY 3Tany pas3BuTUS U MO3TOMY
HecoBepLleHHaa C TOYKWM 3peHUa ITUHECKUX
HOpPM cucTema BnacTv, a Ha OpyromM nostce
coumnanbHOM CUCTEMbI HAXOOUTCS B1AaCTh AY—
XoBHas. [ocnepHsas cUbHO yaaneHa ot B/ia—
CTU MaTepuasibHOM, Beb OHa [OJDKHA He-
cTu B cebe kKaMepToHHOe 3ByYaHNe YNCTOro
rapMoOHU4eCKOro COBEPLUEHCTBAa, KOTOpoe
3a10)KEHO B KaXK[IOM YENOBEKE OT POXOEHUS U
KOTOPOE HEOBXOAMMO COXPaHUTb MPU JIHO6 0
cucreme BNacTy.

Mbl BUOUM, YTO y BJIACTU MUPCKOM
U B1acTu BYXOBHOU 3ajayn CUJIbHO OT—
nmyatorces. lepBasi CAyXUT akTyanbHOMY
BpeMeHU, BTopasi — BeYHOCTH. VHTennek-
Tyanbl Me4vyTca Mexpay STUMU OBYyMsi MoJto-
camu, NbiTasCb YCOBEPLUEHCTBOBaTbL BfacCTb
MMPCKYHO, MbITasACb MOCTPOUTb TaKY0 CUCTEMY
B3aMMOOTHOLLIEHMI B O6LLIECTBE, KOTOpas npu-
6nm3unach 6bl K JyXOBHOMY Xpamy.

Ntak, MAPAOOKC CUTYALINN B TOM, 4TO
MeHee coBepLUeHHasi coynasnibHasi cuctema
AOMUHUPYET Hap 60s1ee COBEPLLUEHHbIM NH—
AnBUAYaNbHbIM YCTPOUCTBOM KaXkK[0ro 4e—
JsioBeka. JT0 BCe PaBHO, 4TO ecnn 6bl 3a60pbl
cTanu CTpPOUTb M3 HOBEWLUMX KOMMbIOTEPOB.
M x0Tsi BHYTPEHHWUIA MUP YenoBeKa rapMOoHUY-
Hee M COBepLUEHHee MMpa BHELLHEro, coum-
anbHOro, coumasbHbI MUP ABMSETCA NEPBLIM
B CMUCKe npuoputeTos cTpoutenscTaa lNMpupo-

Obl, TaK KaK UMEHHO OH ABNAEeTCA o4epenHbiM
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3TaXOM, O4epefHbIM YPOBHEM TBOPEHMS. M03-
TOMY MOTEHUMANBHO CoLManbHbIA MUP CUITb—
Hee, YeM MUP BHYTPEHHWI, MUP UHAMBMAA, HO
B HACTOsLLIee BPEMSA OH MEeHee COBepLUEHEH
NPOCTO y>Xe NOTOMY, 4YTO HAXOAUTCA B NpoLec-
Ce CTpOoUTENbCTBA.

13 3TOro KOpPEHHOro npoTMBOPEYMst €CTb
EAVNHCTBEHHLIA  TTOBANTbHBLIA  BbIXOO —
co3upaHue CTOJIb XK€ COBEPLLEHHOro couymn—
asbHOro Mupa, Kak u Mup AyXoBHbIA. Ecnin aTo
YOACTCA, TO HACTYNUT BEJIMKMI Pe30HaHC ABYX
MacLuTabHbIX YPOBHEH pa3BUTUSI 4YesloBe—
YecTBa, KOTOPbIA NpuBEQET K ero HebbiBasiomy
pacuBeTy. Begb B HacTosiLyee Bpems SibBUHAas
AO0JIs1 BHYTPEHHEN 3HEepPreTuku BCex JIIoAeN,
W NIbBUHAs1 BOJISI BHELLHEN dHEPrun BCEro Ye—
J10BEYeCcTBa TpaTsTCs Ha Mpeo[osIeHne coLyn—
anbHbIX MPOTUBOPEYMIA. BCca nctopus LMBUIK-
3auUunm CBUAETENbCTBYET MMEHHO 06 3TOM.

HeT Hyxpgpl [okasbiBaTb 3TOT Te3uC.
BcnomHum x0Ts 6bl, YTO 32 BCHO UCTOPUIO Ln-
BUNM3aLMM ObINN TOSIbKO CHUTAHHbIE OHM, KOT-
[a rae-To He LU BOWHBI.

3ameTnM, YTO HepearnbHO peLuaTth npobne-
Mbl COLIMANbHOro yCTPONCTBA TOJILKO METOLA-
MU U NpUemMamu, CBOMCTBEHHbIMWU BHYTpPeH—
HemMy MUpy 4esioBeka, MOCKOSIbKY BCTymnaet
B CWUNY APUHLUIN MacLuTabHOro HecooTBeT—
cTBUSI ABYX ypoBHe#. BecnonesHo npocTo
npuabiBaTtb: «PebaTa, faBante Xutb Apy>KHo!»
Takve npu3sbiBbl HE AEWCTBYIOT Ha couumanb-
HbIi MUP UMEHHO NOTOMY, YTO OHU B3iTbl C 60-
flee COBEPLUEHHOr0, HO HMXXEPACMOSIOXEHHOO
YPOBHA B3aumopencTeui. Jleunts coymnanb—
Hble npo6JsieMbl MOXHO TOJIbKO couyunasib—
HbIMM XKe MeTogamu.

[Monagas B HECOBEPLLEHHYIO CoLManbHYO
CUCTEMY, FAPMOHUYHbLIA MUP KaXXAoro 4esno-
BeKa Mo mMepe CBOEro B3auMOLENCTBUSA C HEW

nckaxaetcs. [Ons  MHOMMX eOuHCTBEHHbIM

crnaceHvem B 3TOM Chyvae SBMSETCA penu-
rvsl, KoTopas MO3BOMSET YEerOoBEKY OnoMu—
HaTbCcs — T. €. BCrioMuHaTb cBoo BOXKE-
CTBEHHYKO CYLJHOCTb. Torpa 4enoBek
Ha4YMHaEeT BECTU Ce6S B HEKOTOPbIX CUTyaLmAX
BOMPEKM >KMBOTHLIM WHCTUHKTaM, BOMNPEKM
coumanbHbIM Mpasuiam, Hanpumep XepTBys
GNKHEMY CBOEMY.

PENUINA, NOHNMAEMAA KAK OBPAT-
HAA CBA3b C TBOPLIOM, 6e3ycrnoBHO He-
o6xoaMMa KaXKgomy 4esioBeKy, CKomnb Obl OH
HW 6bIN1 06pa3oBaH, Befb OHa NOAAEepPXMBaeT
€ro cBs3b ¢ Be4yHbIM, C TEM, 4TO HEBO3MOXHO
NocTU4b pa3ymom, SIOrnKon. MonbiTka nocTpo-
WTb COBEPLLEHHbIV MUP 6€3 MOCTOSAHHOW CBA3M
c borom o6peyeHa Ha nposan. Bo Bcsakom cny-
yae, Takon akcnepumeHT B XX Beke B Poccumn
6bI/1 NOCTaBfIEH OYEHb CEPLE3HO U C Npeaesb-
HO 6onblwmMK 3aTpatamu. OTpuuaTenbHbI
pesynbraT o4eBuaeH. Ho ynosatb Ha peLueHune
BCEX NPO6IEM TOMBKO C MOMOLLbIO PENUrMN —
HanBHO. [BYXTbICAYENETHUA ONbIT XPUCTUAH-
CTBa nokasasn 370 605ee YeM HarnsagHo.

XPUCTOC B cBoux nponosepsax OAJl
WOEANbHbIV 3TAJTOH B3AVIMOOTHOLLIE-
HU Mexay niogpMu, OOHAKo C TeX BpeMeH
Mo HalM OHW He HAaLAOCb HU OAQHOro Hapo-
0a M HM OHOro rocyfnapcTsea, KOTopble TOYHO
1 HEYKOCHUTENbHO nocnefosanuy 6el BceM Ero
3anoBegsm.

HokasbiBaeT M 3TO  «HEpeaslbHOCTb»
N «OTOPBAHHOCTb» OT AENCTBUTENBHOCTN OCTaB-
JIEHHOMO UM y4eHusi? KOHEYHO HeT, Tak Xe Kak
He [OKa3blBaeT HepeaslbHOCTb 3ambiciia apxu-
TeKTopa BbIPbITbI HA MecTe 6yayLlero 3naHus
KOTNoBaH. Be3ycnoBHoO, ecnu 3TOT KOT/IOBaH
NPUXOANTCA PbITb COTHSIM NMOKOMEHUI Ntogen, To,
ymupas B HemM, MHOrve B TpeBore BOMPOLLAIOT:
«A 6ygeT N1 Korga-nméo BbICTPOEHO 3TO 06e-

LLIAHHOE HALLUM apXUTEKTOPOM 3OaHNe?»
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Y10 nogenatb, ecnu 3aTesHHas CTponka
TpebyeT BpPEMEHM Ha HECKOSIbKO MOPSOKOB
60MbLUEr0 NPOJOIMKUTENBHOCTU XXU3HU OOHO-
ro 4yenoBseka. M HeT MaLUVHbI BpEMEHU, YTOObI
cnetatb B 6yayllee 1 yb6eauTbCs, YTO BCE He
HanpacHo. Ho cyLiecTByeT nyTb BepbI M MyThb
Hay4yHoOro rnoCTUXXeHUsi 3aKOHOMEepPHOCTeN
passutus obujectsa. O6a Nyt NO3BONAIOT
pasrnsgeTb ganekyto Lenb K1, 3acy4mB pykasa,
BHOBb B35ITbCS 32 Nlonaty U KMpKY.

[a, o6LLecTBO BO BCE BpemeHa 6b1s10 fane-
KO OT maeasioB BHYTpPeHHero muvpa 4erioBeka.
OpHako ugeasbl — 3TO Ms1aH, NPOEKT 6yARY-
wero Mupa JIlogevi, a UcTopus obLyjecTsa —
9TO CTpoviKa co Bcemu ee npobriemamm.
M noka Mbl XXUBEM B 3TUX COLMANbHbLIX «MpPO-
MEXYTOYHbIX» KOHCTPYKTaX, Mbl BbIHY>XAEHbI
MUPUTBCS C WX HepocTaTkamu. BBoguTb e
HemMeansi Bce naearnbHble 3aKOHbI ObITUS — BCe
paBHO, YTO 3aBO3UTb OOPOryt0 Mebenb B 3na-
HMe, KOTOPOE eLLe flaXe He MOKPbITO KPbILLEHN.

VacHa, Hanpumep, ponb nanada B obLLe-
CTBe, KOTOPbIV 06513aH MO NPUroBOpPY CyAa Kas-
HWUTb NPECTYMHWUKOB, y>XXacHa W1 posib Hag3upa-
Tenew B TIOPbMax, KOTOPbIE 3anMpatoT >XKUBbIX
nogen B KneTku-kamepbl. Y10 6ynet, ecnu
3aBTpa BcCe nana4yu, Hagsuipartenn u coop-
LLIMKM HaNOroB OTKaXyTcs OT cBoew paboThbl?
CraHeT nn mup ny4we? O4eBUIOHO, YTO HACTY-
MUT aHapxusi, N0kl KOTOPOW Ha cebe pyCccKnn
Hapog y>e He pa3 ucnbitan u yéeauncs, 4to
NA0OXOM MOPSAOK BCE Xe fydlle BCAKOro 6ec-
nopsagka. MNMoatomy y4eHme Xpucra cnegyetr
npuHumate Kak [yTe, kak Lens, kak Masik
B MUpe coumnasnibHOro HeCOBEPLLEHCTBA.

MockonbKy KaxAbl 4enoBek, CO3[4aHHbIN
ngeanbHo Mo o6pasy u nogobuo Boxuio,
no Mepe CBOEro B3POCNEHMS U MO Mepe Mo-
rPY>XeHs B HECOBEPLUEHHbIN coumnasbHbIn

MUP MUCKa)xaeTcsi B cBoevi nepBOOCHOBe,

yxoAuT Bce Janblue oT ngeasbHou rapmo—
Huu BceneHHo#, cBA3b ¢ Borom Heobxoanma
MOCTOSIHHO, MMEHHO OHa MO3BONSET MO4yB-
CTBOBaTb rapmoHuto 3toro Mmwupa. [lpeTBo-
pUTb e 3TO YyBCTBO B COLMAmnbHYl pearb-
HOCTb MOXHO, NMULLb WAS TEPHUCTBIM NyTEM
noatanHoro OCMBbICJIEHHOIO coBepLueH-
CTBOBaHMWSI COLMASILHOrO MUpa, ero TPyoHoOro
MPEOBPAXEHUNA.

Ecnn Ha aTy npobnemy cmoTpeTb C TO4-
KW 3peHusi pa3BepHyTbIX Bbllle WAEn O ne-
pemeLLEeHnM 3BOMIOLMOHHOMO (hoKyca BAOSb
M-ocu, To COBEPLUEHCTBO 4EJIOBEYE-
CKOW MPUPOBI, MONYYEHHOE OT BOTA,
HEOBXOOMMO MEPEHECTU HA BONEE
BbICOKYID CTYMEHb  MACLUTAEHOI
JIECTHV/UBI MPUPOObI, HEOBXOOMMO
MOCTPOUTb CTOJb XXE COBEPLLUEHHYIO
COUNAJIBHYIO CUCTEMY — «LJAPCTBO
BOXUE HA 3EMIJIE».

370 He yTonusi, a rnaBHas 3ajada, CTosi-
Lias nepes 4eroBEHECTBOM B LIENOM U nepef
KaXXabIM 13 Hac B oTaenbHocTw. Monpobyiite
YBUJIbHYTb OT Hee, 1 Bbl 6y[eTe oTrnpas/ie—
Hbl Ha nepennaBKy, Kak 6ecrosie3Hbli Ans
BEJINKOro BCEeJIeHCKOro npouecca 3/1eMeHT,
Kak oTXo[bl CTPOUTENbCTBA.

MoBTOPUM: 3TO CTPOUTENBLCTBO He 3aBep-
WWTb 3@ OfHY YeSIOBEYECKYI XWU3Hb. ITO
CTPOUTENIbCTBO MMEET CBOM BbICLLMIA NNaH, KO-
TOpbIV Mbl JaXe BPs N XOPOLUO OCO3HasM.
B 3TOM nnaHe ecTb MHOXECTBO 3TarioB, U Ha
Kax[oM aTane, Kak ¥ B 06bIY4HOM CTPOUTEb-
CTBe, HY>KHO NCMNOIb30BaTh afeKBaTHbIe MaTe-
pvarsbl, NpueMbl U MexaH3Mbl. Henb3ast xe ne-
peHocUTb MeToAbl 3aKnagku yHAameHTa Ha
3Tan CTPOUTENbCTBA KPbILUM UIIM OTOENIO4HbIX
paboT. DTO CTPOUTENBLCTBO TPEOYET OT Kax-
00ro N3 Hac 04eHb KOHKPETHOW U cneumdunye-

CKOW paboTbl Ha KaXKAOM U3 3TanoB — TOYHOM

297



aKTyanusaynm Bo BPeMeHM Kax[oro yyact-
ka. OHO He JonyckaeT TonTaHWsa Ha MecTe, He
AorycKaeT uHepLuuu B MeToAax v npuemax.
To, 4TO 6bINO XOpOLUO BYepa, Mpu 3aknag-
ke dhyHoameHTa, cerofgHs, Npu BO3BEAEHUMU
CTEH, — Yy>XXe NPOCTO He HYXHO.

Ecnn 3T0ro He MOHMMAaET KTO-TO M3 CTpouTe-
Nen-noaen 1 NbITaeTcs COXpaHUTb BCe 6e3 n3me-
HEeHVs, OH YOanseTcs CO CTPOMKU. Takxe youpa-

HOTCA CO CTpOl7IKVI noaun, NbiTaloLneca HaBsa3aTb

BCEM OTZeNoYHble PaboTbl B TOT MOMEHT, KOraa
eLLe He NMOCTPOeH caM KapKac 3faHus.

ATW aHanorMm XopoLUn TeM, 4TO MO3BOSIS-
IOT MOHSATb, MOYEMY [axe camMble COBEpLUEH-
Hble coumarbHble CUCTEMbI, CO3AaHHbIe B Mpo-
LUSIOM, MOABEPrNMCh OECTPYKUMM U UCHE3NN.
OHWU BbINOSTHWAY CBOIO POJib B paboTe, koTopast
LIINTCS HE OHY ThbICAYY NIET M 3aBEpLUMTCS YX

BO BCAKOM Clly4ae — He 3aBTpa, a B Jy4llem

cnyyae — 4epes 1000 ner.




COOBLLECTBO

BHESEMHBIX LIMBUJIMSALIMHA

VtaK, B IpefbIAyIeM pasyiene Mbl OIperie-
UM, 9T0 (POKYC 3BOMIOLVIOHHBIX [IPOLIECCOB
VISl 4elIoBeYeCTBA M YISl 3eMIM HaXOHMUTCS
B HacTosilllee BpeMs B Touke M-ocn ¢ Koopu-
HaToit, 61usKoit k 107 cm. BesycnoBHo, 91 TOY-
Ka — JIMIIb MefyaHa 00/1acTy, KOTopas 3aHu-
maet atepsan ot 10*° 1o 10> cm (cm. puc. 3.1).
ITOCKONIbKY Ke MMEHHO LieHTp O6/macTu Ha
M-ocn nmeet Haubosee YCTOMIMBOE IIOIOXKE-
Hye (Takie pasMepbl MMEIOT HallVOHAJIbHbIE
rocygapcTsa tua AHImy, [epMaHuy u T. 1L.),
TO BO3HMKAET BOIIPOC: BO3MOXKHO /M CO3[ja-
Hue cronb xe ycrorrausoro LIEJIOCTHOIO
coo6mecrsa mranersl — HOOCOEPDI?

Hoocdepa nmeer pasmepsr Brocdepsr,
T. e. pasmepsl 3emmn, ~10° cm. Ecrn Brocde-
pa CYILIeCTBYeT KaK HEKOTOpOe NuHaMude-
CKJM B3aMMOJIelICTBYIOIee cOOOIIecTBO 60/ee
yemotiuuevlx 6uoueHo0306 (ux cpedHue pasme-
pol M0 MOOenbHbIM CO00PANEHUIM OOTHCHDL
6voimv 68 ouanazone 100...1000 xm), mo HO-
OCOEPA MbICITIUTCA KAK LIEJTOCTHO
OTKITMKAKOLWAACA HA COBbITUA CU-
CTEMA, MOYTU XXNBOW OTAESbHbIA
OPrAHM3M.

Ognnaxo B Mozenu BY Hoocdepa xak me-
JIOCTHASsI CHCTEMA HAXOJWUTCS B OYEHb HEY-
cToitunBoit 30He* mepecevenns BY n M-ocu.
bmpkaiimmm 6ojee yCTOMYMBBIM pa3MepoM

* BrpoueM, BO3MOXKHO, 4TO ycToitunsocTh Hoocdepn
006€CIIeYnTCs «II0NETOM B BETpe IepeMeH», T.e. 3a CUeT
HeINPephIBHOTO 3BOIOLIMOHHOIO PasBUTHA. 3/1eCh BO3-
HMKAeT MOJIE/IbHBIIT 06pa3 TEHHVCHOTO IIapyKa, yCTOl-
YMBO BUCAILErO HaJl TIOKOM, I3 KOTOPOTO JIyeT BO3AYyX.

apnserca pasmep 10" cm. Eue 6onee ycToii-
4uBbIM sBRseTcs pasmep 107 cm. Crepmy-
IOIVM YCTOMYMBBIM pPasMepoOM ABJIAETCS
10” cm. Yto MOTYT O3Ha4aTb [/ Ja/lbHeEN-
IIero PasBUTVSA XKU3HU 3TU PyOexxu?

Ilepewuii py6exn — pasmep, 6MM3KUIL K Op-
6ute 3emmu sokpyr Conniga (~10' cm). Cre-
IOBaTeNbHO, PeYb MOXKET UATU O CO3IAHUU
B IIpefie/lax II0OSICAa aCTepOMTOB HEKOTOPOIL
KOCMUYECKOU YUBUNUZAUUL NePBO20 YPOBHA.
VIMeHHO TaKas LMBUIM3ALVs SO/DKHA 0071a-
naTh OOJIbLIEN 8HYmpeHHell U 8HewHell Cu-
CMeMHOIL ycmotiMu80Ccmvi0, YeM 9JICTO «3EM-
Hast Hoocdepar. B 9T0M, BO3MOXKHO, COCTOUT
00Ha U3 3eMHBIX Lienteil Bbixoga B Kocmoc.

Bmopoii py6esxc. Ewe 6omee ycToitanBoit
MOXXET CTaTh LVBWIN3ALNA, KOTOpas 3all-
MeT Bce IpOCTpaHcTBO COMHEYHOII CUCTEMB,
BIIZIOT 710 ee okpanH — 10" cm. Bonee Toro,
BO3MOXXHO, YTO OHa OOBEIMHUT HECKOJIbKO
KOCMMYECKMX [IVBUIN3ALINI, Hanboree 6/1us-
KIX K 3€MHOI1, B HEKOTOpO€e O4eHb YCTONYM-
BO€ KOCMIYECKOe COOOIIeCTBO.

Tpemuii py6esx. VI HakoHel, elle OXUH
YCTOIYMBBIIl yPOBEHb — COOOIIECTBO Tajlak-
TUYECKUX LVMBUIN3ALMNIL, KOTOpOoe o0benn-
HUT Bce nyBmmsanyn [amaktkn — 107 cm.

Brpouem, Bce ot pybGexim yCTOMYIMBO-
CTU — YJCTO MeXaHM4YecKas SKCTPAIIO/IALMA.
B0o3MO>XHO, MCTUMHHBIN IIyTb Ja/AbHENIIEro
pasBUTHSA Ue/loBedecTBa OyIeT /eXarhb B CO-
BEPLIEHHO MHBIX IPOCTPAHCTBAX, O KOTO-
PBIX COBpEMEHHas HayKa CerOfHA IaKe He
IIOZl03peBaeT.
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SAKNTHYEHUE

Vrtak, MBI PaccCMOTpENN YHUKAIbHOE sIB-
nenne Bcemennoin — ee MACLUTABHYIO
FTAPMOHWIO. Mer yBupenu ee 6 cmamuie
CHMMETPUY pacripefeieH st 00beKTOB Ha Mac-
IITaOHBIX YPOBHSAX, 8 10000UL TPEX TUIAHT-
CKMX YYaCTKOB MAacCIITaGHOTO IPOCTPAHCTBA
APYT APYTY, 8 OUHAMUKe TIepEMELEHNs BIOb
MacuITabHOI OCH Pa3NMYHBIX IIPOL[ECCOB I CU-
CTeM, 8 IBOMOUUOHHDIX 3AKOHOMEPHOCMISIX.
W M1 y6enmmcs, uro MACLUTABHAA TAP-
MOHUSA BCENEHHOW — 3TO UCKIIO-
YATEJIbBHO OBLUAA, YHUMBEPCAJIb-
HAA N BAXHAA 3AKOHOMEPHOCTb
NMPNPOObI.

ABTOpY 1CCTIETOBATD 3aKOHBI MACIITAOHO
cuMMeTpuy BeeneHHOT GbUTO0 OHOBPEMEHHO
OYeHb MHTEPECHO ¥ OYeHb TPYAHO. VIHTepecHO
[IOTOMY, 4TO sI IIPAKTNYECKM BCE BpeMs UyB-
CTBOBa/ cebsi MEPBOIPOXOALEM, M PafOCTh
OTKPBITHsI HOBBIX OY€Hb KPACUBBIX 3aKOHOB
IPMPOZBL BIIO/IHE KOMIICHCYPOBasIa Bce TPYA-
HOCTU HAIIMCAaHMA KHUTU, TPYJIHO — IIOCKOJIb-
Ky IPMXOAVIOCH IIAT 32 IIATOM IIPOBUTATHCS
OT U3BECTHBIX HMOHATUIL U SABJIECHMIT K HOBBIM
[pefCTaB/IEHNAM O BceeHHOI, IPUXOInIoch
[IPaKTUYeCK) Ha OLLyIb BXOAUTH B HOBBIE 00-
JIACTY SAB/IEHUIA IIPUPOJBL.

BO BTOpOﬁ YaCTV KHUTU A ITOIIBbITAJICA JATh
XOTb KaKyI0-TO TEOPETNYECKYI0 MOJe/b Hall-
JIEHHDBIX KIacCU(PUKAIMOHHBIX M CUCTEMHBIX

3aKOHOMEPHOCTeil. 3[jeCh IPUIIIOCh BCTY-
mTh B 067macTh paHTa3Mit M YMO3PUTENTBHBIX
KOHCTPYKIMIL. BpIIO IoKasaHo, 4To Macurab-
Hasl CUMMETPVsI — Pe3y/IbTaT JefiCTBIS 3aKO-
Ha MacurtabHolt rapmonmu. Haperocs, dura-
Te/b He OYIeT C/IMIIKOM CTPOrO CYyAUTDH 3THU
[IOCTPOEHVsI, Belb 9TO JIMIIb IIepBble LMIAKKI
B HANpaB/IeHNN CO3[aHIs EOVNHOW TEO-
PN MACLUTABHOIO MNoJ1A BCEJIEH-
HOW. Ocrapnsio ary sagady mmsa Gymymx
TEOPETMKOB.

B Tperbeil yacTM KHUIM S IIOIBITAJICS
BIJIAZIEThCSL B MCTOpUIO pasButusi buocdepsr
U YelIoBeKa depe3 NpM3My MacIITaOHbIX 3a-
KOHOMEpHOCTe. MHe I0Ka3amoch, 4To TeM
CaMbIM OTKPBIBAIOTCS HOBBIE TPAHM CTapPbIX
po6sIeM 1 TOHATHIL.

B 1e710M ke CBOIO 3ajiady IIpy HaNMCAHUN
9TOV KHUTH 51 IOHMMAJI O4eHb IPOCTO — pPac-
NAxXHYymMb KaK MOMCHO wiupe 06epv 6 cosep-
UleHHOIl HOBVLIL MUP 3AK0HO8 MACUmMAa6H020
usmMepeHust 0/ KaK MOMCHO Gonvulezo Konu-
yecmea mooell.

[ToaToMy, IPUBOAiSL MHOXKECTBO MHTEpec-
HEJIIIMX IIPUMEPOB, s CTPEMWICS BBbI3BaTh
CTOJIb K€ JKIYYNiT MHTEPEC K ITOI TeMe, KO-
TOPBII1 B/IaJIEET MHOM )K€ YETBEPTOE NECATH-
netye. Ecnmu MHe 3TO ygmanoch XotTs 6bl B Ka-
KOI-TO Mepe, s MOIy CuuTarh cebs BIOJIHE

CYACT/IMBBIM 4Y€JIOBEKOM.
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