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NMPEAUCIIOBHE PEAAKTOPA PYCCKOTO
NMEPEBOJIA

Beenennas npejcrasiaser coG0fi yHHKAJIBHBEIH, BCe0ODb-
eMJIOLHIT npeaMeT AJs pasMblllieHus H u3ydenus. [lpex-
JlaraemMasi KHHra yHHKaJbHa MO CBOEMY CTHJIO: CJOXKHbIE
BOIPOCH], HAXOJALIHECH B IEHTPEe BHHMAaHHA COBPEeMEHHOH
HayKH, H3/1aralTcs NPOCTHIM A3blKOM, 0e3 MaTeMaTHYeCKHX
QopmyJa, AOCTYNHO AJsi uHTatesas, oGaagaiwouiero obuied
KYJbTYpOii H HecmelHaJncTa B 00J1acTH GHH3HKH HJIH acTpPo-
Homuu. HakoHell, yHHKajJeH W caM aBTOpP KHUIH, H3BeCT-
HEIl amepHKaHCKHH (u3uK-TeopeTHK CrhBeH BafinOepr —
aBTOP NEpPBOKJ/IACCHEIX LOCTHXKEHHI B TEODHH 3JeMeHTapHbIX
gactuu *. Ho BafinGepr He 3aMbIKaeTcsl B 3TOil TeMaTHKe.
On npexkpacHo 3HaeT H KJACCHYECKYI0 (H3HKY M KHBO HH-
TepecyeTcs CMeXHBIMH HayKaMu, 0COOeHHO acTpOHOMHEH.

'COE,’IHHEHHE TpexXx VHHKaJbHBIX KauecTB (Tel'Ia KHHTH,
€1noco0 H3J0JKeHHs M JHYHOCTb aBTOpa) NPHBOAHT K 3ame-
yaTeqpHOMY pesyabrary. He ciaywafino kuura crana Oect-
ceanepom B CIIIA u 3anannoit Espone. Her comuenus B
TOM, YTO KHHTY C HHTEPECOM H TMOJb30H NPHMET H COBET-
CKHiT unTaTtenb. Baarogaps eii caMble INHPOKHE KPYrH 4H-
TaTesneli mpHobLIaloTCs K coBpeMeHHO# Hayke. Hemano mo-
JOABIX uHTAaTeNed M0 BJHSHHEM MpejJaraeMoii KHHTH
BHIOHPAIOT TeOpeTHUECKY10 QH3HKY H acTpOhH3HKY Kak Oyay-
LYK CBOIO CeHaJbHOCTh.

Xouercss 0cof0 OTMETHTh Te MecTa KHHTH, rjle aBTOp
BHICKAa3bIBAETCA 00 HCCHeN0BaTeNbcKOH - paboTe H 3aKOHaX
pa3suTHA HaykH B obmeM nuade. Ha npumepe kocmoJ/0ruu
OH TIOKa3LIBaeT, KaKHM, 10 ero MHEHHIO, JOJXKHO GHTh CO-
OTHOIIIEHHE MEXK1y Teopueil H onblToM, HaG/o eHIAMH. ITO,

* 3a atu poctuxenus C. Bafinbepr yaocroen B 1979 r. HoGenes-
CKOit mpeMHH N0 du3HKe.
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nperxie BCero, BbICKA3biBaHHe, 4TO HeIb3s paboraTh COB-
ceM 0e3 TeopeTHuecKMX «mpeAayGeIeHHi», HO HYK-
HO yMmeTh BbIOpaThb mNpaBu/IbHBle TNpeaybexueHds (cM.
ct LS

ABTOp HeoOLIYAHO OCTPO UYBCTBYET POJb OTAe/bHBIX
Juiojeit, TBOpIOB HayKH. Bpsan su o mor Gn Hamucate 00
3TOM C TaKOH CHJOH H yOeAHTelbHOCTLIO, ecaH OBl cam HE
OblJ BEIAIONIHMCS YUEeHBIM H TBOPLOM.

Ho BaitnGepr nokasbiBaeT H MOJAYepKHBAET H JAPYrylo
CTOPOHY Jena: 00BLeKTHBHYIO 3aKOHOMEPHOCTb, HeoOX0iH-
MOCTb H HEH30eMKHOCTh TeX BLIBOJAOB, K KOTOPHIM MPHXOIHT
Hayka. OH NoOKa3biBaeT, KAK B KOHEYHOM CYETe ONbIT H
HabJ10/1eHHsl pelnaleT cyab0y TEOpHiH, KaK ONLIT CTAHOBHT-
Ci BEPXOBHBIM cyibeH HcTHHBL. [loyunTenbHBII TpHMEp,
NPUBOANMLIH  aBTOpPOM,— cyAbOa mneyajbHO 3IHAMEHHTOH
TEOpUH cTauMoHapHOH BceeneHHOH ¢ HempepbBHLIM pOXie-
HHEM BelllecTBa, KOMIEHCHPYIOIIMM paciiupente. Cumna-
TH3HPYS (QuaocohCcKuUM acnekTaM 3Toi TeopuH, BaiinGepr
YKa3bplBaeT Ha TO, YTO HabmofeHHs OGe3yCJOBHO OTBEpIJIH
Teopnio craunonaphoii Beenennosi. OH roBOpHT 0 BHICIIEH
00BEKTHBHOCTH  KOJJIEKTHBHOrO pa3yMa YYeHBIX PasHbIX
creuHa bHOCTEN.

OTaenbHble JHYHOCTH, TAJNaHT/AHBbIE HJH BJIHATENbHbIE,
MOTYT YCKOPHTBb WJ/H 3aMeAJIUTh yclex MPaBHJALHOH TOYKH
3peHHisi, HO HHKOMY He JIaHO HAaBf3aTh NPHPOJE H YeJo-
BEYECTBY HeBepHYI0 TeopHio. [IpaBuAbHOCTE WAH olHHOU-
HOCTh TOIi MJIH HHOH OMpeJesIeHHOI TeOpHH ABIAETCH 00bek-
THBHBIM (akToM. [Ipyroe Jaeno, uT0 JAJS YCTAHOBJEHHS
21010 (pakrTa mHoria tpebyercss 60JbIIOE BPeMS, TOAbl HIH
JeCATHJIeTHS, H B TeYeHHe 3TOro BPEMEHH TeopHs HaXO/HT-
csl B HCONpEAeJeHHOM COCTOSHHH. B 3TOT mepHOJ MOmeT
ObITH NpaBHJIBHEE HA3BIBATH €€ THIIOTe30i.

3aMeTHM, HaKOHEI, YTO KOTJa NPaBHJBHOCTL TEOpHH
YCTAHOB/IEHA, TO OAHOBPEMEHHO BLIACHSIOTCH H TPaHHIbI
NPHMEHHMOCTH TEOPHH H OTKPBIBAIOTCH HOBLIE TOPH3OHTHI
AanbHellmnx HccaeaoBaHHH. Bech onbiT ABaAlaTOro BeKa
YYHT TaKOMY COOTHOIUEHHIO; HAaHJAYYIIHM TPHMepoM SBJIs-
eTCsl KJaccH4YecKash MeXaHHKa, BepHas B Mpejeae MaJbix
eKOopocTeii (HHAye HYXKHA TeOpHsi OTHOCHTENLHOCTH) M 00/ik-
IIHX Macc, HMMYJbCOB, TMepeMelleHuii (HHaue Hy»KHA KBaH-
TOBAS TEOPHS).

B u3joxenun Baitubepra TeopeTHUeCKHe MOJOXKEHHS
oxuBaior. OH paccka3biBaeT He TOJLKO 0 cyanbe Bceesen-
HOIT, HO H 06 HCTOPHH ee HCCJIeOBaHHA.
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Penakrop B npHmeyaHHsiXx OTMETWJ HEKOTOpHE 3Tallbl,
NPHHALIEKALIHe HCTOPHH KOCMOJIOPHH H, B YaCTHOCTH, HCTO-
PHH COBETCKHX paloT, He0CTATOYHO OTpaeHHble B KHHIe.

B uenom, oanako, BaiinGepry yzaa/joch Be/JHKOJENHO
nokasath Ty Apamy uaeft, 6opbby, COTpYAHHUYECTBO H mepe-
MJIETeHHe pPa3/JMYHBIX IIKOJ MBLLTeHHs, 6e3 KOTOphIX He
obxoautcs paspHTHe Hayku. [loatromy kuura BaiinGepra
OKazajlaCh TakOil yBJEKATeJBHOH, TOJAyuYHJA TAKYIO IWHPO-
KYyIO ayIHTOPHIO H TOJHOEe TIpH3HaHHe.

3a BpeMs, mpoulejulee TMOCJe HaNHCAHHA KHHrH (OHA
BO3HMKJAA H3 Jekuud 1973 roma u BHIIA H3 TeuaTH Mep-
BbIM H31anHem B 1977 roay), npHBOAMMEE B Hel CBEIEHHSA
He ycrapeaun. Her neo6xozumoctn uto-nubo MeHATH B OC-
HOBHOM Tekcrte. OJHAKO 1m0 HEKOTOPLIM BONPOCAM IOSIBH-
JINCL HOBble JdHHble H HOBLIE TOUKH 3PCHHS.

HanboJsee npHHUHNHAJbHBIM  fABJAMeTCH, NOXKaJAyH, H3-
MEHNBIIEECH OTHOULIEHHe K BONPOCY O cOXpaHeHHH Gapuo-
HOB. B knure DBaiiuGepr o0bsiBASIeT 3aKOH COXpPAaHEHHS
O0apHOHHOrO 3apsfia OJAHHM H3 CcaMblX (yHIaMeHTaJbHbLIX
3aKoHOB mpHpoAe. B mocaenHee BpeMms Bce yamie paccMmar-
pHBaeTcsl BO3MOMKHOCTb TOTO, YTO BAPHOHBI He COXPAHAIOT-
Cs, YTO YCTOHYHBOCTbD MpoTOHa He abGcoaiotHa. [loapobuo
HCTOPHS BONpPOCA H COBPEMEHHOE COCTOSIHHE pPacCMOTPeHH
B JIONOJHEHHH pexakropa 6.

Jlpyrue MOMOJHEHHS KacaloTcsd HOBBLIX HabJIOLaTelbHBIX
LAHHBIX H HOBLIX BO3MOJKHOCTEH HAO/MIOAEHHS, CBA3AHHLIX,
riasHbiM - 06pasoM, € HCMOJL30BAHHEM MHKPOBOJHOBOTO
(onoBoro pannounsayyeHus BcesenHnoii. 3xece perakrtop cy-
IECTBEHHO OnHpaercs Ha pabOTHl COBETCKOro acTpodu3m-
xa P. A. CiousieBa # cBoH. PaccMoTpeHo Takike BJHsSHAE
HEeHYJIEBOI MACChl TIOKOSI HEATPHHO HA HAILHA NpeACcTaBJeHHA
0 CTPOEHHH H 3BOJIOIHH BeedenHoli. Bonpoc 3TOT BO3HHK B
CBA3M ¢ paboTaMH COBETCKHX H aMepPHKAHCKHX 3IKCHepH-
MenTaTopoB. OIHOBPeMEHHO H3MEHHJOCh H OTHOIIEHHE
(hH31KOB-TCOPETHKOB K rHMOTE3¢ TAXKEJI0ro HeilTpuHO. BriBO-
ILI M3 3TOH THIOTe3bl, KacalouiHecs KOCMOJIOIHH, OKa3blBa-
10TcH GyHIaMEHTaAbHBIMH.

B cBOHX J0NOJHEHHAX PeLaKTOp CTapaJ/icai He BLIATH 3a
paMKi OOLIEro CTH/JAA KHHMIH, He OTOPBATbCA OT TOrO uuTaTe-
JISI, HecrelHaJJIucTa, Ha KOToporo KHura paccuntasa. Hu oc-
HOBHOH TEKCT KHWTH, HH JIONOJHEHHA K Hel He MOryT H He
ROACHEL 3aMeHNTh CTelHaJbHbBle PYKOBOACTBA M KHHIH 15
UNTATE/IfA, #EeJAIollero CHelHaJH3upOBaTbCs MO acTpodu-
3HKe.



B 3akaioyeHHe pelakTOp Xo4yeT OT Ayl mnobaaroja-
putb CruBena Bafinbepra 3a akTHBHOE COTpPYJHHYECTBO B
CBSI3H C PYCCKHM MepeBOJ0M KHHTH.

IMoab3yioch ciyyaem noGuaarofapHTb NepeBOAYHKA KHH-
TH, Kaujanjaata (HU3HKO-MaTeMAaTHUYECKHX HayK, JolleHTa
A. B. BepkoBa, GepexXHO COXPAaHHBIIEro CTHJb OpHIHHAJA.

Axademux 5. 5. 3ersvdosut



MOHM POJIHTEJAM

NMPEOUCJIIOBHE

Dra KHHra BO3HHKJA M3 JOKJaja, C1eJaHHOrO MHOIl Ha
IepeMOHIH OTKPHITHS HAYYHOrO ILEHTPa JJAs CTYAEHTOB
maaamux kypcos B apsapne B HosiGpe 1973 rona. DpBHH
[nafixe, npesunent u nagareab pupmu Basic Books, ycab-
maJj ot Hawero obmero apyra [lsuusaa Beana o6 srom
JloKkaane H yOeaH] MeHs IPEBPATHTH €ro B KHHTY.

ITonayany sta uaes He BH3BaJa y MeHs Bocropra. XoTa
BpeMsl OT BpeMeHH § H BHOCHJ MaJyio JIenTy B Hcc/el0Ba-
HHA [0 KOCMOJIOTHH, BCe JKe MOosi paGoTa 3HaYHTeNbHO 60Jb-
ure Onia cBg3aHa ¢ (U3MKOH MHKpPOMHpa — TeOpHed 3Jie-
mertapuerx yactuu. Kpome toro, ¢u3nka sJ1eMeHTapHBIX
yacTHIl ype3BbiYaiiHo OypHO pa3BHBajack B MOCJeIHHE He-
CKOJLKO JIET, H f yiKe IIPOBeJ CJAHINKOM MHOTO BpPEMEeHH B
OTPBIBE OT Hee, 3aHHMAasICh COUHHEHHEeM MONVJSIPHBIX cTaTel
AJIS pasHbIX XKYpHaJa0B. MHe o4yeHb XOTeJ0Ch OT/1aTh, HAKO-
HEll, BCE CBOE BpeMms MOefi ecTecTBeHHOI cpeje oOHTaHAS —
xkypuaay Physical Review.

JHAKO CKOPO i OOHApYXKHJI, HYTO HE MOTY BLIOPOCHTh
H3 roJ0BLI MBIC/Th O KHHre, NOCBAlIeHHO paHHell BceJgel-
HOi. YTo MoxeT GuiTh HHTepecHee npoGiemnl ['eHesnca?
Kpome toro, HMeHHO mnpH H3yYeHHH paHHell BceleHHOHR,
ocofenno MepBOil COTOI AOJH CEKYH/]H €€ CyLIeCTBOBAHHA,
npobJievbl TEOPHH 3JeMEHTAPHLIX YACTHI[ NEPEeCeKaloTcs C
npo6aemavu Kocvosiorun. Hakoren, ceityac Hactano xepo-
mee Bpems AJS TOro, 4ToObl HanHcaTb KHHTY O paHHeR
Beenennoii. Kak pa3 B mocJieiHee jecsiTH/AeTHe jieTa/bHaf
TEOPHS Pa3BHTHA COOHITHH Ha paHHell cTagHH CyllecTBOBa-
Hus BceseHHON mnoJ HasBaHHeM «CTaHAapTHOH MOJeJH»
crazia obuenpHUHATOl.

Ouenb NMpHMeYaTeNbHO, UTO €CTh BO3MOMHOCTH CKAa3aThb,
Ha uto Gelsa moxoxka BcesieHHasi B KOHIE MepBOH CEKYHIbI,
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BJH NepBOH MHHYTH, WaH nepsoro rojaa. Kaxmawii (uank
paj, 4TO OH MOJKET NOJYYaTb YHCJIOBBIE PE3yJAbTaTHl, 4TO
OH crnoco0eH cKa3aTb, UTO B TAKOH-TO H TAaKOH-TO MOMEHT
BpeMeHH TeMmeparypa, TMJIOTHOCTh H XHMHUYECKHii cocTaBs
Bceaennoii umenn takue-to W Takue-To 3Hauenus. OTkpo-
BEHHO roBOpsA, MBI He a0COJIIOTHO yBepeHLl BO BCEM 3TOM,
HO BechbMa BOJIHYET, YTO cefiyac Mbl CNOCOGHLI FOBOPHTL O
MOAOGHBIX BellaX XOTb € KaKOH-TO J0Jiell yBepeHHOCTH.
HwmeHHO 9TO BOMIHeHHe s H XOTeJ JOHECTH 10 YHTATess.

[Toxkanyii, Ha10 cka3aTh, HA KOTO pacCYHTaHA 3Ta KHIH-
ra. Jl nmucasn gag uutaTtess, KOTOPbIl Xo4eT paszobpaTbest B
pajle NOAPOGHO H3JOMKEHHBIX JIOBOAOB, HO KOTOpbIi NpH
3TOM TJIOXO 3HAKOM € MaTeMaTHKOH uan ¢usukoil. Xors
MHE TPHLJIOCE OGBACHHUTL HECKOJBKO JOBOJBHO CJ0MKHBIX
HAYYHBIX HIeH, B OCHOBHOM TEKCTe KHHTH HE HCNOJb3yeT-
cfl MaTeMaTHKa, KpoMe apH(METHKH, H IIOYTH He Npeino-
Jaraercsi 3HaHHe yHTaTeseM (H3HKH HJIM acTPOHOMHH.
S npiTagncsi GbITL OuYeHb BHHMATE/bHBIM IPH OMpPEIE]eHHH
HayyHBIX TIOHSITHII TaM, r'/lé OHH BlepBHIe HCIOJb3YIOTCH, a
B NPHJIOKEHHH TOMECTHJ cJ0Bapb (H3HYECKHX H acTpOHO-
MHUECKHX TepMHHOB. §I Tak:Ke nucaJ, TaM, rie 3T0 BO3MOK-
HO, 4HC/1a BPOJE «CTO MHJJIHAPIAOB» IMOJHOCThIO CJAOBAMH,
BMECTO TOro yTo6sl HCNOJIB30BaTh GoJiee YI00HYIO HAYUHYIO
samuce: 101,

Opanako Bce 3TO He 03HAyYaeT, YTO s CTApaJ/CH HAMHCATH
Jerkyio kuury. Korjga ropHeTr nuuer AJst IUpOKOi my6/aH-
KH, OH MNpejnoJaraer, uTo OHa He3HaKoMa, HampHMep, C
§paHIy3CKHM 3aKOHOJATEJLCTBOM HJH C 3aKOHOM MPOTHB
NOXKH3HEHHOH pEeHThl, HO H3-3a 3TOrO OH He JAyMaeT o
ny0JaHKe CJAHIIKOM NJOXO H B TO JKe BpeMf He CHICXOIUT
JI0 ee ypoBHA. 1 X0uy NOCTYNHTb TaK ¥e: 4yHTaTe1b mpei-
CTaBJseTcs MHe B 00JHKe JIOBKOrO CTaporo ajiBoKata, Ko-
TOPEIil He yMEeT FOBOPHTb Ha MOeM fA3bIKEe, HO KOTOPBIH 10
EpaiiHell Mepe HaJeeTcsi YCJBILIATb HECKOJBKO yGelnTelb-
HBIX apryMeHTOB MpexX/e, 4eM COCTABHT COOCTBEHHOE MHe-
HHE.

Has Tex yuraTenell, KOTopble X0Tea# OB YBHAETh HEKO-
TOpbI€ BbIUMCJIEHHS, JeKalllie B OCHOBe AOBOJOB, nmpHBe-
JeHHBIX B KHHre, sl NOAroToBuJ «MaTemaTHueckoe 10mo.iHe-
HHe», cJeAylollee 3@ OCHOBHBIM TeKCToM (cM. ¢. 157). ¥po-
BeHb MCMOJb30BAHHOH TaM MaTeMaTHKH J10JKeH clenarthb
3TH 3aMeuaHHs JOCTYMHLIMH 1Js Kaxaoro, kro obGiajnaer
3HAHHUAMH CTYAEHTa-MJa/JlUIeKypCHHKA, ClelHaJu3npyioue-
rocsi B j1060ii 06aacTH GH3HKH HaH MaTeMaTHKH. K cuacTbio,

8



HanboJiee BaxHble pacyeTbl B KOCMOJIOTHH JeHCTBHTEJLHO
IIPOCTHI; TOJbKO B OT/Je/JbHbBIX MeCTax HAYHHAIOT HIPaTh
poab Gojlee TOHKHEe Belld, CBsf3aHHEE ¢ obuieil Teopuei
OTHOCHTEJILHOCTH HJH fAepHOil dHauKoH. UuTaTenb, KoTo-
peIii 3axoueT NpPOMOJIKHTH H3yueHHe npeaMera Ha GoJsee
TeXHHYECKOM YPOBHEe, HaHJIeT CCHIIKH Ha paAja 6oJee caI0XK-
HBEIX DYKOBOJACTB (BKJIouas Moe coberBenHoe) B «Ilpeano-
MEeHHAX Aas JdajbHefillero ureHus» (cM. ¢, 197).

Xoyy Takme NOSCHHTbL, YTO HMEHHO § HaMepeBaloch
paccmoTtpers B 3710l KHure. Ona, 0e3yc/OBHO, He Kacaercs
BCEX acrneKkToB gocMmoJgorud. CyllecTByeT «KJacCHuecKasi»
4yacTh IIpeiaMeTa, KOoTopas HMeeT [eJo rJaBHbiM 06pa3om
¢ KpynHomacmTabHOil CTPYKTYpoi ceroausiineii Beenen-
HOIi, €1071a OTHOCSTCS CMOPBI BOKPYT BHEraJakTHUeCKOol mpu-
pPOJLI CIHpANbHBIX TYMaHHOCTEi; OTKPHITHE KpacHBLIX CMe-
LUIEHHI ¥ daJeKHX rajJakTHK H 3aBHCHMOCTb 3THX CMelleHHH
OT PacCTOAHHSA; CBA3aHHEIC ¢ OOIIeH TeopHell OTHOCHTE/b-
HOCTH KOCMOJIOrHYecKHe Mojenn JiHwTeliHa, ne Currepa,
Jlemerpa u ®puaMana u ToMy nozoGHoe. ITa HacTb KOC-
MOJIOTHH yzKe Oblj1a OueHb XOPOLIO ONHCAHA BO MHOTHX Hpe-
BOCXOAHBLIX KHHI'AaX, H s He coOHpaJCs JaBaTb elle OLHH
noJiHell 0030p 3701 TeMbl. JlaHHas KHHra IOCBfllEHA paH-
neil BecesenHoil 1 B 0COGEHHOCTH TOMY HOBOMY [NOHHMAaHHIO
panncii BceneHHOil, KOTOpoe BO3HHKJ/O IMOCJ€E OTKPHITHS B
1965 roay KocMHYECKOTO (poHA MHKPOBOJHOBOTO H3JIYUEHHSI.

Koneuno, teopusa pacirupenus Bcenenuoii siBasercs cy-
IIECTBEHHOi COCTABHOI 4aCTbi0 HALIHX CETOJHAIIHHX Npel-
craBJjeHnii 0 panHeii Bcenenno#, nostomy s 6bl1 BBIHYHK-
ned aartsh B raase I kpaTkoe BBejleHHe B GoJiee, «KJaaccHye-
CKHE» BOMpOCH KOCMOJIOTHH. §I Haxeioch, 4TO daxke JJA
yHTaTesaeil, MOJHOCTBI0O HE3HAKOMBIX ¢ KOCMOJIOTHeH, 3Ta
riaBa JacT COOTBETCTBYIOULYIO OCHOBY /IJisi NIOHHMAHHSA He-
JlaBHHX JOCTHXKeHHH B Teopnu paHHell BceseHHoOfl, uemy
MOCBAIIEHA OCTAJbHAS 4acTb KHHrH, OQHAKO uHTaTe 10, XKe-
jgaiolieMy nojpoGHee H3yuuTh 6oJiee cTapble pasjiedbl KOc-
MOJIOTHH, PEKOMEHAyeTcs oOpaTHTbCA K KHHraM, ylnoMsHy-
ToIM B «[IpeasomeHnsax 105 Aa/jbHEHIIEro 4TEHHS».

B 1O Xe Bpems, MHe He yZaJoOCh HaHTH MOC/e10BaTe b-
HOTO HCTOPHYECKOro 00630pa HeJaBHHX IOCTHIKEHHI B KOC-
modorun. Ilostomy s OblI 00513aH caM 3aHATbCA HeDOJb-
UM pacKonKaMH, OCOOeHHO B CBSI3H C NOPA3HTEJBHBIM
BonpocoM, novyemy sanoaro xo 1965 roga He Gb10 MOHCKOB
KOCMHYecKoro (hoHa MHKPOBOJHOBOrO H3/Jy4eHHs (3TOT BO-
npoc odcyxnaerca B raase VI). J He xXouy cKasaTb, uTO
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paccMaTpHBAl0 JAaHHYIO KHHI'Y KaK TOYHYI0 HCTOPHIO yKa-
3aHHBIX JOCTHIKEHHH,— Y MeHs JOCTATOUYHO YBaXKEHHS K TeM
YCHJIHSIM H TOMY BHHMAHHIO K JeTaJfaM, KOTOpble HYMHB B
HCTOPHH HayKH, 4TOOBI MHTAaThb Ha 3TOT CYET Kakie-To HJ-
Ji03uH. Bee ke s OB Ol cyacT/HMB, ecad OBl HACTOAUIHIT
HCTOPHK HayKH HCIOJbL30BAaJ 3Ty KHHIY B KauecTBe OTIPAaB-
HOH TOYKH H HamHcajJ aJeKBAaTHYIO HCTOPHIO MOC/EIHEro
TPHAUATHICTHS KOCMOJIOTHYECKHX HCC/IeA0BAHMI.

S1 upesBmiuaiino mpHaHaTeseH IDpBHHY ['najikcy n dap-
peany @Puauncy u3 ¢upmbl Basic Books 3a ux ueHsbie
OpelJIOKeHHs TIPH MOATOTOBKE pyKonucH K mnedatin. Mue
TPYJAHO BHIDA3HTH CJOBaMH, KaK MHE IIOMOIJIH BO BpeMs
HanmHCaHUA 3TOH KHHIH 100pble COBeThl MOMX KoJer — (-
3HKOB M acTPOHOMOB. 3a TPyl MO UTEHHIO H pelleH3uposa-
HHIO OT/JeJbHBLIX yacTel KHHIH f Xo4yy ocobeHHO nob.aro-
naputhk Pannga Anbdepa, Bepnapna Bepka, PoGepra J1uk-
ke, [lxopmxka Puana, I'spu daiinGepra, Yuiabsama Gavaepa,
PoGepra Xepmana, ®pena Xoiina, Jxuma [Iu6asa, ApHo
IMensnaca, buana Ilpecca, Dna Ilepcenna n PobGepra Ba-
roHepa. 5l Takxe nmpusHarenen Aiizexy Asumony, Bepuapiy
Kosny, Mapre Jlunaep u ®uannny Moppucony 3a unpop-
ManHio Mo OT/JedbHBIM BonpocaM. S ocobenno 6.1aroiapeH
Haiireny Kanbaepy, npountasiiieMy IleJHKOM MHepBLIfi Ba-
PHaHT PYKONHCH H CleJaBIIeMy psj IJIyO0OKHX 3amMevaHlii.
Sl He Mory HajesaThCA Ha TO, YTO 3Ta KHHTA NOJHOCTBIO CBO-
6onHa ot omHOOK M HeACHOCTEH, HO s YBEpeH, 4TO OHA cTa-
Jla HaMHOTO ficHee M TOuYHee, ueM Moraa 0wl 6wITE 6e3 Toii
BIOXHOB/ISIOILEHl MOMOILH, KOTOPYIO MHE NOCHACTJHBHJIOCH
HOJYyYHTh.

Crusen Barinbepe

Kem6pnax, Maccauycerc,
a0k 1976 roaa



I. BBEAEHHE: BEJIUKAH H KOPOBA

ITpouncxoxaenne Bcenennoii o6wsicusercs B «Maanmed
dnae», cobpaHHH HOPBEKCKHX MH(pOB, 06palOTAHHBIX OKO-
Jao 1220 roga uenauackum marnatom CHoppr CTypJycoHOM.
Cuauyajsa, ToBopuTest B «daae», He GblJI0 BOOOLIE HHYETO:
«3emau euie He ObLIO, H HebocBojaa, Ge3xgna 3usaa, TpaBa
He pocaa». K ceBepy H IoTy OT HHYEro Jexaan 00JacTH
xoJ01a u oruss — Huduabxeitm 1 Myccnenbxeiim. Tenso H3
MycenenpxeiiMa pacTonnjao uacTb Jjbjia H3 Huduabxeiima,
H3 Kamneab 3KHAKocTH Bhipoc Beankan Mmup. Uro xe Hmup
en? Oxaszaaoch, yTo Tam Oblia H KOpoBa, Ayaymaa. A 4to
xe ona ena? Hy, Tam Hamaoch eie HemHoro coau. M tak
panee.

Mue He xoTesoch 6Ll OCKOPOHTHL UbH-JTHOO peJHTHO3HHE
UyBCTBA, JayKe PEJHTHO3HBIE YYBCTBA BHKHHTOB, HO ayMalo,
4TO, MO COBECTH TOBOPS, 3TO HE OYeHb YJI0BJETBOPHTENb-
Hasl KapTHHA mpoHcxoxkaeHHs Bceenennodt. Ilaxe ocrasiss
B CTOPOHE BCe BO3payKeHH$, CBA3aHHBIE C TEM, YTO CBHAe-
TeJhCKHe NOKa3aHHs OCHOBAaHBI HA CJyXax, HaJ0 NPH3HATh,
4TO 3TA HCTOPHSA POXKAAET CTOJBKO JKe BONPOCOB, HA CKOJIb-
KO OHa JaeT OTBeT, H KaXAHH oTBer TpeGyeT HOBBIX yc-
JIOKHEHHI HAYaJbHBIX YCJIOBHI.

Ho Mmei He MoXKeM NpOCTO MOCMEAThCA, YHTAA «DIAY», H
OTpeYhCs OT BCeX KOCMOTOHHYECKHX THIIOTe3 — CTpeMJie-
HHE NPOCJeIHTb HCTOPHIO BceeneHHol Hasan K caMOMYy Ha-
yaay Henpeojonumo. C MOMEHTa 3apoK/1eHHs COBPeMEeHHOR
HayKH B INECTHAALATOM H CEeMHaAuaToM Bekax ¢H3HKH H
acTpPOHOMBI BHOBb M BHOBb BO3BpallajiHch K npobJiemMe BO3-
HHKHOBeHHs1 BeeslenHOH.

OaHako noJA06HBE HCCJeI0BAHHS BCerjga M0Jb30BaJHCh
AypHOI penyTtanued. §I BcmoMHHAal0, 4TO Koria si OBl CTy-
IeHTOM, a 3aTeM B 50-e rogwl Hauaa CBOH COOGCTBEHHbIE HC-
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cae10BaHHA (no Apyrum npo6jieMam), TO TOBCIOJY CUHTA-
JIOCh, YTO H3YYeHHe paHHeil BcejleHHOH — 3T0 He Ta 3aja-
4a, KOTOPOH [A0JIXKeH MOCBSILaTh CBOE BpeMms YBarKalolHH
cebs yuennlii. M Takoe cyijieHHe HMeJ0 CBOH OCHOBAaHHSA.
B TeuenHe noutH Bceil HCTOPHH COBPEMEHHON (H3HMKH H
aCTPOHOMHH MONPOCTY HE CYILeCTBOBAJIO ajeKBAaTHOro Ha-
6.1101aTe/IbHOTO H TEOpPeTHYeCcKoro Gasnca, KOTOpPbIi M03BO-
JuJ Obl PEKOHCTPYHPOBATh HCTOPHIO panneil Beenennoi.

Ho 3a nociejanee aecsiTH/leTHe BCe 3T0 H3MEHHJOCH.
Teopus pauneii Bcesennoit crana cToJb 00HIENPHHATOI,
HTO ACTPOHOMBI YAacTO HA3bIBAIOT €€ «CTaHJapTHOI MO-
Jenblo». DTO TPHMEPHO TO e caMmoe, YTO HHOTJAa HMeHy-
eTca TeopHeill «BOJbIIOrO B3pBIBA», HO AOMOJHEHHOe 3HAYH-
TeJdbHO Oo0Jee TOYHBIMH YKa3aHHAMH OTHOCHTEJILHO TOro,
H3 yero cocrosna Bcenennas. Teopusa panHneli Bcesenno#
H paccMaTpHBAaeTCs B JLAHHON KHUTe.

Yro6nl MOMOYb YBHETb IleJb HAllero IyTeuecTsis,
MOKeT ObITh, M0OJIE3HO HAYaTh ¢ KPATKOrO peslomMe HCTOpHH
paHHeii BceneHHOH, Kak OHa B HACTOALIHH MOMEHT Mpel-
€TaBJsAeTcs B paMKax CTaHAapTHOH Mojiean. DTO Juilb Oer-
abifi 0630p — B Mocseyiomux raasax OyayT oObACHEHL Je-
TaJH 3TOH HCTOPHH H HAIH OCHOBAHUS JOBEPATb KamK1oH
H3 HHX.

Bravaae 6vin1 B3pbiB. He Takoil B3pbiB, KOTOPLIT 3HAKOM
HaM Ha 3emJe U KOTOpPHIH HAuHHAETCS M3 ONpPeAe]CHHOIO
LHEeHTpa H 3aTeM pacnpocTpaHsfercs, 3axBaThiBag Bce 0O0.b-
uie M Oojblie MPOCTPAHCTBA, & B3PhIB, KOTOPLIH TpOH30-
miesl OJJHOBPEMEHHO Be3jie, 3aloJHHB ¢ CaMOro Hauajla Bee
MPOCTPAHCTBO, NMPHUEM KaxKJas 4acTHlla MaTepHH yCcTpemi-
Jach Npoyb OT 1060it Apyroi yacTHub. B 3ToM KoHTexcrte
«BCE€ NMPOCTPAHCTBO» MOXKeT 03HAauaTh JIMGO BCe MTPOCTPAHCT-
B0 OeckoHeuHoil BceseHHoi, snbo Bce MPOCTPAHCTBO KOHEHU-
Hoil BcenenHoli, KoTopoe 3aMKHYTO Ha ce0s, Kak nopepx-
HOeTh ceprl. Kaxkayio H3 3THX BO3MOMKHOCTEH HEJIErko
NOCTHYb, HO 3TO HAM He NOMelIAeT: OKAa3biBAaeTcs, YTO Ha
HCTOpHIO paHHell BeesenHoii He BAHSET, ABAAETCHA JH MPOCT-
DaHCTBO KOHEUHBIM HJIH GEeCKOHeUHBIM.

[IpumepHO uepe3s OJHY COTYIO J0J10 CEKYHJBI, caMoe
paHHee BpeMs, OTHOCHT@JbHO KOTOPOTO MBI MOKeM TOBOPHTh
¢ KaKOH-TO ONpeaeJeHHOCTbIo, TeMmnepatypa BceaeHHol
Gbl1a paBHA MPHMEPHO cTa ThicAYaM MuJanoHos (10'!) rpa-
aycoB llenbcus. DTo 3HAUHTENLHO ropsuee, yeM B HEHTPe
€aMoi ropsueii 3Be3jbl, Tak ropsA4yo, Ha camMoM JleJe, 4YTO
HH 0]1HA H3 KOMIOHEHT OOLIYHOrO BelleCTBa — MOJIEKYJIH,
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aTOMBEI HJIH Jlaxe sj1pa aTOMOB — HE MOrJa CYyLeCTBOBATb.
BMecTo 3TOr0O BelleCcTBO, pasJeTrasilieecsi B pasHble CTOPO-
Hbl B T4KOM B3pblBe, COCTOS/IO H3 PAa3/HYHHX THIOB TakK
HA3bIBAEMBIX 3/ICMEHTApPHBIX UACTHL, SABIAIOUHXCA Tpe-
METOM H3YyYeHHS COBPEMEHHOH (H3MKH BLICOKMX 3HEPrHH.

Mbl HeoAHOKpATHO OyJeM BeTpeuaTbCss Ha CTpaHHLaX
KHHTH C 3THMH 4YaCTHIAMH, HO B JAaHHBIH MOMeHT Oyner
JOCTATOYHO HA3BATb TOJNBLKO Te H3 HHX, KOTOpblE [PHCYT-
CTBOBAJH B paHHeill Bcenennoit B HauboablleM KoJiHYecTBe,
OTJIOKHB 0oJee JeTajbHble pasbsicHenus ao raas 11 uIV.
OJHH THN YacTHI[, NPHCYTCTBOBABIIHX B OOJbBIIHX KOJHYE-
CTBAX,— 3TO 3JEKTPOHbI, OTPHUATENBHO 3apsAXKeHHbIe 4aCTH-
Ilbi, KOTOpLIE MEePeHOCHATCA 3JEKTPHYECKHM TOKOM IO Mpo-
BOJAaM H 00pa3yloT BHELIHHE YacTH BCeX aTOMOB I MoJe-
Ky Hauieil renepemdeii Bceaennoil. [pyroit tunm wacrtin,
HMEBILIHXCA B H300HJIHH Ha paHHe{l CTalHH,— 3TO MO3HTPO-
Hbl, NMOJOMKHTENLHO 3apsiXKeHHble YaCTHIBI C Maccoli, BTOY-
HOCTH paBHOi Macce 3JeKkTpoHa. B Tenepeineii Beenennoi
MO3UTPOHBI OGHAPYHBAIOTCS TOJIbKO B jabopartopusx Qu-
3HKH BBICOKHX 3Heprufi, B HeKOTOPBHIX THINAX palHOaKTHBHO-
ro pacnajga, a Takxe B OyPHBIX aCTPOHOMHYECKHX SIBJIEHH-
AX BPOJEe KOCMHYECKOro H3JYUeHHS HJIM CBEPXHOBBIX, HO B
paHHeii BceseHHOH YHC/I0 TIO3HTPOHOB NOYTH TOYHO paBif-
JOCh YHCJY 3/JIeKTPOHOB. B100aBOK K 3/JeKTpOHAM H MO3H-
TpoHaM OLIJIO NPHMEPHO OJAHHAKOBOE KOJHYECTBO HEHTPHHO
Pa3JIHYHBIX THIOB—IMpPH3PAYHBIX YACTHI, HE HMEIOU[HX BO-
ofIie HH Maccel *, HH 3JEKTpHUeCKOro sapsja. Hakower,
Beenennasi Gbla 3anoJneda cseroM. Ero He caeiyer pac-
CMAaTpHBaTh OT/JeJbHO OT YaCTHIL — KBAHTOBAs TeOpHHA Tro-
BOPHT HaM, YTO CBeT COCTOMT H3 HACTHI, HYJeBOil macchl *
H HYJeBOro 3JeKTPHYeCKOro 3apsija, H3BeCTHBIX 0] Ha3Ba-
Hinem Qoronos. (Kaxaelii pas, Korja atoM B HHTH HakaJja
3JeKTPHUECKOH JaMIIOUYKH MepPeXodHT H3 COCTOAHHS 00Jb-
miei HeprHH B COCTOAIHHE MEHbLUE[ SHEPTHH, HCIYCKaeTcd
onun doton. Ilpu 3TOM H3 3JEKTPHYECKOH JAMIIOUKH Bblje-
TaeT TaK MHOro ()OTOHOB, YTO OHH KaXKyTCS CJHBIIHMHCSH
BMECTe B HelpepuIBHHIA TOTOK CBeTa, OJHAKO ()OTO3JE€MEHT
MOXKET COCYHTATh OT/eJbHble (OTOHHI, OAHH 3a APYTHM).
Kaxaeii (OTOH HeceT ONpeeNeHHYI0 MOPLUHI0 SHEPrHH H
HMIYAbCa, 3aBHCAILYIO OT JJHHBL BOJHB cBeTa. YToOH

* B ofoux cayuasx aBTOp HMeeT B BHAY, YTO HYJIO PaBHA TRJILKO
Macca nokos HefiTpnno u Qorona. Macca 3THX uacTHIL paBHa HX 3Hep-
THH, AeJeHHOM Ha KBaJpaT CKOPOCTH CBETa, a 3HEPrHs MoxXeT ObITh
mo6oii, 8 ToM umcae 6auskoit Kk Hymo.— [Tpumey. ped.
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OMHCATh TOT CBET, KOTOPHIii 3amoJHaa panHiolo Bceeaennyio,
MBI MOXKEM CKa3aTb, YTO 4YHCJ0 H CpeiHss 3Heprua ¢oto-
HOB ObLLJIH NPHMEPHO TAKHMH e, KaK y 3JeKTPOHOB, 1103H-
TPOHOB HJIH HEHTPHHO.

9TH YacCTHIB — 3JIeKTPOHEI, IO3HTPOHLI, HeHTpHHO, ¢o-
TOHBl — HENPEPLEIBHO POXKIAJHCh H3 UHCTOH 3HEPrHH M 3a-
TeM BecbMa GLICTPO BHOBb aHHHTHJAHpPOBaJu. [ToaTomy uic-
JIO 9THX YacTHL He OBIJIO NpejomnpejieleH0 3apaHee, a of-
penessaoch 6anancoOM Mexly MpPOLeccaMH POXKIEHHS H aH-
Huruasoni. M3 storo 6ananca MOXKHO BLIBECTH, 4TO IJOT-
HOCTh TaKOro KOCMHYECKOro cyma IpH TeMmIlepaType CTO
THICAY MHJIJIHOHOB rpajycoB Obljia MPHMEPHO B YeThbipe Thi-
cAud MHJTHOHOB (4-10°) pa3 Goasble, yem y Boasl. Kpome
TOro, HMeJach HeboJbIlasg NpHMech GoJlee TAXKENHX YacTHI,
NPOTOHOB M HEHATPOHOB, ~ KOTOPEIE B CEroAHAIIHEM MHpe
ABJAIOTCA COCTABHBIMH YaCTAMH aTOMHEIX sjep. (ITporonn
MOJIOKHTEJNbHO 3aPSKeHbl; HEHTPOHBI UyTh THAMNKeNee H JJeK-
TpHYecKH HefiTpanbubl.) Ilponmopuun coctaBasjH NpHMEpPHO
OJIHH MPOTOH H OJHH HEHTPOH HA KaXAyl0 TBHICSYY MHJ/IJIHO-
HOB 3JCKTPOHOB HJIH NO3HTPOHOB, HJIH HEHTPHHO, HJIH (HOTO-
TOB. TO UHCJIO — THICAYA MHJJIHOHOB (DOTOHOB Ha OJAHY
SIEPHYIO UACTHILY — SBJASCTCH KPHTHUECKOI! BEJTHYHHOM, KO-
Topasi 1o4xHa OpaTbesi M3 HAGMIOLEHHH B HeasAX NOCTpoe-
HHA cTanaapTHoil Mojenn Bcenennoit *. OTKpHTHE KOCMH-
yeckoro (ona uajayyeHus, obcyxaaemoe B raase [1I, B neii-
CTBHTEJBHOCTH TpeAcTaBas10 cob0H H3MepeHHe 3TOro
quc/ia.

B npouecce pa3BHTHA B3pHIBA TeMnepaTrypa majana, mo-
CTHTHYB yepe3 OJAHY JeCATYI0 CeKyHAbl TPHALATH THICAY
muaanoHoB (3-10'°) rpagycoB lLlenbcusi, uepes ojaHy ce-
KYHIY — JeCATH THICAY MHJIJHOHOB TPaayCOB H uepe3 4eThip-"
HAaAlaTh CeKYHA — TPeX THICAY MHJJIHOHOB TpaaycoB. IT10
yxe OblJIO A0CTaTOYHO TPOXJaJHO AJS TOTO, 4TOOBI 3J€KT-
POHBEI H NMO3UTPOHBI HauaJH AHHUTHIHPOBAThL OBICTpee, yeM
OHH MOIJIH POXKIAATbCA BHOBb (HOTOHAMH HJH HEHTPHHO.
OHeprus, BHAEJAABIIAACA NMPH TAKOH AHHHTHIAIHH BellecT-
Ba, IIOCTeNeHHO 3ameAnfAja CKOPOCTh OxJaxjeHHa Bcenen-
HOH, HO TeMIepaTypa mpojoJiKaJja najarth, JOCTHTHYB Ha-
KOHeIl OIHOH THICAYH MHJJHOHOB rpajycoB B KOHIle MEpPBBIX
Tpex MHHYT. TyT yiKe C€Tajlo A0CTAaTOYHO TPOXJAJHO IJ5
TOro, 4ToOpl NMPOTOHBI H HEHTPOHB HayajHu 06pa30BLIBATH

* O coBpeMeHHHX MONMHITKAX HAATH 3TO YHCJIO HA OCHOBAHHH JaH-
HEIX nMaBopartophoit GH3HKH cM. JonojHnexde penakrtopa 6 (c. 179). —
Il pumen. ped.
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CJOJKHBIE fipa, HaYHHAasA C AApa TskKeJ0ro Bojopoia (aefi-
TePHs), COCTOSIILEr0 H3 OJHOr0 TIPOTOHA H OAHOrO HeHTpo-
Ha. IlnoTrHocTh GBlIAa Bee elle JOCTATOUHO BeJHKa (4yTh
MeHbIle MJOTHOCTH BOJBI), TAK YTO 3TH JerkHe sjapa Obliu
crnocoOHbl GbICTPO OOBeAnHATECA B Gosee cTabHJbLHBIE Jer-
KHe fd]pa, Takde, KaK fjapa Trejus, COCTOSINHE H3 ABYX
IPOTOHOB H ABYX HEHTPOHOB.

B xoHle mepBeIX Tpex MHHYT Bcenennas cojepikaJa
raaBHblM 06pa3oM CBeT, HelTpHHO H aHTHHelTpuHO. Kpome
TOro, HMeJoch HebOoJblloe KOJHYECTBO f1epHOro martepHa-
Jla, COCTOSIBLIEIO K 3TOMYy MOMEHTY TIPHMEPHO Ha 73 I1po-
1leHTa H3 AAep BOAOpo/Ja H HA 27 u3 AJep reJus, H CTOb Ke
Majloe KOJHYECTBO JIeKTPOHOB, OCTABLIMXCA OT 3IPbI IJIEKT-
POH-TIO3HTPOHHOH AHHUTHJIALMH. ITa MaTepHs HPOI0JKaNA
paciiHpATbCs, CTAHOBSICH TOCTENEHHO XOJOJHee H paspe-
JeHHee. 3HAYUTEJbHO T03Xe, depe3 HeCKOJbKO COT ThICAY
JieT, cTajJ0 viKe JOCTaTOYHO XOJNOAHO [Js TOro, YTOOHI
3JeKTPOHBEI CMOTJIH OOBeIHHHThCA € fApamH, 00pa3oBas
atomMbel Bojopofa H renud. OG6GpaszopaBuminiics ras Hayasd
moj JeificTBHeM rpaBHTAalHH 00pa30BHIBATH CryCTKH, KOTO-
phieé B KOHIle KOHIOB CKOHJeHCHpOBaJHch, ofpa3oBaB ra-
JAKTHKH H 3Be3/isl HelHelnHel Bcenennoii. OaHaxo 3sesibl *
HAuya/Ju CBOIO MH3Hb KAK pas C TeMH COCTABHLIMII 3/eMeH-
TamH, KOTOpble OblJiH H3rOTOBJEHH B IEPBblE TPH MHHYTHL.

OOpucoBanHass BhLIE CTaHAApTHas MOJE/1b— COBCCM
He camas y/JOBJIETBODHTE/]bHAsi H3 BCEX MBICJHMBIX TeOpPHH
npoucxoxienns Bceenennofi. Kak m B «Maaaweii dnae»,
B Heii HMeeTcsl CMyIlaolas Heolpe/eJeHHOCTh OTHOCHTE/Ib-
HO CaMOro HauaJja, MepBoif COTOM JOJH CeKYHIH HJIH 0OKOJO
toro. [TomuMo 3TOTO, HEOOXOAHMO K COMKAJEHHIO (PHKCHPO-
BATb Hava/JbHble YCJOBHS, B OCOGEHHOCTH HAYaJbHOE OTHO-
IIeHHEe THICAYA MHJJIHOMOB K OJZHOMY 1151 OTOHOB M sgep-
HBbIX uacTHi. Mpl peanouau Gbl TEOPHIO, JOrHUECKAs HEH3-
GexxHOCTh KOTOPOH Obl1a OBl OoJiee 0YeBHHOIL.

CyurecTByeT a/JbTepHaTHBHASA TEOPHs, KOTOpas KaKercs
3HayHTeJbHO OoJiee MPHBJEKaTeJbHON ¢ (HI0cO(CcKO TOU-
KH 3peHHsl, TaK HaspiBaeMas TeOpHS CTAallHOHApHOro co-
crosuusi. B artoit Teopuu, mpeasoKenHoi B KoHie 40-x ro-
Ao [epmanom Bonau, Tomacom Tomgom M (B HECKOJBKO
nuoit ¢popmyauposke) Pperom XoiinoMm, cuuraercs, uTo

* HmeroTcs B BHAY 3Be3ibl «MepBOT0 MOKoJeHHs». B nanpuefimem
B COCTaB MeMK3Be3QHOrO rasa BOWLIH H JPYrHe 3JeMEHTH, HO npouecc
oﬁpasoaaunﬂ 3Be3] TNpOAOJIKAJCA, NMOABHAHCH 3Be3]hl «BTOpPOro mMOKoO-
Jennsi» Gosee CJA0KHOTO cocraBa. — [Ipumed. ped.
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Bcenennass Bcerjga Oblja NMOYTH TaKOl Ke, Kak celfyac.
B nporecce ee pacuinpeHusi HempepbIBHO POAAAETCS HOBas
MaTepHs, 3aloJHAsS MPOMEXKYTKH MeXAy raJakTHKaMH.
B npununne, Ha Bce Bompochl 0 TOM, moyemy BceneHHas
TakKasl, Kakas OHAa €CTb, MOYKHO OTBETHTb B 3TOIl TEOPHH,
II0KAa3aB, YTO OHA Takas, Kakas OHA €CTh, MOTOMY, UTO 3TO
e/(HHCTBEHHBIH crmocol, mpH KOTOPOM OHA MOMKeT OCTaBaTh-
cst HenamenHoi. IIpoGnembl panneii Beenennoil Her, paHHei
Bcenennoii npocro He Gbl10.

Kak ke mpl TOrfa NpUUIIH K CTaHAAPTHOH Mojenu?
M kax ke OHa BHITeCHHJA ApPyTHe TEOPHH BpOde MOJE/H
CTallHOHAPHOTO COCTOSHUA? ITO GbLIJIO 1aHbIO Ype3BhIYaii-
HOI OOBEKTHBHOCTH COBPeMEHHOH acTpodH3ukH, Gaaroja-
pPHA KOTOPOIi eJIMHOAYIIHE CTAJ0 BO3MOMKHLIM He 13-3a CJABH-
ros B (pHJI0COMCKUX CHMTIATHAX W HE TIOA BAHSHHEM YUEHBIX
MaH/apHHOB OT acTPO(H3HKH, a MO/ AaBJEHHEM 3MIHpHUe-
CKHX JaHHBIX.

B caeayiomux AByX raaBax OYJYT ONHCAHBLI JlBE BeJIH-
KHE MyTeBOJAHBIE HHTH, IMpeJoCTaBJ/sieMble HaM acTPOHOMH-
YeCKHMH HaO/MIONeHHAMH H NPHBOJAALIHE K CTaHAapTHOH
MOJeJiH, — OTKPbITHe pa3feranus AaJeKHX ralakTHK H 00-
HapyzeHne csaaboro ¢oHa pagHOH3IYUCHHS, 3al0JHSIOLLe-
ro Beeaennvio. 1o Gorateiiinii cloxer AJas HCTOPHKA Hay-
KH, NOJHBI OWHOOUHBIX HAYWHAHHH, YNVIIEHHBIX BO3MOXK-
HOCTell, TeOpeTHUYeCKHX NpeaybekI1eHHH u AeHCTBHI OT/1eMh-
HBIX JHUHOCTEH. )

Beaen 3a atum o630pom Hab/1101aTeNbHOII KOCMOJOIHH
1 TIONEIT2I0Ch COEAHHHTH pPAa3pO3HEHHble JaHHbLIE, YTOOBI
JaTh eIHHYIO KapTHHY (H3HUECKHX YCJOBHII B paHHeill Bce-
JeHHO!. DTo 3aCTABHT HAC BePHYTbcs K Hojee jeTatbHOMY
paccMOTpeHHIO NepBLlX Tpex MHHYT. [lpeacrasiasercs mon-
XOASIIMM KHHeMaTorpapHyeckHii MeTOA: Ka/Jp 3a KalpoM
Mbl OyJleM ciaelHTh 3a TeM, Kak Bcesennasi pacumpsiercs,
oxJaykaaerca H TpHrortoBasercd *. Mpl Takxe monpobyem
3arJsiHyTh HEMHOTO B 3Dy, BCe elle OKYTaHHYIO TaiHHOM, —
a HMEHHO, B TO, UTO IPOHCXOJHJO OO0 TIEPBOH COTOH A0JH
CEKYH/IBI.

Morkem JH MBI JeHCTBHTEJNbHO ObITb yBepeHHLIMH
B craHaapTHoii Mmojaenn? He paspymatr an ee HOBble OT-
KPHITHA H HE 3aMEHAT JIH CerojHsIIHIOn CTaHAaPTHYI MO-

* 31ech H Jajee B AHAJOTHYHBLIX CJAY4afX aBTOp ynorpeGiasieT aH-
rAMfickHit Taarost «cook», O3Ha4alOMIHA «APHrOTOBJATH muuy». HMmeer-
Ccd B BHAY, KOHeuHo, npouecc o6pa3oBaHHA XHMHYECKHX 3/JEMEHTOB B
panneii Beenennoit, — ITpumen, nep,
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Jedb KaKoH-TO [pYyroii KOCMOroHued, momer ObiThb, pake
BO3POJIMB CTallMOHApHYyl0 mojenb? Bosmoxkno. §1 ue B cu-
Jiax H30aBHTbCA OT OULYLIeHHS HepealbHOCTH, KOrja MuIIy
O NepBHIX TPeX MHHYTaX TaK, Kak OY/ATO Mbl JelCTBHTe/bHO
3HAeM, O YeM rOBOPHM.
Oanako fAaxke ecJu CTaHAApTHYIO Korjaa-HuOyab BBITEC-
HHT Jpyras moje/ib, OHa Bce paBHO Oy/leT HrpaTh upe3Bhbl-
YaiiHO BaKHYIO POJb B HCTOPHH KocmoJoruu. Ceiuac crano
OOLIENPUHATLIM (XOTA JIHIb B MOCJEIHES JECATHIETHE HIIH
0KO0J10 TOTO) NpPOBEpPsSiTh TeOpeTHUecKHe HieH B ¢H3HKe HIIH
acrpopusuke, o6cyxaaa HX CJAeJCTBHHA B paMKax CTaH1apT-
HOI Mojenn. Takke OGBIYHBIM CTAJO HCNOJL30BAHHE CTAH-
AapTHOIT MOJEJH B KayecTBEe TEOPeTHUeCKOi OCHOBHI I
ofnpejeseHnsT NporpaMM AacTPOHOMHYECKHX HAOJJIH0AeHHH.
Taknm o6pasom, cranaapTHas mojeab obecneynBaer Heob-
XOAHMBI OOIIHI A3BIK, KOTOPbIH MO3BOJIAET TeOpeTHKaMm i
HabJ101aTe1aM  TOHHMATh, YTO Kax/Ablii M3 HHUX jenaer.
Ecan xorjaa-Hubyab CTAHAAPTHYIO MOJe]b 3aMEHHT JIyullast
TEOpUHA, TO, BEPOSATHEE BCEro, 3TO MPOH3OHIET B pe3yabTa-
Te HaOMoJIeHHH HJH BBIYHCAeHHH, ofocHOBaHHe HeOOXO/H-
-l;a\MOCTIi KOTOpPBHIX Oy/leT MoJy4eHO H3 CTaH1apTHOH MOJEJH.
& B nocaeanedt riape s HEMHOro MOroBOpio O Oyayliem
™ Beenennoii. BoamoxHo, oHa Gy1eT npof0/KaTh paclIHpPATL-
cA Bcerja, cTaHoBfick Bce BGoJiee XOJ0AHOH, pa3pereHHOl
H MepTBoil. Ho BO3M0OKHO, uTO OHa OyaeT BHOBb CXKHMAaTh-
¢, BHOBb pa3buBasi raJakTHKH, 3Be3jlbl, ATOMbl H ATOMHBIE
sjipa Ha MX cocTaBHble yacTH. Bee Te mpobaeMsl, ¢ KOTOPbI-
MH MBbl CTaJKHBA€MCSl B NOHHMAHHH TIEPBBIX TPeX MHHYT,
BO3HHKHYT TOrjla CHOBA NPH NPEACKA3aHHH TeueHHs COOHI-
THH B TPH TIOCJIEIHHE MHHYTHI.

Il. PACWUHPEHHE BCEJIEHHOH

Barasig HA HOuHOe HeBO co3jaeT MOryuee BIedaT/eHHe
HeHsMeHHocTH Bceenennoii. Koneuno, o6aaka naGeralor Ha
Jlyny, neGocBox Bpauaercst Bokpyr IlonspHoii 3Be3awi, a
eci cMOTpeTh Ha HeGo yepe3d GoJbllIHe NMPOMEKYTKH ‘Bpe-
MeHH, To cama Jlyna yoOniBaer M npubniBaer, a Jlyna n
[JaHeTs JABHKYTCs Ha ¢one 3e3a. Ho mul aHaem, 4To 31O
BCETO JHIIb JOKaJbHbIE SBJIEHHA, 00YC/JIOBJIeHHBE IBHIKE-
HHsAMH BHyTpu Hameit CosnHeuHoll cucreMul. Ecan He cun-
TATh MJIAHET, TO 3Be3/ibl KaXKyTCHA HEeMOABHKHBIMH.
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KoneuHo, Ha caMOoM jeJie 3Be3/lbl ABHIKYTCH CO CKOPO-
CThIO, JIOCTHIalolleli HeCKOJbKHX COT KHJIOMETPOB B CEKyH-
Jly, TaKk 4YTO B TeyeHHe rofa OBICTpasi 3Be3ja MOMKET CMe-
CTHTbCHA NPHMEPHO Ha NecATb THICAY MHJIJHOHOB KHJOMET-
poB. ITO B THCAYY pPa3 MeHbllle, yeM pacCTOAHHe AaiKe N0
OaMKaHIIHX 3Be3], TMO3TOMY HX BHAHMOE NOJOXeHHe Ha
Hebe MeHsercs oueHb menieHHo. (Hampuwmep, oTHocHTenB-
Ho OpicTpasi 3Be3ja, M3BeCTHas Kak 3Be3na DBapnapia, na-
XOJHTCH Ha PACCTOSHHH OKOJO 56 MHJIJIHOHOB MHJJIHOHOB
KHJIOMETPOB; OHa CMellaeTcs INOMepeK Jyua 3peHHs IpH-
MepHO Ha 89 KHJIOMETDPOB 3a CeKyHAy HJan 2,8 Thicsud MHJI-
JIMOHOB KHJOMETPOB 3a r0Jl, H BCJEACTBHE 3TOr0 €e BHAH-
MOe TIOJIOXKeHHe Ha HebGe cMellaeTc 3a rOJ Ha yroa
0,0029 rpaamyca). ACTPOHOMBEI Ha3bLIBAIOT CABHI BHIHMOIO
10J10KeHHs 6/HXKafKuX 3Be3] HAa Hebe «coBCTBeHHBLIM JIBH-
JKeHHeM». BuauMble moJoxKeHHs Ha Hebe 6GoJiee najekHux
3Be3/ MEHAIOTCSl CTOJIb MeJJIEHHO, YTO HX COOCTBEHHOE [BH-
JKeHHe HeBO3MOKHO 3aMEeTHTb jJayKe NpH CaMOM Tepnesn-
BOM HaOJIOAEHHH.

Mbl yBHAMM cefiyac, 4TO 3TO BheyaTJeHHe HEH3MeHHO-
¢TH Hamo3opro. Habaonenus, kotopele Mul OyaeMm oOcyX-
laTh B 3TO# rJaBe, NOKa3bBalOT, 4TO BceneHHas HaxXoLHT-
¢ B COCTOSIHHH CHJIBHOTO _B3pbiBa, B KOTOPOM OrpOMHbLIE
OCTPOBA 3Be3Jl, H3BeCTHbIE KAK raJakTHKH, pasjeraiorcs B
pasHble CTOPOHHI CO CKOPOCTBIO, NpHOJAHKAIOWEHACA K CKO-
pocth ceeta. Jlasee, MBI MOXeM 3KCTpPanoJHpOBaTh 3TOT
B3pHIB Hasal mo BPeMeHH H 3aKJI04YHTh, YTO BCE TraJlaKTHKH
JLOJKHB OBl OBITH B KAKOH-TO MOMEHT BPEMEHH B [IpOLU-
JIOM 3HAYHTEJbHO OJIHMKE Jpyr K JpPYry, Ha caMom JeJe,
Tag 6JIH3KO, UTO HH CAMH rajakTHKH, HH 3Be3/ibl, HH 1axe
ATOMBI HJH AaTOMHBIE A1pPa He MOIVIM OTAEJ]bHO CYIeCTBO-
BaTh. 3TO H €CThb Ta 3pa, KOTOPYI MEI Ha3blBaem «paHHeH
BeesenHoli» H KOoTOpas fiBJAgeTcsd NpeiMeToM OOCyxKAeHHA
B JIAHHOH KHHTeE.

Hamm 3nanua o pacuuperuu BeeneHHOI oCHOBaHBI HC-
KJIIOUHTEIbHO HAa TOM (pakTe, 4YTO ACTPOHOMBI CMOCOGHEI H3-
MepATh JBHMKEHHe CBeTSLIerocs Teja B HamnpaBJjeHHH Tps-
MO 80046 Jiyda 3peHHs HAMHOrO TOYHEe, 4YeM ero /JBHze-
HHE TOJ NpsSMBIM YIIOM K Jyuyy 3peHus*. TexHuka
H3MEepeHHil HCIO0Jb3yeT XOpOlIO H3BECTHOE CBOJCTBO /11060-
TO THNA BOJIHOBOrO JBHXKEHHS, TaK Ha3nBaeMblil 3(dexT

*(0 BO3MOMKHOCTH ONpEJeJeHHA ABHIKEHHS CKONJEHHA raJakTHK
moj TPAMHM YrJAOM K Jyuy 3peHHs CM. HONOJHEHHe perakTopa 5
{c. 176). — Mpumex. ped.
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Honaepa. Korra Msi HabaiogaeM 3BYKOBYIO HJH CBETOBYIO
BOJIHY OT MOKOSULerocs HCTOYHHKA, TO IIPOMEXKYTOK BpeMe-
HH MEXJy npubbiTHeM rpefHell BOJH K HAUIAM H3MepHTE/b-
HBIM TpubopaM TaKOH JKe, KaK H NMPOMEXYTOK BpeMeHH
MEXJY HCNyCKaHHeM BOJH HcTouHnkKoM. C apyroii crtopo-
Hbl, €C/IH HUCTOYHHK YAa/JfAeTcH OT Hac, TO NpPOMEeMxyToK
BPEMEHH Mexjay mpHOLITHEM TMOCaef0BaTeJbHLIX rpebueit
BOJIH YBEJHYHBAETCHA MO CPABHEHHIO C MPOMEKYTKOM Bpe-
MEeHH MeXJy HX HCNYCKaHHeM HCTOYHHKOM, TaK KaK KaX-
AOMY rpedHI0 Hy»KHO NPOHTH 4yTbh GOJiblliee paccTOsIHHE Ha
CBOEM NYTH K HaM, ueM npeisiayumemy rpebuio. Hureppan
BPEMEHH MexXAy rpefHSIMH Kak pas paBeH AJHHe BOJIHBI,
JIeJIeHHOH Ha CKOPOCTh BOJIHBI, TaK 4TO BOJIHA, HCMYLICH-
Hasg yAaJsIOIHMCS OT HAC HCTOYHHKOM, OyJIeT Kas3aTbhCsd
HMelolell 60apllyt0 TNHHY, YeM ecJH Obl HCTOUHHK MOKOHJI-
csi. (Bosiee TOYHO OTHOCHTE/ILHOE YBeJHUEHHE JAJHHBI BOJIHbI
JlaeTcsl OTHOLUEHHeM CKOPOCTH HCTOUHHKA BOJIHBL K CKOPO-
CTH CaMOH BOJIHBI, UYTO I[I0Ka3aHO B MaTeMAaTHUECKOM [10-
noanenny 1, ¢. 157.) AHaJOrHYHO €CH HMCTOYHHK TPHOJIH-
HKaeTcss K HaM, TO NPOMEKYTOK BPEMEHH Mex1y mpHOBITH-
€M BOJIHOBLIX TpeOHefi yMeHblIAeTCH, TAK KaK KaX/Ibli no-
cJeayiolnii rpefeHb A0JXKeH NPOHTH MeHbIIHi MyTh, H ca-
Ma BOJIHA KaxKeTcs HMeEIOLLeil MEHbuiyro JJHHY. DTO HANo-
MHHAeT TO, KaK ecJH 6b KOMMHBOSIIKep MOCHLIaJ NHCbMa
JIOMOJi pery/ifipHO pa3 B HeJe]i0 B TeUeHHe CBOGH MOE3KH:
KOrla OH e/leT OT [0Ma, KaxJoe Mocjeaylollee MHCbMO
JOJZKHO NPOHTH 4yTh OOJIBLUIMA NMyTh, UeM Npeablayllee, No-
3TOMY ero nHceMa OyAyT TNPHXOLHTb C HHTEPBAJOM 4YyTh
GoJiblie HejleJH; Ha OoOpaTHOM NyTH AOMOH KaKjaoe IocJe-
Ayiomee nHebMo OyaeT NMPOXOAHTh BCe MeHblee paccTosi-
HHe, OSTOMY OHH OYAyT NPHXOJHTh yalle, -4eM pa3 B He-
IeJI0. :

B namn gun Jgerko HaGamoaate sddekr Honaepa ans
3BYKOBLIX BOJIH — JOCTATOYHO TOAOHTH K KPal CKOPOCTHOH
aBTOMOOHJIBHOH JIOPOTH H 3aMETHTb, YTO MOTOp OLICTPO
MHallerocsi aBTOMOOMJS H3faeT 0oJee BBICOKHIT 3BYK
(1. e. 3Byk 0OoJiee KODOTKO# JJIHHBEI BOJHBI), KOrjJa aBTOMO-
6u.1b NpHOJHMKAeTCH, N0 CPaBHEHHIO ¢ TeM, KOorjaa OH yja-
asiercs. Tlo-BuauMoMy, 3¢ ¢pexT Oblsl BrepBrle OTMeYeH Kak
JUIs CBETOBHIX, TaKk H AMs 3BYKOBbIX BosiH HMoranHom XpH-
cruanom [Honnepom, npodeccopom maremarukun Peanbnol
mkosbl B [Ipare B 1842 roay. ddexr Honaepa aas 3ByKo-
BbIX BOJIH Obl1 mpoBepeH B 1845 roay roananHickHM Mere-
oponorom Xpucropopom TIenpuxom utpuxom Bya-Baano
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B 04apoBaTeJbHOM 3KCIEpPHMEHTEe — B KayecTBe [ABHIKYyIle-
rocsi HCTOYHHKA 3BYKa OH HCIOJb30BaJ OPKecTp Tpybauei,
CTOSIBUINX HAa OTKPBHITOH nNJaaTdopmMe KeJe3HOLOPOKHOTO
BaroHa, MYaBlIErocs MO CeJAbCKO# MeCTHOCTH BOJH3H YT-
pexra.

Jonnep aymad, uto ero 3¢g@ekT MoxeT 0OBLACHHTL pas-
HEI Ber 3Be3l. CBerT OT 3Be3l, KOTOpHIE YAAJfAIOTCSH OT
3emaH, Obl1 OBl CABHHYT B CTOPOHY GOJbLIMX JJHH BOJIH, a
TdK K4K KDPACHBII CBET HMEeT MJIHHY BOJHB 60Jbille, yeM
cpeaHss JAJIHHA BOJHBI BHAHMOrO CBeTa, TO TaKHE 3Be3/bl
Ka3zajauch OBl HECKOJIbKO KpacHee. AHAJOrHYHO CBeT OT Tex
3B€3/l, KOTOpble NMpHOJHKAOTCA K 3emJe, Obl1 Obl CABHHYT
B CTOpPOHY 0oJiee KOPOTKHX JJHH BOJHH, I03TOMY 3Be3lbl
Ka3ajuchk Obl HeoOwuHO roayOnimu. Bekope, oxnako, bya-
Banno u apyrue 3aMetHaH, uto a¢dexr Honjepa He umeer
HHKAKOrO OTHOIIEHH K uBeTy 3Be3jl. [eilicTBHTEJNbHO, rO-
ay00# CBET OT yAaJsIOILEACs 3Be3/Ibl C/IBHraeTcsl B KPpacHylo
CTOPOHY, HO B TO e BpeMs 4acTh HEBHAHMOI0 B HOpPMa.lb-
HBIX YCJOBHAX YJAbTPa(pHOJETOBOTO CBeTa 3Be3/bl C/BHIAeT-
¢ B roay0yio 4acTe BHAHMMOIO CHEKTpPa, MO3TOMY OOl
IBeT BpAJ JIH MeHserTca ™. 3Be3fbl HMeIOT pasHelil iBeT
rJ1aBHBEIM 00pa3oM NMOTOMY, YTO y HHX pa3Has TeMmmeparypa
MOBEPXHOCTH.

Oxanako shpdexr Honnepa npuobGpes OrpoMHYl0 BaiK-
HOCTb Ass actpoHomud B 1868 rony, Korjia oH ObLT npHMe-
HEH K M3YYEHHIO OT/IeJTbHBIX CNEeKTPAaJbHBIX AUHUL. 32 MHO-
ro Jer jao 3toro, B 1814—1815 rozax, MIOHXEHCKH|i ONTHK
Mozed ®paynrodep obHapyXKua, 4To koria cser ot CoJH-
11a NpONyCKaeTcs 4epe3 LieJb, a 3aTE€M 4Yepe3 CTeKAAHHVIO
NpH3MY, TO TOJY4YalOUHACHA [IBETOBOH CIEKTP Mepecexkaercs
COTHSIMH TEMHBIX JIHHHH, Kax/1as H3 KOTOPBIX SAB/fETCH H30-
opaxennem mean. (HekoTopeie H3 3THX JHHHI ObIJIH 3aMe-
yeHsl elle paHbiie, B 1802 roay, Yuaeamom Xaiinom Boa-
JIACTOHOM, HO He OBJIH B TO BpeMms JeTaJbHO H3V4YeHBH.)
TemHBle JHHHH BCeria COOTBETCTEOBAJH OAHHM H TeMm e
uBeTaM, [pHYEM Ka;KAas JHHHS OTBeuasja OnpeaeeHHOH
JITHHE BOJIHBI cBeTa. Takue e TeMHble CNeKTpaJbHble JiH-
HHH M Ha Tex e Mectax ObaH Halilenn ®paynrodpepom B
onextpax JIyHbnl M spuaiiuux 3Be3l. Bckope craso scHo,

* He3aaBHCHMOCTL 1BETa OT JOMNJEPOBOKOr0 CABHrAa HMEeT MeCTo
TOJBKO TIPH ONPEeAeNeHHOM COOTHOWIEHHH MEXAY H3JNY4YEeHHSAMH pa3HoR
ANHHE BOJMHH. B obuleM ciydae LBET 3aBHCHT OT CKOPOCTH ABIHIKCHHS,
HO 3Be3lbl, KOTOpHEe Mb HabGal0jacM B ['anakrThke, JABHKYTCH COHIIKOM
Mennenno. — [lpusey. ped.
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4TO 3TH TeMHble JHHHH BO3HHKAlOT B pe3yJbTate H30Hpa-
TEJbHOrO MOrA0lLeHHs CBeTa Onpeie/eHHbX AJHH BOJH B
TO BpeMs, KOrjla CBeT OT ropsyeii MOBEPXHOCTH 3Be3/Ibl Mpo-
XOIHT 4epe3 ee GoJee XoJoAaHylo at™mocdepy. Kaxnas Ju-
Husl 00si3aHa CBOMM MPOHCXOMKAEGHHEM TMOrJOUIEHHIO CBeTa
OIpeJeJeHHLIM XHMHUECKHM 3JIEMEHTOM, TO3TOMY V/1a/0Ch
VCTaHOBHTb, UTO 3JeMeHTH, HMmewunecss Ha CoaHue, Ta-
KHe, KaK HaTpHil, »eae3o, Maruuil, xaJplUui H XpoM, 3TO
Te JKe 3JeMeHThl, YTO H HaiJeHHble Ha 3eMJje. Mbl 3HaeM
CCro/iHd, YTO JJIHHA BOJIHBI TEMHbIX JHHHI COOTBETCTBYET
3Hepruu (JOTOHOB, KOTOpPas B TOYHOCTH TaKOBa, YTOOBI Te-
PEBeCTH aTOM H3 COCTOSAHHS HAHMEHbIUEH SHePruH B OJHO
H3 ero Bo30yx/AeHHBIX COCTOSHHIA.

B 1868 roay capy Yuiabsmy Xarruicy ynajnock NoKa3aTh,
YTO TEMHBIC JIHHHH B CNEKTPAaX HEeKOTOPbLIX ApuaHIIHX 3Be3]
C/lerka CABHHYTBI B KPacHYI0 HJH T0JAy0yi0 CTOPOHy TO
CPaBHEHHIO C MX HOPMAaJIbHbIM [OJIOXKEHHEM B CIIeKTpe
Counna. Ou npaBHJIbLHO HHTepnpeTHpoBas 370 Kak 3(PdekT
Honnepa, cBA3aHHBIH C JBHMKEHHEM 3Be3/[bl 0T 3eMJI HJH
K 3emae. Hanpumep, AJHHA BOJIHBI Ka#/I0H TEMHOHR JHHHH
B cnekTpe 3Be3/rl Kameasa GoJblle, yem 1JHHA BOJHBI CO-
OTBETCTBYIOILCH TeMHOH JHHHH B cnektpe Coanua, Ha 0,01
IIPOLEHTA; TaKofi CABHI B KPACHYI0 CTOPOHY yKaablBaeT Ha
T0, yto Kanenna yapaasiercs oT Hac co CKOPOCTbIO, COCTaB-
Jasomeit 0,01 nmpouenta cxopocrtH cBera, T. e. 30 km/c.
B mocaeayiomue gecatuaerHs sgdext donJjepa ObLT He-
N0Jb30BaH JJIsl ONpefes]eHdsl CKOPOCTH COJIHeYHBIX TpPOTY-
fepaHues, NBOHHBEIX 3Be3l H KoJel CarTypHa.

Meroay u3MepeHHsI CKOpPOCTH mnyTeM HabJawoJeHHs A0M-
JIEDOBCKHX CIABHIOB IIPHCYIla 4Ype3BbluaiHas TOUHOCTb, TaK
KaK JJIHHBl BOJIH CMEKTPAaJbHBIX JHHHE MOTYT GbITh H3MeEpe-
Hbl € KOJIOCCAJIbHOH TOYHOCTBIO; BNOJHE OOBIYHO BCTPETHTH
B Tabauuax AJHHLI BOJIH, NMpPHBEJEHHBEe C BOCEMbIO 3Haya-
M uuppamu. KpoMe TOro, 3ToT MeToa COXpaHsIeT CBOIO
TOYHOCTb HE3aBHCHMO OT PacCTOSHHA /10 HCTOMHHKA CBeTa,
€CJIH TOJBKO KOJIHUECTBA CBeTa JAOCTAaTOYHO AJs TOro, 4To-
6Ll OTAENHTb CHEeKTpaJjbHble JHHHH OT (oHa H3AY4YeHHA
HOYHOTO Heba.

HMwmenno 6aarogaps HenoJab3oBanHio addekra [onaepa
MBI 3HaeM THIOHYHbIE CKOPOCTH 3Be3]l, yIOMAHYThHIE B Haua-
Je 37oit rmasbl. dpdexr Honaepa paer HaM TakKe KJAIOU K
onpeje/IeHHI0 PAacCTOAHMA A0 OJHKAHUINX 3Be3/: eCJH Ml
YTO-TO MPEANOJIOKHM OTHOCHTEJNbHO HAaTpaBJeHHA IBHIKe-
HHSA 3Be3/lb, TO [AONJEPOBCKHIi CJBHI JaCT BO3MOXKHOCTb
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ONpeAeqHTb €¢ CKOPOCTh KaK Momepek, TaK H BLOJb HAllero
Jyya 3peHHs M TOrja H3MeHeHHe KamKylUlerocs IABHKeHHS
3Be3/bl N0 HeOOCBOAY MO3BOJIHT Y3HATh, KaK HajieKo OT
Hac Haxoaurcs 3pesna. Ho adpdexr Honaepa nayaa pasarh
pe3yJbTaTH, HMeEOLlHe 3HayeHHe A KOCMOJOLHH, JHIIb
TOrja, KOrjla acTPOHOMBHI CTaJH H3ydaTh CHEKTpH 00BheK-
TOB, HAXOAAIIHXCS HA 3HAYHTEJbHO O6OJBLIEM PacCTOSHHH,
yeM BHAHMBIE 3Be3fibl. 51 HEMHOro pacckaxy o0 OTKPBITHH
3THX OOBEKTOB, a 3aTeM ONATb BepHYTb K 3tddexty [lon-
Jepa.

Mgbl Hayanu 3Ty rJaBy CO B3rJAlla Ha HoYHOe Helo.
Kpome JlyHel, nnaner H 3Be3j Ha Hebe eCThb 1Ba JPYrHx
BHAHMBIX 00'bEKTa, O KOTOPHIX A JAOJIKEeH YHOMSHYTb H KO-
TOPLIE YPe3BBIYaHHO BaXKHH AJA KOCMOJIOTHH.

Oxue H3 3THX 00BEKTOB Tak Opocaercs B rjasa M Tak
CBEPKAEeT, UYTO HHOrZA BHIEH JaKe CKBO3b JLIMKY HOYHOrO
He0a B ropoje. Ta moJoca OrHe, MPOTAHYBLIAfgCcs MO OT-
POMHOMY KpYTy 4Yepe3 Bcio HebecHyio cdepy, ¢ APEBHHX 0D
u3BecTHa Kak Mueunsiit nyte. B 1750 rony anriaufickuii Me-
xanuk Tomac Paiit ony6.auMKoBaj NMpHMeYaTedbHYI0 KHHIY
«TeopHa NPOHCXOXK/JEHHS HJH HOBasi THHoTe3a o Bceael-
HOIf», B KOTOpO# OH NPeANOJIONKHJ, YTO BCe 3Be3[bl HAXO-
ASATCH B IJOCKOH TJIACTHHE, «KEPHOBE», KOHEYHOf TOJLL-
HBI, HO NpOCTHpalolieiicst Ha GOJbIIHE PACCTOSHHS BO BCEX
nanpasiaedHax. ConHeyHas CHCTeMa JIEXKHT BHYTPH MJAaCTH-
Hbl, [[03TOMY €CTeCTBEHHO, YTO KOT/Ja Mbl CMOTPHM C 3eMJH
BJIOJIb TJICCKOCTH IJIACTHHBI, Mbl BHAHM 3HAUHTEABHO 60Jb-
¢ CBeTa, 4YeM KOrJa MBl CMOTPHM B Ji060M ApyroM Ha-
npasjeHnd. MMeHHO Takyio KapTHHY Mbl H Hab.iolaem Kak
Muaeunniii [TyTs.

[Ipomsio MHOro BpeMeHH, npexjae yem Teopus Pafita
noarsepaunack. Cefiuac cyuraercs, uto Maeunnit [lyTh
npeiacTasiaser co0of MNJOCKHH AHCK H3 3Be3J AHAMETpPOM
80 000 ceeroBeix Jer # ToauHHOK 6 000 ceeroBeix set. On
Takxe obGaanaer cepHUeCKHM 3Be3JHbLIM OpPEO0JIOM, HMEIo-
mum auamerp noutd 100 000 ceerosuix ner. Ilonnas mac-
ca 0ObIYHO OLleHHBaeTcs mpuMepHo B 100 MuaauapioB cof-
HEYHLIX Macc, HO HEKOTOphle acTPOHOMBI [0JararmT, 4YTO
Macca OKpyXKaiollero opeoja Mo¥KeT GBITb 3HAUHTEJILHO
G6oabuie., ConHeyHast CHCTeMa HAXOJHMTCH Ha PACCTOAHHH
okos0o 30 000 cBeTOBBIX JeT OT LEHTPa IHCKa H pacmoJio-
JKEHa CJlerka K «CeBepy» OT ero LeHTPaJbHOH MJOCKOCTH.
STOT AHCK BpaulaeTcs €O CKOPOCTbIO, JOCTHrawlulei
250 kM/c, 1 HUMEeT THraHTCKHe chnupaJjbHble pykaBa. B ue-

22

InnTTY

1



JIOM, BeJHKOJIENHOe 3pesulle, ecJH O Mzl MOTJH €ro BH-
aeTb cHapysku! Bes ara cucrema o0buHO HassiBaetcs [a-
JAKTHKOIl HJH, €CJH CMOTpPeTh Ha BellM nupe, Haurei [a-
JaKTHKOH.

Jpyrue WHTEepecHHe C TOYKH 3PEHHS KOCMOJOTHH jeTa-
JH HOYHOTO He0Ga BHOHH 3HAYHTEJBHO XyKe, ueM Mueunblil
[Tyvte. B cosBe3ann AHAPOMENH HMeeTCA TYMaHHOE MATHBILI-
KO, KOTOpOE HeJlerk0 YBHIeTb, HO BCE K€ BIOJHE SICHO
MOZKHO PAa3/IHYHTh B XOpOLIYI HOYb, €CJH TOJBKO 3HATh,
KyZla Haao cMoTpeTb. [lepBoe mHCbMeHHOe yNOMHHaHHE 00
3T0M 00beKTe COAepIKHTCH B anHcKe «KHHTH HenoJBHIKHBIX
3B€3Jl», COCTABJEHHOM B 946 roay mepcHACKHM aCTPOHOMOM
A6nypaxmanom Aap-Cydpu. OH onHcan ero Kaxk «MajeHb-
Koe 06s1auko». [Tocse TOro Kax MOSIBHJIHCH TeJIeCKONbI, CTa-
JH OTKpPbIBaTh Bce OoJiplle H GOJblIe TaKHX YAaJeHHBIX
0OBEKTOB, H 4CTPOHOMBI CEMHAJLATOr0 W BOCEMHAIIATOrO
BEKOB OOHAPYKHJH, UTO OHH NOCTOSHHO TNONAAaloTCA Ha
ri1a3a TNpH TOHCKAX Ka3aBIIMXCA B TO BPEMS 3HAUHTEJIbHO
fosee HHTepecHHIMH 00BeKTOB — Komer. UTobu gaTh y100-
HBIi CIIHCOK OOBEKTOB, HA KOTOPble He Hado CMOTPeTh, 0XO0-
Tsick 3a kKoMeramu, Illapae Meccee ony6ankoBan B
1781 ropy 3HaMeHHTHII KaraJjor «[yMaHHOCTH H 3Be3/lHble
CcKOMJTeHHsi». Jlo. CHX TOpP ACTPOHOMLI CCHIIAIOTCA HA
103 ob6bekTa B 3TOM KaTrajore MO TIPHCBOEHHBIM HM
Meccbe HOMepaM: Tak, TYMaHHOCTh Anapomean ectb M 31.
Kpabosuanaa TymanHoctb — M1 u 1. 1.

Iaxe Bo BpemeHa Mecche GBLJIO SCHO, YTO 3TH y/aJeH-
Hble OO0BEKTH He Bce OAHHakoBbl. Hekoropsle ¢ oueBH/HO-
¢Tbi0 OBITH CKOIJIEHHsMH 3Be3jl, Bpoje [Taean (M45). Ipv-
rde OblH HenpaBHJbHOH (OPMBI OBJaKaMH  CBeTsIIerocs
rasa, 4acTo OKpalleHHBIMH H 3a4acTyl0 CBSI3aHHBIMH C O1-
HOH HaH ©OoJiee 3Be3jlaMH, Bpoje ['uraunrckofi TyMaHHOCTH
B co3se3nnd Opnona (M 42). Ceronns Mul 3HaeM, uTo 00%L-
eKTHl 3THX JBYX THNOB HaXOAATCs BHyTpH Hauweii [anakT-
KW, H OHH Hac fnajee 3aHHMaTh He Oyayr. OaHAKO OKO.10
TpeTH 00BLeKTOB B Kartajaore Mecche ObliH GeJbIMH TYMaH-
HOCTSMH JOBOJILHO MPaBHJALHOH 3JJHITHYECKON (OpMbI, H3
KOTOPHIX HauboJjee 3aMeTHOH Gbl1a TyMaHHOCTbL AHjipome-
oo (M 31). C pa3BuTHeM TeJleCKONOB OblIH Haif/leHwl elle
THICAYH NOAOOHBIX 0OBEKTOB, a K KOHIY JIeBATHAALAaTOTO
BeKa y HEKOTOPLIX H3 HHX OOHApYXKHJH pyKaBa, B TOM UHC-
jge v M 31 u M 33. OaHako Jyynive TesJecKONH BOCEeMHaI-
LLATOrO H JeBATHA/JLATOrO0 BEKOB He MOIVIH pa3/lelluTb 3J1-
JUNTHYECKHE HJH CNHpaJjbHble TYMAaHHOCTH Ha OT/elbHblEe
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3Be31Bl, H MO3TOMY MNPHPOLA HMX OCTABAJACH HEH3BECTHOI.
Kaercss, Mmmanyua Kaut 6wl mepBeM, KTO IPeno-
JIOJKHJI, 4TO HEKOTOpble H3 TYMaHHOCTEl — 3TO raJakTHKH *,
noxoxue Ha Hamy., PassuBas Teopuio Muaeunoro [lyru
Paiita, Kaur B 1755 roay B cBoeil «YHHBepcaJbHO# ecTe-
CTBEHHOIl MCTOPHH M TeOpHH Heba» NPEANOIOKHJ, YTO TY-
MaHHOCTH <«HJIH, CKOpee, HeKOTOphle HX Pa3HOBHIHOCTH»
MpejacTaBasioT co0oit B AeHCTBHTEJNbHOCTH KpPyIJble JHCKH
IPHMEPHO TeX e pa3MepoB H (GOpPMBI, UTO W Hala cobCT-
BenHas [anaktika. OHH KaKyTCf 3JJHINTHUECKHMH, IMOTO-
My uTO GOJILIIHHCTBO H3 HHX HabJloaaercs Noj yrJaoM, H,
KOHEUHO, OHH eJe BHAHBI, IOTOMY UTO HAXOAATCH OUYeHb 1a-
JIEKO OT Hac.

Haesa o tom, uro Bcenennas 3amnosneHa rajakKTHKaMH,
IOXOAHMH Ha HAlly, CTajJa K Haya/y JeBATHA/IlATOr0 BeKa
IIHPOKO paclpoCcTpaHeHHOH, XoT#A, 6e3 comHeHHs, He oblie-
npunaToil. OZHaKo ocTaBajach OTKPLITOH BO3MOKHOCTh,
YTO 3TH 3JUJIHNTHYECKHE H CNHpaJbHble TYMaHHOCTH OKa-
HKyTesd npocto oblakaMH BHYTpPH Hauleli coberBennoi [a-
JaKTHKH, KaKk H JApyrue o6bekTsl B Kartasore Meccoe. On-
HHM OOJIBIIHM HCTOYHHKOM COMHeHHH O6b1710 HabJoaeHHe
B3PLIBAIOUIHXCA 3Be3] B HEKOTOPHIX CIIHPAJbLHBIX TYMaHHO-
crax. Ecian 3TH TyMaHHOCTH JeHCTBHTE/NBHO NpeACTaBJSAH
co00l He3aBHCHMBbIE raJaKTHKH, CJAHILIKOM AajJeKHe OT Hac,
yTOGBl BLIAEJHTb B HHX OT/ejbHble 3Be3/bl, TO TOrjla noaob-
Hble B3PBIBBL J0JIAHBl OBIJIH ObITH YYHAOBHILHO MOLIHBIMH,
4TOOBl HMETh TAKYI0 APKOCTh Ha CTOJNb TPOMaJIHLIX PaccTOsA-
HHAX. B CBA3H C 3THM # He MOr'Y y/JepxaTbCfl OT TOrO, UTO-
6bl He MPOIHTHPOBATH OJHH 00pasen HayuHOIl IPO3bl IEBAT-
Ha111aTOTO0 BeKa B MOPY €e 3peJocTH. AHrIHHCKHI HCTOPHK
acrpoHomun Armec Mepu Kuepk ormeuana B 1893 roay:

«X0poLo H3BeCTHAA TYMaHHOCTb B AHJpOMe/e U THraHT-
ckas criupaab B onunx [lcax naxoastes B paay Hanbogee
NPHMEUATEeJbHBIX H3 TeX, 4TO AAI0T HelnpepbiBHbIH CHOEKTP;
H, KaK oblee MPaBHJO, K 3TOMY K€ THIY OTHOCATCH H3Jy-
uyeHHs Bcex TMOJOOHBIX TYMaHHOCTeH, MpejicTaB/isieMblXx Kak
(heHOMEH 3Be3JTHBIX CKOMJIEHHH, CMYTHO BHJHEIOIIHXCH HA
OrPOMHEIX paccTosHHSX. B0 6bl, 0QHAKO, yepecuyp IO-
CIEIHbIM ' 3aKJI0YHTb, YTO TYMaHHOCTH JeHCTBHTEJIbHO HB-
JSIIOTCS CKOILJIEHHSIMH TaKHX COJHUenono6usix tesa. Hese-
pPOATHOCTb TOAOGHOrO BHIBOJA BecbMa ycuauBaercs dak-
TOM BO3HHKHOBEHHS C HHTepBaJOM B YeTBepTh BeKa

* 3amerpTe, uTO Hamy [anakTHKY NPHHATO MHCATH C NPOMHCHOMA
GyKBBHI, @ ApyrHe raJaKTHKH — co cTpounoit. — [Tpumey. ped.
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3BE3/IHLIX BeMbllleK B ABYX H3 HHX. MGo npakTHueckn oue-
BHJIHO, UTO, KaK Obl HH OBIJIH JMaJeKH TYMaHHOCTH, 3BEe3JEl
yJAaJieHbl OT HAac B PaBHOI CTENEeHH; CJe10BATEJBHO, €C/H
COCTABHLIMH YAaCTAMH NEPBHIX fABJSIOTCS COJHIIA, TO Te 4V-
JIOBHILHO 00JIblIHE PACCTOSIHHS, HA KOTOPbLIX MOUTH HCUe3a-
eT uX cjalblii cBeT, A0JKHbI ObITh, Kak nokasaa M-p [Ipok-
TOp, BeJHYHHAMH Takoro macuraba, KOTopble ¢ yxKacom oT-
Bepraer Halle BooOpasKeHHe. . .».

CeroiHs Mbl 3HAaeM, UTO 3TH 3Be3/(HEI€ BCIBIUKH H B ca-
MOM JeJie TPeACTaBJAAIOTCA «BEeJHUHHAMH TAKOrO MacliTa-
0a, KOTOpble ¢ yiXKacoM OTBepraer Haule BooOpameHHe».
IT0 — CBEPXHOBbIE, T. €. B3PbIBL, B KOTOPLIX O/Ha 3Be31a
JOCTHIaeT CBEeTHMOCTH uesoli ranaktukd. Ho Bce 310 He
6b110 H3pecTHO B 1893 rony.

Bonpoc o npupoje cnHpadbHBIX H 3JJHITHYECKHX TYy-
MAHHOCTeii He MoKeT OHITH paspelleH 0e3 KaKOro-to Ha-
JlekHoro crnocoba onpejies]eHHss TOr0, HACKOJLKO OHH JaJe-
KH OT Hac. Takoii kpuTepuii Obl1 HAKOHel HalijJeH moc.e
3aBepLIeHHst CTPOHTENbCTBA CTOAIONMOBOrO TeJdecKona B
obceppatopun  MayuT-Buacon, s6auan Jloc-Aunseneca.
B 1923 roay Oasun Xa66s1 BnepBble CMOr BBIAEJHTH OT-
JeqbHble 3Be31nl B TyMaHHOCTH AHjpomenn. Oun o6GHapy-
JKHJ, UTO CHHpAJbHBIE PyKaBa 3TOH TYMaHHOCTH COJIeprKat
HECKOJbKO APKHX NEepeMeHHBIX 3Be3/ C TeM JKe THIIOM Te-
PHOJHYECKOTO H3MEHEHHS CBETHMOCTH, KOTOPBIH Obl1 yiKe
H3BECTeH /IS HeKOTOPOro KJacca 3Be3jl Haiueii [anakThii,
HaspiBaeMplX HedeHaaMu. TO OTKPHITHE ObIJIO CTOJL BaK-
HEIM TIO TOi TPHYHHE, YTO B Npeablyllee JecATHIETHe B
paGorax Ienpuerter Cran JluBurr u Xapaoy Ulenau ns
oOcepBaTopun [apBapickoro Kogameaxa Oblia nokazaHa
TecHas CBsI3b MeXJy HaldwlaeMbIMH TNEpHOJAMH H3MeHe-
His nedena u ux abcoNOTHHIMH cBeTHMocTaMH. (A6Gco-
JIOTHOH CBETHMOCTBIO HA3bLIBAETCA MOJHAS MOIIHOCTH H3TY-
UEHMSA, HCTYCKAEeMOro acCTPOHOMHYECKHM OOBEKTOM BO BCEX
HaTpaB/JIeHHAX. BHINMAA CBETHMOCTb €CThb MOLIHOCTbL H37Y-
YEeHHHA, IPHHMMAeMas HaMH HA KaXK/IblH KBaJApaTHBIH CAHTH-
MeTp 3epkana Tejeckona. VMwmenno Buanmasi, a He abco-
JIIOTHASl CBETHMOCTh oOmpejedseT CyObeKTHBHYIO CTelleHb
APKOCTH acTpoHoMuueckoro oO6bekra. Koneuno, BHinMas
CBETHMOCTb 3ABHCHT He TOJbKO OT aGCOJIOTHOI CBETHMOCTH,
HO H OT paccTOsiHWA; Takum ob6pasoMm, 3Has Kak abco/or-
HYI0, TAK M BHJHMY!O CBETHMOCTb aCTPOHOMHHYECKOrO TeJa,
MBI MO’KeM BBIUHCJMThL paccrosHHe Ao Hero.) Xa66a, Ha-
61025 BHAHMYIO CBETHMOCTB lieden B TyMMaHoCTH AHAPO-
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MeAbl H ompezessas HX a0COJIOTHYIO CBeTHMOCTh MO HX Te-
PHOJAM, CMOF HeMe/JIeHHO BLIUHC/JAHTh PACCTOAHHE A0 HUX
H, CJe/10BaTe/]bHO, PACcCTOsSHHE 10 TYMaHHOCTH AHApoMend,
HCMOJB3YS TIPOCTOE NMPAaBHJIO, YTO BHAHMAA CBETHMOCTb 1PO-
MopuHOHaJbHa a0COJIOTHOH CBETHMOCTH M o0paTHO Tpo-
NnoplUHOHAIbHA KBajgpaTy paccrosHHd. Ero BHIBOZ 3ak.io-
Yyajacs B TOM, UTO TYMaHHOCTb AHApPOMEIH HAXOJHTCA Ha
pacctosHud 900 000 cBeToBBIX JieT, TO ecTh GoJiee uem B
JdecATh pa3 JaJjibllie, YeM caMhble ylajleHHble O0GbeKkThl Ha-
wefi Tanaktukn. Psjg mepecueToB COOTHOLIEHHS TepHOT —
cBeTHMOCTh 175 Hedeun, cilenannblx Baasrepom DBaage u
APYTHMH, TIDHBEJ B HAcTOsilllee BPeMs K yBeJHYEHHIO pac-
CTOSSHHS JI0 TYMAaHHOCTH AHJpOMejbl 10 BeJHYHHEI CBHILIE
JABYX MHJIJIHOHOB CBETOBHIX JieT, HO yKe B 1923 roay Onia
fiCeH OCHOBHON BBIBOA: TYMAaHHOCTb AHAPOMEAb H THICAUH
noA00HBIX el TYMaHHOCTEeH TpeACTaBJaAl0T co0O0f ragakTi-
Kil, MOX0XKHe Ha HAlly H 3anoJHsiollHe BcesleHHyio BO Bcex
HATpaBJeHHAX BIVIOTh L0 OTPOMHBIX PACCTOSIHHH.

Ewe 10 ycTaHOBJeHHS] BHeraJakTHYeCKOil NPHPOIE TY-
MaHHOCTEH ACTPOHOMBI CMOTJIH CONOCTAaBHTb JIHHHH HX
CMIEeKTPOB C H3BECTHBHIMH JIHHHAMH XOPOILO 3HAKOMBIX aTOM-
HBIX cnexkTpoB. OnHako B nepuoa mexay 1910 u 1920 rona-
mu Becro Mensun Cuafidep u3 obcepatopuu B JloysJuie
0GHAPYIKHJ, UTO CIEKTPaJbHBEIE JHHUH MHOTHX TYMaHHOCTEI
CJErkKa CJABHHYTH B KPACHYI0 HJIH TOJyOyI0 CTOpPOHY. ITH
C/IBUTH HeMelJIeHHO ObliH HHTEPNPETHPOBAHBI Kak o6a3an-
Hpie a(gdexry donnepa, OTKyla CJaeL0Ba/O, 4TO TYyMAaHHO-
¢TH aBHKyTcAa aubGo or 3eMmau, auGo gk 3emJje. Hanpuwep,
OLLI0 HA#JeHo, YTO TYMaHHOCTh AHApPOMeJIbl ABHIKETCS K
3emae co ckopocTbio 0Kos0 300 KHJIOMETPOB B CeKYHAY, B
TO BpeMs Kak Gojee Ja/neKkoe CKONJIEHHEe TaJakKTHK B CO3-
Be3 nn JleBH ABHXKeTCA OT 3eMJH CO CKOPOCTBIO OKO.JO
1000 xm/c.

[Tonauany aymanu, 4To 3TH CKOPOCTH MOryT OHITH MpO-
CTO OTHOCHTEJbHBIMH CKOPOCTAMH, OTpakaiollHMH JBH¥Ke-
nue Hameil CosHeyHOl CHCTEMBI B HaNpaBJeHHH OJHHAX rajak-
THK ¥ npoub ot Apyrux. OmgHako Takoe oObsicHeHHE CTAJO
HelpHeMmJeMblM TOCJHe TOro, Kkak Onlo oOHapyxKeHO Bce
Goabuie H GoJblue CHEKTPaJbHBIX CABHIOB, pHYEM BCE — B
KpacHylo cTopoHy cnekrtpa. Okasajoch, 4TO, 3a HCKJIO4Ye-
HHEM HECKOJbKHX OJHXKaHIIHX K HAM raJakTHK, Bpole Ty-
MaHHOCTH AHIpOMeanl, BCe IpyrHe raJlakTHKH pasjieTaiorcs
ot namei. Koneuno, ato He o3Hauaer, uTo Hawa [anakTu-
Ka 3aHHMAaeT KaKoe-TO BBbIJIeJIeHHOE, LeHTPaJbHOe [10JI0Ke-
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uue. Ckopee, 3TO BHIIVIAAHT Tak, Oyato Bceesennast mcmel-
TBIBA€T COCTOsiIHe KAaKOro-TO B3PLIBA, MPH KOTOPOM Kax-
Jas rajakTHKa JeTHT Hpoub oT Jo0oil apyro#t rajaak-
THKH.

Takasi wuHTepnperauns craja OOIIENPHHATOH nocJje
1929 roaa, xoraa Xa66a 06BABHA 00 OTKPLITHH TOrO, UTO
KpacHble CMeLIeHHA TrajJaKTHK pacTyT HpPHMEPHO Mponop-
ilHOHAJBbHO HX PaCCTOAHHIO 10 Hac. BaxuocTb 3TOro Ha-
G/110/1eHHST COCTOHT B TOM, UTO HMEHHO TaKoe SIBJIEHHE Mbl
MOZEM MpeacKkasaTh B COOTBETCTBHH € MpOCTeiiuIeli BO3MOMK-
HOH KapTHHOH pasjera MaTepHH BO B3puiBalollefica Bce-
JIEHHOH.

HMHTyHTHBHO caepyer OXHIaTh, uTOo B Ji000f naHHbL]
MOMEHT BpeMeHH BcesleHHasi N0JKHA BBIIVISAeTb OXHMHAKO-
BO /5 Habuojaresed Ha BceX THNHYHHIX TaJlakTHKax, B
KakoM Gbl HalpaBJeHHH OHH HH cMOTpeaH. (371ech H 1anee
si OyAy MCIIOJb30BATh TEPMHH <«THMHUHAA rajakTHKa» 11d
0003HAYEHHS TAKHX TaJaKTHK, y KOTOPHIX HET HMKAaKHX
GOJbIIHX HeOOBIYHBIX COOCTBEHHBIX IBHIKEHHH H KOTOpbie
NpOCTO HeCyTCH B 06lleM KOCMHYECKOM NOTOKe raJjakTHK.)
Takasa rumoTesa cTosb ecTeCTBeHHa (mo KpaiiHeli mepe, cO
BpeMen KomepHuka), 4TO aHrIHACKHM acTpodusukom . Ii1-
sapioM AptypoMm Munnom Onia Hasana Kocmousornye-
ckumM [TpuHuHTIOM.

[TpuMeHeHHBIE K caMEM rajakTnkam KocmosormueckHii
[Tpunuun tpebyer, uto6sl HabJalofaTeNb Ha THINHYHON ra-
JaKTHKe BH/eJ BCe [pDYrHe TaJaKTHKH ABIHKYILHMHCH C
OJHHM H TeM JKe pacnpefeseHHeM CKOPOCTell He3aBHCHMO
0T TOro, BMECTe C KaKOH H3 THIHYHBIX TaJakTHK HECercs
nabaonarens. [IpAMBEIM MaTeMaTHYeCKHM CJeEJICTBHEM 3TO-
ro NpHHIHIA ABJASETCHA TO, YTO OTHOCHTE/bHAA CKOPOCTh
Mo6bIX ABYX rajJakTHK A0JKHA OBbITh NPOMOPLHOHA/IbHA
PACCTOAHUIO MeXKAYy HHMH, 4TO H oOHapyxHua Xao0..

Yro0Bl YBHAETD 3TO, PACCMOTPHM TPH THINHYHbIE rajak-
ik A, B u C, pacrojioxeHHble BAOJb MPAMOH  JHHIH
(puc. 1). TIpeanonoxum, urto paccrosinne Mexay A u B
Taxkoe e, Kak u Mexay B u C. Kakopa Oul HH Oblia CKO-
pocts B no ornowennio Kk A, Kocmosornueckuii TMpusnum
Tpebyer, uTobbl C HMesna Ty e CKOPOCTb 10 OTHOLIEHHIO K
B. Ho samerbTe npu 3toM, uto C, KOTOpas BABOE AaJjblie
or A, uem B, nBuxKercs Brpoe GbicTpee MO OTHOLIEHHIO K A,
ueM 1o oTHOWeHHIO K B. Mbl Moxewm enle 100aBHTh rajak-
THK B Hally LENOYKy, HO pe3yjbTarT OyleT BCe TOT IKe:
CKOPOCTh yJAajieHHsi JM060fi TralakTHKH 10 OTHOWEHHIO K
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a060il Apyrofi rajJaxkTHKe MpONOPLHOHAJNbHA PAaCCTOAHHIO
MEKI1Yy HHMH.

Kak wacro cayuaercss B HayKe, 3TOT apryMeHT MOXKHO
HCI101b30BATh KaK B Ty, TaK H B Apyryio cTopony. Xa060.,
1ab/101as NMPONOPLUHOHAJBHOCTL MeXK/y PAaCcCTOSAHHAMH 10
raJaKTHK H HX CKOPOCTAMH YAaJleHHs OT Hac, HEABHO MOJL-
TBepAua  cnpaseiauBoctb Kocmonornyeckoro Ilpuununa.
310 BecbMa YAOBAETBOPHTENbHO € (HIOCODCKOH TOUKH

Z A B ¢ 0
Ckopocmu, ., . s Al U e
Bubumsle us A
Cropoemu, : L 3 PRI pre-T1s
Budumere us 8
Ckopocmu, . R % B

Budumsre ua G

Puc. 1. Onnoponnocts W 3akoH Xa66aa.

TMokasana uenoyka paBHoyjanenunx ranaxrak Z, A, B, C, ..., npHueM LIHHA
H HanpawieHHe CHJAOWHBIX CTPeJOK COOTBETCTBYIOT CKOPOCTH, “3MEPEH“0n no or-
powernio Kk A, wan B, wam C. TpuHuun oAHOPOAHOCTH Tpelyer, 4TOGBl CKO-
poete C, naGaogaeman ua B, pasusiaacs ckopoctH B, naGawonaemolt wa A; cio-
MeHHme 3THX JBYX cKopoctelt aaer ckopocts C, waGmonaemywo wa A, Kotopas or-
MeueHa Bamoe Gonee aauuuoft crpeaxof. ITpogosxas paccykaaTs NogoGHBIM 06-
pPaioM, MhLl MOMXeEM 3anoJHHTE BCE nojae cxopocreﬁ. YKa3aHHOe HA PHCYHKe, Kak
BHAHO, CKOPOCTH MNOAYHHAIOTCA 3aKOHY Xa66na: CKOpPOCTh aw6oft radakTHKH, Ko-
TOpas Biana M3 nioGoift apyrofl raiakTHKH, NPONOPIHOHAABLHA DACCTORHHIO MEXAY
HHMH. 370 eIAMHCTBEHIoe pacnpenejiente CKOPDCTE“. COBMECTHMOE C [MpPRHIHOOM
OAHOPOLHOCTH

3peHHn: JeHCTBHTEJbHO, NMOoYeMy Kakasi-To uyactb Beenen-
HOMl WJIHM KaKoe-TO HalpaBJ/leHHe B HeHl JOJIMKHBI OTIHYAThLCSH
ot Jw06bix aApyrux? Kpome Toro, ykpenisiercst Halia yBe-
PeHHOCTh B TOM, YTO acTPOHOMbI BHIAT Ha CaMOM Jeje
JIOCTATOYHO 3aMETHYI0 uYacTb BceseHHOMH, a He MeCTHHiI
MaJIeHbKHH BOJOBOPOT B IPAHIHO3HOM KocMHYeckoM Maiib-
crpeme *. B To Ke Bpemsi MHl MOXKeM HAa alpHOPHLIX OCHO-
BaHUAX NPHHATH  cnpaBefanBocth  KocMosoriayeckoro
IlpuHLMNA 1 3aTeM BLIBECTH COOTHOUIEHHE MPONOPIHOHA/b-
HUCTH MEMJY PacCTOsIHHEeM H CKOPOCTbIO, KaK 3TO C/eJaHO
B npeabiaymem absaue. [leiicTBys TakuM 06pasom, MBI C
HOMOIIbI0 OTHOCHTE/JIbHO MPOCTOr0 H3MEPEHHs JOMJepoB-
CKHX C/BHIOB IOJy4YaeM BO3MOMKHOCTb CYAHTb O paccTos-
HHH JI0 OYeHb yAaJieHHbIX 00BeKTOB M0 HX CKOPOCTH.

* ManbcTpem — CH/IbHOE  TeyeHHe € BOJOBOpoTaMmH, oGpasyoue-
€cs BO BpeMsi MNpPHAHBOB B Y30cTH Mexay JlodoTeHCKHMH ocTpoBaMu
B6.m3n Geperos Hopserun. — [Tpumev. nep.
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Kocmonornyeckuit ITlpuHnun  noaTBepxkaaercs H Hab-
JIOEeHHAMH APYroro poja, NMOMHMO H3MEpeHHH J0IJ1epoB-
CKHX caBurcs. Ecuau crenaTb HajJieXxallyl CKHAKY Ha
Te HCKayKeHHs, KOTOpble CBA3aHbl ¢ Haulefi [anakThkoit i
MHOTQUNCJEHHBIME OJH3/IeKallHMH CKONJIEHHSIMA TaJaKTHK
B co3se3anu Jlesbl, To BceneHHas oOKasbiBaeTcs CyLIecT-
BEHHO H30TPOIHOI; 3TO 3HAYHT, YTO OHA BBHIMIAAHT OJHHA-
KOBO BO Bcex HanpaBJeHHAX. (ITo eme Gojee yOeAuTeb-

B

&
X anmz(mwra

rasaakmuxa
Pl

Puc. 2. Msorponus H 0XHOPOLHOCTE.

Ecan BcegeHHas HM30TPONHA K4K M0 OTHOUIEHHI0 K rajJaKkTHKe [, Tak M No OTHO-
WIPHHK K ranakTeke 2, Toraa oHa oaHopoaHa. Yrtolbml NOKa3aTh, 4TO YCAOBHT
B IABYX NPOH3BOABHLIX Toukax A H B oaHHaKoBwl, NpoBefeM OKDYMKHOCTH Hepes
104Ky A BOKPYr ranakTHku | H APYTYIO OKPYKHOCTb 4Yepe3 TOMKY B BOKpyr raiak-
THKH 2. lisoTponmus BOKpyr raiakTeks | Tpedyer, uToGm ycJAOBHA B Touke A u
B Toyke C, rle OKPY#HOCTH MepecekaloTcs, ObIMH OAHHAKOBbl, AHAJOTHYHO H30-
TPONHA BOKPYr raiaktHkKd 2 TpeGyer, uToGLl GhiMH OXHHAKOBHIMH YCJOBHA B TOU-
kax B u C. CaeipoBatensbHo, STH YCAOBHA OAHHAKOBH B TOYKax A H

HO MOJATBEPXKJ1aeTcsds MHKPOBOJHOBLIM (JOHOM H3JYyYeHHH,
pewh 0 KOTOPOM Toijaer B caenyiouei raase.) Ho yxe co
BpemeHn KonepHHka MBI HayYHJIHCb OCTEPeraTbCsi Mpeano-
JNIO¥EHHH O TOM, YTO HMeeTcs YTO-TO OcoDeHHOe B MecTo-
NOJIOJKEHHH dYesoBeyecTBa BO BceenenHoit. CiejaoBaTesbHO,
ecii BceneHHas H30TpPONHA BOKPYr Hac, OHa JIOJIXKHA
OHITHL H30TPOMHA H BOKPYr J1000H THNHYHOH TajlaKTHKH.
Opnnako aobasi Touka Bo BceesneHHo#i MoxeT OLITh mepeHe-
ceHa B 00y APYTyI0 TOUKY NOCJeA0BaTeJbHOCTbIO Bpa-
meHHii BOKPYr (HKCHPOBAHHBIX LEHTPOB (puc. 2), mostoMy
ecsu BcesieHHad H30TpPOmHAa BOKDYT JIOGOH TOYKH, TO C He-
06X01HMOCTEI0O OHA H OJHOPOJHA.

[Mpexne uem ABHraThCcsl Aajblle, CaelyeT cAeJaTbh Pl
oropopok oTHocuTenbHo Kocmosorudeckoro IlpuHumna.
Bo-nepsbix, OH, 0ueBHAHO, He BEPeH Ha MaJblX paccTos-
HHAX — Mbl HaxoiuMmcsa B [lanakTHke, npHHAaAJIexauled
K MaJeHbKOH MECTHOH rpymnne APYrHX rajakTHk (BKaouas
M31 u M 33), KoTopas, B CBOIO ouepeab, HaXOAHTCH BOJIH3N
OT rpaHIno3Horc ckomjenns ranaktik B [ese. Ha camom
Zene, 3 33 rasakTHK B KaraJjore Mecche MOMTH NMOJIOBHHA
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HaXOJHTCSl Ha MaJeHbKOM ydacTke He0a B cosBesinu [e-
sbl. Kocmosoruyeckuit [Ipunuun, eca on Boobute cnpa-
Be/I/INB, HAaUYHHAET Hrparh POJb JIHIIb TOTJa, KOria Ml
paccMmarpuBaeM Bcesiennyio B Macuitabe no Kpailueit mepe
TaKOM JKe OOJILLIOM, KaK PaccTOSIHHE MeXKIY CKOIVIEHHAMH
raJaKTHK, To ecTtb okoao 100 MHJIJHOHOB  CBETOBBIX
Jaer *,

Ecto n apyras oroBopka. Mcnoabs3zys KocMmosoruueckmii
ITpuHuMn /s BHIBOAA COOTHOLIEHHS NPONOPLHOHAIBHOCTH
Me/1y raJakTHYeCKHMH CKODOCTSMH H PAacCTOSHHSIMI, MBI
Mpejnosarajid, 4Yto ecau ckopocth C oTHOCHTEAbHO B Ta
e, 4T0 H cKopocth B orHocuteasHo A, To ckopocts C o1-
HOCHTeIbHO A B jiBa pasa GoJbiue. 10 TO 06blUHOE Hpa-
BHJIO CJIOJKEHHSI CKOpPOCTeill, KOTOpOe 3HAKOMO BCei, H OHO
0e3yc/IOBHO Xopomo pabortaer A OTHOCHTE/JbHO MaJibiX
CKOpOCTeil, BeTpevaluuxea B oOblAeHHOM Ku3Hd., OpHako
3TO NPABHJIO JOJIKHO HAPyWaThesd A CKOpocTel, npubau-
JKawiuuxess K ckopoctd csBera (300 000 kunomerpos B ce-
KyHIY), TaK Kak B NPOTHBHOM cJydae, CKJaJblBasi pHaI
OTHOCHTEJNLHBIX CKOpOCTeH, Mbl MOMVIH Gbl MOJYYHTH MOJ-
HYI0 CKOpOCTH DoJbllie, 4eM CKOPOCTb CBeTa, YTO 3amnpelie-
HO CIeUHaJIbHOH TeopHeldl OTHOCHTENbHOCTH JiiHTeiHa.
Hanpumep, o0bunoe npaBHJIO CJO0XEHHS CKoOpocTeil yT-
BepxkKiaJo Obl, YTO ec/i MaccazKHp caMoJieTa, JeTAllero
CO CKOpDOCTBIO, PaBHOH TpeM UeTBePTAM CKOPOCTH cCBera,
BLICTPEJHT B HaNpaBJeHHH JIBHXKEHHA NyJei, Jersue
TaKKe CO CKOPOCTbIO B TPH YETBEPTH CKODOCTH CBeTa, TO
CKOPOCTbL NYJJH MO OTHOUIEHHIO K 3eMJe OyieT B mojartopa
paza GoJibllle CKOPOCTH CBeTa, 4YTO HeBO3MOKHO. -Cneu-
asibHas TEOPHS OTHOCHTEJbHOCTH paspeliaer 3Ty npob.e-
My H3MEHEeHHeM 3aKOHa CJOXeHHs CKopocTeii: ckopocTh C
OTHOCHTeIbHO A oOKasbiBaeTcs B  J€fiCTBHTEJbHOCTH — He-
CKOJIbKO MeHbule, UeM CyMMa CKOpPOCTH B OTHOCHTEJbHO
A u ckopoctH C OTHOCHTENBHO B, Tak 4TO HE3aBHCHMO OT
TOrO, CKOJBKO pa3 Mbl CKJIajJbiBaeM CKOPOCTH, MeHbIIHE
CKOPOCTH CBeTa, Mbl HHKOr/Ja He MOJYYHM CKOPOCTb, 60/b-
Y0 CKOPOCTH CBeTa.

Bee ato He npeacraBasno npobaembl  ans XabGbaa
B 1929 roay; HM 0ofHA M3 TeX raJakTHK, KOTOpble OH TOI/A
H3yuaJ/, He HMeJla CKOPOCTH, CKOJb-HHOY/Ab OJIH3KOH K CKO-
pocTH cBeta. TemM He MeHee KOorja KOCMOJIOTH HauHHAIOT

¥ Jlyswe B3sTh 300 MHATHOHOB CBeTOBHX JeT u Gojee B Kadect-
BE DACCTOSHHA, HayHHas ¢ KoToporo cnpasein#e Kocmoaoraueckuit
Tpusuun, — Mpasey. ped.
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AyMaThb O JeicTBHTEJNbHO 6OJBINHX pacCTOSHHAX, Xapak-
TepHLIX Aud Beesennoit B LEJIOM, OHH JOJIKHBL  MBICAHTD
B paMkax chennajbHOH W OOlIeH TeOpHH OTHOCHTEJbHOCTH
Jinwrteiina. Ha camoM feje, Korja Mbl cTaJKHBaeMmcs cO
CTONb GOJBIIMMHE PacCTOAHHAMH, CaMO MOHATHE paccTos-
HUA CTAHOBHTCH HEOJAHO3HAUHBIM H HeoOGXOAHMO YTOUHSTH,
HMeeM JH Mbl B BHAY pacCTOsiHHA, H3MepeHHble Hab/o/e-
HIEM CBETHMOCTeH, HJIH JHAMETPOB, HJIH COOCTBEHHBIX /IBH-
JKeHHH, HJIH 4Yero-to elle.

Bepuemca k 1929 rony. Xa66a onpejlesna paccTOSHHSA
A0 18 rasakTuk 1o BHANMBIM CBETHMOCTSIM HX Apuafiliux
3Be3/ H 3aTeM CPaBHHJ 3TH PACCTOSIHHS C COOTBETCTBYIO-
HIMMH CKOPOCTSIMH raJIaKTHK, ONpeJeJIeHHBIMH CIEeKTPOCKO-
MHYECKH MO HX [O0MJIepoBcKHM ciaBuram. Ero sakaiouenue
COCTOAJI0 B TOM, YTO HMeeTcsl «OpHOJH3HTENbHO JHHeHHOe
cooTHOImEHHe» (T. e., TMONPOCTY, MpPONOPLHOHAIBHOCTD)
MEeKAy CKOPOCTAMU M paccTosHHeM. B JelicTBHTeNbHOCTH,
B3rsisi) Ha jauuble X4606sa ocraBasier MeHsi B NOJHOM He-
JIOyMeHUH: KakK eMy yla/jochb cjellaTh TaKoe 3akJloueHHe,
Belb TrajJaKTHYECKHe CKOPOCTH Ka)KyTCf COBEpIUIeHHO He
CBSI3aHHBIMH C HX PacCTOAHHAMH, HMeeTCd JHIIb Caabh
HAMEK Ha POCT CKOpOcTell ¢ yBeanueHueMm paccrosanus. Ha
caMoM jiene, Ml H He JoadcHsl oxcudaTe, YTO ANAA 3THX
18 rasakTHK BBIMOJHAETCH TOYHOE COOTHOIIEHHE NPONOPIH-
OHANBLHOCTH MEKIY CKOPOCTBIO H PACCTOSHHEM, — BCE OHH
CAHWKOM OJIH3KM, HH OJHA He HAaXOIHTCH [aJjbllie, YeM
ckongenne B [lese. Tpyano u36exaTb 3aKIIOYeHHS, 4HTO,
onupasieb AHGO Ha TpPOCThle apryMeHTHl, H3JIOMKEeHHble BHI-
ute, NGO Ha COOTBETCTBYIOLIHE TEeOpPeTHYECKHe JOCTHIKe-
HUT, KOTGpblie OyayT obceyxkaaTtbea Huxe, Xa66sa mpocrto
3HaJ "TOT OTBET, KOTOPBIfI XOTeJ MNOJYYHTh.

Kak 651 Tam HH Obu10, HO K 1931 roay naHHble 3aMeTHO
yayumnauck 1 Xa606, cMOT IPOBEPHTL NPONOPIHOHAIBHOCTh
Mex 1V CKOPOCTLIO M PAacCTOAHHEM MJs TajJaKTHK, HMe-
romux ckopoets a0 20 000 km/c. Bwmecte ¢ mocTynHbIMH
TOr/la OlleHKaMH PAacCTOSIHHA 3TO MPHBOAHJIO K BHIBOJAY, 4TO
CKOpoCTb Bo3pacraeT Ha 170 kM/c Ha KaxKAbIH MHJIMOH
CBETOBHIX JIET pPACCTOSIHHS;, CJeJ0BaTe/IbHO, CKODOCTh
20 000 xM/c cooTBercTBYeT paccrosiHHio 120 MHJJIHOHOB
CBETOBBIX JIET. JTO YHCJO0, PABHOE OTHOIIEHHIO NPHPALIEHHS
CKOPOCTH K NPHPAIIEHHI0 PacCTOSAHHA, OOGLIEH3BECTHO Kak
«nocrosnHaa XaG6aa». (OHa NMOCTOSHHA B TOM CMEICTe,
Y4TO TIPOMOPLHOHAIBHOCTh MEK/Y CKOPOCTbIO M PACCTOSHH-
€M OJIHHAKOBA 1/ BCeX TaJaKTHK B JaHHBII MOMEHT Bpe-
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MeHH, HO, KaK Mbl YBUJIHM, mocTosinHaa Xalbbaa HaMeHseT-
€5l CO BpeMeHeM B Npollecce 3BoJ0OUMH Beedennoit).

B 1936 roay Xao6a, paboras BMecTe CO CIEKTPOCKOMH-
croM MuaTtonoM XbioMacOHOM, CMOT H3MEPHTL PACCTOSHHE H
CKOPOCTD it cKomjienus ranakTuk Doabias Measennua I1.
Brii¢ mafileno, 4TO 3TO CKONJeHHe VIaJsercsi cO CKO-
pocteio 42 000 km/c (14 npouentoB ckopoctH ceera). Pac-
CTOAHNE, oleHeHHOe Torga B 260 MHIJMOHOB CBETOBBIX Je€T,
COOTBETCTBOBAJIO Npejesy BO3MOXKHOCTeH Teseckona Ma-
yHT-Buacon, npaGora Xa66aa noaxHa Obl1a 0OcTAHOBHTBCH.
C BBoaOM B JeiicTBHe 1OC/]e BOHHb OOJBIIHX TE/IECKOINOB
B obceparopusix ITanmomap m Maynr-I'aMuiabron JApyrue
ACTPOHOMBI BO3BpaTH/HCh K nmporpamme XaG6na (ocobenno
Annan Canpefijxk B obcepsatopusax Ilanomap u Mayur-
Buacon), u 3ra pafoTa mpojoJzKaeTcsa 110 Cef JIeHb.

OO6unit BEIBOM, CAEMAHHLIH B Pe3yJbTaTe IOJYBEKOBBIX
HaGM01eHUl, 3aKJI0YAeTCA B TOM, UTO TaJakTHKH yaalsi-
0TCA OT Hac CO CKOPOCTAMH, IPONOPUHOHAJBHLIMH paccTo-
SAHHIO (M0 KpaWHel Mepe, AJs CKOPOCTH, He CJAHIUKOM DJaH3-
Koif K ckopocTH cBera). KoHeuHo, Kak ymxe OTMeyanaoch
npu Hamem obeyxaennn Kocmomornueckoro [lpunmmmna,
3TO HE 03HAYaeT, YTO MHl HAXOAHMCH B KAKOM-TO ClelH-
AJdbHO BHIOPAHHOM WJM, HAOPOTHB, HeyJlayHOM MecTe
B KOcMoOce; 2t00af Tapa TajJaKTHK pasJieTaeTcss ¢ OTHOCH-
TeJBHOH CKOPOCTBIO, INPOINOPLHOHANbHON  pasiesiioinieMy
rafakTHKH paccrosHuio. Haubosee BaxKHLIM H3MeHEHHEM
fepeoHavanLHbBX  BeBojoB XaG6ja ABHJCH  [epecMoTp
IIKAJBl BHEraJaKTHYeCKHX PacCTOSHUI, OTYACTH B Pe3yilb-
TaTe Tepecuera COOTHOMIEHHS MEPHOJL— CBETHMOCTb s
nedens Jlupurr-llenan, caenannoro Banbrepom baane n
ZIIPYrUMH, OUEHKH PacCTOSHHE 0 JajekHX rajJlakTHK HAIoT
B HacTOAllee BpeMsl 1H(PLI, NPHMEPHO B JecATh pas HOJb-
e, yeM NpejacTaBaAa0Ch Bo BpemeHa Xab66.aa. Takum 06-
pasom, cefiuac cuuraercsi, yTo nocrosHnHas Xab0/aa paBHa
TOJbKO TWpHMepHO 15 KM/C Ha MHJUTHOH CBETOBBIX JIeT.

Urto BCE 3TO FOBOPHT HAM O NPOHCXOMK1eHHH DBceeaeH-
Hoii? Ecau ranakTHKH pasjeraiorcs Apyr OT Apyra, TO Kor-
J1a-TO OHH JOJIKHBI OBLTH OBITh Gauxke apyr K apyry. Tou-
Hee, ec/H Obl WX CKOPOCTH OLLJIH MOCTOSTHHBIMH, TO BPEMH,
HeoBXoauMOe Ui TOro, 4ToOnl Jwpobas mapa ranakTHk 10-
CTHTJIA TellePelllHero B3aHMHOrO yjajleHns, Kak pas pas-
H5JI0Ch OBl TemepeliHeMy pPacCTOAHHIO MY HHMH, Je/eH-
HOMY Ha HX OTHOCHTe/bHYIO ckopocTb. Ho ecan ckopocthb
NpONOpPIHOHATbHA TenepeliHeMy PacCTOSIHHIO —Mexay ra-
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Poro 1. CoGernennoe Apmkenne 3Besan Bapuapaa.
C wunrepsaysoM B 22 roma nokazaHo noJdoKeHHe asesanl Bapuapna (otmeuennoe
Genoit crpeakoil). SIcHo BHAHO HEMeEHeHHe MOJOKEHHA 3BE3bI Bapuapaa na doue
Gonee spKHX 3Beat. 3o st 22 rona Hanpapiedne Ha spesay Bapuapia wamenn-
fock Ha 3,7 AYroBoH MHHYTLI; TakuM o6pazoM. «COGCTREHHOE NBHIKEHHES COCTAR-
ager 0,17 ayrosoi musyTel 3a rog (dporvorpadus Flepkcekoil obcepBaTopun)




®oto 2. Maeunwii [Tyte B Crpeasiie.

Maeunwfi TMyts B wanpasaenud HedTpa naweit Tanak

Ouesnana cniawuiensocts anaktukn., Temuwe o6az GeryutHe wepes nJo-

cKocTh Mueunoro IlytH, BO3HHKAOT OT 00NaKOB NulH, KOTOpas MOMJIOULAET cher
naxoasutuxcs nosagn Hee spesf (dororpadus Xefinucxkolt oGeepsatopHn)

THKH B CO3aBC3IJIHH CI[\[','H.T[]_




doro 3. Boapwas ranaktika M 31 B Anapomene.
1o Gaumaian K Ham Goasllas rajakruka. JlBa SpPKHX NATHa CBEpXy cnpasa
N OHHMEe Lenrpa Gonee Manenskne radakrnkn NGC 205 m 221, vaepxupaembie
na opOute rpasurauponns nodem rasaktuskn M 3l Jlpyrue spkie nartHa Ha
thororpadin Godee Osnarie 0ObeKTH, 3vesant Buyrpu Hawed cobersennoit [Ma-
JAKTHKH, KOTOPWE OKa3aiuch Jesmautnmu mexay 3emaeit uw M 31, dororpadina
Guaia caeaana ¢ nomouslo 48-moiimosoro Teseckona Ha rope IManomap (dotorpa-
ust Xeitinckot oGeepsaTopuu)




®oro 4. Cuekrp Coanua.

Mokasan ceer Coanua, pasiomenHpi ¢ nomowsio 13-gyiosoro enexrporeanorpatda
Ha pasiuuHbie AMHHLL BOAH, B cpelHeM HHTEHCHBHOCIL Ha pPasHbIX AJHHAX BoaH
HPHMEPHO TaKas e, KakKas H3ayyaaach 6bl JOGBIM  HOJHOCTBIO NOPJOULA 0L M
(Han «qepuniM») Teaom rpn Temneparype 5800 K. Oanako pepruxanbuunie TeMuble
«OpayHroGeposu» JHIH B ONeKTPE YKAZLRAIOT 113 TO, UTO CBET 110 HOBEPXHOCTH
ConHia  noraouaercs OTHOCHTE LI Godee XOJOAHON W YacTHUHO  npoapaunoif
BHelb el 061aCTblo, M3BECTHON NOA  Hatpammes ofipamaoutero  caos. Kaxaas
TeMHan JIHLHS BOIUHKAET B pesvibrare CeJeKTHBHOTD [HOPAOMIGHHS CRela 1
QupefeneHHoll AanHe BOAHBI, ueM TEMHEE JHHHA, TeM HHTEHCUBHEe IolJiQuieHie,

JAuHBl BOAH yKazauwl Han ciexkTpom B aurcipemax (105 ¢m). Ycranosaeno, uTo
MHOTHE H3 STHX JHHHI 06A3AHLI NOIOWEHHIO CBETA OlpefeleHHbLIMH 31eMeHTaM i,
TakHMu, K&k kaaeunii (Ca), seneso (Fe), nogopon (H), marmuii (Mg), warpuit
(Na). Oruactin ¢ NOMOULIO HAAYNERHsT TAKHX 1 iH Il NOLAOMLEHNS MBI MOMKEM yoTa-
HOBHTL KOCMINTECKYIO  PACHPOCTPEHENNOCTE  PA3ANMILIX  XUMHUECKHX  51eMelToR.
CooTBeTcTBYIOUHE AHIHE OFAOWERIA B CIEKTPAY AANCKHX FAJAKTHE HaGIOA816T -
CSl CABHHYTLIME 0T HX HOPMAJABHOFO HONONEHNS B CTOPOHY GOABLUINX JLIHH BOJN:
HMEHHO U3 3TOI0 KPACHOIO CMEULeHusi MLl Jlegaem BLIBOA O paciiupennn Beeney-
Holi (dotorpadgus Xefiasckoil ofcepsatopiu)
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@oto 5. CBsaA3b MeHAY KPACHBIM CMELleHHEM H pPacCTOsIHHEM.

3][L‘L‘l- NoKaaall ApKHEe radakKTHKH H3 TTATH crongeduit rajJjakTHg, a TAKKe HX
CHEeRT P, CHL‘}\'I‘DIJJ FTaNaKTHRK NpeactaBasio cabofl JVIHHHEBIE TOPH30HTalbHLIE Ge-
ALl N10J0CHLl, ]I\‘[TPC?'H‘!‘:II‘IL‘ HECKONBKIIMH I\‘(l[i!}Ti\lI\!N TEMHOUIMH BC‘]‘TIII\'EL-'IL-H!:I!-IH
awunamin. Kamioe MecTo Blosb 3THX CEKTROB COOTBETCTBYET CBOTY OT FaJdaKTHKH
C IIII[II‘,‘ll"'lC‘H]I()n nAnnof POJHLI, TEMELIE NEPTHKAIbHLIE JAHIHN BOAHHEKEAWT OT Nno-
TAOHLEN IS cneta 1o aTMeefepax apess 2THX ranakiuk. (FApsde peprukaibpuue Jn-
HUH BLIUE M HIGRe COenTpa KamAol ranakTHKR SBasiores npocTo cTaHaapTHRIMU
l'f.t'}\|||;:\lii JAJA CPAaBHCHHYM. HaJOMeHHWMHE HA \'IH'I\I|I rantaKTHKH A4 (l”[ll',‘lt‘.ll.‘lll[?l
aaun pogain.) Crpeakn HIKe KaIoro cnekrpa yKasuiaiorT Ha CABHF ABYX cleis
Guvecknx AuHHf noraowenus (M- u K-2HHNH KaZbuus) oT HX HOPMaJbLHOrO No-



®orto 6. Jderaas ranaktuxu Angpovena.

Mokazana oana vacts ranaktukn M 31 Anapomena, coOTHETCTBYIOULAS HHIKIEMY
npasosmy yriay («iomnag obnacte») na npeasayvuieil  gororpadun. Caceraunan
¢ nomousio 100-awfiMoBoro Tedeckona na rope Mayur-Buascon sra dororpadus
HMeeT J0CTATOMHOC paspenleHne, 4100LI 1IeAHTh OTAe]bHbie 3IBE3Abl B CHHpaib-
HLX pykanax M 31. Hsmenuo niyuenne O6J0M TAKHX 3Be3a B |9 Ay OKOMH-
uatTenuio nokaiano, uro M3l ecrs rarzakrtnka, Gohee HAH MeHee NOXOK Ha
Hawy, a He BHewwAs wacth naweli Taxaxkrtake (dororpadus Xeilavckolt obeep-
BATOPHH)

JAOKEHHA K npapoMy (Kpacuomy) xouuy cnesxtpa. KpacHoe cMeutenue sTux Aunmi
norjouienis, ecau HHTepnperuposats ero kKak shdext Jonaepa, ykasmBaer, uto
CKOpOCTL MeHsieTcs B HHTepBaje ot 1200 xui1oMeTpoB B CeKVHAY ads TKTHKH
B ckomsennn Jlenn no 61 000 km/c ans ckongenns Tmapu, C yuetom Toro, 410
KpacHoe cMelieHHe NpPornopUHOHANLHO PAaCCTOSHHIO, 3TO O3HAYAET, HTO VKazaHHbie
FanakTHKH HaxXoasuTcs Ha Bce Gojee AalneKHX PacCTOAHMAX, ([ll\lllic’:lvl\'\ll.lr‘ 3J10CH
PACCTOANNA BRIYHCACHB ¢ NMoMoulbio nocrosuuofi Xa66aa, pasuoil | KM/Cc Ha
MHATHON cBeTOBBIX JeT.) Takasi HHTepnperauus NOATREPIKAAETCH TeM, UTO € pu-
¢TOM KPacHoro cMelleHHSl FaJakTHKH KamyTcd #ee Godee MadenukKAMH M cJa-

Gumi (ororpadus Xeliabckoil oGeepsatopuin)




®oto 7. Cnnpaasnas ranaktnka M 104
D10 — ruranTcKan cucteMa M3 Goaee ueMm cra MHu AAHAPAOB ogenb HoXokKasa
Ha Hally coGersennyio lanaktuky, Ho yiaaaeHHasi OT Hag tepHo ua 60 mun
JHOHOB cBeTOBLIX JeT. C Hameil Toukn spenus M 104 suasa noutn cfoKy H sicHO
pasandawTen Kak spkuil cdepuuecknil opeos, Tak H njdockuil auck. Jluck nepe-
CEHEH TEMHLIMH 110/10caMH NLIAM, OYeHL MOXOKHMH Ha nujesbie oGAacTn nallei
cobersennofil TCanaktukn, Kak nokasano ma npeasiyuweft dorvorpadun. 3ta doro
rpadms cnenana ¢ nomoumsio 60-uwiMoBOre pediextopa B obeepBatopur Ha rope
Maynt-Buascon, Kaandopnus (otorpadua Fleprckoit obeepsatopun)

®oro 8. Paanoreneckon n Xoamuene.
Apno ITenauac (cnpana) u PoGepr B. Buacon cuarts psgom c 20 tdyTonoit pynop-
Hofl anrennoli, ¢ nomoursio Kotopoil B 1964—1965 romax ouu oGHapysuiu  Tpex
rpaaycunii o Kocmmueckoro MHKPOBOIHOBOrO H3JAy4eHHs. DTOT TeaecKol Haxn-
aunrcs B Xoamaene, Huio-/Ixepen, mecre, rie pacno et aaGopatopun dupMu
«Gean Tenedons (dpororpaus naGoparopun «Gena Tenedons»)




JAKTHKaMH, TO 3TO BpeMs OJHHAKOBO JI1d J1000f mHaph
rajJakTHK — OHH BCE JOJIKHBl OBLIM OLITL  OJH3KO JpPYT
K /IPYTY B OAHH M TOT 3K€ MOMEHT BpPEMeHH B Tpouniom!
[Tpunumasa mocrosinayio Xa66aa paBHOH 15 KM/c Ha MHJI-
JHOH CBETOBLIX JIeT, MOJyuaeM, UTO BpeMs, Mpoueilee
¢ Tex TMop, KaK raJlaKTHKH Haya/ii pasnerathes, AOJIKHO
PaBHATHCS MHJJIHMOHY CBETOBLIX JIET, JIeJIEHHOMY Ha 15 gMm/c,
uan 20 muaaHapaoB JeT. Mur Oy/leM HasblBATL «BO3PacT»,
BBLIMHC/JEHHBIH TaKHM CIOCOO0M, «XapaKTepPHHIM BpeMeHeM
pacuMpeHnsi»; 3T0 ecTb MPOCTO o6paTHasi BeJUYHHA TOCTO-
aupoii Xa66aa. Mcerunnpiit Bo3pact Bceenennoit B aeHCTBH-
TeJBHOCTH MeHblle XaPaKTepHOro BPEMEHH pacluipeHHsd,
MOTOMY 4TO, KAK MBI YBHAHM JaJjiee, FaJakKTHKH He JBHra-
JHCh © DOCTOSHHOM CKOPOCTBbIO, a HECKOJBKO 3aMeIsiCh
noj BaMsinneM B3aumuoro TtsiroteHus. Ilostromy ecau mo-
crosisias Xa6oaa paBua 15 KM/c Ha MHJIHOH  CBETOBBIY
JieT, To Bo3pacT BcesenHoii josked GbiTh MeHblre, uem 20
MHAIHAPAOB  JeT.

Muyorjia MB BCEe 3TO CYMMHpYeM, rOBOPs KpaTKO, 4TO
pasmep BceneHHoji yBennuupaercsl. DTO He O3HAYaer, UTO
Beenennasa o6a3aTe/lbHO HMeeT KOHEUHBIH pasmep, XOTsd Ta-
Koe W BO3MOxKHO. [To/00HOe BBIpazKeHHe HCIONb3YETCH I0-
TOMY, 4TO B JiI0OOH 3aJaHHLIi MOMEHT BpeMEHH paccTOsHHEe
Mecy J1000f napoil THOHYHLIX FaJaKkTHK YBeJHYMBAeTCH
HA OJHY W Ty K€ OTHOCHTeNbHYI0 BenuunHy. 3a Ja0Goil
HHTEpPBAJ BPEMEHH, KOTOPBIfi JOCTATOYHO MaJ /IS TOro,
YyToOBl TaJaKTHIECKHE CKOPOCTH OCTaBaJIHCh TIPHMEPHO IIO-
CTOSIHHEIMH, yBeJHUeHHe PacCTOSHHS Mexay Jo6ofi nmapoi
THIMYHBIX FajIJaKTHK [aeTCs [POH3BENeHHEeM HX OTHOCH-
TeJbHOH CKOPOCTH H HHTepBa/Ja BPEMEHH H/H, eC/H HCIOJb-
30BaTh 3aKOH Xab606sa, NpoW3BeLeHHEM NOCTOSIHHON Xao-
6.1a, paccTOSIHUSL MEKy rajakTHkamu u ppemenu. Ho ror-
Jla OTHOulenue YBeJHYeHHs! PACCTOSHHS K CaMOMY paccros-
HHIO GyjgeT paBHO TPOH3BeAeHHIO noctofnHoil Xabbaa H
NpofiieHHOro BPEMEHH, KOTOpoe OJHMHAKOBO AJs J0GOi
mapel ranakThk. Hampumep, 3a mpOMeXyTOK BpeMeHH,
paBHBIH OJHOMY INPOIEHTY XapaKTepHOro BpeMeHH pacllu-
penust (o6paTHOf BeJHUHHB MocToAHHOK Xa66aa), paccro-
STHMe MeXKIy KaxKJ0H TMapoil THNMUHBIX TaJaKTHK YBEJIH-
YHTCH HA OJHMH TPOMEHT. Mbl MOMKeM TOrfa ckKasarb, BBI-
pakasch HECKOJbKO HeGpexHo, yro paamep BcelqeHHON
YBEJHUHJICS Ha OJHH IPOIEHT.

$I me xouy coszaBaTh BIeYAT/JICHHHA, YTO BCE COTJIACHBI
C Takoil MHTepIperalmeii KpacHoro cmemlennd. Benn Ha
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caMoM Jlene Mbl He Habuionaem pasGeraiommuxcs OT Hac
rajakTHK; Bce, B UeM MBI YBepEHBl, 3TO TO, YyTO JIHHHH HX
CNEKTPOB CMellleHbl B KPacHYI0 CTOPOHY, T. €. B CTOPOHY
66/bIHX AJHH BOJH. EcThb BHAAOIIHECS acTPOHOMBL, KO-
TOpbIe COMHEBAIOTCH B TOM, YTO KpACHble CMEIIeHHS HMEIOT
KaKoe-TO OTHOIIeHHE K AOMJIEePOBCKHM CABHraM HJH K pac-
wupennio Bceenennoii. XanbTon Apn n3 Xeftabckoit o6cepBa-
TOPHH NMOJYEPKHBAJ CYILeCTBOBaHHE TPYNMN rajJakTHK, B KO-
TOPHIX HEKOTOpLIe raJaKTHKH HMeIOT KpacHBIe CMelLleHHH,
CHJILHO OTJIHYAIOLINECS OT OCTAJILHBIX; ECJH TAKUE FPYMNbI
npeacTasasior coloil peasibHble (PH3HYECKHE aCCOLHALHH CO-
CelHHX raJlakTHK, TO €/Ba JIH OHH MOTYT HMETh CHJIbLHO pas-
auyalomuecd ckopoctu. Kpome toro, Maaprten lIMuar o6-
Hapyxua1 B 1963 roany, 4TO HEKOTOPLIH KaIace 06bEKTOB, XOTH
H HMeeT BHJ| 3Be3Jl, TeM He MeHee o0JiajlaeT 4y OBHIIHBIMH
KPACHBIMH CMELIEHHSIMH, [pPEBHINAIOUUMH B HEKOTOPHIX
cayuaax 300 mpomenrtoB! Ecau Takhne <«KBa3H3Be3IHHIE
00beKThI» JIEHCTBHTENbHO TaK AaJjeKH, KaK YKasblBAalT HX
KpacHble CMEIIeHHsl, OHH JOJUIKHBI H3Jyd4aTb IPaHiHO3HbIE
KOJIHUeCTBa 3HEPTHH [IJIs TOro, YToOH OBITE CTOJbL SPKHMH.
Hakonel, coBcemM HeJlerko ONpefe/]HTh CBA3bL MeXKALy CKO-
POCTLIO H PACCTOSIHHEM Ha AEHCTBHTEbHO OGOJBIIHX pac-
CTOAHHSIX.

CymecTByeT, 0JHAKO, He3aBHCHMBIH c¢nocod NOATBEpIK-
IeHHsl TOro, 4TO TaJIAKTHKH Ha CaMOM Jeje pasJeralnTcs
TaK, KaK YKa3hBalOT HX KpacHele cMellenns. Kak ™Mbl BH-
JeJd, 5Ta HHTepIpeTaliss KPacHBIX CMeUIeHHH NPHBOLHT
K BLIBOJYy, 4TO pacuinpeHHe BceJjeHHoii HauajJock 4yTh
MeHbure, yeM 20 Muanuapnaos Jger Hasai. Cllel0BaTeNbHO,
TaKas HHTepHpeTanHsi MOATBEPAHTCH, eCJd Mbl CMOXKeM
HalTH J1060e Jpyroe CBHIETeJbCTBO TOro, uto Bceenennas
JeiiCTBHTEILHO HMeeT TaKoi Bo3pacT. M B camom Jede,
HMeeTcs JLOBOJLHO MHOrO ()akTOB, MOATBEPIKAAIOMIHX, 4TO
Bo3pacT Haweji [anaktiku mpumepHo 10—15 muanuapaos
Jger., Takue OmeHKH BO3HHKAIOT KaK M3 dHA/JAH3a OTHOCH-
TEJbHOI'O COJepIKaHHS PasJHYHBIX PajAHOAKTHBHBIX H30TO-
noB Ha 3emse (oco6eHHO H30TONOB ypaHna 25U u 2%8U),
TaKk M M3 pacyera 3BOJIONHH 3Be3f. OnpejeneHHO HET HH-
KaKOH TNpAMOH CBSI3H MEXIY CKOPOCThbIO pajiHO4KTHBHOIO
pacnajza HJIH 3Be3/{HOH 3BOJIIOIHEH H KPACHBIM CMEILIeHHEM
JaJeKnuX raJakTHK, [I09TOMY Takoe COBNaJeHHe Jellaer
BecbMa yGeJHTe/bHBIM 3aKJioueHHe, uTO Bo3pact BceJen-
HOH, BBIBEIEHHLIH M3 MOCTOAHHOH XaO0Jaa, NeHCTBHTEJNLHO
6JH30K K HCTHHHOMY 3HAUEHHIO.
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C uCTOpHYECKOH TOYKH 3PEHHS HHTEPEeCHO B CBA3H C 3THM
HaloMHUTh, 4T0 B 30-e u 40-e rojabl cunTa d, 4TO MOCTOAH-
Has Xab60sa 3HauyHTeNTBHO GoJbile — okoao 170 kM/c Ha
MHJJIHOH CBETOBHIX Jer. CoOrjiacHO HAllHM  TpeablAVIIHM
paccyx/JaeHHsaM Bo3pacT Bceaenno#i Oyler TOria paBseH
O/IHOMY MHJJIHOHY CBETOBBIX JeT, AejeHHomy Ha 170 kM/c,
4TO COCTAB/SET OKOJO ABVX MMJJIMADAOB JIeT HJH Jaxe
MeHblle, ecJH MBI IPHMEM BO BHHMaHHe rpaBHTAIHOHHOE
TopMoxkeHHe. Ho co BpeMeH H3VYeHHS pPa/JHOAKTHBHOCTH
aopaom Pesepdopiom Oblio XOpOWmIO H3BECTHO, uTO 3JeMJsd
3HAUMTEJBHO CTaplue 3TOro Bo3pacTra; cefiuac MPHHATO
cuuTaTh Bo3pacT 3emJiu pasHbim 4,6 muaauapaos Jaer! Exa-
Ba JH 3eMada Moxer ObiTh crapumie BceleHHOH, RO3TOMY
ACTPOHOMEBI BBLIHYIK/JEeHw OBITH COMHEBAaTbCA B TOM, 4TO
KpacHoe CMelleHHEe YTO-TO TOBOPHT Ham O pospacte Bcee-
Jgennoi. Hekoropele 3 HanboJee XHTPOYMHBIX KOCMOJIO-
raueckux uaed 30-x m 40-x romos, BRIAWOYAH, BOSMOKHO, H
TEOPHIO CTALHOHAPHOTO COCTOSHHSA, ObIIH MOPOMKIEHbl 3THM
ABHBIM MMapatoxkcoM. Moxer ObTb, HMEHHO yCTpaHeHHE
B 50-e roael mapajokca Bo3pacra Gjarofaps AecATHKpart-
HOMY YBEe/JHUYEHHI0 IIKAaJH BHEraJaKTHYeCKHX pPaCCTOAHHI
OblJIO0 CYLIeCTBEHHHIM NpEeJBAaPHTEJILHEIM YCJIOBHEM JJA 10+
SIBJIEHHS KOCMOJIOTHH OOJBILOrO B3pHIBA B KayecTBe CTaH-
JIlAPTHOH MOJeNH.

Ta xapruna BceisenHoi, KOTOpyIo MBI 3JeCh pPa3BHBaeM,
npencTaBaser coboi pacwmpsiomuiics poif ragaktHk. o
CHX IOp CBET HrpaJ JJs Hac JHMWb pOJb «3BE3JAHOro Mo-
CJlaHla», HeCvIlero HHGOpMAaIHo 0 raJakTHUeCKHX paccro-
AHUAX H ckopocTAX. OnHAKO B paHHel BcesieHHOM OBIIH CO-
BCEM JIPYrHe VCJIOBHS, KaK MB YBHAHM, HMEHHO CBEeT GBI
IVIaBHOH COCTaBHOH uYacTbio BceenenHo#, a oOLlyHOE Bellle-
CTBO HrpaJjio poJb npeHedpexkumo MaJjoi npumecu. [losro-
My TO37Hee HaMm MPHrORHTCSH, €cJH ceiluac MBI TMOBTOPHM,
YTO MBI Y3HaJH O KPAcHOM CMelleHHH B TePMHHAX TOBeJe-
HHS CBETOBHIX BOJH B pacmupsiomefics Bceaennoir.

PaccmoTpuM CBETOBVIO BOJHY, PacmnpoCTpaHsSIOUIYIOCH
MEeXJy IBYMS THOHUHEIMH rajlakTHKaMu. PaccTosiHue MexK-
Ny rajJJakTHKaMH DaBHO BpeMEHH paclpOCTPaHEHHS CBEeTa,
VMHOKEHHOMY Ha CKOpDOCTh CBeTd, a YBeJHYEHHE 3TOro
PaccTosiHHA 33 BpeMs NyTEWIeCTBHH CBeTa PABHO BPEMEHH
pacnpocTpaHeHHs CBeTd, YMHOMKEHHOMY Ha OTHOCHTEJIbHYIO
cKopocTh rajdakTik. Korga Mbl BHIMHC/ASEM OTHOCHTE/bHBIH
pPOCT B3aMMHOTO PAacCTOSHHSI, MBI JA@JIHM YBeJH4YeHHe pac-
CTOAHHA HA CpeJHee 3HAYeHHEe ITOr0 pPAacCTOSAHMs 3a Bpe-
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Msl YBeJIHYEHHSI H HAXOJIHM, YTO TPH 5TOM BpeMs pacnpo-
CTpaHeHHS CBETa COKPAIAeTcsi: OTHOCHTEJBbHOE yBe/aHYeHHEe
pPACCTOSHHA MEXAYy 3THMH JABYMS rajakTHKaMH (a cJeno-
BATEJbHO, MEKAY JIOGBIMH APYTHMH THIHYHBIMH TaJakTH-
KAMH) 3a BpeMsl pacnpoCTpaHeHHs CcBeTa ecTb HpPOCTO
OTHOLLEHHE OTHOCHTEJLHOH CKOPOCTH rajJakTHK K CKOpPOCTH
ceera. Ho kak Mbl BHAeNH paHblle, 3TO XKe OTHOLICHHE OIl-
pelesisieT OTHOCHTeJbHOE YBe/JHYeHHe JJHHBI BOJHLI CBETd
3a Bpems ero myremectBus. Takum oOpasom, e npoyecce
pacuwupenus Bceaennoti dauna soanst at0b020 aywa ceera
NPocTo YBeAUHUBAEeTCA NPONOPYUOHANLHO B3AUMHOMY paC-
CTOARUIO Medcdy Tunudroimu easaxtTuxkamu. MoxKHO mpen-
craBJATh cefe 370 TaK, OyATO rpebHH BOJH B mpolecce
pacimHpennsi BceseHHO Bce jajbllle H jJaJjbliie «pacTacKH-
BalOTCHA» APYr OT Apyra. XoTsd, CTPOro roBOps, HAlla apry-
MEHTAllHsl CIpaBe/AJHBa TOJBLKO AJII MaJOTO BPEMEHH pac-
MPOCTPAHEHHS, HO, COCIHHSSI MOCJEeL0BATENbHOCTh TaKHX
HeOOJIbIIHX MyTellecTBH B OJHO llejoe, MBI BIpaBe 3akK-
JIOYATH, YTO BHIBOJ BepeH H B o0llem cayuae. Hanpumep,
KOrJla Mbl CMOTPHM Ha ranaktuky 3C295 u oGHapyKuBaeM,
4TO AJHHBEI BOJH B ee cnektpe Ha 46 npoueHroB 6ogablie,
YeM B HAUIHX CTAHZAPTHHIX Ta6aHMLAX CHEKTPaJabHLIX JH-
HHI, MBI MOXKeM 3aK/II4nTh, uTo BceeseHHas ceiivac na 46
NnpoleHToB OoJible O pa3Mepy, uem oHa Obljla TOrjga, Kor-
na ceet nmokuHya 3C295.

o storo MomeHTa MBI COCPeOTOUYHBAJIH BHHMaHHe Ha
BONpOCAX, KOTOpble (H3MKH HA3BIBAIOT KHHEMATHUECKHMH
H KOTOpHIE CBfI3aHBI C OMHCAHHEM JBHXKeHHs 0Ge3 Kakoro-
JH00 paccMOTpPeHHsi CHJ, YIPAaBJSIOUIHX 3THM ABHIKEHHEM.
OnHako B TeyeHHe CTOJIeTHiI (PH3HKH M acTPOHOMBI NbLITa-
JIHCh TOHATh AHHAMHKY Bcesennoii. Heuabexno 9to mpu-
BeJO K H3YYEHHIO KOCMOJOTHUECKOH POJH TOH €1HHCTBEeH-
HOH CHJBI, KOTOpasf AEHCTBYET MEXAY acTPOHOMHYECKHMH
TeJaMH, — CHJIBI TATOTEHHS.

Kak u ciaenoBaso 03uHJ1aTh, TEPBBIM, KTO BCTYITHJ
B CXBaTKy ¢ ato#l mpoGaemoii, 6bi1 Mcaak Heloton. B gna-
MEHHTOIl MepenuckKe ¢ KeMOPHIKCKHM (uaonorom Puuap-
gom Bentau HeloorTon yTBep:jian, uto ecaH O MaTepus
Bcenennoii 6bl1a paBHOMEPHO pacrpefiesieHa B KOHEUHOU
00J1aCTH, TO OHA BCA AOJIKHA Oblia Obl CTPEMMTHCH YIACTDb
K LIEHTPY «H B peayJabTate oO6pasoBajach Obnl 0fHA 00Jb-
mas cdepuyeckas macca». [Hanporus, ecanm Ou  MaTepus
Gblsla paBHOMEpPHO paccesiHa B GECKOHEYHOM TIPOCTPAHCTBE,
TO He Obl0 OBl leHTpa, K KOTOPOMY OHa MOrJa Obl 1aAaTh.
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B 3rtom cayuae marepusi morsia Obl COE/IHHATHCH B GeCKO-
HEYHOE YHCJO CTYCTKOB, paccesiHHHX 10 Beeaennoii; Heio-
TOH TPEANOJOZKHI, YTO HMEHHO 3TO MOTJ0 OBITh IPHYHHOMH
npoucxoxaenus ConHIA H 3Be3[I.

Tpyanocts paccMOTpeHHs BONPOCOB JIHHAMHKH Gecko-
HeuUHOH cpeiAbl® B 3HAUHTE/bHOH CTeNeHH mNapaJH3oBa/ia
JaJbHEeHIIHH mporpece BIJIOTh A0 MOAB/JAeHHS oO6Iieil Teo-
pPHH OTHOCHTEJbHOCTH. 31eCh He MeCTO OOBACHATH 3ITY
TEOPHIO, BO BCAKOM CJyuae, OKasajoch, uTO OHa4 MeHee
BazKHA J/I KOCMOJIOTHH, ueM JyMaJu nepBoHayaJbho. Jlo-
CTATOYHO CKa3aTh, Y4T0 AabbepT IHHIITEIH HCNOAB30BAJ
CYLIECTBYIOIIYI0 MaTeMaTHUeCKyl0 TeOpHI0 HeeBKJHIO0BOI
reoOMeTpHH AJ5 TOro, 4ToOH OOBLACHHUTH TATOTEHHE Kak 3(-
(hekT HCKpHUBJEHHsI MPOCTpaHCTBA H BpeMenu. B 1917 rony,
yepes roj moc/je 3aBeplieHHs OOLIeH TeOpHH OTHOCHTE/b-
HOCTH, JHHIWITEHH TONLITAJACA HAWUTH pelleHHe CBOHX ypas-
HeHHH, KOTOpPOe ONMHCHIBAJA0 OBl NMPOCTPAHCTBEHHO-BPEMEH-
Eyio reomerpuio  Beenennoit B neaom. Cnenys HMeBLUIHM
TOrjla XOMKAeHHEe KOCMOJIOTHYeCKHM HjesM, DHHIITeH cre-
UFaNbHO HCKad pelleHHe, Kotopoe Obio O6bl  OIHO-
POJIHBIM, H30TPONHBIM M, K COXKaJjeHHIo, craruynoim. OnHa-
KO TaKOro pelleHHss HAHTH He yaasock. YToGBl MOCTPOMTH
MO/1€Jlb, Y/IOBJIETBOPSIBIIYIO VKA3aHHbIM IpeiBaPHTEbHBIM
KOCMOJIOTHYECKHM TpeGoBaHHuAM, DilHIUTEHH BbIHYKAEH GbI
«H3ypO/lI0BAaTh» CBOH ypaBHEHHS BBeJEHHEM uJlleHa, Tak Ha-
3LIBAeMOH KOCMOJIOTHUECKOH TNMOCTOSHHOH, KOTOPHIH CHJILHO
TMOPTHJ 3JIETAHTHOCTH TEPBOHAYAJBHOH TEOPHH, HO MOT
CAYKHTh JJIS YPABHOBELIHBAHHSA CHJBl TPABHTAIHOHHOIO
HNPHTSAKEHHS Ha 60JbUINX PACCTOSHHAX.

DiiHwTeiHOBCKas MoAeab BcenenHoi Oblia coBeplleH-
HO CTATHYHOH M NpejcKasbiBaJa OTCYTCTBHE KPACHBIX CMe-
meHuii. B Tom ke 1917 ropy roananickuii acTpoHOM
Ae Currep Hamles Apyroe pelleHHe MOAH(HIHPOBAaHHOI T€O-
pun diiniTeliHa. XoTsa 9TO pelieHHe OBLIO TOXKe CTATHUHLIM
H NOTOMY MpHEMJeMBIM B COOTBETCTBHH C TOTJAUIHHMH
KOCMOJIOTHUECKHMH HIEAMH, €ro TpHMeuaTe/]bHOIl ocoleH-
HOCTBIO OBIJIO NpejAcKa3aHHe KPAacHOro CMelleHHs, 1ponop-
HOHAaJbHOTO paccrosHuio! EBponefickHe acTpOHOMBI He
3HAJH TOria O CYLIECTBOBAHHH 3HAYHTENbHBIX KPAaCHBIX
cMellenuil y trymanHocteil. OJHaKo B KOHIE MepBOil MHPO-
BOH BOIIHLI HOBOCTH M3 AMepHKH 0 HaG.JI0JeHHH OO0JbIIHX

* KpaTkoe H3J0XKEeHHe TOTO, KaK HbIOTOROBA MeXaHHKa MOZKET
GuiTE TIPHMEHEHA K PaccMOTpeHHI0 GecKoHedHBIX CHCTEM, RaHo B Jl0-
noanennn peaakropa 1 (c. 169). — [Mpumes. ped.
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KpacHHIX cMmemlienuit focturyan Esponu i moxens ge Curre-
pa HeMmelJeHHO nmpHoGpena MHPOKYIO H3BecTHOCTh. JleiicT-
BuTeabHO, B 1922 roay, xoraa adrauficknii actpoHom Ap-
TYp SDAJAHHITOH HAMHCAJ MepBYIO HCUEPIBIBAIOLIYI0 KHHTY
1o ofbleit TEOPHH OTHOCHTEJLHOCTH, OH NPOaHAJH3HPOBAJ
CYLIECTBOBABIIHE [aHHLIE MO KPAaCHBIM CMEIUEeHHAM, M0.1b-
ayace Mmoaeanio Ae Currepa. Cam Xa66s1 roBopua, dTO
uMenno Mmogeap ae CHITepa NpHBJIeKJa BHHMaHHE acTpo-
HOMOB K BaXHOCTH ONpele]cHHS 3aBHCHMOCTH KPacHBIX
CMEIUIeHHii OT PacCTOAHHA H, MOXKeT GHTh, 3Ty MoJelb
Jep:kaJj OH B ray0HHe CBOero CO3HaHHs, Korja oOHApyKHJ
B 1929 roay mpomopuUHOHAJbHOCTL KPACHBIX CMelleHH#H
PAacCTOSTHUIO.

B Hamm AHH Takoii ymop Ha Mojeab ae CHTTepa mpel-
craBasercss HeonpaBiaHHbIM. C OJHOM CTOPOHBI, 3TO Ha
camMoM Jeje BooOLle He cTaTHYeckas MOIeJ]b— OHa Ka-
JKeTcst craruyeckoi OJjaroxapsi cBoeofpasHoMy  cnocody
BBeJleHls] TPOCTPAHCTBEHHHIX KOOPAMHAT, HO pacCTOAHHE
MeXAYy «THONHYHBIMH» HaOJIOfaTelssMH B 3TOH MOZEJH
peaJbHO pacTeT cO BpeMeHeM, H HMEHHO 3TO obllee pasbe-
ranne o6ycJOBINBAeT KpacHue cMemienus. C apyroi cropo-
HHl, IPHYHHA TOTO, mMoyeMy B MozaeaH fe Currepa KpacHoe
CMEIIEHHE O0Ka3aJoChb MNponopuHoOHAJbHBIM pPACCTOSHHIO,
3aKJ0YaeTcs NMpPOCTO B TOM, YTO 3Ta MOJe]Ib yI0B/ETBOPS-
er KocmonornueckoMmy TIpuHuHmy, a, Kak Mbl BHIeNH,
B 40004 TEOPHH, YAOBJETBOPSAIOLLEH 5TOMY NMPHHUHMIY, CJe-
JlyeT OXKHZaTh NPOMOPIHOHAJILHOCTH OTHOCHTEJBHOH CKO-
POCTH H PAacCTOSHHA.

Bo BcsakoMm cayuae, OTKpbITHe pa3beraHusi jajeKux
rajJakTHK BCKOPE IIOBBICH/I0 HHTEpPec K KOCMOJOrHYECKHM
MoJeJ1siM, KOTOphle OblIH OJHOPOJHB H H30TPOIHLI, HO He-
crarnudsl. KocMmoJsiornueckasi mocTosiHHASl OKasajdach MO3-
TOMY ViK€ HEeHYKHOH B ypaBHEHHSX T'PaBHTAaLHOHHOrO MO-
Js, H DHHIITEHH 7a)ke BEIPA3HJ cO:KaJeHHe, 4TO OH BOOO-
Lie paccMaTpHBaa ToA006HOe H3MeHEHHe CBOHX HCXOIHBIX
ypaBHenuii. B 1922 rony coserckum MaTeMaTHKOM Auék-
canapom ®puamanom OwljI0 HafifleHo obllee OXHOPOAHOE H
H30TPONHOE pelieHlie TepBOHAYaJbHLIX ypaBHeHHR OIiiH-
wrefina®. Mmenno atn (pHAMAHOBCKHe MOJeNH, OCHOBaH-
HEle HAa HCXOJHLIX YPaBHEHHAX NoJfA DiiHuTeiiHa, a HE MO-
Jdean ditnmrefina 1 jge Currepa, ofecneuu/H MaTeMarnye-

* Kpatkylo cnpasky o musHH M JAesitensHocth A. A, @puiamana
MOXHO HaitTH B pomosHenun pepakrtopa 2 (c. 173). — [puseu. ped.
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ckuit ¢ynaament GOJBIIHHCTBY COBPeMeHHBIX KOCMOJIOTH-
YeCKHX TEOpHI.

CymecrByer ABa pasHeIX THna moxeseii dpuamana.

Ecin cpennsis NJI0THOCTL MaTepHu BO BceneHHON menb-
ule HEKOTOPOH KPHTHUECKOH BEeJHYHHBI HJM paBHa €H, TO
Torja Bcesennas NoJiiKHAa ObITh NPOCTPAHCTBEHHO Gecko-
HeuyHOH. B 3ToM ciayuae coBpeMeHHOe paclinpeHHe Bcesel-
HO# GyJer mpojoJKaThes Beerja.

B TO e Bpem#, ecaH IJOTHOCTH MaTepHH Bo Bceaen-
HOi Ooabtue TOI Ke KPHTHUECKOH BEJHUHHBI, TOrla I'paBH-
TalHOHHOE ToJie, NOPOXK/IeHHOe MaTepHel, HCKpHBJAdeT Bce-
JIEHHYI0, 3aMblkasi ee Ha ce0s; BcesenHas B 3ToM ciyuae
KOHEeYHa, XOTS H HeorpaHuyeHHa, BPOJLEe MOBEPXHOCTH cde-
pH. (DTO 03HAuaeT, YTO €CJH MBI OTIPaBHMCS B myTellecT-
BHe 110 NpAMOi JHHHH®, MBI He cMOXKeMm Jobpartbcs A0 Ka-
KOro-to yraa BceseHHOM, a mMpocTo BepHeMcs Ty7a, OTKyAa
HayanaH CBOH nyThb). I'paBHTauHOHHEE TIOAA JlOCTa-
TOYHO CHJIBHBI 115 TOro, 4TOGLI B KOHLUE KOHIOB OCTaHO-
BHTb pacmiupeHde BceneHHOH, Tak 4YTO paHO HJAH MO3AHO
OH4a HayHeT CHOBAa CXKHMATBCA K COCTOAHHIO GEeCKOHeYyHO
60JIbIIOH MJIOTHOCTH.

KpurHueckasi TJOTHOCTE NpPONOPLUHOHAJbHA KBaApaty
noctofgHHoil Xab6sa; Ans NPHHATOrO B HAacTosAllee BpeMs
3HaYeHHA 3TOi TMOCTOSHHON 15 KM/c Ha MHJJIHOH CBETOBHIX
JeT KPHTHYecKas NMJIOTHOCTh cocTasiser 5-10-% rpamm Ha
KyOHuecKkuil CAHTHMETD, HJIH OKOJIO TPeX aTOMOB BOJAOpOja
Ha THICAYY JHTPOB oOGbeMa IIPOCTPaHCTBA.

JBuxenne 1060fi THIHYHOH TaJaKTHKH B MOJe]siX
dpuamMana B TOYHOCTH HAMOMHHAET ABHMKEHHE KaMHs, MOJ-
OpoulenHoro BBepx ¢ mnosepxHoctH 3eMad. Eciu KameHb
OpouteH ¢ A0CTaTOYHO OO0JIbUIOH CKOPOCTBIO HJH, 4TO NpPH-
BOAHT K TOMY JKe pPe3yJbTaTry, ecJH Macca 3eMJIH JocTa-
TOYHO MaJja, TO KaMeHb OYHeT NOCTOSHHO 3aMelAThCA,
HO, TeM HE MeHee, CMOXKeT yJeTeTh B GeCKOHeWHOCTb. ITO
COOTBETCTBYET CJy4Yalo, KOrjJa KOCMHYEecKas IJIOTHOCTh
MeHbllle KPUTHUECKOH mjaoTHocTH. HampoTus, eciu kKameHb
noAfGpouleH ¢ HeLOCTATOMHO OOJbIIOH CKOPOCTBIO, TO OH
JOCTUTHET HEeKOTOPOif MaKCHMAJbHOH BBHICOTH, a 3aTeM IO-

* TlogpasyMmeBaeTcs JBHIXKeHHe 1O reojesnueckofi JuHHH (ZAHHA
KOTOpPOAi MeK1y JIBYMS TOYKAMH paBHAa KpartuafilleMy paccTOsSHHIO
MeX1y HHMH) B HCKDHBJEHHOM INpOCTpAaHCTBE. ITO COOTBETCTBYET
npAMOil JHHHH B eBKJAHAOBOM IpocTpancTse. — [Tpumed. ped.
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JeTHT 00paTHO BHH3. 3TO COOTBETCTBYET KOCMHYECKOH
MJIOTHOCTH GOJblIe KPHTHYECKOH

M3 sToli aHajsoruu fCHO, NOYEMY HEBO3MOXKHO HAHTH
CTAaTHYECKHE KOCMOJIOTHYECKHE peIleHHS YypaBHEeHHH DHH-
mTeiiHa — BeJlb MBI He YAHBJAEMCS TOMY, UTO KaMeHb yJie-
TAEeT OT MOBEPXHOCTH 3eMJIH HJH IajJaeT HAa Hee, HO BpAL
JH MBI OXKHJaeM YBHJEThb 3TOT KaMeHb HeMOABHIKHO BHCH-
IHEM B mojHebechbe. 3Ta Ke aHAJOrHA I03BoJdeT H30e-
JKaTh YacTO BCTpPeYaloUlerocss HeNpaBHJILHOTO TOJKOBAHHS
nousitHs pacwHpsoueiica Beenennoll. [Nanaktuku paszne-
TAalTCA He NOTOMY, YTO KaKHe-TO MHCTHYECKHEe CHJIBl pac-
TaJAKHBAIOT HX, TOYHO Tak zKe Kak JeTALUlHii BBepX KaMmeHb
B Halleil aHaJoOrHM He oTTajJkHBaercsa 3emJeil. Ha camom
Jeje raJakTHKH pasjeraloTcss APYr OT Apyra HOTOMY, UTO
OHH GbliM  OTOGpOLIEHB B CTOPOHbI KAKHM-TO B3PHIBOM B
NPOLIIOM.

Xorsa storo He nouumMaian B 20-e roAw, HO MHOrHe je-
TaqbHble CBOHCTBA Mojeseii ®puamana Moryr ObITH KOJIH-
9eCTBEHHO PACCYMTAHLI C MOMOLIbID YKa3aHHOIl aHaJOTHH,
6e3 Bcskoro obGpamieHHsi K OOLLefl TEOPHH OTHOCHTEJLHOC-
TH. UtoGEl paccunTaTth ABHIKeHHe JI0GOH THIHYHOH rajak-
THKH 10 OTHOWIeHHIO K Hamel [anaktuke, Hapucyem cde-
py ¢ naweiit TanaxkTukoii B LeHTpe M HHTepecyloulleil Hac
raJakTHKOH Ha IOBEPXHOCTH; JBHIMKEHHE 3TOH TraJIaKTHKM
Oyner takuM, Kak Oyaro macca BceneHHoit cocToHT TOJb-
KO H3 BelllecTBa BHYTPH c¢pepbl, a CHapy:KH HeT HHYEro.
JHeno obcTouT TakK, Kak ecyu Gbl MBI BBIKOIIAJIH TELIEPY, YXO-
AAIIYIO Aajieko B ray6b 3emuH, o crajan Hab/i01aTh, K4k
B Hell majalor Tena, — Mbl 0GHapy:KHJIH Obl, YTO yCKOpEeHHE
cBOOOJHOrO MNaJeHHA 10 HaNpaBJeHHI0 K UEHTPY 3eMJiH
3aBHCHT TOJBKO OT Macchl BelllecTBa, Haxojsulerocs GJanxKe
K LUeHTPy, 4eM Hama neuiepa, T. e. OyATO TMOBEPXHOCTb
3eMaH HaAXOAHTCA HaA JHE TMemeps. ITOT NpPHMeya-
TeJbHBEIH pe3yJbTaT BOIJIOLIEH B TeopeMme, CHpaBeaJHBOMH
KaK B HBIOTOHOBOH, TAK H B 3MHIUTEHHOBCKOH TEOPHH TATrO-
TEeHHSI H OCHOBAHHOH TOJBKO Ha c(epHyecKoill CHMMETpPHH
H3yuaeMoll CHCTeMbl; BAPHAHT STOH TEOPEeMBI, BBHIMOJHSIO-
LHiics B paMKax of6lieil TEOPHH OTHOCHTENbHOCTH, OB 10-
Kazan B 1923 roay aMepHKaHCKAM MaTeMaTHKOM
k. /1. Bupkrodom, HO ee 3HAYeHHe AJA KOCMOJIOTHH He
6blJI0 OCO3HAHO B TedeHHe JEeCATHJAETHH.

Mbl MoKeM HCIIONIB30BaTh 3Ty TEOPeMy s TOro, 4To-
6bl BBIUHCAHTL KPHTHYECKYIO TMJOTHOCTL B Mojensx Ppui-
mana (puc. 3). Ecan mbl Hapucyem cdepy c unameit I'a-
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JIAKTHKOH B I€HTPe M KaKOH-TO y[AaJeHHOH raJakTHKOH Ha
IIOBEPXHOCTH, TO JJis BBIYHCJEHHSI CKOPOCTH OTpHIBA®, T. €.
TOH CKOPOCTH, KOTOpPOH MoJ:KHA 00JajaTh rajaktHka Ha
MOBEPXHOCTH cepsl, 4T006B HMETb BO3MOMKHOCTb YAaJdHTh-
¢ B OECKOHEYHOCTh, HAM HAJ0 y4YecThb Maccy raJakTHK
BHYTpH cepnl. OxaswiBaeTcs, YTO 3Ta CKOPOCTh OTPLIBA
NPONMOpUHOHAJNbHA pajanycy chepnl—ueM MaccHBHee cde-
pa, Tem OBHICTpee HYXKHO ABHraThes, 4TOOLI OTOPBATLCA OT

Puc. 3. Teopema Bupkroda u pacummpenne Beenemnoii.

IMokazan PAL FaJakTHK CO CKOPOCTSMH 10 OTHOUIEHHI0 K JaHHOA ranaktuke G.
OTMEYeHHBIMH JJIHHAMH H HanpaBAeHHAMH CHAOMHHX cTpenok. (B cooTBercTBHH
c 3akoHoM Xa66aa 3TH CKGPOCTH B3ATH NPONOPHHOHAJbHLIMH PACCTOSHHIO 1O Gi
Teopema Bupkroda yTBepmaaer, 9TO AJA BbIYHCAEHHS JABHKEHHA TralaKTHKH

no orHouieHnio K G Heo6XOAMMO NPHHATL BO BHHMAHHE JHIIL Maccy, coaepka-
wmywcs BHYTpH cdepnl, nposejennoft Bokpyr G u npoxonsuieff wepes A, koropas
nokasaHa 3aech NyHkTHpHod auuneit. Ecin A He caHiukom aaieka or G, rpapi-
TalUHOHHOE MONe BellecTBa BHYTPH cdephl GyNeT yMepeHHBIM M aBHxeine A

MOXKHO PaccYHTaTh C MOMOMbI0 NPABHA HLIOTOHOBOR MeXaHHKH

mee. Ho saxkon XaGGma yrBep:Kaaer, YTO AeHCTBHTe/bHAs
CKOPOCTh TaJIJaKTHKH Ha MNOBEPXHOCTH c(epsl Takke Ipo-
NOpIHOHAJbHA pajuycy cdepbl, T. e. PacCTOSHHIO A0 HAac.
CuezloBaTe/IbHO, XOTSI CKOPOCTb OTPHIBA 3aBHCHT OT pajd-
yca, OTHOulenue MNEHCTBHTEJbHOH CKOPOCTH TrajlakKTHKH K
ee CKOPOCTH OTpbiBA He 3aBHCHT OT pasMepoB cdephl; 3TO
OTHOlIEHHE OJHHAKOBO [Js BCeX raJakTHK H He 3aBHCHT
OT TOro, Kakyil0 H3 HMX Mbl BO3bMeéM 3a ueHTp chepu. B
3aBHCHMOCTH OT 3HaueHHil mocrosnuoii Xa66na m KOCMH-
4ecKOH NJOTHOCTH Kaixcdas TalaKTHKa, JBHXKYIIascsd [0
3akony Xa66na, au60 HMeeT CKOpPOCTh GoJibllle CKOPOCTH
oTpbiBa u Gyaer yaansatbcs B GeCKOHEYHOCTb, JAHOGO HMeeT
CKOPOCTbh MEHbIle CKOPOCTH OTPHiBa W NMPHOAHM3HTCA K HaM

* B seMHBIX YCJOBHfIX 3Ta CKOPOCTb HashlBaeTcs BTOPOH KOCMH-
yeckoft ckopocTeio H paBna 11,2 xmfe. — Mpumey. ped.
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yepes Kakoe-to BpeMa B OyaymeM. Kpurnueckas naor-
HOCTBE €CTb IPOCTO Ta BeJHYHHa KOCMHYECKOH IIJIOTHOCTH,
NpH KOTOPOH CKOPOCTb OTPHIBA KayKJAOH rajakTHKH B TOY-
HOCTH paBHa CKOPOCTH, faBaeMoi 3akoHom Xa66aa. Kpu-
THYECKasl IVIOTHOCThH MOJKET 3aBHCEThb TOJNbKO OT MOCTOSIH-

|

OmKpeimas BceaexHHas

3axpbimas
BeoeaeHHas

PaccmosiHue Mexay
MUNUYHBIMY 2AAAKMUKAMU

Bospacm BceneHHod

Puc. 4. Pacunpenne n cxkarue Bceaennoit.

s AByX BO3MOMKHLIX KOCMOJOMHYECKHX Mofenefl nmokasaHo B3aHMHOE paccToaHHe
MEXAY THIHYHBIMH TANAKTHKAMM (B NPOH3IBOJLHLIX €AMHHLAX) Kak (YHKIHR Bpe-
Menn. B cayyae <«orkpwmiToii Bcenennofi» Bceenennan GecKoHeuHa, MNJOTHOCTDH
MeMbille, YeM KPHTHYECKAS NJIOTHOCTh, H pacliHpeHHe, XOTH H SaMmeansach, Gyaer
npopoaxarbcsi Beeraa. B cayuae «3akpuitoit Beenennofi» Bceaennas KoHewHa,
naoTHocTh Gosblie, YeM KPHTHYECKAas NJAOTHOCTh, M pACIIMpPEHHE B KOHIe KOHIOB
NPEKPATHTCH, CMCHHBLIHCh CiXKaTHeM. OTH KPHBbIE PAcCYHTalbLl C© MNOMOULLIO
sAnuITenOBCKHX ypasnenuRt nons Ges xocModoruveckoR nocrosuuofl aam Bceenen-
Hoft, B Kotopo#l npeofianaer BeuLecTso

Hoii Xa66.sa, H OKaselBaeTcd, YTO OHAa NPONOPIHOHAJbHA
ee KBajparty (cM. mMatemMaTHUYeCKoe aomoJjHeHHe 2, c. 158).

Hetanpnass BpemeHHas 3aBHCHMOCTb pa3mepa Bcenen-
HOf (T. e. PACCTOAHHS MeXAy JIOOLIMH THIHYHLIMH rajak-
THKaMH) MOMKeT GHITh MOJYYeHA C NMOMOILBIO AHAJIOTHYHBIX
apryMeHTOB, HO pe3yJbTaT OKa3biBAETCH [JOBOJIBLHO CJI0K-
HoiM (puc. 4). OnHako HMeeTcst OJQHH TIPOCTOH pe3yJbTar,
KOTOpHIH Gy/ler mo3fHee O4eHb Ba)keH AJs Hac. B parHIOI
snoxy BceseHHOi#i pasmep ee MeHSJICS B 3aBHCHMOCTH OT
BPEMEHH II0 MPOCTOMY CTelleHHOMY 3aKOHYy: BpeMs B cTe-
MeHH JBe TPeTH, ecjH MOXKHO npeHeGpeyb MJIOTHOCTHIO H3-
JIyYeHHS, HIH BpeMs B CTENEeHH OJHA BTOpAas, eCJH MJIOT-
HOCTL H3JYUEHHS MNpPEeBblIAeT MJIOTHOCTL BeliecTBa (oM.
mMatemaTHueckoe jononaHenue 3, c. 160). Oamn acmekr
()puIMAaHOBCKHX  KOCMOJIOTHYECKHX  MoOJesell, KOTOpI
Heslb3st NOHATL Ge3 oO6liell TeOPHH OTHOCHTE/IbHOCTH, —
3TO CBfI3b MEXKJY reoMerpHeill H NJOTHOCTbIO — BceeseHHas
OTKpHITA H GecKOHeYHA HJIM 3aMKHYTa H- KOHeYHa COOTBET-
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CTBEHHO TOMY, GoJibllle HJIH MeHblle CKOpPOCTb TraJlaKTHK,
4YeM CKOpPOCTb OTpbIBa.

Onug 13 cnocoboB Y3HaThb, NPEeBLINIAIOT HJIH HET rajlak-
THYECKHe CKOPOCTH CKOPOCTb OTpbIBa, 3aKJOYaeTcss B H3-
MEpeHHH CTEeNneHH HX 3aMelJIeHHs. Ecnu 310 3amennenne
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PaccmosHue no cBemumacmu, mseicsyu musquonol cle-
moBeix sem

Puc. 5. KpacHoe cMeltienne Kak (YHKIHA PacCTOAHHA.

3pech nokazano KpacHoe cMeuleHie KakK (PYHKIHA PAccTOHHHA ANA YeTHIpeX BO3-
MOMHBIX KocMoJorsueckKHX teopu#i. (Uro6ni OGbiTb TOYHBIM, IO €PacCTOAHHEM>
3lleck NOAPa3yMeBaeTCH <€PAcCTOSHHE MO CBETHMOCTH® — DAacCTOANWE, BhiYHCIeH-
Hoe Aas of6bekta masecTHofl co6eTBenHofi uaH aGconioTHOR CBETHMOCTH H3 Ha-
Gaoaeunil ero BuauMOfl cBeTHMocTH.) KpuBnie, noMeueHHbe HAANHCAMH <YIABOEH-
Had KPMTHYeCKad NJOTHOCTb®, €KPHTHUECKAaf NJOTHOCTL® H <«HYJEeBas NJAOTHOCTB®,
BLIYHCAGHH B MofenH PpHAMAHa C HCNOJIb3OBaHMEM SAHIITEAHOBCKHX ypasHeHWH
noas aas Beenennoft c npeobiazanneM peutecTha Gea KocMonorinueckofl nocrosu-
HOil; OHH OTBeuawT cooTBeTcTBeHHOo Bceenennofi, kKoTopas 3aKpuiTa, HYYTh-UYTh
OTKpuTAa H oTKpuTa (cM. pHc. 4), Kpupas, noMeueHHAast HAAMHCLID <CTAlHOHAapHOE
COCTOANME®, OTHOCHTCA K JioGoit Teopun, B KoTopoit Bua Bcenennolt He menserca
co spemenem. ConpeMennnie HaGKOIeHHA HAXOLATCA B IJOXOM COFMACHH ¢ KpPH-
BOfl «€CTAllHOHAPHOTO COCTOSHH®®, HO OHH He NAI0T BO3MOXKHOCTH CHeJaTh ofpe-
nenennuiit BLIGOp CpeAH APYrHX BO3MOXHoCTefl, TaK K2K B TEOPHAX HecrallHoHap-
HOTO COCTORHMA rajaKTHYecKas 3IBOMIOLHA JeJaeT OYeHb NpoOIeMaTHUHLIM ‘Onpe-
Aeaende paccrosHHfA. Bce KpHBLie mMocTpoeHnl ANA 3HaueHHs NocTtosHHOft XaGGna,
pasiHoro 15 KM/c Ha MHAJHOH CBETOBHIX JeT (COOTBETCTBYIOULEro XapakTepHOMY
speMenit paciunpenHs 20 000 MHIIHOHOB JeT), HO 3TH Ke KPHBHIE MOMXKHO HCHONb-
30Bath Aas awboro Apyroro 3HavyeHHs nocTosHHofi Xa66aa nmyTeM NpoOCTOTO Ha-
MeHeHHA MacwmTaGa Bcex paccTossui

Menbllle (W1 GOMbINE) HEKOTOPOI BeJHYHHBI, TOTAA CKO-
pocTb OTpLIBa JocTHraercss (uam Her). Ha npaxrtuke ato
03HauaeT, 4TO HYXKHO H3MEpPHTh KPHBH3HY rpaduka 3aBHCH-
MOCTH KpacHOro CMeELIeHHS OT pPacCTOAHHS 45 O4YeHh ja-
JeKkux rajaaktHk (puc. 5). Ilpu mepexone or Gosee mJior-
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HOIl KOHeuHOii BceseHHOH K MeHee MJIOTHOH OeCKOHEUHOH
Bcenennoit kKpuBas 3TOH 3aBHCHMOCTH CTAaHOBHTCA Ha
oueHb GoJablIuX paccrosHHAX Gogee mnoJoroft. Mayuenue
(opMBl KPHBOH KpacHOe CMeLeHHe — paccTosHHe Ha 60Jib-
HIHX PACCTOSHHAX YAaCTO HA3LIBAIOT «mporpamMmoit Xa6G6ma».

Xa66a, CanaelilzkK U B IOCJHeIHEE BpeMs psJL APYTHX
VUYEHBIX BJIOXKH/IH B 3Ty NPOrpaMMy KoJoccaJ/bHble YCHIHS.
Jo cnx mop pesyabTaThl ObIIH BecbMa HeONpeAeJeHHbI.
IIpo6iema 3akaouaeTcss B TOM, YTO IPH BLIYHCJIEHHH pac-
CTOSIHMH 10 JaJeKHX raJakTHK Heab3s BHOpPAaTb B KauecrT-
Be HMHIHKATOPOB pACCTOAHHA Ue(eHabl HAH spuaiinine
3Be3/ibl; BMECTO 3TOTO MbI BBIHYZK/JIEHBI OIpelessiTh pac-
CTOSIHHE TI0 BHAMMOMl CBETHMOCTH caMux raaaktuk. Ho or-
Ky/Ja Mbl 3HAeM, YTO Te FaJaKTHKH, KOTOpble MBI H3ydaeM,
HMEIOT OJHYy H Ty Xe abcoaroTnyro ceerumocts? (Ha-
MOMHHM, 4YTO BHAHMAS CBETHMOCTb — 3TO MOUIHOCTE H3-
JyYeHHSI, TPHHHMaeMass HaMH HAa eIHHHIY TJIOLajH Te-
Jieckona, a a6CcoJIIOTHAST CBETHMOCTh — IOJHAS MOIIHOCTE,
H3JydyaeMasi acTPOHOMHYECKHM 0OBLeKTOM BO BCeX Hampas-
JIEHHSX; BHANMAs CBETHMOCTb NpPONOPLUHOHAJbHA abCOJMIOT-
HOH CBeTHMOCTH H OOGpPaTHO NPONOPIHOHANbBHA KBaJpaTy
paccrosuus.) Mmeercs ctpamnas onacHocTb (u3-3a sddex-
TOB 0TGOpa) — KOrZa Mbi CMOTPHM Bce Jlajibllle H JAajblIe,
Mbl CTpeMUMCs OTOOpaTh TraJakTHKH cO Bce OOJBIIHMH H
GobIIHMH a6COMIOTHLIMH CBeTHMOCTSAMH. Eme Gosee T14-
XKeJofi npoGJaeMoii sBasercss 3Bogionus ranaktuk. Koraa
Mbl CMOTPHM HA OUYeHb JajleKHe raJaKTHKH, MBI BHIHM HX
TaKHMH, KaKHMH OHH ObIH MHJJIMapAbl JeT HaszajJ, Korja
CBETOBHIE JYUH HAYaJH CBoe myTelllecTBHe K HaM. Ecam TH-
MHUYHblEe TaJaKTHKH TOrha ObLIM sipue, uyeM ceifiyac, TO MBI
He/0OLEHHBAeM HCTHHHOe paccrosinne pno HuX. Opna us
BO3MOZKHOCTEH, obcyKaaBUIasgCs COBCEM HEJaBHO
k. 1. Octpukepom u C. JI. Tpumeiinom u3 IlpuHcTOHAa,
3aKJa0uaeTcd B TOM, YTO Haubosiee KpYIHBIE TaJaKTHKH
3BOJIOIHOHHPYIOT HE TOJBKO HOTOMY, 4TO 3BOJIOIHOHHPY-
10T OT/AeNbHBIE 3Be3/lbl B HHX, HO H MOTOMY, YTO 3TH rajak-
THKM INOXKHpAlOT MaJieHbkue cocenune ranaktuku! ITpoii-
JeT MHOTO BpPeMeHH, IpeiKJe 4YeM MBI CMOxKeM ObITh yBe-
PeHHEIMH B TOM, YTO HMeeM aJeKBATHOE KOJHYECTBEHHOE
MOHHMAaHHE 3THX PA3JHYHBIX THIOB rajJaKTHUeCKOH 3BOJIIO-
IHH.

Jlyuliuii BHIBOJ, KOTOpPHIH MOXKHO B HacToslllee BpeMs
MOJYYHTh W3 mporpaMMbl Xa66/a, 3akiao4yaercs B TOM, UTO
3aMe/JIeHHe JaJeKHX TrajllakKTHK Ka)Xercs JOBOJbHO Ma-
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JIEHbKHM. DTO JOJIKHO 03HAYaTh, YTO TAJaKTHKH IBHKYT-
Csl CO CKOPOCTbIO, NpEBbLIIAOIEH CKOpPOCTh OTPHIBA, TakK
uyro Beenennasi otkpeiTa u 6yAeT HMPOAOJAKATH PACHIHPATH-
cA Bcerga. 10 XOPOLIO COMVIACYETCHA C OLEHKaMH KOCMH-
YECKOH MJOTHOCTH; BHAMMAas MaTepus B rajJakTHKax, Kak
npejcTasjsercs, AaeT IJOTHOCTb, COCTaBJSIIONIYI0 He 6o-
Jiee HECKOJBKHX MNpPOLEHTOB KPHTHYecKoi miaoTHocTH. On-
Hako H 3jJiechb uMeercs Ooabmas HeonmpefedeHHocTh., Ilo
OLEHKAaM IOCJHeJHHX JeT Macchl raJakTHK BCe BpeMs BO3-
pacraJi.

Koome roro, kak ykaszanm J[Jxopax ®unp mns Tlap-
Bapiaa M Jpyrue, MOXKeT cyllecTBOBATL MeXKraJjaKTHue-
CKHH ra3 H3 HOHH30BaHHOTO BOJOPOAA, KOTOPHI MOMeET
obecneyHTh KPHTHYECKYI0 KOCMHYECKYIO NJIOTHOCTH Mare-
PHH H KOTOpPHI BCe ellle YCKOJb3aeT 0T HaOJMI0NeHHs.

K cuactblo, coBceM He 00sA3aTes]bHO NPHATH K onpee-
JICHHOMY pPeLICHHIO OTHOCHTEJILHO KpymHOMAacmTaGHOH reo-
MeTpul Bcenennoil aas Toro, uTo AenaTh KaKHe-TO 3aKJIO-
yeHusi 0 ee Hayajae, [Ipuuuna B ToM, uto Beenennas umeer
HeYTO BPOJe TrOpPH30HTA H 3TOT TOPH3OHT CYXKaeTcs TeM
OvicTpee, yeM OJHIKe paccMaTpHUBaeMbli MOMEHT BpeMeHH
K caMoOMy HauaJgy.

Hu oaun curHan He MoXKeT JBHraThcsi OGHICTpee, YeM
CBET, MO3TOMY B JI06OH MOMEHT BPeMEHH MBI MOJKEM BOC-
MPUHAMATL COOBITHS, MNPOHCLIEAIIHE AOCTATOUHO GJH3KO,
TaK, 4ToObl Jy4 CBera ycrnesa JOCTHYbL HAC C MOMEHTa 3a-
poxkaennss Bceesennoii. Jlio6oe coObiTHe, NMpOHCIIealiee 3a
npejelaMH 3TOr0 PacCTOSIHHS, HE MOXKET 10 CHX IMOp OKa-
3aTh HAa Hac HHKAaKOro BJHSHHS — OHO HAXO/JHTCS 3a ro-
pusontom. Ecau Bospact Bcenennoit pasen 10 muaanap-
AaM JeT, TO TOPH30HT HaXOAHTCA cefiYac HAa pAaCCTOSHHH
10 munnuapnos cBeroBuix Jger. Ho xorma Bospact Bceenen-
HOfl OblI paBeH HECKOJbKHM' MHHYTaM, FOPH30HT OBLT Ha
PACCTOSIHHM BCEro JHIIb HECKOJIbKHX CBETOBLIX MHHYT —
MeHblile, YeM Tenepellinee paccrosiiie ot 3eman no CouH-
na. Ilpasna, u Bcsi BceesneHnas Oblia Torja MeHblle, B
YKa3aHHOM HaMH CMBICJE, TAaKOH, UTO pPacCTOSHHE MEXKAY
JioGoii mapoif Tea OBJIO MeHbIle, yem cefyac. OpHaxo
Korza Mei ofpamiaemMcsi Hasaj K caMOMy HauaJgy, TO pac-
CTOSIHHE JI0 TOPH30HTA CXKHMaeTcsi OHICTpee, 4eM pasMmep
Bceenennoii. Pasmep BcesenHoil npomnopiuoHaleH BpeMeHH
B CTeleHH OJlHA BTOpAasl HJH JBE TPETH (CM. MaTeMaTHuec-
Koe pomosHeHHe 3, ¢. 160), B To BpeMs Kak paccTosHHE IO
rOpH30HTAa NPSAMO IPOMOPIHOHAJBHO BpPeMEHH, TaK 4YTO BO

45



Bce BoJiee panHHe BpeMeHa TFOPH30OHT OXBATHIBAJ BCe MEHb-
wyio H MeHbluyio yacth Beenennoii (puc. 6).

CaejcTBHEM 3TOTO CXKaTHA TOpH30HTAa B panHeit Bee-
JICHHOIT AIBASieTCsl TO, YTO KpHBH3HA BeeaeHHo B uenoM
CTAHOBHTCH BCe MeHee CYULeCTBeHHOH, KOrja Mbl CMOTPHM
Hasaj] Ha Bce Oosee paHnue MoMeHTHl Bpemenu. [Toatomy,

fo)
—

Puc. 6. TopusonTs B pacuumnpsiouleiics BceneHHOH.

3nech CHMBOJAHYECKH, B BHAe chepwi, naobpamena Bcenennas B yeThipe pasjeneh-
HbIX PABHBIM IPOMEKYTKOM MOMeHRTa BpeMend, «[OpHaoHT» aanHod Toukkn P ecTh
paccTosiHHe, RH3-3a KOTOPOrO CBETOBLIe CHTHAJB He ycnepaioT AocTiib P. Yacte
Beeaennoft BHyTgH rOPH3OHTa OTME4YeHa 3iech HesaTeHeHHoft wanoukoit ciepn.

PaccrosHne oT P [0 rOPH3OHTA pacTeT NPAMO NMPOTNOPLHOHaALHO BpeMeHdn. B To

JKe Bpems, <«panuyc» Bcememnofl pacier Kak KBaapaTHHHl KOpeHb H3 BpemeHn,

uTO OTBeuaer caydalo BceaemHofi ¢ npeoGaagaHueM HadyweHHs. ChaenoearenbHo,

Bo Bce Gojdee paHHHe H pAHHHE MOMEHTHl BPEMEHH TOPH30OHT OXBaTbiBaer Bee
MEHBLIIYI0O H MeHbIWYI0 4YacTh Beenernoit

HECMOTPs Ha TO YTO COBPEMEHHas KOCMOJIOTHYECKAsi TeOPUS
H actpoHOMHYecKHe Ha0J0eHHSi BCe ellle HE OMpeXe/NHJIH
NPOTSKEHHOCTh HAH Oyayuiee BceenenHoil, oHH xaioT Xo-
BOJIbHO SICHYIO KAPTHHY €ee NpOoLIJIaro,

Ha6monenns, oGcyxaapminecs B 3TOM ryaBe, AaJH HaM
npeacrasieHHe o BceaenHo#, KoTopoe cTOJb JKe MpPOCTO,
CKOJIb M BeJHYeCTBE€HHO. BceseHHas pacunpsercd o/HO-
POAHO M H30TPONMHO — HAGMI0JAaTeNH BO BCEeX THNHUYHBLIX ra-
JIAKTHKAX BHJAT OJIHH H TOT K€ XapaKTep ABHMKEHHS BO BCeX
HanpasJennax. B npoiecce pacuupenns BcesleHHON AJHHBI
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BOJIH CBETOBLIX Jiydyeil YBEJHYHBAIOTCA ITPONOPIHOHAJILHO
paccTOAHHIO Me¥KAy rajakrHkaMu. CuuTaercsd, YTo paculu-
peHHE He BbI3BAHO KaKHM Gbl TO HH OLLIO THIOM KOCMHYEC-
KOTO OTT4JKHBaHHUs, a ecTb npocto atddext, KoTopui CBS-
34H CO CKOPOCTBIO, OCTaBLIefics OT B3pLIBA B MPOILIOM. DTa
CKOpPOCTb MOCTENEeHHO YMEeHbIIAeTcst Moj JAeHCTBHEM TArore-
HUS; TaKoe 3aMe/l/IeHHe 0Ka3bBaeTcs J0BOJbHO MAJbIM, UTO
MO3BOJISIET PEANON0KHThb, 4TO MJIOTHOCTL MaTepHH BO Bcee-
JIHHOH MaJjla H ee IpaBHTAILHOHHOE NoJe CJAHIKOM cnabo
Kak Aas Toro, 4ToOnl ciearh BceleHHY0 MPOCTPAaHCTBEHHO
KOHEYHOH, TaK M AJas TOro, 4ToObl B KOHIE KOHILOB o0pa-
THTbL TIpomece pacimupenus. Hailuuw Beluuc/jeHHs MO3BOJAIOT
SKCTPAaNOJHPOBATL Npoliece paciunpenus BcesenHoit nasan
M0 BpeMeHH M IOJYYHTh, YTO OHO MOJIXKHO OBIJIO HayaTbCs
or 10 no 20 MuaaHapa0B JieT Hasal.

I1I. KOCMHYECKHH ®OH
MHKPOBOJIHOBOI'o HM3JIYYEHHUS

Actponombl mpouwioro 6e3 Tpyaa pasobpaJuck Obl B HC-
TOPHH, paccKa3aHHOH B npeabiAyiuei raase. Jlaxe geko-
pamHu NoxXoxu: GOJbIIHE TeJecKOMbl, HCC/eaylolllHe HOYHOe
une6o ¢ ropubix Bepunn Kanudopuun uwan Ilepy, wan meno-
opy:KeHHBIH HabjlojaTesp B cBoeH OallHe, KOTOPHIH <«yac-
TEHbKO CIATh JOXKHTcs mocsie Menseaunun» *. Kpome Toro,

* JlocnoBHBI MepeBoX CTPOKH H3 mosMul k. Muasrona (1608—
1674) «II Penseroso» («3aaymuuBmiii»). ITo npocsGe C. BaiinGepra
NPHBOIHM COOTBETCTBYIOMHI OTPHIBOK H3 nosMul B mepesoje 0. Kop-
Heepa (uuT. mo Hazauuio: Jxon Munbton. Ilotepsmnmi pafi. Cruxo-
teopenns. Camcon-6open. M., Xyn. aur., 1976, c. 400):

«...ITopoft cHxKy y HOuUHHKa

B crapunmnofi 6awne s, noka
Topur Measenuua Boasmas,

M nyx [Tnatona Bo3spamaio

B maur Mup ¢ 3a006Ja4YHLIX BHICOT,
Tne on ¢ GeccMepTHBIMH JKHBET,
Hab Tmyces, uas 3a TpHemernctoMm
[TyTeM mMo3HaHHs TEPHHCTLIM,
3acTaBHTb CJAYLIATLCH MeHs

Tex neMOHOB BOABI, OUHA,

3eMJaH H BO3AyXa, uUbs CHJA
CTHXHH ABHMKET W CBETHJA..»

(Fepmec  TprcMerHcT — BHIMBINIIEHHBIH aBTop TeococKoro  yueHHs
III—IV B, H. 3., cynTajca MOKpoBHTe]eM Maruu). — [Tpumeu. nep.
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KaK s OTMeuaJ B NPEIUCJOBHH, 3TAa HCTOPHS paccKasblpa-
Jach yXKe MHOro pas, NpHYEM YacTo ¢ OOJBbLIHMH, YeM
37ech, MOAPOOHOCTAMY.

Tenepb Mbl 06paTHMCs K COBEepIIEHHO HHOMY THIY acT-
POHOMHH, K TOH HCTODHH, KOTOPYIO Heab3si OblIO OBl pac-
CKa3aTh ellle AecsAThb JeT Hasaa*. Mul 6yieM HMETh Ae/o He
¢ HaOJIIOJeHHAMH CBeTa, HCOYLIEHHOTO B MOC/JEJHHE Hec-
KOJIBKO COT MHJITHOHOB JIeT raJakTHKaMH, 6ojee HJIH MeHee
TIOX0XHMH Ha Hally, a ¢ HaOJIJeHHSIMH paccesHHOro (oHa
pajHOH3JyU€HHsI, OCTABLIErocs I[OUTH OT CaMOro HauaJjaa
Bcenennoii. [la n gekopauuu cTajn APYTHMH: KPBILH YHH-
BEPCHTETCKHX (PH3MUECKHX KOpPHYyCOB, IIAPHI-30HALI HJH pa-
KeTHl, JIeTsillHe HajJ 3eMHOH aTrMmocdepoi, o ceBepHOro
Hsio-/1xepen.

B 1964 roay naGoparopus pupmbl «bena Tenedoun» cra-
Ja obsagaTesabHHLEeHl HeOOLIYHOH paJHOAHTEHHbI, HAaXOJHB-
weiica B Kpoypopa Xuane, Xoamaea, Heio-Jlxkepen. Amn-
TeHHa ObLIa MOCTpOeHa JJIsl CBS3H Uepes CIYTHHK «3DX0», HO
20-yTOoBHIl pyNOpHHIH OTpaxaTelb CO CBEPXHH3KHM YpPOB-
HEM IoyMa JeJsiaJl aHTeHHY MHOrooGemalolluM HHCTPYMeH-
TOM A5 pajnoacTpoHoMuu. [IBa paauoactpoHoma, ApHO
A. Ilensuac u Pobepr B. Buacon™*, pemnnaun ncnonn3oBath
AHTEHHY AJ51 U3MEPEeHHs HHTCHCHBHOCTH pPaIHOBOJIH, H3Jy-
yaemblx Hameill I'anakTukoil Ha GOJBIIHX TaJaKTHUECKHX
1IHpOTaxX, T. €. BHe mjaocKocTH Muaeunoro ITyTu.

Hamepenuss nonobHOro poja upe3BBIYANHO TPYyAHHL.
Panworonusl ot Hawed [anakTuku, Kak 1 oT O0JBIIHHCTEA
4CTPOHOMHYECKHX MCTOYHHKOB, Jyullle BCero MoryT GOHITh
OMHCAaHBl KAK HEKHH COPT wiyma, OUeHb TMOXOXKHII Ha «CTa-
THUYECKHE paspsabl», KOTOpPble MOXKHO CJBILIATL 10 pPagHoO-
NpHEMHHKY BO BpeM# rpo3bl. TakoH pajHOIIyM HEJerko oT-
JIHYHTH OT HEH30eXXHOTro 3/eKTPHYECKOro LIyMa, NpOoH3BOIH-
MOTO cJy4aiHBIMH JABHAKEHHSMH 3JeKTPOHOB BHYTPH pajuo-
AHTEHHOTO YCTPONCTBA W B YCHJMTEJbHBIX LEMAX, WJIH OT
paaMoiyMa, NIPpHHHMAaeMOro aHTeHHOH OT 3eMHOil aTmocpe-
pbl. TpyaHocTH He CTO/Nb BEJHKH, €CJH HM3y4daeTcst OTHOCH-
TENBHO «MaJIeHbKHH» MCTOYHUK PajHOLIyMa BpPOJE 3BE3JIEI
HJIH JlaJieKoil raJakTHKH. B 3TOM ciayuae MOXKHO IepekJio-
YaTh Jy4 aHTEHHbl Ty/Aa-CloJa MeXKAy HCTOUHHKOM H COCEe[-
HHM Y4acTKOM nycToro nefa; 060l JOKHBIHA WyM, WAy
OT aHTEHHOTO YCTPONCTBA, YCHIHTEbHBIX 1eneil HIH 3eMHOH

* Tounee, 1Ba-TPH JecATKa Jer.. — [Tpumex. ped.
** B 1978 rogy onu cramu Jjaypearamn HoGeneBckoft npeMuH. —
Hpumen. ped.
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armocgeprr, Gyser NPHMEPHO O/JHHAKOB HE3aBHCHMO OT
TOro, HalpaBJeHa AHTEHHA HA HCTOMHHK HJH HA COCEJHHH
ydacTok HeOa, TO3TOMY INPH CPaBHEHHH IOKasaHHH 3TOT
wyMm cokparurca. Oanako Ilensmac u Buacon cobupanucek
H3MEPHTb pajHOLIyM, HAYLHI OT Haweil cobcrBennol Ia-
JIAKTHKH, T. €. 10 CyllecTBy, oT camoro Heba. [Tosromy Ombi-
JI0 KpaiiHe BaiHO ONpelesuTb 000 9JeKTPHUECKHH IIyM,
KOTOpbLiI MOT Obl BOSHHKATbH BHYTPH HX NPHEMHOI CHCTEMbI.

[Ipu npeaBapuTe/bHLIX HCILITAHHAX 3TOH CHCTEMBI GbLJI
o0Hapy#eH, Ha CaMOM JeJie, HeCKOJIbKO GOJIBIIHMH LIyM, ueM
0JKMAAJ0Ch MO pacueraMm, HO Kasajoch NpaBAonoLo0HBIM,
YTO 3TO pasHOrjaacue CBA3aHO ¢ HeGOJLUIHM H30BLITKOM LIYy-
Ma B YCHJAHTeJbHbIX Henax. YtoObl n3baBuUTbCA OT 3THX
npobaem Ilensuac u Buicon ucnosb3osalu ycTpoHCTBO, H3-
BECTHOE KaK «X0J10/Has HArpy3Ka», — MOLIHOCTb, IPHXOIs-
Llasi OT aHTEHHBI, CPaBHUBaeTCs € MOIIHOCTBIO, cO3/aBae-
MOl HCKYCCTBEHHBIM HCTOYHHKOM, OXJayKJEHHBIM KH/IKHM
rejideM NpH TeMIepaType OK0JIO YeThpeX rpajycoB Bhille
abCcoIOTHOTO HYJIsA. DJIEKTPHUECKHH ILIYM B YCHJAHTENbHBIX
HenAx A0J2KeH ObTh OAHHAKOB B OOOHX cjydasX H HOITOMY
VHHUTOXKATCS NpPH CPaBHEHHH, YTO IO3BOJISET HENOCPeaCcT-
BEHHO H3MEpPHTb MOILHOCTb, HAYILYI0 OT aHTeHHB. M3awme-
peHHasi TakuM Ccrnocof6oM MOUIHOCTh CHIHAJa OT aHTeHHBI
Oyzer colepKaTh BKJAaJbl TOJBKO OT aHTEHHOTO ycTpolicTBa,
3eMHOi#l aTMocepnl H J1060r0 acTpPOHOMHYECKOr0 HCTOYHH-
Ka pajiHOoBOJIH.

ITensuac 1 BHJCOH 0MKHA4JH, YTO aHTEHHOE YCTPOHCTBO
Oyner jnaBaTh O4YeHb HeOGOJLIIOIH 3/eKTpuuecKHil mym. Ox-
HaKo, 4YTOOLI IPOBEPHTH 3TO NPEANOJIOKEHHe, OHH Hauyasu
¢BOH HaOG/IOJIeHHS HAa CPABHHTEJbHO KODOTKHX BOJIHAX —
JUIHHOH 7,35 ¢M, Ha KOTOpHIX pajuoluym ot Hawei [anak-
THKH J0JiKeH Obl1 ObITh npeHeOpexkuMo MaJj. EcrectseHHo,
KaKOH-TO pajiHollyM OXKH/JaJcA Ha TAKOH AJIHHE BOJHHL H OT
3eMHOil aTMocdepbl, HO 3TOT WIYM JOJKEH HMeThb XapakTep-
HYIO 3aBHCHMOCTb OT HANpaBJeHHA: OH J0JKeH OHTb IMpo-
NOPIHOHANEH TOJIIHHEe aTtMochepbl B HAaNpaBJeHHH, Ky/la
CMOTPHT dHTEHHA, — HEMHOrO MEHblle B HampaBJEHHH 3e-
HuTa, 4yTh GoJjblle B HanpasJeHnu ropusonra. Oxuna-
JIOCh, UTO TOC/e BHYHTAHHs aTMOc(epHOro uleHa ¢ Xxapak-
TEPHOiH 3aBHCHMOCTBIO OT HANpaBJeHHS HEe OCTAHETCS HHKa-
KOr0 CyUIeCTBEHHOrO CHI'HA/Jla OT AaHTeHHB M 3TO
NOATBEPAHT, YTO 3JIEKTPHUECKHH ILIYM, NPOH3BOAUMBIL aH-
TEHHBIM YCTPOHCTBOM, Ha caMOM Jiejie peHeGpekuMo MaJl.
[Tocaie atoro Moxkuo Gyjer Hauath uayuenue camoit I'anak-
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THKH Ha OOJBIIHX AJHHAX BOJH — OKOJo 21 cM, rae OxHEA-
JI0Ch, UTO pajHouiyM OyZeT HMETh NpPHEM/eMoe 3HaueHHe.
(Kcratu rosopsi, pagiHOBOJIHB ¢ AJHHAMi BpoAe 7,35 cM
uan 21 cm ¥ BHAOTHL 10 | M H3BECTHBI KaK MHKPOBOJHOBOE
uaJgyueHne. Takoe HasBaHHe JaHO NOTOMY, YTO 3TH JJIHHBI
BOJIH MeHbIlIe, YeM YV TeX YJbTPaKOPOTKHX BOJIH, KOTOpbIe
HCIOJb30BaJH B pajapax B HayaJge BTOPOHl MHDOBOH BOM-
HBL)

K cBoemy yausaenuto, Ilensnac u Buicon o6HapYRKHIH
BecHoii 1964 ropa, yTo OHH NMPHHHMAIOT HA JJIHHE BOJHBEL
7,35 cM HOBOJBLHO 3aMETHOE KOJHYECTBO MHKDPOBOJIHOBOTO
LiyMa, He 3aBHcsllero ot HanmpasaeHusi. OHM HauLIM, YTO
3TOT «CTATHUECKHH (poH» He MeHsieTcsl B 3aBHCHMOCTH OT
BPEMEHH CYTOK, a No3/iHee OOHAPYXKHJH, YTO OH He 3aBHCHT
ot BpeMenu rona. Cosnasajoch Brnevat/eHne, 4To OH HE MO-
WeT HATH OT Hawell ['anakThHku; ecsu 66 3TO GBIJIO Tak, TO
‘Gonbluas ranaktika M 31 B AHgpoMesne, BO MHOTHX OTHO-
IIeHHAX NOX0XKasg Ha Hally, MO-BHAHMOMY, NOJ:KHA Obliaa
‘6bl TaK:Ke CHJAbHO H3Jy4aTh HA BOJIHE 7,3D CM H3TOT MHKpO-
BOJIHOBO# LUyM jaoJizKeH Obl1 Obl yiKe Habawoaatbes. Kpome
TOrO, OTCYTCTBHE KaKuX-JH00 BapuallHii Haba10/1aeMoro MHK-
‘POBOJIHOBOI'O IIyMa C HamnpaBJeHHeM BecbMa Cephbe3Ho
YKa3blBaJI0 Ha TO, YTO 3TH PajAHOBOJIHBIL, €CJIH OHH JIeHCTBH-
TEJBHO CYIEcTBYIOT, MPHXOAAT He oT Muneunoro I1yTn, a ot
3HauHTeqbHO GoJsibliero oGbema Bceesennoil.

$lcHo, uTO GBIJIO HEOOXOAWMO CHOBA NPOBEPHTH, HE MOTI-
Jla M caMa aHTeHHAa NPOHM3BOAUTHL 0OJblle 3JeKTPHYECKOro
niyma, ueM Oxujaajocb. B gacTnocTH, OLJIO H3BECTHO, YTO
napa ronyGel yrHesjusach B pymope anteHHbl. I'oay6u GbI-
JIH TIOHMaHBl, OTOpABJEHBl MO MoYTe HA MPHHAAJeKalHit
nabopatopusM komnavuu Beas yuacrox B Bunmauu, BHIy-
1lleHbl HAa BOJIO, BHOBb OOHApY:KeHbBl HECKOJbKHMH [HSMH
cnycTst B antenne B XoJamzene, cHOBA MOHMaHbl H HAKOHEIL
YTHUXOMHDEHB (oJiee pemuTeJbHBIMH cpejpcTBaMmu. OaHako
BO BpeMsl apeHibl NMOMelleHHs roJyOH NOKpPLUIH BHYTpeH-
HOCTh aHTeHHBl TeM, uTo [leHsmac nenunkatHo Hasean «Ge-
JIBIM IH3JEKTPHYECKHM BENleCTBOM®, H 3TO BElleCTBO MOT/I0
NpH KOMHATHOH TeMnepaTtype ObITb HCTOUHHKOM 3Je€KTpHUe-
ckoro wyma. B nauane 1965 roaa crano BO3MOXKHBIM Je-
MOHTHPOBATL PYNOpP AHTEHHBl H BBLIYHCTHTH BCIO TpPA3b, HO
3T0, KAaK M BCe JAPYTHe MONBITKH, 1aJ0 OYeHb MaJjoe yMeHb-
neHre HabJi0/1aeMOro ypoBHA LiyMa. 3arajka ocTaBaJiach:
OTKY/la NPHXOAHJ 3TOT MHKPOBOJHOBOH LIyM?

Onna vacrb YHCJIOBBIX JaHHBIX, HMEBUIHXCS B paclops-
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@oto 9. Buyrpu paanoreneckona B Xoamiedne.

Bw  suaute IlenzHsca, npocTykHpaiouwlero coeanHedns 20-¢yrosofi pynopro#y’
aHTeHdnl B XoaMmaene, # HabGaioaawoulero 3a STEHM Bracona. Dto Guaa ozHa wWa
NONLITOK YCTPaHHTh 6ot BO3MOXHBLIA HCTOUHHK 3/JeKTPHYECKOTO LiyMa ot
aHTeHHoro ycTpoilcTRa, KoTopuidt Mor Obl AaBaTh BKAAA B TPexrpajvcHbIfl MHKDO-
BoaHoBoft dou, HaGmonapmuiica B 1964—1965 ronax. Bece nopoGHble MOMBITKH NPM-
BN AL K OYeHb HeOOALWOMY YMeHbUIeHHi0 Ha(awaaemMoli HHTEHCHBHOCTH
MHKPOBOAHOBOTO LIyMa, Tak 4To Hen3bexHo NpHULIOCE NPHATH K BLIBOAY, YTO-
3TO MHKPOBOJIHOBOE H3JYYeHHe NeflCTBHTENbHO MMeeT ACTPOHOMHMECKOe [POHCXOM:
nenne (dortorpadus naGoparopuit «Bean Tenedou»)
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enun [Tensnaca u Buicona, oTHocHIach K HHTEHCHBHOCTH
HabmiofaBleroca pajauomyma. J1is onucaHus 3TOH HHTEH-
CHBHOCTH OHH HCIIOJIb30BAJIH SI3LIK PaIHOHHKeHepOB, KOTOPhIH
HEOXKH/IaHHO OKasaJicsi BeCbMa YMECTHHIM B JI@HHOM CJydae.
Jlio6oe Tesno npu 1060l TeMmmepaType Bblle abCcOJIOTHOrO
HYJsl BCerjla HCMycKaeT pagHoLIyM, MPOH3BOAMMLIH Termo-
BBHIM JBHIKEHHEM 3JIeKTPOHOB BHYTPH Tesa. BHYTpu siuKa
C HeMmpOo3pauyHLIMH CTEHKAMH HHTEHCHBHOCTb PajHONIyMa Ha
J1060H 3aaHHONR AJHHE BOJHBI 3aBHCHT TOJBKO OT TeMmIepa-
TYpbl CTEHOK: 4YeM BHIIIE TeMmnepaTypa, TeM HHTEHCHBHee
don. ITosToMy MHTEHCHBHOCTH pajnomymMa, HalJi04aemMoro
Ha OMpeJeNeHHOH AJIHHE BOJHBI, MOXKHO OMHCHIBATH B Tep-
MHHAX «3KBHBAJIEHTHOH TeMNepaTyphl», T. €. TeMIepaTypHl
CTEHOK SIIIHKa, BHYTPH KOTOPOro: pajuomym OyaeT HMeTb
Hab/10/laeMyi0 HHTeHCHBHOCTE. KoHeuHO, paamoTeecKon —
He TepMOMETP; OH H3MepsieT HHTEeHCHBHOCTh PajHOBOJH, pe-
THCTPHPYS cjaabeHbKHe JIeKTPHYECKHEe TOKH, KOTOphle HHY-
IHPYIOTCS BOJIHAMH B aHTeHHOM ycTtpoiictse. Koria paauo-
ACTPOHOMBI TOBOPSAT, YTO OHH HaGJIONAIOT paguoIIyM C Ta-
KOI-TO M TaKOH-TO 5KBHBAJIEHTHOI TeMrepaTypoii, OHH MOJ-
pa3yMeBaloT JHIIb TO, YTO 3TO €CTb TEMIepaTypa Hempos-
pPavHOro SIIHKAa, BHYTPH KOTOPOrO CJeAyeT NOMECTHTh aH-
TEHHY JIS1 TOrO, 4TOGLI MOJYYHTL HaOJI0QaeMyI0 HHTEHCHB-
HOCTh paauomyma. Haxoaures i aHTeHHA B TakoM sIlHKe
Ha camom dene WJIM HET, 9TO, KOHEYHO, JPYToil Bompoc.

(YTo6H mpeAynpenTh BO3PAaKEHHA CO CTOPOHBI ClELH-
aJHCTOB, sl JOJIKEH 3aMeTHTh, YTO PajHOMHIKEHEephl 4acTo
OMHCHIBAIOT HHTEHCHBHOCTb PAaAHOLIYMa B TEPMHHAX TaK Ha-
3LIBAEMOH TeMIepaTypbl aHTEHHbI, KOTOpas cJerka oT/auta-
€TCsl OT ONMHCAHHOH BBlllle 3KBHBAJEHTHOH TeMmepaTyphl.
JJis TeX ANHMH BOJIH M HHTEHCHBHOCTEH, KoTopble HabJIio-
npaau Ilensuac u Buicon, 3T siBa onpejenenns npakTHuec-
KH COBMAanaloT.)

[Ten3nac u Buicon Haumax, 4TO SKBHBAJEHTHAsl TeMIle-
patypa NPHHEMABIIErocs WMH pajuollyMa paBHAJACH TPH-
MepHO 3,5 rpajaycam BhIIIe aGCcOJIOTHOrO HyJsi MO CTOrpa-
JpycHolt mkage (unm, Gosee TouHo, Mexkay 2,5 u 4,5 rpany-
caMu Bblllle abcoaioTHOrO HYJs). TemnepaTtypa, H3MepeH-
Hasl M0 CTOrpajlycHOil IIKaJje, HO OTHeceHHass K a0COJMIOTHO-
MY HYJIO, @ He K TOUKe TasHHS JIb/a, HA3bIBACTCS H3MEepeH-
Hoit B rpaaycax Keabsuna. Takum oGpasom, nabaonas-
mntica [Tensanacom u Busconom paanomyMm Mor GHITH ONH-
CaH KaK MMEeBIIHH 3KBHBAJEHTHYIO TeMmepartypy 3,5 rpamy-
ca KenbBuua, uan, xopoue, 3,5 K. dT1o 6u0 3HAYHTE.IBHO
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GoJibllle, YeM OJKHAAJOCh, HO Bee Ke ouerHb Majo B abco-
JIOTHBIX €IHHHILAX, TOITOMY HEYIAHBUTENbHO, uTo [Tensnac n
BHJICOH HECKOJbKO MOPasMBIIIAJIH HaJ TNOJy4YeHHHIM pe-
3yJbTATOM npexKje, ueM nyoaukoBathb ero. Co sceil onmpeje-
JIEHHOCTbIO MOZKHO CKa3aTh, UTO B INEepBHIf MOMEHT OBLIO
COBEpIIEHHO HESICHO, YTO 3TO — CaMOe BaxKHOe KOCMOJIOrH-
YecKoe OTKPHITHE Tocje 00HAPYXKeHHST KPpacHOTO CMelleHHH.

CMBICSI 3arajlouHOr0 MHKPOBOJIHOBOTO IllIyMa CKOPO CTall
nposcHaTeeA Gaarogapsa AedcTBUAM «HEBHAHMOI KOJIJIETHH»
actpoduzukos. Cayuunocs tax, uto Ilenanac 1no3BOoHHA 110
COBEepPUICHHO JPYroMy NOBOJAY CBOEMY IMpPHATENI0, pajHo-
actpoHomy Bepnapay Bepky us MTH *. Coscem He3aznoJro
no sroro Bepk cablman ot apyroro csoero Koguern Kena
Tepuepa us Mucruryra Kapueru o nokaajne, kotopsii Tep-
HEp, B CBOIO OYepeib, canmag B YHuBepcutere [xona Tomn-
KHHCA H KOTOpHIil caesnasn MoJsonoil teopernk u3 Ilpuncro-
na I1. Ix. E. Tlu6as. B atom poxaage [1ubns npusoau
APryMEHTHl B I10JIb3Y TOTO, YTO JIOJIZKEH CYyLLecTBOBaTh (OH
pajanouIyMa, ocTaBlIHiica or panHell BceseHnoll u mmelo-
muil ceifuac IKBHBAJECHTHYIO TemnepaTypy npumepHo 10 K.
Bepk yixe 3uan, uro Ilensuac uamepsa remneparypy pajiuo-
myMa ¢ MOMOUIBIO PYHNOPHOH aHTeHHBI, NPHHANJIeXKaleii 1a-
GopaTopHsiM KoMnaHHH BesJs, mosToMy OH BOCHOJIB30BaJCsH
Tese(DOHHBEIM PasrOBOPOM, 4TOOLI CIPOCHTh, KaK HAYT H3Me-
penns. Ilenamac oTBeTHJ I, YTO H3MEPEHHUS HAYT NPEBOCXOHO,
HO B pe3y.bTaTax ecTb UTO-TO, Uero OH He MOXKET INOHATb.
Bepk coobmus Ilensuacy, uro ¢usuku B [IpHHCTOHE, BO3-
MOXKHO, UMeIOT HHTepecHble HJeH OTHOCHTENBHO TOro, 4TO
NpHHEMAaeT aHTeHHa B XoJMJene.

B cBoem n0KJaje W NpenpHHTe, HANHCAHHOM B MapTe
1965 rona, Ilu6a3 paccmaTpuBan u3JaydyeHue, KOTOpoe J0J-
KHO ObLIO MpHCyTcTBOBAThH B paHHell Bcenennoit. Tepmun
«H3JyUYeHHe» HMeeT, KOHeuHo, OOUIMH cMBICJ, 06beaHHAN
9JIEKTPOMArHUTHEIe BOJHEI BCEeX JJIHH — He TOJBKO pajano-
BOJIHbI, HO H HH(paKpacHH, BHAMMEI, YJabTpaduoeTo-
BBIH CBeT, PeHTreHOBCKOE H3/yuYeHHe H H3TyueHHe OYeHBb
KOPOTKHX JUIHH BOJIH, HA3LIBAEMOE raMMa-H3JjJyueHHeM (cM.
Taba. 2 Ha c. 144). 3xech HeT Pe3KHX TPAHHI; C H3MEHEHH-
€M JUIHHBE BOJIHBI OJMH THII H3JIYUEeHHS MJIABHO NEPeXOIuT B
apyro#t, I[In6a3 samerny, 4to ecsan Gbl B TeUeHHE HECKOJb-
KHX NepBLIX MHHYT cyllecTBoBaHus BceesenHoii ne G6blao

* MTH — Maccauycercknit TexmoJjiornueckuit muucruryr., CIIA.—
I pumeu. nep.
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HHTEHCHBHOTO ()OHA HM3JyUeHHS, TO siAepHble peaKunu A0J-
KHB OBLIH OBl NPOHCXOAHTbL CTOJb OBICTPO, 4TO OOJblLIas
HOJIf MMeBLIerocs BOAOpPOjAa «cBapuaach» Obl B Gojee TH-
JKeJble 3JeMeHTH, A 3TO NPOTHBOPEYHT TOMY (akry, dUTo:
OKOJIO Tpex ueTBepTeil ceroiansiineil Beeaennoit cocrasaser
BOJ0OPOJ. DTOT npolece GHICTPOTO MPHUTOTOBJEHHA slAep MoOr
OHITH NpeoTBpAalleH, ToabKo ecan Bceesennas 6nia 3amod-
HEHa H3JyYeHHeM, HMeBLIHM YyJAOBHIUIHYIO 3KBHBAaJEHTHYIO
TeMnepaTypy Ha OYCHb KOPOTKHX AJHHAX BOJH H KOTOpOE
MoOrJo OBl pa3peiBaTh AApa Ha 4yacTu Tak ke OHICTPO, Kak
OHH 00pa30BHIBAJIUCS.

Mu yBuauM, uTO 3TO H3JNyueHHE JOKHO OblJIO BBIKHTH
npH nocJjaeaylouleM paclunpeHun BcesieHHO#, HO ero 3KBH-
BalleHTHAs TeMiepaTypa [1oJKHa OBbljla HeNpephLiBHO MajaThk
B Tpolecce paciiupenuss BeeseHHoH 006paTHO NMPONOPUHO-
HaJbHO ee pasmepy. (Kax Gyaer BuaHO, 310, N0 CYLIECTBY,
ecTh 3(deKT KpacHOro cMelleHHd, 00Cy:KAaBIIHiCcA B IlaBe
I1.) Orcroaa caenyer, uto TenepemrHss Bcenennas rtakixke
JoJKHa OLITh 3amloJHeHa HaJ/yYyeHHeM, HO ¢ SKBUBAJIEHTHOMR
TeMNepaTypoi 3HAMHTENbHO MEHbIIeH, YeM Ta, Kotopas Oblia
B NepBble HECKOJIbKO MunyT. I1nb.3 oueHus, 4To AJs TOTO,
4yTo6HEl 0OpasopaHue reus H OoJiee TAMXKENHX 3JEeMEHTOB B
nepBble HECKOJIbKO MHHYT COXPaHHJOCh B M3BECTHHIX I'paHH-
1ax, (boH H3JAY4YeHHS AO0JKeH OLLT OLITh CTOJb HHTEHCHB-
HbIM, UTO €ro TemepellHsisi TeMnepaTypa [A0JXKHA COCTaB-
JaTh no Menblieii mepe 10 K.

Uucao 10 K 6bl10 HECKOJIBKO 3aBHILIEHO, H BCKOpe MOfi-
BHJAuCh Oo0gee THlaTeJbHble M aKKYypaTHble BHIMHC/IEHHS
IIn6n3a u apyrux, Kotopele 6yayT obcyxKnareca B ryase V,
Ha camom aene, npenpunr IIn6a3a uukorjna He Gbi1 omy6-
JHKOBaH B TepBoHauajabHoM Buze. Ho BeBOx Gbl1 no cy-
LIeCTBY NpaBHJAbHBIM: H3 Ha0/al0QaeMmoil pacnpoCTpaHeH-
HOCTH BOJIOPOJA MBI MOKeM BHIBECTH, YTO B IepBble Hec-
KOJbKO MuHYT Bceesennas nosxna Obla ObiThb 3anoJHeHa
MOLHBIM H3JVYeHHeM, KOTOpoe MOTJIO NpeAoTBpaTHTL obpa-
30BaHHEe CJHIIKOM OOJBHIOTO KOJHuecTBa OGoJee TANKEIBIX
3JIEMEHTOR; ¢ TeX Top paclunpeHxe Beenennoi 10/1KHO GBIIO
MOHH3UTh 3IKBHBAJIEHTHYIO TeMIepaTypy 3TOTO H3JyueHHS
A0 HeCKOJbLKHX rpajaycoB KeapBHHA, TaK YTO OHO NPOSABJSA-
eTcd cefivac kak (o pajauollyma, MAYIIHHA OJHHAKOBO CO
BCeX HanpasaeHuil. 9T0 cpasy e eCTECTBEHHHIM 006pa3om
obbsicHu/10 oTkpbiTiHe Ilensmaca u Buucona. Takum obpa-
30M, B ONpeJleseHHOM CMbIc/ie anTeHHa B XOJMJeJe HaXo-
IHTCS B SIIHKE — 3THM SLIMKOM siBiseTcs Bcsl BceseHHas,
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‘OaHako 3KBHBAJEHTHas TeMmnepartypa, 3a()UKCHPOBaHHAN
aHTEHHOI, He cCTh TeMmepaTtypa ceroausmueii BceneHHOH,
4 CKopee ee OYeHb JaBHfAA TeMmeparypa, KOTopas YMeHb-
IANACH NPONOPLHOHANBHO OTPOMHOMY PAaCHIHPEHHIO, HCIHI-
‘TaHHOMY BcesierHoil ¢ Tex mop.

Pa6ora [Tu6s3a 6bl1a nocaeiHell B JVIMHHON cepHH aHa-
JIOTHUHBIX KOCMOJIOTHUECKHX runore3. B camom siene, B KOH-
me 40-x romoB TeOpHA HYKJeOCHHTe3a, OCHOBaHHasd Ha
«60JblIOM B3pbiBe», paspuBastach Ieopruem I[amoBHM H
ero cotpyniHkamu Paabsdpom Aasdepom u Pobeprom Xep-
manoM, u B 1948 rogy Aabdep u XepMaH HCIOJb30BAMH 3TY
TEOPHIO JJIs NpeAcKasaHus (OHA H3JTYUEHHS ¢ TemepellHed
TeMnepatypoit okosio 5 K. AHasorHuHble BHUHCAEHHS ObIIH
BunosaHens B 1964 roay f1. B. 3eabposuuem B CCCP u ne-
3aBucumMo Ppegom Xoitom u P. k. Taitnepom B Besnko-
Opuranun. dTH Gosee pauHue paboThl moHayaay He OBUIH
U3BECTHBI Tpymnnam yuensix B JaGoparopuax Benn u IlpHH-
CTOHe H He 0KasaJii BJHSHHS Ha JeHCTBHTEJbHOE OTKPHI-
THe (hOHA H3JIYYEHHSs, NOITOMY Mbl OTJIOKHM JleTajibHOe HX
paccmorpenne a0 ryiaBel VI. MB TakXKe nepeHeceM B rJiaBy
VI obcyxienne 3arajlouHOr0 HCTOPHIECKOTO BOMPOCA O TOM,
noueMy HH OjJHa H3 3THX Gojee paHHHX paloT He npuBesa
K MOHCKaM KOCMHYeCKOTO MHKpPOBOJHOBOrO ¢oHa.

Boiuncaenus ITu6aza B 1965 roay Gelig HHHIHHPOBA-
HBl HAesAMH (U3HKa-9KcnepuMmentatopa u3 [Ipuncrona Po-
6epra dukke. (Cpeau npouero Jlukke n3o6pes HeCKOJbKO
BaXHEHIIHX MMKPOBOJIHOBBIX YCTDOHCTB, HCMONb3YEeMbIX
paaunoactpoHomamu.) Iae-to 8 1964 roay JIuxke Hawasn
3aJlyMbIBaTLCS HAJ TeM, He JOJKHO JH OLITh KaKOTO-TO Ha-
6a101aeMOro H3Jyd4eHHs, OCTABLIErocs OT ropsyell MJIOTHOM
panHell crajiun KocMuueckoi neropun. Paccyxnenus Jlnkke
OCHOBBHIBAJIHCh Ha <«OCHHJJIHpYIOLLefi» Teopuu BcenenHoit, K
KOTOpPOH Mbl BepHeMcs B NocJjefHeil raase 3Toil Kuuru. [lo-
BHJIHMOMY, V HEro He GLIJIO ONpejeseHHbIX OXH/AaHHI OTHO-
CHTEJBHO TEMIIePaTypPHl 3TOr0 H3JYYEHHS, HO OH MOHHMAJ
camoe IVIaBHOe, UTO OBLIO YTO-TO, YTO CTOHJIO HCKaTh. [[HKKe
npeasoxua [1. I'. Poany u 1. T. Yunkuucony HayaTtbh mouc-
KH MHKDOBOJIHOBOrO (hOHA H3JYYeHHs, H T€ CTAJH COOPYXKaTb
MaJIeHbKYI0 HHU3KOLIYMSAILYIO aHTeHHY Ha Kpbime Ilaabme-
poBckoit ¢uanueckoil JabGopatopun B Ilpuucrone. (Has
3TOH 1e/ H He 00s513aTe/IbHO HCMOJb30BATh GOJIBIIHE PALHO-
TeJIECKOIIbl, TAK KaK M3Jy4YeHHEe HIEeT CO BCeX HalpaBJ/ieHHH;
OTTOro 4T0 uMmeercs Oojee y3KO c)OKyCHPOBAHHBLIH aHTEH-
HBIH J1y4, HHYero He BBIETPHIBAETCH.)
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IMpexae uem Jlukke, Posn u YHAKHHCOH CMOT/IH 3aBep-
ITHTH CBOH H3MepeHus, [Inkke umes TeaeOHHBIH pasroBop
c Ilensnacom, KoTOpHIi TOABKO uTO ycasiwan or Bepka o
pa6ore ITu6asa. Oun pewnian onyGJAHKOBAThH OJHOBPEMEHHO
JABa mucpMa B «Actpodmsuueckom JKypnaje», B KOTOPHIX
ITensnac u Buiicon coobuiuian 66l 0 cBOHX HAOMIOJEHHAX, a
Huxke, [Tu6as, Poaa 1 YHIKHHCOH H3JOKHIH OBl KOCMOJO-

®oro 10. Pagnoantenna B Ilprucrone.

®ororpadus nepsoft ycrawoBkw B [IlpuncrtoHe, Ha KoTopoil mnoJyyeno JOKa-
3aTeJbCTBO CYUlEeCTBOBAHHA (oOHAa KOCMHYECKOro HajyueHHs. ManeHbKas pynopHas
anTeHHa BOApYyMeHa pacTtpyGoM BBepX Ha JOepeBgHHYI0 nJjardopmy. YHIKHHCOR
CTOMT Noj aHTeHHoit HecKoabKo cnpapa; Poan, nmoutd sacnoHeHHBI annapatypoll,
CTOHT NpAMO NOA aHTeHHof. BiecTsimuil HMAHHAD ¢ KOHM4YecKOH Bepxymkoii sB-
JAfEeTCH YacThid KpHOrenHoro oGOpYLOBaHHS, HCNOAL3OBABIErocs AJAA CO3AAHHS
KOHTPOABLHOrO HCTOMHHKA HA MHIKOM Te/HH, H3JyYeHHe KOTOPOro MOIMIO CPaBHH-
BATLCA C H3NydeHHeM OT HeGa. IDTOT SKCMepHMeHT MOATBEpAHN CYULecTBOBAHHE
tona manyuenna c temnepatrypoft 3 K Ha nnuHe BoaHn Gohee xopoTkoft, uem Ta,
KOTOpYI0 Hcnonb3opanH [lemsnac w Buacon )(tbo-rorpatbnsr TIpHHCTOHCKOTO YHHBEp-
CcHTeTa

ruueckyio uHTtepnperauuio. Ilensmac u Buicon, Bce eme
OUEeHL HACTOPOKE, [aJIiH CBOEH 3aMeTKe CKPOMHOe Ha3BaHHe
«M3mepenne n30LITOUHONH AHTEHHOI TeMIepaTyphl HA HacTO-
te 4080 MI'u». (Yacrora, na xoropyio Obuia HacTpoeHa
anTenna, pasusaach 4080 MI'n, uan 4080 MuaIHOHOB KOJ€-
Ganuii B CEKyHIY, 4YTO COOTBETCTBOBAJIO [JIHHE BOJIHBI
7,35 cm.) Ounu npocro oOBABHIAM, 4TO «H3MepeHHs 3ddek-
THBHOIl 3€HHTHOH TeMMepaTyphl IIyma . . . Aa/JH 3HAUYEeHHE
Ha 3,5 K Bwillle, ueM 0XKH/aJ0Ch», H H30exKaJH BCIKHX YImO-
MHHAHHHA O KOCMOJIOTHH, 32 HCKJIIoueHHeM ¢pashl, 4TO «BO3-
MO¥HOe o0bsicHeHHe Hab/ioaaemMoil W30BITOUHOW TeMmIepa-
Typhl wyma aado Jukke, I1u6asom, Poasom u YuiakuHco-
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HOM B CONYTCTBYIOLIEM IHCbMe B 9TOM JKe BBINYCKe XKYpHa-
Jaa».

JleficTBHTENBHO JH MHKPOBOJHOBOE H3JyvueHHe, oOHapy-
sennoe Ilensunacom u Buaconom, octajock ot Hayasa Bee-
JgenHoi? Ilpexjae uem MbI mepeiijieM K pacCMOTPEHHIO 3KC-
MEepHMEHTOB, OcyllecTBJeHHBIX nociae 1965 ropa aas Ttoro,
4TOGBl paspelnTb TOT BONPOC, HAM HeOOXOAMMO cHayana
crnpocuth cebsi, YTO MBI OXKH/aeM TeOpeTHYeCKH, TO eCTh
KaKOBBl 00llMe CBOfiCTBa H3Jy4YeHHs, KoTopoe JoaxHOo 3a-
noaHATL BeelleHHYIO, eciH ceroJHsIIHAE KOCMOJIOTHYECKHe
HJeH NPaBHALHBEI? DTOT BONPOC MPHBOAHT HAC K PacCMOTpe-
HHIO TOTO, YTO NPOHCXOAUT C H3JYYeHHeM IIPH paCLIHpEeHHH
BcesienHoil — He TOJBKO BO BpeMsi HyKJeOCHHTe3a, B KOHIe
NepBLIX TPeX MHHYT, HO H Ha NPOTSAMKEHHH 0HOB™, mpolle]-
IIHX C TexX HOop.

Hawm 6Gyner oyenb mosie3Ho oTkasatbesl ceffuac or Kjaac-
CHYECKOH KaPTHHBI H3JyYeHHS B TeDMHHAX 3JEKTPOMAarHHT-
HBIX BOJIH, KOTOPYIO MBI /10 Cero MOMEHTa MCIO0Jb30BaJH, H
NPHHATEL GoJiee COBPEMEHHYI0 «KBAHTOBYI» TOUKY 3pEeHHS,
COIJIACHO KOTOpOIl M3/JydeHHe COCTOMT M3 YacTHI[, H3BeCT-
HbIX KakK (potonbl. OObluHas cBEeTOBAs BOJHA COAEPIKHT Or-
POMHOE KOJIHUeCTBO (DOTOHOB, JIETALIHX BMecTe B OJHOM Ha-
HpaBJeHHH, HO, ecH Obl Mbl OU€Hb TOYHO H3MEpHJH 3Hep-
THIO, IEPEHOCHMYIO PS/IOM BOJIH, TO 00HAapyKuJIH Gbl, 4TO OHA
BCErjla ecTh KPaTHOE OMNpejleaeHHOll BeJHUYHHB, KOTOPYIO Ha-
3LIBAIOT 3Heprueil orgennHoro ¢oronHa. Kak OGyaer Buamo,
9Heprusl (poToHa, BoOGILE TOBOPH, JIOBOJLHO Maja, TaK 4TO
B GOJLIINHCTBE NPAKTHYECKHX cJyuaeB Kaxkercsi, GYATO aJe-
KTDOMArHHTHAS BOJHA MOXKET HMETb KaKylO yTOJHO SHeprHio.
Onnako B3aumMoJieficTBHEe H3JYUeHHS ¢ ATOMaMH H aTOMHBI-
MH fiipaMH OOBIYHO NPOHCXOJHT € OTAEJbHBIM (GOTOHOM B
JaHHbIH MOMEHT BPEME€HH, H NDH H3yYeHHH TaKHX TpOILec-
coB He0OXOAMMO TNpeANnoYecTh BOJHOBOMY OIHCAHHIO OIIH-
canue ¢ noMoublo oroHoB. DOTOHEI HMEIOT HYJEBYIO Mac-
¢y ** u HyJeBOH 3JIeKTpHUECKHil 3apsii, HO, TeM HE MeHee,
OHH BIOJIHE PeaJsbHbi — KA/ M3 HUX HECeT Onpeje/ieH-
HBlE SHEPTHIO M MUMIYJbC M JaKe ONpejAeJeHHBM o6paszoM
Bpaulaercsl BOKPYT CBOErO HanpapJ/eHHS JABHKeHHs ***,

* Donnl (apesHerped.) — ruraHTCKHe HHfepBaJdbl Bpemend. — [lpu-
Mew. nep.

** Cwm. mpHMevaHHA peaakTopa Ha ¢, 13,

#*% Janee 310 CBOHCTBO ()OTOHA ABTOP HA3bIBAeT MPOCTO <CIIHHOM
dorona». — IMTpumeu. nep.
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YTo npoucXoAHT ¢ OTAe/bHBIM (POTOHOM, NOKAa OH myTe-
mecTByerT ckBo3b Beesennyo? Huuero ocobGennoro, ecn
TOJBKO MNOoJpasymeBaercs cerogusmnas Bcenennas. Ceer
oT 00BEKTOB, yAaJeHHBX uyTh He Ha 10 MuHIIHADJAOB CBETO-
BHIX JIeT, NO-BHIHMOMY, NPEKpPacHO NOXOAHT A0 HAc. 3Ha-
YHT, KaKafd Obl MaTepHs HH NPHCYTCTBOBaJa B MexKraJak-
THYECKOM MpPOCTPAHCTBE, OHa J0JKHA ObITb. JAOCTATOYHO
npo3pauna, uTo6bl (POTOHB CMOLJIM MYTELIECTBOBATL B Teye-
HHE BPEMEeHH, COCTaBJAIONIEro 3HAYHTE/IbHYIO YaCTh BO3pac-
Ta Bcesennoi, He OyayuH paccesTHHBIMH HJH TOIJIOLIEH-
HBIMH.

Onnako KpacHble cMelleHHsI 1aJIeKHX TaJaKTHK TOBOPAT
HaM, uto BcenenHas pacluinpsiercs, Tak 4T0 ee COCTaBHHIE
9acTH HOJKHBI OLIH OLITh KOrja-to Oojiee C:KAThIMH, UeM
ceiiuac. Temnepatypa npoH3BOJLHON KHAKOCTH B o0LleM
ciaydae pacTeT, KOrja KHIKOCTh CXKHMaeTcs, MO3TOMY MBI
MOXKEeM TakiKe 3aKJIOUHTh, UTO BelecTso BceeneHHoil 6blIO
B NPONLJIOM MHOTo ropsiuee. B neficTBHTE/bHOCTH, MBI NOJA-
raeM, OB TNepHOJ BpeMeHH, KOTOpHI, KaK Mbl YBHAHM,
IHJics, BepoATHO, B TedeHHe nepBreix 700 000 aer cymectBo-
BaHus BcesenHoil, Koria cofepiumoe Bcenenunofi G6blio
CTOJIb TOPAYHM H TJIOTHBIM, YTO HE MOIJIO ellle cobpaThes B
3Be3/Ibl M TaJaKTHKH, H jla:Ke aToMbl Oulu Bce elle pa36H-
Thl HA COCTABJAIOIIHE HX SAPA H 3JEKTPOHHL

B 3THX MaJso npHATHHX ycJaoBuAX (GOTOH He MOr myTe-
IIeCTBOBATh HA 3aMeTHBle paccTosiHus 6e3 nomex, Kak OH
MOXKeT 3TO JeJaTh B ceroasitiHed Bceenennoii. @oToH A0J-
AKeH OB HAXOAHTL Ha CBOEM IyTH OTPOMHOE KOJHYeCT-
BO CBOOOAHBIX 3/JEKTPOHOB, KOTOpLie MOIIH 3({EeKTHBHO
pacceHBaTh HJH norjomartsb ero *. Ecau GpoToH paccenBaet-
cf 9JeKTPOHOM, TO OH B obuleM cayuae aub0 OTAAET HeM-
HOTO 3HEPrHH 3JeKTPOHY, JHOO TMOJYyYaeT OT Hero HeMHOTO
S3HEPIrHH B 3aBHCHMOCTH OT TOro, HMeJ JIH HayvaJibHbIH 4)0-
TOH 3HePruio 60JiblIe UK MeHblIe, YeM Y sJexTpona. «Cpex-
Hee cBoGOIHOe BpeMsfi», B Te4yeHHe KOTOpPoro (DOTOH MoMKer
OyTellecTBOBATh, NpeXAe 4eM OH MOIVIOTHTCH HJIH HCIBITa-
€T 3aMeTHOe H3MEeHEHHe 3HepPTHH, A0JKHO ObI0 OBITH 0OYEHb
MaJIbIM, 3HAUHTEJILHO MEHbIIe XapaKTepPHOro BpPeMeHH pac-
mupenus Bceeaennoit. CoorpercTBylolliee cpeinee cBo6on-
HOe BpeMs s APYrHX 4YacTHLl (3JEKTPOHOB M ATOMHBIX
anep) AoskHO Oblo GHITH elte Kopoue. Takum oGpasowm,

* Tlornomense ¢oToHa CBOGOAHBIM 3/EKTPOHOM HEBO3MOXKHO (H3-
3a 3aKOHA COXPAHEHHS 3IHCPrHH-HMIYJbCA), H 3TO OKA3biBaeTCs Cyle-
CTBEHHHIM (cM. jgonoauenne peiaxropa 3, c¢. 174). — Hpumen. ped.
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XOTA B Onpeje/eHHOM cMbicje Bcesennas BHavaJe pacuiu-
psasach o4yenb ObICTPO, AJf OTAENBHOrO (oTOHA, 3JIEKTPOHA
an6o spa 3TO pacuIHpeHHe 3aHHMAaJO0 3HAYHTEJbHOE Bpe-
Ms, TaKoe, KOTOpoe OblJIO J0CTATOUHO AJ1S TOTO, YTOOBI KaK-
JAafd 4YacTHUA MHOTOKpPATHO paccessach, HJH IOIVIOTHJACh,
HJIH BHOBb HCNYCTHJACh.

[Ipennonaraercs, uto ajo6asi cucreMa TaKoro pojaa, B
KOTOpOIi OTAeJbHBlE YACTHILLI HMEIOT BPeMs JIJIs MHOTOKpaT-
HBIX B3auMoJeflcTBHH, IIPHXOAHT B COCTOAHHE PaBHOBECHS.
KosyecTBO yacTHI, XapaKTepHCTHKH KOTOPHX  (moJo-
JeHHe, 3Hepriud, CKOPOCTb, CIIHH H [p.) HaXoAsATcA B Olpe-
JeJeHHOM HHTepBaJe 3HAaueHHH, MOJXKHO CTaThb TAaKHM,
yTo6E KaXKAyl0 CeKyHAy H3 3TOrO HHTepBaJja BLIOHBAJIOCH
¥ BHOCHJOCH 00GpaTHO paBHOe YHCJO 4acTHU. Takum obpa-
30M, CBOHCTBA MOAO0HON CHCTeMBI ONpPeAeNAlOTCA HE KaKH-
MH 6bl TO HH ObIJIO HAYaJbHBIMH YC/AOBHAIMH, a JHIIb YCJIO-
BHeM JIOCTH:KCHHS paBHOBecHsi. KOHe4HO, «paBHOBECHE»
37ech He 03HAYAeT, YTO YACTHUEl 3aMep3NH — Kaxaas H3
HHX HenpepuIBHO yjapsiercs 0 cBoux coceieii. Ckopee, pas-
HOBECHEe CTATHCTHYECKOe — 3TO pacnpeje/ieHHe YacTHI[ MO
TIOJIOKEHHIO, SHEPTHH M T. 1., IPHYEM TaKoe paclipejeJieHHe,
KOTOpOe He MEHSeTCSl HJIH MeHfeTcs OveHb MeIJEeHHO.

PapnoBecne no106HOr0 CTaTHCTHUECKOro pojaa oOBIY-
HO HaA3HIBAIOT «TEIJIOBLIM PAaBHOBECHEM», TAK KaK TaKoe CO-
CTOSIHME BCerja XapakTepH3yeTcsl oNpejie/leHHOMH TeMmepary-
poii, KoTopas A0JXkKHa OLIThH OJQHHAKOBAZ BO BCeil CHCTEME.
B peiicTBHTeJLHOCTH, CTPOrO rOBOPH, TONBLKO B COCTOSHHH
TeNJOBOr0 PaBHOBECHS H MOXHO TOYHO ONpPEIEeNHTb CaMmy
temneparypy. Momunas u riy0oKas BeTBb TeOpeTHUeCKOH
¢H3HKY, H3BECTHAS KaK CTATHCTHYECKAsl MeXaHHKa, 1aeT Ma-
TeMaTHyecKHe cpejfcTBa JJs pacuera cBoicTs Jawo0oit cHe-
TeMbl B TEMJIOBOM PaBHOBECHH.

JocTuKeHne TeMJIOBOrO paBHOBECHS IIPOHCXOIHT Tak,
9TO 3TO HECKOIbKO HAMOMHHAET NPEANoJIOKHTe/AbHOe Aeii-
CTBHE MeXaHH3Ma IleH B KJaccHueckod skoHomuke. Ecan
<OpOC MpeBbLIAET NpPeAJOXKeHHe, TO leHa TOBApOB OyaeT
pacTH, orpaHnuuBas 3¢ (eKTHBHLH cOpoc H HDOOLIPAA YBe-
JuYeHHe mnpoussojacTBa. Ecam npensoikenne TnpesbilIaeT
Cnpoc, TO LeHBl NajaioT, yBeJHYHBasd 3(eKTHBHHH crnpoc
H IPHOCTAHAB/JIHBAas JaJjbHeliliee NMpou3sBoacTBo. B oboux
«€JIy4asx CIpoc M NpeaaozeHHEe JOCTHTHYT paBeHcTBa. [ou-
HO TaK JKe, eC/IH HMEETCH CJAMIIKOM MHOTO HJIH CJHIIKOM
MaJo YacTHIl C SHEPTHAMH, CKOPOCTSIMH H APYrHMH Xapak-
TEPHCTHKAMH B OlIpe/leIeHHOM HHTepBa/ie 3HaueHWH, Toraa
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CKOpPOCTb, C KOTOPOHl OHH TOKHAAIOT 3TOT HHTepBaJ, Oyaer
foablle HJIH MEeHble CKOPOCTH, ¢ KOTOPO OHH MONajaiT B
HEro, MOKa He YCTAHOBHUTCH PABHOBECHE.

Koneuno, MexaHu3M IleH He Bcerja pafoTaer TOUHO Tak,
KaK 3TO npejnojaraercsi B KJaCCHYECKOiH 3KOHOMHKE, HO H
3/1eCh MMEeTCH aHaJjorus — O0JbUIHHCTBO (PH3HYECKHX CHC-
TEeM B peajibHOM MHpe BecbMa AaJieKO OT TelJIOBOr0 PaBHO-
BecHsl. B lienTpax 3Be3j uMeeTcsl MOYTH HAealbHOE TEMJIO-
BOE paBHOBECHE, TAaK YTO MBIl MOXKeM C ONpejeJeHHOH yBe-
PEHHOCTBIO OIEHHTh, KAKOBEI TaM YCJIOBHS, HO TMOBEPXHOCTH
3eMJM HH B KaKOH Mepe He 6/1M3Ka K paBHOBECHIO H MBI CO-
BEPINEHHO HE YBepeHHl B TOM, OyJleT 3aBTpa JOXK/b HJIH HET.
BcesenHasi HHKOr/la He OblIa B COCTOSIHHH H/€aJbHOTO Tel-
JIOBOTO PAaBHOBEeCHS, TAK KaK MOMHMO BCero mpo4yero OHa
pacwupsercs. OAHAKO B paHHHUil NMepHOJ, KOrja CKOPOCTH
paccesHUS H TOTVIOLWIEHHA OTAeNbHHIX 4acTHI, OkIIH MHOTO
GoJibllle CKOPOCTH KOCMHYECKOro paciiupeHusi, BceaeHnyio
MOJKHO paccMaTpHBAaTh KaK «MejJIeHHO» MepexoAsllyio OT
O/THOTO COCTOSIHHSA TOYTH HAEaJbHOTO TENJOBOrO paBHOBe-
CHfl K JIpyromy.

PewraiomuM aas Bcell apryMeHTalud B 3TOH KHHTE fB-
JasieTcst To, uTo BceneHHasi Korga-To mpouwia uepes cocTosi-
HHe TemaoBOoro pasHoBecHs. CorsacHo BLIBOJAaM CTATHCTH-
YecKOH MeXaHHKH, cBOMCTBA JI0GOW CHCTEMBI B TEIJIOBOM
PaBHOBECHH MOJIHOCTBIO ONpPEAeNsAIOTCs, KaK TONbKO 3a/laHbl
TeMIIepaTypa CHCTEMB! H IJIOTHOCTH HECKOJbKHX COXpaHsio-
HiHXcH BeJHYHH (0 KOTOpHIX Oy/ler cKaszaHo uyTh Oouibiie
B caexyiouleil raase). Ilostomy Bceesnennas wnmeer JHIIb
OuYeHb OrpaHHYeHHBIE BOCMOMHHAHHS O CBOHX Ha4aJbHBHIX
YCIOBHAX. DTO TPYCTHO, €CJIH MBI XOTHM PEKOHCTPYHPOBATH
camoe Hayajo, HO B TO e BpeMs MOTeps KOMIEHCHpYeTcs
TEM, YTO MBI MOXKEeM BBEIBECTH X0 coOBITHII ¢ caMoro HavaJa
Ge3 caumKoM OGOJIBIIOrO YHCJIA MPOH3BOJBHBIX IPEANOJ0-
JKEeHHI.

Mbl BHIEIH, YTO MHKDPOBOJHOBOE H3JyYeHHe, OTKPHITOEe
[Tensnacom u BuicoHOM, cuHTaercsi OCTaBIIEMCSH OT TOTO
BpPEMEHH, Koraa BcesleHHAas Haxoauaach B COCTOSIHHH TeMJIO-
BOro pasHosecus. ITostomy, uTo6H MOHATH, KAKOBH OXKH/A-
eMbie cBoiicTBa HabGaionaemoro (poHa MHKPOBOJIHOBOTO H3-
JIVUEHHS, MBI JIOJIZKHBI 3a/1aTh BONPOC: KAKOBH 06IIHe CBOI-
CTBA WBJIYUYEHHS, HAXOAAINIETOCH B TENJIOBOM PaBHOBECHH C
BellecTBOM?

Cayunyioch Tak, 4TO HMEHHO 3TOT BOMPOC HCTOPHYECKH
NMOPOAHJI KBAHTOBYIO TEOPHIO W HHTEpNPETANHI0 H3JYdeHHH
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B TepMuHax ¢oronos. K 90-M rogam AeBATHAALATOro BeKa
CTaJl0 M3BECTHO, YTO CBOHCTBA H3JyUeHHS B COCTOHHHH Tell-
JIOBOTO PaBHOBECHS C BEIIECTBOM 3aBHCAT TOJBLKO OT TEM-
neparypbl. Bojiee TOYHO, KOJIHYECTBO 3HEPIrHH B e1HHHYHOM
o6beMe TAKOro HadyueHHs B J1060M 3a/laHHOM HHTepBaJie
JJIHH BOJIH JaeTcsi YHHBepcaJbHOll (QOpMYyJIOi, colepKallel
TOJIbKO JJIHHY BOJIHBI H TeMmepatypy. Ita xe dopmynaa aa-
eT KOJIHIECTBO H3JYUYeHHs BHYTPH SILIHKA C HENPOHHIIAeMbIMH
CTEHKaMH, TO3TOMY PajHOACTPOHOM MOXKeT HCHOJb30BaTh €e
JIS MHTepIperauun HabaogaeMoil MM HHTEHCHBHOCTH pa-
JAHollyMa ¢ NMOMOIIbI0 MOHATHS 3KBHBAJEHTHOH TeMmIlepary-
pbl. Ota ke dopmyna onpejeaser KOJHUECTBO H3JYUeHHH,
HCTIYLLEHHOr0 34 CEeKYHAY C OJHOrO KBaJApaTHOrO CAHTHMET-
pa NOJHOCTBIO MOTJIOIlAloNleH NOBEPXHOCTH Ha J1000# Aaa-
He BOJIHBI, TaK YTO H3JyUeHHE TAKOro poja 0OLIeH3BecTHO
KaK «H3Jy4YeHHe 4YepHOro Ttena». Takum o0GpasoM, usJyue-
HHE YepHOro Tesa XapaKTepH3YeTcsi HEKOTOPHIM pacrpejie-
JIeHHEeM 3HEpPTrHH MO [AJHHAM BOJIH, 1aBaeMblM YHHBepcaJib-
HOii QopMyJioi, 3aBHcsllell ToAbKO OT Temnepatypu. Ca-
MBIii OCTPBI BONPOC, ¢ KOTOPLIM CTOJKHYJHCH (H3HKH-TEO-
perukn 90-x rozos, 661 B TOM, uTOGB HAHTH 3TY (OpMYJY.

[TpaBuabnas opmyna s H3JyYEHHS YePHOTO Tesa Obl-
Ja HalileHa B TOC/e[HHE HeJle]H JeBATHAALAaTOro Beka
Maxkcom Kapnom 3puerom Jlioasurom ITnauxom. Tounbti
BuJ pesyabrara [lnanka mokasan Ha puc. 7 aas Temmnepa-
TYpBl Ha6./1101aeMOr0 KOCMHYECKOr0O MHKPOBOJIHOBOIO IyMa
3 K. KauecrBenno dopmyna Ilnanka moxer GbTh onHcaHa
claeaylomuM obpa3oM: B sillHKe, 3aM0JHEHHOM H3JyYeHHeM
YepHOTO Tesa, 3SHeprus B JI0OOM HHTepBaJe [UIHH BOJIH
MJ1aBHO pacTeT ¢ YBeJHYEHHEM JUIHHBI BOJIHBI, JOCTHTaeT
MaKCHMyMa, a 3aTeM IJIABHO majaer. ITO «pacnpejeseHHe
[Thanka» yHuBepCa/bHO H HE 3aBHCHT OT NMPHPOALI BellecT-
Bd, ¢ KOTOPBIM B3aHMOJEHCTBYET H3/JyueHHe, a 3aBHCHT
TOJILKO OT ero remmnepatyphl. B ucnonnsyemom B Hamu AHH
CMBICTIE TEPMHH «H3JyUYeHHe YePHOrO Teqaa» o3Hauaer Jioboe
H3JIyueHHe, B KOTOPOM paclpeje/ienie 3Hepraf 1o AjduHam
BOJIH nopuuHsercs (Gopmyne [lnanka nesaBHCHMO OT TOrO,
JAEeHCTBHTENLHO JIH OHO HCIYUIEHO YepHBIM TeJOM HJH HeT.
Taknm o6pasoM, B TeueHHe MepPBOro MHJJIHOHA JIET HJIH OKO-
JIO TOTO, KOrjia H3JjiydeHHe H BelleCTBO HAXOIHJHChL B coOC-
TOAHHH TENJIOBOTO paBHOBecHs, BceseHHas noJkua Oblaa
6bITh 3anoJiHeHA H3JyYeHHEM YepHOTO Teja ¢ TeMmepary-
pOH, paBHOH TeMIepaType TOTO BelleCTBA, H3 KOTOPOro OHA
cocTosa.
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BaxHOoCTh [MIAHKOBCKOIO pacyera BBIXOAHT JajieKo 3a
“paMKi npo6/eMBl H3JIY4eHHS YePHOro Te/ld, TaK Kak B 3TOM
pacuere [l1anK BBeJ HOBYIO H/€I0, YTO HEPIHA MOKET Cy-
11eCTBOBaThb B BHIAE OTJAEJbHBLIX TOpPLHIl HJIH <KBAHTOB».
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Puc. 7. Pacnpenenenne Tlranka.

Tlokasana MJOTHOCTh SHePrHH Ha eIHWHHUHEIA HHTepBAR HJAMH BOJMH H3NyYeHHA
qepHoro rena ¢ Ttemmepatvpoft 3 K Kak dyHKuHa Aaunsl Boausl, (dasm Temnepa-
TYpel, KoTopags Goanwe 3 K Ha MHOXHTEAb f, HEOGXOAMMO TOJbKO H3IMEHMThH HJH:
HEl BOAH Ha MHOXHTeAb 1/f W YBenHYuTh NAOTHOCTH 3HEepPruH Ha MHOXHTea b [3.)
TipaMmaa vacth Kpupofl cnpasa UpuGAMIKEHHO OnHchiBaercs Gojlee NMPOCTHIM pac-
npeneaennem Panes — JIXKHHCA; KPHBAas C TaKHM HAKJOHOM OMXHRAETCRA He TOALKO
AJNA H3NYYEHHS "YepHOro Tena, HO H BO MHOTHX JApPYrHX caydasx. Kpyroe nanewne
cneBa 06A3a8HO KBAHTOBOM MNDHDOJe H3AYYEHHA H sBAReTcH crneundHuecKHM cBOH-
CTBOM H3JIyYeHHs 4epHoro Tena, JIHHHA, NOMeYeHHARd <rajakTHUECKOe H3AyyeHHe»,
MOKa3blBaeT MWHTEHCHBHOCThL paidomyMa or Hawefl Tanaktukn. (CTpeakn yKasbi-
BalOT AAHHY BOJNHLI NepBoHAaYaJbHOro H3MepeHEs [lemamaca m Buacona ® aaumy
BOJIHBI, ANS KOTOpPOH TeMnepatypa HamyweHHs MOMeT ObiTh BelBEJeHa H3 H3Mepe-
HHA NOrAOIIeHHA NepBLIM BO3OYMIEHHHIM BPAaNIaTelbHLIM COCTOSHHEM MeK3Besn-
HOro uHaHa,)

[Tnank paccmaTtpuBaJ TOJNLKO KBAHTOBAHHE SHEPIHH Belle-
CTBAa B PABHOBECHH C HS.Hy'lEHHEM'?, HO HECKOJIBKO JIeT cllyc-
T8 DAHINTEHH NPeANoJOoXKHJI, UTO H CaMo H3JyueHHe Takxke

* TouHee, KBAHTOBAHHE HCINYCKAHIs H [OLAOHICHHA SHEPrHH Belle-
CTBOM. l’I}lEﬂ KBAHTOBAHHA 3SHEPrHH CamMoro BelllecTBa BO3HHKJA MNO3A-
Hee. — [Mpumeu. ped.
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COCTOHT M3 KBAaHTOB (HA3BAHHLIX No3aHee (GoToHaMu). ITH
NOCTHKEHHS NMPHBEJIH, B KOHIle KOHLOB, B 20-e roibl K BeJiH-
KOH HHTe/IJIeKTYaJbHOH PeBOJIIOLHH B HCTOPHH HayKH, K 3a-
MeHe KJAaCCHUeCKOH MeXaHHKH COBEpIIEHHO HOBBIM f3bl-
KOM — KBAHTOBOIl MeXaHHKOI.

B 3Toii kHUTe MBI He coOupaeMcsi yrayOasiTbesi B KBaH-
TOBYIO MeXaHHKy. QaHAKO 1Jd NOHHMaHHA CBOHCTB H3zyye-
HHS B pacumpsiouleiics Beenennoii nam 6yjer 1nose3no noc-
MOTpeTb, KaK KapTHHA M3JyueHHS B TepMHHAX (POTOHOR
NPHBOAHT K OOIMM CBOMCTBAM IJIAHKOBCKOTO paclpeee-
HHS.

ITpuunnHa TOroO, YTO MJIOTHOCTL 3HEPTHH H3JYUYCHHA Hep-
HOTO TeJa najaer A o4edb GONBIIMX JJHH BOJH, IpOCTa:
H3JlyueHHe OueHb TPYAHO 3aTHATh B J1000# 00beM, pasMephl
KOTOpPOTO MeHbllle, YeM JJIHHA BOJHB. 3JT0 MoOrao OHTh
(1 6bl10) MOHATO H Ge3 oOpalleHHS K KBAaHTOBOH TEOPHH,
IPOCTO HA OCHOBe CTApPOH BOJHOBOH TEODHH H3JIYyUEHHS.

B 10 Xe Bpemsi, yMeHblleHHe NJOTHOCTH SHEPTHH H3JY-
YEeHHs! YepPHOIo TeJa /A OueHb KOPOTKHX JIHH BOJH HEBO3-
MOJKHO NOHSTH B PAMKAaX HeKBAHTOBOH KapTHHBI H3JYyUeHHS.
Xopouo H3BECTHHIM CJeACTBHEM CTATHCTHUECKOH MeXaHHKH
ABAAETCA TO, YTO TpH a000# 3anaHHON TeMmmepaType TpPyI-
HO NOJVUHTL A1000H COPT HacTHI HJH BOJIH, HJIH APYTHX
BO30YKIeHHH, SHEPTHs KOTOphIX Oblna Gbl GoJjbllle HEKOTO-
pOH omnpeneseHHONH BeJHYHHBI, NPONOPIHOHANLHON TeMMepa-
type. OgHako, ecan Gbl H3JyueHune ¢ KOPOTKOIl JJIHHOH BOJ-
HBEl MOTJIO HMeTh ITPOH3BOJBLHO MaJyl0 SHeprHio, To He GBI
6B HHYEro, 4TO OTPaHHYHBAJIO OBl TOJHOE KOJHYECTBO H3JY-
YeHHA UYepHOTO Tela O4YeHb KOPOTKHX [AJMHH BOJH. DTO He
TOJILKO HaXOAHJOCL Obl B NPOTHBOPEYHH C 3KCIIEPUMEH-
TOM — 3TO JOJIKHO 6bl10 OBl NPHBECTH K KaTacTpodudecko-
MY Pe3yJbTaTy, 3aKJI0UYalomeMycs B TOM, YTO MOJIHAs 3Hep-
THS H3JIyYeHHS YepHOro Tesaa BceX AJHH BOJIH paBHa Oec-
KoHeuyHocTH! EMHHCTBeHHBIH BBIXOJ COCTOSII B TOM, YTOGLE
NPEANOJOKATL, YTO 3HEprusi cyllecTBYeT B BHJAe MOpPUHIt
HJIH <«KBAaHTOB», TNpPHYEM KOJHYECTBO 3HEPTHH B KaxKA0H
MOPIHH YBEJHYHBAETCH C YMEHbIUEHHEM IJHHBI BOJIHBI, TaK
uTo npu Ji060i 3ajaHHoll TemmepaTtype Obls10 OB OUYeHb
MaJjio H3JyueHHS HAa KOPOTKHMX AJHHAX BOJH, JJf KOTOPHIX
NOPUHH coJepraT MHOTO 3Heprud. B okonuaTenbHoit dop-
MYJIHDOBKE 3TOH TIHNOTe3bl, MpHHAJJIexalled IAHIITEHHY,
anepeus 2106020 (oToHa 06pPATHO NPONOPUUOHAALHA OAUHE
B0AHbL; TIpH J000H 3alaHHOH TeMIepatype H3JyueHHEe 4ep-
HOTO TeJa COAEPIKUT OYeHb MaJo (POTOHOB CO CJHIIKOM
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GoJIblIofi aHeprHell, c/e/0BaTeNbHO, OUeHb MaJao (hOTOHOB
€O CJHIIKOM KOPOTKOH JJIMHOH BOJHBI, YTO H OOBIACHAET Ia-
JeHHe IJIAHKOBCKOTO pacrpejie/ieHHss B 06JacTH KOPOTKHX
IIHH BOJIH,

Koukperno sueprus dotona ¢ gannoit Boausl 1 cM pas-
Ha 0,000124 snekrponsoabra (3B) u cooTBercrBeHHO pac-
TeT NPH YMEHBIUEHHH IJIHHBl BOJHHL. 3JEKTPOHBOJBLT—3TO
yAoOHAasl e/lMHUIlA SHEPIHH, PaBHAs TOI 3HEPTHH, KOTOPYIO
NPHOGPETAET OAMH 3JEKTPOH IPH TPOXOMKAECHHH PasHOCTH
NOTEHIHAJIOB B oAuH BOJbT. Hanpumep, oGbunas Garapeii-
Ka KapMaHHOro (oHaps c Hanps:keHnem 1,5 BosbTa TPaTHT
1,5 3B na xaxawplit 2MeKTpOH, KOTOpHIi OHa NPOTAJKHBAaET
qyepe3 HHUTb JEKTPHYECKO# jaMnoukd. (B oOblYHBIX MeTpH-
YeCKHX eJHHHIAX 3HEePrHH OJHH 3JeKTPOHBOJLT paBeH
1,602-10~'% spra wau 1,602-10-'° xxoyas). CoraacHo mpa-
BHIY OfiHINTefiHa, 3Heprusi ()OTOHA NpPH AJHHE BOJHH B
MHKPOBOJIHOBOM /lHanasoHe 7,35 ¢M, Ha KOTOPYIO HACTDPOH-
auce Ilensnac u Buicon, 6sa pasua 0,000124 5B, nemen-
HBIM Ha 7,35, 1. e. 0,000017 3B. B 1o ke Bpemsi, (oTOHBI
BHIHMOTO CBETA HMEIOT CPEIHION [JHHY BOJHB OKOJO Of-
HOH JBajlaTHTHICAYHON foin cautuMerpa (5-107% cm), no-
3TOMY uX 3Heprusi pasHa 0,000124 3B, yMHOXKeHHHIM Ha
20 000, wan mpubausnTenbuo 2,5 3B. B ofoux cayuasx snep-
rusi ()OTOHA OYeHb MaJa B MaKpPOCKONHYECKHX eJHHHLAX H
HMEHHO IO3TOMY KaxKeTcs, 4TO (POTOHBI CAMBAIOTCS BMeECTe
B HENpPEPLIBHLIE NOTOKH H3JIYUYEHHS.

Mexay nmpounM, SHEPTHH XHMHUECKHX peaKuHil B o6uiem
clydyae HMEIOT 3HAYEHHs TOPAAKa 3/JIEKTPOHBOJbTA Ha
aTOM MM Ha 37eKTpoH. Hampumep, aast Toro uro6bl BeIp-
BaTb 3JIEKTPOH H3 aroMmMa Bojopoja, Tpebyercs 13,6 3B, uto
npeacraBiaser coGoH HCKIIOUHTEIbHO OGYpHOe XHMHYecKoe
coboite. Tor daxt, uTo GOTOHLI B CONHEUHOM CBeTe TaKiKe
HMEIOT 3HePrHH NOpPsAKa 3JeKTPOHBOJLTA, UYAOBHIIHO Ba-
JKeH [/15 BCeX HAC; HMEHHO 3TO MO3BOJSIET HM OCYHIECTB-
JISTh HEOOXOAUMBIE [ JKH3HH XHMHYECKHE PeaKIHH, TaKHe
KaK (orocuntes *. Dueprun sAepHLIX peakuuii B obuiem cay-
uae Mopaika MUAAUOHQ 3JEKTPOHBOJLT HAa SAPO aToMa, H
TI03TOMY TpaMM ILIYTOHHS 3KBHBAJEHTEH 110 B3PLIBHOH SHE]-
rup | TonHe THT **,

* UroGe norJioTath B npouecce (oToCHHTE3a OIHY MOJeRyay yr-
Jexucioro rasa CO;, pacTeHHsM HYMKHO uyeThipe totoHa u3 BHANMOrO
CONMHEYHOro cBera.— [Tpumes. ped.

** THT — TpHHHTPOTONYON, TPOTHI — B3pHIBYATOE DellecTBo, k-
poxo ynortpeGasieMoe B TexHuke. — [Tpusen. ped.
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Onncanne ¢ NOMOLLIO (POTOHOB IO3BOJISET JIEFKO MOHATH
rJaBHblEe KayeCTBEHHbIE CBOHCTBA HM3JIYYEHHS] UEPHOTO TeJa.
Bo-mepBBIX, NPHHUHNE CTATHCTHYECKOH MEXAHHKH YTBEpPIK-
JaIoT, YTO CcpelHfAs 3HePTHs (DOTOHOB IIPONMOPIHOHAJIBHA
TeMIeparype, B TO BpeMs, KaK NpaBHJ0 DHHIITEIHA TOBOPHUT
HaM, 4TO AJHHA BOJHH Ji060oro (orona o6paTHO NPONOPILH-

. oHasnbHa ero sHepruu. OTclona, 06beUHAA 3TH /iBA TPaBH-
Ja, NoJydYaeM, 4TO THNHYHAS AJHHA BOJHb (DOTOHOB B H3-
JIydeHHH YepHOro TesJa 0oOpaTHO NMpONOPUHOHAJBHA TeMIle-
parype. Ecau BBIpa3uTh 3TO KOJHUYECTBEHHO, MOJYYHM, UTO
THIIHYHAS JJHHA BOJHLI, BOJH3H KOTOPOH CKOHILEHTPHPOBA-
Ha GOJbIIAS YACTh SHEPTHH H3JYUEeHHS UEPHOrO Teja, paB-
Ha 0,29 cwm nmpu Temmepatype 1 K u mpomopunona/bHO
yMeHblllaeTcss npu Gosee BLICOKHX TeMmmepaTypax *.

Hanpumep, Henpospaunoe Tesio mpu OObLIUHOA «KOMHAT-
Hoii» Temneparype 300 K (27°C) Gymer ucmyckath H3Jy-
YeHHe YEepHOro TeJa cO CPeiHed AJHHOH BOJIHBI, PaBHOH
0,29 cMm, nenennsiM Ha 300, T. e. OKOJO OHOH THICSYHOI
caHTHMeTpa. JDTO JexXHT B obsacTu HH(PPAKPACHOrO H3JIY-
YeHHS, M JAJHHA BOJHH CJAHIIKOM BeJHKa, 4TOGH HalIlH
riasa MOIJIH ero BHAeTb. B TO ke BpeMs, NMOBEPXHOCTH
Coanna umeer rtemmepatypy okodo 5800 K, u caeposa-
TENbHO, HCIYCKaeMbli CBET HMeeT MaKCHMyM B CIIEKTpe
npH AauHe BoaHbl, paBHoit 0,29 cMm, memennsiM mHa 5800,
T. €. NPHMEPHO IATb CTOTHICSYHBIX MoJefl CcaHTHMeTpa
(5-10-5 cM) mam 5000 anrcrpem. (Ommm aHrcTpem papeH
onHo#i cromuaanonHoi (10-8) camrumerpa.) Kak yxe ot-
Meyajioch, 3TO HaXONHUTCH B cepefMHe TOH 0GJACTH IJHH
BOJIH, KOTOPYIO B IpOIecce 3BOJIOUHH NPHCIOCOGHINCH BH-
JeTb HAalIH IJa3a H KOTOPYIO Mbl Ha3blBaeM BHIMNMOH 006-
Jacteio. To, 4TO 3TH AJNHHBL BOJIH CTOJb MaJjibl, 0GLICHS-
eT ToT (hakT, YTO JHIIL B HayaJe AEBATHAANATOTO BeKa
6blna obHapy:KeHa BOJNHOBAs NPHPOJA CBETA: Beldb TOJBKO
TOrjfla, KOrja Mbl H3yyaeM CBeT, HpoIlefuIHHd yepe3 OueHb
MaJieHbKHe OTBEePCTHS, MBI MOMEM 3aMeTHTh SIBJEHHS, Xa-
paxkTepHBle AJ PAcCNpPOCTPAHEHHS BOJH, TakHe, KakK [IH-
dbpaxus.

Mul BHAENH TakXKe, YTO YMEHBIIEHHE IVIOTHOCTH 3HEp-
THH H3JY4YeHHS NPH GOJbUIHNX MJHHAX BOJH CBS3aHO C
TPYAHOCTBIO 3aK/IOUHTh H3JydyeHHe B ai060fi 00BEM, pas-
MepH KOTOPOro MeHbllle IJHHBEI BOJIHH. B camom neae,
cpeaHee paccTosiHHe MeXAy (DOTOHAMH B H3JyYeHHH Yep-

* MakciMyM  pacnpefiejieHHsi COOTBETCTBYeT  VCJIOBHIO fJiv=
=282 kT (cM. marematuyeckoe pomnosinenue 4, c. 163). —JIpumen. ped.
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HoOro Ttenaa, rpy0o roBopsi, paBHO CpeIHeH [IJHHEe BOJHBI
tdorona. Ho MBl BHAENH, 9TO cpeiHAA JJIHHA BOJHHE 006-
paTHO NPONOPLHOHANbHA TeMIepaType, CJAeIOBaTeJbHO,
cpefHee paccrosnue Mexay ¢orToHaMH Takxke o6GpaTHO
NpONMOPUHOHANLHO TeMmmeparype. Uncao npeameros Jo060-
ro copra B 3ajaHHOM o6Gbeme 06paTHO MPONMOPUHOHAILHO
Ky0Oy cpeiHero pacCTOSHHS MEXJy HHMH, TO3TOMY IIpH
H3JYUCHHH YePHOTO TeJa BHINOJHSETCS NPaBHIO: 4UCA0 (o-
TOHO8 8 OanHom o0Beme RPoONoOPYLOHAAbHO KYyby Temne-
parypet.

Mnb MoxkeM Tenephr cofpaTh BCIO 3Ty HH(MOPMAIHIO
BOEIHHO, YTOGH CAeNaTh Psij BEIBOJOB O KOJIHUECTBE IHep-
rHH B H3JyueHHH uepHoro Teja. KonHuecTBO 3HeprHH B
OOHOM JIHTPE, HJH <IJIOTHOCTb 3SHEPrHH», EcTb MNPOCTO
qHcsa0 (OTOHOB B OJHOM JIHTPE, YMHOXKEHHOe Ha CpenHION0
suepruio oxuoro ¢orona. Ho MbI Buzenn, 4ro uncao ¢oro-
HOB B OJHOM JIHTPe NPONOPUHOHAJNBHO KyOy TeMmepaTyphl,
B TO BpeMs Kak cpeflHss 3HeprHsA ()OTOHA MPOCTO MPOMOPIH-
oHasbHa TeMmepatype. OTcioja KOJHYECTBO 3SHEPrHH B Of-
HOM JHTpEe H3JyUYeHHS YepHOro TesJa NMPONOPHHOHAJBHO KY-
Oy TemmepaTyphl, YMHOKEHHOMY Ha TeMIepaTypy, HJIH,
APYTHMH CJOBaMH, eT@éepToll CTeNeHH TeMmepaTyps. BH-
paxas 9TO KOJHYECTBEHHO, HAXOAHM, YTO IJIOTHOCTL 3Hep-
pPHH H3JIyYeHHs YepHoro Tesa pasBHa 4,72 sB Ha autp npu
remnepatype 1 K, 47200 3B na auTp npu temmeparype
10 K u Tak panee. (DTo NpaBHIO H3BECTHO KaK 3aKOH
Credana — Boabumana.) Ecan mukpoBosnnoBoii myMm, o6-
HapyxeHHHH [lensnacom u BuJCOHOM, NeHCTBHTENBHO §B-
JAsercs HaJydeHHeM dYepHOTO Tena c Ttemneparypofi 3 K,
TO MJOTHOCTh HEPrHH ero Ao/KHa OHITL paBHOK 4,72 3B
Ha JIUTP, YMHOMEHHBIM Ha TPM B YETBEPTOH CTENEeHH, T. e.
oxkono 380 3B na aurp. Korna remmeparypa 6elia B ThHI-
csyy pas Gogblle, NJOTHOCTb 3HEPrHH ObJIa B MHJJIHOH
muaanonoB (10'?) pas GoJbure,

Teneps MBI MOMXKeM BepHYTHCH K BONPOCY O NPOHCXOMK-
JIeHHH JpeBHero MHKDOBOJIHOBOIO H3JydYeHHs. Mul BH-
Jend, uTo A0JKHO Owuio ObITE BpeMs, Korjaa Bcenennas
6bl1a CTONML ropAvuedl H NJIOTHOMH, YTO aTOMBI GBIIH JHCCO-
UHHPOBaHbl Ha COCTABJAAIIIHE HX f/pa H 3JeKTPOHH H
paccesanue (GOTOHOB Ha CBOOOAHBIX 3JIEKTPOHAX YCTaHABJIH-
BAJIO TeIJIOBOEe PABHOBECHE MeXK/Y BelleCTBOM H H3JIy4eHH-
eM. C Teuennem BpemeHH BceneHHasi pacmmupsaach H oxJa-
Kjaanachb, JOCTHTHYB B KOHIle KOHLOB TeMmnepaTtypsl (OKo-
jgo 3000 K), mocraTouHo HM3KOMH 151 TOrO, UTOOB IO3BOJIHTH
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fApaM M 3JeKTPOHaM cKoMOHHHpoBaThcsl B aTtoMbl. (B
acTpodH3nyecKOH JuTepaType 3T0 OOBIYHO HA3HBAIOT «pe-
KoMOHHAlHeH», T. €. KpaliHe HeylayHHIM TEPMHHOM, TakK
KaKk K MOMEHTY BpPeMEHH, KOTOPHIi MBI paccMaTpHBaeM,
filpa H 9JEKTPOHBI ellle HHKOrJa 3a BCIO NpPeABIAYILYIO
nctopuio BcenenHo#l He 6buiM cKOMOHHHPOBaHH B @TO-
mhul!) BHesanHoe Hcue3HOBeHHe CBOGOMHLIX 3JIEKTPOHOB Ha-
PYLIHJIO TENMJOBOH KOHTAKT MEXKIY H3JyueHHeM H BelllecT-
BOM, IOCJe Yero HajiyueHHe NPoJoJKano cBo6GOJHO pac-
IHPATHCA.

K ToMy MOMeHTY, KaK 3TO CJYYHJOChb, 3HepTHA MNOJs
H3Jy4YeHHs] NPH pasJHYHBIX [JHHAX BOJH ONpejensfach
YCJAOBHSIMH TeIJIOBOrO paBHOBecHs H MO3TOMY JaBaJjach
IJIaHKOBCKOH (opMyJof 1J1s 4epHOro TeJa c TeMIepary-
poii, paBHOH Temnepatype Bemectsa, — okoao 3000 K. B
YacTHOCTH, CPEAHSs MJIHHA BOJHB (GOTOHA [HOJIKHA Oblia
GBITH OKOJIO OJJHOTO MHKPOHA (ZeCATHTBICHYHAS HOJS CaH-
tumerpa, uam 10000 anrctpem), a cpenHee paccTosiHHe
Mexny (oToHAaMH TNPHMEPHO PpAaBHAJOCH 3TOH cpelHef
JJTHHE BOJHHL.

Yro cayuyunock ¢ ¢oroHamu nociae storo? OTaeabHle
¢dOoTOHH HE POXKAAJHCH H HE YHHUTOXAJHCh, INO3ITOMY
cpefHEe DAacCTOSHHE MeXIy HHMH NpPOCTO YBEJHYHBAJOCh
NPONOPLHOHAJBLHO pasmepy Bcesennoifi, T. e. mponopuxo-
HaJbHO CPEeIHEMY PACCTOSAHHIO MEKAY THIHYHBIMH rajak-
THKaMH. Ho Mbl BHEesd B mpeabiaylled riase, dto 3¢-
(heKT KOCMOJIOTHYECKOTO KPACHOTO CMeLleHHSl 3aK/loYa-
ercsi B «PAacTAKEHHH» MJIHHBL BOJHHI Jil0o6oro Jyda csera
B IIpollecce pacliHpeHHsi BcesenHofi; cienoBaTelbHO, AJH-
HE BOJH BCeX OTJAeJbHBIX (OTOHOB TaK¥Ke MPOCTO YBeJH-
YHBaJHCh NPONOPUHOHAJABHO pa3Mepy Bcenennoid. Ilosro-
My paccTosiHHe Mexay (oToHaMH OCTaBajoCh paBHBIM
cpeaHed AJHMHe BOJHHE, B TOYHOCTH KakK B H3Jy4YeHHH uep-
Horo Tena. M neficTBHTE/NBHO, BBHIPA3HB 5TH apryMeHTHI
KOJIHYeCTBEHHO, MOMKHO IIOKAa3aTh, 4TO U3AYH4eHue, 3anoi-
natoujee Bceeaennyro, 6yder npodoasicars 8 npoyecce ee
pacuiupenus OnUCHIBAT6CE 8 TOYHOCTU NAQHKOBCKOL ¢hop-
mynroid Oaa wepHo20 Teaa, Kayke HeCMOTPA Ha TO, 4TO OHO
yxe GoJbllle He HAXOAHTCA B TENJOBOM PaBHOBECHH C Be-
mecrBoM. (CM. mMaTeMaTHueckKoe aonoJHeHHe 4, c. 163.)
EnuncrBenHnfi s(dext pacmHpenus OyAeT 3akKJI0UaThCA
B VBEJHUEHHH CPeJHeH MJHHB BOJIHB (OTOHOB HNPONOPILHO-
HajapHO pasmepy Bcenennoii. Temneparypa H3ay4eHHs
YyepHOro Tejla 0OpaTHO MPONOPUHOHAJbHA CPefHeH IJIHHE
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BOJIHE, M0O3TOMY OHa GyjeT majaTh NMpH paclupeHud Bcee-
JeHHo# o0paTHO MPONOPLHOHANBHO €e pasMepy.

B uacrHoctH, [lensmac u Buijcon Hamaw, 4To HHTEH-
CHBHOCTb MHKPOBOJHOBOro (ioHa, KOTODHIA ObLT HMH 06-
HapyzKeH, COOTBETCTBYeT TeMmnepartype mpuMmepuo 3 K. 3to
KaK pas To, YTO CJAeAyeT OXKHAaTh, ecid Bcenennas pac-
mupuaacs B 1000 pas ¢ Tex mop, Korjaa temneparypa Obl-
Ja pocrtarouHo Beicoka (3000 K) nmns rtoro, 4ToOHI Aep-
JKaTb BEUIeCTBO M H3JYyY€HHE B TeIJIOBOM pPAaBHOBECHH.
Ecaun nomoGHas wuHTEpnperalHsi NpaBHJAbHA, TO Tpexrpa-
JNYCHEI paguo(oH NpejAcTaBaseT B HacTofllee BpeMms ca-
MBIl JIPDEBHHII CHrHAJ H3 BceX, NPHHATHIX acCTPOHOMAMH,
HCIOYLIEHHBIH 3aJ0JIT0 [0 MCIYCKAHHS CBETa CaMBIMH Ja-
JEKHMH H3 BHAHMBIX HaMH rajJaKTHK.

Ho Ilensnac u Buiacon HaMepuaH HHTEHCHBHOCTbH KOC-
MHYecKoro paanodoHa Ha eIHHCTBEHHOH JJIHHE BOJHEI
7,35 cm. Cpasy xKe cTaJo HeoOXOAHMO KakK MOMKHO OBICT-
pee OnpejeNHTh, ONHCEIBAGTCS JH pacnpejeneHHe SHEPTHH
H3JIYUEHHS 10 AAuHAM Boan gopmynoit [lianka aas uep-
HOrO Teja, KaK TOrO CJEAYeT OKHIATh, ecjH 3TO JeHCTBH-
TeJbHO CMELleHHOe B KPAacHY0 CTOPOHY [ApeBHee H3Jyye-
HHe, OcTaBlleecss OT TOH 3MOXH, KOrja BellecTBO H H3JYy-
YCHHC HAXOJAHJHCh B COCTOSIHHH TeIJIOBOrO paBHOBECHS.
Ecau 370 Tak, To 3KBHBaJIeHTHasi TeMnepaTypa, BLIUHCJEH-
Hasi 1OACTAHOBKOH HabJaiogaeMol HHTEHCHBHOCTH paaHo-
mymMa B IJIAaHKOBCKYIO ¢opmyny, [0JXKHA HMETb OZHO H
TO JKe 3HAUYeHHe Ha BCeX JUIHHAX BOJIH, TAKOe JKe, KakK H
Ha BojHe ajauHo# 7,35 cm, mayueHnHod Ilensmacom u Bui-
COHOM.

Mbl BuzenH, 4TO K MOMEHTY OTKpbiTHS [lenamaca wu
Buncona B Helo-II2kepcH yxe roToBHJach Apyras NOMBIT-
Ka 0OHapyKHTb KOCMHYeCKHH ¢oH MHKDPOBOJHOBOTO H3JY-
yenusd. Bekope mocse nosiBiieHust nepBoil mapul paGoTt ABYX
rpynn yueHolx u3 JjaGopatopuit ¢gupmel Benn m Ilpumc-
toHa Poan u YHJIKHHCOH OOBSBHJIH CBOH pe3yJbTaT: 3K-
BHBA/IleHTHAas TeMneparypa (GOHa H3JyuYeHHS Ha JJHHE
BoJiHbl 3,2 cM cocraBasgaa or 2,5 go 3,5 K. drto sHaumio,
4YTO B Hpefesax 3KCINePHMEHTaJbHBIX IOrpemHocTefl HH-
TEHCHBHOCTb KOCMHUecKoro ¢oHa Ha JaHuHE BOJHB 3,2 ¢M
Obla GoJsiblie, yem Ha JJIHHe BoJHbl 7,35 CM Kak pas B TO
KOJIHUeCTBO Pa3, KOTOPOE CJ/e/loBaJo OXKHIAATb, €C/IAH H3ay-
yenHe onHceiBaercsd dopmyaoi [Lianka!

Haunnas ¢ 1965 roga MHTEHCHBHOCTb APEBHEr0 MHKpO-
BOMIHOBOrO H3Jy4eHHsi OBblJa H3MepeHa pajHoacTpoHOMa-
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Mu Gosee ueM Ha JloMiuile AMHH BOJH B HHTepBaje oT 73,5
sisots g0 0,33 cm. Kaxjgoe W3 3THX H3MepeHHH corJa-
cyercsi ¢ IUIAHKOBCKMM paclnpefeseHHeM SHEPrHH B 3aBH-
CHMOCTH OT AJIMHBl BOJHBI ¢ TeMmepaTypoi wmexay 2,7
u3 K.

Onnako npe;iae yeM Mbl OKOHYATENLHO NPHAEM K BbI-
BOJlY, YTO 3TO /AeHCTBHTE/NBHO H3JyuyeHHE YEpPHOro Tea,
Mbl JOJIKHBI HANOMHHTb, 4TO CPeAHSA JJHHA BOJHBI, Ha
KOTOPOil IJIaHKOBCKOE paclpe/ielleHHe JOCTHI'AaeT MaKCH-
myma, paBua 0,29 cm, neseHHBIM Ha TeMIepaTypy B rpajiy-
cax KexabBuna, yro ais temnepatypel 3 K oxassiBaercs
yyth meHbme 0,1 cm. Takum o6pasoM, Bce YMOMSHYTHE
MHKDOBOJIHOBBle H3MepeHHs OTHOCHJIHCh K OAUHHOBOAHO-
801l CTOPOHE 10 OTHOWIEHHIO K MaKCHMYMV IJ1aHKOBCKOro
pacnpesnesennsi. Ho Mbl BHAeJH, 4TO POCT MJOTHOCTH 3Hep-
FHH ¢ YMEHBbIIEHHEM JJHHH BOJHEI B 3TOH YacTH CHEKTpa
NPOHCXOAHT NPOCTO H3-3a TPYAHOCTH 3aKjawo4eHHs GoJb-
LIUX JJHH BOJH B MaJjble 00BEMBbl, H 3TOT POCT CJEAYeT
0KHAAThL AJs pPa3HoOGpa3HBIX MOJeH H3JYUeHHS, BKJIIO-
yasi H H3JyueHHe, KOTOpoe He o00Gpa3oBaHO B YCJOBHAX
TenjoBoro paBHoBecusi. (PaaunoacTpoHoMEl HasbIBAlOT 3TY
yacTb crnexkrpa obaactbio Panesi — [lsuHca, Tak Kak oHa
Obljla BHepBHE NpoaHaJH3HPOBaHa JopaoMm Pajeem H c3-
pom Jlxkeiimcom Jlxkuucom.) UroGwl yOenutbcs B TOM, UTO
MBIl JIeHCTBHTE/bHO BHAHM H3Jy4YeHHe 4epHOro Ttesa, He-
00X0AMMO NpOHTH Yyepes MaKCHMYM IJIAHKOBCKOI'O pacmpe-
AeneHHss B 00/JacTh KOPOTKHX BOJH M TPOBEPHTh, YTO
IJIOTHOCTh 3HEPrHH Ha caMoM Jefe Majaer ¢ yMeHbIIeHH-
eM AJHHEL BOJHEl, KaK OMHIaeTcsi Ha OCHOBe KBaHTOBOMH
teopun®. Ilpu aanHax Boan kopoue 0,1 cM MBI B JeHCTBH-
TeJILHOCTH HaXoAHMcA BHe cdepsl deATeNLHOCTH pajgHo-
HJIH MHKDOBOJIHOBOH AaCTPOHOMHH M TIONajfaeM B HOBYIO
~ob6sacTb HHGpPAKPACHOH acTPOHOMHH.

K coxanennio, armocdepa Hamel nJaHeTh, KOTOpas
MOYTH npo3payna Ajas JJAHH BoaH Gousbue 0,3 cM, craHo-
BHTCA Bce MeHee Npo3payHoil miast GoJiee KOPOTKHX MAJHH
BosH. [loxoxe Ha To, YTO HMKaKasl HazeMHas paxuooGeep-
BATOPHS, JaKe pachoJioKeHHas Ha TOPHOH BLICOTE, He
CMOXET H3MEePHTh KOCMHYECKHH (OH H3JIYuUeHHS Ha [JIH-
Hax BOJIH MHoro MeHpmux 0,3 cM.

* KuautoBele 3ddekTH 3HAYHTENBHE H 1O JOCTHIKEHHS MaKCHMY-
ma. [Ipu amuse Bonum 0,27 cM HHTEHCHBHOCTB B 2,7 pasa MeHblue, ueM
no ¢opmyne Psnea—]Jlxunca, a npu aanne soaust 0,15 cm—B 7,4 pa-
3a MeHbllle, a 3TO — CJEJCTBHE KBaHTOBHIX 3(dextos. — [Ipumen. ped.
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Hosoneno 3a6aeuo, uro ¢oH H3NyueHHT Ha Oojee KO-
POTKHX JAJHHAX BOJIH OblA-TAKW H3MePeH 3aloJro A0 TOro,
KaK MOABHJIHCH BCe Te aCTPOHOMHYeCKHe paboThl, KOTOpHIE
oficyKaalu 10 CHUX MOp B 3Toi raaBe, NMpHYeM OH OBLI
H3MepeH acTpoHoMoM, pafoTaBlIMM B ONTHYECKOM, a He
B paauo- uaH uHuppaxpacHom jHanasone! B cosBesnun
3meeHocna nmeercsl 06JaKO MEK3Be3JHOIO rasa, KOTopoe
Mo CJay4yaliHOCTH JIEKHT Mex1y 3ewmJeli H ropsued, HO BO
BCeX JPYrHX OTHOUIEHHSIX HHYeM He NpHMedYaTesbHOH
3pe3nioii §{ 3meenocna. Cnektp { 3meeHocua mnepeceyeH
PAZOM HeOOLIUHEIX TEMHHEIX TMO0JO0C, YKa3hBAaWIIHX Ha TO,
YTO JIeXKallHi Ha NYTH CBeTa ra3 MOrJIOULAaeT ero Ha MHO-
JKECTBE OINpeAeJIeHHBIX MAJHH BOJIH. 310 Te IJIHHBI BOJIH,
Ha KOTOPBIX (DOTOHBI HMeWT HeoOXOAHMble 3IHEpTHH M
TOro, 4T06BI HMHAYUHPOBATH MEepexofbl MOJEKYJ Ta3oBoro
06J1aKa H3 COCTOAHHH ¢ MEHbIIeH B COCTOSHHS ¢ OoJblIeH
sHepruell. (MoJekyael, KaK H aTOMHI, CYLIECTBYIOT TOJBKO
B COCTOSIHHSIX C ONpeJAeJeHHOH, HJIH <«KBAHTOBAHHOW»,
sueprueit.) Takum ob6pasom, HaGaiofas MAJAHHB BOJH, TPH
KOTOPHIX BO3HHKAIOT TEMHble IOJIOCH, MOXKHO CAeNaTh PAX
BHIBOJIOB O NMPHPOJAE 3THX MOJIEKYJ H O COCTOSIHHSAX, B KO-
TOPHIX OHH HaXoAATCH.

Onana u3 JuHAH norjomeHHss B cnekTpe { 3meeHocra
HaXOAHTCS HA AAHHe BoaHb 3875 anrctpem (oana 38,75-
MHJJIHOHHASL JONS CAHTHMeTpa), yKasblBasg Ha CYLIeCTBO-
BaHMe B MexK3Be3gHOM obOsaake Mosekyasl nuaHa CN, co-
cTosiliell H3 OJHOTO YIrJAepOJHOrO M OJHOTO a30THOTO aTo-
ma. (Crporo rosopsi, CN ciaeayer HasHBaTh <«pajHKa-
JoM», HMesl B BHAY YTO NPH HOPMAaJ/IbHHIX YCJOBHAX OH
OBICTPO coe/HHSeTCA C APYTHMH atoMaMH, obpasys OoJee
craGH/bHBIE MOJEKYJH, HalmpHMep A4 — IHAHOBYI0 KHCJO-
1y HCN. B MexsBeannom mpocrpanctBe CN BnoJHe cra-
6unen.) B 1941 ropy ¥. C. Anamc u A. Mak-Kennap o6-
HApYKHJIH, YTO 3Ta JIHHHA TOTJIOIEHHA B JAEHCTBHTENb-
HOCTH paclienJyieHa H COCTOHT M3 TPeX KOMIOHEHT ¢ MJH-
Hamu Boaun 3874,608; 3875,763 u 3873,998 anrcrpem. [lep-
Bas M3 3THX [JHH BOJH TNOIJOIIEHHS OTBedaeT MNepexony,
NpH KOTOPOM MOJIEKyJa IHaHA TOAHHMAEeTCs H3 COCTOAHHSA
HauMeHblleil 5HeprHH (<OCHOBHOTO COCTOSIHHA») B KoOAe-
6areavnoe cocTosiHHE®, MNpHYEM cJaellyeT OXHAATh, YTO
TaKOH Nepexof NPOHCXOAHT, Aa)Ke ecJH IHaH HaXOAHTCA
npu HyJdeBofi Temneparype. OpHako [Be ApPYrue JIHHHH
MOTYT BO3HHKATb TOJBKO B pe3yJbTaTe IMepexofioB, B KO-

* Dnextponno-go3byxaennoe cocronnne, — [Tpumey, ped.
70



TOPHIX MOJIEKYyJla MOAHHMAaeTcsl H3 8pauiaTeabHo20 COCTORA-
HHSI, HAXOJAUIErocs Kak pa3 HajJ OCHOBHHIM COCTOSIHHEM,
B pasJHuHHIEe ApyrHe KoJjebaTenabHele cocrosiHua. Ciaenmo-
BAaTEJbHO, 3aMETHas 10/ MOJEKyJ IHaHa B MeXsBesj-
HOM ofJaKe HOJKHA HAXOLHTHCA B 3TOM BpaNlaTeJbHOM
coctosiHuu. Mcnonb3ys H3BecTHYI0 pasHHIY SHeprHil mMex-
Iy OCHOBHBIM H BpallaTeJbHBIM COCTOSIHHAMH H HabJ10-
NaeMyI0 OTHOCHTEJbHYIO HHTEHCHBHOCTb PA3JIHUHBIX JIHHHH
norsomenns, Mak-Kennap cMor oueHuts, 4TO LHAH TNOJ-
BEepraercd HEKOeMy Bo3MmylleHHI0 ¢ 3(hdekTHBHOH TemIe-
patypoit oxosno 2,3 K, Kotopoe MOKeT MNOJAHATH MOJEKYIy
I[MaHa BO BpaulaTelbHOE COCTOSIHHE.

B To Bpems, Kasajoch, He OBUJIO HHKAKHX NPHYHH ac-
COLHHPOBATh 3TO 3arajoYHOe BO3MYILEHHe C BONPOCOM O
npoHcxoxaeHuH Bceenennoil, u nosromy pafora He NpH-
Biekna sHumanus. OpHako nocje OOHApyMKEHHSI Tpexrpa-
AycHOro KocMmuueckoro (oHa uaaydenHa B 1965 romy OHI-
g0 ocosHano ([lxopmxem @uanom, M. C. IlIknoBckHM H
H. k. Byadom), uro stoT (GoH Kak pa3 H fABJIsSeTCH
TeM BO3MylLleHHeM, KoTopoe Habuwomaan B 1941 roay
KOTOPO€ BHI3LIBAJIO BpallleHHe MOJeKyJ IHaHa B obaakax
3meenocua. [nuHa BoJMHBL (DOTOHOB H3JNyYEHHS UYEPHOTO
Tesia, HeoOX0/lHMan /14 TOro, yTOGH BEI3BATh 3TO BpallleHHe,
paBua 0,263 cm, T. e. Kopoue JW0GOH AJHHBl BOJHBI, 10-
CTYMHOH HAa3eMHOH PagHOACTPOHOMHH, HO BCe elle HEIO-
CTATOYHO KOPOTKa, 4TOGHl NpPOBepuUTH OHICTPOe NajeHHe,
OXKHJaeMoe /i IJIaHKOBCKOro pacnpefenenns npd 3 K Ha
JJHHaX BOJH Kopoue 0,1 cm.

C Tex mop NPOBOJAHJHCHL NOHCKH APYTHX JHHHI TNOrJIo-
II€HHSI, BRI3BAHHBIX BO30YXKAEHHEM MoJIeKyJ LHaHa B ApY-
THe BpalllaTeJbHble COCTOSAHHSA, HJIH HHBIX MOJIEKYJ] B pas-
JIHYHBIe BpamiatenabHble coctosHud. Habawonenne B 1974
FOAYy TMOTJIOIIEHHS BTOPHIM BpallaTeJbHbBIM COCTOSIHHEM
MEX3Be3JHOro IHaHa MAaJO OLEHKY HHTEHCHBHOCTH H3JY-
YyeHHs1 Ha jAJHHe BoJHBE okoao 0,132 cM, TakXe COOTBETCT-
Bylolero Ttemnepatype oxoso 3 K. Oanako jgo cux mop
TakHe HaO/IO/leHHs1 YCTAHOBHJH JIHIIb BEePXHHE IIPeJesbl
IJIOTHOCTH SHEPTHH H3JIy4eHHs Ha [VIHHAX BOJIH, MEHBIIHX
0,1 cM. DTH pe3ysabTaThl BCEAAIOT HAAEKAY, TaK KaKk OHH
YKa3blBalOT, 4TO MJOTHOCTH 3HEPrHH H3JYYEHHS HeHCTBH-
TeJbHO HAauHHAeT MNJAaBHO TNajaTh Ha HEKOTOPOH MJIHHEe
BoJHBl BOMH3H 0,1 cM, KaK H OXHJaeTcs, €CJH 3TO H3ay-
yeHHe yepHoro Tesa. OnHAaKo TakHe BepXHHE Ipeleshl He
N03BONIAIOT HaMm yOeAHThbcA B TOM, YTO 3TO HA caMoM Jele
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€CTh H3JyYeHHE YEPHOro TeJa, WJIH TOYHO ONpeAe]HTh
TeMIepaTypy HaJayueHHS,

EnuncTBenHasi BO3MOMKHOCTb aTaKOBATh 3Ty mnpobaemy
3aKJI04ACTCA B TOM, 4TOGH MOAHATH HHGPAaKpacHLf npH-
eMHHK Haj 3eMHOH aTmochepoii ¢ MOMOLbI0 Wapa-30HAAa
Han paxersl. IToxoGHble KCNEPHMEHTH HeBepOSTHO TPYA-
Hbl, H NMOHa4aJy OHH JaJH He COrACYIOUHecs ApYT ¢
ApYromM pesyJbTaThl, IONEPeMeHHO oGOApPAs TO NPHBep-
JHEHIEB CTAHAAPTHOH KOCMOJIOTHH, TO ee¢ ONMOHEHTOB.
Kopneanckas pakernas rpymnna o0Hapy#uaa 3HAYHTEIBHO
OoJble H3JMyueHHS] HAa KOPOTKHX [JIHHAX BOJH, YeM 3TO
MOJKHO OXHAAThb ]IS IVIAHKOBCKOrO pacmnpefiefedus, B TO
BpeMs Kak rpynna wapos-3oua0s 8 MTH nosnyunsa pesysis-
TaTHl, MPHMEPHO COrVIACYIOUIHECH C TEMH, KOTOPble OXKHAa-
I0TCA [/l M3JIy4eHHsi yepHoro Tesna. OGe rpynnsl mposoJ-
KaJHu cBOI0 paGoTy W K 1972 roxy onyG/iuKoBaJAH pe3yb-
TaThl, YK4asblBalOllHe HA pacnpejeJeHHe UYEPHOro Teja ¢
Temneparypoii Gauskoir 3 K. B 1976 roay rpymna 11apoB-
301108 B Bepxan noarsepaua, uto mJI0THOCTh SHEPrHH W3-
JAYUEHHS NPOMOJIKAeT NajaaTh AJAsS KOPOTKHX IJHH BOJH B
obaactu or 0,25 no 0,06 cM no 3aKOHY, OXHaeMOMY HIJf
Temnepatyp B uurepane or 0,1 no 3 K. Ceiiuac npencras-
JAETCA YCTAHOBJEHHBIM, YTO KOCMHYecKHH (OH H3aydenus
AefiCTBHTENIBHO €CTh H3JyuYeHHEe YEPHOro Teda ¢ Temiepa-
Typo# 6auskoi 3 K.

UntaTenb MOMKET YAHBHTLCS B 3TOM MecTe, noveMy Ta-
KO BONPOC HE MOr GHTb paspelieH NPOCTO MOAHSTHEM
HH(PAKPaCHOro 0GOPYAOBaHHS HAa HCKYCCTBEHHBI cnyT-
HHK 3eMJH, 4TOGH NOTPATHTh CTOJBKO BPEMEHH, CKOJBKO
HY2KHO NIl aKKYPaTHBIX H3MepeHHil 3aBeI0MO HaJ 3e€MHON
atmoctepoii. B camom nene, s He YBepeH, 4TO TMOHHMAIO,
nouemy 3T0 OBUIO HEBO3MOMKHO caeaaTh. [IpHBOAMMBIiL
OGBIYHO MOBOJ 3aKAIOYAeTCH B TOM, 4TO JJIS H3MepeHHs
CTOJIb HH3KHX TeMmneparyp Haayuenus, kak 3 K, Heo6xomu-
MO OXJIaXKaaTh annapatypy XHAKHM reJueM (XoJofHas
Harpyska), W He CyIIeCTBYeT TEXHOJOIHH, NO3BoJsiome:
AepxKaThb NMofo0HOE KpHorenHoe o0GOPYAOBAHHe Ha Gopty
cnyTHHKa 3emud. OHaKo TPyAHO M3GABHTBCS OT nojpospe-
HHS, 4TO NOJAOOHBIE BOHCTHHY KOCMHYECKHE HCCJeA0BAHHS
NpOCTO 3acAyXKHBAIOT Ooablieli 10JH acCHTHOBAHHi H3
GlolKeTa Ha HCCJAeOBaHHS KOCMOca.

Baxnocts mnpoBenenuss uaGuiofennit Hax 3eMHOH aT-
Mocepoii npexcrapasiercs eime Goablued, ecun paccmor-
PETh pacmpejesienne KocMHYeckoro <¢oHA H3JyyeHHS no
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HanpasAenuro Taxk xe, Kak # 1o AauHe BoaHul. [IpoBene-
HBle 0 CHX NMOp HAaGJIOJEHHS COTJIACYITCA C MOJHOCTBIO
H30TPONHLIM, T. €. He 3aBHCALIUM OT HanpasJeHHs, GoHOM
H3ayueHnsi. Kak ormeueHo B mpejbiaylieil raase, 3T0 OAHH
H3 HauboJjiee CHIBHLIX aprymMeHToB B noJas3y KocmoJsioru-
yeckoro [Tpunuuna. Opnako oyenb TPYAHO OTJHYHTbL BO3-
MOXKHYIO 3aBHCHMOCTb OT HaNpaBJeHHsl, IPHCYLLYI0 KOCMH-
yecKOMY (DOHY H3JIyyeHHS, OT TAKOH 3aBHCUMOCTH, KOTOpas
rJ1aBHBIM 0Gpas3oMm cBfizaHa c 3¢ @exTaMH 3eMHOH aTMo-
ceps; B caMOM JeJie, IPH H3MEPeHHAX TeMmepaTypl (o-
Ha H3JIyuYeHHs 3TOT ()OH OTAENAIOT OT H3Jy4YeHHS HalUeH
aTMoc(epsl, HCMOAB3YS NPeodnoAoNHceHUe, YTO OH H30TPOIEH.

O6cToATeNLCTBO, AeNalollee 3aBHCHMOCTb (POHA MHKPO-
BOJIHOBOTO H3JIyUeHHS OT HANpPaBJEHHA CTOJNb MJIEHHTe]b-
HbBIM TIPEIMETOM AJIA H3y4YeHHd, 3aK/JI4YaeTcd B TOM, 4TO
MHTEHCHBHOCTb 3TOr0 H3JIyUEHHS] H HE OXKHAAETCS TOYHO
H3oTponHoH. DBo3aMoxubl GJAYKTyauHH HHTEHCHBHOCTH C
He6OJbIIHMHE H3MEHEHHSIMH IO HaNpPaBJIeHHIO, BbI3BaHHbIE
peaJbHOH KpynmHO3epHHCTOH cTpykTypoit Bcesennoii, au6o
B Te BpeMeHa, Korja HCNycKaJoch H3JydeHHe, JHOO mocae
storo. Hampumep, raJakTHKH Ha paHHHX cTajgusax dopma-
IHH MOTYT HabMI0AaThCA KaK TeMJIoBHe NATHA Ha Hebe ¢
HEeCKOJIbKO GoJsibLied, uem cpejiHdAs, TeMmmepaTypoil uepHoro
TeJla, MMeEIOLlHEe YIVIOBbE pa3Mephl, MOxKeT ObiTh, GoJiblle
NOJIOBHHBL JAyroBoH MHHYTH *. Bro6GaBoK K 3TOMY TOYTH
HaBepHAKa HMeloTcs HeGOJblIME IJaBHbBlE BapHALHH HH-
TEHCHBHOCTH H3JIyYeHHs1 MO BceMy HeOy, BHI3BaHHEIE JBH-
xenuem 3eman Bo BceesenHoil. 3emas BpalllaeTcss BOKPYT
ConHua co ckopocteio 30 kM/c, a CoJsHeuHasi cHCTeMa
baaropapd BpalleHHio HaweH [ajakTHKH Hecercsl CO CKO-
poctbio oKosio 250 kM/c. HHKTO TouHO He 3HaeT, KaKywo
CKOpPOCTb HMeeT Hama I'alakTHKa N0 OTHOLIEHHIO K KOC-
MHYECKOMY paclpe/e/eHHI0 THIHYHBIX TraJlakTHK, HO, Be-
POSITHO, OHA JBHIKETCS B OINpeJe/leHHOM HAanpaBJeHHH CO
CKOPOCTBIO HECKOJIBKO COT KHJIOMETPOB B CeKYHAY.

Ecnu, HanpuMmep, Mbl OPeno/oxKHM, uTo 3ems JABH-
xerea co ckopoctbio 300 KM/C OTHOCHTENLHO CpelHero
pacnpenesnenus BellecrBa Bo BcenenHoit u, clenoBarelib-
HO, OTHOCHTEJbHO (POHA H3JYYEHHS, TOTAa [IJIHHA BOJHEI
H3JIYYEeHHs!, PHXOAANIEro chnepeid HJIH c3aJH N0 OTHOLIe-
HHIO K [BHXKEHHI0 3eMJH, A0JKHA YMEHBIIHTBCS HJH CO-
OTBETCTBEHHO YBEJHYHTHCS Ha BeJHYHHY, PaBHYIO OTHOLIe-
nuo 300 KM/c K ckopocTH cBera, T. e, Ha 0,1 mpomenra.

* CM. pomouienue pepaxktopa 4, c. 175. — [Ipumes. ped.
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Takum o6pasoM, 3KBHBaJIEHTHasl TeMuepaTtypa H3Jy4YeHH:
IOJKHA TJAaBHO MEHSIThCA ¢ HanpaBJeHHeM, OyAydH Ha
0,1 npoueHra Gosblie cpefHell B TOM HanpaBJeHHH, KyJAa
aBHxkercss 3emas, H Ha 0,1 mpomeHTa MeHbIIE CpegHeH B
HanpaBJeHHH, OTKyAa Mbl JeTHM. Hauayumuii mepxHHH
npejes, NOAY4YeHHBIH B NOC/Ae[HHEe Tofbl, 1A KakKoi OH TO
HH OLII0O 3aBHCHMOCTH 39KBHB@JIEHTHOH TEMIIEpaTypsl OT
HanpaBJeHHs KakK pas paseH npuMepHo 0,1 mpouenra, H,
TaKHM 00pasoM, MBI HAaXOAHMCH B MYYHTEJbHOM MOJIOHKe-
HHH, CyMeB IIOYTH 4TO, HO He COBCEM, H3MEPHTb CKOPOCTh
3eman Bo BcenenHodi. Bo3MoXHO, 9T0 3TOT BOIPOC HE
yracTcs paspeliHTh OO TeX MOp, MOKa He GYAyT HpoBeje-
HBl H3MepeHHs Ha cnyTHHKax 3eman. (Korma B 3Ty KHHTY
BHOCHJIHCh TOCJIEJJHHE HCIIpaBJeHHA, A noayuua ot Jlxona
Marepa u3 HACA* DBroaneress Ne 1 cnyTHHKa-Hcc/Ieno-
BaTelsl KocMHueckoro ¢oHa. B HeM 06BbABIEHO O CO3LaHHH
TPYNNBl H3 IIECTH YYEeHHIX HOf pykoBoxcTsoM Penbe Beiic-
ca u3 MTU pna uayueHHsSs BO3MOMKHOCTEH H3MEDEHHA HH-
tdhpakpacHoro u MHKpPOBOJHOBOro (oHa u3 kocmoca. Cuact-
JuBoro myTu! **.)

Mbul BHpenH, 4TO KOCMHYeCKHH ¢(OH MHKDPOBOJHOBOTO
H3JIyuUeHHS JaeT MOLIHOE CBHAETEJLCTRBO TOTO, YTO H3Jy4e-
HHE H BELIECTBO BO BceneHHOH KOTrAa-ToO HAaXOAHJHCh B CO-
CTOSIHHH TemyoBoro paBHoBecus. OfHaKo, MBI elle MaJlo
H3BJIEKJH [ KOCMOJIOTHH H3 KOHKDeTHO Hab6Ji0maeMoro
YHCJIOBOr0 3HAYEHUS 3KBHBAJEHTHOH TeMIepaTyphl H3Jyde-
uusg, pasuoit 3 K. Ha camom xe zene, sra TeMmepatypa
H3JIyueHHS I03BOJISIET ONPeleJHTb OJHO KPHTHYECKOe YHC-
JIO, KOTOpoe NOoHanoOuTcsl HaM, 4ToOH IPOCAEAHTh HCTO-
pHIO [IepBHX TpPeX MHHYT.

Kax mbl nokasaiau, npu Jo060H JaHHOH TeMmepartype
yuc/0 (POTOHOB B efHHHUHOM 0O6beMe 06paTHO NPOIOPLHO-
HaJbHO KyOy cpeiHeil JJHHHL BOJHBI H, CJI€J0BAaTEALHO,
IpsAMO IPOMOPUHOHANbHO Ky6y TemmepaTyphl. das Temme-
parypbl, ToyHo pasHo#i 1 K, B omnom nutpe Gymer Haxo-
outbest 20282,9 ¢oroHOB, TaK UTO TpexrpagycHHH (oH
uajayueHus cogepkut okoso 550000 doroHoB B OLHOM JHT-
pe. OxHaKo MJAOTHOCTh AAEPHBIX YacTHL (HeATPOHOB H Ipo-
TOHOB) B TenepemHeli Bcesenno# cocraBager or 6 mo
0,03 uvacrui Ha ThicAuy JUTpoB. (BepxHu#l mpelxen pasen

* HACA — Hauuona/bHOe ynpaejeHHe N0 23pOHABTHKE H HOCJe-
LOBaHHIO KocMHueckoro mnpocrpancrsa CIUA. — IIpumew. nep.

** O6 uaMepenusx, o6HApPYXKHBIIHX 5(¢heKT aHH30TPONHH H3Jyde-
HH#, CM, jomosHeHHe pepakropa 5, c. 176. — [Tpumeu. ped.
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VABOEHHOI KPHTHUYECKOH IJIOTHOCTH, 06GCcy:KAaBllefcs B raa-
Be II;, HHXKHHH npele] COOTBETCTBYeT HHIKHeH OlLEeHKe
NJOTHOCTH, peaJbHO HabJ10faeMOH B BHIHMBIX TaJaKTH-
Kax.) Takum oGpasoM, B 3aBHCHMOCTH OT HCTHHHOIO 3Ha-
YeHHs MJOTHOCTH YacTHI, Ha KaxAylo SAEpHyH 4YacTHILY
B ceroansiHeli Bceaennoit npuxoautcs or 100 MuaanOHOB
1o 20 0000 MuaanoHOB (OTOHOB.

Boaee Toro, sTo orpoMHoe OTHOIEHHe YHcaa (OTOHOB
K 4HCJY flepHBIX YacTHI, O4YeHb J0Jroe BpeMs OCTaBalloCh
NPHMEPHO NMOCTOSHHLIM. B TeueHHe Toro mepHoAa BPEMEHH,
KOrja HajydeHHe CBOGOAHO paciiHpsnoch (C Tex mop, Kak
TeMmepatypa ynagaa uuxe npumepHo 3000 K), d¢onoBhie
(oTOHBI M simepHEE YACTHIHE HE POMAAJHCh H HE YHHYTO-
XKaJHCh, MTO3TOMY HX OTHOLIEHHE, €CTECTBEHHO, OCTaBaJoCh
NOCTOSTHHBIM. B coenylomefi rsaBe MEl YBHIHM, 94TO 3TO
OTHOUIeHHE OBbLJI0 NPHMEPHO NOCTOAHHHIM Jaxe paHblie,
HecCMOTPA HG@ TO YTO TOTAa OTAeJbHEE QOTOHH POKAAIHCh
H YHHUTOXKAJHCh.

dr1o HanbGoJee BaXKHBIH KOJHYECTBEHHEIH BHIBOJ U3 H3Me-
peHH# (oHA MHKPOBOJHOBOTO H3Jy4YeHHS — CKOJb AAaJeKO
MBl HH 3arJsfHyaH Obl B paHHIO HCTOpHIO BceneHHod, Ha
KaX/Ablll HefiTPOH HAH NPOTOH NpHXoxuaock ot 100 muanH-
onoB go 20 000 muanuonoB ¢otoHoB. UTob6b H3GEXaTh
HEeHYXKHOH HeOmpeleNeHHOCTH, a B MOCJAeAyIOLleM H3J0xkKe-
HHH OKPYIJII0 3TO YHCJAO H OyAy mpeamoarath AAf HJJIO-
CTpAallH, YTO cefiyac H Toraa BceneHnas B cpeiHeM cofep-
JKaja POBHO OJIHH MHJIHApA (OTOHOB Ha ONHY SJAEPHYIO
YacTHIY.

O}IHO O4YeHb BaxHOe CJieJ/ICTBHE 3TOro BbiBOJAA 3aKJ/JaAKUa-
eTcd B TOM, UYTO pasjejieHHe BECIIeCTBA HAa TaJaKTHKH H
3Be3/Ibl HE MOIJIO HAauyaThCsl A0 TeX MOp, MOKa KOCMHYecKas
TeMIepatrypa He cTaja JOCTaTOYHO HH3KOM, IAS TOro 4ro-
OBl 3JIEKTPOHbI CMOTJIH 3aXBAaTHTLCHA fAApaMH ¢ 06pasoBaHH-
eM atomoB. Kak mnpensuzmen eute HpioTOH, AJ1s1 TOro 9To6Hl
TATOTEHHE MOIJIO NPHBECTH K COOHPAHHIO BELIECTBA B OT-
IeJbHBIE CTYCTKH, HeoO0X0xHMo, 4TOObB OHO TIPeOoJ0JIeNo
JaBJieHHe BelllecTBAa H CBSI3aHHOrO ¢ HUM H3jaydeHud. Cuia
TATOTEHHS BHYTPH J060ro BO3HHKAIOLIEro CrycTKa Belle-
CTBAa YBEJHYHBAETCS C YBEJHYEHHEM pa3Mepa CrycTKa, B
TO BpeéMs KagK naBJjieHHE€ HE€ 3aBHCHT OT pasMmepa; caeno-
BaTeJIbHO, TNpH JI00BIX 34a/1aHHBIX IIJIOTHOCTH H JAaBJIEHHH
cyllecTByeT MHHHMAaJbHas wMacca, NoAnaloliascsa rpaBHTa-
LHOHHOMY cBA3bBaHHI0. OHa H3BecTHa Kak «Macca JIxuH-
ca», TaKk Kak BmepBbe Oulia BBefeHa capoM JlxefiMcom
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Hxuncom B 1902 rony B Teopuu oGpasoBanus 3sesn. Oka-
abiBaercs, 4To Macca JlxkHHca npomopunonasbHa aapJe-
HHIO B CTENEHH TPH BTOPHIX (CM. MaTeMaTHYeCKOe A0MOJ-
HenHe 5, c. 165). [Tepen Tem kKak 3JIEKTPOHLl HayaJH 3a-
XBATBLIBATLCA B 4TOMBl NpH Temmepatype okoao 3000 K,
AaBJEHHE H3JYYeHHS] OBLIO KOJOCCAJAbHBIM H COOTBETCTBEH-
HO Macca JIxKuhca Oblia BeJIHKA, NPHMEPHO B MHJJIHOH
Pa3 Goabuie macch Goabmofi raJdakTHKH. CaMH raJakTHKH
H JlaXe CKOMJIeHHS rajakTHK HEeL0CTATOYHO BEJHKH, YTOOH
o6pasoBathess B 310 Bpems. OxHako YYTh M032Ke 3J1eKTPOHbI
BMeCTe ¢ AapamMH OOBeJHHHIHCh B aTOMbI, ¢ HCUE3HOBEHH-
€M CBOGOAHBIX 3JeKTPOHOB Beesennas crana TPO3payHo
AT H3JIYYEHHSA; B Pe3yJbTaTe JaBJeHHE H3JIYy4YeHHs CTAJI0
HecyliecTBennbiM. [Ipn sanannbx TemmepaTtype m maoro-
CTH JaBJCHHE BEUIECTBA HJIH H3JY4YEHHS IPOCTO MPOMOp-
IHOHAJILHO YHCAY YacTHI HJAH (OTOHOB COOTBETCTBEHHO,
NOSTOMY, KOrla J1aBJeHHE H3JYYeHHS MepecTalo Hrpath
PoJb, MojiHOe 3(hekTHBHOE aBieHHe ymaJo NPHMEPHO B
MHaanapa pa3. Macca JIKHHCA yMeHbIIHJAach Ha 3TOT
MHOXKHTE/IL B CTENeHH TPH BTOPBLIX, CTaB pPaBHOM OXHOMN
MHJITHOHHON Macchl ranakTHKH. C 3TOro MOMEHTa nabJe-
HHE OJHOTO JHWIb BemlecTBa OBJIO BO MHOrO pas caaGee
TOro, KOTOpOé MOTJIO OBl MPeAOTBPATHTH coGHpaHHe Bele-
CTBa B BHJHMbBle HAMH Ha Hele raJaKkTHKH *.

OTHM Mbl HEe XOTHM CKa3aTh, 9TO AeHCTBHTENBHO MO-
HHMaeM, Kak o06pasoBa/iich ranakTHku. Teopus o6Gpasoga-
HHUA TANaKTHK $BASICTCS OJHOH M3 OTKPHITHX mpoGuaem
acTpo(H3NKH, Kaxyleicss CeroAHa eile oueHb NaNeKof oT
paspemenus. Ho sro apyras wucropus. Jlns Hac BaxHo,
4T0 B pauHeii Bcesennoii npm Temmneparype Bhime npH-
mepHo 3000 K Bceenennas cocTosila He M3 TaflakTHK H
3BE3], KOTOpHIE MBI cefiyac BHAHM Ha Hele, a TOJBKO H3
HOHH30BAHHOTO H HEpPasjeJHMOr0 Cyna H3 BellecTBa H
H3JIYUCHHS.

Jpyriv npuvevatenbHbIM caeacTBHEM GOMBIIONO OTHO-
LWIeHHs YHesaa QOTOHOB K 9YHC/IY SIAEPHBIX YACTHIL SIBJASIET-
Csl TO, 4TO JIOJKHO GBUIO CYIIECTBOBATH BPEMSI B HE CTOJb
AQJEKOM NPOULIOM, KOT/[a SHePrHsi H3JAYYeHHS Obiaa GoJib-
IIe SHEPruM, cocpefOTOUeHHON B BemiecTBe BceesenHoil.

* TMoanoe nasienne, cKJaTHBAIONICECS H3 AABJCHHS H3JIYUCHHS W
AABJCHIA BellecTsa, He yMeHblunaoch, CoGHpaHHIO MPO3PavyHOro Belre-
CTBA B CTYCTKH MPENsSTCTBYET TOJNBKO [JABJAEHHE CAMOTO BeleCTRA, HO
HE AapiecHiue uanyvenns. MMeHHO 3To umeer B BHAY aBTOp, roBops 06
YMCHBLICHHH NONHOrO «3(dexTHBHOrO> Aasaeuus. — [punes. ped.

76



Oueprus, 3akjl04YeHHAass B Macce SAepPHON YAaCTHILI, paBHA
cornacHo ¢opmyne iHmreiina E£=mc? npumepHo 939
MHJJIHOHAM 3JeKTPOHBOJILT. CpenHsia 3HepPTHA (OTOHA B
TPEXTPajyCHOM H3JIyYeHHH YePHOTO TeJia HaMHOrO MeEHBIIe,
oxosao 0,0007 3B, tak uto fa)ke NpH HAJHYHH OJHOTO MHI-
Juapna GHOTOHOB HAa OAMH HEHTPOH HJAM NPOTOH GoJsbluas
4acTh SHEPTHH ceronudmHedt Bcenenno# naxoautes B (op-
Me BellecTBa, a He HaJaydyeHus. OmHaKo paHblle TeMmIepa-
Typa Obl1a BBHIIIE, TAaK YTO 3HEPrHs Kaxjaoro (GoroHa ToxXKe
Obla BBHILIE, B TO BpeMs KaK 3Heprusl, 3akJueHHas B
HefiTDOHHOH WM NPOTOHHOH Macce, Bcerga ObHIa OlHA H
Ta xe. UToOH 3HEpPrusl M3JydYeHHS NpeBLICHJIA SHEPTHIO Be-
I1ecTBa, NMPH HAJHYHH OAHOTO MHJJHapAa $OTOHOB Ha OX-
HY AJepHyI0 9YacTHIYy HeoOXOAHMO JHIIb, YTOOH CpeaHss
3Heprua (OTOHA H3JAYUEHHS YepHOTO Tesna crana OoJiblIe
OIHOI MMJJIHAPAHOH LOJMH 3HEePTHH, OTBeyalolled fnepHOI
Macce, T. €. GOJbIIe NPHMEPHO OJHOTO 3JEKTPOHBOJLTA.
3TO COOTBETCTBYET TOMY, UTOo Temmeparypa GOwiia B 1300
pas Goabuie, ueMm celuac, T. e. okoso 4000 K. D7a Temme-
paTypa XapaKTepH3yeT IEepPeXoj OT «3Dbl NpeodaagaHus u3-
JYUEHHS», B KOTOpO# GOJbllasi 4acTh SHepruau BcesaeHHOH
Haxojauaach B opMe H3/IYyYeHHS, K TelepellHeid «Ipe mpe-
obsafaHusi BEIIECTBa», B KOTOPOH OOJbIIas 4acTh SHEPTHH
COCpPeloTOYeHa B Maccax SIEPHBIX YaCTHIL.

[TopasuTeapHo, 4TO Mepexof OT 3pB NpeobiajaHHd H3-
JYUueHHs K 3pe mnpeobJajaHus BellecTBa IPOH3OLIEN KaK
pas NpHMEpHO B TO K€ BpeMs, Korja cojepxumoe Bceesen-
HOH CTaJo NPO3payHBIM AJA H3JYYEHHS, T. €. NPH TeMIe-
patrype okoso 3000 K. Huxto Ha camMoM Jesie He 3HAET,
NoUYeMy JAOJKHO ObIThb TakK, XOTS H HMEIOTC HHTepecHEe
THIIOTE3H Ha 3TOT cueT. MBI TakKe He 3HAaeM, Kakoil mepe-
XOJL NPOM30INeJ NMEePBHIM; ecau ceidiyac umeerca 10 MuaH-
apnoB (OTOHOB HA SAEPHYIO YAaCTHIY, TOTAa H3JYUCHHE
npojoJxkano 6bl npeo6aafaTh Haj BeIIeCTBOM BILIOTH N0
MOMeHTa, Korja TeMmnepatypa ynana po 400 K, T. e. 3Ha-
YHTEJbHO T03:Ke TOro, Korxa Bceesennas crasa npo3payHof.

OTH HeoNpeleJeHHOCTH He MOMEINAIOT HalleMy paccKA-
3y 06 ucropun paHHeli Bcesennofi. Ilnsg Hac BaiKHO, 4TO
B J1000# MOMEHT BPeMeHH 3a/I0JIT0 /0 TOTO, KaK COAEPIKH-
moe BcesieHHOH cTalo NPO3payHLIM, €e MOXKHO paccMmar-
PUBATH COCTOMIICH M3 H3JIYYEHHS JHIIL ¢ HeGOJBIIOH TpH-
MEeChI0 BelllecTBa. ['paHaHo3Hast NIOTHOCTh SHEPTHH H3Jyue-
HHsl B paHHeil BcenenHoll mocreneHHO yMeHbINHIach GJa-
rojapsi CMeleHHIO AJHH BOJH (POTOHOB B KPAaCHVIO CTOPO-
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HY B Npoliecce ee pacllHpeHHsd, JaB BO3MOMXHOCTb NPHMECH
SIIEPHBIX YACTHI H 3JIEKTPOHOB TNPEBPATHTbCS B 3BE3JH,
CKaJIbl H JKHBBIE CyllecTBa TenmepeliHed BcenenHo#.

IV. PELLENT NPHTOTOBJIEHHA
rorPSIYEHX BCEJIEHHOH

HaGmionenns, obcyxkaaBmuecs B JABYX TNpPeABAYIIHX
riaBax, nokasanaH, uTo BceseHHas pacIIHpAeTcs H YTO OHA
3amoJiHEHa YHHBEpPCaJbHEIM (DOHOM H3NYUeHHS, KOTOPHIH
nMeer cefiuac temnepatypy 3 K. 910 usnyuenue npeacras-
JISEeTC TEPEXHTKOM TOTO BpeMeHH, Koraa Bcenennas Gul-
Jna menpospauHoit H npumepHo B 1000 pa3 mensme u rops-
yee, yeM B Hacrosllee Bpems. (Kak u Bceraa, xorpa Ml
ropopuM, uto Bcenennas Geina B 1000 pas wmenbmie, uem
cefiyac, MBl IPOCTO HMEEM B BHAY, UTO PACCTOSHHE MEXAY
a060H NaHHOH Napofi THOHYHBIX TrajlakTHK GblJIO TOrjAa B
1000 pas mennine TenepemHero.) B KauyecTBe 3akKJIOYH-
TEJNLHOTO 3Tana MOATOTOBKH K HAWleMy pacdeTy MepBHX
TPEX MHHYT MHBl JIONKHBI 3arJsHyTh Haszan B emle GoJee
paHHHe MOMEHTH BpeMeHH, Koraa Bcenennas Owia eme’
MeHblIe H ropsiuee, HCNOJb3Ys AJA H3YYEHHS TOCHONCTBO-
BaBIIHX TOTRAA (H3HUECKHX YCJAOBHH He ONTHUECKHE WJIH
pPaJHOTENIeCKONH, a TeOPEeTHUYeCKHe MEeTONH HccIeJ0BaHHA.

B xonne raasul III mbl ormeuann, uto Korma BceeneH-
Has Gbina B 1000 pas meHbine, 4eM B HACTOSILIEE BPeMf, H
cojep:kaBleecss B Helt BemlectBo GHJI0O Ha TPaHH TOTO,
yToOBl CTAaTh MPO3pPauYHBIM JJIS1 H3AyueHHs, BeeseHHas mepe-
m1a OT pH npeobnajaHHs H3AY4YeHHA K TenepelnHeii spe
npeo6iananus BellecTBa. Bo Bpemsi 3pbl npeobsagaHus
H3Jy4YeHHs OblJIIO He TOJBKO TO JKe CaMOe OrpOMHOe KOJIH-
yecTBO (hOTOHOB Ha KaXKAyl0 SACPHYIO YACTHIY, 4TO H cefi-
yac, HO SHeprusi OTAeJbHEIX (OTOHOB OblJIAa [HOCTATOYHO
BeJHKa, TaK uTo GOsbpmas yacTb 3Heprun BcenenHo#t GHla
B ¢opme uanyuenus, a He uactun. (Hanomuum, uro doro-
HE — 5TO 6e3MaccoBhHIe YaCTHUbLI, HJIH KBaHTH, H3 KOTO-
PHIX COTJIaCHO KBaHTOBOH TeopHH cocTOHT cBeT.) Cnenosa-
TeJLHO, C AOCTAaTOYHO XOpOIIHM NpHOJHXKeHHeM BceeneH-
HYI0 B TeUeHHe 3TOH 3PEl MOXHO paccMaTPHBAaTh Tak, OyATO
OHa 3aMoJiHeHa TOJLKO OAHHM H3JyYeHHEM H HE CONEpPIKHT
BOBCE HHKaKOTO BellecTBa.

ATOT BHIBOJA HAJ0 CONPOBOAHTH OJHHM BaXKHHIM YTOY-
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HeHHeM. Mul YBHAHM B 3TOH IiaBe, 9TO 5pa YHCTOTO H3JY-
YEHHsl HayaJach Ha caMOM Jejie TOJbKO B KOHIE MepBhIX
HECKOJILKHX MHHYT, KOIJa TeMIepaTypa ynajla HHXKe He-
CKOJIBKMX MMJIIHapaoB rpanycoB KennBuna. [lo 3toro mo-
MeHTa BellecTBO GBIJIO BaXKHO, HO BELIECTBO, CHJIBHO OTJIH-
yaplieecs OT TOTO, H3 KOTOPOrO COCTOHT Hallla HbIHEIIHANA
Beesennas. OfHako npexnae, ueM Mbl 3arJIAHEM CTOJb Ad-
JIEKO HasajJ, KPaTKO PacCMOTPHM COOGCTBEHHO 3Py Hajayue-
HHA, OT KOHLA NepPBHIX HECKOJBKHX MHHYT A0 MOMEHTa Ha
HECKOJIBKO COT THICAY JieT NMO3JHee, KOrja BELIECTBO CTaJo
BHOBb (oJiee BaXKHLIM, YeM H3JIyYEHHE.

Bee, yTo HamM HYXHO AJs TOro, 4To6hl NPOCAENHTH HC-
Toprio BcesenHON B TeyeHHe 3TOH 39pH, 3TO 3HATh, Ha-
CKOJIbKO BCe OBIJIO rOpsiYHM B JI000H JaHHBIH MOMEHT Bpe-
MeHH. MHBIMH cllOBaMH, KaK TeMIepaTypa cBsidaHa C pas-
mepom Bceenennofi B npouecce ee pacmIHpeHHA?

Bulsio 6B JIErKO OTBETHTh HA 3TOT BOMPOC, eclH OBl H3-
JydeHHe MOMKHO OBHLJIO paccMaTpPHBATH pAacCIIHPAIOUIHMCS
cBo6opHO. [lnHHA BOJHH Kaxaoro (oToHa MPOCTO pacTA-
ruBajack Obl (6Gaarozaps KpacHOMY CMeIIEeHHIO) Npomop-
LHOHAALHO pa3mepy BceseHHON B npomecce ee paciiupe-
uusa. Kpome Toro, M BHIeNH B NpeibIAVIIEll riaaBe, 4TO
cpenHsis NJHHA BOJIHBI H3JIyYEHHs YepHOro Teja oGpPaTHO
NponopuHoHajbpHa Temneparype. C/enoBaTenbHO, TeMmepa-
Typa J0JKHa OBlJa yMeHbLIaTbCsi OOPATHO MPOMOPLHO:
HaJIbHO pasamepy BceslenHno#i, Tak e, KaKk 3TO NPOHCXOMHT
cefigac.

K cuactbio s TeopeTHKa-KOCMOJIOra, 9TO Ke MpocToe
COOTHOUIEHHE BHITIOJHSETCH JlaXke TOrAa, Koria MH MPHHH-
MaeM BO BHHMaHHe, YTO H3JyYeHHe B JeHCTBHTENBHOCTH He
pacmupsjiock ¢BO60JHO, — OBICTPHIE CTOJKHOBEHHs (OTO-
HOB C OTHOCHTEJLHO HeOOJBUIMM YHCJIOM 3J€KTPOHOB H
sIIePHBIX 4YacTHL HOejanH comepxuMoe BcenenHolt Henpos-
pauyHBIM B TedyeHme 3pbl npeobaanaHus H3ndyueHus. [loka
¢doron Gbl1 B cBOGOAHOM MNOJIETE MEKAY CTOJKHOBEHHAMH,
ero AJHHA BOJHBI J0JKHA OblJIa YBeJHYHBATHCA NPONOP-
IHOHAJbHO pasMmepy BceneHHOH, a Ha KaXKAYIO 4YaCTHLY
NPUXOAHJIOCE TaK MHOro ()OTOHOB, HYTO CTOJKHOBEHHS
NPOCTO BHIHYXKJAAJH TEMIepaTypy BellecTBa CJAEN0BATh
TeMnepaTrype H3JayueHud, Ho He HaobGopoT. Takum o6pasom,
Korjga BceneHHas Owlia, HalpHMep, B AECATh THICAY pas
MeHbLIe, YeM ceiiuac, TeMmmepaTtypa JoJKHa Owlia OHITH
NPONOPIHOHAJLHO BHIIE Tenepemned, T. e. okono 30 000 K.
Bor Bce, YTO MOXKHO cKa3aTh 06 3pe H3JIyuyeHHs.
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B KkoHIle KOHIOB, 10 Meépe TOro Kak MBI Bce JaJblle H
Aajbliie 3arasjaeiBaeM B ray6p HcTOpHH BceeaeHHo#, Mbl
NPHXOJHM K MOMEHTY BpeMeHH, Korja Temmeparypa Gblia
CTOJB BBHICOKA, YTO CTOJKHOBeHHS (DOTOHOB APYr ¢ ApYyrom
MOIVIH TIOPOJK/aTh YACTHIB BELIECTBA H3 YHCTOH 3SHEPrHH
uaayuenus. Mbl cobupaeMcsi mokasaTh, YTo 06pas3oBaHHbIE
TakiM 06paszoM uYacTHULl OBLIH TAK K€ BaxKHH JJIA Onpe-
AeNeHHs] CKOPOCTH Pa3/IHYHBIX SAEPHBIX PeakllHd H CKOpo-
cTH pacmupeHus BceseHHOI B mepBbie HECKOJbKO MHHYT,
Kak H camo uaiayuenue. [lostomy, 4T1oOBl nNpocjefHTh 3a
xon0oM coGeITHH B JeHCTBHTENbHO PaHHHE MOMEHTH BpeMme-
HH, HaM noTpebGyercs 3HATh, CKOJIb ropsda J0JiKHA OBITH
Bcenennas, uToGH H3 3SHEPrHH H3JydeHHs oO6pasoBaJoch
Gosbllloe KOJHUECTBO MaTrepHaJbHbIX YacCTHL, H CKOJIBKO
4acTHI, TaK 00pa3oBaJioch.

[Tpouece, B KoTopom BelllecTBO obpasyercsi M3 H3Jjyye-
HHSl, MOXKHO JIerye BCero NOHSITh, HCNOJb3yS KBaHTOBYIO
KapTHHy cBera. JIBa KBaHTa H3JydeHHs, HIH (OTOHA, MO-
TYT CTOJKHYTBCS H HCUE3HYTb, NpHYEM BCA HX 3Heprus H
HMIyJAbc yHAYT Ha oOpasoBaHHe JBYX HJH Gojiee MaTepH-
anbHBIX uacTHU. (B meficTBHTENBHOCTH 3TOT npolecc Koc-
BCilHBIM oOpasoM Halalofaercs B COBpeMeHHHIX Jabopa-
TOPHAX siAepHoit (u3uKH BbICOKHX 3Hepruii.) Opnako
SHHINTEeHHOBCKAS CHELHaJbHAasi TeOPHS OTHOCHTEJIbHOCTH
yTBepiKJaer, YTO JAaxe B IOKOE€ MaTepHaabHas 4YacTHIA
JOJIKHA HMEThb ONpelelleHHYI0 «3Hepru{io IoKof», paBae-
Myl 3HameHuto#i Qopmynoii E=mc?. (3mecb ¢ — CcKoO-
pocTb cBeta. IDTO €CTh HCTOUHHK 3HEPTHH, BEICBOOOK/1aeMoil
B A/ePHBIX peaKlUHAX, B KOTOPHIX HOJA Macchl aTOMHOIO
sapa yHuutoxkaercs.) Orciofna mas toro, ytoGH ABa ¢oTo-
Ha o6pasoBajM JBe MaTepHaJbHEIE YACTHIIBI MacChl /M NpH
J060BOM CTOJKHOBEHHH, 3HEPrHsl Kaxjaoro ¢GoToHa A0JXK-
Ha OBITb NO MeHbLIeHi Mepe paBHA 3HEPrHH TNOKos mc?
Kaa0i yactuubl. Peakuuss GyZer NpPOHCXOAHTL H TOTAa,
Korja sHeprus OTIenbHbX ¢oToHOB Oyaer Goablue mc?;
H30GLITOK 3HEPrHH MPOCTO yiAeT Ha To, uTOOLI NPHAATL Ma-
TepHanbHbIM HacTHiam OoJbliyio ckopocTh. OfHAaKO uacTi-
B Maccoi m He MOryT o6pa3oBaThCs B CTOJKHOBEHHSIX
JBYX (oToHOB, ec/qH 3HepPrHsa (OTOHOB MeHblIe M2, noTo-
MY YTO B ITOM cJjydae 3HeprHH He XBaTaeT Jaxe Ha To,
uToOB 00pasoBaTh MAaccy ITHX YacCTHIL.

OueBunno, 4To6b cyAuTh 06 3P HEKTHBHOCTH H3AYyUEHHS
115 oOpa3oBaHHsl MaTepHaJbHBIX YACTHIL, HAM Hal0 3HATh
XapaKTepPHYI0 3HEPrHi0 OTAeJBLHHX (OTOHOB B NOJE H3JY-
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yeHHs. DTO MOMKeT GBhITh YCraHOBJAGHO C AOCTATOYHON At
HalIHX TelepelHnX LeJell TOYHOCTBIO C MOMOUIbIO NPOCTO-
ro MHEMOHHYECKOro npaBujia: 4yToObl HAHTH XapaKTepHYIO
sHepruio ¢oroHa, NPOCTO YMHOMKLTE TeMIlepaTypy H3Jyue-
HHAl Ha (QYHZAMEHTA/ILHYIO MOCTOSIHHYIO CTaTHCTHYECKOR
MeXaHHKH, H3BECTHYIO Kak noctosuuas Bouabumana. (JToz-
BHr Bosbuman, Hapaay ¢ amepHkaHuem Yuiapiaom I'n6-
Ocom, Gbl OCHOBaTeleM COBPEMEHHOH CTATHCTHUECKOH Me-
xaHukH. ToBopsAr, uro camoyGuiictBo Doabumana B
1906 roay, mo kpafiHeH Mmepe, otyacTH OBIJIO BHI3BAHO (H-
Jocodckoll onmosnuueil ero paGore, HO BCS 3Ta MOJeMHKa
y¥e JaBHO IpeKpaTH/Och.) 3HaueHHe NOcTOSIHHOH BoJbll-
maHa pasHo 0,00008617 3B ma rpaayc Keabsuna. Hanpn-
mep, npu temnepatype 3000 K, korna coaepxumoe Bce-
JICHHOH TOJBKO-TOJBLKO CTa/J0 HPO3pPayHLHIM, XapakTepHas
3Heprusi Kaxjaoro ¢ortoHa npuMepHo pasHaaack 3000 K,
YMHOXKEHHEIM Ha TocTosiHHyK DBoabumana, uau 0,26 3B.
(HanomHuM, 9TO 3JCKTPOHBOJBT paBeH 3SHEPTHH OAHOTO
9JIEKTPOHA, MpPOLIEANIHM Pa3HOCTh TOTEHIUHAJNOB OJHH
BOJbT. THNHUHblE SHEPTHH XHMHUYECKHX peakuHiA—mnopas-
Ka 3/IeKTPOHBOJLTA HAa 4TOM, HMEHHO IIO3TOMY H3JyueHHe
npu temnepatypax suime 3000 K mocratouno ropsiio, uto-
Obl yAepKaTh 3HAUHTENBHYIO JOJI0 3JEKTPOHOB OT BKJIO-
YeHHs B COCTAB aTOMOB.)

Hdas toro uro6bl o6pas3oBaTh MaTepHaJbHble YaCTHIBI
maccofi m B CTOJKHOBeHHSX (OTOHOB, XapakTepHas 3IHep:
rus GOTOHOB, KAaK MBI BHJENH, HOJKHA OHITL II0 MeHblIeH
Mepe paBHa 3Hepruu mc? gactun B mokoe. Tak Kak Xxapak-
TepHas 3Hepras ()OTOHOB paBHA TeMmepaType, YMHOKEH-
HOH Ha GOJBIMAaHOBCKYIO NOCTOSHHYIO, TO OTCIOla BEITEKa-
eT, UTO TeMIepaTypa H3JYyUeHHs AOJKHA OBITh MO MEHb-
el Mepe INOpAAKa SHEPrHH TOKOA mc2, JeJNeHHON Ha
60JILIMAHOBCKYIO NMOCTOAHHYIO. DTO 3HAUHT, UTO AJNA KaxkK-
JIOTO THIIA MaTEepHaJbHRIX YaCTHI HMEeTCH <IOPOroBas
TeMmnepaTtypa», paBHasg SHEPTHH IOKOS mc?, HesleHHOH Ha
nocrosinuyio DosblMmana, KoTopas [AOMXKHA GBITH JOCTHT-
HyTa Hpexkjae, YeM YacTHIE ZAHHOTO THNA HAYHYT POK-
JaThCsl H3 3HEPTHH H3JyYeHHS.

Hanpumep, Jeryaiilige H3 H3BECTHBIX MaTepHaJbHBIX
YACTHIL — 3JEKTPOH €~ ¥ No3uTpoH et. ITo3uTpoH ecTh aH-
THYACTHLA 110 OTHOIUEHHIO K 3JIEKTPOHY; 3TO 3HAUUT, 4TO
OH HMMeeT NMPOTHBOMOJOXKHBIH 3JEKTPHUecKHit 3apsa (moJo-
JKUTENbHLI BMECTO OTPHUATENILHOrO), HO Te e Maccy H
cnun. Korza nosuTpoH cralKHBaeTcs C 3JIEKTPOHOM, 3apsi-
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ABl MOTYT YHHYTOXKHTBCH, IPHYEM 3IHEPrHs MacChl ABYX
4acTHU, INpPOABHUTCH Kak 4YucToe H3aydende. MMenno no-
39TOMY, KOHEYHO, [IOSHTPOHHI CTOJ/Ib PeAKH B OOBLIYHOH 2KH3-
HH — IPOCTO OHH OY€Hb MaJl0 XKHBYT Nepej TeM, Kak HaiTH
3JIeKTPOH H aHHHTuJupoBaTb. (I103HTPOHBI GLIIM OTKPHITHI
B KOCMHYecKHX Jydax B 1932 roay.) Ilpouecc amHHrHAsA-
IHH MOXKeT HATH H B 06paTHylO CTOPOHY — ABa (OTOHa C
JOCTATOYHOH 3Heprueil MOTYT CTOJKHYTbCA W 06pasoBaTh
3JIeKTPOH-NO3UTPOHHYI0 Iapy, NpHYeM 3Hepras (HOTOHOB
NPEeBPATHTCS B Maccy 3JEeKTPOHA H NMO3HTPOHA.

Hns Toro uro6m ABa doToHa obpa3oBaju NMpH JOGOBOM
CTOJIKHOBEHHH 3JIEKTPOH M IIO3HTPOH, SHEprus KaiKJOro H3
¢$OTOHOB [JOJIKHA [OCTHYL SHEPTHH Mmc?, COOTBETCTBYHOLLEH
Macce 3JeKTpOHAa H MO3HTPOHA. ITa IHEPrHA paBHa
0,511003 mMuaiHOHA 3/1€KTPOHBOJBLT. UTOGH HafiTH moporo-
BYIO TeMmnepatypy, mpH KOTopol y ¢oToHOB GyaeT Aocra-
TOYHO IIAHCOB HMETb TAKYI0 IHEpPrHI0, MBI AEJHM SHEPrHIo
Ha nocrosHHylo DBoabumana (0,00008617 3B ma rpaayc
KenbBHHA) M moayyaeM NOPOTOBYIO TeMIEpaTypy LuIecTb
MuaHapaoB rpaaycos Keassuna (6-10° K). [lpu soboi
Gosiee BHICOKOH TeMIepaType 3JeKTPOHH H NMO3HTPOHBI Oy-
JAyT cBOGOAHO POXKAATHCH B CTOJKHOBEeHHAX (DOTOHOB JAPYT
c Jpyrom H noroMmy GyAyT NPHCYTCTBOBAaTh B OYeHb 00Jb-
OIHX KOJHYecTBaXx.

(Kcratu, noporoas temmeparypa 6-10° K, xortopyia
Mbl TOJYYHJIH [JA POKIACHUS 3JEKTPOHOB H IMO3HTPOHOB
H3 HM3Jy4YeHHs, MHOro Bbille, d4eM Jiobas Temneparypa, c
KOTOpPOH Mbl OOHIYHO HMeeM JAelo B Tenepemmueit Bcesen-
Ho#i. Jlaxe B uentpe CosHIla TeMieparypa BCEro OKOJIO
15 MuanHoHos rpaaycos. Bor mnouemy Mbl He NPUBHIKJIH
BH/JIeTb, YTOObLl 3JEKTPOHBI H MO3HTPOHBl BHINPHTHBAJIH H3
IIyCTOrO NpPOCTPAHCTBA, CKOJb OBl APKHM HH OBLI CBET).

Ananoruuntie coolpazkeHHsl NPHMEHHMBl K JIO60MYy TH-
ny vacruu. PyHJaMeHTaJbHBIM MPaBHJIOM COBpPeMeHHOH
(GHU3HKH  ABJASETCA TO, YTO JJA KaxKAOro THOA YaCTHI B
NpPHPOJE CYLIECTBYeT COOTBETCTBYIOIlAas AHTHYACTHIA TOY-
HO C TeMH JKe Maccoi M CIMHOM, HO C NPOTHBOMOJOMKHBIM
3JIEKTPHUYECKHM 3apafoM. EIMHCTBEHHOe HCKJIOYeHHe Co-
CTABJISAIOT HEKOTOpPHIE YHCTO HEHTpPaJbHBIE YACTHIB Bpoje
camoro (OTOHa, KOTOpPHIE MOXHO paccMaTpHBaTh Tak, Oyi-
TO OHH CaM{ — cBOH aHTHuYacTHub. OCBf3b YacTHIH H aH-
THY4CTHIE B3aHMHA: [O3HTPOH ECTb AHTHYACTHIA JJs
9JIEKTPOHA, a 3JIEKTPOH — AJs no3utpoHa. Ilpw mocratoy-
HOM KOJHMYECTBE SHEPrHH BCerja MOXKHO pPOAHTH INapy
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JacTHIA — aHTHYacTHIA JA1060ro Copra NPH CTOJKHOBEHHH
naps  (oTOHOB.

(CymecrBoBaHHe 9acTHI, M AHTHYACTHI €CTh NpsAMoe
MaTeMaTHYecKoe CJeJCTBHE NPHHIHIOB KBaHTOBOH Mexa-
HHKH H CNeUHaJbHOH TEOPHH OTHOCHTeJbHOcTH. CyllecTBo-
BaHHUE AHTH3JeKTpoHa OBUIO BHepBLIE TEOPETHYECKH Npes:
ckazado B 1930 rony Ilonem Anpmanom Mopucom lupa-
koM. He xenas BBOAHTH B CBOIO TEOPHIO HEH3BECTHYIO yac-
THIY, OH OTOX/JECTBHJ AHTH3JEKTPOH C €IHHCTBEHHOM WH3-
BECTHOH B T€ roJbl MOJOKHTEJIbHO 3apfAKEHHOH YacTHIeH—
nporonoM. OTkpuiTHEe MO3uTPoHA B 1932 roay moaTBepAnJO
TEOPHI0O AHTHYACTHI H MOKa3aJo TakxkKe, 4TO NPOTOH — He
aHTHYACTHUA /i SJEKTPOHA; Y TMPOTOHA €CTh CBOSI AHTH-
YaCTHIId — AHTHNPOTOH, OTKpHTHI B Bepkan B 50-x ro-
Aax.)

Caenyiomufi mocae 3JeKTPOHA H TO3HTPOHA THN JIer-
YaflIMX YacTHI, —3TO MIOOH, HJIH W~, HEUTO BpOJEe HecTa-
GHJIBHOTO TSMXKENOrO 3JeKTPOHA, H e20 aHTHYacTHHa pt.
TouHO Tak e KakK 3JIeKTPOHHl H MO3HTPOHH, B~ H pt+ HMe-
I0T NPOTHBOMOJIOXKHEE 3JEKTPHUCCKHE 3apsA/b, HO paBHHIE
Macchl H MOTYT POXKIaThCcA B CTOJKHOBeHHAX (oTOHA ApYT
¢ apyroM. Hactuusl p— u pt HMeloT KaxJas SHEPTHIO NO-
Ko mc?, paBHywo 105,6596 MHJIJHOHOB 3J€KTPOHBOJBT,
4yTo TmocJe MesieHHS Ha 0G0JbIMaHOBCKYIO MOCTOSIHHYIO A1-
eT COOTBETCTBYIOILYI0 MOPOroByio Temmepartypy 1,2 Mumau-
oHa MuaanoHoB rpaaycos (1,2-102 K). IToporosbie Tem-
NepaTyphl, COOTBETCTBYIOIIHE ADYTHM THIAM YacTHL, NpH-
BeneHsl B Taba. 1 Ha c. 143. PaccmartpuBas aty tabanuy,
MBI MOXK€M CKa3aTh, KAKHE YACTHIEI MOIJIH MPHCYTCTBOBATh
B GOJIbIINX KOJIHYECTBaX B pa3Hble BpemeHa HCTopHH Bce-
JIEHHOH: 9TO KaK pas Te YacTHIlbl, Ubs MOpPOroBasi TeMmepa-
Typa GHl1a HHXKe TeMneparypsl BcesenHoft B 9TOT MOMEHT
BpeMeHH™*.

CKONbKO e 3THX MaTepHaJbHBIX WY4aCTHI[ B JeHCTBH-
TeJIJbHOCTH HMeJIOCh NMpH TeMiepaType BHIIe NOporosoii? B
YCNOBHAX BHICOKHX TeMIepaTypsl H IJIOTHOCTH, npeobJa-
JlaBIIHX B paHHeii BceseHHO#, YHCI0 YaCTHIL ONpe/esioch
OCHOBHHIM  YCJIOBHEM TENJIOBOrO PaBHOBECHA: 3TO YHCJIO
NOJIZKHO OBLIO GBITH CTOMb BEJNHKO, 9TOOL KaXKAYI0 CeKYHIY

* B COOTBETCTBHH C MJABHHIM pacnpelefieHHeM 9acTHIl 1O 3JHep-
rHH B TelJIOBOM DABHOBECHH KOJHYECTBO YACTHL H AHTHYACTHIL TaKkKe
MJIaBHO MEHfeTCHd C TeMIepaTypolt H CTAHOBHTCH SHAUHTEJbHHM YXKe

npu !/, TemmepaTypH, KOTOpYl0 aBTOp Ha3uBaeT mnoporoso#. — [ipu-
Mew, ped.
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YHHYTOKA/J0Ch B TOYHOCTH CTOJILKO K€ YacCTHI, CKOJBKO
poxaanoch. (3To 3HAYHT, YTO CNPOC PaBeH MpeJIoxNKe-
uuo.) CKopocTh, ¢ Kakoi mo0as jaHHas mapa yacTHLA —
aHTHYacTHla OyaeT aHHHTHAHPOBAaThb Ha ABa (OTOHA, MpPH-
MepHO paBHa CKODOCTH, ¢ Kakof miofas pauHasi mapa ¢o-
TOHOB OJHOH M TOH e 3Hepruu OyaeT npeBpallaThCs B
yacTHIy H antuyactuuy. OTciofa yc/aoBHe TeNJOBOIO pas-
HOoBecHs TpeGyer, 4TOOBl YHCJIO YacCTHI KaxKJOro THIA, Ybs
MoporoBasi TeMiepaTtypa HH¥Ke KOCMHYECKOil TeMmepatyphl,
JOJIKHO OBITh MPHMEpHO paBHO uHcay (oronoB. Ecau ua-
CTHIL MeHblle, 4YeM (POTOHOB, TO OHH OYAYT PpOXKAATHCA
OulICTpee, YeM YHHUTOXKATBHCH, W HX YHCJIO GyneT pacTH; ec-
Ju Ke yacrtuu Gojbure, ueM (GOTOHOB, TO OHH GYAYT YHHY-
ToXkKaTbc OBICTpee, WeM pOXKAATBLCA, H HX 4YHCHO Oyaer
naaats. Hanpumep, mpu TemmepaType Bhille Topora, pas-
HOTO ILIECTH MHJJAHAPAAM TPaaycoB, YHCJIO JJIEKTPOHOB H
MO3HTPOHOB JO/MKHO GBIJIO OBITh NMPHMEPHO TAKHM e, YTO
1 uneao QortoHoB, n BeenenHasi B 3TH BpeMeHa MOMKET pac-
CMaTpHBATLCA KaK COCTOSBLIAS TPEHMYIIECTBeHHO H3 (o-
TOHOB, 3JICKTPOHOB H MO3HTPOHOB, a He M3 OAHHX (DOTOHOB.

Oanaxko npH TemmepaTtype Bhlllle MOPOrOBO MaTepH-
ajbHasi yacTHua BegeT ceGs BO MHOrOM nozo6HO (oTOHY.
Ee cpennsas sHeprus npuMepHO paBHA TEMIEpaType, YMHO-
JKeHHOHi Ha moctosinuylo bBoabumana, Tak 4TO HpH TeMme-
patype MHOro GoJibllle NOPOTOBOH CpeAHsis YHEPrHS YacTH-
1lbl MHOTO OOJiblle TOH 3HEPrHH, KOTOpPasi COOTBETCTBYET ee
Macce®, H Mo3ToMy Maccoil MoxkHO npeneGpeub. Ilpu Takux
YCJIOBHSIX JaBJeHHe H IJIOTHOCTb 3JHEPrHH, onpefessieMble
MaTepHaJbHBIMH YAaCTHLAMH JAaHHOrO THIA, MPOCTO MpO-
NOPUHOHAJNBHE YeTBEPTOH CTeMmeHH TeMIepaTyphl, B TOYHO-
CcTH Kak nJs poronHoB. Takum o6pa3oM, Mbl MOXKeM Npen-
cTaBUTh cebe BceneHHVIO B q10060H NaHHBIH MOMEHT BpeMe-
HH K4K COCTOSIIIYIO M3 PAa3/IHYHLIX THIOB <«H3JIYUYEHHSY,
npudeM KaxKABIf THII OTHOCHTCS K TOH MJIH HHOH Pa3HOBH]I-
HOCTH YacTHI, Ybsl MOPOroBag TeMmmeparypa Oblia B 3TOT
MOMEHT BpeMeHH HHIKe KOoCMHYecKoi TeMnepatypel. B
YaCTHOCTH, MJIOTHOCTL 3Heprad Bo Bcemennoit B J1060f Mo-
MENT BpPeMeHH NpONOPIHOHANbHA YeTBEPTOH CTENeHH TeM-
nepaTyphl 4 YHCY Pa3HOBHAHOCTEH YacTHL, Ybs IMOPOroBas
TeMmIepaTtypa B 3TOT MOMEHT BDeMeHH HHiKe KOCMHYeCKOM.
IMogoOHBIEe yCJAOBHSA, KOT/la TeMmIepaTypa Tak BbLICOKA, HTO

* 3nech M HHXKE aBTOp HMeeT B BHAY Maccy nokos. — [Tpu-
Meq. peo.
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nmapel 4acTHILA — aHTHYACTHLUA B COCTOSIHHH  TEIJIOBOroO
paBHOBECHSI TaK e pacnpocTpaHeHbl, Kak H (OTOHBI, He
CYIIECTBYIOT HHrjle B TenepemHeii BeemeHHOMN, MOKeT OBITh,
32 HCKJIIOYEeHHeM CeplilleBHH B3pHBAOINUXCA 3Be3j. TeM
He MeHee MH JOCTATOYHO AOBEpseM HAIIHM 3HAHHAM CTa-
THCTHUECKOl MeXaHHMKH, uToOBR 0e3 OmaceHHnil co3jaBaTh
TEOPHH O TOM, YTO AOJXKHO OBIIO MPOHCXOAHThH NPH CTOJb
3K30THUECKHX YCJOBHAX B paHHell Bcenennoii.

UroGbsl OHITh TOYHBIMH, MBI JOJIKHB HMETh B BHJY, UTO
aHTHYACTHLA BpOJe MO3HTPOHA CUHTAETCH OTAENbLHON paas-
HOBHAHOCTbIO. KpoMe Toro, wacTuin THna ¢oTOHOB H 3JeK-
TPOHOB CYILECTBYIOT B ABYX Pas3/IHUHLIX COCTOSAHHAX CIHHA,
H HX HYXHO YUHTBIBATH KaK OTAEJALHLIC pPAa3HOBHHOCTH.
Haxkoneu, vactuusl THma sJjaekTpoHa (HO He (OTOH) MOAUH-
HAIOTCHA CIIENHAJLHOMY HPaBHAY, <«IPHHLIHNY HCK/IIOUEHHH
[Taynu», kKoTopoe 3ampeliaer ABYM YacTHIAM 3aHHMATb
OJHO H TO K€ COCTOSIHHE; 3TO NPABHJO CHHXKAeT HX BKJaal
B IMOJHYI0 NJIOTHOCTL 3HEPrHH Ha MHOXKHTE/NL CEMb BOCh-
MBIX. (I/IMEHHO IMIPHHUHMIO HCKJ/IIOYEHHS He AOoMYyCKaeT mnalie-
HHS BCeX 3JEKTPOHOB B atoMe Ha 00O0JOYKY ¢ HaHMeEHbIUek
IHeprueii, MO3TOMY OH OTBETCTBEH 3a CJOXKHYI0 00oJs0Yey-
HYI0 CTPYKTYPY aTOMOB, OOHapyXHBalOIyOCs B MepPHOH-
yecKoil TabGaHie 37eMeHTOB.) DddeKTHBHOE YHCIO Pas3HO-
BHJHOCTEH KaiKJIOTO THIA YaCTHI, NPHBEJEHO BMECTE ¢ Mo
pPOTrOBEIMH TeMmmepaTypamu B Taba. 1 Ha c. 143. ITaoTHOCTB
sHepruu BceneHHON npH 1aHHON TeMmepaType MpONOPIHO-
Ha/JbHA YeTBEPTOH CTemeHH TeMnepaTypsl H 3hQeKTHBHOMY
YHCJY Pa3HOBHAHOCTEH TeX YacTHI, 4Ybf MOPOroBas TeM-
nepaTtypa JIeKHT HHXKe TeMmepaTyphl BcenenHoi.

Cnpocum cebsi Temepb: koeda Bcesennass Oblia npu
Takoii BeIcOKOH Temnepartype? CkopocTh pacuiupenus Bcee-
JICHHOH peryJupyercs GanaHCOM MeMKIAy MOJEeM TArOTeHus
i HalnpaBJeHHLIM HApyXKy HMIOyJbcoM coaep:umoro Bce-
geHuoi. IIpu 3TOoM nosnas mMJIOTHOCTL 3HEPrHH (POTOHOB,
3JICKTPOHOB, MO3HTPOHOB $BJSETCS HCTOUHHKOM IOJS TH-
rotenusi Bcenennoit B panuue BpeMmena. Mpul BHJeJH, 4TO
IJIOTHOCTh 3Heprud Bce/jleHHOH CYIIeCTBEHHO 3aBHCHT
TOJILKO OT TeMHOEepaTyphl, M03TOMY KOCMHYECKYIO TemIepa-
TYpy MOXKHO HCIIOJIb30BaTh KaK Hachl, paccMaTpuBas BMec:
TO THKAHUS OXJayKJeHWe TIpH pacinpenun BeeneHHoil.
Tounee, MOMXKHO NMOKa3aTh, UYTO BpeMs, HeoOXOoAHMOE s
Toro, utoGbl NJIOTHOCTh 3Hepruu BceneHHoit ymasa or oaHo-
ro 3HayeHps [0 JPYroro, TPOMOPHHOHAALHO PAa3HOCTH
obparHblX KBaJPaTHBIX KOPHEH H3 INIOTHOCTEH 3SHEPrHi
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(cM. maTemaTHueckoe nonosaHenue 3, c. 160). Ho mn Bue-
JIH, 4TO IJIOTHOCTb 3HEPrHH INPONOPLHOHAJbHA YeTBepToii
CTelleHH TeMIepaTypbl W YHCJAY PasHOBHAHOCTEH YacTHIL C
NOpOroBoit TeMnepaTypoil HuxKe AeficTBHTesnbHOH. Otcrona,
MoKa TeMmepaTtypa He JOCTHTHEeT JI0G0ro H3 «IOPOTOBHIX»
3HAUEHHH, NPOMENCYTOK 8PeMEHL, HYNCHbLE Oaa To20, 4TO6bL
Beeaennasn oxaadunach oT 00HOU Temneparypsl 0o Opyeod,
nponopyUoOHanler PasHocTu o6paTHbix KBaodparos aTux Tem-
neparyp. Hanpumep, ecad MLl HayHHAeM C TeMIeparyphl
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Puc. 8. 3pa npeobaanauns H3NyueHHS.

IMokasana Temnepatypa Bcemennoft kak (YHKUHS BpeMeHH AJisi NMPOMEXYTKa OT
KOHLA HYKJEOCHHTEe3a A0 PeKOMOGHHALMH sAep M SJEKTPOHOB B ATOMBI

100 MuanHOHOB TpajaycoB (3HAYHTEJNBHO HUXKE NOPOroOBOM
TeMIepaTyphl AJs 3JeKTPOHOB) M HAXOAHM, uTO TpeGyercs
0,06 roga (unu 22 aua) aas Toro, 4ro6Ll TEMMeparypa
ynana no 10 MHAIMOHOB rpajycoB, TO Toraa Tpebyercs
elle wectb Jer, 4ToGbl TEMmepaTtypa ymajaa A0 OJHOTO
MHJJIHOHA rpajaycos, eute 600 ser, utoObl TeMmmepaTypa
ynaja po 100000 rpaaycoB u rtaxk npanee. Ilonnoe BpeMs,
norpe6oBaBiieecss Ha To, YT0Obl Beenennas oxaanumack OT
100 muaannonos no 3000 rpaxycos KesabBuna (T. e. 1o Tou-
KH, Korja cojepxumoe BceseHnoit 6bi10 GJIH3KO K TOMY,
ytro0GLl cTaTh NMPO3payHEIM AJs1 H3aydeHud), pasuo 700 000
aer (puc. 8). KoHeuno, korna si mamy 371ech <«roibl», s
nojpasyMeBal0 onpejeaeHHOe YHCAO abCOMIOTHBIX eXHHHIL
BPEMEHH, HanpHMep, TaKHX, KaK ONpejeJeHHOE YHCIO Me-
pPHOLOB, ¢ KOTOPHIM 3JEKTPOH COBEpUIaeT MABHXKEHHe IIO
opbuTe BOKpYr sjipa B aTomMe Bojopojaa. Peus uaer o6
3MOXe 3a40Jr0 A0 TOro, Kak 3eM/s Hauaja CBOe BpalleHHe
Bokpyr CoJnua.
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Ecnun BceneHnasa B nepBee HECKOJbKO MHHYT JAeficTBH-
TEJbHO COCTOSJ1a M3 CTPOr0 PaBHOrO YHCJa YacTHI, H aHTH-
4acTHI, TO, KOrja TeMIepaTtypa ymaja HHXKe OJHOTO MHJI-
JHapia rpaiycos, OHH BCe A0JKHBI ObLIH NPOAHHUTHIHPO-
BaTb H HH4ero Gbl He OCTaJOCh, KpoMme H3ayuenus. HMmeer-
csl OYeHb XOpollee CBHAETeJbCTBO, ONpOBeprawollee TaKylo
BO3MOXKHOCTb, — cymiecTByeM Mui! Jlonxen Obu1 GLITh He-
KOTOPHIfi H36LITOK 3JIEKTPOHOB HaJ MO3HTPOHAMH, IIPOTOHOB
HajJ, AaHTHNPOTOHAMHW W HEHTPOHOB HaJ AaHTHHEHTPOHAMH
JUIsT TOro, 4TOOLI YTO-TO OCTAJOCh MOC/e aHHHTHJISLHE dac-
THIL H aHTHYACTHI, T. . Aad o6pa3oBaHHA BellecTBa Tele-
pemHeii Beenennoi. Bnote 10 3T0r0 Mecra B JaHHOH IJa-
Be A HaMepeHHO HTHOPHPOBaJ CPaBHHTEJAbHO HeGOJbINOE
KOJHYECTBO H3OGHITOYHOrO BellecTBa. Takoe NpHOIHKeHHE
SBJACTCA XOPCIHIHM, €CJAH MHE XOTHM TOJIBKO PacCHYHTaTh
NJIOTHOCTh HEPIHH HJH CKOPOCTh pacliHpeHHs paHHeil Bce-
JIeHHOH; B mpeJsiayliell rjaBe Mb BHAEJH, YTO IJIOTHOCTH
3HEPrHH SAEPHBIX YACTHI, He CTAHOBHTCA CpaBHHMOH
C MJIOTHOCTBIO 3HEPTHH H3Jy4YeHHs 0 MOMeHTa, Koraa Bce-
JeHHas oxsagutcsi npuMepuo po 4000 K. Onrako ne6o/sb-
Ilasg NpPHOpaBa H3 OCTABIIHXCH 3JEKTPOHOB M SAAepHHX
yacTHl, Tpelyer Haulero ocoforo BHHMAaHHS, NOTOMY 4TO
5TH YaCTHLBLl ONpelesdloT cocTaB HEHelHeH DBceenenno#
H, B YaCTHOCTH, IOTOMY, YTO OHH SBJSIOTCA TJaBHHIMH CO-
CTAaBHLEIMH YacTSAMH aBTOPa H YHTATEJ.

Koab cKOpO Ml jJomycKaemM BO3MOXHOCTh H36GbLITKA
BellecTBA HAJ AHTHBELECTBOM B NepBHIE HECKOJbKO MHHYT,
MBl CTa/JKHBaeMcsl ¢ HmpoOJeMOH ompeje/leHHsT IOJHOrO
nepeyHsi HHIPelHeHTOB paHHell Bcenennofi. B cnucke, my-
6JHKyeMOM KaxKAble LiecTh MecsineB JloypeHcoBckod Ja-
6oparopuefi B Bepknn, nMelorcs OYKBaJbHO COTHH TaK Ha-
3bIBAeMLIX 3JeMeHTapHHIX dacTHl. HeyXeanm MBI IOJIKHEI
ONpPEJeNIUTL KOJHYECTBO 9JIeMEeHTAPHEIX YacTHIl KaxK/J0ro.
H3 3THX THNoB? M moueMy HyXHO OCTAHOBHThLCA Ha 3Je-
MEHTapHHIX YacCTHLAX — He NOJKHHL JH ME TakiKe Onpeje-
JIHTb KOJIHYECTBO PAa3JHYHEIX THMNOB aTOMOB, MOJEKYJ, CO-
JH M nepua? B Takom ciyyae MH BOpaBe pelIdThb, 4YTO
Bcesnennas cJIMIIKOM NMPOH3BOJbHA JIIS TOTO, YTOGH B Hel
CTOMJIO pa3bupaThed,

K cuactbio, BeeseHHas He HAacTOJbKO cJ0XKHA. UTOGH
NOKa3aTh, KaK CTAHOBUTCH BO3MOMKHEIM HAmHCcaTh peLent
ee cocraBa, He0oGXOAHMO elle HEMHOrO0 I[OAYMaThb O TOM,
4YTO MojApasyMeBaeTcsl IOJ YCJAOBHeM TEIJIOBOTO pPaBHOBE-
cud. §1 yxKe nmoayepkuBaJ, CKOJb BaxKHO TO, 4T0 Bcesnenunas
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npouia 4epe3 COCTOSIHHE TENJIOBOTO paBHOBecHS, — HMEH-
HO 3TO ITO3BOJISIET HAM TOBOPHUTH C TAKOH yBEPEHHOCTHIO O
cocraBe Bcenennoit B /M000it JaHHBIT MOMEHT BpeMeHH.
Bce, uro 0 cHX nop Mbl o6cyKjanM B JlaHHON rJase, oc-
HOBAHO HA CJEJCTBHAX H3BECTHLIX CBOMCTB BellecTBa H H3-
JIyUeHHSI B TENJOBOM pPABHOBECHH.

Korpa cro/ikHOBeHHA HJH JAPyrHe TPONECCH NMPHBOJAT
(DH3HYECKYI0 CHCTEMY B COCTOSHHE TElJOBOI'O pPaBHOBECHS,
TO BCerja HMelOTCS HeKOTOphle BeJHUYHHLI, 3HaUeHHs KOTOo-
puix He MeHaioTcs. OAHOM H3 TAKHX «COXpaHAIOLIMXCS Be-
JIMUHH» gBJIeTCH IOJNIHAA 3SHEePrHs; XOTA CTOJKHOBEHHS H
MOTyT NepejaBaTh 3HEPTHIO OT OAHOH YacTHULI K APYroi,
OHH HHKOr/la HE MEHSIOT IOJIHYIO 3HEpPrHi 4acTHll, yuyacT-
BYIOLIIHX B CTOJNKHOBeHHH. Kax/10My TakoMy 3akoHy coxpa-
HEeHHs COOTBETCTBYET BeJHYHHA, 3HAUEHHEe KOTOPOil HYXKHO
ONpeleNuTh Ipexie, yeM MLl MOXEM YCTaHOBHTH CBOHCTBA
CHCTEMBI B TEIJIOBOM PaBHOBECHH,— OYEBHHO, ecJil gakas-
TO BeJHYHHA HE MEHseTcs, IOKa CHCTeMa JOCTHraeT TellJo-
BOrO paBHOBECHS, ee 3HayeHHe He MOMKeT ObITb BHIBEJEHO
H3 YCJNOBHH paBHOBecHsl, a J0JXKHO OHITb yCTAHOBJIEHO 3a-
paHee. Cuctema B TenJIOBOM PaBHOBECHH TIOHCTHHE TNpHMe:
yaTelbHAa TeM, YTO 6Ce ee CBOHCTBA OJHO3HAYHO OTpeje-
JAI0TCH, KAK TOJNBKO MEl YCTAHOBHM 3HAYEHHSA COXpPAaHSIIO-
Iuxca BelHuHH. Bcenennas mpouiia yepe3 COCTOSIHHE Tell-
JIOBOTO DaBHOBECHS, OITOMY BCe, YTO HaMm Tpebyercs, uTO-
Obl 1aTh MOJIHBIH peleNT ee cocTaBa B paHHHe BpeMeHa,
3TO 3HATh, KakHe (H3HYEeCKHe BeNHYHHBI COXPAHSJIHCH TPH
pacuwipendis Bce/leHHOH M KakoBBl OBIH 3HAYEHHS 3THX
BEJIHUHH.

OO0bIMHO BMECTO TOJHOrO KOJIHYECTBA SHEPrHH CHCTEME
B TENJOBOM paBHOBECHH MBI YCTaHaBJHBaeMm TeMmmepaTypy.
Jas Toro copra cHcreM, KOTOpPHE 0 CHX MOp paccMaTpH-
BAJHCh H KOTOPHIE COCTOAT HCKJIOUHTEILHO H3 H3JyUeHHSA
H pPaBHOr0 KOJHYECTBA YaCTHIL M aHTHYACTHL, TeMIepary-
pa — 3710 Bce, uTo Tpebyercs 3ajath, YTOOLI BBHIICHHTL paB-
HOBeCcHEHIe cBoiicTBa cHcreMel. Ho B obuiem- cayyae B 1010.1-
HEHHE K 3HEpPrHH HMeIOTCs [ApPyTrHe COXpaHsIollHecs Be-
JUUHHBL M HeoOXOZHMO YCTAHOBHTb IIJIOTHOCTH Kamaoi
H3 HHX.

Hanpumep, B cTakaHe BOLbLI NPH KOMHATHONH TeMmIepary-
pe HenmpepslBHO NPOHCXOAST peakiHH, B KOTOPLIX MOJeKyJia
BO/Jbl pasbHBaeTCs HAa HOH BOAOpOZA (roJiblil NMPOTOH — fii-
PO BOZOPOJA C COPBAHHBIM 3JEKTPOHOM) H HOH THIAPOKCH.]A
(aTom kHciaoOpoOzAa, CBA3AHHBIH C aTOMOM BOJAOPOJA, C OA-
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HUM JIMIIHHM 3JI€KTPOHOM), HJAH PeaKUHH, B KOTOPHIX HOHBI
BOJOPOZA M THAPOKCHAA BHOBb 00BeAHHsSIOTCSH, 00pasyd
MOJIEKYJbl BOIBL. 3aMeTHM, 4TO B Ka)KJ0H TakOH peakiuu
HCUYe3HOBEHHE MOJIEKYJHl BOJAH CONPOBOXKAAETCS MOSBJEHH-
eM HOHa BOJOpOjJa H HaoGOpOT, B TO BpeMs KaK HOHBI BO-
J0pOJa H THAPOKCHJIA Bcerja nossJisiorcsi Bmecrte. Cuaeo-
BaTeJNbHO, COXPAHSIIOUIHECS BeJHYHHBI — 3TO TIOJIHOE YHCJIO
MOJIEKYJl BOJIEI RAOC WHCJIO HOHOB BOJAOPOJA H YHCJO HOHOB
BOJAOpPOJAA MmuKYyc uHucJO HoHOB ruapoxcunaa. (Komeuno,
ecTh M JIpyrue CcoXpaHsloulHecss BeJHYMHBL Bpoje TOJ-
HOTO UYHCJA MOJEKYJ BOJALI IIIOC HOHBI THAPOKCHJA, HO
OHH CyTb INpocTeie KOMOHHAUUM ABYX (yVHIaMeHTaJ bHbIX
coxpausiiomuxcs BeauuuH.) CpoiicTBa Haulero crakaHa
BOJBI MOTYT GbLITb IOJHOCTBIO ONpeJeseHbl, ecJH Mbl
3agannm, uto Temneparypa pasHa 300 K (komuaTtHad
TeMneparypa no iuxa’de KeabBHHA), UTO TJIOTHOCTb
MOJIEKY/T BOABI 1J1I0C HOHOB BOjAopoAa pasHa 3,3-10%2 mo-
JEeKy/J HJIH HOHOB B KyOHUeCKOM caHTHMeTpe (uTo Tpydo
COOTBETCTBYET BOJIe NPH JaBJCHHH HA ypOBHE MOpPs) H 4TO
MJIOTHOCTh HOHOB BOJOPOJAd MUKYC HWOHOB THAPOKCHJIA paB-
Ha HyJ0 (B COOTBETCTBHH C HYyJEBHIM MOJHBIM 3apauoMm) *.
B uyactHOocTH OKasblBaeTcs, 4TO TMPH TAaKHX YCJOBHAX HMeE-
eTcst OJHH HOH BOJOpPOJA HNPHMEPHO Ha KaKJble TATHCOT
MHJITHOHOB MOJIEKYJ BOJbl. OTMETHM, UTO MBI He IOJIXKHLI
3a/laBaTh 3TO B HAllEeM pellenTe /s cTaKaHa BOJBI; Mbl Bbl-
BOJIHM TPONOPIIHIO HOHOB BOJOPOJia M3 3aKOHOB TEIJIOBOTO
paBHOBecHS. B TO JXe BpeMsi, MBI HE MOXX€M BHIBECTH H3 yc-
JIOBH{I TEMJIOBOTO PaBHOBECHS TIJIOTHOCTH COXPaHAIOLIHXCS
BeJIHYHH — HAMpPHMEp, MBl MOXKEM CJeJaTb MJIOTHOCTh MO-
JIeKyJl BOJBI TIJIIOC HOHOB BOJOPOAA HEMHOro GoJibiie HJIH
menbire, uem 3,3-1022 moaexkyn B KyGHueckoM CaHTH-
MeTpe, MOBHIIAS HJIH TOHHMXKAS ABJEHHE, — MO3TOMY HAM
HYHO 3a71aTh HX, 4T06bl 3HATb, YTO HAXOJAUTCH B HalleM
CTaKaHe.

DTOT mpHMep TaKMXKe MO3BOJSIET HAM TOHATH MEHSIO-
IHACA CMBICJI TOTO, YTO MBI HA3LIBAEM «COXPaHSIOUIHMHCA»
BesyuHaMi. Eciu pama Bofa HaxoauTCst NMPH TeMmepary-
pe B MHJJIHOHBI TPajlycoB, CKa)KeM, BHYTPH 3Be3Jl, TO TOT-
Jla MOJIeKyJiaM HJH HOHaM OuYeHb JIerKO ITHCCOLHHPOBATD,
a COCTABJAIOUIHM HX aTOMaM — MOTEPATb CBOH 3JEKTPOHHI.
CoxpaHfAOIINMHACA BEeJTHUHHAMH ABJSIOTCA UYHCJIA 3JEKTPO-

* CyluecTBeHHO, WTO PacCMaTPHBAETCHA uHCTas Bojga Ge3s mpuMe-
ceit. — ITpumeu. ped.
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HOB H sAep KHCJAOpoZa H Boaopoxa. I1noTHOCTL MOJexyJ
BOJH IJIIOC aTOMOB THAPOKCHJA NPH 3THX YCJAOBHAX HYMKHO
BbIYUCAATL TO TPABHJIAM CTATHCTHYECKOH MEXaHHKH, a He
YCTaHABJHBATh 3apaHee; KOHEYHO, 3TA IJIOTHOCTh OKAa3hl-
BaerTcd JOBOJBHO MajoH. (B any peako BCTpeTHIUb CHEXK-
ku.) Ha camom nene, mpm 3THX yCAOBHSX NPOUCXOAAT H
silepHble PeaklHH, TaK 4YTO JaKe UHCJAO SHIep KaxKIoro
copra He abGCOMIOTHO (PHKCHPOBAHO, HO 5TH WHCJIA MEHSIOT-
Csl CTOJIb MEIJIEHHO, YTO 3Be3/y MOXKHO pacCMaTpHBAThL KaK
[OCTENeHHO MepexOoAsuIyl0 H3 OJHOTO COCTOSHHS pAaBHOBE-
CHSl B IpyTOe.

B KoHIe KOHLOB, TPH TeMIepaType HEeCKOJbKO THICAY
MHJJIHOHOB TPaaycoB, KOTOpas XapaKTepHa A paHHeH
BcenerHof, faXe aTOMHBIE s/I[pa OXOTHO JIHCCOILHHPVIOT HA
CBOH COCTaBHBIE YAaCTH — NPOTOHE H HeHATPOHH. Peakunu
MNPOHCXOAAT CTOJb OBICTPO, YTO BENIECTBO H aHTHBENIECTBO
MOXKeT JIeTKO POXKJIaThCs H3 YHCTOM SHEPTHH H BHOBbL aH-
HHrHAEpOBATh. [IpH mOTOGHEIX YCJOBHAX COXpaHSIOLIHECH
BeJHYHHBl — 3TO HE YHCJO YacTHI KaKOTrO-TO ONpefiesieHHO-
ro copra. Bmecto 3Toro Heo6XoaHMEEe 3aKOHB COXpaHEHHS
CBOASITCS. K TAKOMY HeGOJBIIOMY UHCJY 3aKOHOB, KOTODHIE
(nackoJIbBKO Mpl 3HAEM) CHpPaBeIJHBLI TIPH BCEX BO3MOMK-
HBIX yciaoBuax. CumTaercs, 4TO €CTh JHIIB TPH COXPAHSIO-
mHecs BeJWYHHLI, MJIOTHOCTH KOTOPHIX HYXKHO 3ajJaTh B HAa-
nieM petienTte panneit Beesennoil.

1. Qaexrpudeckuil sapad. Ml MOXeM TOPOXKAATH HJIH
VHHYTOXKATh Napel YacTHI C PAaBHBIMH TIO BeJHYHHE H TPO-
THBOMOJIOKHBIMH MO 3HAKY JEKTPHUECKHMH 3apAfaMH, HO
noAnbil 3NEKTPHUECKHET 3apsiji HHKOrAa He Mensercs. (MHl
MozkeM ObIThb 0OoJiee yBepeHH B 3TOM 3aKOHE COXpaHEHHS,
ueM B KakOM-JHGO JPYroM, Tak KaK ecJH 3apfj He coxpa-
HfIEeTCH, TO OOUIETPHHATAA MAaKCBeJJIOBCKASl TEOPHS 3JEKT-
pHYECTBA H MarHeTHaMa He GyJer HMETb CMbIC]A.)

2. Bapuonnoe wucao. «bBapuon» —3T0 06BeIHHAOIIAT
TePMHH, BKJIIOUAIOIH siiepHble yacTHIbL! (IPOTOHH U Heii-
TPOHEI) BMECTE C HECKOJBKO GoJiee TAXKENHIMH HecTabHbL-
HBIMH YaCTHILAMH, H3BECTHBIMH Kak TrHnepoHsl. Bapuonn H
anTHOAPHOHE MOTYT POXKJAAThCA M YHHUTOXKATHCS NapaMH;
KpoMe TOro, GapHOHB MOTYT pacnajaTthcs Ha JApyrHe 6a-
pHOHBEI, KaK B Gera-pacmaje paJAHOAKTHBHBIX sjep, Korua
HeATPOH MEepeXOAHT B MPOTOH MM HaoGopoT. OaHAKO MOJ-
HOe gucJI0 6apHOHOB MUHYC UHCIO aHTH6ApHOHOB (AHTHNPO-
TOHOB, AHTHHEHTPOHOB, AHTHTHIEPOHOB) HHKOrjJa He MeHS-
ercs. Mbl NmpUmECHBAeM TNPOTOHY, HEATPOHY H THIEPOHAM
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6aprorHOe uHcao* -1, a COOTBETCTBYIOIIHM AHTHYACTH-
am — 6apHOHHOe uHcJIo —1; TOrjfa [paBuJO 3aKAI0YaeTcs
B TOM, 4TO NOJHOe GapHOHHOE HHCJ0 HHKOI/la He MeHseT-
cst. ITpencraBasiercs, yTo GapHOHHOE YHCJIO He HMEET HHKa-
KOro AMHaMHMYeCKOro SsHayeHHsi BpOJe 3apsia (emy He CO-
OTBETCTBYeT HHKaKoe moJe). bapHonnoe yucio ecth cpea-
CTBO OYyXraJTepcKOro yuera — ero 3HaueHHe IeJIHKOM
HcuepnsiBaercss TeM (akToM, 4TO OHO coxpaHseTcs *¥,

3. Jlenrornoe wucao. «J1enTOHbI» — 3TO JIEPKHE OTPHUA-
TeJbHO 3apsAKeHHble YaCTHIB!, 3JeKTPOH H MIOOH, a TaKkKe
3JIEKTPDHYECKH HeHTpaJbHad YaCTHIA HYJeBOfi Macchl, Ha-
3blBaeMasi HeHTPHHO, U HX aHTHYACTHIIBI MO3HTPOH, AHTHMIO-
OH H aHTHHeHTpHHO. HecMoTpa Ha HyaeBblie Maccy H 3apsi,
HeHTPHHO M AHTHHEHTPHHO He OoJice (UKTHBHBI, deM HoO-
TOHLI; OHH HECyT 3HEPrHi0 H HMIYJbC, KaKk H Jlo0be ApYy-
roe yacTHiel. CoxpaHeHHe JIGMTOHHOIO 4HC/Ja ecThb JApYyroe
OyxraJTepckoe MPaBHJO — MOJHOe YHCJIO JIENTOHOB MHHYC
MOJIHOE YHCJO AHTH/ENTOHOB HHKOTAa He MeHSeTCs.
(B 1962 ropy axkcmepuMeHTH C Ny4YKaMH HefiTPHHO MOKasa-
JIH, 4TO Ha CaMOM JeJ/le HMeeTcs 10 KpaiiHeH Mepe ABa TH-
na HeHTPHHO, «3JIEKTPOHHOe» H <«MIOOHHOE», H JBa THIA
JIETITOHHOTO 4HCJa: 3/IeKTPOHHOE JIENTOHHOE YHCJIO €CTh MOJ-
HOE YHCJO 3JEeKTPOHOB ILNIIOC HEATPHHO 3JIEKTPOHHOTO THIIA
MHHYC WYHMCJIO HX aHTHYaCTHI[, B TO BpeMs KakK MIOOHHOE
JIENTOHHOE YHCJO €CTh TMOJIHOE YHCJO MIOOHOB TIIIOC HeHT-
PHHO MIOOHHOTO THNA MHHYC YHC/J0 Hx aHTHuacTuu. Ilpex-
cTaBJsieTcs, yTo 06a 3TH yHCJa abCOJIOTHO COXPaHATCS,
HO ¢ NOJIHOH ONpele/leHHOCTBIO 3TO HE H3BecTHO **%.)

Xopomwmnii mpuMep JeHCTBHA 3THX NpPaBHJ JaeT HaM
PaAHOAKTHBHLIH pacnaj HeHTpPOHa n HA TPOTOH p, 3JeKT-
POH €~ H AHTHHEHTPHHO V. (3/IEKTPOHHOTO THNA). 3HAYeHHS

* Hnorga sty e BeJHYHHY Ha3HBalT GapHOHHHM 3apajoM. —
Mpumeu. ped.

** B uHacrosillee BpeMsi 3TOT 3aKOH MOJBepraercs coMHeHuio. Bo-
Ipoc upesBHUAfHO BaXKeH AJA KocMmoJorid. CM. JONoJHEHHe pejaKTo-
pa 6 uHa c. 179, — [Tpumey. ped.

*** B nocnegnee BpeMs oOHapyieHa elle OjAHA YaCTHUA THNA
MIOOHa, HO 3HAYHTEJILHO GoJsiee THKeNas — Tay-JenToH (Macca M.==

~1880 MsB). Ilpeamonaraercs, 4TO CYILECTBYET COOTBETCTBYIOLLUMH
TPeTHA THN HeATPHHO M AHTHHEATPHHO v, H _v,, a TaKXe BHINOJHAET-

Csl COOTBETCTBYIOIIHH 3aKOH COXPAHEHHS <TPHTOHHOrO® JIENTOHHOIO
qyueaa. — JTpumed. ped.
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3apsjxa, 6apHOHHOrO YHCJIA H JEeNnTOHHOrO YHCAA IAad KaxK-
JOf H3 YaCTHI, TAKOBHI:

YacTuia n r e~ Ye
3apsan 0 31— 0
Bapuonnoe wneno 41 41 0 0
Jlentonnoe umeno 0 o (= %) R |

HuraTtenb Jierko Moxer NPOBEpHTh, YTO CymMMa 3HaYeHHI
J0060# COXpPaHSIOWEHCS BeJAHUHHB 115 YACTHI, B KOHEYHOM
COCTOSIHHH paBHa 3HAYeHHIO TOH e BeJHUYHHBl AJ5 Ha-
HaJ/bHOrO HEHTPOHA. ITO H €CTh TO, YTO MpI nojipasymMena-
€M TIOL CcOXpaHEeHHeM BeJHYHH. 3aKOHBHl COXpaHeHHs jaJe-
KO He GeccolepiKaTeNbHbl, TAK KaK OHH FOBOPAT HaM, 4TO
6o/nblIoe 4HCAO peakuuii He NPOHCXOAHT, Hampumep 3a-
TMpeIleH bl polecc pacnana, B KOTOpOM HeiiTpon pacna-
AAETC Ha NPOTOH, 3JIEKTPOH H GoJiee yeM ONHO AHTHHEHT-
pHHO.

HtoOm saBepunth mam peuent cocrapa Bcenennoii B
M0G0l 3aJaHHBIl MOMEHT BPEMEHH, Mbl J0JUIKHBI, TaKuM
06pa3oM, Hapsily ¢ TeMmepaTypoii 3axarh sapsj, 6apHoH-
HOE HHCJI0 H JIENTOHHOE YHCJIO B €[HHHIE 06beMa. 3aKOHb
COXpAHEHHS TOBOPAT HAaM, WTO B JIOGOM oGBeme, paciuH-
palolemMea BMecTe co BeesieHHO#, 3HaueHHs 3THX BesJMuHH
OCTAIOTCA TOCTOsAHHBIMH. Cile0BaTe/bHO, 3apsj, GapHOH-
HOE YHCJIO H JIENTOHHOE YHCI0 B edunuye o6vema MeHSIOT-
Csl MPOCTO OOPaTHO NPOMOPUHOHAILHO KyOy pasmepa Bce-
JenHoi. (B raase III mul BHmean, uto wmcso (oToHOB B
€AnHHHLE 00beMa TNpONOPLUHOHAILHO KyGy TeMIlepaTyphl, B
TO e BpeMsd, KaKk OblIO OTMEYeHO B HauaJe 3TOf TJaBhi,
TEMIIEpaTypa MeHsercs 06paTHO NPONMOPUHOHAJLHO pa3Me-
Py Bcenennoii.) ITostomy 3apsaj, OGapHOHHOe YHCHO H
JACITOHHOE YHCJIO, NPHXOAseeCHd Ha OOuUM OTOH, ocTa-
I0TCA (PHKCHPOBAHHBIMH H HAII PElEeNT MOMKEeT GbiTb 3ajaH
Pas H HaBCerla yKasaHHeM 3HAYEHHii COXPAHSIOUHXCH Be-
JIHYHH TI0 OTHOIUEHHIO K YHCJY ()OTOHOB.

(Crporo roBopsi, BenuunHa, MeHsOMmAasCs obpaTtHO mpo-
nopuHoHanbHO KyOy pasmepa Bcesennoii, ato He uncio to-
TOHOB B €AHHHIE 00bEMa, a IHTPONUA B efHHHIE 06HeMa.
SHTPONHT — PyHAaMEHTa bHAS BeJHUHHA CTATHCTHYECKO]]
MEXaHHKH, CBSI3aHHAA CO CTeNeHbio Gecnopsiika B (H3nue-
CKOif cHcTeMe. He cunTtas ycJ0BHOTO uHCJIEHHOr0 MHOMKHTe-
/I, SHTPONHS B JOCTATOYHO XOpouleM NPHOIHMKEHHH naer-
Csl TNOJHBIM 4HCJIOM BCeX YaCTHI[ B TENJOBOM PaBHOBECHH,
KaK MaTepHaIbHLIX YaCTHL, TaK H (OTOHOB, IPHYEM OTAE/]b-
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HEIE DA3HOBH/JHOCTH YacCTHI, HMEIOT CBOH BECOBbIe MHOMH-
TenH, ykasaHusle B Taba. 1 Ha c. 143. Te KoHcTaHTH, KOTO-
pbie Mbl peajibHO JOJIKHE HCIOJb30BAaTh A/l XapaKTepH-
CTHKH Hauwleii BceseHHOH, 3TO OTHOIUEHHA 3apsja K 3HTPO-
nuH, 6apHOHHOTO YHCJAA K 3HTPOIHH H JIENTOHHOrO YHcJa
K suTponuu. OHaKo Jlaxe NMPH O4YeHb BBICOKHX TeMIepary-
pax YHCIO MaTepHAJBHHIX YacCTHI He OoJjee, 4yeM TOro ixe
MOpsAJKa BeJHUYHHBI, YTO H YHCJO ()OTOHOB, IIOSTOMY MBI HE
clejaeM cepbe3noil owHOKH, ecaun OyAeM HCIONb30BAThL B
KauecTBe CTaHAapTa A/ CPABHEHHS YHC/IO (OTOHOB BMECTO
IHTPOINHH.)

JIerko OlLEeHHTb KOCMHUYECKHH 3JEKTPHUECKHH 3apsi,
npuxoAsiKics Ha ojauH ¢Qorton. Hackonbko MBI 3HaeM,
CpelHssl IJIOTHOCTb 3/EKTPHYECKOrO 3apfja paBHAa HYJIO
Bo Bceii Beesennoii. Ecan 6ut 3emast u ConHlle HMeaH W3-
OLITOK TIOJIOKMTEJbHBIX 3apAf0B HaJl OTpPHUATEJbHBIMH
(nnn Hao6opoT) BCEro JIHIUbL HA OAHY YacTb Ha MHJJIHOH
MHJIJIHOHOB MHJIJIHOHOB MHJIJIHOHOB MHJIJIHOHOB MHJIJIHOHOB
(10%), To a;IeKTpHYECKOe OTTAJKHBAHHE MEMXKAy HHMH GO
O6bt GoJsiblle rpaBHTAlHOHHOrO NpHTAXKeHHsA. Ecau Bceesen-
Hafd KOHEYHA H 3aMKHyTa, TO Mbl MOXKEM Jaxe YCHJHTb
3TO yTBep:KJEeHHEe /0 TeOpeMBbl: MOJHbLIH 3apaj BceleHHOM
JOJDKEH PaBHATbCA HYJIO, TAK KaK B IPOTHBHOM cJyuae JiH-
HHH 3JIGKTPHYECKOTO MOJISi HAKPYYHBAJIHCh OBl H HaKpyuHBa-
Juchb Ha Bceslennylo, npuBojs K GeCKOHEYHOMY 3JeKTpHYer
ckoMy noJio. Ho orkpbita Ju BeeseHHass HJIH 3aMKHYTa,
BIIOJIHE HAJeXKHO MOXKHO YTBepkK/AaTh, YTO KOCMHYECKHH
3JeKTPHYECKHI 3apan Ha GoToH npeHeOpekKHMO MaJl.

Bapuonnoe wuuciao Ha (OTOH TakikKe JIENKO OLEHHTD.
EnuncrBennble crabuibrble 6apHOHLI — 3TO EPHBEIE YACTH-
B (MPOTOH H HEHTPOH) H HX AHTHYACTHIBI (aHTHIPOTOH
u adtuHeiiTpoH). Ha camom aene cBoGOAHLIH HeHTPOH He-
crabuneH (cpefHee BpeMsl JKM3HH 15,3 MHHYTHI), HO sifep-
HBIE CHJILL Ie/1aloT HefATPOH aGCcoMIOTHO cTaOHILHBLIM B aTOM-
HEIX sifipax oObiyHOro BemiecTBa. KpoMe Toro, HacKoJbKo
MBI 3HaeM, BO BcesleHHO#i HeT 3HayHTe/bHBIX KOJIHYECTR
anTuBenlecTBa (06 3ToM moppoGHee cm. Hmxke). Crenopa-
TesbHO, 6apHOHHOE 4HcJIo J000H YacTH HBIHElIHeH Bcesen-
HOIi, MO CyIlecTBY, PaBHO YHCIY AJepPHEIX 4acTHi. Mbl 3a-
MEeTHJIH B NpeJblAyllled rjaBe, YTO celdyac HMeeTcA OJiHa
sfilepHasl yacTHUA Ha KaxXJAbli MHJAJHapA (OTOHOB MHKPO-
BOJIHOBOTO (poHA H3nydyeHHsa (TouHad Ludpa HeompeneseH-
Ha), mosToMy OapHOHHOE YHC/I0 HAa (OTOH MPHMEPHO pPaBHO
oAHoi MuJsHapaHo# (10-9).
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IT0 MOHCTHHE npuMeyaTeNbHbI BLHBOA. YUTo6H yBHAETDH
€ro CJAEACTBHSA, PACCMOTPHM BpPeMsi B MPOULLIOM, KOTAa TeM-
lepatypa GblJia BRINE AECATH MHJJIHOHOB MHJLIHOHOB rpa-
Aycos (10' K), 7, e. Bhime moporosoii TeMIepaTyphl A
HEATPOHOB H MPOTOHOB. B 3T0 BpeMs Bceaennas cojepxa-
J1a MHOJKECTBO SIACPHBIX YaCTHI M AHTHYACTHL, NMPHMEPHO
CTOJIBKO K€, CKOJbKO (poToHoB. Ho GapuoHHOe uHCIO ecTh
PA3ROCTG MEXY YHCIAAMH sIlePHBIX YACTHI, H AHTHYACTHIL
Ecan sra passocts Gbiia B MHJIHADA pa3 MeHblle, 4eM
4HC/I0 (DOTOHOB, H, C/IEAOBATENbLHO, B MHJJIHADJ pa3 MeHb-
IIE, YeM NOAHOE YHCJO FAePHLIX YACTHI, TO OTCIOLA YHCJIO
ANEPHBIX YaCTHL, MNPEBBINAJIO UHCJO aHTHYACTHI, BCEro
JIHUIb HA OJHY 4acTb Ha MHJJIHApA. C 3TOi TOYKH 3peHHs,
Korja BceseHHas oxJajuiach HHKe NOPOTOBO TeMmnepa-
TYpBlL AJs SIIEPHBIX YACTHIL, BCE AHTHYACTHILI NPOAHHHIH-
JIHPOBAJIH C COOTBETCTBYIOUIHMH YacCTHIAMH, OCTABHB B Ha-
CJACACTBO KPOUIEYHbIH H30bITOK YaCTHL Haj aHTHYACTHILAMH,
KOTOpHIH B KOHIE KOHIOB IPEBPATHJCT B 3HAKOMbI HaM
MHp.

[TosiBieHHE B KOCMoOJIOrHH GeapasMepHOro yHcJga, CTOJb
MaJjoro, kKdk OAHa 4acThb Ha MH/JIHADA, TPHBEIO HEKOTOPhIX
TCOPETHKOB K NpPENNOJIOKEHHIO, YTO 3TO YHCJO B JeHCTBH-
TEJIbHOCTH €CTh HYJIb — 3TO 3HAYHT, 4yTo BeesienHas Ha ca-
MOM JieJie COAEepPKHT OJHHAKOBOE KOJIHYECTBO BeIECTBA H
antuBemecrsa. Torxa tor dakr, yro GapHoHHOe wHCsIO Ha
(oTOH OKasbiBaeTcs paBHBIM OAHOH YacTH Ha MHJIJIHADA,
MOr OBl GLITL OOBSICHEH NPEANONIOXKEHHeM, 4TO KOrja-to,
lipeA/ie YeM KOCMHYeCKas TeMIepaTypa ynaJa HH¥kKe nopo-
FOBOH TeMIlepaTypsl IJisi SAEPHBIX YACTHLI, TIPOH30ILJIO pas-
Ae/lenne BeeseHHOH Ha pasiuuHble 06.1aCTH, HEKOTOpble C
HEOOJMbUIHM H3GBITKOM (HeckoaILKO uacTeji Ha MHJIJIHAPA)
BCLUECTBA HAaJ aHTHBELLECTBOM, a APYrue — ¢ HeGOJbLIHM
H30OLITKOM aHTHBELIECTBA Haj BelllecTBOM. IToc/e TOro Kax
TeMneparypa ymaJa H MaKCHMAaJ/JbHO BO3MOKHOE KOJHYecT-
BO Iap 4acTHUA — aHTHYACTHUA NPOAHHHIHJIHPOBAJO, MEI
noayuniu Obl Beesennylo, cocrosiuiyio 3 o6aacTeii yHCTOro
BCLLECTBA M 06JIacTeH YHCTOrO aHTHBeulecTBa. HeaocTaTox
STOH HJIeH B TOM, YTO HHKTO He BHAeJ rAe-1H60 BO Bcenen-
HOIl IPH3HAKOB 3aMETHOr0 KOJHYECTBA anTHBeuiectsa, Cun-
T4ETC3l, YTO KOCMHYECKOe H3Jy4YeHHe, IPOHHKaloLlee B BEpX-
Hiol0 atMocepy Hawe# 3eMJsH, YACTHYHO NPHXOLHT ¢ na-
JIEKHX PACCTOsfiHHH B Hawel ['asakTHKe, a 4acTHYHO, BO3-
MOXKHO, H H3 obJsacTeii BHE ee. ITO KOCMHUECKOE H3Jy4eHHe
NOJ4BJSAIOMEM 00pasoM COCTOHT W3 BellecTBa, a He W3

94



aHTHBELleCTBa,— B CaMOM Jele, HUKTO elle He HabJional
AHTHNIPOTOH WJIH AHTHAAPO B KOCMHYECKHX Jyuax. Bpo6a-
BOK, MBI He Habuiogaem (POTOHH], KOTOpHIE NOJIKHBEI OBIIH
6u1 06pa3oBaThCsl B pe3yibTaTe aHHATHAALKH BellecTsa H
AaHTHBEIECTBA B KOCMHYECKHX Maciitabax.

Jpyras BO3MOXHOCTE— B TOM, YTO TJIOTHOCTL (hOTOHOB
(usH, mpaBHJbHEE, SHTPONHH) HEe OCTABAaJach NpPONOPIHO-
HaJ bHON o6GpaTHOoMY KyOy pasmepa Bcenennoit. Takoe mor-
JIO CJYIHTBCSH, €caH OB KAKOH-TO BHJ OTK/JIOHEHHS OT Tel-
JIOBOTO PaBHOBECHS, YTO-TO BPOAE TPEeHHS HJH BSI3KOCTH,
KOTOPHE MOIVIH HarpesaTh BcesdenHylo H 06pa3oBLIBATH
jgumrane dotonn. B s3ToM cayuae GapHOHHOE YHCAO Ha ho-
TOH MOIVIO BHauaje HMeTh KaKOe-TO pasyMHOe 3HaueHHe,
BO3MOXKHO, 6/JH3KOe K €IHHHIE, a 3aTeM Vymacrtb 10 ero
TelepelrHero Maaoro 3Hadyenns, Tak kak o6pasoBaiock MHO-
ro ¢oronoB. TpyaHoCTb 37ech B TOM, UYTO HHKTO He cymed
MPeIOKATL CKOJBKO-HHOYIb deTalbHBII MexaHH3M obpa-
30BaHHA TaKHX JHIIHHX ¢oroHoB. Heckonbko Jer Tomy
Hasaj{ f caM MHTaJCcA HaATH Takof MexaHHsM, HO 6es
Maneftiero yemexa *.

B nocaenyiomeMm s 6yay HTHOPHPOBAThL BCe 3TH «HeCTaH-
JapTHEIe» BO3MOMKHOCTH M OyAy NMpOCTO MpeAnoJjararh, 4T
6apHoHHOe uHC/IO HA (POTOH TAKOBO, KAKHM OHO, TO-BHIHMO-
MYy, KaXKeTCs: OJ]HA YaCTh HA MHJIJIHAP .

Uro MOXHO CKa3aTh O MJOTHOCTH JENTOHHOTO YHCJAa
Bo Bcenenno#i? M3 Ttoro.pakra, uto Bceenennas He HMeeT
3JIEKTPHYECKOr0 3apsifia, Cpa3y Ke BHITEKaeT, 4To ceHuac
HMeercsl DOBHO ONHH OTPHIATENbHO 3apsKeHHBIH 3JeKT-
POH HAa KaXIHIii NMOJOMKHTENBHO 3apsiKeHHbIH nmpoToH. Oxo-
Jo 87 mMpOIEHTOB S/ E€PHBIX YACTHI B Temepeilneji BceJeH-
HO# COCTaBJISIOT NPOTOHBI, TAK YTO YHCJO 3JEKTPOHOB 6.1H3-
KO K INOJHOMY YHCJY SiZepHBIX yacTHI. Ecau Gel 3JeKTPOHH
ObLTH eIHHCTBEHHBIMH JIEITOHAMH B HEIHelIHel Bcesennoi,
MBI MOIVIH Obl HEMEIJEeHHO 3aKJ/IOYHTh, YTO JeNTOHHOE UHC-
J0 Ha (OTOH MPHMEPHO TaKOe e, Kak H GapHOHHOE UUCIO
Ha (hOTOH,

Onnako MOMHMO 3JIEKTPOHA M TMO3HTPOHA HMeeTcs Apy-
rofi THI CcTaOHNBHBIX YACTHIl, HeCyIIHH HeHyJeBoe JeNnTOoH-
Hoe yucyao. HeliTpHHO H ero aHTHYacTHlIA AHTHHEHTPHUHO —
3TO 3JIEKTPHUECKH HeHTpaiabHble 0e3MaccOBHE YACTHIH
Bpoje (hoTOHA, HO C JIENTOHHBIMH yHCJAaMH +1 B —1 coor-
BercTBenno. C/efoBaTenbHO, 4TOOH ONpPEAENHTh MAOTHOCTD

* Cu. nonoauenxe peaaktopa 6, c. 179. — Mpumeu. ped.
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JIENTOHHOTO YHC/a B CErOJHsLIHeH BceaeHHON, Mpl J0OJK-
HBl YTO-TO 3HATb O PACIPOCTPAHEHHOCTH HEHTPHHO M AHTH-
HeHATPHHO.

K coxanenuio, monyants 31y uHpOpPMAUuIo HeBepOSTHO
TpyAHo. HeliTpuHo noxoxke Ha 3JMeKTPOH TeM, YTO OHO He
YYBCTBYET CHJIbHBIX SIA€PHBIX CHJ, KOTODHIE Yep:KHBAIOT
MPOTOHbI H HEATPOHH BHYTPH atomuoro siapa. (Muoraa s
Oyly roBOPHTb «HEHTPHHO», NMOAPA3yMeBasi KAk HeiTPHHO,
TaK H aHTHHedTpuno.) OJHAKO B NPOTHBONOJOMKHOCTD
JNMEKTPOHY HEHTPHHO 3JeKTPHUECKH HEeHTPaJ/JbHO, TaK YTO
OHO HE YYBCTBYeT HH 3JEKTPHYECKHX, HH MACHHTHBIX CHJI
BpOJe TeX, KOTOpPHIE YJep:KHBAOT 3JEKTPOHBL BHYTPH aTO-
ma. Ha camom nene, uefitpuno Boobuie cia6o TIOJIBEPIKEHO
AeficTBHIO Kakux Ob1 TO HH Gblio cua. Kak u Bce mpouee BO
Beejiennoft, oHO MOABEpIKEHO AeHCTBHIO CHJ TATOTEHHS W,
KpoMe TOro, ounymaer cjaabble CHJB, OTBETCTBEHHHIE 3a
PaIHOAKTHBHBIE MPOLECCH], BPOJde YNOMSIHYTOrO BHIIIE (CM.
¢. 91) pacnana HefiTpoHa ( OZHAKO 3TH CHJIB TPHBOJAT JHIIb
K HHYTOXKHOMY B3aHMOJEHCTBHIO ¢ OOBIYHBHIM BEILeCTBOM.
C nempio mokasath, H4CKOJBKO ¢€aa60 B3aHMOJIEHCTBYET
HeHTPUHO, OGLIMHO MPHBOAST TAKOH NPHMEp: A TOTO YTO-
Obl HMETb 3aMETHYI0 BepPOSITHOCTb OCTAHOBKH HJIH paccesi-
HHS J11000r0 JaHHOTO HeHTPHHO, 06Pa30BAHHOTO B KAKOM:
TO pPagHOAKTHBHOM TpoLecce, HAM NOTpPe6yercs IOMEeCTHTb
Ha €ro MyTH CJI0H CBUHLIA TOJUIMHOH HECKOJBHKO CBETOBHIX
Jer. CosHle HeNpepEIBHO M3JyyaeT HeATPHHO, 06pas30BaH-
Hpl€ TIPH NpeBpalleHHH NMPOTOHOB B HEHTPOHBI B SIAEPHEIX
peakunsx B cepiauesune CosHNA; 3TH HEHTPHHO NPOHH3HI-
BalOT HAC CBEPXY B TeUeHHe [OHA M CHU3Y HOYBIO, KOrjia
Connue — Ha dpyeorl cropore 3eMmaH, Tak Kak 3emJs 1/
HHX MOJIHOCTBIO MpospauyHa. CylecTBOBaHHe HEHTPHHO 3a-
J0JITO 10 TOTO, KaK OHH OBLIM HAGMIONEHBI, MPeANOJJ0KUI
Bosnbgranr Tlaynu B KauectBe cpeictsa aas pacuera Ga-
JlaHCca 3HeprHH B Mpoleccax THNa pacnana HedTpona. Tojb-
KO JIHUIb B KOHIe 50-X roJ0B CTaJ0 BO3MOMKHBIM HENOCPea-
CTBEHHO JIeTeKTHPOBATh HEHTPHHO HJIH aHTHHeATpHHO, 06-
pasyst OrpOMHBIE HX KOJHYECTBA B SAAEPHBLIX PEaKTOpax HJH
yCKOpHTeJ isIX vacTHll. IIpH 3TOM HECKOJBKO cOT HeHTPHHO
Ha caMOM /leJie OCTaHaBJHBAJHCh H BHI3BIBAIH peaKIHH
BHYTPH perucTpHpylouiefi annaparyphbl.

Jlerko moHATH, 4TO NPH TAKOH upe3BbUaiiHON ciaaBocTH
B3aHMOJEHCTBHSA KOJOCCA/NbHLIE KOJHYECTBA HEHTPHHO H
aHTHHEHTPUHO MOryT 3amoJiHATH BceleHHyl BOKpyr Hac,
NpHYEM MBI H He nojo3pesaeM o0 HX CylUleCTBOBaHHH. Yia-
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ercsd MOJYYHTb psAN caabblX BepXHHX MPelesoB Ha UHCIO
HEATPHHO H AHTHHEHTPHHO; ecaH OBl 3THX uacTHI ObLIO
CJHIIKOM MHOTO, 3TO CJerkKa MOBJHAJNO Ok Ha OmpeneseH-
Hble ciabbie siepHBle IMpoleccH pacmafa H BAOGABOK CKO-
POCTb KOCMHYECKOTO pacUIHPeHHs 3aMeansiiach Obl CHIb-
Hee, yem HaOmonaercs. OnHAKO 3TH BepXHHEe Tpelesnl He
HCKJ/II0OYAI0T BO3MOXKHOCTH TOTO, YTO MJIOTHOCTL HEHTPHHO
H (N1M) aHTHHeHTPHHO Takas XKe, KaK M MJAOTHOCTL (hoTO-
HOB, MpHUeM ¢ OIM3KHMH SHEepruaMH *. -

HecMoTps HAa 3TH 3aMeYaHHd, KOCMOJIOTH OGBIYHO Npe-
M0JaratoT, YTO JENTOHHOE YHCA0 (YHCaa 3JeKTPOHOB, MIOO-
HOB H HEeHTPHHO MUMYC UHCIA COOTBETCTBYIOIIHX aHTHYA-
CTHL) Ha (POTOH MaJ0, MHOTO MeHblIe eIMHHLL. ITO Je-
JIaeTcsl HCKJIOYHTENIbHO 110 aHaJoruu: 6apHOHHOE THCJIO Ha
(doTon MaJso, TaK MoYeMy Ke JIENTOHHOE 4HCAO HAa (POTOH
He J0KHO OHITh Maso? 3T0 OAHO H3 HaHMEHee Ha-
JEeXHEIX IpPeANOJIOXKeHHH, BBOAHMBIX B CTAHAAPTHYIO MO-
Jlesb, HO, TIO CYACTBHIO, Ja)Ke eCJH OHO H HeBepHO, obmas
KapTHHA, KOTOPYI0 MH MNOJYYHM, H3MeHHAach OBl JHIIb B
JleTalIsx.

Koneuno, mnpu TeMmeparype, BEHILe MOPOrOBOH sl
3JIEKTPOHOB, ObI/I0 MHOMKECTBO JIENTOHOB I aHTHJ/EITOHOB —
NPHMEPHO CTOJBKO e 2JAeKTPOHOB H II03HTPOHOB, CKOJBLKO
1 ¢otoHoB. KpoMme Toro, B 3THX ycaoBHAX Bcenennas Oblaa
CTOJIL ropsiya H MJOTHA, YTO jAa)ke NMpH3payHble HeATPHHO
JIOCTHTAJIH TENJOBOrO PaBHOBECHS, TAK YTO HEHTPHHO W aH-
THHEHTPHHO OBbIJIO TPHMEPHO CTOJbKO e, CKOJbKO (oTO-
HoB. Ilpennonokenwe, nenaeMoe B CTAHZAPTHOH MOJEJH,
3aKJI0OYAeTCH B TOM, UTO JIENITOHHOE UHCAO (pPAs3HOCTL dHCeN
JIETITOHOB H AHTHJENTOHOB) ecTh ceffiwac u OblNO TOrZa
MHOro MeHblle gyucnaa ¢otoHos. lomkeH 6bl OBITH KaKOM-
TO HeGOJBIN0H H3OBITOK JNENTOHOB Hal aHTHJIENTOHAMH BpO-
Ie YIOMAHYTOrO Bhille H36bITKAa 6apHOHOB Haj aHTHOAPHO-
HaMH, KOTOpPEHIl COXpaHHJICS 0 Halero BpeMent. Bno6asox
HeHTPHHO H aHTHHEATPHHO B3aHMOJEHCTBYIOT CTOJb €Jabo,
gyTo 6GOJBIIOE HX KOJHYECTBO MOTJIO n3berxkarb aHHHTHIIA-
IIIH, H B 3TOM cJyuae ceffyac MoxeT OBITb IPHMEpPHO paB-
HOEe KOJHYECTBO HEHTPHHO H AHTHHEHTPHHO, CpaBHHMOe C
gpcaoM (orowos. [Toxoke, 4TO Tak OHO H eCThb Ha CaMOM
Jene (Mbl 5TO YBHAMM B CJedylolleil TiaBe), HO B 0603pH-
Mom GyayiieM He TIPeABHAHTCA HH MaJelliero manca Ha-

* [lo moBoAy KOHIEHTpPAuUuH HefiTpHHO CM. AONOJHEHHe peAaKkTopa
7, c. 182, — [Ipumen. ped.
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6a104aTh BOKDYr HAac 3TH OrPOMHBIE KOJHYECTBA HEATPHHO
H AHTHHEHTPHHO.

Bor, 3Ha4HT, KAaKOB BKpaTile Hall peUenT COCTaBa paH-
Heit Bcenennoii. BosbpmHTe 3JeKTpHUeCKHi 3apsa Ha do-
TOH, paBHHIl HyJI0, 6apHOHHOE uHCJO0 Ha (OTOH, paBHOe
OJHOM 4YacTH HA MM/JIHAPJ, H HEOMpeAeJIeHHOe, HO MaJioe
JENTOHHO® YHCJA0 Ha (OTOH. YcTanoBuTe B J11060i Aauublii
MOMEHT BPeMEHH TeMNepaTypy, pPaBHYIO TeMIlepaType HHI-
HemHero ¢oHa uaayyenus 3 K, yMHOXKeHHYIO Ha OTHOIIe-
HHE TelepeliHero pasmepa Bcenennoii k ee pasMepy B TOT
MOMeHT BpemeHH. XOpOLIEHBKO pasMemaite Tak, 4TOOH
JeTajabHOe pacnpejeseHHe YacTHIl Pa3HLIX THIOB ONpexe.s-
Joch TpeGOBAHHSIMH TEIJOBOrO PaBHOBECHS, H TIOMeCTHTE
B pacmupsiomyocs BceseHHYIO, CKOPOCTh pacIlHpeHHs KO-
TOpOIi onpefesseTcs MNOPOXKAaeMBIM 3TOH Cpeloil TmoseM
tarotenus. Ecau Teneph kak ciellyeTr IOJA0XKAaTh, 3T0 Ba-
peBO J0JKHO MPEBPATHTBCS B HAlly Tenepeurniolo Beenen-

HYIO.
V. MEPBbLIE TPH MHHYTHI

Tenepb MBIl IOATOTOBJEHEI K TOMY, 4TGOBI NPOCJAEIHTH
X0 KOCMHYECKOH 3SBOJIIOLHH B TEYeHHe ee TEPBHIX Tpex
MHHYT. BHauane coObITHSI pasBHBAIOTCSI 3HAYHTEJILHO
ObicTpee, yeM NOTOM, H OyaeT Helenecoo6pasHO MOKAa3LI-
BaTh CHHMKH, pasjejeHHble DAaBHBIMH HHTEpBajJaMH Bpe-
MeHH, KaKk B OGBIYHOM KHHO. BMecTo atoro si npucrocobiiio
CKOPOCTb Halllero (HJIbMa K TNajeHHI0 TemnepaTtypul Bce-
JEeHHOH, ocTaHaBJMBasi Kamepy, uToOBbl cjleaTh CHHMOK
Kaj/bH pa3, Kak TeMneparypa ynajer NpPHMepPHO B TpPH
pasa.

K coxanennwo, g He MOry Hauatb GHJIBM B HYJeBoil
MOMEHT BpeMeHH npH OeckoHeqyHOH Temnepartype. Broiure
MOPOroBOil TeMOepaTyphl IMOJTOPHI THICSAYH MHJJIHADIOB
rpagycoB KeabBuna (1,5-102 K) Bcenennas cojepikana
60JblIOe KOJMHYECTBO YACTHI, H3BECTHEIX KAaK NH-ME30HH,
Macca KOTOPHIX COCTABJSIeT NPHMEPHO OAHY CeAbMYIO
yacTb Macchl fjepHOi uwacTHubl (cM. Ta6a. 1 Ha c. 143).
B oranuyHe OT 3/J€KTPOHOB, MO3HTPOHOB, MIOOHOB H Heil-
TPHHO, 3TH INH-ME30HB OY€Hb CHJILHO B3aHMOIEHCTBYIOT
APYr ¢ APYroM H C SAEPHBIMH YacTHUAMH — B JIEHCTBH-
TEJBHOCTH, HENpephIBHBI 00MeH NH-Me30HaMH MeXK1y
f/lePHEIMH YaCTHLAMH OTBeTCTBeH 3a 0OJbIIYI0 YaCTh CH-
Jbl MPHTSMXKEHHS, KOTOpas y/epiKHBaeT OT pasBajla aToM-
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fible siapa. Haanune GosblIOro KOJHYECTBA TAaKHX CHJIBHO-
B3aUMOJEHCTBYIONINX YacTHL 4Ype3BbIUaHHO 3aTpyAHAET
pacuer TMOBEJEHHs BEINEeCTBA NPH CBEPXBHICOKHX TeMmIepa-
tTypax. UtoGB n30exaTh CA0XKHLIX MaTeMaTHYecKHX mpob6-
JieM, 1 HayHy HCTOPHIO B 3TOH rjaBe ¢ MOMEHTa BpPeMeHH
OKO0JIO OfHOM coTOW CeKYHAB Mocjae HayaJja, Korja temie-
patypa OmycTHJach JO0 HECKOJbKHX COT MHJJIHAPAOB rpa-
nycoB KeabBHHA, UTO 3aBEIOMO HHIKE IOPOTOBLIX TeMIepa-
TYp AJs TMH-ME30HOB, MIOOHOB H BceX GoJiee TAMKeNHX 4a-
ctui. B raase VII s ckaxky HeMHOro o TOM, 4TO, IO MHe-
HHIO (DH3HKOB-TEOPETHKOB, MOIJIO MNPOHCXOAHTh GJHKE K
caMOMy HauyaJgy.

JoroBopuBuichk 06 3TOM, HayHeM Hall GHJIBM.

Mepewiit kanp. Temnepatypa Beesnennoit pasaa 100 mua-
auapaam rpaaycos KeasBuna (10'' K). Bceaenuas mpoute
M Jierye mojjaercst ONHCaHHIO, YeM KOrga-aubo B OyaylleMm.
OHa 3ano/iHeHa Be3je OJAHHAKOBBIM, OAHOPOAHBIM 10 CBO¥-
CTBaM CYNOM H3 BeIIeCTBa H H3JYYeHHs, NMpHUEM Kaxjaas
YyacTHIAa B HeM OuYeHb OHICTPO CTaJKHBaeTcs ¢ APYTHMH
yactHuaMu. [Tosromy, HecMOTps Ha ObICTpoe paclIHpeHHe,
Bcenennaa HaxOAMTCA B COCTOSIHHH MOYTH HA€aJbHOTO Tel-
JoBoro paBHoBecusi. CocTaBHble yacTH Bceesennoii onpene-
JIAIOTCH NPaBHJaMH CTATHCTHYECKOH MEXaHHKH H BooGle
He 3aBHCAT OT TOTO, YTO HPOHCXOIHJIO A0 MEpBOro Kaapa.
Ham Hajfo ToabKO 3HATh, 4TO0 Temmeparypa pasHa 10!! K
H YTO COXPaHAIOIIMECH BeJHYHHB — 3apsn, OGapHOHHOE
" YHCJIO, JIENTOHHOE YHCJO — BCe OYeHb MaJjbl HJIH PaBHH
HYJIIO.

Yacrtuubl, uMelomnecss B H300HAHH — 3TO Te, Ubf MO-
porosas temmeparypa ummxe 10'! K; 3To 3J€KTpOH H ero
aHTHYACTHLIA MO3HTPOH M, KOHEYHO, 6e3MacCOBble YaCTHIIbI
<otoH, HeliTpHHO H aHTHHeHTpHHO. (BHOBL cM. TaGu. 1 Ha
c. 143). Bcesenras croab IJIOTHA, 4TO JaKe HEHTPHHO,
KOTOpBEIe MOTYT roJaMH NyTeLIeCTBOBATh CKBO3bL CBHHIOBLIE
OpyckH, He OynyuM pacCesHHBIMH, VAEPIKHBAIOTCA B TeM-
JIOBOM DPAaBHOBECHH C 3JEKTPOHaMH, NMO3HUTPOHAMH H ¢oTo-
HaMH 6Jarofaps GLICTPBIM CTOJKHOBEHHSM C HHMH H IpYT
¢ Jpyrom. (Qnﬂrb Ke f OGyny mHOraa ynorpebJsTs npocto
TePMHH <«HEHTpHHO», NOJApasyMeBas KaK HEATPHHO, TaK H
aHTHHEHTPHHO.)

Hpyroe GoJblioe ynpouienne — Ttemneparypa 10! K
MHOTO BBIIIe NOPOrOBOH TEeMHEPaTypbl A/ 3JEKTPOHOB H
no3utponoB. OTciona BHITEKAeT, YTO 3TH YACTHUbL, TAK Ke
Kak Qoronbl H HeHTPHHO, BeAyT cefs NMPOCTO Kak MHOro
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pasHBIX cOpPTOB H3jyueHus. KakoBa NJOTHOCTb SHEPrHH
5THX DPAa3JHUYHEIX COPTOB H3ayueHus? B cooTBeTcTBHH c
tabi. ‘1 Ha c¢. 143 3/eKTPOHLE H MO3HTPOHLI BMeCTe BHOCAT
7/4 suepruu ¢oTOHOB, a HEATPHHO H AHTHHEATPHHO BHOCHT
CTOJIBKO K€, CKOJBKO 3JEKTPOHBl H MO3HTPOHH *, TaK 9TO
NoJHas NJIOTHOCTh 3Hepruu GoJblle, 4eM NJIOTHOCTL 3HEP-
THH YHCTO 3JEKTPOMArHHTHOTO H3JyYeHHs MpH 5TOil e
TeMIepaType, Ha MHOXHTENb

7/4+7/4-+1=9/2.

3akon Crepana — Bosabumana (cm. raasy III) naer ans
MJOTHOCTH SHEPTHH 3JEKTPOMArHHTHOTO H3JY4YeHHSI MpH
temnepatype 10" K snauenune 4,72-10* sB na aurp, Tak
4YTO NOJHAasA IJIOTHOCTh 3HEpPrHH Bo Bceeaenno#t npH 3ToH
Temnepatrype 6mna B 9/2 pasa Goabme, uan 21-104 3B
Ha JUTP. ITO 3KBHBAJEHTHO NJIOTHOCTH Macchl 3,8 MHJIH-
apaa KujaorpaMM Ha JuTp, Ham B 3,8 MHanHapaa pas
foJbIle MJIOTHOCTH BOAB NPH HOPMAaJbHBIX 3eMHBIX YCJO-
Busix. (Korma s rosoplo, uTo gaHHasi SHepPrHs SKBHBAJIEHT:
Ha JaHHOM Macce, fl, KOHeYHO, NMOJpasyMeBalo, 4TO 3Ta Ta
SHeprus, Koropas BHICBOOOAHJAch 6B B COOTBETCTBHH C
tdopmyaolt Diinmrefina E=mc?, ecan O6H Bca Macca moJ-
HOCTBIO NpeBpaTHiach B sHepruio.) Ecam 6Gul ropa Osepect
COCTOfI/IA M3 BeLIeCTBa TaKOH MJIOTHOCTH, TO €e MPHTANKe-
HHe paspymunio 6ul 3emaio.

Bcenennass B mepBoM Kajpe OHICTPO pacuIHpsieTcsi H
octeiBaeT. CKOPOCTH ee pacUIHpPeHHS 3a4aeTcs YCJOBHEM,
4TO Kaxablii Kycouek BceneHHON JeTHT mpoub oT J06GOro
NPOH3BOJBLHOrO LEHTPa KaK Pa3 €O CKOPOCTHIO OTpHIBA.
[Ipn wuynOBHINHBIX MJIOTHOCTAX MNEpPBOro Kajpa CKOPOCTH
OTPBEIBA COOTBETCTBEHHO BeJHKA — XapaKTepHOe Bpems
pacuinpenuss Bcenenno#t cocrasaser npumepuo 0,02 c.
(Cm. maremaTtHueckoe momnoJHenue 3, c. 160. «Xapakrep-
HOe BpeM$sl paclIHpeHHs» MOMKHO rpyGo ONpelelNHTb Kak
Bpems, B 100 pas Goabiiee TOro MpoMexyTKa BpeMeHH,3a
KOTOpHIil pasmep BcenerHofi ypeanuuscs Ha OJHH MpoO-
ueHT. Bojee TOYHO, XapakTepHOe BpeMs pacilHpPeHHUs B JiO-
Oyio 3MoXy ecTh o6paTHas BeJHYHHA <«NOCTOSHHOH» Xao-
6aa B 3Ty snoxy. Kak ormeueno B raase II, Bospact Bce-
JEHHOH BCEerjja MeHbIIe XapaKTepHOrO BPEMeHH paclIHpe-

* ABTOp HWMeeT B BHAY ABa COpPTa HEeATPHHO H AHTHHeATPHHO. Yuer
TpeTbero copra (cM. mpHMeuanHe pefakropa Ha c¢. 91) nan Gu 7/4-}
+3-(7/8) +1=43/8, uro mano wmenser HRanbHefimee.— [Tpumeq, ped.
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HHS, IOTOMY YTO TATOTEHHe HeNpepeIBHO 3aMelJseT pac-
IUHpPEHHE.)

B momenTt BpeMeHd, COOTBETCTBYIOLIHH MEepBOMY Kauipy,
HMeeTcss HeboJbIIOe YHCIO SAEPHBIX YaCTHL, OKOJIO OMHOTrO
NPOTOHA HJH HefTpOHAa Ha KaXXAblH MHJAJHApA (OTOHOB,
9JIEKTPOHOB HJH HefTpHHO. YUTO6H B KOHIE KOHLOB Npe-
CKasaTh PacnpOCTPAHEHHOCTh XHMHYECKHX 3J€MeHTOB, 00-
pasoBaHHHIX B paHHell Bceneunoil, Ham norpebyercs Tak-
e 3HATh OTHOCHTE/bHYIO IPONOPUHIO NPOTOHOB H HeHTpO-
Hos. HefiTpon Tsi:Kenee NMpoTOHAa, NpHYEM pPasHOCTh Macce
MeXJ1y HHMH 3KBHBaJleHTHa 3Heprud 1,293 muaaHOoHA
9JeKTPOHBO/NLT. ONHAKO XapakTepHas 9HEPrHS 3JeKTpo-
HOB, TO3HTPOHOB H JPYrHX 4YacTHLL 0OpH TeMmepaTtype
10" K muoro Goabumie — okojo 10 MHAHOHOB 3JEKTPOH-
BOJIbT (mocTosHHas BospliMaHa, yMHOXEHHas Ha TeMmIiepa-
Typy). ClenoBarte/ibHO, CTOJIKHOBEHHSI HEHTPOHOB HJH NpPO-
TOHOB CO 3HayuTeJbHO 0oJiee MHOTQUHC/IEHHBIMH 3JIEKTDO-
HaMH, IO3HTPOHAMH M JPYTHMH 4YacTHUaMH GYyAyT NPHBO-
JAHTh K OBICTPHIM NepexojaM NPOTOHOB B HEHTPOHH H 06-
parHo. HauboJsiee BaiKHBIMH peakUHSAMH SBJSAIOTCSH:

AaHTHHEATPHHO MJIOC NPOTOH AAlOT NMO3HTPOH IJIOC HeH-
TpoH (M oGpaTHO);

HeATPHHO TJIIOC HEefTPOH AAIOT 9JIEKTPOH IJIIOC NMPOTOH
(1 o6paTHO).

C yueToM HamIero NpeaNOJOKEHHS, UYTO MOJHOE Jiell-
TOHHOE YHCJIO H 3apsia Ha (OTOH O4YeHb MaJbl, KOJHYECTBO
HEATPHHO NOYTH TOYHO TAKOe Ke, KaK H aHTHHeHTPHHO,
a2 MO3HTPOHOB CTOJIBKO e, CKOJIbKO 3JIEKTPOHOB, TaK 4TO
nepexojbl OT NPOTOHA K HeHTPOHY Tak Xe OBICTPH, Kak
H Iepexonsl oT HeHTpoHA K nporToHy. (PagHoakTHBHEIM pac-
najoM HeHTpoHAa MOXKHO nmpeHeOGpeyb, TAK KaK OH 3aHHMa-
eT OKoJIO 15 MHHYT, a MH HMeeM ceiiuac JeJo CO HIKaJoH
BPeMeHH B COTHle JOJIH cekyHnabl.) PaBHoBecue, Takum 06-
pasom, Tpebyer, 4TOOH KOJHUECTBA NMPOTOHOB H HEHTPOHOB
B NepBOM Kajape OblIH MOYTH PABHHL. ITH AfepHbIE YaCTHILBI
BCE ellle He CBA3aHbl B siApa; 3Heprus, HeoOXoauMas aJs
TOro, 4To6bl pasGuThb THNHYHOE SIAPO Ha COCTABHBIE YAaCTH,
paBHa Bcero JiHUIb OT LIECTH A0 BOCbMH MHJJIHOHOB, 3JeK-
TPOHBOJBT Ha SIAEPHYIO YAcTHILY; 3TO MeHbIlle, 4eM Xapak-
TepHas TensioBas 3Hepruss nmpH Temmeparype 10! K, Tak
9TO CJOXHEIE ffpa paspymaloTcsd Tak ke OHICTPO, Kak H
ob6pasyiorcs.

EcrecTBeHHO CNpOCHTH, HACKOJBKO BejHKa Gblia Bcee-
JieHHasl B oyeHb paHHee BpeMms. K coxanenuio, Mbl He 3Ha-

el



€M 3TOr0 H Ja)Ke He YBCPEHBl, 4TO TaKo# Bompoc HMeeT
Karoii-to cmbica. Kak ormeuanoch B raase 11, BosMoiKHO,
uro cefivac Bcenennas GeckoHeuHa, B TAaKOM cJaydae OHA
Obla Takxke OeckoHeuHa M BO BpeMs MEpBOro kKajpa H
Beerga Oyaer GeckoHeuHoil. B TO ke Bpems, BO3MOIKHO,
uyto BceaenHas cefivac HMeeT KOHEUHYIO JJVIHHY OKPYMKHO-
CTH, HHOTZa OLEHHBaeMyl npHMepHo B 125 MuAaHapaos
ceeroBbix Jer. ([auua oxpymuocTH BceseHHOH ecTb To
paccTosiHHe, KOTOPOE HYXKHO NPOHTH TNO NPAMOH JIHHHH,
npexae ueM oGHApYXKHTb, UTO BLI BEepPHYJ/HCh Hasald, Ty/a,
oTKkyna GBI HauaT nyTh. [IpHBe/lleHHas OIEHKa OCHOBaHA
Ha COBPEMEHHOM 3HAaueHHH NocTosHHO# Xa66ma B npea-
NOJIOXKEHHH, YTO MJOTHOCTh Bce/jeHHOi NpHMEpHO BIBOe
6oJibllle «KPHTHYECKOro» 3HaueHHs). Tak Kak Temmepatypa
Bcenennoit magaer o0paTHO NPONOPIHOHAJIBHO ee pasMe-
py, TO AJHHA OKpYy:HOCTH BcenenHofi B MOMEHT BpEMeHH
1epBoro kajapa Gbljia MeHblle TenepeliHeil nponopuHoHalb-
HO oTHoleHnio Temnepartyp torza (10Y K) u Temeps (3 K);
IT0 HaeT AJs NEPBOro Kajipa IJHHY OKPYMKHOCTH OKOJO
yeThlpex CBeTOBbIX JeT. Hi oxHa H3 aeranell HCTOPHH KOC-
MHYECKOH - 3BOJIIOIIHH B [EPBble HECKOJbKO MHHYT He 3a-
BHACHT OT TOTO, pPaBHa JH JJIHHA OKPY:KHOCTH BceaeHHON
OECKOHEYHOCTH HJH JHIIb HECKOJbKHM CBETOBHIM TOJaM.

Bropoit kaap. Temnepatypa Bcenennoit pasaa 30 mua-
anapaam rpaaycos Keabsuna (3-10° K). C momenTa mnep-
Boro kazapa mnpoJereno 0,11 cekynawsl. KauecTBeHHO HIHue-
Io He H3MEHHJOCch — coctaB BceseHnHoli Bce emle onpene-
JATCS 3JEKTPOHaMH, TO3HTPOHAMH, HeHTPHHO, aHTHHEHT-
PHHO H (DOTOHAMH, NPHYEM BCE OHH HAXOAATCS B TEMJIOBOM
pPaBHOBECHH H IPH TeMIepaType 3HAYHTE/JIbHO BHIIE NOPO-
ropofl. Tak Kak NJIOTHOCTh 3HEPTHH TNajgaeT TNPOCTO Kak
4yeTBePTas CTeHeHb TEeMMNEpPaTypH, TO oHa B 30 MHIIHOHOB
pa3s GoJbllle NJIOTHOCTH 3IHEPTHH, cojeprKalieiics B Macce
noxkost o0blyHoil Boabl. CKOpOCThL pacUIMpEHHS yhaja Kak
KBaJipaT TeMmIepaTyphl, TAK 4TO XapakTepHoe BPeMs paclIH-
pennss Bcenenno#t tenepn yBeamumsaoch a0 0,2 cekyHAHL
MaJsioe yncI0 $SIIePHBIX YacTHL, BCe elle He CBS3aHO B
aTOMHBIE $iApa, HO ¢ MajeHHeM TeMmepaType (oJee TsxKe-
JbBIM HeHTPOHAM Tenephb CYIIECTBEHHO Jierye IPeBPaTHTbCA
B OoJjee JierkHe NPOTOHBI, yeM HaoGopor. Bamanc saep-
HBIX YacTHI IO 3TOl NpHYHHE cABUHYJCHS K 38 mpoueHram
HeHTPOHOB 1 62 nMpoleHTaM NPOTOHOB.

Tperuii kaap. Temneparypa Bcenennoit pasua 10 mua-
Jitapiam rpaaycos KeapBuna (10' K). C momenra mepso-
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ro kaapa mnpoJereno 1,09 cekynanl. K 3roMy BpeMeHH
YMEHbIUMBIIHECS] IJIOTHOCTb H TeMIeparypa HacTOJNBKO
YBEJHYHJIH cpeiHee cBoGojgHOE Bpemsi HEHTPHHO M AHTH-
HeHTPHHO, 9TO OHH HauYHHAIOT BecTH ce0s Kak cBoOOAHbLIE
YacTHIB, He HaxoAsdck 0oJiee B TENJOBOM PaBHOBECHH C
3JIeKTPOHAMH, TMO3HTPOHaMH H doToHamu. C 3TOr0 MOMeH-
Ta OHH MepecTalT HIrpaTh CKOJLKO-HHOYIb aKTHBHYIO DOJb
B Hauleil HCTOPHH, 32 HCKJIOYEHHEM TOrO, YTO HX SHEPTHS
NPOJOJKAET SBJAATHCS YAacTb HCTOYHHKA TPaBHTALHOH-
Horo noJs Bcenennoit. Korga nefiTpHHO BBIXOAAT H3 Ten-
JIOBOTO DPaBHOBeCHS, HH4ero 0co0EeHHOTO HEe MPOHCXOMAHT.
(Tlepen sTHM «OTHEIHHEHHEM» CPEeIHAS AJHHA BOJHBL Heil-
TpHHO Obl1a 0GpaTHO NPOMOPHUHOHAJBHA TeMmmepartype, a
TaK Kak TeMmneparypa najaja ofpaTHO NponopuHOHAJbHO
pasmepy BceneHnHo#H, TO AJHHA BOJHB HEHTPHHO YBeJHYH-
BaJjach INPsMO NPONOPUHOHAJLHO pasdMepy Beenennoii.
ITocie orpeniMHeHHA HEHTPHHO cTaJn cBOOOAHO pacuUIH-
pAThCA, HO obllee KpacHOe CMelleHHe NPOJoJKaJ0 pacTi-
THBATh HX AJHHY BOJHH NPAMO IPONOPHHOHAJLHO pa3sMme-
py Becenennoii. Kcratu, 3To nokasniBaer, 4To 3HaHHe TOU-
HOr0O MOMEHT OTBeIHHEHHs HEHTPDHHO He oueHb BaKHO,
BL0OABOK 3TO H TPYJAHO CJAe1aTh, TAK KaK BBIUHCJEHHe 3a-
BHCHT OT HeTaJieli TeOPDHH HEHTPHHHBIX B3aHMOIEHCTBHH,
YCTaHOBJIEHHBIX He MOJIHOCTHIO.)

[TonHas NJIOTHOCTL SHEPTHH YMEHBIIWJIACh 10 CpaBHe-
HHIO C MpeABIAYLIHM KaJApoM B KOJHYECTBO pas, paBHoe
YEeTBEPTOH CTeNeHH OTHOLUEHHSI TeMIepaTyp, Tak 49TO Cefi-
4ac OHA 3KBHBAaJeHTHAa NJOTHocTH Macce, B 380 000 pas
Gonbliell, ueM y Boabl. XapaKTepHOe BpeMs pacUIHpeHH:
BceseHHOl COOTBETCTBEHHO YBEJIHUHJIOCH NPHMEPHO 10
aByx cexyna. Temmepartypa ceiiuac JHWIL BABOE NpeBbLILA-
€T NOPOroBYI0 TEMMepaTtypy AJas 3JeKTPOHOB H TO3HTPO-
HOB, TaK 4TO OHHM HAaYHHAIOT AHHWUTHJIHPOBATH OHICTpEe,
YeM BHOBb POK/JAIOTCH H3 H3JIYUEHHS.

Bee ewle canmkoM ropayo AJas TOro, 4yToGbl HEATPOHI
H TPOTOHH Ha KaKoe-TO 3aMeTHOe BpeMsi CBA3aJHCh B
aTOMHBle s/pa. YMeHbUIMBIUASCH TeMIepaTtypa I03BOJH/IA
NPOTOH-HEHTPOHHOMY OaJiaHcy CABHHYTbCH K 24 mpoueH-
TaM HefiTpoHOB H 76 MPOLEHTaM NPOTOHOB.

Yerseprriii kaap. Teneps Temneparypa BcesenHoil pas-
Ha TpeM wmuaauapaam rpaaycoB KeasBuna (3-10° K).
C momenTta nepsoro kazapa npomo 13,82 cekyHae. Mu
Telepb HAaXOAMMCS HHXKe IOPOroBOfi TeMIepaTypul /.14
3JIEKTPOHOB H MO3HTPOHOB, TAaK YTO OHH HAYHHAIOT GBICTPO
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Hcue3aTth, nepectaBas ObITh IVIABHBEIMH COCTABHBIMH 4acTs-
mu Bcesenno#. DHeprus, BBIAEJNHMBIIAACH NPH HX aHHHTH-
JIAlHH, 3aMeJJIHJIa CKOpPOCTb, C KOTOpO# Bcenennas ox-
Jaxnaercd, Tak YyTo HeHTPHHO, KOTODHE HE IOJYUHJIH HH
Kalid 3Toro A00aBOYHOro TemJa, Tenepb Ha BOCEMb MpPO-
IlEHTOB XOJIOAHEe 3JEKTPOHOB, MO3HTPOHOB H (HOTOHOB.
C srtoro mMomeHTa, rosopsi o Temnepatrype Bcenenno#i, mMu
6yner noapasymeBaTh Temmepatypy ¢poTonos. C yuerom
GLICTPOTO MCUE3HOBEHHS SJIEKTPOHOB M MO3HTPOHOB IJIOT-
HOCTh 3HepruH BcesenHoil cefiuac HECKOJIbKO MeHbIIE, UeM
oHa Owljia G6bl, ecaid OB MPOCTO MNanana Kak - 4eTBepras
CTeNneHb TeMNnepaTypHl.

Tenepp ye mocTaTouHo MPOXJAAHO AJAS TOrO, 4TOGHI
ofpasoBanHch pasiHYHHE cTaGHJAbHBIE A1pa Bpoie reHs
(*He), HO 370 He MPOHCXOAMT cpasy. [IpHuHHA B TOM, 4TO
Bcenennas Bce eme cTosb OLICTPO paclIHpsiercs, 4To fA-
pa Moryr o0pa3oBLIBATLCH JIHIIL B CEPHH OBICTPHIX ABYX-
yacTHYHBIX peakuuii. Hanpumep, npoToH H HefTPOH MOryT
o6pa3oBaTbh SAPO THKEJIOTO BOAOPONA, HJAH JedTepHS,
npuieM H36BITOK SHEPTHH H HMNYJbca YHOCHTCA (DOTOHOM.
Slapo nefiTepust MOMKET 3aTeM CTOJKHYTbCS C TNPOTOHOM
Wi HelTpoHOM H o6pasoBaTh JHO0 FAPO JIErKOro H30TONA
reans-3 (*He), cocrosiuiero M3 ABYX NPOTOHOB H HEHTPO-
Ha, Ju00 AApO caMmMOro TAMKeJOro H30TONAa BOAOPOjA, Ha-
abiaemoro tputHeMm (®H), cocrosiuiero u3 mporoHa H IBYX
HelitpoHoB. Hakouen, renuii-3 MoMXKeT CTONKHYThCS ¢ Hefl-
TPOHOM, a TPHTHH — C NPOTOHOM, mpHYeM B 00OHX ciyua-
sax obGpasyercs anpo o6eiuHoro renus (*He), cocrosiuiero
M3 IBYX NPOTOHOB H ABYX HefirpoHoB. Ho st Toro uroGul
3Ta Lenoyka peakLHi NPOH30NIJIA, HYXKHO HayaTh ¢ Iep-
BOro mara — c o6pa3oBaHua JedTepHs *.

O6blunblii requii — 3TO CHABHOCBSI3aHHOE SAPO, MO3TO-
MY, KaK fi TOBODHJ, OH MOXKET YyAepXKHBaThCs H NPH TeMIe-
paTtype Tperhero kKajapa. TpuTHii W refuii-3 cBSI3aHE MHO-
ro cnabee, a pefitepuit — ocoberHo cinabo. (Uro6wl passa-
JHTL PO AeHTepHs Ha YacTH, HYXKHA JHIIb JeBsiTas
yacTh TOH 3HepruH, koropas Tpebyercd, 4TOObI BHIGHTH
OAHYy Si/IepHYI0 yYacTHIy M3 siapa renus). [Ipu Temnepary-
pe uerBeproro kaapa 10'°© K sapa neiitepus paspymaior-

* B jeficTBATeNLHOCTH Tochae o6pasoBaHdsl  JeHTepHA OCHOBHHE
peakunu  Ttakosw: D+D—T+p; T+D—*He+p; D+D—>3He+n; n+
+*He—+T+p u T+D—>*He+p. 31u peakunu, He TpeGylluxe HCnycka-
HHfA KBaHTa, GoJiee BEPOATHH 1O CPABHEHHIO C NPHBEJGHHHIMH B TEKCTe
peaxuuamu mprcoeantenns D+D—T+4y; T+ p—*He+y.—[Mpumeu. ped.
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cs Tak e OBICTPO, Kak M o6pasylorcs, nosromy Goaee 1s-
Kesble g1pa He HMeloT maHcoB oOpasoBaThes. HelTpons
NPOAOJMKAIOT NpeBpallaThcsi B NPOTOHH, XOTA H 3HAYHTE/b-
HO MeJUIeHHee, YeM paHbiue; OGajaHC Tenepb COCTaBJfAET
17 npouenToB HefiTpoHOB H 83 MpoNEHTa NPOTOHOB.

Iareiii kapp. Tenepb Temmeparypa BceneHHol pasua
ofHOMy muaauapay rpaaycoB KeaeBuna (10° K), uro Bce-
ro aumsb B 70 pa3 ropsuee, yem B nentpe Coanua. C mo-
MEHTa MepBOro Kajapa MpoIJIO TPH MHHYTH H JBe CEKYHIHI.
BoJbUIMHCTBO 3JIEKTPOHOB H IO3HTPOHOB HCYE3JO, H IJaB-
HBIMH COCTaBHBIMH uacTsiMH Bcesnennoft sBasiioTcsi Tenepb
toToHbI, HEHTPHHO H AHTHHEHTPHHO. DHEPrHA, BHIAEIHBINA-
SICs IIPH AHHUTHISILMM 3JIEKTPOHOB H TO3HTPOHOB, jaJja
tdoronam TemnepaTypy Ha 35 mpoueHTOB GoJbIIyIO, 4eM Y
HEHTPHHO.

Ceiiuac Bcesnennas yxe J0CTaTOYHO NMPOXJajHa, 4TOOHI
MOIVIH YAEpXKHBaThCA fApa TPHTHA H resHs-3 Tak XKe, Kak
H OGBIYHOrO resius, O/ HAaKO «AeHTepHeBas Ineab» * Bce elle
CYIIeCTBYeT: fjpa JeHTepHS He yNepXKHBAWOTCA OT paspa-
Ja AOCTAaTOYHO MOJTrO AJsi TOrO, YTOOB [aTh BO3MOMKHOCTB
o6pasoBaThCsl 3aMETHOMY 4HCJAY GoJiee TAMXENBX sIep.
CTONIKHOBEHHS HEATPOHOB M NPOTOHOB C 3JIEKTPOHAMH, Hef-
TPHHO H HX aHTHYAaCTHIIAMH cefiuac CTaJH yiKe IOBOJLHO
PeAKHMH, HO CTAHOBHTCH CYUIECTBEHHBIM pacnajg cBoGon-
Horo HefitpoHa; Kaxable 100 cexysm 10 mpoueHTOB ocra-
IOUNXCA HEHTPOHOB pacmajamoTcs Ha TNpoToHH. Teneps
HeATPOH-NPOTOHHEIH 6ajaHc cocTaBjageT |4 mnpolLeHTOB
HelTpOHOB H 86 MPOLEHTOB NPOTOHOB.

1yrb nosme. B Kakoii-To MOMEHT BpeMeHH BCKOpe noc-
Je NSTOro Kajapa INPOHCXOAHT JApaMaTHUYECKoe COGHITHE:
Temneparypa mnajaer 10 TOYKH, NPH KOTOpPOH sapa nef-
TepUsl MOTYT yAepXHBaThcsl OT pasBajia. Pas mnpofizena
AefTepHeBas ulenb, Gosee TKeABe fAApPa MOCYT O0UYeHb
6bIcTPO 00pa3oBHIBATLCA B LENOYKe NABYXYACTHYHEIX peax-
UM, OMHCAHHHIX B ueTBepTom Kazape ** Onpuako sapa Ts-
XKeJjee requs He o6pas3ylOTCs B 3aMETHOM KOJHYECTBe Guia-
roaaps APYrHM ILIENAM: He CYUIECTBYeT CTaOHJBHBIX sep
CHATHIO HJH BOCEMbIO filepHBIMH uyacTHuamu ***. Cneposa-

* 3yece aBTOp ynorpeGaser caoso «bottleneck», wro Gykpanbio
03HaYaeT «ropJHIKO GyThuiKH» — [Tpumed. nep.

** Cwm. npameuaHue pepaxtopa na c. 104,

*** Crporo rosops, CyUIECTBYIOT MeAJEHHO pacnajaiolifecs aapa
‘Hg. 8Li, ®B, HO BeposTHOCTb HX 0OpasoBaHus ouenb Mana.— [lpumed.
ped.
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TeJIbHO, KaK TOJIBKO TeMmepaTypa AOCTHraeT TOYKH, KOraa
mozkeT o0OpasoBaTbesi [AeliTepHii, NOYTH BCE OCTABIIHECH
HeHTPOHBl HeMEeIJIeHHO YXOAAT Ha NPHUIOTOBJIEHHE siiep re-
Jnd. Tounas TemnepaTtypa, HPH KOTOPOH 3TO NPOMCXOIHT,
CJIErKa 3aBHCHT OT 4Hc/a sAepHBIX 4acTHU Ha (OToH, Tak
KaK BHICOKAsl INIOTHOCTh YacTHI HECKOJbKO objeryaer 06-
pasoBaHHe sigep. (MmeHHO mo3TOMY JAaHHBIH MOMEHT Bpe-
MEeHH 51 0003HAUHJ HEeOoNpedeJeHHO CJAOBAMH «4YYyTh IO3iKe,
ueM NATHIH Kaap».) B cayuae ogHoro Mu/sHapaa ¢oToHOB
Ha ONHY SIIEPHYIO YACTHIY HYKJIEOCHHTE3 HauHeTCH INpH
Temnepatype 900 muaanonoB rpanycoB Kensura (0,9X
% 10° K). C momenTa nepBoro Kajapa NpoOLLIO YIKe TPH MH-
HYTHl M COPOK MWIECTb CEKYHI. (YUuraTenr NPOCTHT MHe
HETOYHOCTb B HA3BAHHM 3TOH KHUTH «[lepBble TPH MHHYTLI».
2T0 NpocTo Jyudme 3BYYHT, yeM «[lepBhie TpH H TpH uer-
BepTH MHHYTHI».) Kak pas mepes Haua/joM HYK/JIEOCHHTe3a
HEeHTPOHHBIA pacnmaj CABHHYJ HeHTPOH-TPOTOHHHI GaJjaHc
10 13 npoueHtoB HefiTpoHOB H 87 NPOLEHTOB TPOTOHOB.
[Tocae HykaeocHHTE3a M0JS TeqHsi MO Macce B TOYHOCTH
paBHa HoJie BCeX SAePHBIX WYACTHI, CBA3aHHBIX B TeJHH;
NOJOBIHA M3 HHX — HEHTPOHBI, W NpPaKTHYECKH Bce Hel-
TPOHHI CBSI3aHbLl B sIIp€ IejlHs, TaK 4TO HOJs TeJHs Mo Mac-
ce NMPOCTO ecTh Y/ABOGHHAas 10J51 HEHTPOHOB CPEH SiIePHBIX
4acTHI, T. €. oKoJo 26 npouenTtoB. Ecau miotHocTs sigep-
HBIX YacTHI HECKOJbKO BBHIlIe, HYKJIEOCHHTe3 HauHeTcs He-
MHOTO paHblle, KOrja elle pacnajock He Tak MHOTO Hef-
TPOHOB, I03TOMYy oOpasyercss uyTh OoJibllle rejHs, HO, Be-
posiTHO, He GoJjee yem 28 mpoleHTOB no Macce (pHc. 9).

Mbl Tenepb LOCTHIVIH H Ja<e NepelljH 3alJaHHpPOBaH-
HYIO TOYKY MO BPeMeHH, HO, YTOObLl Jy4llle YBHIETh TO, 4e-
rO MBI JOCTHIVIH, OPOCHM TNoOCJeIHHH B3rasn Ha BcejeHHYIO
IOCJE elle OHOrO MajeHHs] TeMIepaTyphl.

HWlecroii kanp. Tenepn Temneparypa BcesenHoit pasHa
300 muaaunonam rpaaycos KensBuna (3-10%8 K). C momen-
Ta nepeoro kajapa npomo 34 muuytel H 40 cexkynn. Bce
3JIEKTPOHBI H MO3HTPOHLI T€NePh MOJHOCTbIO IPOAHHHIHIHPO-
BAJIM, 3a MCKJIUEHHEM MaJjeHbKoro (0AHAa 4acTh HA MHJ-
Juapa) H3GBITKA 3JEKTPOHOB, HEOOXOAHMOTO AJAs KOMIEH-
calli{ 3apsajaa NPOTOHOB. BhizenuBuIasicst NPH 3Tofl aHHH-
THJSIHH 3Heprusi jana (oToHam TeMmIepaTypy, KoTopasd
Tenepb yiK Hascerga Ha 40,1 mpouenrta BbllUe, YeM y Hel-
TPHHO (cM. MaTeMmarnyeckoe jpomoanenue 6, c. 167). [Taor-
HOCTb 3HepruH BceseHHONl 3KBHBaJeHTHa Tenepb MJIOTHO-
CTH Macchel, cocTtasaswomed 9,9 npoueHta NJAOTHOCTH BOIBI;
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31 npoueHT HaxoauTcs B (popme HeATPHHO M AHTHHEHTPH-
HO # 69 npouentoB — B (opme (oToHOB. Takas MIOTHOCTb
SHEPruH JaeT XapaxTepHoe BpeMa pacluupenus BcesaeuHoi,
paBHOE OAHOMY uacy ¢ 4eTBePThIO. flaepHble mpouecch oc-
TAHOBUJICL — siJepHBle YACTHIB OoJbllell yacThio JHGO
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Puc. 9. Capur HefATpOH-npoTOHHOrO GajaHca.

IMokasana nons HefATPOHOB NO OTHOWIEHHIO KO BCEM SAEPHLIM YacTHIAM KaK QyHK-
uMs TeMmnepaTypsl H BpeMeHH. YacTs KpHpofl, noMeueHHas HaANHCLIO <TeNJ0OBOE
paBHOBecHe», OMTHCHLIBAGT MEPHOA, B TeYeHHEe KOTOPOro MNJOTHOCTH W TeMIEpaTyphl
6biNH CTONL BLICOKH, 4TO CPEAH BCeX HACTHIL JAOCTHTa/JOCh TEIJOBOE PaBHOBECHE:
Roas HefiTponos B 5Tol o6GaacTH MoXeT OLITh BhIYMCJAeHA MO H3BecTHOR pasHOCTH
Macc HeATPOHa M NPOTOHA C MOMOMNLLIC NMPaBHJ CTATHCTHYecKOR Mmexamuku. Yacts
KpHBOA, nmoMevennas HaJNHCBLIO «pacnaj HellTpoHa®, ONHCLIBAET NEpHOA, B Tede-
HHe KOTOpOro Bce npolleccsl BzanMonpeBpauleHufi HeflTPOROB H NPOTOHOB HCYE3H,
3a WCKTIOYeHHeM pajHOoaKTHBHOro pacnana csoGomHoro Hefltpona. Cnnolsas
yactb KpHBOH 3aBHCHT OT HETaAbHLIX pacieToB BepofTHOcTell nmpoueccoB caaGoro
B3anmoneficrensn. TIYNKTHpHas wuacTe KpHEOR noOKasbiBaeT, YTO CcAy€Haoch Gl
ecad Obl KakuMm-1o oGpasom Gbllo npenoTBpauleHo ofGpasosakHe sgep. B gefcrteu-
TeJIbHOCTH, B MOMEHT BDEMeHH TIJe-To BHYTPH HHTEepBajia, OTMEUeHHOro cTpenkofl
€ HaAMHCLIO «3pa HVKJIEOCHHTe3a», HelTpoHH GuicTpo OGLeAMHHNHCH B #fApa re-
Ag 1 HeflTDON-IPOTOHHOE OTHOILEHHE 3aMep3Jo Ha TOM 2HAYEHHH, KOTOpOe OHO
B 3TOT MOMEHT HMed0. IJTY KPHBYIO MOKHO TaKke MHCNOJIL30BaTh ANA OIEHKH
pond (mo Macce) KocMOJoOrHYecKH oOpasoBaHHOro reins: aas ao6oft pannofl
1eMNepaTypsl WIH NAHHOTO BPEMEHHM HYKJeOCHHTE3a 3Ta 1048 B TOYHOCTH pPaBHA
yABoeHHOR HefiTpOHHOM (paKUHH B 5TOT MOMEHT

CBfI3aHBl B fiApa reansd, Ju6o ABAAOTCA CBOOOAHBIMH MpO-
TOHAMH (AApaMH BOAOPOAA), NpHYEM [0 TejiHs 10 Mac-
ce — or 22 no 28 mpouenToB. Ha kaxawiii cBOGOAHLIH HAN
CBA3AHHBI NPOTOH HMeeTcs OAWH 3JeKTPOH, HOo Beesnennasn

BCE elle CJAHIIKOM ropsya, 4To6bl MOIVIH YIep:KaThCs CTa-
OHJIbHBIE ATOMBL.
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Bcesennas 6yjaer nmpojoskaTh PAacIIHPATHECS W OXJaX-
natbed, Ho B Teuenne 700 000 sier we MPOH30HAET HHYEro
ocobeHHO HHTepecHoro. K 3TOMy BpeMeHH TeMmIieparypa
yliajer A0 TOYKH, KOTA 3JEKTPOHBI M Aapa Moryt obpa-
30BHBATb CTA0HJLHBIE aTOMBl; HCYe3HOBeHHe CBOOOIHBIX
3JEKTPOHOB clenaeT cojepxuMmoe BceleHHOH Npo3pauHbiM
NJis M3JTY4EeHHs; pa3belHHEHHe BEIeCTBA H H3JYYEeHHS NO-
3BOJIAT BEleCTBY HauaTb (OPMHPOBATHCH B TaJAKTHKH H
spe3finl. [Ipoiner eme npumepro 10 Munnanappos Jer, H
JKHBHIE CyllecTBa Ha4YHYT PEKOHCTPYHPOBATb 3TY HCTOPHIO.

Stor pacder paHHeH BceseHHOH mMeeT OJHO CJAELCTBHE,
KOTOpPOe HEMeIJIeHHO MOXHO CONOCTaBHTH ¢ HabaogeHHs-
MH: OCTaBINHHCH IOCJEe NEPBHIX TPeX MHHYT MaTepHaJ, M3
KOTOPOro [HOJIKHB GBIJIH NepBOHAayaJbHO 006pa3oBaThCs
3Be3/JBl, COCTOAN Ha 22—28 NpOLEHTOB H3 refiHs, a 0CTaljb-
HOe MOYTH Bce OHIO BojopoxoM. Kak Mbl BHAENH, STOT
peayapTaT 3aBHCHT OT NPEANONOKEHHS, YTO HMeeTcd Oor-
pPOMHOEe OTHOIIeHHe yHcaa (OTOHOB K YHCAY AAEPHHIX dYa-
CTHII, 4TO, B CBOIO OYEpefib, OCHOBAHO HAa H3MEpPEeHHOH TeM-
nepatype Temepemuero (oHa KOCMHYECKOTO MHKPOBOJHO-
BOrO HanyueHus, paHoii 3 K. [lepBulii pacuer KOCMOJIOTH-
4eckoro 00pas3soBaHHf TeNHs, HCIOJb30BABIUHA H3MepeH-
HYIO TeMnepartypy uaaydenns, Ooun coenan 1. [x. E. ITu6a-
som B [lpuncrone B 1965 rony, Bckope mocjie OTKPBITHSA
ITensnacom B Buaconom mukpoBoaHosoro ¢ona. [Toxoxui
pe3ysbTaT GBI He3aBHCHMO MOJIYYeH TMOYTH B TO ¥Ke camoe
Bpems B 6ojiee HCKycHOM BhIYHciaeHHH PobGepra Baronepa,
Yunpama ®aynepa u @pena Xofisa. DTOT pe3ynbTaT GBI
OLIeJIOM/IAIOUIHM YCIEeXOM CTaHAZAPTHOH MOAENH, TaK Kak
B 3TO BpeMs YyXe HMeJHCh HEe3aBHCHMEIE OLEHKH, 4TO
Co/iHUe H ApyrHe 3Be3[H HaYalH CBOIO XKH3Hb, COCTOS
GoJpluel yacTeio H3 Bojopoaa u Jumbs Ha 20—30 npoues-
TOB H3 reJsus!

Koneuno, na 3emJsie 04eHb MaJo reJHS, HO 3TO TOJBKO
NOTOMY, 9TO ATOMHl TeJiHS TaK JEerkH H TaK XHMHYEecKH
HHEPTHE, 4TO GOJBIIHHCTBO HX NOKHHYJO 3eMJI0 MHOTHe
Beka ToMy Hasan. OUeHKH H3HAUaALHOH PacHpOCTPaHEHHO-
cri renusi Bo BceneHHOH OCHOBaHLI HA CPaBHEHHH JeTallb-
HEIX PACYUCTOB 3BE3IHOH 3BOJIOIHH CO CTATHCTHUECKHM
aHanu3oM HabJl0JaeMBIX CBOMCTB 3Be3j, a Takke C Ipf-
MBIMH HaOMIOJEHHSAMH JNHHUHE TejHs B CHEKTPax ropsivHx
3BE3J, M MeX3Be3[HOoro MarepHasa. B camom gene, xax
yKa3bBaeT caMo Ha3paHue, requii OB HIeHTH(HUUDPOBAH
BIIEPBhIe KaK 3JeMeHT NPH HCCJAelOBAHHHM CIEKTpPa CcoJ-
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HeyHo#l atmocdepn [Ix. Hopmanom Jlokafipom B 1868 roay.

B nauyane 60-x rojoB HEeCKOJbKHMH acTPOHOMaMH Gbl-
JI0O OTMEYeHO, YTO pacnpocTpaHeHHocTb reauss B IanakTi-
Ke He TOJbLKO BeJIHKa, HO H He MEHseTcs OT MecTa K MecTy
TaK e CHJbHO, KaK MeHseTcsi pacnpoCTpaneHHOCTb GoJee
TAKEJBIX JE€MeHTOB. DTO, KOHEYHO, Kak pas TO, 4TO H
HYXKHO OBLIO OXHJAATh, €CJH THAXKeJbe 3JIeMeHTH o006paso-
BaJIUCh B 3B€3/laX, a rejiudi obpasopaJjcs B panHedl Bcesen-
HOH mpexkje, 4eM HavyaJa NPHrOTOBJAATHCA JioGas 3Be3ja.
Hwmeercs Bce elle N0BOJIBHO MHOrO HEONpeleJeHHOCTEH H
KoJieGaHufl B olleHKax pacnpoOCTPAHEHHOCTH fA€p, HO CBH-
NeTeJbCTBO B NOJb3Y H3HaYalbHON 20—30-npoueHTHON pac-
NPOCTPaHEHHOCTH reJiHd JAOCTAaTOYHO CHJABHO JUJIS TOroO, YTO-
6Ll BecbMa BOOJAYLIEBHTb NpPHBEPMKEHLEB CTaHAAapPTHOH Mo-
JLeqH.

Bao6Gasok K GoJBIIOMY KOJIMYeCTBY resnsi, o6pa3oBaH-
HOTO B KOHIE NEPBLIX TPeX MHHYT, HMEJHCh TaKxke cJeihl
GoJiee Jerkux sgep, ocobeHHO AefiTépHA (f4po BOZOpoOAA
IJIIOC OJAMH JIMIUHHIA HeATPOH) M JIETKOTO H30TOINA TefHd
3He, uabexaBmHx o0beAHHEHHS B siApa OOBIYHOrO reJHs.
(Mx pacnpocrpaneHHocTh OBblJia BlepBble BHYHCAEHA B
1967 rony Baronepom, ®aynepom u Xoiinom.) B nmporuso-
NOJIOXKHOCTh PacHpOCTPaHEHHOCTH TeJHA pacnpoCcTpaHeH-
HOCTb JeHTEPHA OueHbh YYBCTBHTENbHA K MJIOTHOCTH SIAep-
HBIX YaCTHI B MOMEHT HYKJEOCHHTE3a: NPH BHICOKHX ILJIOT-
HOCTAX Si/ePHBIE pPeaKklUHH NPOHCXoAsuT OHicTpee, Tak 4UTO
IIOYTH Bech AeHTepuil HoJKeH YyHTH B coctaB rejius. as
onpejeneHHOCTH NpPHBELEeM 3HaYeHHS PacnpoCTPaHEHHOCTH
nefitepusi (no macce) *, o6pasoBaHHoro B paHHei Bcenen-
HOlt, TTosyueHHEle BaronepoMm AJisi Tpex BO3MOMKHEIX 3Haye-
HHI OTHOLIEHHA YHCcaa (OTOHOB K YHCAY SANEPHBIX YaCTHIL

doron/amepHan actaiia  PacnpocTpasesrocTh gefite-
pust, YACTH HA MHJITHOH

100 mMunnnoHOB 0,00008
1000 muaHOHOB 16
10 000 mu1nHOHOB 600

SlcHo, uTo ecau 6B MBI MOI/IH ONpPENENHTb H3HAYANBHYIO
pacnpocTpaHeHHOCTh JefiTepHs, CYLIECTBOBABLIYIO IHepen
TEM, KdK Hada/JH NPHroToBJIATLCA 3BE€3JAR, TO Mbl MOIVIH 65l
TOYHO ONpele]HTh OTHOUIEHHe YHcaa (OTOHOB K YHCIY
SIICPHBIX YACTHIl; 3HAs HBIHEWIHIOI TEMIepaTypy Hajyue-
Hus, paBHyio 3 K, Mbl cMoraH 6Ll 3aTéM HaHTH TOYHOE 3HA-

* Io oTHomenHK K Macce semtecrna,— [pumed. ped.
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YeHHe TUIOTHOCTH Macckl siep Bo BcesienHoil B HacTOALIHEA
MOMEHT H CYIHTb O TOM, OTKPHITa OHa HJM 3aKphiTa.

K coxanenuio, ouyenb TPYAHO ONPEAEIHTH HCTHHHYIO
NePBHYHYIO pPacnpocTpaHeHHOCTh AefiTepusi. Kaaccuueckoe
3HaueHHe JJs pacnpoCTPaHEHHOCTH N0 Macce NeHTepHd B
Boze Ha 3emse — 150 yacrelt Ha muaanoH. (Mmenno nefi-
TePHH OyAeT HCMOJAB30BATHCS B KayeCcTBe TOMJIHBA TEPMO-
ANEPHLIX PEaKTOPOB, ec]H Korja-HuOyab yaacTcs JOJXK-
HEIM 00pa3oM YNpaBJsTh TePMOSJAEPHBIMH DPeaKkIHAMH.)
Onnaxo 310 HcKaxeHHas BpeMeHeMm uudpa; ToT Hakrt, 4To
aToMbl JeHTepusi BABOE THAMKEJee aTOMOB BOAOpOja, AaeT
HM BO3MOMHOCTb HECKOJIBKO 60Jiee OXOTHO CBA3BLIBATBHCH B
Monekyanl Taxenoi soaw (HDO), tak uyto MeHwmmas no-
Jsi JedTepHs, YeM BOMOPOJNA, AOJIKHA OBJIAa BHIPBATHCHA H3
1045 NpHTAXKeHns 3eMaH. B To e BpeMs CHEKTPOCKOMHSA
yKasbiBaeT Ha OYeHb MaJjyl0 pacrnpocTPaHEHHOCTb JeiTe-
pus Ha noBepxHocTH CoJiHIA — MeHbINE, YeM YeThpe ya-
CTH Ha MHJJIHOH. DTO TOXe HCKaXeHHas nuppa — pefite-
puii Bo BHemHuX oO0aactax CoaHiua ponmxeH Obi1 ObITH
OoJ/IbLIEH 4acTbl0 YHHUTOJKEH NyTeM DEaklUHH C BOJIOPOIOM
¢ npeppallenseM B Jerkuii uzoron reausi 3He.

Hamn 3nanus o pacnpocTpaHEeHHOCTH KOCMHYECKOTO
nefiTepusi OBIJIH TOCTaBJIeHH Ha 3HAUHTEJbHO 6GoJiee Npou-
HyI0 ocHOBY B 1973 rony, Gnaromapss HabaOIeHHSM B
YIBTPa(HOJIETOBOM [IHaNnaszoHe ¢ HCKYCCTBEHHOrQ CHYTHH-
Ka 3eman «Konepuuk». AToMHl JeiliTepusi, Kax H Boaopola,
MOTYT NOIJIOWAaTh yJAbTPadHOJETOBHIl CBET CTPOro onpene-
JIEHHBIX IJHH BOJIH, COOTBETCTBYIOIIMX Mepexonam, B KOTO-
PBIX aTOM BO30YXKJAaeTcsd H3 COCTOAHHS HAHMeHblIeH 3Hep-
rdid B OoJiee BLICOKOE IO 3HEPrHH COCTOsIHHE. 3TH JTJAHHBI
BOJIH cJlerKka 3aBHCAT OT MacChbl aTOMHOro sfnpa, TakK 4TO
VabTpadHoNeTOBBI CNEeKTP 3Be3jbl, YeH cBeT NOXOIHT OO
HaC CKBO3b MEXK3BEe3JHyl0 CMechb BOJOpPOAa H JelTepHs,
Oyler nepeceued PAAOM TeMHBIX JHHHH NOTMJIONIIEHHS, pas-
JeIGHHBIX Ha JIB€ KOMIIOHEHTHl Kamkilas, OfHA W3 KOTO-
pPEIX — OT BOROpPOXA, a apyrasg — ot aeifirepus. OrHocH-
TeJLHOE NoTeMHeHHe Ji000il Nnapbl KOMNOHEHT JHHHH TO-
DJIOLIEHHA HEeMeLJJeHHO NAacT TOrjAa OTHOCHTEJNbHYIO paclpo-
CTPaHeHHOCTb BOJAOPOAA H HeHTepHS B MEK3Be3AHOM 006-
jgake. K coxanenuio, atMmocpepa 3eM/IH TaKoBa, UYTO OYEHb
TPYJHO C NOBEPXHOCTH OCYlLECTBHTHL KakHe 6B TO HH OBLIO
acrpoHoMnyeckue Habmionenna B yabTpadHONETOBOH 006-
aacti. CnyTHAak «KonepHuK» Hec Ha cebe yabTpadmosero-
BHIfl CNEKTPOMETP, KOTOpHIl OBLT HCNOJNB30BAH AJA H3yue-
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HUSL JHHHE TOMVIOULEHHSI B CHEKTpe ropsued 3Be3inl
B lLlentaBpa; M3 WX OTHOCHTEJbHOH HHTEHCHBHOCTH OBLIO
HaliZleHo, YTO MeK3Be3JHas cpeaa Mmexay Hamu u B Llen-
TaBpa COJAEPXKHUT 0KoJ0 20 uacTeit Ha MHJJINOH (MO Macce)
neritepusi. bBosee mozanme wnHabaofenHs JHHHH yJabTpa-
¢uoNeTOBOrO NOIJIONLIEHHA B CIEKTPAaX JADYIHX TOPAUHX
3BE3]] JaJIi aHaJOTHYHbIE Pe3y/bTaThl.

Ecan atu 20 wacrtefi nHa MHAJHOH JefiTepusi JeHCTBH-
TeJbHO 00pa3oBajlch B paHHell BcesenHoii, Torga KoJxHO
Obl10 OBITL (M ecTh cefiuac) kKak pas oxkosao 1,1 muanuap-
Ja (OoTOHOB Ha OAHY sAepHYI0 yacTuiy (cM. TaGaHLy Bbl-
uwe). Ilpn TemepemmHedt TemmepaTtype KOCMHYECKOTo H3Jy-
yenna 3 K umeerca 550000 ¢oroHOB B JHTpE, TaK uTO
cefivac A0/kHO OBITH OKoJI0 D00 siAepHBIX YACTHIL HA MHJ-
JIHOH JIHTPOB. DTO CYLIECTBEHHO MeEHbIIe, YeM MHHHMajlb-
Has MJOTHOCTL st 3aMKHYTOI BeesieHHOIT, KoTopas, KaK Mbl
Buaean B raase 11, paBHa npumepuo 3000 sigepHBIX YacTHIL
Ha MHJIIHOH auTpoB. CieloBaTe/IbHO, HYKHO C/€JaTh BhI-
BoA, uTo Beenenuas OTKPBITA; 3TO 3HAYHT, YTO TaJaKTHKH
JIBHIKYTCSl CO CKOPOCTBLIO, NPEBHIIAIONIEH CKOPOCTh OTPHIBA
H Bcenennasa Oyzer pacwupstbesi Bcerza. Ecau uyacrth
MEXK3Be3/IHOr0 ras3a 3aXBaTblBaeTcs 3Be3LaMH, KOTopble
CTPeMATCA YHHUTOXHTb jAedrtepuit (kak Ha Coanue), Tor-
Ja pacnpocTpaHeHHOCTb KOCMOJIOTHYECKH 00pasoBaHHOTO
jeiiTepusi Ho/KHA OHITH jake OoJbllie, 4eM HaiifieHHOe ¢
nomouiplo cnyTHuka <«Konepuuk» asnauenme 20 yacreil Ha
muaanod. Orcioza MJAOTHOCTh SAAEPHBIX UYACTHI[ JOJIKHA
OblTh maxe MeHblle, ueM 500 wacTHI, Ha MHJIJHOH JIHTPOB,
YTO YCHJIMBAET BBIBOJ: MBI JKHBEM B OTKDBLITOH, BEYHO pac-
wnpsonieiica Beenennoi.

JoskeH cKasatb, UTO caM f Haxoxy 3Ty aprymeHta-
1HIO J0BOJBHO HeyOeputenbHOH. [JlefiTepuit Hemoxox Ha
reJifii — XOoTs ero pacnpocTPaHeHHOCTb H KajKeTcs Bbille,
yeM cJaefoBago OB OXHAATh AJS OTHOCHTENBHO IJIOTHOM
3akpuiTol Beesennoit, on Bce Ke upesBHuaiiHO peaoK B
abconoTHEIX eaunniax. Mol MoxKeM mpeacTaBuTh cebe, yTO
Takoe KOJHuecTBO jedTepua Oblio o6pasoBaHo B «HeAaB-
HHX» acTpo(H3HYECKHX SIBJEHHSIX — BCHOBINIKAX CBEPXHO-
BbIX, KOCMHUECKOM H3JyYeHHH, BO3MOXKHO, JAaie B KBa3H-
3Be3AHbIX oObektax. [las reausi 3To He Tak; 20—30-mpo-
LEHTHAS PAcCIPOCTPAHEHHOCTh He Morja ObITh CO3/aHa He-
1aBHO Ge3 BBICBOOOMXKIEHHS UYIOBHILHOTO KOJHYECTBA H3-
JYYeHHs, KOToporo Mbl He Habaonaem. Cuutaercs, uTO
nAefitepuii B KosugecrBe 20 uwacTefi Ha MHWJJIHOH, HalIeH-

111



uuft «KonepuukoMm», He Mor 6 o6pasoBaTbcd HH B Ka-
KOM H3 OOBIYHBIX acTPOo(H3HYECKHX MeXaHH3MOB Oes 006-
pasoBaHHs TaKxKe HempHeMmJyemo OOJBLIIOrO KOJIHYECTBA
ADYTHX PeJKHX 3JEeMEHTOB: JINTHA, Gepuanus u Gopa. On-
HAKO A HE BHXKY, KaK Mbl MOxeM OBITb YBEpPeHBl B TOM, UTO
STH cJjeAbl AedTepHs He ObliH 00pasOBaHBl KaKHM-TO He-
KOCMOJIOTHYECKHM MEXaHM3MOM, O KOTOPOM J0 CHX [op
elle HHKTO He JymaJ.

Ectb eme oxuH ocratok panHefi BcesenHo#, Haxoas-
mufics B HacTosilee BPeMsi BCIOAY BOKPYr Hac, KOTOPBIH,
No-BHAHMOMY, BCe ellle HEBO3MOMXHO Habmoaatb. Mbl BH-
JeJH B TpPeTheM KajJpe, 4TO HeHTPHHO Hayajau BecTH cels,
Kak CBOOOJHBIE YACTHIIBI, C TOrO MOMEHTa, KaK KOCMHYe-
cKas TeMnepatypa ynaJja HHxe npuMepHo 10 Muannapaos
rpaaycoB KeapBnHa. B TeueHHe 3TOro BpeMeHH JJIHHH
BOJIH HEHTPHHO TNPOCTO PACTATHBAJHCH NPONOPLHOHAJbLHO
pasmepy Bcenennoifi; KonHuecTBO HeATPHHO H HX pacmpe-
JiesleHHe TI0 SHEPTHH OCTaBaJIHCh, CJE€L0BATENbHO, TAKHMH
}e, KAKAMH OHH OBIJIM B TEIVIOBOM DPaBHOBECHH, HO C TeM-
neparypoii, nazasmeii o6paTHO NPONOPUHOHAJNLHO pa3Me-
py Bcenennofi. C HeATPHHO NPOH3OLIJIO MOYTH TO XKe ca-
MOe, 4TO CJAYUHJOCH 32 3TO BpeMs ¢ (GoTOHaMH, Raxe He-
CcMOTPA Ha TO, 9TO (DOTOHBI OCTABAJIHCh B TENJIOBOM PaBHO-
BeCHH 3HAYMTEJbHO AoJblue, Yem Helitpuno. Tak dro cos-
peMeHHasl Temnepatypa HefTPHHO JOJKHa OBITb NpHO/IH3H-
TeJbHO TAaKOH e, KaK H COBPeMeHHas TeMmneparypa ¢oro-
HoB. IT0o3TOMY MOMKHO CYILECTBOBATH YTO-TO OKOJO MHJLIH-
apia HeHTPDHHO H AHTHHEATPDHHO Ha KaXAyl ANEPHYIO 4a-
ctHuy Bo Bcenennoil, ;

Bce 370 MOXKHO paccMOTpeTh 3HAYHTENAbHO Gojee TOYHO.
Hytb mosaHee Toro MomeHTa, Kak BcejeHHas crana npos-
pPauHOH A/ HeHTPHHO, SJAEKTPOHB M MO3HTPOHB HAYaJaH
AHHHTHIHPOBATh, HarpeBas (OTOHH, HO He HEATPHHO.
Beaenctere 3TOro HLIHEIIHAS TeMIepaTypa HeHTPHHO OJ-
#Ha ObITh HECKOJNBLKO MeHbllle TeMnepaTypH ¢oToHos. [lo-
BOJILHO JIETKO MOACYHTATh, 4TO TEMNepaTypa HEHTPHHO
Melibllle TeMIepaTypsl ()OTOHOB Ha MHOXHTENb, PaBHHA
KyGuueckoMy kopHio H3 4/11, uan ua 71,38 npouenra; cae-
AOBaTeJbHO HEATPHHO H AHTHHEATDHHO BHOCAT BKJAAJ B
sHepruo Bceenennoil, papubiii 45,42 npouenra sHepruu o-
TOHOB (CM. mMaTemaTHueckoe jnonoJsHenue 6, c¢. 167). Xors
s H HE rOBOpHA 00 3TOM NpsaMo, Korxa o6CyKaaa mpome-
KYTKH BPEMEHH KOCMHYECKOTO pacCUIHDEeHHS, § YYHTHIBAJ
3Ty 100aBOYHYIO IVIOTHOCTH SHEPrHH HEHTPHHO.
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HaubGosee japaMaTHYeCKHM H3 BO3MOXKHBIX [OJTBep-
MAEeHHI CTaHAapTHOH Mofaean panHeill Bcesennoii 6bio OH
JAETeKTHPOBaHHE 3TOro (GoHa HefTpHHO. MBI HMeeM HeTKoe
npejacKasaHHe O ero Temnepatrype; oHa cocrasjaser 71,38
npoueHra Temneparypbl GoToHOB, T. €. okoao 2 K. Exuncr-
BEHHOIT pealbloil TEOPeTHUECKOH Heonpelel]eHHOCThI0 B
KOJHYECTBE H SHEPreTHYeCKOM pachnpefesieHdH HeHTPHHO
ocTaercs BOIPOC, TaK JH MaJa NJOTHOCTD JeNTOHHOTO YHC/1a,
KaK Mbl npeanosoxunau. (HamomHHM, 9TO JIeNTOHHOe YHC-
JIO ©CTh YHC/IO0 HeATPHHO H APYTHX JIENTOHOB MHHYC YHCJIO
AQHTHHEATPUHO M APYrHX aHTHJenToHoB.) Ecan naoTHOCTBb
JIEITOHHOrO 4HcJa Tak Ke MaJja, Kak ¥ INIOTHOCTh 6GapH-
OHHOI'0 YHCJIA, TOTAA YHCIO HEHTPHHO [OJIXKHO PaBHSTLCH
YHC/AY aHTHHEHTPHHO C TOYHOCTBIO A0 OJHOH 4acTH Ha MHJ-
JHapa. B To e BpeMd, €ciM MJAOTHOCTh JAENTOHHOI'O UHCJA
CpaBHHMAa ¢ NJOTHOCTbIO 4HCJa (POTOHOB, TOTJA MOJIKHO
OBITh «BHIDOMEHHE», T. €. 3aMeTHHIH H30BITOK HeHTPHHO
(M1 aHTHHEHTPHHO) H HEJAOCTATOK AHTHHEHTPHHO (HJH
HefiTpuHo). Takoe BLIPpOXJEHHE AOJIKHO OGBUJIO NOBAHATH
Ha CABHI HEHTPOH-IPOTOHHOro fajaHca B NMepBLHEe TPH MH-
HYTBl H, C/Je10BaTe/NbHO, MH3MEHHIO OB KOJHYECTBO KOC-
MOJIOTHYECKH 00pa3oBaHHBIX reqauss H pmelitepus. Habumio-
AeHne GoHAa KOCMHYECKHX HEHTPHHO H AaHTHHEHTPHHO C
temneparypoii 2 K HemeasenHo paspemnso 6l BOmpOC,
HMeer JH BceseHHas OoJbIIOe JENTOHHOE YHCJAO, H, 4YTO
3HAUHTEJLHO O0Jiee BaKHO, /I0Ka3aJsao OH,YTO CTaHAapTHAH
mMojens panHeii BcenenHoi neficTBHTeNBHO NpPaBHIbHA.

¥YBhl, HeHTPHHO Tak caab0 B3aHMOAEACTBYIOT ¢ OOHIU-
HBIM BEIIECTBOM, 4TO HHKTO ellle He CMOT NPEeNJOXKHTL Ka-
Ko#-nu6o crnoco6 HabaioxeHHs AByxrpamycHoro (oHa Koc-
MHYECKHX HEHTPHHO. JTO TOHCTHHE MYUYHTENbHas mnpobJe-
Ma: Ha KaxAyl slepPHYI0 4aCTHLY HMEETCH OKOJO MHJIJIH-
apaa HeATPHHO H AHTHHEATPHHO H JIO CHX NOP HHKTO He
3Haer, Kak HX oOHapyxurs! BoamoxHo, Koraa-HHOYIb
KTO-HHOY/Ib CMOKET.

Cnenst 3a 9THM pacyeToM TNepBHIX TPEX MHHYT, 4YHTa-
TeJb MOT OULIYTHTb C MOEH CTOPOHH OTTEHOK Ype3MepHOH
Hay4HOH yBepeHHocTH. Moxer GuTh, OH H npas. OxHako
A He BEepi0 B TO, YTO HayKa BCerja PasBHBAeTCH HAHJYY-
IHM 00pa3oM, ec/H OCTaBaThCA TOJHOCTHIO HenpexyGex-
AeHHBIM. YacTo Heo6xonuMo 3a6HTh YBH-TO COMHEHHSI H
C/Ie0BATH 32 BHIBOJAMH H3 KaKHX-TO NPeNNOJOXKeHHH, Ky-
na Obl OHH HH NPHBEJH, — BEJHKOE HCKYCCTBO HE B TOM,
uTOGH GLITH CBOGOAHBIM OT TEOPETHYECKHX NpexyGexe-
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HHHA, a B TOM, YTOObl HMEThb NPaBHJbHBIE TEOPETHYECKHE
npeay6exaenus. M, kak Bcerjga, nposepka Jw6oi npejasa-
PHTEIbHOH TeopeTHYecKOH KOHUEMIHH — B TOM, K 4YeMy
oHa npHBoaut. CrangapTHasi MoJedb paHHed BceseHHof
JAOCTHIVIA HEKOTOPBIX ycmexoB M ofecmeuyHBaeTr NocJepoBa-
TEJNbHYI0 TEOPETHYECKYI0 OCHOBY OYAYIIHX 3KCIEpPHMEeH-
TaJbHbIX pOrpaMM. 9TO He 3HAYHT, YTO OHA BEpPHA, HO 3TO
3HAYHT, YTO OHA 3aCJY¥KHBAeT TOro, YTOOLI OTHECTHCD K HEf
CephEe3HO.

Tem He MeHee ecTs Bce-Taki ofHa Gogbllaf Heomnpeje-
JIEHHOCTb, TeMHBIM OGJaKoM BHCALlasi HajJ CTaHIapTHOM
MoIeJblo. B ocHOBe Bcex BbIYHC/AEHHH, ONHCAHHLIX B 3TOH
raaee, jgexut Kocmomorunueckuit Ilpunuun (npexnosoxe-
HHe 0 TOM, uro BcenenHas ojHopoiHa H uaorponHa). (Cw.
c. 27. Tlox c/aA0OBOM «OQHOPOAHA» MBI TOHHMAaeM TO, UTO
Bceenennaa BHIIAAHT OAMHAKOBO AJd J0Ooro HabJjiojaaTte-
JIsl, yBJeKaemMoro oOumHEM pacluHpedueMm Bceaenuo#, rae
OB 3TOT HabJIOfATeNb HH HAXOAMJCHA; MOJ CJOBOM «H30-
TPONHa» MH MOJApasyMeBaeM, 4To BceseHHas BHINISAAHT
I Takoro HaGaiofaTessl 0AHHAKOBO BO BCeX HaNpaBJeHH-
ax.) M3 npaMbix HaGaloaeHud Mbl 3HaeM, 4TOo HOH KOCMH-
YeCKOro H3Jy4deHHS B BBICOKOH CTeleHH H30TPONEeH, H H3
3TOro Mbl 3aKJjloyaem, uto BceneHnasi Gblna BecbMa H30-
TpoNHa H OIHOPOAHA BCerja, ¢ TeX MOP Kak H3JyyeHHe
BHILIIO H3 PABHOBECHSI C BEILECTBOM IPH TeMIepaType OKO-
J0 3000 K. Oanako y Hac HeT CBMAETEJBCTB TOrO, 4TO
Kocmomnornuecknii [Tpuniuun bl cnpaBeIJHB 10 3TOTO0 MO-
MEHTA.

Boamoxno, uro BcenenHasi H3HauaJbHO Oblla B BBHICO-
KOH cTemeHH HEOAHOPOXHOI H AHH30TPOINHOI, HO MOCTENeH-
HO criaajguiach Gaaronapsi cunam TpeHus. Takaa «nepeme-
illHBaloWasca» MOJAeab NMpoNaraHJHpoBalach, B 4aCTHOCTH,
Yapabzom Musnepom H3 M3pHIEHICKOrO YHHBEPCHTETA.
Bo3MoXKHO Jaxe, uYTO Teml1o, NOPOMXJAeHHOe B Npolecce
TOMOTEeHH3aIMH H H30Tponu3auun BceleHHOH cHaaMH Tpe-
HHS, OTBETCTBEHHO 3a TelepellHee KoJ0ccaJbHoe (MHJJIH-
ApA K OHOMY) OTHOLIeHHe (OTOHOB K SAAECPHLIM YacCTHIAM.
‘OgHaKo, HACKOJbKO MHE H3BECTHO, HHKTO He MOJKET CKa-
3ath, nouemy BceneHHass J0JKHA HMETb KaKyIO-TO Ha-
UaJbHYI0 CTENeHb HEOAHOPOJHOCTH HJIH AaHH3O0TPONHH, H
HHKTO He 3HAeT, KaK paccyHtath o6pasoBaHHOe TIPH ee
CIVIaJKHBAHHH TemJo *.

* Cm. nonosnmenne pepakrtopa 8, c. 186, — Mpumes. ped.
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[To moeMy MHeHHIO, NpaBHABHOE OTHOIIEHHE K 10100~
HbIM HEONpPeleJeHHOCTAM He B TOM, 4TOOb (Kak, MOMKeT
OBITh, XOTAT HEKOTOPHIE KOCMOJOIH) OTAaTb Ha CJAOM
CTaHIAPTHYIO MOJAENb, & CKOpee B TOM, 4TOOBI BOCHPHHH-
MaTh ee OYeHh Cepbe3Ho W THlaTelbHO paspabaTeiBaTh ee
CJENCTBHSA, Naxe JHIIb B HaleXle BBHIABHTL NPOTHBOPEUHSHA
¢ HaOmonenuamMH. Benp HescHO paxe, Moram JH Ooabluas
HavaJbHasi AHH30TPONMHS W HEOJHOPOAHOCTh CHJBHO IO-
BJIHATL HAa PACCKA3aHHYW B 3Toil riaee ncropuio. Morino
OBTE Tak, uTO BeeaenHas craaanaach B IePBEE HECKOJb-
KO CEKYHI; B 3TOM CJy4Yae KOCMOJOriueckoe oOpa3oBa--
HHe TeJHA H JeiTepHs MoOxKeT OBITh pacCuMTaHoO Tax, OyA-
to Kocmoaornueckuit [Tpunuun 6bl1 Beerna Bepen. [axe
€cJH aHH30TPONHS H HEeOAHOPOAHOCTL BceeaeHHoil mnpo-
JI0J13Ka/1 cCOXPaHAThCS TOCJde 3pbl CHHTe3a reqns, oGpaso-
BaHHE TejHs W neHTepHs B J1000M OAHOPOAHO PaCHIHPHIO-
ueMcsi KOMKe 3aBHces o Obl TOJABKO OT CKOPOCTH pacmupe-
HHSl BHYTPH 3TOr0 KOMKa H He J0JXHO OBLIO CAHIIKOM OT-
JIHUATLCA OT PACCYHTAHHOTO MO CTAHAAPTHOH  MOJEJH.
Morso OwITh JaxKe H Tak, uro Bcs Bcenennasi, noctynHas:
HamieMy B30py, O0GpalleHHOMY K MOMEHTY HYKJEOCHHTe3a,
OBlJIa He UTO HHOE, KAK OJHOPOAHBIH H M30TPONHEIH KOMOK
BHYTPH HEOJHOPOAHON H aHH3oTponHoii Beeaenuoii.

Heonpenenennocts, cBAsanHasgs ¢ KocMoJoruyeckum
[IpHHIHMNOM, CTAHOBHTCA JEHCTBHTEJIBHO CYLIECTBEHHOH,
Korna Mbl ofpamaemcs Hazaja, K caMoOMy Hadajady, HIH
Breped, K KoHny Bcemennoii. §I 6yay moaararthesi Ha 3TOT
ITpunuun B GoJbluedl yacTH ABYX nocjaeaHux rias. OaHako:
BCerja cjeayeT JAONycKaTh, YTO HAIH MPOCTHIE KOCMOJOTH-
YeCKHe MOIE€JH MOTYT ONHCBHIBATH JIHIIL MaJdyl YacTk
Bceenennoit uiaH orpaHu4eHnblii 0OTPE3OK €e HCTOPHH.

VI. HCTOPHYECKOE OTCTYNJEHHE

IlaBaiite OcTaBUM Ha BpeMsi HCTOPHIO paHHed Bcesen-
HOIf H paccMOTPHUM HCTOPHIO MOCAEAHHX TpeX JAeCATH.JIeTHI
KOCMOJIOTHUECKHX HccaenoBanuii. B oco6ennocTn g xouy mno-
NBEITATHCH pa3peninTh 3/eCh HCTOpHUECKYlo npobJeMy, KOTo-
pasd npejacraBasieTcsi MHe B PaBHOH cTemeHW 3arajaouHod H
nopasurteabHoii. O6napyxenne ¢ 1965 rony dona xocmuue-
KOr0 MHKDOBOJIHOBOTO H3JyueHusi OBIO OJHHM H3 CaMbiX
BaXKHDbIX HayuHBIX OTKPHITHII ABaanaroro sexa. [louemy oHo
npousounio cayyaino? Mawm, npyrumu cioBaMu, nouemy He
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OBI/I0 CHCTEMATHUYECKHX NOHCKOB 3TONO H3JYyueHHs 3a/10Jr0
no 1965 roga?

Kak Mbl BHzenu B mocjefHeil rjiaBe, H3MEPeHHbIE COB-
peMeHHble 3HAUeHHS TeMIepaTypH (oHA H3/yUYeHHS H NJOT-
HOCTH Macchl BeesenHo# no3BoJIsIOT HAM NpejcKasaTth Koc-
MHYECKYI0 pacnpoCcTpaHeHHOCTb JIEerKHX 3J/IeMEHTOB, Haxo-
JAINYIOCs, KakK NpeacTaB/sieTcsl, B XOPOLIEM COIVIACHH ¢
nabmiogenusmu. 3agoaro go 1965 roga mMoxHO GblIo HpoO-
BecTH oOpaTHOe BHIYHCJEHHe, TpejcKasaTb (OH KOCMHUEC-
KOrO H3JIyueHHsi 4 HauaTb ero noucku. M3 mabmonaemoii B
HacTosllee BpeMsi KOCMHYECKON pacnpocTPaHEHHOCTH Ieslns
(oxono 20—30 npouenrtos) u Bogopoxa (70—80 npoueHTos)
MOKHO GBLJIO BHIBECTH, UTO HYKJIEOCHHTE3 JOJIKeH Ghljl Ha-
4aThCSl B TO BpeMs, Korja HefiTpoHHas (Qpakius sAepHBIX
yactull ynaaa o 10—15 nponenros. (Hanomnum, 410 HBI-
HellHssl pacnpocTpaHeHHOCTh I'eJIHS 10 Macce ecTb B TOY-
HOCTH Y/IBOGHHOE 3Ha4YeHHe HEeHTPOHHOH ()paKiHH B MOMEHT
HyKJeocHHTe3a.) Takoe 3HaueHHe HEHTPOHHOH pakKiHH Obl-
JI0 AOCTHTHYTO, Korfia Beenennasi umesa TeMneparypy oKoJo
oaHoro Muanuapaa rpaaycos Kenssuna (10° K). Ycaosue,
YTO HYKJEOCHHTE3 HayaJci B 3TOT MOMEHT, MO3BOJIAET cle-
Jath rpy0yio OUEHKY IVIOTHOCTH fJepHbIX YacTHL, NPH TeM-
nepatype 10° K, B To BpeMsi Kak na0THOCTb ()OTOHOB NpH Ta-
KOH TeMrnepaType MOXKHO BBIYHCJIHTL H3 H3BECTHHIX CBOHCTB
H3JydeHHst 4epHoro Tteja. CienoBaTesbHO, MAJS 3TOTO
MoMenTa GHIO OBl Takie HM3BECTHO OTHOIIEHHe YHcsa ¢(o-
TOHOB H AJlepHHIX yacTHl. Ho 3T0 oTHOWIeHHe He MeHseTCs,
TaK YTO OHO CTa/J0 OBl CTOJB K€ XOPOIIO H3BECTHO H /7
Hacrosiniero BpeMenn, M3 nabmonenuit TenmepemHefi nior-
HOCTH $J€PHLIX YACTHL, MOXKHO OBLIO 6bLl, CJ€I0BATENbHO,
npejcKasaTh TenepeliHIOn MJIOTHOCTE (POTOHOB M NpPHHATH
K BBIBOJY O CyllecTBOBaHMH (POHA KOCMHYECKOTO MHKPOBOJI-
HOBOIO M3JIyYeHHsI C TeMIIepaTypoi Ije-T0 B HHTepBaJje OT
1 no 10 K. Ecin 661 eropus nayku OblJa Tak e IPOCTA U
npaMoJiuHefiHa, Kak uctopus BceseHHOR, TO KT0-HUGYIb,
paccykaas yKasaHHBIM crnocofom, gonxeH Owbl OB cre-
aarth Takoe npejackasanne B 40-x mwau 50-x rogax um oHo mo-
Oyauno 6 paaHOAacCTPOHOMOB HCKaTh ¢oH uaayuenusa. Ho
CAYYHJIOCH HE COBCEM TaK.

HeficTBuTe/NbHO, NpefcKa3aHHe, BO MHOMOM COOTEEICT-
BOBaBlllee NPHBEAEHHOH JHHHH paccyXAcHHH, Obl40 CACJIAHO
B 1948 roay, HO HH TOrjga, HH NO3Xe OHO He NPHBENO K
nouckam usayuenns. B xouue 40-x ropos I'eopruit I'amos
u ero koJuierd Panng A. Ansdpep u PoGepr Xepman uccie-
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JIOBaJH KOCMOJIOTHUECKYIO TEOpHI0 «O0JbIIOro B3pHIBAX».
Onu npeanonoxunan, uro BeesleHHas craproBajia M3 COCTO-
SHHA C OJIHHMH HeHTPOHAMH W YTO 3aTeM HeHTPOHBI HauaJH
npeBpanlaThCsl B MPOTOHB GJarofaps 3HaKOMOMY HaM Tpo-
1eccy pajHOAaKTHBHOrO pacnaja, B KOTOPOM HEHTDPOH CHOH-
TaHHO TNpeBpallaeTcd B TPOTOH, 3/MeKTPOH H AHTHHEATPH-
H0. B Kakoil-TO MOMEHT paclIHPEeHHS CTaJ0 HOCTATOUHO
MPOXJafHO A5 TOro, 4To6hl H3 HEHTPOHOB H NMPOTOHOB MO-
CTPOHJIHCh SAPA TAMKEJLIX 3JEeMEHTOB IyTeM OBICTPOH 10-
CJIe/l0BaTeNbHOCTH HeHTPOHHBIX 3axBaToB. Anbdep u Xepman
00HAPYXKH/IH, YTO, JJS TOrO YTOOBl BHIYMCAHTH HBIHEUIHIOWO
HabJolaeMyl0 pacnpocTpaHeHHOCTh JIETKHX 3JIEMEHTOB, He-
00XOAMMO NPEANOJOKHTb, YTO OTHOIIEHHE YHcjia (POTOHOB
K fepHbIM YacTHLAM nopsaka Muanapia. Hcenoabays
OLICHKH TemepellHeH KOCMHYECKOH MJIOTHOCTH SEPHBHIX Hac-
THIL, OHH CMOTLJIH IIpejcKa3aTh cyllecTBOBaHHe (hOHA H3Jy-
YeHH#, ocTaBlIierocss ot pamseli BcesenHofi, ¢ Temmepary-
poil B nacrosuiee spemsi pasHoii 5 K!

IlepBonauaabhble BuuncaeHns Aabdepa, Xepmana ula-
MOBa He OBbIAM MpaBHJALHB BO BcexX Aetansx. Kak wMbl Bi-
JeJd B nmpeabiayuleii raase, Bcenennas, BeposTHO, cTapro-
Baja C PaBHHIM YHCJOM HEATPOHOB H TMPOTOHOB, a He M3
HeliTpoHHOrO cocTosiHusA. KpoMe Toro, mpeBpalienue HeATpoO-
HOB B NPOTOHY, (M HaoGOPOT) HMEJO MeCTO TIaBHBIM 06-
pasom 6siarofiapst HX CTOJKHOBEHHAM C 3/IEKTPOHAMH, MO3H-
TPOHAMH, HEATPHHO H AHTHHEHTPHHO, 2 He fiyTeM pajHOaK-
THBHOTO . pacnaja HeATPOHOB. ITH MOMEHTb ObiJH
ormedenbl B 1950 roay K. Xasun, u k 1953 rogy Anndep un
Xepman (Bmecte ¢ [Ix. B. ®onauHOM-MIAAIIHM) IEPECMOT-
peJii CBOKO MOJeJb H CcJeJalu B OCHOBHOM MpPaBHALHOE
BbIYHCJ/IEHHE C/IBHT'a HEHTPOH-NPOTOHHOTO Ganaunca. 310 OB,
Ha caMoM JeJe, NepBHii NOAPOOHLIH COBpEeMEHHBIH aHalH3
paHHeii neropuu BeenenHoil.

Tem ne menee un B 1948, i B 1953 roay HHKTO He co-
OupaJscs MCKATh Npe/cKasaHHOe MHKPOBOJIHOBOE H3JYUEHHe,
Boaee Toro, B Teuenne muorux Jer Ao 1965 roma acrpodu-
3HKaM BooOIile He ObIJIO H3BECTHO, YTO B MOJEASX «60Jb-
1oro B3puisa» pabaiofaeMasi pacnpocTpaHEHHOCTh BOAOPO-
Ja | rejins ¢ Heu36eXHOCTbIO MPHBOAHT K CYUIECTBOBAHHIO
B HblHelnel Beenennolt pona kocMuueckoro uanyuenus, Ko-
TOPHIl MOXEeT peasbHO HabJi0AaTLCi. YAHBHTEJILHO 3/1€Ch
HE TO, 4TO acTpo(H3HKH BOOGIIE He 3HANH O NMpPEACKA3aHKH
Anbpepa u XepMaHa,—oOfHA WK [Be CTaTbH BCEerjAa MoO-
I'YyT YCKOJNB3HYTb H3 MOJIA 3pPCHHS B OTPOMHOM OKeaHe Ha-
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YUHOH JHTEpPaTyphHl, — 3HAUHTEILHO Oojee 3arafoiuHo ToO,
yTo OoJee JAecATH JeT HHKTO GoJiblle He Npoao/Kasa 3Ty
auHN0 paccyxaennit. Juws B 1964 roay BHOBbL HauasHCh
BBLIUIC/ICHHS TIpOllecca HYKJEOCHHTe3a B MoJean «O0JbIIOoro
B3peiza» paboraBmiuMmH HesaBucuMmo $I. B. 3espaosuuem B
CCCP, Xoittom n P. k. Taiinrepom B BeauxoOGpHTaHHH
u IMu6asom B CLIA. Oanaxo x stomy Bpemeun Ilensanac n
Buicon yxKe nauvaau cBod HaGawoaeHus B Xoamjiede, H OT-
KPHITHE MHKPOBOJHOBOrO (pOHa MNPOH30WI0 0§e3 BCAKOIO
«MOJACTPEKATENLCTBA» CO CTOPOHBEI KOCMOJIOTOB-TEOPETHKOB.

CroJb Ke 3arajioyHo, uTo Te, KTO 3Ha.l O MpejcKasa-
HuH Aunbdepa — XepMmaHa, Ka3anaoch, He TPHIABaIH eMmy
ocoGoro sHauenus. Camu Aastep, ®oanun u XepMman B
pabore 1953 rona ocraBuan npob.eMy HyKJaeocHHTe3a M
«OyAVUIHX MCCJAelOBaHui», TaK 4YTO OHH He cOOHpAHCh
BHOBb BLIUHCJIATH TeMmnepatypy (oHa MHKPOBOJHOBOTO H3-
JYUeHHS Ha OCHOBe cBOeH ucmpasaenHoii mosean. (Onu Tak-
JKe He YNOMSEHYJH cBoe OoJee paHHee npefcKa3aHue, 4TO
oxujaercs (Gou usayvenus, pasuuii 5 K. Oun coobuuan o
HEKOTODHIX BBIUHCJEHHAX HYKJEOCHHTe3a Ha coOpaHHm
Awmepukanckoro ®usuueckoro O6uiectBa B 1953 ronmy, He
3areM Bce TpOe pas3beXxaJiuchb N0 pasHbiM JabopaTopHsAM, H
pafora Tak HHKOrJa u He Oblia HallHCAaHA B OKOHYATEJbHOM
suae). Muoro ger cnyers B nuchMme K Ilensmacy, nanucan-
HOMY InocJje OTKPHITHA (oHAa MHKPOBOJHOBOIO H3Jy4YeHHH,
[amos orMeuau, uto BcBoel padore 1953 roga B «CooGure-
uuax Kopoaeeckoit [artckoii AkajeMuu» OH mnpejackasaJ
(oH H3JyUYeHHH C NPHMEPHO MPaBHJABHOH TeMIepaTypoin
7 K. Ognako B3rasig Ha 3Ty paboty 1953 roga nokassiBaer,
uTO npejckaszaHue ['amMoBa OCHOBLIBAJIOCH HA MaTeMaTHYe-
CKH. OlIHOOYHLIX apryMeHTaxX, OTHOCSIIHXCA K BO3pacTy
BceenieHnoit, a He Ha ero coOCTBEHHOH TEOPHH KOCMHYECKO-
ro HYKJEOCHHTe3a.

MoKHO BO3pa3uTh, YTO KOCMHYECKas pAaclnpocTpaHen-
HOCTb JIETKHX 3JIeMEHTOB He Oblla J0CTaTO4YHO XOPOLIO H3-
Bectua B 50-x 1 B Hauazae 60-x rojgoB Aasa TOro, 4ToOLI BhI-
BeCTH ONpeleJeHHOe 3aKjloueHHe o TemmepaTrype ¢ona
u3ayuenns. JlaxKe cefiyac MBl He IO KOHIlA yBepeHB!, YTO HMe-
erTcsl YHUBepcaJbHasi pacipoCTPaHEeHHOCTh Ieflisl Ha YPOBHE
20—30 mnpouenros. OAHAKO BazKHO TO, YTO 3a40JIo A0
1960 roza cumrasoch NpH3HAHHBIM, uTO GOJBIIAf YacTh
maccul Beenennoii Haxoantes B ¢opMe Bojopoga. (Hanpu-
mep, uccaenosanns I'anca Cyecca u aponbaa Ypu panu B
1956 roay ana pacmpocTpaHeHHOCTH BOJAOpPOAA uHCJAO 75
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npolenTos no Macce.) M npu satom Bogopon xe obpasoBal-
Csl B 3B€3JaX—3TO TO NEepBHYHOE TOIJIHBO, H3 KOTOPOro
3Be3Abl yepraJi CBOIO 3Hepruio, obpasysa OoJiee TAMKENILIE
3JIeMEHTH. JTO yKe camo Mo cebe J0CTATOUHO SICHO TI'OBO-
PHT HaM O TOM, yTo B panHell Bcejennofi 10/1KHO OblJIO
OBITH GOJIbIIOE OTHOIIEHHE (DOTOHOB K SIEPHLIM 4acTHILAM,
yT1o6bl 1peAOTBPAaTHTh NpeBpallleHHe Bcero BOJAOpoJAa B re-
JiHi 1 GoJiee TAXKe bl 31eMEeHTHI.

KT0-TO MOMKET CIpOCHTbL: 4 KOrja Ha caMoM JjeJe cTajao
TeXHHUCCKH BO3MOXMKHBIM HaObJi0JaTh TpexrpaaycHblii H30T-
ponublii QOH H3JAYYeHHA? TPYAHO OTBETHTb TOYHO, HO MOH
KOJLJIETH-3KCIIePHMEHTAaTOPLl TOBOPST MHe, 4TO HaOJ0AEeHHHA
MOrJiH ObITh TpoBeAeHbl 3ajgoiaro ao 1965 roga, Bo3MOIKHO,
B cepeanne 50-x, a MoxeT OBITh, lazKe H B cepeanHe 40-x ro-
JoB. B 1946 rony rpynna yuenblx u3 MTH, BosrinasasiBmia-
sica He KeM HHbIM, Kak PoGeprom Ilnkke, cmorsa ycraHo-
BHTL BepXHHil mpejfes Ha JioGoili H3OTPOMHLIE BHE3EMHOH
{$OH H3/JIyueHHS: SKBHBAJIEHTHAd TeMhepaTypa Oblla MeHb-
we 20 K nva gaunnax soan 1,00; 1,25 u 1,50 cm. 1o H3Mme-
pexue Obl10 MOGOYHEIM MPOLYKTOM H3JyUeHHA aTMochepHOro
HorJIolleHust H, 6e3ycJI0BHO, He SIBJIAJIOCh YaCThIO IIpOrpaM-
MBI HabuonatenbHol KocmoJdorun. ([lukke cooluiua Mue,
YTO K TOMY BPEME€HH, KOT[a OH HauaJ HHTepecOBaThCs BO3-
MOMKHBIM (OHOM KOCMHYECKOI'0 MHKDPOBOJIHOBOTO H3/yY€HHS,
oH 3a0bl1 0 BepxHem mpejesie 20 K na remneparypy ¢oHua,
TI0JIYYeHHBIT HM caMHM NOYTH JBa JleCATHJIeTHA Hasall)

MHe He KaxeTcsl OYeHb CYIIECTBEHHBIM C HCTOPHYECKOH
TOUKH 3peHHs TOYHO ONpejeJHTh MOMEHT, KOrja CraJjo BO3-
MOZKHHIM JIeTEKTHPOBAHHE TPeXTpPajJycHOr0 H30TPOMHOrO
MUKPOBOJIHOBOro (oHa. 3jech BaxKHO TO, UTO paAHOACTpPO-

JMBl HE 3HAJIH, YTO OHH [JOJIXKHBI MbITATLCS ero oOHapy-
xuThl PaceMOTpHM ISt KOHTPAcTa HCTOPHIO HEHTPHHO.
Koraa B 1930 roay Ilayan BmepBhie MpeanoJiOKHI CyIIecT-
BOBAHHE HEUTPHHO, OBLJIO SICHO, UTO HET HM MaJeHIIero IaH-
ca HabalofaTh 3TY YacTHIY B JIO60M H3 BO3MOMKHBIX TOTAa
skcnepuMenToB. OJHAKO [eTeKTHPOBAHHE HEHTPHHO OCTa-
BAJIOCh B yMaX (PH3MKOB BBI3LIBAaIOLlEll 3ajaueil, u, Korua
B 50-e roabt AnA 3THX UeJell cTaau AOCTYNHH silepHBIE pe-
aKTOpPHI, HeHTPHHO Hava W HCKaTh H Hauw. Eme 6osee sap-
KW TIpHMep — OTKpbLiTHe aHTHOpoToHAa. [locse Toro Kak B
1932 rony B KocMHuecKHX JyuyaX OblI OTKPHIT MO3HTPOH,
GOJILIIMHCTBO TEOPETHKOB O0XHaJ0, 4TO NpPOTOH, TaK Ke
KaK H 3JIeKTPOH, JOJIKeH HMEeTh CBOIO aHTHuacTHiy. He OwI-
JIO HHKaKO# HaJex bl 06pa3oBaTh AHTHIOPOTOHBI HA MEePBBIX
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IHKJOTpOHAX, mocTpoeHHbX B 30-X rogax, HO QH3HKH N0J-
HOCTBIO CO3HABAJH 3HaueHHe 3TOH mpobiaemsl, u B 50-e ro-
ABl GBI MOCTPOEH ycKopuTeab (GeBaTpoH B Bepxin) cneun-
anbLHO TaK, YTOGH HMEThb JOCTATOYMHO IHEPruH st 06paso-
BaHusl aHTHNPOTOHOB. Huuero moxoiero He NpOH3OULLIO B
cayyae ¢ (OHOM KOCMHUYECKOTO MHKDOBOJIHOBOIO u3Jyue-
HHsl 0 TeX nop, noxka JlHKKe ¢ COTPYAHHKAMH HE BO3HaMe-
puauch obGuapyxutrs ero B 1964 rony. Ho naxe Toraa
[lpuHcTOHCKas rpynna He OBla OCBEOMJIEHA O CAGNAHHOH
Gosiee fecATH JeT Hasajg paGore I'amoBa, Aabndepa
Xepmanal

B uem xe Torga jmeno? MoKHO ykasaTh NO MeHbIlUeH
Mepe TpH HHTepecHble NPHYHHBI, NnouyeMy GOJbLIHHCTBO yu€-
HbIX He MOHHMAJIO BaXKHOCTH IMOMCKOB TpexrpajiycHoro goua
MEKPOBOJIHOBOTO H3JyueHus: B 50-x u nagaue 60-x ronos.

Bo-nepBnix, caeiyer OoTAaBaTh cebe OTHUET B TOM, YTO
l'amos, Anbdep, Xepman, Qonaun u apyrue paboTtaiu B
paMgax Gosee o0mieli KOCMOTOHHYECKOH TeopuH. B HX Teo-
piH «0OJBLIOTO B3pPHIBA» MPEANOJarajoch, 4To Bce 6e3 Hc-
KJIOYEHHS CJI0XKHLIE AApPa, a He TOJLKO rejui GhlIH 1mocTpo-
eHbl B paHHeil Bcesennofi ¢ nomolupio npoilecca ObICTPOro
aobGapyenusa HefirpoHoB. O/lHAKO XOTS 9Ta TEOPHA NPABHJb-
HO OpeiCKa3biBaja OTHOLIGHHS pacnpocTpaHeHHocTeH ps-
Na TAXKeJNBbIX JEeMEHTOB, OHA CTAJKHBAaJlacb ¢ TPYAHOCTS-
MH B 00bSICHEHHH TOTO, o4eMy BOOOIe MOSBHJIHCH KaKHe-TO
TsizKe ble aeMenTH! Kak yxKe oTMeuaJoch, He cyllecTByeT
CTAa0OHJbHBIX SIAEP C NATHIO HJH BOCEMbBIO JleDHBIMH YacTH-
IaMH, MOITOMY HEBO3MOXKHO TOCTPOHTH SAAPO THAMKeJee re-
JnsA po6asienneM K sapam reans (*He) meiitponos nau npo-
TOHOB JHOO ClHSAHHEM JBYX sijiep reaus. (9To obcrosATeNb-
cTBO OHIJIO BrepBbie oTMeueHo Ddupuko Pepmu u Aurtonu
TypkeBnuem.) Mmes B BHAY 3Ty TPYAHOCTh, CTAHOBHTCH MO-
HATHBIM, NMOYEMY TEOPETHKH COBCPLICHHO HE JKCJaJH Ccepb-
€3HO OTHOCHTBbCH K pacuery oOpasopaHus relus B TaKoh
TEODHH.

Kocmosioriueckast Teopus CHHTe3a 3JeMEHTOB elle 60/b-
e norepsasa noj coboft nousy, koraa ObLIH CAeJaHHB yco-
BePIIEHCTBOBAHUA B aJibTEPHATHBHOI TEOPHH, COTJIACHO KO-
TOPOH 3JIeMEeHTH CHHTe3HpOBaJHCh B 3Be3nax. B 1952 ropy
9. 3. Commurep mokasaJ, 4TO HA NPONACTH, OTBEYAIOLIEH
SI/APaM C NATHIO HJAH BOCEMbIO SIIEPHBIMH YacTHILAMH, MOTYT
ObITh HABEJEHE MOCTH B TJIOTHBIX, GOraThiX rejiieM cepiue-
BHHAX 3Be3J: NPH CTOJKHOBEHHSIX NBYX fiep reaust obpa-
3yercs HectaOuibHoe aApo Gepuiaus (3Be) u npu yeaosusax
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BBICOKOH HJIOTHOCTH siApo Oepuaus MNpexkje, ueM pacna-
JeTcd, MOXKeT HATKHYThCS Ha ApYroe siipo rejus, o6pasys
crabuasHoe siapo yraepopa ('?C). (IliorHocts BcenenHon
K MOMEHTY KOCMOJIOTHUECKOTO HYK/JIEOCHHTE3d CJIHIIKOM
HHU3Ka, yToOBI 9TOT TPOLECC MOT TOTAA NPOHCXOMHTH.)
B 1957 rony noasmaach 3HaMmeHHTtas cratba [Ixkeddpu H
Mapraper Bep6uaxkeii, Paysepa u Xoiina, B KoTopoii 6110
MIOKA3aHO, UTO TSKeJble 3J€MeHTh MOIJH OBITh 00pasoBa-
Hbl B 3Be3JaX, 0COGEHHO B 3Be3JIHBIX B3pHBax (MOLOGHBHIX
CBEPXHOBLIM) B NEpPHOALl HHTEHCHBHOIO HEHTPOHHOIO IOTO-
ka. Ho naxe no 50-x romos cpeiad acTpOQH3HKOB CHJIIbHA
Obl1a CKJIOHHOCTH BepHTb, 4TO BCe 3JIeMEeHTHl, KpOMe BOJO-
pona, ofpasoBanich B 3Be3laxX. XOHJ 3aMeTHJ] MHe, 4TO
3T0 MHEHHe MorJo ObiTh cjaeicTBUeM TOH 60pbOBH, KOTOPYIO
H0JIZKHBl OBLIH BEeCTH AaCTPOHOMBI B IepBble JecATHIeTHA
Hallero BeKa, 4TOOBl NOHTH HCTOYHHK 3HEPTHH, 06pasyio-
niefics B 3Besnax. K 1940 romy us pabor lanca bBere u
JIPYIHX €TaJI0 SICHO, YTO OCHOBHOH INpoIecc — 3TO C/ANSHHE
geThIpex fiJep BOAOPOIA B OIHO SIAPO TeJHf, H TaKad Kap-
THHa npusBesa B 40-x u 50-x romax K OBICTPHIM ycrmexam
B NOHHMaHHH 3Be3JHOH sBojwouuu. Kak ropoour Xoiin,
nocJe BceX 3THX YCIeXOB MHOTHM acTpo(H3HKaM Kasajoch
H3BpallleHHeM COMHEeBaThbCid B TOM, UTO 3BEe3JABl SABJIAIOTCS
MecToM (hopMalHH 5JeMeHTOB.

Ho 3Besnnasi TeopHsA HYK/JEOCHHTe3a TOXKE HMeeT CBOH
npo6iemel. TpyaHO npeAacTaBuTh, KakuMm oOpasoMm 3Besin
morau o6pa3oBaTh rejHii B TAKOM KOJHMYeCTBE, uTO €ro
pacnpoctpaneHnocth pocturaa 25—30 npouentos. [leiicr-
BHTEJbHO, 9HEpPrusi, KoTopas JOJIKHa Oblla  BHIC-
BOOOJUTLCS NPH TAKOM CHHTe3se, -Oblia Gbl MHOro OGoJiblue
TOil, KOTOPYIO 3Be3/ibl, KaK NPEACTaBJSIETCS, MOIJIH H3JY-
YHTh 33 BCIO HX KH3Hb. KocMmoJiornueckasi TeOpHs OuYeHb
TOHKO OOGXOJHTCSA C 3TOI SHeprueii — IHeprHsi MPOCTO Tepsi-
ercsl NpH obuleM KpacHoMm cMewtennn. B 1964 roxy Xoiin u
P. Ilx. Taitniep oTMeTHJH, YTO resiHii ¢ TaKOH GoJbILOHK pac-
NpocTPaHeHHOCThIO, Kak B TemepewHeii Bcenennoit, He mor
ObITH cO371aH B OOBIYHBIX 3Be3siax. OHH MPoBeNH BHIUHCJIEHHE
KOJIHUeCTBA TIeJiHs, KOTopoe J0/XKHO OblI0 oO6pasoBarhes
Ha pPaHHHX CTaJHAX @60.11]:]]101"0 B3pbIBa» H TOJYYHJIH 3HA-
yeHue pacnpocTpanennoctn 36 mpouentoB no macce. Jlo-
BOJIbHO 326aBHO, YTO OHH 3a(HKCHPOBAJNH MOMEHT BPEMEHH,
Koraa goJizkeH OBIJT NPOH3OHTH HYK/IEOCHHTE3, COOTBETCTBY-
it 6ojiee HJIH MEHEe NMPOH3BOJILHOH TeMMepatype NsATh
MuaaHapaos rpaaycoB Kenbsuna, HecMOTps Ha TO, UTO 3TO
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IpeNnoNoKeHHe 3aBUCHT OT BEIOGPAHHOr0 3HAYCHHs HEH3BeCT-
HOrO TOT/Ia MapaMeTpa — OTHOLIEHHA 4Hcaa GOTOHOB K YHC-
ay saepHbX vactai. Ecaum Gbl OHH HCHOJIB30BAaJH CBOH BBI-
YHCJIEHHS 1751 OLEHKH 3TOr0 OTHOUIeHHs H3 HalJi0jaeMoil
pPacnpocTPAHEHHOCTH TeJHf, OHH CMOriM OB npejckKasaTb
HblHelHull (OH MHKPOBOJHOBOTO H3JyYeHHs ¢ TeMmIiepary-
poii NpPHMEepPHO NPaBHJIBHOr® NOPAAKa BeJHYHHBL. TeM He Me-
Hee NopasiTeabHO, uTO XOWHJ, OJHH H3 co3jareell TeopHH
CTALMOHAPHOrO COCTOSIHMS, XOTeJ CJel0BaThb 3ITOH JHHUW
paccyIeHnil 1 NOATBEPAHTDb, YTO OHA [AeT CBHJETEJbCTBO
B I10J1b3Y UE€ro-To BpOje Mojienn «G0JbILIOro B3pPHIBA».

B nacrtositee Bpemsi 00LIeNPH3HAHO, YTO HYKJIEOCHHTE3
NPOHCXOJAHJ KaK KOCMOJIOTHYECKH, TaK W B 3Be3JaxX; redauii
H, BO3MOJKHO, ApyrHe Jerkue sapa ObIJIM CHHTe3HPOBaHH B
panHeii BceseHHOl, a 3Be3/ibl OTBETCTBEHHHI 32 BCE OCTAJb-
Hoe. Teopus HyKJeocHHTe3a B «0OJIBIIOM B3pLIBE», MBITAACh
clesaTh CAHIIKOM MHOroe, TMepecrala BHYUIaThb JAOBepHe,
KOTOPOro OHa [IeHCTBHTEJBHO 3acCJy:KHBAJa KakK TeopHs
CHHTE3a reju.

Bo-BTophIX, 310 Obl KJaccHUecKHil mpuMep pa3pbiBa
CBSI3H MeK]Y TeOPeTHKAMH M 3KcnepHMeHTaTtopaMHu. Boiib-
IIHHCTBO TEOPETHKOB HHUKOILa He CO3HABAJO, UTO H30TPOI-
HBIH TpexrpaiycHblii (o u3JyyeHHs MoOKeT ObITH Korjia-
HuOyab oGHapyxken. B nuceme k Ilu6asy, narupoBanHOM
23 uions 1967 roga, 'amos oObsicHseT, 4TO HA OH, HH AJib-
dep n XepMaH He paccMaTpPUBAJIH BO3MOMKHOCTH JIETEKTH-
POBaHHs OCTaBlIerocs nocje «GO0JbIIOro B3PLIEA» H3JIyue-
HHSA, TAK KaK K MOMEHTY NOfiBJeHHS HX paboTbl M0 KOCMO-
JIOTHH PaAH0acTPOHOMHS OBlja elle B MJaJeHYeCKOM COCTO-
auun. (Oanako Aubdep u Xepman coo6UIHIH MHE, UYTO OHH
Ha caMOM JeJe H3yyaJli BO3MOKHOCTL HabJwoaeHus ¢ouna
KOCMHYECKOTr0 HM3/Jy4YeHHA COBMECTHO C 3KCIepTaMi Ho pa-
Aapam B Yuusepcutere [lxona Ionknnca, Mopckoit ucche-
JpoBaTenbcKoit nabopartopun B Haunonanshom Biopo Cran-
AapToB, HO HM OBLJIO CKa3aHO, 4TO TeMmeparypa (oHa Hu3-
ayuyenns: 5 uan 10 K caumkoM nuska, 4ro6ul Guith 06HApY-
HEHHOI JI0CTYMHOM TOrAa TeXHHKOi). B To e BpeMms, ka-
JKeTcs, HEKOTOpLle COBETCKHE acTpOGH3HKH NOHHMAJH, UTO
MHKPOBOJIHOBOI ()OH MOMKHO JAeTeKTHPOBaThb, HO Oblin cOH-
TH C TOJKY TEPMHHOJIOTHEH B aMEPHKAHCKHX TeXHHYECKHX
Kypraaax. B oG3opnoit crathe 1964 rona §1. B. 3eabnosuy
cjieJa] NpaBHJAbHOE BBIYHC/EHHE KOCMHYeCKOil paclnpocTpa-
HEHHOCTH reJHfA JAJs JABYX BO3MOMKHBIX 3HaueHHH Temeper-
Hell TeMIepaTypbl H3JyYeHHs M TIPAaBHJIBHO TOLUEPKHYJ,
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9TO 3TH BENHUHHEl CBS3aHBl, TAK KaK uucja10 (DOTOHOB Ha
AAePHYIO YaCTHIY (HJIH SHTPONHS HA SAEPHYIO YACTHILY)
He Mensiercst co BpemeneM. OjiHaKo mpeicTaB/sgEeTCs, YTO OH
Omls1 BBedeH B 3a0/yMK/IeHHe HCHOJbL30BAHHEM TEepMHHA
«TeMnepatypa HebGa» B cratbe . A. Oma 1961 roaa B Tex-
HuYeckoM kypHande «Bean CucreM», 3aK/io4YHB, 4TO TeM-
neparypa uadjaydyennsi 6blaa H3MepeHa M OKasajach MEHblIe
1 K. (Mcnons3oBaBmasicss OmMom antenHa Oblia TeM caMbiM
20-¢yroBHIM pPYNOPHBIM OTpazKaTeJeM, KOTOPHIE B KOHIE
KOHLOB nocayzxuna [lensnacy u DBuJCOHY 1 OTKDPHITHS
MHKpOBOJIHOBOTO ¢hoHal) ITo, HapsAAy C JOBOJbHO HH3KHMH
OlleHKaMH KOCMHYeCKOH pacnmpocTpaHeHHOCTH IeJHs, MpPH-
Beso 3eblIOBHYA K OTKa3y HAa OCHOBAHHH HAOJIOAEHHH OT
uien ropsayeil panxeil BecesnenHoi.

KoHeuHo, KpoMe TOro, yto HH(OpMauus IJiOXO Nepeaa-
Bajiach OT 3KCIEPHMEHTATOPOB K TeOperHkaM, OHa CTOJb
JKe MJIOX0 TepefaBasach o OT TeOPeTHKOB K SKCIepHMEHTa-
TopaM. [lewauac u BujcoH HHKOTJa He CJABIIAIH O Hpel-
ckasanun Aabbpepa — XepmaHna, Hamepesascs B 1964 roay
NPOBEPUTH CBOIO aHTEHHY.

B-TpeThHx, I MHe AyMaeTcs, 4YTO caMoe [J1aBHOe, Teo-
pisi «BoJBIIOrO B3PHIBA» HE NMPHBeJaA K NOHCKY Tpexrpamyc-
HOTO MHKPOBOJHOBOro (oHa noToMy, 4TO (usukam ObLIO
Ype3BLIUAlHO TPYAHO CEPbE3HO BOCHPHHATHL 2/00YH TEOPHIO
panneii Beenennoil. (51 rosopio tTak oT4acTi MO BOCTIOMIHA-
HHUSM O MOeM cOOCTBEHHOM OTHOIUEHHH K 3ToMy a0 1965 ro-
na.) Kaxpnas w3 ynoMsuyTHX BBIIe TpyAHOCTell MorJa
OniTh 0e3 ocoOuIX ycuauil npeogonena. OAHaKo nepebie TPH
MHHYTHl CTO/b yJAaJeHH OT Hac 10 BPEMEHH, YCJIOBHA Ha
TeMNepaTypy M IVIOTHOCTh TAK HEe3HAKOMBI, UTO MBI CTec-
HfeMcsl NPHMEHSTh Halli OOBIUHbIE TEOPHH CTATHCTHYEC-
KOH MeXaHHKH H sfiAepHOH (QH3UKH. -

Taxoe wacro caydaercs B (PH3HKe — Hama omuOKa He B
TOM, UTO MBI BOCHPpHHHMAaeM HAallll TEOPHH CJIHIIKOM Cepb-
€3HO, a B TOM, YTO MBI He OTHOCHMCHA K HHMM JOCTaTOYHO
cepbe3no. Becerja oueHb TPYAHO OCO3HATh, UYTO Te YHCAA H
YPaBHEHHs, ¢ KOTOPLIMH MBI 3a0aBJifgeMcsl 32 HALIHUMH CTO-
JIAMH, HMEIOT KaKOe-TO OTHOIIEHHEe K peajbHOMY MHPY. Xy-
JKe TOro, 9acTo KaxKeTcs, UTo cyliecTByeT oOlllee corJalle-
HHe, 6y/ITO HeKOTOpLIe #BJCHHA elle He rOAATCA A TOro,
uyTOObl CTATh HPEAMETOM COJHIHBIX TEOPETHUECKUX H KCle-
PUMEHTAJBHBIX HccaenopaHuii. [amos, Aasdep n Xepman
3acJyKHBAKT K0J10CCAJLHOT0 YBaKeHHsl IOMHMO BCETo Ipo-
4ero 3a TO, UTO OHH CEPbe3HO 3aXOTeJH BOCTPHHATbL paH-
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Hiol0 BeeneHHylio H HcCaeA0BAaNM TO, YTO JOJIKHBI CKa3aTh
H3BecTHbIe (HU3HUYECKHE 3aKOHH O NepBHX Tpex Munytax. Ho
Nlaxke OHH He cJleJlaJiH MOJIe3HOro 1ara, He yGenuJH pajHo-
ACTPOHOMOB, 4TO Te [AO0JKHBl HCKaThb ()OH MHKPOBOJHOBOTO
u3ayuenns. CaMoe BaXKHOE, YTO COMYTCTBOBAJIO OKOHUATEb-
HOMY OTKpHITHIO B 1965 ropy tpexrpagychHoro ¢oHa u3Jy-
yeHHS, 3aK/JII0YaJoch B TOM, YTO 3TO OTKPHITHE 3aCTaBHJIO
BCEX HAC BCEpbe3 OTHECTHCh K MBICHH, YTO paunHss Bcesen-
Has Oolaaq.

51 moapo6GHO OCTaHOBHJICA HA 3TOI yNyLIeHHOH BO3MOMK-
HOCTH NOTOMY, YTO 3Ta HCTOPHS NpeACTaBJACTCS MHE OJHOH
H3 CaMbIX NOYYHTENbHBIX HCTOpHﬁ HayKH. Bnoane MOHSATHO,
yro GoJbliasg yacTb Hcropuorpadu# HayKu nocsfulesa ee
ycrnexaM, OIIEJOMJSAIONIHM OTKPHITHAM, OJecTAIHM BBHIBO-
JaM HJIH BEeJHKHM BOJIIEOHBIM cKaukaM, clenanibiM Heio-
ToHoM uan DiinmreiinoM. Ho 1 ne aymaio, uTo MOXHO moO-
HACTOsIleMy NOHATh ycleXH HayKH, He NOHHMas TOrO, Kak
TAMKEJO OHH /1al0TCA — KaK JIerko ObITh COMTHIM C NMYTH, Kak
TPYAHO 3HATL B /060 MOMEHT BPeMeHH, UTO HYXKHO AeJaThb
* paabiie®,

VII. NEPBAS COTASl J0OJisi CEKYH/bI

Mpl B3siMCh 3a pacueT MepBHIX TPeX MHHYT B rjase V
He ¢ caMoro HauaJja. BMecTo 3TOro Mbl HayajH ¢ «IepBOTO
Kajpa», Korja KOCMHYecKasf TeMIepaTypa yKe YMEHbIIH-
nach 10 100 munaunapnos rpaaycos KenbBuHa u elMHCTBEH-
HBLIMH YacTHIAMM, HMEBIIHMHCA B GOJBIIOM KOJHYECTBE,
O6biiu (GOTOHBI, 3JEKTPOHbLI, HEHTPHHO H COOTBETCTBYIOLIHE
UM anTHdacTuubl. Ecam 6Bl 3TH 4acTHUbl GBIIM €IHHCTBEH-
HBIMH THNAMH YacTHI B OPHPOJE, Mbl, BEPOSATHO, MOIJIH OHl
IKCTPanoJupoBaTh paciuupenue Bcenennoit Hasajn no Bpe-
MEeHH H BBIYHCJHTb, YTO JOJKHO OBLIO CYIIECTBOBATL Heii-
CTBHUTEJbHOE HaAya/j0, COCTOAHHEe OECKOHEYHHIX TEMHepary-
pHl H MJOTHOCTH, KoTopoe Bo3uukao Ha 0,0108 cekynam
paHblile Hallero MepeBoOro Kaapa.

Onnako coBpeMeHHO{l (H3HKe H3BECTHO MHOrO APYTHX
THIIOB YAaCTHI[: MIOOHH], IIH-ME30HB, MPOTOHLI, HEHTPOHH H
ap. Korza mMbl cMoTpuM Hasal Ha Bce GoJiee paHHHE MOMEH-
Thl BpeMEHH, Mbl CTAJKHBAEMCS CO CTOJib BHICOKHMH TeMIe-
PaTypoi H NJOTHOCTBIO, YTO BCE 9TH YACTHIB JOJMKHBLI OBLTH

* JlonmosmuTeNbHEE MAHHEIE MO HCTOPHH CO3JTAHHA TEOPHH ropsuef
Beeaenno#t cM. B jgononuennn pepaktopa 9, c. 191, — Hpumen. ped.
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NPHCYTCTBOBATL B GOJILILIOM KOJHYECTBe, HAXOAACh B COCTO-
SHHH TENJIOBOrO PABHOBECHS H HENMPePBIBHOTO B3aHMOJEHCT-
BHSL ApYyr ¢ apyrom. Ilo mpHuuHaM, KOTOopbie f HaAEIOCh
pPa3bsICHUTL, MBI JI0 CHX MOP NPOCTO HEAOCTATOYHO 3HAEM
GH3HKY 3/eMEHTAPHBIX WACTHI, YTOOH HMETh BO3MOMKHOCTD
paccyHTaTh ¢ KaKoii-TO yBEpeHHOCTBbIO CBOHCTBa MOAO0GHOM
cmecH. Heananne MuKpocKonuuecKoi GU3HKH CTOHT Kak ne-
JieHa, 3acTHJIalolnasi B3Op NpPH B3TJIsZle Ha camoe Hadalo.

KoneuHo, 3aMaHYHBO MOMBITATLCS PACCEATb 3Ty NeJeHY.
Hckymenne ocoGeHHO BEJHKO /Sl TEOPETHKOB BPOJe MeHS,
ubs paboTa 3HauuTe IbHO GOJiblle cBA3aHa c (H3HKOH 3Je-
MEHTapHBIX 4acTHI, YeM ¢ actpodusukoit. MHOMKECTBO HH-
TepecHHX u/lefi cCOBpeMeHHOH (PU3HKH YaCTHIl UMEIOT CTOJb
TOHKHE CJIRICTBHS, YTO HX Ype3BBIYAHHO TPYAHO NPOBEPHTH
ceroanst B 1a6opaTopHaX, HO 3TH CJAEJCTBHA BeChMa jpama-
THYHE!, eC/i MOACOHBIE HjeH MPUMEHSATh K paHHed Bceeaen-
HOI.

[TepBas npobGiema, ¢ KOTOPOH MBI cTalKuBaemcs, obpa-
masick K temneparypam sbiute 100 Muasamapnos rpanycos,
CBS33aHA C «CHJIbHBHIMH B3aUMOJEHCTBHAMH» 3JIEeMEHTapPHBIX
yactull. CusbHble B3aHMOJENCTBHSI — 3TO Te CHJBI, KOTO-
phle yAepXKHBAIOT BMECTE HEHTPOHH H NMPOTOHB B ATOMHOM
Ajipe. DTH CHJLI He 3HAKOMB HAM B IOBCEJHEBHON MKH3HH
TaK, KaK 3HAKOMBI 3JIEKTPOMATHHTHLIE HJIH TPABHTALHOH-
Hble CHJIbl, IOTOMY UTO pafHyC AEHCTBHS 3THX CHJ HEBepo-
SITHO MaJl, OKOJIO ONHOH JeCATHMHJIJIHOHHOA OT MHJJHOHHOM
nonu cautumerpa (10— em). Ilaxe B MmoJaexkynax, sigpa
KOTOPHIX OCBIYHO HAXOASITCH HA pACCTOAHHM HECKOJIBKHY
COT MHJUIMOHHHIX JoJeit canTumerpa (107% cm) apyr or
Apyra, CHIbHLIE B3aHMOJEHCTBHA MeXKAY PasjiHYHBIMH SA-
paMH 1O cyLlecTBY He JaioT HuKakoro sgdekra. Onnako,
KaK yKasblBaer HX HA3BaHHe, 3TH B3aHMOJENCTBHA OYEHb
cuabHbl. Korjla ABa npoToHa NpHIKHMAiOTCs APYr K APYTYy
JloeTaTouHO OJIM3KO, CHJIbHOE B3aHMOJEfiCTBHE MeXAYy HUMH
cranosurcs npumepuo B 100 pas Goabuie, ueM sJaeKTpHYeC-
KOe OTTa/JIKHBaHHEe; HMMEHHO MM03TOMY CHJIbHble B3aHMoJef-
CTBHS CHOCOOHBI y/ep¥aTh OT pasBaJja aTOMHBIE sjpa,
npeojosieBast sJeKTpuueckoe orraskusanue noutn 100 mpo-
ToHOB. [lpuunnoil B3pwBa BogOpoOAHOH GOMOH sIBASIETCS
nepepacnpe/iejienne HeifiTDOHOB M TPOTOHOB, B pe3yJbTaTe
KOTOpPOro oHH 0oJjiee TeCHO CBSA3LIBAIOTCH JAPYT € APYrOM
CHJIbHLIMH B3aHMOJIEHCTBHSIMH; 3Heprus GOMOBI ecThb Kak
pas Ta H30BITOYHAs 3HEPrHs, KOTOpas BHICBOOOMKAAETCS
LpH 3TOM llepepacrnpeieseHuH,
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HMMenno HHTEHCHBHOCTh CHJIBHBIX B3aHMOJAEHCTBHH Je-
JIdeT HX 3HauyuTelibHO OoJjiee TPYJAHBIMH [/51 MareMarHyec-
/KOr0 aHaJd3a, 4YeM 3JEeKTPOMAarHUTHbiE B3aHMOJIEHCTBHS.
Koraa mbl, nanpumep, paccuuThiBaeM BepOSITHOCTL paccesi-
‘HHSl IBYX 3JIEKTPOHOB 34 cYeT 3JIeKTPHYECKOro OTTaJIKHBA-
‘HUSA MeXAY HHMH, MBl JOJIZKHBEl CJIOXKHTh OeCKOHeuHOe 4HC-

R
Al

Puc. 10. Hexkotopue ¢efiHMaHOBCKHE AHArpaMMbl.

TlokasaHsl HeKoTOphie H3 mnpocrefiunx teAsMaHOBCKHX AHArpaMm Qs Mpouecca
5/1eKTPOH-531eKTPOHHOro pacceaHHd. CnjaolHble NHHHH 0603HAYAIOT SAEKTPOHBI HIH
MO3UTPOHEI; BOJHHCThIE JHHHH oGo3HaualoT dQoronw. Kampmo#t nuarpamme orseuaer
QnpejereHHas YHCAEHHAA BENHYHHA, SaBHCALLAA OT HMNYJILCOB H CIHHOB BXOASH-
IWHX ¥ BhXOLAUIMX 5.eKTPOHOB; BEPOATHOCTB NpoOllecca paccesHHsA paBHa Kmajapa-
TY CYMMBI 3THX BeJHYHH, CBA3AHHLIX cO BceMH GeflHMaHOBCKMMH HAHarpaMMaMH.
Brnaa wamnoft amarpaMMbl B 9TY CYMMY NpPONOPUHOHANMEH 4YHCAY MHOXHTeted
1/137 (nocrosRHas TOHKON ,CTPYKTYphl), PaBHOMY 4HCAY (OTOHHBIX JAHHHE, [ua-
rpamma ¢ npefcrasnser o6Med oaHuM doroHoM H gaer raasBHufl BKAan, nponop-
uuoHanabHeit /137, Huarpammbl 0, 8, & U § NPEACTABAAIT BCE THOB AHArpaMM,
NPUBOAAILNKX K TIJMaBHRIM <«paiHalHOHHbIM® NONpasKaM K gHarpaMMe d; bBoe OHH
BHOCHT BKJAajd, nponopiuosanbHbit (1/137)2. Inarpamma e pnaer eute MeHbiiufl
BKJajA, npornopuxoHaabubiil (1/137)3

JI0 BK/IA/I0B, OTBeYalolHX onpe/e/eHHOl noc/e10BaTe1bHOC-
TH HCNYCKaHHA H MOMVIOUEeHHS (OTOHOB H 3JEKTPOH-NO3HT-
'POHHHIX TMap. IDTH BKJaJbl CHMBOJHYECKH H300paKaioTcs
«(peliHMaHOBCKHMH JAHArpaMMaMm», BpoJe TeX, KOTOpHe Mo-
kasausl na puc. 10. (Merox pacuera ¢ HCHOJb30BaHHEM
3THX AuarpaMm Obl1 paspaboran B KoHue 40-x romos Pu-
uapaom PeiinmanomM, paborasmum toraa B Kopueaie. Crpo-
ro roBOpd, BEepPOSATHOCTh TpoIecca paccesHHsi Jaercd
Keadparom cyMMbl BKJAZOB OT Kax<ioH amarpammsl) J[o-
GapJjeHHe K J11000# auarpaMe OJHOl JIHLIHeH BHYTpeHHell
JIMHHH NOHMKAeT BKJAj 3TOHl AMarpaMMbl HA MHOMKHTEb,
rpybo rosopsi, paBHHl GyHIaMEHTaJAbHOH NOCTOSIHHOI,
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KOTOpasi H3BECTHA KAaK «MOCTOAHHAS TOHKOH CTPYKTYpBI»..
Ora KOHCTAHTA [OOBOJBHA MaJja, npubAH3UTEJbHO paBHa:
1/137,036. Iloatomy cJaoxKubBlEe AHarpaMmbl AalOT Madbie
BKJIaJlbl, H MBI MOXeM pacCuHTaTh BEPOATHOCTb Ipolecca
paccesiHusi ¢ JOCTaTOYHBbIM npubJuKeHHeM, CcKJIalbiBast
BKJIA/bl JIHIUL OT HECKOJLKHX MpocThiX auarpamm. (Mmen-
HO M03TOMY MBI YBEpeHH B TOM, UTO MOXKeM MNpejcKasaThb
aTOMHbIE CMEKTPHl ¢ MOYTH HEOrPaHHYEHHOH TOYHOCTLIO.)
Opnako A CHJALHBIX B3aHMOJEHCTBHI Ta KOHCTaHTa, KO-
TOpas HrpaeT po/b NOCTOSAHHOH TOHKOH CTPYKTYPHI, IpPHMED-
HO paBHa eauHuue, a He 1/137, u nmosToMy CJOXHBEe JHar-
paMmpl JaloT cTOJAb ze OOJbUIONH BKJAL, KAK U INPOCTHE.
dta npobiema, 3aKa0¥alollascsa B CJAOXKHOCTH pacuera Be-
POSITHOCTEH IIPOLECcCoB, BKAOUAIONINX CHJbHbIE B3aHMOJeil-
cTBMS, Oblla eJHHCTBEHHOW BeJuuaiilieft noMexoil nporpec-
cy (M3HKH 3JeMeHTapHBIX YacTHl B NOCJeJHHE 4YeTBEpPTh.
BEKa.

He Bce mponeccs BKAIOYAIOT CH/AbHBIE B3aHMOAEHCTBHA.
ITH B3aHMOJEHCTBHS 3aTParHBalOT TOJbKO KJacC YaCTHIL,
H3BECTHBIH KaK «aJpOHbLI»; Ciojla BXOAAT Si/lepHble YaCTHILbI
H NH-ME30HL, @ TaKxe JApPyrHe HecTaOHJbHBE YaCTHIBI, H3-
BecTHble Kak K-Me30HBI, 3Ta-Me30HH, JAMGIa-THIEPOHL,
curMa-runeponbl u ap. Boofule rosopsi, ajipoHHl TsxKesee
JIeNTOHOB (HA3BaHHe <«JENTOH» NPOH3OLLIC OT IpedyecKoro:
€105l «JIeTKH#»), HO JeHCTBHTEJBHO BAXKHOE pasjHyHe Mer-
Iy HHMH B TOM, YTO aJIpOHBLI YYBCTBYIOT BJIHMSHHE CHJBHBIX
B3aHMOJeHCTBHH, B TO BpeMsi KaK JIENTOHB — HEATPHHO,
3JIEKTPOHBl H MIOOHBl — HeT. ToT (akT, 4TO 3JEKTPOHH He
OLIYLIAIOT AePHEIX CHJ, HEBEDOSTHO BaykeH — BMecTe C Ma-
JIOH Maccoli 3JeKTPoHa 3T0 06CTOATEILCTBO IPHBOAHT K TOMY,.
4TO 06J1aKO 3JE€KTPOHOB B ATOME HJIH MOJIEKYJe IPHMEPHO B:
100 000 pa3 Gousbuie, ueM aToOMHOE PO, a TaKkKe K TOMY,
4TO XHMHYECKHE CHJIBI, YIep:KHBAlollue BMecTe aTOMbl B
MOJIeKy/1aX, B MHJUIHOHBI pa3 cjabee, yeM CHJBI, yaepKH-
BaiollHe NPOTOHBl H HeHTPOHHI B fapax. Ecan Gul sjextpo-
Hbl B aTOMaxX H MOJIEKYJaX OULYIaJH AeHCTBHE SAEPHBIX
CHJI, TO He cyllecTBOBaJ0 OB XHMMHH, KpHCTaJaorpadHu uin
O6noJsorun — Owl1a OB 0fiHA sAepHas (u3uKa.

Temnepartypa 100 muaamapaoB rpaaycoB KeanBuHa, ¢
KOTOpOIi MBI HayaJu B riaBe V, Gbla NMPelyCMOTPHTENbHO:
BbIOpaHa HHXKe NMOPOrOBOi TeMIepaTyphbl A1 BCeX aJpPOHOB.
(Cornacuo ta6a. 1 na c. 143 Jgeruaiilinii aapoH NH-Me30H
HMEeT IOpOroBylo TeMmmeparypy, pasHyio npumepsno 1600
MuJsnapaos rpagycos KembBuna). Takum ob6pasom, B Te-
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qyeHHe BCell HCTOpHH, pacckaszanHoii B riaase V, elMHCTBEH-
HEIMH YaCTHIAMH, NPUCYTCTBOBABIIHMH B OOJBIIHX KOJH-
YyecTBaX, ObIIH JIeNTOHBl H (OTOHE W B3aHMOAEHCTBHAMH
MeX/y HHMH MOXHO OBLIO CHOKOHHO nperebpeds.

Kaxk ke GbITh ¢ GoJiee BLICOKHMH TeMIepaTypaMmH, Koria
B DGOJIBIINX KOJHYECTBAX HMEJNHCh 4JPOHBI H aHTHAAPOHBI?
Ecrb nBa coBepllieHHO pasiIMYHBIX OTBET4, OTPaXKAaIOIIHX
CYLIECTBOBAHHE [BYX BechbMa pasJuyalomuxcs HayyHBIX
LIKOJI B OTHOLIEHHH NPUPOJB a/pPOHOB.

CorsracHo OIHOH IUKOJE, HA CAMOM jfiejle He CYLIeCTBYET
TaKo# BellW, KaK «3JeMeHTapublii» agpon. Kaxami ajnpon
CTOb 2Ke (pyHIamMeHTaJseH, Kak u Jgi000f Apyroi,—HuMeioT-
¢l B BHIAY HE TOJbKO CTA0HJABHBEIE HJIH MOUYTH CTaOH/AbHbBIE
aJlpOHbl BPOJe NPOTOHA HJM HeATPOHA M HE TOJIbKO yMEpEeH-
HO HecTaOuJbHBIE YaCTHIHI BpOAe MH-Me30HOB, K-Me3oHa,
9Ta-Me30HA W THNEPOHOB, MKHBYLIHE AOCTATOYHO JOJTO /s
TOro, 4To6bl OCTABHTH H3MepuMbIe TpeKH B (oTaIIeHKax
HJIH B Iy3LIPHKOBHIX KaMepaXx, HO Aaxe NOJHOCTbIO Hecra-
OUJIBHBIE «YACTHILI» BPOJE PO-ME30HOB, MKHBYILIHE JIHILIb
CTOJILKO BPEMEHH, YTO CO CKOPOCTHIO NOYTH PABHOH CKOpocC-
TH CBETa OHM €JBa YCHNEBaloT Iepeceyb aToMHoe Anpo. Ta-
Kyi0 NOKTPHHY pasBuBain B Koule 50-x m Hauase 60-x ro-
noB, ocoGenno dxeddpu Uy u3 Bepkiu, n nnoraa ee na-
3BIBAIOT «ANEPHOH JeMOKpaTHeH». :

ITpu TakoM BOJBLHOM ONpejeleHHH afpoHa umeiorcs Oy-
KBAJILHO COTHH AJIPOHOB, ULS IIOPOroBas TeMIepaTypa MeHb:
we 100 Thicsy Muaauapaos rpapycos KenbBuHa, H BIOJ-
HE BO3MOMKHO, 4TO ellle COTHH OYAYT OTKPHITH. B HEKOTOPHIX
TEOPHSIX YHCJO PA3HOBHJAHOCTEI YacTHIL GECKOHEYHO H OHO
6yser pactd Bce GnicTpee H OLICTpee, eciin Mbl Oy/feM HC-
cJenoBaTh Bce Goabiine W Ooabmpe Maccel. Moxer noxa-
3aTbCsl Ge3HAJeXKHOH TNOMBITKA OCMBICJAHTH TAKOH MHP, HO
KpafiHssl CJIOMKHOCTb CHNEKTPAa WYACTHIL MOXKET IPHBECTH B
OnpeAeTeHHOM CMBbicae K npocroTe. Hampumep, po-Me3oH—
3TO aJpOH, KOTOPHIH MOXKHO NpejcrapiaTh cefe KaKk HecTa-
O6UJBHYIO UACTHIY, COCTOSIIIYI0 M3 JBYX NH-ME30HOB; KOria
MBI SIBHO BKJIOYaeM PO-ME30HbI B HAIUH BLIYHCJIEHHS, MBI
y¥e JI0 HEKOTOPO# CTeneHH NPHHHMAaeM BO BHHMAaHHE CHJIb-
HOoe B3aHMOJEeHCTBHE MEX/1y NH-Me30HaMH, BO3MOXKHO, UTO,
BKJIOUHB 8Ce afpOHBl SIBHO B HAllH TepMOAHHAMHYECKHE
BHIUMCJICHHS], MBI CMOXKEM HTHOPHPOBATb BCe OCTalbHble 3¢-
(heKTH CHJIBHBIX B3aHMOJEHCTBHIL.

Ilanee, ecid AefCTBHTEIbHO MMeeTCs HeOrpaHHYeHHOe
YHCJ/I0 PA3HOBHHOCTEH aJApPOHOB, TO, KONAA MH 3aKJI0OUaeM
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B JaHHBIH 00beM Bce Doabile H GoJblie 3HePTHH, 3Ta 3Hep-
rusl WAeT He HAa yBejideHHe CJAyYaHHBIX CKOPOCTej uacTHIL,
a Ha yBeJHYeHWE YHCJA THIOB YaCTHL, HAXOAfALIHXCH B
o6beme. Torma Temmeparypa He pacTeT Tak OBICTPO C poO-
CTOM TJIOTHOCTH 3HEPrHH, KakK OHa pocna Oul, eciaH Obl uuC-
JIO PasHOBHHOCTeHl a1pOHOB Obi0 ukcupoBano. B jeiict-
BHTEJbHOCTH, B NMOJOGHBIX TEOPHAX MOXKET CYIIecTBOBaTh
MAKCUMAABHASL TemIleparypa, T. €. TO 3HAUEHHe TeMIeparTy-
pHl, MPH KOTOPOM MJIOTHOCTH 3SHEPrHH CTAHOBUTCH GecKo-
HeuHol. DTO TaKOf JKe HEeTMpeoJOJHMBIH BepXHHI Mpeae’
TEMIepaTypul, KaK a0COIOTHBIH HYy/Jb B KaueCTBE HILKHEro
npeaena. Mues o maxkcuMasibHOH —TeMnepatype B (H3NKe
agponoB npunamiexnt P. Xarenopny #u3 1abopatopuu
LIEPHa* B )Kenese, a 3aTeM OHa pa3BHBajlach [APYrHMH
TeopeTnkamu, sxawouas Kepsona Xyanra us MTU u mens
camoro. Mmeercsi 1axe NOBOJBHO TOYHAS OLlEHKA TOro, Ka-
KOII MozxKeT ObITh MaKCHMaJjbHas TeMmuepaTypa,— OHa OKa-
3BIBAETCH HEOXKHIAaHHO HHSKOM, OKOJO [ABYX TBHICAY MHJI-
nHapos rpaaycos Keabsuua (2-10'2 K). Koraa msl mojxo-
IMM Bee Oamxke M OJHMKe K Hauasy, Temnepartypa Bce 50Jib-
uie ¥ Gosbine NPUOJHAKAETCA K 3TOMY MaKCHMyMYy H pasHo-
oGpasne aapOHOB CTAHOBHTCS Bce OGoraue m Goraue. Oxua-
KO Jake MpH TAKAX SK30THYECKHUX YCJOBHAX BCe XKe ecCThb
HayaJuo, MOMeHT OECKOHeUHOH IIJIOTHOCTH 3HEPTHH, IPHMEp-
HO Ha COTYIO 7OJIO CEeKyHIbl DaHbllle MepBOro Kajapa raa-
Bl V.

lMeerca Apyras HayuHasi IIKOJa, 3HAYUTeNbHO Govlee
TpajHIHOnHasi, fojee G/MHM3Kasg K OCBLIMHON HHTYMIHH, uyeM
«siepHast IeMOKDATHs», M, HA MOil B3rJsij, Goice Giu3kas
K nernHe. COriacHo 3TOH IIKOJe He BCe YaCTHILI OLHHAKO-
BBI; HEKOTOpBIE [efiCTBHTEJbHO 3/J€MEHTapHbl, a BCe OCTallb-
HBIE COCTOAT M3 MPOCTHIX KOMOHHAIHH 3JECMEHTapHBIX 1Ua-
ctui. CuuTaercs, YTO B pa3psijl 9JeMeHTapHbIX YaCTHL BXO-
AAT GOTOH K BCC M3BECTHBE JIENTOHBIl, HO He BXOAHUT HH
ONHH H3 H3BECTHHLIX aJPOHOB. BMeCTo 3T0ro mnpeanojaraer-
cfl, 4TO aJ[POHLI COCTOSAT H3 Oosee QyHAAMEHTAJbLHLIX ua-
CTHII, H3BECTHHIX KAK «KBAPKH».

[lepBoHaua/bHEII BapHAHT TEOPHH KBApKOB NpHHANLIC-
xut Mioppeio Tean-Maruy n  (HesaBucumo) JLKOPIKY
Iigeiiry (o6a us Kaarexa **). ITosTHueckoe BooGpazenne

* 1IEPH — Esponeiicknit Llentp fmepusix Hcemeposanuii (-
nesa). — Il puneq. nep.

#* Kanrex — Kanngopumiicknit Texnonornuecknii nnerntyt, CIIA.—
ITpuney. nep.
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(DH3HKOB-TEOPETHKOB [efCTBHTEJBHO PA3BIrPasiock BOBCIO B
Ha3BaHHH DPa3JHYHLIX cOPTOB KBapKOB. HMeioTcs kBapku
pasHBIX THIIOB, HJIH «apOMaTOB», KOTOPEE HOCAT HMEHA BPO-
e «BepXHHII», «HHIKHHHA», «CTPAHHBIA» H «OuapOBaHHbI» *.
Bosee Toro, kamawii «apomMaT» KBapka OniBaer Tpex pas-
JHYHBIX «IBeTOB», KoTopsle TeopetukH CIIA o6nluno Ha-
3BIBAIOT KpacHLIM, Genbim u roayGbiM. HeGouabinas rpynmna
¢busuKoB-TeopeTHKOB B [leknHe naBHO NMHTAeT MPHCTPACTHE
K HEKOeMYy BapHAaHTY KBapKOBOH TEOPHH, HO OHH Ha3HIBAIOT
9TH YACTHIILI «CTPATOHAMH», a He KBapKaMH, Tak KaK 3TH
YaCTHIB COOTBETCTBYIOT 6oJiee rayGokomy nuaacty ¢usuuye-
CKOH pea/lbHOCTH, YeM OOBIUMHLIC aJpPOHBI.

Ecan wnaes KBapkoB npaBHJibHA, Toraa (H3MKa OYeHb
paHHeili BceneHHO# MoOXeT oxasaThCsl NpoOIUe, ueM AyMaJii.
MoxHO caenaTh psAjd BHBOJAOB O CHJIAX, NEHCTBYIOLIHX MeXK-
Jy KBapKaMH, H3 HX MPOCTPAHCTBEHHOrO pacnpejeseHHs
BHYTPH SIIeDHOH 4aCTHIB, a 3TO pacmpejeleHHe MOXKHO, B
CBOIO Ouepejlb, ONpelesHTh (ec/H KBapKoBas MOJAENb Bep-
Ha) H3 HaOJIONeHHIT CTOJIKHOBEHHi 3JIeKTPOHOB C s/lepHBI-
MH YaCTHILAMH TIPH BBICOKMX 3Hepruax. Takum crnoco6om
HECKOJILKO JieT Ha3aZl B coBMecTHO# paGore MTH u Cran-
GOpACKOTO YCKOPHTENBHOrO LeHTpa OblJI0 HaHAeHo, YTO
CHJIa MEKJYy KBapKaMH OKasbiBaeTca Hcuesalollle MaJof,
KOT/la KBapKH HaXOAsATCA OueHb OGJH3KO APYr K Apyry. 3To
HABOJMT Ha MBIC/b, YTO NPH HEKOTOPOil TeMIiepaType, OKO-
JIO HECKOJIbKHX TBHICAY MHJJIHAPAOB rpaaycoB KeabBHHA,
aJIpoHBl NMPOCTO PA300BLIOTCS HA COCTABJAIOMIME HX KBapKH,
TaK e KaK aTOMbl pa30HBaIOTCS HA JEKTPOHH H SApa npH
HECKOJMLKHX THICAYax rpajycoB, a sjpa pa3GHBAIOTCH Ha
IPOTOHbI H HEHTPOHBI MPH HECKOJbKHX THICAYaX MHJJIHOHOB
rpagycos. CoryacHO TakoO# KapTHHe B O4YeHb DaHHHE Bpe-
mMeHa BcelleHHyl0 MOXHO paccMaTpHBaTb Kak COCTOSIILYIO
H3 (DOTOHOB, JIENTOHOB, AHTHJIENITOHOB, KBAPKOB H aHTHKBAP-
KOB, TIPHYEM BCE OHH JABHKYTCH KaK CBOOO/IHBHIE YACTHIH H
II03TOMY Ka)Kiasi pPa3HOBH/IHOCTbL YACTHI[ MpPeACTaBJSET CO-
Gofi mpocTO eule OAMH THM H3JyueHHs yepHoro Tesa. Tor-
Jla JIerk0 BLIUHCJHTDB, YTO AOJKHO OblIO ObiTh HavaJjo, CO-
crosiHHe OeCKOHeuHOH INJIOTHOCTH # OeCKOHe4YHOH Temmepa-
TYPHI, TPHMEPHO HA COTYIO JOJIIO CEKYH/bl pPaHblie [epBOro
Kajpa.

* B HacTosllee BpeMs YGEIHTENbHO AOKa3aHQ CYLIECTBOBAHHE ms-
TOTO COPTa KBAPKOB — «KPACHBHIX» H 110 COOGPaXKEHHAM CHMMETPHH
CUMTAETCS BecbMad BEPOSTHHM CYIIECTBOBAHHE mHIecToro copra.— [1pu-
Mey. ped.
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S1H Gojiee HIH MeHee HHTYHTHBHHE HAeH OblIH HELaBHO
1IocTaBJeHsl Ha 3HAYUTEe/IbHO Gosee COJMIHYIO MaTeMaTHye-
ckyio ocHoBy. B 1973 roay TpH MoJojaHx TeoperHKa XbIo
Hasup Tloautoep us lapeapna, [Hapupa Ipoce m Ppank
Brnuek n3 [1puHCTOHA TOKA3aJ/H, 9TO B CHENHAJbLHOM KJac-
ce KBAHTOBBIX TEOPHH MOJS CHIB MeXAy KBapKaMH JelcT-
BHTEJNLHO CTAHOBATCA cjabee, ecJH KBapKH NPHXKHMAaIOTCS
61uxe apyr K apyry. (Takofi xiacc TeopHi Ha3biBaeTcs
«HeabesieBH KaJHOpOBOUHLIE TEOPHH» MO NMPHYHHAM, CJHII-
KOM TEXHHUYECKHM [IJil TOro, uyTo0Bl HX 3/ech OGBACHATD.)
AtH TeopHH 00saJal0T NpHMeYaTeJbHBIM  CBOHCTBOM
«aCHMNTOTHYECKOH CBOGOJBI»; ACHMITOTHYECKH HA MaJbiX
pPacCTOSIHUAX WJIM IPH BHICOKHX SHEPrusfx KBapKH BelyT ce-
61 xak cBoGomueie wuacTHnbl. Jk. K. Koaauea
M. JIx. ITeppu E3 yHHBepcHTeTa B KeMOpu/IXKe nokasaiu
Jaxe, yTo B J000H AacCHMOTOTHUECKH CBOOOAHOH TEOPHH
CBOHCTBA CpeAnl NPH AOCTATOYHO BEICOKHX Temmeparype H
IJOTHOCTH TaKHE Ke, KAK ecad OBl cpela COCTOfJa TOJbKO
H3 cBOGOAHBIX uwacTHU. TakuM 00pa3oM, aCHMNTOTHUECKAs
cBo6ona mofo6HEX HeabeleBHX KaJHOPOBOYHBIX TCOPHIl Na-
eT COJNHAHOe MaTemMaTHUECKOe TOATBepXKIeHHe OYeHb IPO-
CTOH KapTHHe TepBOH COTOH MOJH CeKYHAB — TOMY, 4TG
Bcenennasa Obl1a cpenaHa H3 cBOOOAHBIX 3J€MeHTapPHHIX
YJACTHIL

KBapkoBas moneab ¢ 60JabIIHM YCIEXOM HCIOJB3YETCH
BO MHOXKecTBe mpuJjoxeHHH. [IpoToHs u HeliTpoHnl AeicT-
BHTEJbHO BeAyT cebs Tak, Kak ecJH O OHH COCTOSIIH H3
TPeX KBapKOB, PO-Me30HH. BellyT cefs Tak, KaK ecJH Obl OHH
COCTOSIIM M3 KBapKa H aHTHKBapka, H Tak jpanxee. Ho, He-
CMOTpSI Ha 3TOT yclleX, KBapKOBasd MOZeNb TPENOLHOCHT
HaMm 6oJbllyi0 3arajky: NPOBEPEHO, YTO A0 CHX NOp HEeBO3-
MOXKHO pa3buthb J1060H aipoH Ha COCTABJAAIOLIHE €ro KBap-
KM, JayKe C MOMOLIbIO CAMBIX BBICOKHX 3HeprHH, HOCTYIIHBIX
Ha CYLIECTBYIOLIHX YCKOPHTEIsX.

dta XKe HeBO3MOMKHOCTL H30JHPOBaTb CBOOOIHLIE KBAp-
KM BO3HHKAeT M B KocMoJsiordH, Ec/iu afpoHHE AeliCTBHTEb-
HO pasbuiuce Ha cBOOOJHLEIE KBAPKH B YCJOBHAX, TOCIO/CT-
BOBABIIUX B paHHedl DBcenenHo#f, Toraa MOXKHO OXHAATE,
YTO HEKOTOPOE KOJHYECTBO CBOOOJHEIX KBAPKOB 0CTaJ0Ch 10
Hacrosmero BpeMenu. Coserckuii acrpodusuk fl. B. 3enn-
JOBHY * OIEHHJ, 4TO OCTaBlIHecs CBOOOJHEIMH KBapKH

* Peup uper o paGore . B. 3eapnosnua, JI. B. Oxynsa u C. B. ITu-
KeJqbnepa, onyGJIHKOBAHHOA B KypHaje «Ycmex: QHINYECKHX HAYK»
(1965, 7. 87, Bum. 1, ¢ 113).— IIpumey. ped.
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AOJKHBI BCTPCUaThCsl B TenepelnHel Bceaennoi npumepHo
TAK K€ 4acTo, Kak aToMsl 30J0Ta. Her HYX/bl roBOPHTH,
YTO 30JI0TO HE CJHIIKOM pacnpocTpaHeHO, HO YHIIHIO 30J10Ta
ZA00BITH 3HAUHTEJBHO Jlerye, 4eM YHI[HIO KBapKOB.

3arajxa HecyLleCTBOBAHHS H30JHPOBAHHBIX CBOGOIHLIX
KBAPKOB €CTb OJHA M3 caMblX BAaXKHBIX Npo6jeM, ¢ KOTOPbI-
MH B HacTosillee BpeMs CTaJdKHBaeTcs TeopeTHueckas (u-
anka. I'poce, Buayek u s mpeamosoKu/n, 4yTO BO3MOXKHOE
00LAICHEHHE 3TOMY AdeT «acHMIToTHYeckas cBoboaa». Ecan
CHJa B3aUMOJCHCTBHA MeEHAY ABYMS KBapKaMH yMeHblIa-
¢TCSl, KOrZa OHH OJIH3KO TPHKHMAIOTCA APYT K APYrY, TO
3Ta CHJIa YBEJHYHBAETCs, KOTJAa KBapKH OTPHIBAIOTCH APYr
ot japyra. Tlostomy 3sHeprusi, HeoOXOAHMas Ha TO, YTOOH
OTOPBAThL OAHH KBAapK OT APYrHX B OOBIYHOM aipoHe, yBe-
JHUHBACTCHA C POCTOM PAaCCTOSIHHS, H B KOHIE KOHIIOB OKa-
3BIBACTCA AOCTATOYHO (0JbIION, uTOOL MOPOANTH H3 BaKy-
vMa HOBYIO KBapK-aHTHKBapKoBylo napy. B pesyabrare
BCe KOHUAaeTcs He HEeCKOJbKHMH CBOOOJHBIMH KBapKaMmH, a
HECKOJIbKUMH OOBIYHBIMH aJIpoHaMH. ITO B TOUHOCTH Ha-
NOMHHAET MONLITKY H30JHPOBATb OAHH KOHEL, CTPYHBI: ecJ/iy
Mbl OYeHb CHJBHO €e pacTsHeM, TO CTpyHa pasopBercsi, HO
KOHEUHBIM pe3yJbTaToM GyAVT ABAa KyCKa CTPYHBI, KaxKhblil
¢ aByma xkornamu! Ksapkn B panHeli Bcenennoii Gulid J0-
CTATOUHO GJH3KH APYr K APYrY, TAK YTO OHH HE YyBCTBOBA-
JIH 9THX CHJI H MOrJH BecTH cebd Kak cBOOOAHBIE YACTHILEL
Oanako raxdoui cBOGOAHBI KBapK, CyLIeCTBOBaBUIMil B
oueHb paHHell BceneHHoil, no/Ken GBI BTIpolLecce paciiu-
peHHsl H OoxJaxaeHnsi BceseHHO# 1u60 aHHUTHJIHPOBATH €
auTHKBAapKOM, JuG0 HAiiTH CBOIO MOTHJY BHYTPH TPOTOHA
HJH HelITpoHA.

Ho nocratouno o cHJIbHBIX B3aHMOZEHCTBHAX. ¥ Hac
B 3amace ecThb eule npoGJembl, KOTZa Mbl IOBOpauyHBaeM
CTPEJKY YacoB K caMOMy HauaJy.

OpxHnuM H3 MOHCTHHE NOPA3NTENBHBIX CJIEICTBHII COBpeE-
MEHHLIX TeOpHil 3JIeMeHTaPHBIX UACTHIL ABJSETCS TO, UTO
Bcenennasi MorJia HCNBITaTh ¢has3osobld nepexod, MOXOXKHI
Ha 3aMep3aHHe BOABI NPH MajeHHH TeMIlepaTypsl HHIKE
273 K (0°C). 3ror (a3oBHlii Nepexo CBA3aH HE C CHJbHEI-
MH B3aHMOJEHCTBHAMH, a C APYridM KJdaccoM KOPOTKOHeii-
CTBYIONIHX B3aHMOJACNCTBHH —CO caaleMH B3aHMOJAEHCT-
BHSIMI.

Cnabble B3aHMOJEHCTBHA — 3TO Te, KOTOpHIE OTBETCT-
BEHHBl 3a OMpejeleHHbIe TPOLEeCcCH PaaHOAaKTHBHOIO pac-
nana Bpoje pacnaja cBo0oaHoro Hedtpona (cM. c. 91)
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WM BooGmie 3a J06YI0 peakuuio, BKJIIOYAIOUIYO HEATPHHO
(em. c. 101). Kak ykaseiBaeT ux HasBaHue, caalble B3au-
MO/IeiICTBHS 3HAUHTEJbHO cJjalee 3JeKTPOMArHHTHBIX HJIH
CHJBHHX B3auMmojeiicTBuid. Hampumep, NnpH CTOJKHOBEHHH
HeHTPHHO C 3JIeKTPOHOM IIPH SHEPrHH OJHH MHJJIHOH
3JIEKTPOHBOJIBT 3Ta CHJIA COCTaBJseT MNPHMEPHO OLHY
necaTUMHANHOHHYIO (10~7) wacTh 3J€KTPOMAarHHTHOH CHJIbI
MeAy ABYMf 3/JeKTPOHAMH, CTAJKHBAIOIWIUMHCA INPH TOM
JKe 3HeprHH.

Hecmotpst Ha caabGocTh cnaGbix B3auMogelcTBHil, yike
JaBHO CUMTAETCSsl, 4TO J0JIKHA CyllecTBOBaTh rJaybokas
CBfA3b MeX/Y caabbiMH M 3JEKTPOMArHHTHBIMH  CHJAMH.
B 1967 roay muoro u nesasucumo B 1968 rogy AGaveom
Casnamom Obla npefsiozKeHa TeopHs 10Jis, 00LelHHAIorad
3TH JABe CHJLI*. DTa TeopHs mpeAcKas3wlBaer CyllecTsoBa-
HHe HOBOro KJacca cjabwpiX B3auMOjeHCTBHH, Tax HasbiBa-
€MHEIX HeHTpaJbHBHIX TOKOB, UYTO OBLIO 3KCIEPHMEHTAJabLHO
noarsepxkaeno B 1973 roay. Teopus moayumia jgadbHedi-
1IVIO NOALEP:KKY B pe3yabrate OTKpbitus B 1974 roxy ne-
Joro ceMmefcTsa HOBHIX aapoHoB. Kiiouesas mnjaes Teopiu
COCTOHT B TOM, UTO, MPHPOJA HMEeT OUEeHb BLICOKYIO CTe-
NeHb CHMMETPHH, KOTOpasi CBA3BIBAET Pa3JiHyHble YaCTHILLI
H CHJBl [IPYT C APYroM, HO 3aTeMHAeTcsl B OOBIYHBIX (hu-
3uueckux sphaenusx. Teopuu moasi, ucmoansyemele ¢ 1973
rojfia JJisi OMHCAHHA CHAbHBIX B3aHMOAEHCTBHH, NMpHHALJE
XaT K TOMYy JKe MaTemMaTHUeCKOMy THNY (HeabejeBbl Ka-
AH6pOBOYHEIE TEOPHH), W ceifyac MHOrHe (H3HKH BEpAT,
4TO KaJdHOpPOBOYHEIE TEOPHH MOTYT 00ecneyuTb eIHHVIO Oc-
HOBY [/l IOHHMAaHHA BCEeX CHJI B MpHPOje: caa0HIX, 3JIeKT-
POMArHHTHbIX, CHJLHLIX 1, BO3MOXKHO, TpPaBHTAIlHOHHLIX.
Sra TOYKa 3peHHs MOJTBEepKIaeTcs CBOHCTBOM €IHHBIX Ka-
JHOPOBOYHBIX TEOPHH, 0 KOTOpoM JorajabiBaauce Canam H
s, HO KoTopele BHepBble foKasaaum B 1971 roay Tepapx
Todr n Benxamen JIu: BkNaas cnoxubIX (elilHMaHOBCKHX
AuarpamMM, XOTS H Kaxymuecs GecKOHEYHBIMH, J1alOT KO-
HEeuHble pe3yJabTaThl [Jsi BePOATHOCTEH BceX (u3HuecKix
IIPOILECCOB.

Kax ormernau s 1972 roay . A. Knpxunun A. 1. Jlun-
Ae n3 ®usnueckoro MHCTHTyTa HM. JleGeaesa B MockBe,
BAKHBIM MOMEHTOM B KaJHOPOBOYHLIX TEOPHSX, OTHOCH-
LWHMCA K H3yueHHI0 paHHeli Bcenennoii, asasercsa T0, 4TO

* 3a cosnanne sToft Teopun C. Bafinbepr (a Takxke A. Canam u
III. Tnemoy) 6uin ymocroen B 1979 romy HoGenesckofi npeMuu mo -
suxke.— [Tpumey, ped.
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B TaKHX TEODHAX BO3HHKAeT ()asoBHIi NEepexoi, He4TO BpO-
Jle  3aMep3aHud, [NpPH <«KPHTHYeCKoii  TeMmmepaTtype»
3000 muannoHOB MuaaHoHOB rpagycoB (3-10'S K). Ilpu
TeMllepaType HHXe KpHTHueckod BcejeHHas Objia Takas
e, Kak ceHyac: caabble B3auMoOAeHCcTBHA OblIH clabbIMH H
KopoTkoleficTByiomuMu. TIpu TeMnepaTtype Bhlllle KpHTHUe-
CKOH CTal0 ABHHIM CyNIeCTBeHHOE eAMHCTBO C/1abbIX H 3.1€K-
TPDOMATHHTHHIX B3aHMOJEHCTBHH: caalble B3aHMOJEHCTBHSA
NOAYHHANINCH TOMY ¥Ke 3aKOHYy OOpaTHLIX KBaJpaToB, YTO H
3JIEKTPOMATHHTHbIE B3aHMOJEHCTBHA, H HMeJH TPHMEpHO
TY K€ HHTeHCHBHOCTb.
3nech NoJE3Ha AHAJOTHS c 3aMepsaloulefl B cTakaHe BO-
nofi. Bulle TOUKH 3aMep3aHHs XKHAKas BOJA POABJSET BH-
COKYIO CTeneHb OJHOPOLHOCTH: BEpPOATHOCTL OOHAPYKHTH
MOJIEKYYy BOAbBI B OJHOH TOYKE BHYTPH CTaKaHa Takad Xe,
Kak B Ji060i Apyrofi Touke. OHaKo, KOr/la BOJa 3aMep3aer,
5Ta CHMMETPHS MeX/1y Pas/IHYHBIMH TOYKAMH B TPOCTPAHCT-
BE YacTHYHO TepseTcd: Jen obpasyeT KpHCTAMIHUECKYIO
pemeTKky, mpH4YeM MOJIEKYJIs BOJALI 3aHHMAIOT OTpe/eJseH-
Hble, PeryJspHO paclo/IOXeHHbe B NMPOCTPAHCTBE I[10J0XKe-
HHSI H BEPOATHOCTh OOHApyKeHHS MOJeKyJl BOJbl rje-HH-
- 6yAL B ApyroM mecte TouTH paBHa HyJio. [TogoGHeiM 0Gpa-
30M, Korna BceaenHas «3amepsaer», Kak TOJbKO TeMiepas
Typa manaer uuxke 3000 MHIIHOHOB MHJJIMOHOB IPajycos,
TepsieTCsi CHMMETPHsS, HO He IPOCTPAaHCTBEHHAR OXHOPOJ-
HOCTb, KaK B HallleM CTakKaHe cO JbJIOM, a CHMMETPHST MEeXK-
Ay caabbIMH H 3JeKTPOMArHUTHBIMH B3auMO/eilCTBHAMH.
OxasniBaercs, MOXKHO NMPOBECTH AHAJOTHIO €lle AAJbIIe,
Kak 3naer kacablil, KOrjia Boja 3amepsaer, oHa OGLIYHO
o6pasyer He HJAeaJbHBIH KPHCTAJT JibJa, 4 HEYTO 3HAUH-
TeJbHO Gosee CJ0OKHOE: OPPOMHYIO MyTaHHIY KPHCTaJaHYe-
CKHX oOaacreil, pasfiejleHHbIX Pa3HbBIMH THMNAMH KPHCTAJ-
JHYecknx HeperyaspHoctedl. He o6pazoBanuch i nogoGnbe
obGaactd u npu 3amep3annd Bceenennoii? Xisem aum Ml
B OAHOH H3 Takux obJsacteil, rie CHMMETPHS MeXIy cJaa-
ObIMH H 3JeKTPOMArHHTHHIMH B3aHMOJAEHCTBHAMH HapylUH-
Jiach onpefeseHHHIM 06pa3oM, H OGHapyKHM Ji MBI KOrja-
Hubyab apyrue obnacTu*?

Jo cux nop Haue BooGpaKeHHe [0BEJNO HAC J0 TeMiie-
patypsl 3000 MHJIJHOHOB MHJIJIHOHOB IPajiycOB H MBI HMe-
JH JIeJI0 ¢ CHJIbHBIMH, CJaObiMH H 3JIeKTPOMAarHHTHHIMH

* Tlo sTomy mnomoay cM. jonoaHeHme pepaktopa 10, c. 194 —
Hpumew. ped.
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B3auMojelicTBHAMH. UTO MOXKHO CKasaTh O APYroM H3pecT-
HOM B (pM3HKe Ba)KHOM KJjacce B3aHMOJEHCTBHH — O rpaBH-
TAlHOHHOM B3aHmojeficTBuH? ['paBHTalHs, KOHEYHO, Hrpa-
eT B Hallleil HCTOPHH BaXHYI0 POJb, TAK KAaK OHAa KOHTpO-
JHUPYET CBSA3b MEXAY NJAOTHOCTbIO BeesleHHOA H CKOPOCTBIO
ee paciupenns. OQHaKO 10 CHX NOp He OGHApYIKeHO, UTO
TATOTEHHe HMEN0 KaKOe-TO BJHSHHE Ha 8HYTPEHHUE CBOHCT-
Ba Jw00o0ii uactH paHmHell DBcenennofi. to obbAcHaeTcH
ype3BLIYaHHON c1aboCThIO CHIK TATOTEHHS; K MPHMEpY, CH-
Ja TATOTEHHSI MeXKJIy 3JeKTPOHOM H NMPOTOHOM B aToMe
BOJOpOAa cJjabec JEKTPHUECKOH CHJAB HA MHOXKHTens 10
B 39-ii crenenu.

(Onnoit us waocTpanuii ca1abocTH rpaBuTaAUMI ABJIA-
ercst npoiecc 0o6pas’soBaHHA YACTHIL B IPABHTALHOHHBIX TO0-
aax. Jleonapa Ilapkep u3 yuuBepcutera B Buckoncuue
OTMETHJI, YTO «NPHJIHBHBEIE» 3((eKTH rpaBHTANHOHHOIO 0=
as Beenenuoil 6bJIH 0CTAaTOYHO BEJHKH B MOMEHT BpeMe-
HH OKOJIO OJIMOH MHJ/JIHOHHOH MHJAJHCHHOH MHJIJHOHHOH
MHJITHOHHOH fonH cekyHAn (10-2* ¢) nocne Havana, 4ToGH
NCPOJHTh H3 NYCTOTO IIPOCTPAHCTBA Maphl YacTHIlA — AHTH-
gactuiia. Oanako mpH Tex TeMmmepaTtypax rpaButauus Oh-
Jla Bce XKe rak cjaaba, 4yTo 4HCAO YacTHll, 06pPa30OBaHHB
TakuMm crnocofoM, coctaBuiio npeHeGpeKUMo Manyio 100aB-
Ky K uactuilaM, yXe HaXoJHBIUHMCH B TEMJIOBOM paRHOBe-
CHH.) .

Tem He MeHee MBI MOXKeM, Mo KpaiiHeii mepe, BooGpa-
3UTh MOMEHT BpeMeHH, KOTrJa IpaBHTAIlHOHHBIE CHJBLI GBLIH
CTOJIb e BeJHKH, KaK H CHIbHble fiflepHble B3aHMOjeHcT-
BHSA, o6cyxKlaBlinecs: Bolle. ['paBUTAUHOHHBIE MOV TOPOK-
JaTcsd He TOJbKO MacCOH 4acTull, HO W BCeMu (pOpMaMH
sHepruu. 3emas spamaercst BOKpyr CoJHIIa HECKOJIbKO Gbl-
cTpee, 4eM OHa Bpamlajach Obl, ecan 6w CoJsnie GH-
JI0O HEe TaKHM TOPSYHM, TaK KaK SHEPrus COJHEYHOro Tenja
JAaer HeOOJLLIOH BKJAaZA B HCTOYHHK TaAroTeHus. ITpu ceepx-
BLICOKHX TeMIepaTypax 3HEPTHsi YacTHIL B TEIJIOBOM paB-
HOBECHH MOJKET CTaTh TaK BeJHKa, YTO CHJH TATOTCHHS
MEXJly HHMH CTaHyT TaKHMH e GOJBIIHMH, KaK H Jio0nie
Apyrue cH/inl. MOXKHO OLEHHTb, YTO TaKoe MOJoMKeHHe Gy-
JeT JOCTHIHYTO 1pH Temmepatype oxojo 100 muaanonos
MHJIJIHOHOB MHJIJIHOHOB MHJIJIHOHOB ~ MHJIJIHOHOB TPallyCOB
(10% K). ,

[Tpu sT0ii TemmepaType MOJIKHBEI NPOHCXOAHTH BCEBO3-
MOJKHBI€ CTpaHHbLe BelmlH. He TOJbKO rpaBHTalHOHHbIE CH-
ap 6yayr GosbliEMH H 06pa3oBaHHe YACTHIL FPaBHTAIlHOH-
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HBIMH MOJAMH OOHJBHBIM — caMa HIes «4acTHUH» He Oy-
Jer elle HMeTbh Kakoro-to cmpicaa. <«[opH3oHT», T. e. TO
paccTosinHe, H3-3a KOTOPOro HEBO3MOZKHO NMPHHATH HHKAKO-
ro curtaja (cm. c. 45), Oyaer B 3TOT MOMEHT BPeMeHH
Oaizke, 4yeM OZHA CPeAHAs AJHHA BOJHBI YACTHILI B Tell-
JIOBOM paBHOBecHH. BoabHO BhIpamasch, Kamjas uacTHLA
6yaer nmoyTH Taxkoll ke Goabwol, Kak BcA Habgoogaemas
Bceesennas!

Mpr canumikom Majo 3HaeM O KBAHTOBOW NpHpoae rpa-
BHTAlHH Jaxke /a4 Toro, utolsl JejaTh pasyMHble Tpel-
monoxienns o6 ucropun BceeneHHOH A0 3TOro BpeMeHH.
Moxuo caenats rpyOyio odenky, uto Temmepatypa 1032 K
6bl1a jgocTurayra rie-to yepes 10~ cekyHabl nociae Haya-
Jia, HO, HA CaMOM jejle, HCeSICHO, HMEeT JIH 3Ta OleHKa Ka-
KOH-TO cMbici. Takum oOpasoM, XOTA MBI, OBITh MOZKeT, U
TPHIOAHAJIH JAPyrHe 3aBechl, OCTAeTCs BCe e OJHa 3aBeca
apu temnepatype 1022 K, Bce ewie saciondiounias oT Hauie-
ro B30pa Gosiee paHHHE BpeMeHa.

OnHaKO HH OZHA H3 3THX HeonpeaeleHHOCTell He ABJA-
eTCsl CylLlecTBEeHHOi A7 acTPOHOMHH B roay or Pomaectsa
XpucToBa ThHICAYA JEBATHCOT ceMbiecsat uecrtoM. [deao B
TOM, Y710 B TeueHHe Bcel nMepBoit cexyHanl Beenennas, no-si-
AHMOMY, HaX0[ijJach B COCTOSHHIH TEIIOBOrO paBHOBECHS, B
KOTODOM KOJIHYECTBO M paclpefe]eHHe BCeX YACTHI, 1ake
HEATPUHO, Olpelessiiiich 3aKOHAMH CTaTHCTHYECKOH Mexa-
HHKH, a4 He JleTaJsaMH HX npeawiayueii scropuu. Korga ol
CEroflHsl H3MepseM pacrnpocTpaHeHHOCTL Teaus, Hau dou
MHKPOBOJIHOBOTO H3JYYeHHS, HJIH Jake KOJIHUECTBO HEIiT-
PHHO, MBI HA0JdI0AaeM PEJHKTH COCTOSIHHS TENJOBOrO PaR-
HOBECHS, KOHYHBUIErOCA B KOHUe mepBoil cexkyHawl. Ha-
CKOJIBKO MEI 3HaeM, HHYTO H3 TOTO, UTO MBI MOXKem Hab.1i0-
JaTh, He 3aBHCHT OT HCTOpHH BceseHHOii 40 3TOro BpeMe-
HH. (B wacTHOCTH, HHUTO H3 TOrO, UTO MBI ceiiyac Hab.ai014-
eM, He 3aBHCHT OT TOro, Obla Ju BcejleHHasi M30TpoNHA
H OJHOpPOAHA /10 NepBOH CeKyHIbl, 3a HCKJIOYeHHEeM, BO3-
MOZKHO, CAMOrO OTHOLUEeHHs uHcJaa (OTOHOB K WHCJAY sjiep-
HBIX yacTul.) DTO HANOMHUHAET TO, Kak ecJH OBl ¢ GOJLLIHM
cTapaHHeM TPHTOTOBHJIH 06el — cBeKailllne NPOAYKTHI,
BecbMa 3a00T/iHBO BHIGpAaHHLE CHEIHH, HeXHeHlHe BH-
Ha,—a 3aTeM BCe CBaJIHJIi B OrPOMHBIH KOTeJN, rie 370 He-
CKOJIbKO yacos kumeso. Jlaxke camomy pasbopunBoMy eo-
KY TPYZHO OBI7IO OBl y3HATH, Y4TO €My MOJAaJiH.

EcTb 0/1HO BO3MOMKHOE HCKJIIOUCHHE. SIBJIeHHe rpaBuTa-
IHN, KAK W SIBJIEHHE 3JICKTPOMArHeTH3Ma, MOKeT NpOosiB-
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JATbCS B (pOpME BOJH, TaK Ke Kak H B Oojee NPHBLIYHOI
thopMe cTaTHYECKOTO AeliCTBHA HaA paccTosiHHH. [lBa anex-
TPOHa B COCTOSIHHH [OKOS OTTaJKHBAIOTCS JPYyr OT JApyra
CO CTATHYECKOH 3JeKTPHUeCKOH CH/IOH, 3aBucAulell oT pac-
CTOSIHHA MEKIY HHMH, HO €CJIH Mpl HauHeM JepraTh OJHH
9JIEKTPOH TyHa-ciofia, TO Jpyroii He OyjleT uyBCTBOBATL HH-
KaKOro H3MeHEeHHs [eiCTBYIOILeli HAa Hero CHJB 10 Tex nop,
NMoKa HOBOCTH 00 H3MEHEeHHH pPacCTOSHHS He JNOHecyTcs JIO
Hero Ha 3JIeKTPOMarHuTHoii BosHe. EaBa s HyXHO roso-
PHTB, YTO 3TH BOJIHE ABHIKYTCSA CO CKOPOCTBIO CBETa — OHH
H ecTt cBeT, XOoTA 1 He o0s3arenbHo BHAMMBIL. Takum e
ob6pasom, ecan Obl Kakofi-To HeGaaropasyMHblil BeJHKaH
cran jgeprath Tyaa-cioga CoaHile, Ml Ha 3emJe He UYBCT-
BOBa/H Obl HHKAKOro sddexkra B TeUEHHE BOCBMH MUHYT,
T. €. TOr0 BpeMeHH, KOTopoe Tpebyercs BoJHe, uTOOLI Npo-
Gexartb co ckopocthio cBera ot CoaHla Kk 3emae. 910 He
CBeTOBas BOJIHA, T. €. He BOJHA KOJeOJIOUHXCA 3JeKTpH-
YecKOro W MarHHTHOrO ToJell, a rpaBuUTalHOHHAA BOJIHA,
Koraa KojeGaHusi NPOHCXOAAT B IPABHTAUHOHHBIX I0JAX.
Kak n B cayuae 3/1eKTPOMarHHTHBIX BOJIH, MBI 00'be1HHAEM
rpaBHTAINIOHHbIE BOJIHBI BCeX AJHH TEPMHHOM «TpaBHTAalH-
CHHOE H3JYUEHHED.

I'paBuTannoHHOE H3/yYeHHE B3aHMO1efiCTBYeT C Beuect-
BOM 3HA4YHTeJbHO cJabee 3JEKTPOMArHHTHOTO H3Jy4yeHHA
nan paxe Heidrpuno. (ITostomy, xoTs MBI 10CTaTOYHO yBeE-
peHbl B TeopeTHuecKoM 00OCHOBAHHHM CYLIECTBOBAHHA Ipa-
BHTALHOHHOTO H3JyYeHHS, NO-BHIHNMOMY, NPOBAJHJHCL ca-
Mble SHEPrHUHBIE MONBITKH AeTEKTHPOBATh rPaBHTAlHOHHbIE
BOJHEL OT Jio6Goro ucrounuka *.) I'lo sToft npuuune rpaBura-
HHOHHOE H3Jy4YeHHe BBILIJO H3 TeMJOBOTO pPaBHOBECHS
C ADPYIHM colepXHMbIM BcellenHo#i oueHb paHO, KOrjia Tem-
neparypa Ownza okoso 1032 K. C tex mnop addekruBuas
TeMIepaTyvpa rpaBHTAIHOHHOTO H3JydYeHHS MajaJja NnpocTo
o0paTHO MNpONOPLUHOHANbHO pa3Mepy Bcenennoi. 310
B TOMHOCTH TAaKOH K€ 3aKOH YMEHbIIEHHS, KaKOMYy IO14H-
HAETCA TeMmIepaTypa oOcTaBuIeficA 4YacTH CcOAepXKHMOro
Bceaennoii, ¢ TOil JHIIb pa3HHLEell, YTO AHHHIHJALHA
KBapK-aHTHKBAPDKOBBIX H JIENITOH-aHTHJENTOHHBLIX Iap Ha-
rpeBaja BCe OCTaJjibHOe cojlepmuMoe Bcesennoii, xpome
rpaBuTanionnoro Haayyenusi. [lostomy ceronns Bceslennas
J0JzKHa ObITh 3anoJiHeHa TIPaBHTAIHOHHBEIM — H3JydYeHHeM

* O nonbiTkax oGHAPYXKEeHHs TPABHTALHOHHEIX BOJH H O NOCJEAHHX
JOCTHXKEHHAX B 9TOH o6aacTH cM. ZomoJHenne pejpakropa 11, e 195.—
Ilpumey. ped.
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NpH TeMmnepaType, yyTh MeHblIe TOH, KOTOPYIO HMEIOT HeHT-
pHHO WK (POTOHH, —BO3MOKHO, 0K0J0 1 K..Ilerektupopa-
HH€ ITOr0 H3JyYeHHs SBHJIOCH OBl NPAMBIM HabJloLeHHEM
€aMoro paHHero MOMeHTa HCTOpPHH BceseHHON, KOTOpHIf
TOJBLKO MOXET paccMaTpHBATh CETOAHfAILIHAS TeopeThye-
ckas (usuka. K coxkasnenuio, mpencraBasiercs, 4yTo B npe-
BHANMOM OyaymeM HeT HH MaJefilllero IIaHca AETEKTHPO-
BaTh OJHOrpajycHHii (OH rpaBHTAUHOHHOIO H3JIY4EHHS.

C nomompio xopomefi NOpuUHH BecbMa CHEKYJIATHBHON
TEOPHH MBI CMOIVIH 3KCTPanoJHpoBaTh HCTOpHIO BeesenHoit
Hasajl N0 BpeMeHH K MOMeHTy GeckoHeuHoji muoTHocTH. Ho
3TO OCTaBJSeT HAC HEYIOBJeTBOpeHHBIMH. Mbl, ecTecTBeH-
HO, XOTHM 3HaTh, 4YTO OBIJIO Iepel 3THM MOMEHTOM, IIpex-
Je, uem BcesneHnas Havasa pacIIHPATBCA H OXJIaXKJAaThCH.

O/Ha BO3MOXKHOCTbL 3aKJIOYaeTcs B TOM, UYTO HAZ CaMOM
Jeje HHKOrJla He OblI0 COCTOSIHHA GeCKOHEUHON NJIOTHOCTH.
Tenepemnee pacmupenne Bceesennofi wmorio HayaThesl
B KOHIle MpeAblAyLIeH 3Phl CXKaTus, KOrjaa nJaoTHocTh Bee-
JIEHHO# JOCTHraJa KaKoro-To o4eHb 6OJBIIOr0, HO KOHEYHO-
ro sHaueHus. §I xo4y HeMHOro ckasathb 00 3TOfi BO3MOMKHO-
CTH B CJIe/lyIOlIefi riaBe.

OzxHakKo, XOTs MH H HE 3HaeM, MNPABHJBHO JH 3TO, IO
KpafiHeli Mepe, JIOTHUECKH BO3MOJXHO, 4TO Havajo 0Obli0 H
49TO CaMO BpeMsl A0 3TOr0 MOMEHTa He HMeeT Cmbicia, Mul
BCE NPHBBIKAM K HAee abCOJIOTHOrO HyJsi TeMIeparyphl.
HeBo3sMOxHO OxsnagHTh yTO-TO HHKe —273,16°C, u He mo-
TOMY, 4TO 3TO 4Yepecyyp CJOXKHO HJH HHKTO He NpPHAyMal
J0OCTATOYHO YMHOTO XOJIOJAHJbHHKA, a MOTOMY, UTO TeMIile-
paTypa HHiKe abCONIOTHOrO HyJd NPOCTO HE HMeer CMbIC-
Jia — MBI He MOXKeM HMeTb MeHblle Telsa, yeM MOJHOe OT-
cyrcTBHe Temja. [TonoGubiM o6pasomM Mbl MOXKeM mpHATH
K Hiee abGCOJIOTHOrO HyJisi BPeMEHH — MOMEHTa B MpOLl-
JIOM, paHbllle KOTOPOro B MNpHHIHIE HEeBO3MOXKHO Ipocie-
IUTH JI0OYI0 Ienb MPHYHMH H chejcTBHH. Bonpoc oTKpLIT M
MOJKET 0CTAaThCH OTKPLITHIM BCErja.

[To moeMy MHeHHIO, HauboJiee YIOBAETBOPHTEJAbLHBIM
HTOroM 3THX rHmoTe3 o0 oueHn paHHeii BceseHHO# saBisAeT-
csl BO3MOJKHAs Mapajjenb MexXay HcTopHeit Bceenenuoit u
ee Jorayeckoi cTpykrypoit. Cefiluac npHpoaa JAeMOHCTPHPY-
€T BeJHKOe MHOroo0pasHe THIIOB YAaCTHIl M THIIOB B3aHMO-
peiicteuil. HecMoTps Ha 3T0, MBI HayuYHJIHCh BHIETH TO,
YTO CKpPLIBAGTCH 3a STHM MHOrooGpasueM, lLiTaeMcs mpen-
CTABHTb pasJiHUHbIE YAaCTHIBI H B3aHMOJEHCTBHs kak pas-
HBEIE ACNeKTHl MpPOCTOH eJHHOH KaJHOGPOBOYHON TeopHH MO-
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aa. Humemnas Bcesnennas Tax XoJOLHA, 4TO CHMMETPHH
MeXJIy pas/iHiHbIMH HacTHLAMH H B3aHMOJEHCTBHAMH 3a-
C/IOHEHHl YeM-TO BpOJe 3aMep3aHHsl; OHH He MPOABJIAIOTCA
B OOBLIYNBIX SIBJAEHHSX, HO MOJXKHBl BHpa)KaTbC MaTeMa-
THYECKH B HAIINX KaJHOGPOBOYHBLIX TeOpHAX moas. To, uTo
MBI ceffuac jesaeM C NMOMOIIbI0 MATeMAaTHKH, OHLIO cienaa-
HO B OYyeHb paHHed BcejeHHOR ¢ MOMOIIBIO Temja — (H3H-
YeCKHe SIBJIEHHS HENOCPEICTBEHHO JeMOHCTPHPOBAJH cy-
HIeCTBEHHYIO npocToTy npupoan. Ho Tam He 6bl10 HIKOrO,
KTO OBl 5TO YBHIE.

VIII. 3MHJIOT: MEPCNEKTHBbBI

Eme nexkotopoe Bpemsi Bcenennas GesycnoBHO Gyuer
NpoA0KATh pacmuHpaATbed. Uro e Kacaercs ee cyAbOH
TocJe 3TOro, TO CTAHAAPTHAS MOJE]b AdeT ABYCMBICJIEHHOE
npeAcKa3aHne: BCe 3aBHCHT OT TOro, MeHblle uaW GoJbile
KOCMHYeCcKasi MJIOTHOCTb ONpepeseHHOr0 KPHTHYECKOro 3Ha-
yeHHs.

Kak mul pugenn B raase II, ecain KocMH4eckas TJIOT+
HOCTb Mexbuie KPHTHYECKOH IJIOTHOCTH, Toraa Bcesennas
uMeeT GECKOHEUHYIO NMPOTHXKEHHOCTh M OyAeT mpoa0/Kath
pacmupaTbes Beeraa. Hamu moToMmKH, €C/lH OHH y Hac TOr-
Aa 6yLyT, YBHIAAT, KAK MeMJEeHHO MOAXOLAT K KOHILY TepMO-
si/lepHble peakllid BO BCeX 3Be3JaX, OCTaBJsds mocje cebd
pasjHyHBIE COPTA 1UJIaKa: 4YepHble KapJHKOBbie 3BEe3sihl,
HefiTDOHHBIE 3Be3/lbl, BO3MOXKHO, 4epHBle ABIpH. [lnanerst
MOTYT NPOAOJIKATL CBOE IBHXXeHHE 1Mo OpOHTaM, HeMHOro
3aMeJIfACh 32 CUEeT H3JYYeHHs TPABHTAIlHOHHHIX BOJIH, HO
HHKOT/la He NPHXOJsS B COCTOAHHE MOKOA 3a Jio6oe KoHed-
Hoe Bpems. Temmepatypa KOCMHUecKOro (oHa wu3JyyeHHS
H HeHTpHHO OynerT NpoAokkKaib Nafate obparTHO Mponop-
HOHANbHO pa3Mepy Bcenennoii, Ho 70T (HOH He HCUE3HET;
Jlaxe cefilyac Mpl €/lBa MOJXKEM JIeTeKTHPOBaTh Tpexrpanyc-
HHIH ()OH MHKPOBOJIHOBOTO H3JYUeHHA*.

B TO ke BpeMs, ec/lH KOCMHYECKas IJOTHOCTb Ooabuie
KPHTHYECKOTO 3HaueHHs, Toraa BceleHHas KOHeuHa H ee
pacilHpeHHe B KOHLe KOHILOB NMpeKPaTHTCHA, YCTYNHB MECTO
BCe ycKopsiouiemycst ciartuio. Ecan, HanpuMmep, xocMmude-
CKasi TJIOTHOCTb BABOe GoJiblile KPHUTHUECKOro 3HAYEHHUA H

* O Gyaymem BceneHHOA cM. AonojHeHHe pepakTtopa 12, ¢. 196.—
Hpumeu. ped.
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nonyJasipHOe B HACTOfILee BpeMA 3HAYeHHE TIOCTOAHHOM
Xa66aa (15 kM/c Ha MHJIJIHOH CBETOBBLIX JIeT) INpaBHJLHO,
10 cefivac Beenennoii 10 Mmuaanapaos Jjer; ona Gyer npo-
A0JKaTh pacmupsthes eute 50 MUANIHAPAOB JeT, a 3aTeM
HauHeT cxkuMatbest (cMm. pHe. 4, c. 42). Cxkathe — 370
B TOYHOCTH pacIUHpeHHe, HO HAYyllee Hasal N0 BpeMcii,
yepe3 50 muanuapnos Jer BceseHHas BepHeTCs K Tene-
pelHuM pasmepam, a eue gepe3 10 MHJAJHAPAOB JeT OHA
JOCTHTHET CHHTYJSIPHOTO COCTOSHHS OeCKOHEYHOi] II0THOC-
CTH.

B Teuenne, mo Kpaiineit Mepe, HayaJbHO# cTagnu hass
CJKaTHA acTPOHOMbl (ecaum OHM Toraa GyayT) cmoryr 3a-
OaBaaTbesd, Habal04as OJHOBPEMEHHO KpacHEe 1 roaybbie
cmentennsi. CeeT or OamKaHIIMX TalakTHK, HCMYIUIEHHBI
B TO Bpems, Korja Bcenennass Goiia Gogablie, yem B MO-
MenT HalJlofeHHs cBera, Oy/erT KasaTbCsl CABHHYTBHIM
B CTOPOHY KODOTKOBOJHOBOrO KOHIlAa CIeKTpa, T. €. B Tro-
ay6yio ctopony. B To Ke Bpemsi CBeT OT upesBBIYAiHO Ja-
JIeKHX O0OBEeKTOB, HCTYIIEHHBIH B TO BpeMs, korjpa Beednen-
Hasl Bce ellle HAXOJHJach HAa PaHHHX CTa/HAX CBOEro pac-
uIHpeHus H OblIa jaxe MeHbIIe, YeM B TOT MOMEHT, KOrja
cBeT Habuaionaercd, OV/IET KazaTbesi CABHHYTHBIM B CTOPOHY
JIIMHHOBOJIHOBOTO KOHILA CMEKTPd, T. €. B KPACHYIO CTOPOHY.

IToka Bcemennass GyneT pacUIHpSATBLCH, a 3aTem CiKi-
MaThC:, Temiepatypa KocMuueckoro oHa (OTOHOB H Hed:
TPHHO 6}’1!.(:‘,T CHayaJia majarb, a 3aTeéM pacTH, IpHYeM BCEr-
Jla 06paTHO NpOMOpUHOHANbHO pa3Mmepy Bcenennoi. Ecan
ceifyac KOCMHYecKas TMJOTHOCTh BJABOe 00JIbIIe CBOEro Kpi-
THYECKOTO 3HAYEHMS, TOrJa HAIlH BHIYHCAEHHS TOKAa3blBa-
10T, 4TO BeceneHHas B MOMEHT MaKCHMAaJbHOTO paclIHpeHHA
O6yzer TouHo BABoe GoJklle, WeMm ceiyac, Tak uTO Temme-
parypa MHKpPOBOJHOBOro ¢ona Oyaer, ciaeioBaTe]bHO,
pOBHO BJABOC MEHbIIEe TEINepelIHero 3Ha4dyeHHus 3 K, s A
okoao 1,5 K. 3arem, kak To/abko Bcenennasi HauHeT CiKii-
MaThbCsl, TeMIepaTypa CTaHeT PacTH.

[Towayany He OyZeT HHKAaKHX TPEBOMHLIX CHTHAJOB —
B TeueHHe THICAY MHJJIHOHOB JeT (OH H3jayueHHs OyAeT Tak
XOJIOleH, YTO HYKHBI OyAyT O0JbliHe YCHJHS, YTOOB BOOG-
uie ero oGnapyxuth. Onnako, korna Bceeaennas coxparut-
€A 10 OJHOIl COTOH TemepeliHero pasmepa, (GOH H3TyYeHUs
HauyHeT npeobaanate B HeOe: HOYHOe He0O CTAaHeT TaKHM
ke tenabivm (300 K), xak uame tenepelinee He0O AHEM.
CeMbecT MUJAIHOHOB JeT cnycTs BcenenHas cokpartutes
elle B JeCATh pas H HAWIH HACJeJHHKH H NMPeeMHHKH (ec/H
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oHH OyAyT) yBHAAT HeG60 HEBBIHOCHMO SsIpKHM. MoJeKy.Jibl
B atMocepax MJaHeT H 3Be3X H B MeiK3Be3JHOM TpOCT-
paHCTBe HAYHYT JHCCONHHPOBATL HAa COCTABJSAIONIHC HX
aToOMbLl, & aTOMbl HAYHYT pa3OHBATLCA HA CBOGOJHLIE 3J€K-
TPOHBI H aToMHBIe gapa. Eme nociae 700 000 smer kocmuue-
cKasi TeMmepatypa /[AOCTHTHET JeCATH MHJJIHOHOB Tpaiy-
COB; TOT/la CaM¥ 3B€3/(bl H MJAaHEeThl HAYHYT JAHCCOINHPO-
BATb B KOCMHYECKHI Cyll H3 H3JIyYeHHS, 3JIEKTPOHOB H
saep. B nocaeayromue 22 AHA TeMmepaTypa NOAHHMETCH
J0 1ecsaTH MHNJAHApJoB rpaxycos. Torla sapa HayHyT pas-
6uBaThC HA COCTABJAIOUIHE MHX TPOTOHHI H HEHTPOHHI,
VHHYTOXKAs BCIO paboOTy Kak 3Be3IHOro, TaK H KOCMOJIOTH-
4ecKOro HyKJeocHHTe3a. Bckope mocse 3TOro 3JeKTPOHbI
H TIO3HTPOHBI CTAHYT B GOJBIIHX KOJHYECTBAX POKIAThCH
B (OTOH-(DOTOHHBIX CTOJKHOBEHHSX, a KOCMHYECKHH (oH
HeHTPHHO W AHTHHEHTPHHO CHOBA JOCTHTHET TEMJI0BOrO
€0l03a C OCTa/JbHBIM CcOZepXHMbIM BceenenHnoi.

MozkeM a1 MBI JA€fCTBUTEJ]BHO MPOCJAEAHTL BCIO 3TY IIC-
YaJbHYI0 HCTOPHIO 0 CaMOro KOHINA, A0 COCTOAHHA Gecko-
HeuHLIX TemMnepaTypsl H nJoTHoctH? JleficTBHTEabHO JilI
BpeMsi OCTAHABJHBAETCH IJIe-TO Yepe3 TPH MHHYTHL IOC/e
TOro, Kag TeMmmepaTypa /AOCTHraeT MHJLJIHAapia Tpaiycon?
OueBHIHO, MBI He MOXKeM OBITb B 3TOM yBepeHH. Bee Te
HEOTPEe1eJICNHOCTH, ¢ KOTOPBHIMH MBI CTOJKHYJIHCh B Tpe/lkl-
Iylleii rJaape, OBITAsiCh H3Y4HTh I[EPBYIO COTYI0 AOJI0 Ce-
KYH/B, BepHYTCH, 4TOOH CMYTHTh HAC, KOTJa MBI TOCMOT-
pHM Ha IOCJAEIHIO COTYIO 1010 cekyHabl. Kpome Bcero
npouero, Beenennas B nesom npH Temnepartype Boiue [00
MUJIIHOHOB MHJIJIHOHOB MHJJIHOHOB MHJJHOHOB MHJIJHOHOB
rpanycoB (10°2 K) momxnHa ONHCHIBATHCA HA S3BIKE KBAH-
TOBOii MEeXaHHKH, H HHKTO He HMeeT MOHATH#A, YTO 1pH
aToM cayuntes. Hakoneu, eciin BceneHHasi Ha camMoMm Jiedie
HeH30TPONHA H HeOJAHOPOAHA (CcM. KOHell rjiaBel V), To BCH
paccka3aHHAf HAMH HCTOPHSl MOXKeT OKa3aTbCA HempaBH.lb-
HOMH 3a10JT0 J0 TOrO, KaK MBI CTOJIKHEMCsI ¢ mpolaeMaMmu
KBAHTOBOH KOCMOJIOTHH.

HekoTopbie KOCMOJIOrH BHAAT B 3THX HEOMpenesenHo-
crax Jyy Hagexnasl. Moxer GuTh Tak, 4ro Bceeaenmas nc-
MBITAT HEYTO BpOAE KOCMHYECKOr0 «CKauka» M HayHeT
BHOBL pacumHpsthes. B «da1e» nocie 3akMOUNTENbHON
6uTBbl GOroB M BeankaHoB B Parnopake 3emaqa Oblia yuuu-
TOXE€HA OTHEeM H BOJOi, HO BOILI COLLIH, chiHbl Topa Bbill-
Ju u3 Ajna, Hecs MOJIOT CBOEro OTid, H BeCb MHpP HayaJjcs
croBa. Ho ecan BeenlenHasi HauHeT BHOBb pacHIMPATLCS, ee
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pacuperie OyJeT OnATb 3aMeAJATbC J0 OCTAHOBKH, 3a-
TEeM MNOCJelyeT JApyroe ciarHe, KOTOpOe 3aKOHYHTCA ApY-
I'HM KOCMHYeCKHM Parhopakom, mociie 4ero mocJjefyer HO-
BHIii CKauOK, H Tax Bcerja.

Ecau TakoBo Hame Gyamyuiee, TO, BepPOATHO, TAKOBO Xe
H Hame npomJioe. M remepewnsaa paciupsioniasca Bee-
JlenHasl npejcrasiaser coboit Tonbko dasdy, caeayIiollyio 3a
NocJeHHM CXKaTHeM H cKaukoMm. ([eficTBHTeIbHO, B cBOEli
paGore 1965 roma o ¢oHe KOCMHYECKOrO MHKPOBOJHOBOI'O
uaayuenust uxke, [Tu6a3, Ponn u YUJAKHHCOH npennona-
rajild, uTo CyllecTBOBaJja mpeablaymias mnoJHas ¢asa Koc-
MHYECKOTr0 pacUIHDeHHS H CiKaTHd, U MOKasaJH, urto Bce-
JleHHasi 10J/KHA Obla [0CTATOYHO CXKaThed, 4TOOBI MOJ-
HATb .- TEMIEPaTypy IO MeHbIUEH mepe A0 AeCATH MHJJIHAp-
JOB rpajaycoB Ajast TOro, 4to6bl pa3buTh THAKeNble 3JaeMeH-
THl, 06pasoBaHHble B npeasayuied daze.) Insps Bee nans-
e H Aajbllie Hasaj, Mbl MOXeM npejcTaBHTh cebe Gecko-
HeYHBI LMK/ pAacUIMDeHHiT W CKaTHH, npocTHpalomuiics
B OECKOHeYHO JlaJieKOe NpOoILJIoe H HHKOrAa He HMeloUHii
Hayaja.

Ocuuanupyiomias MOAe/Nb NPHBJIEKAET HEKOTOPHIX KOC-
MOGJIOTOB C (DH/I0CO(CKOMN . TOUKH 3peHHsl, OCOGEHHO MOTOMY,
YTO OHA, KAK H CTallHOHAapHasa MOAeJab, AENTHKAaTHO usbera-
erT npoﬁnemu I'enesnca. OnHako 3Ta MOJeNb CTaJKHBaeTCs
C Cepbe3HOH TeopeTHUYECKOH TPYyAHOCThIO. B Kamuom nHK-
Je, korjga BcesenHas pacuiupsercst H CKHMaeTcs, OTHOIIe-
HHe YHcaa (OTOHOB K WHCAY AAepHHX yacTHL (ujH, Gojee
rOYHO, SHTPONHA Ha SAAEPHYIO YACTHIY) HECKOJBLKO yBeJH-
ypBaeTcs OJnaronapsa ONpeLeJeHHOTO0 THMA TPeHHio (uase-
CTHOMY Kak «00beMHas BA3KOCTb»). Hackoabko Mbl 3HAeM,
BceneHHas JOJMKHA TOrJla HAUHHATh KaXKIBIi HOBHIHE IIHKJ
C HOBEHIM, cJerka 60JbIIHM OTHOUIIeHHeM (OTOHOB K fAAep-
HbIM uyacthHnaM. Ceffuac 370 OTHOIIEHHe BeJHKO, HO He Gec-
KOHEYHO, TaK 4YTO TPYAHO YBHIEThb, KAKHM 06pasoM MorJa
Beenennast ucnbiTaTh nepen 3THM  GECKOHEUHOe YHCJIO
LIHKJIOB.

Kak 6bl HH paspemuauch Bce 3TH NpobJaeME H Kakas
6bl KOCMOJIOrHYecKash MOJeJb HH O0Ka3aJach MpaBHJbHOIM,
HH B OJHO# M3 HHX MLl He HaXoAuM yreureHns. s gemo-
BeueCKHX CYIHEecTB TIOYTH HeH36ekHa Bepa B TO, 4TO MHI
HMeeM kakoe-To ocoGoe oTHOlIeHHe k Bcenenno#t u uto ue-
JIOBeyeckas JXH3Hb eCTb He TpocTo 0oJiee HJIH MeHee HeJle-
Noe 3aBepllieHHe LENOYKH chaydafiHoeTed, Benyuiefi Havajo
OT NEePBHIX TPeX MUHYT, a YTO Hallle CYHIeCTBOBaHHe GBIIO
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KakuM-TO 06pa3oM npenonpejesneHo ¢ camoro Hadazaa. Cay-
YHJIOCh TaK, 4TO, KOTAa § MHCAJ 3TO, A HaXOAMJICHA B CaMo-
Jere no popore gomoi H3 Can-®paniuucko B Bocton, u Je-
ten Ha BuicoTe 30 000 ¢yTtoB nax Baiiomunrom. 3emJs no-
J10 MHOH BBHIrJIsilesla OUeHb HEKHOH M yIOTHOH — Jerkue 06-
Jlayka 3/ecb H TaM, CHer, CTaBIIHH SPKO-PO30BLIM, KOTAA

Ta6auua 1
CeoficTBa HEXOTOPHX SJEMeHTapHBIX YaCTHIL

Suepraa | T1oporosast | 5gyhekmyisroe aueso | Cpesmee Bpevs
Yacraua Campon NOKOA, Temmepaty- | naspopngHocTefl pﬂ};m.a%e

10958 | pa, 100

®oron q 0 0 121 =2 Cra6uinen

Jlentonm ) :

Heiirpuso | ve, Ve 0 0 2% 1X7/8=T7/4 | Crabu:ibto
Y, Y 0 0 2)(1)(7/8:7/4_ CTﬂﬁﬂ.ﬂell

Duek- e=, et 0,511 5,930 2{2X7/8=7/2 | Crabu:en

TPOH

Mioo pm, nt | 105,66 | 1226,2 | 2x2x7/8=1/2| 2,197-10-¢

Apons

Ma-meso- | =0 | 134,96 | 1566,2 | 1XIXI=1 0,8.10~18

b a+,m- | 130,57 | 16197 |2X1K1=2 2.60.10-*

iTporon p,p | 938,26 10,888| 2X2%7/8=7/2 | Crabunen
Heiirpon n,n 939,55 10,903| 2X2)X7/8=7/2| 920

INpumevarue IHepeus NOKOA — 3TO Ta SHEDPras, KOTOpasi BHICBOGONH-
Jnack Gbl, ecaH Gn BCA Macca Ya4CTHOM NpeBpaTHAack B SHepraw. [Topozosas
Temneparypa paBHA SHePTHH NOKOfA, JeJeEHONl Ha nocTosHEYK Boabnmana; 3To
Ta TeMmmepaTypa, BhlIle KOTOpPOA 4YacTHIA MOXeT CBOGOAHO DOMIATBLCA H3 Ten-
A0BOT0 H3JydeHHs. «DdPeKTHBHOE YHCAO DPASHOBHAHOCTEN» HaeT OTHOCHTEALHbLIRA
BKJIAJ Ka)XIOro THIOA YACTHI[ B IOJHbIE SHEPrHIO, NdBJAeHHe H SHTPONHIO NPH TeM-
nepatype MHOTO Bhllie noporoeoff. 3T0 YHCJAO HANHCAHO KAk NPOH3BeleRHe Tpey
MHOXHTesefl: nepBui MHOMHTENL paBeE 2 HAH | COOTBETCTBEHHO TOMY, HMeer
JIH AaHHAA YAacTHHA OTJAHYHYK OT ceGsi 2HTHYACTHOY HAH HET; BTODOA MHOXKH-
TeJb €CTh YHCJIO BOSMOMHBIX OpHeHTANMHf CNHHA YACTHOL, DOCAeAHHR MHOXHTEIb
paBen 7/8 maH | COOTBETCTBEHHO TOMY, NOAYYHSIETCH YACTHILA MPHHIHNY HCKIIO-
venns TMayam wau sHer. Cpednee spems oKu3Hu eCTh CpPelHHA HHTEpPBa] BpeMeHH,
KOTOphifi XHBeT YacTHIOA Npexne, 9eM OHAa HCNWTAeT PaJHOAKTHBHBIA pacnaj Ha
JApyrHe 9acTHIH,

cagunock CoJsiHle, AOPOrH, JIEHTAMH MNPOTSHYBLIHECS IO
BCeil cTpaHe OT ONHOro ropoja K apyromy. Ouenb Tpyano
0CO3HATb, YTO BCE 3TO — JHIIbL KpPOIUEUHas YaCThb OUIETOM-
Jasiome Bpaxjaebuoi Bceeaenwofi. Eme Tpyanee mpeacra-
BHTb, UTO 3Ta ceroiusliHss BceleHHasa pasBhiach H3 He-
BHIDA3HMO HE3HAKOMBbIX HayaJbHBIX YCJAOBHH H 4TO eff npej-
cTouT Oynyilee yracanne B GecKpafiHeM Xo0J107le HJIH HEBHI-
HocuMo# :xape. YUeM Gosee MOCTHXKHMOH NpeAcTaBAseTCA
Bcenennas, Tem Gosee oHa KaxeTcs: GecCMBICJEHHOM.
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CroiicTBa HEKOTOPHX

Ta6auna 2

THNOB H3Ay4YeHHA

Haayuenite Jlomaa BOJKEL, CM 3"%,',‘_%&”'“‘ Te'“rrg? p{:n:ga s
Pamio (10 YBH) > 10 <0,00001 <0,03
Mukposo:tiosoe 0,01—10 0,00001—0,01 0,03—30
Hugpakpacioe 0,0001—0,01 0,01—1 30=3000
Buanmoe 1-10~5—10-1 [3=5 3000—15 000
YaeTpaguonerosoe 10-7—2.10-3 6—1000 15000—3-10°
Penirenosckoe 10-2—10-7 1000—100000 | 3-10°—3-10%
Tanma-usayuenne <L10-¢ =100 000 >3.10%

IMNpumevanue Kaxauil THI H3NY4YeHHA XapaKTepH3YeTCa ONpeAe/eHHLIM
HHTEPBaJOM AJAHH BOJH, KOTOpLE AaHEI 3/ech B CaKTHMeTpax, JTOMY HHTEpBaay
AJHIE BOJH COOTBETCTBYET HHTEpBan sHepruil GOTOHOB, KOTOpHE Ranhl s34ech
B 3JeKTpoHBoabTax. Temneparypa uepHo2o Teaa ecTb Ta TeMNepaTypa, lpH KOTO-
poll MaayueHHe HepHoro Tema OyNeT HMETh MAaKCHMYM IO SHEPTHH, CKOHUEHTDH-
popaHHui BOGJHSH NaHHOA JJHHBEI BOJMHH; 5Ta TeMnepartypa AaBa 3jieck B rpa-
aAycax Keapsusa. (Hanpusmep, AnHHa BoaHbl, Ha KOTOPYW0 HacTpouanck [lenanac
H Buiacon B cBOHX HAGMIOJEHHAX KOCMHMECKOTO (poMa H3AYYEHHs, paBHajach
7,35 cM, TaK WTO 3TO — MHKPOBOJHOBOE H3JYy4YeHHe; 5Heprusi (OTOHOB, HCNYyCKae-
MBEIX DNPH PajHOAKTHBHBIX TpPEBPAILCHUAX #AAep, OOCLMHO MNOpAAKa MHAJTHOHA
SNEKTPOHBOALT, TaK 4TO 3TO — raMMa-HanydeHHe; NoBepXHocTs CoJHIa HMeeT
Temnepatypy 5300 K. rak uro Connue ucnyckaer euiammuil ceer.) KoHeuwo, ier
Pe3KHX TPaHHI MeXIy OTAeALHbLIMH THNAMH H3AVYEHHS H He CYULeCTBYeT eAHHOro
COrAalleHHs No TMOBOAY PasAHYHBIX HHTEPBAJOB AJHH BOJM.

Ho ecau u Her yTemenusi B NJ104axX Hallero MCCJe10Ba-
HHA, €CTh, 110 KpaiiHeldl Mepe, KaKoe-TO yTelleHHe B CamMoM
necaenoBanii., MyKYHHBL H JKEHIIHHLI He CKJOHHH v0alo-
KHBaThb ceOf CKaskaMH 0 0Oorax M BeJHKaHaX HJH 3aMbi-
KaThCsl MBICJASIMH B IIOBCETHEBHBIX AeJaX; OHH CTPOAT Te-
JIECKOMLI, CNYTHHKH H YCKOPHTEJH H HECKOHUaeMbleé 4Yachl
CHAAT 32 CBOHMH CTOJaMi, OCMBICJIHBAad coOpaHHBIe naH-
neie. IoneiTka mousTL BeenenHylo — o0aHa H3 OYeHs He-
MHOTHX BelleH, KOTOphIe 4yTh NPHMNOJAHHMAKIT yejoBeue-
CKYIO JXH3Hb HaJl YPOBHeM (dapca H MpHAAIOT €fi YepTH BhI-
COKOH Tparejiuy,



CJIOBAPb TEPMHHOB

ABCOJIIOTHASL CBETHMOCTbH. Tloanas 3Heprus,
uajsyuyaemas JiOOGBIM aCTPOHOMHYECKHM TeJOM 3a edHHHILY
BPEMEeHH.

AZIPOH. JlioGas yactHila, NpPHHHMAawLlasg y4acTHe B
CHJIbHBIX B3alMOJEHCTBHAX. ANPOHBI JendaTcd Ha GapHOHBL
(Takne, KaKk HEHTPOH W NPOTOH), KOTOPHE NOAYHHAWTCH:
HPHHUMNY HekaloueHns [Tayin, 0 Me30HBI, KOTOpble He MOJ-
YHHAIOTCA 9TOMY INPHHUHNY.

AHICTPEM (eaunsua anuubl). Ofna CTOMHJTHOHHAS

2]
noas cautumerpa (10-% cm). OGoznavaercs A. Tunuunble
a7TOMHBI€ pas3Mepbl COCTABJAIOT HECKOJBKQ aHFCTpeM, TH-
MiTYHBIE AJHHEI BOJH BHIHMOTO CBETAa — HECKOJbKO THICAW
2HTCTPEM.

AHTHYACTHLA. Yactuila ¢ TeMH e Maccoil 1 crnH-
HOM, Kak H Jpyras 4acTHla, HO ¢ DABHBIMH MO BeJHYHHE H
[IPOTHBOMOJIOKHBIMH IO 3HAKY 3JEKTPHUECKHM 3apsioM,
GapHOHHBEIM YHCJIOM, JENTOHHBIM ¥HcaAOM H T. 1. Jlnsi Kax-
J0oif YacTHIB HMeeTCfi COOTBETCTBYIOIlasi aHTHYacTHLA, 3&
HCKJIIOUEHHEM HeCKOJBKHX UHCTO HeHTpalbHBIX 4acTHIU BPO-
Jie orona u n’-Me30Ha, KOTOPbIE CaMH SIBJASIOTCSA CBOHMH
QHTHYACTHUAMH. AHTHHEATPHHO e€CTh aHTHUaCTHIA JUIS
HeATPHHO; AHTHNPOTOH €CTh AHTHYACTHLA /14 NPOTOHA H
T. 1. AHTuBew,ecT80 COCTOMT M3 AHTHIPOTOHOB, AHTHHEH-
TPOHOB H AHTH3JEKTDOHOB, HJH TO3UTDOHOB.

ACHMIITOTHYECKAS CBOBO/A. CeoiictBo psja
NoJeBbIX TEeOpHiIl CHJABHBIX B3aHMOJEHCTBHIl, 3aKJII0Yaolle-
ecsl B TOM, UTO CHJbl CTaHOBATCA Bce OoJjee caabbiMi Ha
MaJibiX pPAacCTOSHHSAX.

BAPHOHBI. Knace cHAbHOB3aHMO/IeACTBYIOIIHX Yac-
THI[, BKJIOYAIOIIHII HeATPOHBI, MNPOTOHbl H HecTabHJIbLHbIE
a/poHbl, H3BECTHHE Kak THMepoHbl. bapuonnoe 4wucao ectb
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MOJIHOE YHCJO HMEIOUHXCsl B cHCTeMe GapHOHOB MHHYC
NOJHOE YHCJA0 aHTHOAPHOHOB.

BOAOPOJ. Jleryaiuuit U caMbii pacnpocTpaHeHHBLIH
XHMHYECKHH sJeMeHT. §1ipo oOBYHOrO BOAOPOAA COCTOHT
H3 ojiHoro mporona. CymiecTBYIOT Takxe JABa OoJjee TsKe-
JLIX H30TOMa — jleliTepuii W TpUTHHA. ATOMBI Jio6oro THna
BOJOPO/Ia COCTOAT H3 siApa H OAHOrO 3JEKTPOHA; B IOJO-
JKHTEILHO 3apsiKeHHBIX uOHax 8000po0a 3JIEKTPOH OTCYT-
CTBYeT. :

BHIHMAA CBETHMOCTAL. Tlonuas sHeprusi, NpHHH-
MaeMasi OT Jo60r0 ACTPOHOMHYECKOTO Tejla 3a eJHHHIY
BPeMeHH Ha eJWHHIY MJIOUIAJH MOBEPXHOCTH.

TAJIAKTHKA. Boablioe CBSi3aHHOe CHJIAMH TATOTEHHS
CKONJIeHHe 3Be3fl, coiepxkamee a0 10'2 colHedHBIX Macc.
Hamy ranaktuky nHoraa HaswiBaroor lanakrukoi. O6nuHO
rajJakTHKH KJIacCH(HLHPYIOT B COOTBETCTBHH ¢ (opMoOil H
AeJIAT HA 3MJHNTHYECKHe, CHHpaJbHEE, CNHpaJbHHEE C Ie-
pPEMBIYKOH H HPpPETyJspHLLE.

T'EJIHH. Bropoifi (B Tabauue Merzeneesa) jseruaiiuni
H BTOpOH IO pPacnpoCTPaHEHHOCTH XHMHYECKHH 3JeMeHT.
CymecTByloT aBa cTaGHABHBIX H3oTOonma reausi, anpo “He
COJleP2KHT JiBa NMPOTOHA W JBa HeiiTpona, a sapo *He co-
IepPXKHT /ABa MPOTOHA H OJAHH HEATPOH. ATOMBI Te/IHS HMe-
10T BOKPYT fiipa /Ba 3JeKTPOHA.

THAPOKCHJIA HOH. Won OH-, o6pasoBannblii H3
4aToMa KHCJIO0pOAa, aToMa BOAOPOJAa H OJJHOTO JIHIIHEro
JIEKTPOHA.

TFOJIYBOE CMEUIEHHE. CMeuieHHe CHeKTpaJabHbIX
JHHAA B cropoHy 6Gosiee KODOTKHX [AJHH BOJIH, BhiI3BaHHOE
agexrom [onsepa aas npHOIHIKAIOUIErocs HCTOYHHKA.

I'OPH30HT. B KOCMOJIOTHH — 3T0 TaKOe pAaccTOsHHe,
9TO HHKA4KOH CBETOBOH CHTHAJ, HCHOyIIeHHHH ¢ GoJbluero
paccTOsiHKSA, HE MOT emle ycmeTh JocTHub Hac. Ecam Bcee-
JeHHas HMeeT KOHEYHBI BO3pacT, TOrja DacCTOAHHE 0
FOPH30HTA NOPAJKAa BO3PacTa, YMHOXEHHOr0 Ha CKOPOCThb
cBera.

T'PABHTALIHOHHBIE BOJIHBI. Boanwl rpaBHTais-
OHHOIO TOJIS, aHAJOTHYHEIE CBETOBHIM BOJIHAM B 3JIEKTpO-
Mar{uTHOM noJe. I'paBHTalHOHHBIE BOJHEl pACHPOCTPaHS-
oTcsA ¢ Tofl Xe ckopocThio 299 792 kM/c, YTO H CBeTOBHe
BoaHb. Her oO6menpu3HaHHOTO SKCIEPHMEHTAJIbHOrO CBH-
JeTeJhCTBA CYIIECTBOBAHHA TPAaBHTAUMOHHEIX BOJH, HO
HX cyliecTBoBaHHe Tpebyercsi obmieil TeopHell OTHOCHTEIb-
HOCTH H He BBI3HIBaeT cepbe3Hbix coMHeHHH. Ksant rpasu-
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TAIHOHHOTO H3JYUeHHs, aHaJOrHUYHLI (OTOHY, HA3bIBaeTcH
2PABUTOHOM.

HEBBEI CKOIIJIEHHE. Turautckoe ckomaeHue OoJee
1000 ranakTtHk B co3Be3anH [leBbl. ITO cKOMJIeHHE yAaJsi-
ercsa OT Hac co ckopoersio okono 1000 kM/c u, Kak cudTa-
eTCsl, HAXOAUTCS HA paccTOAHHH B 60 MHINHOHOB CBETOBHIX
JIeT.
AEHTEPHH. Tsxenw#i usoton somopoaa 2H. Sapo
nefitepusi, HagbiBaeMoe JelTOHOM, COCTOHT M3 OJHOTO INpo-
TOHA W OAHOr0 HEATPOHA.

HKHHCA MACCA. MuduManbHasg Macca, s KOTO-
poii rpaBHTALHOHHOE TNPHTSAMKEHHE MOXKET NpeooJeTh
BHyTpPEHHEE JaBJeHHe H 06pa3oBaTh TPaBHTaIHOHHO-CBH-
3anHylo cHereMmy. OGosnauaerca Mp.

AHATPAMMBI PEHHMAHA. JlnarpaMMsl, CHMBOJH-
yecKH H300pa’kaloliie pasiHuYHble BKJAAALH B BEPOSTHOCTH
peakuuii Mex/Ay SJeMEeHTaAPHLIMH YacTHIAMHU.

AJHHA BOJIHbBI. laa awo6Goro THIA BOJH pPaccros-
HHE MeX/Yy BOJHOBLIMH rpeGusamu. /s 3/eKTpPOMarHHTHBIX
BOJIH JJIHHA BOJIHB MOXKeT ObIThb onpejeneHa Kak paccros-
HHE MeXJy TOYKaMH, B KOTOPHIX Ji00as KOMIOHeHTa Bek-
TOpa 3JIEKTPHYECKOro HWJH MAarHHTHOrO MOJAS JOCTHraer
MaKkcHMaJbpHoro sHauenus. OGosuauaercs A.

HAOIMNJEPA 3PPEKT. WaMmeHenwe 9acToTH Ji060ro
CHrHa/jla, BEISBAHHOE OTHOCHTEJLHHM JBHIKEHHEM HCTOYHH-
Ka M NpHEMHHKa.

3AKOH P3JEA—IKHHCA. Ilpoctoe cOOTHOUIEHHE
MeXJIy NJIOTHOCTBIO 3HepruH (B eJIHHHYHOM HHTEpBaje
JUIHH BOJIH) H JJIHHOM BOJIHLI, ClpaBeiIHBOE B IJHHHOBOJ-
HOBOM IIpejesie IJaHKOBCKOro pacnpejenenus. B stom mpe-
Jeje IJVIOTHOCTb 3HEPrHH oOpaTHO NPOMOPUHOHAAbHA YeT-
BEPTOH CTENEHH JJHHB BOJHBIY,

3AKOH COXPAHEHHSI. 3akoH, yTBepXAaIONUHi, 4TO
[OJIHOe 3HAUYEHHE KaKOH-TO BeJHUHHBEI He MeHsercsd B JIO-
0oif peakuHH.

3AKOH CTE®AHA — BOJIBIIMAHA. Tlponopuuo-
HAJbHOCTH TJIOTHOCTH 3HEPTHH H3JIYyYeHHs YEpPHOro Tesa
UCTBEPTOH CTEMeHH TeMmepaTyphl.

3AKOH XABBJIA.CooTHolleHHe NPONOPLHOHAILHOCTH
MEeKAY CKOPOCTHIO yjajieHHsi YMEPEHHO J[aJieKHX TaJaKkTHK

* ABTOp HMeeT B BHIY NJOTHOCTb 9SHEPTHH HA EAHHHLY NIHHB!
BoaHb, OOHYHO PajaHOACTPOHOMBEI OTHOCAT IMIOTHOCTL IHEPrHH K HHTEp-
BNy 9acTor 4v, H TOrja IJIOTHOCTH NponopunosasbHa A—2—ITpumeq.
ped.
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# paccrosuneM o uux. [Tocroannan Xabbaa ecTh OTHOLIE-
HHE CKOPOCTH K pAacCTOSIHHIO B 3TOM COOTHOIIEHHIH; OHA
oGosnauaerca H wuam H,.

H3JIYYEHHE YEPHOI'O TEJIA. Uanyuenue c¢ TOM
e IJIOTHOCTBIO SHEPTHH B KaXKJAOM HHTepBaJje AJNHH BOJH,
KAK H Y H3JyYeHHA, HCIYCKAEMOr0 MOJHOCTBIO MOI/IOMA0-
UMM HarpeThiM TedoM. M3iyueHHe B J1060M COCTOAHHH
TENJOBOrO PaBHOBECHS SBJAETCA H3JYYeHHEM YepHOTO Tesa.

H3OTPOITHA. Tlpennonaraemoe cBoiicTBO Bceesennoi,
3aKiilouaiolleecss B TOM, YTO A THOHYHOro HalJjionarend
OHAa BHIIVIAAHT OAMHAKOBO BO BCeX HAampaBJeHHsX.

KAJIHBEPOBOYHBIE TEOPHH. Knacc Teopuil mo.d,
HHTEHCHBHO H3y4YaeMbIX B HAacTOsilllee BpeMs B Kauecrse
‘BO3MOXKHBIX TeOpHHA cJalblX, 3JeKTPOMArHHTHHIX I CHJb-
HBIX B3anmopeiicrsuii. Takune TeopuH HHBAPHAHTHBI OTHO-
CHTEeJLHO Npeo0pa3oBaHuil CHMMETDHH, AeHCTBHE KOTOPBIX
MeHSIeTCs OT TOYKH K TOYKe B MPOCTPAHCTBE—BpeMerH.
Tepmuu «kanuOpPOBOYHASI» NPOHCXOAHT OT OOBLIYHOrO am-
TJHIACKOrO CJIOBA, 03HAYAIOILEro «Mepa», HO HCIOJb3YeTcs
rJaBHbIM  06pasoM MO HCTOPHYECKHAM NpPHYHHAM.

KBA3H3BE3/THBIE ObLBEKTHI. Knacc acTpoHOMH-
YeCKHX OObEKTOB, HMEIONIHX BHA 3Be3] H OYeHb MaJble yr-
JIOBBIE pa3Mephl, HO 06Jafaliux GOoJbIIHM KPacHHIM CcMe-
mennem. HMHoraa, ecqin OHH ABJAAIOTCA CHJIBHLIMH PaiHOHC-
TOUHHKAMH, HAa3biBAIOTCH KBA3U3BE30HLIMU  UCTOYHUKAMU
(xBazapamu). VX ucTHHHas NpHPOJa HEH3BECTHA.

KBAHTOBASI MEXAHHKA. ®yupamentanpuas Gpusn-
yeckasi Teopus, paszputas B 20-e roabl Kak 3aMeHa KJiac-
CcHYeCKOH MeXxaHHKH. B KBaHTOBO#l MexaHHKe BOJHBI H Hac-
THIB MpeACTaBasAioT coboil ABa acnekTa OAHOi M TOH XKe
Jexkauleii B nMX OCHOBe cyurHocts. Yacruua, cBsizaHHas c
JlaHHO# BOJHOMN, ecTb K8auT 3Toit Boaubl. Kpome Toro, co-
CTOSIHHSI CBSI3aHHLIX CHCTEM, BpOJe aTOMOB HJH MOJIeKYy.T,
3aHIIMAIOT JIHIIL HEKOTOpble OnpejeseHHble YPOBHH 3Hep-
THH; TOBOPAT TOrJa, YTO 3IHEPTHfl KBAHTOBAHA.

KBAPKH. Tunorernueckue (yHniamMeHTaJbHble 44cCTH-
LB, H3 KOTOPBIX, 110 MPEANOJIOKEHHIO, COCTOST BCe aJPOHHL
H3onupoBaHHble KBapKH HHKOrja He Ha6JI0AanHCh, H HMe-
J0TCS TEOPeTHYECKHe OCHOBAHHA MOA03PeBaTh, UTO KBAPKH,
XOTSl OHH B ONpEAEJEeHHOM CMBICJIe peasjbHbl, HHKOT/IA Ke
MO2YT HAGMIONATLCS KaK M30JHPOBAHHLIC YACTHILBL

KEJIbBHH. TewmneparypHas IIKaja, aHaJOrHYHad
mkane Leabcusi, Ho ¢ HyJeM TeMnepaTypbl, BBIGpaHHBIM B
TouKe abCoJOTHOrO HyJd, a He B TOUKe TagHHs apaa. Tou-
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Ka TasHHs JbJa NPH JaBJeHUH OJAHA aTMocdepa paBHA
273,156 K.

KOCMHYECKOE H3JIYYEHHE. 3apsixenuble 4acTH-
ubl GoJbLUIMX 3HEPrHil, NpoHHKaoue B atMochepy 3emuan
H3 OKpYy:Kalollero mpocTpaHcTBa.

KOCMOJIOTHYECKASA ITOCTOAHHAS. Yneu, no-
GaBsennbii B 1917 roay OSHHIUTEHHOM B ero ypaBHeHHS
rpaBUTalHONHOrO noJs. Takofi 4/aeH NpuBOAHA OBl K OT-
TAJKHBAHHI0O HA OYeHb OOJBIINX PACCTOSIHUAX H OBl GBI
HeoOxoaum B craTHueckod BcenenHo# /5 ypaBHOBelIH-
BaHHs TPHTSAMXEHHs, 00yCJOBJeHHOrO TAroreHnem. B Ha-
CTOslllee BpeMs HEeT MPHYHH NpeanoJaratbh CYLecTBOBaHie
KOCMOJIOTHYECKOH IOCTOSHHOH.

KOCMOJIOTHYECKHHA IMPHHIIHII. Tunotesa, co-
rJ1acHo Kotopoil Bceesnenmnast H30TpONHA H OJHOPOJHA.

KOCMOJIOTHSl «BOJIBIIOIO B3PbIBA». Teopus,
COTJIACHO KOTOpOit pacmnpeHne BcenenHoft Haganoch Ko-
HeYHOe BpeMsl TOMY Hasaj H3 COCTOfHHA KOJOCCAJbHBIX
MJOTHOCTH N JaBJIEHHS.

KPACHOE CMEIEHHE. CwmelueHHe CHEKTpPajbHBEIX
JuHKil B cTOpoHY GOJBIIMX IJHH BOJIH, BHI3BaHHOe 3dek-
Tom [lomaepa aas yjpajsiouierocss HCTOYHHKA. B xocMogo-
FHH OTHOCHTCA K Hab/i01aeMOMy CMELIEHHIO CHEKTpab-
HBEIX JHHHH Y/JaJeHHBIX dCTPOHOMHMYECKHX TeJ B CTOPOHY
66sbINX AauH BOJH. KpacHoe cMenienue, BelpaKeHHOe Ye-
pe3 OTHOLIeHHe YBEeJHYEHHs JIHHLI BOJIHBE K HCHYLIEHHOH
JATHHE BOJHBLL, o0o3HauaeTcs z.

KPHTHYECKAA IIJIOTHOCTbH. MuuumaibHoe 3Ha-
YelHe KOCMHYECKOH IVIOTHOCTH Macchl B HAcTosllee BpeMd,
Tpebyemoe s Toro, 4toGbl pacmupeHue Bceesennoi B
KOHIle KOHIOB MPEKPaTHJIOCh H CMEHHJOCh cxkatHeM. Ecau
KOCMHYecKasl MJIOTHOCTb NPeBBIIAeT KPHTHUECKYIO MJIOT-
HOCTh, TO BceeseHHasi MPOCTPAHCTBEHHO KOHEYHA.

KPHTHYECKASA TEMIIEPATYPA. Tewmnepartypa,
NpH KOTOPOH BO3HUKaeT (Da30BLI INepexojl.

HH®PAKPACHOE H3JYYEHHE. 3SnekrpoMaruur-
HBEIe BOJIHBL ¢ AaHHamu Boan mexay 0,0001 u 0,01 cm (ot
JecATH ThICAY 0 OAHOrO MHJIJIHOHA AHTCTPEM), MPOMeEKY-
TOUHBIE MKy BHAHMBIM CBETOM H MHKPOBOJHOBHIM H3Jy-
yenHem. Tena mpH KOMHATHO TeMiepaType H3JyYaloT
riiaBHbIM 00pasoM B HH(pPaKpacHOM HAanasoHe.

JIEIITOHBI. Knacc yactun, He MPHHUMAIOUHX YYaCTHS
B CHJbHBIX B3aUMOJAEHCTBHAX H BKIIOYAIOWHIl 3J1€KTpPOH,
MIOOH M HeiiTpuuo. Jlentonnoe 4ucao ecTb MNOJHOE YHCIO
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HMEIOIIHXCS B CHCTEMe JIENTOHOB MHHYC ITOJHOE YHCIO aH-
THJAENTOHOB.

MAKCHMAJIbHASl TEMIEPATYPA. Bepxuuii mpe-
JleJl TEMIEepaTyphl, BOSHHKAIOUIHI B HEKOTOPHIX TEOPHAX
CHJIBHEIX B3auMofeitcTBuii. OlueHeH B 3THX TEOPHAX B JBe
THICSIYH MHJAJMHApPAOB rpanycoB KeabBHHA.

ME30HBI. Knace CH/IbHOB3aHMO/EHCTBYIOUIHX YaCTHII,
BKIIOUAIOUIHN NMH-Me30Hb, K-Me30Hbl, pO-Me30HH H [Apyrue
JacTHIIB, HMeIOIHe HYyJeBoe GapHOHHOE YHCJO.

MHKPOBOJIHOBOE H3JIYYEHHE. JSanaexkrpomar-
HHTHBIe BoJiHHL ¢ gaHHaMu ot 0,01 mo 10 cMm, mpoMexyTod-
HHlE MEXXIYy PajHOBOJHAMH CBEpXBHICOKHX 4acTOT H HH(pa-
KpacHeIM H3nyueHHeM. Tena ¢ TemMmepaTtypol HECKOJbKO
rpagycoB KenbBuna H3Jy4aloT riaBHBIM 00pa3oM B MHKPO-
BOJIHOBOM JHama3oHe.

MJIEYHBIH I1¥Th. [IpeBHee HasBaHue IIOJIOCH 3Be3,
OoTMeualomux miockocth Hamed anaxkruku. Muorma ymot-
pe6Jsiercss Kak HazBaHHe caMoil Hallefi 'anakTHKH.

MOZOEJIb ®PHIMAHA. MatemaTtuueckass MOJeNb
NpoCTpaHCTBEHHO-BpeMeHHOfl CTPYKTypHl Bcenennofi, ocHo-
BaHHas Ha o6meHd TeopHH OTHOCHTeJbHOCTH (6e3 KocmoJo-
ruueckoii nmocroanuoil) n Kocmosornueckom [Ipunumme.

MIOOH. HecrabunbHas 3neMeHTapHas 4YacTHLA C OTPH-
LaTeJbHLIM 3apsAJ0M, 110OX0XkKas Ha 3JaeKTpoH, HO B 207 pas
Gonee Taxenas. O6Gosnauaercs pu—. HMuorza HasbiBaercs
MiO-M€30H, HO He B3aHMOJEHCTBYeT CHJIbHO, KaK HAcTrof-
ll4e Me3OHbI.

HEHTPHHO. BesmaccoBasi 3JeKTPHYECKH HefiTpaJb-
Has 9aCTHLA, CMOCOOHAS TOJBKO K c1a6biM H rpaBHTALHOH-
HHIM B3anMojleficTBHaAM. O6osnauaerca v. CymiecTByioT mo
KpalHeil Mepe JABe Da3sHOBHJAHOCTH HEHTPHHO, H3BECTHHIE
KaK 3JeKTPOHHOe (v.) H MIOOHHOe (Vu).

HEHTPOH. Hefitpanbuasi uacThia, HafileHHast HapsAy
¢ npoToHamMu B 0ObYHBIX aToMHBEIX fapax. OGo3Hauaercs n.

HOMEPA IO MECCHE. KaranoroBble HoMepa pas-
JIHYHBIX TYMaHHOCTEH H 3Be3JHLIX CKONVIEHHH B CHHCKe
Hlapna Meccoe. OOHYHO yKasbBaeTcsl COKPAMIEHHO Kak
M...; Tag, TymMMaHocTh AHApoMeaH ecTb M3I. ‘

OBLIAA TEOPHS OTHOCHTEJIBHOCTH. Teopus
TArOTeHHs, pa3BHTas AJbOepToM IAHIITEHHOM B TeYeHHE
jgecatuaers ¢ 1906 mo 1916 rox. Kak cdopmynnpoBan
DiiHlWTeliH, OCHOBHAs MJesl 06med TEOpPHH OTHOCHTEJbHOC-
TH 3aKJIOUaeTcd B TOM, UTO TATOTeHHE ecTb 3(deKT Hc-
KPHBJIEHHS] MPOCTPAHCTBEHHO-BPEMEHHOT0 KOHTHHyyMa.
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OAHOPOLHOCTb. Ilpeanonaraemoe csofictBo Bee-
JICHHOH, 3aKJloYaloleecs B TOM, 4TO B J1060H NaHHBHA Mo-
MEHT BpeMeHH OHa BHIIVIIAHT OJAMHAKOBO MJA BCEX THIHY-
Heix Habuiogareneii, rae Obl OHH HH HaXOJAHJIHCD.

ITAPAMETP 3AMEJJIEHHS. Yuncno, XapakTepHsyio-
iee CKOPOCTb, C KOTOPOH 3amejnsieTcsi pasberanuie jaJe:
KIX rajJakTHK.

TTAPCEK. ActponoMnuecKas eAuHHuua paccroanus. On-
pelensieTcss KaK paccTosiHHe /o 00beKTa, napaiiakc Korto-
poro (rogoBoe cMemieHHe Ha Hebe, 00s3aHHOe IBHXKEHHIO
3eman Bokpyr CoJsiHLA) paBeH OJHOH AYroBOH CeKyHZE.
CokpamenHo nk. Pasen 3,0956-10' kuioMeTpoB, HJIH
3,2615 cBeroBoro ropa. OGH4YHAA A KOCMOJIOTHH €/IHHH-
1na — OAHH MHJJIHOH MapceKkoB, HJH Me2anapcex, COKpa-
mienio Mnk. [MTocrosinnas Xa664a OOGbIYHO AaeTcs B KHJIO-
MeTpax B CeKYHAy Ha Meramapcek.

ITH-ME30H. Appou c nanMenbmeii maccoit. Cymect-
BYeT B TPEX PA3HOBH/HOCTAX: IOJOKHTENbHO 3apsKeHHaf
gactuua (n*), ee OTpHLATEJNbHO 3apsXKeHHAas AHTHYACTHLA
(") u HeckoJbKO OoJiee Jierkasi HefiTpaJbHas YacTHLA
(n°). Bee aTH yacTHILI HHOT/JA HA3LIBAIOT MHOHAMH.

[IJIOTHOCTbH. KoauuecTBO Ji0GOH BeJHYHHBI, COAep-
XKauleecss B eIHHHYHOM oOBeMe. [TA0THOCT6 Maccol ecTb
Macca B eJHHHUE 06beMa; 4acTo 3Ta BeJHYHHA HasbiBaeTcs
MPOCTO [iMOTHOCTBIO. [IAOTHOCTL 3Hepeuu ecTb SHEepPrus B
eluHuLe 00beMa; NAOTHOCTL YUCAQ 4QCTUY, WIH NAOTHOCTS
4aCcTuy, €CTb YHCJAO YacTHU B eIHHHUe o0BeMa.

[TO3HTPOH. TlonoXuTeqbHO 3apsiKeHHAss aHTHYACTH-
na suekrpona. OGosnayaerca et.

INIOCTOAHHAS BOJIBLIMAHA. ®yupamentaabHas
NNCTONHHAS CTAaTHCTHYECKOM MeXaHHKH, CBf3bBaloulas
TeMIePaTypHyl0 IIKaJy ¢ eJHHHUAMH 3Hepru. OGHYHO
o6osHavaercss Kak k unu ks. Pasna 1,3806-10-'¢ spr Ha
rpagyc Keapsuna uau 0,00008617 snexrponsoant ua 1 K.

[NOCTOHHHAA IIJIAHKA. ®yupaMentanbuas nocTo-
i3Sl  KBaHTOBO# MexaHHKH. OGosnauaerca h. PaBHa
6,625-10-% spr-c. [Ilocrosunas [lnanka Obula BHepBHe
spejiena B 1900 rogy B mIaHKOBCKOH TEODHH H3JIYYeHHHA
YyepHOro TeJa. 3ateM oHa nossuaack B 1905 rogy B 3fiH-
LITeHHOBCKOH TeopHH (OTOHOB: 39Heprua QoroHa pasHa
nocrosHHol IlnaHka, yMHOXKeHHOH Ha CKOpPOCTH CBeTa H
JleJIeHHOH Ha JJIHHY BOJHBL. B Hamu auun Oojee NPHHATO
HCIIOJNB30BaTh NMOCTOAHHYIO A, onpenensieMyl0 Kak IMOCTOSIH-
Has Ilnauka, jeneHHas Ha 2m.
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MOCTOSIHHASl HBIOTOHA. ®ynjiamenTalbHad Me-
Ci0iHHAs HBIOTOHOBON M 3HHIITENHOBCKON TeopHi TAroTe-
wini. OGoznavaercs G. B HbBIOTOHOBOH Teopuu TATOTEHHS
Ciicia, JeficTBywllasi Mexay AByMs Tejami, pasiHa G, yM-
HoHeHHOH Ha NpoM3BefeHHEe Macc TeJa H  JIeJeHHOH Ha
KB@JpaT PacCTOAHNS MeXJy HHMH. B MeTpnuecKHX eauHHH-
nax pasua 6,67-10-% em®/(r-c?).

[TOCTOSIHHASl TOHKOH CTPYKTYPbI. ®yunamen-
TaJbHad NOCTOAHHAS ATOMHON (H3HKHM H KBAHTOBOH 3JIeK-
TPOAHHAMHKH, OlpejfeasieMass Kak KBajJpaT 3apaga 3JeK-
TpPOHa, JeJeHHBIH Ha mnpousBefieHHe noctosHHo# Ilianka
1 ckopocti cBera. O6o3Hauaercs «, paBHa 1/137,036.

[HOPOrOBASl TEMITEPATYPA. Temnepatypa, Bhllle
KOTOPOF AaHHbIi THI YacTHLL MOXeT B H300HIHH PO 1ATh
¢a H3JydeHHeM vepHOro tesa. PaBHa Macce uacTHUbI, yM-
HOMKEHHO!l Ha KBaJpaT CKODPOCTH CBeTa H JleJeHHOH Ha Mo-
cTofEHVI0 DBoabiana.

OPHHIHI HCKJAIOYEHHA [TAYJIH. Tpunuun, co-
rJ4cHO KOTOPOMY HHKaKHe [Be YacTHIH O/JHOTO THIA He
MOI'YT 3aHHMaTh B TOYHOCTH OJZHO H TO Xe KBaHTOBOE CO-
CTOAHKHE. JTOMY NPHHUHOY NOIYHHAOTCA GapHOHBI H Jel-
TOUB, 110 He (POTOHBI H ME30HBHL.

[TPOTOH. TloaoxuTe/bHO 3apsKeHHas dYacTHua, 00-
Hapy:KeHHas Hapsijly ¢ HedTpPOHaMH B OGHIYHEIX ATOMHBIX
aapax. OGosnauaerca p. $lapo BoaoOpojaa COCTOHT H3 OJHO-
ro InpoTOHA.

PACHPEJEJIEHHE IIVIAHKA. Pacnpeagenenue 3Hep-
CHll Ti0 PA3JIHYHBIM AJHHAM BOJH JJISi H3Jy4eHHS B TenJao-
BOM DPaBHOBECHH, T. e. JIIf H3Jy4YeHHd YepHOro TeJa.

PEKOMBHHALHA. Coepnnenne aTOMHBIX siep H
3JEKTPOHOB B OOLIMHblE aTOMB. B KOCMOJOrHH TepMHH
«pekoMOHHANLIA» YacTO HCHNOJB3YEeTCA CHelHaJbHO NS
ofosnayenns o0pa3oBaHHA ATOMOB rejHs H BOZOPOJAA [PH
tTemneparype okodo 3000 K.

PO-ME3CH. OauH W3 MHOTHX Ype3BLlYaiiHo HecTa-
OuabHBIX ajponoB. Pacnmajaercs Ha JABa NH-Me30HA CO
cpeinuM BpemeneM KH3HH 4,4-1072% c.

CBEPXHOBLIE. I'pannuosHbe 3Be3JHble B3pPbIBbI, B KO-
TOPLIX BCe BELIeCTBO 3Be3/lbl, KpPoMe BHYTPeHHEro fapa,
BbiOpacbiBaeTcs B MeK3Be3jHoe npocrpaHcTBo. CBepxHo-
Basl 3a HECKOJIbKO JHell POXKJaeT CTOJbKO 3Ke 3IHepruH,
ckosbKo CosHIe H3Jy4YaeT 33 HEeCKOJbKO MHJJIHOHOB JIET.
[Tocrennoro cBepxHoBylo, Ha6aloaaBwylocs B Hamed [a-
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JakTike, Bujiesa B 1604 rogy Kenaep (a Takike KopeickHe
M KuTaficKue MPUABOPHbIE aCTPOHOMBI) B CO3Be3IHH 3Mee:
HOCIla, HO cyMTaercs, u4To paanoucrouynnk Kaccuones A
cBA3aH ¢ Gosee mo3aHeil cBepXHOBOH.

CBETOBOM IOJl. PaccrosiHiie, KOTopoe CBeT NpoXo-
JHT 3a roa 1 pasHoe 9,4605 ThicAYH MHAIHADAOB KHJIOMET-

OB
CHJBbHBIE BZBAHMOJOEHCTBHS. Haubosee cuab-
Hoe u3 uerbipex OOUIHX THIIOB B3aHMOJCHCTBHS 3JeMeHTap-
Huix yactui. OTBeTCTBEHHO 3a fiAepHLie CHJBL, yIep:KHBa-
1olie NPOTOHBI H HEHTPOHHB B aTOMHBIX s1paX. CHJIbHBIM
B3aHMOJCHCTBHAM IOJIBEPIKEHLI TOJBKO ajApOHbLI, HO He
(GOTOHBL M JIEOTOHHL

CJIABBIE B3AHMOIEHCTBHA. Onuu u3 yernpex
OGLINX THIOB B3aHMOJEHCTBHIl 37eMeHTapHbX yacTHu. [Ipu
OOLIYHHIX 3SHEPrufAx cjaabble B3aUMOJEHCTBHSI 3HAUHTEJb-
HO ciaafee 3MeKTPOMArHHTHLIX HJH CHJAbHBIX B3auMO/leHcT-
BHfl, XOT5 H MHOTO CHJbHEE I'PaBHTAIHOHHOIO B3aHMonel-
creua. Cualble B3auMO/eiicTBHS OTBETCTBEHHHl 33 OTHOCH-
TeabHO MeJJeHHBbIe pacrnajbl YacTHIL Bpoie pacnajoB Hefi
TPOHA W MIOOHA, a TaKxke 3a BCe peakuUHH C yyacTHeM
HeliTpiHo. B Hacrosllee BpeMs NIMPOKO pAaclpoCTPaHeHO
MHenne, 4To csaabble, 3JEeKTPOMArHHTHbIE H, BO3MOXKHO,
CHJbHEIE B3aUMOJCHCTBHA CYTh NPOABJICHHSA JieKalleid B HX
OCHOBE TIPOCTOIl eIHHON KaJHOPOBOYHOH TEOPHH NOJA.

CKUPOCTbH CBETA. ®yunaamenrtaibHasi [OCTOSHHAS
CrennabHof TEOPHH OTHOCHTEJBHOCTH, paBHad
299 792 km/c. OGo3nauaercs c. Jlio6as yacTHUA HYJ/IEBO#
Macchl, Takas, KaKk (OTOH, HEHTPHHO HJH TPaBHTOH, pac-
[IPOCTPAHSETCS CO CKOPOCThI0 cBeTa. CKODOCTH MaTepHalib-
HbIX YacTHU NpHOAHAKAIOTCA K CKOPOCTH CBeTa, KOrja Hx
IHEepPrid  CTAHOBATCSH OYeHb GOJBIIHMH 1O CPaBHEHHIO
¢ 3Hepruell Moxkos mc? 3aKJIOYeHHOR B HX Macce.

COBCTBEHHOE /[IBH)XEHHE. Cwmellenne moJioxe-
HH/ ACTPOHOMIIYECKHX Tesl Ha He0e, BHI3BaHHOE MX JBHIKe-
HHEM(JIOA yraaMu K jaydy sperus. O6GbYHO H3MepsAeTCH B Y-
FOBLIX| CEKYHA4X 3a Troj.

CI'EITHAJIBHAS TEOPHSI OTHOCHTEJIBHOCTH.
HosBuiii B3rasii Ha mpocTpanHcTBO 1 BpeMs, MpPeliOXKeH-
upiii B 1905 roay AsnbGeprom diinmreiiioMm. Kak # B HbIOTO-
BOH MeXaHHKe, HMeeTcst COBOKYNHOCTb MaTeMaTHYeCKHX
npeo0pasoBanuii, CBA3LIBAIOLIHX NPOCTPAHCTBEHHO-BPEMEH-
HBEle KOODAHHATBI, HCHNOJb3yeMble PpasJHYHEIMH HabJI0-
jartesaMH, TakuM o0pas3oM, 4YTO 3aKOHBI NMPHPOJAB OKa-
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3BIBAIOTCA JJIsi 3THX Habuaojateneii oanHakoBbiMM. Oxna-
KO B CMNelHaJbHOH TEOPHH OTHOCHTEJbHOCTH MPOCTPaHCT-
BeHHO-BpPeMeHHEle Tpeo6pasoBaHHs HMEIOT TO CYyLIeCTBeH-
HO€ CBOMCTBO, UTO OHH OCTaBJSIIOT CKOPOCTb CBETAa HEH3MEH-
HOFl HEe34BHCHMO OT CKOpocTH Habumwopartenas. 'osopdar, 4To
mobasi cucTeMa, cojepmamias YacTHIEL €O CKODOCTAMH,
GJIH3KHMH K CKOPOCTH CBeTa, ABJIAETCS DPeNsITHBHCTCKOM, W
TaKas CHCTeMa JO0JIKHAa H3yYaThCf B COOTBETCTBHH C 3aKO-
HAMH CHelHaJbHOH TEOPHH OTHOCHTEJNBHOCTH, & HE HBIOTO"
HOBOIl MeXaHHKH.

CIHH. ®ynnameHtasbHOe CBOHCTBO — 3/JeMEHTAPHBIX
4acTHI, ONHCLIBAalONlee COCTOsIHHe BpauleHns vacTHubl. Co-
T1aCHO 3aKOHAM KBAaHTOBOH MeXaHHKH CIIHH MOMKET IpHHH-
MaTh TOJBLKO HEKOTOpLIe ONpelefeHHbie 3HAYEHHS, PABHBIE
[eJOMYy HJIH TOJYUeIoMy 9HCJAY, YMHOMKEHHOMY Ha MOCTO-
aanylo [laanka.

CPEIHHH CBOBOJHBIA I[IPOBEI. Cpennee pac-
CTOSIHME, NPOXOAHMOe NAaHHOW yacTHiedi MeKAy CTOJKHOBe-
HHSIMH CO Cpelloii, B KOoTopo# oua jBuxkercs. Cpednee ceo-
0odHoe epems ecTb CpellHee BpeMs MeXKAY CTOJKHOBEHHS-

MH.

TEOPHSI CTAIIHOHAPHOIO COCTOAHHA. Koc-
MoJiorHueckas Tecpus, pasBuBaBiiasici bBowan, Tosnom u
XofisoM, B KOTOpO# cpefHHe cBoiicTBa BceneHHOA HHKOraa
HE MEHSIOTCH CO BPeMeHeM; COINIACHO 3TOH TeopHi, YToOH
NJIOTHOCTL Y/iePHBaJjach NOCTOSHHON B NpoLecce pacllu-
penust Bcenennofi, 1o/KHa HeNpepbiBHO MOPOXKAATHCHA i10-
Basi Marepus.

TEIIJIOBOE PABHOBECHE. Takoe coctosiHHe, KOTAa
CKOPOCTH, C KOTOPLIMH YaCTHIbl NomajaiT B Jwo6oil 3a-
JaHHEIl HHTEPBAJ CKOPOCTeil, CMHHOB W T. I, B TOYHOCTH
YPaBHOBEIIHBAIOTCSl CKOPOCTAMH, ¢ KOTOPBIMH OHH MOKHIA-
10T 3TuT HuiepBad. Jlo6Gas ¢uanueckas cucTeMa, He BO3-
MyliaeMas MAOCTaTOYHO HOJIrOe BPeMSi, JOCTHTaeT B KOHIE
KOHL(OB COCTOAHHSI TENJIOBOTO DPaBHOBECHS.

THITHYHBLIE TAJIAKTHKH. 310 noHATHE HCNOJb3Y-
ercss B JIaHHOH KHHre JJisi o0o3HAUeHHS rajakTHK, He HMe-
IOLIHX HHKaKHX HEeOGLIYHEIX CKOPOCTEH H MO3TOMY ABHIKY-
IIHXCA TOJBKO BMecTe ¢ OOUIHM JBHXKEHHEM BellecTsa,
nopoxieHHbIM pacmiaperdeM Bcenennofi. Tor xe cmbica
HNPHIAETCH TEePMHHAM TUNUYHAA YOCTUYA H TURUYHBLL HAG-
arodarens.

TPHTHH. HecraGuiabHblii TaXeJblfi H30TON BOJAOPOAA
SH. $lapo TPHTHA COCTOHT H3 NPOTOHA H JABYX HEATPOHOB.
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TYMAHHOCTH. Ypnanenuble acTpOHOMHYeCKHe OOBex-
eKTHl, HMelolHe Bu o6aakoB. HekoTopue TyMMaHOCTH fB-
JISIOTCA TajlakTHKaMH, JApyrue Ha caMoM Jene npejicTraBJs-
10T coboil ob/siaka MbIH H ra3a BHYTPH Haulell 'anakTHKH.

TYMAHHOCTbH AHIPOME/IDI. Bonbiiasi rajakTHKaA,
Gnuxkaimasi K Hawe#d. CnupanbHasi, ¢ Maccoi, npHOIH3H-
TeJIbHO paBHOf 3-10'! conneunnix mMacc. B karasore Mecche
umeer Homep M31, B «HoBoMm obiieM Kartasore» — HOMep
NGC224.

YJAbBTPADPHOJIETOBOE H3JYYEHHE. 3aextpo-
MarHuTHble BOJIHBI ¢ JAJHHaMH B uutepBaje ot 10 mo 2000
aurctpeM (ot 10-7 mo 2-10-5 cM), mpoMexyTOUHHIE MEXKIY
BH/MMBLIM CBETOM H DEHTIeHOBCKHM H3Jy4YeHHEeM.

DA30BbLIH NMEPEXO/]. Pe3xuil nepexoj CHCTeMBl H3
OHOM KOH( HTYpauUHH B JIPYyryl0o o0OBYHO C H3MEHEHHEM
cumMMerpui. iIpuMepaMH MOTYT CAYMKHTb NJIaBJEHHE, KHIE-
HHe H lepexol oT OOGLIYHOH NPOBOJAMMOCTH K CBePXNpOBO-
JHMOCTH

¢OTOH. B KBaHTOBOW TEOPHH W3JyYeHHS 4YacTHIA,
CBsSI3aHHAs co cBeToBOf BoJsiHOM. O0o3Havaercs v.

XAPAKTEPHOE BPEMS PACIIHPEHHS. Benwuu-
Ha, o6patHas nocrosinHoi Xa66sa. 'py6o B 100 pas Gosb-
llle TOrO BpeMeHH, 3a KoTopoe BceseHHas pacIIHpPHTCA Ha
1 npouenr.

LHEPEH]BI. Slpkiue nepeMeHHble 3Be3Jbl ¢ XOpOLIO yc-
TaHOBJEJHLIM COOTHOLIEHHEM MeXJ1y abGCco/ioTHOH CBeTH-
MOCTBIO, MIEPHOOM H3MeHeHHA H LBetoM. HasBaHbl nmo 3Bes-
Je 6 Uedea B cosBeaaun lledes. Mcenoansyores Kak HH-
JHKATOPbl PACCTOAHHA /0 OTHOCHTENBHO OGJHM3KHX Ta.laK-
THK.

IHHAH. Xumuyeckoe coegunenne CN, oGpasoBanHoe
#3 yraepoja M asora. HaiijeHo B MeX3Be3HOM IpOCTpaH-
CTBe 10 IMOrJOLIEHHIO BHJIMMOrO CBETa.

JACTOTA. Beierpora, ¢ KOTOPOH COCTOSIHHE BOJHE
J1060ro copra H3MeHsieTcst B JAaHHOH Touke. PaBHa cKopo-
CTH BOJIHBI, Jle/IeHHON Ha JJIHHY BoJubl. HMamepsercs B 1HK-
JiaX B CEKyHZY WJIH B Trepuax.

IJEKTPOH. Jleruaiimass H3 MAacCHBHBIX 3JIeMeHTap-
HbX 4YacTul. Bce XHMHuYecKHe CBOHCTBA aTOMOB H MOJIEKYJI
ONpefesAloTCs 3JeKTPHYECKHM B3aHMO/EHCTBHEM 3JIeKTpO-
HOB Jpyr € JAPYroM H C aTOMHBIMH SApPaMH.

SJEKTPOHBOJIBT. Ilpuusarasi B aroMHoil (QH3HKe
€/lunNlla SHePriH, paBHAasf HEPrHH, npHoGperaeMon 3JeKT-
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POHOM IPH NPOXOXKIEHHH DPA3HOCTH INOTEHIHAJOB B OJAHH
BoJibT. Pasen 1,60219-10-'? apr.

SGHEPI'HSl [TOKOf. 2ueprua yacTHUbH B COCTOSIHHH
MoKosl, Kotopas Bbldeiausach Gbl, ecad 6B BcA Macca Ya-
CTHilLI CMOTJa aHHHrHJAHpPOBaThb. Jlaercs copmyaoi IiiH-
mreiina E=mc2.

SHTPOIIHA. ®yunamenTanbHas BeJHUYHHA CTATHCTHYE-
CKOif MeXaHIlKH, CBA3aHHAf CO cTemeHblo GecrniopsjKa B (H-
3HYECKOH clcTeMe. DHTPONHA COXpaHseTcs B Ji060M mpo-
lecce, B KOTOPOM HeNpepLIBHO NOJ/epxkKHBaeTCs TelJaoBoe
paBHOBeciie, BTopoe Haua/no TepMOAMHAMHKH YTBEepPKIAeT,
4YTO TNoJHAas JHTPONHA B 210004 peakiHH HHKOTAA He
YMEeHbIIGETCH.

JPr. Eauniua sHeprad B cHCTeMe €IMHHI, CaHTHMeTp-
rpamm-cekynia (CI'C). Kunetnueckass >sHeprus Macchl
OJIHH TpaMM, ABHXXYLIeACS €O CKOPOCTHIO OJMH CAHTHMETP
B CeKyH/]y, paBHa [0JIOBHHe 3pra.

AHEPHASI JEMOKPATHS. lokTpuua, COrJacHO KO-
TOPOi Bce aJpOHBl B PAaBHOH CTeleHH (PyHI1aMeHTaIbHbL.

ANEPHBIE YACTHIIBI. YacTHUB, NPOTOHE H HEATPO-
HBl, ofHapy:eHHLe B faapax oOHYHEIX aromoB. OGHULO
COKpAlllerHU HAa3LBAIOTCA HYK/JIOHAMH,



MATEMATHYECKOE NONOJHEHHE

ITH 3aMeyaHHs NIpejHAa3HaYeHbl JJIsA TeX YHTaTeNeH, Ko-
TOpble XOTAT NO3HAKOMHTHLCS C KOe-KaKoil MaTeMaTHKOH, Ha
KOTOpOH Oasupyercsl HeMaTeMaTHYeCcKOe H3J0XKeHHe B Oc-
HOBHOH 4acTH 3ToH KHUrH. as Toro 4robBl ycaeJHTh 3a XO-
JoM obeyxaennil B Gonblleil 4acTH KHHTH, COBEPUIEHHO He
00fA3aTeNbHO H3YyYaTh 3TH 3aMeuaHHd.

JONOJIHEHHUE 1. 39®EKT N OMNJEPA

[Mpennonoxum, 4ro rpe0HH BOJH NOKHIAIOT CBETOBOH
HCTOYHHK B pery/spHble MOMEHTbl BPeMeHH, pasjieJieHHbe
nepuofoM 7. Ecan HCTOUHHK ABHIKeTcAa oT Habjaiogarets
CO CKOPOCTbIO U, TOT/lAa 32 BpeMsl MeXKAY HCIyCKaHHeM ABYX
NOCJeI0BATEeNBLHEX TpedHell HCTOYHHK NPOXOAUT PaccTos-
e vl. D10 yBeqIHUHBaeT BpeMsA, HeOOXOAHMOE HA TO, YTO-
66l rpebeHb BOJHBL JIOUIEJ OT HCTOYHHKA A0 nabnaogareis,
Ha BenuuHry vT/c, rae ¢ — ckopocts cBera. OTclona BpeMms,
npoulejilee MKy NOSBJAEHHEM BYX NOCJeI0BATEAbHLIX
BOJIHOBHIX rpebHell B TouKe HaOJIOfEHHS, PABHO

I"=T+vT/c;
AJHHA BOJIHBI CBETa MoOcJje HenycKanus®
K=CT,'
AHHA BOJHBE CBeTa B MOMEHT NpHeMa
=0T’
[TosToMy OTHOWIEHHE 3THX JJIHH BOJH
MA=T"|T=1-ulc.

* C TouxkH 3peHHs Habaionarens, ABHKYILErocHd C HCTOUHHKOM,—
Mpunew. ped.
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ATH Ke apryMeHTH NPHMEHHMBI H TOTJa, KOTZa HCTOUYHHK
npubamKaercs K HaGaw0AaTeNo, ¢ TOH pasHuLed, 4To U 3a-
mensercsd Ha —v. ([TonoOGHBle paccyxx/eHHS NPHMEHHMB He
TOMBKO K CBETOBBIM BOJIHAM, HO H K JIOOOMY THNY BOJIHOBO-
r0 CHrHaJja.).

Hanpumep, rasaktiku B cKonmjJieHHH JleBH ABHXKYTCSH
ot Hauwell ["anakTuku co cxkopoctnio mpuMepno 1000 xm/c.
Cxopocts cBera paBia 300 000 km/c. ITosaTomy mnnnHa BOJI-
HHl J1060# CHeKTpaJbHOH JHHHH OT CKonmsenns B [leBe
6oJblle CBOEro HOPMAJbHOTO 3HAUEHHS A B OTHOIIEHHH

A'/A=14-1000 xm/c:300 000 xm/c=1,0033.

AOMNOJIHEHHE 2. KPUTHYECKAS
MNJIOTHOCTb

PaccmorpuM cepy pazmyca R, BHYTPH KOTOPO#l colep-
Karcsl ranakTHkH. (s neneft 1aHHOrO BBHIUHC/AEHHS MBI
JOJIKHEL BRIOpaTh R GoJblle, yeM paccTodHHe MeXIy CKOIl-
JIeHHSIMH TaJaKTHK, HO MeHblile JI000r0 PaccTOAHHS, Xapak-
Tepusymwollero Bceaennyio B IenoMm.) Macca Tako# cgephl
pPaBHa ee 06'beMy, YMHOXKE€HHOMY Ha KOCMHYECKYI0 IJIOT-
HOCTh MAcCCHI p.
4nR*p

M=—

M3 HbIOTOHOBON TEOPHH THATOTEHHS CJe]yeT, 4YTO IOTEeH-
nHajbHas 3Heprus Ja0boi THNHUHOH raJakTHKH Ha HOBepx-
HOCTH 3TO#H ctephl

mMG____ 4amR%G

M3.=— 240 — _Jmtel

rie m— Macca raJakTiki; G — HbIOTOHOBA IIOCTOSIHHASA TH-
rotenusi, G=6,67-10-2 cm3/(r-c?).

Cxkopocth 3T0# raJlakTHKH onpejensiercss 3akoHom Xa60Ja
B BHJe

v=IR,

rae H—nocrosnnas Xa66aa. CuegoBaTesibHO, KHHeTHUe-
CKaf 3HeprHs raJakTHKH paBHA

K. 3.=muv?/2=mH?R?/2.
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[Tonnas sHeprus ranakTHKH ecTb CyMMa KHHETHUECKOH H
NOTeHIHAJbHON SHePTrHH:

E=I13.4+K3.=mR" -5 H'— 5 G|,

OTa BeJHUHHA MOJIKHA OCTaBaThesl IOCTOSIHHOH B mpollec-
ce pacmuperus BceseHHOM.

Ecnu nonnas sneprua E oTpHIlATe/NbHA, TaJlakKTHKA HH-
KOrJla He MOMKeT yIaJHThCs B 0eCKOHeUHOCTb, TaK KakK Ha
OueHb GOJILIIHX PAacCTOSHHAX NOTEHUHAaJbHAs IHEPTHsA cTa-
HOBHTCH NpeHeOpexHMO MaJofl H B 3TOM cjlydae TNOJaHAs
SHeprus NpOCTO PaBHA KHHETHYECKOH 3HEPrHH, KOTOpas
Bceraa moJsioxurespHa. Ecau ke mosHas sHeprus E mouo-
XKHTeNbHA, TaJaKTHKa MOXeT H0CTHYb OeCKOHeYHOCTH,
HMesl OCTATOYHYIO KHHETHUeCKYIo sHepruio. Takum o6pasom,
yCJI0BHE TOTO, UTO rajakTHKa HMeeT CKOPOCTb, KaK pa3 pas-
HYI0 CKOPOCTH OTpbIBa, 3aKjlodaercds B ToM, uto E obpa-
maercs B HYJb, 9TO JaeT

H! =% =0G.

1

2

I[pymMH CJ0BaMH, IJIOTHOCTL J0J:XHAa HMETb 3HAYeHHe
prp=3H?/ (8nG).

3T0 U eCThb KPHTHYECKAs IIOTHOCTH. (XOTHA 9TOT pe3ynabTat
noJay4eH 3/ieCh ¢ HCMNOJb30BAHHEM NPHHIHMIOB HbIOTOHOBOM
()H3HKH, OH HAa CaMOM JeJe CpaBelJIMB JaxKe TOTAa, KOrjaa
coJepxuMoe BcesieHHOH SIBISETCS YJbTPapesiTHBHCTCKHM,
€CJH TONBLKO HMEThb B BHAY, YTO P HHTEPIPETHPYeTCHs Kak
N0JIHAs NJIOTHOCTb SHEPTHH, ZeJeHHAas Ha C2.)

Hanpuwmep, ecain H paBHa nony/JsipHOMYy B HacTosliee
BpeMsl 3HaYeHHIO 15 KM/c Ha MHJJIHOH CBETOBBHIX JET, TO,
BCIIOMHHAfA, 4TO CBeTOBOH roj coorsercryer 9,46-10'2 ku-
JIOMETPOB, MBI ITOJIydaeM

3
P = "R (6,67-10-% awij(rcy) <

15 km/c/10% cB, Jer 2 G
x( 9,46.101 KM/CB, ol ) —““'_'4’510 % [‘/CM'.

B oanom rpamme copepxurcst 6,02-10% sgepHbX wacTHI;
TaKOe 3HaYeHHe TenepellHefi KPUTHURCKOH IJIOTHOCTH COOT-
BeTCTBYeT npuMepHo 2,7-107% saepunix yactuy B 1 cM3, Hin
0,0027 yacTHUE B OAHOM JHTpE.
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JOMOJHEHHUE 3. MACLITABbl BPEMEHH
: PACLIHPEHHSA

PaccmotpuM Terepb, KaK MeHSIIOTCS napameTpnl Beenen-
HOH ¢ TeueHHeM BpeMeHH. IIpeamosoXKHM, 4YTO B MOMEHT
BpeMeHH [ THNHYHAs TrajJakTHKa Macchl m HaXOAMTCA Ha
paccrosiHui R(f) oT HEKOTOPOH NPOH3BOJbHO BBIOPaHHOM
UEHTPaJbHOH rajJaKTHKH, HAIPHUMep Halled COOCTBEHHOIL.
Mbl BHIENH B NMpeAblAyLIeM MaTeMaTHYEeCKOM JONOJHEeHHH,
47O moJHas (KHHeTHYecKas IVIIOC NMOTEHUHAaNbHasd) 3Heprus
ATON raJakTHKH paBHa

E:mmmrgmm—gmmw}

rae H(t) u p(f) — 3nauenus nocrosHHoli Xat0saa H KOCMH-
4ecKoil IJIOTHOCTH MacChl B MOMEHT BpeMeHH f. DHeprus
JOMkHEA ObiTh Beeria noctosHHOH. OAHAKO MBI YBHIHM HH-
ke, uto mpu R (£)—0 p(f) yBeanuHBaeTcs Mo MeHbIIeH Me-
pe xak 1/R3(f), tak uro p(f)R?(t) pacrer Kak 1/R(f) npu
R (1), crpemsiemcs K Hya0. YToGbl COXpaHHTh 3HEPrHIO £
MOCTOAHHOM, /BA 4jJeHAa B CKOOKaxX MOJIKHBI MOYTH COKpa-
anarees, TaK 4To npu R (1)—0 mu nmeem

- H* (t)— 57 (1) G.

XapakTepHoe BpeMs pacliipeHHs —IpocTo o0paTHas Be-
JIHUMHA NOocTOAHHOH Xab6aa, T. e.

toaen ()= 1/H.(t)=V/3] (8% () G).

Hanpumep, B MOMeHT BpeMeHH mnepBoro kaapa (cM. ra. V)
NJIOTHOCTh Macchl paBHAJach 3,8 THICAYH MHJLIHOHOB IpaMM
Ha KyOuueckuit cantuMerp. Orciona BpeMs pacCIIHDEHHSA
PaBHAJOCH TOTAA

t

3
pncm:‘/ 8x (3,8-10° r/cum®) [6,67.10-*% cm¥/ (r-c?)]
1 (D2’

Ianee, kak MeHnsierca p(f) ¢ usmeHenuem R(f)? Ecan
TJIOTHOCTh MACCHl ONpeensieTcd MaccaMH fAepPHbIX YacTHI
(3pa npeoG.iazaHus BellecTBa), TOrjAa IOJHAs Macca BHYT-
pH conyrerByioweii cdepsl paauyca R(f) mpocto mponop-
LHOHAJbHA Macce SAEPHBIX YacTHIL BHYTPH 3TOH cdepwl H,
CAeN0BATENLHO, L0/MKHA O0CTABAThCHA NOCTOAHHOIN:

%ﬁp(f)R“ (t)= const.
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Orcwona p(f) obpaTHo npomopuHoHanbHa R3(f):
p(f) ~1/R%(f)

(3Hax ~ O3HayaeT <«IpPONOPIHOHANAbLHO».) B To e Bpems
€C/H TJIOTHOCTh Macchl Onpejie/ifieTcss MaccoH, IKBHBAJEHT-
HOfl 3HEPrHH H3JydYeHHS (3pa npeobGJjajaHHA H3JIy4YeHHH),
Toraa p(f) MpOMOPUHOHANLHA YETBEPTOH CTENeHH TeMmiepa-
Typu. Ho Temnepatypa Mmenserca kak 1/R(f), Tak uro p({)
B 3TOM ciyuae o6paTHo nponopuuonansua Ri(f):

p(f) ~1/R*(2).

Uro6bl HMeTh BO3MOXKHOCTH OJHOBPEMEHHO paccMaTpHBATh
3pHl npeobiafaHus BemIeCTBA H U3JYUEHHs, Mbl 3aMHLIEM
3TH Pe3yJbTaThl B BHIE

p()~[1/R(H)]",
rie
4o { 3 (spa npeobaaganus BellecTsa);
4 (spa mpeoSnajanus M3JYUeHns).

Kcrartn, samernm, uto npu R({)—0 p({) pacrer, mo MeHb-
mei Mepe, Tak xe GbicTpo, Kak 1/R?(f), uto u 6ulJI0 yKasa-
HO Bblille.

IMocrosunas XaG6aa nponopunonansua ) p, u nostomy
H(t)~[1/R(t)]"".

Ho Toraa ckopocTh THNHYHOI raJlakTHKH
o(t) =H (t)R (t)~R (t)]'—2.

D/leMeHTApHBIM pedynbraToM AupdepeHiHalbHOTO HCYHC-
JIeHHSl fABJASIETCH TO, YTO ECJH CKOPOCTh NPONOPLHOHAJbHA
KaKOH-TO CTeleHH PACCTOSIHHS, TOTAa IPOMENKYTOK BpeMme-
HH, HeOOXOAHMBIH Ang TOro, 4Yrobbl NMONMACTH H3 OJHOH TO4Y-
KH B APYTyI0, MPONOPUHOHA/IEH H3MEHEHHIO OTHOIIEHHS pac-
CTOSHHS K CKOpOCTH. BoJslee TOYHO, ec/iH ¢ MpPONOPIHOHAb-
Ha R'™"/2, 370 cOOTHOLIEHHE HMEET B ;

_ 2 [RG) _R()]
f'_’ﬂ”T[vu,)"v(t:)]'

Han

. _;2:% [’f(ltT "'f-(lTaT]'
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MozkHro Boipasuth H (f) uepes p(f), nocie 4ero nNOJAY4YHM

- '/ 3. 1 1
1 | g L L o
n ¥ e RENnY Y olh)
Takum 06GpasoM, He3aBHCHMO OT BeJHUHHBI 1 NPOHAEHHOE
BpeMsl NPOMOPHHOHAJLHO H3MEHEHHIO KBa/PaTHOTO KODHS
13 00paTHOM BeJHYHHbI IJOTHOCTH.
Hanpuwmep, B Teuenne Bceit apbl npeo6aajanus Haayde-

HMSl NOCJe AHHHTHJSILHH 3JEKTPOHOB H NO3HTPOHOB NJOT-
HOCTb 3HEPTHH PaBHAJACH

p=122.10"**-[T (K)]* r/cm’

(cm. mar. aon. 6, c. 167). Kpome Ttoro, B 3aTom cayuyae n=4.
Takum o6pasoM, spemsi, Heo6XoauMoe, 4ToGb Bceenennas
oxaaaniack ot 100 MuAIHOHOB rpaaycoB a0 10 MHJAJHOHOB
rpaiycos, COCTaBaseT

3

8r [6,67-10-¢ ot /(rc?)] %

1 1
[ V1,22.10-%5.10% r/cm? ¥ 1,22.10-25.10%% r/cm? ]_
=1,90-10° ¢=0,06 rona.

Haw o6utnii peaysibTaT MOXKHO TakiKe BHIPAa3UTh Gojee
IpOCTO, 3alucae, YTO BpeMs, HeOOXoAHMOe, uTOOBl [1J1OT-
HOCTB yllaja 10 3HAUeHHsl p OT HEKOTOPOTO 3HAUEHHs, MHO-
ro 60J1bll.lEl‘0 qeM p, paBHO

7 V { 1/2 4 (Npe0Gnazanue uanyuenus),
8rlp 2/3t aem (npeobnafanie BemiecTBa).

(Ecan p(f2) >p(t), M MoxeM npeHeOpeyb BTOPBIM 4Jje-
HOM B Hauledl (opmyae aasa f,—;fs.) Hanpumep, npu temmne-
parype 3000 K mnaorHocTh Macchl (OTOHOB H HEHTPHHO
paBHAIACH

p=1,22.10-%.3000% r/cM®=9,9-10-22 r/cm®.

2T0 HACTOJBKO MEeHbllUe, 4YeM MJOTHOCTh TIPH TeMIepartype
108 K (uau 107 K, nan 10® K), uto Bpems, TpeGyevoe Ha
10, uTo6H Beesennas OXJaluJach OT OYEHb BLICOKEX TeM-
nepaTtyp Ha panueit ctaauu jo 3000 K, mMoxHO paccuntath
(monaras n=4) npocTo Kak

1 3
T]/ Bx [6,67.-10-5cm®/ (r-c?) | (9,9- 10~ r/cm?)
_ =—92.,1-10"* ¢=680000 ser.
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Mp nokasanau, uto Bpems, HeoGxoaHMoe, 4TOGHI T1J0T-
HOocTb Bceesennoit ymana 10 3Ha4YeHHS p OT 3HAUHTEJbHO

GOJIBIINX PAHHHX 3HaueHHH, nponopuxonansho 1/ p, B To
BpeMs Kak IJIOTHOCTbL p npomopunonaasia 1/R7. ITostomy
BPEMS NPONOPIHOHANBHO R™? MW, APYTHMH CJOBaMH,

12
R~ t”":{t (spa mpeobnajanns BelllecTBa),
t*° (3pa mpeoGnananusi WaayueHus).
9TO OCTaeTcs CNpaBelJHBHIM 0 TeX MOp, TOKAa KHHeTHue-
CKast M NMOTEHLUHANbHAS SHEPTHH He YMEHbIIATCA HACTOJIBKO,
YTO CTAHYT CPABHHMBI C HX CYMMOH — TOJIHOH 3HeprHeii.
Kak ormeueno B ra. II, B kaxawlii MomeHnT BpemenH f
nocje Hayaja HMeeTcs TOPH3OHT HAa PACCTOSIHHH MOPSLKa
ct, u3-3a KOTOPOro HHKakas HHAOpPMAIUNS Bce ellle He MO-
JKeT Hac JocTHYb. Temepb Mbl BHAHM, uTo npu {—0 R(f)
yMeHbIIaeTcsi MeHee OBICTPO, YeM pacCTOsiHHE JI0 TOPH30H-
Ta, TAK YTO B JIOCTATOUYHO paHHHE MOMEHTHI BpeMeHH Jio6as
JlaHHaf «THNHYHAA» YacTHIA Obla 32 FOPH3OHTOM.

JNONMOJHEHHE 4. U3JIYYEHHE YEPHOTO
TEJA

Pacnpedenenue I[laanka naer suepruio du W3ayuenus
UEPHOrOo Tesla B elHHHIle oObeMa, MPHXOSILYIOCH HA Y3KHil
HHTEPBAJ JJHH BOJH OT A 10 A+dA, B BHJE

he

du=%—dl/[e(ﬁr)—- l].

3aecs T — remnepatypa; k=1,38-10-'¢ spr/K — nocrosu-
Hasg DBoabumana; ¢=299792 km/c — ckopocTh cBera; e=
=2,718... — yucaoBas noctosiHHan; h==6,625.10~2 spr.c —
nocrosivHas Ilnanka, BmepBeie BBejeHHas Makcom [laau-
KOM B KauecTBe COCTABHOH 4acTH 3TOH (GOpMyJHI.

Has Goabtuux AWM BOJH 3HAMeHATeNb B paclpegese-
HuH [lnanka MOXKHO NPHOJHIKEHHO 3anHCaTh B BHIE

he

(+x)
RTA °

Ciie10BaTeNbHO, B 3TOH 06JACTH IJIHH BOJH pacnpenesnenie
[lnanka paer

] =

e

duz—glgr—dl.
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310 — hopmyaa Paresa — lowcurca. Ecin ee npuMeHHTH 114
IIPOII3BOJIBHO MAJIBIX TJIHH BOJIH, TO du/d) cTaHeT GecKOHEeY-
HOil npH A—0 M NONHAas NJOTHOCTL SHEPTHH H3JyYeHHS
uepHoro Tesia Gyaer GeCKOHEUHOI.

K cuacrbio, du B popmyane [lnanka gocturaer makcumy-
Ma NpH IJHHE BOJIHbI

A=0,2014052 hc/kT

H 3areM I[JIaBHO clnajaer cC YMEHbLIEHHEM IJIHHBI BOJIHBI.
[Toaras nnotnocTh SHEPrHH H3Jy4YeHHS YepHOro renja paBHa
HHTErpamny

he

= e g [ [ol5) 11,
0

IToro6Hble BHTErPaJIBl MOXHO HAHTH B CTAHAAPTHHIX TabaH-
11ax onpeeJeHHBIX HHTErpaJoB; B pe3yJbrare
Bre (RT)* __ ~ ~15 a ]
__-mr_zsmm-lo |T (K)]* apr/cm’.
1o — 3akon Cregparna — Loasymana.
MBI MOXKeM Jerko HHTEePIPeTHPOBATL pacnpefedeHue .
[lnanka B TepMuHax KBaHTOB cBetra Hau otonos. Kax-
Auii (hOTOH HMeeT 3Hepruio, onpejaenseMyio dbopmynoi

Orciona uucno C]JOTOHOB dN B enunuie o6bema H3JYy4YEeHHS
HepHOro TeJa, INpHXOAsAIIeeCsa Ha ysxuﬁ HHTepBaJ MOJHH

BO.1#1 OT A 10 A+dA, paBHO
he
de. - 8n kT
M:W—T‘—dz/[e a 1].

[Monnoe uwncsno ¢oronos B eauHHne ob6wvema 1 cm® paBHO
TOrja

[ o]
N— S'dN —60,42198 (-’j;—) =20,28 [T (K)]* dotoros/cm’,
0

a cpcaHAA 9Heprus (hOTOHA:
Ecp=u[N=3,73-10-'% [T(K)] spr.

PaccmoTpuM Tenepb, 4TO TPOHCXOAHT C H3JAyYeHHEM
uepHOrO TeJa B pacmmpsomteiics Bceenennoii. Ilpeanodio-
JKiM, 4TO pa3Mep BcenenHo#t H3MeHuJcs B [ pas; Hanpu-
Mep, ecan DBceneHHas yaBamBaeTcs B pasMmepe, 1O f=2.
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Kak mul Bujienn B raase II, AnuHL BOJH H3MEHAIOTCA Npo-
NOpIHOHAJNBHO pasMepy BcenerHHoi H 6yAyT HMeTh HOBOE
3HAucHHE

A =fh.

[Tocsie paciinpenns NJIOTHOCTE 3Hepruu du’ B HOBOM Hiitep-
BaJje JJHH BOJH OT A" 1o A'+dA’ MeHblle nepBoHauabHOM
NJOTHOCTH 3HEPTHH du B CTapoM HHTepBaJe JJHH BOJH OT
J 10 A+dA MO ABYM pPa3IHYHBIM NPHYHHAM.

1. Tak kak o6vem BcenenHoii yBennuuiacs B 2 paa. 1o
JI0 TexX IOp, MOKA He POXKAAJOCh H HE YHHUTOXKAJOCh Hilka-
KHX (OTOHOB, HX YHCJIO B eIHHHIE 00BbeMa yMeHbIIII0Ch
B /% pas, T. e. H3MEHHJIOCh Ha MHOXKHTeNb 1/f3.

2. Dueprusa Kaxzaoro ¢otoHa o6paTHO NPONOPIHOHA/b-
HA €ro JJHHE BOJIHEI H IO3TOMY YMEHbIIHJAch HA MHOKH-
teab 1/f. Otciona caenyer, 4TO NMJIOTHOCTh JHEPTHH yMellb-
mwHJaack Ha obuwuii MHOXHTeNb 1/f3, yMrOXeRHw Ha 1/f, TO
ecTh Ha MHOXKHTeab 1/f4:

he

ieil __ 8rhe (Flz)
du -—-—P—dltm?f{—dl/[e — 1]_

Ecan Mpl Temepn nepenuiueM 3Ty (OpMyJay, BBeAsi HOBVIO
JUTHHY BOJIHBI A/, TO OHA NPHMET BHJ

kel

d 35 /{e(w)_ 1

J\IE

Ho 3710 B TOuHOCTH Ta Ke dopMy.aa, 4To H crapas ¢GopMmy-
Ja ans du, BhpaxeHHas uepe3 A H dA, 33 MCKJIOUEHHEM
TOro, yro T 3aMeHseTCs HOBOH TeMmnepaTypoil

T'=T/f.

CJe0BaTeIbHO, MBI 3aKJI04aeM, 4T0 CBOGOAHO paclunpsio-
lleecs H3Jy4yeHHe YEpHOro Tesaa NPOJA0JIKAeT ONHCLIBATLCH
¢gopmyaoii [lnanka, Ho ¢ TemnepaTypoi, najawiuileii o6par-
HO MPONOPHHOHANBHO MacwTaby paclHpeHHus.

JOMOJIHEHHE 5. MACCA JI)KHHCA

ﬂ.}'lﬂ TOTO YTOOH CryCTOK BellecTBa oﬁpasoBan rpasura-
IIHOHHO CBSI3@HHYIO CHCTEMY, HEOﬁXOHHMO, gTOOBl €ero rpa-
BHTAllHOHHAA NOTEHIHANbHAA 3HEPrHs NMPEBLICHJA BHYTPEH-
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HIOIO TENJIOBYI0 3Hepruio. [paBuTalHOHHAs NOTEHLHAJbHARA
3Heprus crycrka pajamyca r u maccsl M nopsiaka

I1.9.~— GM?r.

BryTpeHHsisl 3Heprus B eiuHHIEe 00beMa NPONOPIHOHA/bHA
JABJECHHIO p, TAK UTO TOJHAS BHYTPEHHSAS 3HEpPrus Io-
pALKa
: B.3.~prd.
CuienoBartesbHo, rpaBHTalHOHHOe cxKaTHe Oyxer mpeoO.a-
J1aTb, ECJIH
GM2jr>pr?.

Ho st 3aiaHHON NJIOTHOCTH p MBI MOXEM BBIPAa3HTh I 4e-
pe3 M ¢ moMoIIbIO COOTHOLIEHHS

PR S
M%Tpr 5

Ycaosue rpaBHTAllHOHHOIO CTACHBAHHA MOZKHO MO3TOMY Te-
penucaTtb B BHAE

M a3
GM*>p (—)
P
HJIH, HHBIMH CJIOBAMH,
M> Mp,

rae MD (C TOYHOCTBLIO 10 HECYLIeCTBEHHOTO YHCJAEHHOrO
MHO)KHTEJ'[H)——BCJ’IH'-IHHH, H3BECTHadA KaK Macca ﬂ,muuca:

MD=p3/2/(Gaf‘2p2)_

Hanpumep, kak pa3 mnepen pekomOHHauUued Bogopoaa
NJIOTHOCTL macchl paBusgack 9,9-10722 r/em® (cm. mMarema-
THYeckoe jonoaHenue 3, ¢. 160), a naBaenHe paBHAJOCH ™

1
p=—cp=03 r/(cM-c?).

Tlostomy macca [Ixkunca Gelia paBHa
M -_-( 0,3 r/(cm-c?) )‘”2 N

D 6,67-10-% cm®/(r-c?)

1 2 ; ;
X( 9.,9.[0—2! "/‘CMa ) —'-917'105l I‘:_*:,S. lOl lwo,
rie M —wacca Connua. ([as cpaBHenns macca Hamei

'anakTHKH paBHa nNpHMeEpHO lO”MO.) [Tocne pekombuua-

* 3nech BKJIOUEHO AaBaenHe wuanydenus.— [lpumes. peo.
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und pasienue * ynaao B 109 pas, tak uto macca JKuHca
VMEHBIINAACH JIO

Sagle 18
My=(10-°y""-5-10"M ;

Gt © ®
HHTepecHo, 4To 3TO NPUMEPHO PaBHO Macce GOJBIIHX 11APO-
BBIX CKOIUVIEHHH BHYTPH Hallled ['aJakTHKH.

=1.6-10"41

JOIMNOJIHEHHE 6. NJIOTHOCTb
A TEMIEPATYPA HEUTPHHO

o Tex mop MOKa COXpaHsieTcs TelmJOBOe PaBHOBECHE,
NOJHOe 3HayeHHe BeJIHYHHBI, HA3LIBAeMOH «3IHTPOIHEH»,
octaercsi (PHKCHpPOBaHHBIM. B nocratounom A/ HAWOHX Le-
Jeii npubAHKeHHH 3HTponHA S B elHHHLE 0O0beMa MpPH TeM-
nepatype I' naerca (Gopmyoi

S~N,T3,

rie Ny —sbdekTHBHOe 4HC/I0 PAa3HOBHIHOCTE) YacTHLL, Ha-
XOJASIIHXCA B TENJOBOM paBHOBECHH, IOPOroBasg TeMmmepa-
Typa Kotopoix HHxKe T. s Toro utobbl yaepxaTh MOJMHYIO
SHTPONHIO NOCTOAHHOH, S NoMKHA OBITbL NPONOPLUHOHAJbHA
obpatHomy KyOy pasmepa Bcesennoi. 910 3HAYHT, YTO €c-
JH R ecTb paccrosiHue MeKy JI00OH napoH THIHYHBIX ya-
CTHIIL, TO

SR3 ~ N, T3R3=const.

Kak pas mepej aHHHTHJAANHeHd 3JeKTPOHOB H MO3HTPO-
HOB (npH Temmepatype okoio 5-10° K) HeliTpuHO W aHTH-
HCATPHHO YK€ BBHIIJIH H3 TEMJOBOTO PABHOBECHS C OCTAJb-
HBIM colepxXKHMblM BceneHHOl, Tak 4YTO €AMHCTBEHHbIMH
YaCTHLLAMY, HMEBIIHMHCSA B GONbLUIHX KOJHUECTBAX B PABHO-
BECHH, OBLIIIH 3JeKTPOH, MO3HTPOH H (GOTOH. MBI BHIAUM, YTO
coraacio Taba. 1 nonnoe 3d@eKTHBHOe UHCAO pPa3HOBHI-
HOCTEll uacTHU, nepej] aHHHTHASUHEH cocTaBjafaao **

Np=7/2+2=11/2.

[Tocsne aHHHrHJASIHH 3JIEKTPOHOB H MO3HTPOHOB B 4ET-
BEPTOM Kajpe €IHHCTBEHHBIMH 4YaCTHLUAMH, KOTOpbieé OCTa-

* PaccmarpuBaeTcs TOJBKO [aBJeHHE BellecTBa (CM. NpHMeEYaHHe
peiakTopa Ha c. 76). — [MTpumey. ped.

** Peyb Hier 0 HaXOAAWMUXCA B PaBHOBECHH H B3aHMOJEHCTBYIOLIHX
yacTHuax et, e~ u y. — [Ipumeu. ped.
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JHCh B PABHOBECHH B GOJBIIOM KOJH4eCTBE, GLIIH (HOTOHHL
DddexTHBHOE YHCIO PaA3HOBHAHOCTEH YaCTHIL PaBHANOCH
NO3TOMY TPOCTO

Nnocnu_—"Q-
M3 3akoHa coXpaHeHHsI SHTPONNH CJeIyeT, 4TO
1
o T (TR)sn,n:2 (TR).nm.ne-

DTO 3HAYHT, YTO TEIJIO, BHIACJIHBIUEECH MPH AHHHIHJIALIN
3JIEKTPOHOB H TO3HTPOHOB, YBEJHUYHJO BeJuunny TR ua
MHOMKHTENb

e = (11/4)' =1,401.

Ilepen anuuruasinueii 3JeKTPOHOB M MO3UTPOHOB TEM-
neparypa Hefitpuuo Ty Obla Takoii XKe, KaKk W TeMmnepary-
pa doronoB T. Ho mocae sroro T npocto mnapgajia Kak
1/R, TaKk 4To AAs BCeX MOCAEAYIOUMHX MOMEHTOB BpeMeHH
npoussefcHie T,R paBHAJOCH 3HaueHH0 TR nepep aHHH-
ruasuHe.

T R)nocne T R}JIO (TR)AO'

Otcioaa 3akjiouaeM, 4TO TOc/Je OKOHYAHHsA Tmpolecca aH-
HHTHJIALLHH TeMIepaTtypa Cl)OTOHOB 0OKa3aJacChb Bblllle TeMIle-
paTypsl HEHTPHHO B

T/T )noc:te (TR)noc:[eJ (T R)noc e (l 1:"4)”3 = 1,401 pasa.

HefiTpuHO H aHTHHEHTPHHO, JlaKe XOTs OHM H He Haxo-
JNATCA B TENJIOBOM PaBHOBECHH, NAlOT BayKHbIH BKJal B KOC-
MHUECKYI0 MJIOTHOCTh 3HEPruu. J(P(eKTHBHOE YHCJIO Pa3HO-
BHIHOCTeHl HEHTPHHO H AHTHHEATPHHO paBHO* 7/2, uau7/4
ot 3deKTHBHOrO uHc/Ja pasHoBHAHOCTel dortonos. (Mwme-
10TCs [1Ba CIIHHOBBIX cOcTOsiHMs ¢oToHa.) B 1O e Bpems
yeTBepTas CTeleHb TeMIepaTypbl HEeHTPHHO MeHbllle, ueM
yeTgeprasl CTemeHb TeMnepaTypnl (OTOHOB, HA MHOMKHTEJNb
(4/11)43, CnenoBaTe/ibHO, OTHOWIEHHE IJIOTHOCTH 3HEPrHH

* 3pech yuTeHb ABa COpPTa HEATPHHO V. H Vg
Bepoatno, cyulecTByer eule OAMH COPT v. Uy — Hpumen. ped.
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HEATPHHO H AHTHHEHTPHHO K IJIOTHOCTH 3HEPTHH (OTOHOB
u,lu, =T7/4-(4/11)""° =0,4542.

3akon Credana — Boabumana (cum. raasy II1) yreepxaaer,
yTO NpH TeMmnepatype ¢oTOHOB T NJOTHOCTL 3HEPrHH (POTO-
HOB

u,=7,5641-10~"* spr/em* [T (K)]*.

C.’IEILOBEITGJIBHO, MoJiHafd MJOTHOCTb SHEPrHH IIOCJEe 3JIEKT-
POH-TIO3UTPOHHON aHHHIHJSAUHH PaBHA

u=u, +u =14542u =1,100-10-" spr/em’ [T (K)|".

MB MOXeM IepeBecTH 3T0 B 5SKBHBAJIEHTHYIO IIJIOTHOCTE
Macchl, pasfeNHB Ha KBajpaT CKOPOCTH cBeTa, M Haligem
TOT/la

p=u/c?=122:10:% 1 [cn® [T(K)]“

AOMOJHEHUS PEJAKTOPA PYCCKOTO
NEPEBOJA
AOMOJHEHHUE 1. KIACCHYECKAS
HEPEJIITUHBUCTCKASL KOCMOJIOTHS

B npeanaraemoit kuure Baiinbepr aaa onpejefeHus
3akoHa pacuupenns Bcesennoii paccmarphBaer map, Bhl-
neJeHHBI H3 Ge3rpaHHuHO cpexn. [paBHTauHOHHOE moJe
CpeAbl, OKpy:Kalolleil 1ap, MpH 3TOM He pacCMaTPHBAETCH:
Kak H3BeCTHO, NOJe BHYTPH cdepHUeCKH-CHMMETPHUHOH
060J104KH paBHO HyJ10. BoiBox Baiin6epra npasuned. Onna-
KO Yy YHTaTead MOI'YT BOSHHKHYTL COMHEHHSH, HET JIH NMPOH3-
BOJIa B OMepPalHH MbICAEHHOTO BhijeseHHs mapa *. ITosto-
MYy MOJIE3HO JaTh BBIBOJ, TaKKe OCHOBAHHBI HA HBIOTOHO-
BOWl TEOPHH TATOTEHHS, B KOTOPOM HCKYCCTBEHHOE BbijeJie-
HHe luapa He HcmoJb3yercs. JlorHyeckas NpoCTOTa MNpH
S5TOM MOKYynaeTcsi 1€HOH HeKOTOpPOro MaTeMaTHYecKoro yc-
JIOJKHECHHA peLIcHHSA. anBOﬂ.HMblﬁ HH2Ke BbIBOJ OKa3blBd--

* Ecan 6bl Mbl MBICJIEHHO BBIIE/THJIH 3JUIHTICOHA BMeCTO 1Iapa, TO Aefi-
CTBHTEJLHO Pe3yJbTaT OKa3ajcs Obl HHBIM. 9T0 06CTOATENHCTBO MOHO
CUHTATbH NPOABJAEHHEM TaK HA3bIBAEMOr0 TPAaBHTALHOHHOrO Mapanokxca,
T. €. TPYAHOCTH, BO3HHKAloUlefi NpH NpHMeHEHHH HBIOTOHOBOR TeOpHH
TArOTeHHs K 6e3rpaHuvHOf cpefe C NOCTOSIHHOM MJOTHOCTRIO BElLEeCTBA.
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©TCcsl TaKiKe BecbMa INOJe3HblM B TeopHH o6pas3oBaHus
rajiaKkTHK IPH PacCMOTPEHHH BO3MYILEHHH HIeaNbHOro pe-
uwenysi. OHAKO B 3TOM JONOJHEHHY MBI He Kacaemcs BOI-
poca 0 BO3MYIIEHHSX.

Hrak, ans onpejenennsi 3akoHa pacluupesus OyaeMm He-
TOCPEICTBEHHO paccMaTpHBAThL OesrpaHuuHyio cpeny, ee
rPaBUTALMOHHLI MOTEHIHAJ H JBHMKCHHE.

YpaBHeHHe TArOTeHHsi 3anuilieM B (opMmMe YypaBHeHUHA
Ilyaccona

0%
A‘?*'a‘xf'" 0y

rje ¢—noTeHUHaJ rpaBHTalHOHHOrO noJs; G — rpasuTalii-
OHHAfl NOCTOSIHHAN; p — NJAOTHOCTb. Dysem muckath cdepu-

LIECKH"CHMMETPH(IHOQ pelﬂeHHe o] q], 3aBHCALLHM TOJBKO OT
r=V) x4y4?+22 Torna

=4nGp, (1)

e d
e (f’ d? )—- 4TGP (2)
Peurenue 3TOro ypapHeHHs HMEET BHIL
¢ =2nGpr?/3. (3)

MBI NpHBBIKJAM K TOMY, YTO NOTEHLHAJ PaBEeH HYJIO Ha
OecKOHEeYHOCTH; AJIS1 OrPAHHYEHHOH COBOKYIMHOCTH MAacc 3TO
Tak W ectb. B Gearpannunoit Bcesnenuoii, papuoMepHo 3a-
TIOJIHeHHOH BeLIeCTBOM, 3TO He TaK, OAHAKO HET HHKaKHX
NPHYHH OTKA3biBATHCH OT MPHBEIAGHHOIO pPEIICHHS.

Hapienue, Tak Xe Kak W IJIOTHOCTb, CYUMTAEM He 3aBH-
CAIHM OT KOOpJHHAT. B ypaBHeHHe ABHIKEHHS CIVIOLIHOH
€pe/bl BXOJMT IPajHeHT J[aBJeHHs, HO B [JAHHOM cJyudae
3Ta BeJHYHHA PaBHA HYJIO.

OO6muit BUA ypaBHEHHS JABHIKEHHs cnnomuoﬁ cpeibl

ou

-+ (nv)u_—gradcp——gradp (4)
[ToacraBum ciona BeipaxeHnne 3akona XaG66.1a
u=H()r, (5)

M HenoJb3yeM Buipaxenue (3) aas @(r) u 1o, uto grad p=
=0. CokpaTHs r, NOJy4YHM:

JH 4
Haxkonen, cocraBum ypaBHeHHe HEPA3PBIBHOCTH
a—t_ — div (pu). (7)
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[Moxcrasus cioga xa6G0J0BCKOe BHIpaMeHHe CKOPOCTH
(5), maiinem, 4TO He 3aBHCfllas OT KOOPJAHHAT (HO 3aBHCH-
1Masi OT BPeMeHH) MJOTHOCTb YAOBJETBOPSAET ypPaBHEHHIO

Cucrema ypasHenuil (6) u (8) nosHOCTbIO IKBHBAJIEHT-
Ha TeM yPaBHEHHAM, KOTOpPbIE BHIMHCAHL ABTOPOM KHHI'H B
nonoanenun 2. as ee peuieHuss yA0OHO TNOAENHTb OJHO
ypaBHeHne Ha apyroe. Toraa

dH __ H? 4 (8v/3) Gp 9
d SHy . i

3T0 ypaBHEHHe JIErKO NIpeJCTaBHTh B BH/E JHHEHHOrO ypaB-
HeHUS OTHOCHTEJbHO BeJHuHHbl H?
d(H?) __ 2H? +I6n G

Gy e T (10)

pelieHHe KOTOPOTro ¢ 3aJaHHLIMHU (H3MEepeHHBIMH B HACTOfA-
umee BpeMsa) 3HaueHHaAMH [y W p; HETPyAHO 3amHCaTb.
OGuuee pemenne umeer Buj (A — KOHCTAHTA HHTErPHPOBA-
HIisT)

H'— 40" 1 BGy. (11)

[ToactaBasa ceropnsimuaue 3HaueHus Hy u py, moayuaem
OKOHYATE/NbHO
8 2/3 8
Hsz(Hzo 4 TGP“)%,T+-3—GP, (12)
0 -
YTO TNOJHOCTBIO ONMHCBIBAGT M npoulioe (npu p>po) u Oy-
nyiiee Beesiennoit. Emle ofnuM HHTerpHpoBaHHeM MOXKHO
HaiTH {(p) u TeM cambiM cBsid3aTh [ W p C L.

Oanako MBI He ocTaHaBJHBaeMcd Ha sToM. Hauledt nessio
Obijla JeMOHCTpPALHA TOrO, YTO HE HYXKHO HCKYCCTBEHHO BBbl-
JeATh Kakofi-To 11ap, paccMaTpHBaTh HAXOISILyIOCA HA
Kpalo TOUKy, [eJaTh NpaBAONoA00HbIe, HO HE CTPOTHe mpes-
110JI03KEHHs. 0 TOM, 4TO BHelHss (GeckoHeunas!) obGnacTb
He BJHSIET HA JBHXKEHHE.

Boilie GbLIn NMPHMEHEHb! peryasipHble MeTOAbl PaccMoT-
pCHHSI JBHXKEHHA CIVIONIHONH cpeAbl H SCHBIE MpeNnoJoxKe-
HHS O TOM, 4TO HUIETCS pellleHHe H30TPONHOe H OJHOPOTHOE,
T. €. TAKOe, B KOTOPOM paBHOLEHHHI BCe HANpPABJEHHS H BCe
TOUKH npocrpaHcTBa. M3orponus caenyer w3 cepuuecku-
CHMMETPHYHOTO BHJAA (DYHKUHH (¢ H CHMMeTpHH 3aKoHa Xab-
61a. B oaHOpoaHOCTH pelleHHs Jerko yOeauThCs, MEHsd
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Ha4yaJo KOOPJHHAT H Nepexois K HOBOH CHCTEMe, YCKOpeH-
HO JBHKYIIeHCA OTHOCHTEJILHO cTapol. bBearpaHuuHocts
Cpeibl, Tak e Kak i ofpallleHHe NoTeHuUHaaa B Oeckomey-
HOCTh Ha TPOCTPAHCTBEHHON GeCKOHEYHOCTH, He co3jaer
HHKAaKHX TPYIHOCTEH NpH pacuere®.

Bce pacuers! Moran 66l ObITE MpoOAeNaHB He TOJLKO B
JIEBSAATHAINATOM, HO H B BOCeMHajaunaTtom peke. TiraTeabHbii
JIOTHYECKHIT aHa/iH3 MOHATHI OHOPOAHOCTH W M30TPONHH B
HBIOTOHOBOII MeXaHHKe — BOT 4YTO MOrJM0 OB NpHBECTH K
CBEpXpaHHeMY OTKPBITHIO TeOpHH paciuupsioweiics Beesen-
Hoil. ITapajokc — oiMH H3 TeX, KOTOPLIMH H306HAyeT Hay-
Ka, — 3aKJI0YaeTcsl B TOM, YTO HbIOTOHOBA TEOpHA KOCMOJI0-
THYECKOro paclppenHs Obla co3jaHa JHIb NOcJe HaydyHO-
ro noasura ®punmana. Benomunatworea caosa Ilactepuaka:
«XO0Tb NpPOCTOTa Hy:KHee JIOASM, HO CJ0XKHOE J0CTynHew
HM>,

3a BceM CKa3aHHBIM Bhbillle He cJelyeT, OAHAKO, 3a06bi-
BaTb, 4TO PEJAATHBHCTCKAA TEOPHSH fOoraue u coAepzKaTe b
Hee HBIOTOHOBOH; B 0O0mel TEOPHH OTHOCHTENBHOCTH BHI-
SICHSIeTCs elle M riobasbHasgs reoMeTpHs MHpa.

Haxoneu sameriiM, uTo Ha paHHell cTafHH MBI HMeeM
ACJ0 ¢ BeulecTBOM, JaBjieHHe KOTOpPOro TOro e nopsanka,
YTO H NJOTHOCTh 3Heprum nokos pc?. I'as, cocrosmwmuii u3
YACTHIL, ABHMKYIIHXCS CO CKOPOCTbIO CBETa, HMEET [aBJIcHHE
p=pc?/3. B 3T0M cayuae, KaK Hac YYHT o6llas H CHELH-
ajJbHas TeOopHs OTHOCHTEJbHOCTH, YPAaBHEHHSI HECKOJbKO
MeHsiorcst. Ypasuenne [lyaccona umeer Bua

Agp=4nG (p+3p/c?). (13)

HO3TOMY MOXHO CKa3aThb, YTO JdBJICHHE TOXKEe «BECHT».
YPEBHEHHE HEepa3pbIBHOCTH HMeEeT BHA

O0p/dt =—div (p+plc?);
dp/dt=—3H (p+p/c?), (14)

TaK KakK IJIOTHOCTb B JaHHOM 06beMe yMeHbIIAeTCs HE TO/b-
KO BCJEJACTBHE BBITEKAHHS YacTH BelleCTBA H3 JaHHOTO
o6beMa, HO M 3a cueT pabOTH pacUIHPEHHA, B CHJY 3aKOHa
SKBHBAJIEHTHOCTH MacChl H SHEpPruH.

* Baa ¢ynxknnn @ u 3akona Xa66i1a HenocpeacTBEHHO AOKa3LIBAET
H3OTPONHIO, T. €. PABHOLUEHHOCTb BCeX HanpaBJeHnid, H cdepuueckyio
CHMMETPHIO OTHOCHTEeJbHO Hauana Koopaunat. ToJbKo nocae caeayio-
HIero 11ara — J0Ka3aTeNbCTBA OJHOPOJAHOCTH pEIEHHS — MOXHO J10Ka-
3aTh TaK¥Ke H3OTPOIHIO OTHOCHTENLHO JMIOGOH TOUKH cpeiH.

172



JONOJIHEHHE 2. A, A. ®PHIIMAH H ETO
KOCMOJIOTHYECKAS TEOPHUSA

COBeTCKOMY YHTATeJNIO AOJIKHBI OLIThb HHTEPECHBI CBejle-
HHS O HAlleM COOTeYeCTBEHHHKE, BHeCIIEM KpYNHeHIUHH
BKJaJ B TEOPETHYECKYIO KOCMOJOTHIO.

Anexcanap Anekcanaposuu Ppuaman poauacs 17 nio-
st 1888 roga B8 Ilerepbypre B ceMbe MysnikaHTtoB. Ero ma-
TeMaTHYyecKHe CHOCOOHOCTH NPOSIBUJHCL OYeHb paHo, elle
e rumnasud. OH yunjcs B yHHBepcHTeTe, OBL1 YUECHHKOM
akagemuka Creknosa. Bo Bpemsi mepBoit MupoBOIl BOIiHBI
CJIYXKHJ B aBHALMOHHBIX YacTAX, OPTaHH30BaJ a’pPOHABHIA-
unonnyio cayx6y. Caenan secbMa BaXHble paboThl no Au-
HAMHYECKOIl MeETeoposiorHn H ruapoMexaHuke. B uioje
1925 rona yuactsosaJ B PeKOPAHOM IOJleTe HA aspocrare.
Ywmep 16 centsabps 1925 rona s Jleunnrpage or GprOUIHOTO
TH()a B BozpacTe 37 Jier.

Ero mepBas kKocmojorHyeckast pabora 6blia Hameuarta-
Ha B BeAylleM KypHajae Toro BpeMedH B [epMaHuun B
1922 roay u B pycckom <«JKypHajie (GH3HKO-XHMHYECKOro
obuiectsa». B 3T0it paGore Bnepeble OBLIO HaHAeHo pelle-
HHEe ypaBHeHHH oOmeHd TeOpHH OTHOCHTEJNLHOCTH AJIf 3aMK-
HYTOTO HeCTalHOHAPHOTO paciimpsiouerocs Mupa. Jta pa-
GoTa He ocrajsach HesaMmeuenHoH. DHHMITENH onybanKOBaJ
B TOM Ke roiy «3aMmeuaHue», B KOTOPOM, HacTaHBas Ha
crauuonapHoctH Bcenennod, onpopepran patory ®puama-
Ha. 3a 3THM TOCJAef0BAJ0 NHCbMO PpHIAMaHA, H B cJAeylo-
meM 1923 rony 2itHmTeliH ony6IHKOBaJ KPaTKYl0 3aMeTKy,
B KOoTCpoil nucaa: «§ cuyuraw pesyabrathl r. @puamana
IDaBUJIBHEIMH H NPOJHBAIONIHMH HOBHIH cBer. OKaswbiBaerT-
cf, 4TO ypPaBHEHHA ... JOMYCKAIOT ... TaKkKe H NepeMeHHBIe
OTHOCHTE/ILHO BPEMEHH . . . PELICHHS».

Haxoneu B 1924 rogy ®puaman onyOaHKOBaa pelienie
A5t IPOCTPAHCTBA OTPHUATENbHOH KPHBH3HBI, T. €. AJs OT-
KPBITOrO MHEpa. DT [Ba THNA peLIeHMH HCYepNBIBAIOT BCe
BO3MOJKHOCTH [JIsi OJXHOPOJHOI u30TpomHOil Bceenennoit*,
Ho no cmeptn ®puamana ocraBaljcs TOJNbKO OAHH TOA H OH
HE ycresa y3HaTb 06 aCTPOHOMHYECKOM NMOATBEPIKACHHH CBO-
el TeOpHH.

B 1963 roay Axanemus nayk CCCP ormetuaa 75-jieTHe
co aHst poxienua Ppuamana. Bel1 H3zaH DoCBAIICH-

* Peienne, B KOTOpPOM TpexMepHOe MPOCTPAHCTBO SBAAETCH MJOC-
KHM, MOXHO paccMaTpHBAThb Kak [pejelbHBIl cJyuail mpoeTpaHcrsa
OTPHUATENLHOR KPHUBH3HBI TPH KPHBH3HE, CTpeMsllefcs K HYJK,
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Hblil €My BLINYCK JXypHana <«YcnexH QH3HYECKHX HayK»
(1. 80, Boin. 3). B 3TOM BHINYCKe BOCIPOH3BEIEHB! CTATbH
®puamana 1922 u 1924 ronos u 3amerku ditHwTeitHa. Boi-
NYCK COAEPIKHT TaKiKe BOCAOMHHaHHA 0 Ppuamane u 0030-
[bl 10 KOCMOJIOTHH H 00Lleii TeopHH oTHOCHTeqabHOCTH, He-
CKOJILKO N033Ke nossuanck «M3bpannnie Tpyas» ®puamana
(M., Hayka, 1966). B atu Tpyanbl Bowau KHura ®puamana
«MHp Kak NPOCTPAHCTBO M BpeMA», BMepBble H3JaHHAA B
1923 roay, M cTaThbM COBETCKHX YUEHBIX O €ro XKH3HH H
TBOPYECTBE.

OOMOJIHEHHUE 3. BBAUMMOJENCTBHE
U3JIYYEHHS W BELLECTBA

ABTOp NpaBH/IbHO OTMeYaeT, YyTO NPU TeMneparype Bbi-
me 3000 K aToMbl JAHCCOUMHPOBAHBl W HMEET MeCTO pac-
cesnue (GOTOHOB CBOGOAHLIMH 3aekTpoHamu. Opnako He
COBCEM TOYHO BBHICKA3BIBAHHE OTHOCHTENBLHO TOTO, YTO ITO
paccesiiie NOAJAEPKHBACT TCIJIOBOE PaBHOBECHE MeK1y
BELLECTBOM H H3JYyUeHHEeM.

Heno B TOM, YTO B npollecce paccessHHS HA JABHIKYILIHXCS
3JeKTPOHAX (DOTOHBI MEHsIOT HamnpasjieHHe n sHepruio. Oa-
HAKO YHCJO (POTOHOB NMPH ITOM, KaK NPaBH/IO, HE MeHseTcs.
Takum oGpa3oM, paccesHue Tepepacnpejeser (GOTOHB MO
CIIEKTPY B COOTBETCTBHH C TeMMEpaTypoH 3JeKTPOHOB, HO
OCTABJSAET MOCTOAHHEIM OOllee YHCIO (DOTOHOB B eAHHHILE
obnema.

[asi  ycraHoB/JeHHS [OJHOTO TePMOAHHAMHUYECKOTO
paBHOBecHSI 00S3aTeJbHO JOJIKHBI MDPOHCXOAHTb NPOLECCH
NOrJIONIeHHs W HemycKanus ¢oroHoB. Baaroaaps stum npo-
lleccaM H yCTaHaBJHBaeTCs NPH Kax/0il Temneparype on-
pejleieHHOe 4HCJI0 (OTOHOB KaXKI0H SHEPTHH H ONpeje/ieH-
Hoe o6ulee unucao GOTOHOB B €IHHHIE 06beMa.

Ho cBoGosHBIT 3/1eKTPOH He MOXKET MOIJIOTHTb MJIH HC-
NyCTHTb (OTOH. DTOT Npouecc NPOHCXOAHT JIHIIL B TOT MO-
MEHT, KOrjla 3JeKTPOH npojetaer MHMO siapa. Ecam npm
3TOM Hcnyckaetcss (POTOH, TO 3JEKTPOH TepsieT 4acTb IHep-
THH H TODMO3HTCS, JETUT JAaJblie ¢ MeHbluel sHepruel. Ilo-
3TOMY TOBOPSIT O «TOPMO3HOM» H3JIYUeHHH.

[TnoTHocTh Maasmel (1. e. BemlecTsa Bo BcenenHolt 1o
peKOMOHHALMH) OYeHb Maja, MO3TOMY YCTAHOBJEHHe MOJI-
HOTO TePMOJHHAMHYECKOT0 PaBHOBECHS MPOHUCXOAHT TOJBLKO
Torga, Koraa temnepartypa naasmbel Beime 30000 000 K u
COOTBETCTBEHHO MJIOTHOCTb MJIa3MBbl BhIlle, YeM MPH PEKOM-
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Gunauun (npu 3000 K), B 102 pas. B nocaeanee Bpems
uraapsanen Jdemorrn n coserckuit acrpodusux P. A, Cio-
HA€B OTMETHJIH, YTO NPH pPaccesHHH, XOTsi H PeIKO, YHCJIO
(hOTOHOB MOJKET H3MEHNTBhCS: HHOrZAAa OAMH (OTOH, majas Ha
5J1€KTPOH, BLI3BIBAET NOSBJEHHe ABYX (OTOHOB nocJie pacces-
Husl (Tak HasbiBaeMBIH ABOHHOA KoMmnToH-3ddert). Muor-
Ja NPOHCXOAHT M o6GpaTHblii npouecc. B cBA3H ¢ sTHM npH-
MepHo B 10 pas chuxkaercsa TemiiepaTtypa, IpH KOTOPOH
HMEET MEeCTO YCTAaHOBJICHHC TEPMOJIHHaMH4YECKOro paBHOBe-
cus. Ilocae atoro CIIEKTP H3JY4YCHHS OCTaeTcd paBHOBeC-
HBIM, NJIAHKOBCKHM, C TeMIlepaTypoi, MOHHKalomelics B Xo-
zie obulero paciupenus.

O,le{aKO 9TO CNpaBeJJIMBO JHIUIb B Cjaydyae HA€aJIbHOrO
PAaBHOMEPHOrO pacuiupeHusi, 6e3 KaKux-Jub0 BO3MYIIEHH.
Ecau npu temnepatype nuxe 30 000 000 K B niasme sbiae-
JseTCst 3HEPTHsi, TO TEOpHS TNpejcKas3blBaeT cBOeoGpa3Hblii
CMEKTp, OTJaHYaluluiics OoT naankoeckoro. Teopus srtoro
aBjenns paspaborana P. A. CioHsieBbHIM H aBTOPOM JOTIOJIHE-
nus. HekoTopoe nckakeHue cnekTpa, ocOGEHHO B €ro Ko-
POTKOBOJIHOBOH 4aCTH, BO3MOXKHO H 3a CUET JIOTOJIHATEbHO-
o H3JYUCHHSA MEXK3BE€3/]HOIO rasa H MblJIH Ha HOBﬂ,HEﬁ CcTa-
JHH B OYE€Hb JaJIEKHX raJiakTHKax. I_IDH OoJbIIOM HX yHCIe
H MaJiIOM YIJIOBOM DAacCCTOfIHHH MEXKJAY HHMH TakKoe H3Jy4de-
HHE TPYAHO OTJIHYHTb OT NEPBHYHONO DEJIHKTOBOIO H3Jyue-
HuA. B nacrosilee BpeMsl aKTHBHO BeJeTCs H3yueHHe
CTMEKTPa, HO ellle He/b3sd CKa3aTh C ONpejfeleHHOCTbIO, ecTh
Jau otxaoHenus or Gopmyns Ilnanka (B mpenenax, He mpe-
Buimalomux 209% ).

JNOMOJIHEHHWE 4. MAJIBIE BOSMYUWIEHHSA
PABHOMEPHOCTH MHKPOBOJIHOBOTO
H3JYYEHHH

CymecTBoBaHHe B HACTOsillee BpeMs ONpeLeseHHOH
CTPYKTYPBl H HepaBHOMEpHOe pacrhpejiejieHHe BellecTBa B
npocTpaHcTBe (CylLlecTBOBAHHE CKOMJIEHHH raJlakTHK) CBH-
JETeJIbCTBYeT O BO3MYLIEHHAX CTPOroil MOJEJH, MOCTPOEH-
noit A. A. ®puamanom. ITH BO3MYILEHHSI AOJIKHBEI COTPO-
BOXKAATHCS H BO3MYIIEHHSMH DABHOMEPHOCTH H3Jy4YeHHS.
Boamymenuss 3TH MoryT GbITb CPaBHHTEJLHO MaJbIMH, TaK
JKe, KaK H HauyaJbHasi HeOAHOPOAHOCTH MVIOTHOCTH BEIlleCTBa
B MOMEHT, KOrjla BellecTBO H H3JYYeHHe pasje/Hjuch. B
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JaJibHeHlleM HeOAHOPOAHOCTh IJIOTHOCTH BellecTBa BO3pac-
TaJia BCJAEACTBHE TPABHTALHOHHOR HEyCTOHUHMBOCTH, a HEOJ-
HOPO/IHOCTb M3JIyYeHHsI YMeHbIa/Jach NMPH PACCESTHHH H3Jy-
YEHHS H 32 CYET yCpeJHEeHHS TeMIepaTyphl Mo Jydy 3peHHS.

[TosToMy KauecTBEHHO MOMKHO NMOHATb TOT (aKT, 4TO B
HacTosiniee BpPeMs BO3MYLIEHHS MJOTHOCTH BEIeCTBA BeCh-
Ma BEJHKH, a BOSMYIUIEHHA H3JIYUEHHs MaJibl. ,[[0 HacTosAle-
IO BpEMEHH BO3MYIIEHHs H3Jy4eHHs elle He HAOJI0JEHB —
pas/inuHe TeMNepaTypsl B HaNpaBJeHHAX, OTCTOAULHX APYT
OT JIpyra Ha HECKOJbKO YIJIOBBIX MHHYT, MeHblle MOorpell-
HOCTH anmapaTtyphl, T. €. MeHbllle, YeM HeCKOJbKO COTBIX dO-
JIeH NpOIeHTa.

Teopus nykneocuHTe3a npeACKa3biBaeT ONpeie/eHHYI0
CBA3b MEXKAY COMEPXKaHHEM JeHTepHS H MJIOTHOCTHIO Be-
mecrea (cM. c. 109). HMamepenHoe conepxanne mefirepus
VKasniBaeT Ha Ma/lyl0 MJIOTHOCTh BelllecTBa, MeHblue 5 mpo-
LUeHTOB KpuTHYeCKOH maotnoctH. [Ipu stoit Masoi nioreoc-
TH pPOCT BO3MYIIEHHH HAeT MeineHHO. B nacrosiiee Bpems
CJIeNCTBHA, BLITEKAOUWIHe H3 HaO/IIONEHHOIO COAEpIKAHHA
JeiiTepus, CYUTAIOT yGeAUTeNbHBIMH, B OTJIHYHE OT TOrO,
uTo muuer BaiinGepr.

Heo6xoxumbl nanbueiimue Gosee Tounble OMBITH H Pas-
BUTHE TEOPHH JJIsi TOro, YTOOBl KOJIHYECTBEHHO pa3obpaTh-
csl B TeOpHH 00pasoOBaHHA CTPYKTYpPHI raJaKkTHK.

B nocnenree BpeMst MHOrHe acTpPO(H3HKH, B TOM UHC/IE
H PeJaKTOp 3TOH KHHTH, OTMeYaioT, 4yTo 6e3 yuera Macchl
NoKOst HEATPHHO (cM. moxpoGHee HHIKe, B JONOJHEHHH 7)
TPYAHO COIMIacOBATh 3HAYHTE/bHYIO HEOJHOPOAHOCTh B pac-
NpeAe/eHHH TJIOTHOCTH BEllecTBA H MaJyio MJIOTHOCTb Be-
LleCTBA € MaJOCThl0 BO3MYIIeHH!T MHKPOBOJHOBOIO M3Jyde-
HHS.

AOMOJIHEHHE 5. AHU30TPOINUA
MHKPOBOJIHOBOTO U3JIYUEHUS

Twarenbubie H3MepeHus, NPOBeJeHHBIE ¢ MOMOILBIO AaT-
napaTypbl, yCTAHOBJEHHOH Ha BBICOTHOM camoJere (aas
YMeHbUIEHHsl H3JYUeHHs aTMOC(ephl, MONazalouero B MnpH-
Gop), MO3BOJIHAH OGHAPYIKHTH ONpPENENEeHHYI0 MaJyio aHH-
30TPONHIO MHKPOBOJHOBOrO (oHa H3Ny4yeHus. AHTeHHa, Ha-
npasjiedHas Ha cospesnne JIbBa, JlaeT TeMnepaTypy HaJjyue-
#na Ha 0,13 npouenra uime cpeaneii. B npornsononoxuom
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nanpasnenun Temmnepartypa wa 0,13 npoumenta muxe cpen-
uefi. Temnmeparypa nnaBHO MeHsieTCH MeXAy STHMH ABYMS
3HAYEHHSMH. 1

Taxyio 3aBHCHMOCTb MHKPOBOJIHOBOTO ()oHA OT Hampas-
JeHHA MOMCHO OOBSACHUTH, NPHHHMAs, YTO TeMmepaTypa
CTPOr0 OAHHAKOBA BO BceX HanpasseHusx. OpHako Takas
«OJIHHAKOBOCTb», HJIH, BbIpa)kafick HayuyHO, <«H30TPOMHS>,
HMeeT MeCTO JHUIb AJS HeKOTOPOro BoOGpakaemMoro Ha6-
monarens. Conneunas cucrema, 3eMJst W annapaTypa, Ha-
XOJAIIAACT Ha caMmoJieTe, ABHIKYTCH OTHOCHTEJBHO 3TOrO0
nabmonarenss co ckopocteio 39060 Km/c B HANpaBJIeHHH
Ha co3sesnue JIba. Benencrere storo msukenus, T. e. 2a
cuer spdekra [onnepa, usnyuenne, wuuymee HaBCTpeyy,
Kaxercs HaM Gonree ropstanm — Ha 0,13%, uan na 0,004 rpa-
Jlyca, a H3JydYeHHe, NOTOHSIONlee HAC, MPEACTABIAELTCS HAM
Gonee xonoanbiM Ha Te ke 0,004 rpasyca. TouHOCTH H3Me-
PeHHSl TAaKOBa, 4TO BHIIENHTh BKJAJ OT ABHIKEHHS 3eMJH
Bokpyr Connma (30 kM/c) u TeMm Gosee OT ABHIKEHHS caMo-
nera oTHocHTenbHO 3eman (0,5 kM/c) B HacTosmee Bpems
He ynaerca. Onnako yxe Npu yBeJHYeHHH TOYHOCTH B 10
pa3 aBHMKeHHe 3eMJIH, MEHSIOIleecs Ha NMPOTSIKEHHH Tola,
MOxKHO OyleT 3aMeTHTh. 3Has, Kak ABHKercs ConHeyHas
cucreMa B l'anakTuke, MOXKHO ONMpexesuTh CKOPOCTD, ¢ KO-
TOPO# JBHIKETCS OTHOCHTeNbHO BOoGparkaeMoro HaGuioma-
TeJst (CM. BbIe) LeHTpasabHasd o6aacTh Hameii [asarTHky:
3Ta CKOPOCTh OKasaJiach NpuGAu3HTeNbHO paBHoi 600 kM/c.

Ha stom npumepe BHificHseTcs, uTOo B KaXkA0# TOUKe
Bceenennoit cymectsyer ma6aionaTens, OTHOCHTENBHO KOTO-
poro MHKDOBOJHOBOE H3Jy4eHHe H30TPONMHO. AToro Hab-
JIONaTe/IsT H CBA3aHYI0 C HHM CHCTEMY KOODAHHAT MOXKHO
HA3BaTh BBILEJEHHBIMH. [[BHiKenue apyroro mabaonares,
HaXoAAlIerocsd B TOH Ke TOYKE, OTHOCHTEJNLHO BHIIEJNEHHOI
CHCTEMBI KOOPJAHHAT NMPHBOJAHT K TOMY, YTO STOT «APYroil»
naGaioaarenb OGHAPYKHT aAHHBOTPOMHIO MHUKPOBOJHOBOTO
uanydennsi. menno 37o dakTHuecKn W MpPOH3OWIIO ¢ 3eM-
HbIM HaGuaionaTeneM (aHn3orponus pasHa =*0,139%).

Hamnune B kaxnofi Touke BHIIEJeHHON CHCTEMB KOOp-
JHHAT HaNOMHHAET B3IMIAAL (DH3HKOB MO CO3/IAHHS TEOPHM
OTHOCHTEJILHOCTH, KOrJAa IpeanoJarajoch, 4TO CBET — 9TO
kone6anus oco6oro BemecTBa — 3upa, 3aMONHAIONIErO
Bcio Beenennylo. IMpeanonaranocs nasee, 9To cuereMa Ko-
OpAHHAT, CBA3aHHAA ¢ 9(DHPOM, ABJSETCH MPEHMYINECTBEeH-
HOMl, BHIIeNEeHHOM, M CTABHJHCH OMHTH MO o6HApYKEHHIO
ABHIKeHHS] 3eMJIH OTHOCHTeJIbHO 3Hpa. MH 3HaeM, 4TO 3TH
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onbiThl (Mafikenscona m apyrux) Aanu OTPHUATENLHE pe-
3y/IbTaT — CBETOHOCHLI 3¢up He cymecTsyer. Onnako 3B0-
aonus Beenennoft npueoautT K TOMY, UTO B HaGnonenusax
KOCMHYECKOTO MHKPOBOJIHOBOrO H3JyYeHHs (HO TonbKO B
STHX acTPOHOMMYecKHx HabmioneHusx!) BEUIEJICHHAS cHeTe-
Ma MNOSIBJSIETCS, H ee WHOTAA HA3HBAIOT «HOBLIH 3dup».
OnucanHbie BHIIE HAGMIONCHAS MO3BOJHIH ONPENETHTh CKO-
pocth 3eman u CosHeunod cucrtemH, a TakxKe I'anaktuku
OTHOCHTENbHG HOBOrO 3bupa — coorsercTBenno 390 wu
600 xm/c.

Onuako B pacumpsiomefica Beenenuofi HOBHIE 90HD B
OIHOM MeCTe ABHIKETCH OTHOCHTENbHO HoBoro sdupa B Apy-
rom Mecte. UMenHo HOBBI 3dup waM, APYrHUMH CJAOBAMH,
MHKPOBOJIHOBOE H3JyueHHe ¢ HanGoJbIIell TOUHOCTHIO OCY-
IeCTBJAAET JBHIKEHHE 10 3aKoHy Xa66ma. I[puikeHHe OT-
nenbHBIX HeGecHBIX TeJ oTJanuaeTcs oT xab6J0BcKoro 3a
cuer cHJ TATOTEHHA coceanux Ten. Ha uanyuenwe cuawml Tsi-
rOTeHHs1 RefCTBYIOT ropa3no caalee, 4TO H MO3BOJSIET CUH-
TaTh, UTO H3JYYEHWe H CBS3aHHAS C HUM CHCTeMa KOOpIH-
HAT JBUXKYTCA MO HEBO3MYHIEHHOMY 3akony Xa6G6una.

$1. B. 3enpnoeuu u P. A, CionsieB mocTaBHAH BOMpPOC:
MOJKHO JIH ONpeNe]HuTh, KaK ABHIKYTCH OTHOCHTENLHO «HO-
Boro adupa» ceepxnanbane HeGecuole Tena? Ecam cmente-
HHe CNeKTPaJbHBIX JHHHI COOTBETCTBYET, HANPHMEp, CKO-
POCTH yJAaleHHd HEKOero CKOMJEGHHS TaJakTHK, pPaBHOM
100000 k™ /c, To KaKas 4acThb 3TO CKOPOCTH ecTh Xa66.0B-
CcKafs CKOpPOCTh, a Kakas dYacTh— no6aBouHas cJayuaiHas
CKOPOCTB, CBA3aHHAS C OTKJOHEHHEM MIBHIKEHHS NaHHOTO
CKONJIeHHs TaJakTHK oT Xa66soBckoro zakona? Boaee To-
ro, GBI MOCTaBJEH BOMPOC O TOM, C KaKOil TOTHOCTBIO BhI-
nonHserca 3akoH Xa66ma B ero BeKTOPHON (opme: neiict-
BHTENLHO JIH CKOPOCTh NAJIeKOTO CKOIJIEHHS TaJaKTHK OT-
curenvuo Hac (3eman, ConmHeunolt cucreMsl, nameit Fanak-
THKH) HaTpaBJieHa M0 BEKTOPY, COEAMHAIONIEMY HAC C STHM
nanekuMm ckomsenneM? Her sm y jnasnekoro ckomaeHus mo-
mepeuHoit (TaHreHUHaJbHOW, KacaTeJbHON) CKOPOCTH, XOTS
Oel m meHblled, ueM ero xa66/10BCKasi CKOPOCTh yAAJNeHHs?

CMemenne CeKTPAJBHBIX JHHAA HE MO3BOJIAET OTJIHIHTE
cay4afiHyl0 cKopocTh OT Xab66JI0BCKOM, IOCKOJILKY He3aBpu-
cCHUMOE OfpefeJeHHe paccTOSTHHA 10 JAaJeKHX TajJaKTuK
cuenb Hertouno (me ayume +30%). ITonepegnas cropoctsb
JlaeT Majoe cMellleHHe CMeKTPaJbHBIX JHHHM, KOTOpoe K TO-
My e OPHHIHMHANLHO HeJb3st OT/ENHThL OT CMEHIenus, CBsl-
3aHHOTO C MPOAOJLHON CKOPOCTHIO,
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Onnako aBToOpH 110Ka3a/H, 4TO CKOPOCTb CKOMJEHHH, KO-
TOpHle cofepkar GoJiblioe KOJHYECTBO HOHH30BAHHOIO rasa,
Moxer GHTh H3MepeHa. Takofl ras cojepxHT cBOOOAHBIE
9/JeKTPOHH], paccerBalolllie MHKPOBOJIHOBOE H3Jy4YeHHE.
Ecan 370T ra3 JiBHXKercs OTHOCHTEJIbHO HOBOro adupa, T. €.
OTHOCHTE/IbHO MHKPOBOJIHOBOTO H3J/y4eHHd, TO CBOMACTBa
H3ayuenus uaMensiorcs. Ilpomoabnoe [BuiKeHHe BLI3BIBA-
eT MOBEIIIEHHEe HJIH NOHHXKEHHe TeMMepaTyphl MHKPOBOJHO-
BOTO H3JyueHHs NPH aHTEHHe, HanpaBsJeHHOH Ha 006JakKo
rasa. [lomepeynoe ABHKeHHe JaeT HeOOJbLIYIO MNOJApPH3A-
LHIO paccesHHOro H3Jy4yeHHs. TensioBoe ABHIKEHHE 3JIEKTPO-
HOB HECKOJIbKO MEHsieT CNeKTp HajaydeHHA. IDT0T addekr B
HacTofllee BpeMs ofHapyXeH myTeM pajHOacCTPOHOMHYEC-
KHX HaOJIOJeHHH THraHTCKHX 00J/1aKOB ropsiyero rasa, siB-
JSAIOLUHXCs OAHOBPEMEHHO HCTOYHHKOM PEHTreéHOBCKOrO H3-
aydenusi. I3 s1ux HaOJI0JeHHH MOXKHO ONPENENHTh TaKkKe
TeMNepaTypy H KOHUEHTpALHIO 3/eKTPoHOB. Takum oOpa-
30M, B MpHHIMIE MOXKHO ONpeJeJHTb JABHXKEHHE 00JaKa H
BMECTe C HHM BCEro CKONJIeHHs HJIH MO KpaliHed Mepe cKa-
3aTh, UTO 3Ta CKOPOCTb He NpEBBINIACT BeJHYHHBI MOpAAKA
2000—3000 xm/c aas npomoabHoro m 5000—10000 km/c
AJisl IONEPeYHOro ABHKEHHS.

AONOJHEHHE 6. 0 COXPAHEHHH BAPHOHOB

BaiinGepr ynoMuHaeT o 3aKOHe COXpaHeHHs GapHOHHOTO
yHCJa, HJH, JPYTHMH CJIOBAMH, O 3aKOHe cOXpaHeHus GapH-
COHOB, KaK 0 HeCOMHEHHOM (akre.

HeficTBuTe/IbHO, BCe 9KCIEPHMEHTANbHbIE JaHHBIE siAep-
HOH (PH3HKH NOATBEPHKAAIOT 3TOT 3aKOH. CreuuajbHble M0-
HCKH pacnaja OObIKHOBEHHBIX, He PaJHOAKTHBHHIX siiep MNO-
Ka3ajH, 4YTO BEpPOATHOCTb pacmaja NpOTOHA MeHbLIe
10-%c~!, 410 coOTBETCTBYeT BpeMeHH moJypacnaga GoJiblue
3-10%° ger.

Oxnako cam BaitnGepr eme B 1964 rogy otmerus, uro
3aKOH coxpaHeHHs GapHOHOB MOXKeT OHTb JHIIB NpPHGIH-
JKEHHBIM B OTVIHYHE OT TOYHOrO 3aKOHA COXpaHEHHS 3JIeKTPH-
ueckoro 3apsna. Iesqo B TOM, uTO 3JeKTPHUECKHH 3apsi
B3aHMOJEHCTBYET C 3JE€KTPOMArHHTHHIM TOJIEM, MOMYHHSIO-
muMcs ypapHeHHaM Makcsenna, a 3TH ypaBHeHHS Tpe6yioT
coxpaHeHus sapsja. I'py6o roeopsi, coXxpaHeHHE 3JIEKTPH-
UeCKOro 3apsiia BHITEKAeT M3 CYIIECTBOBAHHSA pPaAHOBOJH.
Onnako Her Apyroro aHaJIOTHIHOTO MOJs, KOTOPoe TpeGo-
Ban0 OBl coxpaHeHHsi GapHOHHOrO 3apsja (3TO TO Xe ca-
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Moe, uT0 M GapHOHHOe 4HCJ0) H 3anpemiajo Obl npespaule-
ilHe TIPOTOHA, HallpuMep, B MOSHTPOH H HEHTPAJILHBIH NMHOH.
CoxpaHenue 6GapuHOHHOrO 3apsja YCTAaHOBJEHO JHIIb NpH-
MBIMH ONBITAMH H ¢ TOH TOYHOCTbHIO, KOTOPYIO AdeT OMNLIT*,

[lostomy BaiinGepr B 1964 roay npeanooxui, urto 6a-
PHOHHBI 3apaa e coxpausercd. OHako B TO Bpema Baiiu-
Oepr uMes B BHAY TeopHio crauuoHaproil Bceaenunoii Xoii-
Ja (cM. c. 15) u nHcan 0 BO3MOKHOCTH NpeHMYLeCTBEeH-
HOI'O poziAenusi B BakyyMe GapHOHOB IO CPABHEHHIO C aHTH-
Gapuonamu. Teopuio ropsiyeii BeesenHoii OH TOrAa He pac-
cmatpuBaj. B 1973—1976 rr. B npeasnaraemoii Kuure Baiin-
Oepr He yKasblBaeT Ha BO3MOMKHOCTb HeCOXpaHeHHS GapHo-
HOB M, KaK CKa3aHO BbIlle, NpHUHCIsAET coOXpaHeHHe GapHO-
HOB K (pyHiaMeHTaJbHBIM 3akoHaMm npupoas (c. 90).

ITponeccsl, MeagenHo HAyIIHe NPH HU3KOH TeMuepartype,
MOTYT HATH OBICTPO NMpH BHcOKOH Temmepartype. A. II. Ca-
xapoB B 1967 roay mepBHIi mOCTaBHJ BONPOC O HecoXpaHe-
HuH GapHoHOB B ropsveii Mmogean Beeneunoit, [lo coBpemen-
HbIM B3IJVIAlaM, HEHTPOHBI, IPOTOHH H APYIHE CHJLHOB3aH-
MOJIeHCTBYIOIIHE YacTHUH (aAPOHBEI) COCTOAT H3 KBapKOB;
IIpH BLHICOKOH TeMIlepaType KBapKH cBOOOAHBLI H JAOCTATOYHO
ObICTPO pacnafaloTcs H POKAAIOTCA, CHOHTAHHO K NPH CTOJ-
KHOBEHHAX ¢ JAPYrHMH 4acTHUaMu (mogpoGHee 0 KBapKax
cM. raasy VII)., Mexnay cBoficTBaMH 4aCTHI, H aHTHYACTHIL
CYLIECTBYET ONpEe[eseHHOE pas/iudHe—Ha 35TO yKa3blBaloT
JaGopaTopHule sKcnepuMeHThl, Teopus mokasbiBaer, 4TO 3TO
pasjiMyHe He HapyllaeT paBeHCTBA YHCJA YacTHIL H aHTHYaC-
THI[ B TeDMOJHHAMHYECKOM DPaBHOBECHH (0O NOHATHH TEPMO-
IAuHaMHyecKoro pasHosecus cM. raasy I11). Oxnako B xone
paculHpeHHs paBHOBECHe MOXKeT HapyIUHTbCH H BO3MOKHO
3aKOHOMepHOe NosABJeHHe BCIOAY OAMHAKOBOro u3bniTKa Oa-
puoHoB Haja anTHOapuoHamu. Ilocae oxnaxnenuss Bceesen-
Has Besjie Oyaer cocToATb H3 OapHOHOB («BelllecTBa») H
¢oroHOB. AHTHOAPHOHH, <«aHTHBELIECTBO», INPAKTHYECKH
I0JIHOCTBIO AHHHTHJHMPYIOT, OCTaBJsAs H3OBITOK BellecTsa, 3a-
J0JITO JI0 TOrO, KaK HAYHeTCs HyKJeocHHTe3, AHaJIOTHUHHE
uaed paspuBaa B. A. Kyspmun B 1969 roay.

* Tor ¢axkr, 4TO HeT «GapHOHHOTO» MOJA, CBA3AHHOrO C (aPHOHHBIM
3apsajioM (Kak 3JeKTpHYecKoe II0Jie CBA3aHO ¢ JIEKTPHYECKHM 3apsaioM),
orMeqann eme Jlu u flar B 1956 ropy. Takoe «GapHonHOe» moJe H3Me-
HJIO Obl 3aKOHHI He(ecHON MeXaHHKH, NPOBEPEHHEIE C OrPOMHON TOY-
HOCTeIO. HaMeneHHe cBssaHO B mepBYIO O4Yepelb C TEM, 4TO Pa3jHYHHIE
BElleCTBA HMEIOT pa3jHuYHWA GapHOHHHN 3apsAj HA eJHHHUY MAacchl.
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IMosxke, B 1974 roay, C. XoykuHr ® BCJell 3a HHM
1. B. 3eabJ0BHY OTMETHJIH BO3MOXKHOCTb NOSBJEHHA H3-
GLITKa BelllecTBa NPH MCIAPEHHH YepPHLIX ALIP.

HoBasi caTyanusi BO3HHKJA yXe Iocje BHIXOJa B CBET
npeanaraeMoii kuuru Baiin6epra. Ceiiuac pa3suBaercs HO-
Bas TEOPHS 3JEMEHTAPHLIX YacTHIl, 00beAHNAIONIAA TEOPHIO
3JIEKTPOMArHeTn3amMa, Teopuio ca1aboro BaauMojeiicTsus (B
YaCTHOCTH, NPOLLECCOB HCIHYCKAHHS 3JEKTPOHOB H HeHTPHHO
NpH pacnajie HeHTPOHAa) H TEOPHIO CHJIBHOTO B3aHMOJEHCT-
BHSI (sIlepHBIX CHJ H KBapkoB). B 3Toit Teopun ecTecTBeH-
HbIM 06pa3oM NoJydaercd, YTO MPOTOH AOJIKEeH pacnanaTh-
csi ¢ BpeMeHeM XKu3HH okoso 103 jer. dto mpeickasanue
He NPOTHBOPEYHT CYLIECTBYIOLIHM ONBITaM.

B nacrosmee Bpems (komen 1980 ropa) naunHaercs
HeoObIYaiHO TPYAHLIA, HO H BaXKHeHIIHH «3KCNEPHMEHT Be-
Ka» — MOUCKH pacmaja NpoTOHa, NPeACKa3’aHHOro TeopHeH.
[IpuMeHHTENBHO K KOCMOJIOTHH H, B YacTHOCTH, K TEOPHH -
ropayeli BceseHHO BO3MOXKHO, 4TO TeOpHs OODBACHHT CO-
OTHOLIEHHE MEXAy KOJHYECTBOM BellecTsa (MPOTOHOB) H
doTtoHOB, T. e. 3HaueHHe uncaa B[y=10-8+10"% (orHOme-
HHEe YHCJA NMPOTOHOB K uHcay ¢GOTOHOB BeAuHHIE 0OBeMa),
KOTOpPOe B HaCTOsllee BpeMs H3BECTHO TOJbKO H3 HalbJoje-
Huii. ENMHCTBEHHBIM NpeANo/oXKeHHeM Npu 3ToM Oyaer of-
HOPOJIHOe H H30TpomHOe paciuupenne Bcenennoft «no Ppua-
MaHy», HaYHHAsl C CHHI'YJSDPHOTO coctosHus. B pasBuTHH
TEOPHH aKTHBHOE ydacTHe npunuMaer BainGepr.

Koukperno HanGoJiee BepOATHLIM CUHTAETCS CJeAYIOUIHiT
MEXaHH3M pacnajia npoTOHA, CBA3AHHLIH ¢ NPeANnoJIOKeHHeM
0 CYLIeCTBOBAHHH OYeHb TSIKeJBIX JApOOHO3apsAMKEHHBIX
ckaJasipHbIX (T. e. co cnuHOM HyJab) X-uactuu. HMx macca
B 10" paa Gosblue Macce NMpOTOHA, a 3apAn paseH-4/3e
nau —4/3e, rje e — sneMeHTapHB 3apan (3apax mporo-
Ha). DTH yacTHUB MOTYT pacmajaThCsl MO ABYM KaHalam
Kaxpmas:

X+—>2q, Xt—q+T7;
X=——2q, X-—q+l.

31ech g — KBapKH; § — aHTHKBapkH; [ — JjenTous (3aps-
Kennwlel); 7 — anTHaentonsl. B nepsom kanane nas X+ ¢u-
TYPHPYIOT [Ba KBapka c 3apanom--2/3e Kamuwlii, BO BTO-
pOM KaHaJle aHTHYAaCTHIIA KBapKa, uMelouiero 3apan —1/3e.
CaenoBatenbHo, 3apsifi § BO BTOPOM KaHaje pasen + 1/3e,
a sapsaa I pasen +e. Takum o6Gpasom, sjeKTpHuecKHil 3a-
paa coxpanserca Touno. OaHako GapHOHHHIl 3apsjg, MOJy-
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yajolmuiics B ABYX Kanazax, pasaudyed. Hanomuum, yto Ga-
PHOH COCTOHT M3 TpeX KBapkoB M GapHOHHBI 3apsj KBapKa
pased 1/3; Gapuounblil 3apsg npoToHa paseH 1 mo ompejne-
JIEHHIO.

ITpu Bhicokoii TemmepaType (Bbllle MOPOroBOii TeMmepa-
Typbl A5 poxcaenuss X-uactuu) wactunnl X HaxoasTesa B
pasHoBechHH. OJHAaKO NpH paclIHPEHHH H OXJIAaXKJEHHHM pac-
nag X-uacTHi OTCTaeT W Ha ompeiesenHoil cragun X+ u
X~ pacnagarorcs B HepaBHOBeCHBIX ycjoBHAX. [Ipn 3ToM
H3-32 aCHMMETPHH YacTHIl H aHTHUYaCTHIL 00pa3yercsi HECKO-
JbKO 60Jiblle KBAPKOB MO CPaBHEHHIO C KOJHYECTBOM aHTH-
kBapkoB. Ilpu npanpHefilieM oX/Ja){IeHHH KBapKM H aHTH-
KBapKH cOeAnHAIOTCS B 6apHOHLI, aHTHOAPHOHBI U ME30HHI,
H BO3HHKaeT H3OLITOK GapHOHOB.

C apyrofi cTopoHbl, pacnaj ONpOTOHOB B HACTOsllee Bpe-
Msi MPOMCXOAHT 4epe3 NMpoMexKyTouHoe oOpasoBaHHe 4Hac-

THOB X:
P=3¢—>q+X—>q+g+et=n"t-et

Ilepsuiii mar mpomecca ectsh oGpallleHHe TOro mpouecca
(X—2q), xoropmii manucan suime. Tak Kak X — ouenb
TKeNas 4acTuilla, To o6pasoBaThCs OHA MOMKET JHIIL HA
KpaTKkoe MrHOBeHHe (KakK roBOpAT (H3HKH — «BHPTYalb-
HO»), Ha0J/IOJaTh MOMKHO JIHIIL KOHeuHble NPOAYKTHl pac-
naga

P—it%+et.

BeposiTHOCTL mpolecca Maja HMEHHO MOTOMY, 4TO BeJHKa
macca X, o6pasyiomasi >HepreTHuecknii Gapbep HA MyTH
peakunn, B Gmuxkaiimmne 20—30 sner mpsmoe HabaioneHune
X-yacTuIbl MCKJIIOUEHO, OAHAKO MBI HajeeMcs, UTO pacmaf
nporoHa Gyzxer HabJIOJeH 3HAUHTENBLHO paHblIe.

JAONOJIHEHHUE 7. 0 KOHUEHTPALLHH
H MJIOTHOCTH HEHTPHHO BO BCEJIEHHOH

[Ipu Bricokoit TeMnepatype, Buime 10'° K, mefitpuno na-
XOATCSI B TePMOJAHHAMHYECKOM DaBHOBECHH C 3JIEKTPOHaA-
MH, TO3HTPOHAMH M (oTOHaMH. PaBHOBecHas KOHIEHTpaNHs
HeliTPHHO yOLIBAeT ¢ MOHHIKEHHEM TeMIepaTyphl MpONOPLH-
OHaNbHO KyOy TeMnepaTyphl. DTOT 3aKOH YOLIBAaHHA TAKOM
Xe, Kak ¥ y (OTOHOB, TaK KaK HellTpHHO Ju6GO BOBce He
HMEIOT Macchl noxosi, Kak (oToHbl, Jub0 Macca HX MaJa 1o
CPaBHEHHIO ¢ 3Heprueil mpu BHICOKOH Temmepartype. IToarto-
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MY COOTHOILIEHHE MeXAy YHCJIOM HeHTPHHO H (POTOHOB B ITOT
IIEPHOJ HEe 3aBHCHT OT CHJIBI B3aHMOJEHCTBHA M, TAKHM 00-
pasoM, HeBepHO, YTO HEHTPHHO COXPAaHSIOTCH BCJEACTBHE
TOr0, YTO OHM /1200 B3aUMOJAEHCTBYIOT H CeYeHHe HX aHHH-
ruasuEd Mago. Ecau Obl HEATPHHO B3aHMOJeiiCTBOBAJH
cHJbHEEe (YTO B AEHCTBHTEJILHOCTH MMEeT MECTO IPH TeMile-
patype Buime 10'° K), To aHHHrHAAUHA HefTPHHO H AHTH-
HefITPHHO ¢ MpeBpallleHHeM HX, HampuMmep, B (OTOHHI HpPO-
nexoausa Obl uamie. OHAKO O/IHOBPEMEHHO YCHJIHJICH Obl 1
oOpaTHBIH mpouecc npespatlenns GOTOHOB B mapbl HeHTPH-
HO H auTuHedTpHHO. KOHUEHTpauus HEeHTPHHO B TePMOJH-
HAMHYeCKOM PaBHOBECHH, NMPHOIH3HTEbHO PABHAS KOHILEH-
Tpauuu (OTOHOB, MNpPH 3TOM He H3MeHuaach Obl. Mmes B
BHJY, 4TO I103Ke, NOC/Je aHHHIHJSLHK 3JEKTPOHOB H TO3H-
TPOHOB, TeMIIepaTypa HefTPHHO Ha caMoMm JeJte OyZer Laxe
HECKOJIbKO HMJKe TeMNepaTyphl H3JyueHHS, YCHJIEeHHe B3aH-
MoJeficTBUS NpHBeJOo Obl Jake K HEKOTOPOMY YBeJHUEHHIO
KOHLIEHTpalMH HEeHTPHHO 3a CYET yMEeHbLIEHHS KOHIeHTpa-
naH ¢oTtoHoB. . CKasaHHoe BHINE OTHOCHTCA K HEHTPHHO,
OTHOCHTEJBLHO KOTOPHIX MPEANOoJaraercs, 4TO Macca IOKosA
paBHa HyJIO, CKOPOCTb paBHA CKOPOCTH CBeTd H 3HEPrHsd
paBHa HMINYJbCY, YMHOXKEHHOMY Ha CKOpocTh cBera. Tepmo-
JHHAMHYeCKHe CBOiCTBa TakHX 0e3MaccOBHIX HEHTPHHO Ma-
JIO OTJIHYAIOTCs OT CBOMCTB (JOTOHOB.

CoBpeMeHHasi TeOPHA He HCKJII0YaeT BO3MOXKHOIO cyllle-
CTBOBAHHSA THIKEJNLIX HEHTPHHO C OTJIMYHON OT HYJIS Maccoli
nokost. Hazo ckasarh, uTo OmpeAenuTh Macchl HEHTPHHO W3
n1a60paTOpHBLIX ONBLITOB TPYAHO H Herouno. Jlo HenaBHero
BpeMenn, 1o 1980 roga, n3BecTHH GbLIH JHIIL BEPXHHE Mpe-
Jleibl Macchl HeHTPHHO pasiuyHOro THmna. JlaGopartopHble
ONBITHL IO pacnajy TPHTHA JAaBajH AJs MacChl IIOKOSI
9JIEKTPOHHOIO HEHTPHHO BepxXHHil npenen mc?<<60 wuan
40 3B, 1. e. m<10~%m,=~10-3' r. [Ins MIOOHHBIX HEATPHHO
MOJXHO YTBepXKAaThb TOJBKO, YTO0 HX Macca IMOKOS MeHbIle
2 MHJJHOHOB 3JIEKTDOHBOJIBT, T. €. MEHbLIIE yueTBepeHHOI
macce saektpona. Hepasuo (ITepa, 1975 ron) oTkpriTa
3apsKeHHad Tay-yacTHIA, TSB! aHAJOr 3JeKTPOHA H
MiooHa, Macca Tay-uactunbl okosio 1800 MHIIHOHOB 3JeKT-
POHBOJILT, T. €. OHA MOYTH BJBOe TsAxKeqee nporona. Ecrect-
BEHHO 10JIaraTh, YTO NPH pacnaje 3Tofi 3apsKeHHOH JacTH-
e 0o6pa3yloTcsi COOTBETCTBYIoLIMe eif Tay-HeHTpuno. Jla-
GopaTopHble ONBITH HE MCKJIOYAIOT TOTO, 9TO Macca MOKOA
Tay-HeTPHHO OTJHYHA OT HYJd, H AAIOT TOJALKO, YTO 3Ta
mMacca menbine 500 MU/IJIHOHOB 9JIEKTPOHBOJIBT.
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C. C. I'epwrreiin u §I. B. 3eapnosuu (1966 roa) moka-
3aJH, 4YTO KOCMOJIOTHYEeCKHe cO000paxeHHsi OrpaHH4YHBAIOT
Maccy NMOKOSl 3JeKTPOHHOrO H MIOOHHOTO HEHTPHHO 3Haye-
uHeM Menbure 100—200 3B. Tlocneayiomue aBTOPH yTOY-
HSJIH 9TH coOBpaKeHust W yTBEPIKAAJH, YTO Macca Heir-
puHo menbure 10 3B. K Tem e BHIBOJAM MJis Tay-HEHT-
puHo npuuaH HesaBucumo Benxamen JIu u BaifinGepr B
CIIA w M. U. Bucouxnii, A. II. Joaros u §. B. 3ean-
nosuy B CCCP.

B nocnenuee Bpems B Mockse, B Mucruryre teoperu-
YeckoH H 3sKcnepHMeHTtanabuoii ¢usukn B. A. Jlio6umos,
E. I'. HoBukos, B. 3. Hosug, E. ®. TperssakoB u B. C. Ko-
3HK NpoBejix HOBOe Gojee TOYHOe HCCJeJOBaHHe pacnaja
TPHTHS H NPHULIH K BHIBOJY, YTO 3JIEKTPOHHOE HEeHTPHHO
¢ GoJbIION BEepPOATHOCTLIO HMeET Maccy MOKOs B mpejenax
mexay 15 u 45 3B. 3a pyGexoMm MOABHAHCH YKa3aHHA Ha
TaK HashlBaeMble HefTPHHHBIE OCUMJIALHH, T. €, Ha B3a-
HMHBIE NMpeBpalleHHs 3JeKTPOHHHX HEHTPHHO B MIOOHHBIE
H Tay-HeHTPHHO BO BpEeMS NpoJeTa HeHTPHHO OT HCTOUHH-
Ka (s7epHOrO peakTopa HJIH YCKODHTe]s) A0 MHIIEHH,
T. €. jgerekropa. TakHe OCHUMAJNALHM HHTEpeCHH JIJs acT-
poHOMHH caMu mo cefe, TaKk KaK OHH OOBACHSIOT AedHUUT
COJIHEYHBIX HEHTPHHO B COOTBETCTBHH C HJeel, NaBHO Bhl-
ckasannofi 5. M. ITonrekopeo. Ho aru ocumnnauun Bax-
HBl ellle ¥ NOTOMY, 4TO OHH ObLlIH Obl HEBO3MOMKHBI, €CJH
Oul Bce HEHTPHHO HMEJH HYJEBYI0 Maccy IOKOS.

Hasnuuwe y HefiTpHHO HeOOJBIIOH MAacChl TMOKOS, CKa-
xem, Mexay 5 u 50 3B, uMeer -orpoMHOe 3HaueHHE s
KocMoJsiorid. Ilpomeccel npu BHICOKOfi TemMmepartype, B Te-
YeHHe TeX «NepBhHIX MMHYT», KOTOPHIM IMOCBslleHa KHHra
BaiinGepra, mpakTHYecKH He H3MEHAIOTCH, IMOCKOJLKY
9HEPrus NOoKos HeATPHHO MaJia Mo CPaBHEHHIO C TeMiepa-
Typoit (cM. Bmle B 3ToM jonosaHennu). OnHako eme 0
pekoMOHHAIMH BOJOpOAa (NMPOHCXOAAWIEH NMPH TeMnepary-
pe 3000 K=0,3 sB) TtensoBas 3HEpPrHs CTAHOBHTCH MEHb-
e Macchl MOKOS HeHTPHHO. B TepMojMHAMHYECKOM pas-
HOBECHH HEHTPHHO H AHTHHEeHTPHHO NOJIKHH OBLTH GH aH-
HHTHJIHDOBaTh, npesBpamasicb B Goronbl. OfHAKO BeposaT-
HOCTb TaKOro Ipouecca mpH TeMmmeparype Huxke 1010 K
HHYTOXKHA, aHHHTHASANNA HEHTPHHO NPAKTHYECKH HE HMeeT
MecTa.

K cerognsmmemy auwo Beeneunas NpHILIA ¢ HEH3MeH-
HBEIM ~ COOTHOLIEHHEM MeXJ1y KOHIEHTpauHed ¢oToHOB
(~ 400 wryk B 1 cM®) u Komuenrpauueil mefitpuno (oxo-
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jgo 360 mTyKk HefiTpHHO H AHTHHEATPHHO BCeX Tpex COp-
ToB B 1 cMd).

Cpennsis sHeprus opHoro (oToHa OpH TeMIepaTtype
2,7 unu 3 K oxosmo 0,001 3B, uto cooTBeTcTByeT Mmacce
2.10-%¢ r; maorHocTh (DOTOHHOrO Ta3a COCTaBAfET IIPH
atoM okoso 10-%8 r/cmd.

[TnoTHOCTh Ke HEATPHHHOrO rasa npH cpeaHedl Macce
nokost 10 3B nas mefiTpuHo Bcex Buaos paBHa 1029 r/cm®.
3rto B 10000 pas Goablue mnaoTHocTH H3JaydeHus! Ilinor-
HOCTb H3JIy4eHHsl B HACTOsIlee BpeMs Maja II0 CPaBHEHHIO
¢ MJOTHOCTHIO OOBIYHOTO BellecTBa, T. €. 0apHOHOB
(~10-%°—10-3! r/cM®), W MaJsa MO CPaBHEHHIO C KPHTH-
yeckoit maoTHOCThIO (5-1073—10-2° r/em®). Ho maotHOCTB
HEeHTPUHO, eciH OHH 00/1aaloT Maccoll MNOKOoA IOpAaKa
10 3B, okasniBaercss o4eHb Gosbmoii! BosnuKaeT mpHHIH-
NHaJbHO HOBasi KapTHHa BcejeHHO!, B KOTOPOH TJIaBHYIO
YacTh IJIOTHOCTH COCTaBJfeT IJIOTHOCTb HEHTPHHO.

Bosee Toro, He HCKJIOYEHO, YTO HMEHHO 3a CYeT IJIOT-
HOCTH HeHTDHHO MHp OKashlBaeTcsl 3aMKHYTHIM, a He OT-
KpHITHIM. HanmoMuuM, 9TO NpH NJIOTHOCTH, NpeBHIIAOILEH
KPHTHYECKYI0, 00Ilas TeOpHsS OTHOCHTENbHOCTH MpeJcKa-
3niBaeT: 1) YTO KpPHBH3HA NPOCTPAHCTBA COOTBETCTBYET
3aMKHYTOMy MHPY Ge3 TrpaHHI, HO C KOHEYHBIM IOJHBIM
0o6beMOM, Hamojo6He MOBEPXHOCTH mIapa; 2) uTo Habuior
jJaeMoe B HaCTOsilllee BpeMs pacluHpeHHe DBcesneHHO# ue-
pe3 Hekotopoe Bpems nopsaka 10 MuaaHapaoB Jer cme-
HHTCS HEOrpaHHYeHHHIM cxKaTHeM. [Ipousofizer au 3T0?
OTBeT Ha 3TOT BONPOC 33aBHCHT OT pe3yJbTATOB OYEHb
TPYZHBIX ONBITOB IO ONpPENENEHHI0 MAacChl HEATPHHO.

Bo Bcenennoil ¢ TAXKeJbIMH HEATPHHO POCT BO3MYIIe-
HHH INJOTHOCTH TakiKe NPOHCXOAUT COBEpIUIEHHO HHAYE;
ciepBa BO3HHKAIOT H YCHJIHBAIOTCS BO3MYLIEHHS IJIOTHO-
CTH HEATPHHO (3TO NMepBHIMH OoTMeTHaH B 1975 roay BeHrep-
ckie ¢usnkn Mapke W Canan) u JuIIb NO3JHEe, MOCJe
peKoMOMHAUHH BOJAOPOJA, K HHM MNOJCTPAHBAIOTCH BO3MY-
IeHHA NJIOTHOCTH HeHTpa/jbHOro rasa. B wacTtHoctH, 06-
pasoBaHHe CKOIJIEHHHA TaJaKTHK OKasbiBaeTcs BO3MOMKHBIM
COBMECTHTb C MaJIOH aMIJIHTYA0# BO3MYUIEHHH MHKPOBOJI-
HOBOTO H3JyueHHS. DTa KapTHHA Pa3BHBAeTCH B HECKOJb-
kux samerkax $I. B. 3eapgoBuua, P. A. Ciousesa, A. T.
Hopomxkesuua 1 M. 10. Xnonosa B «ITucekmax B ActpoHo-
MHueckuil xypHan» (asryct 1980 ropa).

Ectp ykasanus, 4To Macca THTAHTCKHX CKOIJIEHHH ra-
JAaKTHK 0O0Jiblle CYMMBl Macc raJIakKTHK, BXOJSIIHX B 3TH
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ckonsennsi. HanGonee yGepuresbubie panHbie mo mnpobie-
Me CKpBLITOH Macchl JaJ 3CTOHCKHA acTpoHOM JDHHacTo.
BosmokHO, 4TO cKphTas Macca mpeicrtaBisier coboit 06-
JIaKO THAMXKeJHX HeATPHHO, B KOTOpPOe IOrpyKeHH raJak-
THKH.

B nacrosumee Bpems (aekaGpb 1980 roaa) mup c He-
TEPIEHHEM OXKH/JaeT HOBLIX 3KCNEPHMEHTAJbHLIX AaHHBIX
[I0 MaccaM HeHTPHHO pAasJHYHBEIX COPTOB.

Hakonel, BO3HHKaeT eCTeCTBEHHHII BONMPOC — OrpaHH-
YHBAETCA JIH UHCJO COPTOB HeHTPHHO TpeMs (cooTBeTCT-
BYIOIIHM 3JIEKTPOHY, MIOOHY H Tay-Jlentony). B. @. lllsapu-
man (CCCP, 1969 roa) noxasan, u4To CAHIMIKOM GOJbLIOE
YHCJIO COPTOB HEHTPHHO H3MeHHJIO Gbl pe3yJabTaThl HYK-
JIEOCHHTE3a, TaK YTO KOCMOJOTHA MO3BOJISIET BBICKa3aTh
Cy/eHHe O YacTHIaX, ellle He OTKPHIThLIX B JabopaTopHHy,
nosposger Goporbest ¢ JAeMorpaUueckHM B3DLIBOM CpenH
yacTHil. ITH cOOOpaKeHHs YTOYHAJH aMepHKaHCKHE acTpo-
¢usukn. Ceiidac CcYHTAeTCH, YTO YHCJIO COPTOB HEHTPHHO
He npesbiliaer 4—6.

JOMOJIHEHHE 8. HAYAJIbHBIE BO3MYILLEHHS
U NMEPBHYHBIE HEPHBIE J1bIPbl

B Hacrosmee Bpems BceseHHas c xopoueid TOYHOCTBIO
oaHopoAHa B Goabwmwom Macwrabe. Ho onpenenennnie or-
KJIOHEHHSI OT OAHOPOAHOCTH B Macutabe, COOTBETCTBYIO-
LeM CKONJIEHHSIM rajakTHK, T. e. nopsgka 10—100 wme-
ranapcex, HeCOMHEHHO HMeJH MecTo, HHaye He Mmoraa Ohl
BOSHHKHYTH HabJonaeMas cTpykrypa Bceaennoii.

AMnsuTyy STHX BO3MYLIEHHH B HayaJbHOM COCTOSI-
HHH NpH OOJBLIOM CXKATHH MOXKHO XapakTepH3oBaTb Ges-
pasmMepHOH BeJIHYHHOH — JIOKaJbHEIM OTKJOHEHHEM METPH-
KH NPOCTPaHCTBA OT METPHKH OXHOPOJAHOrO IPOCTPAHCT-
Ba. Ha kuaaccHuecKoM $3bIKe MOMKHO TOBOPHTH O BO3-
MYILEHHH HLIOTOHOBOrO TIPaBHTAaLHOHHOrO MOTeHIHAJa,
npHYeM 3a eJHHHLIY MpPHHAT KBajpaT CKOPOCTH CcBeTa.
Panpuie npepnosarajoch, 4to Ge3pasMepHOe BO3MYIIEHHe
umeer nopafok 102, Ecan y HefiTpHHO Macca NOKOS OKO-
Jo 10 3B, to aas oGpasoBaHus CTPYKTYpnl Bcenennoii
JOCTATOYHO, YTOGH HayajbHEle BO3MYILEHHs OBJIH NMOpsA-
Ka 105 B Ge3pa3MepHHIX eJHHHIAX.

Ilpu 3TOM acTpoHOMHUECKHe HAOJIOAEHHS MaI0T CBe-
JleHHA O BO3MYIUIEHHSX B YKa3aHHOM Bbille GOJBIIOM Mac-
mrabe ¥ Ha HAYyaJbHOM 3Tame 3BOJIOLHH; OTAeJabHHE ra-
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JAaKTHKH, 06/1aKa rasa M 3Be3/lsl B rajaKTHKax MOSBHJHCH
no3xel OHH BO3HHKJAH 0NpH JApoOJeHHH BO3MyLIeHHi
IJIOTHOCTH GoJibuioro macurraba H He XapaKkTepH3ylOT Ha-
uaJbHBIE Ma/lble BO3MYLICHHS! METPHKH.

HanGonee BeposATHOM NpeAcTaB/sieTcss KapTHHA, B KO-
TOpOif BO3MYILICHHS BO BCeX Macmrabax HMeOT OJHHAaKO-
BHII MOpsAOK BeJHYHHH (oKosmo 10-5 B Ge3pasMepHBIX
enuHunax). Havanbpuble BO3MYILIEHHs onpeaeJeHHOro mac-
mraba, mopsaaka 10—100 meranmapcek, OxasbiBalOTCSl NPH
3TOM €AHHCTBEHHO BaXKHBIMH JJ1Sl CCTOAHSIHEH KAapTHHBI
Bcenennoit B cuay (H3HYECKHX 3aKOHOB pAasBHTHA BO3-
MYyLLEHHH BO BpeMs 3SBOJIONHH OT HAYaJbHOro J0 Ceroj-
HSIIHETO0 COCTOAHHS.

B npuHuune, ofHakKo, 3TH e 3aKOHL He HCKJIOYAIOT
BO3MOXKHOCTH GOJBIIHX OTKJIOHEHHH OT OAHOPOAHOCTH B
ManoM MacuitaGe, Hanpumep B Macuirafe, KOTOPHI ce-
rojiHsi paBeH oxHOMYy mapceky, uau 3-10® cm. B xone
paciiMpeHHs JJHHA BOJIHEL BO3MYVILEHHS TaK»Xe pacTeT;
3Ta JJHHA BOJIHL Oblia MeHbuie 3-10'S cm B MOMeHT pe-
komOuuauuu (temmepatypa 3000 K), 3:10'2 cm B momenr,
Korjia temmeparypa paBusaace 3-10° K, u 1. 1. B wactroc-
TH, NPH KpacHoM cMemenun 2= 10!!, temnepatype mo-
paaka 3-10" K u maorHoctn 5-10' r/cm® B MomenT f=
= 10-% ¢ gaHHa BOJHLI TAaKOr0 BO3MYIIEHHS HMena mops-
g0k 3-107 ¢, T. e. IPHMEPHO DPaBHANACH NPOH3BEACHHIO
CKOPOCTH CBETa Ha BpeMs, HCTeKIlee ¢ MOMeHTa Hauala
pacumipenus.. B mepuox wmexny f= 102 ¢ W MomeHTOM
peKOMOMHALIHH BO3MYLIEHHe IJOTHOCTH € TaKOH AJAHHOMN
BOJIHBl TIPEBPATHTCA B AaKYCTHYECKYI0 BOJIHY, KOTOpas
BCKOpe 3aTyxaeT MOJ JAeHCTBHEM BSI3KOCTH, He OCTaBJAs
clena HH B pacnpejieJieHHH BelllecTBa, HH B CNEKTPe H3ny-
yenus. ToyHO Tak XKe CraaffATCsS H BO3MYILEHHS B pacrpe-
IeJIeHHH HeHTPHHO H BemecrBa. TaKoB BEIBOJ, KOTOpHIH
MOKHO c/ieJlaTh H3 TEODHH BO3MYIIeHHHl Masjofi aMIJaHTY-
Ibl, HAJMOKEHHHIX Ha ()PHAMAHOBCKOE pelleHHe.

Opnako ecau aMIJINTYZA BO3MYLIEHHS BEJHKAa, TO BO3-
MOXEH H JPYroi BapHaHT pa3BHTHS cobwbitHi. §I. B. 3easn-
nosuu u W. JI. Houkos (1967 ron) ormernan, uto G6GoJb-
n10#i u36BITOK MJIOTHOCTH B KaKOH-TO 06JacTH MOXKET ocTa-
HOBHTb pacuiupenne. B 3Toit o6sacTH OHO CMEHHTCH CXKa-
THeM H oOpasyeTcs uepHasi ABIPa, KOTopas yiKe He BHIIyC-
THT HaxXoAAUlHecs BHYTPH Hee BewiecTBo M uaaydenue. [lo-
Jnyualomleecst Teso GBIJIO HA3BAHO NMEPBUYHOH epHOH IBIPOi
B OTJIHYHE OT TeX YepHHX JAbIp, KOTOphle 00pa3yloTcs B
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HacTosllee BpeMs uaH o0pasoBajlcb B HeJasleKOM IpOII-
JOM B pesyJabTdTe 3IBOJIOLUHH 3Be3j HJH 3Be3[HBIX CKOI-
JICHHH.

Tak Kak W B KHHre, H B HAWIHX JONOJHEHHAX YKe
ynorpebasiicsi TepMHH <«4yepHas Ablpa», CKameM HeCKOJb-
KO CJI0B O TOM, uyro 3T0 Takoe. OcHOBHOH HAaeell obmiei
TEOPHH OTHOCHTEJBHOCTH HABJASETCS CBSA3b MEXAy MNOJeM
TSCOTEHHS H reoMeTpHell mpocTpaHcTBa — BpeMeHH. B6au-
3H MacCHBHOrO TeJia KPHBH3HA NPOCTPAHCTBA, XapakTepi-
3yloulas OTJHYHE ero CBOHCTB OT CBOHCTB eBKJHAOBA
NPOCTPAHCTBA, CTAHOBHTCHA (oJiee 3aMETHOH, 4eM BJAJH OT
Hero. Ecan naunyio macecy tena M cocpeloToydTb B o6be-
Me C JHHEeHHBIM pasMepoM MeHbIIe HEeKOTOPOro KpHTHUYe-
CKOro pasmepa, Ha3hlBaeMOro TPaBHTALHOHHEIM PaiHycOM
TeNa, TO HCKPHBJEGHHE NPOCTPAHCTBA, BHI3BAHHOE TIPABH-
TalHOHHBIM TNOJeM Tesna, OGyZeT HAcTONbKO BEJIHKO, 4TO
HH OJHMH JIyY CBEeTa H HH OIHA MaTepHaJbHAs YacTHLA He
CMOryT BHIPBATbCS 3a Mpejejbl Tejda Ha pacCcTOsHHE,
GoJiblee rpapuTalnHoHHOro pajauyca. Ha s3blke HbIOTO-
HOBOIl TEOPHH MOXKHO CKasaTh, YTO BTOpPasf KOCMHYecKas
CKOPOCTb, T. €. HauajJbHas CKOPOCTh, HeoOXoaHMasd MAJA
yXO/la YacTHIH C [OBePXHOCTH TeJda, MOXKET CTaTh pap
HOH cKopocTH cBera. MmeHHo B Takoii ¢opMe cyulecTBo-
BaHHE YEePHBHIX ABIP npeiackasan Jlannac 200 Jger ToMmy
Hasam.

Koneuno, npenckasanus Jlansaca O6HJAH TOJABKO Tre-
HHaJabHoH porajkoil. [Ipu ckopoctd, GJAH3KOH K CKOPOCTH
CBETa, MEHSIOTCH 3aKOHBI MEXaHHKH (cChnelHanbHas TEOpHs
OTHOCHTEJIBHOCTH), NPH GOJBIIOM IOTEHUHAJe TICOTEHHS
MEHSIIOTCSl caMH 3aKoHbl TAroteHus (ofuiasi TEOPHs OTHO-
cureasHoctd). Opnaxo, Kak 3TO HH YAUBHUTENbHO, 3TH H3-
MEHeHHS KOMIEHCHPYIOT APYr Apyra H CBA3b Macchl H pa-
Jyca, npH KoTopoff cBeT He MOKHAAET TEJIO, AAETCH HBIO-

TOHOBOIT (opmyJioH

(noTeHnHaJbHAS JHEPrHA TeJa eAHHHYHOH Macchl Ha Io-
BEPXHOCTH MAacCHBHOro Tesia Macch M npHpaBHeHa KHHe-
THYECKOH 3HepruM Teja eJHHHUYHOH MacCH, CKOPOCTb KO-
TOPOro paBHA CKOPOCTH CBeTa).

Ipapurtaunonnsit paguyc Rg = 2GM/c? nponopuuona-
jgen macce tena M; wanpumep, aas CoaHua oH pasen
294 kM, a ana 3eman 0,88 cMm. [Tono6GHu 06BEeKT H Ha-
3bIBAGTCH 4YepHOH ALIPOH.

M3 ckasaunHoro Bhlllle ICHO, YTO BHEUIHHI HaGaionaTenb
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HE MOMKeT MOJYUHUTh OT 4epHOf ABIPEl HHKAKOrO CHrHAana,
OoHa KaKk OBl WCUe3aeT H3 MPOCTPAHCTBA. DTO He O03HAUAET,
UTO HEBO3MOXKHO ONPENeNHTh- HAaJHIHE UepHOA MABIPH B
KaKOM-TO MecTe TpocTpancTBa. MexX3Be3[HHIA ras, OKpy-
JKAOMUA YepHYI0 NLIPY, MOXKET BTATHBATHCH B Hee CHJIa-
MM TSTOTEHHS; TIPH 3TOM ras, majnas Ha IBHIPY, YCKOpaeTcs,
pasorpesaercsl U HauMHaeT u3aydaTh. CHIBHOE H3JyUeHHE
MOJKHO OXKHIATH B TOM Clydae, ecJH 4YepHast Awipa obpa-
3yer nBOfiHyI0 cHcTeMy ¢ obwiunofi 3Be3nofi. B TakoM cay-
yae o6bUHAST 3Be3/a MOCTABASET TOT ras, KOTOPHI{ mona-
JlaeT 3aTeM B IOJe TATOTEHHS YepHOf JNBIPHL.

B macrosimee BpeMsi BO BCeX eTandX H3YUeHH aHAJO-
THYHBIE CHCTEeMHB, COCTOSIIHE W3 HEeATPOHHOI 3Be3dB W
o6bunOft 3Be3nn. TakHe CHCTEMBl FBJSIOTCA HCTOUHHKAMH
pentrenoBckoro uanyuennsi. OnMHako B ONHOM cJayuae ecTh
OCHOBAHHS CYHMTATh, 9TO MHE HMeeM JesJ0 HMEHHO ¢ uep-
HOft ALIPOR, a He ¢ HeATpoHHOR 3Beanol. Peur mnmer o
DEHTreHOBCKOM HCTOUYHHKe B co3se3nuu JleGena («JleGenn
X-1»). Aranusa aBmKeHus 0OBIUHOA 3BE3NH, Haxoagmefics
PAXOM C PEHTTeHOBCKHM HCTOYHHKOM, MPHBOIHT K BEIBOMY,
4TO Macca PEeHTreHOBCKOro HCTOUHHMKA okojao 10 conueu-
HBIX Macc. HefiTponnas 3me3na ue Moxer GHITH Takofi TH-
®Kenofi. EcTh W npyrHe apryMeHTH B MOJK3Y TOTO, 9TO B
ucrounuke Jle6enp X-1 maxomnures TAKemas uepHAas awIpa,
. Tlpu srom npennonaraercsd, 4T0 BeCbMa MAacCHBHAS uep-
Hag nelpa ofpa3zoBanach B XOMe 3BOMIOUHH H CIKATHA H3
oOngHOR 3Be3fn! ¢ Maccolt okono 30 CONHEUHBIX Mace WIH
Gonpme. Taxwe 3meanw (c maccamu po 100 mace Cosn-
na) B HeBonbmoMm umuene nabmonamoTes B Hamefi [anax-
tHre. IIlupoko pacmpocTpaHeHO TNDPEANONONKEHHe, YTO B
AAPaX TaJakTHK B B 0ocof0 SIPKHX HCTOYHHMKAX H3Jayde-
HHSl — KBa3apaX — TaKKe HaAXONATCH THrAHTCKHE YepHBIe
nuipel. [Tasenywe memiecTBa B rPaBHTANHOHHOM TOJNE 3ITHX
9epHBIX NHID fBJASETCH HCTOUHHKOM 3Heprun. Takme uep-
HEHe AHPH TaKXKe BO3HHKAM crepBa W3 3Be3l, a 3aTeM
VBeJIHYHAH CBOIO MacCy 3aXBaTOM OKDVIKAIOMero Be-
1necTna.

BepueMcs Temeph K BOMPOCY O MEePBHUHBIX WEPHHIX HI-
nax. Takde mepBHUHBIE HepHBIE NHIPHL A0 CHX TOD He Ha-
Gmonannck. [pennonoutenwHo, nepeuuHas yepHad 1HIDA
ofipasyercs B TOT MOMEHT, KOTZIa pasMep BO3MYIIEHHO
obnacTH moOpsSAKa TPOM3BENEHHS CKOPOCTH CRBETa HA Bpe-
MfA, Tipomenmee ¢ Havana paciuupenns. Ona ofipasyercs
B TOM cJaydae, ecqH JOKajNbHAd Macca B HECKOJALKO pas
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Goable cpennefi. Oxnnaemass Macca 4epHOfl IHIPH B NpH-
Mepe, NPHBEJEHHOM Bhille, paBHa plcf)3=>5-10"(3.107)3=
=10® r, 1. e. nopsaaka maccel Coanuna. Ho macca nepsuu-
HOH YepHO# IBIPH MOMKeT GBITh H ropasfo MeHblle, eC/H
pasMep BO3MYILIeHHS MeHbIle H IePBHUHAS YepHas JbIpa
obpasyercsl paHbuie. B 3TOM M 3aKaioyaercsl IVIaBHOE OT-
JAHYHE NpeANnoJiaraeMbIX MEPBHYHLIX YEPHHIX ALIP OT <«BTO-
PHUHBIX», 3Be3JHBIX: 3Be3Ja MaJjofl MaccH BooOme He
MpeBpamaeTcs B YePHYIO ABIPY, OHA B KOHIE 3BOJIOLHH
npeBpamiaeTcss B KapJauK HaH mynabcap. Macca 3Be3nHoit
uepHOW JBIPH He MoXeT OuTb Menblie (4—6)-10% r
(menbme aByx-tpex Macc Cosnua). Macca mnepBHYHOR
YepHOH nb!gobl MoKeT OHITH n060# Manof BeNHYHHOWH, HA-
npumep 10% r, uan 108 r (1 Tonna), mam 1 r, ecniun obpa-
30BaHHe YEPHOH ABIPhI MPOHCXOJHT COOTBETCTBEHHO B MO-
ment 10-'8 ¢, wan 10-*2 ¢, uan 10-38 ¢ or navana pacumu-
pennsi. Uem panbmre o6pa3yercs mepBHYHAs UepHAs AHDA,
TeM GosTblle MJIOTHOCTH BellecTBa.

B neficTBHTEeNBHOCTH, KaK yXKe CKasaHO, HH OIHa Nep-
BHYHAA YepHas ALpa He HabGaiojeHa. 3HAYHT, KOJHYECTBO
HX BO BCAKOM caydae HeBennko. OTciofa MOXHO clenathb
BHIBOJI, YTO HET CHJbHBIX BO3MYIUIEHHH, CTIOCOOHBIX BHI3BAThH
o6pa3oBaHHe YepHHX AHP, MPHTOM JaxKe B MaJblX Mac-
mrabax.

B 1974 rony aurnmfickufi TeopeTnk XOKHHI J0Kasal,
YTO YepHBIE IBIPH «HCIAPAOTCA», HCIYCKad YaCTHIL!, SHEp-
rHS KOTOPHX OOpPaTHO MPOMOPIHOHAJNBHA Macce YepHod
nLpE. BpeMs MOJHOro HCnmapeHHss PaBHO NPHGAH3UTENBHO
10-2%.M? ¢, rne M —HauanbHas Macca YepHOA JBIPH B
rpaMmax. TakuMm o0pasoM, K HACTOANIEMY BPEMEHH MOTJIH
6B yueneTb TOJAbKO CPABHATENBHO TSAXKeJble YepHHE AbIPHI
¢ maccofi Gospmre 10'S r (Tak Kak BpeMsi XH3HU Bceenen-
Hoft ~ 107 ¢). Coobpaxenuss 9. B. 3enpnosuua u M. 1.
HoBukoBa o TOM, YTO TMepBHUHEE YePHHIE ABIPH NMpPAaKTHUE:
CKH OTCYTCTBYIOT, OCTAIOTCH CNPAaBeJJHBHIMH TOJBKO sl
3THX TSKeNBIX YepHHX Anp. OnHAKO yepHBIE AHIPH ¢ Mac-
cofi B murepBane sHauenmii 10°<<M<<10'® r, mcmapssce,
naBanu 6Bl PEHTTEHOBCKHE KBAHTH H MEHSJIH GHl CIEKTp
MHKDOBOJNHOBOrO H3anyuennsd. Habaonenns nokraswBaior,
UTO W TaKHe YepHHIE NLIPH He poxaamuck. Takum oGpasowm,
MOTJIH POXIATHCS, 4 3aTeM HCNAPATBCS JHINbL YePHBIE Jhbi-
pul ¢ Maccoft menstre 10° r. Mx rpaBuranmonuwiii panuyc
menbire 10-'9 cM, onn Moram Gbl POXKAATHCS JIHIIL NPH
MJIOTHOCTH BemecTBa Goabime 1087 rfcmd,
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Takum obpasoM, yaaercsl c/lesiaTh BHIBOJ, 4TO Aaxe HA
OuYeHb PaHHHX cTajuax BcesenHnas Omuia Oosiee HJIH MeHee
OIHOPOAHA, He ObLIO CHJBHbLIX (N0 aMIJIMTYAE) KOPOTKO-
BOJIHOBHIX BO3MYILEHHH, KOTOpble MOIJH OHl poXAaTb Hep-
BHYHHIE uYepHhHle Abph. KocBeHHO MNOJydYaercsi JHOIOJHH-
TeJAbHOE NOATBEPXKAEHHE NPEANONONKEHHA O MaJoCTH Oes-
pasMepHHX BO3MYIIEHHH BO BceX Macwirabax. Yapaercs
3arJsHyTh B npounioe Bceesennod elle ray0ixke, 4eM 3TO
OLIJIO BO3MOXKHO HECKOJIbKO JIeT Hasal,

AONOJIHEHHE 9. K HCTOPHH OTKPBITHSA
$®0OHA MUKPOBOJIHOBOIO HM3JIYYEHHUA
W CO3JJAHUA TEOPUHU IrOPAYEH BCEJIEHHOH

B cospganHH cOBpeMeHHOH KOCMOJIOTHH OFPOMHYIO POJb
curpan I'eoprufi I'amoB. OH nepsuliii BhHCKasaj HAEK, 4TO
Bcenennas Guia ropsdedi (1948 roA) u naJg OLEHKY cerof-
HAWHe# Temnepatypu 6 K (1956 roa), He CHJAbHO OTJH-
JAIOmyIocs OT HCTHHHOrOo 3HayeHus okono 3 K. Otaasas
JOJI2KHOe HHTYHUMH ['amMoBa, HHTepecHO NpOCAEAHTb TOT
CJOXHHEH H NPOTHBOPEYHBHIH HyTh, 10 KOTOPOMY LLIO pas-
BHTHE HayKH.

B konue 40-x romoB cuHTasH, 4YTO mocrosiHHas Xa60-
na papHa npuGausHTenabHo 200 KM/c Ha Meramapcek. 3a-
METHM, YTO NEepBOHauYaJbHOe uHcaIo camoro XabG6aa Gulio
560 km/c Ha Mmeramapcek. CooTBeTcTBylOIHH Bo3pacT Bce-
JeHHOH Oblg HecypasHo Maa: 1—2 wmumaanapaa ger. Ha
3Ty TPyAHOCTb oOpamas BHHMaHHe AJapbepr IHHIITEdH.
3Hayenue 200 KM/c Ha Mmeramapcek, NPHHATOE B KOHLE
40-x ropmos, jawpomee Bo3pact BceseHHOH [0 5 MHJIJIHApPAOB
JeT, OyKBaJbHO He IPOTHBOPEUHJO Ie0JOTHYECKHM AaHHBEIM
o Bospacte 3eman (4,5 muaauapaa Jjer). OxHako GaAH30CTb
Bo3pacta 3emsn H CojHIa H Bo3pacTa Bceil BceneHnHod
eCTeCTBEHHO BeJa K MEBICTH, YTO BCe XHMHYECKHE 3JEeMEH-
Tbl, H3 KOTOPHX COCTOHT 3eMJSi H KOTODHE MH HaXOAHM
Ha CoJaHle, HMEIOT NePBHYHOE, KOCMOJOTHYECKOE, MPOHC-
X0 IeHHe.

BaiinGepr ormedaer, 4T0 NpeANoJaraloch HaJHYHe Nep-
BHUHBIX HEHTPOHOB B rOPsiueM U IJIOTHOM BeulecTBe. BoJee
TOrO, NMPEeANoJaaraaoch, YTO IEePBOHAYAJBHO BCe BeNeCTBO
COCTOSJIO TOJbKO H3 HEATPOHOB H 3aTeM, B XOJe pacIiupe-
HHSl M OXJIaxKIeHHs, IIPeBpamlaJoch B Ty CMeCh 3JeMeHTOB
H H30TONOB, KOTOPYI0O MBI HalamonaeM B Hameld [asakTHKe.

Kasanoch ecrecTBEeHHBIM, YTO JIETKHE 3JIEMEHTH, o6pa-
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3ylollHecs ¢ BBIJeJeHHeM 3Heprad (oT BOAOpOAA MO He-
Je3a), Kak-to o6pasylrcs NMPH paciaje HEHTPOHOB, coe-
JHMHEHHH HeATPOHOB H NPOTOHOB H B TEPMOSAEPHBHIX peak-
uusix. Tsokesnble sjeMeHTH HPH 3TOM 00pa3oBLIBAaJHCH GBI
yTeM I0CJe/0BaTebHOTO0 3axBaTa HefATpoHoB. [las To-
ro, 4To0bl NOJHOCTBIO HE CrOPeNH 3JeMeHTH ¢ GOJbUIHM
ceyeHHEM 3axBaTa MeJJIeHHHX HefiTpoHoB (060p, KaaMui
H Jpyrue), NPHXOAMJIOCH IIPEANoiaraTh, 4TO HEHTPOHHI ro-
paYde, H OTCIOJA CJAel0BaJjia OlleHKa TeMiepaTypbl H3Jy-
YeHHS.

Llenb apryMeHTOB COAEPXKHT MHOro cJabBIX MecT:
1) ormeuennoe Xasuu ObicTpoe NpeBpalllende HEHTPOHOB
B NPOTOHH H 0GpaTHO NPH BBHICOKOH TeMlepaType, paHblie,
yeM B MOMeHT f{==1 ¢, HCKJ/OYaeT Haya/bHOE HeHTPOHHOe
cocTOsiHHE; 2) HEeBO3MOXKHOCTb IMOJIYYeHHSI 3JEeMeHTOB Ts-
wenee A=25 (u Bropoit Gaprep npu A =28) npu nocne-
JIOBATE/IbHOM [PHCOeJHHEHHH HEfiTDOHOB, a TaKikKe Majas
IJIOTHOCTE OGapHOHOB HCKJIOYAIOT NOJYy4YeHHe 3JIeMeHTOB
Tszkenee ‘He B cKoJbKO-HHOYAb 3aMeTHHIX KOJHYECTBAX.

CaepoBateapno, aprymentol [amoBa, mnpuBefline K
npejackasanuio =6 K, HeBepHBHl, a caMmo npeficKasaHHe,
TeM He MeHee,  oYeHb OJHM3KO K HcrHHe!

B macrosimee BpeMsi MBIl YBepeHHl, YTO 3/JeMEHTHl Td-
xeqee ‘He (u, Moxer OHITB, CI€JOB JHTHA) o0O6pasylores
B 3pe3fax. CoJiHle —3TO 3Be3fa BTOPOro NOKOJEHHs, 06-
pasoBaBulasicss M3 rasa, NMOOBIBAaBIIEro, paHee B COCTaBe
3pBe3/Ibl NepBOro NMOKOJEHHS H BLIGPOUIGHHOrO NPH B3phIBE
sToit 3Be3abl. CoBpeMeHHBLIH Bospact Bceemennoit (10—18
MHJITHAD/IOB JIeT) BIOJIHE COIVIACYeTCS € ITHMH NpeicTaB-
JICHHAMH.

HecMmorps Ha Bce 3TH HeL0CTATKH, AMEHHO KOHUENIHS
l'aMoBa M ero 3HTY3Ha3M NPHBJAEKIH BHHMAHHE TEOPETH-
KOB K (hH3HyecKoil KOCMOJIOTHH M HHHUHHDOBAJH Te IocJe-
Jdylomue paboThl, TeOpeTHYeCKHe H SKCHepHMEHTAaJbHBIE,
KOTOpbIE 3aBepLIHJAHCh CO3JlaHHEM COBPGME‘HHOFI KapTHHLI
npoucxoxaenna Beenennoii.

JlioGonuiTHYI0 JAeTanb coobllaeT COBETCKHH aKaleMHK
B. M. TouTexkopBo, HAYHHABWHi NYTh B (PH3HKE YYEHHKOM
dupuko ®epmu. [leppble npaBHIbHBIE pacYeThl SAEPHBIX
peakuuit 6uian caenansl Pepmu u TypxeBHueM B Konue
40-x rogor. Oanako sta pabora HHKoraa He 6b1a omy6-
ankoBana. Anbdep n Xepman ToXKe NPHBOAAT JHIIb pe-
syabratl  pacyetoB ®epmu u Typkesuwa. [IIpuunna
3aKJIloYaeTcss B TOM, YTO CeyeHHe PeakKIHH TPHTHS C JeiiTe-
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pueM 6BJIO B TO BpeMs KJAacCH(pHUHPOBAaHHBIM, T. €. CeK-
perubiM. Tonbko 3namenutoe Beictynaenne M. B. Kypua-
TOBAa B AaHIJIHACKOM aToMHOM LeHTpe B Xapyaaue (1956
rojl) COpPBaJO MeJe3HblH 3aHaBec CEKPeTHoCcTH ¢ paboT no
TEPMOSIEPHOMY CHHTE3Y.

OGpatuMesa K coBeTckHM paforam Hayaaa 60-X rofos.
ABropy aonosnenusi 6O SICHO, 4TO ropsiyas Mojesb Bee-
JIeHHOH npHBOAHT K 25—30-npoleHTHOH pacnpocTpaHeH-
Hoctu ‘He B nepsuusom rase. $lapo ‘He upessbivaiino
npounoe. ITostoMy kKak jgorMa Obl NPHHAT TE3HC, 4TO ec-
AH rhe-anbo HaligeH ras ¢ cofepxanueM ‘He, MeHLIHM
25%, To Teopus ropsaueii Bcenennofi HempaBuabHa. B TO
BpeMs OBIIH M paboThl, B KOTOPHIX YTBEPXKAA/JI0Ch, YTO CO-
JlepiKanHe rejius B HEKOTOpbIX oObekrax mopsiaka 10%
HJIH MeHbIIe.

K nauyany 60-X rofoB OBIH BEIIOJHEHB TEOPETHUECKHE
paGoTsl MO 3BOJIOUHH YHCTO BOJAOPOJAHHIX 3Be3l, C HeJo-
XHM COBMAJIEHHEM BBIYHCIEHHBIX H HAGJ/I0ZAeMBIX CBOHCTB
ape3f. [lostomy Gblia mocTaBjeHa M pellleHa 3ajaya —
HeJb3sl JIH NMOCTPOHTH KOCMOJIOTHYECKYI0 MOJe/b, IPHBOASA-
mylo K BeesenHoil, cocrosileli BHayale H3 YHCTOrO BOMOPO-
na? Oxazanoce, 4TO XOJOAHAas MOJeJ]b C Olpe/e/eHHbIM
KOJTHYECTBOM HeHTPHHO (paBHBIM UYHCJY 3JeKTPOHOB), HO
6e3  aHTHHEHTPHHO, Y/JOBJIETBOPAET 3TOMY  YCJOBHIO
(1962 ron). Bmecte ¢ TeMm Oblo sicHO, 4TO BBHIOOpP MeMxIy
ropsAveil H XOJIOJHOW MOMAENsIMH 3aBHCHT TaKiKe OT H3Mepe-
HUA TENJOBOI0 H3JyYeHHS.

[To mpensoxennio asropa AomnosHeHusi B pabore A. T.
Hopowkesuua u M. 1. Hoeukosa (1964 rox) Guin pac-
CMOTpeH COBOKYNHBIi CHeKTP PajHOM3JyYeHHS H BHAHMO-
ro csera 3Be3f. C 3THUM CIEKTPOM CPaBHHBAJOCH NJIAHKOB-
CKOe paBHOBeCHOe H3JydeHHe pPasJyiHuyHOil TeMmnepartypul. Bhi-
Ja nocTpoeHa Xapaktepuas asyropGas kpuas. laxe npu
naankoBckoil Temnepatype | K, korma mnosnas sHeprus
MHKDOBOJTHOBOTO H3JydeHHs MeHbllle JHEPTHH CBeTa 3Be3],
cymecTeyer o0sacTh AJHH BOJH, B KOTOPOH MJIaHKOBCKOE
H3JIyueHHe JOMHHHDYeT. DBIO OTMeYeHO, 4TO H3MepeHHs
HMEHHO B 3TOH 00JacTH CHeKTPa MO3BOJSIOT OJHO3HAYHO
clleaTh BHIGOP MeXAY ropsideii H XOJOAHOH MOJEISMH.

Onnaxo ony6ankoBannas B «Jlokaanax AkaJgeMHH HayK
CCCP» szamerka A. I'. Hopomkesuua u H. II. Hosuko-
Ba €TaJa H3BeCTHOH TOJBKO MaJlOMy UHCJY COBETCKHX pa-
JHOACTPOHOMOB, H JIHIIb 3HAYHTENBHO [03¥Ke, nochae paboT
Ilensnaca u Buacona (ormeuenunix B 1978 roay HoGe-
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JE€BCKNH NpeMHeH N0 ¢H3HKe) H TeopeTHYecKoH paboThH
Jukke, [ln6asa, Ilaprpuaka u YHAKHHCOHA, 3apyGex-
Hble PajHOACTPOHOMBI Hauwig 3aMeTKy JlopollKeBHYa H
HoBhkoBa H—B Juue IleHsuaca — OTAAJH eH IOJXKHOE.

AOMNOJHEHHUE 10. O ®A30BbIX NEPEXOJAX
MPH CBEPXBbICOKOH TEMIIEPATYPE

Kak npaBusibHO oTMeueHo BaiinGeprom, ocHOBHas HJes,
YTO IIPH BLICOKOH TeMneparype MHP HaXOJHTCH B MAaKCH-
MaJbHO CHMMETPHYHOM COCTOSIHHH, nphHHaaiexut II. A.
Kupxuuny u A, JI. Jluuge. Ilpu oxaaxAeHHH NMPOHCXOLHT
(ha3oBBI Nepexoj B COBPeMeHHOe HeCHMMETPHYHOE COCTOs-
HHE.

B Teopuu (pasoBhIX nepexosos U AoMeHOB (oGuacreli ¢
pas/IHYHBIMH CBOHCTBAMH, BO3HHKAIOLIMX Tlocje (asoBoro
nepexojia B panHeii Bcesiennoil) B Hacrosillee BpeMs ecTb
3HAYHTEJNbHBIH [POH3BOJ M I0O3TOMY MOMXKHO INDEeNCTABHTDH
.cefe pasyHYHBE BAPHAHTHL

B onHoM BapuaHTe BO3HHKalOT JOMeHBl JBYX THIOB,
KOTOpLIE YCJOBHO HA30BeM -+ H —. B 3THX ZOMeHax Heko-
TOpHle ToHKHE 3 deKTh HMeloT pasHblii 3HaK. PH3HKH, K-
BylLlHe B PasHbLIX JoMeHax H oOMeHHBalOLlHecs HHPOpMA K-
e, Moryin Obl 310 0OHApy:KHTb. Baxuee, olHaKO, TOT (akr,
orMevenunlii §I. B. 3enbpposuuyeM, M. I0. KoGsapesbiM u
JI. B. Oxkynem (1974 ron), uro HOMeHH -- H — pasfeine-
HBl TsKkeqoH crenkod. OleHKH ee Macchl JalOT 3HayeHHe
OKoJIo 1 Kr Ha KBajpaTHHH caHTHMeTp. Takue CTeHKH
cognanu Obl rpaHjHO3Hble BO3MYIIEHHS B pacupeieseHHH
rajlakTHK H B MHKPOBOJIHOBOM H3JyueHHH. MOKHO ¢ yBe-
PEHHOCTLIO CKa3aTh, YTO TAKHX CTEHOK HET, a CJeJ0BaTelb-
HO, HYXXHO OOPAaTHTLCA K JAPYroMy BapHaHTY TeOPHH.

JeficTBHTEABHO, CYLIECTBYIOT TEOPHH, COIJIACHO KOTO-
PBHIM NOCJe NOHHMKEHHA TeMIOepaTyphl (PH3HYeCKHEe YCJIOBHS
H 3aKOHH BO BCeM IIPOCTPAHCTBE CTAHOBATCA OLHHAKOBBI-
MH, HO HHBIMH [O CPaBHEHHIO C YCJOBHSIMH IIPH BLICOKOI
temnepartype. [IpH 3T0M ecTh TaKHe PAa3HOBHIHOCTH TeO-
PHH, KOTOpLIe NpPeICKa3bBAIOT 00pa3oBaHHe TSKeJBIX H30-
JHPOBAHHBIX HHUTell. Bo3HHKaeT BOMpOC, HEJAb3s JIH HAYaI0
Bcenennofi 10 nmepexojaa NpeACTaBHTb B BHIE HJEaJbHOTO
ojaxopoanoro mupa. O6paszoBanne HHUTEH NPH OXJAXKIEHHH
Morso Obl Aarb BO3MYylleHHsS, HeoOxonumble Ajas o6paso-
BaHHS COBPEMEHHOH CTPYKTYpHL
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Haxonen, BO3MOXKHE H TaKHe TEOPHH, B KOTOPHIX ¢a-
30BHI Mepexojl H3 ropsuero B .XOJOAHOE COCTOAHHE MOYTH
He OCTaBJISIET 3aMeTHHIX ciaeloB. B TakoMm ciayuyae MH BO3-
BpamaemMcsl K NPeInoN0KeHHtIo 00 HM3HAYAJBHO BO3MYILEH-
Hoii Bcesennoit (cM. nomonHeHHe pefakTopa 11 0 TpaBH-
TALUHOHHLIX BOJHAX).

Hannune pa3anuyHBIX BO3MOMKHOCTEH YKasHBaeT Ha He-
JNOCTATOYHHIH ypOBeHb HANIHX 3HAHHH B HacTosIlee BpeMd.
[IpurnUNHAABLHO BaXKHO, YTO B PSAe CJIyiaeB KOCMOJIOTHS
CTAHOBHTCSI apOHTPOM B BHIOOpE MeKIYy TEODHSAMH sBJe-
HHil B MHKDOMHpe —B TOM BHOOpe, KOTOPHIH OB JOJKeH
6p11 GRITH CHeN3aH NyTeM ONLITOB HA YCKOPHTENsX, HO
JJI KOTOPOrO MOIIHOCTh YCKOpHTeJe# eme J1oaro Oyaer
HeJ0CTaTOYHOH.

JONMOJHEHUE 11. TPABUTAILTMOHHBIE BOJIHBI

Bafigbepr nmuileTr o rpaBHTALHOHHBIX BOJIHAX, KOTODHE
HAXOIHJIHCh B TePMOJHHAMHUECKOM paBHOBeCHH IIpH
CBEPXBEICOKOfi TeMmepaType, a B HAcTOslllee BpeMs HMeEIOT
Temmepatypy okoso 1 K. Mx tunuunas maHHa BOJHBL OKO-
Jo 1 cm, a gacrora 30 mmanuapaoB repy (kosebaHuit B
CeKyHIY).

OHAaKO MOKHO TPEANOoJaraTh 4TO CYLUIECTBYIOT TaKiKe
ype3BHYaHHO JJIHHHBIE TIPaBATAlHOHHLIE BOJHH JAPYroro
NPOHCXOXKAEHHS.

Teopus ®PpuamMana HecOMHEHHO SBJSETCA JHIIbL XOPO-
muM npubaukeHHeM K JefictBHTenbHOCTH. CylnecTBoBa-
HHE CTPYKTYPHl — rajiakTHK H CKOILIEHHI raJaKTHK — CBH-
JeTeJbCTBYET O TOM, YTO B HAYaJIbHOM COCTOSHHH GOBLIH
onpeleseHHEe BO3MYLIECHHS IJIOTHOCTH H  BO3MYILIEHHS
METPHKH NPOCTPAHCTBA. B 3TOM cJiyyae ecTeCTBEHHO Npel-
MIOJIOKHTE, YTO BO3MYIIEHHS Pa3HOro THNa (M B TOM YHCJIE
Te, KOTOpDhle MNPEBPaUIAIOTCH B TPAaBHTALHOHHBIE BOJHBI)
HMETH TPHMEPHO OJWHAKOBYIO AMIIHTYAy. DTy THOOTe-
3y «paBHOpacnpefenenus» BuABHHYAH B 1968 roay $. B.
3ennnosuu u U. J1. HoeuKos.

O6mas MIOTHOCTL MOPOXKAEHHOTO TakuM ofpazom rpa-
BHTAIIHOHHOTO H3JYYeHHS MEHBIIe IJOTHOCTH TEIJOBOTO
rPaBHTANHOHHOrO M3JYUeHHS, HO HMEHHO B 06JacTH CBepx-
IMHHHEIX BOJH OT MApPCeKOB [0 MEeTamapcekoB TPABHTAIH-
OHHble BOJIHB, CBf3aHHble ¢ HAYAJLHHIMH BO3MYLIEHHSIMH,
HEH3MEePHMO cuabHee TenJoBbX. OGHApyXKeHHe CBePXIJIHH-
HEX BOJH NPHHUHNHAJBLHO He HCKaioueHo. Mutepecuble co-
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ofpaKeHHs 0 KBAHTOBOM DOXKAECHHH rPaBHTAIlHOHHBIX BOJH
BHICKa3LIBalOT coBerckue TeopeTnkd JI. WM. Ipumyx u
A. A. CrapoGuHCKHIL.

JOMNOJIHEHHUE 12, JAJIEKOE BYAYUIEE
OTKPBITOHW BCEJIEHHOH

BaiinGepr rosopur o mnpeBpauleHHH TOPAYHX 3Be31 B
KapJHKOBBIE 3Be3jIbl, HJIH HEATPOHHBEIE 3Be3JLl, HJIH YepHbIC
JOBIPLl — B 3aBHCHMOCTH OT HayaJbHOH MaccH 3Be3/lbl H
ocoGenHocTell ee 3BOJIIOLHH. DTH NPONECCH MPOHCXOAAT 3a
BpeMs, CPaBHHMOE ¢ CErOfHSIIHHM Bo3pacToM Bcenen-
Hoit (10—18 muaanapnoB Jer).

[Tpennonoxum, uto BeeneHHass OTKpHITasg HJIH MJIOCKafd,
T. €. CyMMapHas IJIOTHOCTb BCeX BHJOB BemecTBa (H3ay-
YeHHsl, HEATPHHO H «oOBIYHOH» MaTepHH — OGAPHOHOB)
MeHbIle HJH paBHa KputHdyeckoH. Takas Bcenennas Kak
les0oe HeOrpanHuYeHHO paciuupsercs.

Hspectnniit Teopernk @®. [Jaiicon mocraBusa Bonpoc of
ouyeHb oraasenHom OyaymeM Takoit Beeseumnoit. Ilpu stom
OH YYHTHIBAJ fBJIeHHEe KBAHTOBOI'O HCIAPEHHS YePHHIX AHID,
Macca KOTOPHIX MOJIHOCTBIO NpeBpallaercs B H3JyueHHe 3a
Bpems 10°2 ger gas M=M@ (ME@— macca Coanua). dto
BpeMs TPONOpIHOHAABHO KyOy MaccH (cM. [0NOJHEHHe
penakropa 8).

OTHOCHTENBLHO KapAHKOB H HelTpoHHHIX 3Be3a [aficon
3aMeuaeT, YTO KBAHTOBOMEXaHHUECKHM MOAGAPbepHHIM Me-
XaHH3MOM OHH TaKiKe NpeBpallalOTcsl B YepHBe AHPH (32
emte Gosblllee BpeMs) H 3aTeM HCIApAIOTCS.

TaxuMm o6GpasoMm, KoHeuHas cyaAb6a OTKpHTOH Bceenen-
HOH—HeOrpaHHYeHHOe PaCUIHPEHHEe COBOKYMHOCTH (OTOHOB
H HefATPHHO H HCUe3HOBEHHE BCAKOH CTPYKTYDHI H OPramu-
3alHH.

ITo zameuannio 1. B. 3eavmosnua u P. A. Ciousesa,
HecTabHIbHOCTh NPOTOHOB, T. €. HeCOXpPaHeHHe GapHOHHOro
uucsa (cM. JONMONHeHHe pepaktopa 6), pPesko YCKOPHT He-
UYe3HOBEHHE KAaPJHKOB H HEHTPOHHHEIX 3Be3a: BMmecto 1070
Jger y Jlaficona BpeMsl HCYe3HOBEHHS OKaXKeTcs BCEro B He-
CKOJMILKO pa3 6oJblle BpeMeHH pacnajga MpoTOHA, MO Co-
Bpemennoii onenke 10% ger. JlioGonwsiTHO, 4TO HeATPOHHBIE

3BE3JIbl Ha ONpefe/ieHHOM 3rtane pacnaga OyAyT B3phH-
BATLCH.

KOHC‘{HHF{. BBIBOJL O MHpPE, B KOTOPOM OCTaHYTCH JHIUBL

(oTonbl B HefiTPHHO, MOUTH HE MeHAeTCA — HeGOMBIIOE KO-
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JHyecTBO HM30eKaBUIHX AHHHTHJSLUUH 3JEKTPOHOB H I1103H-
TPOHOB He JeJaeT KapTHHY Hajekoro Gyayuero Gojee NpH-
BJIeKaTeJbHO.

Bo3Mo0XHO, 0HAKO, 4TO CyMMapHas IJIOTHOCTh BellecT-
Ba Bcesnennoil npesuiliaer KPUTHYECKYIO (B YaCTHOCTH, 3a
cueT MaccHBHLIX HefiTpuHO?). Torma Bcenennas 3aMKHyTa
H uepe3 Bpems mopsinka 5-109—10'"! jner mpencrout obuice
cxkatue Bcesennoii. Teopernueckoe HccJIeJ0BaHHE 3TOrO
npolecca eme He NPOJABHHYJIOCHE AOCTAaTOYHO JAAJEKO. '

NPEAJIOKEHHUA NJd JAJBHEHWIUETO
YTEHHA
A. KOCMOJIOTHSA U OBLIASI TEOPHA
OTHOCHTEJIbHOCTH

Huxecnenylomue pykoBoAcTBa [1aioT BBeJeHHE B pas-
JIHYHBIE pasfiesbl KOCMOJIOTHH H Te 4acTH oOmefd TeopHH
OTHOCHT@/JbHOCTH, KOTOPEIE OTHOCATCS K KOCMOJIOTHH, Ha
ypoBHe, B neqoM Gojee TeXHHYECKOM, YeM HCIOJb30BaH-
HBIH B JaHHOH KHHre.

Bondi H. Cosmology. England, Cambridge. Cambridge
University Press, 1960.

Bonan I'. Kocmosorns. B Hacrosimiee BpeMs HeCKOJbKO
ycrapesaa, HO CONEPXKHT HHTepecHble obcyxaenns Kocmo-
Joruyeckoro [IpHHIHNA, KOCMOJOrHH CTallHOHAPHOTO CO-
cTosiHHA, napagokca Oapbepca u T. m. OueHb JErKo 4ura-
eTcs. '

Eddington A. S. The Mathematical Theory of Relati-
vily. 2nd.ed. England, Cambridge. Cambridge University
Press, 1924.

Pyc. nep.: daaunrron A. C. Maremathyeckas Teopus
orHocHTeabHOCTH. M., T'oc. Hayu-TexH. u3x-Bo, 1933.

B Teuenuwe mHoOrux Jier Bemyulas KHHra mno obie# Teo-
pHH OTHOCHTeNbHOCTH. C HCTOPHYECKOH TOUKH 3PEHHA HH-
TepecHo paHHee OOCYy:KJeHHe KDacCHBIX CMeLleHHH, MOAeNH
ne CuTTepa H T. M.

Einstein A. e. a. The Principle of Relativity, London,
Methuen and Co., Ltd., 1923; reprinted by Dover Publ.,
Incis NI Y.

Pyc. nep. B kuurax: ditnmreiin A. CobpaHne HayyHBIX
tpynoB. T. I. M., Hayka, 1965, c. 452; [Ipunuun oTHOCH-
reapHoctd. CO. crareit. M., Aromuspmar, 1973; AxasGepr
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dfinmrediH u  Teopds rpaBHrauun. C6. crareir. M,
Mup, 1979.

Becuennble nepeneyaTkH OpPHIHHANBLHBIX CTaTed 1o
yacTHOH M ofuleli TEOpHH OTHOCHTeNbHOCTH OHHINTelHA,
MuHnkoBckoro, Beiins, B nepesose Ha aHrauiickuil. Bkalo-
yaer nepeneyatky cratbu DiHmTedHa 1917 ropa, nocea-
LIeHHOH KOCMOJIOTHH.

Field G. B., Arp H., Bahcall J. N. The Redshift
Controversy. Reading, Mass., W. A. Benjamin, Inc., 1973.

Gunn I. B., Apn T'. u Bakaaa IIx. H. Cnop o Kkpacnom
cmvemenud. Hurepecuasa muckyccHsi 00 HHTEpIpeTaluH
KPacHHIX CMeLIeHHii B TePMHHAX KOCMOJIOrHYecKoro pasfe-
raHHusg, KpoMe TOro, HoJiesnble nepenedyaTKH OPHIHHAJbHBIX
pabor.

Hawking S. W., Ellis G. F. R. The Large Scale
Structure of Space-Time. England, Cambridge, Cambridge
University Press, 1973.

Pyc. nep.: Xokunr C., Ouaauc . KpynnomacmraGuas
CTPYKTypa npocrpaHcTsa—BpeMensd. M., Mup, 1977.

Crporoe mMaTemaTHUYECKOE paccMOTpeHHe MpobJaeMbl
CHHTYJApHOCTell B KOCMOJIOTHH H TPaBHTAUHOHHOTO KOJ-
Janca.

Hoyle Fred. Astronomy ands Cosmology — A Modern
Course. San Francisco, W. H. Freeman & Co., 1975.

Xoii1 ®pen. ACTpPOHOMHS H KOCMOJOrHf — COBpEMeH-
HBl Kypc. DneMeHTapHLI yu4eOHHK acTPOHOMHH ¢ 6OJb-
IIHM, 4YeM 0OBIMHO, aKLEHTOM Ha KocMosornio. HMemoneay-
€T OUeHb MaJI0 MaTeMaTHKH.

Misner C. W., Thorne K. S., Wheeler J.A. Gravitation.
San Francisco, W. H. Freeman and Co., 1973.

Pyc. nep.: Musuep Y., Topu K., ¥Yuaep Ix. Ipabura-
nus. T. 1—3. M., Mup, 1977.

CoBpeMeHHOe HCYEpNBIBAIOUIEE BBEJeHHE B OOILYI0 Teo-
PHIO OTHOCHT@JILHOCTH, HANHCAHHOE TPEMs BEeAYIUIHMH crie-
nHanucrami. O6cyKaaercs TakmxKe H KOCMOJIOTHS.

O’Hanian Hans C. Gravitation and Space-Time.
N. Y., Norton and Company, 1976.

O'Xauwpsn TI. TpaBHTauus wu NPOCTPAHCTBO — BpeMs.
YueGHHK 1O TEOPHH OTHOCHTEJNBLHOCTH /sl MJaAlIeKypCHU-
KOB.

Peebles P. J. E. Physical Cosmology. Princeton,
Princeton University Press, 1971.

Pyc. nep.: TTubnc TI1. ®usnueckas kocMosorus. M.,
Miup, 1975.
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AptoputerHoe obmiee BBeAeHHEe B NPeAMeT C CHJBHHIM
ylnopom Ha gaHHble HaOJMI0AeHHH.

Sciama D. W. Modern Cosmology. England, Cambrid-
ge, Cambridge University Press, 1971.

Pyc. nep.: Illama [I. CospemenHas KocMmoJjoras. M.,
Mup, 1973. ]

OueHp Jierko yHTaeMoe WIHPOKOE BBEJEHHE B KOCMOJO-
THI0 H apyrue pasjens acrpodusuxku. Hamucano Ha ypos-
HE, <«JOCTYINHOM 4YHTATeJsIM JHIbL C O04Y€Hb CKPOMHBIMH
3HAHHAMH MAaTeMaTHKH H (U3HKH», C KOJHYECTBOM YpaB-
HeHHH, CBEJlCHHBIM 10 MHHHMYyMa.

Segal 1. E. Mathematical  Cosmclogy and Extra-
galactic Astronomy. N. Y., Academic Press, 1976.

Cerasn M. Maremartnueckasi KOCMOJIOTHSI M BHerajlakTH-
yeckas aCTPOHOMHfA. B KayecTBe mpHMepa HEOPTOAOKCANb-
HOTO, HO NOOYMXKAAIOWEro K PasMbllIEHHSM B3rJasjAa Ha
COBPEMEHHYI0 KOCMOJIOTHIO.

Tolman R. C. Relativity, Thermodynamics and Cosmo-
logy. Oxford, Clarendon Press, 1934.

Pyc. nep.: TonMen P. OTHOCHTe/JBHOCTb, TEPMOJHHAMH-
Ka H kocmogorug. M., Hayka, 1974.

B TeyeHHe MHOI'MX JIeT CTaHAapTHOE pPYKOBOJACTBO IO
KOCMOJIOT'HH.

Weinberg Steven. Gravitation and Cosmology:
Principles and Applications of the General Theory of
Relativity. N. Y., John Wiley and Sons, Inc., 1972.

Pyc. nep.: BefinGepr C. I'paBaranus  KocMoJorus. M.,
Mup, 1975.

O6mupHOe BBejeHHEe B OOINYI0 TEOPHIO OTHOCHTENBHO-
cti. OKOJIO TPeTH KHHIH NOCBALIEHO KOCMOJOrHH. CKpoM-
HOCTh He MO3BOJSAET JAe/aTh ,n,am;neﬁmue KOMMEHTapHH.

b. UCTOPUSI COBPEMEHHOH KOCMOJIOTHH

Huzkecneayiomue KHHTH BKJIOYAIOT KaK NEPBOHCTOYHH-
KH, TaK H BTOPHYHLIE HCTOUHHKH IO HCTOPHH COBPEMEeHHOMH
KOCMOJIOTHH. B GOJLIIHHCTBE 3THX KHHI' HCNOJB3YeTcsl Ma-
JIO MaTeMaTHKH, HO B psjJle W3 HHX NpeANojaraeTcs He-
KOTOpAsi CTeneHb 3HAKOMCTBA ¢ (H3HKOH H acTPOHOMHeH.

Baade W. Evolution of Stars and Galaxies. Cambrid-
ge, Mass., Harvard University Press, 1968.

Baage B. Jpoaouus 3pe3n H ranakTHk. Jlekuuw, mpo-
yuranusie Baane B 1958 roay ¥ M3faHHBIE ¢ MarHuTo(OH-
ueix sanuceit K. TlefinoM-T'anomkuneiM. Becbma cy6nex-
THBHAsl OLlEHKA Pa3BHTHA acCTPOHOMHH B HalleM Beke, CO-
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JepKamias paccka3d o6 3BOJIOLHH IIKajbl BHErajJaxkTHue-
CKHX paccTOosHHMH.

Dickson F. P. The Bowl of Night. Cosmology from
Phales to Gamov. Cambridge, Mass., M. I. T. Press, 1968.

Huxcon @. Yama noun. Kocmosorns ot Pajeca 10
Il'amoBa. CoaepxHuT (pakcHMHJE OpHTHHAJbHBIX paboT Je
[lleao u Onnbepca o TeMHOTE HOUHOrO Hela.

Gamow George. The Creation of the Universe. N. Y.,
Viking Press, 1952.

l'amos I'eopruit. Poxpenne Bcenennoii. He ouenb coB-
peMeHHas KHHra, HO LeHHasg KaK TNOATBepXKIeHHEe TOYKH
spenns TamoBa B 50-e roawl. Hanucasa aasi IIHPOKOH
nyoJuKH ¢ o6blunbiM aas [amoBa oGasiHneM.

Hubble E. The Realm of the Nebulae. New Haven,
Yale University Press, 1936; reprinted by Dover Publica-
tions, Inc., N. Y., 1969.

Xa66a 3. Chepa tymannocredi. Kimaccuueckuii mokaan
Xa66sa 06 acTPOHOMHYECKOM H3Y4eHHH TaJaKTHK, BKJIO-
yasi OTKPBITHE CBSI3H MEXKAY KPacHLIM CMeEIleHHeM H pac-
crosiineM. IlepBonauanbHo 6Bl mpounTaH kKak CHaAHMa-
HOoBCcKaga Jekuns 1935 roga B Mese.

Jones Kenneth Glyn. Messier Nebulae and Star
Clusters. N. Y., American — Elsevier = Publishing
Co., 1969. :

Ixone K. TymaHHOCTH 1 3Be3JHBe cKomJeHHsi Mecche.
Hcropuueckne 3aMeuanusi no noBoay kartajaora Meccee H
HabJI0/IeHHH cofepiKaluXca B HeM OGBEKTOB.

Kant Immanuel. Universal Natural History and
Theory of the Heavens. Translated by W. Hasties Ann
Arbor, University of Michigan Press, 1969.

Pyc. nep.: Kaur M. VYuuBepcasbHas ecTecTBeHHas HC-
topusi u teopus Heb6a. Cou., . I. M., Muican, 1963.

3unamenutas pa6ora Kanra, B KOTOpO#l naHa HHTepmpe-
TalHs TyMaHHOCTel Kak raJakTHK, MOXOXHX Ha Hauy,
B kuure HMeOTCA TaKXKe MOJE3HOe [NPEeAHCI0BHE
M. K. Mwonnua n onenka Kanra teopun Maeunoro Ilytu
Tomaca Paiira.

Koyré Alexandre. From the Closed World to the
Infinite Universe. Baltimore, Johns Hopkins Press, 1957;
reprinted by Harper and Row, N. Y., 1957.

Koiipe A. Ot 3akphTOoro Mupa k GeckoHeuHoii Bcenen-
noit. Kocmousorust or Hukonaa Kysanckoro ao Heiorona.
CozepKHT HHTEPECHYI0 oOleHKy nepenuckd HbloTona c
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Benran, Kacaiomyiocs aGCcOMIOTHOrO NMPOCTPAaHCTBA H IMPO-
HCXOXKACHHSI 3Be3Jl, a TAKXKe T0JIe3Hbe BHAEPKKH.

North J. D. The Measure of the Universe. Oxford,
Clarendon Press, 1965.

Hopr M:x. Macmra6 Bcenenno#i. KocMosorns or ge-
BATHaAuaroro seka a0 40-x rogos apaanaroro. OQuens jae-
TaAbHBEI OTUET O 3apOXKAEHHH PENATHBHCTCKOH KOCMOJo-
THH.

Reines F., ed. Cosmology, Fusion, and Other Matters:
George Gamow Memorial Volume. Colorado Associated
University Press, 1972.

Koemomornsi, cunte3 H apyrue npobaembl. COOPHHK B
yectb I'. TamoBa. [Tox pea. @. Paiineca. BecbMa neHHBIH,
MAYIIHH M3 NMEepBHIX PYK, Aokaan [lenanaca o6 OTKPBHITHH
MHKPOBOJIHOBOTO ¢oHa H craThss Aabdepa u Xepmana o
Pa3BHTHH TEOPHH HYK/JEOCHHTe3a B MOJENH <«60JbIIOro
B3PHIBA»,

Schlipp P. A., ed. Albert Einstein: Philosopher-Scien-
tist. Library of Living Philosophers, Inc., 1951; reprinted
by Harper and Row, N. Y., 1959.

Aupbepr Sitnmrefin — ¢uaocod-yuenuit. Ilox pen.
I1. Hlannna. T. 2 copepXHT craThh JleMeTpa 0 BBeleHHH
DHHIITEHHOM «KOCMOJIOTHYeCKo# moctosHHOH» U Hudens-
Ja 0 PeNATHBHCTCKOH KOCMOJIOTHH.

Shapley H., ed. Source Book in Astronomy 1900—
1950. Cambridge, Mass., Harvard University Press, 1960.

Mlenan I'. KHura HCTOYHHKOB NO acTpoHOMHH 3a 1900—
1950 rr. [TepemeyaTKu OPHrHHAJBHLIX cTarefi 1O KoCMOJO-
rHH H JPYrHM pasfejaM acTPOHOMHH, K COXKaJeHHIO, MHO-
rHe B COKPAlleHHOM BH/JE.

B. ®U3HKA 3JIEMEHTAPHbLIX YACTHIL

Ho cHX mop HET KHHr, B KOTOPHX Obl Ha HeMaTeMaTH-
YecKoM YpoBHe ofcyXaajoch GOJBIIHHCTBO HENABHHX JIO-
CTHKEeHHI B (DU3HKe 3/leMEeHTapHHIX YacTHU, O KOTOPHIX
waa peur B raase VII. Caeayiomas craThd MOXKeT Cay-
XHTh 4eM-TO BPOJie BBEJCHI:

Weinberg Steven. Unified Theories of Elementary
Particle Interactions. — Scientific American, July 1974,
p- 50—59.

Baitn6epr C. Exnnbie TeopHH B3aHMOAEHCTBHI 3JeMeH-
TapPHBIX YACTHIL

Bosee o6mupHoe BBejeHHE B (DH3HUKY 3JeMEHTapHHIX
YACTHIL, KOTOPOE BCKOPE AOJIKHO BBIHTH H3 I€YaTH:
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Feinberg G. What is the World Made of? The
Achievements of Twentieth Century Physics. Garden
City. Anchor Press/Doubleday, 1977.

Pyc. nep.: ®efinGepr I'. U3 gero cnenan mup? Iloctu-
xenns dusnkn XX Beka. M., Mup, 1981.

BBejenne, HanmHcaHHOE JJS CNEIHANHCTOB, CO CCHIKA-
MH Ha OPHTHHAJBHYIO JHTEPAaTypy, — CM. JI06YI0O H3 KHHT:

Taylor I. C. Gauge Theories of Weak Interactions.
England, Cambridge, Cambridge University Press, 1976.

Pyc. nep.: Tefitop Jx. KanuGpoBouHble TEOPHH CJa-
61X B3anmoneficTeuit. M., Mup, 1978.

Weinberg S. Recent Progress in Gauge Theories
of the Weak, Electromagnetic and Strong Interactions.—
Rev. Mod. Phys., 1974, v. 46, p. 2556—277.

Pyc. mep.: BeitaGepr C. HepaBHHe [OCTHXEHHS B Ka-
NHOGPOBOUHLIX TEOPHAX cAalbHIX, 3JEKTPOMAarHUTHHIX U
CHJIBHBIX B3auMojelicTBHi. — ¥Ycmexu ¢u3. Hayk, 1976,
T. 118, ¢. 505.

I'. PABHOE

Allen C. W. Astrophysical Quantities. 3rd ed. London,
The Athlone Press, 1973.

Pye. nep.: Anmnen K. V. ActpodusnHuecKHe BeaHUHHHL.
M., Mup, 1977.

Hacronbhoe co6pande acTpodH3WYecKHX MaHHBLIX H
dopmyur.

Sandage A. The Hubble Atlas of Galaxies. Washing-
ton, D. C., Carnegie Institute of Washington, 1961.

Cennefiixk A. XaG6moBckuit artnac raJakTik. Boasmoe
QHCJ0 BeJHKOJENnHHX ¢otorpaduit rajakTHK, coGpaHHEIX
JIA RAJIOCTPAauMH XaG0/0BCKON cXeMBl KJaaccHhHKAIHH.

Sturleson Snorri. The Younger Edda. Translated by
R. E. Anderson. Chicago, Scott, Foresman and Co., 1901.

Pyc. nmep.: Mnanmas Opnna. Cep. JlureparypHuule mna-
marauku. J1.,, Hayka, 1970.

Jlng 3HaKOMCTBA C JPYTHM B3TJSAOM HAa Havyajlo H KO-
Hen BcenenHoi.

JIUTEPATYPA, PEKOMEHJIYEMAS
PEOJAKTOPOM NEPEBOJA

®pupman A. A. HMs6pannse Tpyaw. M., Hayka, 1966.
Unratenb MOMXKeT NMO3HAKOMHTLCA B 3TOM KHHre ¢ pa-
Goramu PpuaMaHa, 3aJOXKHUBIIHMH OCHOBY COBpPeMeHHOM
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KOCMOJIOPHH, @ TaKe ¢ HamHCaHHOW AJs IMHPOKOA mnyG-
JHKH KHHroft «MHD Kak NpPOCTPAaHCTBO H BpeMsf», BOEepPBHE
u3naunoit B 1923 rony.

3eapnosuy fl. B. Topsivas Bceenennas. — Yenexu ¢us.
Hayk, 1975, 1. 115, c. 169.

O6sop Teopuu ropsueii BeenenHoff, B KOTOPOM oOcBeile-
HO cocTosinHe Bompoca Ha 1975 rox.

deavaouy §1. B., HoBukoe M. I. Ctpoenue u 3BOJIO-
uua Beenennoit. M., Hayka, 1975.

@®ynnamentaabHas pabora, NOCBAILIEHHAS NoAPo6GHOMY
H3JIOJKEHHIO KJAaCCHUECKHX OCHOB M HOBEHIIHX TnpobieM
KocMosiorid. CofiepXHT OOWIHDPHBIH COHCOK JIHTEpaTypH
N0 KOCMOJIOTHH,

Conocrapjenne TeopuH W HaGAIOAeHHI B KOCMOJIO-
run. Matepuaan cumnoszuyma 1973 r. B Kpakose. M., Mup,
1978.

Cozep:katcs nmocjaeaHHe NaHHBE O CBA3H TEOPHH H Ha-
GJ1I0leH|IT B KOCMOJIOTHH.

Auuukaonenua kocmoca. M., Cos. suunkionenus, 1976.

Cpeay mpouyero COAEPIKHT SICHO H AOCTYMHO HamHCaH-
Hble CTaTbH MO KOCMOJIOTHH.

Hoaros A. 1., 3eavpoBuu f. B. Kocmogornus u 3Jje-
MeHTapHBle yacTHOH. — Ycnexd ¢ua. Hayk, 1980, 1. 130,
BbliL. 4, c. 559.

3eabposuu fl. B.— Teopus Bakyyma, GETH MOXKeT, pe-
1maer 3arajgky KocMoJsiornd. Ycmexu ¢u3. Hayk, 1981,
1. 133, Boim. 3. c. 479.

Oxynb JI. B. Jlentons u kBapku. M., Hayxka, 1981.

IlpekpacHoe H3/10XKeHHe COBPEMEHHON TEOPHH YacTHI[ H
noJsiefl AJsl MNOATOTOBJEHHOTO YHTATES.

Kpynuomacmtabnas crpykrypa Bceaennoii. Marepna-
au cumnosuyma 1977 r. B Tannune. M., Mup, 1981,
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I'pasurauas;
B Mmogenasx ®puamana 38, 39
B pansedl Bcemennoit 136, 135
A HefitprHo 96, 103
Kaxk uanydenne 136—I138
npa pacluupenuu Bceaensoi 33, 85,
86, 98, 101
Teopus Hbuiorona 36
— Oftuwrefina 37, 38
'paBHTalHOHHbIE BOJHLI 146

Jasiesue uanyvenua 76, 76
JdeBbi, CKoNJieHHe raJakTHk 147
— cossesfue 26, 29, 3l
Haxunca macca 75—76
— MareMmarHueckoe jonojauesne 165
Onuna sosHsl 101
Honaep-sdupexr:
Aas tymaHsocreli 256—26
# u3Mepenue paccroauuil 21—22, 31
— — cKopocTefi 21
— KpacHOe cMemenue 34
— mBer apean 20
MaTeMaTHYecKoe Jomoasedue 167
onpeaenenue 18—19

Keneso 21

3axon Psnes—[xkubca 147

— coxpaneHns 147

— Crepana—DBoasumana 66, 147

— XaGG6na 27, 28, 147

3amemnenus napamerp 151

3sesna Baprapaa 18

3eaan 17, 58
BHAEMAA CBETHMOCTb 31
B coKuMaloutefica Beeaennofi 140
asuxenne 18
Asofiavie 21
H3MEepeHHe pacCTOAHMA ¢ NOMOULLIO
sdpdexra Hdonaepa 21—22, 31
KaK <«Majble» HCTOYHHKH pajHo-
mysMa 48
selirpornne 139

'H‘ﬁblOTDHOIl TEOpdA NPOHCXOXAEHHA

oGpasosanne 15, 108
pasjefenne MaTepHA Ha 3Be3fnl 75
cossesnnn Llenrappa 111
cnexkTpanbibie AuARHE 20
Teii0Boe paBHoBecHe 60
yastpadrronerossifl cnexrp 110
user 20
uedenan 25—26
AaepHble peakudn 90
3Be3AHAA TeopHA HyKaeocHHTeaa 120
3sykoseie BoJubl, sddext [lonaepa
19—20
3emasn:
atmocdepa 69
Bo3pact 36
ABHXeHHe T3
CKOpOCTh 73—T4
Hanyuenne:
B panneit Bceaennoft 63, 54
8 TelvsiosoM pasHoBecHH 6l
KBaHTOBaA TOUKa 3penus 67

onpejetenne 53
(cm., takme Kocmuueckufi

OH
$oa MHUKPOBOJHOBOTO  HINYHEHH:)
53, 54, 68—72

Manyuenne sepsoro tena 69, 79
KauecTBeHHule cBofictea 63
MaTeMaTHueckoe aononsenne 163
onpeaenenne 61—63, 148
mAoTHOCTL BHeprun 64—65
l‘boﬂn MHKPOBOHOBOIO  M3NYUEHHHA
1=

Wamepensne ckopocTefl ¢ OOMOLLLIO
sddexra donaepa 21

Hsotons ypaHa (B JAaTHPOBKe BO3-
pacra Bcenennoft) 34

HsoTponus:
B KOCMOJOFHYecKHX Mofeasx 37, 38
B0 Beeaensof 29, 47, 114-—115, 141
onpenenenne 148
dona uanygenus 73

Houw 88, B9

Hndpaxpacnas acrponomus 69, 72

Iflxqmaﬁpacnoe uaaydesne 53, 65,
74, 149

KanuGposounsie Teopnu 181, 133, 139,
48

1
Kanbouit 21
Kaneana (3seama) 21
Karanaor Meccoe 23,
Kpasapul (KBasu3Besnbie 06BeKTh)
34, 111, 148
Kpanrosas Mexanuka 63, 141, 148
—Teopn%a‘l%.’a&'f. 60, 78, 80, 131
Kpartal 63, 78,
Kpapkosaa TeopHs 129—132, 148
Kenbeuna mxaia 52, 14
Kucnopoa 88,
Knaccuueckas MeXaHHKa 63
K-mesonn 127, 128

ﬁg:::uum Beenennaa 12, 39, 101—

102

p mopnenu PpuaMaHa 39

H KoCMHUecKas MJOTHOCTh 139

raroTenne 36

gaeKTpHYecKHil 3apal 93
Koseunoe MpOCTPAHCTBO 36
Kocmudeckas MIOTHOCTB

# KPHTHYeCKdas MJAOTHOCTL 139

OleHKA DeJRYHHBI
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Kocmuueckas remmnepatypa 75, 84—
. 94, 103, 140

Kocmuueckuil ¢on  MHKPOBOJAHOBOIO
uanyuenns 68, 70, 94, 98, 108, 139,
140
B Teopur Goibuioro Bapuisa 116
u3oTponHocTh 72, T3
i Temnopoe paBHoBecHe 74, 135
KaK HanyueRHe 4epHoro Teaa 7l-
72
orkpurHe 48—563
npeackadanne 116—118
NpH4HHBl OTKA3a OT NOHCKOB 120—

TeXHHYECKHE BO3MOMHOCTH oGHapy-
menua 119
(cM. TakKe MHUKDOBOJIHOBOE Manyde-
Hue, MHKPOBOJHOBON wIYM)
Kocmuueckut don mefitpuno 112—113
Ko?g-mqemoe uanyyenne 8, 95, 111,
I
Kocmonoraueckass mocrosHsas 37,
38, 43, 149
Kocmoaoruueckait npusnun 29, 30, 32.
73, 114115
onpegeacuue 27, 149
KpaGosuanad TYMaHHOCTb (M 1) 2
KpacHoe cMeleHHe;
8 monen ae Currepa 37
B MoRedH Dfnwrefina 37
B cokumatonlefics Bceaennofl 140
raaakTug 26
W AJauHBEl BojH HeflrpuEo 103
— — — thoToHOB 79
Kpasapos 34
Kanenan 2|
KpHBasi SABHCHMOCTH OT PAacCTos-
aus 43
onpeneaenue 149
pazauuHble HHTepnperannn 34
CPeTOBLIC BOJMHBI
skeiBajJenTHan Temneparypa ¢oHa
usayueHus 54
spdrekt 67
Kputuueckan naoraocts 45, 74, 149
B moneanx Ppuamana 39, 40
H nocrosnsaa XaodGna 39
MaTeMalitieckoe monoaucune 158
Kpatuueckan 1emazparypa 149

Jlentonxoe wHeao Y2, Y., 98, 99, IUL
onpeleneine 91—92
naorHocts 95, 113
Jlentount 91, 95, 97, 127, 129, 149
Jlugun mornowenuns 70, 1i0—I11
Jlatud 112
Jyua 17, 20, 22
JiamGna-runeponst 127

Margait 21
Maruerasm 90
MagcseNIoBCKaA TeopHA  SJeKTpo-
marderHaMa 90
MaxkcumansHaa TeMmueparypa 129
Mesonsl 150
MHKDOBOMHCBOR H3AVYEHHe:
B cKHEMaloulefica Beenennoft 140
onpenenexne 50, 150
npoiicxoxaenne 66
Mpukpozonnosoft myMm 50
«Mnanman Snna» 11, 15, 141
Maeunuift Ilyte 22—24, 48, 73, 150
Monekynm 12, 70, 88, 89, 110, 140
-~ cHabhble B3aumomeficTeua 125
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Mioon 83, 01, 97, 98, 124
— Kak nenton 127, 150

Harpufi 21
HeaGeneBsl KaauGpoBOYHLIE TEOPHH
131, 183
HeeBknugosa reomerpusa 37
He#itpaabHble TOKH (OTKpuiTHe) 133
He#irpuno 91, 97, 98, 117, 124, 150
8 nepesie 3 muH Bceenenmoft 13,
14, 99—103
Kak Jentonu 127
KocMudecknit ¢or 139—140
oGrapyxenne 119
TeMmepaTypa B HacTosllee BpeMs
112—113
THOE 9]
XapaxrepHcTHKH 96—97
ngea nepssle 34 Mun Beenennoft

Hefirponubie 3seaan 189
Hefirpounsift pacnan 91, 132
HeiiTpon-npoTonnbii Gananc 106,
113, 116
Hefitpouw 74, 75, 87, 90—92, 127
B Ksapkosoft mopmenu 130—131
B nepesie 3 MHH Bcesenmofi 14,
101—107
B cxuMaloueiics Beenennoft 140
B CHABHBIX B3auMozeficTBuax 125
am-reopua Goanworo B3peiBa 117,
1
Kak crabuabHble GapHoHBE 93
Hyxneocunrea 106, 107, 109, 116, 141
— Teopuu Goabuworo BIpeiBa 117
— spesaHas Teopus 120—]21
— coBpeMeHHas TeopHsa 122
HslotonoBcKas nocroanuas 152

OGnacts Psanes—/xkuuca 69

O6cepBaTOPHH:
Tapsapackoro xKonneaxa 25
Jloyannonckas 26
Mayur—Buacon 25, 32
Mayur—TaMuasTon 32
TNajomapckas 32
Xeflapckan 34

O6uias TeopHA OTHOCHTeAbHOCTH 31,
37, 40, 42, 150

OnHOPOAHOCTE:
B KOCMOJIOTHYeCKHX Moneasx 37,

33
po Bceaemnoft 29, 30, 114—115, 141
npuHLAN ojHOpOnHOCTH 28
onpedenenue 151
OTHOCHTEABHOCTB: .
ofmas teopus 31, 37, 40, 42, 460
Jno.ouansnas teopus 31, 80, 83,163
O1HGlUeHHe Yucae $HOTCIOB K THCAY
aas~uix wacTun 74, 109—112, 116,
17, .0, 122 .
B Tenepewmeit Bcenenfofi T4, 94,
116

B TEOPHH CTAHIHOHAPHOrO CIUTLHA-
HHA 142

B 3py npeobnafaHHA H3IAYUCIHF 7
B KOCMHUecKas  paciupocTpaJen-
HocTh sefitepusn 109—112
caeacrTsus 7o—76

TabAALa BO3MOXKHLIX 3Havenufl 109

Mapamerp sameanenun 151
IMapcex 151



E———— 3,

Maper  wactama—anTRYccTHOA 82—

Mu-mesonst 124, 151
KaK anponst 127, 128
noporoBas TeMIepaTypa AJAA NH-
me3onon 127
dasosut mepexon 133
XapaKTepHcTHKH 98
TMaankonckan dopmynra  aas  many.
4eHHA WepHOro Ttena 67
IMnesaer (M 45) (cozmesane) 23
IMnornocrs 151
Taroreocts sSHepruw B panneft Bee-
mennoft 84—86, 87
]nmreqenue nepsuix 3 mun 100, 102,

H IJMHHA BOMAL 69
yepes mepeuie 34 Mun 106
TMayronnft 64
Mosurpount 81—83, 85, 91, 98, [12,
117, 141, 151
{nmnepnue 0,0 ¢ Bcenennoft 99—

— — 3 wmur Bcenewwoft 13, .
X108 13, 14

';Id?EB nepeuie 34 wmun Bceaennoft

oTkpLiTHe 83, 119

Tl:lto:rmuan speana 17
oporosas TeMmmnepatypa 81—85, o4,
97, 98, 99, 102, 103, 152

TMocrosnuan Boasumawa 81, 82, 84,
101, 151

— nnam;a 151 i I

— TOHKOR cTpyKTYpH 126, 152

— XaG6na 39, 41, 42, 140

— — W ofnpefeNenne Bo3pacrta Bee-
nexnoft 33

_El— OnesRKa pasmepa Bcexerroft

~— =— = XapaKTepHOEe BPEeMA pacIlH-
perua 100

— — onpenenenne 31

l'lprsr;mm Ackmouenun Ilayam 85,

Tporpamma XaG6na 44
Tporonn 83, 90, 124, 152
B MolelH ¥Bapkos 131
B mepeble 3 MHR Beemennoft 13, 14,
09—106
B cKuMaloumefica Beenennoft 141
B CHALHLIX B3aumoneficteuax 124,

125

Kak Gapuomm 90, 91, 93
OTHOIIEHHE WHCAa TIPOTOHOB K WHC-
ny ¢ororos 74, 75

TnoTHOCTL 74

nociie MEepBHX HECKOALKHX MHHYT
Beenennoft 87

wgg:es nepseie 34 wmp  Bceenernoft
1

sneprug 77
u sapo remus 120

PannoacrponoMus 48, 69—72, 123
Pannonrysr
Pg}gnp[eszéenenue Mnaexa 61, 62, 69—

— Psnes—Ixnnca 62
Pacnpocrparensocts Hefitpuao 186
Pag;upe!me Breaennoft 18, 44, 98,

unaoTponuoe 486
H usnyuenne B4, 57, 67
¥ TeMmnepatypa 79

ofure BHIBOALI 46
omuGounbe B3TASAK 40
(l:g2opoc1'b pacmupenus 80, 85, 100,

Teopema Bupkroda u p, B. 40
Pesepdopn dpuecr 35
PegomGunanus 152
PenTrenosckoe uanyyenue 53
Po-meaonnt 128, 131, 162
Catypn 2|
CrepxHoBeie 25, 111, 121, 152
Cper B pannefi Bcenennoft 35

Kak Hanyuzemne 53

KBaHTOBas Teopusn 80
Ca?guocrb aGconiornan 25—26, 44,

— punuMan 25—26, 31, 44, 146
CBETOBLIE BOJHHI
u sdekr Homnepa 19
H doronm 57
Cszerosoft rox 1563
Curma-runeponnt 127
Cunpisie  B3auMONERACTHHA  SMeMeH-
TapHbIX gacTHy 125—132, 134, 1563
Cxopocts csera 21, 31, 153
# ropusorT BeeneunoRt 45
H COUHANBLHAA TEOPHA OTHOCHTENh-
noctH B0
CnaGuie BaaumoneflcTBHA 3neMmenTtap-
BBIX wacTHL 132—134, 153
;Izmmnmon H3MEePeHHN paccToAnuf
Co?grn]?éﬂoe NBHXKEHHE: onpeneneHne

Co3ne3nun:
Auapomenm 23
Hesun 26, 29, 31
3meenocna 70
Opnona 23
Conrne:
requft 108
mefitepuft 110—=111
Anuua BoaHb csera 65
nefiTpuRHoe Hanydenue 96
HHIOTOHOBA TEODPHA MNPOHCXOXKIAeHHs
37
crnexTp 21
Temmneparypa 65, 82
Conrenrnas cwctema 18, 22
ABHXKeHHe 26, 73
monoxenne B Maeunom myTH 22
CooTHOIIEHHe TEPpHONL — CBETHMOCTH
nns uedenn 26, 32
CoxpaHAIOIHecA BeAAYHAL 88—02
CmexTp:
3wmeenocna 70
Connna 21 ok
yasrpaduonerosbift 110
Cnekrpannasie aunuE 20, 21 (cm.
rake JIMHUH NOTTOMEHHS)
CrenuansHas TEOPHA OTHOCHTEMLHOD
cru 31, 80, 83, 153
Cnun 164
Cnupanasnsle TyMmannoctH 24, 25
CrnyTHHKH 3eman  (WexkyccTBenfbie)
72

«Konepuuxr» 110—111
«Ixo» 48
Cpennnft ceoGonuuft mpoler 154
CranpaprHas monenn 7, 12, 108, 109
#u Gyaymee Beenennoft 139
u Kocemomormweckudt mpurunn 114,
115
ofsop caeacronf 12—I15
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npennonoxenans 97
TpenBapHTeNLHBIE  YCAOBHA  ANN
npusHaHAs 35
CraTucTHyeckas wMexanuxka 69, 63,
85, 90, 09, 123, 136
u nocrosunan Boabumana 80
u sueprus doronos 65
CrallHOHAPHOTO COCTOAHHA MoIeNb
15, 16, 35
Crparonst 130

TemmepaTtypa:
anTeRHsl (OTAHYHE OT SKBHBaNCHT-
Hoft Temmepartypu) 52
B Tevenne mepsnix 3 mun 99—106
B cXumalomefics Bcenennoft 140
B 9py mpeoGaanauust uaaydenus 77
no mepsoft 001 ¢ 136
H KBapKoBas Mmomenas 130
H MIAaHKOBCKOe pacnpenenenne 61
H MJIoTHocTh HelTpHHO (MaTemaTH-
ueckoe momoaHenue) 167
H Tennosoe paBHoBecHe 59—61, 88
ceuime 100 000 MuEAAHOHOB rpany-
coe 125, 135, 136, 141
gepe3s 34 mun 40 ¢ 106
gepes 700 000 mer 108

Teopema Bupkroda 40

TeopHs  CTANHOHAPHOTD  COCTOAHMA

3,

Tennonoe pasnonecue 83, 84, 02, 95

8 nepeuie 0,11c Beenemnnoft 102
® mepssie 1,09¢ Beenernoft 103
B TeYenwe mepeofi cexkysaw Bee-
neniroft 136
B tevenue mepswmix 0,0lc Beenmen.
Hoft 99—102
B HefitpoH-mporoRHoM Ganance 107
A IpaBHTAIHOHAOE H3nyuenue 137
A Hanyuexne 66, 68,
H Temnepatypa 59—61
u_nefitpuro 99, 112
obnsicnenne 59—61, 89
npr 9soaound Beemennofi 60
Tpuruft (*H) 104, 154
TymannocTn 23—25, 154
Ty)laaaﬂocn Angpomenw 23—26, 50,

55
— Opuona (M 42) 23
Taxenas soga (HBO) (10

¥BY nonoca 50

Yraepon 70, 121

Yasrpaduoneroroe m3myuenune 155

V’lb'ﬂpﬂ HOJleTOBbLIe JHHHEH TOraouie-
wus 110—111

Vastpadwonerosuifi ceer 53, 110

Vpan-235 34

Vpan-238 34

®aszonuft mepexon B panneft Bee-
neunoft 133—134 o
onpenenenne 33,

doroun 13, 64, 112, 125, 126, 155
Gapuonnoe wncao 93—05,

s ksaATosofi Teopuu 57, 80
B mepskie 3 muH Bceenennoft 99—
06

1

8 nepssle 34 mun Beenennoft 106
B cxmMatoutefica Bcenennoft 140

n Teopuu KBapkon 129

B Spy mnpeobrafanus HINYICHHSA

78, T
anmna BoaRm 65=67, 71, 77
208

H apyrne wactHnu B8, 82

H NHHHA noraomenns 70

Kak nanysenue 61, 63

KocMuueckuf sapsn 93

JMenToHHoe uwHcao 97, 98

onucauue 57

nnorHoeTe 75, 92, 04, 95

cnun B5

opeanee cpofiofanoe speMs 58

yepe3 mepsolie 700 000 ner Bcenen-

Hoft 58
sHeprua 63, 64

®opmyna IMnawka aA8 WIAYUEHHS
yepuoro Tena 67

dorocuntes 64

GDpilis%Hauoncxue monenn 39, 40, 42,

Xapakrteproe ppems paciunpenus 100,
1 103, 107

onpenenenne 33, 156

«XosnoaHaa Harpyska» 49, 72

Xpom 21

Yacrora 156

Yepusie anipsl 139

Uepnbie Kapankosbie 3seaan 139

IIkama BpemMeHH pacliHpends (Ma-
TeMaTHUYecKoe monoianenxe) 160

Olym (oM. dnexrpuuecknd myMm, Pa-
AHouym)

JxBHBaNeHTHAR TeMMepaTypa:
onpenenenne 52, 6
MHKDOBONHOBOTO oHa H3IAYUEHHSH

, 67,

7
Snmnts'rponu 64, 81—88, 97, 99, 119,
15

B nepeuie 3 MM Beenennoft [3—
15, 99—106

B cxumamomefics Beenennoft 141

B Teopuu Goanlloro Bapeisa 117

B 3py mpeoGnafaHBA HINYIEHHS
78, 79

3axsar 75

BBIYHCITHTENLHAA BEpOATHOCTL pac<

cesArEa 126

H Jentoxnoe wucno 95, 97

H CHTbHBle B3auMozeftcreus 127

u doronn 58

Kak Jentonnl 91, 92

Tenaosoe ABWmenue 48, 52

yepea mnepssle 34 Mmua Bceemennoft
06

1
Anexrpuueckut mym 48—50
Snexrponsoabr 64, Bl, 155
AanunTHdeckre TYMaHsHocTH 23, 24
Aneprus noxos B0—82, 155
— xuMEqeckux peaknuft 64, 8l
— AnepHHX peakuufi 64
durponus 92, 142, 155
Spa npeoGnamanus vemecrsa 77, 78
— — HamyweRHs 78, 79
Apr 156
Sra-mesonw 127 T
finzepran JeMOKDATHA 5
ﬂn:guue wactHnn 87, 90, 93, 95,
156

s.spy npeo6rananng  H3NYyIeHHA
™

paaumoneficreye ¢ TMA-Meaonamu 98

kak anpounn 127

oTHOIIEHHe K YHCAY aHTHIaCTHI M,

9%

nioTHOCTL amepreA 84, 85, B7
Temepemusn nrorHocTh 74, 116

Sinpo (em, AroMEble Aapa)
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