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nocrosanas Xa66na cocrasnser 64 £ 10 xm ¢~! Mk}, uto

[PAKTAYECKH COBNAnaeT ¢ "rioGambasiM" 3HaTEHHeM ITOM
BEJIHYHHD], H3MEPEHHBIM Ha MacloTabax B ThiCA9H MIK.

Jlucnepcast cKopocTei 145 rajakTHK CcOCTaBiIsET
74 ¥m ¢!, YacT 310l BEIUIHHBI 06YCIOBNEHA OWHAOKAME
Ha6moeHAH, 9aCTh — [ABHXEHHAMH a/IAKTHK B COCTABE HX
rpynm; HO OHAa MOXET TAaKXC OTPaXaTh PEalbHYIO aHH30-
Tponmio pa3GeraHus Beelt COBOKYITHOCTH FANaKTHE B JAHHOM
o6veMe. C TOSKH 3peHns TOH NPOGIEMEL, ROTOPYIO MBI 371eCh
obcyxaaeM, NOKa3aTeNbHO, 9TO BEIMINHA JUCTICPCHE CPaB-
HHM2 € PEryJsipHOH IHHEHHO! CKOPOCTEIO paCIIMPEHHs 0
PpaccTOAHMM 0k0Jo 2 MUK M 3AMETHO MEHBINE PEryaspHoi
CKOPOCTH A1 paccTOfHAH oT 3 1o 8 Mmx. Cpemusaa aMn-
JHTYZA OTKJIOHEHHH OT IMHEHHOR PETYISPHOCTH, BHIYHCIIEH-
Haf J1s BCEro 3Toro o6seMa, e npepsmuaet 10 %.

Ocoberrno AHTEPecHa UTA HAILX Lejtel ararpaMma (cM.
puc. 4) s 20 TaNaKTHK € BRICOKOTOTHBIMH, HE Xyxe 7 %,
onpefieIeRUSMH pacCTOAHMH (34]. DTO rayaKTHRM-KaPIIHKH,
HaxOAMIIAECS OT HAC HAa PacCTOSAHANAX He Aanbiie 3 Mk u, 32
PEMKAM HCKIIOUEHHEM, HE BXO/AIIME B TPYIINIbI; MX KHHEMA-
THEAa OTpaxaer B Hauboiee YACTOM BHAE AMHAMMYECKYIO
o6cTaHoBKY B HaleM GmkaiuleM okpyxeHnd. He neraxesn-
HbI¢ Y4aCTHEM BO BHYTPHIDYTIIOBBIX ABHXEHHSX, CKODOCTH
STHX TaflakKTHK OGHapYXHBAIOT OPa3HTENbHO MaJbIi pas-
6poc BOKpYT nvHelinoro 3akoHa — seero 25 kM ¢!, Bro
nepsasi HAACXKHAA OLCHKA XaOTHIECKHX HBH)KCHHﬁ TaJIaKTHK
MectHoro 06bemMa, KOTOpas 3aBe/IOMO IPEBLINAET OMMUGKY
nabmopennit (okono 15 kM ¢™'). Y, kxax Mil BEAHM, OTOK
JTHX I'AJIAKTHK €UIC CIOKOMHEE H XOJIONHEE, YeM M TAK yXe
[naneko re 6ypHbiil o6mit noToK Bo BeeM o6beme ao 8 Mux.
C TO4YEH 3peHMs IMHAMHMKH OTH rAJAaKTHKM CJyXaT B
Ka9eCTBE OYEHb XOPOUIETO H3MEPHTENLHOTO MHCTpYMEHTa
JUIS ARAM34A NIOJS CKOPOCTEH, 4 3HAYHT, 1 [IOJNIA TATOTEHUK B
MectHOM 0bBEME.

Beicokas cTencHb PEryJIspHOCTH ABHXKEHWH 3THX 6k-
HHX TaJIAKTHK PE3KO KOHTPACTHpYeT ¢ kpaitsell creneHnio
HEPETYIAPHOCTH, CHIBLHOH HEOQHOPONHOCTBEO HX IPOCT-
paHCTBeHHOro pacnpenenenus. ITo nramiemM rpynmn Teepn-
ropnu u Hatypens [24, 35], ocoGeHHO CHIBHBIE HEPETYIAD-
HOCTH H HEORHOPOAHOCTH Hab IO AAI0TCA KaK pa3 B IpEAesax
2-3 MK, a panbite OHM MOCTENEHHO CrIAXHBAOTCK (B
CpeMHEM IO BO3PAcTAOUMM  06BEMAM), OCTaBaACh,
O/HAKO, H TaM [aNeKo He CRabhIMH, BILIOTH O PACCTOSHUMH
B 200 Mnx.

W3 Beeit aTolt HabarogaeMol KapTHHbI HANPALIUBAETCS
OIMH BHLIBOA: KHHEMATHKa TaJIAKTHK B MECTHOM ofBeme
HMEET MaJio OOLIEro ¢ MX MPOCTPaHCTBEHHBIM Pacnpenesne-
Huem. KMHeMAaTHKa HCKTIOYHTENBHO peryjsipHa, Toraa Kax
NPOCTPAHCTBEHHOE PacnpeiciEeHHE CHNBbHO HEOOHOPOOHO
Kax B 3T0M 06beMe, Tak Jaxe H B Gosiee 0OLIMPHBIX 06BeMax
BOKDYT Hac. 3a HabmogaeMoil KHHEMATHKOM FAJIAKTHK CTOHT
FMHAMHAKA, XOTOPaf, CNeNOBaTENbHO, € PaclpelencHHEM
Macc raakTHK GaxTHYECKH He CBA3aHA.

Ho ecym He Macchl CaMMX TaNakTHK, TO 9TO € TOTOa
YNpaBIsAET ABHXEHUEM ITHX TeJt B MecTHOM 061eme? Takora
HOBas 4)![3!{‘{00](85! MOCTAHOBKA BOMNPOCA O NIPUPOJE JAOKATIb-
HOTO XaG6a0BCKOro NOTORA.

B nyxe HOBEHIMX OTKPBLITHIL B KOCMOJIOTHH MOXHO
TIPENONOXATh, 9TO XxabBJIOBCKHM MOTOKOM ynpasnser
KoCMonoruueckuit Baxyym. Taxo#t otset {36, 37] npeanosna-
raer TPAKTOBKY KOCMOJIOTHYECKOTrO YCKOPEHHA B OYX€ KOC-
MOJIOrEYecKO# NOCTOAHHOM, T.¢. Bakyyma (06 anbTepHaTHB-
HOM mrrepnpe'rauuu B 1yxe TUNOTETHYECKOH KBHHTI3CCCHLIHA
YNOMAHYTO BEILUE, H MBI €ILIE CKAXeM O Hell fanee),

7. Bakyym B MecrHom oGneme

Cornacro HaGmoONEHHAM, B OKpyXkaroieM mac obneme ¢
paccToAHHAMH 10 3-5 MK nofasnssolas Aons Beel
HEBAKYYMHOH MaTepHM KOHUEBTpHpYeTcs B MecTHOM
rpynne. Macca MecTho#t rpynnbl — 310 daKTHUECKH
cymmapHas Macca GaproHoB Ratweil [NanaxTexd n Angpo-
Mefbl ILTIOC NPEeBBILIAIONKAS MOCNEHIOK pas B 10 Temnas
MaTepHs, XKOTOpas 3aNiONMAET NPOTSKEHHbE MACCHBHBIC
Tajo 3THX ABYX ranakTHk. ITonAas HesakyyMHas Mmacca
MectHoil rpymr Mg ~ (1-3) x 102M [7, 34}, u ona
cocpefioToueHa B obbeMe ¢ pa3MepoM NPHOIH3HTENBHO B
1 M. .

JIns OueHKH IHHAMHYECKOH XKapTHHBI B MaciuTabax ot 1
o 8—10 Mnik cpaBHEM JIBE BEJIMIMHBL: CHTY OTTAIKHBAHHS,
CO3[aBAEMYIO BaKyyMOM HA HEKOTOPOM PAacCTOSHHM R or
IieHTpa Macc MecTHo#t FpynmbLi, H CWIYy NPATSKCHUA,
CO3[ABAEMYIO HA TOM X€ PACCTONHMA CyMMapHOH Maccolt
MecrHo# rpyrmbl. CHna oTTaNKABaHKS TaKOBaA:

GM,
TRY

3peck M; — nosnHas 3(pdexTHBHAA Macca BaKyyMa B chepe
pamuyca R; oHa paBHa 3@dexTHBHON rpaBHTHpPYIOMEH
MNOTHOCTH BAKYYMA, YMHOXEHROR Ha o6bem 3TOR chepsl.
Cuna 3anmucaHa B pacieTe Ha eAMHHLY Macchl, T:€. 3TO
yckoperue. Pacctosune R 8 xoHie ¢popMymt (19) Gepercs B
Mukx.

Jlns rpy6oilt OueHKH CHIILI NpPHTDKEHAA, CO3AaBaecMOH
Maccoit MecTHoit rpynnbl, nperebpexeM HechepHYHOCTEHIO
pacnpefiesieHHst IIOJHOH MAcChl; B JIeHCTBHTENLHOCTH 3TO,
KOHEYHO, He cdepa, 4 CKOpee raHTelNlb, HO PA3HHIA B OLCHKE
BCE PABHO HEREJINKA, KaK JIerkO NPOBEPUTD, AN TEX PACCTOR-
HHH, KOTOpBIC MOnydaTcs B oTBeTe. He craneM Takxe
HobapnaTh X Macce MeCTHOM rpyniibl Macchl APYTHX rajiak-
THK B obmeme ¢ pamsycoM R — 3TO TOXe HE CHILHO
H3MeHW0 6Bl peaynsTat. TOrma B 3TOM EPBOM M IJIABHOM
NpAGNHKEHHH
GM,

~

RZ —

4
Fi= =3 G2pyR=Tx 10 BR M. (19)

~3x107"R2 cmc2.

F=- (20)
3neck M3 == My G; B kOHUE GOPMYILI PAIITyC HIMEDPAETCH B
Mux. [Jse cuisi (19) 1 (20) cpaBauBatoTcs no abeomorHoli
BesMMHHe 1pH R ~ 3 MIk, a Ha ente GOMBIMX paccTOSHHAX
JOMHHHPYET AHTHIDABHTALMA BaKyyMa.

Hama oueHka, koHeaHo, rpyfoBaTa, HO 3aTO O9€BHAHA,
HaJiexHa ¥ ycToiuuBa no cyTH. HeTpymuo cpenats u Gonee
padMEHPOBaHHbIA PacyeT; MOXHO NMOCTPOHTH, HANPHMED,
ceMefiCTBO OBEPXHOCTEH OMHAKOBOTO YCKOPEHHA B MECT-
HOM 00bEMe M HaHTH Ty M3 HHX, Ha KOTOpPOH YCKOpEHHE
ofpallaercs B Hy b, 3Ta NOBEPXHOCTh B ACHCTBHTENLHOCTH
HE CHIBLHO OTyaeTcs oT cbepnl pamuyca 2-3 Mmk. A
MOBEPXHOCTH elne GonbLIero pasmepa u BOOOIIE NPaRTHYE-
CKH IIEPECTAIOT OTIMYAThCH OT cdep, TAK YTO IS PaccTos-
HHuif B 4—5 Mnk H Gonee HMeeT MECTO MOYTH CTpore (¢
TOYHOCTEIO HE Xyxe 20—30 %) chepHyueckn cuMMETPHYHOE
yckoperue. VI Ha 3THX PacCTOSHHAX NOJHOCTBIO JOMHHH-
pYer Bakyym.

B perynsapHOM, cHEpHICCKH CHMMETPHIHOM IIOJIE YCKO-
peruit ua paccrosuuax 3-4 Mnx u Gosee eCreCTBEHHO
OXHIATb M PETYASAPHOro JBHXEHHA MPOGHBIX Ten, Kako-
BbIMH AIBISAIOTCH MaJOMACCHBHbIE [RNIAKTHEM Ha pHC. 4, fa
1 Boobuwie Bee ranakTuke MectHoro o6bema. Ho mvenno Tak
PeansHO X BHITJIKONT JIOKAaNLHbIR NOTOK B HabnioaeHusx: O
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NENCTBUTENLHO BeChbMa peryJspen HauMuas C paccTosHui
Beero B 1,5 -2 Mnx — aro Tak H no aaunstm Conanaxa s {31)
W Ha Tpex MOKAa3aHHBIX 3JECh BapHaHTaX xaGOmoBckoi
AuarpamMMbl. 37ech HET HMKAKOrO Napafiokca, pas B THHA-
MHKe MECTHOTO 00BeMa TOMHHHPYET BAKYYM C Er0 HACANBHO
OHOPOJHOM INOTHOCTHIO. TakmM o6pasoM, cHHMaercs
POTHBOPETHE MEXIY PEryIapHO# KMHEMATHKON IraslakTHK
MECTHOTO 06beMa M KpaiiHe HeperylsapHbIM pachpemesne-
HHEM HeBaKyyMHbLIX (opM 3Hepruu B 3TroM ob6beme. Haun-
Hasi ¢ pacCTOAHMH B HeCKONbKO Mk, ranakTky xa66:08-
CKOr'o [NOTOK3 ABHXYTCS Kax rlp06m>le YAaCTHLLI HA HACAJILHO
perynspHoM oHe Bakyyma, KOTOPBIH WX pa3roHseT (BepHee,
MO OHAET).

C oTKphITHEM BaKyyMa BeesleHHas B LiesioM Oka3bIBaeTCA
60onee OHOPOAHOM, 9eM 06 ITOM MOXKHO OBLJIO CYTUTH paHee
TOJILKO I10 pacCnpeNCNICHARO TANaKTHK B HEH. Ona OOgHOpOAHA
He TOJLKO B COOCTBEHHO KOCMOJOIKHMECKMX Macirrabax
100-300 Mnkx n Gonee. B AMHAMHYECKOM CMEICTIE OHA
ONHOPOMHA BOKPYI HAC YK€ C PAacCTOAHHHA B HECKOJbRO
Mk, MOXHO CRa32Th, YTO KOCMOJIOTHA HATHHAETCS Teneph
He ¢ coTeH MIK, a ¢ Heckosbkex Mnk or Hac. Oma
MOACTYNAET NOYTH BILIOTHYIO K HaM, X Muearomy ITymn. M
BCE 3TO W3-3a JHHAMHYECKOTO JOMAHAPOBAHNAS BAKyyMa Kax
no BeenenHoit B LIEJIOM, TaK M B CAMBIX MAJIbIX €€ 0BBeMax
Bpoie MecrAoro o6mema. (3amermM B ckobkax, 9To B
MecTax ¢ 6OmpLIeH ROHUERTpauneii HeBaKYYMHON 3HEPIHH
BAKYYM JOMMHHpYeT ¢ 60sumx Macmra6os, yem B Mect-
HOM obbeMe; HanmpaMep, B BOTATHIX CKOMNEHHSX TANAKTHK,
TaKAX KaK ckoyuienre B Kome wim Bupro, pamuyc HyneBoro
YCKOpeHHS MOXeT cocTaBsTb 10—30 Mrk.)

KpuTudeckHil MyHKT 3THX PacCyXNeHHH ~— KHHEMATHYC-
CKas HACHTHYHOCTh Xab6JI0BCKOTO NOTOKA HA BCEM HHTEP-
Bane macwrTabos oT HeckombkAX MIk Ko cameix Gonbimx
PacCTOSHMIA B MADE TaJJaKTHK. DTOT BOIPOC, KOTODLIH 10
CHX IIOP CTABHII B TYITHK XYyMAIOIHX ac’xponc)Mon-HaGmona-
Tenell, Tenepb, KAXETcd, nposcudercs. JIefCTBUTENLHO, pas
BO BCEX ITHX MacITa6ax JOMHHHpPYET BaKYYM C €ro BCIOMY
OIMHAKOBOH ILTOTHOCTBIO, TO H TEMII DACITHPEHHS, XapaKTe-
pusyeMbIil nocTosHHOK Xa66ma, nomkeH GBITh BE3AEC OMY-
HaKOB, NOCKOJBKY mnocTtosmHas Xa66sa onpenmensercs
TOJBKO IUIOTHOCTHIO Bakyyma. Cornacno pemenmo (14),
KOTOPOE CIPABE/UTHBO BCIOMY, T JOMHHHPYET BaKyyM, a
Takke M ypapRemno (19) ma paccrosHmax >3 Mrix,
nocrosmHas  Xabbna B atmx  yonomwmx H=d/a=
=R/R=~1/Ay.

B 3toM m cocTOMT, KaK MOXHO monarate [36, 37,
pasrazka Toii "TaiHb", KOTOpas CYIIECTBOBANA CO BpEMeH
pabotet Xab6na 1929 r. # o xoTopoi#t coBceM HelaBHO
roopui CIHIHIXK.

8. Bakyym u oftee nBuKenne
MectHoro o6nema

B murammke Gauxmeit o6mactu MHpa eCcTh H elle OIOMH
nebesniaTepecHblit acnexr. Kak MBI ckalanW, quarpamMmst
Ha pAC. 2—-4 IOKA3bIBAIOT CROPOCTH YHANCHHS ralaKTHK B
CRCTeMe HeHTpa Macc MecTHON Fpynmel; OH JEXHT Ha
NpAMOR MeXAy UEHTPAMH OCHOBHBIX TaJaKTHK TPYIIIbI,
6moxe X ARZIpOMeNe, TAK KaK OHZ HECKOJNBKO MACCHBHEH
nameit Tamakrexu. Ho B xocMonormm ects cBost ocobas
CHCTEMA OTCHETA; OHA OIMPAETCS HA PEIMKTOBOE HITYIEHHE
¥ OXBaTWBaeT BCHO BeesieHnylo. 3T0 JeiCTBHTENBRO IO~
Bamenas cmcremMa OTCYET2, M MMEHHO B Heil TpeXxmepHoe
NPOCTPAHCTBO GPHAMAHOBCKOR MOJCTH SBIAETCS OXHOPO-

HBIM W M30TponHLIM. COJNHIle, a ¢ HUM M 3eMns ABHXKYTCR
OTHOCHTEJERHO PEJIHKTOBOrO M3NYICHHA CO CKOPOCTHIO
okono 300 kM ¢!, Ho oka3biBacTcs, 4TO A HEHTpP Macc
MecTHOj IpynbI TOXe HE MOKOHTCA OTHOCHTENBHO PETHK-
TOBOTO HITYIEHHS — OH JBHXETCA OTHOCHTENLHO HETO CO
CROpOCThIO npuMepHO 600 kM ¢~ [26]. Habnionerus
YKa3mBalOT HA TO, 4TO HMeeT MecTo oblilee CHOCOBOE
JIBHKEHHE BCEro MecTROro o61eMa OTHOCHTENBHO DEITHE-
TOBOTO H3JIYYEHHS € BeCcbMa HeMaJslol ckopocTeio 500 -
600 kmc™'. [TpuaeM MecTHBIH 061EM TBHKETCA IPAKTHIE-
CKM KaK Il€Jloe B COCTape ropasfo Goiblueil no pasMepy
obmacru ¢ pasmepoM ac 100-150 Mnk (cM. HemaBHIOIO
cTaTteio [27] ¥ uMTHpyeMylo B Heil nuTepatypy). Bes
COBOKYITHOCTh TajsakTHK B 3ToM OousklioM o6beMe
COBMECTHO ABHXETCH B CTOpOHY Bonbworo Arrpaxropa,
KaK HHOI' A HA3BIBAIOT 3TO HANPABIEHHE B IPOCTPAHCTBE.

3aMeTHM, HTO CROPOCTh CHOCOBOTO NBMXKCHWMS Gosiblie
CKOPOCTH DPETYJNAPHOTO PpaCIIMpeHMA RO PacCTOAHHM B
10 Muk. Ona B 1020 pa3 6osblue JUCIEPCHAA CKOPOCTEH B
npegenax TeX ke paccrosHuii. Tak 9To 3TO OTHIONb He
cnaboe BO3MYINCHEE, a CHIBHBIE XRAEMaTHecKuH 3dderT
s Macmtabos MecTHoro o6vemMa.

Bonpoc, X0TopEI He O¥eHL akTHBHRO 06CyX)aacs 0 CAX
[OD, COCTOHT B TOM, KK COBMECTHTD BCE TPH HaGmoqaeMele
cBojicTa MecTHOro o6seMa: 1) CHIBHYI0 HEOQHOPOIHOCTE
TIJIOTHOCTH BellecTBa; 2) oblnee CHOCOBOE TedeHHe; 3) pery-
nspHoe xabbnoBckoe pacmmpenwe BHYTpH MecrHoro
obbeMa. B nWHammKe, ynpasnsemol rpaBETanuell caMMx
rafakTHK, Takas KapTHHA COBEpPINEHHO HeBoaMoxHa. Ho
Tpr cBoiicTBa MecTHOro o6beMa OKa3LIBAIOTCH BHOJHE
COBMECTHMBIMH, €CIIH JHHAMHKOA TaJaKTAK B MecTHOM
ofbeMe yIpaBiSeT HE HX CAMOTPABHTAUHA, 3 KOCMIIECKHH
BaKYYM.

B 3TOM acTpoHOMHYECKOM (EHOMEHE NpOSBAsETCS
OCHOBHOE MEXaHH9ECKOE CBOHCTBO BaKyyMa, COrIacHO KOTO-
pOMY OH He MOXET CIyXHTh cHcTemoit otcuera. Iokoit n
JBHXEHHE OTHOCHTEJBHO BAaKyyma HEDAMYHMEI, NOTOMY
4TO BaKyyM BCIOMY H Beazte, B moboit cHcTeMe oTcueTa OmmH
H TOT X¢. PEJMKTOPOE M3MydeHHE TOXKE NPAKTHIECKH HIE-
agbHO OMHOPONHO W H3OTPOMHO, HO TOJBKO B CHCTEME
oTciera, CBA3aHHO# ¢ HAM cammMm. PammomMerp, mBmKy-
IMHCA OTHOCHTENBHO PEJIMKTOBOTO H3JTYYeHHS, MOKAXET,
q9TO I8 HErO PEIAKTOBOEC H3yYCHHE HMEET THNOJLHYIO
aHH3OTPOIAIO, 4 H3 3TOTO Cpaly HaXOOMTCS CKOPOCTH
nprGopa OTHOCHTENBHO peukToBOro ¢oma. Ho mer u me
MoxeT GBITh TAKOTO NPHGOPa, KOTOPHIN GBI H3IMEPSLT CBOIO
CKOPOCTh OTHOCHTE/LHO BaKyyMa, MOTOMY 9YTO 5Ta BENIH-
YHHA He HMeeT GHIUYECKOTO CMBICa. BepHee, 3Ta BenaTHHa
TOXJECCTBEHRO pPAaBHA HYMO: B N0GOH NPOM3IBONBHOM
CHCTEME OTCIeT2 BAKyyM BBHITAMIMT abCOMOTHO OaMHa-
KOBO, M mobas CHCTeMa OTCYeTa ABJISETCA IS BaKyyma
conmyTcrByroutef. Uym OpyrBMH cioBaMM: [BE CHUCTEMEI
OTCHETA MOTIYT ABHTATLCA OPYT OTHOCHTENBHO Apyra ¢
moboit CKOPOCTEIO, HO BAKYYyM OYAET COMyTCTBOBATEH KaX-
JOi U3 HHX.

¥V Baxyyma ecTh H ellle OJTHO CBOHCTBO, KOTOPBIM TOJIBKO
OH B o6nanaeT: BO3AEHCTRYS HA BCe Tesla MPHPOIM CBOEH
ARTATP2BATAIHEH, OH CaM HHXakoMY o6paTHOMY FpaBHTa-
IMOHHOMY BO3REHCTBHIO ITHX Ten He momnaercs. TpeTwit
3axon HploTona "pefictene pasno npoTHBOAelicTemo” Ha
HETO HE PacIpOCTPanseTCs. MOXHO CK23aTh, 9TO y BaKyyMa
€CTh OTJIMYEAS OT HyNs (M MPHTOM OTPHUATENLHAN) AKTHB-
Haf rpaBATalHOHHAA Macca, a €ro naCcCHBHAA FPaBHTALIMOH-
Hasg Macca H HHEpIMAJIbHAS Macca paBHbl HYmo. (3ameTHm
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TOJILKO, YTO BCE 3TO OTHOCHTCH K (DUIHYECKHM YCJIOBHSM,
[pH KOTOPHIX TPABHTAUHOHHLIE NOJA M BCE APYTHE HOMA
BOOGIHIE ABIIOTCA CAAGHIMH; B CHITBHBIX MONAX BO3MOXHA
NOJIAPH3AIMS BAKYyMa H Al APYrux 3perTos, B KOTOPhIX
JIOKAJIGHBIE CBOMCTBA BAKYYMA MEHSIOTCH NOX CHJILHBIM
BHEUIHAM BO3/ICHCTBHEM. )

B Mecraom o0BbeMe BaKyyM AeHCTBYeT cBoeil aHTH-
rpaBeTalpcit Ha TaNaRTHKH Tak, kak ecanm OW OH caMm
BHMTAJICA BMECTe C IIeHTpoM Macc MecrtHoit rpynnst. ITo
CBOEMY IJIaBHOMY MCXaHMICCKOMY CBOHCTBY OH COMYT-
crByer MectHOMY 0ObeMy H YNpasisieT ero JMHAMUKON
TOYHO T4K X€, KaK OH YNpaBJsieT I1obansHOM JHHAMHKOH
KOCMOJIOTHYECKOrO DacUIMpeHMs. A TaK KaK HHKAKOMY
oBpaTHOMY BO3AeACTBHIO rANakTHK OH He NMOANRETCH, TO H
ero IAWHAMAYECKHH >PQEKT HMKAK HE 3aBACHT OT CaMHX
TAIARTAK — HH OT HX PACHpEIeNeHHs B IPOCTPAHCTBE, HHU
OT HX ABHXKEHAs. JTo H no3soisier MectHOMY 06BeMy
PACIIHPATLCA KaK OTHENBHOM MaJjleHBROH BCeJIEHHOM
BRYTpH Beell Gombinolt Beenennoit ¢ ee rmobammanM xab-
6nosckrM notoxoM. Ho BaxHO TO, 4TO 00a 3TH IOTOKA,
rnobasbHELL H JOKAIBHLIH, KMEIOT OJHY B TY %e KHHeMa-
THKY H OfMH H TOT X¢ TEMIl DACUIHDCHHAS, ONpPEAcIAeMbil
nocrosEAoi Xa66na, noTOMy 4TO BaKyyM OXHHAKOB H JUIA
peeit Beenernoit, 1 oyt Mecrhoro ee 06bema, o6naziaroinero
JIONOJTHHTENHHEM CHOCOBbIM [BHKCHHEM.

TIp# 3TOM SCHO, 9TO rIOOANIBHEIE NOTOK PACLIHPEHMS B
Gomsuux MaciTabax, npesrmarongx 100-150 Mnx, non-
XeH BRITIAAETH aHH30TPONHBIM, KOTa ero HabmonaoT H3
MecTroli rpymmbi. B 3TOM NOTOKE BO3ZHAKAET JUNOJLHAS
aHW3OTPONAA H3-3a JBIKEHHA MecTHOM rpynmnl oTHOCH-
TemsHO Hero. Ho 3Ta aHM3OTPONMHS He3aMETHA H TOHET B
ommbxrax HaGirofeHUWI: ee YPOBEHbH H3MEPSETCS OTHOLIE-
HWeM CHOCOBO#H cRopocTH Mectroro o6nema (600 kM ¢™!) x
perynsipHoit xaG610BCKOR CKOpPOCTH B 3THX MacmTafax
(6000 kM ¢~' u Gosbiie), a 3TO OTHOIUEHHE COCTABASET
10 % 1 MeHBINE,

TakoB BO3MOXHBIH OTBET HAa BONPOC O COBMECTHMOCTH
perynapHoro pacumpenns MectHoro 06beMa ¢ €ro CHIbHOM
HEOQHOPOMHOCTBIO H OOIIMM CHOCOBbIM ABHKERHEM [36]. 3a
NPUBENEHHLIMH  3/1eCh  DACCYXIEHHAMH CTOHT TOYHOE
HBLIOTOHOBCKOE PElIeHHe YPaBHEHMH THApoguHamMukA [40]
s OIBOMEPHOIO NOTOKA, HAJIOKEHHOTO HA H3OTPOIHOE
xabboBCKOe pacUIMpeHHe; 5TO pelleHMe [pelCTaBIAeT
coboli o6obimenme pemerna 3ensaosuda [41), mMerowrero
TY X€& CHMMETPHIO, Ha CHydai PHCYTCTBHA B MHPE ROCMHYe-
CXOro Bakyyma. PellleHMe MO3BOJMAET OMNHCATh KOIHYECT-
BEHHO TPH YMOMAHYTHIX cBOHCTBA MecTHOrO 06BeMa; OHO
TakXe [aeT MpeACcTaBieHAe O MHHAMUIECKOH MpebiCTOPHI
3toll GamxHelt x Ham obnacTu Mupa [39] ¥ moxasmiBaert,
¥akHe "Hasambabie yenoswaA" obecnewwu Habmonaemoe
3HageHHne o61ei CHOCOBO# CKOPOCTH.

TMoasoas HTOr, MOXHO CKa3aTh, YTO TOJBKO € OTKPHI-
THEM KOCMHYECKOTO BaKyyma CTZJIH NO-HACTOAIEMY SCHbI
KOCMOJIOFHIECKOE 3HAIEHHE M PeasIbHbI HIHIECKHI CMBICT
OTKPBITHS, cAenaHHoro XabbmoM no HabmooeHHsM B
MecrHom o6veme Beesennoit. [la, rny6oko BHYTpR sqeitku
ONHOPONHOCTH OBILEro pacnpefesneHHs ranakTux Xab6n
OTKphUI I106ANBHELIA KOCMOTIOrHYeCKHit GeHOMEH pacuInpe-
Hus Beenennoii. Ho o cylnecTsy oH TeM caMbIM OTKpEL €lle
H KOCMOMNOTHYECKHH BAKYYM. A CChUTKE, KOTOPYHO OH OaeT B
cBoeill paGore Ha Mofenms Ae CHTITepa, WCKIIOYHATETLHO
TOYHO NONafAeT B LENb,

3aMETHM, 9TO KBHHT3ICCEHIMA, He By/Tyun BAKyyMOM, He
cnocobua co3aaTh HAbTIONAEMYIO KHHEMATHKY FaJlakTHK B

Mectrom o6neme. OHa caMa HMECT NEPEMEHHYIO B TIPOCT-
PAHCTBE M BPEMEHH ILIOTHOCTD H [OTOMY He TOOHTCA JUIS
aToif ponn. MoxHO CRa3aTh, WrO CHOCOBOE [BHKEHHE
HEOOROPOIHOTo MecTHOro 061BeMa ¢ perynspHbLM Xab6m08-
CKHM OTOKOM BHYTDPH HETO — 3T0 06heKTHBHOE Habsmona-
TENbHOE CBHACTENLCTBO B NOJNb3y BaKyymMa H OpPOTHB
KBHHTICCEHITHH.

9. KocMHueckas mepeMexaeMocTs?

Yro NO-TIPEXHEMY OCTA€TCA COBEPLICHHO HENOHATHBIM B
MectHoM xab6610BCKOM MOTOKe, Tak 310 HabuaromaeMoe
3HaveHMe [CHIEPCHH CKOpOCTelt B HeM — 25 M ¢!, mo
NaHHEIM [34] (cM. TaKxe CaMyio CBexyio pabory mo Teme
[42], rae Ans Toll Xe BETHYHHKL NOJTygena madpa 38 kmc™!),
OueBHHO, 9TO NOTOK AOJDKEH GRITH BECEMA PETYJSPHLIM,
HO NOoYeMy ¢ Takoék HeMBICAMMOM TodHOCTBbIO? OTKYAa
GepeTcs B IPHPOME CAMa 3Ta BeAIAHA B 25 (UtH 38) xMc™1?

Bocnonb3yeMcst OJHAM XOPOLIO H3BECTHBIM OOIDIM
pesynbTaTOM, H3dokeHHbM y Jlammay u JImdumma [2).
PeaynsTaT COCTOMT B TOM, 9TO B DaCIIHpAIOLIEMCH MHpe
clyvafiHble IOBAXKCHHMA, HE BHI3LIBAIOMIHEC H3MCHEHHWH B
ofuteM nojie TATOTEHHN, MOIYT TOJBLKO 3aTyXaTh, H 3TO
MPOUCXOMMT MO 3aKoHy: Pa = const, roe P — HMIyJIbc
cy4yafHOrO ABHXKEHWSI, a(1), Kax ¥ BhOue, — MacuIrabrbiit
¢axrop kocMosormdeckoit mogenn. Hacrxomnxo obutmm
SIBISETCA 3TOT PE3YABTAT, MOXKHO CYIWThL FO TOMY, 9TO H3
HErO BHITEKAIOT 3aKOHBLI MAJICHHS TEMIEPATYPHl APH KOCMO-
JIOTHYeCKOM PACLIMPEHAN UL BCEX M3BECTHBIX GopM 3mED-
MM, KPACHOE CMEUICHHE CBETa B MHOTO¢ Ipyroe. Burexaer
H3 HEro H 3aKOH 3aTyXamus CITydalfHLIX, Hepery/spHBIX
AewkeHnd B xab6mosckoM motoke. B wactHoCTH, Ha TOH
CT4JUH KOCMOJIOTHYECKOTO PACIIAPEHNs, KOTa B €ro [MHa-
MHKe HOMHHHDYET BAaKYyM, a IpaBHTallHCH HEBaKYYMHBIX
3HEPrHit MOXHO NIpere6pets Mo CpaBHEHHIO C AHTHTPABHTA-
uueil Bakyyma, CIyYalHLIE OTKJIOHEHHS OT peryaspeoi
xab6a0BcKOM CKOPOCTH 3aTyxaioT no Jlaraay u JIapumuy.
3HauMT, OUCTIEPCHA CKOPOCTeH MPOGHBIX TeEN, TAKHX KAk
K4pJMKOBBIE TaNaKTHKH MecTHoro obbeMa, namaer co
BpeMeHeM 1o 3axoHy Avoc g™,

3a To Bpems, uTO AMHammka BceeneHHOHR ynpasnsercs
BAKYYMOM, BEJIHYMHA @ BO3POCJIA IPHMEPHO BABOE, TOYHEE,
B 1,7 pasa, kak caemyer u3 cooTHoueHus (15). 3mauw,
npHGIM3ATENLHO BJBOC YNANA M HEPETYJNAPHAA CKOPOCTh,
WM JHcnepcHs ckopocTeit B xaG6mosckom mortoke. Ho
3TOTO BPAR NM JIOCTATOYHO, 49TOORI MOMYIHTL HYXHblE
25 xm c~'. JIeHCTBHTEIBHO, K MOMEHTY, € KOTOPOro
HAYaJ0Ch 3TO OXJIAXJCHHUE, B Xa6610BCKOM NOTOKE MOTJIH,
BOOOLIE TOBOPS, OCTABATHCA C/YHadHLle ABHXKCHHSA, CKO-
POCTh KOTOPBIX ObUIa CPaBHHMA 110 BEIHYHEE C PEryJAp-
HO# xab610BCKOIt CKOPOCTRIO B TOM AIM MHOM MaciuTabe,
Hampumep, B Macwirabe, XOTOphi#t ce#vac cocrasnser
10 Mnx, xab6nobckad cxopocTb HPHOIHIHTCALHO pabHA
(Toxe ceitaac) 500 km ¢, TTpn IKCIOHEHIMANLHOM 3aROHE
PACLIMPEHHS. PETYNApHBIE CKOPOCTH BO3PACTAalOT IpONOp-
LHUOHANMBHO @, 3HAYKT, B MOMCHT HaYaJia OXJAXICHHA
CKOpOCTBH 6bl1a MeHBUIE B ABa pa3a, T.e. COCTABAANA
npubauanTensHo 250 kM ¢!, EciM B TOT XK€ MOMEHT B
TOM xe MaciuTabe uMenack ciydaitHas CROPOCTE B Te Xe
250 xM ¢~!, To mocie 3Toro oHa ymana BEBOE W3-3a obulero
oxjaxaeHHs xabbIoOBCKOTC NOTOKa M cefyac Ao/xHa
coctaBatk 125 xm ¢='. Eciim Takyio oueHxy pacnpoctpa-
HMTh M Ha BCE MEHBINHE MAcIITabLI BILIOTH, CkKaxeM, A0
3 Mnx, 1o cpemHsn 10 BceMy OOBeMy HEpETY/IApHAas
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CROPOCTE cocTaBuT mprMepHo 80 km ¢!, D10 ne Tax yx
[anexo oT uupsl, AaBaemol CIHIHIKEM JUIS AUCTIEDCHH
cropocreit B xa66n0BckoM noToxe (60 kM c”'), HO Gonee
4em BTpoe npesbiluaeT widpy, koTopyto naer Kapauenues
[34]. Takoe TpexkpaTHOe pacxOX[cHHe HADP BPAX IH
MOXHO HTHOPHPOBATb.

B cepbesnoctu npobieMbr JmuEMi pa3 y6exmaroT
PE3YARTATH YHCICHHOTO MOJEIHPOBaHHA obilelt 3BOIEO-
MM CTPYKTYPhl BeeneBHO# Ha KOMIBIOTEPAX C BBICORHM
[IpOCTPAHCTBEHHBLIM  Da3peLICHHEM H 1 Gombimmx
06beMOB NPOCTPAHCTBA. B TakOM MOZRETHDOBaHMH HeE-
MI0XO BOCIPOM3BOAATCA HabmonaeMble CBOHCTBA KPYMHO-
macitabuoit cTpykTypst BeenenHo#t (cM., Hampumep, [43,
44)). MoxHo 6bL10 OBl 0XHIOATH, YTO H CTPYRTYPH MEHB-
mero maciutaba, Taxue xak MecTHaH 06BeM, TOXE NOIKHBI
6LITH XOpOWO BHIHBE B MOJOOHLIX MOJENAX; APOCT-
PAHCTBEHHOE pA3pellieHHe L 9Toro Jocratowno. M omm
JeHCTBUTELHO BHOMBI, HO CIERMANbHBIA anamus [45] noka-
3LIBAET, YTO B TAKHX MaJTbIX 06beMax MOJETbHAA IACTIEPCHS
CROpOCTEH OKa3LIBAETCS OdeHb Gonbumoi — 150~ 300 kmc!.
B paccmotperu {45] He ymTLIBANOCE, TIPARAA, OXAAKAAI0-
mee feiCTBHE Bakyyma; 3TOT 3¢deKT cmocoGeH CHHIHTE
JACTIEPCHIO CKOPOCTEHl IpHOIH3ATENLHO BABOE, T.€. IO
anavenmit 75— 150 kM ¢!, HO HMKaK He MembIe, B 06BeME ¢
pa3mepoM 3-10 Mnk. Tax uTo pacxox/eHHe pe3yaLTaToB
MOIETMPOBaRNA ¢ JaHHbIMH KapaueHuesa Bechbma 3Ha9HM-
TEeNBHO.

Taxum 06pa3omM, 09eHb HU3KAR THCHEPCHS CKOPOCTEH B
HabmoaaeMoM xa66710BCKOM NMOTOKE NpeficTaBaseT coboi
BOIIPOC, KOTOPHIH, KAK KaXKETCs, He CHUMaeTCs "BaKyyMHBIM
oxnaxnenneM”. B nomckax momxona k 3roit mpobneme
noNe3Ho o6paTATh BHUMAHHE HA HCXOZHbIE TMPEATIOCHLIKHK
KOCMOJIOFMIECKOTO  MOJICIMDOBAHMSA, KOTOpOE  JaeT,
cornacHo [45), HenpueMnemo Gonbnmie 3HaYEHHA JUIS JHC-
nepcHu ckopocTell. BoaMoxHO, nocTaRoBKa 3a1a9H B 3TOM
CiTydae HeCKOJBKO ynpoluesa. B 9acTHOCTH, CT4THCTHKA
NpOTOTaNaKTHYECKHX BO3MYINEHNH 3a03eTCA NMPAKTHYECKH
BCETO ONHOH BENHYHHOX — TIOKA3aTeNeM COEKTpa 3THX
Boamytenwit. [Toxoxke, 9T0 3TOT0 OCTATOTHO A1 MOZENH-
POBaHMA CAMBIX KPYNHBIX CTPYKTYD; HO Majibie OOBEMEI
NOZICKA3bIBAIOT, YTO DPEAJbHAS CTATHCTHRA BO3MYUIEHMH,
CEKOpee BCero, coxuee n Gorave. Kak MOXRO mpenmoso-
#uTh [36), B peanbHOll CTATHCTHKE BOIMYIIEHAH MOTNIO GBI
OTPAIUTHLCA TAKOE YHHBEPCANLHOE CBOWMCTBO HEJIAHEHHBIX
JMHAMHYECKHX CHCTEM, KaK [IEPEMEXACMOCTh. ITOT dero-
MeH HaGmomaeTca B 4pe3BbIYaifHO UIMPOKOM QMANA3OHE
ABNCHHA — OT TYpGYJCHTHRIX RBHXCHMH B OKEaHEe MM
nabopaTopHoif 1UTa3Me [46] 10 AMHAMHYECKOro Xaoca B
3ajade Tpex texu [47).

SIBNEHHE NEPEMEKAEMOCTH COCTOUT B CIIyIailHOM depe-
JIOBaHHH OTHOCHTEAbHO CIOKOHHBIX H Gonee CHabHO
BO36YKAEHHLIX COCTOSHHKN CHCTEMBI B IIPOCTPAHCTBE M/HWiIH
BO BpeMeHH. BO3MOXHBI, HanmpEMep, NoKanbHblE 06GNacTH
TOYTH JIAMAHADELIX TeYeHui Ha (oHe cmHOMi TypOynenT-
HOCTH B oKeane. Hedro mogo6Hoe MoxHO npecTanATh cebe
H B KOCMOJIOTHH; CIOKOHHLIE ¥ XONOMHEIE JOKAJIbHBIE
obnactr ofinero xa66;0BcROro MOTORZ MOTIH 6mI cocy-
1IECTBOBATE ¥ CIyJaifHbIM o6pa3oM vepefionaThca ¢ 06mna-
cTAMA 60Jlee BLICOROM DHCIIEPCHH CKOPOCTEH, M 3TO MOXET
6uTe NoBCIoMy BO Beesnennoil. COOTBETCTBYIOLME IIPO-
CTPaRCTBEHHKIE CTPYKTYPHI MOTYT ObITE U KBA3UIIEPHOAHYE-
CKAMH, H NONHOCTBIO XAOTHICCKHMH, CCTH CYAMTh MO
IKCEPHMERTATLHO W3BECTHHIM 06pasLaM MepeMexacMo-
CTH B THAPOIMHAMHYECKHX CHCTEMAX.

Ecnn rax, MecTreit 06reM MoxHO Osino 6Ll cUHTaTHL
ofHOM 3 06ACTEH OTHOCHTENLHO CNOKORHOTO TEYEHHS C
mucnepeneit ckopocteil B 30-40 kM ¢! Ha done pechMa
HEpETYNAPHBIX TEYeHHA C yucnepcuedf cxopocted B 75—
150 kM c™! B o6Bemax Toro xe mactutaba. He uewtodeso,
YTO IEPEMENKACMOCTh NpOABASETCA K B CaMBIX KPYTIHBIX
KOCMHYecKMX MacmTabax, rne Haxomst [48] aaragmounyro
KBAa3HNEPHOIHIECKYIO CTDYKTYPHOCTD B O6IIEM pacripenene-
HHH CKOILUICHUHA K CBCpXCKOﬂJ’IEHHﬁ TaJIaKTHK C XapaXTEPHBEIM
pa3Mepom ~ 100 Mux.

Crenmanu3HpoBaHHLIE KOCMHMYECKHE anmmapathi MAP
(Microwave Anisotropy Probe), sanyckaemsiit 8 2001 r., u
PLANCK, xoTopbiii noseTHT etite 9epe3 6 jiet, MOraK 6bt
3aMCTHTE CJIEOBI KOCMHIECKOH nepeMexacMOCTH, eCIM OHa
JOeHCTBUTENBLHO CYLIECTBYET, B AHH3OTPOITMH PEIMKTOBOTO
Hanydenns. MAP momxen mMeTh paspemense no 0,2-0,3°,
Tak 4To Maciitab MectHoro o6nema Mor 6wl 6LITH eMy
mocryneH. TlepemexaemocTs MOXET npraaTh Habmonae-
MOMY PEJMKTOBOMY (DOHY JONONHUTENLHYIO NATHUCTOCT;
HA MHKPOBOJIHOBOU KapTe HeGa MATHA MOTYT HMETh pa3-
MBpl:l oT npenena Ppa3peilcHns 1O, CKaXeM, NeCATKE rpagy-
COB, YTO OTBedYaeT syeiike KBa3HNEPHOAMIHOCTH (48] B
pacrpefeNieHAH TanakTAK. YTo Kacaerca COOTBETCTBYIO-
IIHX aMIUIMTYA OTKJIOHEHHS OT CpPENHEH TEeMIIEpaTyphl
¢oHa, TO OHA BHOJHE MOXET NOCTHIaTh YPOBHA YYBCTBH-
TempEOCTH MAP (20 MxK) 1 npesunnaTth ero, ocobexno B
CPaBHUTENIBHO Maibix Macmrrabax. OTiIHIRTEAbLEAA 9epTa
ITHX OTNEIaTKOB KOCMHUCCKOH NEPEMEXaEMOCTH B PEJIHK-
TOBOM (:)OHC COCTOHT B TOM, 9TO HX CTATHCTHKA HC MOXET
OLIThH ONHCAHZ OXRMM TONHKO NPOCTHIM CHEKRTPOM 3eRbRo-
BHa —XappHcoHa. KpoMe Toro, HaTy9eHHe B NATHAX nepe-
MEXAEMOCTH He ZIOJIKHO GhITh IIOJIAPA3OBAHHEIM B OT/THIHE
oT oxnaaemMoro 3(pdekra NEPBHUHBLIX TPABHTALHMOHRBIX
BOJH KOCMOJIOFHYECKOT0 NPOACXOXIEHHS (O TIOCIEIHHX CM.
o63op [49)).

3aMeTHM, 9TO TEOPHA TYPOYIEHTHOCTH TOXE HaqWHa-
Jach ¢ YHHBEPCAJTLHOIO CIEKTPA, @ 3aTEM IIPOIBOTIOLIMOHA-
posana K noHMManuio Soratcrea, MAOroobpasus B pean-
HOM CIOXKHOCTH M3y9aeMOTO SBIICHNSA, NpHYeM o6napyxerne
M OCO3HaHMe (CHOMEHA NMEPEMEXAEMOCTH OKa3anoch KIIo-
9eBBIM 3TAIIOM B 3TOM Pa3BATHH.

10. IlpobaeMa KOCMHYECKHX COBNANEHHH

IL10THOCTE BakyyMa, KaK MBI BHC/IH, IPEBBIIAET IIOTHO-
CTH TpeX HOPYrMX HOpPM ROCMHYECKOH JHEPrHR, BMECTE
pasTeie. Cnerxa ponosnnss Auru-ropunra (Kto Takoi? —
CIIPOCHT YATATERb CIACTIHBOTO aCIIHPAHTCKOrO BO3PACTa),
MOXHO CKa3aTh, YTO B MHDE HET HAMET0 KPOMeE ABHXYLIeHcs
MaTEpHH | HEMOJBMXHOTO BAKYYMa; BakyyMa Aaxe Gourbiue.
Ho ymuBaTEIBABIM 06pa30M pa3HHLA B 3HAYEHHAX ILIOTHOC-
Teit He OYeHb BENTAKA, OCOGEHHO MeXIY BaKyyMOM M TEMHOH
Matepreit (CHoBa cM. naHEHe (2) — (5)). TTocnexnee o3navaer,
9TO BAKYYM C €r0 NOCTOSHBON ITOTHOCTBIO JIALIL CPABHA-
TeJIbHO HeJIABHO, IPH KPACHOM cMelileHnn z < 0,7, coracHo
¢opmyaze (15), okasancs BHINE TeMHOH 3HEprmn 110 3ddex-
THBHO} rpaBATHPYIOIEH INIOTHOCTH, TAK YTO COBPEMERRAs
amoxa b 2BoJnoH Beenenoit — 310 3noxa nponokarome-
rocs nepexona or npeoGiafaHAs TEMHOTO BELIECTBA K
npeobafanAIo BaKyyMa.

Kak pumro u3 (2)—(5), He TOJIBKO 3TH JBE IUIOTHOCTH, HO
H BCE 9€THIPE IUTOTHOCTR GAM3KM APYT K OPYTY MO NOPSAKY
pesmauHb. Ilocneanee ve Moxer GbrTh 06LIACHEHO TIPOCTO
TeM (JaKTOM, YTO Mbl H3IMEPSAEM HX B [JAHHYIO NEPEXOIHYIO
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anoxy. JIeACTBHTENHLHO, MOYEMY, HATIpHMeEp, ILIOTHOCTh
faproroB GiM3KA K IUIOTHOCTH YIBTPAPEHATHBHCTCKOR
3peprun? DTH NNOTHOCTH WIMEHMIOTCA CO BPEMEHEM IO
PpasHEIM 3aKoHaM: py o< a2, pgp o< a™* (cM. dopmyny (10)).
Bmecte ¢ Gonee oGURMM BOMPOCOM O COBNANEHAM BCEX
qeThIpeX HABMONAEMBIX KOCMHYECKHX ILIOTHOCTEH 3TOT
BOTIPOC COCT2BJIAET Cofiepkamue Gomiuo#t npoGnemur B
COBpEMEHHOH KOCMOIIOTHH, KOTOpas HalbipaeTcsl mpobine-
MOt KOCMHUECKAX coBnaneHmif. Dra mpobiaema paccMaTpu-
BACTCS B HACTOALICE BPEMA KaK, BO3MOXHO, CAMas OCTpas H
npUEIMIHANLR2S s beedt dusukn Beenenmoit 13, 15]. U
HECOMHEHHO BaxKHeiumit u HanGonee QyRmaMeHTaNbHBIA
acnexT 3TOoit MPOGIEMBI CBA3AH C KORKPETHbIM 3HAYCHHEM
[OTHOCTH KOCMHTECKOTO BAKYYMa: [IOMEMY 3Ta INOTHOCTh
AMeeT UMEHHO TO 3HaveHne, KOTOpoe Rajifeno B Habmone-
HAX?

Kocmonorns He BIEpBhIE CTaJKHBAacTCH C mpobiemoi
qUCNEHHBIX COBIAJCHWH; y 3TOH TEMB! [aBHARK HCTODHS,
BocxoaAmas K obHapyxermnoMy JIRpakoM COBNANECHHIO
"Gomeumx wncen" (cM. o6 aTom B yueGHuRax [6-9]). Ho
CoBOAfEHHE KOCMHIECKHX IVIOTHOCTEH NpencTasaser coboi
COBCEM HOBYIO CTPAHHILY 3TO HCTOPHH, XOTA H B 3TOM CBOCM
BapuaHTe npobiieMa NepexHKAeTCS ¢ TeM, 9To obcyxaa-
JIoCh Ha TEMY cosna):zermi‘[ panee.

ViomsnyTas BhIlE THOOTe3a KBHHTICCEHIMH BO3HUMKIIZ
KaK peaklUHs HA NpobIeMy COBNIAIEHHS KOCMHIECKHX [UIOT-
Hocreit [16]. Oxasanock, 9T0O MOXHO HOCTPOHTL Takoit
BapPHART MOJENH C KBHHTICCEHUHEH, YTO ILIOTHOCTh 3TOH
CHMOTETHYECKON JHEprH AelicTBHTENbHO Oyner Omm3ka K
MIOTHOCTH TEMHOH 3HEPIHH B COBPEMEHHYIO 3MOXY WIH
nmaxe Bcerga. ITpu arom, omnako, He obxomarca Ge3 pana
BECbMd CNCUMAJIBHBIX IPENNOJOXKEHUH, KOTOphE NoKa He
YAACTCA HAOEKHO 060CHOBATE. KpOMC TOro, HE sICHO, KaK
6BTE NIPH 3TOM C PENATHBACTCKOH JHEPrHEH, ILUIOTHOCTH
KOTOPOI 1aNacT NPH PACIIKPEHHA GhICTpee, YeM ILTOTHOCTH
TeMHO# sueprun. [To 3T0# NPUIMHE BO3AEPKUMCA 3[ECH OT
JameHeuuX noapoGHOCTel Takoro noaxoda K npoGneme
COBNIAJICHAA ILIOTHOCTEH, TeM GoJtee 9To, Kak 6bLI0 CKa3aHo
9yTh Bbiue, RabmiofaemMas RKMHEMATHRA MECTHOrO o0bemMa
BceeneHHoOM CBUAETENILCTBYET CKOpee MPOTHB KBUHTICOCHIHA
¥ B HOJB3Y KOCMOJIOTHIECCKOTO BAKYYMa.

JHanee (Kag ¥ B NpeSbUIYIONHMX pasfenax crateu) Oyaem
CIHTATh, 9TO HAGMIONaEMOE KOCMOJIOrAYecKoe YCKOpeHHe
0643aRO CBOEH NPHPONOH HMEHHO KOCMOJIOTHHECKOMY
BaKyyMy, # oO0CyIsM, Kak NpH TAKOM NOAXOHE MOXHO
HCKAaTh PpEIUCHAE ﬂp06HCMl>[ KOCMHYECKHX connaneﬂuii.
Cuagana fafuM HOBY:0 (GOPMYJMPOBRY MpOGNeMbI, Hc-
TONL3YA MHTErpaysl (PHIMAHOBCKHX KOCMOJOTHICCKHX
Ypasuenuit (12), 2 moToM nombITaemcs obcyaurs ¢u3nky,
KOTOpas Morna 6bI CTOATH 32 HAGMONaeMBIM COBIALCHUEM
TAOTHOCTEH.

11. dpuamanoscke HHTErpaLl

Kak MoxHO 6bUI0 BHOETH Bhillle B pasnese 3, GpUIAMAHOB-
CKHE UHTErpaibl — 3TO 6a30BbIC XOHCTAHTHI KOCMOJIOTHH.
His HEPESTHBHCTCKOTO BELECTBA ¥ WITYSeHNs MHTEr Pasibl
BBIPAXAIOT COXPAHEHHE MOJHOIO YHCIZ HACTHI{ Kax/IOTo
JaHHOTO COpTa B COMYTCTRYIOMeM o6beme. MHTepecHo, aTo
COOTBETCTBYIOUIMH WHTErpasn COMOCTABIACTCS U BaKyyMy,
OpHYEM 3TOT HHTErpas, Kak yxe CKa3aHO, TOXE BBIYM-
casetcs no obuiet popmye (12), XoTa, ROHeTHO, HHTEPIpE-
TalMA HA A3LIKE SACTHL AN BAKYYMa He roauTes. [lo embicny
$puaMaHOBCKHX YpaBHEHHH, Olilee H [JABHOC B HHTErPAIax

TO, 9TO OHH BBITEKAIOT H3 YCNOBHA aaHabaTHIHOCTH, T.C. B
JI2HAOM CJIydae U3 OTCYTCTBHS NEPETOXa BHYTPEHHEH SHep-
THH B3 OAHOH ee ¢opMul B xpyryw. TakoMy ycnoBuio
YHOBJIETBOPAIOT BCE WeThipe (JOPMBI 3HEPrHH, BRIIOMAs
BaKyyM, N0CJIe OKOHIAHAS IPOLIECCOB, CBA3AHHBIX C TPAHC-
¢opmanmsMu Bakyyma ((a’oBLIMH Nepexogamm) B OYeHb
panmeil fodpumamanoBckoii BeeneHHOI (cM. 06 3THX mocnen-
HHX TTpolieccax B KEMrax [6—10]).

Bynyus nMpoW3BONLHLIME KOHCTAaHTaMH MHTErPHPOBA-
HHA, (pPHAMAHOBCKHE WHTErpajbi He OrPAHMMEHE! HHKa-
KHMA allPHOPHBIMH COOTHOLIERMSMM, KpOME TPHBHATBHBIX,
A [TOJHOCTBIO HE3aPHCHMBI ApYr oT apyra. Hanpmmep, B
xonoHoK Beenenroit (Renpasaonono6reri, Ho GopMambEO
He HCKIIIOYaeMBlil 3apaHee BApHAAT) MRTETPAT JUis RITyde-
HUs ObU1 OB PaBEH HYJIIO, TOrA Kak HHTErpas JUIA Hepeis-
THBUCTCKAX YACTHI| OCTABAJICA 6L OTIHUHLIM OT Hyast. Jlis
JTHHAMHKH, OIIMCHBaeMOH (HPAIMAHOBCKAM pemmeHneM (16),
HHTErpaihi CIyXaT "HaYalbHRIMH YCIOBHAMH"; C TOYKH
3peHAs QHINKH OHM A OMPEHECIIOTCA B ACHCTBHTCIBHOCTH
peanbHBIMH QHIHIECKHMH YCIOBHSAMH B panHeit Bcenennoi
Ha CTajPA reHepanud HabmomaeMbix ¢opM KOCMHYECKOH
SHEPTHH.

Bckope mocite OTKPLITHA PEHKTOBOTO H3TyYeHHA O5L10
3amedeHo [50], 910 HpHIMAHOBCKHE HHTEIDANbI, BHIYHCIIEH-
HLIE 70 H3BECTHLIM 3HAUCHASM IUIOTHOCTEH BellecTBa B
H3JIyYEHHS, OKa3LIBAIOTCA JOBONBHO GIM3KAME APYT APYTY
O [IOPAARY BeMIAHEL. B myxe aneit [amMona 0 ROCMHMECKRX
coenafenusx [51] 6510 BRICKa3aHO Ipeanonoxenne {50], aro
COBNajZieHHe WHTErPAJIOB MOXKHO CYHTaTh (akToM Gosee
GyROaMERTABABIM, YeM caMa GNH30CTH MIIOTHOCTER ABYX
KOCMHAYecKHX 3Heprui. JleHcTBATENBHO, HalinerHOe B [50]
cooTHourerne Ag ~ Ap ~ 10% cM, CONEPXHT B KOMNAKTHOM
BAJIE LIS KOMIAEKC PRIRCOOpa3Hbix GH3ATCCKHX CBA3EH B
Kocmoutorsr. Hetpyaro ybeuThes, 9T0 3THX ABYX PABEHCTE
ROCTaTOYHO, YTO0B! AaTh KOJNMYECTBEHHYIO GOPMYIHPOBKY
3apsafosofi  acummerprH  Beenemo, kocMmomormiecxoft
SHTPOIMM B pacyeTe Ha OMMH GapHOH, BhIXOJA TeNnHs B
NEPBAYHOM HYKJICOCHHTE3€e, QJIHTEIHOCTH SIOXH Ipeobna-
AHWA W3TYIEHHS | T.1.

Kak MBI cefigac yBHIMM, fBa ApYTHX (PPHIMAHOBCKHX
MHTerpana — JUIA BaKyyMa H TEMHO# 3HEPIAH ~— TOXe
OJIM3KH APYT X OPYTY M K ABYM YNOMSHYTHIM HHTETpaiaM.
C nomourio HabmomaTenbiuix gaHHeX (2)~(5) bpumma-
HOBCKHE HHTErpajbl UIs TEMHOH JHEpruM, 6apHOHOB M
YALTPAPENATHBHCTCKHX YaCTHII MOTYT GHITH HafileHs:, eciu
BOCIIONB3OBATHCS ellle 3Ha9eHHEM COBPEMEHHOTO pamdyca
KPHBH3HBI a(fy) ~ Av (WIH HOPMRPOBAHHOrO MAacIITabHOTO
baxTopa) ~— 3To NpuGMIKEHHOE BLIpaXeHHe GBLUIO NaHoO B
pasnese 3. Takum nyTeM HaXOMHM:

v = (xpy)™ ~ 109 M1,
Ap = 1 xppa® ~ 109My!,
4 (1)

Ap =4l xpga’ ~ 107 M5,
Ar = (xpg)%a* ~ 109 M5 .

3necks uMCia HaHBl B CHCTEME €AMHMI, B KOTOPOHR
k=c=h=1; B 370} CHCTEME TrPaBHTALHOHHAN NOCTOAH-
nas G = My?2. [nankosckas macca Mp = 1,2 x 10 I'3B.
Kaxk srmiM, Bee veTbipe uncia GAM3KM APYT K APYTY MO
TIOPANIKY BEJIMUAHBI [52), ¥ peaysbTaT MOXHO NPeACTABHTE B
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KOMIaKTHOM opme:

3 (22)
HU3-3a Toro, uto w = (} KaK 18 TEMHOH JHEPTUM, TaK U
in 6apHOHOB, NPHOIIKEHHOE PABEHCTBO COOTBETCTBYIO-
UMX JBYX HHTETPajJoOB BOIHMKACT RPOCTO BCAEACTBUE G-
30CTH HabJIH0IaeMbiX ITOTHOCTEM] 3THX ABYX HOPM IHEPTHH.
Opnaxo o cTpyxType dopmysbi (12} wia 61H30CTH 3Hade-
HHA 3THX HHTErPAJIOB K 3HA9eHHIO HHTerpaja JUIS Bakyyma
TpebyeTca He TONBKO BIH30CTD BCEX TPEX IUIOTHOCTER, HO H
6M30CTS TEKYLIEro pajuyca KPHBRIHBI TPEXMEPHOTO NpPoO-
CTPAHCTBa k MHTErpaiy JUisi BAKYYMa; 3TO CrielHpHKa dnoXH
nabmomenns. To xe OTHOCHTCH M ¥ MPHOIXERHOMY
PABEHCTBY HHTETDAJIOB [UTA M3JTYICHHA H BAKYyMa.

UucaeHHOE PABEHCTBO YETHIPEX BEJIMIHH ABAsCTCA B (22),
KOHEYHO, NMPHOJKEHHBIM, HO TOYHOCTh COBNAJEHHA J10-
BOJILHO BBICOKA: pa3Gpoc 3HAYCHHA HHTETPANIOB HE MPEBhi-
1LAET HECKOJILKHX POLEHTOB B OTHOCHTE/ILHO# JIorapR(Mu-
qeckoil uikane: g(dv/Ap)/ 1g Av =2 0,03,

CooTHouenns (22) paCIIHPAIOT NEPBORATATBHO HARICH-
HLIi BapHaHT COBNAJCHMA (PPHIMAHOBCKMX HHTETPAJIOB B
OoTKpHITOM MHpe [50), noGarnss K paBeHCTBY A H AR ele K
CBSI3b 3THX MHTETDAJIOB C MHTErpajaMH ANs HBYX NPYrHx
¢opM xocMu¥ecko#f OHEPTHH, T.€. BaKyyma M TeMHOA
aneprin. EcM TONBRO 3TO He WHCTas apHOMETHYECKas
CJTy9alHOCTh, COBNAACHHE YETHIPEX QPHAMAHOBCKHX MHTE-
rpajoB npeacTabaser coboil OMHY M3 CYNIECTBEHHBIX H
NPATOM HEH3MEHHBIX 9EpPT IBONIOLMOHMPYIOUIETO MHpa.
Kax 661 To HA 6bUIO, 3MITHAPHIECKHE COOTHOILEHHA (22)
CHPABEAJIHBLL TAK JIONTO, KaK TOMLKO CAMH JAaHHBIE GOPMES
KOCMMYecKO# IREPIiHM CYLIECTBYIOT B IIPHPOJE.

IpobnemMa KOCMHMECKHMX COBNaJEHHH, KOTOpAs paHee
¢$opMyHpoBanack Ha S3bIKE IVIOTHOCTEH, NPEACTACT Te-
nepp B WHOM cBere. Kak MBI BHIMM, 33 COBNAJICHHEM
TUTOTHOCTeN 9eThipex GOpM KOCMHYECKON IHEPTHH CTOHT B
eHCTBATENbHOCTH COBNANEHHE SETHIPEX IOCT OSTHHBIX THCE.
W3-3a TOTO, 9TO O[fHA H3 IULIOTHOCTEH OCTOAHHA BO BPEMCHHA
(ILIOTHOCTS BaKYYMa), & TPH ApYrue YORIBalOT NpH pacluupe-
HWH, COBNAaACHHE IUIOTHOCTEH — 3TO, OYEBUIHO, BPEMEHHOE
sBJICHHE, CTy9aliHbii SMA30A, UMEIOLTHNA MECTO TOJBKO B
COBPEMEHHYIO 9MOXy. B JIpyrue 310XH 3TOro CoBNajeHHs
moTHocTelt Her. Hampumep, B panmeit Beenennoit mpu
BO3pacre MHpa ~ | ¢ IVIOTHOCTH 6apHOHOB H PEJIATHBHCT-
CROi 3AEPTHU GLLTH, COOTBETCTBEHHO, B~ 10% mB ~ 10% pa3
6omnblle IUIOTHOCTH Bakyyma, pasyMuasch Mexnmy coboit
TOXE Ha AeCATh NopAIKoB BenmanHLL. Ho yxe Toraa nMeno
MECTO NPHOIMAEHHOE PaBEHCTBO MHTEIpanos (22), H OBO
COXPaHsUTOCE BO Beelt qanmbueiinei ncropun Beenenroi. 3to
paBeRcTBO Oymer coxpamsthea M B Gyaymiem, BILUIOTH 10
3M0XH pacnajia NpOTOHOB H/HAM 9aCTHI{ TEMHO 3Hepriuu.
3a Bpems XH3HE TpoToHa, > 10°! —10°* ner, xocMmyeckue
IUIOTHOCTH K MX OTHOLIEHUS! MEHSIOTCH HA MHOTHE TNOPAIKH
nopsaaxos (1), Toraa xax paseHcrso (22) ocraercs B cuie,
6yTy"H paBERCTBOM HE 32BYCAIUMX OT BPEMEHH BEJIMMHH.

C ToukH 3peHmA CooTHOWeHMH (22), HaGmomaeMas
65M30CTh IWIOTHOCTEH BaKyyMa H TeMHOI 3HEpIuM CBs3aHa
JIMIIL C TEM, 9TO COBPEMERHas M0Xa — ITO INOXA Nepexoa
OT npeobnafaHuMs TEMHOM 3HEPrMH K upeobnajammio
BaKyyMa, Kak yxe ObUIO cka3aHo Bbmue. Hdpyroil sonpoc,
HOYeMY HaM JIOBEJIOCH XKUTh MMEHHO B 3TY HEPEXOAHYIO
3M0XY; 3[eCh BCTYNAKOT B AIPY @pIYMEHTRI COBCEM APYTOro
pofa, CBA3AHHKIE C AHTPOIHBIM NPHHLMIIOM [53, 54], 1 MBI B
HUX BAaBaThca He OymeM. Ho ponpoc o ToM, movemy Bce

1
Ap ~100E MG w= [—1,0,0 -].

YETBIPE MIOTHOCTH OKA3AIHCH COBIAARIOLIRMH, CTAHOBHTCS
TENEph ACHBIM: 3TO NPSMOE CNEACTBHE paBeHCTB (22), ecan
MPHMEHATL MX KaK "mepBHaHbIe" COOTHOUICHMS [JIA BhIYH-
CNIEHHA IUIOTHOCTEH B 3MOXY, KOTOA BPEMEHHO H MOTOMY
CJIY9aRHO paIgHyc KPWBH3HBI OTKPHITOrO MMpa COBNAN C
BEJIMIHHON Ay.

O6paTuM 3/eCh BHEUMaHHE HA OJHO HECKOJIBKO TEXHHUYE-
CKOe, HO BCe Ke HHTepecHoe obcTosTenscrso. Ecnu pacemar-
PHBAaTh HE TOJNBLKO OTKPHITYIO HIH 3aKPHTYIO MOJEIH
®puaMaKa, HO H IUIOCKYI0O MOJETb, COBNAACHHE HETRIpEX
HHTerpanor npd E =k = 0 npeanonaraer onpeaeieHHyo
HOPMHPOBKY Macurrabroro dakropa, # B (14) 6bi10 npu-
HATO, 4T0 a(fy) ~ Av ans E =k = 0. Kak sugHo #3 (12),
WHTErpaj Juis BaKyyma BHIYHCIIACTCH HE3ABHCHMO OT HOD-
MHPOBKH; €ro ONpEeNeicHHE HE CONEPXHT Macurtabuoro
¢dakTopa. MHTErpassl ke Ui Tpex ApYrux GopM 3HEpruu
OT HOPMMPOBKH 3aBHCAT, TaK KaK B UX ONPEJEIEHHE ABHO
BXOOHT MacwTabublit ¢dakTrop. B pesynbrate oT HopmH-
POBKH 3aBHCHT HE TOJIBKQO TUCIIEHHOE SHAYEHHE HHTETPATIOB,
HO H CaMa BO3MOXHOCTb MX COBNAjeHHs. JTo BHIHO M3
COOTHOIIEHHS

Ap Ap (Ak)m [‘i(fo)]3
D[R ~ = (23)
Av Ay Ay Av

3nece yarena 61M30CTE IOTHOCTER Beex GopM 3HEpTHH H B
ABHOM BUJIE NI0KA3aHa 3aRUCHMOCTL OTHOIICHHH HHTErpa-
JIOB OT HOPMHMDPOBKH, T.e. OT OTHOWEHHA a(f)/Av. He-
3aBUCHMBI OT HOPMHPOBKH CMBICN HMCIOT TOJIBKO OBA
nepBhie PaBEHCTBA B 3TOM LienodYKe pabeHcTB. J{eHCTBUTE b
Ho, Ap/ Ay, Ap/Av " (AR/Av)a/2 3ABHCAT OT MacluTabHoro
(hakTOpa OMHAKOBO, TAK YTO HX NPHOIHKEHROE PABEHCTBO
HMEET MECTO NpPH JIFoGo# HOPMHpPOBKe (B CTydae GIH30OCTH
mwiotHOCTei). 1lenoyuka pabeHcrs (23) cnpaBe/umBa, ecrect-
BEHHO, M B OTKPLITOR WJIH 3aKPHITOH MOAENM TOXKE, HO B
CcITy9ac HCKPHBIICHHOT'O [IDOCTPAHCTRA B CAMO ONPEE/IEHHE
HMHTETPANOB BXOAMT HE NPOCTO MacluTaGHREIA ¢dakTop, a
AMCHHO DafMyC KPHBH3HEIL, UTO H [acT JAOMONHHTCIBHYIO
can3b a(fy) ~ Ay, npusonsunyio B urore k (22). [Tpunstas B
(14) mopmuposka ans E =k =0 HuueMy, XOHeIHO, He
NPOTHBOPEYHT, HO IS HEE HET M He MOXET GBITh HMKAKUX
HE3aBHCAMHX BHEIWHHX OCHOBAHMil (KDOME €CTECTBEHHO-
crH). C apyrofi CTropoHHl, camMo 1o ceGe HATepecHo, 9T0 B
IUIOCKOH MOZIENTH CYIIECTBYeT BO3MOXHOCTH Takoro BhGopa
HOPMHPOBKH (T.€. COMYTCTAYIOMIero obbema s Beex hopm
JHepruu), 910 GPUIMAHOBCKHE MHTErpPainl Ajisl OORIHBIX
(opm 3HEpTHH, BHIMCIEHHHE MO 3TOMY 00BeMy, OKa3bi-
BalOTCH PaBHLIMH K OPYT APYrY, K HHTErpaJry JUis Bakyyma.
MOXHO CKa3aTh, YTO ECTECTBEHHASA HOPMHPOBKA TIO3BONSET
BRISBHTD TAKYIO CBA3b B PEATHHOM MApPE, KOTOPAX YCKOMb~
3aeT oT HabmomaTens, ciyvaiiHo BEIOpaBlero Apyrywo
HOPMHpPOBKY. CrietiHambHas, HO afeKBATHAs H3yIaeMOi
3afiade HOPMHPOBKA CJIYXHT, TakuMm obpasoM, crnocobom
0bHapyXeHHAA BIIORE OGLERTHBHOTO (PHIHIECROTO (haKTa.

12. O nponcXoxIeHHA BHAOB

OT >MIHPHYCCKOTO aHAAW3A HoBeHUMX HabuoaaTenbHbIX
IaHHBIX HA K3bIKE (PPHAMAHOBCKAX HHTETrPANIOB NEPeHIeM K
BOTIPOCY O BOIMOXHOH (A3mueckoil npEpoae nprbmioxen-
HOTO PaBEHCTBA ITHX MHTErpaJioB. BuITexaeT i 3TOT daxT
H3 H3BECTHLIX QYHAAMEHTAaNbHBLIX QUIHIECKHX 3AKOHOB
Ortpaxaer s OH Hekne Gonee rayGoRHe 3aROHOMEPHOCTH B
npupoae?

v ..,q'.g,“-.a_‘
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B mowuckax OTBeTa Ha 3TH BONpPOCH, HeobxommMo obpa-
THTBCA K isrKe panHeii BeeneHRoi, x mpoueccaM, KOTophIE,
xax monaraiot [6 — 10], MOr i npHBeCTH K reRepaltHu Habumo-
naeMbix GOPM KOCMHYECKOH IHEPTHH, K "IPOHCXOKIICHHIO
BH0B" B KOCMOJIOIAH, KaK AHOT/Ia roBOPAT. B nonosmerme k
ToMY, 9T yxe GhL1o cka3ano 06 3TOM B pasziene 2, NpHBeaeM
3/1eCh OYCHb KPATKYIO CBOIKY COBPEMEHHBIX CBEICHHH O
TPOACXONVICHHA K (QU3KIECKOH NPHpOAE 9eTHIPEX OCHOB-
FbIX ROMIIOHEHT KOCMHYECKOH Cpelnl.

CpeiM BCeX HHIPEJHEHTOR KOCMHMECKON CPE/thl TONBKO
peJIKKTOBOC H3TYYEHHE MOXHO CYHTATE NPOCTBIM H MNOJI-
HOCTBIO HOHSTHBIM IO CBOEMY (PH3HIECKOMY NPOHCXOXIeE-
Huto. DTO INEKTPOMATHHTHLIE BOJIHE, WK GOTOHBI, KOTO-
phie HAXOMHINCH B TEPMOJMHAMEYECKOM DABHOBECHH C
ropadefl KOCMHTIECKOH 1a3Molf, a NpH TeMmeparype
~ 3000 K u Bospacte Mapa ~ 1 MnH JieT, KOrAa IIasMa
OXJ14HIIACh H3-32 0611ero paciMpeHns U B Hell MpoH3oLLIa
pexOoMOHHAIMA, A3JTYIEHRE NEPECTANIO B3AHMOAEHCTBOBATD
¢ pemectBoM. C Tex mop 3toTt ras GoToHOB mpopomkaeT
y4acTBOBaTh B KOCMOJIOTHYECKOM PaCUIMPEHHH, OCTaBasCh
[paKTHYECKH HIACANBHO OJHOPOAHBIM, HIOTPONHRIM H Tep-
MOIMAAMAYECKH paBHOBECHBIM. Ero coBpeMerHas Temnepa-
Typa M3IMEDEHA HCKMOYHTENLHO TOYHO MO KOCMOJIOTHYe-
ckum Mepxam: 2,736+ 0,003 K. B xaxmoM KybmaeckoM
canTAMeTpe Bcenewno#t  comepXHTCA NMPHOMHIHTEILHO
ny =~ 400 pe;MRTOBLIX GOTOHOB.

BMecCTe C PENMKTOBBIM H3TYMEHHEM B COCTaB DEISTH-
BHCTCKOH KOMIIOHEHTE KOCMHTECKO Cpelibl BXOAAT Geamac-
COBbIC H/WIH JIETKHE HEHTPUHO A aHTHHEATPHHO (B PaBHOM
gucie). Mx no9TH CTONBKO Ke MO NONHOMY YHCTY 4acTHI A
AHTHYACTHIL, CKOJBKO H DEJISTHBUCTCKHX (bOTOHOB — OpH-
GmsuTensio 300 B xybwdeckoM caHTHMeTpe. ITomHbIf
BKNaJ HEHTPHHO B IUIOTHOCTh DPEJRTUBHCTCKONH KOMIIO-
HEHTBl HEMHOI'O MEHBIUIC BRJIAJA PEHMKTOBOIO H3NYJECHHS.
Hefitprao u anTHHEHTPUHO TOXe BHa9asle HAXONWIHCH B
TePMOTHHAMHYECKOM PABHOBECHH C KOCMMYECK O IIAIMOiH,
HO H3-32 MAJIOTO CEYSHHR BSa}‘IMO)I[CiCTBH}! C 3JIEKTPOHAMH,
OHH OT/ETHIACh OT ILTA3MBI F'OPA3/I0 PaHBINE, IeM GOTOHEI;
3T0 mpom3ouuto TpH TemmepaType =~ 100 K~ 1 M3B u
Bo3pacTe Mupa = | ¢. Helirpuno cnabo p3amMoneficTBytoT
APYT € APYroM, X TOTOMY HEATDHHO H aHTHHEHTPHHO He
AHHATHIHPOBAJTH H CMOTJIH COXPAHHTBCA IO CHX MO KAK €Le
OIMH PEJMKT ropA4ero HagajdbROrO COCTOAHHA MHpa. Hix
CoBpeMeHHas TemuepaTypa oxoo 2 K.

rOpa:iﬂO MEHBIE U3BECTHO O APYTEX BO3MOXHBIX DEJIs-
TUBHCTCKUX YACTHLAX M NMOJAX KOCMOMOTHIECKOM NPHPOABL.
Cpenu HHX MNOYTH HABEPHAKA OOJIKHBI NPUCYTCTBOBATDH
TIEpPBHYHBIE IPABHTOHEI [49]; MX CYLIECTBOBAHHE NPEACKAIH-
BaeT Takxe MHPIAUMOHHAA Moxens. He uckmoueno, 9o
TPAaBATOHOB A BOIMOXHBIX JPYTHX YaCTHL, O KOTOPBIX CEif-
Yac H3BECTHO MAJO WK HHYETr 0, MOXET OKA3ATLCH 3aMETHO
Gomblue, YeM PETHKTOBBIX GOTOHOB; OTHOCHTENBHBI BKAAT
HEHTPHHO, FPAPUTOHOB H AP. YYHTHIBAETCH MHOXHTENEM &
(de cnuukom onpeaenennbm) B opmyne (5).

To "obbl4HOe" BewecTBo BeeneHHOH, W3 KOTOpoOro
cocroaT 3emns (M BCe, WTO Ha Hell), ApyrTHe InaHeThl M
383 — 3TO GapHOHB! (NPOTOHBLI, HEHTPOHBI) M INEKT-
POHLL B YHCIE, PaBHOM YHCIIY TPOTOHOB. Yro Xe xacaercs
COOTBETCTBYIOIINX AHTHYACTHIL, T.€. AHTHOAPHOHOB (aHTH-
NPOTOHOB, aHTHHEHTPOHOB), O3UTPOHOB, TO OHH NPHCYT-
CTBYIOT B HHYTOXHBIX KOJTHIECTBAX H obsaann BTOPHYHBIM
npougccaMm POXIEHAA HAaCTHL H aHTHYACTHL [IPH CTONKHO-
BEHUSIX 92CTHL BLICOXHX JHEPT i, HANPHMED, B KOCMUYECKHX
NY9ax Wiy Ha MOLHHBIX YCKOpHTENAX.

2VOH, 1. 17, N 11

il

UHCNEHHYIO Mepy TAKOTO PoJlia 3apAAOBOH 2aCHMMETPHH
MOXHO ONPENIETATD, 3HAA COPPEMEHHBIE 3HAYEHHS IUIOTHO-
CTH 6apHOHOB H PEJIHKTOROr'O H3TydeHRA. [0 B TOM, 1T0 B
ropsueit pannelt BcesleHHOM, IPH BLICOKMX TeMIEpaTypax,
TIPEBLINAOMIAX MAaccy NOkost GapAoHOB, GapHORKN A aHTH-
6apHORB (a TOYHee, COCTAaBINIOIINE HX KBapKH H 3HTH-
KBApKH) JODKALI GRUTR HMETHCA B NMOYTH PABHEIX KOJIH-
9ECTBAX, NIPHYEM KOHINCHTPAIAA (YMCIO YaCTHI B eJIMHHIE
of6BeMa) Tex B APYTHX JO/KHA ObLia MOYTH TOYHO COBMa-
JaTh ¢ KOHOEHTpauMedl pesmkToBBIX (oTOHOB. ITo3mHee,
[OCJIE TOTO KaK NPOM30LUUIA AHHWTFUIAIMA GapHOHOB M
aHTHO2aPHOHOB, M3OLITOK YaCTHI] HAJl AHTHYACTHLAMH ylie-
JIE] M 1271 COBPEMEHHOE HabIroilaeMoe 3Ra9eHHE TUIOTHOCTH
6apuon0B. TaK Kak C TeX [I0p THCJIO PEIIMKTOBLIX HOTOHOB He
MEHIOCh (IPAaKTHYECKA) B COTYTCTBYlomeM o0beme, TO
COBPEMEHHOE OTHOILCHHE KOHUEHTPAIMA GapHOHOB X KOH-
LEHTPALMA PENHKTOBBX HOTOROB NAET OTHOLICHHE HCXOI-
AOro H30eITOUHOro 9hCaa OapHOHOB K HX HCXOOHOMY
nonHoMy suciy. IIpn coBpeMeHHO# IWIOTHOCTH GapHoHOB
pp~2x107%" r cM™? BX KOHUEHTpamMs COCTAaBNSET B
cpemiem ng ~ 10~7 B xy6iaeckom capTamerpe. Tax noty-
qaercs BeywaMHA B = ng/ny ~ 10710, xoTopas HasbiBaeTcs
KOCMHYECKMM OapHORHBIM YHCIOM H CITYXHET Mepoit Kax
COBpeMeHHOM}, TaK U H3HAYANLHONA 3apsANOBOHi ACHMMETPHR
MHpa MO OTHOLICHRIO X OapMOHaM H aHTHGApHOHAM.
HmenHo 310 Majioe GespasMepEOe KOCMHYECKOE THCIO
ofecnequno BeEDKMBaEHE OOLIYHOrO BelMeCcTBa B paHHEH
9BOMIOLMOHMpYIOWIcH BeeneHHOR M €ro cymecTsoBanue B
CETO/HALTHEM MHpe.

TIpHHUMIHATEHO JOMYCTAME IBE BO3MOXHOCTH ECTOJ-
KOBaHHMA TaKOT'O MOAABJIAIOMEro H3GLITRA SaCTAL Hal AHTH-
94CTHHAMH, MOXHO NPHHATH, YTO 3TOT H3OBITOK CYINECTBO-
Bajl B NMPHPOAE C CAMOTO Hawana, T.e. JTo BeenewHas
POMHAACE YXKe Pe3KO ACHMMETPUYHOH IO OTHOIIEHHIO K
YACTHUAM M aHTHIACTHUAM. DT4 TOYKA 3PEHHMA aXTHBHO
ofcyxpanach B Hawane 1960-x romos, mpaueM HHOrAa
APEeANoSaraioch, 4TO UEPBAYHOC NpPEBBILUEHAE HYHCIA
9aCTHU HaJ YHCJIOM 2HTHYACTHI MOT10 661 GWITEH OHOH H3
(yHIaMERTANLHLIX KOHCTAHT MPHPOARI, HMEIOeH TOT Xxe
CTaTyC, 9TO M, CKaXeM, NocToxHHas Ilnanka.

Jpyroii nomaxox x npobieme 3apsnoBolf acHMMETpHR
MHUpa NpeAnoNaraeT, YTo BeJHYMHA B, xapakrepHayoulas
3Ty aCHMMETPHIO, HE CTONb (yHIaMEHTANBHA IO CBOER
IpHpOaE W B OeHCTBHTEABHOCTH NOJIKHA "BLIBOIMTECA" W3
Gonee o61mx 3aKoHOB GU3MKK. B 3TOM cirywae npennona-
ragres, 4To Beesiennas ¢ caMoro Hauasa MorJa GuITs cTporo
CHMMETPHIHON OTHOCHTENBHO GapuOHOB B AHTHOGAPHOHOB,
a uabbTox 6apHoHoB Hall aHTHOAPHOHAMY BO3HHK B PaHHCH
BceneHHOM 3BOMIOUMOHHLIM NyTeM. Taxast Towka 3peHMS
6nuta Briepsbie BhickazaHa Gosee 30 seT Hazan B pabotax
[55, 56). Bo3nukHoBeHHE GapuONHOro 3apsna Bcenewwoi,
HJIM, KaK rOBOPAT, KOCMMYecKHii Gapworemes, Tpebyer,
COracHo [55), BHINONHEHHS pAma YCIOBHM, TNIaBHOE H3
KOTOPBIX — HeCTaGIIBHOCTE poToHa. Heo6xommmo Taxkxke
Hapymesre C- ¥ CP-HHBapMaRTHOCTH (T.e. CHMMETPHK
mexay Jactauamur C ¥ komMOuHnpoBaHROM cumMerpun C
BMCCTC ¢ 3epKayIbHON cummeTpued P). Kpome Toro, Tpe-
6yeTcs HeCTaUMOHapHOCTL MMpa, BHICTpOE ROCMOJIOrHYe-
CKoe paclunpenue, yToObI MPONECCH B3AHMOAEHCTBHA Nep-
BHYEBIX YaCTHI| KOCMHYECKOM CPeIbl MPOTEKATH B TEPMO-
AMH2MHYECKH HEepaBHOBECHBIX ycrnoBuax. Ecan nocnemmee
YCIOBHE Ka3aJloCh eCTECTBEHHLIM Ut panueii Bcenenuoit,
TO MEpBOE H3 HHX — HECTAGMIBHOCTH NMPOTOHZ — MpeacTa-
BnAno coboi Upe3BbMANHO CMENYI MO TeM BpeMEHaM

—-—
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THNOTE3Y. Ho ¥MEHHO 3Ta THNOTE32 U €Aacnana, Kak no3xe
BLIACHAJIOCE, IBOIIOLMOHHBIA [0AX0/ K MpobieMe nepenex-
THBHBIM H IOQOTBOPHEIM.

K xommy 1970-x rogos CTam0 M3BECTHO, 4TO pacnap
npoToHa npeAcTaBiseT coGoll OXHO M3 CIEACTBHA MIEH
Bonsiuoro OObe[UREHNS, OPEIIONAraomeR eAHHyIO0 pH-
POy CKIIBHOTO, CA6Oro H ANIEKTPOMArHHTHOrO B3aUMOIeH-
cTBHil (KaK W3BECTHO, MedTa DHHINTElHA COCTOMIZ B TOM,
4106BI OCTPOUTE eQMHYHO TEODHIO BCEX 4eTHIpEX dyHma-
MEHTATBHLIX B3aMMOMIENCTBHI, BKIIOYa rpasurauyio). B
npembAymeM naparpade yXe YNIOMHHANOCh XapPaKTepHOE
BpeMA pacnaja NpoTOHA; OHO OYCHb BEJIHKO, HE MEHBIIC
16°1~10% ner. Yro xe Kacaerca mapyweHus C- # CP-
HHBAPHAHTHOCTH, TO 3TO ABJICHHE HENOCPEACTBEHHO HAGIO-
paercs B pacmazax K° m amtu-K® Mesomos. Tax wto
COeMHEHNE HOBENIIUX Muel H 3KCIIEPHMEHTANIBHbIX (akToB
HUINKH 31EMEHTAPHBIX 9ACTHI[ C KOCMOJIOTHEH ONpeeNeHRO
YRA3HIBAET Ha PEAJIbHYIO BO3MOXHOCTEH BHIUTOJIHEHHS BCEX
Tpex HeoOxomumbix ycuosait GapHorenesa B pannedl Boe-
JICHHOH.

B XOHKpETHBIX BAPHAHTAX KOCMONOTHYECKOTO Gapuore-
He3a, KOTOpPbie OGCYXIATHCH B OCAEIHAE XBA JAECATHACTHR,
M3y9a1achk BO3MOXHOCTH NPOTEKAEMA 3TOTO NpoLecca B
OYeHh PAHHIOI 3N0XY, KOI4a TEMIEpPATYpa KOCMHYECKOTO
pewecTBa Gputa 6:ma3Ka ¥ xapaxTeprOil sRepriun Bombmoro
O6bemmeras Mgyt ~ 10 3B ~ 10~°Mp,, a Bo3pacr
mupa ¢~ 107* c. Jipyro BapmanT — GapHorene3 NpH
ropasgo Gonee HAIKAX TEMIIEPATYPaX, COOTBETCTBYIOLIMX
XapakTepHOH JAEPIHH 3/eKTPocaabbix npoueccon, Mew ~
~ 10 T9B ~ 107'6Mp, KOTAa BO3PACT MHpa COCTABIL
t ~ 10712 ¢ (cM. Heasame 0630pHI [57 - 60]).

Ipouurupyem B 31oM Mecte xaury [9): "Cuenapmi
Gapuorenesa npeAcTaBnseT coboi omuE U3 GonbLIEX ycme-
xoB (great triumphs) coenuaeRns QUINKH TACTHI C KOCMO-
norueit..." (¢. 158). K aToMy ocTaetcs Tolbko 06aBHTE, 4T0
"BLIBOA" KOCMEWECKOTO GapHOHHOrC Wucna B ~ 10710 n3
$yHNaMERTANMEHOR TEOPHH BCE €Il¢ OCTAETCA HEpelieHROR
3apmaseft. YcoewHo noxasaHo, YTO JTO B NpUHUMINE
BO3MOXHO, YTO CaMO 9HCJIO JIEKHT B €CTECTBEHHBIX JUIA
TECPHH NpENENax BEJMIHH; HO NOJYIHTS €rO yIAcTCH OKa
TOMEKO B PAMKaX CHELHANbHBIX MOJeNeH, a He HEMocpen-
CTBEHHO W3 NepBhix mpuHIANOs dmiukn. Ho moxer GhITh,
3TO YHCJO A He HACTOJLKO B ICHACTBHTENLHOCTH NPHHIMHITA-
AJLRO, 9T0 OHO OBA3ATENLHO JOIXHO AMETE 3TO H TOABKO
3TO 3HAYCHNC B TOM SMHCTBEHHOR BeeierHOM), KoTOpad HAM
HaBecTHA?

CraxeM Temeps © TemHoM Bemectee. Jlo cmx nop
COBEPIIERHO HEA3BECTHA, KaK YXe FOBODHJIOCH B pasjiesic 2,
NpHPOJIA €ro HOCHTeNEH, H CIEKTP 06CYXaaeMBIX BO3MOX-
HOCTeif IPOCTHpPAETCA OT TMIIOTETHIECKUX 3IEMEHTAPHRIX
4acTHIl N0 3BE3/I-KAPNAKOB H/HM MAaCCHBHBIX 9YePHBIX JLIP.
OTO HaCTOJBLKO OYCBHAHLOI R BormmioLIMA npofen B
daxTHIecKHX 3HaEHAX O BceneHHOM, 9TO X 3TOMY YXe,
KaxeTcs, BHAUEro ocoGenHo ® He noGasmum. Ho cxaxem
BCE e M HEYTO NO3HTHBHOE Ha 3TY TeMy. B myxe maed,
POACTBEHHRIX XapTHHe GapHoreHesa, MOXHO HpEMTIOJO-
AHTb, ITO OPHPOAA CKPHITOTO BEIIECTRBA CBA3aHA TaK KA
HHa9Ye C HCPAaBHOBCCHBIMH NponeccaMM B KOCMMYECKOM
Cpefie Ha paHHMX 3JTamax pacmpcHWs Bceenemmoit. B
TONLKO YTO NPODATHPOBAHHOX KmmMre [9), a Takke M B
xmmarax [6, 8}, monpo6rO A3MaraeTcs, HampEMep, KUHETHKA
3aKUIKE YACTHI H AHTHYACTHI B KOCMHYIECKOH cpele.
ITycTs ceveHme aAHATHIALUMH €CTh 0, KOHLEHTPALHS
YacTHI 77 H MX CpeJHAS CKOPOCTR v. TOrnma XapakTepHoe

BpEMS 2HHUTHIALIMH €CTh

= (oun)™". (24)
Bpems 1 (ero, KOHEYHO, He CTOHT IYTaTh C BPEMEHEM B
pemenyn ge CuTTepa, KOTOpoe 0603HaveHO BHIILE TOH Xe
GykBoif) MOrno 6bITh CHadasna Mand NO CPRBHEHHIO C
KOCMOJIOTHIECKHM BO3PACTOM {, 3 OTOM M3-33 K3MEHCHUS
CO BPEMEHEM BEJIMYHH, OT KOTOPHX OHO 33aBHCHT, 3TO BpeMs
MOFJIO CTaTh GoJTblIIE KOCMOJIOrHYECKOro pospacta. Torna
AQHHHTHJISUMS 9aCTHU ¥ aHTHYACTHL NPEKPATHTCS, M OHM
CMOTYT COXPaHHTECA BO Beenenxoit,

Hmenno 310 npousowino ¢ HefTpHHO H aHTHHEHTPEHO
(cM. BbIE); HO Ha POJIb TEMHOTO BEINECTBA HEHTPHHO He
TOIATCA M3-32 MX CITHIIKOH Manodl Macch. ONHAaKO TO Xe
caMoe MOTJIO 6l MPOH3OATH H C AOCTATOTHO MACCHBHBIMU
YaCTUUAMH CKPHTON MAacChl, €C/TH TOJLKO NPEMIONOKHTD,
YTO HOCHTENSSMH TEMHOTO BEUIECTBA ABINIOTCS HMEHHO
3JIEMCHTAPHbIE YaCTHIILI BMECTE C aHTHMACTHUAMH. Takue
YACTHITH HE JOJIXHBI H3)Ty9aTh 31EKTPOMArHITHHIE BOJTHEI H
B0OGINE B3aHMOACHCTBOBATE C 3/IEKTPOMArHATHRIM H3Tyve-
uueM. Iloao6uo HeATPHBO, OHM MOTIH OBl YYacTBOBATH
JTHIOS B <1aboM (M, KOHETHO, TPaBHTALMOHHOM) B3aHMOKEH-
crpry. TIpA NoIX0ASIeM 3HAYEHAR MACCH! 3TAX JaCTHI] OHH
MoTH Gbi ofecneTHTs HAGMIONAEMOE 3HAYEHAE IVIOTHOCTH
TEMHOTO BemecTBa. OHA M3 TaKOro posia Mozenei o6cyx-
[aeTca B HeflasHel paGoTe [61), roe menaerca npemmonoxe-
HHE O TOM, YTO 3aKaJIKa YacTHIl TEMHOI'O BEMIECTBA NpPO-
H3oHLla B 3MOXY, KOrAa Temuepatypa Gbuia Gmu3ka K
XxapakTepHOH 3Heprum JnexTpocnabbix nponeccoB Mew ~
~ 1 TaB. B pa6ore {61] noxuepxHBacTCA KIIOYEBAs POIH
NERTPOCIA0LIX NpONeccoB XKax B GHIAKE IJIEMEHTapHBIX
9aCTHll, TAX H B KOCMOJIOTHHM panmefl Beenenmoid (cM. o6
3TOM TAKXKE YROMAHYTHIE Bhillle 0630pH [57-60]).

HargoHel, cKaxeM (XOTS W He Tak noApo6HO, Kak 3Ta
TeMa B ACHCTBATEJEHOCTH 3aciayxmBaja Gu) O TOM, ITC
H3BECTHO O NPHPONE KOCMHMYCCKOIO BAaKyyMma H, IPEKI:
BCETO, O IPOHCXOXICHAWH ero HaGmomaeMoi IUIOTHOCTH.
Mauioe, HO HeHyJIEBOE 3HAYeHHe ILIOTHOCTH BaKyyma Beeraa
PAacCMaTpHBJIOCh KaX NPHELAIAANLHAS TPYIHOCTD (ynia-
MeHTaNLHON du3udeckoii Teopmn 3, 4, 60]. B Bripaxer:y
9epe3 INAHKOBCKYIO MacCy OOHapyXeHHas B aCTpOHOMHYeE-
ckAX HaGmogeHANX IWIOTHOCTE BAKYYMa €CTh

Py =2x107'BMp. (25)

Peun HOET HE TOJBKO O BAKyyMe B KOCMOJIOTHH, HO U 0
BaKyyMe MHKDOMHPA — KaK YX¢ YIOMHHEAJIOCh, 3TO OIHH H
TOT %€ ¢msmicckmit ob6vexr. Ha 3ape penmsrusmcrckoi
KBAHTOBO} TEOpHMH, KOT/Ia BIIEPBLIE BO3HHK BONPOC O Hpu-
pone Mopa [lMpaxa, o OeCKOHEYHOCTH €ro 3JHEPTHM,
T.A. T'amoB roBopmi, 9T0 JHPAKOBCKH} BAKYYM NOJUKER
06H2pYXHTH cebx vepes rpasutanmio [8]. Ha cemmuapax u
0COGeHHO B KOPHAOPAX TEOPETHIECKOTo oTAeNa JleHuHTpat-
CKOTO (H3NKO-TEXHAYECKOTO HHCTHTYTa B 60-70-¢ IT.
(npoutnoro Bexka) sro 6mna ofHA M3 HEH3MEHHBIX TeM
OXHBNIEHHRIX 06CYXIeRMIt, TACTO CO CChUTKAME Ha ['amoBa,
HEKOr/la YIacTHAK2 CEMAHAPOB B TeX Xe cTeHax. Becroreyna
. mnoTHOcTh Baxyyma? Ho rorma pomxua Gure Gec-
KOHEYHO Gousbiuoit xprBE3HA npocTpascTea. Ecmm pamayc
EPHBA3HBI IDOCTPAHCTBA HE MCHBIIE PACCTOAHAA A0 FODH-
30HT4, TO OTCIONA BHITEKAaeT BEPXHMH MPCAEN IIOTHOCTH

Bakyyma. M mrymim senen 3a .M. TlomepaHaykom: Bakyym
He IYCT, OH TIOJIOH FIIyGOX0ro (PH3MHECKOro CONEpAAKN.. .
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Tem BPCMGHEM 32 OKEaHOM BONPOC O IHCIIEHHOM 3HAYe-
HME IUIOTHOCTR BaKyyMa MOJYYWI Haseamde "mpoGrembr
eCTeCTBEHHOCTH B TeopeTHdeckolt dusmke" [4). Cvmranocs,
910 LIS TaKOH 6a30BO#H BeTHIHHLI, KaK IVIOTHOCTb BAKYYM4,
HYXKHO OXWHAThb KaKOTO-TO BECHMA CIJILHO BLUIENEHROTO
3gaveRAs M OOCYXAaeMbix BapHaETOB Ohli0 aBa: smbo
Hynb, MRG0 IUIAMKOBCKAN IIOTHOCTS Ppy ~ My, Ho mpr
OrpoMHO# TUIAHKOBCKOH TNOTHOCTH KPHBE3HA IPOCTpPaH-
crBa 6nuta 661 HeBoOGpasuMo GosmiIol; 9TO HEAOMYCTHMO.
A eclH IUIOTHOCTB BaKyyma €CTh HYJb, 3TO HHKOTJa HE
YRACTCA CTPOTO AOKA3ATE SKCTIEPAMEHTAIEHO.

HeficTBUTeNbAAA IUIOTHOCTL, MIMEPeHHas Gnarogaps
rpaBHTALHORHOMY 3bdexTy Baxyyma (ITO M HMeN B BHIY
TaMoB, XOTH 06 aHTHIPABATALMH H YCKODPSIOIEMCA PACIIH-~
PEHHMH OH, KaxXeTcs, Ae FOBODHI), Tenepb H3BecTHa. OHa
BHOJHE COTTIACYETCH C COOGPaKEHHAMA O BEPXHEM Npeese,
KOTOPHII BLTEKAET H3 OrPAaHHYCHHA CHA3Y HA PajMyc KpH-
BH3HEL OPOCTPZHCTBA. A B JyXe NPEKHAX apryMEHTOB
€CTecCTBEHHOCTH OHa JOJIXHA MPEICTABJIATHCH HEeCTECTBEH-
HO MAJION 10 CPABHERMIO € IUIAHKOBCEOH IIOTHOCTBIO — Ha
CTO ABAafUATh TPA NOPSJAKA BEJHYWHHI MeHbmre. M Gec-
KOHEYHO GOJTBINOH 110 CPABHERNMIO C HYJIEM.

C xakAMHM eme QyHOAMEATANLHEIMH  BEJHIHHAMH
moxHO 6bUTO GBI CPaBHHBAaTH IUIOTHOCTL Bakyyma? Ecmi
BAATH HE IUTAAKOBCKYIO MAcCy, 4 Maccy, COOTBETCTBYIOIIYIO
Bomsmomy O6semumeswio, Mgyt ~ 1075 My, nomyTum
IOTHOCTE PGyt ~ Myt ~ 1070My; 312 BemMHa Ha
CTO OPAAROB NPeBbIlIaeT HabTioqaeMoe 3HAYEHHE TUIOTHO-
cTH Bakyyma. EciH, najiee, MpHEATE VIR TeX Xe ieneit
3HepreTHieckmii Macinra® anexTpocnabeix  BlamMopei-
cremil, Mgw ~ 10716 My, wroTHOCTE 6yReT ppw ~ My ~
~107% M, 45 PasphiB Mo-NpeXHEMY O%cHb Benuk. Vs dyrna-
MEHTAJIBHBIX 3HCPreTHICCKRX MACHIT: abor ocraercd eme
Macitab  KBapk-aapoHHBIX mpoueccos Mau ~ 107 Mp,,
HO M OH [aer HeJONYCTHMO BHICOKYIO ILIOTHOCTB!
Py ~ My ~ 10750}, IToaxoasmero 3HEPreTHIECKOTO
Maciuraba B QH3MKE MHRPOMHDA, KAXETCH, HE BHITHO.

Ho ofpaTHmcs X NpHAIMIMANBHOH CTOPORE BOHpOCa.
Otryna BooGme Geperca ameprua Bakyyma? Cornacmo
OnHOMY H3 6a30BbLIX DE3YJLTATOBR KBAHTOBOM MEXaHHKH,
BHITCKAIOUEMY H3 NpUHLMNA Heompeaenermnocta leitsen-
Gepra, HamAM3WAasA JHEPIHs KBAHTOBOrO OCHMILANTOPA HE
PaBRA HyNIO, OHAa COCTABJISET BENMHTHHY /2. M3 3rmx
"HyneBbiX XONeGaHMA", KAK WX HASKIBAIOT, X CKIALLIBACTCH
HeHyneBax JHCPrHf HAMHH3LIErO 3HEPreTHIECKOTO COCTOsN-
HUs KBAHTOBLIX nojeil. TakoB NPHAELMITAANBHEG! OTBET Ha
Bonpoc [8]. Ho peambsHO NMOACYHTATE COOTBETCTBYIOLIYIO
CYMMAapHYI0 TUTOTHOCTh HEPIHH, CBABAHHYIO C HyJIEBEIMHA
konebanuAMH, KBaHTOBas TEOPHA NOJIA He no3sonseT. Ecou
paccMoTpeth arcaMbab KBAHTOBBIX OCLUISTOPOB B Kage-
€TBe MofeTH QUIHIECKUX MONEH W CYMMUPOBATE HEPTHIO
RYJNeBbIX KOMeGaHuH 10 BCEM BO3MOXHBIM YaCTOTAM BILIOTE
RO GecrROHEIHOCTH, TO pe3yibTaToM M Bynet Geckoneunas
SHEPrHs ¥ GeCKOHETHAS MIOTHOCTD 3BePI'HH BaKyyMa.

UTo6bl H3GexaTh TaKUX PAcXOAMMOCTEi, mprberalor x
OTPaHH4EHMIO JMANa3OoHa YacTOT CBEPXY HAa HEKOTOPOM
3HAYeHHA 9aCTOTHI, KOTOPOE NPHHHMAETCS 32 NPENeTbHOE.
MoxHo, ranpmmep, cautath, wTo mpemesBHOH dacToTe
OTBERACT IJIAHKOBCKAA SHEPIAS Mp), TaK 9TO Wmax ~ Mp.
ApryMenToM B MONR3y NMOAOBHOro BRIGOpA NpEXENMBHOM
aCTOTEI CHYXUT TOT HECOMHEHHRI (KT, 9TO [UIN JHEPrHil,
MPEBLIUAIOWMX IIAHKOBCKYHO, CTAHIADTHLIE NPEACTaBJIe-
HHS GUIUKH, B TOM THCIIE H CAMO IIOHATHE YACTOTHI, TEPRIOT
O6hIyHRIH cMuic. Ho TIOJIY4alOUIAACH NPH TaKOM MOAX0AE

2

TUIOTHOCTL BAaKYyMa, XKaK MOXHO BHAETH (x0T OB M3
coobpasxeHmii paAMEPHOCTH), PaBHA IO NOPAAKY BETHTHHE
9eTBEPTON CTECTIEHH JaCTOTHI, H, CIe0BaTEJLRO, OHA ByaeT
HMMETh 3HAYCHHE ~ pp|, KOTOPOE, KaK Mbl YIIOMHHAJIR, HA CTO
C JIHIIHAM NOPS/IKOB BEIHYHEH OTJIHYAETCH OT PeaLHOrO.

3Has yXe W3 ROCMOJIOTHH [EHCTBHTENBHOE 3HAYEHHE
IIOTHOCTH BaKyyma, HYXHO  BHOpaTh NpefenbHyio
9acTOTY, 3 ¢ HeH H COOTBETCTBYIOIMH 3JHCPreTHYCCKUHE
Macurab My, Ha yposae

wy ~ My ~ 107 My (26)

Bemmuna My Ba 12 NOpSAKOB BEIHIAHLI HAXE 3HEPTHH
KBaPK-a[pOHARIX TipoueccoB Moy, a 3TO O3HAYaeT, YTo 33
$A3HEY KOCMITIECKOTO BAKYYMA OTBETCTBEHHKI TIPOLIECCh He
TIpA CBEPXBLICOKHX, 3 HA060POT, MPH CBepXHE3KHX JHEPrHsiX.
Tlpenencnolt wactoTe (26) OTBedaeT JUIMHA BOJHL
v ~ My', xoTOpast cocTamnseT NpHGIMIATENBEO | MM.
DTa UIMHA O9eHb BEJIMEA IO CPABHEHHIO C XapakTepHLIMHA
TPOCTPAHCTBERRKME MaciTabamMu Muxpommpa ~ 10719 -
1073 cM 1 oeHE Masa 1O CPABHEHMIO ¢ (PHAMAHOBCKAMA
KOCMHYECKHME HETerpanama ~ 102 —10% cu (mo xax mm
CTpaHHo, OYeHb GJH3Ka K HALMM NPHBHITHLIM TEI0BEUC-
CKHM MepKaml).

UroOb HaMTH KaKOM-TO CONOCTaBUMEIE MacmTab nns
gacrothl (26) (a ¢ Helt ® ans xapakTepHo# MLmHHE Av),
obpaTrMcA K ¢manke parned Beenennoil. Temn XocMoJiOrH-
9eCROTO PACUTHPEHUs ~ ¢~ (MMerolmil TY e pasMepHOCT,
9TO H 19acTOTa) JaeTcs cTaHgapTHOM dopmynoi 1~
~ (Gp)'/l, TA¢ 10/ IJIOTHOCTHIO HAZO NOHHMATE IUIOT-
HOCTE PeNATHBHCTCKOM 3HePrHH, KOTOpas HOMHHHDYET BO
Beenensol B nepBHT MIWJUIMOH JIET €€ DPACHINDEHUS:
p=pg ~T* Torma t~' ~ T2?/Mp I'sB (3aech y4TeHO yXe
HE pa3 HCIOJIB30BRHEOE COOTHOIIEHHE MEAXAY I'PABHTAIHOH-
HOH# MOCTOSHHOMN M ILIAHKOBCKOK Maccofl B "MEEpO(mIHTe-
ckoit" cAcreme epuani; T — Temmepartypa cpeminl). Temn
DACIIMpEHHs| CDaBHABACTCA C XapaKTepHOH mpefeJLHON
gacroroii npu T~ 3 x 10~ My ~ 10° I's>B. Ho mocneanas
Be/VYAHA OIM3KA X 3HEpreTHYecKo#t mxane craboro B3am-
MozelicTBEs Mpw. A OTCIOfla BWTEKAET, MTO NpemenbHas
¥aCcTOTa @y YHCICHHO ONHA3Ka K 3HAYECHMIO KOMGHHAITHH
M2y /Mp. Eco Tax, TO IWIOTHOCTD JHeprHH BaKYyma

Mew\®
Py~ @y~ (‘M—m) Mp. @7

Yucnennoe 3HadeHue 3Tofl koMGuuaium ABYX $ynzaMen-
TaNbHBIX 3HEPreTHYECKAX MACIITaBOB, eCTECTBEHHO, HMEET
TIOPAZNIOK BENHIHHLI, 6M3KMH K HabnioxzeMoMy 3HaYERHIO
(25).

HHTepecHo, 4To B yXke yNoMsEyToit pabote [61] Baipa-
xeHue (27) 65UT0 NOTYIEHO U3 CNOKHON TEOPETARO-NONEBOR
Mozemm (Ipaeaa, He Ge3 JOBONBLHO MPOM3BOBHLIX H BECEMa
CITHHBIX NONMONHKTENLHLIX npemmoioxennui). Ho ecm B
cooTHomennn (27) u BIpaBay €CTh YTO-TO OT CYTH Jena, TO
TIpHPOZA BaKyyMa [OJDKHA GBITL KaK-TO CBsA3aHa C HAIAKONH
anexTpocnabuix nmpoueccos B paHHe# BeenenHoi npH Boapa-
cre mupa t~ 1072 ¢. B 3Ty anoxy TeKymmrii ropH3OHT
cobLITHI G.TM30K K XapakTepHON JUTHHE BOMHM Av ~ 1 MM
(4TO JHIUHAH pa3 YAWBINCT COBNANCHAEM, HANPRMEP, C
TOMIMHONA snucTa GymMarn, Ha KOTODOM HAmedaTaH 3TOT
TeKcT). BOIMOXKHO, HMEHHO B 3110XY, KOFAa KOCMHYECKas
TEeMNEpaTypa ynana A0 IHEPrHy EKTPOCabeix MpoUeccos,
H IIPOH30ILEN NOCASAH! NO BPEMERU CKadOK B COCTONHHE
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ucxoHoro Bakyyma ((a3oBblif Nepexond), OIpPEACTHBILHA
COBPEMEHHOE JHAYEHHE ILUTOTHOCTH BaKyyMa.

TloxyepkHEeM etwue pas, 4To cOoTHoweHHE (27), XOTS OHO M
BLICIROMT K2k 6Y/ATO NIPHBIEKATEILHO, HE MOXET, KOHETHO,
CYMTATHCA HM CTPOTO AOKA3aHHBIM, HH TeM Gonee okoHva-
TebHBIM. HecOMHEHHO, 9TO ManeKo HE MCUCPNAHbI elle H
BO3MOXHOCTH [ADYIMX M3BECTHBIX NOJXOMOB K Ipobieme.
CyuiecTpyeT, HanpKuMep, TOYKA 3peHHs, COTJIACHO KOTOPOi
BakyyM ¢epMHOHOB M BaxyyM G030HOB HMEIOT pa3Hble
3HAKH JHEPTHH, TAaK 9TO CYMMAapHOE 3HAUEHHE IUIOTHOCTH
BAaKyyMa MOTNO 6bl BGLITH HYJIEBBIM, €CITH MMEETCS CTpOTast
CUMMETPHst MeXTy (bepMHOHHBIMUH M GOIOHHBIMH COCTOS-
HUSMH (HasblBaeMas CynepcHMMerpHed). A eciu 3Ta cHM-
MeTpHs He TOYHA, TO PE3YIBTATOM RODKHO ObITh MaJoe, HO
KOHEYHOE 3HaYenHe WI0THOCTH BakyyMa (cM. [8]). K cokpa-
UIEHHIO [UIOTHOCTH BaKYYMa C TUIAHKOBCKOTO 3HAYEHMS MO
PpeasnsHOro MorJio 6bl IPHBECTH CYLIECTBOBAHNE CKRIKPHOTO
R0/, HMATHDYIOUEr0 BAKYYMHOE YpaBHEHHE COCTOSHHA C
oTpHuaTenbHOi JRepruedt [62]. IlpaBma, u 3Ta mpaes He
NPHBOMHT, KaK MOJIATAIOT, K IOCIAENOBATELHOMY H TIpsi-
MoMy peweHuto npobaemsr. Ilpudamuel TpygHocTelt M
Heynal Ha roM mytd ofcyxnmawoTca B [4, 60]. Tlomckmu
HOBBLIX TOAXOMOB MPOJOJIXAIOTCH, H H3 COBCEM CBEXHX
paboT OTMETHM Mogens [63] ¢ TpeMs BXNMajaMM B MIOT-
HOCTL BaKyyMma: OT HyJleBHIX KoneGaHH#i, OT MpoCTpaHCT-
BEHHOM KPHBU3HHL (HH3KHE 3HEPrHH) M OT KOHIEHCATa
HeHATpaIbHBIX G030HOB (BBICOKHE HEPTHH). VCHIHMA MONY-
YUTEH PAa3yMHYIO IVIOTHOCTh BAKYYMA aKTHBHO Pa3BHBAIOTCH
B HOBeHLIEH TeOPHH MeMOpaH (cM. [64] B mMerommecs TaM
CCBUJIKA).

13. Mogeib 3aKanKu

Kak BROHO W3 CKa3aHHOTO BhIIIE, MPOHCXOXJECHHE M
BaXyyma, H HEBaKYYMHEIX (JOPM KOCMHUECKOH SHEPTHU
ocraercs daxTmdeckr HewssecTHbIM. [Ipu Takmx obcros-
TeNbCTBAX BHISCHEHHE (PHIKIECKON npHpoIL! (PHIMAHOB-
CKHX MHTerpanos (22) NOJKHO Ka3aThCA AENOM GesHamex-
HbIM. Tax OHO B JeHCTBUTENLHOCTH, KOHEYHO, H eCTh. U TeM
He MeHee HeTO [I03ATHBHOE MOXHO NMONLITATLCA CKA3ATH, HE
MpeTeHAys Ha MHOTOE, H IT0 3TOMY NOBOIY. Pasymeercs, n
TYT He H30eXaTh TEX HWIH MHBIX HONOJHUTEIbHBIX NPEINO-
noxeruit, Gonee WM MeHee npaBRonoAcCHBIX WK N0 Kpait-
Heil Mepe He NPOTHBODEYAINMX APYr APYTY H HALEXHO
YCT2HOBJIEHHBIM (hakTaM; BBHIBOJ € COBNANAIONIX HHTE-
IPAiOB HEMOCPEACTBCHHO M3 MEPBBLIX IPHHIATIOB OCTAETCS
Henerko¥ 3amadedl Ha Oyaymiee, CKOpee BCETO, BEChMa
OTHAJICHHOE.

Paccrkaxem kxpatko 06 opHOH Momemu [52], koropas
crnoco6Ha noka3aTh, Kak -— MO KpaiiHeil Mepe, B NPHHUH-
ne — Morjo 6k BOHHKHYTHL COBMaAcHHE (PPHIAMAHOBCKHX
MHTErpasnos B hu3Mke pauHeit Bcenennoi. 3aMetnM cpasy,
MTO 3Ta MOZEIb CYINECTBEHHO HENOJHA; OHA HURAK HE
XacaerTcs TPYAHOTO BOIpPOCa O NPHpoae OapHOHHOrO
3apsna, ¥ Notomy GpuAMaHOBCKMH MHTErpan Jis Gapmuo-
HOB B 3TOH KOHKDETHOH MOJENH COBCEM He (GRTYpHpYyeT.
YTto racaercs TeMHOI MaTEepHH, TO HA 3TOT CYET NPDHHH-
MAaCTCH CICOYIOLOES NPEANONONCHHe: CIHTACTCHA, 9TO €€
HOCHTENSAMH CJTyX4T JEMEETapHBIE JACTHI C HEHYIEBOM
Maccoi IOKOA M, KOTOPBIE TOMIHHAIOTCA TOMBKO crnabomy
B3aAMONICACTBAIO W, KOHEYHO, rpaBHTaume. Jonyckas
BOSMOXHOCTh, YIIOMAHYTYIO B DPEABIAYINEM pa3jiene, Npu-
MEM, 9TO 3ITH HaCTHUB! CYWIECTBYIOT ceidac BMecTe ¢
COOTBETCTBYIOIUHMH AHTHYACTHLAMH, a4 AHHHTHASIMSA HE

NPOHCXOAHT H3-33 cnaboctu B3aUMOIEHCTBUA MEXIY
YaCTHUAMM M AHTHIACTHLAMH H H3-33 MX HU3KOH MIOTHO-
CTH B COBPEMEHHYIO 3MOXY.

PeansHO aHHWTHIALHA Morja TNPCKPATHTBCA YXE B
BECbMa PAHHICKO JNIOXY, KOTAa TEMNEpaTypa KOCMHYECKOH
cpepl ynana o 3naveHus T ~ m (oNb3yeMcs, KaK H BBIIE,
CHCTEMOI €IMHKLL, B KOTOPOH k = ¢ = /i = 1), a xapakTepHoe
BpeMa aHHUTAJIALHH (ypaBHeHHe (24) npu v ~ ¢ = 1) oxasa-
NoChk GONbUIE BO3PACTA MHPA, T.€. TEMII AHHHIWIALMH CTAT
HH)KE TEMIIA KOCMOJIOTHYECKOT'O PAaCIIMPEHHs HJTH, IO Kpai-
Hell Mepe, CpPaBHAICA € HHM:

1

ng ~ -,
t

(28)
3/1eCh 1, KaK M BHIILlE, — KOHUCHTPAUASA FACTHIL, 6 ~ M 2 —
CeMEHHE MX AMHUTHIIALMH, { — BO3PACT MHpA B Ty PaHHIOK
3noxy. Tak Kak 370 HeCOMHEHHO GbUIa an0Xa npeobnagaxus
W3JTY9EHHS, MOKHO BOCIIONB30BATHCA CTAHAAPTHOM KOCMO-
NorHuecKoit popmymnoir 1 ~ (ka)_'/ ? 1% paHHUX BpeMeH,
Kpome Toro, HenonbiyeM ompenesicAne $pHAMAHOBCKHX
uHTerpanos (12), 9T06n BBECTH MHTErpambl Ap (C mwior-
HOCTBIO ppy ~ mn) 1 Ag B ypasHerus Moaemu. Torma (28)
IPHHAMACT BAL:

Ap ~ am > AxMy?. (29)
VuaTeM Takke, 9T0 pg ~ T * ~ m* BTy 3m0xy; 310 NO3BONSET
3andcaTh:

Ar ~ a*m* My . (30)
B ypasremmax (28), (29) a =~ Ay(l+2)”' — pamuyc xpu-
BH3HbI (MM HODMMPOBaHHLIA, kak B (14), MacmTaGHbIi
$akToOp) B MOMERT {; Z — COOTBETCTBYIOLIEE KPAacHOe
CMELIICHHE.

KuneTnka, onichiBaeMas 3TAMA GeHOMEHONOTHIECKAMH
ypaBHEHASIMH, IOJDKHA ORITE AonoJHeHa GUIHKOHA, OTBETCT-
BEHHOM 33 B3aHMOJEHCTBHE JAaCTHI] KOCMHYECKOH Cpelbt B
JaHHYI0 3Mmoxy. B Iyxe cka3aHHOIO B IpeabIyINeM Mapa-
rpade 6yaeM CIMTATE, 9TO NEHTPANBHYIO POJIL B IPOLECCE
3aKaJIKH JOMXKHA HrpaTh (JHINKA 3NEKTPOCNaGoro BIaHMO-
HeHCTBAA ¢ (QYRNAMEHTANLHON 3HEPTETHYECKOH wKamoi
Mew ~ 1 TaB. Bonee TOro, npAMEM B COOTBETCTBHH C
3THM, 4YTO NJIOTHOCTh 3HEPIrHA BARKYyMa BBIPaXKACTCA COOT-
HoweHueM (27), copepxalum ape GyHIaMeHTabHEIE 3HEp-
reTAYeCKHe WKaTLl, Mp B Mew.

Cornacuo ofwe# popmyne (12), HuTerpan Ans sakyyma c
naoTHOCTRIO (27) ecTh

My )‘ O
Ay ~ My
v (MEW n

(31

Paccyxnas B TOM ¢ HampaBJIEHHH, HYXHO IIPerION0-
XHTh, YTO KPACHOE CMEINCHHE B JAaHHYKO 3I0XY IOOJKHO
BBIPAXATLCSA B TAKOM CJIydae NpocToH KOMOHHALHER TeX Xe
JABYx byHAaMeATATBHLIX KOHCTAHT:

L Mm
Mew

(32)

Kpome Toro, neicTeys nocneRoBaTenbHO, HYXHO CHH-
TaTh, 4TO B 33/1a9e BOOGH!C ROJDKHBEI HMETHCR BCET'O TOJBLKO
aBe pyHAaMeHTAILHEIE KOBCTAHTH Mp; ¥ MEw, Tak 9To B
YpPaBHCHUAX KHHETHIECKOR MOJEITH HYXHO OTOXISCTBHTH
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Maccy vacTHabl m ¢ Mew. Torna 6ynem nmeTs:

Mew ‘4
Ay ~ AvAr 72 Mp, (33)
4]
Mew\*
~ A2 EW
Ar Av(Mm) Mp. (34)

ITo CyiiecTBy — 3TO YA€ # eCTh PeLIeHHE 33 J1a4H, TAK KaK
Ay M3BECTHO H OCTA4€TCA TOJBKO 32MHCATh OTBET B ABHOM
BHIE:

M \*
~ ~ ~ | —— - 35
Ap ~ Ag ~ Ay (MIZW) Mg (35)

TaxaM 06pa3oM, PUGITHAKEHHOE PABEHCTBO HHTErPasioB
OKa3BIBAETCA CIIEACTBHEM QHIHYECKHX MPOLECCOB, KOTOPHE
PpasHIPHBAIHCEH B panHelt BeeneAHo#H NpH 3HEPTrAsX, Xapak-
TePHBIX 1A dMekTpocnaboro paauMoneAcTBAA.

ITpa HaxOANEHHH YAC/IEHHOTO 3HAYEHHA HHTETPAIOB B
(35) CTOHT OpHEATL BO BEHMAaHMe OJHY AeTams, merno, B
pabote [61] # npyro#t Hemammeit pabore [65] BBenmennt B
PacueTH BMECTO [IAHKOBCKOH IIXATH “rpaBHTauHOHRHAS"
mxana, Am "CHIKeRHan" [WIaEKOBCKAS IIKana, Mp), Taxas,
ut0 Mp = gMp,tac g = 0,1 —0,3. MEOXHTEN® g yIRTLIBAET
TOT $axT, 9TO rpaBATAHONHAN KoHCTanTa G = Mp? Bxo-
JuT B GONBIIMHACTBO TOTHRIX KOCMONOTAYeCKHX GopMys B
xoMBHHAMAAX BRAA 81G, 67G, wm 32nG/3. (TeM xe myTeM
MOXHO YIeCTb H TO OGCTOATENBCTBO, WTO B $HoOpMyaax
KHHCTHIECKOH MOACHH JONXHW B JAEHCTBHTCILHOCTH
CTOATH Taxue Ge3pasMepHBIe MHOXKHTEH, KK YHCIO CTene-
Hell ceobom M Ap.; cM. cHOBa ygeOHukm [6-9].) Ecom
NOC/IEAOBATh ITOMY NpPHUMEDY, TO Pe3yIbTaT (35) MOXHO
OpeACTABHTD TAK:

of Mu\* 1
A, ~g (E;) My' ~ 109N w= {—1,0, 3].
(36)

YHCIERROE COTMIacHe C HafiIeHHBIM IMITHPHIECKHM ITyTEM
cooTromenneM (22) BONHE yHoBNeTBOpHTEIBHO. C Tojt Xe
TOYHOCTBEO

Mp \* -
Py~ g‘( Mlzw) Mg~ 1071222 g (37)

3Ty OUEHKY HYXHO CPABHHTH ¢ Habmonaemoll BetTHHON
25).

OcTaercs OTMETATH, 9TO COOTBETCTBYIOWAS (HOPMyJia
JUISt KPaCHOTO CMEIICHHS IPHHAMAET BUA z ~ gMc/Mpw ~
~ 10, TIpr TaxoM z TeMuepaTypa B PacCMATPHBACMYIO
anoxy T~ 1 TaB ~ Mgw, 970 elne pa3 HENOCPEACTBEHHO
YKashiBaeT Ha HEHTPALHYEO POJb ek Tpocaaboro B3ammMo-
NeHCTBRA B JaHHOM HpoLEcce.

Hanommanm, IT0 HpRIAMAHOBCKEHA HATErpan anA 6apHo-
HOB OCTancq 3a paMKaMu fanHoi Mofenm. Mexny Tem ero
DpApoAa ToXe, MO-BHAMMOMY, MOTNA OR OBITH CBA3aHA C
durukoit anexTpocaaboro B3aumMogeiicTens B panueii Bce-
JieHHol. Kak ynoMHHaI0Ch B IpeAbUIYIUEM pasfesie, Heob-
Xomimble ycnopus GapHorenesa MoryT OwTh obecnetenst
bu3nxoNt snexTpocnabux mponeccos. ITH YCIOBHA CMO-
CUSHH BBEINOJIHATECA B PACNANaX HCXOOHBIX MACCHBHBIX
GoaoHoB, ecam pacniaibl CONPOBOXNAKOTCA HECOXPAHEHUEM
Gapuonsoro 3apsfa. B BLIPAXCHMM 9Epe3 KOCMHYECKOE

HaproHAOE WHCIO B HpHAMAaROBCKMH MHTErpan ;s 6apro-
HOB JIOJDKEH TOrIa AMETh BHA:

Maon 2 sp Mau { Mm 6 "
A~ B Ar(Ar M ~gPB = —— | Ma".
B My, r(4rMp) 85 W \Mw) 1

(38)

TlocieAAaA BETHYMAA OTIHIAETCH OT IMIIAPHIECKOro 3HaYe-
aus Ap B (22) A2 4—-6 nopsagos (To B MOrapuMAYECKOR
mkasne cocraBiser ge Gommine 10 %).

14. CummeTpHS KOCMHYECKAX 3HEPIHi

BepreMcs x OMHCAHAOH BHINC KAHETHICCKOR MOMENH A
Tpex GpPHIMAHOBCKAX HHTEIPANOS A 0GPATHM BHHMAHHE HA
TO, 9TO YpaBHEHAA MoaeyH (29), (30) ¢ yuerom (32) moxHO
HPEACTABATH B CHMMETPHYROM BHJE:

dp Ap Ay

Ax Av A 9)
roe
Ma\*
~ [ ——— -1 4
A (M )MH (40)

TongepxaeM, 1To B HoBOH opMymrposke (39) BesFramAa
Ao He NpHBAECEHZ B MOJIE/b H3BHE; 3Ta KOMOHHAIAA ARYX
6a308bIX SHEPreTHYECKAX MacTaboB BO3HAKAET B MOACHH
cama coboif, eciH, Kak NIpEAIONAracTcs, TOJLKO 3TH [Bpa
dyrnamMenTanpHNe MacmTaba B QHTYDHpPYIOT B 3amave.
Crcrema (39), (40) — o5T0 1IBa YpaBHEHHER A TPeX
HEHM3BECTHBIX, KOTOPHIMA CHYXaT TpH (pRAMAaHOBCKHX
wHTerpana. YroOn CHCTEMa MMeNa ONHO3HATHOE PelleHne,
OHa JOJXKHA OHITh JOONpENecHa, # EMEHHEO 1S 3Tl nesm
BhINE GHUT0 ACNONBIOBAHO JONONHATEILHOC COOTROMCHHE
(27), sanmcTBOBAREOE |3 pa3zaena 12.

Ho Ty %&e cHCTeMy MOXHO [OONpEJENHTs R JPYIHM
IyTeM, MPHHAB, HANDHMED, CO CCHUIKOH Ha IMIIHPHYCCKHE
cooTHOWeRHs (22), 4T0 Ar ~ Ap. Torna u3 monem Gyner
TOIYICHO BLIPAKEHHE U INIOTHOCTH BAKYYM4, XOTOpOE B
TogHOCTH copnaieT ¢ (27). Takam ob6pa3oMm, 3HaHKE IMNH-
pHYECKAX JaHHBIX O ABYX (PAIMAHOBCKHX HHTErpanax
HO3BOJIAET OOKa3aTh — B DaMKax OQHHOH Monemm —
PABEHCTBO BCEX TPEX HHTErpajloB MONCHH A Hafity Hx
BEIREY KaK KoMOUHAAIIO HyRAaMERTaILHEIX JHEPTeTHYC-
cErx MacmraGos. To eCTh MWIOTHOCTE KOCMHMECKOTrO
BaKyyMa "BLIBOAUTCA" TAKMM yTEM M3 HAGMIOATERHEIX
JIAHEHIX O TEMHON M DENSATHBHCTCKOH 3HEPrHAX B PAMKax
KHHETHICCKOH MOJIEJTH € JNCKTPOCTAGEIMA IPOLECCAMH.

JTr coobpaxennd, HO NpPEKAEC H BAXKHEE BCEro —
HMCXOJIHWE JMITHPDHYCCKHE NaHEHC (22), MO3BONKIOT IIO-
HOBOMY YBHAETL MECTO BaKyyma B obmeM paxy topm
KoCMAYeCko# repran. Korna npexjie rosopanocs o 6:m3o-
CTH NJOTHOCTH BaKyyMa K IUIOTROCTAM JApYTHX (opM
JHEPTHH, NPEXOMIIIOCH CDABHEBATE KOBCTAHTY (IUJIOTAOCTE
BAKYYMA) C NEPEMCHHLIME BEIMIHHAMH, KOTOPLIMH SIBJL-
FOTCA IIOTHOCTH HeBakyyMHBIX (opm 3ueprum. SIcHo, 9TO
COBNAafieHHst BEJMYAH, KOTOPbe NO-Pa3HOMY 3aBHCAT OT
BPeM¢HH /M He 3aBHCST OT Hero BooGime, MoryT GuITh
JTHIUL BPEMEHHRIME H B 3TOM CMBICHE cydaiHnMu. Ho
€C/IH CMOTPETH He HA IUIOTHOCTH, 8 HA COOTBETCTBYIOLIMC
(pHIMAaHOBCKHE HHTErpaibi, TO OKaXeTCH, YTO PANOM C
KOHCTZHTOR I BAaKyyMa [OSBJIAIOTCA CINE TPH KOR-
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CTaHTBl, KOTOPBLIE AMCKOT TO XK€ KOCMONIOTHYECKOE NPOHC-
XOXICHHE, U NPATOM BCE YEThIPE BEJIHYWHBI JAIOTCA OOHOH
obuent dopmynost (12). Tak BOIHHKAET BOIMOXKHOCTE CONO-
CTaBNERMS BaKyyma C ADYTHMU (OPMAMH KOCMHYECKOH
9HEPTHH HA A3bIKE MOCTOSHHBIX BEJIMIHH TOH XK€ MATEMATH-
ueckoit ¥ du3nUeckoit npuponn. M Torga obHapyxmsaercs,
9TO BCE HETHIPE KORCTAHTHI YHCIIEHHO GITM3KH ADYT OpYTY.

B xonTexcre $HpUIMaHOBCKMX HHTerpajioB HaGmonae-
MOe 3HaueHHWe IJIOTHOCTH BAKYyMa OKa3shIBaeTCA Kak pa3
ecTeCTBEHHbIM (BCIOMHUM O mpobiieMe eCTECTBEHHOCTH B
TeopeTHuecKoit usnke [4]), NOCKOIbKY HMEHHO OHO M ofec-
[eIUBACT MPAGITHKEHROE PABEHCTBO BAKYYMHOTO HHTErpana
WHTerpanaM s Rpyrux ¢opm sneprun. Byms 31a nnor-
HOCTb paBHa HYJIO, BAKYyMHBGI WHTerpan okasajics Oml
GeCKOHEYHBIM; €CTH IUIOTHOCTh MMena Obl ILIAHKOBCKOS
3HaueHye, MHrerpan Geun Gbr upesmepHo man. M sto
NeHCTBATENLHO BBITIIAMENO Bbl HEECTECTBEHHO.

Biuskoe coBnaaenve ppaamMaBOBCKUX UHTETPAIIOB O3HA-
YaeT CYWECTBOBAHHE CHMMETDHH ONPENEJeHHOro pona,
06 beANHSAIOMIEH H3BECTHBIE HOPMBI KOCMHYECKOH JHEPTHH H
COMOCTaBIAIOLIEH HX APYT RPYTY. DTa CHMMETPHS HMEET HE
BpeMEHHBIH WIH ClTyJaitHLIf xapakTep. Ona cas3ana ¢ camoi
¢u3HIeckOi NPUPONIOA KOCMIIECKHX IHEPrHUil, C HX HPOHC-
XOXJIEHMEM, H CYLIECTBYET TaK JOJTO, KAK JOJITO CAMH 3TH
(hopMBbI 3HEPIHH IIPHCYTCTBYIOT B MUpE.

Takum 06pa3oM, IBE OCTpbie NPOGIEMBI KOCMOIOTHH H
$yHAaMeHTANBHOR (H3NKH -— MpofreMa KOCMHYECKAX
CoBMAeHHH H NMPoGIeMa eCTECTBEHHOCTH — OKa3bIBAIOTCA
TECHO CBA3AEHBIMH ADYT C JPYTOM H CBOUATCHA BMCCTC K
6osee obineit npobaeme CHMMETPHH KOCMHIECKAX SHEPrHit:
Touemy Ay ~ Ap ~ Ap ~ Ar? Monenb 3axankH, paccMoT-
peHHas B NpeALUIYHIEM pa3fele, HaAMEYaeT — B CaMOM
TNpEABAPHTEABHOM H NPCANOJOKHTENEHOM TOPAOKE —
BO3MOXHBI NOIXOJ K HOHCKAM OTBETA Ha 3TOT BONIPOC.

BuisiBjieHHe HOBOTO THIA CHMMETPHH B KOCMOIIOTMH,
CHMMETPHH MeXIY BAKYYMOM ¥ HEBAKYYMHBIMH HOpMaMu
KOCMW4ECKOH DJHEPIHH B NPOCTPAHCTBE (PHAMaHOBCKHX
WHTErpaJjios ~—— OOHO K3 CJIEICTBHI HOBEHIIEH PEBOIOLNY B
Hayke o Beenernnoit.

15. 3akirouenne

KocMonoraseckas peBOIONAA HAIMUX AHEH — pe3kHil
CKauOK B XOJi¢ HAKOMJIEHHA KOHKPETHRIX 3HAHME O IPHPOJE,
B NMOHMMAaHRH ¢ (yHAaMeHTANBHBIX GHINIECKAX 3aKOHO-
mepHOCTed. OHA NpABENA K PEUIHTEILHOHA CMERe GH3Hde-
CKOH XapTHHBI MApa, K COBCPIIEHHO HOBOMY NOHAMAHHUIO
TOro, 9TO NpeAcrasaser coboii coBpeMeBHas Ham BceneH-
Has. Kag oxasanock, B Helf FOCIOACTBYET KOCMHYECKMH
BAKYYM C €0 aHTHI paBHTaLHEH, KOTOPAs 32CTaBJIAET ranak-
THKH ¢ yCKOpeHuem pasberatecg Apyr ot apyra. Ho mm
TANIAKTHKH, HU €70 COOCTBCHHAR AHTHIPABHTAIMA, HH Jaxe
caMo BpeMs He CNOCOOGHE! BO3NEHCTBOBATE HA HLIHEIIHML
KOCMHYECKHIl BaKyyM, OH aGCOMOTHO HEMOJBHKEH, HEH3Me-
HEH H BEYEH. MBI HECOXHIAHHO OCO3HAJH, 9TO XKHBEM B
9ETHPEXMEPHOM MPOCTPAHCTBE-BPEMEHH, KOTOPOE HEAABHO
3aBEPUIAJIO CBOIO KOCMMYECKYIO BONIOLMIO H K HEIHEWHeH
3MOXE MPaKTHIECKH NOCTHIIO MACANBHO PEryNIpHOro, reo-
METPHYECKH CHMMETPHYHOIO COCTOSHMS, KoTOpoe Gymet
3aTEM JUTHTRCH HEOTPAHHIEHHO JIOJITO.

Mup rocMIMeckoro Bakyyma BILIOTHYIO HOACTYIAET K
Haluel RemOCpeNCTBEHHON oGnactk obuTamns Bo Beenen-
HOH — x MecTHO# rpynne ranakTig, rae Hama [anakTika,
Muneansnit ITyrs, cocecTByet ¢ TYMaHHOCTbIO AHOPOMEBL.

VipapiseMbiil aHTHIDABHTAUMER KOCMHYECKOrO BaKYyMa,
xab6n08ckuit NOTOK pa3GeraHus TajaKTHK HAIKHAETCH C
PACCTOSIHMI BCErO B HECKONLKO MEramapcek OT HAC H
UPOMOJIKAETCA kK TOPH3OHTY HaGIIONeHHH, K PaCCTOSHHAM
B THICAYH METaNapceK, BCIOJY COXPaHAs CBOIO KHHEMATHYE-
CKYIO HIEHTHIHOCTDb, EAMHBIH TEMII ABHXEHHS, KOTOPHIH H
3a/IaeTCA BAKYYMOM C €ro OJMHAKOBOK B IPOCTPAHCTBE R
BPEMEHH IUIOTHOCTBIO.

IMTorok pacmupeHns 00A3aH CBOHM NPOHCXOXIEHHEM,
KaK MONAraroT, NEPBHYHOMY Bakyymy Bceenemmo#, nnot-
HOCTB KOTOPOro ObUTa W3HAYAABHO HCKJIKOUHTENIBHO
BBICOKA; OHA MpEBbIIUANA €ro M3MEPERHYIO ceffdac IUIoT-
HOCTh HA MHOXECTBO MNODAJKOB BenwdwH. H3-3a 3TOrO
BaKyyM M caM Obul criocoGeH H3MEeHAThCH, 3BOIIONBOBHPO-
BaTh, NOPOXKIadA IPH 3TOM "0ObIMHOE" BELIECTBO, HEBAKYYM-
Hble HOPMEI KOCMHYECKOH SHEPIHH. ITa IBOJIOLMS NEPBHI-
HOro BaKyyMa 3aBCPLINIACh B NIEPBBIC MAJIBIE JIOJTH CEKYHIbI
CYWIECTBOBAHMA MHpa, OCTABHB MocJe ce6a MHOTOKOMIo-
HEHTHYIO KOCMHYECKYIO CpeZly, B KOTOpOH BaKyyM M HeBa-
KYYMHBIE SHEPTMH OKA32JTHCh B HTOT€ COTJIACOBAHHBIMH JIPYT
C IpYTOoM, CHMMETDHIHBLIMH 110 OTHOWCHHIO APYT K APYTY:
HX HEH3MEHHBIE BO BPEMEHH NPHPOJIHbIE HHIHIECKHE XaPaK-
TEPHCTHKH, HPHIMAHOBCKHE HHYErPAILL, C TEX NIOP THCJIEHHO
6m3ku 1 GymyT ocTaBaThes GIM3KMMH O TeX NOp, [OKa
camu 3TH (POPMEI FHEPTHE COXPAHSIOTCA B IPHPOJIE.

JlaBHo ywxe, TOXANyH, CO BPEMEHH OTKPLITHS DPEJIHMK-
TOBOTO U3JaydeHus B 1965 r., B KOCMOJIOrHYeCKO# HayKe He
60 TAKOTO OCBEXAMOWIEr0 OGHOBNEHHS, a ee ChA3b C
bynnaMenTanpROR (H3MKON He OOHapyxWBanack CTONb
npAMbIM M OdeBHIHLIM obpasoM. Y cHosa, Xak @ Torma,
HAYAJI0 HOBOMY NYTH PA3BUTHA [OJOXHIO 3aMEYATEIIBHOE
OTKPBITHE, 0GA3aHHOE JIOJITHM CUCTEMATHYECKHM YCRUIHSM H
9JECIEPUMEHTATBHOMY HCKYCCTBY acTpPOHOMOB-Habmoxare-
nei.

Astop 6naromapen M.JI. Posentamo, W.JI. Kapagen-
ueny, I0.H. Ebpemony, A.C. 3wibbeprneitry, I1. Teepu-
xopm#, FO.B. BapbimeBy 3a OGCYXKICHHX W KPHTHICCKHE
3amedanns. PaboTa 9aCTHIHO NOEPKaHa IpaHTOM AKafe-
mun Ouwanmm no npoexty "IIOTOKH ranakTHR M CTpYK-
TYPH TEMHOTO BelecTsa".
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Recent observational studies of distant supernovae have suggested the existence of cosmic vacuum whose energy density exceeds the
total density of all the other energy components in the Universe. The vacuum produces the field of anti-gravity that causes the
cosmological expansion to accelerate. It is this accelerated expansion that has been discovered in the observations. The discovery of
cosmic vacuum changes radically our current understanding of the present state of the Universe. It also poses new challenges to both
cosmology and fundamental physics. Why is the density of vacuum what it is? Why do the densities of the cosmic energy components
differ in exact value but agrec to the order of magnitude? On the other hand, the discovery made at large cosmological distances of
hundreds and thousands Mpc provides new insights into the dynamics of the nearby Universe, the motions of galaxies in the local
volume of 10-20 Mpc across where the cosmological expansion was originally discovered.
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KocMuuecknii Bakyym

A . Uepnun

Hedasrue nab modameabrbie ucc1ed08aHUA O0IEKUX BCHBUUEK CAEPXHOBBLE 38€30 PKAILISAIOM HA npucymcmgue 6o
Bcenennotl KocMUNECKo20 8aKYYMa, NAGMHOCTS IHEP2UR KOMOPOZO NPEBbILLAEM NAOMHOCMb 6CeX dpyaux dopm
KoCMuueckoil Inepeuu mecme 83amuix. Baxyym cozdaem nose anmuzpasumayuu, KOmopoe evizbigaem yckopenue
KOCMOAOZUNECK 020 PACUUDERUA. DMO ycKopenue u bbi10 0bnapyxceno 8 Hab modenunx. OmKpuimue KOCMUYecK020
eaKyyma 61euem 3a coboii KOPEHHOT nepecmomp YCMOAGWUXCA NPeOCMABAEHUTE 0 COBPEMEHHOM COCMOAHUU
Bcenennoti. Ono cmagum maxasce pad H0BbIX NPURYUNUAALHBIX NPOGAEM KAK 8 KOCMOAOZUU, MAK u ¢ PyHOAMEH-
manvrodi gusuxe. ITouemy naomuocme KOCMUYECKO20 BAKYYMA UMEEM UMEHHO MO 3HAYEHUE, KOMOPoe HATEHD 6
nabarodenunx? ITouemy pazaunmnsie KOMNOHEHMbL KOCMULECKOT cpedsl umelom pasusie, HO 8ce Xce Gauskue no
nopAadky eeauuunst Habsodaemyie Inayenus naomuocmu? Bmecme ¢ mem 3mo omxpoimue, coeadnnoe Ha 6oabuinx
KOCMOAO2UNECKUX PACCIMOANUAX (COMHU U MBICANY ME2aNAPCeK), npoausaem caem Ha QuHamMuKy naweti 6.au3Koi
oxpecmuocmu 80 Bceaennoil, Ha Q8UNCEHUA 2AAQKMUK & A0KAALHOM 0Bseme ¢ paduycom do 10—20 Mnxk, 20e

KocMon02uMecKoe pacuupeiue u bbi10 NepeoHaxaNbHO o6napy9«:eno.
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CKJIOHHBI CYUTAThH pesomonued. [eficTeuTensHble Maciu-
Tabbl NEPEMEH CTAHOBATCS CO BPEMEHEM BCE SACHEE H,
noXamyi, C TAKHM OINpEETIeHHEM PaHO HIH MO3NHO NpH-
JETCA COrNAacHThCH. BOT TONBRO TpW Te3nca HoBelmed
PEBOJTIONMHE B KOCMOJIOTHH:

a) Bo Bcenennoit NOMHHMpYeT BaKyyM; IO ILTOTHOCTH
SHEPIUH OH IPEBOCXOINT Bee "06nrmbie" GOpMEL KOCMuYe-
CKO MaTEPHH BMECTE B3SThIC;

6) muHaMuKOR KOCMOJIOIHYECKOr0 paciIMpeHAs Ynpas-
JIACT AHTHT PAaBATALHSA,

B) KOCMOJIOTHYECKOE PACIIHPEHHE YCKOPAETCS, @ 9eThl-
PEeXMEpHOE TPOCTPAHCTBO-BPEMA MHp2 CTAHOBHTCK TeM
BpPCMEHEM CTATHICCKIM.

OcofeHHo 3amevaTensRO, 9TO 3TO HE TEOPHHM HIH
THIIOTE3bl, KOTOPBIE EILE NPEACTORT NIPOBEPUTE HA ONBITE, 4
OpAMOE CNSOCTBAE Ha/IeXHbIX HaGMOMaTENbHBIX NABHBIX.
PeBonrouHo COBEpINIUIM aCTPOHOMBI-HabMIOJATENH, KOTO-
Phi€ 3aHUMANNCh H3YYEHKEM [AJIEKHX BCMLIIEK CBEPXHOBLIX
3Be3f [1]. M3-3a MX HCKXOYHTENBHOM APKOCTH CBEPXHOBBIE
MOXHO Habnionarh Ha O4eHb GOMNBLIMX, MO-HACTOSALEMY
KOCMOJIOTHYECKHX paccTosHMsX. Omyckas OpyTHe AeTanw,
CKaXKeM, YTO HCNIOJIL3OBAJIMCE JAHHBLIE O CBEPXHOBBIX OIpe-
npenenroro tuna (Ia), xoTOpble NPUHATO cYMTAaTh "cTam-
[ApTHLIMH cBedamu™; Ux cOBCTBEHHAS CBETHMOCTD JeHCTBH-
TENBLHO JIEXHT B HOBOJBHO Y3KHX Npelenax (IKCHEepThl 1o
CBCPXHOBLIM ITPOOOJIKAIOT MEXOY TEM CIHOPHTH, B KaKHX
H’MCHHO). D10 noasonser NPOCNEJHTh, KaK BUAMAA, pErK-
CTpHDYeMas APKOCTh UCTOYHHKOB 3aBHCHT OT PacCTOSHMA
OO0 HHX. KOHC‘{HO, Ha HeBGOMBIIMX PACCTOAHHAX 3TO KjlaccH-
4eckHii 3aKOH 0GpaTHBIX KBAJIPATOB, HO Ha OYEHb GOIbIIOM
YOANEHHH OT HCTOYHHKOB CTRHOBATCA CYHIECTBEHHBIMH
kocMonorudeckue a¢oberThr (coorBercTByIOman Gaszopas
dopmyna saBHo yxe Gbuia 3arorossieHa B Teopuu noas
JLA. Jlangay u EM. JIupumua [2]), u, 3HauuT, Xapaxtep
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32BHCHMOCTH 1103BOJIS€T B NIPHHIMAE Y3HATH HEUTO HOBOE O
Bcel BeenerHoii.

Mepsas rpynna HabmronaTened [1], coobmmubiuas o ceonx
pesynbtaTtax B 1998 1., pacrosarana JaHHLIMH O BCEro
HECKOJIBKMX CBEPXHOBBIX HYXKHOrO THIMA HAa HYXHBIX pac-
CTOSHMSX, HO yXe H 3TOro ObLl0 JOCTATOWUHO, 4TOBLI
3aMeTHTh kocMonorayeckuil a¢dekt B 3akone yGniBaHus
BUIMMON SPKOCTH € PACCTOAHREM; TOTHEE, JNyHLIE CMOTPETh
HE Ha PAaCCTOSHMUA, @ Ha KPACHBIE CMEUICHHA, KAK 3TC OOBIYHO
W [esmaeTcs B ciydae JanexHx ucTousnkos, OKasanock, 4to
yObIBaHHE SPKOCTH B CpDENHEM OPOBCXOZHT 3aMETHO
GBICTpEe, 4€M ITOTO CeA0BaNO OBl OKHAATH N0 KOCMOJIOTH~
HecKOl TEOPHH, KOTOpas TPH TOMA HA34/l CYHTANACH CTaH-
napTHO#H. Tagoe MONOJHHTENLHOE NOTYCKHEHHE O3HAYaeT,
YTO JAHHOMY KPACHOMY CMELIEHHIO COOTBETCTBYET HEKOTO-
pas apdexTuBHAn n06aBKa paccrosus. Ho 310 BO3MOXHO
Toraa (M, Kak Bce ceff9ac AYyMaroT, TONBKO TOTMa), KOTAa
KOCMOJIOTHHECKOE PACIIHPEHAE [IPOHCXOMMT ¢ YCKOPEHHEM,
T.e. KOTZa CKODOCTH YIOAJICHHS OT RAC MCTOYHMKA He
yOBIBAET, & BO3PACTAET CO BPEMEHEM.

3T0 OTKpWTHE H3MEHSET, P NIEPBYIO Odepelb, Haule
NIOHMMaHHE COBPEMEHROM CTANH KOCMOJIOTHYECKOH IBOJTIO-
MK, HBIHelTHEro coctosmms Beenerwoit. Ilpexie cumra-
JI0CB, YTO BCA HCTOPHA KOCMOJIOTHYECKOTO PACIIHPEHHs —
3TO HMCTOPHSA €ro 3aTyXaHHs IIOCNE TNePBOHAYATBHOrO
"Bonpworo Baphiba". Cefiuac OKa3LBAETCH, YTO KaK pa3 B
Hallly 3NOXY AMHAMHKA PaCWIMPEHMs Nepenuia oT CTaiuu
3aMe/UIEHHs K HOBOH CTafMH YCKOPEHMSA, IDTO JCHCTBH-
TEeNbHO BAXHOE H3MEHEHHE B KADTHHE MHDP2, M OHO NPOM3Be-
JI0 CHIBHOE BIIEYATIIEHHE Ha KOCMOJOroB H OJIM3KHX K KOC-
MOJIOTHH (U3HKOB M acTPOROMOB. MIHOTIA MOXHO YCIIhI-
MaTh HIH NPOYHTATE, 9TO HOBAA KaPTHHA MHPA 3aCTABJISACT
0TKa3aThCs OT MPABLIYHON KOCMONOTHYecKoi Teoprn Ppun-
mana. Ho 310, xomesno, He Tak. Teopus, cosjammas
A.A. Opugmanom B [lerporpane B 19221924 rr., cTons
Gorara no $uaHIeCKOMY COMIEPKAHHIO, ¥TO B HEH B ACHCTBH-
TebHOCTH CONEPXHTCA B KAYECTBE OMYCTHMOH BOIMOXHO-
CTH M 1epexofl KOCMOJIOTMIECKOr0 PACUTAPEHAA OT 3aMejLe-
HHA K YCKODEHMIO. MaTeMaTHYecKH 3TO OBeCHeuHBacTCs
TeM, 4T0 B Teopun pHAMaHA NPHCYTCTBYET SHHIITEHHOB-
cKasi KOCMOJIOTHYECKas NOCTOSHHAA, OHA-TO K cmocobna
cO30aBaTh (BepHee, NPENCTABNSATh B PEIICHUM) aHTHTPABHA-
TAlMIO, KOTOPAA BbI3HIBAET YCKOPEHAE PACITHPEHUA.

@H3Ayeckas HHATEPNPETAHMA KOCMOJOTHIECKOH Mo-
CTOAHAOM, BBEAEHHOR JHHWITEHHOM B 0OOI(yIO TeopHIO
OTHOCHTEJILHOCTH HECKOJIbKO (POPMaNILHEIM 06pa3oM, CkJta-
MLIBATIACH MOCTENEHHO, NEeCATANIETHE 3a MECATHJICTHEM,
HaguHas ¢ pabor ae Currepa, Jlemerpa, Toamena, Borm.
Ceitnac cauTaercs OOLIENPA3HAHHLIM, 9TO KOCMOJIOTHYE-
CKas NOCTOSHHAA OIHCHIBAET KOCMUYECKHMH BaKyyMm, T.e.
TaKOE COCTOSHME KOCMHIECKOH HEPrHM, KoTopoe obnamaer
TOCTOSHHOM BO BPEMEHRH H BCIOAY OOMHAKOBOM B IIPOCTpaH-
CTBE ILIOTHOCTBIO, ¥ IDHTOM B 060l cucTeMe oTcdera. ITo
3THM CBOFICTBAM BAaKYyM NPHHIHIHUANBHO OTAHIAETCH OT
BCEX OPYTHX (hopM KOCMIYECKOfl 3HEPTHH, IIOTHOCTE KOTD-
PhIX HEOTHOPOMHA B NPOCTPAHCTBE, MANAET CO BPEMEHEM B
XOJIe KOCMOJIOTHISCKOTO PACIIMPEHHS K MOXET GLITH pasHol
B Pa3HbIX CHCTEMAX OTCYeTa,

XOTA BaXYYM H Ha3bIBAETCH KOCMHYCCKHM, OH NPACYT-
CTBYET NOBCIONY H PHUTYPHPYET B ATOMHO#M PHIHKE U MHKPO-
(u3Kxe, rie OH NpecTaBNseT COGO HARHM3LIEE SHePreTHIE -
CKO€ COCTOSIHME KBAHTOBBIX NOJIEH. DTO TOT CaMbiil BAKYYM,
B KOTOPOM pa3hirPRIBAIOTCH B3AHMONEHCTBHS 3JIEMEHTAD-
HBIX YaCTHIL M KOTODKIH HEMOCPEeCTBEHHO NPOSBISETCA

OKCNEPUMEHTAALHO, Hanpumep, B J3MOOBCKOM cABure
CMEKTpabHBIX JKHHAA aTomoB H 3bdexte Kasumupa. B
TaKHX 3KCHEPHMEHTAX NPHCYTCTBHE BaKYyMa HECOMHEHHO,
HO NPH 3TOM 3HAYEHHE €rc IUIOTHOCTH YCKONb3aeT OT
u3Mepenus. ITlpoGreMa IUIOTHOCTH SHEPIHM  BakyyMma
ABJISETCA, KaK mojaralot, HanGonee cnoxuoH npobremoi
cOBpeMeHHOM (pyRnaMenTansHOMK GusukH [3, 4).

B Teopuu noas (2] peinenne ®puanMaHa IpeACTABIEHO B
BapHaHTe 6e3 Bakyyma, 63 KOCMONOrHIeCKOH MOCTOAHHOM.
B opurusansHbix pabotax ®pummana 1922—1924 rr. (oru
6LinH BrIepBBie ONYGIMKOBAHBI MO-HEMEIKH, PycCkuit nepe-
BOX CM. B YO H 32 1963 1. [5]) 312 nocTosHHas MoXeT GLITH K
HyneBo#l, H oTnuyHo# ot Hyas. Koraa mmcanace Teopus
1044, HAKTO HE COMHEBAICH, 9TO € OTKPLITHEM KOCMOJIOTH-
YeCKOI'0O PaCIUHPEHHS BCE OCHOBAHHA [ BBEACHUSA B obuIyio
TEOPHIO OTHOCHTENLHOCTH KOCMOJIOIMYECKOR NOCTOSHHOR
TIONTHOCTHIO M OKOHYaTENbHO oTnanu. Tak cumtan ¥ Ditn-
ITelH, Ha3BaBLINA OfHaX LI (B pasrosope ¢ [.A. 'aMoBbM
B ITpuncroHe) Haero KOCMOIOTHYECKOH MOCTOSHHON CBOMM
caMbeiM  Gompumm npomaxoM B Hayke. [lo cnoeam
JI.A. Jlangay, XoCMOJIOTHA 3acTO ommrbaeTcs W HAROTAA He
COMHEBAETCH.

OTKpBITHE KOCMOJOIHYECKOTO YCKOPEHMS B IPAMEIX
ACTPOHOMMYECKHX HAGNIONEHHSX CTaBHT PAX HOBBIX NPO-
OeM B KOCMOJIOTHH, $H3uKe H acTpoHOMuH. IToxayi,
camas octpas W3 HoselMx mpoGneM TakoBa: modemy
KOCMHYECKHl BaKYyM HMEET AMEHHO TO 3Ha9€HHE IUIOTHO-
CTH, ROTOpO€ 06HapyxeHo B Habmonerusx? K Helt npuMe-
KaeT npobieMa KOCMAYECKAX COBIAJCHHI: nOYeMy pa3ind-
Hbie KOMIIOHEHTH KOCMHYECKOR Cpefll MMEIOT Gnmskne mo
MOPAAKY BETHIUHL! HA6TI0 f2eMBle IOTHOCTH? DT0 OIHA H3
OCHOBHBIX TeM, KOTOpble ofcyxnaroTcs Huxe. C apyroit
CTOPOHBI, OTKPBITHE, CEJaHHOE Ha O4YeHb GOJIBIINX KOCMO-
JIOTHYECKHX PACCTOSHHAX (COTHM M THICSYH Meramapcex),
[POJIMBAET, IOXO0Xe, HOBBIH CBET Ha TO, YTO MPOHCXOIUT B
Hatuelf 67113%0# OKpecTHOCTH BO BeesnieHHOM, B NOKaIBHOM
ofseme ¢ pamuycom o 10-20 Mng, rpe, cobcraenno,
KOCMOJIOTHYECKOE DPACIUHpEHHe H ObUIO NepBOHAYANLHO
OTKphITO. DTO elle OOHAa OCHOBHax TeMa ctated. Ho
CHAYana CTOMT PACCKA3aTh O TOM, KaK BBITJLOHT "CTaH-
[apTHas" KOCMOJIOTHIECKAA MOENE CErOIHA.

2. TInoTHOCTHL BaKyyMa

BakyyM ABHICE B KOCMONOTHIO ¢ SHHINTEHHOBCKOH KOCMO-
JIOTHYECKOH TIOCTOSHHOM A, H ero IIOTHOCTH BHpaKaeTcs
9epe3 3HaYeHAe ITOH TOCTOSAHHOM’:

A

%G (6]

Py

3fech W manee MCIONB3YETCS CHCTEMA €XHHHL, B KOTOPOR
CKOpOCTH cBeTa ¢ = |; G — HBLIOTOHOBCKAaA IPABUTALHOHHAS
MOCTOSAHNAA.

C camoro Hadaya pojib KOCMOJIOTHIECKOHE NMOCTOSHHOMK
COCTOSTA B TOM, 9TO6LI CO3aBATh, HIIK BEPHEE, OMUCHIBATE
AHTATPABATAINIO., OFHIITEHH NpEanosiaTan, 9T0 TAKHM
NyTeM MOXHO YPAaBHOBECHTbL PaBHTALRIO Bermecrsa Bee-
JIEHHOH M OOecHedMTh HEeNOABHXKHOCTh pacnpefeneHus
BELIECTB2, a 3HAYHT, M CTaTHYHOCTh caMoi Bcenewmoii.
Cremys faBRe#, yxonsneit K ACTOKaM KJIACCHIECKON Haykn
TpagduuA, JHHIITeHH nonaran, 9ro Beenernas kak uesnoe
nomxHa GuITH BedHOH W HewsmerHoil. MHTepec ¥ Mopmemu
Oimmreftna, X Monenn ne CurTepa, B KOTOPOR BOBCE HeT
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BEUIECTBA H AMEETCS TONEKO BAKYYM, K KOCMHYECKOMY
BAKYYMY H KOCMOJIOTHYECKOH [IOCTOSHHOR TO COBCEM HCYe-
3aJ1 B KOCMOJIOTHH, TO BPEMA OT BPEMCHH CHOBA BO3HAKAN IO
pajHLIM TIPHYARAM, M Ha 9Ty TeMy HEMano CKa3aHo W
HAIHCaHO B NPEXHHE TOObI, B TOM WACIE M B IIMPOKO
H3IBECTHRIX MoHOrpadasx m yyeOmmxax [6—10]. He Gynem
HOBTOPATh TO, YTO Y€ HE pa3 H3naranoch ¢ GonsmioR
[OHOTOX M OCHOBATEALHOCTHIO M K CCHUIKAM HA KHWTH
n00aPHM TOJNBKO YKa3aHMe HA IHMOHEPCKHE paboThl
3.B. T'nrepa [11], xoTophie, BOZMOXHO, MEHEE H3BECTHEL,
HX BHICOKO OLERHI (XOTA ® #ajexo me cpasy) SI.B. 3enpmo-
sud. Mner, snepsnie shickalanmwie 8 pabortax [11], ctaim
OCHOBO# CTOJIb TONYJISPHO JI0 CHX HOP MOJEIH HHOISLHAHA B
odeHs pannedt Beememmodt. Ho m meaamucumo or aroit
KORKpeTHO# MofenH, HoeH [11) ciyxar nepsolt M noka
e[IMECTBeHHON pazymuoft rumoTe3of o Gusndeckoit mpu-
YHHE KOCMOJIOTHIECKOTO PACIIHpEHAA: no [/mMuepy, paciin-
peHHe BeWIeCTBA O0A3AHO CBOHMM IPOMCXOXACHHEM aHTH-
rpaBATAIHHE KOCMOJIOTHYECKOr0O BAKyyMa, a caMo BEIeCTBO
NOABUNOCH B PE3yNbTaTe KBAHTOBBIX QIyKTyaImit TOTO e
BAKYYM2. C camoro BaJana OTAAaBAJIK XOJDKEOC 3THM HOEAM
AJ1. Caxapos n J1.D. I'ypens.

Bakyym ofnanaer He TOJILKO ONpeleNeHHOR ILIOT-
HOCTBEO 3HEPTHH, HO TAaKX¢ H fanferueM. Ecn mwioTrocTh
BaKyyMa NOJIOXHTEAbBHA, TO €ro AdBJCHHE OTPHUATEIBHO.
Cesae MEXAY AaBJCHEEM H IUIOTHOCTBIO, T.€. YDaBHEHHE
COCTOSHHS, HMEET JUIA BAKYYMa BHJ Py = —py. IT0 — K
TOJILKO 3T0 — YPAaBHEHHAS COCTOSHHA COBMECTHMO € OnTpese-
JIEAHEM BaKYyMa Kak (ODMBI SHEPIHH CO BCIONY M BCErZA
MOCTOSHEON IMOTHOCTBIO, HE3ABHCHMMO OT CHCTEME
oTCHeTA.

VpaBAeHAe COCTOSHHS BAaKYyMa HENOCDEICTBEHHO
BLIBOJMTCA B TEODHHM kBaHTOBhIX noueit [12). Ho 3nagenue
€ro INIOTHOCTH TAKHM MNPAMBIM ITYTEM IIOJYIHTL B TEOPHH
[0 CHX MOp HE YHACTCA; KAK YXKE YNOMSHYTO BEHIILie, 3TO
ocTpas mpobiiemMa, M MBI €Ile BEPHEMCA K JTOH Teme B
KOHLE CTATBA.

CornacHo ¢ppHAMAROBCKON TEOPHW, TATOTEHHE CO3MA-
€TCA HE TONBKO MIOTHOCTBIO CPEOH, HO ¥ t¢ NABJCHHEM B
XOMGHEAIEH p + 3p. BaxyyM BEI3BIB2ET aRTHTDABHTALIO
HMEHHO NOTOMY, 9T0 ¢ro 3b@CKTHBHAR IPaBHTHPYIOLIA
SHEPIHSA, pg = py + 3pv = —2py, OTPHURTENLHA IIPH 1OA0-

+ XHTENBHOR IUIOTHOCTH.

TMo HaGironaTesbHBIM ZaRHBIM O cBepxHOBHIX [1], ©
KOTOPBIX MBI YIOMMHAIH, TUIOTHOCTE BaKyyMa MpEBBILACT
CYMMApHYI0 IUIOTHOCTb BCEX OCTAJIBHBIX BHAOB KOCMHYE-
X0l 3HEPTrHA. 3HATCHWC TUIOTHOCTEH YHOGHO BBIPAIUTH B
€[IIHHUAX KPUTHYECKOM NIOTHOCTH p, = 3H?/8nG =
=(0,6+0,1) x 10"Prem>, roe H = 65+ 15kmc™! Mix!
— nocrosnHan Xa66na. Toraa OTHOCHTENbHAA IOTHOCTh
BaKyyma

oy=2-07101. @)

c

Haiinernoe no cBepXHOBBIM, 3TO 3HAYEHHe BAKYYMHOA
TUIOTHOCTH NOXTBEPKIAETCA BCeH COBOKYIHOCTBIO HMEIO-
UIHXCA CBE/IEHMH O BO3PACTe CaMBIX CTAPWX 3Be3x [anax-
THKH, O OPMHPOBAHHA KPYITHOMACUITAGHON CTPYKTYDHI K
0coB6eHHO 06 aHH3OTPOMHU DENHKTOBOTO H3NYYEHHS B
kOMOMHAIME C JANHLIMH O JHHAMMKE GOTATHIX CKOTLIEHHH
ranakTHK (cM. [13 - 15] H cCBUTKH B 3THX CTATBAX).

Jlyun, HeMHOTO YGE¥TIAET BAKYYMY DO TLIOTHOCTH CKPbi-
Taf Macca, MM, Kax®vallle B nocne/lHee BpeMs FOBODST,

1

TEMHOE PCUIOL‘I‘BO!
Op=22-03x01. 3)
P

Tloxaumy#, IUIOTHOCTE — 3TO TO, 9TO KaK pa3s JyYIlEe BOEFO
H3IBECTHO 06 3TO# KOMIIOHEHTE KOCMIYECKO# cpenl. Temuoe
BEINECTBO He MINYSacT HH CBETA, HH APYTHX 3MeKTPOMATHHAT-
HEIX BOJH, # BOOOHIE MPAKTHYECKA HE BIAMMOJEHCTBYET C
3JACKTPOMArEHTHHM H3nyueHHeM. BiHamel ['anakTure
TEMHOTO BEIeCTBA NPEOAM3BHTENLHO 510 pa3 Gonsiie, 9eM
GECTAIEroca Bemectsa 3se3f, OHo obpasyer o6umMpHyIo
HEBEIMMY0 KOPOHY, WIM Tajo, BOKPYT 3BE3JHOTO IMcKa
Munegnoro ITyra. [Togo6GHble TEMEERIE Taf0 MMEIOTCA, 110~
BHEIMMOMY, Y BCEX JOCTATOTHO MaCCHBHBIX H30JIAPOBAHHAIX
rajaxTuK. TEMHOE BEINECTBO CONEPXKHTCSA TAKXe B IPyIIIax
TANakTHK ¥ B CAMEIX GOJLIIHMX KOCMHTECKHX CHCTEMaX —
CKOIUICHHSAX M CBEPXCKOIICHHAX ranakTnk. Kax B B Hawici
I'anakTHKe, TEMHOC BEINECTBO COCTABIAET 10 J0 %, a HHOT A
¥ 6ostee, nostHOIMacchl Beex ITHX crcTeM. OHo NposAsseTcs
TONBKO GRATOAAPA CO3ABAEMOMY WM TATOTEHHIO, B HMEHHO
IO CBOEMY I'PaBHTaNHORHOMY 3xpekTy OHO 1 GhLIO BuepBhIe
obrapyxeHo (TOUHee, 3anmonospeno) eme B 1930-¢ rogm
. LIBHRKH, KOTOpHIH H3yd9a) KHREMAaTHEY H JMHAMHAKY
60raToro CKOILICHHUA TANAKTHK B Co3Be3quH Koma (summ
Bonocsr Beponmkn). I'anakTHKA B 3TOM CKOIUICHHH [BH-
KYTCH CO CKODOCTAMH OKROJIO THICAYM KHJIOMETPOB B
CEXyH[IY H DA TaKAX CKOPOCTAX YAEpXaTh HX B HaGmoznae-
MOM 06BeMe CKOIUIEHAS MOXHO JIMING NPH YCIOBHH, YTO
TOTHAA MacCa CKOILICHAA pa3 B NecaTh Gobile CyMMapHO#
MAaCCHI COCTABIISIOINEX €70 rajakTHK. Kax ckazano B xumre
{8}, ocrOBaHRO# Ha 3ammcsx nexmmi S.b. 3empposrma B
MI'V, "KkaxeTcs COBEPUIEHHO YAMBHTENLHRIM, 9TO Beenen-
Has Gosee weM Ha 90 % no Macce COCTOMT H3 HEM3BECTHOMR
Ham ¢opmel MaTepan. OIHAKO 3TOT BHBOJ, TO-BHORMOMY,
nen3bexen". BaxnocTs npobieMbi TEMHOTO BEIECTBa OYe-
BHIHZ, HO He MeHee OYEBH[HA H €€ Wpe3BhidaifHas CJIOX-
HOCTh. Jlo CHX mop HeH3BecTHAa (H3MYECKasA NMpHpPOIA
HocHTeNeR TeMHoro BomecTsa. OGCyxnaeTcs o9eHb WHpPO-:
xuif JAANa3oH BOIMOXHOCTel: OT 3MeMERTAPHBLIX JaCTHIL ©
MaJoif (MeHblIE MAaCCH 3JIEKTPOHA) Maccot JO 3Be3d-
KapJHKOB, MacCHBHBIX (GosbINe Macchl CONHLA) 9epHRIX
WP H T.I. Maccht KaHOMAATOB Ha 3TY POJIb Pa3IKIAIOTCH,
TaxeMm ofpasom, Ha xoOpuix 60 MOPAOKOB BENWIHHBL, ~—
TaKOBA DCATLHAA YMCICHHAN MCPa MMCIOLICHCA B HACTON-
1Hee BpeMA HEONPENENECHHOCTH B ITOM BOIIPOCE.

3a TEMHRIM BEINECTBOM CIERYET CBETAINEECA BEUIECTBO
383/ H raNakTK. B coord¥reTsum ¢ yxe CKa3aHHLM, €ro
KOCMHEYECKas TUIOTHOCTh (CpemAAf mo BceMmy Habmonae-
MOMy o0beMy MHMpa) Ha TOpANOK BENMYMHB MeHbIE
IUIOTHOCTH TEMHOTO BELIECTBA:

s =8 —002+001. @
P
Haxonen, 9eTBepToil KOMIOHEHTOH KOCMOJOrHYecKOR
Cpelbl ABNAETCA H3JMYYeHHE, AR YJILTPapeJATHBHCTCKAS
cpena, € ILIOTHOCTBIO
Qr =R _08x 10-%, (5)
pc w
rae MOCTOAHHBINA MHOXHTENb | < a < 10—30 yunthiBaer
BRIag Heﬁrpm{o, TP2aBHTOHOB H APYTHX BO3MOXHBIX YJIbT-
PapCIATUBACTCKAX 9ACTHL H none KOCMOJIOTHYECKOTO

NPOHCXOXOCHHA, H06aBO‘lHHﬁ K OYEHb XOpOINO H3IMCpPEH-
HOMY BKJIaly PE/NHKTOBOrc H3ny4YeHHA. B OLICHKE 23TOro





image4.png

image5.png
T.171, e 11]

KOCMHYECKUA BAKYYM

— .

1157

HYJTIO, H [U17 HEW3SMEHRAOCTH €T PAIAYCa OCTACTCH TOJNBKO
noTpe6oBaTh, 9TO6H B CKOPOCTE YacTHI] 1IApa paBHAIACKH
Hy/0. B Monema dpraMana 9TH YCIOBHAS HEOGA3aTe B HBI,
OTCIOO2 — BO3IMOXHOCTL JHHAMHKH H 3BOJIOLMH: Iap
MOXeT, Boo6tme roBops, CKAMATHCK FIH PaCIIEPATECA,

Ipr amHabaTH9eCKOM CXATHH A/ PACHIAPEHHH OJHO-
POHOrO MIApa CBASh MEXIY H3MEHCHWEM ILTOTHOCTH H
A3BICHHEM OMHCHLIBACTCA YPABHEHAEM

dp=-3(p+p)dlnR ©)

Ju1d J0B0H KOMITOHERTH CPEfbl, 6CITH MEKXY KOMIOHEH-
TaMH HeT ob6MeHa asmeprieil. Kak nerxo mpoBepHTh, 910
COOTHOIUECHHE BHITEKACT H3 TEPMOJMHAMHIECKOTO TOXJE-
cra dE = T'dS — pdV (rxe, kax obbrano, E, T, S — nonsas
BHYTPEHHSS JHePI'HA BelNecTha (CINTas ¢ SHEPTHeH NOKON),
€ro TeMIepaTypa M 3HTPONHA B 00BeMe V), eyt CIATaTh,
gro dS = 0. H3 ypasrenus (9) serxo HaitTa, kak WIOTHOCTA
BEINECTBA M HM3INYIEHHS WIMEHRIOTCA CO BPEMEHEM IIpHA
W3IMEHEHMH €ro pajiyca B XOJ¢ PachIMPEHAR WUIH CKaTH
mapa:

PD=%, FB=%1 Pk=%~ (10)
3neck TpH BeNHYAHB C — NPOH3BOJNBHBIE NOCTOAHHEIE
unTerpHpobakaa. To xe TePMOJWHAMAYECKOE YPABHEHHE
(9) yTmAMIi pa3 yKa3pBAET, ITO BAKYYM NPH €r0 YPaBHEHAH
COCTOSHMA py = —py HQJDKEH HMETL NOCTOAHHYIO BO Bpe-
MCHH TUI0THOCTD: py = Cy.

Ecnu nopcrasuth cooTHomenus (8), (10) » ypabrenue
mBxeHn (6), To nocnearee MOXHO OIOUH Pa3 MPONHTETPH-
pOBATh 110 BPEMEHH:

%Rz = Ay2RY+ ApR™' + AgR™! +% ARRTIHE. (1))
3nech E — NpOM3BONLAAA KOHCTAHTA HHTCTPHPOBAHHS;
TOYHEe, 3Ta BEJIMIHHA He 3aBHCHT OT BDEMEHH, HO ABJIAETCH
$yurumei momnol Maccel tmapa. Pagwyc mapa R # cam,
OUEBHIHO, 3ABHCHT OT MACCH LMAPA; PAAHYC MIPAET PONb
3RNEPOBO# KOODIWHATH JUIA YACTHNE, Haxoimue#cs Ha
TIOBEPXHOCTH Iapa, a Macca GapHOHOR mapa, KOTOpas He
MEHSETCA CO BPEMEHEM /IS ARBHON JaCTHIUBI, CIYXKHT €¢
NlarpaHxeBoil KOOPIUHATOMH. Bxomainme B nocnemyee cooT-
HOILEHHE KOHCTARTH! A Na10TCA OOLIM COOTHOWEHHEM

14 3p\2 V043w 143w\ ? 1/(1+3w)
e e R

(12)

B XOTOPOM W = p/p A KaXA0H KOMIOHEHTHl KOCMHIECKOH
cpeart. [ng Bakyyma w = —1, s TEMHOTO BEINECTBA M
Gapuonon w = 0, s warysesus w = 1/3; k = 82G/3. Ecrm
IS KAKOTO-TO 3HAYCHHS R H3BECTHLI COOTBETCTBYIOLIHE
3HAYEHHA [LTOTHOCTEH, KOHCTAHTEI A MOTYT OLITH HaljieHbL.
DTH HHTETPANKI CNIyXaT, TakuM obpa3oM, And 3ajanus
HaYanbHLIX yCnoBui B Teopun Ppuamana. Kak sumio n3
(12), nuterpanst A ANs PasHBIX YPaBHEHUH COCTOSHHS
HUMeIOT OAMHAKOBYFO Pa3sMEPHOCTE (fUTHHBI). X 9HCrenmbie
3HAYCHHA OJMIKH APYr K APYTY MO MOPSAXY BEJHYHHBI
 coctapasior 102 —10% cm (cm. manee pasgenm 11, 13).
HMurerpan A ans sewecrsa 6e3 AaBieHns MOABWICS (1
6b11 0603HaweH TakuM o6pasom) B MepBoil KocMonOrHYe-
croil pabore ®puamana [S] (cm. dopmyny (8) s sroit
Knaccuteckoit crathe). Bymem nasnBath muterpanut (12)

JNA pa3sTHIHBIX $HOPM KOCMAYECKON SHEPIHH (pHIMaHOB-
CKHMA HHTErpaaMH.

Kax Bcerna, nepsuit HHTErpan ypaBHEHMI IBIDKEHHA
€CTB 9Hepras, # BesatrAa E B (11) — 310 nonnas MexarRuge-
CKas JHEPrHS YacTHILI B pacyeTe Ha EIHHHIY MAacChl.
Knnernveckass SHEPIHs CTOHT B JICBOH 4aCTH YpaBHEHHS
(12), a nmoTermEamLRaA 3Heprus (06€ ITH IHEPLUH TOXKE
OTHOCKTCH K €ARHHYHOM MacCe) — 3TO BIATAR C NPOTHBONO-
JOXHBIM 3HAKOM CyMMa NEPBLIX YETHIPEX CIATaeMBIX B
npaBoit YacTH 3TOro ypasneHHs. IToxnas sneprus E moxer
ObIThL NONOKHATENLRON, OTPHUATEIBHON WIH PaBHOH HYJIO;
COOTBETCTBYIOINME THIEI [OBHXCHHA OORMHO Ha3BIBAIOT
THNCPOONAIECKHM, S/UIMITHYECKHM H TapaGoIHIeCcKHM.,

3amedarentHo, 4To BO (PHAMAHOBCKOH KOCMOJOIMH
JWHAMHKA pacIumpsroieiics Beenemnoit naercs ypabse-
HHEM TOYHO TOTrO Xe BRM&, YTO H HbIOTOHOBCKHH 3aKOH
coxpaHerns 3uepran (11):

1

la‘2 = Ayla® + Apa~' + dpa”' + 3

1
2 -2 _
3 Ay - Sk (13)

B Teopun ®prmmMana a(t) — macurrabueii dakTop, mpo-
MOPIMOHAIBLEO XOTOPOMY HIMEHSIOTCS BCE DACCTOAHHSA B
pacmEpsioleMcst MHDe; JUIS MoJeneif HeHysneBoit npo-
CTPaHCTBEHHOH KPHBA3HBI 3TA BEJIHIHHA CIYXAT M pPagHy-
COM KPABH3HB! TPEXMEPHOTO NPOCTPAHCTEA. 3HAK KPHBHIHBI
B (13), k=1,0,-1 (juia 3aKpEITOH, IWIOCKOK R OTKpHTOR
Monene, COOTBETCTBEHHO), IPOTHBOIIOIOKEH 3HAKY HOJ-
HOH 2Heprud E B HLIOTOHOBCKOM aHaNore GPAAMAHOBCKOTO
ypasHerus. Mmeercs, TaxuM 06pa3oM, B3AaRMHO-0HO3HAT-
Has CBS3b MEXKAY KPHBA3HOE NPOCTPanCTB2 B HABAMEYC-
CKAM THIIOM KOCMOJIOTHYECKOTO paciuAperus. B nansuedi-
INAX KOCMOJOTHYECKHX ¢opMynax 6GyzeM momp3opaThes
BEJMIHHON a(f) GPHAMAHOBCKOH TCOPHH BMECTO BEITHYHHL!
R({) HEIOTOHOBCKO#i TEOPHH, B JACTHOCTH, B ypapHeHAH (12);
o R fasee NOHAMAETCH d.

Totnoe monobAe PEIATHBHCTCKOIO H HBLIOTOHOBCKOTO
YDaBHeHHH — He IIPOCTasA CIAy4aHHOCTh; 3TO OYEBHAHOE
MpOsBIEHAE B AaHHOM CyJae OFHOTO M3 OCHOBHBIX NpHH-
IANOB TEOPeTHYeCKO# (HIMKH, MPHHIMOA COOTBETCTHHSA,
COT'1aCBO ROTOPOMY HOBas Gosiee 061as TEOPRS BEMOYET
B ce0A B KauecTse NPENENBHOTO WUTH YACTHOTO CIIydas
CTapylo TeopHi0 B OOJacTH ec NpEHMEeHMMOCTH. MoxHO
CYHTaTh, YTO HEIOTOHOBCKHE YPAPHEHHS JIA OJHODOMHOTO
wapa NPEMEHAIOTCH TIPH YCIOBHH, 4TO CKOPOCTB PAcCILHpe-
HHA mapa R ropaso MeHbIll€ CKOPOCTH CBET4, & TpaBHTA-
UMOHHBI MOTEHUHAN Ha MOBEPXHOCTH INapa ropasnao
MCHbLIIE CKOPOCTH CBETa B KBajpaTe. 3t YCIIOBHSA Ofpeie-
JIEHHO BBINOJIHAIOTCK JUIA 1IAapa [JOCTATOYHO MANOro
pamuyca. Ho 8 Mupe Oprvana Bce PaCCTORHAA, CIUTAA H
Majble, HIMEHNIOTCS NPONOPUMOHANBHO MacmrraGaoMy
dakropy afr); crefoBaTeNBLHO, W [N Manoro wmapa R o a.
OTrcrona W BLiTeRaer HeoGXOMMMOCTL TOYHOTO NOAOGRS
YpaBHeEMIt A% g H 1nA R kax QYRR BpeMeHH.

{(CTOHT 3aMeTHTB, 9T0 NIPA HBIOTOHOBCKOM OITHCAHWH
KOCMOJIOTHYECKOTO pacitHpeAdsi 6€3 NapaioRCoB Bee xe He
obxomaTcs. [efCTBHTELHO, ypaBHERHE ABROKERAA (6) 3amH-
CaHO, XaK HYXHO CYHTaTh, B mlepuna.vmﬂoi CHCTEMEC
orcuera. B sroit cucteme vacTHua, HaXOAAINAACK B LICHTPE
paccMaTpHBaEMOTO LIAPA, IOKOUTCH; C HEIO CBA3AHO HaTaI0
xoopauHaT. Ho B omHOporHOM Mupe Bee 6€3 HCKTIOYeHAS
9aCTHUB PRBHONPABHE!, W, 3HAYHT, TOYHO TAKOE X¢ ypas-
HEHHE JABHXEHHS MOXHO 34ITHCATh U B CHCTEME OTcieTa,
CBA3aHHOH ¢ yacTHuel, KOTOPAR HAXOLWTCH, HaPHMEp, Ha
MOBEPXHOCTH TOT'O KE 1mapa. Omxako YacTuia Ha IOBEPXHO-

m
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CTH 11apa ABHXETCH OTHOQCHTEJIBHO €0 LUEHTPA OTHIOAL HEC BYIOLLIEC KpacHoe cMelleHne

paBHOMEpPHO, 4 COTIaCHO YPaBHEHHIO (6), C OTJHYHLIM OT alta) 2y 1/3

HyAR yckopesueM. [ToaToMy o6e cHCTeMBI OTCYET2 HE MOTYT z{ty) = a(tv) -l (p—) -1=0,7. (15)
v D

6bITh OJHOBPEMEHHO HHCDLHAJLHEIMK. DTOT NApafokce
CcHAMaeTCK B obieit TeOpHr OTHOCHTEIBLHOCTH, TAE PaBHO-
NpasBHEI BCe cBOGOMHO MAMAOLIHE CHCTEMBI OTCYETA, T.e.
CHCTEMBI OTCHETA, KOTOPDRIC OMHDAKOTCHA Ha (bHBK“ICCKHC
Tena, GecnpensTCTBEHHO ABIMKYLIHECH B I10JIE TKECTH.)

W3 ypasaenuit (11), (13) MoXHO BUAETE, YTO AUHAMHUYE-
ckast pOJIb BaKyyma PasiiidHA Ha Pa3HBIX JTanax KoCMoIo-
rHYeCKOro paciuMpeHHs. Ha panHMX 3Tanax, npH mansix R
ik a(f) (dopmansHo npu R ox a — 0) cnaraemoe B f1paBoi
4acTH OBGOHX YpaBHEHHil, KOTOpOE OMHCLIBAET BaKyyM,
NOMKHO OBITh MeHbILIE YeTHIPEX JPYTHX CIAraeMblx
(pyR? — 0). 3naunT, Ha STHX FTaNAX PACIUMPEHNS BIMAHHKE
BaKYYMa HeCYIECTBEHHO. B TakoM cydae MOXHO pOHHTe-
rpuposath ypasHenns (11), (13) » npeneGpexenuu Bakyy-
MoMm (cM., Hanpumep, [18]) ¥ Tem caMbiM HaHTH pelleHHe
3a7aYd NPH  YCIOBHM JIHHAMHYECKOTO JQOMMHMPOBAHHS
06LITHOTO BEINECTBA W MAJIYNCHMA. Tak Kax TArOTeHMe
06BLIYHOTO BELECTBA H M3NYYCHHS CO3/3eT OTPHLATENLHOE
yeropenne, R o i < 0, KOCMOJIOTHIECKOE PACLIBPEHAC IPO-
HCXOMHT C 3aMEUICHHEM Ha 3THX PaHHAX STANAax 3BOJIONHA
MHpa.

Tipr GoJbuMX BpEMEHaX pOMb BAaKyyMa CTAHOBATCK
CYLIECTBCHHOM, M, k4R ciedyeT M3 ypasmermmit (11), (13),
PaHO WIM NO3QHO HACTYNZET 3Tall AMHAMHYECKOTO Npeos-
NIa[IaHMsl BARYYMA, KOTZa BaKyyMHOE CnaragMoe B Ipapoit
9aCTH ITHX YPaBHCHMI OKasmiBaeTcs MHOro Gosbmie Tpex
LPYTHX charaeMmeix Cnpasa, ONMCHIBAIOIIHX HEBAKYYMHBIE
KOMIIOHEHTH KOCMHYECKOH cpefml. B 3ToM mnpeaeibHOM
crywae Gonpux BpeMeH (HOpMambHO NpH R o @ — 00)
TATOTEHHEM HEBAKYYMHEIX KOMIIOHEHT MOXHO npeReSpen,
u pelneHue ypasuermit (11), (13) mMeer BUI

a(t) = Avf(1), fl5) =sinh 7'; . exp A_'v ,

ana k= —1,0,+1, cooTBeTcTBeHHO. 34€Ch, KaK W BHILIE,
Av = (kpy) "2 ~ 10% cm ecTs dpumManoBCKmil uHTErpan
JUIA BAKYYMA, TIOSTyqatoLmaics u3 obinero cooTHomeHns (12)
npu w = ~1. HTerpas oKa3kBaeTCs MOCTOAHALIM K03 du-
mueHTOM pemeHnit s k # 0; ecrecTrenno Takxe BHOpaTh
€ro M JUi HOpMUPOBKH MaciuTaGHoro daxropa npu k = 0.

Tak KaK BaKyyM C HONOXHTEbHOH IUIOTHOCTBIO CO3AET
sddexTuBHYIO amTHrpaBuTammio (ero 3ddexTHBHAA rpa-
BHTHPYIOWIAR IUIOTHOCTE Py + 3pv < 0, Kax MBI yXe He pa3
FOBODHIH), yCKOpeHme R ocd OKA3MIBAETCS HOJOKHTENS-
HBIM, KOT/Ia B JMHAMHAKCE PACIIHPECHHA JTOMMHHDPYET BAKYYM,
u penrenve (14) onHCBIBaET KOCMOJIOTHIECKOE PACIIHPEHEE,
KOTOPOE YCROpReTCA cO BpeMeHeM. JIjst Bcex Tpex BapHaH-
TOB MojienH PpHIMaHa, OTBEYAIOMHX TPEM THIIAM [HHA-
MHKH, KOCMOJIOTHYECKOE DaclIAPEHHE IIPOAOJIKALTCH,
cornacHo (14), HeorpauudenHo goiro. B npenene Gompmmx
BpeMeH PacCIUHpeHHe NPOMCXOAMT MO IKCIOHEHIHAILHOMY
3aKOHY JUISt BCEX TPeX BapAaHTOB.

CMeHa 3aMeJUICHHA YCKODEHHEM H NEPEXOd K JOMH-
HHPOBAHMIO BakyyMa B JMHAMHKE KOCMOJOTHYECKOTO
PacCITMpEeHHA  COOTBETCTBYET  PaBEHCTBY  IUTOTHOCTeM
pp + 2pg + 2pp = 2py, KOTOPOE HMEET, OYEBHIHO, TOT Xe
CMBICT, YTO H B CTaTHYeckod momenu OifHmreiiza. Ho B
monenn PpuAMaHa ITO PaBEHCTBO BO3MOXHO TOJNBKO B
OOMH MOMCHT BPEMEHH, H B 3TOT €IMHCTBEHHLI MOMEHT
t =ty yckopenne R o d obpamaerca B Hysnb. CooTBeTCT-

3aeck t) — COBpPeMEHHMIH BO3PACT MHPA; YHCAEHHOE 3HaYe-
HHE KPACHOTO CMEIEHHS IAHO Ui Ha6.I01aeMRIX [UIOTHOC-
Teit (2)-(5).

Kax mbl rosopwm, 3$¢$eEXT KOCMOJOTHIECKOrO YCKO-
DEHMs, OTKPHTLIH B HaGNIONCHWAX CBEPXHOBBIX, NpPO-
SABJIRCTCA B 3aBUCHMOCTH HX Gnecka ot KpacHoOTO cMmelle-
HASA U1 GOMbLUMX KPACHBIX CMEIIEHHA — GonbLinx, HO He
npeBnuaromx z(tv), Kax ¥ JOJOKHO GBITH, NOCKOABKY B
6onee paHHHE BpeMeHA PaCUIMPEHHE HE YCKOPANOCH, a elle
3AMEIVIANIOCE.

B xocmonormdeckom pemiesmu  (14)  xaG6aosckas
noctosuHas ectb d/a=H ~ Ay', npaKTHYecKH BAs
moboro k BCROpe nocne nepexona K JOMHHHPOBAHMIO
paxyyma. Ha cramuu monnoro npeo6najaHMsa pakyyma
nocrosnHas Xa66na He 3aBUCHT OT BPEMEHH H ONpene-
JAAETCA  TOJNLXO 3HAYEHMEM INIOTHOCTH KOCMKMECKOIO
BakyyMa. JIerko NpoBEpHTB, WTO 3Ta CBA3b NOCTORHHOM
Xa66na m IUIOTHOCTH BaKyyMa cornacyercs (B mpefmenax
OUTHOXH H3MEpEHHMI) ¢ M3MEPECHHBLIMH 3HAYCHHAMH 3THX
BeNMYHH (CM. NaHHble, NpHBeAcHHBIC B pasgene 2). Cy-
{ECTBERHO, 9TO pPedb 3ReCh MACT O JBYX HE3ABMCHMEX
THIIAX KOCMOJIOTHIECKAX H3MCPCHKﬁ.

OcraeTcs Teneph 3alMCaTh peileRHe (PHAMaHOBCKOrO
KOCMOJIOTHIecKoro ypasrienns (13) fng Bcex BpeMer:

J(Agla2 +24pa~! + 24pa” + Aka7t - k) da=1.
(16)

3peck MPUHAT 3HAK ILTIOC NEpesi KOPHEM KBaJAPAaTHBIM, Tak
KaK PacCMATPHBAETCA pAacIMpeHHe, 2 He CKAaTHe KOCMMYe-
CROW CpeIbl; B KAUeCTBe Hadalna OTCYETa BPEMCHH MPHHSAT
MOMeHT, koraa a = 0. Petuenne (16) npeacrasneno rpadu-
4eCKH Ha PHC. |, HOCTPOEHHOM B COOTBETCTBHH C IAHHBLIMH O
nocrosuHolt Xabbna ® O MIOTHOCTAX BAKyyMa, TeMHEOro
BewWeCTBa, 6apHOHOB M MATYYEeHHs, IPHBEACHHLIMH B (2)—
(5). Kocmonoruveckoe paclIHpeHHe CTAHOBHTCH YCKODPANO-
IHMCA NIPH ¢ > ty 2 7—8 MIIpA JIET; COBPEMEHHBIH BO3pacT
Mupa f~ 15 mapa ser. B coBpeMennyio anoxy a(fp) ~
~ Ay ~ 10? cm. TlocrienHee npHOGMKEHHOE COOTHOMEHHAE
03HAYaeT COBNAJEHHE PACTYINEH CO BpeMEHEM BETHIHHEI 1)
¢ MOCTOAHHOH ANMMHOH Ay; 3TO ONHO M3 KOCMHYECKHX
COBNAJCHHI, XapaKTEPH3YIOIIHX COBPEMEHHYIO 3IIOXY, H
kak Gyaer mMokazaHoO Zasiee, OHO CYILECTBEHHO TAKKE LIS
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Puc. 1. OpusMaHOoBCKAt MOENh: 3aBHCKMOCTE Macurrabioro ¢axropa
0T BO3pacTa MHpa.





