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GRAVITATIONAL COLLAPSE OF A FLUID WITH TORSION

INTO A UNIVERSE IN A BLACK HOLE

N. Poplawski

PaccmoTpeH rpaBUTaLMOHHBI KONANC B YEPHYIO Ablpy AJst CPeprnHeCcKU-CUMMETPUYHON Xuakol cdepbl co
cnuHoM u kpydeHuem. Vcnonb3ytotcs metpuka TonamaHa u ypasHeHus DiiHwTeiina —KapTana ¢ pensitnsucr-
CKOIl CMUHOBOWN >XUAKOCTbIO B Ka4ecTBE UCTOYHMKA. [lokasaHo, 4TO rpaBMTALMOHHOE OTTaNKMBaHWE 3a CYeT
KPYyYeHNs NPensaTCTBYET NOSIBJAEHNIO CUHTYASIPHOCTM, @ BMECTO Hee BO3HUKAET HECUMHTYNSAPHBIA oTCckoK. Poxae-
H/We KBAHTOBbIX HacTWL, BO BPeMsi CKaTusi CNocobCcTByeT npeobnagaHnio KpydeHust Hag caguramu. Poxgerue
KBaHTOBbIX YaCTuL, BO BPEMSI PACLUMPEHNSI MOXKET NPUBECTU K KOHEYHOMY BpeMeHn nHbAsLMu 1 K obpasosaHuto
oueHb bosbloro Kosnyectsa matepun. [onyyatowascs B pesynsTaTte no ApYryto CTOPOHY FOpU30oHTa COBbITMi
3aMKHYTasi BCEJIEHHAsi MOXET WCMbITaTb HECKONbKO OTCKOKOB. Takasi BCENeHHAasl SIBASIETCS OCLMJINPYIOLLEN,
NPy 3TOM KaxkAblli LMK/ OKa3biBaeTcst bosblue nNpefbigyLwero, 4O TeX nop noka KOCMOJIOTUMYECKasi NOCTOsIHHAS
He BO3PACTET HACTOJIbKO, YTO pacCLUMpEeHNe CTaHeT HeorpaHuyeHHbIM. [1oaToMy MOXKeT okasaTbCs, YTO Halia

BCEJIEHHAsi POAMach B YEPHOIA Abipe.

DOI: 10.31857,/50044451021030068

1. BBEAEHUE

Tenzop kpyueHus: mpeacTaB/sieT COOOW AHTUCHM-
MeTpuuHyo 4Yacth addunuoii csasuocru [1]. Obmas
reopusi ornocuresbaocru (OTO) upeamonaraer, 9ro
3TOT TeH30p obpamaercs B Hyab |2, 3]. Ommako 3a-
KOH COXPaHEHHsI [I0JHOr0 (OpOUTAIBHOIO U CIIMHOBOTO)
MOMEHTA, UMITYJIbCA JUPAKOBCKON JACTHILI B MCKPHB-
JIEHHOM IIPOCTPAHCTBE-BPEMEHU HE JIOJI?KEH IIPOTHBO-
peunTh ypaBHeHuo /upaka, paspenarInemMy CIiMH-0p-
GuranbHble B3aumogelicTBug. g BINOJIHEHUS 3TOrO
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YCJIOBHSI COTJIACOBAHHOCTH HEOOXOAMMO, YTOOBI HA TEH-
30p Kpy4eHHsl He HaKJaJbIBAJIOCh TpeGOBaHNE PABEH-
crBa Hymo [4]. Haubosee mpocToit n ecTecTBeHHOI TEO-
pueit rpasuTarmu, obobmarormeit OTO 3a caer kpyde-
HUSI B TIPOCTPAHCTBE-BPEMEHH, SIBJISIETCSI TEOpUst JitH-
mrefina— Kaprana (9K) [5-8]. B aroit Teopun, pas-
BuToit [IIbsamoit 1 Kub6s1oM, I0THOCTS JlarpaHKuaHa,
JIJTsI TPABUTAIMOHHOTO TIOJIs TIPOTTOPITHOHATBHA, CKAJIsI-
py Puuaan, xax u B8 OTO. Kpyuenune onpenensiercst ¢
MTOMOIIBIO TIOJIEBBIX yPABHEHUI, IOy 9eHHBIX BAPbUPO-
BaHMEM JeHCTBHA /IS TPABUTAIMA U MATEPHHU II0 TEH-
30py kpydeHus [5-8|. TeH30p KpyUeHUs] OKA3BIBAETCSI
aarebpanvIecKn MPOIOPITHOHAIEH CIHHOBOMY TEH30DY
dEepPMHUOHHOI MaTEpHUH, TaK UTO KPYUEHHE OKA3LIBAECT-
cs1 HegmHaMudecknM. Torma ypasaenust 9K MoxKHO 11e-
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permcarhb Kak ypasaenus OTO ¢ cumMeTpuaHOl CBSA3-
HocTowIo JleBu — YuBuTa, I/1e TEH30D SHEPTUU-UMITYJIHCA
MaTepuu ITPUOOPETAET JIONOJHATEIbHBIE YIEHBI, KBaJl-
pATHYHBIE TI0 CIIMHOBOMY TeH30py. [loaTomy B Teopuu
9K Her JMyXoB, KOTOPBIE MOTYT NMPOSBIATHCS B JPYTHX
TEOPUSIX ¢ KPYUEHUEM, B KOTOPBIX KPYUEHUE sIBJISIETCSI
pacnpocrpansonmmest [9]. MyabrunosnsHoe pasiioxke-
HUE 3aKOHA COXPAHEHUS JIJIsd CIIMHOBOI'O TEH30DA B TEO-
pun K npupoauT K npeacTapiaeHnio (hepMUOHHON Ma-
TEPHUU KaK CIMHOBOM XKUJKOCTH (H1eaJIbHOM XKIJIKOCTH
co cnunom) [10].

Kpyduenme MOXKeT MOpPOXKIATH T'PABUTAIIMOHHOE
OTTAJIKMBAHUE W TPENSITCTBOBATH BO3HUKHOBEHUIO
KOCMOJIOTUYECKOl CHHIYJIAPHOCTH B OJHOPOJHON U
U30TPOIIHOM  BCEJIEHHOH, ONIUCBIBAEMOU  METPUKON
Dpunmana — Jlemerpa—Pobeprcona— Yokepa (DJIPY)
[2,3,5,11], xorma cnmHBl HEPMUOHOB COHATIPABJIEHBI,
qro ObIIO mOKasaHo B paborax [12-14]. Cumry-
JISPHOCTH MOXKET OTCYTCTBOBATH W JJISI  CJIyYaiHO
OPUEHTMPOBAHHBIX CIIMHOB, IIOCKOJBKY MAaKPOCKO-
[IUYECKOe YCPEJHEHUE CIMHOBBIX YJIEHOB B TEH30DE
SHEPrUM-UMITYJIbCA JIA€T HEHYJIeBOE 3HAYCHUE, UTO
6b10 nosydeno B pabore [15]. Beipaxkenus s -
(PEKTUBHBIX TJIOTHOCTH SHEPIHH U JIABJICHHs CIIMHOBOM
JKUJIKOCTU UMEIOT BUJ,

(1)

IJIe € U P — TEPMOJMHAMUIECKHE IIJIOTHOCTh SHEPIUU
U JaBJIEHHE, Nf — UIHCAEHHAs IJIOTHOCTH (PePMUOHOB,
a a = r(hc)?/32 [15-18], k = 87G/ct. Tlpn HusKUX
IJIOTHOCTSIX BJIMSIHUEM KPYYEeHUsI MOXKHO IpeHeOpeUb,
u teopusi DK sdpdexrusno csomurcs k OTO. Ilpu
OYEHb BBICOKUX ILJIOTHOCTSX, CYIIECTBEHHO OOJIBIINX,

€:efom?c, ﬁ:p—om?c,

YeM sJIEPHAs ILUIOTHOCTH, OTPUIATE/LHBIE MOMPABKA
B BblpakeHuax (1), oOycsoBieHHbIE B3auMOjeiicTBU-
€M CIUH-KPYYeHHEe, HAPYIIAT CHJIbHOE YHEpPreThYe-
CKO€ YCJIOBHE W JEHCTBYIOT KaK OTTAJKHBAIOIIAA I'Pa-
BUTAIA, YTO MOYKET IIPENATCTBOBATD BO3HUKHOBEHHIO
KOCMOJIOTHYIeCKol cuurynsproctr [17-20]. Anamorny-
HO, KOJIJIAIICUPYIOIIAsi MAT€PHs B Y4EPHOI JbIpe, KOTO-
PYIO MO2KHO IIPEJICTABUTH C ToMoIbIo MmeTpuku PJIPY,
TaKKe JOJZKHA IPENATCTBOBATE OABJICHUIO CUHTYJIAD-
HOCTH, BMECTO 3TOIO BO3HUKAET HECHUHIYJISIPHBIA OT-
CKOK, TI0CJI€ KOTOPOT'O JIOJ?KHA BOSHUKHYTH HOBas Pac-
[MIUPSAIOAsCA 3aMKHyTas BeeseHnas [17-20], momxas
9HEpI'Hs KOTOPOii pasHa Hymmo [21].

Ecyn B 9epHOii ABIpE 1O APYTYIO CTOPOHY MOPH30H-
Ta COOBITHII BO3HUKAET HOBOPOZKICHHASA BCEJICHHAA, TO
OHA JIOJIKHA OBITh CBS3aHA C IOPOIUBIIEH e BCeJICHHON
4yepe3 Mocr Ditainreiin — Posena [22]. BosnukHaoBeHue
U IIOCJIEAYIONIYI0 JIUHAMHUKY TAaKOl BCEJEHHOU HEBO3-
MOKHO HaOJIIOIATh CHAPYYKYU YEPHOH JBIPbI U3-3a 0ec-

5 2KIT®, b 3
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KOHEYHON BEJMYUHBI KPACHOTO CMEIIEHUs] HA FOPU30H-
Te cobbrruii. Torma, eciu Hama BCEIEHHAs SBJISIETCS
3aMKHYTOIi [23]|, TO OHA MOIJIA BOBHUKHYTH KaK HOBO-
POKJIEHHAST BCEJIEHHAST IPU OTCKOKE BHYTPHU POJIATE b~
CKOII 4epHO#l AbIpbI, CYLIECTBYIONIEH B Apyroil BCeJieH-
Hoii [17,19,22,24]. PoxieHue KBAHTOBBIX YaCTHIL IIOCJIe
OTCKOKa MOKET CIIOCOOCTBOBATH TOMY, YTO IKCIIOHEH-
nuaabHast HHQIAIUS J0JKHA 3aKOHUYNTHCS B TeYeHUe
KOHEYHOTO Iieprojia Bpemern [17], uro noxreepxaaer-
¢s1 HABJTIOIEHUAAME KOCMIYIECKOTO MUKPOBOJTHOBOTO (hO-
Ha ¢ noMolpio reseckona «Ilnanks [25]. Hecunryssap-
HBII OTCKOK TAK¥Keé BO3MOKEH, €CJIM CIMHOBBINA TEH30D
HOJTHOCTBIO AHTHCUMMETpUIeH [26].

Db dexts kpyuenus B Teopun IK oueHnb cirabbi
U UTPAIOT CYIIECTBEHHYIO POJIb B aCTPOMU3UKE TOJIb-
KO JIJIsl YePHBIX JBIp WJIU JIJIsi OUYeHb PaHHell BCeseH-
noit. Hampumep, KpydeHrneM MOKHO OOBACHUTD ACAM-
METPHIO KOJMIECTBA MATEPUHA U AHTUMATEPHA BO BCE-
seHHOH [27]. B KBaHTOBOI TEOpUM TOJISI C IIOMOIIBIO
KPYUYEeHHs] MOXKHO IIOJIBEPTHYTH (DEPMUOHBI IIPOCTPAH-
CTBEHHOMY pacimpenuio [7] (BeposaTHO, B Oy/IyIeM 310
MOKHO OyJIeT UCCJIE0BATH) U UCKJIOUATH YIbTpaduo-
JIETOBYIO PACXOJIUMOCTD U3 PAJIUAIMOHHBIX MONPABOK,
IIPEJICTABJIEHHBIX TETIeBbIMU auarpammamu Deitamva-
Ha [28].

B nacrosimeii pabore B paMkax Teopun K mbr pac-
CMATPUBAEM I'PABUTAIMOHHBIN KOJLIAIIC CPepbl, COCTO-
Aleid U3 OJHOPOAHOM CHUHOBOM »KUJKOCTH, MCXOHO
HaXO/ISIIENCs B COCTOSHUI OKOsI. TaKoi KoJLIalC uc-
caesioBasicst B pabore [29] B NpeJIOIoKeHNN, ITO UH-
TepBaJl BHYTPU KOJUIAIICUPYIOMIEH KUIKOCTU 3aJaeT-
cs merpukoit @®JIPY. B sroit pabore, kaxk u B pabo-
Tax [19,20], 66110 TOKA3AHO, ITO MOKHO U36€KATH BO3-
HUKHOBEHUSI CHHTYJISIPHOCTH B IMPOCTPAHCTBE-BPEMEHH
C METPHKOIl B NPUCYTCTBUU CHUHOBOH kujakoctu. O1-
HaKO TaM He ObLIN PacCMOTPeHBI 3(PMEKTH CABUTA,
JIeHCTBYTOIINE TIPOTUBOIIOJIOKHO KpyueHnoo [14], mpe-
HMATCTBYOMEMY BOSHUKHOBEHUIO CUHTYIIpHOCTH. Kpo-
Me TOro, B pabore [29] He GBLIO UCCIETOBAHO, ITO TIPO-
HCXOJIAT CO CIIMHOBOM KUJIKOCTBIO TIOCJIE OTCKOKA, KO-
ria hbopMUPYeTCs FOPU30HT COOBITHI, & OBLI PACCMOT-
PEH TOJBKO ciiydait 6e3 TOpU30HTa, KOTOPBI peann3y-
€TCs1, KOIJIa MCXOHAS MACCa KUIKOH chepbl MEHbIIIe
HEKOTOPOI'o I0pora (Takoe 3aKJIFUeHHe OBLIO Cliesia-
HO panee B pabore [7]). Korja dbopmupyercst ropusoHT
COOBITHIH, KUJTKOCTH HE MOXKET TOIMacTh 0OPATHO B 00-
JIACTH IPOCTPAHCTBA CHAPY?KU T'OPU30HTA, MOCKOJILKY
MaTepUsl IIPOXOJUT 9Yepe3 TOPU30HT TOJILKO B OJHOM
Hanpasiennu [3]. Bosiee Toro, ona He MOXKeT JOCTHYDL
CTATHIECKOTO COCTOSTHUSI, IOTOMY 9TO MPOCTPAHCTBO-
BpeMsI BHYTPHU T'OPU30HTa COOBLITHIl SIBISETCA HECTa-
MUOHAPHBIM. 1[09TOMY CHMHOBas >KHJKOCTL IO JIPY-
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I'yIO CTOPOHY TOPU30HTA COOBITUH JIOJIXKHA PACIIIAPATE-
csl Kak HOBasl, pacTylnas BeejaeHHas [19)].

Y106Bl PacCMOTPETh TI'PABUTAIMOHHBIA KOJLIATIC
cdepbl, COCTOATIENR U3 CITUHOBOM XKUIKOCTH, B IEPHYIO
JIBIPY, BOCIIOJIB3YEMCsI TIOJIXOJOM, MPEJJIOKEHHBIM B
pabore [3| mig JeTaabHOrO aHAJIN3a KOJUIAICA IMbLIEe-
BUIHOI cdepbl, KOTOPBIT B CBOIO OYepe/ib, OCHOBAH
Ha paGorax [30] u [31]. Dror dopmanusm CBA3BIBACT
MCXOJTHBIN MaCIITaOHbBII MHOXKHUTEJIb BCEJICHHON BHYT-
PU 4YEepHOIl ABIpBI C UCXOJHBIMHU PAJUyCOM U MAaCCOM
9epHOl JBIpbl. B OTCyTCTBHE TPaJMEeHTOB JIABJICHUS
TAKO! KOJIJIATIC MOXKHO OIHCHLIBATH B CHCTEME OTCIETA,
SIBJISTFOITIENCST OJTHOBPEMEHHO CHHXPOHHOM U COIYTCTBY-
fomeit [3]. Bymem wucnosmszoBats merpuky Tommana
[30,31] u mosieBble ypasHeHust 9K ¢ pesiTHBUCTCKOMN
CIIMHOBO JKIJIKOCTBIO B KAYEeCTBE MCTOYHUKA. Bysem
TaK»Ke WCIOJIb30BATh TEMIIEPATYDY sl  OMUCAHUS
SHEPruu, JABJIEHUs U TJIOTHOCTH YnCjIa (DEPMUOHOB B
pensTUBUCTCKON kuakocTr [17]. Mbl mokazkem, 49ro
ocie (pOPMUPOBAHMS TOPU3OHTA COOBITHII T'PABUTA-
[IHOHHOE OTTAJIKUBAHUE MIPEISATCTBYET BOSHUKHOBEHUIO
CUHTYJISPHOCTH, BMECTO Hee BO3HUKAET HECHUHTYJISIP-
=Bl 0TCKOK. OOpasymomasicsi B pe3y/ibrare 1o JIPYryio
CTOPOHY TOpPU30HTa COOBITHI BCEJIEHHAS] SIBJISETCS
3aMKHYTOW W MOYKET WCIBITATh OECKOHEYHOE YHCJIO
OTCKOKOB U IIMKJIOB. B OTCyTCTBUE KpyUYeHUsl JOJIXKHA
BOBHUKATH CHHTYJISTPHOCTD, & METPUKA JTOJIZKHA OTHCHI-
BaThbCs BHYTpeHHUM pertenuem IlIBaprumumibia, mpu
9TOM OHa IKBHBaJjIeHTHA MeTpuke KaHTOBCKH—3aKca,
OTIMCHIBAIONIEH AHU3OTPOITHYIO BCEJIEHHAsT C TOMOJIO-
reit R x S? [32]. Biaromaps KpydeHHio BceseHHas
BHYTPU YEPHOH JBIPHI CTAHOBUTCS 3aMKHYTOH C
tonosiorueit S (3-cdepa).

[TockosibKy HajM4YUe CABUTOB MOXKET IOMEIIaTh
KDYUeHUI0 M30erHyTh CUHYJIspHOCTH [14], MBI Gymem
YYUTHIBATH POYKJIEHUE KBAHTOBBIX YACTHUI], KOTOPOE
[TPOUCXO/IUT B M3MEHSIONTUXCST TPABUTAIIMOHHBIX TOJISIX
[33], n mokazkem, 9TO IPU STOM MPOSIBIISIIOTCS JIBa 3-
dekTa. Bo BpeMmst cxkaTus pOXKIEHWE UYACTHUI] U KPY-
YeHne, JeHCTBYsT COBMECTHO, N3MEHSIIOT Ha IIPOTHBOIIO-
JIO)KHOE T'DABHUTAIMOHHOE IIPUTSKEHUE, MOPOXKICHHOE
CABUTAMHU, U MPEHSITCTBYIOT BOSHUKHOBEHUIO CUHTYJISIP-
HOCTH. BO BpeMmst paciupeHust TO ¥Ke PO JI€HIe TaCTHIL
MOXKET IPUBECTU K KOHEYHOMY BpeMEHU WHMJISAINAN U
K 00pa30BaHUIO OY€Hb OOJIBIIION0 KOJNIEeCTBa MATEPUH.
CoOOTBETCTBEHHO, TPU TOM KAXKJBIA MK OKA3bIBa-
ercsa Gospine w jymmHHEEE Tpeabiayero [17,34]. Yuc-
JIO OTCKOKOB W IIMKJIOB KOHEYHO, TIOCKOJIbKY BCEJIEH-
Hasl B KOHIIe KOHIOB JIOCTUTAET pa3Mepa, IPU KOTOPOM
KOCMOJIOIMYECKasl TIOCTOSHHAS (KOTOPYIO TAK¥Ke MOXK-
HO OOBACHAUTH KpydeHneM [35]) BO3pacTeT HACTOIBKO,
YTO PaCHINPEHNE CTAHET HEOTPAHUIEHHBIM.

2. TPABUTAIIMOHHBIN KOJIJIAIIC
OJHOPOJHOI CP®EPHI

Hns cepruaecKkn-CMMMETPIYHOTO TPABATAIIMOHHO-
ro MOJIsI B MPOCTPAHCTBE-BPEMEHH, 3AIIOJHEHHOM W16
AJIBHOII JKHUJIKOCTBIO, P€OMETPUSI OIIPEJIeJISeTCsT METPY-
koit Tomvana [3,30]:

d82 _ GV(T’R)C2dT2 _ ek(T,R)dRQ _

— MR (dh2 + sin? 0 dg?), (2)

rae v, A u 4 — DYHKIUM BPEMEHHOH KOODJMHATHI T U
pauanbHOil KoopauHaThl R. MoXKHO mpuMeHUTDH Tpe-
obpaszosanue koopauHat T — 7' (7) u R — R'(R), KoTo-
poe He MengieT By Merprku (2). KommonenTsr Terzopa
Qitamreiina, coorBeTcTByIomue (2) U He 0OpAIIAOIIH-
ecs B HyJlb, UMeoT Buj [3,30]

3 12 /)\/
Gg = —e_)‘ (u”_i_ L —_ u_) +

4 2
—v /12
Z (Ap+ = —h
+ 5 <u+ 2)+€ ;
- 2
W
Gi=— (7 “’”’) +
+e (u 5 + 1 )+6 , (3)
G§:G§=—T(Xu+gy—m—ﬁ—
A -
— N2 = 2ji— ) = = x
> (21/”4—1//2—|—2ILLN—|—ILL/2—,LL//\/—I//)\/—F,LL/I//),
1 €_>\ ./ . \ /! .0
Go = —= (20" + o’ = M’ — '),

e Touka obo3HadaeT audGEepeHnpoOBaHue IO CT, a
mrpux — auddepenimposanne o R.

B comyrcrBytormeit cucreme orcuera mpOCTPAHCT-
BEHHbIE KOMITOHEHTHI 4-ckopocTu u! obparmmatorcs B
Hysab. Torna HeHysieBble KOMIIOHEHTBI TEH30pa SHEpP-
TUU-UMITYJIbCA JJIs CIIMHOBOM KMIKOCTH,

T, = (€ +ﬁ)u,uuv — PYuvs

AMEIOT BU/JL
0 _ ~
Ty =€,
1_ g2 _m3 _ _ =
T =T5 =15 = —p.
ITosnesble ypaBuenus Ditamrreitna
[Ta— T
Gl = KkT)
B TaKOil cucremMe oTcyueTa INPUHUMAIOT BUJL
G8 = K€,

Gl =G3=G3=—kp, Gi=0. (4
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KosapuanTnoe coxpanenne TeH30pa IHEPTUU-UMITY/Ib-
ca JiaeT

2% 2
=

A+2:U“:_ﬁ7 - T = =~
€E+Dp €E+Dp

(5)

IJle MOCTOSIHHBIE HHTEIPUPOBAHUSI 3aBUCST OT JOIYCTHU-
MBIX IIPeoOpPa30BaHMIA

7= 7'(7)

R — R'(R).

Ecsu nasienne oHOPOLHO (OTCYTCTBYIOT MPAUEH-
Tl fasserns), To p’ = 0 u p = p(7). B sTom cayuae
Bropoe ypasaenue B (5) naer v/ = 0. [Tosromy v = v(7)
u npeobpazoBanue T — 7' (T) JeJaer v PaBHBIM HYJIIO,
a gop = €” paBHbIM equHuIe. CHcTeMa OTCYeTa CTAHO-
BuTCA cHHXpOHHOI [3]. Econ mostoxxurs

r(r,R) = e“/Q,
T0 (2) npumer Bu

ds? = 2dr? — MR gR? —

—12(7, R)(d6? +sin® 9 d¢?).  (6)

VYpasuenust itamreiina (3) NpUHAMAOT BUJL

-
. e [
KE = —T—Q(2rr"+r'2—r7“’)\')+r—2(rr)\+r2+1),

o1 —A,2 L2
Kp = ’I”Q( e~ 4 207 + 77 + 1), )
Y /\ 1. 9
Y ay W V) NRAANT Wit N il
T T 2 T

2% — \r’ = 0.

Wurerpupys nocsennee ypasaerue B (7), moaydaem

/2

A T
et = ———, 8
1+ f(R) ®)
rne f — dyukmua R, yIoBIeTBOPSIOIAas YCIOBUIO

1+ f > 0 [3]. [Hoacranoska (8) BO BTOpOE U3 ypas-
Henuit (7) naer

2 4+ 72 — f = —rpr?,

OTKYyJIa
i? = f(R) + —F(TR) - ; / pridr, (9)

rme F' — momoxurenbuas dyuknusa R. Ilogcranoska
(8) B Tperbe u3 ypasHenuit (7) He NPUBOJIUT K HOBLIM

coorHomeHusiM. Ilojcrasisis (8) B mepBoe n3 ypasHe-
Huit (7) n ucnonbays (9), nosrydaem

F'(R)

Kombunupyst (9) u (10), nomyuaem
R
2 = f(R) + f/gr%’dR. (11)
r
0

Kaxmass wactuna B KOJUIAIICHPYIONMIEH KUJIKOM
cdhepe MpeCcTaBIsgeTCsa PaInaabHON KoopanHaToit R,
usmensitomieiics or 0 (B nenrpe cdepsi) g0 Ry (1a no-
Bepxuoctu cdepsi). Eciiu M — macca cdepsl, To paau-
yc dopMmupyiorieiics u3 chepbl depHoit apipsl [1IBapir-
nmibaa, v, = 2GM/c?, pasen [3]

Ro
ryg =k [ &r’r'dR. (12)

0

Vpasuenust (11) u (12) mator

-2 Tg
Ry) = f(R . 13
(. Ro) = (o) + % (13)
Eciun rg = r(0,Ry) — mavanbHblil pajguyc cdepbl u

cdepa UCXOMHO HAXOIUIACH B COCTOSTHUM TIOKOSI, TO
7(0, Ry) = 0.

Torga (13) oupenensier 3nadenue Ry:

f(Ro) = ——. (14)

3. BECCIIMHOBAHM IIBIJIEBUJTHA A CPEPA

[Ipexk e, yem 0OPATUTHCS K TPABUTAIIMOHHOMY KOJI-
Jraricy cepsbl, COCTOSIIIEH U3 CIIUHOBOM KUIKOCTH, IO~
JIE3HO PACCMOTPETH OECCITMHOBYIO MBLIEBUIHYIO chepy,
JJIsE KOTOPO#l JIaBJIeHe O0PAIIaeTCcs B HYJIb U [TO3TOMY
p = 0. Ioxcrapass (10) B (12), mosygaem

rg = F(Ro) — F(0) = F(Ro), (15)

OTKY/la MOYKHO ompeneaunts Ry. Eciun f < 0, To ypas-
uenue (9) umeer pereHne

F
r= _ﬁ(l + cosn),

- (16)
T — TQ(R) = W(ﬁ + Sin?’]),

riae n — napamerp, a 7o(R) — dynxmus R [3,30]. Ber-
bupast

5*
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sin? R, F(R) = agsin® R,

To(R) = const,

F(R) -

oJIyqaem

r= %sinR(l—i—cosn), T—Tp = %(77+Sin77), (18)

rae ag — mocrosiHHas [3]. VI3sHawasbHO, Tpu T
u 1 = 0, chepa HaxomuTcss B cocTosiHUU TIOKOs, 7 = 0.
O4eBuIHO, YTO Y€pPE3 KOHETHOE BPEMSI BCE TACTHUIIBI 0~
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CTUrHYT cuHryaapHocTy npu r = 0. SHadenus ap u Ry
MOXKHO onpejenutsb u3 (14), (15) u (17):
Yo

T

Topusonr cobwrTuit st Beeit cdepsr opmupyercs,

3

g

KOT'JIa
r(7, Ro) = rg,

T. €. IpH
cos(n/2) = sin Ry.

Moncrapnss (17) u (18) B (8), mosyuaem
M) = 62(1 4 cosn)?/4.
Ecan onpenennts

ao
a(t) = 7(1 + cosn), (20)
TO KBaJIpaT WHMUHUTE3UMAJIHLHOTO WHTEPBAJIA BHYTPU
KOJIIATICUPYOTTIElt TbIIeBUIHOM cdepbl (6) cTaHOBUTCSI
pageH [3]

ds* = 2dr* — a*(1)dR? —

—a®(r)sin® R(d6” + sin® 0 d¢?).  (21)
HawanbHoe 3natenne a paBHO ag. Takas MeTpUKa siBJIs-
ercs 3aMKHyTO# MeTpukoit @®JIPY u onmceiBaeT 9acThb
3aMKHyTOI BeesenHoit nmpu 0 < R < Ry.

4. COEPA U3 CIIMHOBOM »KUJAKOCTU

IIepeitmem K OCHOBHOM YaCTH PAOOTHI K PACCMOTPIM
TPaBUTAITMOHHBIN KOJLIAIC Cephbl, COCTOSIIEH U3 CIIu-
HOBOM KUJIKOCTH, ITOOBI TOKA3aTh, KaK (DOPMHUPYETCS
HeCHHIY/IpHas Beenennas. Iloncrapusas r = et/ u (8)
B IlepBoe W3 ypasHeHuit (5), moyvaeM ypaBHEHHE

d
(r2r’

e

KOTOpO€ mMeeT BHUJ IIEPBOTIO0 3aKOHa TEPMOIWMHAMHWUKH

d
(@) +p 0, (22)

JUIst TIoTHOCTH SHeprun u jasmenus (1) [17]. Ecam
NPE/IIOIOKATD, 9TO CINHOBAS KUJKOCTH COCTOUT W3
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YABTPAPEIATUBUCTCKON MaTE€PUU B COCTOSTHUN KMHETH-
9eCKOr'o paBHOBECHS, TO

e = hT?,
p=¢€/3
nu
TLf = hnfTB,

e T — TemiepaTrypa YKUJIKOCTH,

hi = (72 /30) (g0 + (7/8)g5) kb / (hc)®

hng = (C(3)/7%)(3/4)g7k} / (he),
eM. [17,18]. s wactun B pamkax Crasamapraoit Mose-
m gy = 29 u gy = 90. ITockompky p’ = 0, TeMIepaTypa
He 3asucut or R, T = T(7). Iloacrapisiss 5T COOTHO-
menHnst B (22), moaydaem

r2r'T% = g(R), (23)

rae g — dbyuknus R. Iloxcrasisia 370 ypaBHeHne B
(11), mosyuaem

R
f(R) + ;(h*T‘* —ahl ;T°) / r2r'dR.  (24)
0

7;2

VYpasuenust (23) u (24) onpenensitor dynkuuio (7, R),
koropast ¢ yderom (8) maer A(r, R). Uurerpuposa-
HUe ypaBHeHUs (24) TakzKe JlaeT HaYaJIbHOE 3HAUCHUE
To(R). Takum obpaszom, merpuka (6) 3aBucUT OT Tpex
npousBosbHbIX dyrKwmit: f(R), g(R) u 70(R).

Bynem uckarp pemenne ypasrenuit (23) u (24) B
BUJIE

f(R) sin? R,

rie a(T) — HeoTpunarebHas QyHKIMs T. Takol BbI-
60p aHAJIOTMYEH CJIydYal0 MbLIEBUIHON cdephl: mepBoe

r(r,R) = a(1)sin R, (25)

u3 ypasaenuii (17), nepsoe u3 ypasuennii (18) u ypas-
uenre (20). Torma 3 ypasnenus (23) nosydaem

a®*T3sin? Rcos R = g(R), (26)
rJie pasjiejieHre ITepeMeHHbIX T U R jtaet
g(R) = const - sin? Rcos R, a>T? = const. (27)
Orcrona HAXOIUM
T H
T=aTo, =+—-=0 28
a aolo, T + c , (28)

rue a9 = a(0), To = T(0), a H = ca/a — napamerp
Xa66a. [oacrasmusis (25) B (24), nomygaem
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a*+1= g(h*T‘l — ah?,T%)a>. (29)
Ucnonb3ys (28), u3 (29) moayuaem
4 4 2 66
=14 g h*zg a ahnéfo g (30)
Toxncrasnsis (25) B (8), nomydaem
AR 2
Torma xBajpaT WHGUHATE3UMAJILHOTO WHTEPBAJIA

BHYTPH KOJLIAIICUPYIOINIeil cdephbl M3 CIIMHOBOW KUJI-
KocTH (6) TakzKe Ompe/iessieTcs: BbipaykenueM (21).

Buauenust ag u Ry MoxHO omnpenenuth u3 (14) u
(25), uro Takxke maer Boipaxkerus (19). IToxcrapisst
nx u a(0) = 0 B (29), rjie MOXKHO MpeHeOPeYb BTOPHIM
YIEHOM B IIPABOI YaCTH, HOJIydaeM

Mc? = (47/3)r3h, Ty

DTO COOTHOIEHHME YKA3BIBAET HA SKBHUBAJEHTHOCTH
MaCChI U SHEPTUU KUJKON chephbl paJmyca T U ¢ OIpe-
JeaeHHbIM 3HadeHneM 1p. [opu3oHT coOLITHIA AJIs TTOJI-
Hoit cdepsl dopmupyercs, korga (T, Rg) = 14, 910
skBUBaeHTHO a = (r,70)'/?. Ypasuenue (30) umeer
JIBe TOYKM 110BOpOTa, ¢ = 0, 1pu ycsouu [18]

Tg

3G,

Ve (31)

2
X lPlanck7

KOTOpPO€ BBIMOJIHEHO I aCTPOMUINIECKUX CHUCTEM,
GOpMUPYIONUX YE€PHBIE JBIPHI.

5. UISBBETAHUWE CUHI'VJIAPHOCTNA

Vpasuenre (30) MOXKHO DEIIUTH AHAJIUTUIECKU B
TePMUHAX SJIIMITHYECKUX HHTErPAJIOB BTOPOIO POJa
[18], 3anaBast byukmumio a(7), Toraa

r(7,R) = a(7) sin R.

3HaveHNe a HUKOTJIa He CTAHOBUTCS PABHBIM HYJIIO, TI0-
CKOJIBKY G yOBIBaeT, IIPM 9TOM IIpaBas 4acTb ypaBHe-
Hust (30) CTAHOBUTCSI OTPUNATENBHOM, ITO TPOTUBOPE-
9AT TOMY, 9TO JieBas JacThb HeoTpurareabaa. Cmena
3HAKA IIPOUCXOUT IIPH
1/2
a < (rgro)t?,
T. €. Iocjie GOPMUPOBAHUS TOPU30HTA cOOBITHI. [To3TO-
My Bce gacTurisl ¢ R > 0 mamaioT Ha TOPU30HT COOBITHIA,
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HO HUKOTJIa He JOCTUraioT 3uadenus r = 0 (euHCTBEH-
Hasl YACTHUIA B IEHTPE — ITO YACTHUIA, KOTOPAsT UCXOJI-
HO HAXOJIUJIACH B TleHTpe, ipu R = 0). DT0 npensarcTsy-
€T BO3HUKHOBEHUIO CUHTYJIsipHOCTH. HenysieBble 3naqe-
HUd @ B BhipazkeHun (21) 3a7a10T KOHEUHbIE 3HAYECHU
T u, COOTBETCTBEHHO, KOHEYHBIC 3HAYCHUA €, P U N .
Bceemennas, obpa3syroriasics B pe3yabTaTe IO JIpy-
IyI0 CTOPOHY TOPHU30HTA COOBITHII, NUMEET 3aMKHYTYIO
reoMeTpuio (IIOCTOSTHHYIO TIOJIOKATEIbHYI0 KPUBU3HY ).
Bemmuunna a(7) sBisiercss MacimiTaGHBIM MHOXKHTEJIEM
JJ1 9TON BcesleHHOM. Beeslennast IBasSeTCsS OCIIUIIUDY-
OIEl: 3HAYEHUS ¢ OCIUJIIUPYIOT MEXKLY JIBYMSI TOUKa-
Mu noBopora. 3Hadenust Ry ne mensitorcs. Touka moBo-
pota, B KOTOpOoii d > (), COOTBETCTBYET OTCKOKY, & TOUKa
IOBOpOTa, B KoTopoit d < 0 — cxyionsBanuio. [loaTomy
BCeJIEHHASI UCHBITHIBAET OECKOHEYHOE YHCJIO OTCKOKOB
U CXJIOIIBIBAHUI, U 3TO IPOUCXOIUT B KAXKJIOM ITHKJIE.
Vpasuenne Paitaaynxypu 1y KOHIDYEHITUU Teoie-
3uvecKnX 0e3 4-yCKOPEeHUs W BPAIEHUS UMeeT BU]L

df/ds = -0 /3 — 20 — R, utu”,

rae 0 — cKajJIAp paCHIIpPEeHHs, o2

— CIBUT'OBBII CKa-
asp, a Ry, — rensop Puuun [8]. s crimaOBOM Kujt-
KOCTH TIOCJIEIHEE CJIAraeMOe B 9TOM YPABHEHHU PABHO
—k(€+ 3p)/2. TIoaToMy HEOOXOUMBIM U JJOCTATOTHBIM
YCJIOBHEM HM30ETaHus CUHTYJIAPHOCTH B YIE€PHON JBIpe

SIBJIsIETCA CJIeJIyIoniee:
—k(E+3p)/2 > 207

Jutst cmydast pesiiTUBUCTCKOM CIIMHOBOI 2KUJIKOCTH, P =
= ¢/3, 9T0 yCJI0BUE FKBUBAJIEHTHO CJIEIYIONIEMY:

2/4:0471? > 207 + ke. (32)

B orcyTcTBue KpyUeHnUs JieBast 9acTh HepaseHeTBa (32)
TakKe OTCYTCTBYET, IIO3TOMY OHO HE MOYXKET OBITH YI0-
BJIETBOPEHO, B Pe3yJIbTaTe 00pa3yeTcsl CUHIYIISPHOCTD.
IlosroMy HanMMYME KPydeHUs SIBJISETCS 00A3aTEIbHBIM
YCJIOBHEM [IjTsi TTPEIOTBPAIEHNS] BO3HUKHOBEHUS CUH-
ryJIsipHOCTH. B OTCyTCTBHE CABUTOB 9TO YCJIOBUE SIBJISI-
€TCsl TaKXKe JI0CTATOYHBIM.

Ciydail HaJU4IUsT CABUTOB IIPOTHBOIIOJIOXKEH CJIy-
Jaro Hamaus Kpydenus. CIBUTOBBII CKAJIAp 02 PACTeT
C yMeHbIIeHneM a Kak o< a~°, T.e. 1o ToMy ke cTereH-
HOMY 3aKOHY, 4TO U n? Ilosromy, eciu B HaYAJIBHBIHI
MOMEHT BPEMEHH B HepaBeHCTBe (32) caraeMoe, CooT-
BETCTBYIOIIIEE C/IBUI'AM, IIPEO0JIAIAI0 HAJI CJIaraeMbIM,
COOTBETCTBYIONIUM KPYIEHUIO, TO OHO Oy/eT mpeobia-
JaTh 1 Ha OoJiee MO3IHUX BPEeMEHAX BO BPEMsl C2KATHUU,
B pe3y/bTaTe BO3HUKHET CUHTYJISPHOCTD. J[Jist mpemoT-
BpAIlleHUs BOSHUKHOBEHHUS CUHIYJISPHOCTUA IPU HAJIU-
91U CABUTOB BEJIMUMHA, n? JIOJIZKHA PACTH OBbICTPee, YeM
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x a5, IlosToMy B 4epHOH IBIpE BO BpEMsS CXKATHS
JOJIZKHBI POXKIATHCS (PEPMUOHBI.

6. POXKJIEHUE YACTUIL

Bo Bpemsi CKaTHsl WIM DACIIMPEHHsl BCEJEHHOM
TeMIT poXKeHnst JacTull [33] MoxkHO onmcaTh (eHOME-
HOJIOTUIECKU:

1 d(y=gns) _pH' (33)
c/—g dt ct’
rie ¢ = —a®sin® Rsin?6 — onpenenurens merpude-

ckoro Tensopa B (21), a 8 — Ge3pa3sMepHbIit TEMIT POK-
nenust qactuil [17]. Tlpu porkiaeHnu 9acTuil BTopoe us3
ypasrenuii (28) npuHuMaeT BH/L

- 1) .

T H( BH®
B 3
Hucao poxKIeHHbIX YaCTHIL 7 f (a) onmchIBaeTCS CTEIEH-

. (34)

c c3hp T3

HBIM 3aKOHOM:

—(3+9)

ny xa (35)

rje § 3aBucuT OT T. IOJICTaBIsAs STO COOTHOIIEHNE B
(33), mosryuaem

6 o< —alad. (36)
Bo Bpems cxkarust @ < 0, mosromy 0 > 0. Ciarae-
Moe
n?c o a 0%
pacreT ObICTpee, IeM
0% x a_G,

9TO MPENSITCTBYET BO3HUKHOBEHWIO CHHTYJISIPHOCTH.
Poxnenne wactun u kpydenue, AefiCTByss COBMECTHO,
obparaior 3HaK 3M@PEKTOB C/ABUTA, UTO TPUBOJIUT K
HECUHI'YJIIPHOMY OTCKOKY. JIunamuka dopmupoBanus
HECUHI'YAAPHON, PeIATUBUCTCKON BCEJIEHHON B YepHOM
JIbIpe onnchiBaeTcst ypapHeHusivu (29) u (34) ¢ Hauasb-
HBIMU YCJIOBUSIMU

a(0) = (r§ /)"

a(0) =0,

orkyna Mbl nosydaeM dyekmmn ao(7) u T(7). Casuru
JIOJIZKHBI BXOJUTH B IIPABYIO 9aCTh ypaBHeHHs (29) Kak
JIOIIOJIHUTEJILHOE TIOJIOXKUTEILHOE CIIaraeMoe, IPOIop-
nuonambroe a~*. Korja Bceennast cTaHOBUTCS Hepe-
JATHBUCTCKOM, caraemoe h, T4 B ypasmenun (29) cra-
HOBUTCS MOJIO¥KUTEILHBIM U TIPOTIOPIMOHATLHBIM @ .
Kocmomnornueckasi mMOCTOsIHHAST BXOJUT B ypaBHEHHE
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(29) B BUJIE HOJOKUTEIHLHOTO CIATAEMOr0, IIPOIIOPIUO-
HaJILHOTO a”.

PoxjeHne wacTun yBeJHYMBAET MAKCHMAJIbHBIMA
pasmMep MacmTabHOrO MHOXKHTEJNS, KOTODBIH JOCTH-
raeTcs TP CXJIONBIBAHUA. [109TOMY KazKIpblii HOBBIi
OUKJ Gosibllie M JyiuTesibHee, deM npeaplayumit. Co-
raacuo (19), Ry umeer Buz

Ty

a(0)’
rze a(0) — MCXOmHBIN MACIITaOHbI MHOXKHUTEb, PaB-
HBIl MaKCHMAJILHOMY MACIITAOHOMY MHOMKHTETIO B
nepBoM 1Kie. [I0CKOIbKY MaKCHMAJbHBIH MacmTad-

sin® Ry = (37)

HBIIl MHOXKHTEIb B CJIEYIOIEM IHKJIe OOJIbIle, 3HaYe-
uue sin Ry yosiBaer. [lo Mepe pasBuTust UKJIOB 3HAYE-
nue Ry npubiuxkaercs K 7.

7. UHOJIATNS 1 KOHEI OCHNJIJISIIIAI

Bo Bpems cxkatust H oTpuriarebHO, a8 TeMIIEpaTy-
pa T Bo3pacraer. Bo BpeMsi paciiupeHust, €CJiu 3 CJINIII-
KOM BEJIMKO, TO IIpaBasd 9acTh ypaBHeHus (34) 10/KHA
CTaTh HOJIOKUTENbHON. B 3TOM ciydae Temmeparypa
JIOJIKHA, YBEJIMIUBATHCST C POCTOM @, 9TO JIOJIKHO TIPU-
BOJIUTH K mocrostHHON uHuIsiimn [17]. TTosromy nme-
eTcsl BEPXHUN IIPEJIe]I CKOPOCTU POXKJIEHUSI YaCTHIL, a
umenno, makeumym byuaknun (BH?3)/(3¢3hy, ¢ T?) mon-
2KeH OBITH MeHbIIe 1.

Ecimn nocnie orckoka dyuxmus (3H?)/(3¢2h, s T3) B
ypasuenuu (34) Bo3pacraer J0 3HaAYEHUsI 4y Th MEHbIIIe
1, To Temmieparypa T’ JOJKHA OCTaABATHCS TPAKTHIECKT
nocrosinao#t. CoorBeTcTBeHHO, H Tak»Ke JOJIKHA OBITH
IPAKTUIECKH TIOCTOSTHHOMN, & MACIITaOHBI MHOXKUTEJb
@ JIOJIZKEH JKCIIOHEHITHAJIBHO PACTH, 9TO COOTBETCTBY-
er uHIsAnnu. [IoCKOIbKY IIOTHOCTH SHEPIUH TaKIKe
JIOJKHA OBITH HMPAKTUYECKH IIOCTOSIHHOMN, BO BCEJIEH-
HOM JTOJI?KHO 00Pa30BBIBATHCS OYUE€HD DOJIBIITOE KOJIHIe-
CTBO MaTepuu u 3HTponuu. Takoe paciupenue J0JIK-
HO 3aKOHYUTLCs, KOTJa paBag 9acTh ypaBHenus (34)
cramer Menbire 1. [Tosromy nabIAMS TOTKHA 3aKOH-
YUTHCsI B TeYEeHHE KOHEYHOro Iepuoja Bpemenu. [lo-
CJIe 9TOTO BJIMSHIE KPYUeHHs 0caabeBaeT U BCeJeHHAS
[JIAJIKO BXOJIUT B TIEPUOJT PACIIUPEHUS C TIPeodIaIaHu-
eM M3JIyYeHHus, 38 KOTOPBIM CJIEYeT MEePHOJ, C Ipeod-
JIaJIaHNEeM MaTepuu.

Ecin Bcenennast BO BpeMsi PACITUPEHUsT HE JOCTHU-
raeT KPUTHIECKOT0 pa3Mepa, IPU KOTOPOM KOCMOJIOTH-
gecKasl IIOCTOSIHHASI CTAHOBUTCS 3HAYUTEJILHOI, TO OHA
CHOBa KOJIJIAIICUPYET JI0 APYTOro OTCKOKA U HAYNHAETCS
HOBBII 1uKJT ocrpusanuit [36]. HoBerit 1iuks oka3eiBa-
eTcst GOJIbINE U JInTeNbHee, YeM TIpe byt [17,34].
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ITocsie KonewHOI 1OC/IEA0BATEILHOCTY IUKJIOB BCEJIEH-
Hasl IOCTUTAET KPUTHUIECKOTO pa3Mepa, MOCJe KOTOPO-
O HEBO3MOXKHO CJIEJyIOIllee CyKaTHe, U BXOJUT B IIe-
pUOJ, PACIIUPEHUS C JIOMUHUPOBAHUEM KOCMOJIOTHYE-
CKOI IIOCTOSHHOM, BO BpeMd KOTOPOI'O OHA PaCIIUpHA-
eTcsl HeOrpaHWYIeHHO. J3HadeHne Ry aCUMITOTHIECKH
CTPEMHUTCS K 7, YTO COOTBETCTBYET MAaKCHMAJILHOMY
3HadeHN0 [T B 3aMKHYTOIl M30TPOMHOI BCEJIEHHOI B
coorBercTBHU ¢ BhipaxkeHueM (21). ITocsetanit 0TCKOK,
Ha3bIBAEMBIH OOJIBITNM OTCKOKOM, IIPEJICTABISET COOOH
GOJIBINION B3PHIB.

8. SAKJIIOUYNTEJIbHBIE SAMEYAHN A

Eciu mama BcejleHHAs SBJISETCH 3aMKHYTOH, TO
OHA MOIJVIA BO3HUKHYTHh KaK HOBODOXKIEHHAsI BCEJIEH-
Hasl IPU OTCKOKE BHYTPHU POJIUTEIHCKON YePHON JIBIPHI,
CyIIEeCTBYIOIIE B JpPyroil BCEJIEHHOI. DTy THIIOTE3y
TIOATBEPKIAET IPOBEICHHBIN B HACTOAIIEH paboTe aHa-
JIN3 TPABUTAIIMOHHOTO KOJLIAICA O0BbEKTA, COCTOSIIErO
U3 CIWHOBOH JKUJKOCTH, HPH HAJIUYUN KPyYEHHUST U
poxenns dacTuil. bBoJsiee peasuCTUYHDBIN ClieHapuii
rPABUTAIMOHHOTO KOJLIAICA JIOJXKEH PacCMaTpPUBATH
HEOTHOPOIHYIO M BPAIAIONIYIOCs KuUaKkyo cdepy. Ec-
Ju nasjenue B cdepe HEOTHOPOIHO, TO CHUCTEMAa OT-
cuera He MOXKET OBbITh COIYTCTBYIOIIEH U CUHXPOHHOM
[3,37]. IToaroMy v u Temueparypa MOTYT 3aBHCETH OT
R, u Torma ypaBHEHUSI, ONUCHIBAIOINIIE KOJIJIAIC U TI0-
CJIEJIYIONIYIO JIMHAMUKY BCEJIEHHOM, OyIyT 6oJiee CJI0K-
wbiMu. Jjis crydast Bparmmarorieiicsi chepbl BOSHUKAIOT
JIOTIOJTHATENTbHBIE CI0KHOCTH [38], m myist bopmupyto-
ieiicst uepHoii nbipbl Keppa, moOMUMO MacChl, HY>KHO
BBOJIUTH €Il OJWH IIapaMeTp, a MMEHHO, MOMEHT HM-
mynbea [39]. Tem ne menee, obrmuit XapakTep BJIUSHUS
KPyJYeHUsS U DPOXKIEHHWS YaCTHIl Ha u30eraHue CHHIY-
JISIDHOCTU ¥ BO3HUKHOBEHHE OTCKOKa B YEPHOI JbIpe
ocTaeTcsi 0OOCHOBAHHBIM.

dunancupoBanue. Pabora BbioiHeHa 1pu hu-
HancoBoit mojep:kke University Research Scholar
Program, University of New Haven.
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