KBAHTOBASI MEXAHUKA 3AMKHYTOM KOJIJIAIICUPYIOIIEN
BCEJIEHHOM

K. A. Bepennu*, B. JI. Kanamuuxkos**, C. JI. Uepkac

B nanHOIl cTatbe cpaBHUBAIOTCS JBa MOAXOAAa K KBAHTOBAaHHUIO 3aMKHYyToU Bce-
nenHo @puamana. B mepBoM moaxoae UCIONIb3yeTcss HOPMHPOBKA BOTHOBOU (hyHK-
unn Bceenennoii nmo Illpenunrepy, B TO BpeMs Kak BO BTOPOM IOJAXOJE BOJHOBAs
¢ynkuus Beenennoli Hopmupyertcs B ctuie ypaBHeHus: Kieitna — ['opgona, uro mo-
3BOJISIET TIOCTPOUTH 3aBUCSIINE OT BpEMEHHN KBa3UTeii3eHOEPTOBBI ONEPaTOPhl H HAXO-
JIUTh UX cpenHue 3HadeHus. [loka3aHo, 4TO B MOCIIEIHEM MOAXOJE BCICACTBUE KBaH-
TOBO-MEXaHHYECKOTO OIMCAHUS cpellHee 3HaueHHe macmraOHoro ¢akropa Bcenen-
HOH HE KOJUIAIICUPYET A0 HyJIsl, @ B KOHLIE 3BOJIOLUN CTPEMUTCS K IOCTOSIHHOMY 3Ha-
YeHHUIO OJM3KOMY K TOMY, YTO ITOJIy9aeTcsl M3 MEepBOTO MOAX0/Aa, B KOTOPOM IBOJIO-
1I1sl BO BpEMEHH BOOOIIIE OTCYTCTBYET.

OOBbeIMHEeHNE KBAaHTOBOW MEXAaHUKHU U TPABUTAIIMH BXOJUT B YUCIIO CaMBIX BaXK-
HBIX 33/1a4 COBPEMEHHOCTHU U SIBIISIETCS. OJHUM U3 ACIEKTOB PA3BUTHUS TEOPHUU CTPYH
[1]. KpanToBas rpaBuTamms HeoOXoauMa JJjisi ONMCAaHUS paHHed BceneHHoi, mo-

Gh
CKOJIbKY CUMTaercsi, 4To Ha [InmaHkoBckux BpemeHax 7, =,/—5 OT «Hauana» Bce-
c

JICHHasA JOJI’KHA OIIMCBIBATBCsI KBAaHTOBO-MCXAaHHNYCCKU. BHepBbIe KaHOHUYECKUI
(opmanu3mM, BKIIOYAIOUIHA B ce0sl BOJTHOBYIO QyHKIUIO Beenennoil u ee koHpuUry-
palMoOHHOE MPOCTPAHCTBO — CYNEPIPOCTPAHCTBO, ObUT pa3paboTaH Ooxee 40 mer
Hazan [2, 3].

CeI‘O)Z[HSI, HECMOTpA HAa YyCIICXH KBaHTOBOM rpaBUTallAU, IMO-TIPEIKHEMY OCTACTCA
MHOJKECTBO TPOOIEM, TaKUX KaK OTCYTCTBHE BPEMEHH, TPAaKTOBKa BOJIHOBOH (PyHK-
nun BceenenHoit m moctpoenue [wiap0epToBa MpPOCTpaHCTBA I (PU3HMUECKHUX
COCTOSIHUH.

Jnst 3aMkHYTO#H BeeneHHOH, KpoMe 3TOro, BOZHHKACST IMpodiieMa Kojurarca: Kak
M3BECTHO, JOCTATOYHO MACCHBHBIE TeJla COKUMAIOTCS 0] IEHCTBUEM CHJI TPaBUTALINH,
B pe3yJIbTaTe Yero uX IUIOTHOCTh HEOTPaHWYEeHHO Bo3pacTaeT. To e caMoe OTHOCHT-
cs K 3aMKHYyTOH BceneHHOH, 3amoinHEHHON KakuM-TuOo BuaoM Martepuu. CormacHo
06HII/IM OXKHJaHUAM, KBAHTOBO-MCXAaHHWYCCKOC OIMMCAHHC OOJIDKHO CHATH Hp06neMy
KOJIIarica, OHaKO OKOHYATeNbHO YCTOSBIIETOCs] OTBETA Ha JaHHBIM BOIIPOC MOKa HET.
HampoTnB, MO)KHO OTMETHTH, YTO KOJUIATIC MPHUBOIUT K JOTIOHHUTENBHBIM TPYIHO-
CTSIM TIPH KBaHTOBO-MEXaHUYECKOM OMHCAHUH, TOCKOJBKY ACCOLUUPYETCS C MOTepeit
BeposTHOCTH. Kak OyJieT BUIHO Jajnee, OMHUM U3 CIIOCOOOB M30€KAaTh ATOTO SBISETCS
JIONyIIEHUE peKoJanca, T. €. KOrja IHocjie Kojulanca cucTeMa BHOBb HauMHAET pac-
HIAPATBCS.

PaccmoTrpumM pemienne AByX MpoOseM: TpoOJIeMBl BpEMEHH W TPOOJIEMBI KOJI-
Jlarica Ha MpuMepe KBaHTOBO-MEXaHWYECKOTO OTMCAHUS 3aMKHYTOW OJHOPOIHOMN M30-
TponHO# Beenennoit @puaMana B MUHUCYTIEPIIPOCTPAHCTBE.

* Ommueckuii pakynsretr BI'Y.
** Pucturyt @oToHMKM BEHCKOTO TEXHUUECKOTO YHUBEPCUTETA, ABCTPHUSL.
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OWHINITEHHOBCKOE NEHCTBUE IS TPABUTAIMM M OJHOKOMIIOHEHTHOT'O BEIIECT-
BEHHOT'O CKaJISIPHOTO TMOJISI (KOTOPOE B JaHHOW MOJENH MPECTaBISCT €INHCTBEHHBIN
BHJT MATEPHH ) MOKHO 3aIHCaTh CIEAYIOIMUM 00pa3oM:

S:—;jd“x,\/—gR+J.d4x«/—g{l(8#¢))2—V(gp)} (1)
167G 2
rae R — ckanspHas kpuBusHa [4], g = det|g"’| onpenenurens KOHTpaBapHaHTHOTO
METPUYECKOr0 TeH30pa, V(@) — MOTEeHIMal caMOACHCTBHUS CKaJspHOro mois [5],
BKJIIOYAIOIIUN B c€0sI KOCMOJIOTHYECKYIO TOCTOSHHYIO.

OrpaHrauMcst pacCMOTPEHHEM OJTHOPOAHOM M30TPOMHOM BeeneHHoi ¢ MeTpHuKoii:

ds’=N’(y)dr’-a’()d o, )
rae N(t) — dynkuusa xoxa [6], onuceiBaromas cBOOOLY OTHOCHUTEIBHO BBIOOpa Mapa-
METpU3aluy BpeMeHH, a(?) — MacmTaOHbI dakTop BeeneHHOH (paccTosHUE MEXTy
JMOOBIMU JBYMSI TOUKAMH PacTET CO BPEMEHEM Kak 7(?) =ry-a(t), TOe ¥y 3alaeT HEKOTO-

pBI MacmTad pacCTOSTHIH ).
Jist orpaHrueHHON METpHKH (2) ¥ 3aMKHYTOH BceneHHOH NelicTBrE TPUHIMACT BHT;

) )
a-— aza Ly f
N@) ) 27 N

3
S=|N —a’V(p)dt. 3
[roi @'V (p) i 3)

9t0 I[CflCTBI/IC MOXET OBITh TIIOJIYYCHO M3 CICAYIOIICIrO BBIPAXXCHHUS BapbUPOBa-
HUEM I10 paI/I p(ﬂ

2 2
SZJ' P9~ p.a—N(t) _3_a_M+ Py

A dt, 4)
872G 12a 2a° )

nocje 4ero MUMIIYJbChbl, BBIPAKCHHBIC YCPE3 CKOPOCTHU p¢ = m¢a3 nu
t

P, a ¢ JOJDKHBI OBITH CHOBA TIOJICTABIIEHBI B (4).

4zN (t)
BapeupoBanue neiictBus (4) mo N(t) mpUBOAUT K PaBEHCTBY HYJIO TaMUIIBTO-
HUaHa CUCTEMBI

3a SﬂGpj N p;
8nG 12a 2a°

Ha KJIACCUYECKUX TPACKTOPUSIX JBUKECHUS CUCTEMBI.
YToOBI TIEPEUTH OT KITACCHUECKOH TEOPHH K KBAaHTOBOH MBI JOJDKHBI 3aMEHUTH
KIIACCUYCCKUC HUMITYJIbChl COOTBCTCTBYIOILIMMU OII€paTOpaMu, YAOBJICTBOPAIOIIUMUA

H=-

+a’V(p)=0 5)

KOMMYTAalMOHHBIM COOTHOWEHUAM | Pp>® | =71 | [ Pas@] =1 yro MoxkeT ObITH peann-

30BaHO C TIOCPEJICTBOM ﬁw = —i@/ﬁgo’ p,=idloa

VYpasuenne Jle Burra — Yumrepa Hy =0 [2, 3], Tne y — BonmHOBas (GyHKIHS
Bcenennoii, siBnseTcss KBaHTOBBIM BapUAaHTOM FaMUIIbTOHOBOM cBsizu H=0).
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Kax MoHO 3aMeTHTh, B TaMIIIBTOHHAHE (5) MPHUCYTCTBYIOT HEKOMMYTHPYIOIIHE
OIepaTopsl p, U 1/a v anpropH HESCHO, KAaKUM JIOJDKHO OBITh B3aUMHOE PacIoJiokKe-
Hue omepaTtopoB. [lockonbky B TaHHOM ciydae MBI XOTHM HOPMHPOBATH BOJHOBYIO

©

¢byakuuro Beenenno#t B crmime Ilpenmnrepa Ida j dpy'y =1, TO ynopsano4eHue
0 —o0

OIepaTopoOB BHIOMPACTCS U3 COOOpakeHUH, YTOOBI BOJIHOBAas (YHKIMs oOpaliaiach B

HOJITb, KOT/Ia MacmTaOHbI (hakTop BeenenHoi paBeH Hymo win OeckoHeuyHocTH. Ta-

KuM 00pa3om, ypaBHeHue /e Burra — Yuiepa npuHIMaeT BUI

3
—a+aV a,p)=0, (6)
AV (@) |y (a,9)
rJe MPUHATHI UTaHKOBCKUE equHuibl u3mepenus: 47G/3=1. Besne manee mist mpo-

CTOTHI MBI OyneM monarath V(@)=0, 4To 1aeT BO3MOXKHOCTh 3alicaTh PELICHUE ypaB-
HeHus (6) ¢ MOMOIIBIO METO/IA pa3eIeHNs HepeMeHHHX'

v (a,0)=\aK —(a*/2)e"

1/16-k* /4
rae Kj(z) — momudunmposannas ¢pyskius beccens [7]. Hakonel, HOpMHUPOBaHHOE
pelieHue ypaBHeHus (6) mpeAcTaBiIseTCs B BUIC BOJTHOBOTO MTAKETa:

v(a.9)=C [y (a.p)c(k)dk -

rae C — HOpMUPOBOUHBI MHOKUTEb.

1-V1-4k>

Hpu manbix a GyHKUMS Yi(a, @) UIMEET aCUMITOTHKY Y/, =aq 2 ™ u o0pa-

mjaercs B HOJb pu @ = 0 Tosibko ecnu k # 0. DT0 03HayaeT, 4To g KOHCTPYHPOBa-
HHS BOJIHOBBIX MTAKETOB JIOJDKHBI MCIONB30BaThCA (k) 0Opallaromuecs B HOMb TIPH

2 K
k_O HampuMmep C(k) k . Kak Mb1 BUIUM, B I[aHHOI/I KapTUHE UMECTCA IIOJIHO-

CTBIO cTaTH4eckas BceneHHas ¢ HeKOTOPBIM paclpeieicHHeM MaclITaOHOro (akTopa
Y aMIUTUTYIBI CKAJSIPHOTO TIOJSL. DTOT MapaloKCalbHBIA BBIBOX (TIpM TOM, YTO B Ha-
cTofIIee BpeMsI MBI )KMBEM B pacIivpsitoiiericss BeeneHHoit) BRI3BIBAET 0)KUBIICHHBIE
muckyceun [8, 9, 10]. PasymeeTcs, BpeMeHHas 3BOJIFOIUS TakKkKe OyJeT OTCYTCTBO-
BaTh, €CJIM MPOBOJHTH paccMoTpeHme B ['eiizeHOeproBoit kaprtuae. Hampumep,
IOMHOXXMM ypaBHeHHe (6) Ha @ u OygeM paccMaTpuBaTh OIEpaTop
1+ 1+ 1 82 1 82 2
H=H"==| ——-————¢’ |KaK raMWJIbTOHHAH CHCTEMbI. HecMmotpst Ha TO 4TO
2\ 0a” a” Op
Yo iHe Y —iHt

MOJKHO TIOCTPOUTh HETPUBHANIbHBIC | eli3eHOepProBhbl OmepaTopbl A(t)=e""Ae

WX CpEIHHME 3HAYEHUS HE SBONIOLUOHHMPYIOT CO BpeMEHEM. JleMCTBUTENBHO, IS
CpeIHEero 3HaueHus MPOU3BOAHON UMEeM

<t//|;1(t)w>—l<w( 4 Fi);u>=<yx\|—i£1y/>=
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O'—.S

J.(H v)*(a (D)Al//(a (o)dgoda II(H v (a qo))*Al//(a ga)dgoda 0.
—o0 0 —

CyIecTBEHHBIM 3[I€Ch SIBJIIETCA TO, YTO MBI MOKEM IEepeOpachiBaTh COIEpXKa-
IMecsl B TaMWIBTOHUAHE OmepaTopsl JudQepeHIIUpoBaHUs HAEBO C MOMOIIBIO WH-
TErpuUpOBaHUs IO YACTSIM, TIOCKOJIBKY BOJHOBAsl (DYHKLIMS oOpaliaeTcsi B HOMb Ha Mpeze-
J1aX UHTETPUPOBAHUSL.

IIpeanonoxxuM Tenepp, YTO MOCKOJBKY ypaBHeHue [le Burra — Yunepa no-
X0oxe Ha ypaBHeHue Kueiina — ['opmona, To BonHOBas (QyHKIMS TakKe JOMKHA OBITH
HopMmupoBaHa B ctuie Kineitna — ['opnona. B 3ToM ciydae ecTecTBEeHHO BBIOMpaTh
YIHOPAJOYECHUE OIIEPaTOpOB B BUJIE JIAIUIACHAHA

1 0 0 1 & a
——a—————+— |y =0, 7
2a¢° 0a Oa 2a’ 0¢p° 2 v @
TakK, 4TOOBI aCUMIITOTMKA PEIICHUs MPU MalblX d ObUIa MOJ0OHA TUIOCKOW BOJIHE!
vila, p=a""e™”. Hopmuposka pemenuii B cruine Kieiina — [opaoHa BEITISUIAT Clie-
nyromum obpasom [10, 11, 12]:

v,

aa a=0 d(ﬂ = 15

Oy

. *

W) =laf(w -V
oa

IJle MHTETPUPOBAHKUE BEIETCS 10 EPEMEHHON ¢ B tiockoct a = 0. IIpu s10oM (QyHK-

UMs Y JOJDKHA OBITH IOCTPOEHA B BHAE BOJHOBOIO IAKETA W3 OTPULATENLHO-

YACTOTHBIX PEILEHUM ~ ¢ He.

w(a.p)=[v(a.p)c(k)dk- ®)

ITockosbKy Terepb BOJIHOBAS (hyHKIHMsS HEOTPAHMYEHA 10 d, TO OTCYTCTBHE
BpPEMEHHOH 3BoNIoNMHY B [ eii3eHOeproBoii KapTHHE HE MOXKET OBITh TOKa3aHO BHIIIE-
YIOMSIHYTBIM CIIOCOOOM, YTO JJa€T BO3MOKHOCTBH TPEIOIO0KHUTh CYIIECTBOBAaHNE HE-
KOTOpPOH 3aBHUCAIIECH OT BpeMEHHU KapTUHEI (1Mog00HOM KapTuHe [ 'eifzenOepra), KOTO-
pasi COOTBETCTBYET HOPMHUPOBKE BOIHOBOM (yHKImU B cTuie Kneitna — ['opnona. Ta-
Kasl KapTHHA, COCTOALIAs B KBAHTOBAHUM ypaBHEHUU JBIKEHUS, Mpeiokena B [11, 12],
T7Ie TOCTYJIMPYIOTCS AMPAKOBCKHE KOMMYTAIMOHHBIE COOTHOIICHHWS ISl KBa3UTEH-
3eHOEProBEIX OMEPATOPOB B HadainbHBIA MOMEHT Bpemenu ¢ = 0. Cormacho [11, 12],
OTlepaTOpHbIE YPABHEHUS IBHKCHMUS

.. 203p2 1 L b P :

N a ? A P, A » A

Go_a PP L oi P 5 P 4 9)
2 28 24 i P P

JOJI’)KHBI OBITH PCHICHbI ¢ HAYAJIbHBIMHA YCJIIOBUSAMU, YAOBJICTBOPAIOIIUMU TaMUJIBTO-
(5O, (PO a(0)
2a(0)  2(a(0)° 2

a(0)=const=a, ¢(0)=¢, p,(0)=

HOBOH CBSI3U —

a ? ﬁ¢(0)=f?¢,,

114



rae p, =—i0/O¢. Pelienne ypaBHCHNH IBWKCHHs y/o0HEe BCEr0 HMCKaThb B HM-

A . .0
IYJIbCHOM TPEJICTABICHUN NIEPEMEHHON ¢, e p, =k, (pzla. OKoHYaTeNbHO,

ecni onoxuTh a(0) = const =0, To pelieHre ypaBHeHu nBrokeHus (9) mis a(t) Ha-
XOJIUTCS B TTapaMeTpUUecKoi Gopme:

a(?],k) — k2 (1 B COS(477)) ,

S (10)
k) =2 VK | (1-cos(£)) de.

B umnysibcHOM mpencTaBiieHud (opMyJia JUisi BBIYUCIICHUS CPEIHUX 3HAYCHUH
onieparopos [11, 12], BeIBemeHHAas 13 HOPMUPOBKH BOJHOBOM (pyHKIHH BceemeHnHoit B
ctune Kneiina — ['opiona, BEITISAIUT MOAOOHO OOBIYHON KBAHTOBON MEXaHUKE:

(Aw)=[a"e* (k) A(k,a,t)a ™ e(k)], ., dk- (11)

C nomomsio (10), (11) MBI MOKEM BBIYHCIUTH CpellHEE 3HAYCHHE MACIITa0HOTO
(haxTopa BceneHHOI 1 ero IUCIIepCcHio, HapuMep, I COCTOSTHUS BeeneHnHo, 3ana-

k2

a—0

BAEMOT0 BOJHOBBIM makeToM c(k) = k’e

Pesynbratel pacdyera npeacTaBieHsl Ha puc. 1. Kak Mbl Buaum, cpegHee 3Hade-
HUEe MacmTabHOro (akTopa IMocie CTAANH PACIIMPEHHs HAYMHAET YMEHbBIIAThCS Ha
ctanuu koimarnca. OfgHako U3 rpaduka BUAHO, 9TO OH He oOpamiaercs B Hyb. [locme-
OYIONIMM KOJUIalC MMEET MEHBIIYI0 aMIUIMTYIy U B KOHIIE KOHLIOB DBOJIIOLMS Mac-
mrabHoro (hakTropa 3aTyxaer. IHTepecHO, YTO aCHMIITOTUYECKOe 3HaueHHe, K KOTO-
pOMy TIPUXOIUT MAacIITaOHBIN (pakTop, OIM3KO K 3HAYEHHIO, HAWJICHHOMY B ITOJHO-
cThio cTatuyeckoi lllpenuHrepoBCcKOi KapTUHE (B pacdyeTax HCIIONB30BaJCS OIUH U
TOT K€ BOJTHOBOH TaKeT).

OTMeTuM, 4TO B Hallled MOJEIbHOW 3aiade sBodtonMs BeeneHHol 3akaHYMBaET-
Cs Ha TUTAHKOBCKHUX BpeMeHaX. B mpuHIMIE pacuipeHue MOXKET OBITh YBEIUYCHO,
€CJIM 33J1aTh BOJHOBOM TMaKeT ¢ OOJIbIIeH KHHETHICCKOW dHEPTHUe, OJHAKO B HACTOSI-
Imee BpeMsl CYMTAeTCs, YTO IKCIOHEHIMAIbHOe pacimpeHne BcerneHHOW BO3HUKaeT
M3-3a MoTeHIMana ckajasipHoro noist. CoraacHo [5], cylecTByeT MHOXeCTBO BeeneH-
HBIX, B KOTOPBIX HadaJbHOE 3HAUYEHHE CKAJSIPHOTO TOJIA PACIPENEIIEHO HEKOTOPHIM
obpazom. To ectp BeeneHHbIe, B KOTOPBIX BEMYMHA TOJS JOCTATOYHA JJIsT OBICTPOTO
pacmupenus (MHQIAIMN), SBONIOIMOHUPYIOT MOJA00HO Hamie BeeneHHoi, B TO Bpe-
Ms Kak BcenmeHHBIE ¢ MalbIM 3HAYEHHWEM CKaJSIPHOTO IOJIS KOJUTAIICHPYIOT. B aTOoM
CMBICTIE MOYKHO CYHTAaTh, YTO NaHHas paboTa ONMMCHIBaeT CyAbOy TaKUX «HEPa3BUB-
muxcs» BceneHHbIX, KOTOpBIE MOCIEe HECKONIBKUX KOJUIANCOB U PEKOJIIANICOB MEPEX0-
T B CTaTHMYECKOE COCTOSHHE, KOTOPOE€ MOXHO TPAKTOBAaTh KaK HCUYE3HOBEHHE
BPEMEHH.
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<a>

tr Tp1

t/ Tp1

o

Puc. 1. IBomonus <a(f)>, paccunTaHHas B KBa3UTCH3EHOSPTOBOM KapTUHE TSI BOJHOBOM

HKI[MH, HOpMUpoBaHHOH no Kneitny — FopmoH ¢ c(k)=k’e* (a). Itpuxamu noxa-
y it mo Kuetiny — I y (1 k)=k’e* I

3aHO 3HaYeHHE <a> I BOTHOBOW (hyHKIMH, HOpMUpoBaHHOH 1o Llpénunrepy (2).
To e camoe s BOJIIOIUH TUCIIEPCHU MaciITabHOro ¢akropa (6)

Jns onmucanust peanbHOH BceneHHOM HE00XOIUMO KBaHTOBOE PAaCCMOTpPEHHE
UHQISAIUH, T. €. TOTEHIHANIA CKAISIPHOTO TOJIs (HalIOMHUM, YTO B JaHHOH padoTe 1mo-
TEHIHaJl CKaJSIPHOTO IMOJISl ToJlarajics paBHBIM HYIIO). Pelienue onepaTopHbIX ypas-
HEHMI IBMXKEHUS B 3TOM CIIydae CHJIbHO YCJIOXHUTCA. OJJHAKO, KpPOME 3TOro, UMEeTCs
TaKKe TpUHIUNHaIbHas nmpobiema. CormacHo [11], Ha BpemeHax ¢ ~ 1/m, Bo Bpems
POXIEHHS YacTULl MaTepuH (II0Apa3yMeBaeTcs, YTO UX XapaKTepHas Macca m) IpOouc-
XOAMT MPOIIECC «CAMOU3MEPEHH», KOT/Ia MacIITaOHbIN (aKkTOp MpOeHUpyeTCs K pas-
HBIM 3HAYCHHSIM B pa3HBIX MPOCTPAHCTBEHHBIX 00JACTAX, NANBHEHIIYIO 3BOIIOLUIO
KOTOpBIX MOXKHO OIMCHIBaTh Kiaccuyeckd. CoBpeMeHHas Bcenennas mpeacTaBiiser
co00¥t 0IHY M3 TaKMX pacIIMpUBIIUXCS obnacteil. [IpobGiaemMa cOCTOUT B TOM, UTO IS
OIMCAHUs TPOLEcCca «CAMOU3MEPEHHs» MPOCTPAHCTBEHHO OAHOPOIHONW MOAEIM He-
JOCTaTOYHO.
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Taxum 00pa3oM, B KBa3UT€H3eHOEPTOBOM KAPTHHE MBI OIHCATH KBAHTOBYIO ABO-
JIIOLMIO OJHOPOJHOM 3aMKHYTOW BceleHHOH, COCTOSIIYyI0 B MOCTEICHHOM 3aTyXaHWU
KOJITATiCOB, IPHUYEM CpellHee 3HaYeHHe MacITaOHOTo (hakTopa He 00paIaeTcsi B HOIb.

HHTepecHO OTMETHTH TaK)Xe MOSABJIEHHE CTpPEIbl BpeMEHH (CM. B 3TOM CBS3U
[13]) B KkBa3urei3eHOEProBol KapTUHE 3aMKHYTOM BceeHHOM, HalpaBJICHHOW B CTO-
POHY 3aTyXaHUs 3BOJIOLMHA M CTPEMJIEHUS K CTaTH4YecKoMy mupy. JlaHHas crTpena
BpPEMCHU BO3HHUKJIA KaK pE3yJbTaT COCANMHCHHA I'paBUTAIIUN U KBAaHTOBOM MEXaHHUKH.
HanomHuM, 4TO B 3BOJIIOLIMU KJIACCUYECKON 3aMKHYTOW BceneHHo#l cTpenia BpeMeHu
OTCYTCTBYCT, IMOCKOJIbKY KOJUIAIICBI U PEKOJUIAIICBI CUMMCTPUYHBI OTHOCUTCIIBHO 3a-
MeHBI ¢ Ha —f. CTperna BpeMeHH TakKe OTCYTCTBYET M B KBAaHTOBOI MEXaHHKeE, T. €. B
ypaBHeHun llIpenunrepa, MOCKOIBKY MOCIE 3aMEHBI ¢ Ha — U KOMIUJIEKCHOTO COTIPSI-
KeHust ypasHerue LlIpeanHrepa nepexoauT camo B ceds' .
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QUANTUM MECHANICS OF A CLOSED COLLAPSING UNIVERSE
K. A. Verenich*, V. L. Kalashnikov**, S. L. Cherkas

Two approaches to the quantization of the minisuperspace model of a closed Friedman
Universe are compared. In the first one Schrodinger normalization of the wave function of the
Universe is used, and in the second one the wave function of the Universe is normalized in the
style of the Klein-Gordon equation.

The last approach allows construction of the time-dependent quasi-Heisenberg operators
and finding their mean values. It is shown that in this quasi-Heisenberg picture mean value of
the Universe scale factor does not collapse to zero, and, besides tends to some constant value at
the end of the Universe evolution. It is interesting to note that this value is close to that ob-
tained in the first approach where any evolution in time is absent.

' CrieftyeT OTMETHTB, YTO CTPENY BPEMEHH HEOOA3aTENLHO COOTHOCUTS C (HE-) MHBAPHAHTHO-

CTBIO YPaBHEHUI OTHOCUTEJBHO ¢ — —. B craTucTrveckoii ¢hu3unke U HETMHEHHO# quHa-
MHKE JJOCTATOYHO OOIIME HAYAIbHbIEC YCIIOBHS AAIOT BIIOJIHE XapaKTEPHYIO aCHMIITOTHKY BO
BPEMEHH, YTO TAKIKE MOKHO Ha3BaTh CTPEIION BPEMEHH.
* Department of Physics, Belarusian State University.
** Institute of Photonics, Technical University of Wien, Austria.
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