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CJ10BO 0O 100MISApE

(B xauecmse npeducaosus)

B.M. Bapb6armon

O0beMHEHHBINT MHCTUTYT sSIIEPHBIX uccienoBanuii, JlyoHa

Korma nacraer mectugecaTuyieTHrii 00mieit m OoJibIast IacTh Jie-
SATEJILHON JKU3HU — B IPOIIJIOM, BPEMS CAJUTHCA 32 <«BOCIIOMUHAHUSS.
JlHeBHUK Besenb Jijisd cedsi, BOCIIOMUHAHKS MUIIEIb JIJIs IPYTUX, U «EIe
[epenucax, Jin HeJO0Nnucax» — IepBOe OTHOCUTCHA K JIHEBHUKY, BTOPOE —
K BOCIIOMUHAHUSM, B HUX BCEr0 HE CKarKelllb, HO HAIll I0OWJISAD B CBOE
HedopMaJIbHOM aBTOOMOrpaduu MoBeIal MHOTOE O CBOUX HAYYHBIX JIesd-
HUSAX.

Bukrop Hukonaesuy llepByiun npuHa /iezKuT K MOKOJEHUIO yUEHbBIX,
POJIUBINIUXCS B COBETCKOe BpeMsi, B 40-X IT. MPOIIIEJIIero CToJeTus, U B
3peJIOM BO3pACTe 3aCTaBIINX OYPHBIN POCT (PU3MIECKON HAYKU B IOCJIE/I-
Heit gerBeptn XX B. Onmcarh Bce 9TO, XOTs ObI U3 CBOETO CYOBEKTUBHOTO
«yTylay, — TPyJHas 3aJa49a: /I 3TOr0 HYy’KHO MMETh MHOI'O CHJI U Bpe-
MEeHU, HO U TOT'O, U JIPYTOT0 HE XBATAET, I03TOMY OIPDAHUYUBAIOTCS CBOUM
«yTOJIKOM» 9TOI OOIUPHON KAapPTUHBI, T€M, B YeM HPUHUMAJM YIACTHE U
YTO CJIeJIaJ I CaMHU.

g robuisgpa 3To HaydHas padbora B /lyOHe, 1 TOJIBKO MOy THO B CBOEIA
aBTOOMOrpadu OH KacaeTcd BCEro OCTAJbHOIO, ITPaB/a, 3aHATHE HayKOi
JIJIS HETO M eCTh OOJIbINlas YacTh KU3HU, TIO9TOMY Onorpadus MUMIETCs He
«KUTEHCKasd», & HAyIHAsd.

Hesterkuit myTh B HayKe OH HaYaJI CTYIACHTOM (pU3nIeckoro hakyJibre-
ta MI'Y, 3arem cran actupantom dummana HUMAD MI'V B r. /lybue na
kadeape .M. Broxunnesa, B 1971 1. oH, y2Ke 3allUTUBIIAI KaHU1AT-
CKYIO JIVICCEPTAINIO, OBLII IPUHAT HAYYHBIM COTPYIHUKOM B JlabopaTopuio
teopernieckoit duzuku ONAN. Tenepsr B.H. I[lepsymun — nHavgaabHUK
CEKTOpa 9TOil J1abopaTopuu, JOKTOP (GDU3UKO-MATEMATUIECKUX HAYK, IIPO-
deccop, aBTOp MHOI'MX BBI3BABIIUX OOJIBINON MHTEpec padboT 10 (pusuke



JacTHIl, KBAHTOBOI Teopuu 1ojist 1 KocMojiorun. CoBMecTHO ¢ mpodecco-
pom M.K. BoskoBbiM uM OblLila HallcaHa OJIHa W3 MEPBBIX MOHOTpadmit
110 KBAHTOBOW TEOPUHU TI0JISI ¢ KUPAJbHBIMU JIarPAHXKUAHAMU, JTUHAMMIIE-
CKAM CUMMeTpusiM 1 ¢usuke nuoHoB. [IpesanHoCTh HayKe, ee TPYIHBIM
U B TO K€ BpeMs aKTyaJbHBIM HAIPABJICHUAM, CTPEMJICHUE TOJIETUTHCI
CBOUM TIOJIXOJIOM K MX MoHUMaHmio 103Bojsti0T B.H. IlepBymuny BoBieun
MOJIOJIBIX HCCJIeIoBaTE /el B KPYT CBOMX MHTEpecoB. B pesy/ibrare um 11o/1-
rOTOBJICHA TIeJlasd IIesIa KaHIn/IaTOB HAYK, padOTaIoIIUX Telepb y HAC B
MHCTUTYTE U B JPYIUX HAyIHBIX IEHTPaX.

B 3ak/mouenne xo1y 3aMeTUTD, 9TO «IIPEIUCTOBUE — BCETJIA ITOCIECTIO-
BHE», BCEryia, HO He B JJAHHOM CJIydae, TaK KaK MHE HEU3BECTHO, CKOJIbKO
ere OyJIeT CKa3aHO U HAITMCAHO KOJIJIEraMy U JIPY3bsIMU O I00UJISIPE B UECTh
ero mecrugecaruaerusd. OT Bcero cepiia Kejain eMy J100poro 3710pOBbs
U JIOJITUX JIET aKTUBHOU TBOpYecKoil paboTel. YcrnexoB Bam, Bukrop Hu-
KoJlaeBu4!



Pusuka, punocodus, peaurns

B.B. Hecrepenko

O06beIuHeHHbIIT HTHCTUTYT siJIEPHBIX ucciegoBanuii, Jlyona

FO6meit Bukropa Hukonaesmua Ilepymmba, ¢ KOTOPBIM s 3HAKOM
yxke Oosiee 30 JieT, — 9TO XOPOIIUil MOBOJI JIJIsi TOTO, YTOOBI OIVISHYTh-
Cs HA3aJ[ U MOIMBITATHCS OTMETUTb, UTO OBLIO sIPKOTO, 3aC/IyKUBAIOIIETO
BHUMAHUSI.

Tax c/102KUI0CH, 9TO MbI ¢ BUKTOpPOM 3aHUMAJIUCH YACTO OJIM3KUMU,
a MHOIJIA OJIHUMH M TEMU Ke 3aJadaMi, XOTsi COBMECTHBIX IIyOJIMKaInii y
HaC He Tak MHOro (ojHa 0030pHasi crarbst B DUYAL), TeM He MeHee MbI
ObLIM U OCTaeMCsI Ha BUJLY JPYT y Jpyra.

Okaza/inch MbI Ha, «IIapPAJLIE/IbHBIX> MyTIX B HayKe, KOHETHO XK€, 0-
TOMY, YTO HAYMHAJU HCCJIEIOBATEIBCKYIO JIeSITeIbHOCTh Y OJHOTO W TO-
ro yKe Hay4IHoOro pykoojautesss — bopuca Muxaitiouda Bapbamosa. 13
TOM TIOPBI MHE 3alIOMHUJIMCH HE TOJIBKO COBMECTHas IIpopaboTKa cTareil n
«Oypuble» BbICTyILIeHUs BukTopa Ha ceMuHapax HaIllero CeKTopa, KOTO-
poie IvuTpuit MBanosuy BjioxuniieB 9acTo TpoBOJIMII B CBOEM KabuHeTe,
HO ¥ 3aHdATHA uytocodueil, Koropble BukTop opranuzosas 1o co6CcTBeH-
HOI MHUIMATHBE JIJIA CTYJIEHTOB U acuupanToB duimnana MIY B dybOne.
VaKe TOrjIa OH Cepbe3HO MHTEPECOBAJICS HECTAHIAPTHBIMUA (DUI0CO(PCKH-
MU IIPOOJIEMaMU, B YACTHOCTU CBA3aHHBIME C IIPOIECCOM ITO3HaHMsA. MHe
BAIIOMHUJICS TEPMUH «3MOIMOHAIBHOE OKPAIIUBAHUE», KOTOPOE, KaK CJie-
JIOBaJIO U3 J0KJ1a1a BukTopa Ha OTHOM M3 TaKUX 3aHITHIA, ABISETCS BayK-
HBIM BO BCEX KOHTAKTaX {YeJIOBEKA C OKPYZKAIOIMIMM MUPOM, B TOM YHUCJIe
U B IIPOIECCE MO3HAHUA ITOTO MHUpa. Temnepb, CIycTsd TPUJIATH JIET, MHE
KazKeTcs1, 9TO 9TO MOHSITHE XOPOIIOo IepeiaeT U B3auMoeiicrsue Buktopa
C BHEIIHUM OKPYzKeHueM — OyJib TO perienne (pu3mdeckoil 3ajgadu, mim
ero ¢punocodCcKre NCKAHUs, NN YK€ er0 PeJTUTHO3HbIE B3TJISIIbI, — BCE ITO
OKPAIITIMBAETCST IMOIUSIMA BJIOXHOBEHUS 1 NCKPEHHOCTH.

Ecnu nonbirarhes KpaTko oxapakTtepu3oBaTh Bukrtopa Hukosraesuya,
TO 9TO, HaBePHOE, MOKHO ¢Je1aTh TaK. OH Oe3rpaHuvIHO YBJI€UEeHHbIH (hu-



3UKOI 4esI0BeK, BCeleJIo IIPeJaHHbIi eil, Bcerja IOJHbIA e, ONTUMU3Ma
1 TBOPYECKOI 9HEPTHH, MOCTOSHHO HAXOIAIINICST B HAyIHOM IoncKe. Ero
MHTEPECHI He OIPAaHUYUBAIOTCH (DUBUKOIA, a IMPOCTUPAIOTCH B 00JIaCTh (pu-
Jiocodpun, peaurnn. Jacto HaydHBIH ToncK BUKTOD IbITaeTCss COBMECTUTH
€O cBOUMH (BUJIOCODCKUMH BIIVIAJAME W PEJIUTHO3HBIMEI YOEXKICHUSIMH,
Jlesiasi 9TO, MOXKET ObITh, HE COBCEM IMOHATHBIMH JIIsI OKPYXKAIONUX IIy-
TAMH, HO Bcerja ucKkperHe. Ero maTepec K dpunocodbun u npobiemam pe-
JIMTUHA — 3TO HE JIIOOOIBITCTBO JTUJETAHTA, 3/IeCh OH HAIeJI IPUI0KEHUE
CBOEll dHEPruu, oprann3ysl KOHMEPEHIINN, HAlpaBJICHHbIE Ha WHUIIMHPO-
BaHUEe COTPYJIHUYECTBA (PUBUKOB, PUTOCO(POB U CBANEHHOCTY XKUTEICH.

Tax yK 1OBeJIOCH, UTO €CJiu B TeYeHHEe HECKOJbKHX MeCsIeB He Obl-
J1o BeIcTyILIeHnt BukTopa HukoaeBuya Ha cemunape B 1abopaTopuu, TO
MOXKHO OXKHJIaTh, IYTO CKOPO OH 00s3aTEIbHO PACCKAYKET O CBOUX PE3YJib-
TaTaxX B HOBOM JjIsI HEro obJiacTh nccaeaoBannii. Tak ObLIO CO «CoKATHIM»
BakyymMoM B KXJI, ¢ TormosorumdeckuMu BO30YKJIEHUSAMEI B HeabeIeBbIX
KaJIIOPOBOYHBIX I0JIsIX, ¢ TpakToBKoil KX/ KaK MUKPOCKOINYIECKOIl Teo-
PUU CBEPXTEKYYECTH, C HOBBIM KOCMOJIOTHYECKUM clieHapueM. M MoxKHO
OBITH YBEPEHHBIM, ITO CeMUHAP OYIET IPOXOIUThH HeCTAHIaPTHO — OypHO,
CO CIIOPaMU, HE OCTaBJIsAs HUKOIO PABHOLYTITHBIM.

BukTtop jtomken Gsaroaputh cy/ib0y, HarpaJMBIIYIO0 €ro TakKuM 0o-
raThIM CIEKTPOM japoBanuii. KonedHo, HeT HEOOXOUMOCTHU KEJIATh eMy
1 JIAJIbIIE OCTaBaThCAd TAKUM XK€ JIesITeIbHBIM, SHEPIUIHBIM U YBJI€UEH-
HBIM — 9TO y:Ke HUYTO He B CHJIaX U3MEHHUTh, IOJIbI, KAaK 1 BHENIHUE 00-
CTOSITE/ILCTBA, 3/1€Ch OECCUIbHBL. A MHe, Kak 9TO ObLIO Ha MPOTIKEHUN
TPUNATHA C JIUITHAM JIET, MO-IIPEXKHEMY MPUATHO U WHTEPECHO ITOCTOTH-
HO BUJIETH PsiJIOM TaKOW MPUTATATEIbHBIN ITPUMEp MPEIAHHOCTH HayKe U
OIIY AT HEHCCAKAIOMMI HCTOYHUK SHEPIUU U ONTUMUA3MA.



Hayunast aprodmorpadust

B.H. IlepBymmn

O06beIuHeHHbIIT HTHCTUTYT siJIEPHBIX ucciegoBanuii, Jlyona

Bcrynsienne. Hemuoro o cebe

FO6ueit maet moBO/I K Pa3MBIILICHIIO 00 UTOrax IMPOIIEHHOTO My TH,
U [I0pa OIEHUTDb TO, YTO YCIIEN ceaaTh. «Becemy cBoe BpeMs U BpeMs BCs-
KOIi BeIu 1oj; HeOOM: BpeMsl POXKIaThCsl U BpeMst yMuparh» (Exkiecuact
3:1,2).

loy poxxyiennsa 1944-it, Boitna, BecTu ¢ (DPOHTA, «KATIONINY, «CTY/1e0e-
KEPBI», C PEBOM ITPOE3ZKAIOIINe TI0 HOYaM MIMO MAJIEHBKOTO JI0Ma Ha OKPa-
une Poccun, 3a pekoit ¥Yioif, B cubupckom ropojike Yian-Yie (Bepxne-
VIUHCK, KaK ero Ha3bIBaM OoJiee TPeX BEKOB HA3aJl IPEIKH; JOPEBOJIIO-
nuonHasi hororpadust moero jiena, Bacunusa lanumosuua [lepsymiuna, B
dbopme ecayiia jjocranach MHE 110 HACIEJICTBY ).

B konme 1956 r. g yexan BMecTe ¢ poanTensaMu Ha Kamdarky, re
YUIUJICA B HECKOJIBKUX IIKOJIAX W, HACKOJILKO MOMHIO, KayKJ0€e JIETO Pabo-
TaJ TO KAMEHIIIMKOM Ha CTPOUTEIHLCTBE MIKOJIbI, TO TPEHEPOM B ITUOHEPJIa-
repe, ObL1 1 pabounM-Tonorpadom B HajibraeBcKoil reosioro-pa3BegoaHoit
SKCIEUINN T/e-TO IoxKHee 3namenuToit /lommnbr reitzepos. [locite okon-
YaHUd IMKOJIBI paboTaJl ciiecapeM-MoHTaxKHUKOM B [leTpornasiioBeke-Kam-
garckoM. Jleca n roper Kamuartku, ee Kypsdiiuecsd ByJIKaHBI ¢ PO30BBIMU
BEPIIUHAME HA SPKO-roryooM Hebe, OKPY2KeHHbIe OYIHOM BYJIKAHIIECKOI
3€JICHBIO, OCTABUJIN B [TAMSATU Hen3rjiaiumoe Biedarienue. Ho kpacora sra
Tamia B cedbe u onacHocTh. [1IKosa, rjie s moydus arrecrar 3pesiocTH, Ha-
XOJIMJTaCh Ha MeCcYaHoi Koce Mexk 1y Tuxum okeanoM u p. KamaaTkoii, ona
ObL1a cMBbITa B 1974 T. OTPOMHBIM IIyHAMHU BMECTE C TIOCETTKOM M BCEMU €ro
PBIOOKOHCEPBHBIMU 3aBOJIAMU.

[Tocsie okoH"aHUs MIKOJIBI IIOCMOTPE HAYTa/[ B CIPABOYHUK JIJIsI 110-
CTyIaIoNux B By3bl U BbIOpaa dpusdaxk MIY. Bpema npuezna B Mock-
By B Mae 1962 1. coBmasio ¢ BecesbiM mpa3anoBanneM Jlus Apxumena Ha



dusdaxre. IlepBbie Kypchl yuedbl OCTAIUCH B MTaAMATH KaK T'OJIbI CBODOIBI
XPYIIEBCKOI OTTenes i, OHM 3allOMHUINCH KoHllepramu Ban Kiunbepna B
KOHCEpPBATOPUH, JIIOOUMOBCKUM Beptosibiiom Bpextom na Taranke, fko-
BJIEBBIM B CHeKTakje «VamoT» u CTyJeHYeCKUMEU CTPOUTETbHBIMU OTPs-
namu B Kazaxcrane un 1o CMOJIEHCKOM.

VBneuennsrit onysiapraoit jeknueit JI.V. Bioxuniesa na dusdake, s
B 1965 1. BBIOpAJI /U1 JasibHelineit ciernain3amnun ero Kadeapy B lyone.
1966-1967 rr. 3anmomuamauck jekiusamu M. Tloxropernkoro n C.M. bu-
JIEHBKOI'O, UX JIOTUKOW W TUIyOOKUM cojepzKanueM. Jlumiomuyio pabory
[0 IPUMEHEHNI0 MeTo/la (DYHKITMOHAJILHOTO WHTEIPUPOBAHUS B KBAHTO-
BOIl TEOPHH IOJII s TOJrOTOBMII 110J1 pyKoBojcTBoM B.M. Bapbariosa, u
OH K€ PEKOMEH/IOBAJI MEHsI B aCIUPAHTYPY.

Koneuno, MHe 110BE3J10 BCTPETUTHCH € JIIOJIBMU, KOTOPBIE CYIECTBEH-
HO TTOBJIUSAIN HA MO BBIOOD Hay4HOTro myTu. MHTepecunr (hopMynpoBKI
CMBICJI& U IeJIed Hay4YHOU J1edATeJIbHOCTH, KOTOPhIE OCTaJIMCh B MOeH Iia-
MSATH OT MEPBLIX BCTped ¢ HUMHU (91U (hOPMYJIUPOBKH, KOHETHO, HUKOUM
06pa30M He SBJISIIOTCS MCYEPIIBIBAIOIIAMI ).

.. BroxuniieB paccmarpuBaj paboTy yUeHOTO KaK TBOPYECKUIA 11O-
WCK WCTHUHBI, IJIe BCETJIa €CTh YBJICKAIONINN HAC 3JIEMEHT WI'PhI, HO HU B
KOEM CJIydae He KaK IOTOHIO 3a Pe3Yy/IbTaTOM U IOJIydeHue ero Jioboit
reroit. OH cuuTas, 9To HAYKY HEJIb3d IPEBPAIATh B CIIOPT WX O0BEKT
ousneca. (IlepByio mocTaB/IeHHYIO UM 3a/1a4y — HANTH JUCKPETHBIN aHa-
Jior ypaBuenns Jlwpaka — d Tak /10 cuxX mop u He perwi, HO JImurpnit
NBanoBuy m He TpeOOBaJ PEIIeHUs, OH IIPOCTO XOTeJ 3ayKedb KeJaHue
paboTaTh U IOTOM €ro HO/JCPKUBAI).

Ina B.M. BapbaioBa Hayka — 9TO yBJIE€KATE/JIbHbBINA, HO TAXKE/IbIN CHU-
CTEMaTUYIECKUil TPV, 110 UCCIEIOBAHUIO YPAaBHEHUN, OMUCHLIBAIONINX DPa3-
Jinanble (hU3NIECKUue MOJIE/N, U MATEMATUIECKON JIOTUKN UX TTOCTPOCHMSI.
(3/16Cb MOYKHO BCIIOMHHTH 3aJIa9¥ 110 MPUMEHEHUIO METOJOB (DYHKIMO-
HAJIbHOI'O MHTEI'PUPOBAHUS B TEOPUHU I10JIsI, KOTOphIe MbI ¢ B.M. craBuin
1 PeIaJim. )

N.B. [lonybapuHoB BHe/ IeJIM HAYKA B PEIIEHUN aKTYaJbHBIX IIPO-
OJsieM coBpeMeHHOI (hU3UKKN — KBAHTOBAHUs Heabe/IeBbIX KaJIUuOPOBOUYHBIX
moJieit u hOpMyJIMPOBKU KOBAPUAHTHOI'O METO/IA TIOCTPOCHUST S-MATPUITHI.
(Ilpu mamieit Bctpede B derpase 1966 1. U.B. nomapmi MHe u3IaHHBIIT
B 1ekabpe 1965 r. npenpuHT 0030pa «YpaBHEHUs KBAHTOBON 3JI€KTPOIH-
HAMUKW», 3apPa3UB CBOUM BHJeHHEeM (DU3MIECKUX 33129 U OIPEJIESIUB TeM
caMbIM TeMy MOWX paboT Ha JOJIrHe TOJIbI BIIEPE/I. )



J1.B. BonkoB uckaJ riryOMHHBIN CMBIC/I TPYIII Tpeodpa3oBanuii husu-
YeCKUX I0JIell 1 KOOPJMHAT U AHAJOTUUA MEXK/Iy Pa3/JUIHbIMU O0JIACTAMM
dbuszuku. (1.B. yBiaek mens mieeil CllOHTAHHOTO HAPYIIEHUS KUPAJbHOIL
cummerpun u Merogom dopm Kaprana.)

g H.A. YepaukoBa HayKa — 3TO MaTEMATHIECKH siCHAsT U (DU3MIE-
cku 00OCHOBaHHAsI MOCTAHOBKA IPOOJIEMbBI, KOTOpas CJIEIyeT U3 OOIINero
aHaJIM3a COBPEMEHHOro pa3Butus dpusuku. (371ech HaJIO0 BCHOMHUATH OJe-
crsmmue paboret H.A. 1o pensituBucTckoit crardusnke, 1o reopun bopaa—
Nudenbia, KoHGOPMHONE TEOPpUH CKAJSPHOTO IOJI U €r0 BEJIUKOJICITHYIO
HHTYWIMIO B BOIPOCE, YeM CTOUT 3aHUMAThCS, a IeM Her.)

H.H. Borosito6oB Bujie/1 0JUH U3 CMBICJIOB HAYKN B (DyHIAMEHTATbHOM
00OCHOBAHUU MATEMATUICCKUX METOJIOB U IIPHUOJIMKEHHBIX MOJIesell, yc-
IIEIITHO OIHUCBIBAIONINX pupoty. VIMeHHO 3a/1a9a 110 000CHOBAHUIO B KBaH-
TOBOW TEOPHUH TOJIA SMKOHATBLHOTO MPUOJIMAKEHUS JIJId aMILIUTY] pacces-
Hus, nocrapyiertasd H.H. BorooboBbiM, jieryia B OCHOBY MOeil KaH Iu1aT-
CKOW JIMCCEPTAIINAN.

1. DiikoHaJIbHOE IIPUOINXKEHEe

Becna n navasio jiera 1969 1. ObLIM TOCBAIIEHBI «MO3TOBOMY IITYP-
My» 3ajaqi 110 0OOCHOBAHUIO B KBAHTOBOI TEOPHUHU I0JIsI SHKOHATIHHOTO
HpUOJIMKEHNs JIJIs aMILIATYL paccesHusi, nocrasiennoir H.H. Boroso-
6osbiM. B.M. Bapb6aros 6b1 npursiamen Hukosraem HukomaeBuuem kax
CIEIMAJINCT 10 IIPUMEHEHUO MeTO/1a (DYHKIIMOHATBHOIO HHTETPUPOBAHMS.
KostekTuB, KOTOPBI# yCHeNnrHo perua 3Ty 3ajady B 1969 1., Bo3r/ias-
gsan A.H. Tapxenmpaze, B Hero Bxoamiam Mojojble Torna B.A. Marsees,
C.II. Kysemon, A.H. Cucaxsii u aBTop 3Tux CTpoK |3, 5-7].

Ocenbio s1 paccMoTpes 60J1ee IPOCTOil caydail MOTEHIIHAJIBHOTO KO-
HaJIa, OIMyOJIMKOBAJ HECKOJILKO PadOT 1O 9TOH TeMe B CO3JIaHHOM TOT/Ia
xkypraie TM® [1, 2, 4], a 3arem ¢ moMoIb0 GYHKIHOHAJILHOTO WHTE-
IpUPOBaHUsI BHOBbL Halllesl pertenne mojeBoit 3agadn H.H. B urore ue-
pe3 ro, jgerom 1970 r., npuaTHo yausienabiit B.M. Bapbarios jpep:xai B
pyKax «pbIOy» Moeil KaHauaaTckoil aucceprarun. OH HACTOSI, ITOOBI s
repepaboTaj 3TOT B OOIIEM-TO ChIPOW MaTepuaJi, JoOUBasiCh MaKCUMaJ/lb-
HOI SICHOCTH U3JIOYKEHUsI, TaK 9TO MO JIOKJIa] OCEHBIO Ha 3Ty TeMy CMOT
yiosjieTBoputh ayauropuio JITO®. [locme 3amuThl quccepraium B KOHIE



Jekabpst 1970 r. s 6611 3auuncien B cekrop .M. Bioxunnesa ¢ 1 auBaps
1971 r., 1OCPOYHO 3aKOHYMB ACIIIPAHTYPY.

B sro Bpems (1966 - 1970 rr.), 6aaromapst OOIIEHUIO U JUCKYCCUSAM C
N.B. ITonybapuHOBBIM, 5 CTaJl CBUJETE/IEM YBJIEKATETbHON UCTOPUH CTa-
HOBJIEHUS TEOPHUU KAJTMOPOBOYHBIX IOJIEH, MPOUCXO/IMBINEN Ha MOUX IJIa-
3ax.

2. KBanToBaHmMe KaJnOPOBOYHBLIX I10JIEi

Kak yxke ormedasioch, B Hadaje 1966 1. g MpUHSJICT U3ydaTh TEOPUIO
KaJIMOPOBOYHBIX 110J1eit 110 0630py U.B. Ilonybapunosa. 9ToT 3aMedareinb-
HBIIE 0030p OBLI IOCBSIIEH MaMUJIBTOHOBY OIIEPATOPHOMY KBAHTOBAHUIO
9JIEKTPOJIMHAMUKHU, PA3BUTOMY TAaKUMU KJIACCUKAMU Hayku, Kak Jlupax,
[eitzentepr, [layim u [MBunrep. Y:xke B nadasne 60-x [IIBunrep mpokaza
PEIITUBUCTCKYIO KOBAPUAHTHOCTH HaOJIIOIaeMbIX B HeabeJIeBOil TEOpHH,
cunTas METOJIbI, HE 3aBUCIIIE OT CUCTEMbI OTCUeTa, HeaICKBATHBIMU OITe-
paropHoMy yndamermanvromy Keanropanuio®. Onun u3 Hauboee 1eH-
HBIX pe3ysbraToB o63opa I.B. [losybapunoBa 3ak/o4dalicss B IOCTPOEHUHT
SIBHOT'O BHJIA PEJIATUBUCTCKUX MTPeodpa3oBaHuil (hu3mIecKux moJieit u3 oji-
HOI CHCTeMBI oTcYeTa B JIpyryio. CMBICJIOM W KOHEYHBIM UTOTOM 9TOI pa-
O0THI OBLTIO OIIpe/jie/IeHre IPYIIIIBI Tpeobpa30BaHmil MHOTOOOpa3us Havua Ih-
HBIX JAHHBIX, OCTABJSIONINX 0€3 M3MEHEHUsI BCe CTPYKTYPHBIE COOTHOIIIE-
HUS 9TOrO MHOrooOpasus, BKJIO4Yad ypaBHenud gsukenus. B JIT® sro
HampapjeHne mnpejacrapisiia cepus pabor B.M. Oruesenkoro n 1.B. Tlo-
JIyDapUHOBA.

OjHako Teopernyeckasi (pU3MKa Ha CBOEM IIYTH Clejajia KPyToil Io-
BOPOT K JIPYTOMY METOY OIHCAaHUA (PU3MIECKUX SIBJICHU, HAO/II0IaeMbIX
Ha YCKOPUTEISX BBICOKUX SHEPIHUil. ITO ObLIN B OCHOBHOM IIPOIIECCHI PAC-
CesTHUS 9/IEMEHTAPHBIX YACTUI], CEUeHUs] KOTOPBIX He 3aBUCAT OT BBIOOPA
cucTeMbl oTcueTa. VIMEeHHO ¢CBOOOHBIN OT CUCTEMbI OTCYETa METO/T UCIIOThb-
30BaJI JIJIg OMUCAHWS TaKUX ITPOIECCOB PACCESHUA B 3JIEKTPOJINHAMUKE
Pugapn @eitaman. Pefinman oOHAPYKUJI, 9TO ITOT METOJ He paboTaer
B HeabesieBoit Teopun. [Ipobiiema KBaHTOBaHUS U MOCTPOEHUST YHUTAPHOI
TEOPUU BO3MYIIEHUI JI/Id HeabeIeBoii TEOPUH B PaMKaX MeTo/1a, He 3aBUCS-
IIIero OT BBIOOpa CUCTEeMbI OTcUeTa, ObLaa Osectdiie pemrera JI./1. Dame-

1 «We reject all Lorentz gauge formulations as unsuited to the role of providing the
fundamental operator quantization» (J. Schwinger, Phys. Rev., 127 (1962) 324).
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eBbIM 1 B.H. ITonoBbiM. McToprmyeckum pe3yabTaToM, MOJTYYEeHHBIM METO-
nom Dajieea—Ilonosa, 66110 JI0KA3aTEIHCTBO IEPEHOPMUPYEMOCTH JIE€K-
Tpocaaboit Teopun Xydrom u Beabrmanom. 2Kypuan TMO® orkpbiBaJics
B 1969 1. crarbeit Pa/iieeBa, rie J0Ka3blBaJIaCh SKBUBAJIEHTHOCTh METOIA
QareeBa—IlonoBa yndamernmanrvrHomy TaMIIBTOHOBY MeTOIy 0e3 BCs-
KO0 yIIOMHHAaHUS TPeodpa30BaHuil CCTEM OTCUYeTa, T.€. HMEHHO TOTO, YTO
Hupax, HIsunrep u [Tomybapuros (B cBoeM 0030pe) CUUTAIH TJIABHBIM.

[TorybapunoB He OBLI TOTOB BOCHPUHATL TAKON YIIPOIIECHHBIN 26pu-
cmudeckud TT0IX0/T K TTIOCTPOEHUIO KBAHTOBOI TeOpUH 110JIs 1eHO# 11oTepu
HavaJ bHBIX JTAHHBIX U CHCTEM OTCUeTa, MPeoOPa30BAHUIO KOTOPHIX U OBLI
MOCBHAIIEH ero 0030p. YTo 4yBCTBYeT 4esI0BeK, Yy KOTOPOrO IOMIATHY/IOCH
€ro MOHMMAaHUe PEIATUBUCTCKON KBaHTOBOI dhuszuku’! On 3abupaer cBOi
0030p u3 YOH, aro6s pazobparbcs B COOTHOIMIEHNN TaMIILTOHOBA KBaH-
toBaHus u Metoja PajyieeBa—Ilomnosa, He 3aBUCSINIETO OT CUCTEMBI OTCUE-
ta. [Ipexe Bcero y IlosybapuHoBa BO3HHMK BOIPOC 00 OOJIACTH TIPUMeE-
HUMOCTH 3TOro Metojia. U sTa obsracts Obl1a ykazana PajijieeBbIM caMUM
CII0COOOM JIOKA3aTeILCTBA TeOPEMbI SKBUBaIeHTHOCTH MeTo1a PajiieeBa—
[TonioBa raMuIBTOHOBY METOJIy — 9TO IPOIECCHI pacCesiHUsl KBAHTOB UC-
XOIHBIX 110J1eit Teopuu. Ecin 910 Tak, To s 11es1eil onucaHus mpoIeccos,
BBIXOJISAININAX 38 PAMKHI 3TON 00IaCTH, HAIIPUMED, JIJTsi OITUCAHUST CBSI3aHHBIX
COCTOSIHUI, CTAHOBUTCS aKTYaJbHON 3a/lada BOCIPOU3BECTH B (hOpMAaIN3-
Me (PYHKIIMOHAJILHOI'O HHTEIPUPOBAHUS ITPEOOPA30OBAHUS CUCTEM OTCUETA,
nostyaennbie [IIBuHrepoMm.

Tosibko B 1987 1. BMecTe ¢ Hryen Cyan XaHoM MHE y/1a710Ch BBISCHUTD,
kak npuMmeHsaTb naTerpan PammeeBa—IlonoBa s ommcaHus CBI3aHHBIX
cocTosiHnil B Heabe/eBLIX TeOPUsAX? U KaK IpeobpasyeTcs 9TOT MHTerpall
IIpH Ilepexojie B APYIyIo CHCTeMY oTcdeTa’, 4To Tora u nuTepecosalo Ilo-

2Emie B 3/IeKTPOJMHAMUKE OBLIO M3BECTHO, YTO NMPHU KBAHTOBAHUM BCEX CTEIeHei
cBODOO/IBI BO3HUKAIOT CBSI3aHHBIE COCTOAHUS C MHUMBIMH MacCaMd, B TO BPeMsl KakK B
Pyndamenmanvrom TUPAKOBCKOM TOJXOJIE, TJIe KBAHTYIOTCS TOJBKO T€ IEPEMEHHBIE,
KOTOpBIE OCTAIOTCS IIOCJIE€ pPa3pelleHus CBs3eil, Takue HedU3NIeCKne COCTOSHHUS OT-
cyrcrBy0T. ECTh OCHOBaHMs IpeiroaraTh, 9To MOJ00HOE M3MEHEHUe CIeKTpa OyJer
UMETb MECTO U B CJIydae PEJISTUBUCTCKON CTPYHDI; HAYAJIO (HYyHIGMEHMANDHOMY METOJLY
ONHUCAHUS CTPYHBI, SBHO 3aBUCSIIEMY OT CHCTEMBI OTCYeTa, ObLI0 mosiozkeno B.M. Bap-
6armosbiM 1 H.A. HepnukosbiM B 1974 1., npomoszkeno A.T. Peiimanom u JI.JT. @ame-
eBbIM B 1975 1. u 2KJIeT cBoero okondareabHoro pemtenus. [Ilaru B 3ToM HalpaBiieHUN
6bLn ceanbl B Hameli padore ¢ B.M. Bap6amoseiv u JI.B. TIpockypunbim [95].

33aBUCHMOCTD OT CHCTEMBI OTCYETa BCET/Ia MOYKHO 3aMEHOM MepeMeHHBIX TIePeHeCTH
B (bazoBbIie (bakTOpHI IpU PU3NIECKUX UCTOIYHUKAX, HO yOpaTh 3TU (PaKTOPbI, & BMECTe
C HUMU U 3aBUCHUMOCTb OT CHCTEMBI OTCYETa MOXKHO TOJIBKO ISl 337129 PACCESTHUSA.
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sybapunosa. Harra pabora 110 BBIBOJy 3TUX Ipeobpa3oBaHuil, HalpaB/ieH-
nas B «Intern. J. Mod. Phys.», noupasuiacek ero pejpakropy mpodeccopy
[Teuden, u on permmuin pekomenoBarhb ee B «Mod. Phys. Lett.», necmorpsa
Ha JIOBOJIBHO GOJIBINOI 00beM Harmeil crarsn [72].

Pa6ora 72|, onybaukosannas B «Mod. Phys. Lett.» B 1987 r., okaza-
Jlach MOYTH He3aMedeHHOU. /lesjo B ToM, uTo 3a 20 JieT cyIecTBOBAHUS
28PUCMUNECKO020 METO/IAa KBAHTOBAHUS BBIPOCJIO YK€ HE OJIHO MOKOJIEHUE
bu3MKOB, KOTOpPbIE UCKPEHHE CYUTAIOT IOTEHITNA, IOy YeHHBINA PereH-
eM CBs3ell B KOHKPETHOIl cucreme oTcueTa, HepeJsaTUBUCTCKUM IIPUOJIN-
JKeHHeM U He OTJIMYAIOT BBIOOP IepeMeHHBIX OT BhIOOpa KaJuOpPOBKU (hu-
3uvyeckux ncrouyHnkos /Jlupaka. He 3nas jgpyroro meroja, Kpome 26pu-
cmuMeck020, M He BUJIA TPAHUIL €I0 IPUMEHUMOCTHU, OHU UCIOJIb3YIOT 3TOT
METO/T JIJIsl OIIMCAHUS CIIEKTPA CBI3aHHOI'O COCTOSAHUA, aPOHU3AIINH, KOH-
daiinmenTa n Apyrux HenepTypobaTUBHLIX 3(DPEKTOB, T/Ie OH MOXKET JIaTh
HEBEPHBIE PE3YJIBTATHI, KAK 9TO [TOKA3aHO Ha IIPUMEPe MOHOIoJEll B pabo-
tax |69, 81]. [Tosromy st cumraro mybukanuio o63opa 1.B. Tlonybapunosa
[80] (mouTu wepes 40 Jier co jHs ero HammcaHus) U cBoero ob3opa [81] mo
puMeHeHuio u obodrennio pesyabraTos V.B. Ha cBg3aHHbBIE COCTOSHUS
CBOEBPEMEHHON ¥ TIOJIE3HOMN I TeX, KTO 3a/[yMbIBACTC HaJl IIPE/IeIaMu
IPUMEHUMOCTH METOJIOB, KOTOPbIE OHU HCIIOJIL3YIOT B CBOUX 3a/1a4aX.

3. KupagbHas Teopus
n ee obocuoBanue B KX /I

[Tocste 3amuThl KAHIUIATCKON JIMCCEPTAINN U TIOCTYILICHUS Ha paboTy
B JIT® Bcras Borpoc, uto jesarh gajibie. Juckyccun ¢ [TosrybapuHOBBIM
o ero 063opy (1965 r.) u manbHeiinme pabOThI M0 KBAHTOBAHUIO Heabe-
JIEBBIX TEOPUl yrKe 3aMHTPUTOBAJIN MeHS TPOOJIEMON MX COOTBETCTBUS I'a-
MIJIBTOHOBY IIOJIXO/Ty, HO 3aHUMAaTbCs 3TOU 00JIACTBIO OBLIO TOT/Ia SBHO
He 110 MouM cujiaM. Bes 9ra obJracTh ncc/ie/loBaHusi HaX0IUIach B TO Bpe-
Mg CJIMIIIKOM JIaJIeKO OT SKCIEPUMEHTa, a s, OJarojaps SHKOHAJy, yiKe
OIILYTHUJI HEKUI a3apT OIKMCAHUA peaibHO HaOJIOMaeMbIX (DU3UIECCKUX SIB-
Jlennit. Kpome Toro, e 66110 XOPOIIEro OMbITa PAOOTHI C UarpaMMaMu B
TEOpUM BO3MYIICHUI U MOHUMAaHUs UX BHYTPEHHEH CTPYKTYPBI, O 9eM MHE
no32ke roopusi B.H. I'puboB, auckyccuu ¢ KOTOPHIM BO BpeMsi COBETCKO-
aMepUKaHCKUX IIKOJ B ApMmennn B Hadaje 80-X MOMOIVIM MHE OCO3HATH
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1pobJieMy BbIOOpa I'PAHUYHBIX YCJIOBHIl U KJacca (DYHKINH B KBAHTOBOI
TEOPUN IIOJIsI.

OnpIT paboOTHI ¢ AEAarpaMMaMi JaJjia KupajbHas TeOpUsa BO3MYIIEHUSI,
passBurtag namu ¢ M.K. Boskosbim B 1973-1976 1. B 11€710#1 cepun cTareii,
ony6mKoBaHHBIX B 0CHOBHOM B 1@ 1 «Phys. Lett.» [11-23|, a Takke B MO-
norpacun [10], Bormemmeii noy pepakuueit /1.1, Broxunnesa. M.K. Bos-
KOB paspaboTaJji CylneplponaraTopHbIil MeTOl CYMMUPOBAHUS PSIJIOB TEO-
pUN BOBMYIIEHUM, TTO3BOJISIIOIIII OJTHO3HAYHO BHIUNC/IATH AMILIATYIbI (pri-
3UYECKUX IIPOIECCOB I CYIIECTBEHHO HEJMHEWHBIX JarpaHxKuaHos. B
TO BpeMs, KOIJIa HU CTaH/IapTHAA MOJIE/Ib, HI KBAHTOBas XPOMOJIMHAMI-
Ka eIlle He yTBEPJUINCH KaK OOIIeNPU3HAHHBIE TEOPHUH, 3TU CYIINECTBEH-
HO HeJIMHEWHbBIEe JarpaH:KUaHbl, IpejjoxKennbie Baitnbeprom u IlIBunre-
pPOM, paccMaTpPUBAJIUCH KAK OCHOBa (DEHOMEHOJIOTMYECKUX TEOPHUil Me30-
HOB. DTHU TEOPUN YAAIHO U KOMIAKTHO BOCIPOU3BOIIIN MHOIOIHCICHHBIE
pPe3YJIbTATHI AJreOpbl TOKOB — CHMOMO3a I'PYIIIOBBIX METOJIOB M JIUCIIED-
CUOHHBIX COOTHOINEHU, MCIOJIL30BABIIUXCS TOTJIA JIJIsi ONEHKU ITPeJICKa-
3aHUN aMILIUTY HI3KOOHEPIreTHIECKIUX ME30HHBIX IIPOIECCOB.

B 1973 r. M1 ¢ M.K. BoJIKOBBIM HadaJI ¢ TETJIEBBIX JUArpaMM JIjIs
3JIEKTPOMArHUTHOTO (popMdaKTopa IMMOHA U 3a JIBa I'0Ja BBIUUCIUIN aM-
IJTATY/ bl MHOTUX (DU3UIECKUX HU3KOIHEPIeTUIEeCKUX IPOIECCOB C BIIE-
YATJISIONIAM COTJIACHEM C MMEIONUMUCA SKCIIEPUMEHTAIbHBIMUI JIAHHBIMH,
a TaKKe C IPEeJICKA3aHusIMI U IPEJJIOKEHIEM KOHKPETHBIX M OCYIIEeCTBU-
MBIX 3KcIepuMeHTOB. [lorsgpu3yeMocTh THOHOB ObLIa U3MepEHa 10 Hallle-
My npeioxkenuto sxciepumertaropamu JIAIT uw MOBD (33, 34| 6yksasib-
HO Yepe3 HECKOJILKO JIET B OIBbITaX 1O KYJOHOBCKOMY PaCCEAHHIO MTHOHOB
Ha sijipax Ha yckoputesae NPBY B [Iporsuno. [Ipudem sxcnepumeHTa b
HbIE JIAHHBIC OKA3a/MCh B XOPOIIEM COTJIACUU ¢ HAIIMMU IIPE/ICKA3AHUSMHE.

Kazxkpre morosia s e3;m1 B XapbkoBeknit Puzrex K JImurpuio Bacu-
JibeBU1y BoJIKOBY, BBICTyIIasi TaM € JOKJIAJaMU Iepej] SKCIePUMEHTaTO-
pamu u TeoperukaMmu. MHe ynanoch Torja copMyInpoBaTh TEOPUIO BO3-
Mylenunii B repmuHax ¢popm Mayspa — Kaprana, onuchIBAIONX mpons-
BOJIbHBIE JIBUZKEHUS OPTOIOHAJIBHBIX PEIIEPOB B I'PYIIIOBOM IIPOCTPAHCTRE,
1 00001UTH pe3ynabraThl .B. Boikosa s quarpaMm-aepeBbeB Ha IeTIIe-
Bble uarpammbl |20, 24, 29|, aro nozsomio vHam ¢ .M. KazakoBeim 3Ha-
YUTEJIBHO O0JIErIUTh BBIYUCIECHNE BKJIAJIOB OT JBYXIIETIEBBIX IUATPAMM
7 HAXOJIUTb PE3YJIbTAThl, CINTasl HECKOJbKO JuarpaMM TaM, TJe JpyTrue
cuntagu corau u thicgun 26, 28|. JI.B. IIIupkoB npe oK1 MHE TOrJIa
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COBMECTHOE C HMM PYKOBOJICTBO KaHIuJIaTcKOi juccepranueit JI.1. Kaza-
KOBa, KOTOPYIO OH YCIIEITHO 3aIlUTUI.

Torna ke, B 1976 1., MbI ¢ Jlurmapom D6epToM TIPEIIPUHSIN IEPBYIO
MOTIBITKY B HAITPABIEHUN 0OOOCHOBAHUST KUPAJIbHBIX JIArPAHKIAHOB B PaM-
kax KX/I, cdhopmynupoBas ¢pyHKIIMOHAIBHBIN HHTErpaJI 110 OMIOKAIbHBIM
HepeMeHHbIM, KOTOPBIN MTO3BOJISI/T BHIUYNUCIUTH CIIEKTDP CBI3aHHBIX COCTOS-
Huil, 1X GOpPM@PAKTOPHI U AMILIUTYILI CO CIIOHTAHHBIM HAPYIIEHUEM CHM-
METPHH, JOBOJBHO MPOCTBIM KBAa3MKIACCHICCKUM MeToqoM |25, 27, 30].

Bcee st pesysnbraThl, coOpaHHble BMecTe 1101 Ha3BaHueM «KBanTOBast
TeOpHs TOJIsI ¢ KUPAJbHBIM JArpDAHKUaHOM ¢ (DU3MKA ME30HOB HU3KHUX
SHEPTHily, s TPEeJICTABUI KaK JOKTOPCKYIO JIMCCEPTAIMIO, KOTOPYIO 3ally-
T 7 centssopsa 1978 1. VI B jasibHelinneM HUCIOIB30BAJI TU Pe3yJibTa-
TBI JIJIs ONMIUCAHUS PABIUIHBIX aJIPOHHBIX ITPOIECCOB METO/IOM KHUPATHHBIX
narpanxkuanos® [35-44], a Takxke i1 0GOCHOBAHUSI 3TUX JIArDAHKUAHOB
[45-69, 81| ¢ momorbo DYHIAMEHTATBHOIO KBAHTOBAHUS XPOMOITHAMH-
K1, KoTopoMy Hay4quiicst 110 063opy 1.B. Ioxybapunosa [80]. Ho sro yxke
Jipyrasi HICTOPUS.

4. TI'nmobajbHble BO30YXK/IeHUS
KaJIMOPOBOYHbBIX IIOJIEi

K 1978 r. y:xe okoHYATE/IbHO TIOJIYyYH/Ia [IPU3HAHIE KBAHTOBAasI XPOMO-
JIMTHAMUKA KaK TeOpusl B3aUMOJICHCTBYIONIMX KBAPKOB U TJIFOOHOB, KOTO-
phIX ere HUKTO He Habmoaax. Cam dakt nx mHeHaboaemoctn Peiftuman
cchopmyImpoBaT KaK KBapK-aJIpOHHYIO JIyaJbHOCTH, KOTOpPasd MPEKPACHO
olrpeiesisia KBAaHTOBBIE YUCJIa KBAPKOB, YIMBUTEIBHO XOPOIIO COBIIA A0
mue ¢ Teopueit. B To ke BpeMs MOgBWINCHL MHCTAHTOHBI benasuna, [lo-
sskoBa, [IIBapra n Tronkuna, koropsie B.H. ['puboB nipe iyioxkust TpakTo-
BaTh KaK IMOJA0aPbEpHBIC IIEPEX0/Ibl MEXKTY KJIACCUYECKUMU BaKyyMaMu C
pasubiMu dazamu. Kpome Toro, B.H. ['pubosbim ObL1a 0OHApYZKEHA HEOI-
HO3HAYHOCTDb KYJIOHOBCKOI KaymOpoBKu B KX/I, mim ee BIpoxKieHue, 9T0
BeJIO K HyJIeBOMY 3HaudeHnio narerpaja Pajeesa—Ilomnosa.

4PesynbrarTe, nosydentubie B paborax [10-32], BK/IIOYAs KOBapUAHTHYIO TEOPHUIO
poaMymiennit [20, 26] u aHAIN3 JUIMH PACCESIHUS] [IMOHOB, BBIIOJHEHHBI COBMECTHO C
C.A. Bynsarosbim u A.A. Besbkosbiv [31, 32], Obuiu cyriecTBeHHo uconb3oBanbl Lac-
cepoMm u JlefirBuiaepom mpu pOpPMYIHPOBKE ITUPOKO IPUMEHSIEMOI Tenepb KUPAIbHOM
reopun Boamymenuit (M. J. Gasser, H. Leutwyler, Ann. Phys., 158 (1984) 142).
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[IpuobpeTst ONBIT B KBAaHTOBOI TEOPUU IIOJIA, si CTAJ PacCMaTpPUBATDH
BCE 9TU TPOOJIEMBI C TOYKM 3pEHUsI raMuIbTOHOBa Meroja upaka [80,
81], rjie KBaHTYIOTCS TOJIBKO T€ HEPEMEHHBIE, KOTOPBIE OCTAIOTCS IMOCIIE
paspeliieHns cBs3eii. Pasperiias ssBHO 3TH CBsI31, Mbl OOHAPY KU, ITO Me-
toj1 Jlupaka B Heabe/IeBbIX KAJTUOPOBOYHBIX TEOPHUAX JTEMOHCTPUPYET HAM
BO3MOXKHOCTB CYIIECTBOBAHUSA OJIHOPOJIHBIX PENIeHU ypaBHEHUil CBSI3H.
OTU OMHOPOHBIE PEIeHUsT OIMUCHIBAIOT TJI00AIbHBIE BO30YKIEHUS BCeit
CHUCTEMBI T10JIell B IEJIOM, THIIA BO30Y:KJICHU, C KOTOPBIMU MbI UMEEM JIe-
JIO TIPY OIMCAHUK CBEPXTEKydero Jprzkenus [58|. Jepucmuneckutd meros
9TO CBEpPXTEKydee JIBUKEHUE He 3aMedaeT, TIOCKOJIbKY He PellaeT CBA3HU, a
JIMIIB TIpeJosiaraeT (popMabHO BO3SMOYKHOCTD UX PEIIECHUS.

Bwmecre ¢ monmu mostogeimu corpyannkamu H. Wnmesoit, C. Tormmmi-
3e n A. XBezenua3e Mbl n3ydajn riodaabHble BO30YKIEHN KaJIuOPOBOUI-
HOT'O II0JIsI Ha PAa3JIMIHBIX MOJEJSIX M IpUMepax, IbITasCh MOHITH KJIacC
byHKIWMI, HA KOTOPOM TaKoe I100aIbHOE JIBUXKEHIE MOYXKET OBITH COCPEI0-
TOYEHO, U ero dusnueckue cieacTsus [58—68|. B kakoili-ro Mepe UTor 3TuM
HCCJIeIOBAHUAM MojiBesa Hatta pabora ¢ JI. Jlanimvanowm [69], rie 6611 pac-
cMOTpeH 3D PEKT CBEPXTEKYIeCTH Ha TOTHBIX PEIIeHUIX THIIa MOHOIIOIEeH
Boromosnsroro — IIpacasia — 3omMepdesbia B TEOPUIX CO CKAJISIPHBIM 10~
JieM. MbI niepenuim K mpejesy KOHeUHO IJIOTHOCTH MaCChl CKaJIsIPHOTO T10-
JIsd, YCTpEeMJIss caMy Maccy Ha OeCKOHeYHOCTh. Torja ckajspHoe 1oJie, c-
ye3asd U3 CIIEKTPa COCTOsIHUM Teopun Harojobue Yermpekoro Kota, ocra-
BUJIO TIOCJIE Ce0sl TPU «YJIBIOKH» : KBAPK-aJIPOHHYIO JIYAJIbHOCTh (KaK IHCTO
KBaHTOBBIH 3 PeKT JecTpyKTUBHON mHTEepdepeHnn (pa30BbIX (PaKTOPOB
TOIMOJIOTHYECKOTO BBIPOXKICHHs HAYAJIBHBIX JAHHBIX), PACTYIIHN MOTEH-
uasa ajpoHusanuu (06pasyomuii Me30Hbl U MX B3aUMOJEHCTBHs THUIIA
3 HEKTUBHOrO KUPAJBHOTO JIarpaHKuaHa, KaK MbI 9TO MOKA3a/Jl B Ha-
gasie 90-x rr. Bmecte ¢ B. Kasnucom, FO. Kanunosckum, H. CapukosbiM,
. Baamke, I. Penke u rpymmoit 11.B. Ilysemuna [45-57, 81]) u cBepxTe-
Kydee DIobaTbHOEe JIBUKEHHE TJIFOOHOB (KOTOpoe obecrevdnBaeT GOIbIITYIO
maccy 1'-me30Ha). Teopusi ¢ MOHOTIOJIEM JIaeT y2Ke 3HAKOMBbIii 00pa3 peaJib-
HOro Mupa (PU3NKHU CUIbHBIX B3amMmozeiicrBuii. Ho crommo nam mepeiitu
K IIepeMEHHbBIM, He 3aBUCAIINM OT CUCTEMbI OTCUETa, KAK BCE 9TH TPU MO-
HOIIOJIBHBIX 3(hdeKTa CTaIu OIMUCHIBATHCS TOJBKO (hba30BbIMU (baKTOpaMu
MCTOYHUKOB KBAaHTOBAHHBIX TIOJIEH U BOOOIIE MCUE3JIN TIOC/IE Tepexoia K
UCTOYHUKAM I6PUCTNUYECKO20 TIOJIX0/a, KaK KOIJIa-TO PaHee UCUE3JIA OJI-
HOBpPEMEHHbBIE CBA3AHHBIE COCTOAHUA B aspucmuyeckoti KIJI. Busom o
TOM, UTO 3HAKOMBII 00pa3 peaJlbHOTO MHUPa HE BOCIPOU3BOIUTCS ITOJIHO-
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CTBIO 98pUCMUMECKUM METOJIOM, HaBepHsKa Obl yiaosiaersopus M.B. Ilo-
JlyDapuHOBa, KOTOPBIH K 9TOMY BPEMEHH, YBbI, YK€ YIIe/I U3 XKU3HU. VY eI
u3 xku3an u Biaguvup Haymosuua ['pubos. [locsennioro Moo BeTpedy ¢
['pubosbim B Bynamemre B 1996 1. r06e3n0 opranmsoasia FOmums Hupwn
(¢ KoTOpO#t KOrja-To B gasekoM 1970 . HA OJHOM COBeTe Mbl 3alllUINaIn
Kauuaarckue). Biaajguvup HaymMoBud, BeIC/IyIaB MO KPaTKyro uHOOD-
MAIMIo O Hammx nonbiTkax B Pocroke onmcars KXI-akyywm [55, 56| u
yKa3aB cpa3y MX HeJOCTATKH, OOPYIIMI Ha MEHS SKCIIPECCUBHYIO JIBYX-
JaCcOBYIO JIEKIUIO 0 KoHdaitHMeHTe. I 37ech 0H ciean MHe MTOC/IeTHUIA
[IO/TaPOK, OTKA3aBIINCH OT CBOEHl CTApoil MHTepIpeTari NHCTAHTOHOB 1
O00'bsICHUB, TIOUEMY OHU SABJIAIOTCH HedU3MdecKnMu perrenusaMu. Mmenno
TaKoe 00bsiCHEHUE MBI U UCIOJIL30BAJIN B YIIOMSHYTOM BhIIIe craThe B D
[69], 4TOGBI 3aMEHUTH HHCTAHTOHBI MOHOIIOJISIMU.

5. KonepanukoBcKasa Bcenennasi

O/ U3 rJIaBHBIX UTOIOB MOUX UCCJIEIOBAHUN KaJUOPOBOYHBIX TEO-
puii — 3TO HEOOXOJIUMOCTH ITOMHUTH O PAa3JIe/IeHUN (PU3NIECKON Teopuu
Ha yPaBHEHUs JBUKEHUSI U HAYAJbHBbIE JAHHBbIE, W3MEPEHHBIE B OINpeIe-
JIleHHO# cucreMe orcueTa. OTCIo/1a BOSHUK BOIPOC, Ky/JIa OTHECTH € TUHUITbI
U3MepeHnsT HAYaJIbHBIX JJAHHBIX: K YDABHEHUSAM WU K CAMHUM JIAHHBIM —
U MOKHO JIM TOIJIa HAIMCATL yPABHEHWS €JIMHON TEOpUU, He 3aBUCIIIIE
oT BbIOOpa eunull udMepenus? Takas Teopust BOSHUKAET U3 CTAHIAPTHOM
Mojiesin steMenTapabix dacturi 1 OTO DitHmreiiHa myTem 3aMeHbl BCexX
Mace, BKIodasg Maccy [lnanka, eTMHBIM CKaJISPHBIM JIUIATOHHBIM TI0JIEM,
npu stom cama OTO paccmarpuBaercs Kak MacIITaOHO-MHBaPHAHTHAS
TeOpHUs STOTO JUJIATOHHOTO TOJid, mpeioxkennas [lenpoysom, HYepruko-
BbIM U TaruposbiM. IMenHO Takyio Teopuio Mbl n3y4asu ¢ Mapekom Ilas-
JIOBCKH, PYKOBO/JICTBO HAyYHON PabOTOIl KOTOPOT'O §I MPHUHSII MIOCJIE yXO/1a
U3 YKU3HU €ro MepBOTro PYKOBOIUTE A MOJILCKOTO (husnka Pudap)ia Pond-
K.

Ota ObLIa et POHYKN — OTOXK/IECTBUTDH TaKyIO JUIATOHHYIO TEOPUIO
¢ OTO, u ona Torja pazensiach Muorumu dpuzukamu. CuMmeTpus pac-
CMaTpUBaEMON eIMHON JTNIaTOHHON TCOPUU C MaTEMaTUYICCKOA TOYKU 3pe-
HUSI TTO3BOJIsI/Ia CBOJINTH BCE YpaBHEHUS 3Toi Teopun K ypaaenusm OTO
U CTaHIaPTHOM Mojlesn (pUKCcAIMell TUIaTOHA er0 COBPEMEHHBIM 3HAYEHN-
eM, KOTOPOE OIIPEJIEJISIeTCS IKCIEPUMEHTAIHHO U3MepPSAeMOil KOHCTAHTO
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rpaBUTAIMOHHOTO B3ammoielicTBud. OJHAKO Takas (DUKcalysd JIUIaTOHa,
BBOJIUT €0 COBPEMEHHOE 3HaUYeHNe B ypaBHEHUS JBUKEHHST KaK abCOJIIOT-
HBI HapaMeTp®, YTO HAIOMUHAET HACUILCTBEHHYIO abCOIOTH3AINIO HO-
JoxkeHust 3eMin B Mexannke Herorona npu ommcanun cucremsr [IToemest.
B equnoit juiaTonHoit Teopur, KOTOpasi, Tak »Ke Kak 1 Mexanuka Hpioro-
Ha, COCTOUT U3 YpaBHEHUN JIBUKEHUSA U HAYAJbHBIX JAHHBIX, CYIIECTBYET
BO3MOXKHOCTH OTHECTH MacCChl I KOHCTAHTY I'PABUTAIMOHHOTO B3AMMO/IEli-
CTBUS HE K aOCOAOMHDIM KOHCTMAHMAM YPABHEHUN JTBUXKEHUA, & K OMHO-
CUMENLHBLM NAPAMEMPAM MHOTOOOPA3UA HAYAJIbHBIX JAHHBIX JTUJIATOHA.
Nnmenno Takyro, KOEPHUKOBCKYIO HHTEPIIPETAIIUAIO JTUTATOHA MBI ITPEJII0-
JKIJIM B Hateit crarbe [87.

KomnepuukoBckast omnocumenvrocms IuaaToHa B €IMHON TEOPUU OT-
KpbLIa HAM JIBU2KEHHE PEJIITUBUCTCKON BeesleHHoit B 1mojieBoM npocmpah-
cmee cobvymut BJIOJIb €€ Te0Ie3MIeCKON THIIEPIIOBEPXHOCTH, T10,I0OHOE JIBH-
JKEHUIO PEJIATUBUCTCKON YaCTHUIIHI B TPOCTPAHCTBE-BpeMeHrn MUHKOBCKOTO
BJIOJIb €€ TeOJIe3UIECKON JIMHWH.

Mpbl oOHAPYKMJIM, UTO NMPUINHHOE KBAHTOBAHWE JBUXKEHUS PEJISITH-
BUCTCKOI Bceesiennoit B mojieBoM npocmparcmee cobvimudi, Te JIAJIaTOH
urpaer poJib IMOJEBOro BpeMeHHu coObITHii [88-91|, mo amamorum ¢ KBaH-
TOBAHUEM PEJIITUBUCTCKON YaCTHIIHI JJAET BO3MOXKHOCTD PEIeHHU KJTI09e-
BBIX IIPOOJIEM SHEPIUHU, BPEMEHU, HadaIbHBIX JaHHBIX J/Isd BeesrenHoit 6e3
JIOTIOJTHUTE/ILHBIX [TPEJIIOJIOKeH I ThIa MexanusMa naduistiun (92, 93]°.

[Ipu sToMm 3akon XabbJia 0ObSICHSIETCS BOJIONNAEH TUIATOHHBIX MACC
[87], a He pacmuperneM u3MepsieMbIX JUIHH BO BeeieHHOI, 1TO B CTaH1apT-
HO#l KOCMOJIOTUU COOTBETCTBYET BBIOOPY OTHOCHTEILHOTO TAJOHA MU3Me-
penns paccrosuuii. Bmecre ¢ . Baamke, . Beke u /. I[Ipockypunbim
MBI PACCMOTPEJIA B KOTIEPHUKOBCKON «KOH(MOPMHON KOCMOJIOTUN» TIOC/IE/I-
HUE JaHHbIE, IOy YeHHbIE C TIOMOIIBIO TeJIeCKOIa, « Xab0JI», 110 3aBUCHMO-

SKpurepueM abcomommocmiy TapaMeTpa sBJSETCS ero IIPUHAIEKHOCTb 3aKO-
HaM TPUPOJbI, HA3bIBAEMBIM yPABHEHUSIMU JIBUZKEHUS, & KPUTEPUEM OMHOCUMENDLHO-
cmu TIapaMeTpa SBJISIETCS €ro IPUHAJIEKHOCTH MHOTOOOPA3UI0 HAYAIbHBIX JTAHHBIX.

69ra amanorns BceenenHoil ¢ yacTumei MOMOIVIA MOHATH KOCMIYECKYIO SBOJIIOIIIO
KaK YHCTO PEJIATHBUCTCKUN 3DPEKT, CBAIBIBAIONINI COOBITUITHOE BpPeMS C BPEMEHEM
reomerpudeckuM [77, 91]. YpaBHeHUs] KOCMUYECKON SBOJIIOIUN B OHOPOIHOM PUOIII-
JKEHUU BO3HHMKAJIM TIOCJIe YCPeIHEeHUs TOYHBIX ypaBHEHUi 1o o0beMmy, a mpobjema ro-
pu30HTa O0bACHSIACH TVIODATHHOM IBOJIIONMEH TMIATOHHBIX MAaCC, BO3HUKAOMIEN pu
sABHOM pertenuu cBs3eil [92, 96, 98]. Kocmuueckast 9BOIOIMS OKA3a/1aCh AMJIATOHHON
BepCHueil sIBJIeHNs CBEPXTEKYYIECTH KAJIUOPOBOYHOIO II0JIsA, KOTOPOE s UCKaJI OoJree J1Ba-
JIIATH JIeT B TEOPUU CHIBHBIX B3auMmojeiictsuii [68, 69].
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CTU KPaCHOrO cMelleHus POTOHOB OT PACCTOSTHUS JIO CBEPXHOBBIX, KOTO-
pble uciyckamoT 3tu (GoTonbl. B pe3yibrare okazasioch, 4TO JIAHHBIE IO
CBEPXHOBBIM U IIEPBUYHOMY HYKJICOCHHTE3Y, II€PECUNTAHHBIE B €IMHUIIAX
OTHOCUTEJIBHOTO 9TAJIOHA JIJINHBI, MOTYT OBITH OIHMCAHBI OTHUM PEKIMOM
cBOOO/THOTO OE3MaCCOBOTO MOJIsS, 3AIOTHSIONIEr0 BCo BeeleHHyTo U He B3a-
UMOJIECTBYIOIIErO C MOJIIMU MATEPUN, & He KAJIEHIOCKOTIOM CMEHSIOIIIX
JIPYT JIpyTra PeKUMOB CTaHIapTHON KocMmostorun [94].

PacemarpuBas B paborax [93-97| nmosesienne gacTuIl B paMKax CTaH-
JIAPTHOI MOJe/In B paHHell BcejleHHO#, MBI ITOKa3aJ/u, 9TO BCA MaTepusd
Bo Bcenennoit MoxkeT ObITH OObsICHEHA €€ KOCMOJIOTHIECKUM POXKIeHIEM
u3 busHIecKoro Bakyyma'. IIpuden BLIYHCIEHHBIE COBpeMeHHbIe 3Haxe-
Hus OAPUOHHON IIOTHOCTH, OTHOIIEHUsI HYHCe]l OAPUOHOB U (DOTOHOB U
TeMIIepaTypbl PEJINKTOBOTO U3JIyUeHUs HAXO/ATCS B XOPOIIEM COTJIACHU C
JanneivMy nabmmoenuit [93-97).

Bruto obHapyKeHOo, 9TO KOCMUYecKasl BOJIIONIA MacC BeJIeT K 3aXBaTy
KOCMUYECKIX 00BEKTOB IEHTPAIBHBIM TIOJIEM U JTaeT MeXaHn3M 0Opa3oBa-
HUS TaJaKTHK U UX CKOILIEHUI, IIPU 3TOM BO3HUKAET KJIACC CYIIECTBEHHO
SJTUIICONTAIBHBIX  TpaeKTopuil rasakTuk [98-99|. PeasbHocTh Takmx
TPAEKTOPHUIl IOATBEPIKIAeTC HEJABHUMHU HAOIIONEHUSAMH TPYIION
N. 1. KapadenieBa aHU30TPOIIMH ITOTOKOB XaOOJIOBCKUX cKopocTeii B MecT-
HOIl IpymIe TaJakTHK. B KOHeYHOM HWTOre XaoC CBOOOJIHO JIBUZKYIIIXCS
YACTHI] OPraHU3yeTCsi KOCMUYECKUM JIBU?KEHUEM B KOHEYHBIE CTPYKTYPBI
MaTepuu, OIpeJieisds Jayke KBAHTOBAHNE KPACHBIX CMEIICHN, KakK Obl-

JIO TIOKA3aHO B HAIIMX COBMECTHBIX paboTax C MOJILCKUME aCTPOMU3UKA-
mu [100,101].

"OxazaJsoch, 9T0 MUHIMAJIbHAS CTAHJIAPTHAS MOJIEIb 3JEMEHTAPHBIX YaCTHII OIIH-
ChIBaET MHTEHCUBHOE PE30HAHCHOE POK/IEHNE BEKTOPHBIX W-, Z-0030HOB U3 BaKyyMa B
pamneii Beesennoit, Korna ee TOpU30HT COOBITHI COBIIAAAET ¢ KOMITOHOBCKON JTMHOI
srux 6030HOB. Temmeparypa GO30HOB BO3HHWKAET KAK KOHCTAHTA KOCMUYIECKOTO JBU-
KeHus BcesieHHol, OnpeiesisieMoro 1mo MOCAeHIM JAHHBIM, [TOJIYIeHHBIM € IOMOIIHIO
Teseckora «Xabos». Ilomepeunbie 6030HBI B TeUEHNE UX BPEMEHU KU3HU (DOPMUPYIOT
OapMOHHYIO acCUMMETPHUIO BcesleHHOM, UTO ABJSIETCS C/I€ICTBUEM TOJISPUIAIIMN STUMU
6o3oHaMu BakyyMa Jlupaka JIeBbIX (Pe€PMUOHOB COIVIACHO IPABUJIAM O0TOOpa CTaH/IAPT-
HOI Moztesin. BaproHHast acMMMeTpHs 3aMOPAXKABAETCS CBEPXCIA0BIM B3aMMOIECTBI-
eM, orBeTcTBeHHBIM 3a HapyItrenne CP-cuvmverpun. Ilocne pacmaga 6030HOB ux TeM-
repaTypa HacJeIyeTCs PETMKTOBBIM U3JIyIEeHHEM U BCs IOCJIELYIONIast SBOJIOIIS MACC
MaTepPUu B IIOCTOSIHHOWM XO0JI0/(HOH BcesieHHOI NOBTOPsieT M3BECTHBIN CIIEHAPHil ropsi-
qeit BeesieHHOM, TTOCKOJIBKY OHA OIpe/jieieHa KOH(DOPMHO-UHBAPUAHTHBIM OTHOIIIEHUEM
MAacChl K TeMIIepaType.
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B macrosinee BpeMsi HAKOILIEHO JOCTATOYHO (DAKTOB B IOJIB3Y TOIO,
9TOOBI CYUTATh Beemennyo opauHapHbIM (HPU3TIECKUM 00bEKTOM, UMEI0-
MM KOHEYHO€ BpEMs CYIIECTBOBaHUA B KOHCYHOM IIPOCTPaHCTBE B KOH-
KPETHO# crucTeMe OTCYeTa, CBSI3aHHOW C PeJTMKTOBBIM m3jiaydenueM. [Ipu
OIMCcaHny TakKoil BcesleHHOl BO3HUKAIOT BOIPOCHI OJIHOZHAYHOI'O OIpE]Ie-
JIEHUSI OJIHOBPEMEHHOTO B3aMMOJIEHCTBHUSA B KOCMOJIOTUU U OTJICJIEHUS OT
KaJIMOPOBOYHBIX 1TPe0OPA30BAHUI ITPeodPa30BaHUs CUCTEMbI OTCUETa pe-
JIMKTOBOTO U3JlyueHust (rjie pouiack BeeleHHas ) K cucreMe 0Tcyera Ipu-
6opoB HabsoaTe 1. Takum 06pa3oM, s BHOBb BO3BpAaTHJICA K TO# caMoit
3aJ1ade, KOTopoit Ob11 mocssmer o63op [omxybapunosa mo K9/ B maste-
KoM 1965 r.: OJIHO3HAYHO OIPEJIE/INTh B3aUMOJIEHCTBIE U OTJIE/UTH IIpe-
o0pa30oBaHUs CHCTEM OTCYeTa OT KAJUOPOBOUHBLIX ITPEOOPA30BAHUL st
HEJIOKAJIbHBIX CBA3aHHbBIX COCTOAHMI THUIIA aTOMa BOJIOPOaa, C TOU pa3Hu-
1eif, 9To 9Ta 3aja9a CTAaBUTCA B Teopun rpautaiun, a vHe B K9/l n yxe
He JIJIsT aTOMa BOJOpo/ia, a jijid Beeit Beemennoit. Ul 1 BHOBB BO3BpaIiaoch
K Nropro Bacunbesuay IlomybapunoBy, pa3doupasi ero HeomryOIMKOBaAHHbBIC
HaOPOCKU, TTOCBSIIEHHBIE OIMCAHUIO JIBUXKEHUsT OPTOTOHAJIBHBIX PEIIEPOB B
KPUBOM IIPOCTPAHCTBE-BPEMEHU, U MBITAsICh PEAJN30BATH IIPOIPAMMY €ro
CTOJIb 3HAYNMOrO JIjIsT MeHsI 0630pa o KD/, Ho yxe misa Treopun Beesen-
noit. Ho aTo eme npejacrout ciuenarh, a 3HAYUT, U UTOTH IIOABOIUTDH €IIe
paHo.
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Kocmuueckas 9BOJIIOIINA TI'aJIaKTHUK B
OTHOCUTECJIbHBIX €IMHNIIaX

B.M. Bap6amos®!, A.T. 3opun?, B.H. IlepBymma®?,
I1. ®uun’

% O6beMHeHHBIN HHCTUTYT siIePHBIX HcciiegoBanuii, Lyona

0 Cpenrokimuckas akajgemust, Macturyr dusukn, Kesbiie, [Toabma

O6cyx)maeTcs BINAHUE SBOJIIONNKM Bce/leHHON Ha JABMKEHHE KOCMHUYIECKHX
00BbEKTOB B IEHTPAJIHLHOM I'PaBUTAIMOHHOM ToJie. [lokazano, 4To KocMuUYecKast
IBOJIIOIUA MaCC BEJIET K 3aXBaTy TraJJaKTUK WX CKOILJICHUSAMU. FpaHI/ILLa, opuMe-
HUMOCTHU CTaHJapPTHOI'O HBIOTOHOBCKOI'O HpI/I6.HI/I}KeHI/IH HaXO/JUTCA Ha PacCTOA-
HUW TOPsiJIKa pasMepa cBepxckormiennii ramakTuk (10 Mnk). s Takux o6bek-
TOB HapyIIAeTCd TeOpeMa BUpHaJa IPU BBIYUCICHAN OPOUTAIBLHBIX CKOPOCTEM
KOCMHUYECKNX OOBEKTOB, TaK KaK 9BOJIIONUs BcejaeHHON naeT BKJaJ B 3HAUYE-
HUsT OPOUTAILHBIX CKOPOCTEH, KOTOPBIH OOBIYHO IIPUIKUCHIBAIOT TEMHOI MaTe-
pun. HOqueHHbIe POTalmMOHHbIEC KPHUBBIE IIOKA3bIBAIOT, ITO ﬂe(bI/II_[I/IT BI/I;[I/IMOI‘;I
OapWOHHOI MaTepun I CBEPXCKOIIEHWH ¢ Maccoit M ~ 1015M@ MOYKeT OBITh
YMEHbIIEH JIjIsI KOH(OPMHOI KOCMOJIOTHH, B KOTOPOl KOH(POPMHBIE BEJTMINHBI
OIIPEIIEJIAIOTCS. KaK HaOJII0IaeMble ¢ OTHOCHTEIbHBIMU 3TAJJOHAMU M3MEPEHUsT
WHTEPBAJIOB, B TO BPEMsl KaK JIjIsi CTAHIAPTHON KOCMOJIOTUN STOT HEPUITUT CTa~
HOBUTCS rOpa3o OOJIbIIe.

Influence of the expanding Universe on the motion of cosmic objects in
central gravitational field is discussed. It was shown that the cosmic evolution
leads to the capture of galaxies by their clusters. The range of the validity of the
conventional Newtonian mechanics for the expanding Universe is determined,
and it is at the distance of the order of the size of superclusters. For such
objects the virial theorem for orbital velocities is violated as the Universe
evolution contributes to values of these velocities inscribed to Dark Matter. The

!E-mail: barbash@thsunl.jinr.ru
2E-mail: pervush@thsunl.jinr.ru
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obtained rotational curves show us that the deficit of the visible baryon matter
for superclusters M ~ 105 M can be decreased in the version of cosmology
where observational quantities are identified with the conformal ones.

BBenenue

B nocniegaue rojibl, HauuHas ¢ 1998-ro, ObLIM 1I0JTyY€HbI HOBBIE JIaH-
uble |1, 2] mag Goabinux 3HaUYEHU KpacHoro cMmernenust z ~ 1, z = 1, 7.
OTH JaHHBbIE OTPAYKAIOT COCTOSTHUE <«BENIECTBa», KOTOPOe TAET OCHOBHOM
BKJI&J[ B KOCMUYECKYIO IBOJIIONUIO HA PACCTOAHUAX, CPABHUMBIX C pa3Me-
pom BceJieHHOI, 1 CBUIETEILCTBYIOT O TOM, 9TO Halla BceserHas 3a1o)i-
HEeHa B OCHOBHOM HE MAaCCHUBHOMN <IIBLIBIOY» JAJEKUX U IIOTOMY HEBUIN-
MBIX TaJIaKTUK, a 3araJJ09HbIM BEIECTBOM COBEPIIEHHO JIPYTOW IIPUPOJIHI,
¢ IpyTUM ypaBHEHHEM COCTOsIHUSI, HA3BAHHBIM KeuHnmaccenyued [3,4]. Bee
9TH JIaHHBIE NPUHATO UHTEPIPETHPOBATH BO (DPUIMAHOBCKONW KOCMOJIO-
run |5, ocHoBbIBatOIElicst Ha OOIIEil TEOPUN OTHOCUTEILHOCTH, KaK CBU-
JIeTeIbCTBA pacumpsonieiicst Beenenuoit |6, ypaBHeHUs 9BOJIIONMU KOTO-
pOii omIpesesIIoTCs B OCHOBHOM TaK Ha3bIBaeMbIM A-1JIEHOM B JIeiCTBHI
DitHInTelHA.

B paborax |[7-11] 6bL1a npejyioxkeHa apyrasi TOUYKa 3peHHsl Ha 9BOJIIO-
o Beenennoii, 6e3 BBeliennst A-djieHa, COrJIaCHO KOTOPOI IOCJIETHUE
JIAHHBIE B COBPEMEHHOI acTpou3uKe CBUIAETEIHLCTBYIOT CKOpee O KOH-
dopMHOIT cUMMeTpHUH 3aKOHOB IPUPOJIbI, UX HE3aBUCUMOCTU OT BbIOOPA
€JINHUI], U3MEPEHUs, YTO O3HAYAET IBOJIOIUIO BCEX MACC, BKJIIOYasd Mac-
cy Ilmanka. CrekTp (hOTOHOB, WCITYIIEHHBIX aTOMaMHU Ha JIaJeKHX 3BE3-
JIaxX MUJIJTHAP/IBI JIET TOMY Ha3a/l, 3allOMUHAET Pa3Mepbl aTOMOB, KOTOPBIE
OIIPEIEeISIINCh UX MacCaMH B TO JTAJIEKOe BPEMsI, U 9TOT CIEKTP CPaBHUBA-
eTCsI CO CIEKTPOM TAKMX K€ ATOMOB Ha 3eMJie, HO C YBEJIMIEeHHON MACCOii.
B pesysibraTe Hab/I0/1a€TCsI KpacHOe CMEIEHNe CIIEKTPaJIbHBIX JIMTHUN aTO-
MOB Ha 3Be3gax. OKa3ajaoch, YTO B TEOPUHU, TJie KOH(MPOPMHBIE BETATHHBI
OTOK/JIECTBJIAIOTCS ¢ HAOJIIOJAEMbIMU, JIAHHDBIE 110 3aBUCHMOCTU KPaCcHOTO
CMEIIEHNsT OT PACCTOSIHUSA JI0 CBEPXHOBBIX M JAHHBIE 110 HYKJIEOCHHTE3Y
COOTBETCTBYIOT OJIHOMY U TOMY K€ IIPeIeIbHO YKECTKOMY YPaBHEHHIO CO-
crostaust |9).

Ecan oroxaectBuTh HabJII0/1a€Mble BEJIMIUHBI ¢ KOH(DOPMHBIMU BeJIN-
quHaMu (KOH(MDOPMHBIM BpeMeHeM, KOH(DOPMHOII [IJI0THOCTHIO, KOHMDOPM-
HOIT TemIepaTypoii u 6eryieii Mmaccoit [Lranka), To 9BoOJIONNS JTTMH B KOC-
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MOJIOTHH 3aMeHsIeTCs Ha IBOJIONUIO MacC. 1aKoe OTOXKJIeCTBJIEHHE O3Ha-
Jaer BbIOOp ypaBHeHuii obmieit Teopun orHocuresbroctu (OTO) u cran-
nmaptaoit Mojien (CM) B KoH(MDOPMHO-HHBAPHAHTHOI (hopMe, Tjie KOCMI-
JecKuil MaciTabHbIil (haKTOp MacIITabUPyeT BCe MacChl, BKJIOYas ILIaH-
KOBCKYIO, I OHU K€ CTAHOBSATCH HAYAJIbHBIMU WJIM COBPEMEHHBIMU JTaHHBI-
Mu. B sTom crydae niiaHKoBcKas s10xa B paHHeil Beestennoit TepsieT cBoO
abCOJIIOTHY IO TPEJIONPEIEIEHHOCTL. Boito mokazano [11, 12|, aro B TOM
JKe PeKUMe TIPEJIe/IbHO KECTKOT'O yPaBHEHUs] COCTOSTHUS panHdd Bceren-
Hag sBjgeTcd (PaOPUKOIl KOCMOJIOTHYECKOTO POXKJIEHUST MAaCCUBHBIX BEK-
TOPHBIX O030HOB M3 BaKyyMa, KOTJla KOMITOHOBCKAas JJTMHA BOJIHBI STUX
O030HOB COBIAJIAET C TOPU3OHTOM COObITHI paHHell Beesennoit, mosromy
KOH(OPMHO-UHBAPUAHTHBIE BEPCUH CTAHIAPTHON MOJIEIN U ODIIeit Teopun
OTHOCHUTEJIbHOCTU MOTYT B IPUHIIUIE OObSICHUTDH ITPOUCXOZKIEHUE HAOJIIO-
JTaeMOil MaTepun KaK KOHEYHOT'O MPOIYKTa PACIa/ia MePBUYHBIX OO30HOB.

B pabore obcyx)aiorcst TeopeTudecKne apryMeHThbl U HaOJI0IaTe b
Hble (aKThl B MOJIB3Y KOH(POPMHONW WHTEPIPETAIINA COBPEMEHHBIX ACT-
podu3nIecKuX JAHHBIX. B 9acTHOCTH, PACCMOTPEHO JIBU2KEHUE KOCMU'e-
CKUX OOBEKTOB B IEHTPAJILHOM IIOJIe ¢ ydeToM 3BoJjonuu Bceesennoit u
MMOKA3aHO, YTO BBIBOJIbI KOH(OPMHON KOCMOJIOTUU TOBOPAT B MOJIb3Y 3Ha-
YUTEJTBHOIO YMEHBIEHU JIePUITa TEMHON MaTepU B CBEPXCKOILJICHUSIX
rajJaKkTuK.

B pazz. 1 pacemarpuBaioTcesi KOH(OOPMHO-MHBAPUAHTHBIE BEDCUU CTAH-
JlapTHO# Mojesin u obIeit Teopun oTHOCUTEILHOCTU. B pazs. 2 obcyxia-
€TCs CMBICJI KOCMUY€ECKO 9BOJIONNN B pacCMaTpUBaeMoii Teopuu. B pas3.
3 noJiydeHHoe perierne ypaBHenuii HpioTona B paciupsiorieiics Beenen-
HOI IPUMEHSIETCS JIJIsI ONMCAHUS SBOJIIOIIN FAJTaAKTUK.

1. KonadopmHo-uiBapuaHTHbIE BEPCUUN CTaH-
JapTHOI MOJieJin 1 obIieii Teopru OTHOCH-
Te€JIbHOCTU

1.1. eiicTBue

Heitcteue OTO u CM moxkHO 3amucarh B KOHMPOPMHO-UHBAPUAHTHOMN
dopme, He 3aBUCHINEH OT BBIOOPA €INHUIL UBMEPEHUSI C JIMIATOHOM W BMe-
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CTO MacCcC:
SCT = Sdilaton + /d4x V _gw28MQauQ -

A
_/d4x\/ _91 UCI)HiggS

31eck pouib gefictBust OTO urpaer koHMOPMHO-MHBAPUAHTHOE JI€HICTBHUE
[13] st cKaagpHOTrO MOJIs — JAUIATOHA W:

2
Sdilaton == /d4$ [—\/Tgw

- ylZzwﬂQ + SSMP‘ = 0]7 (1)

5t wd, (v—g0"w) |, (2)
3aJIAHHOTO B IIPOCTPAHCTBE C MHTEPBAJIOM
ds* = g, dz"dz”. (3)

Xwurrcosckas macca My,,. B Aeiicteuun CM Sy, ¢ Habopowm mosteit f, BKIto-
Jasi (hepMUOHHBIE ¥ BEKTOPHBIE I0JIs1, 3aMEHSIETCsS JIUIATOHOM (Ypw), YM-
HOYKEHHBIM Ha KOHCTaHTy v, ~ 10717, Q — 310 ckasgpHOe Hoje ¢ MUHH-
MaJIbHBIM B3aUMOJIEiCTBIEM, KOTOPOE MHTEPIIPETUPYETCS KaK KOH(MOPM-
HO—I/IHBapI/IaHTHbIﬁ yroJsi cMemuBaHud JABYX JUJIATOHHBIX CKaJIAPHBIX IIO-
geit wy = wch@ n w_ = wsh @, 3a]aHHBIX B 2-MEPHOM ITPOCTPAHCTBE C
curnarypoii (+, —) [10].

Teopust (1) uHBapUAHTHA OTHOCHTEIHLHO KOH(MDOPMHBIX PEOOPa3OBa-
HUil, BK/IOYAOMUX MaciiTtabHble IpeodpasoBanust Beex mogeii [w, F =

G Q, f]:

w

WF = WF-(Q),  we=rg, (4)

rie (n) — koudopMHBIi Bec mojist F', a () — mapamerp mpeobpasoBaHusl.

1.2. Ilepemennsbie

[Ipunsro caurare [14], uro meiicrBue OTO nu CM BosHuKaer u3 Jjei-
crug (1) Kak ciecTBue BeIOOpa HAOIIONAEMBIX TEPEMEHHBIX

(n)FOTO = (n)F : (w/%)na wOTO('xO7 xz) = %o = Mplanck(87r/3)1/2- (5)

Takoit BbIOOp HAOIIONACMBIX ycTpaHstieT u3 jefictBus (1) JmmHO0 cre-
IIeHb CBOOOJIBI W C OTPHUIATE/IBHON BEPOATHOCTBIO, 3aMEHsA ee abCOJIOT-
HBIM [IAPAMETPOM (g, KAKOT'O He ObLIO B HCXOHOM Teopui (1), HO KOTOPBIit
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JIaeT TIOBO/I BBECTU TaK Ha3bIBAEMYIO IJIAHKOBCKYIO 31I0XY BOZHUKHOBEHUS
Bceestennoit n yrBepKgaTh, 9TO M3 ITOW SMOXM BO3HUKJA COBPEMEHHAs
Bceenennas [14]|. 3amena nepemenubix (5) MHTEPIPETHPYETCs KAK CIIOH-
TaHHOE HapyIIeHne MACIITaOHOW MHBAPUAHTHOCTU. B pe3ybrare 3aMeHbI
IepeMEHHbBIX CHMMeTDHsI YpaBHeHUi JBuzKeHust Teopun (1) OTHOCHTETHHO
MacirabHbIX peobpasoBanuii (4) cTaHOBAUTCS CUMMeTpUeil (DU3MIECKUX
nepemeHHbIX (5). OHOpOHOE PUOIMIKEHIEe METPUKI

ds* = a*(n) [dn® — (dz")?] | (6)

rie dnp = N(2°)d2® ectb kondopmHoe Bpems, B Takoil CHOHTaHHO-HAPY-
IIEHHON TeOpHU I MepeMeHHBIX (D) BejeT K CTaHIAPTHBIM KOCMOJIO-
PUYECKUM MOJIEJIAM, IJie HadasbHbIe JaHHbIE TJIAHKOBCKOM 3M0XH MHTEP-
IPEeTUPYIOTC Kak (yHIaMeHTaIbHbIE BeJMYUHBI, BXOJAIIME B ypaBHe-
nug JapuzKennsd. OJHAKO NPU 3TOM BOZHUKAIOT IIPOOIEMbI KOCMUIECKHIX
HAYaJIbHBIX JIAHHBIX, TOPU30HTA, OJHOPOIHOCTH, & TaKKe CHHTYJISTPHO-
CTH U KBAHTOBOMN BOJTHOBOMN (byHKIMU BcesleHHOl, KOTOpble peraiTcs Ha
YPOBHE OJIHOPOHOTO MPUOINKEHMS UHMIATUOHHBIM PACIINPEHUEM TIPO-
crpancrsa [6].

CymecrByer muenne [15,16], aro Bce 3Tu mpobIeMbl, BKITIOYasT TOSTBIIE-
HIUe [IJIAHKOBCKOM SIOXH, ABJISIOTCS CJIEJICTBIEM BbIOOpa aunaTona (5) Kak
abCOJIIOTHOTO TTapaMeTpa g, KOTOPBIA BOOOIIE HE COJEPKUTCS B ypaBHe-
Husix ucxoguoit Teopun (1), (2). B 910it cBa3u ormeTnm, aTo Takas abco-
JIFOTU3AIUs COBPEMEHHOIO 3HadueHus juiaaToHa (5) B (2), mpuBosiias K
neiicteuio OTO u K mpeaonpee/IeHHOCTH IIJIAHKOBCKOM SITOXM, HAIIOMI-
HaeT abCOTIOTH3AINI0 COBPEMEHHOTO TIOJIOYKEHUsT 3eMJTH, KOTOpas BeJeT
K cucreme Iltosemes. ITosromy B paborax (8,9, 17| Gbuta npejyioxena
Jipyras (KOIEepHUKOBCKAas) WHTEPIPETAIUsl JINIaTOHA KaK JIMHAMIIECKOIT
HepEeMEeHHOM:

w(a’,z') = (") (7)

Taxoit BLIOOD HEPEMEHHBIX MOYKHO PACCMATPUBATH KAK aHAJIOr KAJIUOPOB-
ku Bapbamosa—Yepuukosa |16, 18|, npeioxKeHHON UMU It PEJISTTHBUACT-
ckoii crpynbl. Kak jeiicTBre pegTUBUCTCKON CTPYHBI, TaK M JeiicTBUE
reopun (1) mpuHAIEKAT K TOMY K€ BHJLY, YTO U JICHCTBHUE DEJISTUBUCT-
ckoit gactunbl B CTO, KoTOpOE 3a/1a€TCA B IIPOCTPAHCTBE TEPEMEHHBIX
[Xo|X1], HazbIBaeMOM mpocTpancTBOM cOObITHil. OJHA U3 STUX [epeMeH-
HBbIX, X(, C OTPUIATETbHBIM BKJI&JIOM B KMHETUYECKYIO SHEPIHUIO, MHTEP-
IpeTupyeTcs Kak rapaMeTp 9BOJIIOINUN, TP 3TOM KAHOHUYECKUI NMITYJIbC,
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CONPSIZKEHHBIN ITapaMeTpy BOJIIOIUN, OTOXKJIECTBIIAETCA ¢ HAOJIIOIAeMOM
sueprueii [16].

JlmraToH Tak:Ke MOKHO PacCMaTpUBaTh KaK OJHOPOIHBINA HapaMerp
SBOJIIOIUHU B IIPOCTPAHCTBE TOJIEBBIX nepeMeHHbIX [¢|F], tae F — Bee
ocrasbHble moss Teopun. Cucrema nosteit (| F] npeacrasisier coboit aHa-
Jor TpocTpancTBa cobbituii [Xo, X;], u, Kak GbLIO MOKa3aHO B paborax
[15,16], BBejieHME TAKOIO 1IOJIEBOIO IIPOCTPAHCTBA TIO3BOJIAET PENIUTH PO-
6J1eMbI SHEPTHUH, BpEMEHH, HaUaIbHBIX JAHHBIX, & TaKyKe TOPU30HTA, OJTHO-
POJTHOCTH U CHHTYJISPHOCTH 6e3 JIOMOJHUTEIBHBIX MUIoTe3 (Tuiia nHJIs-
[IOHHOTO MEPUOJIA).

B pabore [11]| 6b111 Bcee10BAHBI YCIOBHSI, TPU KOTOPBIX TIPOUCXOXK e
HUE MaTepPUH MOXKHO OODbICHUTHL B pacCMaTPUBABINEHCs BbIIIe KOH(POPM-
HOW TEOPHH KOCMOJIOTMYECKUM POXKJIEHHEM U3 BaKyyMa MePBUIHBIX BEK-
TOPHBLIX 6030HOB B MOMeHT Bpemenn ~ 10712 ¢, Korja nx Macca mopsika
napamerpa XadbJia, U NPUBEJIEHBI aAPI'YMEHTBI B TOJIB3Y TOTO, UTO YHC-
JIo TIap GO30HOB JOCTATOYHO, ITOOBI MPOJAYKTHI MX PAcCajia JaBau BCIO
HAOJIIOJIAEMY IO MaTEPHIO.

Iocte pacnaa 6030H0B nx Temmeparypa (MZH)Y? = (M2 Hy)'/? ~
2,7 K BOo3HEHKaeT Kak WHTErpaJl KOCMUYECKOIO JBU:KeHUsl BcejleHHOi B
pesyJibTaTe pacCesiHusl JacTHIl, U 9Ta TeMIepaTypa Hac/IelyeTCs PeTiK-
TOBBIM H3JIydeHueM. Bes moc/ieayionas 9BOJIONUS MacC MATepUu B TI0-
CTOSTHHOW XOJIOJHOI BceesleHHoi moBTOPsIeT M3BECTHBIN ClieHApUil Topsvei
Bceenennoit, ¢ TeM ke KOH(MOPMHO-MHBAPUAHTHBIM OTHOIIIEHUEM MACChI K
remrieparype m/T, a TakxKe KOpHEBOl 3aBHCHMOCTBIO (9) MacmTabHOro
dakropa a = ¢/py or HabOgAEMOro KoHMopMHOTO Bpemenn |10, 11].

1.3. Bosronuga Bcesennoii

B oanoposnoM mpubsmkennn, Korjia MOXKHO IpeHeOpedb OOpaTHbIM
BJIMTHUEM MaTepHUH Ha 3BOJIONNIO Beelennoit, riiodaibHOe JIBUKEHUE OIH-
CBIBAETCS YPaBHEHUSIMUI

90/2 _ (,02@/2 _ 07 (<,02)// -0 (8)
CcO CJIe,ZLyIOLLH/IMI/I peH_IeHI/IHMI/I:
©*(n) = @i[L+2H;(n—n1)], (9)
/
, H
Q = +tH=+2 = ! (10)

¢ 14+2H(n—nr)’
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riae ¢r = @(n = nr) — HavagbHble ganuble, a Hp = ¢} /o — xondopm-
HBIT mapamerp Xab0Jsa B MOMEHT BpeMeHH 1) = 7). JJOMHHAHTHOCTH OJI-
HOPOJIHOTO CKAJIIPHOTO ToJist () (9) COOTBETCTBYET MPEIEIbHO JKECTKOMY
ypaBHEHUIO cocTostHus [9).

2. KondopmHass KocMOJ0OTA

2.1. KoudopmHble BeJUYUHbBI 1 aHAJN3 aCTPOPU3N-
4YecKuxX HaOJI0IATEeJIbHBIX JTaHHBIX

B kocmosorun kordopmuoe Bpemst dn = dt/a(t) ompejensercs Kak
BpeMsi (POTOHA, JIETAIIETO MO TEOIE3MIECKOii Ha MUPOBOM KoHyce (¢ = 1):

(ds)? = (dt)* — a*(t)(dr)* = 0, (11)

re r = /a3 + 23 + 2% — xoopdunammoe paccrosinue, a t — MUPOBOE Bpe-
mst Opupmvana, sxogsmiee B unrepsasi (6). U3 (11) umeem dt = a(t)dr,
OTCIO/IA MOXKHO HAWTHU CBA3L MEXKY KOODIMHATHBIM PACCTOSHUEM U KOH-
dOpPMHBIM BpEMEHEM:

to

r(n) = /% =1 — 1, (12)

rJie 79 — COBPEMEHHOe 3HadueHHe KOH(MOPMHOIO BPEMEHH, IIPU KOTOPOM
npuHATo a(ny) = 1; a 7 — Bpems usiaydenust (pOTOHA aTOMOM HA KOCMU-
YECKOM O0BEKTE, HAXO/ISAIIEMCs HA KOOPJIMHATHOM PACCTOSHUM I” OT 3€M-
qu. OTcro/ia cjielyer, 9To 1) PAaBHO PA3HOCTU COBPEMEHHOI0 KOH(MOPMHOIO
BPEMEHH 1)y U BpeMeHu 1poJieta (hOoToHa 0 3eMJIU, COBIAJIAIONIETO C KO-
OpJIMHATHBIM paccrosiaueM. 3 (12) umeem

n=rmno—r (13)

Kocmomorngeckuit (pakTop B 9TOM cJlydae CTAHOBUTCHA MIKAJIOW MacChl
Ilnanka:

MPlanck - SOO V 87Th0/3 = 2, 177 * 10_8 KF, (14)

BMECTO KOTOPOil yJIOOHO BBECTH TIEPEMEHHYIO, 3aBUCAIILYI0 OT KOH(MDOPMHO-
o BpEMEHHU:

o(n) =wo-aln), aln)=alt). (15)



Maccol dJIEMEHTapPHbIX YaCTHUIL TaK>Ke CTaHOBATCA JUHaMUYIECCKNUMMU I1e-
PEMEHHBIMUA:

m(n) = mg - a(n). (16)
Taxme Macchbl OIPE/IEISIOT CIEKTD U3JIy9eHnsT ATOMOB B MOMEHT BPEMEHH
n, ux mamenenue m’/m = a’/a ~ 1074 T'5B 3Ha4nTEILHO MEHbIIIE SHEPTUI
ypOBHs aToma jist a(1y) = 1 ¢ KBAHTOBBIM YUCJIOM k:

2
0 mao

-8
ABJIATOIMMMCA COOCTBEHHBIM 3HAYCHUECM CTallUOHAapPHOI'O YpPpaBHEHUA H_[pe-

JAUHTEpa

‘ 0 P @ 50 00
Bp, z)w° = | X 2| g0 — pogo 18
R P L (18)
CrekTp aToMa BOJIOPOJIA € Maccoil, 3aBucsieii or Bpemeru (16), B J1i060i
JIPYTOii MOMEHT 7) = 7y — 7' MOXKHO HailTH, pelnasg KBa3HCTAIHOHAPHOE

ypasuenue [Ipexmnrepa

E.(p, )0 P “Nw =5 (19)
D)V E o — | V= )
P 2moa(n) T Y
peIHeHI/IeM KOTOpOFO ABJIAETCA CHeKTp
Ey(n) = a(n)Ey, (20)

rie B — yposau atoma ¢ mocrosnoit Maccoit (17). Crpornit Bosos (20)
OCHOBaH Ha KQHOHHYECKOM IIpeobpa3oBaHuu K (hpHIMAHOBCKIAM IepeMeH-
ubM (p,x) — (P = p/a, X = za), B pe3yjbrare KOTOPOro HECTAIIMOHAD-

noe ypasuenue Illpenunrepa c¢ nepementoit maccoit E.(p, )V, = —i0,V,
nepexonuT B ypaBHeHue [lIpennnrepa
E(P, X)¥ = —i0,¥ — H(t)PX ¥ (21)

C MOCTOAHHON MACCOil U JJOMOTHATEIBHBIM 14IEHOM, HedesatomuM npu H —
0, rae H(t) — mapamerp Xab6a.
U3 (20) cremyer onpejereHne KpacHOro cMenieHnst 2(r)

Ep(no) 1
Ep(no—r)  alno—r)
CIIEKTPAJIBHBIX JINHAT aTOMa Ha KOCMUYIECKOM O0bEKTE, HAXOMIANIIEMCS Ha
K00POUHAMHOM PACCTOSHUY T OT 3€MJIH, OTHOCUTEIHHO CIIeKTPAJbHBIX JIH-
Huit 3eMHBIX aToMOB EY = FEj(1y) B MOMEHT JeTEKTHPOBAHUS KOCMUYE-
ckux GoToHOB 1)y (pu yeaoBun a(ny) = 1).

z(r)+1= (22)
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2.2. Moaennu sBosronnn BcesieHHoit

Paccmorpum ypauenue sBostornuun Beesrennoii

2.2

poa” = pela), (23)
rie a = ¢/, B MJIOCKOM IIPOCTPAHCTBE JIJIsi BCesleHHOi, 3aI0HeHHO
OJIHOPOJIHOI MaTepueil, ¢ 3aBUCUMOCTbIO KOH(MOPMHON TIJIOTHOCTU p. OT
maciraba a(n) caeyomero Buja;

pc(a> = prigida72 + Prad + Pra + pACl4, (24)

TIIE Prigid = Q%P3 = const ONUCHIBAET N30TPOIHBIN BKJIAT CBEPXZKECTKO-
ro ypaBHeHus coctosiaus (9), /st KOTOPOro IIOTHOCTh PaBHA JABJIEHUIO:
Prigid = Drigid (¢M. (8) 1 (9)) (Hem3oTpoOIHAs BepCHsT TONO COCTOSHUS HC-
I0JIb30BAJIACH Jis onucanus panHeit Beenennoit naunnas ¢ 1921 r. [19] n
nozuee B paborax [20-22]); prad, P U pA HEOOXOJUMBI B CTAHIAPTHOM
TTOJIXOJI€e JIJIT OIMCAHUS PAUAIIMOHHOI SITOXHW IIEPBUYHOIO HYKJIEOCUHTE34,
BKJIaJla OApPUOHHON MaTepwu W BKJIAJIa CKAJIAPHOTO IOJIsT B MHMJIATNOH-
HYIO STI0XY.

MoxkHO HaiiTu periennsi ypasHeHusi (23) B TepMUHAX KOHMDOPMHOTO
BPEMEHH 1) ¢ HA9aJbHBIMI JaHHbIMA a(1)y) = 1, a'(ny) = Ho:

arigia(n) = /1 —2H,r, araa(n) = 1 —1H07'7
(

apy(n) = [1 — %HOT}2, aa (25)

1 + H()?”’
e 7 = 19 — 1. llomuepkueM, 9T0 B KOH(OPMHBIX IIEPEMEHHBIX A-djIeH
yKe He BeJeT K Pe:KuMy UHQJIAINN.

B nabmonarebHON KOCMOJIOTHN TIOTHOCTH (24) BbIpazkaeTcs B Tep-
MUHAX COBPEMEHHOIO 3HAYEHUSA KPUTUIECKON IJIOTHOCTH Per:

pela) = paQa), (26)
Qa) = Qrigida_2 + Quaa + Qura + Qpat (27)
1 OTHOCUTEJIbHBIX IIJIOTHOCTEN Qrigid, Qrad; Qur ) QA7 YAOBJICTBOPATONINX

yCI0BUIO yigia + Qraa + Qs + Q4 =1 [23].
YauTbBasg 9T COOTHOIICHUS, ypaBHEHHE 3Bosonuu Maciiraba (24)

Ha Te0JIe3NIeCKOil cBeToBOrO Jyda dr/dn = —1 mocse mOJCTaAHOBKH 4 =
1/(1+2) un =1y — r MOXKEM IPEJICTABATH B BUJIE
1 dz

= (12 e [Qugia (14 224 Qaa + Qs (142) 7+ Q4 (142)71,
0
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riae Hy = \/pe/po. Pemenne sroro ypasHenus

1+z

Hor(z) = / do (28)

\/Qrigidl’6 + QradlA + QM$3 + QA
1

onpeJesIseT KOOpAUHATHOE PAcCTOAHUe KakK (PYHKIUIO KPACHOTO CMeIe-
HUsI 2, U3 KOTOPOTO CJEAYIOT HOpMYIbI (25) JJIsi KayKJIO0rO COCTOSHHUS.
CoorHotrenne (28) UCHOIB3YIOT JIJIs ONPEJIeJIeHNsT YPABHEHHsI COCTOSIHUS
MaTepun Bo BeesleHHOi 110 JTaHHBIM acTpOMU3NIECKIX N3MEPEHnii KpacHO-
IO CMEIIEHUs B IPEJIIIOIOKEHUI TIJIOCKOTO npocTpancTBa. Popmyrta (28)
YHUBEpCAJIbHA I BCEX 3TAJOHOB M3MEPEHHUs, HO IPU 3TOM OIIpeIeIeHIe
dbpuvanoBekoro paccrogaust d (B caydae abCONIOTHONO ITATOHA) CBSI-
3aHO ¢ KOH(OPMHBIM PACCTOSHIEM (IIPU UCIIOIB30BAHUN OTHOCHTEILHOIO
9TaJIOHA) COOTHOIIEHUEM

d2) = a)m—n) = a2 a=L-gm 9

cJie Iy IomuM u3 onpeesenus Merpukn (6) u popmysst (13). Popmymna (29)
SIBJISIETCSL OCHOBOM HaOJII0aTeIbHOI KocMostorun (eM., Hapumep, [24]).
TakuMm 06pa3oM, pasHble TAJOHBI JJisi OJHUX U TeX K€ JAHHBIX 110
3aBUCUMOCTH KPACHOI'O CMEIIEHUS OT PACCTOSIHUS COOTBETCTBYIOT Pa3HbIM
YDABHEHUSIM COCTOsIHUS MATEPUU BO BCesIeHHOI .
PaccmoTpum Terepb, KAKOMY COCTOSHUIO MaTePUH COOTBETCTBYIOT JIaH-
HbIE 110 CBEPXHOBBIM J[IsI a0COIIOTHOTO U OTHOCHTEJILHOIO ITAJIOHOB.

2.3. Kocmoaorudeckune AdaHHBbI€ 10 CBEPXHOBBIM

B sBomonuonupytomeit Beestennoit B orytmaue ot crarmonapuoit Bee-
JIBHHOI 9acTh (DOTOHOB TepsieTcs 3a BPEMs UX IIOJIeTa JI0 3eMJIH. JTO
[IPOUCXOIUT OJIaroiapsi yBEJINIEHUIO YIJTIOBOIO pa3Mepa CBETOBOI'O KOHYCA
HCITYIIIEHHBIX (DOTOHOB (2OCOJIIOTHBIH ITAJIOH) UJIA U3-33 YMEHBIICHUS Y-
JIOBOT'O pa3Mepa CBETOBOTO KOHYCa MOTJIOMIEHHBIX (DOTOHOB (OTHOCHTE h-
HBII 9TAJIOH), KAK 9TO [MOKA3aHO Ha PHC. 1 jyisi 000UX CJIydaes.

Y106Bl BOCCTAHOBUTD IOJHYIO CBETUMOCTD Jiisi OOOMX TAIOHOB (Kak
abCOJIIOTHONO, TAK W OTHOCUTEJILHOIO), MBI JIOJ?KHBI YMHOXKUTH KOODJIU-
natHoe paccroguue Ha dakrop (1 + 2)? [9], mosTomy HabmomaTe bHAS
KOCMOJIOTHSI UCTIOJIB3YET PACCTOSTHUE CBETUMOCTH £, KOTOPOE OIIpeIeIsaeT-
csl Kak uaMepsieMoe paccrosaue (d wim 1), ymHozkennoe Ha dpakrop (1+2)2
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Puc. 1. CpaBrenue ciayuast craipoHapHoii BeeslenHoii (1ipaBble nanen) co ciy-
JaeM 9BOJIIONMOHMpYIomeil BeeseHHOI ¢ abCOMIOTHBIM STATOHOM (J1eBast BepX-
Hslsl TIAHEJb) M CO CJIydaeM SBOJIOIUOHUDPYIOMIeil BeesleHHON ¢ 0THOCHTEIbHBIM
9TAJIOHOM (JIeBasi HUZKHsisl TIaHeJIb)

Jytst oboux srasonos. C yuerom (29) nmeem

luse. o(2) = (1+2)%d(z) = (1+2)r(2), (30)
lom 2(2) = (14 2)°r(2). (31)

B smreparype nepsbiii ciydait orBedaer cranmaptaoit koemosoruu (SC),
BrOpoit — KoHbopmuoii Kocmosorun (CC). Wrak, jyist abCOTIOTHOTO 3Ta-
JIOHA MBI UMeeM JIONOTHUTeNbHbBIH (hakTop (14 2) 6arogaps paciuperuio
Bcestennoit, a coornomenust (30) u (31) oznauaror, uro HabJHOJATEIbHBIE
JIAHHBIE OIUCHLIBAIOTCS PA3HBIMU PEKUMAMU /IS PA3HBIX 9TAJOHOB H3Me-
pennit. Ha puc. 2 [9] cpaBHUBarOTCS pe3ysbraThl CTaHIAPTHO 1 KOHDOPM-
HO# KOCMOJIOTHI JIJIsi OTHOIIEHUS MeXKITy d(h(MEeKTUBHON 3BE3/IHON Be/N-
quHO# U KpacHbM cMmereruenM: m(z) = 5log[Hol(z)] + M, rae M — Kon-
CTaHTa 110 MOCJIEHUM JAHHbIM I cBepxHOBBIX [1,2]|. Kak BuaHO U3 puc.
2, B obnactu 0 < z < 2 HabJ0/1aTe/IbHBIE JIaHHBIE, BKJIIOYAOIINE TTOCIE -
mofo Touky (SN 1997ff) ¢ z = 1,7 [2], He MOryT OT/IMYUTH CTAHIAPTHYIO
KOCMOJIOIHIO (aBCOTIOTHBIH 9TATIOH) ¢ PEXKIUMOM

Qrigia = 0, Qy > 0,15, Qr <0,85 (32)
0T KOH(DOPMHON KOCMOJIOTHH (OTHOCUTEJIBHBII 9TAJIOH) ¢ PEXKUMOM

Qrigid > 07 77 QM < Oa 37 QA = 0. (33)
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Puc. 2. HIuarpamma Xab0ita 1711 IJI0CKOI Momenn BceenenHoit B cTaHIApPTHOMN
kocmostorun (SC) u B kondopmuoii kocmostorun (CC). Touku Brimouaror 42
KPACHBIX CMEIeHHs CBEPXHOBBIX [1], B TOM umcse u caMoil jajbHeil cBepXHO-
Boit SN 1997ff [2]. JIyumiee coriacue ¢ 9TUMH JaHHBIMU TPEGYET KOCMOJIOTH-
qeckoil KoHcTaHThI {2y = 0,7 u xosonHoil Marepun ) = 0,3 B ciiyuae CTaH-
JIAPTHON KOCMOJIOTHH, B TO BPeMsI KaK B cjiyuae KOH(OPMHON KOCMOJIOTUU 3TH
JIAHHBIE COBMECTUMBI C PEKUMOM HYKJIEOCUHTE3A U IIPE00JIa[AHIEM CBEPXKECT-
KOT'O COCTOSIHUST CBOOOJTHOTO CKAISPHOTO TOJISt Q) [Zeosmic + 1]_1|(Supemova) (n) =

V14 2Ho(n —no), Hol(z) = z + 22/2, m(z) = 5log [Hol(2)] + M [10]

Hastee, B cirydae OTHOCHTEIBLHOTO 9TAJIOHA H3MEPEHNU{T 9BOJIIOIHST CBEPXHO-
BBIX HE IIPOTHBOPEYUT YPABHEHHIO COCTOSHUS TIEPBUYHOIO HYKJICOCHHTE3a
C 3aBHCHMOCTBIO KOCMOJIOTHIECKOT0 (hakTOpa OT HAbJII0aeMOro BpeMeHH
(B mamHOM Ciydae — KoHdopMHOro) B Bujie (9)

a(n) = [z +1]7"(n) = V/1+ 2Hy(n — 10) (Qriga =1).  (34)
W3 3T0r0 coOTHOIIEHUd JIEFKO HAlTH KOODJIUMHATHOE PACCTOAHUE I =
Mo — 1 KaK OYHKIIIO 2:
1 1 1 22

HOT(Z):§ 1_(1+z)2 :(1+Z)2 a5 (35)

OTKY/Ia CJIe/LyeT 3aBHCHMOCTb PAaCcCTOsSHUs cBeTUMOCTH (31) 0T KpacHOro
CMEIICHHAA Z:

b oe(2) = (14 2)%r(2) = — |2+ = | . (36)
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Ha puc. 2 dbyskuus (36), Bo3HHKIIAs B pe3y/braTe PeIICHUs ypaBHe-
HUSI TIPEJIEIbHO YKECTKOro cocTosiusl (8), m300parkeHa CIUIONIHOM JIMHU-
el m BUJIHO, YTO acTpOU3NIECKUE JJAHHBIE 10 CBEPXHOBBIM M IIEPBUYHO-
My HYKJIEOCHHTE3Y, TIepeCUYUTaHHbIE B €IUHUIAX OTHOCUTETHLHOIO ITAJIO-
Ha, CBHUJIETEJILCTBYIOT: BCs 9BOJIONUS BCEJIEHHOH POMCXOJUT B PEsKUME
JIOMUHAHTHOCTH TIPEJIETIbHO JKEeCTKOro ypaBHeHus cocrosguus (9), (34) c
OTHOCHTEJILHOMN IJIOTHOCTBIO

per _ Hiph  Hipg

prigid(gp)zﬁ 2 (37)

OHa CUHTYJIIPHA IIPU HYJIEBOM 3HaUeHUHU MacIiTabHoro dpakropa. Ecim sta
IJIOTHOCTD JIOMUHUPYET B COBPEMEHHYIO SII0XY, TO OHA K€ JOMUHUPOBAJIA
U B MEPBUYHYIO STI0XY paHHel BeesenHoil, mis kKoropoii perenne (34)

o(n) =wrv1+2Hm (38)
Bpra)KaeTCﬂ ‘{epGS HavdaJIbHBIC JJaHHbIC
wr = (n=0), Hr = ¢'(0)/¢(0), perr = Hig3,  (39)

KOTODBIE CBSI3aHBI C COBPEMEHHBIMHI 3HAYCHUAME @y = ¢(19), Ho = ¢'(n0)/
©(No), Per COOTHOIIEHUSAMU

H}oi = Hypy = Hiperr.- (40)

ObpaTuMcst Terepb K 9BOJIIONNN TaIaKTHK.

3. KocMmmueckas 3BoOJIIOINA TaJaKTUK

3.1. CBoboaHOE IBU>KEHUE
B KOH(OPMHO-TIJIOCKOIT MeTpHUKe
PaCCMOTpI/HVI KJIaCC KOH(bOpMHO—HJIOCKI/IX METPUK C MHTEPBAJIOM

ds* = a*(n) [dn® — da7] = gfg,)dx’“‘dx”, (41)

riae 1 — KoH(GOPMHOE BpeMsi, Ty, Tg, T3 — KOH(MOPMHBIE KOODJUHATHI,
a a(n) — xkouQOpMHBI MacITabHbIH (HaKTOp, BpeMEHHAs 3aBUCUMOCTD
KOTOPOTO OIpejiesiseTcs: ypaBueruem (23).
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KsanroBas nojieBas Teopusi B Takoil METpUKe paccMaTpuBaiach B |17,
25|, rue ObLIO TIOKA3aHO, 9TO B KOH(MOPMHO-ILIOCKOIT MeTpuke (41) ofHo-
JacTU4YHad dHeprusd F = py Olpeie/igeTca CBA3bIO

puggl/pu - m2(77) = 07 (42)

OTKY/la CJeyeT, IYTO

po = /p*+m%(n) =~ m(n) + (43)

2m(n)’

riae m(n) = moa(n) — Geryimas mMacca.

[TosToMy KBaHTOBasi TeOpHsl MOJIsi B KOH(MDOPMHO-IIJIOCKOHi MeTpuKe B
HEPEJIATUBUCTCKOM IIpe/Jiesie TIPUBOJIUT K KJIACCHIECKOMY JefiCTBUIO st
IACTUIIBI

0
/
So = /dn [pix; — po +m], (44)
N1
e ), = dx'/dn, a py mano Beipazkenuem (43).
Pacemorpum sieitcrsue (44) jyist pauaibHOrO JIBUZKEHUsT B HEPEJISITHU-

BHUCTCKOM IIpeaeJsie:

70

r*m(n)
Sy = [ di—5—; (45)
u
snech 1 = y/x;x' ur’ = dr/dn. B arom ciydae ypaBHEHUEM JBUKEHUSI
SIBJISIETCST
[ (mm(n)]" =0 (46)

¢ HAYAJIBHBIMU JAHHLIMA 17 = 1(1;), 77 = pr/mo u my = m(n;), KoTopoe
HMeET CJIELYIOIIEee PEIIeHIe:

o [
r(n) =rr+pr )’ (47)

n1

®pumanosckoe Bpems dt = dna(n) u abcoOTHAS KOOPIMHATA

R(t) = a(n)r(n) (48)



OIPEIENIAIOTCA KOH(OPMHBIM IIPE0OPA30BAHUEM ¢ MAacCIITaOHBIM (HhaKTO-

pom
a(n(t)) = a(t),

KOTOPBIIl OOBIYHO BLIOMpAETCs paBHBIM €JUHUIIE /IS COBPEMEHHOM 3110X1
n = no: a(ny) = 1, macimrabublil hakTOp B HAYAJBHBI MOMEHT BpEMEHU
n = ny onpegensiercs z-bakropom: a(nr) = ar = 1/(1+2z1), re z(ny) = 21.
[TockonbKy (bpuIMAHOBCKHUE IIepeMeHHbIe IPUBA3aHbI K COBPEMEHHOI 3110-
Xe 1) = 1)g, BpeMs 1)y yJ00HO 3aMEHUTh Ha 7)y. Tora cBoOOIHAsT KOOPIUHATA
R(t) = a(n)r(n) 3amaercs BhIparXKeHHEM

t

R(t) = a(t) ro+% / af(% . (49)

tr

AbcosroTHaST KOOPAWHATA YIOBIETBOPSIET YPABHEHUIO JBUKEHUST

R(t)— (H*+ H)R =0, (50)
riae H(t) = a(t)/a(t) — napamerp Xa66a, KOTOpoe CJeyer u3 JeicTBus
. 2
© (R HR) mo
Sw(t) = /dt g | (51)

tr

Taxoe ke JieficTBIE MOXKHO HOJTYYUTh F€OMETPUIECKUM IIyTEeM, UCIIOIb3Ys
onpeJie/ieHne U3MepseMoro MHTepBajia B CTaHJIapTHONH KocMosorun dl =
a(t)dr = dfra(t)] — ra(t)dt = [R — HR]dt u nonstue abCoMOTHON KOOp-
muHaTel R(t) = ra(t) B mpocrpancTBe-BpeMenn ¢ MeTpukoii @puimana—
Jlemerpa—Pobeprcona—VYokepa (DJIPY)

(ds?) = (dt)* = a*(t)(da'), (52)

Hab6uonaembre koopaunarer X' pacmupsiornieiics Beesennoit MoryT ObITH
3aliCcaHbl KakK

Xi=a(t)a', dX' = a(t)da' + 2'da() (53)

a BMeCTO eBKIMIOBLIX muddepennnanos dX’ HCHONB3yIOTCS KOBAPHAHT-
HbIE

da(t)
a(t)

a(t)dr' = dla(t)z'] — 2'da(t) = dX' — X* (54)
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Unrepsan (52) B TepMuHax nepeMeHHbIX (53) CTAHOBUTCS PaBHBIM

(ds?) = (dt)® — D (dX'— H(H)X'dt)", (55)

i=1,2,3

riae H(t) — crnosa mapamerp Xab6sa. Bee stn ypasuennst KondopMHBIME
npeobpasoBaHusAMU CBOAATCH K ypaBHeHusiM (7.4)—(7.12), npuBeeHHBIM
B kuure [Iubica [26].

3.2. llenTpajibHOEe TpaBUTAIIMOHHOE II0JIEé B KOCMOJIO-
r’M4YeCKOll Teopuu BO3MYIIEHU

Bcee dusuueckne n acrpodusndeckue mpoiecchl Bo Beeennoil, BKIo-
Jasg cBOOOJHOE JIBUKEHUE TaJIAKTHK U WX TPABUTAIIMOHHBIE B3AMMOIEH-
CTBUS, WIAYT Ha (DOHE KOCMHUYIECKON 3BOJONUU. UTOOBI ONMKUCATH TAKOTO
poJ/ia IIPOIECChI, PACCMOTPHUM JIBUXKEHHUE IIPOOHON YaCTUIIBI B IEHTPa/Ib-
HOM I'PaBUTaIlMOHHOM IIOJI€, IIOTEHIIHAJI KOTOPOI'O ABJIAETCA KOMIIOHEHTOI
MeTPUKH. BBIBOJ COOTBETCTBYIONMIEH METPUKNA MOYKHO C/IeJIaTh B paMKax
KOCMOJIOPMYECKO Teopun Bo3MytieHuit [27].

[loacraBisiss B ypaBHeHUs DHHIITEiHA METPUKY B popMe

ds? = a(n)? [(1 — ) di? — (1 + ®) (da’ + Do) 2] , (56)
rje ¢ u 0 — KOMIIOHEHTBI METPUKH, IIPUXOJIMM K CJIEJTYIOIIUM YPABHEHUAM:
2

%A@::—ﬂh (57)
2 /
[%—@Aa—3®q} = T (58)

riie 70 u Tf — KOMIIOHEHTbI TeH30pa SHEPTUU-UMITY/THCA IPABUTUPYIONIETO
neHTpa. B janHoM ciaydae, B paciupsiornieiics Beenennoit o' # 0 B cun-
XPOHHOI cucreme orcuera o = (), BOSHHKaeT XabO0/I0BCKOE JIBUKEHUE IIeH-
Tpa, KOTOPOe MOYKHO MHTEPIIPETUPOBATH KaK CYIIEeCTBOBAHUE HEHYJIEBOI'O
nasyenust, Ty # 0. U3 ypasuenust (58) cjie/iyer, 4To UMEETCs CHCTEMa OT-
cdera ¢ HeHyJIeBOil painaIbHON KOMIIOHEHTON BekTopa casura 2A0 = 39,
e 910 Xab0JIOBCKOe JlaBjieHne ucdesaer. Pemnenne ypasaenust (57) xopo-

1110 U3BECTHO:
3 T
d(z) = — /dByM (59)
p2m |y — x|
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¥ JIIg ToYedHoro ucrounuka Tog = M (x) nupunnmaer ciemyromntyio dhop-
MY:

o =10
3 (60
r71e
3M
T = p (61)

3.3. /IBn>keHne nmpoOHOIT YacTUIbI B IEHTPAJILHOM MOJIe

DHeprusi YaCTUIIhI, KOTOPAasi IBUZKETCSI 110 Ne0/Ie3UIECKOI IMHUU B TIPO-
CTPAHCTBE € 33JIAHHON METPUKOI, MOXKeT ObITh HaiijieHa IyTeM pPerieHus
yPaBHEHHS MaccoBoOil moBepxHocTu. [IpmpaBHuBasg KBaapaT 4-mMIyIbca
pupP" K KBajpary Macchl B MeTpuke (56):

2 2
p*=9"pupy =m, (62)
HalljileM BbIpazkKeHHUe Jijid SHEPIUU Py
2

2
~ Tg Pr Dy
po~i[<1_2r>m+2m+2mr2 ' (63)

N3 ycnoBus moioKuTe IbHOCTH SHEpTrun Py > () B IpaBoii 4acTu paBeHCTBa,
(63) BBIOMpaEM TIOJIOKUTEIBHBII 3HAK, B PE3YJIbTATEe B HEPEJIATUBUCTCKOM
1pe/iesie IPUXOIUM K JIeHcTBIIO?

70

Sclassic = /dﬁ [pﬂ’/ + p69/ - Eclassic] 5 (64)
ni
rie
2 2
Yz Py Tgm
Ec assic — 5 - ) 65
! 2m  2mr? 2r (65)

a m = m(n) — Macca IPOGHOTO Tejla, KOTOpas 3aBUCUT OT BpeMeHH (IBO-
monun) u oupesensercs B (16). Ilpoussenenue rym sBisercs KOHGOPM-
HBIM MHBAPUAHTOM M OT BPEMEHHM He 3aBUCHT. JIJId HOCTOSIHHONI MaCCh
m = My NOJIydaeM KJIaCCHIECKOe JeiicTBre.

3YpaBHeHHUs IBUKEHH JJTs CBOOOIHOM JACTUIILI C yIETOM pacIIHpeHns BeeseHHoil
HE OTJINYAIOTCS OT IPUBEJIEHHBIX B MoHorpadun [Tubsca (s cpaBHEHUS CM. ypaBHE-

nus (7.4)—(7.12) B [26]).

47



B cinyuae nBm2KeHHMsS YACTHUIBI C TOCTOSHHOM Maccoi 0 OKPY>KHOCTH
(r = 7p) HBIOTOHOBCKasl CKOPOCTb Wy = +/7,/(2ry) coBmagaer ¢ opbu-
TaJbHON vy = py/(Moro). PaBeHcTBO Wy = vy ABIsIETC OCHOBOIT aHAM3a
HaOJTIOIATeIbHBIX JJAHHBIX O TeMHO MaTepun Bo Beenennoii [28-32].

Yr100bI ycTaHOBUTDH 00/1aCTh ITpUMeHUMOCTH Teopuu HbioToHa ¢ 11ocTO-
SIHHON Maccoil M CcTaTyc IMUPKYJIAPHBIX TPAeKTOpuil, Oy/1eM Hccie0BaTh
sagaay Kemepa st nepemenusix Mace (16), 3aBUCHMOCTH OT BpeMeHH
KOTOPBIX OIIPEIEIACTCST ACTPOPUINICCKIMI TAHHBIMHA 110 CBEPXHOBBIM [9].

3.4. Banaua Kennepa—Hbiorona B KondopMHOIi Teo-
pun (pelieHne B HEPEJISITUBUCTCKOM MpeJeJie)

[IpunnMasi BO BHUMAaHUE 3aBUCUMOCTH KOODJIMHATHOTO PACCTOSIHUS OT
KOH(DOPMHOro BpeMeHn (12) u KOCMUYIECKY 0 SBOJIIOIUIO B IIPEIETHHO JKEeCT-
KOM COCTOSTHUM (25), MOXKEM IIepeiiTi OT HapaMeTpa IBOJIIOIIN 1) K MOHO-
TOHHO BO3pacTatorei hyHkmu a(n)

a(n) = /1 + 2Hy(n — no). (66)

Tora U3 ypaBHEHUS JBUKEHUsI JIJTsi HBIOTOHOBCKOTO JieficTBus (64) ¢ yue-
TOM 3aBUCHMOCTH MAaCChl OT KOH(MOpMHOro Bpemenn (16) u cooTHONIEHNS
(66) mosy9gaem TodHOE ITapaMerprdeckoe perienue a(7) u 7(T) ¢ mapamer-
POM T, BBEJCHHBIM B [33]:

Ni(7) (1) 2/3
a(t) = 017_2/37]\“7_), T—0:C2T/N(7')a (67)
rie
N(t) = aU(r)*+ BU(T)V(T) + V(1) (68)
dN 2 2
Ni(1) = (7’ d7(—7—>+§N(T)) :|:47'2N(T)2+w2A, (69)
A = dayy — B >0, ¢, ¢, ar, Bi, 11 = const, (70)
o = (BE) oo (2B) o
b4 w|A2 T\ Bu? |w| AL/
3nech
"
U)g = 2—;70, Vo = WZQTO’ Cyo — Hor() (72)
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— HBIOTOHOBCKa, Op6I/ITaJII)HaH n KOCMUYeCKasd CKOPOCTHU COOTBETCTBEH-
HO.

st Bepxuero 3uaka B (69)
2
U(r) = Jijs(t), V(r)=Yis(r), w= m (73)

rae Ji/3(7) u Yi/3(7) — bynxmun Beccens mepsoro n Broporo poza. s
HIDKHErO 3HAKa

U(r) = Lys(r), V(r)=Kys(r), w=-1, (74)

e I; /3(7') n K, /3(7') — MojudunmpoBanubie pyHkInu Beccesst mepBoro
1 BTOPOT'O POJIA.

Pemenne (67)—(74) Briodaer B cebst 5 HE3aBUCHMBIX KOHCTAHT, KOTO-
pble MOXKHO HAfTH U3 CJIeyIomei aaredpandecKoil cucreMbl ypaBHEHHIL:

d
- =1, L =0, a,_ =1,
ro | _ da|__ T=T0
T=T0 T=T0
(75)
2\ 2 2 3 2
64 \ ¢ 2’ 128 \ ¢ c

B obacTu ux paspemmmvoctu. Hanpumep, mist 7o = 1, v = 0,25, w3 =
0,05 m cg = 1 cucrema ummeer cienyiomee pemenne: ¢; = —0,48, ¢y =
—0,32, a3y = —0,78, 1 =0, 1 = —0,48, ipu 3TOM COOITIOTACTCS YCTIOBUE
A > 0.

Permrenne, coorBercrByfolee HIZKHeMY 3HaKY B (69), orpaHnveHo B Hy-
JIe ¥ He OrpaHMyeHo Ha OECKOHEYHOCTH U3-3a cBOMcTB dyHkmun K j3(7T).
Perenne, coorsercrByoree Bepxuemy 3HaKy (69), Ha 6eCKOHETHOCTH Orpa-
HUYEHO W OIKCHIBAeT (DUHUTHOE JIBUXKEHUE 110 JJLIUICY. XapaKTep JIBU-
JKEHUSI [PU MaJIbIX BPeMeHaX MOXKHO pacCMaTPHUBATH KaK yCTaHOBJICHUE
MEPUOIUICCKOTO PEXKUMA TTOC]Ie HEKOTOPOTO HAYATIBHOI'O BO3MYIIEHUS.

OTu JBa TUIIA PEIIeHHsT COOTBETCTBYIOT IBYM pa3HBIM 3HAKAM dHEp-
run (65): MoJIOKUTeTbHAST SHEPTUS COOTBETCTBYET CBOOOHOMY JIBUKEHUIO
YaCTHUIIbI, & OTPUIATEIbHAS SHEPTUA — €€ CBA3AHHOMY COCTOSHHUIO.
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3.5. 3axBaT YacTuUlbl HEeHTPAJIbHbBIM OJIEM
BCJIEICTBIE€ KOCMMNYIECKOI1 3BOJIIOINNI

U3 ypaBuennii qurkenust, ceaytonux u3 (64) u onpe/iesieHns SHEPrun
(65), MOXKHO HANTH CKOPOCTH U3MEHEHUs SHEPIuu OObEKTA:

dEclassic pg + P§/7’2
dn 2m

riae H(n) = da/dn/a — napamerp Xab6ma. U3 (76) caemyer, 1aTo mpouns-
BOJ[HAsI OT HEPIUM BCErJa OTpUllaTesIbHa U CTPEMUTCS K HYJIIO, CJIejo-
BaTeJIbHO, CaMa dHEpIrusd 6y,£1;eT ACUMIITOTUYIECKHN IMOHU2KaAThCA O OTPpUILa-
TeJIHLHOrO 3HAYEHUsI, 8 IPUUUHOI TAKOTO HECOXPAHEHUsT SHEPIUHU SIBJISeTCS
KOCMUYecKast 3BOJIONUSA Mace (eM. puc. 3).

= —H(n) : (76)

151073

(R/Ry)-107*

10 15 a 25

[

B
mo(RnHo)2

—1-1031

Puc. 3. Ha Bepxmeit yactu rpacduka moxkasaHo pelleHre YpaBHEHHUH st Jeii-
crBus (64) B Ge3pa3mepHbIx nepemeHubnx y(z) = R/R;r uw x = Hi(t —t5) c
rpanngabiMu yeaousvu y(x = 0) = 1 n y/(z = 0) = 0. Kpusas B HuKHeil ua-
cru rpaduKa JEMOHCTPUPYET IBOJIONUIO HOJIHOI sHepruu (65) B IepeMeHHBIX
R=aruP=p/a

Takum 06pa3oM, KOCMHUYECKasl IBOJIONUSA MACC YMEHbIIAET YHEPIUO
IIPOGHO} YACTUIIBI JI0 OTPHUIATEILHOIO ACUMITOTHYECKOTO 3HAUEHUs! [IPU
yeaoun E = 0, KOTOpOE, B YAaCTHOCTH, MMEET MECTO IIPH HAJYaIbHBIX
JAHHBIX V7 = 2w?, 4aCTUIA NEPEXOJUT B CBA3aHHOE COCTOSHUE W €€ Tpa-
EKTOPHsI IIPEJICTABIIAET COOOI IUIHIIC.

OHI/IC&HHBIﬁ MeXaHU3M 3axXBaTa YaCTHUIbI MOKHO IIDMUMEHUTL K JIMWHa-
MUKe 3Be3]] U TaJIaKTUK, U OH JIOJZKEH IPHUBOJUTH K OOpPA30BAHUIO Ia-
JaKTHK 1 GOPMUPOBAHUIO KJIACTEPOB € aHU30TPOIHBIM DACIIPEIeJeHueM
xab6JI0BCKUX TIOTOKOB B MeCTHOI TpyIie, YT0 HAXOAUT [OJTBEPXKICHUE B
HelaBHUX HabJoeHusax Kapadennesa (34, 35].
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3.6. TI'panura npuMeHUMOCTHU HBIOTOHOBCKOI'O OIIMCA-
HUA W IIpobJjieMa TEeMHOI MaTepun

B coBpeMeHHBIX KOCMOJIOTMYECKUX UCCJIEIOBAHUAX JIJIsI AHAIU3a BJIM-
SIHUS TEMHON MaTepHUM MCIOJIb3YIOTCA XapaKTEPUCTUKU HBIOTOHOBCKOI'O
JIBUZKEHHsI B TPABUTAIMOHHBIX TIOJISIX KJIACTEPOB WJIM TaJakTuK [28-31],
DU 9TOM BO3HHUKAET CJIEJYIONIEe HECOOTBETCTBUE: HHIOTOHOBCKOE JIBUZKE-
HUE rajakTHUK ONMCHIBACTCA B IJIOCKOM IIpOCTpaHcTBe-Bpemenn (ds?) =
(dt)? = ".(dz")?, a ananus HaOIIOAATEILHBIX JAHHBIX IIPOBOJUTCH B TEP-
muHax metpukn OJIPY (52).

PaccmorpuM HBIOTOHOBCKOE JIBUYKEHUE HYACTHIIBI B I'DABUTAIOHHOM
nojie B npocrpancTBe ¢ DJIPY-Mmerpukoii, B KOTOpoM 3a HaOJII01aeMble
KOODJIMHATHI B paciupsiorieiicss BeeeHHoN TpuHsTH KoopAuHaTh! (53) 1
BMecTo JuddepeHIaios eBKINI0BOr0 IpocTpancTsa dX ' HCIOIb3YIOT-
cst koBapuaHTHble juddepennuaibr OJIPY-npocrpancrsa (54). B srom
ciayyae 3ajada Kerutepa onpesessieTcs ypaBHeHIEM

(moR20)> 1,
m3R3 2R?

R(t)— (H* + H)R — = 0. (77)
DTO ypaBHEHHUE CBOJUTCS K YPABHEHUIO, YiKe PelreHHoMy B 1. 3.4 mepe-
XOJIOM K KOH(MOPMHBIM IT€PEMEHHBIM.
3aKOH COXpPaHEHHsI SHEPIUU B ILJIOCKOM IIPOCTPAHCTBE (H (t) = 0) npu-
BOJUT K CJIG,ZLyIOHJ,GfI 3aBUCUMOCTHU Op6I/ITaJ'IbHOI7I CKOPOCTH OT paJauyca:

. r
RO = | -ZL 78
SR’ (78)
rae ry = 2a/my >~ 3- 10°M cM — rpaBuUTAIMOHHBI pajnyc oobekTa, M —
ero Macca, Bblpazkennas B Maccax Cosnna. B pacemarpuBaeMom ke HaMu
cIydae CBePXKeCTKOro ypasHeHus cocroguus H = —3H? ypasnenue (77)
Ha Kjtacce pemtennit R = Ry, R; = 0 npuBOUT K BBIPAKEHUIO

R0 = /=% +2(HR 79
I \/2R1+ 1Rr)?, (79)
nJjin
vr = yJw? 4 2c3,
rie
v :Ré, wQZi, c;r = RiHy. 80
I I 1= %R, i 11y (80)
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B Goustee obimem cayuae g merpuku (41) (ds?) = a*(n) [dn? — (dz*)?] ¢
ypasnennem coctosaus (26) Hy *(da/dn)? = Q(a), riae Q(a) onpenensercs

B (27), nmeem
. dQ
H+H?=-—f2i1- 22
* { 20 da } ’

win, nojcrasiss B (77), moaydaeMm

. a dS) (moR20)>  r
R+H*{1—- —— R~ 7 = 0.
* { 20 da} 2R 2R
[Ipu 3TOM Teopema BUpHAaJa U3 = w? IePeXoUT B CJIeJYIONee COOTHOIIIe-
HUE:
a d2
Q(a) = Qrigida_Q Qrad QMG QAG4
a dS2
l———7 = 2 1 1/2 -1
{ 2Q da } /

N3 Tabaumpl BUIHO, YTO HAUMEHBINUM JIeUITUTOM TEMHOW MaTepuu U3
YeTBhIPEX <«YHUCTBIX» COCTOAHUI OyeT 00JIajaTh IMpeJ/IeIbHO KECTKOe CO-
crognue {lyigid, KOTOPOE COOTBETCTBYET PACCMATPUBAEMOMY HaMH CJIydaro
(79). Bamernm, 9TO B CTaHJAPTHON KOCMOJIOTUE KOCMHYECKAs! IBOJIIOIHST
yBEJTHIUBAECT JAeUIUT TEMHON MATEPUN:

R = \/i —0,5(HR;)2. (81)
2R;

3 (81) coemyer, 9T0 OOBIMHBIE HBIOTOHOBCKUE XapPAKTEPUCTUKH JIJIS
ONMCAHUSA TOBEJICHNs OPOMTAIBHBIX CKOPOCTEH HEIPUMEHHMBI Ha paJid-
aJIbHBIX PACCTOAHMSX, KOIJIa YIBOCHHBI KBaJIpaT KOCMUYIECKON CKOPOCTH
CPaBHUM TI0 BEJIMYMHE C KBAJPATOM HBIOTOHOBCKOII cKopocTu: 2¢% > w?.
3a OIEHKY pajIaabHOrO PACCTOSHUS B 3TOM CJIydae MOXKHO B3ATh PACCTO-
stHue (nanee OyieM Ha3blBATH €r0 KPUTHIECKUM PacCTOsiHueM) Rep, TpH

KOTOPOM 2¢7 = w?, T.e.

, 1/3
R, = (—9) . (82)
2H?
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Cospemennoe 3Hadenne mapamerpa Xabosa H '~ 10%® cm npuBomuT K
3HAYEHUIO KPUTHUIECKOTO PACCTOTHUS

M 1/3
Rcr ~ 1020 (M) CM. (83)
©

Kpurnuecknii paguyc mis ckorenns Koma (M ~ 10'° M, [28]) cpasanm
C pa3sMepaMy CKOILJIEHNUSI:

Rize ~ 3+ 10% e > Ry ~ 10% e, (84)

¥ HAIIM paccysKeHns npuMennmMbl. g nameit lamakruxku (M ~ 102 M)
COOTBETCTBYIOIIAsS OIEHKA JIaeT

Rgze ~ 10% cM < Rey ~ 10%* (85)

T.e. KpUTHIECKHUI pajiumyc Halrel ['ajakTuKy Ha 1OpsIoK OOJIbIIe ee pas3-
Mepa.

Puc. 4. 3aBucumocTh OpOUTAIBHON CKOPOCTU «9aCTHUIIBI» U] OT €€ Pajuyca, T.e.
OT PaccTosiHus 110 NeHTpa 0obekTa, & = R/ Rsize, T1e Rgize — pasmep obbekTa,
7 = (Rsize/ Rer)® 1 Rey = [rgH2]1/3 = 100MY/3 ¢M — 3madenne paguyca, 1ist
KOTOPOI'0 HBIOTOHOBCKasl CKOPOCTDb COBIaIaeT ¢ xabbaoBckoit, M - macca 00b-
€KTa B eIUHUIAX COJIHEUHBIX Macc. [Ipu v = 0 poranuoHHasi KpuBasi COBIIAAET
¢ KpHUBO, mmoiydeHHo# B mexannke Hpiorona
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Poranuonnyio KpuByo nupKyssiproit ckopocru vy = Ry (79) ynobuo
paccmaTpuBaTh B Ge3pasMepHbix BejnanHax & = R/ Rgye u 7:

Vr 1
L = [ 42y 86
Usize 5_’_ 75 ’ ( )

TAC Usize = Tg/(QRsize)7 Y= (Rsize/Rcr)S, Rsize — pa3Mep 00beKTa 1
R = [r,/HYY? = 102°MY3 cm — smauenme pajmyca, Jjisg KOTOPOTO
HBIOTOHOBCKasl CKOPOCTH COBHaJIaeT ¢ XabosoBckoir, M — macca 0O0bek-
Ta B €UHHIAX COMHEUHBIX Macc (puc. 4). 3aBucumocts (86) mpu v = 0
COOTBETCTBYET HBIOTOHOBCKOMY CJIydalo, & KpuBas upu 7y # 0 OTKJIOHS-
eTcsd OT HBIOTOHOBCKO#I KpuBoii. Takoe 1moBejieHne He TpeOyeT BBeIEHUS
rajio TeMHOI MaTepnu 3a 06/1acTbIo IpUMeHeHns puosmKennsa HeioTona
upu R > R, [29-32], nosromy HapyIieHHe BUPHAJIBLHON TeopeMbl, 0OHADY-
JKEHHOE B CKOIUICHUSX IaJIAKTHK ¥ HHTEPIPETUPYEMOe KAK CBUJIETEHCTBO
CYIIECTBOBAHMsI TEMHON MaTepUH, MOYKET C PABHBIM YCIIEXOM PACCMAaTPH-
BaThCsl KaK PE3yJIbTaT 9BOJIONIN BeesleHHoil.

3.7 3apaya Kemiepa — HpioTona
B 00001meHHoM 11oJie IlIBapmmmiabaa

Paccmorpum obmumit caydait JBUKEeHHsI TPOOHOTO Teja WA YaCTH-
bl B CPePUIECKU-CHMMETPUIHOM I'PABATAIIMOHHOM IIOJIE TSIXKEION Mac-
cel. O6oOmuM meTpuky IlIBapmmmibia B CHHXPOHHON CHCTEME OTCUe-
Ta C IOMOIIBIO 3aMEHbI OOBIYHON Macchl Mgy ee KOH(POPMHBIM aHAJIOIOM

ma(n) = m(n):

2 dr?
ds? = (1 - —0‘) a2 — —  25in(0)2d6?,  (87)

mr 1 —2a/(mr)

rie m = m(n), r = Vaa?, a(n) = \/1+2H;(n—n;), u paccMoTpum
JIBUZKEHUE B IMJIMHIPUIECKIX KOODAMHATAX

X'=Rcos®, X?=Rsin®, R=ar (88)

H; ecth HauabHOE 3HAYUEHHE CKOPOCTH Xab0bJja B IMPOCTPAHCTBE C YKECT-
KUM ypaBHEHHEM COCTOstHUg Marepuu |9, Korja IJIOTHOCTH SHEPrUd U
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JlaBJieHrs paBHbl. B Tepmubax KoHbOpMHOrO Bpemeru dn = dt/a, B KOH-
dbopmubIx Besmmunaax 7 = R/a 3ammineM JieiicTBre I YacTUIIBI B (hopMe

70

dr do
SSChW == /d?’] |:P7“d_n + Ped—n - ESchw 5 (89)
nr
1/2
riae (Qschw = <1 — %%) ,7g = MoG, P, Py — conpsKeHHbIe IMILYJIb-

Cbl COOTBETCTBYIONINX KOOPAUWHAT K1 ESchw — 9HepIrud CUCTEMDbI

Eschw = QSchw\/PTQQ%ChW + P} /r2 +m? —m. (90)

Tpaekropus mpoOHOI YaCTUIIBI TOKA3AHA Ha PUC. O, & HBIOTOHOBCKUI ITpe-
Jeat jeiicteust (89) umeer B

mo
P2 P2 2
SA:/dn{prﬁijgd_e_L@/r_g , (91)
dn n
nr

e « = Mom;(G — KOHCTaHTa HBIOTOHOBCKOT'O B3aMMOJIEHCTBUS TaJlaK-
THKH C MAcCOi m; B IEHTPAJTHLHOM I'PABUTAIIMOHHOM II0JIE C TIEHTPATLHOI
Maccoit M.

Paccmorpum Tpu ckopocTn:

P
wr = \/i, Uy = ’ , cr=Hprp (92)
27’[ miry

— HBIOTOHOBCKYIO, OPOUTAIBLHYIO U KOCMUYECKYIO COOTBETCTBEHHO. [Ipe-
JleJ MaJIbIX CKopocTeil wy, vy, ¢ — (0 COOTBETCTBYeT KJIACCHICCKOMY
npubsimkenuto (cM. puc. 7) — Kiaccudeckoii 3anade Keruiepa ¢ yuerom
pacmupenust Beesiennoit. B sToM npejiesie Mbl iosrydaem Jeiicreue (89),
rje BMecTo ramusbronnana [Baprmibaa (90) cronT ero HbIOTOHOBCKMI
IPeIeT:

P? P rymy

2am;  2amgr? 2r

ESchw ~ Liclassic — (93)
V106HO ucciiejoBaTh perieHne 3aJa9u B 0e3pasMepHbIX BeJINTIHHAX

x = Hi(n—nr), r=ryy, P.=mp, (94)
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B T€PMHUHAX KOTOPBIX 3h(DEeKTUBHOE JIeCTBHE JJIsi PaIUaIbHOIO JIBUKE-
HUS TIPUHUMAaET BUJT

dy 1
Se - d > T T Lue ) 95
ff Tlml/ z pdx ] ff (95)
r
rie
Eg = mflESchW:
= 1= 2wy fa? + (1= 203/ (@) 12 + 0}y — 0 =
L Py g (96)

2a Y

a = /1 + 2x. [IpubnnrkeHHOE PABEHCTBO 3/1€CH UMeET MECTO JIJIsT MaJIbIX
CKOPOCTe€IA, TOT/Ia, €CJIU MOJIOXKUTH @ = 1, TOJIyYUM KJIACCHIECKOe JIBUZKE-
Hue 1o opoure y = 1, p = 0, 1/ie HBIOTOHOBCKAsI CKOPOCTH W) COBIIAJIAET C
OpOUTAJIBHON V7. DTO PAaBEHCTBO, BEpHEE, €r0 HAPYIIICHUE SABJISIETCS Teope-
TUYIECKOIl OCHOBOI aHaJ/M3a HaOJIIOIAaTe/IbHBIX JAHHBIX O TEMHON MaTepuu
Bo Beenennoit [28-31].

Ha puc. 5 nmpusejieno unciiennoe perenye B 6e3pa3MepHbIX BETUINHAX
(94) mBapIINUIBIOBCKUX YPABHEHUIl JBUKEHUS, KOTOPOE HAUMHACTCS C
cocrostaust HysieBoit sueprun (90) u HyJ1eBoit pajmaibHoit ckopoctu P = 0.
Mo2KHO BUJIETD, UTO YACTHUIIA 3aXBATHIBACTCA B CBA3AHHOE COCTOSTHHUE U 9TO
CIIPABEJIJINBO JIJIA BCEX KOCMUYECKUX CKOPOCTEIi.

Ha puc. 5, 6 u 7 npuBe/ieHbl pellieHns: ypaBHeHuit, ceyonue u3 (89),
npu HadasbHbIX ycaoBusax y(0) = 1, dy/dx = 0 u mapamerpax v; = ¢y,
w? =0,25¢2 (c; = 1, 0,25, 0,01). Ha Bcex pucyHKax TpaeKTOpHs HAUYMHA-
ercs ¢ Toukn (1, 0). Bugro, aro TpaekTopus mpoOHOI0 00bEKTA YIATAETCST
Ha HEKOTOPOE PACCTOSHUE OT HAYAJIHLHON TOYKHU U JIajiee CTAHOBHUTCS IIe-
puomIecKoil («3axBaTy 00beKTa) KaK [0 BPEMEHH, TaK U B IPOCTPAHCTBE
(puc. 7). IIpu yMeHbBIIIEHUH CKOPOCTEl TPAEKTOPUHU TOCTEIIEHHO IePeXO-
JIAT B KJIACCUYecKue dJLIuIchl 3aiadu Kerutepa, ypaBHeHUs 1T KOTOPBIX
peliensl B 1. 3.4.

Nrak, Tounoe pemienune MmomuunmpoBannoit 3ajaun Kemsepa c¢ ra-
MuIbTOHIAHOM (93) 1 dHCIIeHHBIe PeleHns B ciydae ramuasronnana (90)
MOKA3bIBAIOT, UTO KOCMIYECKasl SBOJIIONHS MACC YMEHbIITaeT SHEPIUIO TPOO-
HOI JacTUIlbl (3Be3/1bl U rajgakThK). KocMuaeckast 9BOJIOIMST YMEHbIIIa-
€T SHEPIUI0 CBOOOIHBIX 3BE3J] U TaJIAKTHK, 3aCTaBJ/Isdsd UX 0Opa30BbIBATH
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CBA3aHHbIE COCTOAHMA, TaKHe KaK I'aJJaKTHUKN HNJIN UX KJjlaCTepbl COOTBET-
CTBEHHO.

Rsin(0)

S
S
g ATAVIRE

y /)// ! /"
2

=

N )
~~==47/
—

Puc. 5. Pemenne ypasuenuit apuzkenusi jyist jeiicrus (89) mpu ¢y = 1, vy =1mn
w% = 0, 25. Ha oboux pucyHkax rmokasaHa TPaeKTOPHs IBUKEHUSI OTHOTO U TOrO
Ke obbeKTa n3 HadagabHOi Toukn (1,0) /IS pasHbIX TPOMEXKYTKOB BPDEMEHH B
06061mernoM noste [Baprymmisia (87)

Rsin(0)
r20

Rsin(9)

15

R cos(0)
-14 -12 -10 -8 -

Puc. 7. Pemenne ypaBuenuii aBu-
Keuust quist (89) mpu cf 0,01,
vy = 0,01 n w? =2,5-107°. Ta-
Kre 3HaYeHus IapaMeTpPOB COOT-
BETCTBYIOT KJIACCHIECKOMY IIPEJIe-

Puc. 6. Pemienue ypasnenwuit jasu-
»kernst s (89) mpu ¢ = 0,25,
vr = 0,25 n w? = 0,015625. Ta-
KUe 3Ha4YeHUs IIapaMeTPOB COOT-

BETCTBYIOT PEJISITUBICTCKOMY IIpe-
neity ypasaennit 1yst (89), B KOTO-
POM KJIACCHYECKUI SJIJTUIIC HAYH-
HAeT II0OBOPAYNBATHCS [IPOTHUB Ta-
COBOM CTPEJIKHA
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JIy ¥ KJACCUIECKOMY 3JIIUICY Ha
CPaBHUTEJIBLHO OOJIBLIINX BPEMEHAX
c HayaJia JBuxKeHns. Tak »ke Kak 1
B ucxofHoM ciydae ¢y = 1 (0606-
menHoe nosie [IBapmmibia), da-
CTHIA TIPH HEOOJBIINX BPEMEHAX
«3aXBaTbIBa€TCA» IJIJIUIICOM



SaKJII0YeHue

B macrogieit pabore paccMOTpeHbI ypaBHEHUs TUHAMUKH ITIPOOHON Ya-
CTUTIBI B TIEHTPAJBHOM T'PABUTAIMOHHOM TIOJI€ C yIeTOM 3SBOJIOInu Bee-
JICHHON ¥ HaiiJIeHO UX TOYHOE aHAJUTHIECKOe pelleHue Jjisd KOH(OpM-
HO# KOCMOJIOTHYECKOM MOJIEIN, COBMECTHMOM C MOCTeTHUMA JTAHHBIME 110
CBEPXHOBBIM.

Ha ocnose noJtyuennbix ypaBHenuii ornucan 3pekT 3axpara mpoOHOi
YACTHUIBI TPABUTAIIMOHHBIM TI0JIEM B paciupsrorieiics Beemennoit. Bolio
IOKa3aHo, 9T0 3(hdeKT 3axBaTa MOKET IPUBOIUTHL K 00PA30BAaHHUIO T'a-
JIAKTHK U UX KJIACTEPOB C AHU30TPOIIHBIM BEKTOPHBIM IIOJIEM PaINAIbHBIX
ckopocreit. Takoe 1mojie ckopocTeit MOTJIO ObI 00bICHUTH AHUBOTPOIIUIO T10-
TOKOB Xa00JIOBCKUX CKopocTeil B MecTHOI IpyIie rajjakTuk, HabJIro1aB-
mytocsa M./1. KapadenmeBbim u KoJjieraMu.

B pamkax paccMaTpuBaeMoii MOJIENIH JIaHA OIEHKA T'PAHUIILI TPUMEHH-
MOCTH HBIOTOHOBCKOI'O NPHUOJINZKEHUSA, OOBITHO UCIIOIb3YEMOIO B JINTEPa-
Type I OIIUCAHNS TEMHOI MaTepuu, 1 MoJIydeHa (hpopMysia JJjist OIICaHUsT
opbuTaIbHBIX CKOPOCTEit ¢ yaeToM 3poJioruu Beestennoit. CormacHo 3Toit
dopmyie sBosmonus Beeennoit MoxkeT IMUTHPOBATD 3(PPEKT TEMHOM Ma-
Tepuu B KOH(MOPMHON KOCMOJIOTHH, B KOTOPO#l KOH(MOPMHBIE BEJTUIUHDI
OIIPEIEISAIOTCA KaK HAOJII0/IaeMble ¢ OTHOCUTE/ILHBIMU 3TAJTOHAMUI U3Mepe-
Hus nHTepBaIoB. ClleyeT OTMETUTD, ITO JJisd CTAHIAPTHON KOCMOJIOTHH
ydeT sBojiorun BeesteHHOM yBemauBaeT Ae@UIUT BUIUMON OapUOHHOM
MAaTEPUH I CBEPXCKOILIEHUIA.

Astopsr 6mmarogapusr /1. Bramke, K.A. Bponnukony, /1.B. Tanbmosy,
B.B. Ilpuesxkeny, B.A. Pybakosy, 9.A. Taruposy u A.T. @uaunmosy 3a
0JIe3HbIE TUCKYCCUN.

Crmicok aurepaTyphl

[1] A.G. Riess et al., Astron. J., 116 (1998) 1009; S. Perlmutter et al.,
Astrophys. J., 517 (1999) 565.

[2] A.G. Riess et al., Astrophys. J., 560 (2001) 49, astro-ph/0104455.

[3] 1. Zlatev, L. Wang and P. J. Steinhardt, Phys. Rev. Lett., 82 (1999)
896; C. Wetterich, Nucl. Phys. B, 302 (1988) 668.

[4] JI. Yepuun, YOH, 171 (2001) 11.

58



[5] A.A. Friedmann, Z. fir Phys, 10 (1922) 377; Ibid, 21 (1924) 306;
A.A. Opuaman, Mup kak npocrpancTso u Bpemsi, M.: Hayka, 1965.

[6] A.JL. Jlunge, @usrka 37€MEHTAPHBIX YACTUI, U UHOIISITIMOHHAST KOC-
moJtorus, M.: Hayxka, 1990.

[7] J.V. Narlikar, Space Sci. Rev., 50 (1989) 523.

[8] M. Pawlowski, V. V. Papoyan, V. N. Pervushin, and V. I. Smirichin-
ski, Phys. Lett. B, 444 (1998) 293.

[9] D. Behnke, D.B. Blaschke, V.N. Pervushin, and D.V. Proskurin,
Phys. Lett. B, 530 (2002) 20, gr-qc/0102039.

[10] V.N. Pervushin, D.V. Proskurin, and A. A. Gusev, Gravitation &
Cosmology, 8 (2002) 181.

[11] 1. Baamke u jap., Kocmosornueckoe poxKjieHne BEKTOPHBIX HO30HOB
1 MUKpOBOJIHOBOe hoHoBoe m3sydenune, AD, 1.67, N5 (2004) 1074,
gr-qc/0103114, hep-th/0206246;

V.N. Pervushin and D.V. Proskurin, Gravitation & Cosmology, 8
(2002) 161, gr-qc/0106006.

[12] H.-P. Pavel and V.N. Pervushin, Int. J. Mod. Phys. A, 14 (1999) 2285.

[13] R. Penrose, Relativity, Groups and Topology, Gordon and Breach,
London, 1964;
N. Chernikov, E. Tagirov, Ann. Inst. Henri Poincare, 9 (1968) 109.

[14] R. Kallosh, L. Kofman, A. Linde and A. Van Proeyen, Class. Quant.
Grav., 17 (2000) 4269.

[15] M. Pawlowski, V. N. Pervushin, Int. J. Mod. Phys., 16 (2001) 1715,
hep-th/0006116;

V. N. Pervushin and D. V. Proskurin, Gravitation and Cosmology, 7
(2001) 89.

[16] B.M. Bap6amos, B.H. Ilepsymmun, 1.B. ITpockypun, TM®, 132
(2002) 181.

[17] V. N. Pervushin and V. I. Smirichinski, J. Phys. A: Math. Gen., 32
(1999) 6191.

59



[18]

[19]
[20]

21]

22]

23]

[24]

[25]

[26]

27]

28]

[29]
[30]

[31]

B.M. Bapb6amios, H.A. Yepnukos, [Ipenpuar ONAN P2-7852, /1y6Ha,
1974.

E. Kasner, Am. J. Math., 43 (1921) 217.

A.A.Tpub, C.I. Mamaer, B.M. Mocrenanenko, KBanTosbie 3¢ hekTh
B MHTEHCUBHBIX BHEITHUX 1mojgax, M.: Arommsmar, 1980.

A.B. Benpaosud, A.A. Crapobunckuii, ZK9T®, 61 (1971) 2161.

B.A. Bemuunckuii, E. M. JIudmmn, N.M. Xanaraukos, YOH, 102
(1970) 463; ZKDT®, 60 (1971) 1969.

N. A. Bahcall, J. P. Ostriker, S. Perlmutter and P. J. Steinhardt,
Science, 284 (1999) 1481, astro-ph/9906463.

J.V. Narlikar, Introduction to cosmology, Jones and Bartlett, Boston,
1983.

9.A. Tarupos, H.A. Yepuurkos, [Ipenpuar ONAN P2-3777, ly6-
Ha, 1968; K.A. Bpourukos, 9.A. Tarupos, [Ipenpuar ONAU P2-
4151, Jly6ua, 1968; G. L. Parker, Phys. Rev. Lett., 21 (1968) 562;
Phys. Rev., 183 (1969) 1057; Phys. Rev. D, 3 (1971) 346; A.A. I'pub®,
C.I. Mamaes, A®, 10 (1969) 1276.

P.J.E. Peebles, ‘The Large-Scale Structure of the Universe, Priceton
Series in Physics, Priceton University Press, Priceton, New Jersy,
1980.

JLI. JTangay, E.M. JIudmun, Teopus mosns, M.: Hayka, 1988.

JL.LE. I'ypepuu, A.JI. Yepuun, Beemenne B kocmosornito, M.: Hayka,
1978.

J. Einasto, E. Saar, and A. Kaasik, Nature, 250 (1974) 3009.

J. Einasto, E. Saar, A. Kaasik, and A.D. Chernin, Nature, 252 (1974)
111.

J.R. Primack, Proceedings of 5th International UCLA Symposium
on Sources and Detection of Dark Matter, Marina del Rey, February
2002, ed. D. Cline, astro-ph/0205391.

60



[32] V.C. Rubin, Scientific American, v. 248, issue 6 (1983) 88.

[33] A.J. Monsaun, B.®. Baiines, CrpaBoIHUK 110 HEJUHEHHBIM OOBIKHO-
BeHHBIM ypaBHeHuaM, M.: @axropuasr, 1997.

[34] U.J1. Kapauennes, YOH, 171 (2001) 860.
[35] U.. Kapauennes, /I.J1. Makapos, Acrpodusuka, 44 (2001) 1.

[36] M. Biernacka, P. Flin, V. Pervushin, A. Zorin, Particles and Nuclei,
Letters, 2[119] (2004) 64; astro-ph/0206114.

[37] V.N. Pervushin, D.V. Proskurin, V.A. Zinchuk, A.G. Zorin, Proce-
edings of XXV International workshop on the fundamental problems
of high energy physics and field theory, 2528 June 2002, IHEP,
Protvino, Russia, p. 293, hep-th/0209070, v. 2.

[38] K. Bajan, P. Flin, and V.Pervushin, Proceedings of Joint Interna-
tional Conference “New Geometry of Nature”, vol. III, Kazan State
University, Kazan, Russia, August 25 — September 5, 2003, p. 9.

[39] K. Bajan, W. Godlowski, P. Flin, and V.Pervushin, Physics of
Particles and Nuclei, 2[35] (2004) 1.

61



Dynamical Breakdown of Chiral Symmetry
and Abnormal Perturbation Expansions!

D. Ebert, V.N. Pervushin?

Joint Institute for Nuclear Research, Dubna, Russia

Dynamical breakdown of v5-symmetry is studied in an Abelian gauge theory
of massless “quarks” interacting with massless vector “gluons”. For this the path-
integral approach with bilocal fields as dynamical variables is used The classical
field equation defined by the stationary point of the generating functional turns
out to be identical with the Schwinger—Dyson equation for the quark propagator.
After a short discussion of the possible solutions of this equation an abnormal
perturbation expansion is worked out.

B pabore mzygaercs guHamMudeckoe HapyIIEHUE Y5-CAMMETPUHN B abeeBoit
KaJIMOPOBOYHOI TeOpUH GE3MAaCCOBBIX «KBApPKOB», B3aNMOIECHCTBYIOMNX C BEK-
TOPHBIM «IJIFOOHOM». JIJisi 3TOM Ie/In MCHOJIb3yeTcs: MeTOJI, (PYHKIIMOHAJBHOTO
HHTErPUPOBAHUS 110 OMJIOKAJIBHBIM JUHAMUIECKAM TepeMeHHbIM. O0Cy K 1aeTcst
pelenre «KJaCcCHIeCKOroy» ypaBHEHUsT OMIOKAJILHBIX IOJIel, ompeeisieMoe n3
VCJIOBUsT CTAIIMOHAPHOCTHU IOIBIHTEIPAILHOTO BBIPAXKEHUSI, U (POPMYIUPYETCs
aHOMaJIbHas TeOPUs BO3MYIIEHUSI.

Introduction

A great deal of current efforts in field theory is centered about the idea
of a spontaneous breakdown of symmetries in gauge theories with massless
fermions and vector mesons. In these approaches the particles acquire
usually their masses spontaneously via the Higgs mechanism leaving us
with renormalizable theories of massive fermions and vector mesons. This

'Reported at the XVIII International Conference on High Energy Physics, Thilisi,
July 1976; JINR Preprint E2-10020 (1976).
2E-mail: pervush@thsunl.jinr.ru
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is at present a widely accepted method to construct unified theories of
weak and electromagnetic interactions. It is, however, also desirable to
investigate the possibility of a dynamical spontaneous breakdown of sym-
metry without introducing elementary Higgs fields having a vacuum expec-
tation value. Thus, one has to seek for symmetry-violating solutions of the
dynamical equations of the theory. This point of view has been formulated
already a long time ago by Nambu and Jona-Lasinio [1] in their attempt
to describe the spontaneous breakdown of chiral symmetry dynamically
using the close analogy to superconductivity. They have stimulated a large
amount of work in this kind of field [2,3].

In this paper we examine an Abelian gauge model of interacting quarks
and vector gluons where the radiative corrections turn out to be the origin
of the spontaneous symmetry breaking. Throughout the work functional
methods are employed which have been recognized to be a very effective
tool for treating dynamical symmetry breaking. As will be shown in Sect.
1, the generation of a symmetry-violating scalar mass term in the fermion
propagator may conveniently be studied by introducing a bilocal dynami-
cal variable in the path-integral representation of the generating functi-
onal. The action principle applied to the effective action of the bilocal
field yields then as the “classical” field equation the differential version
of the Schwinger—Dyson equation in the lowest nontrivial approximation
of perturbation theory. In Sect. 2 we shortly discuss the solutions of this
equation, which was years ago the starting point of the finite quantum
electrodynamics of Baker, Johnson and Willey [4]. In Sect. 3 a systematic
abnormal perturbation expansion of the path integral has been worked
out that uses the symmetry-breaking solution as the lowest order term. It
takes into account higher order effects of quantum fluctuations around the
stationary point of the effective bilocal action. Finally, the relation of the
resulting abnormal perturbation diagrams to usual Feynman diagrams is
demonstrated for the simplest Green’s functions of the model.

1. Generating Functional and New Dynami-
cal Variables

Let us consider a theory of massless fermions (“quarks”) interacting
with a massless neutral vector meson (“gluon”) field (for simplicity internal
degrees of freedom are not taken into account). The generating functional
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of all Green’s functions, including the disconnected ones, is given in the
path-integral formulation by?

Z(j,in) = N / DA, Dy D3[D,A,] exp {z / dz [wégy —

1 o o
- ZF,fﬁgwAz/} +JMAM+@/M7+77¢] } (1)
F. = 0,A,—0,A,; A=A,

Here v,, 77, n are the external sources of the fields A,, 1, ¢, and N
is a normalization factor chosen such that Z(0,0,0) = 1. We remark
that the Lagrangian appearing in Eq. (1) is invariant with respect to (i)
chiral and (ii) scale transformations, (i) ¢ — exp(iys\), (i) ¢¥(x) —
N2p(Ax), Au(z) — AA,(Ax). Let us now show that the expression (1)
may develop a scalar mass-like term for the fermion field leading to a
dynamical breakdown of the ys-invariance of the theory. For this purpose
we first integrate over the vector field A, and then introduce a new bilocal
field containing a scalar component. The A, -integration yields

Z(, ) = N/D;/;Dzzexp {i/d% [@E(m) (2’3 -
— 9 / d*y Dy (v — y)ju(y)> (@) + e+ @bn} -
- % / d*zd"y [5(2) Dy (x = )5 (y) +
+ P9 (@)70(@) Dy — 9)B(y) 00 (w)] 2)

where D, (z) is the gluon propagator in the Landau gauge:

Dy(r) = (g — 0u0,/0%) D" (2),

d4 —iqx
D) = - [ ot

(2m)* q% + ie

(3)

3As we are not concerned with renormalization questions, necessary counterterms
have been omitted in Eq. (1).
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(We use the notations and conventions of Ref. [5] throughout.) Let us next
introduce the abbreviation

K(alﬁl;agﬂQ)(xlylunyQ) - <7u)a1ﬂ2D#l’<x1 - x2>(7!/)£!231 X
X 6(x1 — y2)0(y1 — x2) (4)

and rewrite the four-fermion term in the exponent of Eq. (2) as
[ ddtyiar,la) Dts - i) -

= —/d4$1d4y1d4$2d4y2 [&Oﬂ(zl)wﬂl(yl)} X

X [_((01151;012ﬁ2)(x1y17f2y2) [&az(l??)wﬁz(y?)] =
- @Z)aiwblK(mbuggbz)zﬁagQﬁbg =
— ([ x 9], K¢ x ). (5)

The sign minus in front of the integral in Eq. (5) arises from the inter-
change of the v, ¢ fields that have to be considered as anticommuting
Grassman variables. Furthermore, for notational simplicity, a pair of dis-
crete and continuous variables (a;, ;) is abbreviated by a latin index
a; (summation over equal latin indices includes an integration over the
continuous variable). Eq. (5) is then linearized in the expression ), () x

x15(y) by performing a (bilocal) Gauss integration*

exp { 56210 x U1, K16 x v} =

= [DetK‘l]% /DX exp {—%(X, K 'x) — ilﬁawngab}, (6)

—1 —

K (b cay K (cdef) = Oaves) = OacOby,

where the bilocal field x,g(x,y) is treated as a C-number field. It can
be decomposed in scalar, pseudoscalar, vector, axial vector and tensor
components:

x(z,y) = Sx,y)+vP,y) +7.Vi(z,y) +

2 s ¥ T (2, ). (7)

+ 2.7/17514;1(% y) + 9

4In Ref. [6] an analogous technique has been used for a nonrelativistic system of
interacting fermions and bosons to obtain the gap equation of superconductivity.
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With Eq. (7) the integration measure reads Dy = DSDPDV DADT. By
inserting Eq. (6) to Eq. (2) and performing the integration over the quark
field, the generating functional (1) can be rewritten in the final form

20, 7m) = N / DX Z(j, 7, nl) 8)
with

S(x) = {—%(x, K~'x) —itrln(1 +9G0X)} : (9)

o i .
Z(]777777|X) = €xp |:_§],u'D;u/'.]y +
+ ZﬁG(gX - gAext)n +tr ln(l - gG(gX)Aext)} . (10)

Green’s functions G(gx — gAext) and Gg are defined as follows:

i0.Golx,y) = —6(z —y),
(11)
(i0: + gAext)G (2, ylgx — 9Ae) — g / d*zx (2, 2)G(2, ylgx — gAe) =
= —d(z—y),
where
Aet(z) = =7 / d'yDy(z = y)ju(y), (12)

and we have used the abbreviation
Ju+ Dy - Jo = / d*xd"yju(2) Dy (x — y)ju(y)-
Finally, to arrive at Eq. (8), we have employed the identities
DetA =exptrin A

and

trin [Gal—l—g (X—Aextﬂ:trln Gyt [1+9Gox]+trin 1—gG(gx)/Alext ,
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where tr denotes the trace of the operator in square brackets considered
as an integral operator in the functional space as well as the usual trace
over matrix indices.

Let us consider for a moment the fermion sector only by setting j = 0.
The expression Z(0,7,n|x) = expinG(gx)n may be understood as the
generating functional of a fermion moving in an external bilocal random
field x(z,y) of probability distribution expS(x).

2. “Classical” Bilocal Field Equations
and Discussion of Solutions

The functional S(x) that appears as a weight factor in the functional
integral (8) may be naturally interpreted as the effective action of the
bilocal field x(x,y). The “classical” field M (z,y) is then determined by
the solutions of the equation

05(x)

ox

following from the action principle. Multiplying Eq. (13) by the operator
K yields also®

Mag(x,y) = —ig* Dy (x — y) [1.G (2, yI M) 0] 5 5

= —K'M —ig?G(M) =0 (13)

gx=M

where
i0,G(z, y| M) — /d4zM(x,z)G(z,y|M) =—0(z —y). (14)

As the equations (14) do not involve the external sources it is natural to
assume translational invariance of the solutions, i.e.,

M(z,y) = Mz —y),  Gla.ylM) = G(z — y|M).

Furthermore, going to the momentum space, Eqs. (14) read

s . 1
M(p) = z(2ﬂ)4/d qDW(C]—P)%m%,
(15)
1
G(p|M) = m

5Such a manipulation may in principle change the class of solutions.
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Because of PT and T invariance the possible solutions contain only scalar
and vector components. Moreover, the vector part can be shown to vanish
in the transverse Landau gauge (3). Thus, we finally arrive at

A d'q M (p) 3¢*

M(p) = _iﬁ (q—p)2 7 —M2(q); A= (47T)2'

(16)

It is worth remarking that Eqs. (15) and (16) are just the Schwinger—
Dyson equations for the quark propagator in the lowest nontrivial approxi-
mation of perturbation theory [4,5]. Moreover, Eq. (13) is the differential
form of this equation:

( 0 > M(p) = 4&%. (17)

py

It is equivalent to the integral equation (16) if one takes into account the
boundary conditions

[pQ dM (p)

TPQ‘FM(I?)} = 0;

p—o0

that can be read off from Eq. (16) after performing the angular integrati-
ons®. Eq. (16) admits, in particular, a trivial symmetric solution M (p) = 0.
The nontrivial solutions of a linearized version of Eq. (16) were studied
years ago in the finite quantum electrodynamics of Baker, Johnson and
Willey [4,7] for large values of space-like momenta. Recently, the solutions
of the nonlinear equation (17) have been studied, too, and extended to the
timelike region [§].

Indeed, one easily finds nontrivial asymptotic solutions of Egs. (17)
and (10) by inserting the asymptotic expressions M (p) o (—p*)~¢, /p?
for p? — —o00, +00. This yields

1-VI-4)
M(p) o< My(—p?) 2 ) o (19)

M?%*(p) o pz(l—l—g)\), p? — o00.

Tn the functional approach used here there follow boundary conditions from the
requirement that the action integral converges.
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Furthermore, the numerical investigations performed in Ref. |8] show that

2 2
M?*p* < 1 for p? > 0. Thus, the quark propagator G(p|M) = %
does not develop a pole, the quarks being confined. As the authors of
Ref. [8] emphasize, the situation may change drastically if the vector gluon
becomes massive, too.

Nambu and Jona-Lasinio [1]| pointed out first that Eq. (16) is the
relativistic analogue of the gap equation in superconductivity [9]. They
suggested that a massive Dirac particle should be a mixture of bare fermi-
ons with opposite chiralities but with the same fermion number much
as a quasi-particle in a superconductor is a mixture of bare electrons
with opposite electric charges but with the same spin. It is convenient to
decompose Green’s function (15) into its “normal” and “abnormal” parts:

G(M) = [Grr(M) + GLo(M)] + [Gro(M) + GLr(M)], (20)
where
L+~ 1 F 7
Grn(M) = — *GM 5 2
(21)
_ 1=Ex L£7s
Gz;}g(M) = 5 G(M) 5
belong to the combinations wf? @5, WY L, ¥ L, etc., of quarks of right and
1 1-—
left chiralities, ¥ = %1/17 Y = 2751/). We obtain
EREX 1
CrM) =~
(22)
147
Gr(plM) = — = M(p).

Thus, the abnormal quark Green’s functions vanish identically in the
symmetric case of no mass gap. Assuming the invariance of the vacuum
under chiral transformations yields the transformation law

eMAGe N = G (23)

as can easily be seen by expressing G as a vacuum expectation value of the
T-product of field operators. A nontrivial mass gap M (p) # 0 obviously
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violates Eq. (23) being associated to a non-invariant vacuum. It is just
the existence of such symmetry-breaking solutions to the equations of the
theory that has led to the concept of a dynamical spontaneous breakdown
of a symmetry.

Concluding this section, we mention that Eq. (16) when rewritten in
terms of the function M (p)/(p*— M?(p)) is identical with the pseudoscalar
sector of the homogeneous fermion-antifermion Bethe-Salpeter equation
at total four-momentum P? = ( with the nontrivial propagator (15) used
[10]. Thus, for M (p) # 0 there exists also a nontrivial solution ¥ (p,0) ~
M (p)/(p* — M?(p)) of the homogeneous Bethe-Salpeter equation. As
has been discussed at length in the literature (for a linearized propagator),
these solutions belong, however, to a continuous spectrum and they are
not normalizable [11|. An identification of these solutions with the usual
Goldstone bosons arising if a symmetry is broken spontaneously seems
thus to be excluded.

3. Abnormal Perturbation Expansion

The nontrivial solution of the nonlinear Eqs. (17) and (18) defines
a quark propagator that includes already a definite class of radiation
corrections of ordinary perturbation theory. Let us now show how further
corrections to this symmetry-breaking solution, as, e.g., vertex and gluon
propagator corrections, may be taken into account in a systematic way
by expanding the integrand of Eq. (8) around the “classical” solution.
Taking the nontrivial confinement solution [8] of the Schwinger-Dyson
gap equation as a lowest order term, this approximation scheme has the
advantage of preserving automatically some of the nonlinear features of
field theory. For this purpose, we shift the field variable y around the
solution M (z,y) of Eqgs. (17) and (18):

gx(z,y) = M(x — y) + go(z,y) (24)

and expand the integrand of all the relevant path integrals in the bilocal
quantity g¢(z,y) that characterizes the strength of the field fluctuations
around M. The generating functional (8) is then rewritten as

Z(]v m, 77) - N/ng e_%(¢’8<2)(M)¢) [ezs‘“t(¢)Z(j7ﬁan|M+g¢)} ) (25)
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where

Swio) = 13 " a0 (26

(2 _ -1
S(Cnﬁl;ozzﬁz)(M) - K(alﬁl;ag,ﬁg) [5043[335&2[32 -
— 19 K (085,50 Glay (M) G g (M) ] . (27)

In Eq. (25) we have absorbed the term exp iS(M) in the new normalization
constant N and used the fact that the linear term in the functional Taylor
expansion of S(x) is absent due to Eq. (13). In the following the path-
integral averaging, e.g., of Eq. (25), will be written briefly as

- (D Z(j, 7,1 M + gb))o
Z(j,m,m) = @) : (28)

Let us now define the propagator D?aﬂ,w) (x,y,2',y’) of the bilocal field
Qbaﬂ(x?y) by7

D s (@ys2'y) = i{bas(ay)rs(a’y))s =

=[50 | Gway).@9)

Note that D? acts as a two-particle propagation kernel that satisfies the
following integral equation of the Bethe—Salpeter type:

D ?aﬂ;w5) = K(agno) + 19" Ko Gu(M)G (M )D?}ma)'

From Egs. (29) and (27) we obtain the perturbation expansion

(30)

D?aﬁw&)(xy; t'y') = (Vu)as(V)yp Dy (x — y)o(z — y)o(y — ') +

+ ig2 ['VMG(ny y,|M)’y5]a5D,W(I — )G yIM)%]prg(y' —a') +
+(ig?)? [ et Gla,wl MG,y M) s

X [ G (2", 2| M)y G (2, y| M)y ]y X

X D;w<x - y)DTp(x/ - y/)Dﬂ/\(Z - ’U}) +

L @)

The graphical representation of Eqgs. (29) and (31) is given in Fig. 1. Here

"These definitions always include a normalization factor < 1 >, which is suppressed
for brevity.
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XX

Fig. 1.

the dashed line symbolizes the propagator of the original bilocal field ¢

which will be also sometimes written in the form of a contraction
| ——— |

Vap(,y)p~s(2',y). In the second row of Fig. 1 we give the expansion of
the propagator in terms of Feynman graphs where the solid lines represent
the quark Green’s functions G(z, y|M) that are solutions of Eq. (14). This
class of graphs will also be represented by a zigzag line symbolizing the
many-gluon exchange. The expectation value of a product of n bilocal
fields may now easily be evaluated by means of a Wick theorem. We have,
for example,

r—r— ! i

(D1020304)5 = P102 P304 +¢1¢2¢3¢4 + P10203 Gu,

(32)
(P102 ... Pant1)g = 0.

In the following we use the Wick theorem also in the compact form

o= ew{~3 (55 0°55)

Let us now compute as examples the complete two-particle Green’s
functions G, A of the quarks and vector gluons as well as the quark-gluon

(33)

B=0
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vertex I'. We get®

1 0 o7
Gaﬁ(‘r7y) = ECS%(?J)%(@

= (@) Z(5,0,0|M 4 go)Gop(x,y|M + gd — gAexi))s  (34)

or, using Eq. (33),

i (6 5 ” .
Gaplz,y) = exp {—5 (@,D‘b@)} [ezs‘“(B)Z(J,O,OIMJrgB) x
% Gasla.ylM + 9B ~ Aeug)| (35)
and, similarly,
6 InZ
Dyw(2,y) = i . =
w:9) 0Ju(y) Ju(@) In=n=0

=D, (v —y)— q* / d* zd*ud*v <eisim(¢)DW(x —2z) X

X tr[7aG (2, ul M + g — gAext) 1> G (u, 0| M + g¢ — gAe)] X

X Dro(v— y)>¢ +

+ g*[(em Day,(2)ay (y))e — (€ Day(2)) (e P a, (y))4). (36)

Here
a,u(l‘) = - /d4yD“,/(ZL' - y) .]V(y) + thf%G(%mM + g¢ - gAext)] (37)

is a superposition of the external vector potential Aext(m) and of the
effective averaged potential induced by the external current in the vacuum
in the presence of the external bilocal field y. The three-point function is
given by the following expression (including radiation corrections on the

80mne may also obtain a slightly modified expansion of the quark Green’s function
by seeking for the stationary point of the whole integrand of Eq. (34). Instead of the
field equation (13) we have then §/6M [ G(z, y|M)]. It can easily be shown that
the resulting Schwinger-Dyson gap equation includes now the averaged field X, (z) of
Eq. (37). A similar result has been obtained for a system of interacting Fermi and Bose
particles in Ref. [12].
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external lines):

W2 7 51 (y) on(x) 6,(2) n=7=0

= (m92(5,0,0M + go) x
X {/d‘lx’G(y,x’]M—i—gqﬁ— gAext) %

X Dyy(a’ = 2)0G(a', x| M + g6 — gAext) +

+ g2/d4x’ Ju (') +itr L . Gﬂyl,] X
1—g*G(M+g¢) Aext o)
% Dyu(a’ — 2)Gly, x| M + g — gflext)}>¢ . (38)
The lowest order term of the three-point function (for j = 0)
[ Gl -2 RIGE — M)D - 2) (39)

just leads to the bare coupling of Eq. (14) as it should be. Finally, Fig. 2
shows, for illustration, some graphical examples of the abnormal perturba-
tion expansion of Green’s functions (34), (36), and (38). The graphs on
the left-hand side represent contributions obtained by expanding the integ-
rand of the path integrals in the bilocal field ¢ (closed quark loops arise
from Si(¢)), whereas on the right-hand side the corresponding classes
of Feynman graphs are drawn. We recall that a solid line denotes the
nonperturbative quark propagator G(p|M) of Eq. (14).

4. Discussions and Concluding Remarks

It has been shown that the dynamical breakdown of chiral symmetry
may conveniently be studied by using bilocal integration variables in the
path-integral representation of the generating functional. It turns out that
the “classical” equation of motion of the bilocal field is identical with
the differential version of the Schwinger-Dyson equation for the quark
propagator in the lowest nontrivial approximation of perturbation theory.
The existence of nontrivial solutions to this differential equation with the
boundary conditions (18) has been shown in Ref. [8]. There it has been
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found that the quark propagator does not develop a particle pole in
the timelike region, the quarks being confined. It should be remarked
that this proof heavily relies on the boundary conditions (18) obtained
from the integral form of the Schwinger-Dyson gap equation. It would
be interesting whether quark confinement holds also if the additional
radiative corrections are taken into account.

Finally, an abnormal perturbation expansion taking the nonperturba-
tive solution of the Schwinger-Dyson equation as the lowest order term
has been formulated and the correspondence of these diagrams to the
Feynman diagrams has been established.

Concluding we mention that our approach bears a resemblance to the
method of bilocal sources of Jackiw, Cornwall and Tomboulis [13] which
has been used to construct an effective potential for composite operators.
These authors have obtained the Schwinger—Dyson gap equation from the
minimum of the effective potential.
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Added Note

After completing this work we have obtained a paper of H. Kleinert
[14] where the gap equation (13) has been derived, too, using bilocal
techniques.
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Field Correlators in the Dual Abelian Higgs
Model

D. Antonov!, D. Ebert?

Institute of Physics, Humboldt University of Berlin,
Newtonstr. 15, 12489 Berlin, Germany

The bilocal electric field-strength correlators in the SU(2)-inspired dual
Abelian Higgs model are derived with accounting for the contributions to these
averages produced by closed dual strings. By means of screening in the plasma of
such strings, the dual vector boson becomes heavier, i.e. the vacuum correlation
length diminishes. What is more important is that such a screening produces a
long-range interaction between points lying on the contour of the Wilson loop.
This interaction generates a Liischer-type term, even when one restricts oneself
to the minimal surface, as it is usually done in the bilocal approximation to the
stochastic vacuum model.

Foreword

It is a great pleasure for one of us (D.E.), who has known Victor
Pervushin since 1975 when we started to work together at the Bogoliubov
Laboratory of Theoretical Physics in Dubna, to remember that fruitful
time of cooperation. We were very young and optimistic and enthusiasti-
cally discussed new ideas and methods in physics.

In particular, D.E. remembers their first common investigations of the
hadronization in QCD, which were based on path-integral techniques in
bilocal fields [1,2]|. Although looking rather academically at that time,
these new methods provided an important step in the path-integral deriva-
tion of effective chiral hadron Lagrangians from microscopic theories, like
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QCD or Nambu—Jona-Lasinio-type quark models. The important results
obtained by M.K. Volkov and V.N. Pervushin in chiral quantum field
theory [3] and the interesting work on bilocal hadronization of QCD were
well-timed and certainly had a remarkable influence on later developments
in this field.

Over all the past 30 years it was very nice to meet Victor, who with
his sunny, cheerful mind looks at science with a deep feeling of internal
satisfaction. On the occasion of this particular jubilee, we would like to
wish him much further success and, in particular, to keep his harmony
and optimism for future.

Introduction

The Stochastic Vacuum Model (SVM) [4] is nowadays commonly recog-
nized as a promising nonperturbative approach to QCD (see Ref. [5] for
reviews). Within the so-called bilocal or Gaussian approximation, well
confirmed by the existing lattice data [6,7], this model is fully described by
the irreducible bilocal gauge-invariant field strength correlator (cumulant),
((Fu(2)®(z,2") Fy,(2")®(2', x))). Here, F,, = 0,A, — 0, A, — ig[A,, A
stands for the Yang-Mills field-strength tensor, ®(z,y) = NLCP exp (igx

X [Au(u)du, | is a parallel transporter factor along the straight-line
Yy

path, and ((O0")) = (00') — (O) (O') with the average defined w.r.t.
the Fuclidean Yang—Mills action. It is further convenient to parametrize
the bilocal cumulant by the two coefficient functions D and D, [4,5] as
follows:

2

& (B (@)®(a,2) Bla) 0, 2))) =
= Inoxn. {(0000p — 8,00,0) D ((z — 2')%) +
+ % (0% ((x = 2")abyp — (z — @) ,000) +
+ a =) — @ = E ) D (@ =)} ()

After that, setting for the nonperturbative parts of the D- and D;-function
various Ansdtze, one can apply SVM to calculations of the high-energy
scattering processes [8] or test these Ansdtze in the lattice experiments |6,
7]. However, from the pure field-theoretical point of view, a challenge
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remains to derive the coefficient functions analytically. Unfortunately, in
QCD, this problem looks too complicated.

To proceed with, it is therefore reasonable to derive field-strength
correlators not in QCD itself, but rather in some Abelian-type QCD-
inspired models, which inherit confinement and allow for its analytic des-
cription. These include SU(2)- [9] and SU(3)- inspired dual Abelian-Higgs-
type theories [10], as well as 3D compact QED [11]. The bilocal field-
strength cumulant in these theories has been studied in Refs. [12-14],
respectively. In the present minireview, we will briefly survey the results
which concern the dual Abelian-Higgs-type theories, as well as their fur-
ther elaborations performed in Ref. [15]. For the sake of simplicity, we will
restrict ourselves to the SU(2)-inspired case, i.e., a simple dual Abelian-
Higgs model (DAHM), although the SU(3)-generalization is straightfor-
ward.

A fact important for the further discussion is that in DAHM a sector
with closed dual strings [16] exists. Such closed strings are short-living
(virtual) objects, whose typical sizes are much smaller than the typical
distances between them. This means that, similarly to monopoles in 3D
compact QED, closed strings can be treated in the dilute-plasma approxi-
mation. Moreover, in the leading (semi-classical) approximation, the in-
teraction of closed electric strings with large open ones, which end up at
external quarks, can be disregarded at all. This is precisely the approxima-
tion in which field-strength correlators have been evaluated in Refs. [12,
13]. A leading correction to these semi-classical expressions, which stems
from the interaction of closed strings with the open ones, has been found
in Ref. [15] and will be reviewed below.

The outline of the minireview is as follows. In the next section, we will
first mention a correspondence, based on the Abelian-projection method,
between the DAHM and the SU(2)-QCD, which will be needed for the
future purposes. Secondly, we will briefly review the main results of a
calculation of electric field-strength correlators in the approximation when
closed strings are disregarded. In Section 2, after a brief review of properti-
es of the grand canonical ensemble of closed strings, we will evaluate the
contribution of these objects to the field-strength correlators. The main
results will finally be quoted in Summary.
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1. Electric Field-Strength Correlators
in the Absence of Closed Strings

1.1 The model

To derive from the Lagrangian of the SU(2)-gluodynamics an IR effec-
tive theory, based on the assumption of condensation of “Cooper pairs” of
Abelian-projected monopoles, one usually employs the so-called Abelian
dominance hypothesis [17]. It states that the off-diagonal (in the sense
of the Cartan decomposition) fields can be disregarded, since after the
Abelian projection those can be shown to become very heavy and therefore
irrelevant to the IR region. The action describing the remaining diagonal
fields and Abelian-projected monopoles reads

Sur o 2] = 5 [ 0 Gt 120" )

Here, a, = Az, fuw = Oua, — 0,a,, and the monopole field-strength tensor
., obeys Bianchi identities modified by monopoles, 9, er; = %@w AoOufry =
= J,'- The monopole currents j,;'’s should eventually be averaged over in
the sense which will be specified below.
To proceed with the investigation of the monopole ensemble, it is useful
to dualize the theory under study. This yields the following expression for
the partition function:

Z= </DBu exp {—/d‘*;c GF;, — z’Buj;n)] >j21, (3)

where B, is the magnetic vector-potential dual to the electric one, a,, and
F,, = 0,B,—0,B,. Once the j;'-dependence of the action became explicit,
it is now possible to set up the properties of the monopole ensemble. To
describe the condensation of monopole Cooper pairs, it is first necessary
to specify j' as the collective current of IV of those:

Jr(x) = 29 > ]f dz’t(s)8(z — 2" (s)).

Here, the world line of the n-th Cooper pair is parametrized by the vector
z},(s), and g, is the magnetic coupling constant, related to the QCD
coupling constant g via the quantization condition gg,, = 47n with n being
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an integer. In what follows, we will for concreteness restrict ourselves to
the monopoles possessing the minimal charge, i.e., set n = 1, although the
generalization to an arbitrary n is straightforward. Further, it is necessary
to set for the measure (...) jp the following expression [18]:

=1 N Oodsn AP sn
= 1> g [ e Du(s,)| x

N=1 n=17 w(0)=u(sn)

exp {Z / 5|~ () + 2w () Byl -

=1

X

_ 4A§N: / s / ds!'5 [u(s)) — u(s)] b (4)

Here, the vector u,(s;,) parametrizes the same contour as the vector z7,(s).
Clearly, the world-line action standing in the exponent in the r.h.s. of
Eq. (4) contains besides the usual free part also the term responsible for
the short-range repulsion (else called self-avoidance) of the trajectories of
Cooper pairs. Equation (4) can further be rewritten as an integral over
the dual Higgs field, describing magnetic Cooper pairs, as follows:

(olofm)), -
/D(I)DCI)* exp {—/d% B 1D, ®* + A (|9 — 772)2} } . (5)

where D, = 0, — 2ig,, B, is the covariant derivative. Finally, substituting
Eq. (5) into Eq. (3), we arrive at the DAHM:

zZ = /|<I>|D|(I>|D9DBM><

« exp{—/d4 [iFwﬁ— D, +)\(|<I>|2—77)]} (6)

where ®(z) = |®(z)| ™. Clearly, the two main assumptions, made in the
course of this derivation, were the disregarding of the off-diagonal degrees
of freedom and the demand of condensation of monopole Cooper pairs.
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1.2 Bilocal electric field-strength correlator

In order to investigate the bilocal cumulant of electric field strengths in
the model (6), it is necessary to extend this model by external electrically
charged test particles, i.e., particles, charged w.r.t. the Cartan subgroup
of the original SU(2)-group. It is therefore natural to call these particles
simply “quarks”. Such an extension can be performed by adding to the

action (2) the term i [ d*za,j;, with j¢(z) = g ¢ dx,(s)d(z—x(s)) standing
c

for the conserved electric current of a quark, which moves along a certain
closed contour C'. Then, performing the dualization of the so-extended
action and summing up over monopole currents according to Eq. (4), we
arrive at Eq. (6) with F,, replaced by F),, + Fj,. Here, F, stands for
the field-strength tensor generated by quarks according to the equation

Qlﬁﬁy = J,- A solution to this equation reads Fj, = —gX7 , where

¥ () = 2f do,, (z(€))6(x — z(€)) is the so-called vorticity tensor current

defined at an arbitrary surface ¥¢ (which is just the world sheet of an open
dual Nielsen—Olesen string), bounded by the contour C.

From now on, we will be interested in the London limit of DAHM,
A — 00, where it admits an exact string representation. In that limit, the
partition function (6) with external quarks reads

Z = / DB, DE*"¢DY"E x

2
X exp {_ /d4ZL’ [i (FNV + F,sy)2 + % (8/A9 - 2gmBu)2:| } : (7)

In Eq. (7), we have further performed a decomposition of the phase of
the dual Higgs field § = 68 + ™8 where the multivalued field 6578 (z)
describes a certain configuration of dual strings and obeys the equation [19]

6“,,,\p0>\3p051ng(x) =213, (z). (8)

Here, 3, stands for the vorticity tensor current, defined at the world sheet
¥ of a closed dual string, parametrized by the vector z,(£). On the other
hand, the field §*¢(z) describes simply a single-valued fluctuation around
the above-mentioned string configuration. Note that Eq. (8) is nothing
but the Stokes theorem for 9,658, written in the local form.
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The string representation of the theory (7) can be derived analogously
to Ref. [19], where this has been done for a model with a global U(1)-
symmetry. One obtains

zZ = /Da:#(g)DhWX

1 -
X exp{— / d4:1;{12”2H5M+gfnhi,,+z'7rhu,,2w,}}, (9)

where f),w = 4%, — X, and Hypn = Ouhuxn + Oihyw + Ouhyy, s the
field-strength tensor of a massive antisymmetric spin-1 tensor field A, .
This field emerged via some constraints from the integration over #*°¢ and
represents the massive dual vector boson. As far as the integration over the
world sheets of closed strings, Dz, (€), is concerned, it appeared from the
integration over 6°™ by virtue of Eq. (8), which established a one-to-one
correspondence between 6°™ and z,(£). Physically this correspondence
stems from the fact that the singularity of the phase of the dual Higgs
field takes place just at closed-string world sheets. (Notice that, since in
what follows we will be interested in effective actions, rather than the
integration measures, the Jacobian emerging during the change of the
integration variables 65" — z,(£), which has been evaluated in Ref. [20],
will not be discussed below and is assumed to be included in the measure
Du,(€).)

Finally, the Gaussian integration over the field h,, in Eq. (9) leads to
the following expression for the partition function (7):

2
Z = exp —‘% }{dxuj{dyuDg)(x — ) /Dxu(f) X
C C

< o |~ [ d'e [ @98, @D - 9Euw)|. 10

Here, Dy(f{)(x) = #mKl(mM) is the propagator of the dual vector boson,
whose mass m, generated by the Higgs mechanism, is equal to 2¢,,n, and
K,’s henceforth stand for the modified Bessel functions. Clearly, the first
exponential factor in the r.h.s. of Eq. (10) is the standard result, which
can be obtained without accounting for the dual Nielsen—Olesen strings.
Contrary to that, the integral over string world sheets in the r.h.s. of
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that equation stems just from the contribution of closed strings to the
partition function and is the essence of the string representation. The
respective string effective action describes both the interaction of closed
world sheets »’s with the open world sheets ¥’s and self-interactions of
these objects.

We are now in the position to discuss the bilocal correlator of electric
field strengths in the model (7). Indeed, owing to the Stokes theorem, such
an extended partition function (which is actually nothing but the Wilson
loop of a test quark) can be written as <exp (—%9 f d%EZVfW) >au,jﬁ“’ where

(.. '>%JL“ = ([ Day, exp (—Sest [a,, f12]) (- ')>j;rf‘ with S and

(...) jm given by Egs. (2) and (4), respectively. Applying to this expression
m

the cumulant expansion, we have in the bilocal approximation:

2o |-L [t [ dS,08,0 (o) o, 5| D

Following the SVM, let us parametrize the bilocal cumulant by the two
Lorentz structures similarly to the parametrization of Eq. (1):

(S (@) rp(O)) gy = <5M6up—5up6ux>ﬂ>(x2)+

1

5 oy <x,\5yp - xpéy,\> + 0, (m,ﬁu,\ - x>\5up>] D, (xQ) . (12)

Owing to the Stokes theorem, Eq. (12) yields

+

Z ~ exp{——/d4 /d4 2975, (2)25, ()P ((z —y)?) +
+ @) )G ((z —y)*)]}, (13)

where
“+o0

G(2*) = /d)\Dl()\). (14)

2

On the other hand, Eq. (13) should coincide with Eq. (10) divided by
Z [Efw = 0} (which is just the standard normalization condition, encoded
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in the integration measures) , it reads

Z= exp{ /d4 /d4yD — ) x

< amsn @ + i) | <

< (e s [ate [ @D - %5050 >wu@), (15)

where

(oo
| Dz, (8) (...) exp [—(my)2 fd4xfd4y2u,,(x)D,(é)(x — y)EW(y)}

J D€ exp |~ (mn)? [ dia [ diyS, (2) DY (2 = 4) S y)]
(16)

As has already been discussed in the Introduction, in the semi-classical
approximation, closed dual strings can be disregarded, since their typical
areas |X|’s are much smaller than the area |%°| of the world sheet of a long
open string, which confines a test quark. Owing to this, the exponential
factor, which should be averaged over closed strings in the r.h.s. of Eq. (15),
can be disregarded w.r.t. the first exponential factor in this equation, as
well. Then, the comparison of the latter one with Eq. (13) readily yields
for the function D the following expression:

m?* Ky(mlz])
42 |z

D (z%) = : (17)

whereas for the function D; we get the equation G (z?) = 4D5Y (x), which
leads to

Ky (mz)
]

m

Dy (SBQ) =

+ % (Ko(m|:v|) + Kg(m|x|)>] : (18)

222

We see that in the IR limit, [z| > L, the asymptotic behaviours of the
coefficient functions (17) and (18) are given by

ma e—m\x|

- 3 3
1277 (m o]

(19)
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and

ma efm|:p\

Dy — :
C 2VEr (mla))}

One can now see that, according to the lattice data [6,7], the asympto-
tic behaviours (19) and (20) are very similar to the IR ones of the nonper-
turbative parts of the functions D and D, which parametrize the bilocal
cumulant (1) in QCD. In particular, both functions decrease exponentially,
and the function D is much larger than the function D; due to the
preexponential power-like behaviour. We also see that the role of the
correlation length of the vacuum, 7T}, i.e., the distance at which the functi-
ons D and D; decrease, is played in the model (7) by the inverse mass of
the dual vector boson, 1/m.

Hence we see that, within the approximation when the contribution
of closed strings to the partition function (15) is disregarded, the bilocal
approximation to the SVM is an exact result in the theory (7); i.e., all
the cumulants of the orders higher than the second one vanish. Higher
cumulants naturally appear upon performing in Eq. (15) the average (16)
over closed strings. However, this average yields important modifications
already on the level of the bilocal cumulant. Namely, as we will see in the
next section, it modifies the semi-classical expressions (17) and (18).

(20)

2. Electric Field-Strength Correlators
in the Plasma of Closed Strings

To study the properties of closed strings, there is clearly no necessity
to introduce external quarks. The field-strength correlators can be studied
afterwards, i.e., already after the summation over the grand canonical
ensemble of closed strings. Thus, let us first consider the theory (7) with
F:, = 0. Upon the derivation of the string representation of such a theory,
we are then left with Eq. (9), where %, = 0. To study the grand canonical
ensemble of closed strings, it is necessary to replace £, in Eq. (9) by the
following expression:

S = [ doyulal€)d(e ~ () 1)
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Here, ¢ is a 2D-coordinate, and n;’s stand for winding numbers. In what
follows, we will restrict ourselves to closed strings possessing the minimal
winding numbers, n;, = +£1. That is because, analogously to the 3D-
case [16,21], the energy of a single closed string is known to be a quadratic
function of its flux, owing to which the vacuum prefers to maintain two
closed strings of a unit flux, rather than one string of the double flux.
Then, taking into account that the plasma of closed strings is dilute,
one can perform the summation over the grand canonical ensemble of these
objects, which yields the following expression for the partition function:

1 [Fop|
4 2 2,2 v
Z:/Dhuyexp{—/dl' [WH 1/)\+ thV—QQCOS< /{; ):|}

(22)
Here |hy| = \/h2,, and A = /% is an UV momentum cutoff with L and

a denoting the characteristic distances between closed strings and their
typical sizes, respectively. Clearly, in the dilute-plasma approximation
under study, @ < L and A > a~!. Also in Eq. (22), ¢ o e stands for
the fugacity (Boltzmann factor) of a single string, which has the dimension
(mass)?, with Sy denoting the action of a single string.

Note that the value of Sy parametrically equals oa?, where the area
of the string world sheet is proportional to a?, and o is the string tension
of the loop, i.e., its energy per unit area. This energy can be evaluated
from the action standing in the arguments of the exponents in the r.h.s.
of Eq. (16) by virtue of the results of Ref. [22] and reads

[ Ka(t) A
- et Ty (gm> (23)

Here we have in the standard way [21]| set for a characteristic small
dimensionless quantity in the model under study the value g,,/ VA, which
is of the order of the ratio of m to the mass of the dual Higgs field.
Moreover, it has been assumed that not only \A/ gm > 1, but also

In (\/X/gm) > 1; i.e., the last equality in the r.h.s. of Eq. (23) is valid

with the logarithmic accuracy. The physical origin of this logarithmic
divergency is analogous to that which takes place in 3D [16,21]. It is
due to the fact that, at the world sheet of a string, the condensate of the
dual Higgs field is destroyed, and the dual vector boson remains massless.
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The square of the full mass of the field h,, following from Eq. (22)
reads M? = m? + m% = Q?n?. Here, mp = 2ny/(/A? is the additional
contribution, emerging due to the screening of the dual vector boson in
the plasma of closed electric strings, and @ = 21/¢2, + (/A* is the full
magnetic charge of the dual vector boson.

To study the correlation functions of closed strings, it is convenient
to represent the partition function (22) directly as an integral over the
densities of these objects. This can be done by means of some kind of a
Legendre transformation, and the result reads

Z = / DS, exp{— [(mﬂ / d*z x
X / d*y S, () DD (x — ) S, (y) + V[S,L,,]l } : (24)

where the effective potential of closed strings, V', reads

A2 A2 2
VIS, = /dzxx 7A%|S,, | In 7;—C|swy+\/1+<7;—g|sw|)

A2 2
- 2c\/ v+ (Gelsul) (25)

It can be proved that the correlation functions of S,,,’s, evaluated by virtue
of the representation (24), are nothing but the correlation functions of
densities of closed strings in the plasma.

These correlation functions can be calculated in the approximation
when the plasma is sufficiently dilute; namely, its density obeys the inequa-
lity |S,| < ¢/A?. Within this approximation, the potential (25) becomes
a simple quadratic functional of S,,’s, and the generating functional for
the correlators of densities of closed strings takes a simple Gaussian form.
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It reads

Z[Jw] = ﬁ/DSwexp{— [(wn)Q/d4:v X

X /d4ySW(x)D£3)(I - y)S;w(y> +

2A4
+ /d% (—2§ + W4C Sh, + JWSW)} } —

= o[- [t [ @66 - naum)|. @)

where

G(x) = - (0 — m*) DY (x). (27)

m2A4
The desired bilocal correlation function of S, ’s, stemming from Eq. (26),
then has the form

(S (2)S2,(0)) = _5uva55>\mﬁ8§a«€g<x> = (On0pp — 0up0yr) G(2) +
-+ (5M8p8,, + 5,,,,6u0A — (Supa)\a,, — 5A1,0M8p) g(a:), (28)
where ¢
_ 5 a9 4) _ @
9(2) = e @ =) (D37 (@) = DY) (29)

and 0%g(z) = G(x).

This result can now readily be used for the calculation of contribution
of closed strings to the bilocal cumulant (12). Indeed, applying to the
average in the r.h.s. of Eq. (15) the cumulant expansion in the bilocal
approximation, we get

exp{—/d4x/d4y X

< DG ) | @55 ) + 3350 +

Z

12

+ 32(m)’ / d'zd'yd'zd"u x
x D)z —2)DR(y — u)Z;, ()55, (y) <<Euu(2)zxp(“)>>xu<a>}'
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Comparing this expression with Eq. (11), we see that, owing to Eq. (28),
the additional contribution of closed strings to the cumulant (12) has the
form

B U)o = (tmgn?)? [tz [t x
X D,Sé)(l' - Z)D(4)(y - u) {(5uA5Vp - 5up6u)\) g(z - U) +

m

+ [0 0307 + SADD — 5,020 — 6,,0707] g(z — )}

Let us further compare this intermediate result with Eq. (12) and take
into account that

(z —y)uD1 ((x —y)*) = —50.G ((x —y)?)

where the function G is defined by Eq. (14). This leads to the following
system of equations, which determine the contributions of closed strings
to the functions D and G:

AD ((x—y)Q) = 47rgm77 /d4 /d4u X

x Dz = 2)D)(y — u)G(z — u), (30)
AG ((x —y)Q) = 87Tgm77 /d4z/d4u X
x DS (= 2)D(y — u)g(z — u). (31)

Inserting now Eq. (27) into Eq. (30), we get
(49m
AD ((x —y)?) = — g" C/Q%D —u)DW(z — ).

Carrying the integral out and adding the result to Eq. (17), we finally
obtain for the function D the following full result:
m?M K,(M|z|)

472 ||

Dfull ($2) — (32)

Analogously, inserting Eq. (29) into Eq. (31), we have

AG ((z—y)*) = C(égi;n]\T)Q/d‘lux
x Dy —u) D (e = w) = DY (x —w)| .

92



The expression for this integral together with Eq. (18) yield the following
full result for the function Dj:

2 2
plall (2 _ mp m
() T2 M2 |x|* * 272 M x?
Ky (M M
1 |37D+_
| ] 2

(Ko(Mlz|) + Ko(Mlz[))| . (33)

We see that, as it should be, the functions (32) and (33) go over into
Egs. (17) and (18), respectively, when mp — 0, i.e., when one neglects the
effect of screening in the ensemble of closed strings. An obvious important
consequence of the obtained Egs. (32) and (33) is that the correlation
length of the vacuum, T, becomes modified from 1/m (according to
Egs. (17) and (18)) to 1/M. (It is worth emphasizing once again that
this effect is due to the Debye screening of the dual vector boson in the
ensemble of electrically charged closed strings, which makes this particle
more heavy; namely, its mass becomes increased from m to M.) Indeed,
it is straightforward to see that at |z| > 1/M,

(mM>2 e—M\:v|
4v/2r3 (Mz])2

Dfull

and

m?, (mM)? e~ M=l
mM2alt T 2y/2ns (Mlx])E
A remarkable fact is that the leading term of the IR asymptotics of the
function D! is a pure power-like one, rather than that of the function D;,
given by Eq. (20). This term produces a nonperturbative (1/7)-contribu-
tion to the gg-potential, which by its structure resembles the Liischer term.
Typically, modelling the Liischer term within the SVM is rather proble-
matic. Indeed, in the standard approach, in order to get the Liischer term,
one should consider string fluctuations, while SVM is well-defined only on
the minimal-area surface (see, e.g., Ref. [5]). Now, we have found another
mechanism, which might generate a Liischer-type term via a novel non-
perturbative perimeter interaction.

Finally, it is worth noting that, due to the modification of the D-
function, one could have expected some change of the string tension of the
open dual-string world sheet ¥¢. However, by virtue of the general formula
expressing the string tension via the D-function [22], o = 4T, [ d*2D (2*),

Diull
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one can check that this is not the case; i.e., the string tension of >°
is independent of whether we account for screening in the plasma of
closed strings or not. The reason for that becomes clear from the resulting
expression for o. It reads 16mn? ln% with ¢ standing for a characteristic
small dimensionless quantity, and thus depends only on 7, which is not
affected by screening. Similarly to Eq. (23), setting for ¢ the value g,,, /v/),
we see that the string tension of 3¢ is by the factor 16 larger than the
string tension of a closed string. Clearly, that is due to the factor 4
standing in the linear combination of X, and 37, in ¥, (cf. Eq. (10)).
However, the coupling constant of the next-to-leading term in the gradient
expansion of the nonlocal string effective action standing in the second
exponential factor in the r.h.s. of Eq. (10) (the so-called rigidity term)
does depend explicitly on the magnetic coupling constant and therefore
becomes modified by the screening. Indeed, by virtue of the results of
Ref. [22], one can see that, for the same world sheet 3¢ this coupling
constant without taking screening into account reads 27 /(2g,,)?, whereas
in the presence of screening it goes over to 27/Q?, as could have intuitively
been expected.

Summary

In the present article, we have briefly reviewed the properties of electric
field-strength correlators in the DAHM, which correspond to the gauge-
invariant correlators in the real QCD. First, we have reviewed the semi-
classical analysis of these correlators. Then, the leading correction to
this result, produced by the interaction of the open-string world sheet
with closed electric strings, has been evaluated. This effect is essentially
quantum, as well as the plasma of closed strings itself. In this way, it has
been found that the correlation length of the vacuum becomes modified
from the inverse mass of the dual vector boson, which it acquires by means
of the Higgs mechanism, to its inverse full mass, which takes also into
account the effect of Debye screening. Besides that, in one of the two
coefficient functions, which parametrize the bilocal correlator of electric
field strengths within the SVM, a nonperturbative power-like IR part
appears, which was absent on the semi-classical level. This novel term
opens up a possibility of generating a Liischer-type term within the SVM.
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It has been checked that, in the limit when the effect of screening is
disregarded, the obtained novel expression for the bilocal field-strength
correlator goes over to the semi-classical one, as it should be. Moreover,
we have shown that the obtained modifications of the correlator do not
affect the string tension, since this quantity depends only on the v.e.v. of
the dual Higgs field and not on the mass of the dual vector boson. Contrary
to that, the coupling constant of the so-called rigidity term changes due
to the screening.

In conclusion, the obtained results demonstrate similarities in the vacu-
um structures of DAHM and QCD by means of the SVM. They might also
shed some light on the origin of the Liischer term in QCD.
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Conformal relativity theory which was proposed many years ago by Hoyle
and Narlikar followed by Chernikov and Tagirov has recently been given some
new aspects and was developed by Pervushin and collaborators.

In this contribution we present the basic properties of conformal relativity.
We show how it relates to the Brans—Dicke theory and to the low-energy-effective
superstring theory. The conformal relativity action appears to be equivalent to
a transformed Brans-Dicke action for Brans-Dicke parameter w = —3/2 in
contrast to a reduced (graviton-dilaton) low-energy effective superstring action
which corresponds to a Brans—Dicke action with Brans—Dicke parameter w=—1.

Introduction

Pervushin and collaborators [1,2] have recently renewed the interest in
conformal relativity theory which is just a version of the Hoyle-Narlikar
theory [3—7|. In particular, they reinterpreted the geometrical evolution of
the universe as an evolution of the mass represented by a scalar field in a
flat universe.

The idea is quite interesting — especially, because it can help to resolve
the problem of the cosmological constant or the dark energy in the universe
[8-12].

In this paper we look for the relations between conformal relativity
and the other alternative gravity theories such as Brans—Dicke theory
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[13] and the whole stream of the contemporary investigations whose task
is the unification of the gauge interactions with gravity represented by
superstring and M-theory [14-16|. Brans-Dicke theory belongs to a larger
class of the scalar-tensor theories of gravity [17] whose properties have
been recently studied in the context of supernovae data [18,19].

A signature of the metric convention (— + + +) is applied throughout
the paper, together with the Riemann and Ricci tensor convention of
Misner, Thorne and Wheeler [20] or Hawking and Ellis [21].

1. Conformal Relativity

Suppose that we have two spacetime manifolds M, M with metrics
9uv» Guv and the same coordinates x#. We say that the two manifolds are
conformal to each other if they are related by the following conformal
transformation

g/ux - 92(1‘)9#”, (11)

and the function €2, which is called a conformal factor, must be a twice-
differentiable function of coordinates x* and lie in the range 0 < {2 < oo.
The conformal transformations shrink or stretch the distances between the
two points described by the same coordinate system x* on the manifolds
M, M, respectively, but they preserve the angles between vectors (in
particular, null vectors which define light cones), which leads to a con-
servation of the (global) causal structure of the manifold [21].

In an arbitrary number of spacetime dimensions D the determinants
of the metrics g = det g, transform as

=5 - Vg (1.2)

It is obvious from (1.1) that the following relations for the inverse metrics
and the spacetime intervals hold:

g o= Qg (1.3)
d3® = Qs

Finally, the notion of conformal flatness means that
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EIWQJ(I') = G = N (15)

where 7, is the flat Minkowski metric.
The application of (1.1) to the Christoffel connection coefficients gives
21]

~ 1 .

F;}V = Ff;y + ) (9,;\QW + g;\Q# - gWg)‘ Qﬁ) , (1.6)
. 1, R o

F;\W = F;\W ~a (gﬁQ,l, + gl’,\Q# — g#,,g’\ Q,H) ) (1.7)

We define the Riemann tensor as [21]

R* = I, , I, 10, — T, I, (1.8)

vpo vp,o

and the Ricci tensor reads as

R, = R"WV, (1.9)
so that the Ricci scalar is
R = RM" = g"" R, (1.10)

An important feature of the conformal transformations is that they
preserve Weyl conformal curvature tensor

2
Cuvpe = Rupo + D_9 (gu[ng}u + gV[pRU}M) +

2
R olits 1.11
which means that we have
Civpe = Chpo (1.12)

under (1.1).
In D = 4 spacetime dimensions the Ricci tensors and Ricci scalars
transform as

= Ruu‘f‘Q_Q [4Q,MQ7V_Q,UQ’JQMV] _Q_l [QQ;MV+Dquu]a (113)

R,
Ru = R —30720,0%G, + Q" [20,, + G O Q] . (L14)
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~ 00
R = Q°? [R— 6—] , (1.15)
Q
- .00 0,0
_ QQ — 12" MY 1.1
R R+ 6—Q g 0 , (1.16)
and the appropriate d’Alembertian operators change under (1.1) as
it -2 Z/QHU/
O¢ = Q77 (U +2g" ﬁﬂiu ; (1.17)
—2 (= ~ VQ#

In these formulas the d’Alembertian [i taken with respect to the metric g,,,
is different from [J which is taken with respect to a conformally rescaled
metric g,,.

In order to understand the problem of conformal invariance let us
start our discussion with the vacuum Einstein—Hilbert action of general
relativity which reads as

Sen = % d*z/—§R, (1.19)
where
K* = 8rG. (1.20)
For a while, let us make an assumption that this constant is
K> = 6, (1.21)

so that one gets the action (1.19) in the form

1 -
Sen = T3 d*z\/—gR. (1.22)

Application of the conformal transformation (1.1) together with the help
of (1.15) yields

1 1 Q2
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As one can easily see, the vacuum part of the Einstein—Hilbert action is
not invariant under conformal transformation (1.1), apart from the case
of the global transformations of the trivial type g,, = const X g,

The conformal symmetry is broken, which can be seen twice. Firstly,
from the obvious conformal factor on the r.h.s. of Eq. (1.23). Secondly,
this follows from the fact that the Ricci scalar does not appear in the
additional term. This means that there is no additional coupling of the
gravitational part represented by R to the conformal factor 2(x). The
structure of the additional term has the structure of a kinetic term of an
arbitrary scalar field. Thus, the idea is to couple a massless scalar field o
to the gravitational part (Ricci scalar) in order to absorb the conformal
factor, as follows

Sgn = /d‘lx\ﬁ( )R(I)Q (1.24)

The result of this transformation is

Sc = /d4x\/—Q2( R®? — DQch). (1.25)

This action, in turn, can be expressed in terms of a redefined scalar field
> = Qo (1.26)

as
0Q
Se = /d4x«/_( R@Q—ﬁ&) (1.27)

so that the conformal factor is absorbed by the transformation rule of the
scalar field.

Since the structure of the action (1.27) is similar to the action for a
massless scalar field, the hope arises that the scalar field might repair the
defect of the lack of conformal invariance. In order to do this, we first study
the conformal transformation of the action for a massless scalar field ®

1 o~
S = —5/ d*z\/—5® 0O @, (1.28)
which after the application of (1.26) yields

Se = %/ d*r\/—g <c1>D<1> %ch?) (1.29)
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where we have used the relation

~ o 1 Q.
o® = N {D(I)— q (ID} (1.30)
The relations (1.28) and (1.29) show that also the scalar field action is not
conformally invariant.

The equations derived so far suggest the following. If one wants to
have an action, which is invariant under conformal transformations (1.1),
one should ingeniously combine the Einstein-Hilbert action Sgy for the
vacuum case with the action S for a massless scalar field ® coupled to
the gravitational part of the first action. This new action S; + Sgg reads
as

S =S+ Sen = /d%\/ <I>< RO— ch) (1.31)

which, in fact, is conformally invariant since the conformally transformed
action (including the field redefinition (1.26)) has the same form, i.e.,

1 1
S=58s+5 = 5/ d*z\/—g® (6R<I> — D@) ) (1.32)
Now we can see that the original form of the Einstein—Hilbert action can

be recovered from (1.31) provided we assume that

6 6
K* = — = — = const (1.33)
P2 ¥p

instead of (1.21).

Notice that the action (1.31) (or similarly (1.32)) may be represented in
a slightly different form by the application of the expression for a covariant
d’Alembertian for a scalar field in general relativity theory

~ o~ ]_ ~ ~H
06 = ——a, (V-39 ), (1.34)
=
and by integrating out the boundary term, to the form [17]

S = /d%f{ R®*+ 9, ® 0 @} (1.35)
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in which the second term is just a standard kinetic term for a scalar field
(cf. [21,29]). The equations (1.35) are also conformally invariant since
the application of the formulas (1.2), (1.15) and (1.26) together with the
appropriate integration of the boundary term gives the same form of the
equations

S = /d“:c\/_[ R®*+9 @8“(1)} (1.36)

The conformally invariant actions (1.31) and (1.32) are the basis to
derive the equations of motion via the variational principle. The resulting
equations of motion are conformally invariant, too. The equations of mo-
tion for scalar fields ® and ® are conformally invariant,

~ 1=\ - 1
(m —6R> d =03 (D - BR) > = 0, (1.37)

and have the structure of the Klein—-Gordon equation with the mass term
replaced by the curvature term [4]. The conformally invariant Einstein
equations are obtained from variation of S with respect to the metric G
and read as

~ 1. = 1~ ~ o~ o~ o~
(R/,LV - iguuR) ECI)Q + CI),MCD,V - _guu(b,ocqya +

g g 0@ - @] =0 (39

Notice that one can abbreviate the energy-momentum tensor of the scalar
field in (1.38) as

G ® o P (1.39)
The gravitational field equations of motion (1.38) can also be rewritten by
the relations (7 means that the covariant derivative is taken with respect
to the metric g, )

(<I>2> = 20,0 +20 00, (1.40)

0
(@ ) = 25,8, + 20, (1.41)



as

In order to prove the conformal invariance of the action (1.42) it is
necessary to know the rule of the conformal transformations for the double
covariant derivative of a scalar field which reads as

P = Py —T0,0, =
= —Q720Q,, +Q7'd,, +407%00Q 0, —
—207 (0,0, +Q,0,) —
— Q79,0 ,07 +Q g, P 0°, (1.43)

and

3 9 _ . .
Qs = B + QP+ =020, +2 <Q7M(I>7,, + @,MQQ -
1. 1. -
— ﬁq)g'quPQp — 5 “y®7pQ’p = 0. (144)
Inserting (1.13), (1.15), (1.30) and (1.43) into (1.42) gives the same

conformally invariant form of the field equations as

1 1 1 N
(R,W — ég,u,R) éqﬂ + 5 [40 , @, — g, P ] +

1
+ 5 lgn000 - 00, =0 (145)

These are exactly the same field equations as in the Hoyle-Narlikar theory
[6]. Note that the scalar field equations of motion (1.37) can be obtained
by the appropriate contraction of equations (1.42) and (1.45).

Another point is that the equations (1.42) or (1.45) apparently could
give directly the vacuum Einstein field equations for ® = o, = V6/Kk =
\/6/87G = const (cf. Eq. (1.33)). The same is obviously true for the field
equations (1.45) with the same value of ® = ¢y = V6/k = /6/87G
= const. However, this limit is restricted to the case of vanishing Ricci

curvature R = 0 or R = 0 which can be seen from the scalar field equations
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of motion (1.37). In fact, the limit requires an involvement of a conformal
factor which we will show later.

If one admits matter part (which can be represented by a perfect-fluid
energy momentum tensor, for example) into the action (1.32),

1
SMatter = 5/ d4$\/_g EMattem (146)

one has the matter energy-momentum tensor as follows

2 0
Tl“j — \/—__g ag’uy (\ / _gﬁMatter) . (147)

The admission of (1.46) into the conformally invariant action (1.32) gene-
ralizes the field equations (1.45) to

1 1 1
(RW — 5gWR) éqﬂ + 5 [4D @, — g, P 7] +

1
+ g [g,u,l/(b[](b - é(b;‘u,y] - Tl”” (148)

which after contraction give a modified equation (1.37)

T

(D - éR) 2= (1.49)

Note that putting ® = ¢y = /6/87G into (1.48) gives Einstein field
equations provided T' = —(1/6) R®?.

Applying (1.1), (1.2) and (1.3) we can write down the energy-momen-
tum tensor in the conformal frame as

~ 1 _ _
SMatter — é/ d41' vV — g Q 4£Mattera (150)

with

— 2 89)% 1
= o V=g aguu OGxs (\/__gLMatter) -
= Qo7 (1.51)
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where the following relation has been applied

aguu _ QQOQ;AV
ag}\n ag)m

= 020" 6" (1.52)

The admission of (1.50) gives the conformally invariant field equations
(1.38) as

1.\ 1. Ip- = 2o
<RW - Qg,ﬂ,R) 6(1)2 + G [4(I>,H<I>7V — Juw® P ] +

+ 3 G, 0008 — 33, |
which after contraction give a modified equation (1.37)

(ﬁ—%é)é - g. (1.54)

Note that putting ® = ¢y = /6/87G into (1.53) gives Einstein field
equations provided T = —(1/6) R®2.

Now one can apply a perfect fluid as a source of the gravitational field
with the four-velocity u*, the energy density o = o(z) and the pressure

p =p(x), i.e.,

™ = (o+p)uu”+ pg", (1.55)
and u,u" = —1. Transforming (1.55) into a conformally related frame, one
gets

T = (g+p)a'a + g =
= (6+D)Q 2ufu” +pQ g, (1.56)
where we have used
dz* 1 dzt
i = = ——— = Q 1.57
! s~ Qds ! (L57)

Imposing conservation law as in general relativity, we have

T =), (1.58)

vV
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which in a conformally related frame (1.1) reads as

. OH
™ = — T. 1.59
4 5 (1.59)

From (1.59) we can easily see that the conformally transformed energy-
momentum tensor is conserved only if its trace vanishes (T' = 0). For a
barotropic fluid with

p = (vy—1o, (1.60)

it vanishes only for radiation p = (1/3)o.

2. Relation to Brans—Dicke and Low-Energy
Effective Superstring Theories

The Brans-Dicke theory (BD) [13], based on ideas of Jordan [22], was
developed in the early sixties of the last century and is supposed to realize
the ideas of Mach [23]. These ideas can be summarized in the statement
that the inertial masses of the elementary particles are not fundamental
constants, but that they rather represent the particles’ interaction with
some cosmic field [24].

However, the absolute scale of the masses can be determined only by
measuring gravitational acceleration. This can be equivalently reformula-
ted, therefore the gravitational constant G is related to the average value
of a scalar field ®gp. Due to some estimations concerning a simple form
of a covariant field equation, the radius and mean mass density of the
universe, the expectation value of the scalar field ®p is normalized, such
as (Ppp) ~ 1/G. These assumptions were the line of thought to replace
G by the inverse of the scalar field 1/®pp and to include an extra energy-
momentum tensor for the scalar field.

The Brans—Dicke action reads as [6]

1
Spp = — [ d*zy/—y¢ @BDR—Lau‘I)BDaﬂ(I)BD 5 (2.1)
167 Ppp

where w is the Brans—Dicke parameter.
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Varying the action (2.1) (with matter Lagrangian included), one gets
the field equations of the Brans—Dicke theory in the form

&nT

e = s (2.2)

1 8 w 1
RV__ VR - TV o o v 5 VCI) CPBD’p
m 29u Dop " + L ( BD,uPBD, qu BD,p ) +

1

+ = ((I)BD;;U/ - ngDCDBD) . (23)

dpp

It can be shown [24] that for w > 1 from (2.2) one has

1 1
R, — §gWR = 8nGT,, + O (;) , (2.4)
which shows one of the possible transitions of the Brans—Dicke theory to
the Einstein theory for w — oc.

In order to relate conformal relativity with Brans—Dicke theory we refer
to the conformally invariant actions (1.35) and (1.36) and define

Eqﬂ = ¢, (2.5)
1 . ~
Eqﬂ = e 9, (2.6)

which gives these actions in the form

S = / d*z/—ge™? {R+gau¢aﬂ¢}, (2.7)

g = / dioy/Ge? [émggmg“ @]. (2.8)

These actions, however, are special cases of the Brans—Dicke action which
can be realized once one defines

q)BD = e*‘z’ (29)
in (2.1) together with putting that 16w = 1, which gives (2.1) in the form

S = /d4x —ge ? [R — wd,pd"¢], (2.10)
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so that one can immediately see that (2.7) and (2.10) are the same provi-
ded that the Brans—Dicke parameter

3
= —=. 2.11
w = -3 (211)
On the other hand, if one takes
w = -1 (2.12)

in (2.10), then one obtains the low-energy effective superstring action for
only graviton and dilaton in the spectrum [15,16,27|

S - / dhar/=ge® [R+ 0,00"d) (2.13)

Now we come to an important remark. Namely, the limit w = —3/2
in Brans—Dicke field equations (2.2) is singular unless we assume that
the trace of the energy-momentum tensor of matter vanishes. The point
is that, in fact, the conformal relativity field equation (1.49) is not an
independent equation from (1.48), as it is the case in Brans—Dicke theory,
but that it is exactly a contraction of (1.48)! Then, it may be suggested
that in order to get the proper limit of Brans—Dicke theory from conformal
relativity one should also assume that in Brans—Dicke theory the trace of
the energy-momentum of matter should vanish. As we have mentioned,
vanishing of the energy-momentum for the perfect fluid requires its equa-
tion of state for radiation.

Now let us move to the problem of frames. The different frames are
defined by the coupling properties of the scalar field (dilaton) to gravity in
the theory. In all three cases we have discussed so far (conformal relativity,
Brans—Dicke, superstrings) we deal with non-minimal coupling of the
scalar field to gravity. For Brans-Dicke we call it Jordan frame and for
superstrings we call it string frame. For conformal relativity we will also
call it Jordan frame although we deal with non-minimal coupling in both
conformally related frames (conformal invariance).

However, for all three theories one is usually interested in the question
of what is going on in the Finstein frame which is defined as the frame in
which the scalar field is minimally coupled to gravity.

Let us now begin with the action (2.10) which admits an arbitrary
value of the parameter w. It is easy to show [25-27] that under a choice
of a conformal factor

Q = e3, (2.14)



the action (2.10) transforms into

~ ~ 3 ~ ~

S = /d4x\/—§ [R— (w + 5) O @0 gb} : (2.15)
which for w = 3/2 gives exactly the Einstein—Hilbert action

§ = / die/—GR. (2.16)

However, for low-energy effective theory with w = —1 this is not Einstein—
Hilbert action, but the Einstein gravity coupled minimally to a non-
vanishing scalar field ¢. Notice that in terms of the ® field defined in
conformal relativity according to (2.5) the relation (2.14) reads as
& P
2 = —_—
ik (2.17)

or, basically, ® = const in (1.26), which has already been mentioned, gives
the Einstein limit of conformal relativity. This means that the choice of the
Einstein frame is unique in conformal relativity and requires d = const.

Obviously, a more general choice of the conformal factor which leaves
the action (2.10) invariant reads as a generalization of the choice (1.26)

Q = e

0 = _ =, (2.18)

and this is exactly the conformally invariant transformation (1.26) of the
scalar field in conformal relativity. Having applied (2.18) to (2.10) shows
its conformal invariance, i.e.,

§ - / T R {mgaugsau&] (2.19)

In fact it works for any value of w! Notice that conformal invariance leads
to a duality transformation |27 known from superstring theory between
the scalar fields which leaves the action invariant and reads as

d— P, (2.20)

or

¢ — ¢ (2.21)



A slightly different way of getting conformal invariance of the action
(2.7) is the following conformal transformation [27,28|:

Q = e, (2.22)

which brings it to the form

- / d*z/—ge? {R+ 8¢8’*¢} (2.23)

This transformation remains conformally invariant provided we replace

O — —0o, (2.24)

which gives

_ / BT [m 2 0,0 4 (2.25)

and this is another example of duality symmetry known from superstring
theory and may relate weak coupling regime with a strong coupling regime
of various superstring actions [28].

Discussion

We have shown that there is a simple relation between conformal
relativity (Hoyle-Narlikar theory) and a reduced (graviton-dilaton) low-
energy-effective superstring theory to Brans—Dicke theory. This relation
shows that the former is recovered from Brans—Dicke theory if one takes
w = —3/2, while the latter if one takes w = —1. This may allow one
to study the exact cosmological solutions of conformal relativity and its
properties appealing to the well-studied properties of the Brans—Dicke
theory and, in particular, to low-energy-effective superstring theory.

Despite its restricted generality, conformally invariant theory of gravity
still seems to be very attractive, for instance, with respect to the problem
of a unique choice of vacuum in quantum field theory in curved spaces
[29]. Interesting proposals of conformally invariant theories can appear in
superstring theory [28] and in M-theory [30].

112



Acknowledgments

M.P.D. acknowledges partial support from DAAD and from the Polish
Research Committee grant No 2PO3B 090 23. D.B. has been supported in
part by the DFG Graduiertenkolleg 567 “Strongly correlated many-particle
systems”.

References

[1] D. Behnke, D. Blaschke, V.N. Pervushin, D.V. Proskurin, Phys. Lett.
B, 530 (2002) 20.

[2] D. Blaschke et al., in: On the nature of dark energy, eds. P. Brax, J.
Martin, and J.-P. Uzan, IAP Paris (2002).

[3] F. Hoyle and J.V. Narlikar, Proc. Roy. Soc. A, 282 (1964) 191; ibid
A, 294 (1966) 138; ibid A, 270 (1962) 334.

[4] N. Chernikov and E. Tagirov, Ann. Inst. Henri Poincare 9 (1968) 109.
[5] J.D. Bekenstein, Ann. Phys. (NY), 82 (1974) 535.

[6] J.V. Narlikar, Introduction to Cosmology, Jones and Bartlett Publi-
shers, Inc. Portola Valley (1983).

[7] R. Penrose, Relativity, Groups and Topology, Gordon and Breach,
London (1964).

[8] S. Weinberg, Rev. Mod. Phys., 61 (1989) 23.
[9] S. Perlmutter et al., ApJ, 517 (1999) 565.
[10] A.G. Riess et al., AJ, 116 (1998) 1009.
[11] A.G. Riess et al., ApJ, 560 (2001) 49.

[12] S. Perlmutter, M.S. Turner, and M. White, Phys. Rev. Lett., 83
(1999) 670.

[13] C. Brans and R.H. Dicke, Phys. Rev., 124 (1961) 925.

[14] J. Polchinski, String Theory, Cambridge University Press (1998).

113



[15] M.P. Dabrowski, Ann. Phys. (Leipzig), 10 (2001) 195.

[16] M.P. Dabrowski, String Cosmologies, University of Szczecin Press
(2002).

[17] Y. Fujii and K.-I. Maeda, The Scalar-Tensor Theory of Gravitation,
Cambridge University Press (2003).

[18] B. Boisseau, G. Esposito-Farese, D. Polarski, and A.A. Starobinsky,
Phys. Rev. Lett., 85 (2000) 2236.

[19] G. Esposito-Farese and D. Polarski, Phys. Rev. D, 63 (2001) 063504.

[20] C.W. Misner, K.S. Thorne, and J.A. Wheeler, Gravitation, W.H.
Freeman and Company, New York (1995).

[21] S.W. Hawking, G.F.R. Ellis, The large-scale structure of space-time,
Cambridge Univ. Press (1999).

[22] P. Jordan, Z. Physik, 157 (1959) 112.

[23] R. d’Inverno, Finfiihrung in die Relativititstheorie, VCH Weinheim
(1995).

[24] S. Weinberg, Gravitation and Cosmology, John Wiley & Sons, New
York (1972).

[25] E.J. Copeland, A. Lahiri, and D. Wands, Phys. Rev. D, 51 (1995)
1569.

[26] J.D. Barrow and M.P. Dabrowski, Phys. Rev. D, 55 (1997) 630.
[27] J. Lidsey, D.W. Wands, and E. Copeland, Phys. Rep., 337 (2000) 343.
28] E. Witten, Nucl. Phys. B, 443 (1995) 85.

[29] N.D. Birell and P.C.W. Davies, Quantum field theory in curved space,
Cambridge University Press (1982).

[30] E.I. Guendelman and E. Spallucci, Conformally invariant brane
universe and the cosmological constant, gr-qc/0402100.

114
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We derive a kinetic equation of non-Markovian type, describing the vacuum
pair creation of massive vector bosons in a flat space-time under the influence
of external fields of different kind. We use for this aim the strict methods of
kinetic theory in combination with a new important element of theory when
the transition of the instantaneous quasiparticle representation is realized with
the help of the oscillator (holomorphic) representation. We study in detail the
process of vacuum creation of vector bosons generated by a time-dependent
boson mass. Such a scenario is in accordance with the equation of state obtained
in the framework of a conformal cosmological model recently developed by
Pervushin et al. It is indicated that the choice of the equation of state allows one
to obtain a number density of vector bosons that is sufficient for explanation of
the temperature of the cosmic microwave background radiation.

Introduction

Vacuum creation of the massive vector bosons in intensive fields of
different nature is widely discussed in literature. This is caused by its two-
fold role. On the one hand, massive vector bosons play an important role
in different physical problems and particularly in cosmology (e.g., [1,2]).
On the other hand, the massive vector field is the simplest example of
the quantum field theory with higher spin and attracts close attention
nowadays.
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In this contribution we give a kinetic description of the vacuum creation
of charged massive vector bosons under the influence of a time-dependent
space uniform electric field of arbitrary polarization. We consider also
the possibility of a time dependence of the mass which represents a new
independent mechanism of vacuum particle production.

The construction of a kinetic theory of vacuum particle creation on a
dynamical basis requires the time-dependent quasi-particle representation
(QPR) [3,4]. We use the oscillator representation for this aim [4] as the
most effective instrument for the derivation of the dynamical equations in
QPR in Sect. 1. Further in Sect. 2 we use these results in deriving kinetic
equations (KE). The feature of the obtained system of KE is the presence
of a tensor distribution function in a rotating coordinate system with
the orientation defined by time-dependent kinematic momentum which
results in a new mechanism of non-Markovian processes. A significant
simplification is achieved when the non-Markovian effects are neglected.
The case of the absence of an electric field is considered in detail when
the vacuum pair creation is caused entirely by the time dependence of
the mass. The KE split into separate equations for the transverse and
the longitudinal components which can be investigated numerically. As
an application we reinvestigate in Sect. 3 the creation of massive vector
bosons in the early Universe within a conformal invariant scalar-tensor
theory of gravitation, as suggested earlier by Pervushin and collaborators
[1,5]. In this approach the time dependence of the scalar field entails a
cosmological evolution of all particle masses which, according to Hoyle
and Narlikar, may serve as an explanation for the cosmological redshift
alternative to the Hubble expansion. In the present approach, we are able
to remove the singularity in the density of the produced longitudinal
vector bosons, which has been reported previously [1]. We present the
solution of the KE for a toy model where the time dependence of the
scalar field is given and show that the density of vector bosons created in
the early Universe corresponds to the number density of cosmic microwave
background (CMB) photons.

1. The Quasi-Particle Representation

We consider here the vacuum creation of charged massive vector bosons
in the flat Minkowski space-time for two possible mechanisms: (i) a time
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variation of the boson mass term m(¢) and (ii) a time-dependent homo-
geneous electric field with the vector potential (in Hamiltonian gauge)
Ar(t) = (0, AM(t), A%(t), A3(t)). We will restrict ourselves to the simplest
variant of the theory with the Lagrange density’:

L(x) = —Dyu; D*u” + mPuju” (1)

(where D, = 0, + ieA,, e is particle charge with its sign) leading to the
equation of motion
(D,D" +m*)u, =0 (2)

with the additional condition D, u* = 0.

The transition to the QPR can be realized in different ways, e.g., by
means of the time-dependent Bogoliubov transformation, or with the help
of the holomorphic (oscillator) representation (OR) [4]. We choose the
OR in which the dispersion law of the free particle is given by w(p,t) =
/m?(t) + P? with the standard replacement of the canonical momentum
by the kinetic one p — P = p — eA.. The standard decomposition of the
free field operators and momenta in the discrete momentum space is used:

e®* {a((p,t) + b7 (-p, 1)},

1 1
u,(z) = \/VEP: /72w(p,t)

where V' = L[? and p; = 2mn;/L, n; is an integer (i = 1,2,3). The
substitution into the Hamiltonian

H=- Z (mhat + D*ur Dut + mPulut) (4)

"
P

brings it to the diagonal form in the Fock space which corresponds to the
QPR

H = —/dpw(p,t) [GL+)(p,t)a("“(p,t) + 07 (=p, ) (=p, )| (5)

'We use the metric g = diag(1, —1,—1, —1) and natural units h = ¢ = 1.
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However, this quadratic form is not positively defined. In order to exclude
the 4 = 0 component with the help of additional condition, it is necessary
to derive the equations for the amplitudes aff, bff.
Substituting Eqgs.(3) in the Hamilton equations
UNZW:_WN’ Wuz—m:muu—DDuu, (6)
we find the Heisenberg-type equation of motion for the time-dependent
creation and annihilation operators

. 1 .
a7 (p, 1) = S AP, OO (—p, 1) £ iw(p, )ag (p, 1),
(7)

. 1 _
b (=p. 1) = S AP, aP (p, 1) £ iw(p, )b (—p. 1),

where A(p,t) = w(p,t)/w(p, t). Analogous equations were obtained in the
work [4] for the case of scalar QED on the basis of the principle of least
action.

Thus, the Hamiltonian formalism in the OR leads to the exact equa-
tions of motion (7) for the creation and annihilation operators of quasi-
particles, depending on the “natural” representation of the quasi-particle
energy w(p,t) in the external field.

The additional conditions may be transformed with the help of Egs.
(7) to the following form (i = 1,2, 3):

w(p, )alP (p,t) = Pal® (p. 1), w(p, )b (—p.t) = —Pb& (=p,t). (8)

These equations allow one to exclude the y = 0 component in the Hamilto-
nian (5), what gives

H o= 3 wipd) {al (0,00l (p,0) + 8 (=p. 0 (—p.1) -
P

- g () ()

+ (Bb§—>(—p, t)) (Pkb;j)(—p, t))} } . (9)
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The next step is the additional diagonalization of the quadratic form
(9) by means of the linear transformations

a®(p,t) = Ea™(p,t)=

=+ =+ £
e101” (p.1) + esa” (b, 1) + es— i (p. 1),

(10)
b®)(—p,t) = EBY(—p,t) =

= e (—p,t) + €8 (—p >+e3—5<*>< p, 1),

where [e1(p,t),ex(p,t),e3(p,t)] determine the local rotating basis built
on the vector e = P/|P|. These real unit vectors form a triad, e;ze;; =
eri€k; = 0ij, €i = (€;) . The presence of the factor w/m in the non-unitary
matrix £, Eq.(10), leads to a violation of the unitary equivalence between
the (a,b) and («, 3) representations.

The transformation (10) leads to a positively defined diagonal Hamilto-
nian. However, the spin operator has a non-diagonal form in spin space
in terms of the operators agi), ﬁi(i). It can be diagonalized with a linear

transformation to the circular polarized waves basis

+
7 (p,t) = R o (p.1),  dP(—pt) = R B (=p,t), (11)
with the unitary matrix

1 F O

1
RE=— |+ 1 0 [. (12)
V20 0 2
As a result, the new operators cgi), dgi) in the QPR correspond to charged

vector quasi-particles with the operators of total energy and spin projec-
tion on the chosen direction:

H(t) = > w(p.t)x

<0l w0 +d ol pn| )
Si) = 2 |00 00) — 7 p 0 (ot +
+ dy(—p,t)dS’ )(—p,t)—C§+)(p,t)c(2_)(p,t)}- (14)
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This representation can be called the complete QPR. The equations of
motion for these operators follow from Eqgs. (7) and (11):

1
6 () = AP (-p.t)
+ iw(p, )i (p, 1) + i (. )y (b, 1),
(15)
: 1
A7 (-p.t) = FA@.DE (1)
, «()
The matrix g;; is defined as
+iere; 0 welPey
g(i) = 0 ZFiélez %é(i)eg , (16)
—%é($)eg —%é(i)eg m/m — A

where e®) = (e, +ie;)/v/2.
The transition to this representation from the initial (a,b) one is defi-
ned by the combination of the transformations (10) and (11),

cH(p,t) = UH(p,t)a®(p,1),

(17)
) ) )
with the non-unitary operator
eng) eéjF) e:(f)
UB(p,t) = RY-E ' (p,t) = | B B . (18)

m m m
L 631 €32 €33

The quantization problem is to be solved while taking into account the
equations of motion (15). It leads to the following non-canonical commu-
tation relations:

[ (p,),c V()] = [d)(p,1),d " (p.1)] =
= QL. )Q' (0, 1)dp . (19)

120



where the matrices ngi)(p, t) are defined by the equations

- (4 + +
Q5 (p.1) = g5 (P, QL (0. 1) (20)
with the initial conditions

lim QP (p,1) =y, (21)

i.e. the commutation relations (19) transform to the canonical form only
in the asymptotic limit ¢ — —oo0.

2. Kinetic Equation
The standard KE derivation procedure [3] is based on the Heisenberg-

type equations of motion (7) or (15). Let us introduce the one-particle
correlation functions of vector particles and antiparticles

fet) = (0] (D, ) (p,1)] 04n),

(22)
fat) = (0l d7 (—p,t)d (—p, 1)] 0in).
We obtain the resulting KE in the following form:
fat) = U OUS) O fit) + UG OUS) T (E) fim(t) +
t
1 _ _ oy
L RO GING / e AU U TN x

to

X [fun(t) + Fn(t')] cos 20(p; ), (23)

where
t

O(pit to) — / 0t (p, 1), (24)

to
In the following, we will consider the vacuum creation of vector bosons
due to an arbitrary time-dependent mass term, m = m(t) and A*(t) = 0.
This example has an application within a conformal cosmology with time-
dependent masses [5] as well as in the chiral symmetry breaking phase
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transition during the hadronization stage of an unltra-relativistic heavy-
ion collision. Then the general KE (23) can be simplified in the isotropic
case with P, = p; and €; = 0. Let us write out the KEs for the diagonal
components of the correlation functions (22) having direct physical sense
as the distribution functions of the transversal (k = 1,2) and longitudinal
components:

t

filpt) = 5800 [ dAE.ORP.¢) + eos2(pit.t), (29
o) = —28(0.000.0) + 5Am0) S [ ar

< AL 2.0 + Q.1 cos (i1, (26)

where the shorthand notation f; = f; with ¢ = 1,2,3 for the diagonal
elements of the distribution function matrix has been used. In Eq.(26)
it was taken into account that due to the electric neutrality condition
f; = f; + 1 holds. In the considered case, we have

2

|Y
A= Ap=—A, (27)

)
(,d2

It is assumed that the thermodynamic transition to the limit V' — oo
under the condition of a fixed pair number density is fulfilled in the KEs
(25) and (26) according to the rule Llim (L/27)%% x xc§2(t) = ¢ (p, t).

At last, the function Q(p, t) in the statistical factor in r.h.s. of the KE
(26) is a consequence of the commutation relations (19), which have the
following form for the longitudinal components of vector field:

37 (0.1), e (0' )] = [ds” (0 ), 457 (0 )] = QD 1)y (28)

It can be found from Eq. (20) that

Qp,t) = eXP{—Q/tAm(t’)dt’} =

to

122



{m(t) &r . mAt)  mi+p’ (29)

mo w(t) 2(t) + p? m3

where wy = w(tp) and mg = m(ty).
Let us introduce the new auxiliary distribution function f(p,t), which
is connected with the “old” one f3(p,t) by the relation

The substitution into the KE (26) leads to the “standard” form of the KE
for the function f(p,t), which is identical to the equation (23) for the
transversal component of the distribution function.

We use now the well-known procedure of the reduction of the KE
from the integro-differential form to the corresponding system of ordinary
differential equations [6] in order to study the KE (26) numerically and to
investigate the asymptotic behavior of its solutions for large momenta

. 1
fo=gAuk, e = AL+ 2f) = 2wuk, O, = 2wup. (31)

The main characteristic of the vacuum creation process is the total
number density of vector bosons,
3 o

ni(t) = 23 ni(t) = % / Pp 2i(p.t) + (0], (32)

0

where isotropy of the system was taken into account, p = |p]|.

3. Vector Boson Production
in the Early Universe

In order to estimate the vector boson creation in the early Universe, we
consider a conformal invariant cosmological model [5], thus assuming that
the space-time is conformally flat and that the scenario of an expanding
Universe can be replaced by that of changing masses for all particles due
to a time-dependent scalar field.
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For our numerical studies we use a generic form of the conformal time
dependence of the scalar field (mass) in the early Universe

o (2]

where t; = (aH) ™! is the age of the Universe, H is the Hubble constant,
my = 80 GeV is the present-day W-boson mass. The parameter o depends
on the choice of the cosmic EOS where, e.g., a = 1/2 would correspond
to a stiff fluid. Such an EOS shall be adopted for the dominance of a
massless scalar field in the Universe. Due to back reactions and dynamical
mass generation during the cosmic evolution the datailed mass history
remains to be worked out. The central question, however, is whether the
number density of produced W-bosons could be of the same order as that
of the CMB photons, ncyg ~ 430 cm 3. If this question could be answered
positively, the vacuum pair creation of W-bosons from a time-dependent
scalar field (mass term) could be suggested as a mechanism for the genera-
tion of matter and radiation in the early Universe. The non-Abelian nature
of the W-bosons could even imply consequences for the generation of the
baryon (and lepton) asymmetry due to topological effects [1].

0.25 r 2 % 1010 r
= 020 | 1><1010-\m
CRE / \'\
© ‘« el :3‘
=015 ) = 9x10° [
1;, /\/ a=1/2 5 \//\ a=1/3
\ . !l
o —~ b
L = 9 ;
0.10 , = 6 x 10 B
0.05 -’ 3 x 10°
0.00 J T 0 D
0 5 10 15 20 25 0 5 10 15 20 25
t/to t/to

Fig. 1. Time evolution of the particle number densities n; (dotted line) and ng
(solid line) with initial condition m; - t; = 1: o = 1/2 (left), a = 1/3 (right).

As one can see from Fig. 1, the estimated particle number densities for
the transversal components saturate very fast in comparison to longitudi-
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nal ones. The choice of the EOS changes drastically the number density of
the created particles, ranging from values which are too small (o = 1/2)
or too large (o« = 1/3) for the explanation of the CMB photon density.
In order to improve the correspondence to cosmological data we should,
e.g., improve the EOS, consider the back-reaction problem, and embed
the mechanism into a more detailed cosmological scenario. The main
achievement relative to the earlier work [1] is that in the present approach,
there is no divergence in the distribution function, thus we do not need to
introduce some ambiguous regularization procedure.

Summary

The present work was devoted to a kinetic description of vacuum pair
creation of massive vector bosons caused by time dependence of either
the mass gap or a non-stationary electric field. The statement of problem
is stipulated by some cosmological problems having the aim to explain
the modern experimental information (the accelerating expansion of the
Recent Universe and some feature of CMBR). The resulting KE (23) of
non-Markovian type was obtained within the non-perturbative framework
of the OR which provides a short way to the QPR as the preprequisite
to the construction of a source term for pair creation in the KE. We have
applied this KE to the analysis of the important particular case of vector
boson pair creation in a time-dependent scalar field which can be justified
on the basis of a Brans—Dicke type scalar-tensor theory of gravitation. We
show that the kinetic theory leads to densities of vector bosons created
in the early Universe evolution that is comparable to the present CMB
photon density. More detailed studies are in progress |7].
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Cosmological Creation of W-, Z-Bosons and
the Large-Scale Structure of the Universe

A. Gusev, V. Pervushin®, S. Vinitsky, V. Zinchuk, A. Zorin

Joint Institute for Nuclear Research, Dubna, Russia

In conformal cosmological model (with relative units) the visible matter
can be considered as the product of the decay of the primordial W-, Z-bosons
created from vacuum. We show that the number of oscillations of the W-, Z-
boson density during their life-time coincides with the number of oscillations of
the visible baryon matter density recently discovered in researches of large-scale
periodicity in red shift distribution [Hy x 128 Mpc]~! = 23 + 25.

B koH(MOpMHOI KOCMOJIOrITIECKOH MOIEIN (C OTHOCHUTE/ILHBIMY € [MHUIIAMMN )
BUANMOE OapPHOHHOE BEIECTBO MOXKET PaCCMATPUBATHCI KAK IIPOJIYKT PAaCIa-
Ja POXKIAEHHBIX U3 BaKyyMma mepBudIHbIX W-, Z-06030H0B. MBI ITOKa3bIBae€M, 9TO
9MCJIO KoJtebanunii mroTHoctu W-, Z-6030HOB B TeUeHNE WX YKU3HU COBIIAIAECT C
YUCJIOM KOJIeDaHMii IIJIOTHOCTH BAIMMOM OaprOHHOI MaTepuu, 0OHAPY>KEHHOI B
HCCJIeIOBAHUAX TEPUOJINTHOCTH KPYITHOMACIIITAOHOM CTPYKTYPHI U pacipeiese-
HUsT KpacHoro cMerrernus [Hy x 128 Mnk|~! = 23 + 25.

Recently, an alternative interpretation of the cosmic evolution as the
running particle masses [1] without the introduction of the A-term has
been elaborated [2—4]. This means using a relative standard of measu-
ring lengths in General Relativity when all measurable quantities are
identified with conformal variables and coordinates (conformal time, con-
formal energy density, conformal temperature, conformal mass depending
on time, etc.). In this case, a spectrum of photons emitted two billion
years ago by atoms in remote cosmic objects memorizes their atom size,
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which is determinated by its mass. As the result, the red shift of the
spectral lines of atoms on the cosmic objects is observed. In the conformal
cosmological model [2] the Supernova red shift data [5] and nucleosynthesis
data correspond to the stiff equation of a state when a pressure is equal
to the energy density. In [3,4], it was shown that in the Standard Model
there are initial data of the Hubble parameter and masses explaining an
origin of the visible matter by a quantum cosmological creation of the
massive vector W-, Z-bosons from vacuum in the regime of the equation
of the same stiff state. A visible matter, including the Cosmic Microwave
Background radiation, occurs as a product of decays of the primordial
vector W-, Z-bosons like Dirac’s scenario [6].

It is interesting to connect the oscillations of density of these bosons
during their life-time with large-scale periodicity of the structure of the
Universe. Such a periodicity has been recently discovered in the pencil-
beam observations that revealed 128 (1/h) Mpc period [7-9].

In this Letter we give our treatment of a formation mechanism of the
large-scale structure of the Universe. As has been shown in [3,4], when the
Universe horizon coincides with the Compton length of the vector bosons
H; = Mj, there is the intensive cosmological creation of the primordial
vector bosons from the vacuum. This creation leads to a temperature
(MZHy)Y? ~ 3 K of the microwave background radiation [3] as the integral
of motion of the Universe in a stiff state

a’(n) =1+2Hm =1+,

compatible with the observational data on Supernovae 5] and nucleosyn-
thesis in the conformal cosmological model [2]. These theoretical results
are in satisfactory agreement with the corresponding observed values of
the baryon-antibaryon asymmetry of the Universe with the superweak-
interaction coupling constant Xcp = ny,/n, and the visible baryon density
Qb ~ Qg = OéQED/SiIl2 QW ~ 0.03 [3]

The baryon density of the primordial bosons with momentum ¢ and
energy w = (M?(n) + ¢?)'/? oscillates as

cosf2 [ ] = eos{ [ ar((1 ) + (a/ M)
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Fig. 1. Longitudinal (Nz(z)) components of the boson distribution versus the
dimensionless time 7 = 2nH; and the dimensionless momentum z = ¢/M; at
the initial data My = Hy (v, = 1).

where the life-time is expressed in terms of the coupling constant ¢, in

the Standard Model [3]
9\ 2/3
Tw ~ <—) ~ 16,
Qg

9 2/3
o2 ) ~95
' <agf<sin2 ew>)

3 — 6y + 842
f(W)ZW

The number of density oscillations for the momentum = = ¢/M; takes the
form

1 [
Nyz(z) = %/ dr(1+ 7+ 2*)V2
1

One can see that the number of oscillations x ~ 45 is of order of 20+ 25,
which coincides with a number of oscillations of the visible baryon matter
recently discovered in researches of large-scale periodicity in red shift dist-
ribution [Hy x 128 Mpc]~! = 23 + 25. We note that, in other models, the
above oscillations of the product-particle density are related to primary
fluctuations of the cosmic-microwave-background radiation [10].
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Kinetic Description of Fermion Production
in Cosmology and QED

V.N. Pervushin!, V.V. Skokov

Joint Institute for Nuclear Research, Dubna, Russia

We study fermion production in strong electrical field of arbitrary pola-
rization as well as fermion production in conformal flat metrics. To derive
the kinetic equation (KE) we apply holomorphic (oscillator) representation
approach. Obtained non-perturbative KE can be used to describe future free-
electron laser experiments, cosmological creation of fermions and ultra-relativis-
tic heavy ion collision in flux tube model.

Mpb1 uzydaem poxjenne (hepMHUOHOB B CHJILHOM 3JIEKTPUUECKOM II0JI€ IIPO-
M3BOJIBHON TOJISIPU3AIMA U B KOH(MOPMHO-IIJIOCKOH MeTpukKe. UToObI BbIBECTH
KUHETHYECKUE YPABHEHUsI, Mbl MPUHUMAEM IIOJX0J] roJoMOpdHOro (ociuuuis-
TOPHOIO) mpejcTaBieHust. [lojyueHHbIe KUHETUIECKHUE yPABHEHUsI MOTYT OBITH
HCIIOJIb30BAHbI JIJIsT OIUCAHUS OyIyIIUX 3JIEKTPOH-JIA3E€PHBIX IKCIIEPUMEHTOB,
a TakkKe KOCMOJIOTUIECKOTO POXKIEHUsT (DEPMHUOHOB U YJILTPAPEIATUBUCTCKOTO
CTOJIKHOBEHHS TsIyKeJIbIX ToJieit B mojienu «flux-tubes.

Introduction

The problem of description of charged particle creation arises in enor-
mous fields of research including both formation of quark-gluon plasma
(QGP) and vacuum production of particles in cosmology [1]. Process of
QGP formation has been studied in color-flux-tube model with decay
through particle-antiparticle production in strong electric field (so-called
Schwinger-like mechanism) [2-4]. A strong field in flux tube models is as-
sumed to have only one fixed direction A, = (0,0,0, A(t) = As(t)) [4].
In this work we extend this model of fermion creation in arbitrary field
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polarization. Taking into account arbitrary polarization in description of
particle production effects in strong laser field is also essential [5,6].

The problem of cosmological particle creation was considered in litera-
ture for scalar and vector particles [1,7,8]. In this paper, we give a more
systematic dynamical description of fermion particle creation in the frame-
work of holomorphic representation and obtain the kinetic equation to
study production process.

1. Holomorphic Representation

The Lagrangian for electrodynamics is

. - 1 v
L= i GP —m)y = {FuF™, 1
where D,, is the covariant derivative
Da — aa + ieAa (2)

and F),, = 0,A, — 0,A,.

We assume electric field to be a classical and space-homogeneous one.
The classical approximation may be derived in the leading order of the
large N approximation, where N is number of charged fields [9]. For the
further purpose we consider time-dependent fermion mass.

We introduce the representation of particles as holomorphic field vari-
ables [10]:

w(t.0 = 30 ST o), (3

where 1 will be defined later.
Action after this substitution is the following (in Hamiltonian gauge):

W= /dt Z {000tk — Puc} (4)

where hy = ¥ (Py; + m)iy and canonical momentum P; = k; — eA;.

Following the idea of the oscillator representation [7,10] we expand vy
and vy using general spinor field decomposition with formal substitution
ki — P

e = (%) us(P) + b 0,(P)), e = (af) 0.(P) + b 0. (P)),  (5)
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where
ua(P) = Su(P)ua(0), va(P) = 5,(P)ua(0). (6)

Here ug and v, (s = 1,2) are the solution of free Dirac equations for
positive and negative energies in the particle rest frame:

(o —1u=0, (y0+1)v=0. (7)
S{uvy(P) transforms solutions of (7) into the frame moving with the
velocity v = |P|/w(k, 1), w(k,t) = VP, P' + m?:
PA*+m m — P, y*

S0 sk nm e T Vet reten)

(8)

Operators a and b satisfy the general simultaneous anticommutation
relations:

{a’sk7 s’k’} = 555'63(1(_1{/)7 (9)
00 = 6,003k —K), (10)
{al) 050 = o (11)

The Hamiltonian density after the field decomposition has the diagonal
form:

h = waPal?) — b)), (12)

S S S

Thus decomposition (5) can be called a quasiparticle one.
The action in holomorphic variables is the following:

/dtZ[z( (940 4 pOpCh,) —

k

4%

— i(afj)Ew/bg) b( ):aa/a(_)) —

— (a$P Mawral) + 0N arb) +



where we have introduced matrices = and A:

o; are Pauli matrices and

o (P 1 .
52_&(%)’ )\:meP. (15)

2. Distribution Function and Kinetic Equation

The local equations of motion for the operators agf), bgﬂ are derived
from action (13):

i) = (@O — Aaw)a) + Zaard(D) (16)
b = —i(Wlae + Aaa )b — Bawral. (17)

We define the distribution function as a one-particle correlator:
f =14 <0aMa))0>,,. (18)
To obtain KE one can differentiate (18):
f = 4 <0[00aPa 0 >, 44 < 0]aP a0 >,=
= 26Re (< 0[0 070 >,,) = 26,Re O, (19)
The equation of motion for unknown anomalous one-particle correlator
d; =< 0[b ;a0 >, can be obtained after differentiating with respect

to time. First derivative of ¢; after substitution of equations of motion
equals

dP;
dt

Similarly, we differentiate ¢; = ., < 0ja™0;a) + b ;b0 >, and
substitute equations of motion:
do;
dt

No new unknown functions appeared in (21), thus equations (19), (20)
and (21) compose a closed system.

= 4€ijk§j1mq>k + QEZ‘ijAjgbk. (21)
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Let us consider the absence of particles in infinite past which results
in zero initial conditions for f, ®, ¢ and, as follows from (21), » = Re ¢.
Introducing the notation

v; = Re ®;, wu; =Im &, (22)

we get the final kinetic equation, describing fermion creation in strong
electrical fields (P # 0) as well as in conformal cosmology model [11-14]
due to mass dependence on time (1 # 0):

df
dt
dv

dt
du
dt

% = 4 xv+2A X . (26)

= 2(fv), (23)
= (1-2f)—2wu+&x¢+2A xv, (24)

= 2wv+2A X u, (25)

Summary

In the present work the kinetic equation for fermion creation is derived.
The holomorhpic representation is used. The kinetic equation can be
apllied to describe particle creation in laser field, quark-gluon plasma
formation at early time of ultrarelativistic heavy ion collision and cosmolo-
gical creation.
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