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KBAHTOBI ITOITIPABKU
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IO IMHAMIKU T'PABITAIIIITHOT CUCTEMI!

Jaro xopomxut acmyn do meopit K8aGHMOBUL 2PasimauiinuL CuUCmem 31 CKIHYeHHO10 KIAbKI-
cmio cmynenis sinvrocmi. Teopis 3achosara Ha Memodi K8AHMYBAHHA CUCTEM 13 8 A3AMU.
Bexmop cmany cucmemu 3a00804bHAE HADOPY TEUNDOBUT DIBHAHD, AKUL ONUCYE €60AI0UIN0
CUCTNEMU Y HACE 8 NPOCMOPE KEAHMOBUT NOAIE. Y marxomy nidrodi 6eKMOp CMary MONHCHG
Hopmysamu Ha odunuyro. Teopis doszeoasc 3pobumu ysazaavhenna Ha obaacmdv 610’ emHur
BHAYEHD MACUWMAOH020 BaKxmopa i, NPu 3aCMoCcY8aHHi do KOCMOA02ii, 6ede do HO8020 PO3YMi-
HHA esontoult ececeimy. Teopis dae POSYMIHHA NPUNUH, YEPE3 AKL PEHCUM DOSULUPEHHA MOIICE
BMIHI08ATNUCA 610 NPUCKOPEHHA 00 YNOBIABHEHHA GO0 HABNAKU, BUABAAIOUU HOBULT MUN KEGAH-
MOBUT cuA, Wo 0OMb Y 6ceceimi nodibho 00 MeMHOi Mamepii ma memHoi enepeaii.

Karowoei c.ao6a: KBAHTOBA I'paBiTallis, KBAHTOBA MeOMETPOIUHAMIKA, KOCMOJIOTI.

1. Beryn

Meron KBaHTYBaHHsSI CUCTEM i3 B’3aMU MOXKe OyTH
B3STHUIl 32 OCHOBY KBAHTOBOI Teopil rpasiTaliil, mpu-
JaTHOI JJIsST JIOCJIIZKEHHsI KOCMOJIONIYHUX Ta 1HITNIX
KBaHTOBUX TIpapitariitaux cucreMm. Kanoriunmit mij-
XiJT 10 KBAHTYBAHHS, KWl BUSIBUBCS YCIIITHUM IIPU
1100y I0BI HEPEJIATHBICTCHKOI KBAHTOBOI MEXaHIKU Ta
KBAHTOBUX TEOPIiil MOJISA y IJIACKOMY IIPOCTOPi-daci,
CTUKAETHCHA 3 J00pe BiIOMUMH TPY/IHOIIAMUI IPHU HO-
r'0 3aCTOCYBaHHI 70 TpasiTariii, a came 3 TpobJIEMOIO
OIIMCY €BOJIIOIT y Yaci, mpob/IeMOI0 HOPMYBaHHsI Be-
KTOPIB CTaHy, IPO0JIEMOI0 BUMIPIOBAHHS T IHITAMU.

Haounum mposiBom mpobsieMu 9acy € BifICyTHICTH
napaMeTpy dYacy y $BHOMY BUIVISJl y pIBHAHHI
Vinepa—/leBiTTa, sike po3TiIsiIa€ThCs sIK OCHOBHE JIU-
HaMidHe piBHAHHsS Teopii. Bymo ycBimomieno, o
OJIHUM 31 MUIAXiB /10 BUpimeHHst miel mpodieMu MOXKe
O6yTr mepedOpMyTIOBAHHS KJIACUIHUX PIBHAHBL B’a3i
3 METOI0 OTpUMaHHs piBHsiHHs Tuity IlIpeiarepa j10
KBaHTyBaHHd. /loBeseHo, 10 3arajbHa Teopis BiTHO-
CHOCTI He MOYKe PO3IVIIJATHCA SK TapaMeTpU30Ba-
Ha Teopig noss [1]. Konmemnmis “marepiaiapHOro ro-
JMUHHVKa Ta BijyikoBux pimme” (2, 3] Gepe mowaTox
3 npanp JeBirra [4], B sikux BUBUaBCs 3B’sI30K TO-
JIMHHWKIB 3 IPYKHUM cepejioBuiiieM. MoxkHa mokas3a-
TH, IO iAeaJibHI PiIUHKA SIBISIIOTH CODOI0 YaCTKOBHUIA
BUIIAIOK PEJISITUBICTCHKUX TPYKHUX cepenosui [le-
Birra [5]. Ilousarrs BijyikoBol pigunu m03BOJIstE 3a-
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JATH CUCTEMY BiIIiKy gK auHaMigHy cuctemy. Ha
IIPOCTOPOBO-YACOBY T€OMETPII0 BILJINBAE BiJITIKOBa Pi-
JIMHA, STKa PO3IJISIAETHCS SIK CIIPABXKHS MaTepiaibHa
cucTeMa, OB’ si3aHa 3 rpasitalieo. fIk HaciI0K, B sI-
3i Ta piBHsHHS [aMmispToHA HAOYBAIOTH HOBOI (hOPMU.

s po3B’sizamHs mpobJIeM KBAHTOBOI TI'paBiTartil
MOYKHA& 3BEPHYTHUCS 0 MOJENl 31 CKIHYeHHOIO Kib-
KicTio cryneniB BtbHOCTI. OmuHOpimHi Mosesi miHicy-
IIEPIIPOCTOPY BUSBUJINCH YCHINTHUMHA B KJIACUYHIN KO-
CMOJIOTil, TOOTO CYMICHUMHU 3i CIIOCTEDEKEHHSIMH Ta,
TaKUMH, IO MAOTh HIpOorHocTH4Hy cumiy. Lle € 3po-
3yMisuM, ockinbku Beecsit, y nepromy HabsmKeHHi,
MOKe PO3IJISAIATUCS K OJIHOPIJIHUI, Ta JIa€ HAJIIO HA
Te, IO OJHOPIIHI MO/IeN 3MOXKYTh OyTH KOPUCHUMU
1 B KBAaHTOBIi#l KOCMOJIOT1I.

Y mHalmpocTimoMy BHUITAJKY MaKCUMAJbHO CHUME-
TPUIHOI reomeTpil 3 MeTpukow Pobeprcona—Bokepa
TEOMETPUYHI BJIACTUBOCTI CHUCTEMHU BU3HAYAIOTHCS
OJTHIEI0 3MIHHOIO, & CaMe KOCMIYHMM MACIITAOHUM
dakropom a. CexTop marepil omHOpiIHOT i30TpOITHOT
rpaBiTamiifHol cucremMu MOXKe OyTu B3ATHII Y opmi
OJTHOPIiTHOTO cKajsgpHoro mojsd ¢. lle mome moxkua
IHTEpIpeTyBaTU K CyporaT YCiX MOXKJIUBHUX CIIPAB-
KHIX (i3uIHIX OB MaTepii, ycepeqHeHnX IO CIIi-
Hy, IPOCTOPY Ta iHIMUM CTyHeHsIM BimbHOCTI. Jloma-
TKOBO IIPUMMEMO, 10 CUCTEMa MICTUTH BIJJIIKOBY pi-

I I1sr po6ora 6a3yeThest Ha pe3ysIbTaTax, sKi JOTOBIauCs Ha
mizkHapoaHiit koudepennil “XI Bolyai-Gauss—Lobachevsky
(BGL-2019): Non—Euclidean, Noncommutative Geometry
and Quantum Physics.”
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nuny y dopmi pesgrusicrebkol Marepil (aKy Hagasl
GyJeMo HasuBaTH BUIIPOMiHIOBaHHAM). Mu 3acroco-
BYEMO 10 KBaHTOBOI rpasitamii miaxin /lipaka, a ca-
Me He PO3B’sI3yeMO PIBHsIHHSI B'si31 710 KBAHTYBaHHSI, a
HATOMICTh IIEPETBOPIOEMO B’si3i JIpyroro poiy y B’si3i
IIEPITIOT0 POJTY, fAKi CTAIOTH B’SI3sIMHU Ha, BEKTOD CTAHY
(xBrIIbOBY (DYHKIIIIO) Yy KBAHTOBIH Teopii. ¥ wiii Teopil
BEKTOP CTaHy 3a/I0BOJIbHSE CHCTEMi XBUJIBOBUX PiB-
HSIHb, SIKi OIMCYIOTh €BOJIIOIIO y Yaci KBAHTOBOI CH-
CTeMH B y3araJbHEHOMY IIPOCTOPI KBAHTOBHUX ITOJIIB.

2. OcHOBHIi piBHSIHHS Ta KBaHTYBaHHS

lamisbronian rpasiraiiiinoi cucremu Mae BULIs (y
IUIAHKIBCHKUX OJIMHUIISIX)

N
H =7 {=mi = wa® + a'[pg + py} +

+>\1 {7’(@ — ;a?’pos} + )\2 {ﬂ;\ + ;agpo}, (1)
Je Tq, T@, M5 — IMIIYJIbCH, KAaHOHIYHO CIIPAXKEHI 0
3MiHHUX a, O, :\; pe — rycruHa eHepril marepil (mo-
st @), PW(PO7 $) — rycTuHa eHepril ijieaJqbHOl piauHy,
sKa 3aJIa€ MaTepiaJibHy cucreMy Biuliky Ta € dyH-
KI[I€I0 TYCTUHU MAaCH CIIOKOIO Py Ta IIATOMOI €HTPO-
mii s; © — TepMmivyHicTb, gKa BH3HAYAE TEMIIEPATYPY,
T =0,U0" U’ - 4-mBugxicrs; A - IIOTEHIIIaJ II1-
ToMOl BLIbHOT eneprii ['i60ca F, B3saTHil 3 06epHEHUM
3HaKOM, JF = —X,,U”. Crana k = +1,0,—1 € KoH-
cTaHTOl KpuBu3HU. Bemmumuau N, A\; ta Ay — MHO-
sxunkn Jlarpamxka [6, 7).

Tamisbronian € JinHiliHOIO KOMOIHAIEIO B’g3€il Ta
cirabko nopisaioe nymao, H ~ 0. Bapiamii raminbromHi-
ana mo N, A{ Ta Ao JaiOTh Tpi pIBHAHHS B sI3i.

YV KkBaHTOBIi1 Teopil piBHSIHHS B’si3eil IEepIIoro po-
JIy CTAlOTh B’si3sIMU Ha BeKTOp craHy ¥ Ta BU3HAYA-
I0Th TIpocTip dismunux cranis. [lepexomsan Bix Ki1a-
CHUYHUX 3MIHHUX /IO BiITOBITHUX ONIEPATOPiB, BUKOPU-
CTOBYIOYH DiBHSAHHS 30€peKeHHs Ta BBOJIAIN HEKOOD-
juHaTHW 6asuc hdr = sd© — dA, hdy = sdO + dA,
Je h — muToMa eHTAJbIis, T — BJIACHWII 49ac, a Y —
JI0ZIATKOBA 3MiHHA, OTpUMaeMo (6, 7|

1
(—z’@T — E) V=0, 9,¥=0,
2/ (2)
(—63 + ka® — 2aH, — E) v =0,

ne H, — omeparop raminbromiana moss MaTepii, a
dr = adT, E = pya* = const.
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3. BarajabHUil po3B’A30K

laminpromian matepil Hy MoXKHa, JiaroHasIisysaTn 3a
JIOIIOMOT'O0 TIEBHAX BEKTODIB crany (x|ug) y mpes-
CTaBJIEHH] y3araJbHEHOl 0JIb0BOI 3Minuol Y = X(a, @)

(up| Hylu) = My (a) Sy, (3)

110 BU3Ha4YaE BiacHy euneprito My (a) = %a:spm Gapo-

TPOIHOI PIIMHU y JUCKPETHOMY Ta/abo HelepepBHO-
My k-My cTaHi y cynyTHbOMY 00’eMi %a?’ 3 TyCTHUHOIO
eHepril o, .-

IIpocra momesib marepil y ¢dhopMi CKaasSpHOTO I0-
s 3 norenigjaigom V(¢) = Ay ¢%, ne A\, — KOHCTAHTA
3B’sI3Ky, a « IpuitMa€ JOBLIbHI HEBix €éMHI 3HAYEH-
He, o > 0, 103BOJISIE OIIUCATHU Pi3HI €II0XU y €BOJIIOIT
BCECBITY, SIKMiT PO3IJISIAECTHCH IK KBAHTOBA CHCTEMA.
V Bunasxky ¢U-momeni mose ¢, ycepegHene Mo CBOIM
KBAHTOBUM CTaHAM, BIITBOPIOE BAKYYM (TE€MHY eHep-
rio) y k-my crani (emoxa IPUCKOPEHOIO PO3IIMPEH-
us1). Mogens ¢! ommcye crpyru y k-my crami (mo6a
opMyBaHHsSI KOCMOJIOTTIHOI KJITHHHOI CTPYKTYDH).
V Mozeni ¢? cKaIsgpHe IoJie IIC/As yCepe HEHHs IO
KBAHTOBUM CTaHaM IIEDETBOPIOETHCS Ha IHUJ 3 IIOB-
Hoo macolo My, = v2Xs(k + 1), ne k — xinbkicrs
NHJIBOBUX YACTHHOK (eroxa HepeJsTUBICTCHKOI MaTe-
pif). Mozenns ¢* mpuBoauTh 10 pesaTHBiCTCHKOT MaTe-
pii (emoxa 1o pekoMGiHamil). YV BUNAAKY & = 00, [OJIe
¢, ycepesHeHe [0 CTaHaM |uy), 3BOAUTHCS 10 MaTepil
3 FPAHUYHO 2KOPCTKUM DIBHSIHHSIM CTaHy 3€JbI0BUYa
(Hy/IBOBa KOHCTAHTA 3B’SI3KY ).

Bekrop crany ¥ y (a,x)-upeicraBieHHi MOXKHA
zanucaTu y Gpopmi cynepro3urii BCiX MOKJIUBUX k-
craniB 6aporponHol pimman ¥ = Y, |ug) (ur|¥), e
(ug|T) = ¢r(a,T) 3amoBosbHsE nudepeHIiaIbHIM
PiBHSHHSAM

(—z’aT - ;E) ti(a, T) =0,
(=02 + ka® — 2aMj,(a) — E) ¢y (a, T) = 0.

(4)

BaranpHuit po3s’si30K cucremn (4) Mae BHDIAL,
VYr(a, T) = Z cnk(T) frr(a), (5)

zie
1

enk(T) = cnr(To) exp {len(T — TO)} (6)

Ta MaeThCs Ha YBa3l MiJICYMOBYBAHHS IO JIMCKpe-

THUM 3HAYEHHSIM 1 Ta IHTErPYBaHHS 110 HeIlePEPBHUM
CTaHaM.
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Xsuibosi dynkuil f(a) = f(a,Ty) 3810BOIBHIIOTH
PiBHSHHIO

(=02 + ka® — 2aMj,(a) — E) f(a) =0, (7)

ne f(a) = fur(a) Ta E = E,, 1Jigd IUCKPETHOIO N-I'0
crany BunpominioBarHs Ta f(a) = fpi(a) s Hene-
pepBHOTO F-TO CcTany BUIPOMiHIOBaHHS, Ty — JOBiIb-
Ha KOHCTAHTA, B3ATa 38 TOUKY MOYATKY BIIJTIKY Jacy.
Koedimient c,x(Ty) BusHauae iMoBipicTs |cnr(T0)|?
3HAWTU CHUCTEMY B N-My Ta k-My CTaHax y MOMEHT
qacy Tp.

Bekrop crany ¥ e nopmosanuMm, (U|¥) = 1, 3a
YMOBH, IO CyMa IMOBIDHOCTEHl IO BCiX MOXKJIUBUX
KBAHTOBUX CTAaHAX BUIIPOMIHIOBAHHS i 6apOTPOITHOL
PIIMHY JTOPIBHIOE OJTMHUAIII.

st matepil, npeacTaBaeHO] CKAJSIPHAM IIOJIEM 3
ﬁ¢(—a) = —]:ng(a)7 piBHsIHHsI (2) € iHBapiaHTHUME
BimHOCHO iHBepCii a — —a. PizuuHmit 3MicT PO3B’sI3-
KiB piBasHHs (7) B obiacti a < 0 3’sCOByeThCST 3aB-
KA BUPA3Y

T(r)=To+ [
0

/

a(f:’)’ s T(0) = Tp. (8)

3Bincu Bummmsae, mo T(r) = T(-7)
a(—71) = —a(r).

Macmrabuuit axrop a € (—oo, 0] Bianosinae 3ua-
qeHHAM T € (—00,0], a ma a € [0,4+00) Maemo
T € [0,400). dK HACHIIOK, /ISl CTPLIM Yacy, CIpsi-
MOBAHOl 3 T = —00 JIO T = 00, BEKTOp cTany ¥
OIICY€ KBAHTOBY T'PABITAIIHY CUCTEMY, TKa CTHCKa-
€Tbcs Ha miBoci a < 0, OCKITIBKY |a| 3MEHIIYeThCH, Ta
POBIIUPIOETHCsT Ha TiBoci a > 0, 1e |a| 3pocrae.

MowmenT vacy 7 = 0 MOXKHa IHTEPIPETYBATH SIK
MOMEHT HAPOJIKEHHSI KBAHTOBOI CUCTEMHU, KA PO3-
IMUAPIOETHCA y daci 3 Toukn a = (), mpoTe KOJIHOTO
HapomKeHHs ‘3 Hivoro” disuano He BigdOyBaeThcs. B
MoMeHT 7T = () BiIOyBaeThbCst 3MiHA PEXKUMY Bij morre-
PEIHBOTO CTUCKAHHSI CUCTEMM Ha PEeXKUM HAaCTyIIHO-
ro po3mmpenHsi. BeKTop craHy MicTUTBH ycio iHMOD-
MAIII0 TPO CHCTEMY B IIJIOMY: IONEPEeYHUil Irepepis
|a| = const BusHAYAE KBAHTOBUII CTAH CUCTEMH B MO-
MEHT Yacy T, KOJIU MacIITabHuil (hakTOp HAOYBAE ITHO-
0 3HAYEHHS.

dxmo 3acTocyBaTH ONUCAHUIT BUINE CIEHAPiH 10
HAIIIOr'O BCECBITY Y IIAHKIBCHKY 00y, PO3IVIAIAI0YN
nepexin gepe3 ToUky a = 0 mpu 7 = 0 9K HapOIKeH-
HSI BCECBITY, IO PO3MIMPIOETHCA Ha miBoci a > 0 mpn
7 > 0, Toxmi MoxkKHa HaTU Biamnosigs Ha nuranbs: “Illo

pu
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OyJ10 3 KBAHTOBOIO CHCTEMOIO JI0 MOMEHTY HAPOI2KEH-
H$l BCECBITY HAIIOrO THIY (fKUH PO3IMUPIOETHCs)?”.
IcuyBaB immmmit BCcecBiT 3 TMMHU K CAMHMHU MacCOIO-
enepriero My (a) ta xBuaboBo dyHKIiiew f(a), 1mo
XapaKTepU3yBAJNCh TUMU CAMUMU KBAaHTOBUMU Y-
cJIaM7 MaTepil Ta BUITPOMIHIOBAHHS K 1 HAPOJZKEHUH
BCECBIT, ITPOTE TOM BCECBIT CTUCKABCS aXK JIO0 CTaHYy 3
a = 0, axkuit He 000B’SI3KOBO MaB OyTU CHHIYJISPHUAM.

Moxkua obpaxyBaTyd PO3MOJIiJI IHTEHCUBHOCTI Ma-
tepii-eneprii I(a) = My(a)|fnr(a)|* ana cucremu, B
fAKiif 0ApOTPONHA PiAMHA Ta BUIPOMIHIOBAHHS IIEpe-
OyBaioTh y [EBHUX KBaHTOBHUX craHax [8|. BuBuenns
PyXy y 4Yaci MiHIMAJIbHOIO XBUJILOBOI'O TIaKeTa JIJIsi
IIPOCTOPOBO 3aMKHEHOI CHCTEMHU IIOKa3ye€, M0 PO3-
moJiiyi MaTepil 1mo ocsix a 1 7 Mae (opmy mepiou-
YHUX CTPYKTYP, HOMIOHUX TeIFoCTKaM abo BUTSTHY-
TuM OysibOaImKaM, sKi 3CyHyTi 0 ¢BOiX rpaHuib. [1i
CTPYKTYpU OOMErKeHi Mo a 3HadeHHsaM a = 2Mj, a
IXH$ KUIBKICTBH 3POCTAE 3 4aCOM.

4. Heniuiline piBusgauast amisibrona—Ako6i

BekTop crany, ycepeamnenwnii mo ctamax mMaTepii ¢, Mae

Burisy fi(a) ~ exp(iSg(a))/+/0aSk(a), ne dyukuis

Sk 33JI0BOJIbHSIE y3araJbHEHOMY PIiBHAHHIO ['amigbTo-
Ha—4K06i [9]

)

ITpaBa 4acTHHA IHOIO PiBHAHHS HPONOPIiiHA /10 72

3 (928, 1938,

2 2 _ 2) _E== a _ ~-a
(0aSk)* + Ka aMy(a) 1 <3a5k) 2.5,
(9

(y 3BuvaiiHux (GI3UYHUX OJUHUIAX) Ta BiANOBLIAE 3a
KBaHTOBI MONPABKHU JI0 JIMHAMIKH CUCTEMU.
BukopucroByioun CIiBBiIHOIIIEHHST MiXK KJIaCH-
YHHUM IMITYJIbCOM T, = —j—; ta daszor Si(a) [9], pis-
uganag (9) moxkua nepenucaru y dhopmi 3akoHa 30e-
pPeXKeHHS eHePTil A1 TeCTOBOI YaCTUHKH 3 HYJIBOBOIO
€HEePTi€ro, MO PYXa€ThCA B3JIOBK KOOPJUHATHOI JIi-

Hil a,

2
5 (3;) +U(a) =0 (10)
¥ MOTEeHTiAMbHIH T
U(a) = % [ka® — 2aMy(a) — Qr(a) — E). (11)
Dymxris 2
Qula) = ~0se+ 3 |(B0F) - 22y
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q(z)
[ n=10
5/ n=3
—m‘/‘):\\‘JL;.L‘w\wwwwa
-6 & =2 | \2\ 4
_Sj
_10,
_15_

BasexuicTs aificnol g (*KupHa KpuBa) Ta ysaBHOI ¢y (TOHKa
KpHBa) 4acTHH IIapaMeTpa ynosinbaenHs (13) Bix BiaxuneHHs
z=a— M pnsa posp’sasky (15) 3n=10Tan =3

e Sg = —iSy € EBkutiioBoro ¢a3010, BUSHAUYAE KBAH-
TOBY IIOIIPABKY P J0 IyCTHHHM eHeprii MaTepii y dop-
Mi pg = a *Qx(a).

Y kBasikjgacnmIHOMY HAONMKEHHI MaEeMO pg ~
~ —a~5. Toni pipastansa (10) 3BOAUTHCS 0 PIBHSIHHS
Teopii rpasiTtamnil 3 kpydenuam Eitamreitna-Kaprana
[9]. V mpomy Bumanaky marepis, IIOB’si3aHa 3 rpabi-
TaIli€0, MOXKEe POBIVISIATUCS sIK ijeaJibHa piguHa 3i
crimroM [10]. Taka pijuHa, sSIKy 3a3BHUail HA3UBAIOTH
pimunoro Baiizenrodda [11], ssise coboio imeasnby
HECTUCJIUBY PiJIMHY, KOXKHUN €JIEMEHT SIKOI TPaKTYe-
ThCsI K YACTUHKA 31 CIIMHOM.

ITapameTp ymOBiTbHEHHS ¢ ¥ MOJEJi, IO PO3TJIs-
JTAEThCS, Ma€ BUIVIAT

a dU
=1-—=—. 1
q 2U da (13)
5. Ilpukaam

VY BuUnaJKy 3aMKHEHOI CHCTEMH 3 IHJIOM Ta PeJIsATH-
BiCTCHKOIO Marepiero pisuanus (9) mMae aBa PO3B’si3-
ku [12]

2
z H—2
0.8, (2) = i—o . G (14)
2 [drer*Hy?(z)
2
s H72 .
8ZSQ(ZZ) - _ li 77171(12) , (15)
2 [dre”H 2 | (x)
0
ne H,(y) — nmonimom Epwirra, z = a — M, E+

+M?=2n+1. Tyr M € m0BHOIO Macoi0 k imeHTH-
YIHUX YaCTHHOK 3 MacaM® /2As, AKi MiXK coDO0 He
B3aEMO/TIIOTh.
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3a3Buyail Apyre piBHAHHS BiIKUIAETHCs K Hedi-
sugHe. [IpoTe y KBaHTOBI# KOCMOJTOTIT Tpeba pPO3rJIs-
JaTu O0MBa PO3B’A3KH, OCKIIBKU TIJIBKH y TaKOMY
IIIX0/Il MOXKHA OTPUMATH HETPUBIAJJIbHI pPE3yJabTaTu
IIOJIO TOTIOJIOTIYHUX BJIACTUBOCTEH BCECBITY SIK CyTTE-
BO KBAHTOBOI CHUCTEMH Ta 3’SICYyBaTH MPUPOILY TEMHOI
MaTepil Ta TeMHOI eHepril.

Ha pucymky, 300pakeni miiicia g Ta ysIBHA ¢ 9a-
CTHHU IIapaMeTpa ylioBlibHeHHs (13) gk dyHKuil Bij-
XWJIeHHsI 2z JJIs ToTeHIjanbHol simu (11) Ta poss’ss-
ki (15) mpu n = 10 ta n = 3. B obnacri |z| < M,
ne lgr| > lar| (|gr/qrl.=0 ~ 0,02), BHECKOM ¢ MO-
KHa 3HexTyBaTu. Ha 1iit cTazii BcecBiT po3mmpioe-
ThCA 3 YIOBLJIbHEHHSAM, OCKIJIBKMA aHTHI'DaBITAIIiHA
Jisl CWJI, IO BUKOHYIOTBH JIOJIATHIO pOOOTY, HE € J0-
CTATHBOIO JIJIsI TIOJIOJIAHHS MIPUTATAHHS 3BUYIANHOT Ta
reMHOT Marepil. 3HaueHHs qr(z = 0) = 1 Bigrso-
PIOE Pe3ysIbTaT 3araJbHOl Teopil BigHOCHOCTI. Y TO-
i z = 0 maemo a = M. B obaacrti a ~ 2M wmae
MicCIle TTepepo3MO/IiJI eHepril y BCECBITI, SIK IIe JeMOH-
CTPYIOTH IIIKK Ha KPUBHUX (R Ta ¢ Ha pucyHky. Cujun
MIPUTATAHHS Ta BIIMTOBXYBAHHS KOHKYPYIOTH OJIHA
3 omnoro pu a < 2M, ne qr > 0 Ta qr < 0. Illpnm
nmocsrueHHi obsacri z > M, ne a > 2M, obunsi ua-
CTUHU ITapaMeTpa yIOBIIbHEHHS CTAIOTH BiJl €MHUMH,
10 JIEMOHCTPYE TOit (paKT, 110 POIITUPEHHST BCECBITY €
upuckopenuM. [ounnaodn 3 Touku 2z ~ 1,56M (z =6
mas n = 10), mapamerp gy 06epTaETbCd HA HYJIb Ta
MBUJKICTH PO3MIUPEHHS OMHUCYETHCS JIUIIE JIICHOIO
qacTuHoO qr < 0. Y rpaHUYHOMY BUIQJIKY 2z — +00,
CUJIU IIPUTSATAHHS TA BiIITOBXYBAHHS TOYHO KOMIIEH-
CYIOTH OJIHA OJIHY.

6. IIpukinnesi 3ayBa>keHHsI

Y miit crarti Mm mOmAEMO [iesiKi PE3YJIbTATH Ha-
MAUX JIOCJI/PKEHD BIIMBY KBAHTOBOI IIPUPOJU I'PaBi-
TaIlil Ha BJIACTUBOCTI CHUCTEM 31 CKIHUYEHHUM YHCJIOM
cTyIeHiB BijbHOCTI. 30KpeMa, Ha OCHOBI XBUJIBOBUX
PiBHSTHb KBAaHTOBOI KOCMOJIOTIT JJIsT MOJIeJi, M0 Mae
TOYHUI PO3B’SI30K, MOXKHA y E€IUHOMY IIiJIXOIl IIO-
SICHUTH IPUCKOPEHE POIIIMPEHHSI PAHHBOTO BCECBITY
(0bJ1acTh BIIHOCHO MaJINX 3HAYEHb KBAHTOBUX YUCEJ )
Ta HACTYIHUI TE€pexisi Bi/l yIIOBIILHEHOTO PO3IUPEH-
H JI0 IIPUCKOPEHOrO PO3MIMPEHHs BeecBiTy (001aCTh
Jly’Ke BEJIUKUX 3HAYEHb KBAHTOBUX YUCEN]). [HIIAM
pe3yIbTaTOM, BApTUM OyTH 3rajlaHuM TYT, € T€, IO
Hesinifine piBHauug [aminbrona- K061 Teopil Moxke
OyTHU 3BejieHe 10 PiBHSAHB Teopil rpaBiTallil 3 KpydeH-
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Kesanmosi nonpasku 00 OUHAMIKY 2pa6iMauitiHol cucmemu

uam Eitamreitna—Kaprana. 1i piBHSHHS MOXKHa pO3-
IVIsJIATA K TaKi, 0 OMUCYIOTH OJHOPIIHUN i30TpO-
ITHUI Ta MIPOCTOPOBO 3aMKHEHUI BCECBIT, 3aIIOBHEHU T
pevoBrHO© y dopMi imeansHol pinuan 3i comHOM (pi-
nuna Baitzenrodda).

1[5 poboma 6ysa wacmroso nidmpumana IIpoezpa-
MO0 pyndamermarvhur docaidoncenv Biddiaennsa -
aurxu ma acmporomii Hauionaavroi axademii nayx
Yrpainu (npoexm No. 0117U000240).
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QUANTUM CORRECTIONS
TO THE DYNAMICS OF A GRAVITATIONAL SYSTEM

Summary

A short introduction into the theory of quantum gravita-
tional systems with a finite number of degrees of freedom is
given. The theory is based on the method of quantization of
constrained systems. The state vector of the system satisfies
a set of wave equations which describes the time evolution of
the system in the space of quantum fields. The state vector
in such an approach can be normalized to unity. The theory
permits a generalization to negative values of the scale factor
and, being applied to cosmology, leads to the new understand-
ing of the evolution of the universe. It gives an insight into the
reasons why the regime of the expansion may change from ac-
celeration to deceleration or vice versa, revealing a new type of
quantum forces acting like dark matter and dark energy in the
universe.
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