OT BEAPA HBIOTOHA 10 TEOPUU ®U3U-
YECKOI'O BAKYYMA

Iunos I'.U.

BBenenue

W3BecTHbI amepukaHckuii TeopeTrk JIu CmoiinH B cBOe 3aMmeuarenbHOi KHuTe «Hempusr-
HOCTH ¢ (PU3HKOIi: B3JIET TCOPUU CTPYH, YIAJOK HAYKH U 4TO 3a 3TUM clieaye™ [1] onpenenser
ISTh OCHOBHBIX MPOOJIeM, KOTOPbIE I0JKHA PELINTh COBPEMEHHAsl TeopeTndeckas pu3nka:

1. Obwveounumv obwyo meopuro OMHOCUMENLHOCMU U KBAHMOBYIO MeOpUuro 8 00H) Mmeo-
PUio, KOMopas MOdicem npemeHO008ams Ha Po.ib NOJHOU MeopUU NPUPOObI.

2. Pewumv npobnemy 0060cHo8aHUA KBAHMOBOU MeXAHUKU TUOO nymeM NpUuOaHus CMulcid
meopuu 8 ee cywecmsayrowem suoe, 1ubo nymem uz00pemenus Ho8oU Meopuu, KOmopast
umeem cMulClL.

3. Onpedenumnv, mMocym uiu Hem U38eCmHble HAM 63AUMOOCUCMEUS U YACMUYbl ObIMb
00veOuHeHbl 8 meopuro, KOmopas 00vACHAem UX 6ce KAK NposigieHue eOUHCMmEeHHOL,
@DYHOAMEHMATLHOU CYUHOCMU.

4. Obvsachumbv, Kak 8 npupooe 8vblOUparomcs GelUUUHbl C60O0OHLIX KOHCMAHM 6 CMAH-
oapmuou Mooenu uauKy yacmuy.

5. Obwvsachume memuyio mamepuio u memuyio suepeuto. Mnu, eciu oHu He cyujecmeyiom,
onpeodenums, KaK u nNoueMy 2pasumayus mMooupuyupyemcs Ha O0Ibuux macuimaodax.
bonee obcmosmenvrno ob6vachums, nouemy KOHCMAHMbL CMAHOAPMHOU KOCMONIO2UYe-
CKOU MOOeNU, BKII0UAS MEMHYI0 IHEP2UIO, UMEIOM Me 8elUUUHbL, KOMOpble UMEIOM.

Coriacao mupoBomy Oectcemiepy bpaitan I'puna «DnerantHast Bcenennas» [2], Hu coBpe-
MEHHasl TOpUs CTPYH, NepekuBIIas Be (opaHkeBble?) peBoonun, Hu CTaHAapTHAs MOJIENb He
TOJIBKO HE pelIaeT 3TU MpoOiIeMbl, HO U IPUHLUIINAIBHO HE B COCTOSIHUM UX peluTh. [Ipuunny
storo JI. CMOJNIMH BUIHUT B HEOCTATKE «IIPOPOKOBY M NMEPEU30bITKE «PEMECTIEHHUKOB)» B COBpE-
MEHHO# TeopeTrueckoi pusuke [1]. OCHOBHOM Te3UC, KOTOPHIM PYKOBOJICTBYIOTCSA «PEMECIICH-
HUKH» B pabote — «shut up and calculate» (3aTkHECH M BBIUUCHSIT), B TO BpeMsI KaK JUIsl «IIPO-
poka» A. DWHIITEWHA paboTaTh - 3HAUUT JyMaTh.

- MBI Bce 4TO-TO NMPO3EBAIH, YTO-TO OYEHb BAYKHOE, — MUIIET HA MOCJIEIHEN CTpaHMIIE CBOEH
byHnamenTanbHol KHUTH «IlyTh K peaqbHOCTH» M3BEeCTHBIN ydueHbld Pomkep Ilenpoys [3]. S
coryaceH ¢ P. Ilenpoy3oM u HacTosiias padoTa JaeT KpaTKoe MPEeICTaBICHHE O TOM, «YTO MbI
Bce Mnpo3eBanw». [locneacTBus ATOro pyHIaMEHTAIBHOTO «3€BKay, KaKk MHE MpPeCTaBIISIeTCS,
NPUBEIH K 3aCTOI0 B (PyHAAMEHTAIbHOU (M3MKE U K HU3KOM 3((EeKTUBHOCTH HAyUHBIX HCCIe-
JIOBAHUH.

[Ipexne Bcero, HEOOXOUMO ONPEAETUTh, YTO IMOJPa3syMeBaeTCs MOJ TEPMUHOM (QyHIa-
MeHTaJIbHasg Teopetudeckas ¢uszuka? Y (yHAaMEeHTaIbHOW TEOpEeTUUYECKOW (U3UKU €CTh He-
CKOJIBKO OCOOCHHOCTEH, KOTOPBIE BBIACISIOT €€ CpeaAr APYTruX (U3NUECKUX TEOPHid, a UMEHHO:
1) ee ypaBHeHUs1 00Jagal0T «aOCOTIOTHON MPEICKa3yeMOCThIO» B 00JIaCTH SIBIICHHWM, T/I€ OHA
CHpaBeasuBa; 2) cozmaTeneM (QpyHAaMEHTaTbHONW TEOpHUH, KaK MPAaBUJIO, OKAa3bIBACTCS OIHMH Ye-
JIOBEK, «CTOSIIIMNA Ha MJIe4ax FUraHToB»; 3) ¢hyHIaMeHTalbHas TEOpHsI HUKOTJa HE OTBEpraercs,
a TOJNIbKO 00001maeTcs; 4) TeopHst He COJACPKUT MOJATOHOUYHBIX KOHCTAHT; 5) SBISETCS OCHOBOU
JUIsl co3manus Oosiee oOmiet GpyHIaMeHTanbpHON TeopuH; 6) MEHSICT Hallld MPEJCTaBICHUS O
CTPYKTYpE MPOCTPAHCTBA COOBITUH, CUCTEME OTCUYETa, PA3MEPHOCTU MPOCTPAHCTBA, MPUHIIHUIIC
OTHOCHUTEJILHOCTH; 7) BBOJUT B (PU3UKY HOBbIE (DyHIaMEHTaJbHbIE YPAaBHEHUS, KOTOPbIE BKIIIO-
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YalOT YPAaBHECHUS «CTapoi» (yHIaMEHTAIBHON TEOPUU B BUC YaCTHOTO CiIydas; 8) CO BpeMEHHU
co3maHus komuteTa mo HoOeneBckuMm mpemusiMm HH ofHa (yHIaMEHTalbHas Teopus He Oblia
orMeueHa HoGeneBckoii mpeMueii.

[Mocnennss pynaamenTanbHas GuznyecKas TeOpus - TEOpUs rpaBUTALMK DUHIITEHHA ObliIa
3aBepuieHa uM B 1915 r. B uewm xe nmpuunna 100 netHero 3actost B pyHIaMEHTAITLHOM TEOpe-
tUueckoit pusuke? Mx Heckonbko [4-9] M BCce OHU HOCAT, KaK M CIIEIOBAJIO OXKUIATh, (QyHIIa-
MEHTaJIbHBIN XapakTep. B nanHoil pabote MblI KpaTko ykaxkeM Ha HuUX. Kpome toro, 6yaeT noka-
3aHO, Kak Teopust Pusmueckoro Bakyyma [10] pemaet npoGiemsi, nepeurcieHubie JI. CMmoinu-
HBIM.

1. Beapo HboTOHA U peaibHOCTH CHJI MHEPUHH

Eme HMcaak HproTOH 3aiasicsi BONpOCOM, KAKUE CHJIbI UCKPUBIIAIOT TOBEPXHOCTH BOABI BO Bpa-
matomemcs Beape? Ha puc.l mnpencrasiensl 1Ba Beapa ¢ Bogol. OgHO BEAPO ABUKETCS C IO-
CTOSIHHBIM TOCTyTaTeNbHBIM yckopenueM W Brons ocu X (puc.la), a qpyroe Bpamiaercs ¢ mo-
CTOSIHHOM yTJIOBOM CKOPOCThEO @ BOKpYT ocu Z(puc.1b). U B TOoM, U B ApyroM ciydae reomeT-
pusl IOBEPXHOCTU BOJIBI OTJIMYHA OT TOPU30HTAIBHOM IUIOCKOCTH, KOTOPYIO oOpa3yeT Boja B
MTOKOSIIIIEMCS BEJIPE WIIM B BEAPE, KOTOPOE ABMKETCS MIPSIMOJIMHEWHO U PABHOMEPHO.
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Puc.1. [evictBue cun nuepuuu B Beape Hprotona

HproToH naer mpocToi OTBET Ha MOCTABJIEHHBIN UM K€ BOIIPOC — HA BOJLY B BEAPE JICUCTBYIOT
CHJIBI HHEPITNHU, KOTOPbIE BO3HUKAIOT BCSIKUN pa3, KOT/Ia BEAPO JABMKETCS YCKOPEHHO OTHOCH-
TEIBHO aOCOIOMHO20 NPOCMPAHCMBA. ITO POCTPAHCTBO 00J1aAa€T MPOTUBOPEUNBBIMU CBOM-
CTBaMH, 1) OHO TPOHM3BIBAET BCE OOBEKTHI M 2) He B3auMojercTByeT ¢ HUMH. [1o3xke JI. Ditnep
3alUCHIBACT YPABHEHHUS IBMXKCHUS TUIOTHOCTH O KUAKOCTH B Beape HpioToHa

dv R _
a) e P4 —pW, @
b) p‘;—j = pd - plalar], @

rac pg - I'paBUTallMOHHAA CHJIA, —pW - CWUJIa MHEpUHH, BO3HUKAIOIIAA IIPpU MOCTYNATCIbHOM

yckopeHnd, — p[@[@r']] - nenTpoOexxHas cuina WHEPIHMU, @ - YIJOBask CKOPOCTH BPAILICHUS
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Befpa, |T'|=r - paguyc BEKTOp OT OCH BpallleHHs 0 3JEMEHTa C IUIOTHOCThIO p, W - noze

unepyuu. [TonHas 3HEpTHs INIOTHOCTH p B Cilyyasx a) U D) coxpansercs

a) prW —pgz=const, (©))
2.2
b) p% — p gz =const. (4)

Pemenust ypaBHenust (3) mokaspIBalOT, YTO MOBEPXHOCTH BOJBI 00pasyeT IJIOCKOCTh C YIJIOM
HaKJIOHa K ropu3oHty o =—tg(W/Q). Pemenus ypaBuenus (4) o0pa3yloT MOBEpPXHOCTh Mapa-

Oosonaa BpamieHus. VI B ToM U B ApyromM cirydae Mbl HAOJIIOaeM 3TH IMOBEPXHOCTH B PEATHHBIX
9KCIIEPUMEHTAX, HaXO/sICh B MHEPIHAIBLHOU (J1abopaTopHOIi) cucteMe orcyera. OTcroaa cieny-
0T /IBa Ba)KHBIX BBIBOJIA!

1) Ha OOBEKTHI B MHEPIMAIBLHONW CHUCTEME OTCUETa CHIIbI MHEPIHH HE JCHCTBYIOT, HO
MO’KHO HaOJI0JaTh pe3yJbTaT JEHCTBUS CHJI HHEPLUU B YCKOPEHHBIX CHCTEMaX OTcye-
Ta, HAXOAACH B MHEPLIUAIBLHOU CUCTEME;

2) CHJIBI HHEPLUH — ITO peaibHble CUTBL.

VYpauenus (1)-(4), moATBEPKIAIOIINE IKCIIEPUMEHTAIbHBIE (DAKThI, SICHO TTOKA3bIBAIOT, YTO TIO-
pa MmpeKkpaTUTh OECHEePCIEKTUBHBIE CIIOPHI O PEATbHOCTU WJIM HEPEaTbHOCTU CUJI MHEPIIHMH, TO-
CKOJIbKY TMPHUBEPKEHIBI HEPEATbHOCTH CUJI MHEPIUH OYCHb aKTHBHBI U MPEICTABISIOT COOOM
CYIIECTBEHHBIN TOPMO3 JJIsl Pa3BUTHUS COBPEMEHHOU (DH3HKH.

2. Pa3BuTHe npeacTaBieHnii o puznke BaKkyyma

Hetoton cuutan, uro: «IIpocTpaHCTBO SBISETCS HHCTPYMEHTOM
Bora. OHO a0COIIOTHO U CYIIECTBYET HE3aBUCUMO OT MaTEPHI.
AbcomoTHoe pocTpaHcTBO HproToHa mpeacTasinseT co0oif HeKo-
TOPBIN MpUeM 1t 000CHOBaHMS HAOMI0IaeMBbIX, a, 3HAYHT, peallb-
HO CYIIECTBYIOIIMX CHJI HHEPLIMU. B mponecce najbHEHero pas-
BUTHS (PU3UKH aOCOIOTHOE MPOCTpaHCTBO HpIoTOHA OBLIO 3aMeHe-
HO TaKHMH MOHATHAMU Kak 3¢up u ¢pusnueckuii Bakyym. Ham us-
BCCTHBI MHOT'YIC THIIbI BOJIH: BOJIHBI HAa BOAC, 3BYKOBEIC BOJIHBI U

T.J., IPH 3TOM JIJIs1 K&KJI0TO BHJa BOJIH HeoOXoauma cpena (Boja,
BO31yX, U T.J.), B KOTOPOI OHU PAaCIPOCTPAHSIIOTCS.

B 1863, JIxxeitmc Knepk MakcBei mokasai, 4To CBET
npeJCTaBisieT coO0OH ANIeKTpOMarHuTHbIe BOsIHBL. OH mojarai,
YTO CBET TAKKE JIOJKEH PACIIPOCTPAHATHCS B (PU3NYECKOM
cpezie, KOTOpyro OH Ha3biBall aupoM. [Ipeacrasnenns Jx.
Makcgenna 06 a¢upe OblTH MOABEPTHYTHI A. DUHIITEHHOM CO-
MHEHHUIO TIocie 3KkcnepuMenTa Maiikenbcona-Mopau. B 1905
r. A. DHHIITEWH BO3BEJN OTPULIATEIbHBINA PE3YJIbTAT SKCIIEPH-

MeHTa MaiikenbcoHa-Mopiu B GyHIaMEHTaIbHBIN MPUHITUATT
npupoibl: 3(Up HE CYIIECTBYET U: CKOPOCTh CBETA MOCTOSIHHA,

HE3aBHUCHUMa OT ABUKCHHUA MCTOYHHMKA WIIH Ha6moz[aTen;1. 9T0 MNPpUHYAUIIO €TI0 TPAKTOBATH
3



“mpocTpaHCTBO” M “BpeMsi” KaK €JUHOE MPOCTPAHCTBO-BPEMS.
B 1920 r. A. DUHIITEWH MEHSET CBOI TOYKY 3PEHHUS U yTBEp-
KIaeT, 4To 3(QUp €CTh U OH HazbIBaeT 3(up - Pumveckuii Ba-
KyyM,  oOmamarouiuii cBoiicTBamMu snactudnoctd [11]. s
ONMCAHMSI YNPYTHUX CBOMCTB (HU3UUECKOro Bakyyma A. DiH-
IITEITH BBOAUT YpaBHEHUS

Rik _%gikR = %Tik 1 i1 j!k"' = 01112131 (5)

4
C

B KOTOPBIX Matepus [, AedopMupyeT mpocTpaHCTBO-BpeMsl, IIpH

9TOM Ha}laIOIIII/Iﬁ B BaKyyM¢€ 00BEKT JABUXKETCA B COOTBETCTBUU C pr[MGfIHIHMPI JIMHUAMHU B HUC-

kpuBieHHOM 4D npoctpancre-Bpemenu. Uepes 11 et nocne BBeze-
HUSA A. DUHIITEHHOM B TEOPETHYECKYIO (DU3UKY YPAaBHEHHH rpaBUTa-
i (5), D. lIpeauHrep mOCTYIHUPYET CBOE 3HAMEHUTOE YpaBHCHHE

oy R
ih——+— Ay —-Uwp=0, 6
ot Tam AV VY (6)

peleHre KOTOPOro MOKa3hIBaeT, YTO KBAHTOBBIN OCIIIUIATOp 00saaa-
€T BaKyyMHOM sHeprueil E =%/ 2 (3Heprus HyneBoi TOUKH) U JIIO-
0as yacTula, HaXosICh B BAKyyMe, OCUMIIJIMPYET C YaCTOTOH @ . JTO B

IIOJIHOM Mepe OTHOCHUTCA K YaCTHUILIAM C OTIMYHOM OT HyJIsl Maccoi Io-
KOSI, TAKMM KaK JIEKTPOH, IPOTOH, HEUTPOH U T.J., TaK U K 0€3MacCCOBBIM MOJISIM, TAKHUM Kak
AJIEKTPOMAarHUTHOE MoJie. [ 3KCepuMeHTaIbHOTO J10-
Ka3aTelbCTBA HYJIEBBIX KOJIEOaHUH y JIEKTPOMAarHUTHOTO
nostst, XeHapuk Kazumup nmocraBui S3KCIepuMEHT, B KO-
TOPOM JIB€ METAJNINYECKHUE IJIACTUHKYU NPUTATUBAIIACH
O[] IeHCTBUEM IIEKTPOMAarHUTHBIX QuIyKTyauuil Gpusm-
yeckoro BakyyM. Eciiu momecTuts atom Bojmopona B Gu-
3UYECKUH BaKyyM, TO MO IEHCTBUEM DJIEKTPOMATHUTHBIX
(rykTyanmit ero ypoens 2sY? pacienuTcs Ha 1Ba
1/2 u?2 p3/ 2

YpPOBHA 2 (moMO0Bckwmit ciur). Yactota

nepexo/ia Mex/1y 3TUMHU YpOBHSIMU cocTasisieT 1075

MTI', uto u HaOMIO1aeTCs B SKCIIEPUMEHTE.

Pa3zButne KBaHTOBOM TCOPHUHU IIOJIA IMOKa3aJIo, 4TO BCC
YaCTUlbl MIPpEACTABIIAIOT 000l KBaHTOBBIC OCHUJLIATOPBHI.

Kaxaprit Tun yactuil (pOTOHBI, STEKTPOHBI,...) ONHCHIBA-
FOTCS TTOJIEM, 3aMOJIHSIOIIUM BCE MPOCTPAHCTBO. B Kaxkmoii VACUUM
TOYKE ITPOCTPAHCTBA MOJIE UMEET BO3MOXKHOCTD KoJieOaTh- | FLUCTUATIONS
csi ¢ mo0oii yactoToil. du3nueckrM BakyyM B KBaHTOBOM -

o CASIMIR PLATES
TCOpHHU MOJIAA MPEACTABIIACT coOoi MOP€ KBAHTOBBIX OC-

UIATOpoB.  CleAayronuil mar B MpeJACTaBIeHUH O CTPYKType GU3MYECKOTO BaKyyMa B KBaH-
TOBOM Teopuu nois Obut caenan I1. Jfupakom, mocie TOro, Kak OH MOCTYIHPOBAT CIIMHOPHOE
ypaBHEHUE



e . .. 0
(o —CA |miclw=0 p =-in-" | 7
7'\ P A |ike Py =-h (7)

ONMCHIBAIOIEE YACTHIBI M aHTUYACTHILEI ciuHa S =71/ 2 . Ha puc.2 npeacrapieHa nepsas

* [Nepsas moderb Ons

cmpykmypbl Bakyyma - Mope [upaka

* [o3umpoH = dbipkKa 6 MOPE 3MEKMPOHOE
(aHanozus: gpusuka meepdozo
mena— memarbi)

* [MpedckasarHue anmuyacmuy,

* PoxdeHuenap
yacmuya-aHmuyacmuya,

* QomoH ¢ aHepauel 2 mé  moxem

«8bI6UMb » 3MIEKMPOH U3 COCMOSHUS

c ompuyamenbHol 3Hepauel s

cocmosiHue

¢ nonoxumernbsHol sHepauel

Puc.2. Onucanue yacTull 1 aHTHYACTUI B Teopuu [upaka

KBAaHTOBasi MOJIENTb, B KOTOPOW (PU3UUYECKHII BakyyMm O0JalaeT CTPYKTypOod, HMEIOIIEH MoJIo-
KHUTEJIbHbIE U OTpULaTEIbHbIE YPOBHU 3Heprun. CornacHo monenu Jupaka, ¢pusnueckuil Baky-
YM COCTOMT U3 YaCTHI] C TIOJIOKUTEIBHON dHEPrHeil (IEKTPOHBI) U aHTUYACTHUI] C OTPHIATEINb-
HOIt sHeprueil (Mo3uTpoHsr). YTOOBI HE HAPYIIATH KIACCHYECKHN MPHUHIMN MPUIUHHOCTH (MK
HalfpaBJIeHUE CTPeNibl BpEMEHU TOJbKO B Oyaymiee), Jlupak Ha3zpIBaeT 3JE€KTPOH C OTPHUIIATENb-
HOM DHEPIHUEH «JIBIPKOM», YTO BBIIVISIAUT KaK MACKUPOBOYHBIM KECT U HE MEHSET CyTH Jiena, a
UMEHHO — CYIIECTBOBAaHUE B MIPUPOJIE aHTUMaTepuu. YpaBHenue (7) muueitno no V¥, obmamaer
LEJIbIM PSZOM HEJOCTATKOB U, 110 MHEHUIO JlMpaka, HEBEPHO B CBOEH OCHOBE, ITOCKOJIBKY IPH-

MEHHMMO TOJIBKO JIJISl CJIA0BIX 3JCKTPOMArHUTHBIX mojieit E, H << 10" en. CI'CE u He cIMIIKOM
OOJIBIINX CKOPOCTEH.

Kak u3BecTHO, BOJIHOBOH IakeT, KOTOPbI onucsiBaeT ypaBHeHue Lllpenunrepa (6), HeycTOM-
YMB M pacIUIbIBaeTCs C TeUeHHeM BpeMeHH. Kpome Toro, GOJBIIMHCTBO YaCTHI] OKa3bIBAIOTCS

depmuonamu, T.e. umeror cmH S=(2n+1)7/2, n=01,2.... JIns onucanus MaccUBHEIX dep-

MuoHOB B. ['eitzeHOepr npeioKuin UCToab30BaTh HEIMHEWHOE (COMUTOHHOE) ypaBHEHUE BHUA
k 2 * Kk
7 oY+ 1 s Y (Y r ysY) =0. 8

rne |- HekoTopas GyHmaaMeHTaNbHas JUIMHA, XapaKTePHU3YIOIIas SJICMEHTAPHYIO YaCTHILY.
YpaBHenun (8) coaepkuT KyOudeckyro HenuHerHocTh mo V. Takoro e Tura HEMWHEHHOCTh
ObL1a ucnonb3oBana JIxxepu [onbactoyHom u [Tutepom Xurrcom B ypaBHEHUU



(00" — 2 + g Jp=0, ()

KOTOPOE TIOJIOKEHO B OCHOBY MOJICTIH CIIOHTAHHOTO HAPYIICHHS CHMMETpUH Bakyyma. Ha puc.3
nokazas noteHiuan V (¢) u 3HaMeHHWTas KpUBasi, IPH BPAIICHUU KOTOPO# 0Opasyercs «IHO Oy-

TBUIKM OT IIaMIIAHCKOTO». Mojelb BaKyyMa, UCIIOJIB3YIOlIasd YpaBHCHUC (9), HUHTCPCCHA TCM,

Op —po+B° =0,

\%

= mys/

VETIEy,
Gofefsior

Macca 6030Ha Xurca
1/2

m, = (-2p°)
H
Teopema [onvacroyra Yacmuua Boza

125,5 + 0,4 B

Puc. 3. Monenb CIOHTaHHOTO HAPYIIEHUSI CAMMETPUU BaKyyMa

YTO BaKyyMHOE€ COCTOsIHHE (COCTOsSTHHE BOIM3U TOUKU ¢ =0) He SBISIETCS yCTOHUUBBIM. Y CTOM-
YHBOMY COCTOSIHUIO BaKyyMa COOTBETCTBYeT «uacTuua bora» - 6030H Xurrca, 3a OTKpbITHE KO-
topoii P. Xurrc 6611 ynocroen HoGeneBckoit npemun. B o0miem cirydae kanuOpoBOYHBIX MOJIEH,
oOBIYHast MPOM3BOJIHAS B ypaBHEHUH (9) 3aMEHsIETCSl «KOBApUAHTHOI MPOU3BOJHOM, colepikKa-
et kanmopoBoyHoe nosie. OCHOBHAS UJiesl TEOPUH KATMOPOBOYHBIX TOJIEH OSBUIIACH B (PU3HKE
JJIEMEHTapHBIX YacTull. Ee CyTh COCTOUT B TOM, 4TO KpoMe 0a30BOT0 KOOPIUHATHOTO MPOCTPaH-
CTBa X, , CYIIECTBYET «BHYTPEHHEE» MPOCTPAHCTBO, CHMMETPUH KOTOPOIO MO3BOJISIIOT CUCTEMA-
TU3HPOBATh YK€ OTKPBITHIE M MPEICKa3bIBaTh HOBBIC YACTHUIIBI WJIM PE3OHAHCHI. [l onmcaHus
«BHYTPEHHHX)» CBOWCTB 3JIEMEHTAPHBIX YaCTHI] UCIOJIb3YIOTCS HeabeneBsl noss SHra-Muica
C YpaBHEHMSIMM BHA

Fi—0,A% +0, A% — gf *°A A, =0, (10)

O'F i + of °ALF, = -J%, (11)
I, j,k...=0123, a,b,c..=123..n,



rie I, ,k...=01,2,3 - koopauHaTHBle  MHIEKCH  BHENIHErO  IIPOCTPAHCTBA,
a,b,c...=12,3..n - «koopauHATHBIE» MHAEKCH BHYTPEHHETO IPOCTPAHCTBA C KAIMOPOBOU-
HOM Tpynmoii pasmepaocty 1,2,3..N u § - KoHCTaHTa caMOAeHCTBHS (MM B3aMMOJECHCTBHS)

noiist Aura-Musuica. YpaBuenus (10) u (11) BBIMISAST Kak YUCTO KJIACCUYECKUE, OJHAKO BOJI-

nosas gyukums P KBaHTOBOM TeopHH MOKET BXOAUTH B TOK J k. Pasinunble MOJENH cO-
BPEMEHHOW TEOPUH 3JICMEHTAPHBIX YaCTHII, TAKKE, KAK CIIOHTAHHOE HAPYIICHUE CUMMETPHH Ba-
KyyMa, KBaHTOBasi XpOMOJIMHAMUKA WIIM CTaHIapTHasi Mojesb (coaepskaiias 1o 20T moroHo-
HBIX KOHCTAHT) 0053aTeIbHO UCIIOJIB3YIOT HenHelHbIe ypaBHenus tuna (10), (11).

3. Teopusi pu3uvecKoro BaKyyma

CoBpeMeHHast TEOPHsI SJIEMEHTAPHBIX YacTHI[ (CTaHAapTHAss MOJIENb) 00JIaMaeT HEIBIM PIIOM
HemocTaTkoB [12]:

1) Omna He ONMHUCHIBACT TPABHTAIMOHHBIC B3aUMOJCHCTBHUS — B HEH OTCYTCTBYIOT ypaBHEHHUS
Oitamrelina (5).

2) YpaBHenue (9) CIHIIKOM yIPOIIEHO, COIEPKHUT (EHOMEHOTOTHYECKyI0 KoHcTanty [ u He
JaeT TOYHOTO OTBETA, KaKyl0 IPyINIy BHYTPECHHHX CUMMETPUN HaJ0 BBIOpATh, YTOOBI CH-
CTEeMATH3UPOBATh JIEMEHTAPHBIC YACTHUIBI TOYHO, 0€3 JOMOJHUTEIHHO MOyYCHHBIX HEHa-
OJIF0JTAEMBIX B SKCIICPUMEHTE YaCTHII.

3) VYpaBuenus Sura-Mwmica (10), (11) coxmepkaT (eHOMEHOJOTHUYECKYIO KOHCTaHTY ( m
JAI0T MTUPOKUE BO3MOKHOCTH JIJIsl BBIOOpA TPYNITBI BHYTPEHHUX CUMMETPHIA.

4) KsaHTOBast 3JEKTPOAMHAMHKKA, MTOJIOKEHHAs B OCHOBY KBAHTOBOW TEOPHH MOJIsI, OKa3bIBACT-

. . 16
sl CIpaBeUIMBOM TONBKO Uit cnadbix moneit E,H <<10”ex. CI'CE u He ciuimkom GoJib-

IIUX CKOPOCTEH, XOTS MPUMEHSETCS] Ha PaCCTOSHUSAX TOpsiKa I = 1072 ¢, T.e. B 30HE jIcii-
CTBHS CHUIBHBIX TTOJIEH.

5) Teopwu CHUIBHBIX U CIIA0BIX B3aMMOIEHUCTBHI — 3TO OeccoaepKaTeabHble (PeHOMEHOIOTHYE-
CKHE TEOPHH, MPEJCTABIAIONMINE COO0 HaYaIbHBIC TIOJIX0IbI BDEMEHHOT'O XapaKTepa K 00b-
SICHEHUIO0 HaOMoaeMbIX siBieHUd. OOBEAUHITh TaKUe TEOPUU C MONy(yHIaMEHTATbHON
KBaHTOBOU 3JEKTPOJUHAMHUKON MPOTUBOPEUUT 3APABOMY CMBICITY M HE UMEET Oy IyIIEero.

6) o cux mop HESICHO, KaKyl0 POJIb UTPAIOT MOJIS U CHJIbI HHEPIIUH B TCOPHUU JIEMEHTAPHBIX
YacTHI], B KOTOPOU (¥M3-3a (QIyKTyalllii BaKyyMa) UHEPYUAIbHbIE CUCEMbL OMCYema On-
Cymcmeyom 6 npuHyune.

[Iepeuncnennslx HeIOCTaTKOB JMIIeHa Teopus Pusmyeckoro Bakyyma, OCHOBaHHas Ha
IPUHLINIIE BCEOOLIEH OTHOCUTENBHOCTH M UCIIOJIb3YIoMasl ypaBHeHus: dusnueckoro Bakyyma

V[keam] + eb[kT “om; =0, (A)

1
Rik_zgikR:V T (B.1)
C' km T+ ZV[kT‘hm] + 2Ts'[k G‘m] ="' km (B.2)
i, J,k...=012,3, a,b,c..=0123.



3.1 BakyymMHasi rpaBUTAlMA U 00001IeHNe YPaBHeHUH DiiHIITelHA

B teopun ¢usmueckoro Bakyyma ypaBHEHHsS DWHINTEHHA 00O0OIIAIOTCS M 3aMEHSIOTCS pac-
HIMPEHHOM CUCTEMO# ypaBHeHMI DiHinTeiHa-Sura-Muica (4), (B.1), (B.2). Dtu ypaBHeHHUS
MO3BOJIMJIM PEIINTh BTOPYIO MpoOieMy DHWHINTEHHAa — T€OMETPU3UPOBATH TEH30P SHEPTHH-
UMITyJIbCa MaTepuu B ypaBHeHusx (B.1) [10,13]

2 : , 1 : i
T =-2dv Tl +7T'T% |-=g g™ Vv.T' +T' 15 |}, 12
m V{ i |ifmn st |j|m1J 2 9m 9 V0 fofm T st ol (12

rac lem - I10JIs1 UHEPUHWH, IIOPOKACHHBIC BpPAIICHUEM CHCTEM OTCYETA, CBA3AHHBIX C MaTepHeﬁ,

cornacHo cooTHomenmo T'jn=Q'jdx /ds . 3aecs Q'j- Tensop yraoBoii ckopoctu 4D Bparie-

HUA. bBa3oBBIM 31€MEHTOM BCeoOIIel OTHOCHTEIFHOCTH SIBISETCS OPHEHTHpYeMas MaTepualib-
Hasl TOUKa, KOTOpasi 00bEeIUHIET TPAHCIALMOHHYIO U BpallaTeJIbHYyI0 OTHOCUTENbHOCTH.  Ta-
KOii, 6osee OoraThlif MO (PU3MUECKUM CBOICTBAM, OOBEKT CBOIMT BCIO COBPEMEHHYIO (PUBUKY K
meopuu SUupOCKONUYECKUX CUCEM.

C MmaTeMaTHYeCKOW TOUKM 3peHHs, ypaBHeHus  (A4), (B.1), (B.2) npenctaBisioT co0oii
CTpyKTypHBbIe ypaBHeHus Kaprana okansHoi rpymmsl ITyankape mpoctpanctBa A,(6) , mpu
3TOM ypaBHEHUS (A) OKa3bIBAIOTCS CTPYKTYPHBIMH YPaBHEHHSIMH JIOKAIbHON T'PYMIIBI TPAHCIIS-
it T, , a ypaBHenus (B.1), (B.2) — CTpyKTypHBIC ypaBHEHHs JIOKQIBHOM I'PYIIIBI BpallCHUH
O(3.1) . VYpaBHenus (4) onuchiBaloT KpyueHue reomerpun A,(6) (momns mHepuum), a ypaBHe-

uus (B.1), (B.2) — xanubpoBo4HOE T0Jie DifHINTelHA- STHra-Musuica, ¢ KaJIMOPOBOYHOM TPpyION
O(3.1) . B ypaBHeHusix (B.2) TeH30pHBIN TOK

1
Jikm =290 T jym _éTgi[mgk]j 13)

TOXKE ONPEAEIISeTCs. Yepes Mot MHepLmu T, a Macca 4 B ypaBHCHWsX (B.1) siBisieTcst Mepoi

MOJIsI UHCPUUH

jm

_[29°" i i -
y_j S {v[iij]n T },/ gdv. (14)

S
s[i ‘j‘m]

Pemienus no3BoistoT Haiitu Maccy (14), Ten3op sHeprun-ummynbsca (12) u Tok (13) B ypaBHe-
Husx (4), (B.1), (B.2). U3 ypaBHenuii (12)-(14) mMbl nojydaeM B KayecTBE CJICJACTBHUM, HANPH-
Mep, 3aBUCUMOCTh MaccChl OT YIJIOBOM CKOPOCTH BpAIEHUS 3JIEMEHTOB, U3 KOTOPBIX OHA COCTO-
ut ) [14,15].

3.2 BakyyMHasi 2J1eKTPOAHMHAMHUKA U 00001menne ypaBHenuii Makceiia-Jlopenua

VYpaHenust MakcBesia-JIopeHIia 1 KBaHTOBasl SJEKTPOAMHAMUKA, TTOCTPOSHHAS HA UX OCHO-
o 16
BE, OKa3bIBAIOTCS CIPaBEIIMBBIMU TOJBbKO s crnadeix moneit E,H <<107exn. CI'CE u He

CIIMIIKOM OOJBIIHX cKopocTeid. OO0 3ToM Hac mpeaynpexaand B pasnoe Bpems B. [aymu [16],
A. Ditamreiin [17] u I1. dupak [18] (cm. puc.4). Ho camoe BakHOE OrpaHHUYEHHE YPaBHEHHI



anekTpoAuHaMUKH MakcBesuia-JlopeHiia cBA3aHO ¢ OTCYTCTBHEM DPENIITUBUCTCKON HWHBAapUAHT-
HOCTHU ATHX YpaBHEHUH MpHU OOJIBIINX YCKOPEHUSIX.

MHeHuUAa BayMU4mnBLIX

Henbaa ynyckats U3 BUAQ, UTO NMHEHOCTD
ypaBHeHMA MaKCBENNa MOXET He COOTBETCTBOBATL
AEUCTBUTENBHOCTU U UTO UCTUHHLIE YPABHEHWA
J, ANA CUNbHLIX NOMEM MOTYT OTIMUATLEA OT MAKCBESUIOBCKMX.
(1931 r.)

,;};'J;Ez}lr YpasHeHua Makcsenna cTporo cnpaseAnMBLI TONMbKO ANA

j;);r]”w IZE‘L'—] PABHOMEPHO ABUKYLUMXCA 3apAAO0B U CTeneHb ux
TOUHOCTU, BoObILE roBopa, Tem Bonblue, uem MeHblue
ycKopenue matepum. (1921 r.)

OcHOBHbIE ypaBHEHUA HEBEPHDI. Hx HYyMHO CYLECTBEHHO
M3MEHUTD, € TEM, YTODBLI B TEOpUM BOOBIE HE BOHAKGITH
becKoHEUHOCTH W YTOBRI YPABHEHUA PEWIAIACE TOYHO, 10
OBLTUHEIM ripasuriam, 6e3 Beaxux TpyarocTed. 310  ycrosue
nOTPebYET KaKUX-TO OYEHD CEPEIHLIX MIMEHEHUI: HEBObUME
MMEHEHUA Hrdero He AadyT (1972 r.)

Tlonb Oupak B CUNBHLIX 3NEKTPOMArHUTHLIX MOMNSX
PenaTUBUCTCKAS UHBAPUAHTHOCTL YPaBHEHUIA
anexkTpoauHamuku Maxcsenn-Nopexua-upara

HAPYLLAETCS!

(1968 -1970 r.)

Puc.4. Benyume pu3uku npeaynpexaaroT, 4To AIEKTPOIMHAMUKY HEJb3s HCIIOIB30BaTh B 00-
JacTi OONBIIMX YCKOPEHMH TaM, I7ie HAYMHAIOTCS SI€pHBIE PeaKuu

K coxxanenuto, coBpeMeHHbIC YUCOHUKH 110 KJIACCHYECKON ¥ KBAHTOBOM JIEKTPOIMHAMUKE
00XO0JAT 3TOT PakKT, MOATOMY CO3/Ia€TCs BIIEUATICHHUE, YTO YPAaBHEHUS SJIEKTPOJUHAMHUKHN OKa-
3bIBAIOTCA PENIATUBUCTCKA MHBAPHUAHTHBIMU BCET/a.

I[J'IFI OMMUCAaHUs CUJIBHBIX 3JICKTPOMAIrHUTHBIX noJjien npeajaractcsa UCIoJb30BaTh YpaBHCHHUA
dwusuueckoro Bakyyma (4), (B.1), (B.2). Perienue 3Tux ypaBHEHHI BHE HCTOYHHKA, T/IE€ TEH30D

sHepruu-umiybca (12) obpamaercs B HyJIb (IIpH TOM MO UHEPLUH J-'m OTJIMYHBI OT HYJISI)

HPUBOJUT K TPAHCISIIUOHHOM MeTpuke [10]

-1
2 ZTO 2442 2 2 2 =2 2
ds“=|1-——cdt"—|1 drc—r°(d@” +sin“ de°) , (15)

r

2%

rae WP = const - GyHKIMS HCTOYHHKA OCTPOBHOTO THIA. Metprka (15) Mo3BOIseT 00BEIMHATE
CUJIbHBIE TPaBUTALIMOHHBIE U 3JIEKTPOMAarHUTHBIE B3auMoaencTBus (cm. puc.5). [ns storo no-

cTaTouHo MoIoXuTh B (15) 2%° = r,+ .. 3nece 1, =2MG/ C’ - rpaBUTALMOHHEII paHyC HC-

2 2 .
TOYHMKA U I, = 27e° | ;c” - snekTpoMarHuTHBIN paanyc. Ha puc. 5 mokasaHa CBSI3b MEKITY

meTpukoi (15) u moreHnuanpHOU dHeprueit Herotona u KysoHa, paccauTaHHBIX 10 hopmyIie



dx’ dx ) dx’ dx )
U=-ud |7, 2| g, ——| |. 16
/J (mk dt dtj glk dt dt ( )

BakyyMHble ypaBHeHUA JWHWTeHHa

Ona obbeauHeHua YpapHeHWa rpaBMTALMM ANa
rpaBuTauum u nycToro NpocTpaHcTBa

3MeKTpOMarHeTUIma “m‘“’m‘gl maﬂm
MOXHO MCMONb3OBATD :.su HeTBeH Ib]ii e
Teopuu nona. Albert

Einstein

aHANOTUI0  MeXAay
3aKoHomM HbroToHa u
KynoHa, a Takxe
pewerue llsapuwunbaa

UHWTeWHA

oL 80 = {1— (rg+1;)/r} <y

- =
-
Karl
Tpasuraumonrsni | TMoreruman el Zr e T R e T M Schwarzschild
paauyc Herotoma paauyc Kynora (1873-1916)

r.==2relp | mc’ =27 | mc’

-
7

Puc. 5. O6beauHeHue rpaBUTAlIMOHHBIX U 3JIEKTPOMArHUTHBIX B3aUMOECHCTBUI

Ecimn st peennst (15) Boinonssiercest ycnosue [y << [, TO MBI OIUCBHIBAEM DIIEKTPOIHHA-

MHKY CHJIBHBIX TIOJIeH 0e3 ydeTa TpaBUTAIlMOHHBIX B3aUMOACHCTBUN. B 3TOM cirydae MbI uMeeM
Tre€OMETPU3UPOBAHHYIO 3JIEKTPOJUHAMUKY, B KOTOPOH HPOCTPAHCTBO COOBITHH MCKPHUBIEHO
CHJIBHBIM JIEKTPOMAarHUTHBIM ToJieM. B npubnnkeHnr ToUeYHOT0 UCTOUHUKA, YPaBHEHUS OIS
(B.1) npunumarot Bu/ [5]

1 87e
Rik _EgikR:ETik ) (17)

a ypaBHEHUS JIBFDKEHUS IPOOHOTO 3apsifia ¢ MACCOM 4 W 3apsifioM € 3alHIIyTcs Kak

d’x' podxddx* e dx!dx"
— = —Tj =— ik . (18)
ds ds ds uc ds ds
2 2
i _ C im __MC i
3nece B __?g (@jni + A ~Ajem) =~ e e - HaIpsHKEHHOCTh CHIIBHBIX 3JIEKTPO-

a.

MarHUTHBIX TOJCH U im.k - TeH30pHBII>i NOTCHIHUAJI CUJIBHOT'O 3JICKTPOMAIrHUTHOI'O ITOJISA U

10



i e i e’ i s
Rin =R'jim ==2—0E"jim +2—— E'sii E%jjim) (19)
LC uPc

jm

- TeH30p Puuun, onpenenseMplii uepes3 CUIILHOE deKTpoMaruutHoe noje E'j. Pemenne ypas-

Ao

Koraa 1, >>

r

(1 - ',—E) cdt* — (1 - %)71 dr? — r*(d6* + sin® 0ds?)

Hauano noucka
oTBeTa Ha Bonpec

INEKT QO]

TTpocTpaHcTBO COOLITUIA
WUCKPUBIICHO MOTEHLUMWASIOM
Kynona .

2¢? h ¢2

r., = =20 a=—

4 he

me?

Parametric: Riemannian [
geometry g=g(k,x), +e, M | D—1)/‘2= e

where k=-e/m - parameter

Ue =mc? (Gg

Puc.6. CranmonapHble OpOUTHI B aTOME BOJOPOJa KaK reoe3MueCKrue HCKPUBIEHHOTO pUMaHO-
Ba IIPOCTPAHCTBA

HeHMH JBrkeHus (18) npu ABMKEHUM B METpHKE, [TOKa3aHHOM Ha puc. 6, MPUBOJIUT K JABYM UH-

TerpajgaM JBUKEHU: 3aKOHY COXPAHEHUS MOJIHOM SHEPTUHU IBUKYLIETOCS 3apsia (amexTpo-
HA)
2 1/2 0 2 1/2 2 -1/2
E= ycz[l—z—ezlJ & _ ,ucz[l—z—ezlj [1—\/—2] = const (20)
ueor ds Mueor c

" 3aKOH COXpPAaHCHUA 0p6I/ITaJ'ILHOI‘O MOMCHTA

d
L=pr? 94 _ const, (21)
ds
rae ¢ - azumyTtanbeHbiid yron. CootHomenus (20) u (21) mOKa3bIBAIOT, UTO 8 2e0MempU3UPOBAH-
HOU 971eKMPOOUHAMUKE CYUjeCmayem YCKOPeHHOe 08UIICeHUe 3apsiod ¢ COXPAHeHUeM 3Hepaul,
m.e. be3 U3TTYUYEHUS DNIEKNMPOMACHUNIHBIX BOJIH. 910 HepBBII‘/JI IIpHU3HAK, yKasbleaiou;uﬁ HAa C6:43b

9NeKMPOOUHAMUKYU CUTBHBIX NOJIeU C KBAHMOBOU MEXAHUKOU.
3.3 KanToBasi MexaHHKa KaK JUHAMHUKA MOJel HHePIHU

B teopun ®@usnueckoro Bakyyma npoOieMa JBIKEHUS MaTepuu B ypaBHEHUsX (B.1) cieny-
€T U3 3aKOHOB COXPaHEHHsI TeH30pa SHEprur-ummybca (12)

11



V.T* =0, (22)
ViT* =0, (23)

IIPU ATOM ypaBHEHMS (22) 3anKMcaHbl OTHOCUTEIBHO YCKOPEHHOH (KBa3W) MHEPLMAIBHON CUCTe-
MBI OTCUeTa, ypaBHEHHUS (23) OTHOCHUTEIHHO MPOU3BOJILHO YCKOPEHHOW cucTembl. B (kBa3u)
UHEPIUAILHON cucTeMe oTcyera TeH3op (12) ynpomaercs u npuaumaet Bun [10]

2
ij:pc ujum+mjm’ (24)
rje IJIOTHOCTh MAaTE€PUH U1 UCTOYHMKA OCTPOBHOIO THUIIA ONPENEISAETCS Yepe3 Ioje HHEPLUU
i
Tjn Kak

pswan=§@%w) (25)

3nece  o(F) - nmenpra ¢ynkuus Jlupaxa, o(x')- ckamApHOE TIONE HHEPIHUH,
u, =dx,/ds, u u™=1 - exunmunsii Bekrop 4D ckopoctu. IToncranoeka (24) B (23) , mpu
yuere ycnosuit V,.g* =0 u V,p=0, NpUBOIUT K ypaBHEHUSM JBMKEHHUS IUIOTHOCTH Mate-

pun (25) cieAyromero Bua: reOMETPU3NPOBAHHOE ypaBHeHHE HenpepbiBHOCTH [10]
Vi(pu')=0,(pu')+pu'Tly =0; (26)

reOMEeTPU3UPOBAaHHbIE YPaBHEHUS, 10/I00HbIE THAPOIUHAMUYECKUM YpaBHEHUSM Diliepa

k
p%wrkmumu“ -0 27)

TreOMETPHU3UPOBAHHOE YPABHEHHE TSI HEC)KMMACMOMN «HJICATBHOMN JKHIKOCTI
V,p=0,p=0. (28)
VYpaBuenus (26) u (27) omuMCHIBAIOT ABMKEHUE KITyOKa IMOJISI HHEPIUH, TFIOTHOCTh KOTOPOTO
omnpenensieTcsi CooTHoIIeHueM (25), mpuueM cooTHolienue (25) omobpadicaem ussecmmuvlil 6

K8AHMOBOU meopuu c)yaﬂusm 60JIHA-HYacmuya B pacCMaTpuBacMOM HaAMU HpI/I6HI/I)KCHI/II/I. HyCTL
HCTOYHHUKOM ABJISICTCA 4YaCTULA MAaCChl U

¥O=1Glc?, (29)

TOrJa MacCy BaKyyMHOI'O B036y)KI[eHI/I}I MOKHO BBIYHUCIIUTDH YCPE3 UHTCTPAJT

u=[padv :;%j(pz(x‘)dv = ufy*pdV,  dV =dxdydz, (30)

TAC KOMIIJICKCHOC IOJIC MHEPIUHU ¢y HOPMHUPOBAHO HA CAUHHUILY

12



1/2
2

JurpdVv =1 p(x")=| ——| pep(ik x"). (31)
871G u "

Cpaszy ommemum, umo ghusuuecku macca i 6 (30) ne sxeusanenmua macce «npooOHOU yacmu-
yory. Meticmeumenvno, macca p 6 (30) asnaemcea mepoil nona uHepyuu y, 8 Mo 8pems Kax

macca «npobHOU Yacmuybly 8bICMYNAem KAK MHONMCUMENb 8 YPAGHEHUAX OBUNCEHUs KIdCcCuYe-
ckou mexanuku. Kpome moeo, coenacno ypasuenuam nons (B.1), macca p cozoaem eoxpye ce-

65 cpasumayuoHHoe noJie, a ((I’lp06Haﬂ Mmacca» He obaadaem HUKAKUMU NOTISAMU.

Y no6Ho npencraButh nodie (31) B Buae BomHbI Ae bpoitns
- - - i -
vX)=ypX)en(isKx.n/n)=y,exp_(Et—px), (32)
rae S - reOMeTpU3UPOBaHHOE TPAHCISIIMOHHOE JICHCTBHUE

. /
S(%,t) =~ ds = [ (g ax'ax* |, (33)
H— Macca 4yacTtuuml, C— CKOpOCTL CB€Ta, h - IIOCTOsIHHAsA Ilnanka u

1/2
2

me0=§%— P(%1). (34)

7

B HepenaTMBHUCTCKOM NpUOIMKEHUH CIa0BIX TOJICH YpaBHEHHE HENPEPBIBHOCTH (26) ms
mnotaoctd p(X,t) mpencrasnsercs B Bue

i i ot = YTV L v *u v
Vi(pu')=0,;(pu )=8jp+dlv(pv)=7+dlv(¢// wV)=0. (35)

Ucnonb3ys npouenypy ManenyHra, Mo>XKHO mepenucaTh ypaBHeHUs (35) B BUJE IBYX ypaB-
HeHni [Ipenunrepa

2 * 2
in Y P ay—Up=0, Y AU pr=0. (36)
ot 2u ot  2u

Taxum o6pazom, B Teopun Puznyeckoro Bakyyma ypaBaenus Llpenunrepa (36) onuceiBarot
IPOCTEHIIYIO TUHAMMKY TOJII MHEPIHH, CBSI3aHHOTO C JIFOOBIM (pU3HMUecKuM 00beKToM. [IoHAT-
HO, YTO B JIaHHOM CJIy4yae NOTEHLHUalIbHas sHeprus B (36) uMeeT BUJ SHEPrUM CaMOJEUCTBUS

U =—,uZG/ I . Bce aHanmMTHYeCKHe BBIKIAAKU OCTAlOTCS CIIPABEIJIMBBIMU JUIS Cily4asi, KOraa

YacTHIIA MacChl 4 JBWXKETCA B IPaBUTALIMOHHOM ToJie, co3aBaeMoM maccoit M . Bonee Toro,

ypaBHeHHUs (36) OKa3bIBAIOTCS CIPABEJIMBBIMU U B CIy4ae YUCTO AJCKTPOMATHUTHBIX B3aHMO-
neiictBuil. Toraa, BMecTo (25), Mbl UMEEM

_ 8rze?
P= 4

LC

an=h&n=§;¢um (37)

13



TIPH 9TOM MOTEHIHANbHAS SHEprHs B ypaBHeHusX (36) umeer Bua: U =—Ze? /1 1 Mbl HomydaeM

npocTeiiiliie ypaBHEHHs Ui ONUCAHUS KBAHTOBOM CTPYKTYypbl atomoB. Jljisi Oosiee MOITHOTO
OTMCAaHUs AJIEMEHTApHBIX YaCTHIl, KaK BO30YXIEHHBIX cocTosHuil Pusmdeckoro Bakyywma,

HEOOXOMMO UCIIOB30BATh CTUHOPHYIO 3aMKCh ypaBHeHui (4), (B.1), (B.2) [10]

V jily, =V0,0,0, = 10,041, = J10,1,0,, + 7O, 151, —

= 1,040, +aL,04L, + P1,1,0, — & L1, (As.)
V 4,0, =70,0,0, — 40,041, = 0,1,0, + &0 1,1, —
= 71,050, + PLOL, + 01, 1,0, — KL Lyl (As+.2)
a,p..=01, 4,7..=01,
zq)ABCD +A‘9AB€CD =V TACBD ' (Bs.1)
F + . F
CABCD - acDTAB + aABT(:D + (TCD )A Tes + (T oc )B T =
F + . F -
- (TAB )c Tes = (T BA)D Tee = [TABTCD]: V' pcen (Bs+.2)

AB..=01, B,D..=01.

+ +
3neck cimHopHbie ypaBHeHus ( Ast 1) u (Ast.2) mpeacTaBisitoT coOoi BakyyMHOE 00001ie-

HHe ypaBHeHUH | eif3enOepra (8), 3amucaHHble Yepe3 2 - KOMIOHEHTHBIE CIIMHOPHI I, U O, .
+

VYpaBuenus (Bs+.1l) - cHUHOpPHBIE, TOJHOCTHIO TEOMETPU3UPOBAHHBIC YPABHEHUS DWHINTECHHA 1
+

ypaBHeHus1 (Bs.2) - ciMHOpPHBIE, OJHOCTHIO TeOMETPU3HPOBaHHBIE ypaBHeHUs SIHra-Musuica

¢ kanubpoBouHo# rpymmoit SL(2,C). Ypasuenus ( As- 1) u (As.2) comepxar KyOHYECKYIO

HEJIUHEHHOCTH I10 1, 1 0,,aTaKKe 12 HE3aBUCHMBIX KOMILIEKCHBIX KOMIIOHEHT ITOJICH HUHCPpLIUHA

Tjim (TopcHOHHBIX ToNiel) vV, A, i, 70, v, &, B, &, 7, p,o,k . B ypaBuenus (Bs.1) u (Bs .2) Bxo-

AT CIMHOPHBIE KOMIIOHEHTHI TeH30opa Pumana @ .o, A, C,; . ¥ MaTpUYHOE NIPEJICTABIECHUE
noneit uaeprmn T,. (Marpuisl Kapmenn). Kaxnoe pemenne 5THX ypaBHEHHI NPEICTaBIsET
c0o0O0¥ AIIEMEHTAPHYIO YaCTHUIly, pOXKACHHY0 13 Du3nueckoro Bakyyma. Vcmons3ys MaremaT-
deckuil (hopMau3M BIOKEHHs PUMAHOBA MPOCTPAHCTBA B INIOCKOE MIPOCTPAHCTBO OOJIbIIIEH

+ +
Pa3MEepHOCTH, MOXKHO KiIacCU(UIIMPOBATh Jit000e pemenne ypaBaenuid ( As- 1), (As.2) ,

+ +
(Bs.1), (Bs.2) mo rpynmam u3omerpuii. Ha puc. 7 npeacraBieHbl OCHOBHbIE CTUHOPHBIE
TPYMIbI U TIOATPYTIIBI K30METPUH ISl IIIOCKUX NPOCTPAHCTB Biioxkenus E (r,s), rae p=r+s -

Pa3MEPHOCTb NPOCTPAHCTBA BJIOKCHUSA, 4 CUTHATypa r+S 03Ha4YaeT I MOJIOKUTEIBHBIX U S OTpHUu-
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LaTeNbHBIX IMAroHaIbHbBIX SJIEMEHTOB y METPHYECKOro Tensopa 77, (w, v =1,2,3...p) mpo-

crpanctea E (r,s). Korna pemenne HaiifieHo, TO OHO COICPIKUT OJIHY MIIM HECKOJIBKO

p | Ep(r,s) | Lp(r,s) CnuHo pHbIE Baxueimue
CpyIIIbI IO AT Py Ik

4 | E4(3.1) | SO(3.1) SL(2.C)

4 | Eq22) | 031) | SU(1.1)x SU(1.1)

5 | Es(4.1) | SO(4.1) SL(4.C) SU(2) x SU(2) |

5 | Es(3.2) | SO(3.2) SU(1.1.1.1) SU(1.1) x SU(1.1)

6 | Es(5.1) | 0(5.1) SL(4.C)

6 | Es(4.2) | O(4.2) SU(2.2) SU(2) x SU(2)

6 | Es(3.3) | 0(3.3) SL(4.C) SU(1.1) x SU(1.1)

7 | Eq(6.1) | SO(6.1) SL(8.C) SU(4)

7 | E«(5.2) | SO(5.2) SU(2.2.2.2) SU(2.2)

7 | E7(4.3) | SO(4.3) SL(8.C) SU(2) x SU(2)

8 { Eg(7.1) | O(7.1) SL(8.C) SU(4)

8 | Eg(6.2) | O(6.2) SU(1.1) x SU(4.4) SU(4)

8 | Es(5.3) | 0(5.3) SL(16.C) SU(2) x SU(2)

8 | Eg(44) | O(44) | SU(1.1)x SU(2.2.2.2) SU(2) x SU(2)

9 | Eo(8.1) | SO(8.1) SL(16.C) SU(4)

9 | Eo(7.2) | SO(7.2) SU(4.444) SU(4.4)

9 | Ey(6.3) | SO(6.3) SL(16.C) SU(4)

9 | Eo(5.4) | SO(5.4) | SU(222.22222) SU(2) x SU(2) |

10 | E10(9.1) | O(9.1) SL(16.C) |

10 | E1o(8.2) | O(82) SU(8.8) SU(8)

10 | E10(7.3) | O(7.3) SL(16.C)

10 | E1o(6.4) | O(6.4) SU(4.4.4.4) SU(4)

10 | E10(5.5) | O(5.5) SL(16.C)

Puc. 7. Knaccudukanus npocrpancts Bnoxkenns E (r,s) no rpynnam uzomerpnii [10]

KOHCTaHT MHTETPUPOBAHUS, KOTOPbIE OMPENENSIIOT Maccy, 3apsi, CIUH U Apyrue Gpuznyeckue
XapaKTEePUCTUKHU JAHHOTO peleHus. Eciau Mbl 3HaeM MUHHMMAaJbHOE NPOCTPAHCTBO BIIOKEHHI
JUI pelleHHs], TO U3 TaOJHIbl Ha pUC. 7 ONpPENeNAloTCs rpynna CUMMETPHA, 10 KOTOPOH HaJ0
KJaccu(UIMpoBaTh OCHOBHBIE ITApaMeTphl dlIeMeHTapHoi yactuiel. Kpome toro, popmyna (16)
JlaeT HaM SIBHBIA BUJ MOTEHIMAJbHOM SHEPrHUM B3aUMOJEHCTBHS 3JIEMEHTAPHON YaCTHIIBIL.

+ + + +

Hanpumep, pemenne ypapuenuii ( Ast 1), (As .2), (Bs'.1), (Bs'.2) c¢ 4eThipbMs mpous-
BOJBHBIMA KOHCTaHTAMH WHTETPUPOBAHUS IMPHBOIUT K HEPEIATHBUCTCKOM MOTEHIHAIBLHON
SHEPTUH BHA

(38)

U - uc? (r2=r(r +1r)=r’ +r25c0329_1
2 r? +(r, —r, cosd)? '

rae ;= 221G/ c? - IPaBUTALMOHHBIN paguyc, I, = 27¢e/ ,u(:2 - DJIIEKTPOMAarHuTHBIN paauyc, I, -
CIIMHOBBIN paguyc, I - aaepHbid paguyc. B teopun ®usnueckoro Bakyyma noreHuuanbHas

sHeprus (38) onuckiBaeT (B HEPEIATUBUCTCKOM MPUOIMKEHUH ) TPAaBUTALIMOHHBIE, dJIEKTpoMar-
HUTHBIE, Si7ICPHBIE (CHIIBHBIC) H CIUHOBBIE (Cl1a0ble) B3aUMOICHCTBHSI.
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3.4 ®yHaaMeHTAJbHBIN MOAX0/] K ONMCAHUIO CHJIbHBIX B3aUMOAeHCTBHII

[Ipenebperast B moTeHIMATBHON SHEprun (38) TpaBUTAIMOHHBIMH M CTUHOBBIMU B3aUMOJICH-
CTBUSIMH, IOJIyYMM IOTEHIHUAIBHYIO SHEPIHIO MIEKTPO-AIEPHBIX B3aMMOICHCTBUM 3JIEMEHTap-
HBIX yacTuIl (puc.8 ciieBa BBepXy). Mcmonb3ysh MONy4eHHOW 3HAYECHHE MOTEHIMAIBLHON JHEp-
MM, OBIJIM IPOBEIEHBI pacueThl CEYCHUHN yIPYroro paccestHusl HEUTPaIbHbBIX YacTULl - HEUTpo-
HOB ¢ 3Heprueil 14.5 M»aB Ha siipax ojgoBa Sn. J{is pacueToB ObUIM HCIIOJIB30BaHbI Kiaccuye-
CKUE ypaBHEHHs IBIDKEHHsS HEHTpoHa — ypaBHeHUs [ amuibToHa-SIKOOM B METpHKE SICpHOTO

notermmana ¢ I, =0, r, =10 °cm. (puc.8) [19-23]. CpaBHeHHE ¢ IKCTIEPUMEHTANLHON KPUBOiL

[IOKA3bIBAET, YTO NOTEHLIMAIbHAs dHeprus (38) 10CTaTOUHO XOPOIIO ONUCHIBAET

CpaBHeHMe ¢ 3Kcnepu

MHe kaxeTtca, uto 3TK pebata
HawnuW To, uto a uckan 30 nert

Aaeprervi noreriuman

1988 1994
2 o o Ly Fou
- _E?%‘*‘?T?\r

2 4 rz\ ’

Ty = const, I

e+ 2ry
Q) =—1 + ‘:7:“,

v

r, = coust

f‘e paccuuThIBaeTCA No
opMmyrne

[l = 8,0 % 107

vy =315 107" m

rae o=1/137
I’ onpenensgerca U3
3KCMEPUMEHTA

ETEN | @
0 Flﬂ 60 0 100 120 140 160 180

Puc.8. CpaBHeHHE TEOPETUUECKUX PACUETOB U KCIIEPUMEHTAIBHBIX [0 YIPYTOMY PacCestHUIO
HEHTPOHOB Ha si/ipax 0J0Ba M MIPOTOHOB HA sApax Meau

SAIEPHOE B3aUMOJICVCTBUE HEUTPOHOB MPU MAJIBIX yriax paccesHud. [Ipu uccnemoBanum pacce-
SIHUSI TIPOTOHOB ¢ 3Hepruedd 17 Mo Ha sjapax CuU OBUIO HCITOJIE30BAHO KBAaHTOBOE ypaBHEHHE

Kneitna-T'opaona, npu otom I, =8.9-10™"° cu, 1y, =3.15-10"°cu. CpaBHeHme TeopeTHUECKO#H

u BKCHepHMCHTaJIBHOﬁ KpHBOﬁ IMMOKa3bIBA€T XOpOMIIEE COBIAACHUC TeopeTquCKOﬁ H 3KCIICPU-
MEHTaJIbHOM KpHBOfI, KakK Ha MaJlbIX, TaK 1 Ha OOJIBIIIHX yriax pacCcesaHus. HccnenoBanus yupy-
TOro pacCesaHuA AJid APYTUX aTOMOB ITOKA3aJIM MOATBCPIKACHUC SMITMPHUICCKOI'0O 3aKOHA aTOMHOM

dusukn 1, = 4%, e 4 - atomHoe umcIO.

3.4 ®dyHaaMeHTAJBHBIH MOAX0/ K ONUCAHUIO c/1a0bIX B3aumo/eiicTBuii. HeliTpuno kak
TOPCHOHHOE MoJIe

Ecmu mb1 Oyniem nonarats B (38) 1y = 1y =0, To MBI MoTy4MM NOTEHIMANBHYO SHepruto [10]
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2 2 2 2
He” [ ro=rr, +r°scos” @
u=2=—"o e -11, 39
2 r’+r%cos’ 6 (39)

OITMCHIBAIONIYIO BIMSHHUE CIIMHA NCTOYHHKA Ha KyJIOHOBCKHE B3anMoeiicTus. Hampumep,
nycTh (39) onuchIBaeT B3aMMOICHCTBHE IPOTOHA ¢ ANIeKTpoHOM. Ha puc. 9 BHU3Y cnipaBa npen-
CTaBJieH rpaUK MOTEHIMAIBHOMN SHEPTHH ISl 3TOTO ciaydas nmpu CoSé =1. U3 rpaduka BuaHO,

HapyuweHue
3aKOHa _
: L COXPAHEHUA >
\ 3 '. ‘ |
?‘ { 3aKOHbI COXPGHeHUs ﬂaaawre Ha3oBem
! 3TO HapylleHue

& pa : HeUTpUHO

Pauli
Niels Bohn (1900-1958)

(_';jﬁfj«,‘.ilf)z HOBGﬂ Mernb i me? (/'*’ —r.a+ /‘:'('41.\'2 i) I)

HeitTpusio - HeuTpoHa . 2

aTo
cction of ¢
TopcuoHoe 0\‘ P ro = |] | 3=18x 10—1)
u3nyueHue,

1 \Torswn field \ :
BO3HUKarolee Torsmnfleld ° n \Ant,neut,mo s
npv BhIXoAe
yacTvubl M3 ‘ ‘ ‘ | Proton—eleciron
' ' ' ' ' ' ' ' Torsional potential
| energy (mca,— 1

.- /
CBoboaroe TopcHoriroe Torsion well y
none (m=0, r-=0) > ‘{

<« Coulomb potential
noreryman U=0,

l encrgy
o I's 0/

r2 + (1, cos 0)2

Possible orbits of the electrons

Puc.9. Mogens HEWTpoHa, ciiemytomnias u3 ypaBHenud @usndeckoro Bakyyma

4YTO Ha PAaCCTOSHHUU I :|re|/ 3=1.8-10"°M. OT IeHTpa NMPOTOHA MOSBISETCA «TOPCHOHHAS

sMay. [lonanast B 3Ty siMy, 3JIEKTPOH KaKOe-TO BpeMsl BpallaeTcsi BOKPYT POTOHA, 00pasys Me-
TactabunbHoe oOpa3oBanue — HelTpoH. Ecmu B (39) nonoxuts npu I, =0, 1, #0, To noren-

nuanbHasg sHeprus (39) obpamiaercs B Hylb. B 3ToM ciydae Mbl UMEeM U3IyYeHHUE, KOTOPOe
HEPEHOCUT TOJIBKO CIIMH, U KOTOPOE Mbl Oydem Ha3vieams Helimpuno. B TpatumoHHON (u3nke
TIOHSATHE «HEHUTPUHO» ObLTO BBeneHO B. [laynmm rumoTterndecku uist TOro, 9TOOBI IpH 3 - pac-

naaec HeﬁTPOHa BBIITOJHAJICA 3aKOH COXPAaHCHHUA UMITYJIbCA U 3aKOH COXPAHCHUA CIIMHA CUCTCMBbI
MIPOTOH-IJIEKTPOH JI0 U mociie pacnaaa. OOpaiieHue noTeHIuanbHoi dHepruu (39) B HYIJIb TOBO-
PHUT O TOM, YTO «YHUCTO TOPCUOHHOE» M3IyUeHHE - HEUTPUHO 00JIadaeT BEICOKOW MPOHUKAIOIICH
CrocoOHOCTHI0. UIMEHHO 3TO CBOMCTBO HEUTPHUHO HAOIIIOTAETCS SKCIIEPUMEHTATBHO.

3.5 ®dynaaMeHTAIBLHBIH MOAX0/ K ONMCAHUIO JIEKTPOMArHUTHBIX (popmpakTopoB

OTKJIOHEHHE OT 3aKOHOB JIEKTPOIMHAMUKH CIIA0BIX TIOJIEH (OT 3aKOHOB AIEKTPOAMHAMUKHI
Makcgemia-Jlopenna-/lupaka) B 00J1aCTH CHIIBHBIX TIOJICH HAOIIOAAETCS HE TOIBKO MPHU CHITb-
HBIX N cna61,1x BSaHMOI[efICTBHﬂX, HO U IIPH BJICKTPOMArHUTHBIX B33HMOI[GIZCTBI/I$I, €CJIM KUHCTHU-
yecKasi SHeprusi B3auMO/ICHCTBYIOIINX YaCTULl CTAHOBUTCS YJIbTpapesITUBUCTCKON. B yacTHo-
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ctH, B 3kcriepuMenTtax P. Xodceraarepa [24,25] o yrpyromy paccessHHIO yIbTPapEIITHBHCT-
CKHX 3JICKTPOHOB ¢ dHeprueit 188 M»>B Ha npoToHax, ObIJI0 0OHAPYKEHO OTKJIOHEHHH OT (hop-
MyJbl MoTTa, onuckiBaroliel paccesHue Ha noteHuuane Kymnona (cM. puc.10) . Ucnons3ys as
OIHCaHMsI paccesHUs JIEKTPOHOB Ha MPOTOHaX (opmyiy (39), MbI BUIUM, YTO YeM OJIMKe dJIeK-
TPOH MOAXOJUT K IPOTOHY,

Ynpyroe paccesHue 35eKTpoHOB Ha npotoHax (1956 r.)
ankynoHa

HomhiuTasien 0GHADYRATIOTRNOHEHHE ornoteHLmMan

2 g2
mc T
U=
/ 2 (

— 1.+ ri cos? B
2 4 (rycos6)?

McAllister and Hofstadter,
PR, V102, May 1, 1956.
Paccearue 188 MeV anektpoHos Robert

Ha NpoOTOHAX U refiuu. Ho fS +a d‘l‘er‘
TTpobnema xaetv
CBOEro peleHna

ovwion swei? T

4

ucr)

Proton—electron

Torsional poiential
0 encrgy [ cos d)=1

BruaHve TOpCW

KynoroBckmia
noTeHuMan

= Coulomb potential
energy

Puc.10. DxcniepuMenTanpHOe 0OOHAPYKEHHE OTKIIOHEHUS OT 3akoHa Kymona

TEM CHUJIBHCC CKAa3bIBACTCs BJIUSIHUHC TOpCHOHHOﬁ SAMBI, KOTOPOC IMPOABJIACTCA B BUAC CUJI OTTAJI-
kuBaHus. Ha xpuBoil ceueHus ynpyroro paccessHusi Ha puc. 10 Mbl BUJIUM, YTO SKCIIEPUMEH-
TajgbHas KPUBas WJET BBINIC TEOPETUUECKOM, paccuuTaHHOU 1Mo Gopmyne Motra. IT0 Kak pas
COOTBETCTBYET IMOSBICHUIO CHJI OTTAIKUBAHUS Ha Majbix paccrosHusX. [TogpoOHbie uccnenona-
HUS 3TOT0O BOIIPOCA €UIe KIyT CBOETO Jaca.

3.6 ®yHaaMeHTAJIbHBII MOAX0] K ONMCAHUIO KBAPKOB

W3 Tabmuiiel, peCTaBICHHON Ha pUC.7 BUAHO, YTO Hanboyiee MpoCThIMU BO30YkaeHusMu Ou-
3U4eCKOoro Bakyyma SIBISIOTCA 4acCTHUIIbI, TJIOCKHAE MPOCTPAHCTBA BJIOKEHUS KOTOPBIX HMEIOT
pa3MepHOCTh 1sTh, @ MMeHHO: E.(4.1) m E.(3.2). DTuM npocTpaHcTBaM COOTBETCTBYIOT pe-

nieHue ypasHeHnii ®usndeckoro Bakyyma ¢ TpaHCIIIMOHHON MeTpUKo Thna ne-Currepa

2 2\
ds® = 1—% cldt® — 1_ATr dr® — r?(d@® +sin”* 8dg?), A =const, (40)

npUYeM MUHUMAIbHBIM TUIOCKUM TPOCTPAHCTBOM BioxeHus it pemieHus (40) mpu A >0 oka-

3piBaetcs npoctpancTBo E.(4.1), a mpu A <0 npocrpanctBo E.(3.2). U3 puc. 7 Haxoaum, co-
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otBercTBeHHO, rpymmbl  u3omerpuit SO(4.1) u SO(3.2) . Ucnonssys dopmyny (16), Haxomum

HEPENSTHBUCTCKYIO TOTEHIMAIbHYI0 SHEPTUI0 B3aMMOJCHCTBUS BAaKyyMHOTO BO3OYXKICHHS,
omuceiBaeMoro Metpukoii (40), ¢ npoOHOIt yacTHIeit Macchl U

2
s AT

5 (41)

2
Uﬂ :%(goo_l)z:uc

Trac

, Ar?
6

d=c (42)

- MOTCHIIMAJ B3auMojaecTBUS KoTopou it A <0 wumeem 6ud nomenyuana é3aumooeticmeust

mexncoy keapkamu. HepenaTUBUCTCKHMI raMHUJIBTOHHAH, ONMCHIBAIOIINI JIBHXKEHHE YaCTHIIBI B
norenmuaie (42) umeer Bu [26]

2

Py WP uat? F
H= + = +——, o=C,|— . 43
, THP=T 2 P73 (43)

Pemenne ypaBuenus Llpeaunrepa (36) ¢ ramuibToHnanoM (43) MPUBOINUT K CHIEKTPY SHEPrHid
1:370) ¢

Ezhm(N +§j , N=01.. (44)

‘@ ‘\ﬁ?
Muz NOoJTYUuM NOTEHUMANbHYIHO, Yro onuctisaet noTeHuyManbHas

3HEPrUIO, KOTOpAaA OMWUCHIBAET, 3HEPrA peweHUa ¢ A uneHom?
KBapKOLIE B3AMMOAEWUCTBIA

Koraa 1 >> 1, MbI umeem

me? (rvf‘e + 2?‘%.— — 96;”\:’?&.—

v "
2 r2 4 12\

- Ksapiu - ato bapuorbr
KBA3WYACTULIL, n
ONUCLIBaEMbIE
EBreHuii ::;";"‘e"ﬁ
T'y6apee 3NMEKTPOAUHAMUKIA
Tuna ae-Cuttepa } 2 3 Mroppeii

Fenn-MarH

Teopua peanbHoM otHocuTenbHocT, M., Hosond uewtp, 2009.
B obuwem crnyuae, cyneprnoTeHuMan onucbieaeT 5 TUNoe B3aMmoaercTBUIA

— & JepPHbI 1)

e Pael anyrs . 1, bl ,

Puc.11. CynepnoreHuuan, HalJeHHbIH U3 pelieHUs ypaBHeHHM ®Pusznueckoro Bakyyma, u
KBapKOBast CTPyKTypa deMeHTapHbIX dactuil [10]
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Metpuxka (40), ramunsToHnan (43) u crektp (44) NPUBOIAT K MOJICIIH KBapKOB, KOTOpPAast OC-
HoBaHa Ha cumMeTpur SU (3) . DTa Moens mo3BossieT onucaTh (CM. puc. 11) GapuoHHbIC 1 Me-

30HHBIE OKTETHI, JaBas NMpUMep 00bEIUHEHHS TEOPUU OTHOCUTEIBHOCTU C KBAaHTOBOW TEOpPHUEH.
Tenepsb, Kaxablil pa3, Koraa HEOOXOAUMO HUCIOIB30BATh TPYIITy CUMMETPUH JUIs KilacCH(HKa-
UM SJIEMEHTAPHBIX YaCTHII, Mbl Oy/eM HaXOIHWTh pellieHne ypaBHeHUi Pusnueckoro Bakyyma
U HCIOJIB30BaTh TaONUIly Ha puc.7, a He JeWCTBOBATh HAYTaJ, Kak 3TO MPOUCXOIUT B HACTOS-
11e€ BpeMs B OPTOJOKCAIBHOM IOIXOZE.

3.7 ®yHaaMeHTAJIbHBII MOAX0/] K ONMCAHUIO TEMHOWH MATEPHH M TEMHOW YHEPTUH

«Kak BBepxy, Tak U BHU3Y» - roBopuil ['epmec Tpucmeruct, u 3TOT NPUHLKII TOTHOCTBIO pealiu-
3yercst B Teopun duszmdeckoro Bakyyma. Ha puc. 12 npencraBieHbl KOCMOJIOTHYECKUE IKCIIE-
PUMEHTHI, KOTOPBIE YKa3bIBAIOT Ha CYIIECTBOBAaHUE BO BCEICHHONM 3aKOHOB I'PaBUTALIMM, OTJINY-
HBIX OT 3aKOHOB TeOpHH rpaButanuu HetoroHa u DiiHmTeHa. HaOmroaeHus 3a TBHKEHUEM

u(r)

Ksapkosuit notesyian A <0 a

Pl
i 6
i 1
| E MNoeryan
1 HeioTona
i
i
e OBnacTL AefCTEHA noTeHynana

il ' Huorona
i
¢ O6nacts pefcTaiA HeloToH-

Cosmology _x
Py
KBApKOBOIO NOTEHUMana

e OGnacts ReiCcTBIA KBAPKOBOIO
noTexywana

Calan/Tololo
(Hamuy eral,
A.J 1996)

effective mp

< HowoTonxBapKossit
noTeran

3TOT peaynbTAaT rOBOPUT O TOM, YTO MIONTU 3 MNOTHOCTU
3Heprum B HHOW onp He pueit unu
y , @ camum Bakyymom!

E garx = 0.70 £ 0.04

Puc. 12. Temnas matepust M, u TemHas sHeprus E ., coctaBisioT 94% Bcero BemiecTBa

darl dar

Bcenennoit

3BE3/l, yIAJIEHHBIX OT LIEHTPAa raJaKTUK, IOKA3bIBAET HEHBIOTOHOBCKUI XapaKTep X JIBHXKECHHUS,
KOTOPBIN CKA3bIBAETCS B TOM, YJAJI€HHBIE OT LIEHTPA IPABUTALMOHHOTO MPUTSKEHHSI MacChl
HAYMHAIOT JIBUTATHCA € (TTOUTH) TOCTOSTHHOM CKOPOCTHIO HE3aBUCHUMO OT PACCTOSIHUS OT LIEHTpa
HpI/ITfDKeHI/IfL I[J'I?I 06’B$[CH€HI/ISI 9TUX HaﬁJ'IIOI[GHI/Iﬁ, 6BIJ'Ia BBII[BI/IHYTa THUIIOTE3a, YTO IraJIaKTUKH
«OKpY>KEHBbD» TEMHON MaTepue, BIUSAIONICH HA JBUKEHUE 3BE3I.

Paccmotpum periienne ypaBaenuit @usndeckoro Bakyyma (4), (B.1), (B.2), Koraa MOJHOCTHIO
FE€OMETPU3UPOBAHHBIN TEH30p dHEpruu-ummyibca (12) B ypaBHeHUsX (B.1) umeer Buj

T.=Ag, /v. (45)
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B ciayyae rpaBUTallMOHHBIX B3aUMOJICHCTBUIN TPAHCISIIMOHHAS METPUKA PEILICHUS UMEET BU/

r 2 r 2\t
ds? =| 1=t A eegee (1A ) e 2(gg2 hsin?ade?),  (46)
r 3 r 3

a HEePEeJIATUBUCTCKAs MOTEHUUaNbHas SHeprus (16) 3anumiercs Kak

2(r
u:-%%-i+%Aﬁ. (47)
r

Ha puc.12 npexacrapneH rpaduku MOTeHIMATBHOM dHeprur HpI0TOHA, KBAPKOBBIM MOTCHIIUATh-
Hoit sHeprun (mpu A <0 ) W cOBMECTHOM MOTEHIMAIBbHOM SHepruu. Ha rpaduke MOKHO BbIze-

JUTH 3 30HBI: OJMDKHSISA K IICHTPY I'paBUTAIlMU 30HA 1, re I Ir>>Ar?/3 u JEHCTBYIOT 3aKOHBI
rpaButanui HploTOHA; cpenHsis 30Ha 2, TIe I Ir=Ar?/3 u JEHCTBYeT KBapkoBas J00aBKa

Ar®/3 k norenuuany HploTOHA: JalbHAS OT LIEHTPa 30HA 3, e r,/r<< Ar?/3u neiictByer

YUCTO KBAPKOBBIM MOTEHIIMAJ, TIPH 3TOM MBI JOJKHBI HAOII0AaTh pa3beranre rajakTHK. ITOT
BBIBOJI MOATBEPKAAIOT IKCIEPUMEHTaIbHbIE HA0MI0IeHUsl paciupenus BeenenHoi, npeacras-
JeHbl Ha puc.12. cnpaBa BHM3y. CiienoBarenbHo, B Teopun dusznueckoro Bakyyma temHas ma-
TepUsi U TEMHas SHEPrus, KOTOPYIO pacCMaTpUBAIOT Kak IPUYMHY pacluupeHus: BceneHHoi,
MMEIOT €UHBIM UCTOUYHUK - KOCMOJIOTUYECKYI0 KOHCTaHTy A B ypaBHeHusx dusuyeckoro Ba-

kyyma (4), (B.1), (B.2).
3akiroueHue

B Hacrosiee BpeMmsi B TeopeTHueckol (u3nke HaOMo1aeTcs 3acToi BO BeeX (DyHIaMEeHTalb-
HBIX TEOpHUSAX, a MMEHHO: 1) Kilaccnieckoil MexaHuke [4]; 2) Kiaccu4eckoi AIIEKTPOJMHAMUKE
[7]; 3) Tteopus rpaButanuu DuinmreitHa (OTO) [8]. DToT 3acToii MOPOIUIT B TEOPETUUECKOM
¢usuke passurue: 1) momypyHaaMeHTaTBHBIX TEOpUi (KBaHTOBAsi MEXaHWKA, KBAHTOBAs TEOPHUS
nons [9]); 2) hbeHOMEHONOTHYEeCKUX TeOpuil (CHIIBHBIX, ClIA0bIX, B3aUMOACHCTBHN): 3) momyde-
HOMEHOJIOTHUECKHX TEOpUi (dJIEKTpO-cliadble, IEKTPO-CHUIIbHBIC, KBAHTOBAs XPOMOJIMHAMUKA,
CTaHJapTHas MOJieb); 4) KOHCTPYKTUBHBIX TeOpHil (KaauOpoBOYHBIE, CyNEePCUMMETPUYHBIE,
MHOTOMEpHBIE); 5) akaJJeMUUYEeCKUX TEOpHuil (CynepcTpyH, TBUCTOpoB). Bece nepedncieHHble TH-
bl TEOPUH HOCAT NpEeABapUTEIbHBIN XapaKTep M JOJDKHBI ObITh 3aMEHEHbl HOBOM (pyHIamMeH-
TaJbHOM Teopueil. B paGore ObII0 JaHO KpaTKOE M3JI0KEHUE OCHOBHBIX MAEH U HEKOTOPBIX pe-
3ynbTatoB Teopun Pusndeckoro Bakyyma [10] , koTopble AalOT NOHSATH, YTO ATA TEOPHUS, TIOCIIE
COOTBETCTBYIOIIEH €€ TOpaOOTKH, IBHO MPETCHIYET HA MECTO HOBOU (DYHOAMEHMANbHOU hu3u-
yeckoti meopuu. TONBKO 3Ta TEOPHS pElIaeT caMylo TJIaBHYIO POOJIeMy COBpPEeMEHHON (pU3UKU
— OHa OOBEIUHSET PEISATUBUCTCKUI M KBAaHTOBBIN Bakyymbl. 3TO OKa3aloch BO3MOXKHBIM OJia-
rojJiapsi HOBBIM TPECTABICHUSM O CHJIaX W TOJSIX WHEPIHH (TOPCHOHHBIX MOJSAX) B OKpYIKaro-
1Iel HaC peaTbHOCTH.
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