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1. Bsenenue

[Ipenmosnoxkenre 0 TOM, YTO IIPOCTPAHCTBO MOXKET MMETh OOJIbIIE TPEX IIPOCTPAHCTBEHHBIX U3MEPEHUIl BO3-
HUKJIO elle B XX BEKe U JI0 CUX IOP IPUCYTCTBYET BO MHOXKeCTBe Teopuil. Viesi 00beIMHUTE 3JIEKTPOMATHETH3M
U TPABUTAIIMIO, UCIIOJIbL30BAB JOIOJHUTEIBHOE IIATOe U3Mepenue, Bo3HuKIIa Hezapucumo y Hopacrpema [1] u Ka-
aynpt [2]. Hopaerpem paccMaTpuBas CKaJdsSPHYIO TEOPUIO TPABUTAIMA KAK COCTABHYIO YACTh 3JI€KTPOJNHAMUKH
MakcBesuia ere J10 co3/ianus oOIneit TeOpuu OTHOCHTEIHHOCTU. Kasyna, B CBOIO Ovepe/ib, BOCIIOIB30BAJICS YKE
UMeEIOIIEiics TeOpreil TPABUTAIIMN DHINITEHHA U [TOKA3aJl, ITO MSTUMEpPHAs TPABUTAINS B BAKYyMe COIEPXKUT B cebe
YeTBIPEXMEPHYIO TPABUTAIIUIO B IPUCYTCTBUH 3JIEKTPOMATHUTHOTO TIOJIS.

OcHOBHOII 1IP06JIEMOIT BCEX MHOI'OMEPHBIX TEOPHUIl sIBJIsI€TCsI HEHAOJII0IaeMOCTD JIOTIOJIHUTE/IbHBIX U3MEPEHUT B
HU3KOYHEPIeTUIeCKOM pubjmKennn. [IbITasich paspenuTs JaHHyo mpobieMy, Karya HaioKui HECKOJIBKO UC-
KYCCTBEHHOE OrpaHudenue («yCcIoBHe IUINHIPA» ) HA KOODAUHATHI, TAKUM 00Pa30M, 3allPETUB [ATOMY U3MEPEHUIO
npsiMo durypuposaTh B 3akoHax ¢usnkn. Bruax Kugitaa 3] cocrostn B TOM, 9TOGBI ¢IeaTh 9TO OrpAHUIEHUE
MeHee MCKYCCTBEHHBIM, MIPEJJIOXKUB IIPABIOIOI00HY 0 (PU3UIECKYIO OCHOBY JIJIsi KOMIIAKTU(UKAIIUU IISITOIO U3Me-
perusi. Mogens Kanynsr-Kieitha npemmosiaraer, 9ro J0MOJTHUTEIbHBIE M3MEPEHUsT KOMIAKTHBI U UMEIOT KpaiiHe
MaJiblit pazmep nopsaka ayuabl [lnanka [p; = 1/Mp;. Hecmorpst Ha TO, 9T0 IIpakTHYeCKOe OOHADYKEHHUE JOII0JI-
HUTEJIbHBIX CKPBITHIX M3MEPEHUI BBIXOIMIIO 38 PAMKH 9KCIIEPUMEHTAIBLHBIX BO3MOXKHOCTEH, JJAHHAST MOJIEJh ObLIA ¢
SHTY3UA3MOM BOCIIPUHSITA UIE0JIOIaMU €IMHON TEOPHUH II0JIsl, U KOIJIa IIPHUIILIO BPEMs BKJIFOYUTH B TEOPUIO CUJIbHBIE
u cabble B3aUMOENCTBUS IIyTeM DPACIINpeHns MexaHm3Mma KaJryibl Ha 00jiee BHICOKME M3MEDEHUs, IIPE/IIojIara-
JIOCh, YTO OHU TOXKE OY/IyT KOMITAKTHBIMU.

O6cy>KgaeMbIe MHOI'OMEpHbIE MOJIeJIN O6HaﬂaIOT TpeMd KJIIOYEBbIMU XapaKTEePUCTUKaMM:

e Marepus B JAHHBIX TEOPUSX - €CTh MIPOSIBJIEHIE M€OMETPHUI: JIEKTPOMArHATHOE 110Jie u noJisa dAura-Musica,

o o 4+d
KaK U I'paBUTaIlUOHHOE IIOJIE, ITIOJTHOCTBIO COAEpPzKaTCd B MHOT'OMEPHOM TEeH30pe Qiiamreiina ( )GAB’ TO

4+d
€CTHh B METPUKE U €€ TPOU3BO/IHBIX, 1 TCH30D IHCPTUN-UMITY/IHCA (4+ )TAB IIPXU 3TOM HE BBOAUTCHA,

e MuoromepHast Teopusi sIBJISIETCsI MUHUMAJIBHBIM PaCIIIPeHreM OOIeil Teopur OTHOCUTEILHOCTH, T. €. B Heil
HerT MOIUMUKAIINN MATEMATUIeCKON CTPYKTYDPhI Teopun. EnuHcTBeHHOE M3MeHeHre 3aKII09aeTCs B TOM, 9TO

TeH30pHbIe HHeKChl padorator ot 0 10 (3 4+ d) Bmecro 0 110 3;

e He IIpejajiaraeTcd HUKakKoro Mexanm3ma, O6"]3HCHHIOHL€FO7 Imoaemy CbI/ISI/IKa 3aBUCUT OT IIEPBBLIX YeThbIpeX KOOP-

JAuHaT, HO HE OT AOIIOJIHUTEJIbHBIX.

OcCHOBHBIE CJIEJICTBUS BBIIIEINIEPEUNCIEHHBIX XapaKTEPUCTUK 00CYZKIaI0TCsI B yHKTe 2 JTaHHOI paborsl. Takxke
PACCMATPUBAIOTCS JBA YACTHBIX CJIydasl TeOpHUH: ciaydail ¢ = const u ciaydait A, = 0.

CyIecTByeT TpH MOAX0/a K U3YUEHUI0 MHOTOMEDHBIX T€OPHUil, KaXKJIbIil U3 KOTOPBIX IPUHOCHUT B YKEPTBY OJHY
U3 KJIIOYEBBIX 0COOEHHOCTEl: KOMIAKTU(DUIIMPOBAHHBIE, IPOEKTUBHBIE U HEKOMITAKTU(MHUIIMPOBaHHbIE Teopun. Kom-
makTU(UIMPOBAHHbIE ¥ HEKOMIAKTHU(DUIINPOBAHHBIE TEOPUU PACCMATPUBAIOTCS COOTBETCTBEHHO B IIYHKTaxX 3 u 4.
[IyuakTer 5 1 6 comep:KaT OCHOBHBIE KOCMOJIOTHIECKHE U ACTPOMU3NIECKUE CJIE/ICTBUS TEOPUU COOTBETCTBEHHO.

B mammoii pabore 3ariaBHble JaTuHCKHe OykBbl A, B,... OyIyT COOTBETCTBOBATb UHIEKCAM, IIPOOEraroIuM

suavenusi 0 + 4, a rpedeckue «,f3,... - uHgercaMm co 3HaderusMu 0 +— 3. IlaTuMepHble BeIMIMHBI 0OO03HAYAOTCS

CHMBOJIOM ~, a HOBas IsiTas KOOpAuHaTa obo3Hadaercs y = 2. YeThIpexmepHas MeTPHYECKAs CUTHATYDPA IPHHITA,

paBHoit (+, —, —, —). Boruuciienus npuBe/ieHbl B €CTeCTBEHHOI cucreMe efuuui ¢ ¢ = i= G = 1.



2. Mexaan3zm Kamymbl-Kieitna

ypaBHeHI/IH DiiHmTeiina B IaATH U3MEPEHUAX oe3 MMATUMEPHOI'0 TEH30Pa dHEPrunu u UMIIyJbCa UMEIOT BU/L:

GAB = 07 (1)

YTO 3KBUBaJICHTHO

RAB = 0) (2)

e Gap = Rap — Rjap/2 - rensop Dumreiina, Rap u R = §a gRAB - ATUMEPHBIE TEeH30p Puadm n ckassp

Puvan cooTBeTCTBEHHO, JAp - NATHUMEPHBINH MeTpudeckuil Tern3op. 31ech A u B nupoberator 3nadenus 0 <+ 4. 9tu

YpaBHEHUS MO2KHO IIOJIYIUTDb U3 Bapualliu IIATHUMEPHOI'O ‘HeﬁCTBI/IH iiamreiina:

S=- ! /R\/j§d4xdy, (3)

167G

rae y = z* npencrasiser naTyio KoopauHaTy, G - OATHMEpHAS IPABUTAIMOHHAS IOCTOSHHASL.
OrcyTCcTBrE HCTOYHUKOB MATEPUHU B 9TUX YPABHEHUAX OTPAXKAET IMIEPBOE Mperosiokenne Karybl OTHOCHTETBHO
XapaKTePUCTUK MHOT'OMEPHBIX TEOPHUii, & UIMEHHO TO, YTO MaTepHud ABJACTCA IIPOABJICHUEM I'eOMETPHUH.

IIsatumepubie Tenzop Puaan u cumBossl Kpucroddens nmeior onpejiesienne, aHAJIOTHIHOE TeTHIPEXMEPHBIM:

Rup=0cTGp — 061G + 196180 — TSI Be
~ 1 R R R .
g = §QCD (8A9DB +0pgPA + aDQAB) . (4)

JlaHHBIe YpaBHEHNs OTPaKalOT BTOPYIO KJIIOUEBYIO 0COOEHHOCTH Oxoma Kairyisl K 00beIMHEHNIO: 38 NCKJTIO-
qeHreM Toro (hakTa, YTO TEH30PHbIE WHIAEKCH nMeoT 3Hadenus oT () 10 4 BMecTo 0+ 3, BuJl ypaBHEHUI aHAJIOTMIEH
BUY yPABHEHWII B T€OPUHU JUHIITEHHA.

Jlist MeTpuKn o3-KOMIIOHEHTBI U3 4R OTOXKIECTBIISIETCS] C Y€TBIPEXMEPHBIM METPHYECKHM TEH30POM (o3, ovd-
KOMIIOHEHTBI C 3JIEKTPOMArHUTHBIM MOTeHIAIOM A, 1 44-KOMIIOHEHTa CO CKaJSIPHBIM ToJjieM ¢. Takum obpaszom,

VIOOHBIM CIIOCODOM MAPAMETPU3AINI METPUKY SIBJISETCSI:

N Jap + K2 AaAg  KO*Aq
(gag)=| 77 T ) (5)
Kp=Ap ¢

e 9JIeKTPOMArHUTHBINA TOTeHIHAI A, MaciTabupoBaH Ha KOHCTAHTY K, 9TOOBI B JIaJIbHEHIIIEM [TOJTYIUTh TPABUIIb-
Hble MHOXKHTEJHN B jeficTBun. ECii MBI CBSIZKeM ee ¢ 4eThIPeXMEPHON IPABHTAIMONHOMN [OCTOSHHOM KakK k = 471G,
TOIJIA, UCIIOJIL3YS METPUKY (5) U IPUMEHsid TPETHIO KJIIOUEBYIO0 0COBGEHHOCTD Teopur KaJlylbl - yCI0Bre IUIUHIPA
(. e. moJyiarasi BCe NPOM3BOJHBIE 10 MATOM KOOpAUHATE PABHBIMHU HYJIIO), YBUAUM, 91O JeiicrBue (3) cocrour us

TpeX KOMIIOHEHT:

_ 4 —
5= /d”EV gd’(mwGJr TR Py

Hastee ¢ nomoinpio Merpuk (5) u oupejiesennii (4) obHapyKurcs, 9To 3-, 4~ 1 44-KOMIIOHEHTBI [ISITUMEPHOI'O

YpaBHEHUSA I10JIA (2) CBOJATCA COOTBETCTBEHHO K CJICAYIOINIUM YPaBHEHUAM IIOJIL [4] B 9eTbIpeX U3MEPEHUAX:

K22 1
Gap = TTfﬁM =~ [Val059) = gapbd] ,

¢
VFop = —3%¢Faﬁ, Uep =

KZ ¢3

FopFo?, (7)



e Gop = Rap — Rgap/2 - Teusop Dumreiina, TfBM = gaplsF7° /4 — F)Fg, - 371€KTPOMATHATHBIfI TEH30D
SHEPIUH-UMITYJIbca U Fog = 0,Ag — 03 A,. Kak n npemnonaranoce, scero 10 +4 + 1 = 15 ypaBHeHnil, HOCKOIbKY

B IsATUMEpHOil MeTpuke (5) HATHAIATH HE3ABUCHMBIX 3JIEMEHTOB.

2.1 Cuayuaii ¢ = const

B cirygae, Korya CKaJspHOE [0JIe ¢ MOCTOAHHO B IPOCTPAHCTBE-BPEMEHHU, [IePBbIe JBa ypasHenus (7) sABJIIOTCS

ypaBHeHUsIME DifHireiiHa 1 MakcBesjia COOTBETCTBEHHO:
2 EM a
Gaopg =8mGo"T 5", V¥F,p=0, (8)

rjie MacIiiTabHbIA mapaMerp Kk B TEPMUHAX MPABUTAIMOHHO HOCTOsSHHON G (B Y4eThIpex U3MEPEHUsIX ) OIPEeIeIAeTCs

KaK:
k=4VrG . (9)
Dtor pesyabrar ObLI HepBoHavYabHO mostyueH Kasytmeir n Kureitnom, kotopsie ycranosmwin ¢ = 1. OjHako

YCJIOBHE ¢ = const COIIacyeTcs TOJIBLKO C TPETbUM M3 IOJIeBBbIX ypasaenuii (7), korna FgF' af —= (), KaK BIEpBBIE

6bL10 yKazaHo xopaanom [5] u Tupu [6].

2.2 Caywuait A, =0

Bes yuera «yciioBusi muInHIApay yCJIOBHE OOpAIEHNWs B HYJIb JIEKTPOMATHUTHBIX TOTEHITUAJIOB ObLIO OBl He
6osiee geM BBIOOPOM KoopauHaT. OQJHAKO C YCJIOBHEM IMJIMHIPA MBI pabOTaeM B 0COOOi CHCTEME KOOPJUHAT, TaK
YTO TEOPUsi CTAHOBUTCS HE MHBAPMAHTHA OTHOCUTEJILHO 0OmMX (T. €. IATUMEPHBIX) Ipeobpa30oBaHUil KOOPAUHAT.
Takum obpaszom, orparudenne A, = 0 sBisiercss GpU3NIECKUM, a HE IPOCTO MATEMATHIECKUM, U OTPAHUYINBAET HAC
«TPABUTOHHO-CKAJIIPHBIM CEKTOPOM» TEOPUH.

Takoit mox0/1 MpUEeMJIEM B HEKOTODPBIX CJIy4asik: HAIPUMED, B MOJEJIX PaHHEH BCEJIEHHOM, B KOTOPBIX JIMHA-

MHUYeCKHU JOMUHUPYIOT CKAJSIPHBIE T10Jis1. e npenebpeus A,-mossimu, T0o ypasHenue (5) NpUHAMAET BUJ:

- 0
(Gas) = | 7 , (10)
0 ¢?

C 3T0it METPUKOIi, TIOJIEBBIMU YPABHEHUsIMHA (2) U TpeMsl IPeIIoIoKeHusaMEI Karybl 0 MHOTOMEPHBIX MOJIETISAX,

neiicreue (3) cBopuTCs K:

_ 4
5 =— 16WG/deR¢ (11)

D10 yacTHbll caydail w = 0 geiicrBus Bpanca-Iluke [7]:

/d%r(lG G wa&@@@) o 12

e w - 6e3pa3mepHast moctosinHas Bpanca-/lukke. 3HadeHre 3TOro mapamerpa JIOJKHO ObITh Oosibiie ~ 3600,

TO3TOMY TaKad IIPOCTad MOICIIH HEXKU3HECIIOCOOHA.

2.3 KoHndopMmHOe maciiTabupoBaHue MeTPUKU

Jlpyroit pacpoCcTpaHHEHBIH JJTst aHAJIM3A CJIydail - 9TO BO3MOXKHOCTH MACIITAOMPOBAHUS METPUKY U IIPUBEIEHUS
IPaBUTAIMOHHOI YacTu JeiicTBus (5) B KaHOHUYeCKyI0 (hopmy: /—gR/16mG. D10 MOKHO C/ieaTh, IIePEOPEIEIIIB

¢% — ¢, a 3aTeM BBLIITOIHUB KOH(MOPMHOE MACIITAGHPOBAHIE METPHKH

gap — Jup = P gap, QP =913, (13)



YTO IIPUBOJUT K MACIITAOUPOBAHUIO KAHOHMYIECKOro aeficrsus [11]:

R OFF 990,
r_ 4 o af [}
5= /d S ST 4 + 6292 | (14)

3. KomnakrudunmupoBaHHble TEOPHUN

3.1 Mexanu3zm kommakTudnkanuu Kieitna

IMepBoHaYaJIbHO TEOPETUKU €JUHON TEOPUM MOJIA IIOCYUTAJIN, YTO IPEeAIookenne Kaaylpl o cymecTBOBaHUN
[ATOr0 U3MEPEHUsT HOCUT HECKOJIHKO HASyMAHHBIA XapaKTep, TaK KAK 3aBUCUMOCTU (DU3UYECKUX BEJUYUH OT J0-
MTOJIHUTEJIHLHOTO U3MepeHus He Habmoganock. Curyanmio ucnpasun KieiiH, o6bsSCHUB OTCYTCTBUE 3aBUCHMOCTH
KpaiiHell MaJIOCThIO JOIOJTHATEIBHOI'O U3MEPEHU.

Kiieita mpeaimoioKmi, 9o ngarast KOOpAUHAT JOJZKHA ObITh IPOCTPAHCTBEHHON (KAK U IIEPBbIE TPU ), U IIPUCBO-

i ficrBa: (1 Shm (2 i 6.C i 1) mo6
nit eit apa cpoiicrea: (1) Kpyrosyto Tonosoruto S*'; u (2) mansiit macirab. Coracao coiicrBy (1) mobast BenuanHa
flx,y) (roe @ = (2°, 2%, 2%, 23) m y = x*) cranoBurca nepnommueckoit: f(x,y) = f(x,y + 27r), vae r - mapaMeTp

MaciIraba ujm «paanyc» IIATOr'o N3MEpEHnd. HOSTOMy BC€ II0JIsA MO2KHO Pa3JIO2KUTDH B PAJT (I)ypbe:

gop(my) = Y glH @)™ Ag(z,y) = > A (@)emv/
o n=oo ) o
o(z,y) = Z pMeinv/T (15)

rJle BepXHUl MHIEKC (") orHOCHTCS K n-if moze Pypre. B cooTBeTcTBUM ¢ KBAHTOBOI TEOPHUEH ITU MOJLI HECYT
B HAIPABJIEHUU Y UMILYJIbC HOpsiKa |n|/r. 37ech IposBiseTcs: CBOWCTBO (2): ey r JOCTATOYHO MAaJjio, TOTAa Y-
UMITYJIBCHI Jlazke Moji n = 1 GyJyT HACTOJBKO OOJIBIMUMHU, YTO OHU CTAHYT HEJIOCSITAEMBIMU JIJIsI SKCIIEPUMEHTA.
CienoBaresibHO, OyIyT HAOJIOAATHCST TOJBKO MOAbI M = 0, KOTOpBIE HE 3aBHUCSIT OT Y, KaK TOrO TpedyeT Teopwus
Kausympr.

HawuboJtee cymecrBeHnble OTpaHUYeHNST HA MACIITAO 1 YETBEPTOrO MPOCTPAHCTBEHHOI'O M3MEPEHMsT HAKJIAIbI-
BaeT (pU3MKaA JACTUI] BHICOKUX IHEPrUii, KOTOpas UCCJIeAyeT OOJIbIIne MacIITabbl MAcC M, COOTBETCTBEHHO, MaJIble
MacmTabbl AauH (JyinHa BosHbl KoMITOHa /17T MacCHBHBIX Mojl nMeeT mopsiok M ~1). B macrosimee Bpems 3Kc-
HepUMEeHTHI TAKOTO poja [8| HaKjaJpBaloT OrpaHMHYeHds Ha pasMep T MeHbme artomerpa (1 am = 10718 ).
TeopeTHKN YacTO yCTAHABJIMBAIOT T PABHBIM IUTAHKOBCKOf jumne [, ~ 1073% M, uTo siBjsfieTcss OHOBPEMEHHO
€CTEeCTBEHHBIM 3HAYEHWEM U JOCTATOYHO MaJjbIM, YTOOBI rapaHTUPOBATH, 9TO Macca Jiobbix n # 0 dypbe-Mom
IPEeBBIIIAET IUIAHKOBCKYIO Maccy my ~ 10 T'9B.

Takum obpazom, ITOOBI N30EKATH YCJIOBUS MAINHIPA, KIISHH TPeToaoKuI, ITO JOMOJHATEIHHOE TPOCTPaH-
CTBEHHOE M3MEpPEHHEe KOMIIAKTHMUIMPYETCs B TOIOJIOIHMIO Kpyra S' odens masoro paamyca R. B atom ciayuae
OCTaeTCs YeThIpeXMepHasi KOOP/IMHATHAS MHBAPUAHTHOCTD U abejieBa KaJMOPOBOYHAS MHBAPUAHTHOCTD, CBSI3aHHAS
¢ npeobpazoBanusamu Koopauuar S'. Takum o6pazoM, ImpocTpaHcTBO nMeer Tomosormio RY x S'. Ipyrumu cio-
BaMH KaKJasl TOYKA B HAIEM YeTHIPEXMEPHOM IMPOCTPAHCTBE MPEJICTABISET COOON MeJbIaillyi0 OKPYKHOCTh B

IMATUMEPHOM.



Torzma neiicrBue nsgrumepHoro ckassproro noss Kusiina-lopaona ¢(x,y) Maccel mg MOXKHO 3aIlICATh KaK:

5= [[ate [ 5,07 w516 @) - 3 [ + fo ) 6] ) (16

n
Bugno, uro addexkTuBHOE YeThIpeXMEpHOe JIeHCTBIE, COOTBETCTBYIONIEE MSTUMEPHOMY JEHCTBUIO MACCHI My,
ecTh OecKOHeYHas OalHs TeThIipexMepHbIx nodieit Kieitna-T'opaona ¢ maccamm:

2

n

rae 1ejoe n — guciao Kamyter-Kieitra., Tak Kak UMITyJIbC 9aCTHIBI B [IsITOM W3MEDEHUU KBAHTYETCS B €JIMHUIAX
1/R, To ypasuenue (17) skBuBajieHTHO M2 = mi + p2, r1e ps — UMIYJIbC B OsATOM n3Mepenun. [losgiBienne ngaToro
U3MepeHus MPUBOJIUT K BO30YXKIEHHBIM cocTOosTHUSAM Oeckoneunoit barrau Kasynpi-Kieitna. Bosoyxaenus bosee
BBICOKMX IIOPSIIKOB COOTBETCTBYIOT MOJAM C OOJIBIIUMU MMILYJIbCAMHU B JIOINOJHUTE/IbHOM M3MEPEHUU M, COOTBET-

CTBEHHO, C OOJIBLIIINMHI MACCAMU B HAIIIEM YeThIpEeXMEPHOM IIPOCTPAHCTBE.

3.2 KBsBaHTOBaHUe 3apsaaa

Paznoxenne moseit na moabl @ypbe mpenosaraeT BO3MOXKHBIN MeXaHU3M O0bICHEHHUs 3aPsI0BON0 KBAHTOBA~
nug. Paccmorpum npocreiimmit B Marepun - 6€3MaccoBoe naruMepHoe ckajspHoe moje ¢ (z,y). Ero aeiicrsue

6y;:eT UMETDH TOJBKO KMHECTHUICCKYIO YaCThb:

S;=-— / d*zdy~/— g0 s . (18)
ITose MOXKHO PA3JIOXKUTH aHAJIOTUIHO (15):
dy)= Y e (19)

Korza sro pasmoxenne somutcs B jefictsue (18), Mbl mosyuaem caemyronmit pesyasrar [10]:

4 a i) J(n) n2yh(n)2
Sy ==Y [ dyd*zy/=g | D*"™ Do) | (20)

roe D, = 0% + M - KoBapuaHTHas IpousBojHas. CpaBHeHue ¢ IpaBujIoM MuHUMAJbHON cBa3u B K/ (nmosx
MUHUMAaJIbHON CBA3bIO IIOHUMAETCId CBA3b 1VIe7K,£Ly II0JISIMU, KOTOpaH BKJ/JIIOYa€T TOJIBKO paCIIpe,J:LeﬂeHI/Ie Sapﬂﬂ,a, a
He 6oJiee BBICOKHE MYJIBTUNOJIbHBIE MOMEHTBI) Oy — O + 1€A, NMOKa3biBaeT, 9T0 B 3T0il Teopuu n-s Moga Pypbe
CKAJISIPHOTO OJIs 1) HeceT KBAHTOBAMHDIH 3apsiL;
_ nkgp~1/2 _ nV16rG
qn = , -, \/5 )

e A, pasienena Ha /¢, 9TOObI TIOJTyYUTh NPABUJILHBIN 3/1eKTpoMaruuTHbI BKIa B (14). Ecim ook ecTBuTh

(21)

€ = (@1 1 IpearrojJgoKuTb, 94TO T‘\/(E ~ lpl =V G, MbI ITOJIy9UM KaK CJICJICTBUE HpaBHJIbHBIﬁ IIOPAA0OK BEJINYUHBI

CTPYKTYPHOI TTOCTOSHHOM,

2
a= B (VTGN (22)
47 VG

BozmoxkHOCTD 00bsicHeHNs TaKUM 00pa3oM (byHIAMEHTAJbHON KOHCTAHTHI Cleaja Obl KOMIAKTH(MUIIIPOBAH-
HYIO IaTUMepHYTo Teopuio Kamynp-Kieitna moBojibHO BayKHOI st paccmorpennst. OHAKO MACCHI CKAJISPHBIX MO/

COBEpIIEeHHO HEe COBMECTHUMbI C 9TUMMU IIPE/ICTaBJICHUAMMN. Onu JAI0TCAd KBaJIpaTHBIM KOPpHEM U3 KOS(beI/ILH/IeHTa npu

ﬁ(n)Z:

_ In]

My e (23)



Eciu, Kax mpeonarauioch, /¢ ~ lp1, TOTTA 7S MACCa, SIEKTPOHA, My ~ l;ll ~ 10°T'sB (coorBercrByIOIAs 11ED-
Boit Mozie @yphe) Gblia GBI HAMHOTO MEHBIIIE, UeM SKCIepUMeHTaIbHOe 3Hauenne m, ~ 0, 5MeB. Do pacxoxkienne
NIPUMEPHO Ha JBAJNATDL JIBa MOPSIKA MEXKJy TeOpueil W HabJIOJEHUEM ChIrPasio GOJBITYI0 POib B JaJbHEHIIeM
OTKa3e 0T 00bACHEHNA KBAHTOBAHMA 3apPAOB ¢ MOMOIIBIO naTuMepHO# Teopun Kamynp-Kieiina.

B cOBpeMEHHBIX KOMIIAKTUMUIUPOBAHHBIX TEOPUIX ITY MPOOJIEMyY MOXKHO U30eKATh, BHITOJIHAB TPU ACHCTBUA
[10]: (1) nuenTndunupys HabroaeMble (J€rkue) YacTUIBl, TAKHEe KaK JEKTPOH, ¢ Mojamu n = 0, a He ¢ GoJee
BBICOKMMHU Mozamu pasjoxkenus Dypoe, onucannoro soiie. CoracHo dbopmyse (23), 91U 9acTUIBI UMEIOT HyJe-
BYIO MacCy Ha ypoBHe ypaBHeHHil 1mojg. OIHAKO 3aTeM UCHOJB3YIOTCA: (2) MEXaHH3M CIHOHTAHHOIO HADYIIEHUSs
CUMMETpUH, ITOOBI HAIeJUTh nX HeGosbmMu MaccaMu. VI3 ypasrenus B dopmylie (21) Takzke BO3HUKAET IPOBIIe-
Ma OObSICHEHUS TOrO, Kak MOJAbL 7 = (0 MOIyT MMeTh HEHyJIeBOi 3apsiy (i, B Gojiee 0OIIEM CMBIC/IE, HEHYJIEBbIE
CB#A3H C KAJMOPOBOYHBIME IIOJISIMK). DTO paspemaercs: (3) mepexofoM K 6ojiee BHICOKMM H3MepeHUusAM, rje 6e3-
MaCCOBBIE YACTHIIBI OOJIbINE He SBJISIOTCA «CHHIJIETAMU KAJUOPOBOYHON TPYIIIBI», COOTBETCTBYIOIINMI OCHOBHOMY

COCTOAHUIO.

4. HexkommnakTudunupoBaHHbIe TEOPUN

B sToMm mosixoie He OrpaHUYINBAETCS TOMOJIOTHS U MACHITA0 ISATOT0 M3MEPEHUs B MIOIBITKE TOYHO Y/IOBJIETBOPUTH
YCJIOBUIO MUJIUHJIPA. BMECTO 3TOTO MBI IPUIAEPKUBAEMCS UJIEU, ITO HOBBIE KOOPIUHATHI SIBJISIOTCI (PU3TICCKUMU.
Dusnueckre BeJIUIUHBI, BKIIOYasi, B YACTHOCTH, TIOJIyI€HHbIE U3 METPUIECKOr0 T€H30pa, OYIYT 3aBUCETH OT ISTOM
koopauHaThl. PAKTUIECKN, UMEHHO T4 3aBACHMOCTD TO3BOJISIET MOJIYIUTH HE TOJBKO JIEKTPOMATHUTHOE H3JLyde-
HUe, HO U MAaTePHUIO OYeHb OOIIEro BH/a U3 T'eOMETPUU C IIOMOIIBIO YPABHEHHUII MHOT'OMEDPHOTO IOJIA. Y DABHEHUS
JIBUKEHUST TaKXKe MOIU(PUIMPYIOTCST B 3aBUCUMOCTHU OT JOMOJHUTEIBbHBIX KOOPIAUHAT. Be3 NUJINHIPDUYHOCTH HET
MIPUYWH JIJI8 KOMIAKTU(MUKAIINN [ISTO0 U3MEPEHHs], T0OITOMY TAKO# IMOJXOJ MPABUWIHHO HA3BIBATH «HEKOMITAKTHU-

GUITIPOBAHHBIM .

4.1 Metpuka

Pacemarpusas nsaruMepHyto MeTpuky (5), BeIGepeM KOODIMHATHI TAK, YTOOBI YeThIpe KOMIIOHEHTHI A, paBHsi-
Jiuch Hyst0. [TockosbKy 60JIbIle He HAKJIAIBIBAETCS YCAOBHUE [UJIMHIPUIHOCTH Ha, PEIIeHNUsI, 9TO He BeYeT 3a coboii
moTepu ajaredpandeckoil OOITHOCTH; 3TO AHAJIOIMIHO OOBITHON CTPATErnH BHIOOPA KOOPAMHAT B SJIEKTPOMATHUTHOM
Teopuu, IPU KOTOPOH JINOO IIEKTPUIECKOe, MO0 MArHUTHOE I0Jie ncue3aior. llarumepnsiii MeTpudeckuii TEH30D,
TaKUM 00Pa30M:

@m={ """ . (21)
0 €g?
r7le MHOYXKUTEJIb € BBEJEH JJIs TOTO, YTOOBI JOIIYCTUTh KAK BPEMEHUIIOMOOHYIO, TAK U IIPOCTPAHCTBEHHOIOIO0HY IO
CHTHATYPY IS TISITOTO W3MepeHus (TpeGyeTcss TOMbKO, 9To6BI €2 = 1).

BpemenuiionobHble JOIOJHATEIBHbIE H3MEPEHUsT PEJIKO PACCMATPUBAIOTCA B KOMITAKTU(MDUIIMPOBAHHON TEOPUU
Kanynp-Kueiina 1o neckoabkum npuannam [11]: (1) onu npuBogar K HelpaBuIbHOMY 3HaKY Jyis AeiicrBus Makc-
Besuia B ypaBHenur (6) oTHOCHTESIbHO DHHINITERHOBCKOrO; U (2) U3 HUX CJEJyeT HeIPABUJIbHBINA 3HAK JIJIS MACCHI
™M, 3apsiPKEHHBIX MOJ B ypaBHeHUH (20), T.€. K IIPEJCKA3aHUI0 TAXUOHOB. Y MECTHOCTh 3TUX JIBYX apPIyMEHTOB JJIsI
HEKOMIAKTU(hUIUPOBAHHONR TEOPHU MOXKET OBbITh IPEJIMETOM CIIOPOB. TpeThe pacipocTpaHeHHOe Bo3paxkeHue (3)
COCTOUT B TOM, UTO JIOMOJIHUTEIbHBIE BPEMEHHBIE MM BPEMEHUIIOIOOHBIE M3MEPEHUsI MOTJIN Obl IIPUBECTH K 3a-

MKHYTBIM BpeNIeHI/IHO,HO6HbIM KPHUBBIM U, CJI€J0BATEJIbHO, JOIIYCTUTHh HapPYIIECHUE ITPUIUNHHOCTH. Crour oTMETUTH



OT/INYINEe BPEMEHHBIX U BpeMeHI/IHO,D;O6HbIX I/ISMepeHI/II‘/JIZ BpEMEHHbIE U3MEPEHNA Ha CaMOM JIeJIe UMEIOT (bl/ISI/IquKI/Ie

€INHUIIBI BpEMEHU BpeMeHI/IHOI[‘O6HLIe 2Ke IIPOCTO UMET Bpel\leHI/IHO,HO6HyIO CUTHATYDPY.

4.2 YpaBHeHUs 1M0JA

[Ipornenypa mosrydenusi ypaBHEHHUI [IOJIE B TOYHOCTU TaKas ke, Kak B MexaHu3me Kasyipl, 3a HCKIIOYeHuEM
TOrO, YTO TENEPh MBI COXPAHsEM TIPOU3BOJIHBIE TI0 NATOH KoopauHare. Vcrnonb3yst Te xKe onpenesnenus (4) msruvep-
HBIX cuMBOJIOB Kpucroddens n terzopa Puaun, mosryuaem Beipaxkenust 1jis «5-, ad- n 44-KOMIIOHEHT IIATUMEPHOTO

ter3opa Puaan R 4p, KOTOpbIE UMEIOT BUI;

5 V5(0ad) € [049(919ap)
Rog = Rop— "+ — | /" — 040a
8 B ) + 202 ) 4908
79 15)
b G 0ugeDagns — 949726496} 7
R 44 By 820770 o
Roy = g 49 (049800944 — 0~9440490ap) + w
L 97040s910) _ 00970195y _ §7704(0agsn)
2 2 2
+ gﬁﬂygaea4g'yaaﬁg& + 84967804957
4 4 ’
. o aﬁa aﬁaQ
R44 — _€¢ Dd) _ 49 5 490!5 _ g 249(1[3
010 9°P01gap  9P0sgap 9P 97°049y30490s o5
+ 4 2 4 ’ (25)

rme Lo = gO‘fBVQ(aagb) OmpeJiesisieTcsl TaK Ke, KaK B YeThIPeX M3MEPEHUIX.
MBI TIpeIIoiaraeM, 9To He CYIIECTBYeT «MHOTOMEPHON MaTEPUU», IO9TOMY YpaBHEHUs DWHINTEHA TPUHUMAIOT

Bug (2), Rap = 0. Ilepoe u3 ypasuenuii (25) 3aTeM JaeT CJIeLyIOIMEe BbIPAXKEHUE JJIsl YeTHIPEXMEPHOIO TEH30Pa

Puyun:
Ruy — vﬂ(ja@ B % szaﬁ(@(;gaﬁ) = Oagus
+ 97°049ar 01955 — W} : (26)
BTOpoe MOXKHO 3aIliuCaThb B BUJI€ 3aKOHa COXPaHEHHNA:
VsP? =0, (27)
1€ MbI OIIpEae/INIIN HOBBIN YeThIpe-TEeH30PD KaK:
P} = 2\/1@ (97° 01970 — 6597 Ongre) - (28)
U rperbe u3 ypasuenuii (25) npunumaer ¢hopMy CKaJISIPHOIO BOJHOBOIO YPaBHEHUS IS :
60 = _019""049ap _ 9" 0390 | 01097 0ngap _ 9*"Ongas (20)

4 2 4 2
Vpasaenus (26) — (29) cocTaBiagioT OCHOBY IATUMEPHON HekoMIakTudunupoBannoit Teopun Kamyupr-Kieiina.
Ocraercst TOJILKO HHTEPIPETUPOBATH UX 3HAYCHHE B YeThIPEX U3MEPEHHsIX, a 3aTeM IPUMEHUTh UX K JI0O0H TaHHOM

dusueckoit mpobdeme, BLIOPAB COOTBETCTBYIONIYIO METPUKY (AB-

4.3 Marepusi u3 reomMeTpun

Iepsoe u3 ypasuenuii (26) — (29) 103BoJIIET HAM MHTEPIPETUPOBATL YETHIPEXMEPHYIO MATEPUIO KAK IIPOSIB-

JleHwe nsTUMepHOi reomerpun [12]. st aToro TpeGyercsi, 9T00BI OOBIMHBIE YpaBHEeHUs] DUHIITEHA (¢ MaTepuei)



BBIIIOJIHAJIUCH B Y€TBIPEX U3MEPEHUAX:

1
87TGTa5 = Ra,@ — iRga’B s (30)

rae T,p - TeH30p sHeprum-uMiryabca. Mcnons3ys ypasaenue (26) momydaeM (¢ moMolpio ypasaenus (29)) ciaemy-

fOIIee BhIPAYKEHUE JJIsi YeThIPEXMEPHOTO CKassApa Puadu:

€

= 4¢? (049°7 0190 + (9*70agap)?] - (31)
[Moxcrasisis aroT pedysnbrar BMecre ¢ yp. (26), B ypaBuenue (31), mosydaem:
V5(0a0) € [049(019ap) € s
87TGTa/3 = p - ﬁ T - 84(84gaﬂ) - ﬁ [QW 84.9&7349@5
97°019,5019a € [Ya
- +ﬁ - T& [Tﬁ (8497684976 + (g’yéaélgwé)Q)}

Ecsu Mp1 ucnosib3yem 1o Beipazkenne i 1,3, 4eTbipexMepHble ypapHeHus ditnmreiina Gog = 81GT,5 aBTo-
MaTUYeCKHU COJIEPXKATCA B MSATUMEPHBIX BAKYYMHBIX YPaBHEHUSX Gap =0. Marepus, onuceiBaemast 13, ABJIgeTCA
MIPOSIBJIEHNEM YHUCTON reoOMeTpUu B MHOIOMEPHOM MHUpE. DTO OBbLIO HA3BAHO «MHTEPIIPETAIMEl WHIYIMPOBAHHOM
marepun» Teopun Kasynp-Kieiina, n ypasnenue (32) onpejessier TEH30D SHEPIUU-UMILYJIbCA WHILYIUPOBAHHO
MaTepuu.

Nurepnperanus ypasaernit (27)—(29) ve tax oqHo3HaYHA. MOXKHO IPEIIIOIOKATH, UTO, IOCKOJIBKY KOMIIOHEHTBI
«af ypaBHEHUIl TOJIsI CBA3BIBAIOT M€OMETPHUI0 C MAKPOCKOINMYECKAMI CBONCTBAMU MaTE€PUU, TAK W KOMIIOHEHTHI o4

u 44 MOT'YyT ONMCHIBATH MUKPOCKOITMIECKHE CBOMCTBa. B 9acTHOCTH, ec/iin
P,s = k(m;vavg + mggags) (32)

rae k - KOHCTaHTa, M; U M, - HHEPIUOHHAs I'PaBUTAIMOHHAS MACCHl YaCTHILI B YKUJIKOCTH C HHIyIIPOBAHHLIM
BemecTBoM, a v® = dx®/ds - ee 4-ckopocth. Torpma ypasaenue (27) ONUCHIBAET YETHLIPEXMEPHOE TEOJIE3UIECKOE
ypaBHEHHE.
TouHO TaK Ke MBI MOXKEM MPHUIATH YPABHEHHIO (29) CMBICII, €CJIM MBI OTOXK/IECTBUM €ro ¢ ypasHeHneM Kireiina-
T'opona:
O¢ =m2¢ . (33)

TOI‘,I[& MacCCa YaCTHUIbl ABHO 3aBUCHT OT METPHUKH, YTO IIO3BOJIAECT HaM HHTEPIIPETUPOBATH 3Ty HEKOMIIAKTHYIO

TeOpUIo KaK peasusanuio npuHmumma Maxa [13].

4.4 DBoabiaue JOITIOJTHUTEJIbHbIE€ NU3MEepPEeHUuA

Teopust 6GOMBIUX JOMOJHATEILHBIX U3MepeHuil Oblia npeoxena Apkanu-Xameaom, Jumornynocom u Jlsaiu
n usBectHa Kak ADD mozens [29]. B aroit Mogenm mo-npexkaemy paortaer momens Kamyne-Kieitna, HO momosr-
HUTeJIbHbIE U3MepeHus He 00si3aHbl ObITh MuKpockonuieckuMu. Corstacao ADD mozenu, croib 60Jibinasi pa3HUIa
MEXK/Iy I'PABUTAIMOHHBIM U 3JIEKTPOCIa0bIM MacinTabaMu B3aumMOJEHCTBIIT 0OYC/IOB/IEHA T€OMETPUIECKUM I10/1aB-

JIEHHEM TPaBUTAINN Ha (PAKTOP, MPOMOPINOHATBLHBIN 00bEMY JTOTOJHUTEIHHBIX H3MEPEHMIA:
2 _ n+2 pn
MPlanc - M* R ’ (34)

rie Mpigne — Macmab [Lnanka (~ 1019 I'sB), M, — dyunaMenTaabHblil FPaBUTAIMOHHBIA MaciiTab min Maciabd
[Inanka B JOMOJHUTEIBLHBIX U3MEPEHUsIX, R — pa3Mep JIOIMOJHUTEIHHBIX U3MEPEHU, 1 — YUCJI0 JTOMOJTHUTETHHBIX
n3Mepenuit. B nznagaapuoin ADD momenu n = 2, HO B IOCJIEACTBAN HOSBUJIOCH HECKOJILKO PACIIMPEHNN MOIEJIH,

rae n gocturaer 6.



HeloToHOBCKMIT IpaBUTAIMOHHBIA IOTEHIA yObIBAeT HPONOPIMOHAILHO 1/r. JonmosHuresnbHble M3MepeHus

"1 npu r < R BBUY TOrO, YTO PABUTAIMS PACIPOCTPAHS-

0CJIabJISAI0T ITOT MOTEHIUAJ [IPOIOPIMOHATIBHO 1/7
ercsd B JonoJHuTe bHbie u3Mepenus. B ADD mopesnn macmrab M, cocrasisier nopsinka 1 To9B. s crenapust
n = 1 ypasrenne (34) maer R ~ 10*m. DToT cuenapuii ncKmodaeTcs, TaK KaK TP TaKHX GOJIBIINX MacmTabax
Hapyinenunit 3akona HeioTona ne mabmiogaercs. g ciaygaeB n > 2 R monydaercs paBHbIM mpuMepHo 1 mm. Ta-
KM 006pa30M HaOJII0aeMast pa3HUIa MeXK/ly TPABUTAIIMOHHBIM U JIEKTPOCIA0bIM B3aUMOIEACTBUSIMU O0bsICHSIETCS
HEMUKPOCKOITMIECKIME Pa3MePaMU JOMOJTHUTEIbHBIX m3Mepennii. CiecTBIEeM CyIeCTBOBAHUS TAKUX OOJIBINNX 10~
[TOJTHUTEJIbHBIX M3MepeHnii saBiisieTcs cyinecrBoBanne damun Kamgynpi-Kieitna mon rpasurona. I'paButon myseBoi
KK-Momp1 — craHgapTHBI 6€3MaCcCOBBIl TPABUTOH YETHIPEXMEPHOI'O IIPOCTPAHCTBA, a bojiee Bbicokue KK-Mompi
— MAaCCHBHBIE YACTHIIHI CO CIIMHOM, PABHBIM 2. DTU YACTUIBI MOT'YT HCILyCKATHCsI COBMECTHO C KAaJMOPOBOYHBIMU
60o3onamu CranmapTHoit Mojiesm n OBITH 3aperecTpUpOBAHHBIME B 3KcriepuMenTax Ha Tasarpone u LHC.

Takzke CTOUT OTMETUTD IIPE/ITOJIOKeHne 0 ToM, ITO 110t CM MOTyT OBITH JIOKAJIN30BAHBI HA JJOMEHHON CTEHKEe
B MHOT'OMEPHOM IIPOCTPaHCTBe. KC/u TOJIIMHA CTEHKHA CTPEMUTCSI K HYJIFO, TO OHA IIPEBPAIaeTcs B MeMOPaHy, Wn
pocto 6pany. Hekoropbie Bepcuu kocMoioruu OpaH, OCHOBAHHBIE HA 1jie€ OOJIBIIIOrO JOMOIHUTEIHHOIO U3MEPEHUS,
MOTYT OObSCHUTD CJIA00CTH I'PABUTAIINH 10 OTHOIIEHUIO K APYTUM (DYHIAMEHTATHHBIM CHJIAM IPUPOJIBI, TEM CAMBIM
pelasi mpobJieMy mepapxun. B KaprTuHe OpaHbl 3JIEKTPOMArHUTHOE, CjIab0e U CHJIBHOE sIJIepHOE B3aMMOJIeHCTBUS
JIOKAJIN30BaHbI Ha OpaHe, HO I'PABUTAIUS HE UMEET TAKMX OIPAHMYEHUI U PACIIPOCTPAHSIETCS BO BCEM IIPOCTPAHCTBE-
BpPEMeHU, HA3bIBAEMOM OaJikoil. BosbIias 4acTh CHIIbI TPABUTAIMOHHOTO MPUTSKEHUS «IIPOCAYNBACTCA> B OAJKY.
Kax ciesicTBre, cuta TSXKECTH OJKHA KA3aThCs 3HAUUTEHHO G0JTee CHIIBHOMN Ha MaJbIX (cy6aTOMHBIX) MacimTabax,
rJe «yTedKay MeHbIlle IPaBUTAIMOHHOM CUIbl. B HacTOsIee BpeMs IIPOBOIATCS Pa3/INIHbIe SKCIIEPUMEHTHI, 9TOOBI
poBepuTh 310. Pacimupenne ugen OOBINX JOMOJTHUTEIbHBIX U3MEPEHHIA ¢ CyIIepCUMMETPHEl B 00beMe KayKeTCst

MHOTOOOEIIAIONINM IS PEIIeHNsT TaK HA3BIBAEMOM MPOOIeMbI KOCMOJTOTHIECKON TTOCTOSTHHOM.

5. Kocmosorudeckue cjieacTBUs

B gernipexmepnoii o61Ieii TeOpun OTHOCHTEIHLHOCTH TOAXO0J K KOCMOJIOTUY JIEXKAT 9epe3 U3ydeHue 3aBUCSIIIX
OT BpEMEHH DEIICHUI ypaBHEHHI JBHXKCHHS, KOTOPBIE OIMUCHIBAIOT PA3BHBAIOIINECH BCEJICHHBIC. JTH JKE PACCyK-
JIEHUsT MOKHO TIPIMEHUTH 1 K TeopusiM Kasmynpr-Koeiina. [lepeoiit mogo6ubiit anamus [20] 0THOCKIICS K PEIIEHUsIM
IATAMEPHOI MoJIe/ . BBIIo IpecKa3aHo, 9To OJHO U3MepeHHe COKPAIlaeTCs cO BpeMeHEeM, B TO BpeMsl KaK OCTaB-
IUEC TPU TPOCTPAHCTBEHHBIX M3MEPEHUST PACIIUPSIIOTCS. 3aTeM ObLIO MOJIyYeHO pPelleHne I CylneprpaBuTAIAn
B ofuHHa aTH u3Mepenusx [21]. CupaBeyinBoCTb 9TUX MOJIeJIeli OrpaHUYeHa, OHAKO, T€M, YTO IIPU U3MEHEHUH CO
BpeMeHeM MaclnTaba BHYTPeHHUX M3MepeHUil MeHAI0TCa U KaJnOpOBOYHbIE KOHCTAHTHL. BO3MOXKHOCTH M3MeHEeHUsI
dyHIaAMEHTATBHBIX KOHCTAHT CO BPEMEHEM KECTKO OIPAHMYeHa SKCIePUMEHTAJIbHBIME JAHHBIME. BBIXOI U3 10JI0-
JKEHHs MOIJIa OBl TaTh MOZEb, B KOTOPOI JONOJHATEILHLIE M3MEPEHHI He COKPAIIAIOTCH, 8 IMEIOT KaKOH-HIOYIH
MOCTOSIHHBIN pa3mep (BepOsTHO, Masibiii). MOXKHO paccyKIaTh U MHAYe: KOTJIa COKPAINAOIINeCs] BHYTPEHHUE W3-
MEPEHHs JOCTHIAIOT IIJIAHKOBCKOMN JJIMHBI [, KBAHTOBBIC 9 QEKTHI, HAUUHAIOT JOMUHUPOBaTh. B pesynbrare sTu
H3MEPEeHHsT 3aMOPAXKUBAIOTCS P KAKOM-TO (PHKCHPOBANHOM II0 OTHOILIEHUIO K [, Macmrabe.

Bazkaeiv marom B kocmostornu Kamymnsr-Koreitna, crasa J1eMOHCTpAIus TOrO, 9TO COKPAIIAIOIINEC CO BPEMEHEeM
JIOIIOJIHUTEJIbHbIE U3MEPeHusI MOT'YT IepejlaBaTh SHTPOIMIO B YeThIpexMepHylo BceseHnyro, obecriednBasi HOBBIi
criocob perreHnst mpobJieM FOPU30HTA U IJIOCKOCTHOCTH [22], XoTsi TpeGoBanock MHOTO (~ 40) NOIOJHATENBHBIX 13-
mepenmit. Cama nHOIAIEA TakzKe ObLIa HEIIOCPEICTBEHHO BKIIIOYEHA B KOMIIAKTU(DUIIMPOBAHHBIE Teopun Karyis-

Koeitna [23].
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5.1 Pusmka nHIAIUN

[Iupokwuii crieKTp BO3MOXKHOCTEH MOXKET OTKPBITh HHOJIsANNs B Teopusix Kamynp-Kireitna wim cynepcrpyH, B
KOTOPBIX IIPUCYTCTBYET IPAKTHIECKHA OECKOHETHOE YHCJIO BAKYYMHBIX COCTOSTHUI W BADUMAHTOB KOMIIAKTU(DUKAIIAN
ncxoHoro N-MepHOro MpOCTPaHCTBa. THUI KOMIAKTU(MUKAIUN OIpe/IeisieT KOHCTAHThI CBSI3U, SHEPIUI0 BaKyyMa,
HapyIIeHUsl CUMMETPUN U, HAKOHEIl, 3((DEKTUBHYIO Pa3MEPHOCTb MMPOCTpaHCTBa. Kak OBLIO MOKA3aHO B pabore
[25], xaoTuueckast nudJIAIUA IPU NOYTH ILUIAHKOBCKON IJIOTHOCTH MOYKET UPUBOJMUTL K JIOKAJHLHOMY U3MEHEHUIO
9UCIIa KOMIAKTH(DUIMPOBAHHBIX U3MEPEHNU; BCeJIEHHAST OKA3bIBACTCs PA3/IEJIEHHON HA KCIOHEHINAIBHO OOJIBIIIIE
00J1aCTH PA3JINIHON PA3MEPHOCTH.

WHorma criekTp pa3/ImdHbIX BO3MOXKHOCTEN HermpepbiBeH. Hanpumep, B pamkax Teopuu bpanca-/lukke apdek-
TUBHAS I'PABUTAIIMOHHAS ITOCTOSIHHAS 3aBUCUAT OT BeJIMIUHBI oy Bpamca-/Iukke, KoTopoe Takxke DIyKTynpyer B
nporiecce nadasgnuu. B pesynbrare BcesieHHAS TTOCTE MHMIAINNA OKA3BIBAETCA PA3JICJIEHHON HA SKCIOHEHIATIHLHO
6OJIbIIIE YACTH CO BCEMU BO3MOXKHBIMU 3HAYEHUSIMUA I'DABUTAIIMOHHON IMOCTOSIHHONW G U aMILIUTYIbI (OJIYKTYAIHii
ILUIOTHOCTHU %’) [26]. Unduisinmst MOXKET pas3iesisaTh BCEJEHHYIO Ha SKCIOHEHIUAIBLHO (OJIbIue 00IaCTH C HEIPEPhIB-
HO MEHSIIONUMCST OTHOIIEHHEM YHucesl 6apuoHOB u (HOTOHOB Z—f U, COOTBETCTBEHHO, C TAJAKTHKAME, UMEIOIIAMU
CYIIECTBEHHO pasiau4Hble coiicra [27]. Mabasanus MoxkeT TakKe HENPEPHIBHO MeHSATH 3(DhEKTUBHOE 3HAUEHUEe
9HEPIUU BakyyMa (KOCMOJIOTHYECKON HOCTOSHHON A), UTO sIBIsSeTCs HEOOXOJANMON PEIIOCHLIKOMN /sl MHOIUX 10
MIBITOK HANTH perreHne mpodieMbl KOCMOJIOTTIECKON TOCTOsAHHOM. B Takmx ycimoBusx camble pa3HoOOpa3Hbie HAOOPHI

napamMerpoB (U3MKU YacTull (Macc, KOHCTAHT CB3U, SHEPIUM BaKyyMa W T.J.) MOIJIM BO3HUKHYTH IO OKOHYAHUU

WHQJISIIUOHHON CTa U,

5.2 ®usmKa HyKJI€OCUHTE3a

B Teopusix ¢ ONOJHUTEILHBIME U3MEPEHUSIMEI 3aBUCHMOCTD (DYH/IAMEHTAJIbHBIX KOHCTAHT OT 00beMa KOMIIAKT-
HOI'O ITPOCTPAHCTBA TO3BOJISIET UCIIOJIb30BAThH MEPBUYHBIA HYKJIEOCHHTE3 JIJIsl UCCIETOBAHUS CTPYKTYPhI KOMIIAKT-
HBIX MPOCTPAHCTB B TEeYEHHWE MEPBBIX HECKOJIHKUX MHUHYT IOCEe OOJIBIIOrO B3pbIBAa. B TaKWX TEOpPUSX MCTUHHO
dyHIaMeHTaATbHBIE KOHCTAHTHI onpejiesieHbl B 4 + D m3MepeHnsx, a HaOJII0IaeMble KOHCTAHTBI B UEeThIPEXMEp-
HOM MUDE SIBJIAIOTCS PE3YJIbTATOM Pa3MEpHOi pepyKimn (cxkarus) D KOMIAKTHBIX u3MepeHuii. B rakux Mozensax
HabJII0jaeMble OCHOBHBIE KOHCTAHTBI 3aBUCAT 0T 00beMa (Wi pajuyca) KoMIakTHoro D-npocrpancrsa. s npo-
CTOTBI MOYKHO CUUTaTh, YTO 00bEM BHYTPEHHEro IPOCTPAHCTBa ONpeIesseTcs oMHuM paanycoM Vp o< RP | koTopsbrit
peJIcTaBisieT coOOi CpeHMit pauyc BHYTPEHHEro npocTpancTsa. Habiromaemoe mocTossHeTBO by HIaMEHTATIbHBIX
KOHCTAHT TOIJI4 CBSI3aHO C IIOCTOSHHBIM PAa3MEPOM JOIOJHUTEIbHBIX u3Mepenuii. B padore [24] ormeueno, 4ro Ko
BPEMEHU TIEPBUYHOTO HYKJICOCHHTE3a JII000E PACIIUPEHNE WU CXKATHE JIOMOJIHATEbHBIX U3MEPEHHIl JTOJIZKHO Obl-
JIO IPEKPaTUTbhCA, ‘{TO6bI npuaaThb JOINOJHUTEJIbHBIM HU3MEPEHUsdAM TOT pa3Mep, KOTOprfI OHU HMMEIOT Cero/Hd (C
TOIHOCTBIO 110 1%).

Yrobbl U3yInTh BJIMSHHE W3MEHEHWsT (DYHIAMEHTAIBLHBIX KOHCTAHT MOXKHO WCIOJB30BATH CTAHIAPTHYIO MO-
JIeJIb TIEPBUYHOTO HYKJIEOCHHTE3a W PACCUYUTATH 3aBUCHMOCTH 0OpazoBaHust mepBUIHOTO rejmmst of Gy, Gp u Q,
e Q = M,, — M, - pasnocts Macc Hefirponnos u nporonos. Kommruecrso ‘He, obpazoBasiierocst B pesysbraTe
Bonbmoro B3pbiBa, OHpegessercs HeHTPOHHO-IPOTOHHBIM COOTHOIIEHNEM IPH 3aKaKe n <> p peaknuii: (n/p)y =
exp(—Q/Ty). Temmeparypa saxamxu T ompemessiercs Temmom pacimupenns Beerennoit (H = R/R « (G /p)'/?)
U BpeMeHeM CBOOOTHOrO Mmpobera HEHTPOHOB T = F;i x G}Q. Veenuuenrne Gy NPUBOIUT K YBEJUUEHUIO CKOPOCTH
PACIIUPEHNsI, 9TO TO3BOJIsIeT CJIAObIM B3aNMOJIEHCTBUSM 3aMOPaKNBAThCA PAHBINE U MIPUBOJIUT K yBeJndeHnto 1'f
U, CJIeIOBATEIBHO, K yBeJIMUCHHIO KotmaecTsa nepsmanoro *He. ITockombky xKoncranta @epmu Gy IpsSMO IPOHOP-

[IMOHAJIFHA CKOPOCTH CJIADOTO B3aUMO/JIEICTBUSI, yMeHbIeHne (G p BBI30BET 3aKAJKY CJIa0BIX B3AUMOJIEHCTBUI pu
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boJiee BBICOKOII TeMIlepaType, CHOBA yBEJUYNBas [IPOU3BOJCTBO IepBUYHOrO resus. [Ipu dpuxcuposannoit Temire-

paType 3aKaJKi yBeJMYeHHe PA3HMIIbI MAacC HEHTPOHA U IMPOTOHA IIPUBOJIUT K IKCIIOHEHITUAJIBHOMY YMEHBIIIEHUIO

HAYAILHOIO OTHOIICHHS HEfITPOHOB K IIPOTOHAM U, CJIEJIOBATEILHO, K YMEHBIICHHIO nepBuanoro *He.
KonmdaecTBo mepBUYIHOrO Teivsi B 3HAYUTEIBHOM CTENEHN 3aBUCUT OT BeJIMIUHBI (). Jj1s ciabblx n3MeHeHuit B

sesqmuanre @ = Qo + AQ, tae Qo - Tekymiee 3Hauenue (1,293 MsB):

(n/p)y = exp(=Q/Ty) = exp(=Qo/Ty) exp(=AQ/Ty) = (n/p) jo(1 — AQ/Ty) , (35)

HocKOILKY (n/p) s Menbite exunuisl. OTKyza crenyer, a0 (n/p)y mourn nuneitnas dyaxmus AQ.
3MeHenre pasHOCTH MacC HEHTPOHA W IIPOTOHA JOJIKHO MPOUCXOJUTD U3-33 JIIOOOT0 M3MEHEHUS MOCTOSHHON

TOHKOI cTpYyKTYphI . [Tapamerpusyem () ciemyomumM obpa3oM:

Q= aQa + Qs , (36)

rae Qo - IEKTPOMArHATHBIN BKJIaJ, ()3 yIATHIBAET JTI000I HEJIEKTPOMArHUTHBIN BKIad. o U 3 - 6e3pa3MepHbIe
[apaMeTPBl; IPeAoIaraeTs, 910 Qo u (g mocrosHubl. Pagymuo oxugars @) = O(Q), T. €. BeJIMUNHA IJIEKTPO-
MarHUTHOTO BKJI&JIa IPUMEPHO paBHa pa3Mepy obmero Bkiaja. CregoBaTeslbHO OXKUIAETCS, ITO

Q:a[HﬁQﬁ/aQa} ~ (37)
Qo o |1+ 6Qs/a0Qa )

&
Takum obpaszom, ecin HAOTIOAaEMbIe (DYHIAMEHTAJIBHBIE KOHCTAHTEI 3aBUCAT OT 00beMa, TOTOJTHATEIHLHOTO TTPO-
CTPAHCTBA, JII00OE M3MEHEHWE B TOM IMPOCTPAHCTBE MPUBEJIET K M3MEHEHHIO (DYHIAMEHTAJbHBIX KOHCTAHT, UTO

HOBJINACT Ha UCXO INEPBUYIHOI'O HYKJICOCHHTE3A.

5.3 Cuyuait omHOpoO/IHOIT m3oTponHoi BcesienHoii

Kommakrudunuposannast kocmosorust Kasmyer-Koreitna xapakrepusyercs o0uimeM KOHKYPUPYIOIIAX BbIPpayKe-
HU /I TEH30pa 9HEPTUU-UMILYJIbCaA TA B B BBICIIIUX U3MEPEHUSX, ITO OTPaXkKaeT TOT (HPAKT, UTO HET €IMNHOTO MHEHUS
0 TOM, KaK OIPEJIEISITh «MHOTOMEPHYIo MaTepuio» B 5D. HanpoTus, B HeKOMIAKTH(MUIIMPOBAHHON KOCMOJIOTHH €CTh
TOJIBKO 9KOHOMUYHOE IIPEJIIIOJIOKEHNe O TOM, UTO BeesleHHasi B 6oJjiee BBICOKMX M3MEDPEHUsIX IIYCTa, T.€. TA B =0.
Takum 06pa3oM, MBI PACCMOTPUM 37€Ch HEKOMIAKTHMHUIINPOBAHHYIO KOCMOJIOTHIO, B YACTHOCTH, OJHODPOIHBIN ©
U30TPOIHBII HECTATUYECKUN Cirydail.

OO61uii TpOCTPAHCTBEHHO M30TPOIHBIA M OJHOPOIHBIN JTUHEAHBIA 9JIEMEHT B IITUMEPHOM clIyvae:
d§® = e’dt* — ¥ (dr? + r?dQ?) + ee’dy? | (38)

e dQ? = df? +sin? 0d¢?, e - dbaxTop, mmeromuii Ty ke BYHKIHIO, 9To B ypasuenuu (24), t, 7, 0, ¢ IMeIoT ToT xKe
CMBICJI, YTO U B YE€TBIpEXMEPHOM CJiy4dae, U d} SABJISIETCA IISITOM KOOp):LI/IH&TOﬁ. ECJII/I MBbI paCCMOTPUM 3aBUCUMOCTDb
OT ) ¥ MPEIIOJIOKUM, UTO V, W U (i ABJSIOTCS Pa3AeIUMbIMU (DYHKIUSIMU TEPEMEHHBIX t, 7' U 1), TO MbI CMOXKEM
HalTH pelreHnsi ypaBHEHUN JiHIITEHA R ap = 0.

Eciin pacemoTpers citydail 3aBUCUMOCTH TOJIBKO OT ¢, Torna MeTpuka (37) siBJseTcs IsATUMEPHBIM 0000IeHneM

IJIOCKOH OHOPOHO# 1 m30TponHOi Kocmosorun @puamana-Jlemerpa-Pobeprcona-Yokepa (FLRW):
e’ =T*(t)X2() ,e* = U?()Y2(y) et = V() Z%(3)) . (39)

[Tonce ge Jleon [14] GbL1 iepBbIM, KTO UCC/IEI0BAJ PEIleHNs BAKYYMHBIX ypaBHenuii Ditainreiina (2) B Takoii popme.

W3 ero BocbMU pellleHnit OTHO IPEJICTABIISET OCOOBII MHTEPEC, IOTOMY YTO OHO CBOJIUTCS Ha THMIIEPIIOBEPXHOCTSX
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1) = const K IPOCTPAHCTBEHHO IJIOCKOI deTbipexmepHoil merpuke FLRW. 910 perenne nmeer € = —1 u:

T(t) =const , X)) xv,
U)ot/ Y (@) scpl/tm,

Vit)xt , Z()=const, (40)

1 MOXKeT OBLITH 3aIlMCaHO B BHUJIC:

2t2

d8> = Pdt> — 12T (dr? 4 12d02) — ——_dy? (41)

(1-a)
rae dz? + dy? + dz? = dr? + r?dQ? - o6bIYHbIC IPIMOYTOJIbHBIC KOOPAMHATEI, & (v - CBOOOIHEI APAMETP TEOPHIL.
ITockosbKy 9TO pelleHne CBOIUTCS HA IIPOCTPAHCTBEHHO-BPEMEHHBIM cedeHusax (dy = 0) 10 3HAKOMON MeTpUKH
FLRW:

ds® = dt* — R*(t) (da® + dy® + dz?) | (42)

€ro MOXKHO Ha3BaTbh 0000meHneM 110ckoit Kocmostorndeckoit Merpuku FLRW no maru nsmepenunii.

Hpeanonaraﬂ, 9gTO KOCMOJIOTNYeCKad IVIaTepI/IH BeJieT C66H KaK HJeaJibHad >KNJIKOCTb:
15 = (p + p)uup — pdg , (43)

rze u® - 4-CKOpPOCTDb JIEMEHTOB YKHUJKOCTH, [IOJIydaeM u3 ypasBuenus (32): p = T(? + T} —T? up=—T§ crexyronme
BBIPaXKeHUs JJIsl INIOTHOCTH U JIABJICHUS:
3 2«
p=——F—>= p=|——-1 p . 44
SrGa2y2t?’ 3 (44)
OTO MO3BOJISET OMUCHLIBATH MIAPOKWUIT CIIEKTD YPABHEHUN COCTOSHUS: JJIA (¢ = 2 — PAJMAIMOHHAS CTaUs Pas3-

BUTHUS BCEJIEHHON; IbLIEBUIHAs cTajus — ecau o = 3/2, undisinuonnas npu 0 < a < 1.

5.4 DddeKTbl KOCMOJIOTUYECKON KPUBU3HBI

Mo2KHO TaKkzKe PaCCMOTPETh KPUBOJMHENHBIH BADHAHT OJHOPOJHOTO W M30TPOIHOTO JIMHEHHOTO dseMenTa (41):

dr?

A2 v 342 w
ds® =e"dt* —e <1—k7“2

+ r2dQ2> — etdy? . (45)

Nurepecuoe perenne [15] 3anaun Rap = 0 noaydaercs, ecjiu IPeoaoKUTh, 9TO MeTpUIecKue KoI(dOUImeHTs!
UMEIOT BUJI:

e, = L2t —\), e =M3(t—X\p), et =N>*(t—\), (46)

rae L, M u N - BosmmooGpasubie dyakuuu aprymenta (t — A). Ipemnonaras M = LB+ ¢ koncranToii v, TO
JIJTST JIEAJTBHOM JKUJIKOCTH MOJTy IaeM:

3¢C2\2 A7

P=gparm PP (47)

C 1OMOIIBIO ITOrO PEIIEHUsT MOXKHO OIHUCATH JMOO0 310Xy JoMUHAHTHOCTU Marepun (v = 0) jaubo 3moxy Jomu-

nanTaocTu paguanuu (v = 1/3). B uacTHOCTH, 10CKOJIBKY MacmTabHbIi KO3bMUIMEHT 3aBUCUT HE TOJIBKO OT t, HO

7 OT 1, HADOJIOAATENN Ha THIEPIOBEPXHOCTIX C PA3HBIMU 3HAYEHUSMU 1) HE COIVIACATCS C TE€M, CKOJIBKO BPEMEHU

IIPOIILJIO C MOMEHTA Boubmoro B3pbIBa, TO €CTh C TEKYIIIUM BO3PpaCTOM Bcenennoii.
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6. Actpodmusndyeckmne ciaeacTBUd

6.1 Couauntonnbl Kanynsl-Kieitna

Yrobbl cMOJIe/IMPOBATh acTpodusndeckue sBjieHus Takue Kak CoJiHIle uin Jpyrue 3Be3bl B Teopun Kasyipi-
Keiina, He0OX0IMMO PACIIPOCTPAHUTD CHEPUIECKI-CUMMETPUIHOE peltierue ob1ell Teopun orHocuTebHOCTH [TIBapt-
MUJIbIa Ha OoJiee BbIcOKMe m3Mepenus. Teopema Bupkroda rapantupyer, aro dersipexmepras merpuka llIsapir-
IINJIbJI3, CTATUYHA W YHUKAJbHA C TOYHOCTHIO JI0 €JMHCTBEHHOTO CBOBGOIHOrO Tapamerpa (Macchl MEHTPATBHO-
ro obbekTa). Dra TEopeMa, OJHAKO, He BepHa B 60jiee BBICOKMX U3MEPEHUSX, [JIE PEIICHUsI, KOTOPBIE SIBJIAIOTCS
cdepruecku-cuMMeTpUYHBIME (B TpeX uim 60jiee IPOCTPAHCTBEHHBIX U3MEPEHUsIX ), OOBIYHO 3aBUCAT OT Psijia Ia-
pamMerpoB (TaKUX KaK JEKTPUYECKUN U CKAJISIPHBIN 3apsi]l), IOMUMO MACChl, © MOI'YT B HEKOTOPBIX CJIydasiX TAK¥kKe
3aBUCETb OT BpPEMEHHU. B OTJINYNE OT YeThIpEXMEPHbLIX CTallMOHaPHBIX peIIIeHI/IfI, HEKOTOpbIE U3 HUX TaKzXKe MOryT
ObITH HEBBIPOXKIeHHBIMU [16]. Takue JIOKaIM30BaHHbBIE PENIeHns ¢ KOHEUHO SHeprueil MOXKHO Ha3bIBATH «COJMTO-
HaMU» B TOM K€ CMBICJIE, KOTOPBII UCIOJIb3YETCS B APYTUX 00IaCTAX (DU3UKH.

QusnuecKkre CBONCTBA MSITUMEPHBIX COJMTOHOB C HYJIEBBIM 3JIEKTPUYECKHUM 3apsjioM ObLIM BIIEPBBIE [TOJIPOOHO
oncanbl CopkunbiM [17], u T'poccom u Ileppu [18], pereHusi KOTOPBIX XapaKTEPU3YIOTCsI JIBYMsl IIADAMETPAMH.
Xorg 91U mocseaHUEe ABTOPLI (HAPSAJY CO MHOTMMH JIDYI'MMH) OINUCHLIBAIOT CBOM DEINEHUS KAK «YePHBIE JBIPHI»,
BAayKHO OTMETUTH, 9TO B HEKOTODPBIX CJIydasX PACCMATPUBAEMbe OOBEKTHI SIBJISIOTCS TOJIBIMU CHHTYJISIPHOCTSIMU
WJTU UMEIOT CUHTYJISIPHBIE TOPHU30HTHI COOBITHIA. TepMUH «MOHOIIO/IbY TaKXKe ITOTEHIINAIHLHO BBOIUT B 3a0JIyK/IeHIE,
ITOCKOJIbKY 00Jiee CJIOZKHBIE COJIMTOHBI MOTYT, HaupuMep, TpuHUMATh (opmy jumnosieir. [lo srum mpuamHaM Mbl

opearnoYuTacM B JaHHOM OTYETE MCIIO/JIb30BaTh bostee HII/IpOKI/IfI TEPMHH «COJIUTOHBI».

6.2 KanaugaTtel HA POJIb CKPBITOI MacCChI

PaccmarpuBaemblii B 9eThbIpex U3MEPEHHUSX € MOMOIIBI0 MEXaHU3Ma WHIYIIMPOBAHHON MATEPUU COJUTOH Ha-
[IOMUHAET JIBIPY B N€OMETPHUU, OKPYKEHHYIO C(EPUIECKA-CUMMETPUYHBIM MAPOM YJIBTPAPEJSITUBICTCKON MaTe-
pUH, MJIOTHOCTH KOTOPOil Ha GOJILIMEX pACCTOAHUAX chagaeT Kax 1/rt. Ecmu Bcenennas neficTBUTEBHO MMeeT
boJtee YeThIpex M3MepeHuil, 3T OOBEKTHI JOJIZKHBI OBITH JIOBOJIHHO OOBIYHBIMU, OYyIydn OOIUMUA [IJIsi TPDABUTAIAN
Kanynpr-Kieitna Touno Tak ke, Kak depHbIe JIbIPHI JjIsI 00Ieit TeOpUH OTHOCUTEIHLHOCTH. 1109TOMYy ecTecTBeHHO
BO3HUKAET BOIIPOC, MOT'YT JI OHH COCTABJIATH €Ile HeOOHAPYXKEHHYIO CKPBLITYIO MacCy, KOTOpas COCTaBJIsIeT OoJee
90% MIOTHOCTH HEPENIATHBUCTCKOTO BEIECTBA BO Beesennoit. JIpyrue KanaumaTel Ha POJIb CKPBITOH MACChI, TAKHAE
KaK MACCHUBHBIE HEHTPUHO, AKCHOHBI WU IEPBUYHBIE YePHBIE JIBIPHI, CTAJIKUBAIOTCS C TPODJIEMAMU, CBSI3aHHBIMU C
Ype3MEPHBIM BKJIAJIOM BO BHerasmakTtudeckuii (onoseiit ceer (EBL) u KocMmudeckoe MUKPOBOJHOBOE (hOHOBOE M3~
aydenre (CMB), cpeau npodero [19]. B cBsizu ¢ 9TuM paccMaTpuBaeTcst BO3MOXKHOCTb TOTO, UTO CKPBITAs Macca
COCTOUT U3 COJTUTOHOB.

OueHKa BKJIaJa CONMUTOHOB B (DOHOBOE M3JIyUeHHe IpencrasieHa B pabore [19]. Ilpu ornenke mpeanonaraiocs,
YTO COJIATOH TIPEJICTABIISIET COOON MIeAbHYIO XKHUJKOCTh, KOTOPAasl COCTOUT U3 (DOTOHOB (XOTsI AIIPHOPH HET IPUYUH
UCKJIIOYATD, HAIIPUMED, YJIbTPAPEATUBUCTCKAE HEHTPUHO UM TPABUTOHDI), U CPEHEE PACCTOSHUE MEXKIY COJIUTO-
HaMu Macchl M, ¢ TOUKH 3peHns UX Cpemeil mIoTHOCTH pg: 7 = (M, /ps) /3, cemoBaTeibHO MOKHO HCIOIB30BATD
9TO PACCTOSTHIE KaK PACCTOsTHUE JI0 OJIMKAMIIETO COTUTOHA. 3AIMUCHIBAsT CPEHIOI INIOTHOCTh SHEPIUU COJTUTOHOB B

ps
Perit

Bune Q) = (r1e perit = 1.88x10726h2kgm =3, h — obbranbrii mapamerp Xa66aa B equannax 100km s~ Mpe™1),

MOXKHO TTOJIYIUTDh 3P MHEKTUBHYIO JOKAIBHYIO IIJIOTHOCTH COJATOHHOTO W3JIy9€HUsI, BBIPAYKEHHYIO KAK JOJIsl ILJIOT-
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HOCTHU PEJIMKTOBOIO U3JLyYeHUs :
2/3

s 5.0 x 10713p8/3E 1043 <M> : (48)

pPcMB Mg
e Mg — macca Comaia, poyp = 2.5 X 10~5p2 Perit — IJIOTHOCTD SHEPTUHU PEJIMKTOBOT'O U3JIyYE€HUs IPU HYJIEBOM
KpacHOM cMeltieHnn. Benmmanna k siBjisieTcst CBOOOIHBIM ITAPAMETPOM, CBSI3aHHBIM C TAPAMETPOM €. YI00HBIM SIBJIsI-
ercst BBIOOD k = 1 (dro o3Hadaer € = 1). DToT Ki1acc pelenuii ObLT He3aBIUCHMO OTKPLIT JarTepku [28] u obranaer
TeM CBOICTBOM, 4TO rpaBuTalmonHas Macca My(r) Ha Gonbimx paccrosausx r >> 1/a pasna macce IIBaprimmiib-
na M,. Ecm npenonoKuTh, 9To OT/IeTbHbIe COTNTOHBI IMEIOT TajakTudecKyio Maccy (Mg = 5 x 101 Mg) u aro
OHHU COCTABJISIIOT BCIO TEMHYIO MATEPHIO, HEOOXOAUMYIO JIjid TOro, 4roObl Beesennas Gpuia 3akpeiroi (25 = 0.9),

rorya u3 ypapHenus (48) mosydaeM, 4To IIyKTyall PEJIUKTOBOIO U3JIyYeHus OYIyT HOPsiIKa:

P 10x1077, (49)

PCMB
e B KadecTBe IapamMeTpa Xabbisa Mbl ucmoab3oBaan h = 0.7. 9To 3HAYEHHE COBIAIAET C BEPXHUM IIPEIEIOM,
ycranosieaabiM COBE u apyrumu sxciepumenTamu 1o anomaabHbiM BKIagaM B CMB. Takum o6paszom, MOKHO
CJIeJIATh BBIBOJL O TOM, YITO COJIMTOHBI, €CJIM OHU ODECHEYNBAIOT 3HAYUTE/IHHYIO YaCTh CKPBITOM MAacChl, BEPOSITHO,
MeHee MACCUBHBI, 4eM TaJIaKTUKH.
OjHako ciielyer UMETh B BHJLY, YTO HET IPUYUH, MO KOTOPBIM TapaMeTpbl k U € PaBHbI €IUHUIE JJIs BCEX
couToHOB. OHU He SIBJISIOTCS YHUBEPCAJbHBIMU KOHCTAHTAMH, TAKUMU Kak ¢ win G ¥ MOT'YT BApbUPOBATHCS OT

COJIMTOHa K COJIUTOHY.
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7. 3akirrouenue

Takum obpazom, Kajyna o0beIuHNI TEOPUIO TpaBATAIMN DUHINTERHA U TEOPUIO JIeKTpoMaraerusma Makc-
BeJLJIA C [IOMOINBIO JJOOABJIEHHST OHOT'O JIONIOJIHUTEILHOTO U3MEPEHUsI, TO3BOJIMBINEIO TEH30PHBIM NHJIEKCAM UMETh
[IATHh 3HAYEHUN BMeCTO deThipex. MOKHO BKJIIOUNTH APyTHe B3aNMOIEHCTBUS, IO3BOJINB WHIEKCAM IPUHUMATH €IIIe
6oJIbIlie 3HAYEHUs, HO IIeJIbI0 JIAHHON paboThl OBLIIO PACCMOTDPETH IIEPBYIO U3 IIPEJJIOKEHHBIX TEOPHil, paccMaT-
puBaeMoil Kak pacIIupeHue o0Ieil Teopun oTHOcuTe bHOCTH. BRitan KisitHa cocTosti B TOM, 9TOOBI OObSICHUTH
sIBHO HEHAOJIIOIAEMYIO MPUPOJLY JOMOJHUTEILHOTO U3MEPEHUS, MPEIIOJIOXKNAB, YTO OHO CBEPHYTO J10 HEDOJIBITIOrO
pasmepa.

CymecrByer Tpu Bepcun Teopuu Kasynp-KireiiHa, KoTopble 110-pa3sHOMY UHTEPIIPETUPYIOT H-€ M3MepeHHe, HO
MMEIOT aHAJIOTUIHbIE HabJTI0IaTe IbHBIE TIOCIECTBHS: KOMIIAKTH(DUKAIINPOBAHHAS, IPOEKTUBHAS M HEKOMIIAKTH(DU-
IUpoBaHHAsI. B YacTHOCTH, MBI paccMOpesin MexaHu3M noctpoenns reopun Kamyns-Kieitna, a Takke yBumean, 9to
HEKOMITAKTU(MHUITUPOBAHHBIHN II0/IX0/1 II03BOJISIET OIUCATH IIIMTPOKOE PA3HOOOPAa3Ue YpaBHEHUN COCTOSHUA, & OOJIbIIIe
JIOTIOJTHATEJIbHBIE M3MEPEHUs TOMOTAIOT HAWTHU perenne mpobiieMbl uepapxuu. Kpome Toro, 6611 IpOaHaIn3upo-
BaHBI HEKOTOPBIE BO3MOXKHBIE KOCMOJIOTMYECKIE U aCTPOMUINIECKHE CJIEICTBUsI MHOTOMEPHON TEOPUU.

Cpe/in HEKOTODBIX 33/a4U TEOPUH MOYKHO BBLIEJIUTD cyeiytomiye: (1) mouck HOBBIX TOYHBIX pemienwuii; (2) masib-
Hefimme pabGoThl MO KBaHTOBaHUI; (3) mMccienoBaHne (HPU3NIECKOTO CMBICJA MSITOTO M3MepeHus. K HacTosimeMy
BPEMEHH He ObLIO HAlJIEHO HUKAKOH [TOCJIeI0BATEILHON Teopun, HO Bce OoJiblie (hDU3UKOB IOJIArAIOT, UTO IIOCTYIIH-
POBaHUE JIONOJHUTEIbHBIX IIPOCTPAHCTBEHHBIX N3MEPEHMI ABJIA€TCs IPABUJIBHBIM METOIOM JIJIS IOy YeHNs] TEOPUHI

Benukoro O6benunenns.

16



Crmncok aurepaTrypbl

(1]

(6]
17l
18]
19]
[10]
[11]

[12]

[13]

[14]

[15]

[16]
(17]
(18]

(19]

[20]
21]
22]

23]

Nordstrom G. Zur Theorie der Gravitation vom Standpunkt des Relativitatsprinzips //Ann. Phys. Lpz. 1913.
Vol. 42. P. 533-554.

Kanyna T. K npobisieme equncrsa dpusuku. Aasdbepr Dumnreiin u reopus rpasuraruu. Mocksa, Mup, 1979. C.

529.
O. Klein, Quantentheorie und funfdimensionale Relativitatstheorie, Zeits. Phys. 37 (1926) 895.

G. Lessner, Unified field theory on the basis of the projective theory of relativity, Phys. Rev. D25 (1982) 3202;
ibid D27 (1982) 1401.

P. Jordan, Erweiterung der projektiven Relativitatstheorie, Ann. Phys. (Leipzig) 1 (1947) 219.

Y. Thiry, Les equations de la theorie unitaire de Kaluza, Comptes Rendus Acad. 226 (1948) 216.

C. Brans and R. H. Dicke, Mach’s principle and a relativistic theory of gravitation, Phys. Rev. 124 (1961) 925.
V. A. Kostelecky and S. Samuel, Experimental constraints on extra dimensions, Phys. Lett. 270B (1991) 21.
M. J. Duff, B. E. W. Nilsson and C. N. Pope, Kaluza-Klein supergravity, Phys. Rep. 130 (1986) 1.

P. D. B. Collins, A. D.Martin and E. J. Squires, Particle physics and cosmology (Wiley, New York, 1989).
D. Bailin, A. Love, Rep. Prog. Phys. 50, 1087 (1987)

P. S. Wesson and J. Ponce de Leon, Kaluza-Klein equations, Einstein’s equations, and an effective energy-

momentum tensor, J. Math. Phys. 33 (1992) 3883.

Mach’s principle: from Newton’s bucket to quantum gravity, eds. J. Barbour and H. Pfister (Birkhauser,
Boston, 1995).

J. Ponce de Leon, Cosmological models in a Kaluza-Klein theory with variable rest mass, Gen. Rel. Grav. 20

(1988) 539.

H. Liu and P. S.Wesson, Cosmological solutions and their effective properties of matter in Kaluza-Klein theory,

Int. J. Mod. Phys. D3 (1994) 627.

T. Matos, Solitons in five-dimensional gravity, Gen. Rel. Grav. 19 (1987) 481.

R. D. Sorkin, Kaluza-Klein monopole, Phys. Rev. Lett. 51 (1983) 87.

D. J. Gross and M. J. Perry, Magnetic monopoles in Kaluza-Klein theories, Nucl. Phys. B226 (1983) 29.

J. M. Overduin and P. S. Wesson, Constraints on dark matter from intergalactic radiation, Vistas Astron. 35

(1992) 439.

Chodos A., Detweiler S.— Phys. Rev. Ser. D, 1980, v. 21, p. 2167.

Freund P.G.O.— Nucl. Phys. Ser. B, 1982, v. 209, p. 146.

E. Alvarez and M. B. Gavela, Entropy from extra dimensions, Phys. Rev. Lett. 51 (1983) 931.

Q. Shafi and C. Wetterich, Cosmology from higher-dimensional gravity, Phys. Lett. 129B (1983) 387.

17



[24] Edward W. Kolb, Malcolm J. Perry, T. P. Walker. Time variation of fundamental constants, primordial
nucleosynthesis, and the size of extra dimensions. — Phys. Rev. Ser. T, 1986, v.33, p. 33

[25] A.D Linde, M.I Zelnikov. Inflationary Universe With Fluctuating Dimension. Phys. Lett. B, 215 (1988)
[26] Linde A.D., 1990b, Particle Physics and Inflationary Cosmology, Harwood Academic, Switzerland
[27] Linde A.D., 1987, Physica Scripta T15, 169

[28] S. Chatterjee, Static spherically symmetric solution in a Kaluza-Klein type of metric, Astron. Astrophys. 230
(1990) 1.

[29] N.Arkani-Hamed, S. Dimopoulos, G. Dvali. Phenomenology, astrophysics and cosmology of theories with
submillimeter dimensions and TeV scale quantum gravity. Physical Review D59(8) (1999) 086004.

18



