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Abstract. It is shown that the birth mass of an elementary particle is a result of spherical
deformation of the quantized space-time based on the concept of gravity of the curved four-
dimensional space-time of Einstein. Theorists mistakenly believe that Einstein's theory of gravity
does not fit into the Standard Model (SM). It is shown that on the contrary the SM does not fit
into the Einstein's theory of gravity. Higgs boson is contradicts the concept of curved space-time
as the basis of gravity. Therefore, Higgs boson is cannot carry the mass of an elementary
particle. Mechanism for the generation of mass of an elementary particle discussed in detail in
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AnHoTanms. [TokazaHo, YTO POXKAECHUE MACCHI Yy HJIEMEHTAPHON YaCTHUIIBI IPOUCXOIUT B
pe3yibrare chepudeckoil negopManuu KBaHTOBAaHHOTO MPOCTPAHCTBA-BPEMEHN HAa OCHOBAHHUH
KOHIICTIIIUH TPABUTAIIMH HCKPUBIEHHOTO YETBIPEXMEPHOTO MTPOCTPAHCTBA-BPEMEHN DUHIITEHHA.
OmmbOYHO TMOJararT, YTO TEOPHUs TPaBUTAMKM DWHINTEHHA HE BNHChIBaeTcs B CTaHIapTHYIO
monens (CM). Ilokazano, uro HaoO6opor, CM HE BNHCHIBACTCS B TEOPUIO T'PABHTALUU
OiHmTeliHa, a 0030H XWITCa NPOTHBOPEYUT KOHIICMIIMUA HMCKPUBJICHHOTO MPOCTPAHCTBA-
BpPEMEHHU KakK OCHOBHI rpaButanuu. [losromy 6030H Xurrca He MOKET OBITh HOCHUTEIEM MacChl
AJIEMEHTAPHOW YacTHIbl. MeXaHW3M POXKICHUS MAacChl AJIEMEHTAPHOW YACTHIIBI PACCMOTPEH
noapo6Ho B Teopun Cynepoobeaunenus [1, 2]

IpenucaoBue aBTopa. S mocrapajics H3JIOXKUTH MPoOIeMy (HOPMUPOBAHHS MACChl Y
3IIEMEHTAPHBIX YaCTHUIl B pe3yibTare cheprudeckoil JeopManui KBaHTOBAHHOTO MPOCTPAHCTBA-
BpPEMEHU B TOMyJsipHOH (opme Oe3 maremarmueckux ¢opmyn. s Tex, KTO HMHTEpecyercs
MaTeMaTHYECKUM alIapaToM M MOJPOOHOCTSIMUA OMMCAHUS HOBBIX KBAHTOBBIX IPOIIECCOB, MOTYT
MIO3HAKOMHUTBCS C COTHAMH HOBBIX (hopmyi B Teopun Cynepodbsenunenus [1, 2]. OmHoBpeMeHHO
TOTOBUTCS BTOPOM BapuaHT CTaTbd, HANOJHEHHBI MaTeMaTH4eCKUMHU (OpMyIIaMHu,
OIKCHIBAIONIMMH TPOIecChl (DOPMUPOBAHMSI MACChl 3JIEMEHTapHBIX YaCTHIl, N0 CYTH JIela,
HIOBTOPSISL PacueThl, MPUBEACHHbBIC paHee B [1, 2].

Teopust Cynepoobenunenus (theory of Superunification), kotopyio eiie Ha3bIBalOT KaK
teoputo Bcero (theory of everything), Gasupyercst Ha HOBBIX (pyHIAMEHTAJIBHBIX OTKPBITHSX
KBaHTa  IPOCTPAHCTBa-BPEMEHU  (KBAaHTOHA) M  CBEPXCHJIBHOTO  3JIEKTPOMArHUTHOTO
B3aumozeicteuss (COB), caenannbix MHOW0O B 1996 tomy [3, 4]. HeoOxomummo oOpatuTh
BHUMaHue, 4To Teopusi CynepoObeIUHEHHs SBISICTCS CaMbIM MOIIHBIM aHATUTHYECKUM
ammapaToM — HWCCIEOBaHHMS ~ MaTrepud.  BmepBele  coctosuics  QakT — 0ObEIUHEHHUS
(GyHIaMEHTAILHBIX ~ B3aUMOJICHCTBUH:  DJIEKTPOMAarHETH3Ma, TpPaBUTALMU, SJEPHBIX U
AIEKTPOCTAOBIX CHUII.

Xotenoch Obl 0OpaTUTh BHHUMAHUSI Ha HOBBIE 3KCIIEPUMEHTAJIbHBIC ()yHIAMECHTAIbHBIC
(aKThl, MOJY4YCHHBIC MHOIO 110 MCKYCCTBEHHOMY YIpPaBJICHUIO TAroTeHuem [5, 6], a taxke, Ha
sddekt YiepeHko mo ocBoboxaeHuo sueprun COB B pe3ynbrare X0J01HOTO cuHTe3a [7, 8, 9].
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Jluteparypa

1. Kputuka 6030Ha Xurrca u CTaHaapTHOI Mo/1eJIu

51 HeoTHOKpaTHO THcal, YTo 0030Ha XUITca HE CYIIECTBYET B IPUPOE, MOCKOIBKY OH
MPOTUBOPEUYUT KOHIICTIIIUY TPABUTALMK DUHILNTEHHA UCKPUBJICHHOTO MPOCTPAHCTBA-BPEMEHU B
obmeti Teopun otHocuteabHocTr (OTO) (Leonov. Higgs boson does not exist in nature) [10].
OTO mnpoBepeHa JOBOJILHO OOCTOATENBHO, a BOT MOMCKM 0030Ha XWITCa MPOAODKArOTCA. 4
utonst 2012 roma mpecc-cimyx6oii [IEPHa Obuto 00BsBIIEHO 00 OTKPBITUM YaCTHUIBI SKOOBI
noxoxed Ha 6030H Xurrca [11]. Cyre gena B Tom, 4To 0030H XWrrca JOJDKSH OTBEYaTh 3a
dopmupoBaHHe Macchl |y dieMeHTapHbiX uactun [12...17]. Opnako yOeauTeNbHBIX
JI0KA3aTeNbCTB 3TOMY HE JAl0T, HU TEOpUs XUITCA, HU JOPOTrOCTOSIIHE IKCIEPUMEHTHI Ha
Bonwmom anponnom komnaiinepe (bAKe) B [IEPHe mo moucky 6030na Xurrca.

Msue kak aBTopy Teopuu CynepoObeArHEHUS, OOBICHSIONIECH MpUpoay GOpMUPOBAHUS
Macchl y JIEMEHTApHBIX YaCTHIl, ONUPAACh [IPU 3TOM Ha KOHLEMLMIO IpaBUTALUK DWHIITEHHA,
a0COMIOTHO a0CypAHON BBITVIAIUT albTepHATHUBHAS DWHINTEHHY Teopus mpodeccopa Xurrca c
ero 6o3oHOM. Teopust Xurrca NmpoTUBOPEUUT TEOPUH TpaBUTANK DifHIITelHA. [loaTOMY Teopus
Xurrca He UMEET HHMKAKOTO OTHOIICHHS K mpupone (HOpMHUpPOBAHMS MAacChl y YacTHIl, Kak
OCHOBBbI TpaBuUTaluu. ['paBuTanusi HauvHaeTcss ¢ (HOPMHUPOBAHHUS MacChl. JTO yOETUTEIBHO
noka3zaHo B Teopuu CynepoObenuHEeHHs, KOTopas ONMyOJMKOBaHA YK€ B JBYX H3JaHHUIX H
JIOCTYIIHA CTICIMATMCTaM sl u3yuenus [1, 2].

JlanHast cTaThs MHOK TMOATOTOBIEHA CHENHUanbHO s Poccuiickoro aroMHOro
cooOmiecTBa, MOCKONBKY S OIWH W3 HEMHOTUX (U3UKOB-TEOPETHKOB, KOTOPBIH HMEET
WHXEHEpHOEe O00pa30BaHHE M OMBIT PabOThl TIABHOTO KOHCTPYKTOpa B OOJIACTH BBICOKHX
TexHOJoTHi. Kak KOHCTPYKTOp sI MPUBBIK paboTaTh, ONMUPASACh HA KIACCHUECKUE HAYKH, TAaKHUE
KaK TeOopeTHYecKas MEXaHHKa, AJIEKTPOTEXHHUKA, TEIJIOTEXHHKA, a’poAHMHAMUKa U napyrue. B
TOM cilydae S TOHHMMarw (U3HKY SBIEHUH M MOTYy CTaBUTh MHOXECTBO MBICIECHHBIX
HKCIIEPUMEHTOB, BBIOMpAs ONTUMAIbHYIO KOHCTPYKIIMIO WU TEXHOJOTHIO, MOATBEPk,AAs ITO
MaTeMaTUYeCKUMHU pacdyeTaMu. OJTO HCKIIOYAeT NPOBEACHHE MHOXECTBEHHBIX M, 3a4acTylo,
0ecroNe3HbIX HKCIEPHUMEHTOB MpPH MPOBEIEHHH ONBITHO-KOHCTYKTOpCcKUX pabor (OKP),
COCpPEIOTOYMB BHUMAHUSAX HA UCIIBITAHUSIX HOBOW TEXHHUKH.

Ho B Hacrosmmii MOMEHT CIOXWIACh MapajoKcalbHas CHUTyallus, KOI/la YPOBEHb
(yHIaMEHTaJIbHBIX 3HAaHUN 3acTpsAi Ha MO3MIMIX MOJYBEKOBOM naBHOCTH. OOmias Teopus
otHocutenbHocTH (OTO) [18...22] u xBaHTOBass Teopust [22...27], Kak W TOJIBEKa Hasa,
MPEJICTaBISIIOT co00l HecBsA3aHHble BMecTe Teopun. OTO — 3TO KOHUENIMS TpaBUTALMU U
(bopMHpOBaHUS MacChl, HE TOJBKO y KOCMOJOTMYECKHUX OOBEKTOB, HO M Yy 3JIE€MEHTapHBIX
yactull. KBanToBas teopust — 3T0 Teopus 3neMeHTapHbIX yactull. OgHako, CTaHiapTHast MOJEIb
(CM) [28...31], kak OCHOBa KBaHTOBOW (DU3UKH DIIEMEHTApHBIX YaCTHIl, MPOTHBHUTCS
o0veaunenuto ¢ OTO, nockoabky CM ommnboyHa U MPOTUBOPEUYMBA 110 MHOTHM MyHKTaM. OTO
TOPMO3HUT Pa3BUTHE HOBBIX TEXHOJOTHH B 00JACTH HHEPreTUKH, Ha3€MHOTO0 U KOCMHMYECKOI'O
TPaHCIIOPTA, CBSA3U U MO JPYTUM HaIPaBIICHUSM.

Hampumep, ynpasnsemslit Tepmosiaepubiii cuntes (Y TC) HUKak He 3amycKaeTcs, saepHas
HHEepreTHKa 3alUKIIACh HA YPAHOBOM TOIUIMBE, XOJOIHBIM anepHblil cunte3 (XSC) HuKak He
BBIIJIET Ha NpaKkTU4Yeckoe NpuMeHeHne. Ha TpaHcnopre A0 cUX IOp MOJIb3yEMCsl JBUTATEISIMU,
KOHCTPYKIIMU KOTOpBbIX Oblla 3aJI0KEHbI OoJjiee COTHM JIeT Hazal. JlBurareiab BHYTPEHHETO
cropanus ([IBC) ycrapen u HeIKOHOMHYEH, JIEKTPOMOOMIIb ocTaeTcss MeuToil. Tak 3a mosiBeka
PaKeTHBIN JIBUTATEh YBEIUMYMI CBOM MMITYJILC BCETO B JiBa pa3a, B 220 cexynn (PAY-2) mo 450
CeKyH/] (COBpeMEHHbIE PAKETOHOCHTENH). PakeTHass TeXHHKa JOCTUIJIA CBOETO TEXHUYECKOTO
MOTOJIKA U 3acTpsiyia Ha Mecte. HyXKHbI MpUHLIMIIMATBHO HOBBIE HJee, a uX HeT. M ecnu KTo-To,
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Harpumep, 3aayMall CO3/1aTh JIETAIONIYIO TapesKy ¢ JABMKUTENEM 0e3 BBIOpoca peakKTUBHOM TITrH
1 UCTOYHHUKOM 3Heprun XAC, To penieHne 3Toi 3a1a4i HEBBIMOIHUMO, TTOCKOIBKY OTCYTCTBYET
Teoperndeckas 6aza st noaroroBku T3 na HUOKP. Kak 310 HU mapajgokcaibHO, HO pa3BUTHE
MPUHITMITNATILHO HOBBIX TEXHOJIOTHH yrupaercs B o0beauHeHnss OTO u KBaHTOBOW TEOPUH.

[TosToMy, Kak (PU3UK-TEOPETHUK, 51 COCPENOTOUMI CBOM ycuius Ha oobeaunenun OTO u
KBaHTOBOM Teopuu B Teopun CymnepoObeauHeHus. HeoOxoaumo ObLIO NMPUBECTH KBAHTOBYIO
TEOpHIo U uaeu obrel Teopun otHocutesbHocTH (OTO) Mo KIaccuyeckoi GopMbI TOHUMAHHS
JOCTYITHOW JUIsl CIIELUAIMCTOB MHXeHepHoro npoduis. He cekper, 4ro, MOJaBIsIOLIee YUCIIO
MH)KEHEPOB, J1a)Ke BbICOYAWIIEeH KBaTU(HUKAIMK, HE TO, YTO HE JKEJA0T M3y4aTh KBAaHTOBYIO
teoputo 1 OTO, oHu ckopee 60ATCS MPUCTYIUTH K 3ToMY. IIpuunHa 3TOro B HeONpeaeIeHHOCTH
KBaHTOBOI TEOPUHU U CII0)KHOCTH MateMaTudeckoro amnmnapara OTO.

KBanToBas ¢usmka, kak (pu3MKa 3J€MEHTapHBIX YaCTHIL, [10 CYTH JieJa 3acTpsiia Ha MyTU
pa3BUTHUSA. Y’K€ HUKOIO HE YCTPauBaeT CTATUCTUYECKUN BEPOATHOCTHBIN XapakTep KBAHTOBOU
(Gu3uKHU, KOrjla OCHOBHBIM I1apaMeTPOM YacTULbl BBICTYIAET aMIUINTYa BEPOSTHOCTH, KBaJIpaT
KOTOPBIM ITO3BOJISIET OLICHUTH BEPOATHOCTb COCTOSHMS KBAHTOMEXaHWYECKOM cucrtemsel. [lo
3asgBieHUI0 [IpUrokmHa B KBaHTOBOW (DU3MKE HIIEMEHTAPHBIX YaCTHUI] HACTYHNWJI «KOHEI
onpenenennoctu» [32]. Ho Ha camom nm genme 310 Tak? DUHIITEHH 10 KOHIA YXH3HH HE
IPUHUMAJl BEPOSITHOCTHBIM XapakTep KBaHTOBOM (U3UKH, yTBepxkaas, uyTo «bor He urpaer B
Koctu» [22].

MHe He TpyIHO J0Ka3aTh, YTO HOBas KBaHTOBas (pu3MKa, OMyOJMKOBAHHAs B TEOPUHU
CynepoObeqIUHEHUS,  SBJISCTCS  JICTEPMUHHCTHYCCKON  (IpeicKa3aTeNnbHOM),  OTIpaBIIsis
BEPOATHOCTHBIE METOJbl AaHajlW3a HAa BTOPOM IUIAH, KAaK BTOPOCTENEHHBIE. OJTO CTajo
BO3MOXXHBIM ~TOJIbKO TIOCJ€ OTKpPBITHSl KBaHTa IPOCTPAHCTBA-BPEMEHM (KBAHTOHA) U
KBAaHTOBAHHOM CTPYKTYpbl Yy YETBIPEXMEPHOIO IPOCTPaHCTBAa-BpeMEHU. PaccMoTpuM sTamsl
pa3BuTHs 10001 Hayku. Ha mepBoM 3Tamne uaeT CTaTuCTHYECKUit cOop MHPOpPMALIUU B BUJE TEX
win MHbIX ¢akToB. Ha BTopoM 3Tarme HOBbIe (aKThl CUCTEMATU3UPYIOTCS, U JIE€IAETCs MOMbITKA
NPUJAHNAS HOBBIM (paKTaM TEOPETHYECKOe 00OCHOBAHHMS, OTMCHIBASI BCETO JIMIIH CIE/ICTBUE, a HE
OPUYMHY siBJ€HUA. M TONBKO Ha TpeTbeM 3Talle HauuHaeTcs paboTa MO PACKPHITHIO MPUYMHA
sBleHns. Tak BOT, KBaHTOBas (U3MKa IMPOLUIA J[BA dTala Pa3BUTHSA, 3aCTPSB HAa ONUCAHWUU
CJIEJICTBUS SIBJIICHUS M TO BEPOSTHOCTHBIMM CPEICTBAMHU. A BOT NPUYMHA KBAHTOBBIX SIBICHUM
BIIEPBBIE PACKPBIBAIOTCS TOJNBbKO B Teopuu CynepoObequHEeHMs, KOTopas MpeacTaBisieT co0oi
JNETEPMUHUCTHYECKYIO0,  MPEJCKA3bIBAIONIYI0O  KBAaHTOBbIE COOBITHS ~ TEOPHUIO,  YCTpaHss
HEOIpeIeIEHHOCTH B KBAaHTOBOM (pU3MKe, IPUBOSI KBAHTOBYIO TEOPHUIO K KIIACCUYECKOMY BUTY.

B teopun CynepoObennHenust 061acTb (pU3MKH 371€MEHTapHBIX YAaCTUIl U aTOMHOTIO siapa
MIpeICTaBI€Ha CHMOMO30M KBAaHTOBOM T€OpHUU U 001el Teopun otHocutensHocTu (OTO). U 6e3
uX OOBEIUHEHHS HEBO3MOKHO HWHTEHCHUBHOE pAa3BUTHUE AaTOMHOW OTpaciM, KaK OCHOBBI
sHeproodecrneyeHus. EcrecTBeHHO, YTO Onupasich Ha KOHIEMIMIO TPaBUTAIIMM UCKPHUBIEHHOTO
IPOCTpaHCTBa-BpeMEHH ODWHIITEHHa, KaK OCHOBBI I'paBUTaluu, B Teopun CynepoObeauHEeHUs
OPUILIOCHh NPHUBOIUTH CIOKHEHIMI Marematudeckuil ammapatr OTO k kiaccuyeckomy
BEKTOPHOMY aHalIU3y, 3aMeHssl reoMeTpuio Gu3ukoil siBjaeHuil. C 3Tol 1enabio U ObUl BBEAEH
YETHIPEXMEPHBI KBaHT MPOCTPAHCTBA-BPEMEHU (KBAaHTOH), KaK YacTULA, OOBEAMHSIOIIAs
kBaHTOBYI0 Teopuro 1 OTO.

B reomerpuyeckoil TeopuM TpaBUTAUMM OWHIITEHHAa poOJIb TPaBUTALIMIOHHOTO
MOTEHLIMAJa BBINOJHAET IICEBJO-PUMAaHOB METPUYECKUII TEH30p B TEH30PHOM YpPaBHEHUU
[Tyaccona [20]. DTo OuYeHb CIIOKHOE TEH30PHOE ypaBHEHHE, HE JOCTYIHOE IS IMHPOKOTrO
npuMeHeHusa. B Teopun CynepoObeAMHEHUS pOib T'PaBUTALMOHHOTO MOTEHIIMAa BBIOJIHSET
KBaHTOBas IUIOTHOCTh (KOHLIEHTpAllUs KBAHTOHOB B €IUHHIIE 00ObEMa) KBAHTOBAHHOTO
IIPOCTPAHCTBA-BPEMEHN B KjaccuueckoMm ypaBHeHuu Ilyaccona, Bmecto TeH30pa KpuBH3HBI
OTO, B Teopuu CymnepoObenuHeHus: BbicTynaeT BekTop Aedopmanuu D [33] kBaHTOBaHHOTO
IIPOCTPAHCTBA-BPEMEHH, 3HAUUTEIBHO YIIPOLIasi MaTEMaTUUECKUN anIapaT TEOPUHU IPaBUTALINH,
Kak KBAaHTOBOM TEOPHH.
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[TockonbKy cTaThsi NMpeaHa3HaueHa Ui CIEHUATUCTOB SACPIIMKOB, TO HEOOXOIUMO
KOHCTaTUPOBaTh, YTO COBPEMEHHas (U3MKa DIEMEHTapHbIX YacTHIl M AaTOMHOIO sJpa B
TEOPETUYECKOM IIJJaHE BBIMVISIAUT MJIAQJACHLEM B IEJIEHKaX, IIOCKOJIbKY TEOPHUM B €€
KJIACCUYECKOM INTOHMMaHUHM, siiepHas (U3MKa TaKKe HE MMEET, a KBAaHTOBAas TEOpUs 3akaTa B
paMKH BEpOSATHOCTHOTO ONHMCaHUsA. B HacTosmuii MOMEHT, (HU3UKa 3JIEMEHTAPHBIX YacTHUI] U
aTOMHOTO s7pa — O3TO B OCHOBHOM DJKCIIEpUMEHTAlIbHAs HayKa, KOTOpas OIEpUpYeT
AKCIEPUMEHTAIbHBIMU JAHHBIMU M MAaTEMaTUUECKUMHU allPOKCUMAIUSAMU IKCIIEPUMEHTAIbHBIX
3aBucuMocTei. Vmeercs OoJbIIOE KOJMYECTBO ONBITHBIX JaHHBIX, KOTOpPbIE I1OMOIalOT
COBEpUIECHCTBOBATh M3BECTHBIE SIIEPHBIE LIUKJIbl U KOHCTPYKIUIO PEAKTOPOB, B OCHOBHOM B
IU1aHe UX 0e30IacHOCTH.

[ToaTOMy OCBOEHHS HOBBIX JIEPHBIX SHEPreTUUECKUX LIMKIIOB, IO KOTOPBIM €CTh KaKue-
TO UJEU, CONPSKEHO ¢ OOJIBLIIMMHU TPYJHOCTSMU, IIOCKOJIBKY OTCYTCTBYET TeopeThdeckas Oasa.
HoBele 3HaHus mnpuxoautcs AOOBIBaTh TOJIBKO AKCHEPUMEHTAJIbHBIM IyTEM. A 3TO OYEHb
Joporass M JUIMTENbHas 0 BPEMEHM S3KCIIepUMEHTallbHas paboTa. MHOIO yKe HPUBOAMICS
IpuMep ynpasisieMoro tepmosiepHoro cunresa (YTC), KOTophelil BOT y)Ke€ MOJBEKa HE yIaeTCs
3aIlyCTHUTb, XOTs €CTh UJed B BUJIEC TEMIIEPATYPHON KOHLENUUU. I 3TOro npeuiaracTcst O4eHb
CWJIBHO HArpeTh IUIa3My M peaklusi CUHTE3a J0JDKHA caMa 3alycTuTbed. Eciu nmouurars cratbu
TeX JIET, TO ynpaBiseMblil TepmosiiepHblil cuntes (YTC) nomxen Obul cTaTh K Havainy 21 Beka
OCHOBHBIM UCTOYHUKOM 3Heproodecnedenusi. Ho storo He nmpousonuio. HoBas MexayHapotHas
nporpamma UTOP paccunTana Ha 3aBepLIEHUE CTPOUTENLCTBA ONBITHOrO peakTopa ¥ TC Tonbko
K 2020 roxy. [TpuyuHbI 3TOT0 OBUTM B OTCYTCTBMU HEOOXOIUMBIX (YHIaMEHTAJIBHBIX 3HAHUH.
AHanu3 1noOKa3pIBacT, 4To TemneparypHas KoHuenuus YTC He HMeeT TEeOpeTHYECKOro
oOocHoBaHud, M g 3anycka YTC BO3MOXKHO BaKHbl HE BbICOYaiiIllas TemIepaTypa, a
BbICOUAliIlIne AaBJICHMS, COCOOHBIE BJABJIMBATh IMPOTOHHBIE siipa IpYT B Jpyra, IpeojioJieBas
WX JJIEKTPOCTATUUECKOE OTTaJKMBaHUE (Kak B TepmosaepHoil 6ombOe). Hecobmronenue 3toro
ycioBusi ctaBut npoekt M TOP Ha rpanb cpbiBa [34].

MHe MOryT BO3pa3uTh, UYTO TEOPETHUYECKOrO0 OOOCHOBAaHUS B sIEPHOU (U3HKE
nocratouHo B pamkax CranpaptHoil mogenu (CM), Bkiroudarouiedd B ceOsl KBaHTOBYIO
xpomomunamuky (KXJI) [35...40], oTBewaromiyro 3a TEOPHIO CHJIBHBIX (SIIEPHBIX)
B3auMmojieiictBuil. [loBropsto, uyto B CraHmapTHyl0 MoOJelb, Kak (U3MKY YacTHll, He
BIIMCBHIBA€TCS TEOpUsS TpaBUTAUUU OiHIITENHHA. A 3TO o3HadaeT, ytTo CM HecoBeplleHHA U
ommbouHa. M, kak anprepHaTUBY OHHIUTEHHY mnpodeccop Xurrc moutu 50 et Hazax
npejiaraeT JIpyryio TEOpHI0, B KOTOPOHl 3a (pOpMUPOBaHHME MacChl y JIENTOHOB M KBapKOB
oTrBeyaeT 0030H Xwurrca. ITockosbKy KBapkuM BXOJAAT B COCTaB HYKJIOHOB, TO 0030H XWurrca
OTBeuaeT M 3a (hopMHpoBaHHE MX Macchl. Macca 3TO IpaBUTALMOHHBIA MapaMeTp, U, Ka3aloch
Obl, uTO 4Yepe3 0030H XUITCa MOXXHO BIUCaTh rpaBUTanuio B CTaHIapTHYIO MOJAEIb M
KBaHTOBYIO (u3uky. Ho mpu 3TOoM Hago UrHOpUPOBATH TEOPHUIO TpaBUTALMM OWHIITEHHA,
MOCKOJIbKY 0030H XHITCa HE UMEET HUKAKOIO OTHOILIEHMS K YETBIPEXMEPHOMY MPOCTPAHCTBY-
BpeMeHH. Bo3HMKIa [BOMCTBeHHas cutyauus, kotopas B Tteopun CynepoObennHeHus
paspelieHa B nojib3y DiHmTelHa. [Tonydaercs, yTo 6030H Xurrca H1 K (POPMUPOBAHUIO MaCChI,
HU K CaMOM I'paBUTAllMU HE NMEET HUKAKOI'0 OTHOILIEHHUSI.

51 BHMMATEIBHO U3y4YHJI MHOHEPCKYIO cTaTthio Xurrca (Peter W. Higgs (1964). *'Broken
Symmetries and the Masses of Gauge Bosons'. Physical Review Letters 13 (16): 508-509)
[40] u Hu crioBa He HaIIeN 0 TPAaBUTALMH U TEOPUH rpaBUTAUK DWHIITeHHA. CTaThs 00bEMOM B
2 cTpaHMIIBI MEHsI pa3odapoBajia, MOCKOJIbKY S YBUAEN TOJIbKO COMHUTENIbHYIO THUIIOTE3y O
BO3HMKHOBEHUH MAacChl B pe3ylbTaTe HapyIIEHUS CHUMMETPUM U HECKOJBKO aOCTpaKTHBIX
dbopMyJ, KOTOPHIMH HEBO3MOXKHO BBIPAa3UTh Maccy 4YacTulbl. [IOCKONBKY Apyroil rumoressl,
KpOME XHMITCOBCKOTO MEXaHHM3Ma (OpPMHUPOBAaHUS Macchl He ObLIO, TO OHA W CTajlla OCHOBOU
Cranmaptaoit mogemu (CM). Ho mo cux mop, B CM HeT 4eTKoro ompenesieHdus MeXaHH3Ma
(dbopMHpOBaHUS Macchl CIYCTSI MOYTH TOJIBEKA IMOcie MyOnuKanuu crathu Xwurrca. IIpuseny
COBPEMEHHYIO IIUTATy MO MOBOJY MexaHu3Ma Xwurrca: «lleped Hapywienuem cummempuu 6ce
yacmuywl (kpome camozo 6030na Xueeca) He UMEOM MACChL, U CUMMEMPUs. He HAPYUAemcsl, KaK



8PAWAMENbHASL  CUMMEMpUs  Kapanoawia, cmoswe2o Ha Kowduxke. Ho npockanvsvieaem
CKaNsipHoe nojie om MOYKU MAKCUMAIbHOU JHepeUU 8 CIYUAUHO BblOPAHHOM HANPABLEHUU K
MUHUMYMY — KAaK Kapamoawi, KOMopwvlil cayuauHo naoaem. Baoicno, umo cummempus He
ucuesaem — OHA NPOCMO CMAHOBUMCA CKpbIMOU. B pesynsmame usnauanvHas cummempus
Hapyuiena, u 21eMeHmapHvle Yacmuybl — J1enmonsl, keapku, W u Z 603016l — npuobpemarom
maccy. Ilossnenue maccol Modicem Oblms UHMEPNPEMUPOBAHO KAK Pe3yIbmam 63auMo0elicmaut
opyeux wacmuy ¢ «Xueecoeckum oxearnomy». http://dic.academic.ru/dic.nsf/ruwiki/1034973. Do
HA3bIBACTCSl HAYKOOOpa3ueM U JIydllel KpUTHUKU MeXaHu3My XUITca, YeM MPUBEICHHAs 1IUTaTa,
npuaymarh TpyAaHo. Emre 6osee TiymnbiM BRINISIIAT TpuMep ¢ aktepoM KiyHu, depe3 KoToporo
IIPOBO/IAT aHAJIOTHIO MOSIBIICHHS HHEPIUOHHOM Macchl http://ru.euronews.com/2012/07/04/higgs-
boson-particle-a-key-drop-in-the-universal-bucket/.

Teopust nomkHa mpeacKazbiBaTh dSHEPruto yacTuibl. [1o Teopunm Xurrca HEBO3MOMKHO
paccuuTaTh JHeEpruto 0030Ha Xwurrca. Ero sHeprur0 HCKaau 4YHUCTO OSKCIEPUMEHTAIBHO,
HCKITIOYasi TIOOYEPETHO JUANa30Hbl PHEPTU, U OCTAaHOBWJIMCH Ha auamnazone 125...126 I1B. 4
utonsi 2012 oOBABUIN, YTO B YKa3aHHOM JHMAIA30HE 3aPETHCTPUPOBAIH YACTHILY, TIOXOKYIO HA
0030H XuITCa ¢ TOYHOCTBIO PE3YJIbTATOB U3MEPEHHUS B 5 CUTMa, XOTS TEOPUH HE JIa€T TOYHOIO
3HaueHHs sHepruu 6o3oHa Xwurrca. CpaBHUBATh TO HE C YeM TOYHOCTh B 5 CHI'Ma, MOCKOJBKY
OTCYTCTBYeT 0a30Basi BeNU4YMHA dHepruu 6o3ona Xurrca. [laxe ykasanHblid quana3zon 125...126
['>B umeer otkionenue B 1 9B, n3navyanbHo 3akiapiBas morpenrHocts nopsiaka 1%. CtpanHo
BCE 3TO, TeM Ooiiee, 4T0 06030HOB XHITCa IOKHO OBITH OYeHb MHOTO (Xueecosckuil okean), a
€ro JIOBST 10 0 HOMY 0030HY B roj [11].

MosHO ObLTO OBl COINIACUTHCS, YTO 0030H XWITca — ATO peanbHas YacTHUIld, KOTOPYIO
HallUTM U KOTOpasi HAaKOHEI[-TO MO3BOJISIET BIMCATh rpaBuTannio B CtangapTHyo mMojaens. Ho u
storo HeT. KoHeuHo# 1enpto morcka 0030Ha Xurrca sIBIsSIeTCA CO3JaHHUE B OyAyIleM TEOpUu
HOBOM (hu3uku B Buje Teopun Cynepodowveaunenus. Ho moucku 6o3ona Xurrca u reopust Xurrca
He npubnm3mwm cozganue teopun CynepoObenunenus. bozon Xurrca He cMor crath 0azucom
teopun CynepoObeAuHEHUs, MOCKOJIbKY, KaK MOKA3bIBACT aHAIN3, €ro JCUCTBUTEIHHO HET B
npuposne, a 4 WIS 3apPETUCTPUPOBAIM OYEPEIHYIO KOPOTKOKMBYIIYIO dYacTully. B
skcriepuMenTax Ha BAKe He ObII0 T0Ka3aHO, YTO 3Ta YaCTUIIA UMEET KaKoe-TH00 OTHOIICHHS K
(GhOpMUPOBAHUIO MACCHI, UHEPIIMU U TPABUTAIIUH.

[To mMHeHus skcmepToB, ecnu 0030H Xwurrca oOHapyxkeH He OyaeTr, a OoH He Oyner
oOHapyXeH, MOCKOJIbKY HE CYIIeCTBYeT B mIpupoje, To pyxHeT CraHmapTHas MoOjenb, U B
nepByro ouepenp kBaHToBass xpomoauHamuka (KX/I), orBeuaromiasi 3a cCuiibHbIE (SE€pHBIC)
B3anmojeiicTeus. M Hago Oyaer mpucTynaTh K MOCTpOeHUI0 HOBoU ¢u3uku. Ho HoBas dusmka
yKe co3aana B Bujie Teopun CynepoObeIMHEHUS U B HEll HeT MecTa 0030Hy Xurrca [1, 2].

Moostcno koncmamupogams, ymo Cmanoapmnas mooenv (CM) ne cocmoanace, umesn
001buI0€ KOIUUecmeo npomueopeunil, NOCKOIbKYy He 6 COCMOAHUN ONUCAMb CIPYKMYPY HU
OOHOII U3 21A6HBIX CHMAOUIbHBIX IIEMEHMAPHBIX HACMUY: IJ1EeKMPOHA, NOZUMPOHA,
npomona, HeumMpoHa, I1EKMPOHHO20 HEUMPUHO U (Pomona, He 2080pA 0 MHOMHCECmEe
Kopomkodicugyuwux Hecmadunvnvix uacmuy. Cmanoapmuas mooenv He packpvlieaem
npupooOsvl AOEPHBLIX CUl, NPUPOOLL HOPpMUPOCARUA MACCHL INEMEHMAPHBIX YACHMUY U
AMoOMHO20 AOPA U NPUPOObL IHEP208bIOCTICHUA 6 pe3yibmame Oehekma maccvl 8 A0ePHbIX
peakyusax. Ho 2nasnoe, Cmanoapmnasa mooenv ne 6 COCHMOAHUU GbINOJIHUMY 3A6EU{AHUE
Ditnwmeiina u 00veOUHUMb 2PAGUMAUUIO C I/IEKMPOMAZHEMUIMOM U O00WYI0 Meopuio
omunocumensnocmu (OTO) c keanmoeoii meopuil.

S we Oyny 3aocTpsTh BHHMaHHME Ha AanpHeimeld kputuke CM, TOCKONBKY Bce
MEpPEYNCICHHBIE  BBIMIE  TMPOOJEMBI  TEOPETHUYECKOW  (DH3WKH  pemeHsl B TEOpPUU
Cynepoobenunenus. [IoaToMy s OCTaHOBIIOCH Ha mpoOieme (HOpPMHUPOBAHHS MACChl, KaK OHa
MOSIBIISIETCS B TIPUPOJIC HA CAaMOM JieJie, OMUPAsICh Ha KOHIICTIIINIO TPABUTAIIUN UCKPUBIICHHOTO
MpOCTpaHCTBa-BpeMeHn JiHITelHa. [Ipobiema maccwsl — 3T0 mpobiieMa o0beIuHEHUsT 00Iei
teopun otHocutenbHocT (OTO) u xkBanToBOM Teopuu. OTO — 310 reomeTpuyeckas Teopus, a
KBAHTOBasi TE€OpHsI — 3TO Teopus yacTull. Kak u B coyyae ¢ 6030HOM Xwurrca, i 00beTUHEHUS
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OTO u KBaHTOBOW TEOpPUM HYXKHA HOBas YacCTHIA, SIBIISIFOIIASCS HOCUTEIIEM YETBIPEXMEPHOIO
MPOCTpPaHCTBa-BpeMeHH OHHIITeWHA. bo3oH Xurrca mo CBOMM CBOMCTBaAaM Ha pOJb 3TOM
JaCTHULbI HC MTOAXOJUT, IIOCKOJIBKY OH HEC ABJIACTCA I-IGTI:IpE’:XMepHOI‘/'I qaCTHHefI.

Ho ceituac cmasumubca eonpoc 001ee ocmpo. Imo He meopus 2zpasumayuu
Ditnwmeiina ne enucvieaemca ¢ Cmanoapmuyro mooens, a Haooopom, 3mo Cmanoapmnasn
Mooeny He enucvléaemca ¢ meopuro zpasumayuu Iinwmenna. U smo dokazano ¢ meopuu
Cynepooveounenus.

2. YeTbIlpexMepHasi 4aCTHLA: KBAHT MPOCTPAHCTBA-BpeMeHH (KBAHTOH)

UtoObl mpuaaTh KBaHTOBBIM XxapakTep oOmiei Teopun oTHOocuTeabHOCTH (OTO)
DWHINTEHA KaK OCHOBBHI TPaBUTAIMH B BUJIC MCKPUBICHHOTO YETHIPEXMEPHOTO MPOCTPAHCTBA-
BPEMEHH, HY)KHa UMEHHO YeThIpeXMEpHas 4acTHlla, HE MMEIOIIas Macchl, KOTOopas SBISETCS
HOCHTEJIEM YETBIPEXMEPHOTO MPOCTPAHCTBA-BpeMEHHU. BriepBhIE B TEOPETUUECKON (PH3UKE ITOT
BONPOC ObUI MOCTaBieH MHOIO. M Takas yeTblpeXMepHasl 4YacTHIla, KOTOpas OJHOBPEMEHHO
SIBIISIETCSl HOCUTEJIEM BPEMEHH U MPOCTPAHCTBA ObUTA OTKPBITA MHOKO B 1996 roy B BUJE KBaHTa
pOCTpaHCTBa-BpeMeHH (KBaHToHA) [3, 4, 41, 42].

MaruutHas och

\MaruuTHas 0ch

DneKTpuYecKas 0Ch nexTpuueckas och E

Puc. 1. DieKTpOMarHUTHbINH Puc. 2. Ksanton B mpoekumnn
KBaJIPYyNoib (BHI CBEPXY). (IOBEpHYT B IPOCTPAHCTBE).

Jlormka MoOUX pacCyXJIE€HHUH CBOJIMIACh K ciefyromeMy. YToObl MmpuaaTth KBaHTOBBIN
xapaktep OTO Heo0X0AMMO BBIIEIUTH KBAaHT IMPOCTPAHCTBA, MCXOMAS U3 T'E€OMETPUYECKOI
MUHUMU3aLUU €ro nocrpoeHus. OJHa TOYKa — 3TO KOOpAMHATA, 4epe3 JBE TOUKH MOXKHO
MIPOBECTH JIMHUIO, TP TOYKU CO3LAIOT IIOBEPXHOCTb U TOJBKO YETHIPE TOUYKH I103BOJISIOT
BBIIETUTh 00bEeM B Buie TeTpadapa. Ho Terpa’ap — 3To reomerpus, U 4YTOOBI MEPEUTH OT
reOMETpUM K KBAHTOBOW (pU3MKE HEOOXOJUMO TIeOMEeTpUYEeCKHe NapamMeTpbl 3aMEHMThb
YacTUIIAMU, TO €CTh B BEPIIMHAX TETpadJpa HEOOXOIUMO Pa3MECTHTh YEThIPE AJIEMEHTapHbIE
YaCTHIIbI, KOTOPBIE BBIIACIUIN ObI 3JIEeMEHTapHBINH 00bEM.

W npupona cama 3amiaHupoBaia 3TH YEThIPE YaCTUIbl B BUE HEBECOMBIX (HE MMEIOILIUX
MacChl) YEThIPEX IIENbIX KBAPKOB-3apsII0B: IBYX JJIEKTpUuecKkuX (—/e u +/e) 1 ABYX MarHUTHBIX
(-1g u +1g). B utore monyunsu 3MEKTPOMArHUTHBIA KBAJIPYIOJb, HEU3BECTHBIN paHee HayKe,
O00BETMHAIOMNN 3JEKTPUYECTBO U MAarHeTU3M B €JUHYIO CYOCTaHIMIO — 3JEKTPOMAarHeTH3M
(puc. 1). IIpu 31€KTPOMarHUTHOM CKaTUU KBAAPYNOJb NEPEXOIUT B MIAPOBYIO YaCTUILY — KBAHT
npocTpaHcTBa-BpeMeHH (kBaHTOH) (puc. 2). Ilockonbky ympyruii KBaHTOH oOusagaer
CBOMCTBaMM OOBEMHOIO JIEKTPOMAarHUTHOIO pE30HATOpa, TO OH 3aJaeT TeMIl XO0ja
IIPOCTPAHCTBEHHBIM 4YacaM, SBIIASACh OJHOBPEMEHHO KBAaHTOM BpPEMEHM M IPOCTPAHCTBA.
ITommygaeTcsi, 94TO BpeMsi UMEET CBOIO YACTUILY — HOCUTENIb BPEMEHH, U TaK’KE BpEMsl KBAHTOBAHO
(TUCKpeTHO), Kak M mpocTpaHcTBO. OKa3bIBaeTCs BpeMsl MaTepHabHO M B KaXAOH TOuKe
YETBIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHM HIYT CBOM DJJEKTpOHHBbIE dYachl. [lpm cxkarum
KBaHTOHA OH YCKOPSET TEMII X0/ IIPOCTPAHCTBEHHBIX YaCOB, IIPU PACTAKEHUU — 3aMEJIISET.

KBaHTOH 53TO enMHCTBEHHass B MNPHUPOAE YETBIpEXMEPHAs YacTUILA, OTBEYAIOIIAS
yCIOBUAM KBaHTOBaHMsA oOmieil teopun ortHocutenbHocTH (OTO). UerBepras KoopauHaTa



BPEMEHHM KBAaHTOHA — JTO YHUCTO MaTEeMaTUYeCKas KOOpJAWHATA, KOTOpas B TPEXMEPHOM
M300paXeHUH HE MPEICTaBIISIETCA.

DJeKTpUUYecKass M MarHUTHAasT OCH JJICKTPOMArHMTHOTO KBaJpYIOJsi M KBAaHTOHA
SBIIIIOTCS.  OPTOTOHAIBHBIMH. JTO TPOSBISETCS BO BCEX JIIEKTPOMATHUTHBIX IPOIECccax,
oOecrnievyrBasi OPTOrOHAJILHOCTh BEKTOPOB HAIIPSDKEHHOCTH dJIeKTpHueckoro E u marauraoro H
noiedd [43]. DTOT 3KCIEpUMEHTANbHBIN (aKT UMEET Ternepbh TEOPETHYECKOS OOOCHOBAHHME.
PacueTHbIil tuamMeTp KBaHTOHA — 0,74'10725M [44]. D10 Ha mecATh MOPSIKOB MEHBILE JHAMETPa
HyKJIOHa. Pa3smep kBaHTOHA omnpenenseT GyHIaMEHTATbHYIO JIUHY U JUCKPETHOCTH CTPYKTYPHI
KBaHTOBAaHHOT'O IMPOCTPAHCTBA-BPEMEHHU.

3. CTpyKTypa KBAaHTOBAHHOTO NMPOCTPAHCTBA-BPEMEHH

|

Puc. 3. CTpyKTypa KBaHTOBAHHOTO Puc. 4. Dnexkrpuueckas aCHMMETPHS B CTPYKType
YETBIPEXMEPHOT'O MPOCTPAHCTBA-BPEMEHH. KBaHTOBAaHHOI'O IIPOCTPAaHCTBA-BPCMCHHU.

IIpu 3anonHeHun 60JibLIOIO O0ObEMa KBAHTOHAMH MOJIY4YaeM CTPYKTYpPY JAHUCKPETHOIO
YEeTBIPEXMEPHOT0 KBaHTOBAHHOTO MHpOCTpaHCTBa-BpemeHu (puc. 3) [42, 43]. A kBaHTOHaMHU
3anoyiHeHa Bcsl Hamla Bceenennas. Hapsay ¢ kBapkamu, KBAaHTOH camasi paclipOCTpaHEHHas
yactuia B npupoae. [lpu pazmepe kBaHTOHA 0,74'10 %> M KBaHTOBaHHOE MPOCTPAHCTBO BpEMsI
npezcTaBisieT co00i 0UeHb TOHKYIO MOJIEBYIO (JOPMY HEBECOMOM MaTepHH, IJie TpaBUTALUS el
OTCYTCTBYET, @ IPHUCYTCTBYET OJIMH D3JEKTPOMArHeTu3M, KOTOPBIM SBISETCS MEPBUYHBIM
MaTepHajJbHBIM 0oOpa3oBaHueM B Hamlel Bceenennoil. B teopun CynepoObeauHeHus 10Ka3aHo,
YTO TpaBUTallMsl BO3HHUKAeT B pe3ynbrare JedopMmanuu (MCKpUBIEHUS 1O OWHIITEHHY)
KBAaHTOBAaHHOTO MPOCTPAaHCTBA-BPEMEHH, KaK BTOPUYHOE siBJIieHuE [45].

Tak 10BOJIBHO MPOCTO uepe3 OOBENMHSAIONIYI0 YETHIPEXMEpPHYIO YacTHIy KBAHTOH
IPOMCXOTUT OOBEIUHEHUE OHIIEKTpOMarHeTH3Ma M TpaBUTAllMM, a Takxke oOmel Teopun
OTHOCUTEJIbHOCTH U KBAHTOBOM TeOopuH yacTHll. VIMEHHO KBaHTOBAHHOE NMPOCTPAHCTBO-BPEMs
npezcrasisier coboii Enqunoe mosie DifHIITeiiHA, HA MOUCKU KOTOporo oH morparuna 30 jer
KU3HU. DWHINTEHH mojaraji, 4To CYLIECTBYeT Hekoe ENuHoe moje B BHJIE YETHIPEXMEPHOIO
IIPOCTPAHCTBA-BPEMEHH, KOTOPOE OAHOBPEMEHHO SBIISIETCA HOCUTENEM TpaBUTAllUM U
anekTpomarseTusMa. B oOmieit Teopun otHocutenbHocTH (OTO) DHHIITENHH pacKpbll IPUPOLY
IPaBUTAllUM KAaK MCKPUBJIEHUE YETBIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHU, HO OOBEAMHUTH
FPaBUTALMIO C DJIGKTPOMArHETU3MOM HE ycmeld. OTo ObUIO  CAEeNaHO B TEOpUHU
CynepoObenunenust [1].

bnarogaps Tterpasapuueckoll CTPYKType KBaHTOHA, KOTJla KBAapKHW BHYTPU KaHTOHA
paccTaBiieHBl 110 BEPLIMHAM TETPa3pa, BHYTPU CaMOI0 KBAaHTOBAaHHOI'O MPOCTPAHCTBA-BPEMEHU
HEBO3MOXKHO BBIJICIUTh SBHO BBIPAKEHHYIO JJEKTPUYECKYI0 WJIM MarHUTHYl0O ocb. B
HEBO30Y)KJICHHOM COCTOSIHUM KBAHTOBAaHHOE MPOCTPAHCTBO-BPEMSI paccMaTpUBaeTcs Kak
OJIHOPOJIHAsI M M30TpOIHAas O4YeHb ympyras kBaHToBaHHas cpera (YKC), xotopas B 1enom
ABIIAETCS DJEKTPUUECKNU- U MATHUTHO-HEUTPAJIbHOW IOJIEBOM CTPYKTYpol. EcrecTBeHHO, uTO
OpU HAJIOXKEHUM BHEIIHEr0 JJIEKTPUYECKOTO W  MAarHUTHOTO IoJIed, KBAaHTOBaHHOE
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IIPOCTPAHCTBO-BPEMS MOJIIPU3YETCS, IPOSABIIET CBOU JIEKTPUYECKUE MU MAarHUTHBIE CBOMCTBA,
KOTOPBIE XapaKTEPU3YIOTCS HNEKTPUYECKON €9 U MATHUTHOM |lg KOHCTAHTaMHU. JTO MHOTOKPaTHO
POBEPEHHBIN SKCIIEPUMEHTABHBIN (aKT.

Mexny KBaHTOHaMM JCUCTBYIOT CHJIBI, KaK IPHUTSDKEHUS, TaK M OTTAJIKHWBAHUA.
Pa3zHouMeHHBIE 3apsAabI-KBAPKU NIPUTATUBAIOTCS, OJJHOUMEHHBIE — OTTAJIKUBAIOTCA. PaBHOBECHOE
COCTOSIHUE TMONY4UTh TpyaHO. KBaHTOHBI Kak OBl «KHIIAT», BBI3bIBAS COOCTBEHHBIE
MHKPOCKOIUYECKUE KOJIeOaHUs C BpalllCHUEM, IPH IpeodiaaHuu OOIIEro CUEIUICHHUST MEXIy
KBaHTOHAaMH, KOTOpOE€ B ILEJIOM U OIPENEIseT KOJIOCCAJIbHOE HATSIKEHUE U YIPYrocThb
KBaHTOBAHHOTO NMPOCTPAHCTBAa-BpeMEHHU. BO3MOXKHO, MUKPOCKOITNMYECKHE KOJIeOaHNsI KBAHTOHOB
CO3JIal0T TOT €CTECTBEHHBbI MHKPOBOJHOBBIA (DOH, KOTOpBIH NPUHHUMAIOT 3a PEIUKTOBOE
u3yyeHue?

4, BHCKTPOMaFHI/ITHaH CUMMETPHUSA U JJICKTPUIECCKAA aCUMMCETPUS

Wrak, OCHOBOM CTPYKTYpbl KBAaHTOBAaHHOIO IIPOCTPAHCTBA-BPEMEHU  SIBJISAETCS
anekTpomarieTusMm (puc. 3). Mpbl xuBeM B d3nekTpoMarHuTHOM Bceenennoil. [lpuuem
JJIEKTPUYECTBO U MAarHeTU3M SKBUBAJIECHTHBI IPYr IPYry BHYTPHU KBAaHTOHA M KBAHTOBAHHOI'O
NPOCTPAaHCTBA-BPEMEHH, MPEICTABIISAsA COOOH CHCTEMY C 3JCKTPOMArHUTHOM cuMMmeTpuen [46].
OTO NpOSABIAETCS B TOM, YTO CWJIA NPUTSHKEHHUS MEKIY MAarHUTHBIMU 3apsJaMu-KBApKaMU
BHYTPUM KBAHTOHA IIOJHOCTHIO SKBUBAJICHTHA CHJIE MPUTSDKEHUS MEXAY 3JIEKTPUUYECKUMU
3apsaaMHU-KBapKaMHM, a dJIEKTPUUYECKasl YHEPTUsl BHYTPU KBAHTOHA 3KBUBAJICHTHA €r0 MATHUTHOU
sHepruu. 1103T0My OCHOBHBIM 3aKOHOM, JACUCTBYIOLIMM B Hamleil BcelleHHOMW, SBISETCS 3aKOH
Kysona [1].

3Has aAuamMeTp KBaHTOHA M PACCTOSHUE MEXKIY KBapKaMHU-3apsIaMH, HETPYAHO OBLIO
BBIUNCJIUTD TOJHYIO 3JIEKTPOMAarHUTHYK) JHEPrUI0, aKKyMYJWPOBAaHHYIO BHYTPU KBAaHTOHA,
KOTOpasi COCTaBWJIa 1,2'1072 JIx wmm 10Y 5B wm 10° T»B. B LIEJIOM, SHEPTOEMKOCTh
KBAaHTOBAHHOTO NIPOCTPAHCTBA cocTapmsieT mopsaka 10°° Jix/m®. KBaHTOBAHHOE IPOCTPAHCTBO-
BpEeMsl MPEJICTABISET COOOH caMy SHEPrOeMKYIO CYOCTAHIMIO B MpHpojae. Tak ObLJIO OTKPHITO
CBEPXCHUJIbHOE 3JIEKTpOMarHuTHoe B3aumopeictBue (COB) — msTtas ¢yHIamMeHTanbHas cuia,
HOCHTEJIEM KOTOPOTO SIBJISICTCS] KBAHTOBaHHOE MPOCTpaHCTBO-Bpems [1, 47, 48]. Uem riyOske Mbl
NOTpyXaeMcsl BHyTpb MaT€puH, YMEHbIIIAsI paSMeAi)H, TeM ¢ OosblIeil KOHIEHTpalel YHeprun
crankuBaercs. Ha ypoBHe aTOMHBIX suep (1071 107 M) JIEHCTBYIOT CHJIbHBIE (sJI€PHBIE)
B3anMoJieiicTBusa. Ha ypoBHe KBaHTOHOB U (pyHJAaMEHTAIbHON JITMHBI (1072 w) JENCTBYET yXkKe
CBEpPXCUJIbHOE JJIeKTpoMarHuTHoe B3aumozeiicteue (COB). Kak yxe ynomuHanoch ams
CpaBHEHMs, PHEpruro0 0030Ha XWITCAa U €ro pasMepbl pacCUUTaTh HE yNAeTcs B OTIMYUE OT
KBaHTOHA, SHEPTUs KOTOPOTO ONPE/IEICHA.

Ecnan cpaBHHMBaTH DHEPrUI0 OJHOIO KBAHTOHA 10° T5B ¢ sHepruil nmporoHa 14 T>B nHa
BCTPEYHBIX IyYKaX, TO SHEPIUsi KBAHTOHA IOYTH B 10* Goxbire. Ho B 0GbeMe 01HOTO IIPOTOHA
HaxoJUTCAd TOpsJKa 10% kBanTOHOB ¢ o0mieil »Heprueit 10% THB. DTy SHEPrur0 M HaAJo
cpaBHMBaThb ¢ Bo3MoOxHOcTMU BAKa. Dueprum 10® TsB u 14 TsB HecomocTaBUMBIC
BEJIMYMHBI. JTO MEHbILE, YEM IbUIMHKA Ha MoBepXHOCTH 3eMiu. BAK He B cocTtosHuu
pa3pylIUTh KBAaHTOH W KBAaHTOBAHHOE MPOCTPAHCTBO-BPEMsSI Ha OTIENbHbIE KBApKH. JTO OYEHBb
cyabblii MHCTPYMEHT JUIsl TaKMX KOJIOCCAlIbHBIX 3Hepruil. Kak ormedanoch, 3HEProeMKOCTb
KBAaHTOBAaHHOTO IPOCTPAHCTBA KOJOCCAJIBHA M COCTAaBJSET MOPSAKa 10" Jox/m®.  Ecim
aKTUBUPOBATh BCETO OJMH KyOOMETp KBAaHTOBAHHOTO INPOCTPAHCTBA-BPEMEHU (KOCMHUYECKOTO
BaKyyMma), TO OCBOOOX/EHHas SHeprus OyJneT SKBHUBAJEHTHA SHEPTUU BeLIeCTBa Bcell Haien
Bcenennoii. K cyacTblo, Takol ClieHapuil HEBBIIIOJIHUM, B TOM YHCIIE, ¢ ncnoib3oBanneM bAKa.

BAK — 5310 coBepmieHHO 0e300uaHas WUIpyIIKa B pPyKax OSKCIEPUMEHTATOPOB,
HECNOCOOHAas 3aryisiHyTh B Hayallo pokJeHHs BceneHHO#, BO30OyIUTH UYEpHYIO MHKPOIBIPY,
OCBOOOJIUTh MAarHUTHbIE MOHOIIOJNM, BbI3BATh AMOKAJUIICUC U JPYrHe KaTaKJIU3MBbL.
KBaHTOBaHHOE NPOCTPAHCTBO-BpEMs SBISIETCS OYEHb CTAOMJIBHOW cyOCTaHLMEeH, KOTOPYIO
HEBO3MOXKHO pa3pywmuTh. [1o 3Tol mpuumHe B MpHUpOJie OTCYTCTBYIOT CBOOOJ/IHbIE MarHUTHBIE
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3apspl, KOTOPbIE HAXOMATCS B CBSI3aHHOM JUIIOJBHOM COCTOSSHUM BHYTPU KBAaHTOHA U IIpU
BO30Y)XJI€HUH KBaHTOBAaHHOI'O IPOCTPAHCTBA-BPEMEHM MArHETU3M IMPOSBISAETCA TOJIBKO B
JUIOJIBHOM COCTOSIHUM. OJTO HEOINPOBEPKUMBIH SKCIIEPUMEHTAIBHBIN (DaKT, TEOpeTHYECcKOoe
o0ocHOBaHME KoTOopoMy naerT Teopusi CynepoObeauHenus. Maznemuszm npunaonexyicum
MOIbKO KEAHMOBAHHOMY NPOCMPAHCMEY-6DEMEHU U  NPOAGNACMCA 6 pe3yibmame
HAapyuwieHUs €20 MACHUMHO20 PAGHOGeECUs ITIeKMPUUeCKUM mokom. [1].

A BOT Hanuuue CBOOOJHBIX JJICKTPUYECKUX 3apsAlOB OMNpEACTSeTCs HAIWYHeM
JNIEKTPUYECKOH AaCHMMETPHU B CTPYKType KBaHTOBAHHOIo mpoctpaHctBa-Bpemenu [49]. Ilpu
co3laHuM Hamield BceneHHOW TOMHUMO KBAaHTOHOB OblT BOpOIIEH HEKOTOPBIA H30BITOK
JJIEKTPUUECKUX 3apsAJoB-KBapKoB. IloaTomy omnmcanue CTPyKTypbl (puc. 3) KaHTOBAHHOTO
IPOCTPAHCTBA-BpEMEHH ObLIO Obl HEMOJHBIM 0€3 HAINYHS B HEM JJIEKTPHUYECKON aCUMMETPHUU.
Ha puc. 4 cxemaTnuHO mnpeicTaBieH KBaHTOH (—/e, +/e, —1¢, +1Q) u BHe KaHTOHA BBIIECIECH
JNIEKTpUYECKUii aunoib (—le, +le) B CTPyKType KBaHTOBAaHHOI'O IPOCTPAHCTBA-BPEMCHH,
KOTOPBIM OIPEAEIAET €ro JJICKTPUUECKYH0 acMMMeTpuro. Pa3smepsl Aumosns nmo AJIMHHOW OcH
mopsika 10° M, TOUHYIO KOHIGHTPALHIO JMIONEil B KBAHTOBAHHOM IPOCTPAHCTBA-BPEMEHH
IOKa yCTAHOBHMTb HE yIalioCh, HO opueHTHpoBouHas ouerka — 10* mr/m®. Ecim pacmennts
JaHHBIA DJIEKTPUYECKUM JUIOAb Ha JBa KBapKa-3apsja, TO BHYTPM KBaHTOBaHHOIO
IIPOCTPAHCTBA-BPEMEHN POJUTCS DJIEKTPOH U IO3UTPOH, HOCUTEIN 3JIEKTPUYECKHUX 3apsiioB-
KBapKOB U MacCBhl.

B cepeause mpomwioro Beka KOHLENLHUIO 3JIEKTPOH-NIO3UTPOHHOIO BaKyyMa pa3BHBall
npodeccop MI'Y A.A. CokonoB (KsanroBas teopust moist) [50]. HeiHe 3Ty KOHIEIIHEO
nbiTaeTcss peanuMupoBath A.B. PeikoB (Bakyym u BemectBo Bceenennoii) [52]. Omnako, kak
nokaszaHo B Teopun CynepoObeIMHEHUSI BaKyyM MMEET JJIEKTPOMAarHUTHYIO CTPYKTypy [1]. A
JJIEKTPUUECKass  aCUMMETpPHUsl  KBAaHTOBAaHHOTO  IPOCTPAHCTBA-BPEMEHHU,  OOYCIIOBJICHHAS
HEKOTOPBIM U30BITKOM IEKTPUUYECKUX KBAPKOB OTPULIATEIBHON U MOJIOXKHUTEIBbHOM MOJISIPHOCTH,
CBsA3aHHBIX B aunosd. Ho anekTpuueckas acCMMMETpUsl KBAHTOBAHHOI'O IPOCTPaHCTBA-BPEMEHHU
CIIY’)KMT OCHOBOM W3BJICUEHHUSI 3JIEKTPOH-TIO3UTPOHHBIX IMap W3 BaKyyMa, HO 3TO HE €CTb
3JIEKTPOH-TIO3UTPOHHBIN BAKyyM.

5. KBapku

Bcero detpipe 1enbix HEBECOMbIX (HE MMEIOIINX Macchl) KBapka (—/e, +le, —1g, +1Q)
nonanobmnock Teopun CynepoObenumuenuss [1], uTOOBI ommcaTh Bce MHOrooOpasue
MaTepHaJbHOIO MHpPa B KBaHTOBAaHHOM IPOCTPAHCTBE-BPEMEHU IpU  YCIOBUU €ro
DIIEKTPUYECKOW aCUMMETPHH, TO €CTh HalMuusi W30BITKA HECBSI3aHHBIX BHYTPH KBAaHTOHA
SNEKTPUYECKHX KBapkoB (—le, +Ie¢). Ilpupona ycTpoeHa OdYeHb pPAIMOHAIBHO M OOXOAMUTCS
MUHHMAaJIHHBIM KOJMYECTBOM KHPITHYUKOB IIEPBOPOIHON MaTtepun. [1o onpeaeneHnio KBapKu He
MOTYT HMETh MAacChl, MOCKOJbKY BXOJSIT B COCTaB HEBECOMOI'O KBaHTOHA, TJe elle HeT
rpaBUTAalMU. A M3 KBAaHTOHOB COCTOUT KBAaHTOBAHHOE MPOCTPAHCTBO-BPEMs, IPEICTABIISIIONIEE
coboii moneByro (popMy MepBOPOAHON MaTepuH Ha ypoBHE (yHIAMEHTAIbHO JUIMHBI MOpSJIKa
10% M, TJe B OTCYTCTBHH €ro HCKPHBICHHS €Ili¢ HET TPABUTAIMH M MAcChi, a TONBKO €CTh
3JIEKTPOMAarHUTHas SHeprus. I'paBUTais HAaUMHAET NMPOSABIATH ce0s Ha paccTosiHUAX Oonee 10°
1> M, Kora OPMUPYIOTCS HITEMEHTapHBIE YACTHIBI I HX Macca [1].

Lenblii aneKkTpuUecKuil 3aps]l e KBapKka COOTBETCTBYET HJIEMEHTAPHOMY JIEKTPHUECKOMY
3apsay e anekTpoHa. HeoOXoaumMo OTMETUTh, YTO BEIMYHMHA 3apsijl AJIEKTPOHA e YCTaHOBJIEHA
OKCIIEPUMEHTANBHO ¢ Bemuaiimeil Tounoctsio 102! e. 3apsn e — 970 camas crabuiIbHAs
KOHCTaHTa B TPUPOJC, Ha BEIWYMHY KOTOPOW HE BIMSIOT Apyrue (aktopsl. [loaTomy BeIOOp
caMOi cTaOWJIBHOM KOHCTaHTBI B KauecTBe OCHOBBI Teopun CynepoObenuHeHus Obul
npepomnpezaeneH. B aTom miaHe BhI3BIBaeT Hemoymenue, korga B KJIX BBomunmu npoOHBIE
KBapKH, BEJIMYMHY 3apsA]a KOTOPHIX HEBO3MOXHO MPOBEPUTH HKCHEPUMEHTAIBHO, HE TOBOPS O
TOYHOCTH M3MepeHHid. Tem Ooliee BRITIISIIUT aOCYpAHBIM HATHUUE Y KBAPKOB MACCHI, IIOCKOJIBKY
KBApKU CIY)XaT MCXOJHBIMM KUPIUYMKAMU TEPBOPOJHONM MaTepuu B BHJIE KBAaHTOBAaHHOIO
POCTPaHCTBA-BPEMEHH, KOT/Ia eIle HET TPaBUTAIlMU 1 Macchl [1].
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UYro kacaercs LEJIOr0 MarHUTHOTO 3apsfa {, TO 3Ty HpobieMy MpHIUIOCH pEelaTh
3aHOBO, TOCKOJBKY B pacuerax [[upaka (mMonomonws [lupaka) u IlIBuHTrepa B COOTHOIIEHUE
MEXY SJIEMEHTAPHBIMH 3JICKTPUYECKUMU U MarHUTHBIMU 3apsiiaMd ObUTM HEBEPHO 3aJI0KECHBI
UCXOJHbIC JaHHbIE. B UTOre OHM MOAONUIN K OLEHKE BETUYUHBI TOCTOSSTHHOM TOHKOM CTPYKTYpPBI
(1/137), xoTopasi XxapakTepu3yeT SJICKTPOMArHUTHOE B3aUMO/ICHCTBUE 3aps/I0B ¢ KBAHTOBAHHBIM
POCTPAHCTBOM-BPEMEHEM, a HE€ BEJIWYMHY 3apsja MarHuTHOro MoHomons. TouHoe
COOTHOILIEHUE 3apsiIoB BIEpPBbIE MoyyueHO B Teopud CynepoObenWHEHHS UCXOIsd W3
JJIEKTPOMAarHUTHOM CHMMETPUHM KBaHTOBaHHOIO IMpocTpaHcTBa-BpeMeHu. B cucteme CU
nonydeHo cootHomenne ¢—=Ce B AM, Juisi BHECUCTEMHON eIWHUIIBI u3Mepenuii g—e B Ki, 1o
€CTh, DJIEMEHTAPHBIN MarHUTHBIN 3apsii paBeH IO BEIMYMHE AJIEMEHTAPHOMY JJIEKTPUUYECKOMY
3apsiy, 00ecreyrBas CAMMETPHIO MEKIY JIEKTPUYSCTBOM M MarHeTuzmom [1].

Heo0xo1uMo OTMETHTB, YTO B CBOOOJTHOM COCTOSIHUM KBapKy HaXOJUTHCS HE MOTYT, OHU
MOTYT HaXOJHUTbCS TOJBKO B COCTaBe yacTHil. KBapk B CBA3aHHOM COCTOSIHUM BHYTPH YacCTHUIIbI
MO’KHO Ha3BaTh Kak KBapKoOH. Hampumep, cBs3aHHbIE B JUMOJb dJIEKTPHUECKHUE KBApKH (puc. 4)
Opy TONaJaHUM B HETO0 TaMMa-KBaHTa, OCBOOOXIAETCS M3 JMIIONS U CTaB CBOOOJHBIMH Ha
MTHOBEHHE B BHJE JIBYX KBApPKOHOB, MTHOBEHHO BHYTPU KBaHTOBAHHOI'O IPOCTPAHCTBA-
BPEMEHU MPHOOPETAIOT MACCy, MEPEPOKAAACh B DIIEKTPOH U MO3UTPOH. Ilo rmoii npuyune
HEB03MOMNCHO IKCHEPUMEHMAILHO OOHAPYIHCUMDb KEAPKU 8 C60000HOM cOCMOAHUU (SBICHUE
KoH(paiinmenTa https://ru.wikipedia.org/wiki/Kondaiumenr) [52, 53].

Jlyis cpaBHEHHsI pacCCMOTPHUM, Kak MpoOsieMy KBAapKOB MBITAIHCH pellaTh B KBAHTOBOM
xpomoaunamuke (KX/I): kBapk (macca | 3apsa) — u (4 [+2/3e); d (10 |-1/3e); ¢ (2544 |+2/3e); s
(196 |-1/3e); t (338561 [+2/3e); b (8219 |-1/3e). Macca KBapKOB IMpejCTaBieHa B €IMHHUIIAX
Macchl anekTpoHa. Kak BuaHO Bce 3apsiibl kBapkoB B KXJI npoGHble. DKClEepUMEHTaIbHO
BEJIMYMHA JIPOOHOT0 IEKTPUUYECKOro 3apsaa He noaTeepkaeHa. CCbUIKM Ha HaM4ue JpoOHOro
sBneHns B 3¢ ¢dekre Xoiia HeKOPPEKTHBI, HE BEMYMHA APOOHOTO 3apsiia HE M3MEpeHa, a caMm
IpoOHBIH dPPeKT MOkKeT ObITh 00BsicHeH ¢ mo3uimii Teopun CynepoObEeAUHEHUS TEM, YTO
MarHUTHOE TIOJIE TaKXe IUCKPETHO, BBUAY HAJIWYMsS MArHUTHBIX KBApKOB, OTBEYAIOIIMX 32
MarHeTu3M, KOTOPBIM MoABEepkeH (IIyKTyauusm, mnopoxaas apooHsii 3¢dext. B KX Bce
KBapKM HMMEIOT Maccy, MPHUYEM pa3Hyl, YTO SBISIETCS HOHCEHCOM, IMOCKOJBKY KBAapKH Kak
NEPBOPO/IHBIE KUPIMUUKU MUPO3aHUs, HE TOJKHBI IMETh MacChl IO ONPEAETICHHIO, TOCKOIbKY
B T10JI€ KBAPKOB M KBAHTOHOB TPABHUTAIH €IIIe HE CO3/[aHA.

[Tapametpsr! kBapkoB B KX/I onpenensnuch AecATHICTHUSIMHA METOJOM MpPod U OMMUOOK,
MOJTOHSST TapaMeTphl JAPOOHBIX KBApKOB (MX 3apsasl M MacChl) TOJ CBOMCTBa HYKJIOHOB.
MeTo0M anmpoKCUMaIny SKCIEPUMEHTANBHBIX TaHHBIX TEOpHs He co3aercs. Buavane 6b110 3
KBapKa, MOTOM HX cTajo 6. OIHAKO MPUHATO CUUTATh, YTO KAKIBIH KBapK CYIIECTBYET B TPEX
"mumax", To MOTHOE YKCIIO KBapKOB paBHO 18, He pemas Bcex mpobiem KX/T [35...39, 52, 53].
Hannumne marantHbIX kBapkoB B KX/I naxe He paccmarpuBanoch. BriepBele MarHuTHbIE KBApKH
npuMeHeHbl B Teopur CynepoObeTUHEHHUS U Hapsily ¢ AJIEKTPUYECKMMM KBapKaMHU BXOIAT B
COCTaB KBAaHTOHA M KBAHTOBAHHOTO MPOCTPAHCTBA-BpeMeHH. J[0 ATOTO CTPYKTYpPY KOMHUYECKOTO
BaKyyMa HHMKOI'/Ia HE CBS3bIBAJIM C KBAPKOBOW MaTepHEH.

Utak, Teopus CynepoObeAUHEHMs] ONEPUPYET BCErO YETHIPbMs LEIbIMU KBapKaMH,
petasi mpoGieMy Macchl YaCTHIl U CHIIbHBIX B3aumozeiictBuil. KX/I onepupyer BoceMHaI1aThiO
JIPOOHBIMH KBapKaMH M HE pelIaeT mpo0ieMy Macchl YaCTHI[ M CHIIbHBIX B3auMOJieicTBHi [1].

6. 'paBuTanys U poKaeHHE MACCHI

I'paBuTanus HauMHaeTCs ¢ pOXKACHUS Macchl. HakoHel Mbl OJOIUIA K PACCMOTPEHUIO
rmaBHOM Tembl: «Kak pokmaercs macca y dacTuI?». Pemmaercs sTa mpobiieMa TOJBKO
O/IHO3HAYHO, ONMHUPAsCh HA KOHILEMIMIO TPABUTAIMU HCKPUBJICHHOIO MPOCTPAHCTBA-BPEMEHU
Oitamreitna. B o6mieit teopun otHocutensHOocTH (OTO) moka3zaHo, YTO HaIWYHE MAacChl
UCKPUBJISIET YEThIPEXMEPHOE MPOCTPAHCTBO-BpeMs. T0 €CTh, UTOOBI Macca YacTUIIBI MPOsSBHUIIA
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ce0s HaJ0 MCKPHUBHUTH MPOCTPAHCTBO-BpEMs. DTO O3HAYAET, YTO Macca POXKIAETCS TOJIBKO B
pe3yibTaTe HCKPUBIICHHS YE€THIPEXMEPHOTO POCTpaHCcTBa-BpemMeHH [1].

6.1. Dy1eKTpoOH, MO3UTPOH. PaccMOTpUM, Kak poxaaeTcs Macca, HalpuMep, IEKTPOHa
(puc. 5), BHYTPM KBaHTOBAHHOI'O IPOCTpaHCTBa-BpeMeHU (pHuc. 3). DIJEKTpOH SBISETCS
HOCHUTEJIEM 3JIEMEHTApHOTO JIEKTPHUUECKOTO 3apsijia OTPHUILATENBHOW MOJSpHOCTU. B mpupoze
9TOT 3apsii HMMEET LENbI JJICKTPUYECKUi KBapK (—/e) OTpHUIATENbHON TMOISIPHOCTH HE
UMEIONNI  Maccel. BOpocuM Tenmeph B KBaHTOBAaHHOE MPOCTPAHCTBO-BpeMsi (puc. 3)
9JIEKTPUUECKUI KBapK (—/e) OTPHUIATENbHON IMOJSIPHOCTH, KOTOPBIH HA30BEM ILEHTPAIbHBIM
3apsAIoM € paJualbHBIM DJEKTPUYECKHM ToieM (puc. 5). Bokpyr meHTpaiapbHOro 3apsiaa
CO3/1aeTCs palalibHOE AIEKTPUUYECKOE MOJIe, KOTOPOE BBI3BIBAET 3JIEKTPUUECKYIO MOJSPU3ALUIO
KBAaHTOBAHHOTO MPOCTPAHCTBA-BPEMEHH B PaJUaIbHOM HAIpaBJICHUU. TO €CTh AJICKTPHUECKUE
JTUTIONHU, BXOJSIIME B COCTaB KBAaHTOHA CTAparOTCsl OPUEHTUPOBATH (IIOBEPHYTh) KBAHTOHBI
AIIEKTPUYECKOM OCHhIO B HAIPABJICHUU DPATUAIBHOTO JJIEKTPHUYECKOTO TOJS W OJHOBPEMEHHO
pacTsHyTh HMX B paauaibHOM HampaBieHun. HalOmronaercs sddexT opHueHTaMOHHON U
nedopMarmoHHON nonsipusanu [54...58].

W3 sneKkTpocTaTUKM W3BECTHO, YTO PaJHUajIbHOE DJIEKTPHUYECKOE I0JIe IEHTPaIbHOIO
3apsa 3TO HEOJAHOPOJHOE JJIEKTPHUECKOE II0Je, KOTOPBIM Ha JIIEKTPHUUYECKHH JHUITONb
NEHCTBYIOT TpaJMEHTHBIC CHWJIbI, HAMpaBJICHHbIE B CTOPOHY IEHTpainbHOro 3apsga. Ilon
JNEHCTBUEM TPAJMCHTHBIX CHJI BCE KBAHTOHBI BOKPYT IICHTPAIBHOIO 3apsija JBHHYTHCS B €ro
CTOpOHY, chepuuecku AeGopMupys (MCKpUBJISSA M0 DUHIITEHHY) KBAaHTOBAHHOE MPOCTPAHCTBO-
BpeMs. B pesymbrare HCKpUBICHUS KBAaHTOBAHHOTO IPOCTPAHCTBA-BPEMEHH BOKPYT
HEHTPaJIbHOTO 3apsiia BO3HUKAET CEepUyYecKOe TIpaBUTALMOHHOE TOJIe, a caM 3apsa-KBapK
nproOpeTaeT Maccy, W IMEPEepOXkKIAeTCS B DIIEKTPOH, YACTHUILy, SBISIOIIYIOCS OJHOBPEMEHHO
HOCHUTEJIEM JJIEKTPUYECKOTO 3apsga U Macchl. Tak poxkaaeTcs macca y JJIEKTpOHa U cam
JICKTPOH BHYTPU KBAHTOBAHHOTO MPOCTPAHCTBA-BpeMeHU. [103UTpOH poKaaeTcs aHATIOTUIHBIM
crocoboM mpu BOpachlBAHUM B KBAHTOBAHHOE IMPOCTPAHCTBO-BPEMs LEJIOr0 JJIEKTPUUYECKOTO
KBapKa MOJIOKUTEIHLHOU MOJIIPHOCTH.

Puc. 5. Poxxnenue maccel y 2JIEKTpOHA B Puc. 6. K Bonpocy o ¢popmupoBanuu
pe3yibTare cepuueckoit qepopmanuu MarHMTHOTO CIIMHA JIEKTPOHA
KBAHTOBAHHOI'O IMPOCTPAHCTBA-BPEMCHU

LEHTPAJIBHBIM 3apsJOM-KBapKOM.

Kcratn Bce mpezncraBieHHbIE (U3HMYECKHE MOJEIN POXKICHHUS 3JIEKTPOHA M MO3UTPOHA
TOYHO W 0e3 3aTpyIHEHHH ONHMCHIBAIOTCS MareMaThdecku YypaBHeHueM IlyaccoHa kak
JIMBEPreHNUs] TpajMeHTa KBAaHTOBOW IUIOTHOCTH KBAaHTOHOB BHYTPH KBaHTOBAHHOTO
IPOCTPaHCTBa-BpeMEHH. A  TpaJMEHT KBAaHTOBOW IUIOTHOCTHM XapaKTEpU3yeT BEKTOp
nedopmaruu D KBaHTOBaHHOTO TTPOCTPAHCTBA-BpeMEHHU. BMecTo SiHIITEITHOBCKON KPUBU3HBI B
teopun CyrnepoObennHenus nosiBuiicst Bektop nedopmaiu D [33]. Ecnu Her medopmanuu
(MCKpUBJIEHHUS) KBAaHTOBAHHOTO IIPOCTPAHCTBA-BPEMEHH, B HEM OTCYTCTBYET TI'paBHUTaLus,
KOTOpast MPOSIBIISETCS KaK BTOPUYHOE SIBIICHUE.
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Ha puc. 5 mnpexacraBneHo rpapuyeckoe MOAETUPOBAHUE CTPYKTYpPbI 3JEKTPOHA B
KBAHTOBAHHOM IIPOCTPAHCTBE-BPEMEHM B pe3yibTaTe ero cpepuyeckoid nedopmanuu
paara’IbHBIM 3JCKTPHYCCKUM IOJIEM LIEHTPAIBLHOTO 3apsaa-kBapka [58]. B menTpe anexTpona
pacIoyio’keH TOYEUHBIH 3apsii-KBapK, BOKPYT KOTOporo Qopmupyercs o00JacTb CKaTHs
KBaHTOBAaHHOT'O IPOCTPAHCTBA-BPEMEHU 3a CUET €0 Pa3psyKEHUU MPU AAJbHENIIEM YAAJIEHUHU OT
LIEHTPAJILHOTO 3apsiia-kBapka. ['paHuneil pasznena Mexay o0JacTbio CXAaTUA U Pa3psLDKEHUS
BBICTYIACT KJIACCUYCCKHUI ParyC 3JICKTpoHa (IITPUXOBas JUHHS OKpy:kHOCTH) [57]. O6snacThb
CKaTHUs XapaKTepU3yeT 30HY aHTHUIPABUTALIMOHHOTO OTTaNKUBaHus [59], a 001acTh pacTsHKeHus
— 30HY TpaBUTANMOHHOTO NpuTsDKeHus [60]. YcranoBneHo, 4yTo sHEprust ynpyroi chepudeckoi
negopmanuu 00JacTU pacTsKeHHs (30HAa NPUTSDKEHUS) SKBUBAJIEHTHA Macce 3JIEKTPOHA U
ompeensiercst hopmynoit Ditrmreiina MC2. Macca 510 SHEprust ynpyroii aedopMarum.

6.2. CimH 3qekTpoHa. OpHako onMcaHue (OPMHPOBAHUSA MACChl AJIEKTPOHA MOJ
JIeMCTBUEM T'PAJUEHTHBIX CHUJI OyJEeT HENOJHBIM, ITOCKOJIBbKY HE YYHUTBHIBAETCS B 3TOM IpoIiecce
POJIb MArHUTHOTO CIIMHA 3JIEKTPOHA. B HacTOAIMIT MOMEHT HET YETKOTO OIPEeNICHHsI TIOHATHIO
CruHAa. OJJEKTPOH MpeAcTaBisieT coboit  chepuueckun  AepOpMUPOBAHHYIO  00JACTH
KBAHTOBAHHOI'O IPOCTPAHCTBA-BPEMEHM, HE MMes ueTkux rpaHul (puc. 5). C Takoi
«pa3Ma3aHHONW» CTPYKTYpOH D3JEKTPOH B NPUHIUIE HE CIOCOOHEE K BpAIICHHUIO BOKPYT
coOcTBeHHOM ocu. TeM He MeHee, COXpaHssl YCTapeBIIMNH M HEKOPPEKTHBIH TEPMHH CIHHA
DIIEKTPOHA, OyleM IMOHMMAaTh IMOJ 3TUM c(hEepUYecKoe MArHWTHOE I0JIe AJIEKTPOHA, KOTOpOe
BO3HHUKAET B Pe3yjbTaTe 3JIEKTPUUYECKON MOISPU3ALMHY KBAHTOBAHHOTO MPOCTPAHCTBA-BPEMEHU
LEHTPaJIbHBIM 3apsAOM-KBapKOM 3JIEKTPOHA.

B snexrpocratuke Ui aHanM3a Mosied MIMPOKO INPUMEHSETCs METO MPOoOHOro 3apsija.
ITo ananoruu B reopun CynepoObeuHEHUS 115 aHAJIM3a U3MEHEHUS TOIOJIOIMY KBAaHTOBAHHOT'O
IPOCTPAHCTBAa-BPEMEHH BIEPBblE B HAy4yHOH MpakTHUKE NPUMEHEH MEeToA MpoOHOro
AJIEKTPOMAarHUTHOTO KBAJAPYIOJIs UM KBAaHTOHA IIPU YCIOBUU, YTO 3JIEKTPUUECKas U MarHUTHAas
OCH KBaHTOHA BCErJa OPTOrOHAIbHBL. i MaTreMaTW4ecKoro OIMCaHWs TakuX IoJiel B
IUIOCKOCTH IPHUMEHSAETCS amnmnapar KOH(MOPMHBIX OTOOpaxeHUM (QYHKIUN KOMIUIEKCHOIO
nepeMeHHoro. OpHako Ui OOBEMHOM HEMJIOCKOM KapTHHBI Mojiel Tpedyercs cepbe3Has
nopabotka Matammapara. Ho 3TOT BONPOC OTHOCHUTCS K MareMaTHKaM, ITOCKOJBKY MHOIO
MCIIOJIb3YETCSI U3BECTHBI MAaTEMATUYECKUH anmapar.

Ha puc. 6 cxemaTMyHO NOKa3aHO KAk B pe3yJibTaTe 3JIEKTPUUYECKOW MOIspU3alvu
KBaHTOHA, KOIJa €ro JJIEKTPUYECKas OCh CTapacTcs pPa3BEPHYTbCA BIOJIb PagUAIbHOTO
AIIEKTPUYECKOTO TOJISI LIEHTPAJIBHOTO 3apsiia 3JEKTPOHA, MarHWTHAas OCb KBAHTOHA CTapaeTcs
pa3BEpHYThCS IOIEPEK PaJnaIbHOrO 3JIEKTPUYECKOrO LIEHTPAJIBHOTO 3apsna. B pesynbrare
MarHUTHbIE 3aps/Ibl KBAHTOHA MPOTHUBOIIOJIOKHOMN MOJSIPHOCTH TAHYTCS HAaBCTpEUy APYT APYTY,
reHepupys MarHUTHOE T10JIe, 3aMKHYTO€e 10 c(hepe BOKpYT LeHTpalbHOro 3apsaa. Ha puc. 6 s
HarJsJHOCTU TPEICTABIEH BCEr0 OAMH CJIOW CPEpUYECKOr0 MAarHUTHOTO TMOJS 3JEKTPOHA.
Takolt cioif mpeacTaBiasieT coOOM 3HAKOMEPEMEHHYI0 OO0OJOYKY M MAarHMTHBIX KBapKOB
pPa3IUYHON MOJSIPHOCTH. MHOXECTBO Takux cioeB (000JI04€K) HAaHW3aHHBIX JIPYTr Ha JApyra u
(GopMHpYIOT MarHUTHBIN CITUH 3JEKTPOHA 0€3 ero BpallleHUs, TOJIBKO B pe3yJbTaTe U3MEHEHUs
TOMOJIOTUM KBAaHTOBAHHOT'O MPOCTPAHCTBA-BPEMEHHU.

Heo6xoauMo OTMETHTbH, YTO TakHe cepudyeckhe MarHUTHBbIE MOJs AJIEKTPOHA paHee
HUKOI'/Ia HE MCCIIEOBATIUCH B (DU3HKE YaCTHIl. XapaKTepHO, TO, YTO B 3TOM CiIy4yae, MarHUTHOE
[I0JIE DJIEKTPOHA MOXHO OINKCAaTh MHHMMBIM MAarHUTHBIM 3apsiioM, NOMELIEHHBIM B LEHTpE
AJIEKTPOHA, KaK M AJIEKTPUYECKUI LEHTPAIBHBIN 3apsaa. Ho ecnu neHTpalbHbIA 31EKTPUIECKUN
3apsl CO3JAcT paAUAIbHOE DIIEKTPUYECKOE II0JIE DJIEKTPOHA, TO LEHTPAIBbHBII MHUMBIN
MarHuTHBIN 3apsin  GopmupyeT 3aMkHyToe 1O cdepe wmarHuTHOoe Toe. Bce pacders
MOKa3bIBAIOT, YTO OCHOBHYIO pOJib B cheprueckoii nepopmaiii KBAaHTOBAHHOTO MTPOCTPAHCTBA-
BPEMEHH, a COOTBETCTBEHHO M ()OPMHUPOBAHMU MACChl 3JEKTPOHA, UTPAET €ro 3aMKHYTOE IO
chepe MarHWTHOE TIOJIe, NPEACTABIAIOIIEEe CHOUH OdJIeKTpoHa. Takum obpazom, macca
IEKMPOHA hopmupyemcs €20 CRUHOM. ITO KacaeTcs U Mo3uTpoHa [54].
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6.3. Acumnrornyeckasi cBoOoga. OTKpbITHE BHYTPU DJCKTPOHA 30HBI CXKATHUSA
KBAaHTOBAaHHOTO  IPOCTPAHCTBAa-BPEMEHHM  XapakTepu3yeT 3Ty  30Hy  Kak  30HY
AQHTUTPAaBUTAIIMOHHOTO OTTAJIKMBAs, KOTOpas NpOsBiIsAeT ceOs Ha pacCTOSIHUAX MEHee
KJIACCHUYECKOT0 paguyca 3J1eKTpoHa (IITPUXOBast JIMHKS OKPYXKHOCTH) (puc. 5). O4yeHb moapooHO
aHaJIM3 30H aHTHUTPABUTAI[MOHHOTO OTTAJIKMBAHUSA 3JICKTpOHA JMaH B padotax [1, 2, 58. 59, 60].
Hanuuue 30HBI aHTUTPAaBUTAMOHHOTO OTTAJIIKMBAHHS Y 3JEKTPOHA OOBSICHSIET HMPUYUHBI, MO
KOTOPBIM 3JIEKTPUYECKUH JTUIOIh HE KOJUIAIICUPYET B TOYKY, a COXPAHSET CBOM KOHEYHBIC
pasmepsl (puc. 4). UToOBl HArIsAHO MPEACTaBUTH ATOT A(PPEKT paccCMOTPUM AHHHTUIISAIIUIO
AIIEKTPOHA M TO3UTPOHA, KOTOPHIE BHYTPM KBAHTOBAHHOTO MPOCTPAHCTBA-BPEMEHU HMMEIOT
chepuueckue OHIIEKTPUYECKUE M TpaBUTALMOHHBIE ToJsA. [lpu cOMMKeHUH OSIEKTpoOHA U
NO3UTPOHA HA PACCTOSHUU KJIACCHYECKOTO paauyca »3JEKTpOHAa UuX chepuyecKue Mo
pa3pymaTCcs U IepeXoasT B moje aumoss (puc.4) [61].

OcBoOOoXIeHHAs! YJHEPTHsI YIPYTol cepudeckoit nedopMaluy mapbl 4acTUIl mopsaka 1
M»5B, a 3T0 3nekTpoMarHuTHas 3Heprus AePOPMHUPOBAHHOTO KBAHTOBAHHOTO MPOCTPAHCTBA-
BPEMEHH, TO €CTh SHEPTHUsl MACChI YACTHUI], OCBOOOKIAETCS U EPEXOAUT B SHEPTUIO U3TYUCHUS B
JIBYX TaMMa-KBaHTOB (B mpocteiimem ciydae). Tak BrepBele B Teopun CyrnepoObennHeHus
pacKpbIBaeTCs MEXaHM3M TIPeoO0pa3oBaHMsl MacChl B DJHEPrHIO H3IYyYCHHA. OTO HMEET
dbyHIaMeHTallbHOE 3HaYeHHE BO BCEX IpoIeccax OCBOOOXKIECHUS SHEPTUH B pe3ynbpTaTe aedexra
maccel. Crenyer oOpaTUTh BHHMaHHME, YTO TaMMa-KBaHTHI HE BBI3BIBAIOT HarpeBa. UToObI
MOJIYYUTh TETJIOBYIO SHEPTUIO HEOOXOAUMO MPOU3BOAUTH HU3KOIHEPreTHUECKHUE HH(paKpacHbIE
teruioBble  (GoToHbl. Teopusi CynepoObeIMHEHUST paccCMaTpUBacT METOIBI  CTYNEHYATOU
AHHUTUJISIIUY, KOTJa HE TaMMa-KBAaHTbHI, a TEIJIOBbIE (POTOHBI OCBOOOXKIAIOTCSA U3 DIIEKTPOH-
HO3UTPOHHOU IIa3MBbl, HANPUMED, B dpdekte Yiepenko [8].

Jlanee, moTepsBIIME MacCy LieJble KBAapKU TIOJOKUTEIBHOH U  OTPHUIATENHHOM
HOJIIPHOCTU HE MCYE3AI0T, a 00pa3ylOT HEBECOMBIN 3JIEKTPUUECKUM AUMONb (puc. 4), HeKuid OuT
uH(pOpMallMM O TOM, 4YTO KOTJA-TO CYIIECTBOBAJa IMapa YacTHIl: AJIEKTPOH U TO3UTPOH.
JanpHeiime cOMMKEHWE KBAapKOB B JIMIONE OTPAaHMYCHO 30HAMU AHTUTPABUTALIMOHHOTO
OTTaJKUBaHUsA (KpacHBIC 30HBI CXKATHS BOKPYr KBapKOB) KOT/Ia CHJIbI aHTHIPABUTAIHOHHOIO
OTTAJIKMBAHUS OYEHb OBICTPO PACTYT C YMEHBIICHHEM pACCTOSHHUS MEHee KJIacCHYEeCKOTro
paxmyca dnekTpoHa mopsimka 10 m, i Ha paccrosHum mopsaka 107° M crbl anexTprdeckoro
NPUTSHKCHUST KBAPKOB YPAaBHOBEUIMBAIOTCS CHUJIAMH WX AHTHTPABUTAIIMOHHOTO OTTAJIKHBAHMS.
Oto sBnenue B CtanpaptHoit mojenu U KX/ Ha3pIBaeTcs acumnmomuueckoi c600000ii, Koraa
CHJIa B3aUMO/ICHCTBHS MKy KBapKaMu NpU COJIMKEHUH CTpeMuTcs K Hy:1r0 [62, 63]. Ho aTo He
03HayaeT, YTO KBAPKHU CTaIH CBOOOJHBIMHU. CBsI3aHHBIE BHYTPH JUIOJS JIEKTPHUECKUE KBApKU
NepeInIn B COCTOSHUE KBapKOHA, Korja KBapkoH (quarkon) xapakrepusyeTcs MHHYC-MacCou
[64] B 30He aHTMrpaBUTAlMOHHOTrO OTTankuBaHus [59]. PackpeitHe (u3MUECKON MPUPOIBI
ACHMITOTHYECKOH CBOOOIBI BIiepBhIe 1aHO B Teopru Cynepodbenunenus [1].

6.4. DaexTponHoe HeiiTpuHo. Teopuss CynepoObeMHEHUSI pacCMaTPUBACT CTPYKTYpPY
DIIEKTPOHHOTO HEHUTPHHO B BHJE HEBECOMOTO OJIIEKTPUYECKOTO JHIONS W3 JIBYX MEJBIX
ANEKTPUYECKUX KBapKOB pa3Hoil mossipHocTtu (puc. 4) [61]. B maparpade 6.8 manHOi crarhu
paccMOTpeHbl TOHATHUS TUTIOC-MAacChl M MHHYC-MAacChl, OTBEUYAIONIME 3a TPAaBUTAIMIO |
aHTUTpaBUTAINIO, cooTBeTcTBeHHO [59, 60, 64]. B pesynbrare aHHUTHISIMN DJICKTPOHA H
MO3UTPOHA KBAPKH MOTEPSUTH TUTFOC-MAcChl, HO B COCTaBe JJIEKTPOHHOTO HEHTPHUHO y HHX
OCTaJIOCh TIO JIB€ MUHYC MAacChl, IPECTaBICHHbIE 30HaMU Cxatus (puc. 4, kpacHas 001acTh).
DTO CBS3aHHOE COCTOSIHME KBapKOB IUIsi KaXKIOTO OTIAEIHHOTO KBAapKa HAa3BAaHO KBAaPKOHOM.
OTnuuuTenbHOM 0COOEHHOCTh KBApKOHOB KaK MHUHYC-MAacChl y HEMTPHHO SABISETCA, TO, YTO C
YBEIMYCHUEM CKOPOCTH OTPHIIaTEIbHAs Macca y KBAPKOHOB M HEUTPUHO B 1IesIoM, He pacteT. Ho
B JIIOOOM cilyyae HaJlMyue MHMHYC-MAacchl y HEHTPUHO HE MO3BOJMT €i MPEBBICUTh CKOPOCTh
cBeta. OTCyTCTBHE PENSITUBHCTCKOTO YBEIMUYEHHS MHHYC-MAacChl Yy HEWTPHHO ITO3BOJISIET €i
JOCTHTaTh CKOpPOCTH cBera [65], momoOHO ¢orony. OmHako B OoTiaMuyMe OT (POTOHA, KOTOPOE
CYIIECTBYET TOJBKO Ha CKOPOCTH CBETa, HEHTPUHO MMEET AMAaIa30H CKOPOCTEH OT CKOPOCTH
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MOKOsl 10 cKopocTu cBera. OHAKO, KaK BOJHOBAs YacTULA, HEHTPUHO HE MOXKET HPEBBICUTH
CKOpOCTb CBETa.

DNEeKTpUUECKOE TO0JIE AUIOIS — 3TO KOPOTKOJEHCTBYIOLIEE ToJie. B fononHenne K 3tomy
HAJMYHE 30H AHTHTPABUTALMOHHOIO OTTANKMBAHWS y KBAPKOB Ha paccTOSHMAX Menee 107'° m
XapaKTepU3yeT 3JIEKTPOHHOE HEUTPUHO KaK ClIadOB3aMMOJICHCTBYIOIIYIO0 dYacTuily. B 3ToMm
3aKJII0YAeTCsl TPYAHOCTb JETEKTUPOBaHUS HeHTpuHO. Teneph, 3Has AUIOJIBHYIO CTPYKTYPY
HEHUTPUHO MOXKHO pa3padoTaTh NPUHIMIIMAILHO HOBBIE M 0oOJiee TMPOCThIE METOIBI €ro
nerektupoBaHus. HeoO0XoauMo OTMETHUTh, 4TO BOJIM3HM aTOMHOTO siipa JEKTPOHHOE HEHTPUHO
pacTAruBaeTcsi, yMEHbIIasi SHEPTHIO CBS3U KBapKOB B jnunoje. Ilpu momaganum ramma-KBaHTa
JIOCTAaTOYHOM SHEpruM B Takoe BO30YKICHHOE HEHTPUHO, IUIOJIb pa3pyllaeTcs Ha JBa
CBOOOJHBIX KBapKa, KOTOpPbIE pasJieTasicb, MTHOBEHHO BHYTPU KBAaHTOBAHHOTO IMPOCTPAHCTBA-
BPEMEHH IPUOOPETAIOT Maccy, pOXkIaas U3 BaKyyMa dJIEKTPOH M TO3UTPoH [1].

6.5. BosiHOBOIi mepeHoc Macchl. Paccka3 0 MexaHM3Me POXKACHUS MAcChl Y AJIEKTPOHA U
NO3UTpOHA OblT OBl HENMOJHBIM 0e3 OOBSICHEHUs JUHAMUKHA UX JBHXCHHMS BHYTPHU
KBaHTOBAaHHOTO  IPOCTpaHCTBa-BpeMeHH. OHO  mpeicTaBisieT co0OM  CBEpXYyNpYryro
KBAaHTOBAHHYIO Cpefly, OOJblle MOXO0KYI0 Ha YIPYTHi KBa3UKPUCTAII CO CBOWCTBAMM TBEPAOIO
tena. HanpammBaercs Bonpoc: «Kak BHYTpH OJHOTO TBEPAOIO TEJIa MOXKET ABUTAaThCs CBOOOIHO
apyroe TBepaoe Teno?». C no3unuii kiaccuyeckon (GU3MKu 3To0 HeBO3MOkHO. Ho MbI umeeM aen
C KBaHTOBOW ()M3MKOH B BHIE KBAaHTOBAaHHOTO IPOCTPAHCTBA-BPEMEHHU, KOTOPOE SIBISETCS
YHUKAJIbHON Cpeoi He MOXO0XKeH Ha BCE M3BECTHBIE CPEJbl: ra3000pa3Hble, XKUJKNUE, TBEPIbIE U
wias3my. KBantoBas ¢u3nka mocrpoeHa u3 NapaJoKCOB MPH COMOCTABICHUHU C KIACCUYECKUMHU
npezcTaBieHusMu. S He Oyny HepedyucisTh BCe MapaZoKChl KBAHTOBOM (PU3MKH, a IPOAOIIKY
KOHIICHTPALIMIO BHUMAHUS Ha MPoOieMe MacChl.

C xiaccuueckux MO3MLIMHA Macca XapakTepu3yeT CBOMCTBa dacTHLbI (Tena) Kak
M30JIMPOBAHHOTO OT OKpY’Karomeu cpeasl o0bekTa. JleldCTBUTENbHO, HANpUMeEp, MBI BHAUM
KaMeHb U MPEJCTABISIEM €ro Kak caMoCTOsTeNbHbIN 00beKT (Bellps B cede). Ho kameHb cocTout
U3 DJIEMEHTapHbIX YacTUIl. A »JJeMEHTapHas 4YacTula, Kak 3TO II0KAa3aHO Ha IpuMeEpe
(dopMHpOBaHUs Macchl y 3JEKTpoHa (puc. 5), HE SBISETCS H30JIMPOBAHHBIM OOBEKTOM, a
IpeCTaBIsieT co00il Hepa3phIBHYIO M COCTaBHYIO 4YacTh cdepuuecku aegopMHPOBAHHOTO
KBAaHTOBAHHOTO MpOCTpaHCTBa-BpeMeHH. I[lomydaercsi, 9TO M30JIMPOBAHHBIX OOBEKTOB B
KBaHTOBOH (M3MKE W TpUpoAe He cymecTByeT. [Ipu MBMKEHWUHU DIIEKTPOHA B KBAHTOBAHHOM
IPOCTPaHCTBE-BpEMEHH HaOII0aeTcsl TOJBKO BOJHOBOM MepeHoc ero  chepuueckon
nedopmanuu [66].

Wtak, ABM)KEHHE 4YaCTHIBI B KBAaHTOBAHHOM IPOCTPAHCTBE-BPEMEHU €CTh BOJIHOBOM
MIEPEHOC €€ MAacChl, KOI/la YacTUIa OJJHOBPEMEHHOM MpeACTaBIsAeT COO0H KOPIYCKYIYy U BOJIHY.
[TosTOMY NBHXEHHE YacTHUIBl IOBOJIBHO MPOCTO OMUCHIBAETCS BOJHOBBIMU ypaBHEHHsIMH. Tak
BIiepBble B Teopuu CynepoObeauHeHus! 00bsICHIETCS AeMcTBHE (PyHIAaMEHTAIbHOIO MPUHIIMIIA
KOPITyCKYJSIPHO-BOJTHOBOTO jayanu3ma [67, 68]. H moMumMo BONHOBOrO mepeHoca Macchl,
HE00X0UMO 00BACHUTH JABM)KEHHE CaMOro KBapKa, Kak IIEHTpalIbHOIo 3apsaa (puc. 5), pa3mepbl
KOTOPOI'0 OLICHUBAIOTCA MJIAHKOBCKOM JIJTHMHHOMI (10735 M) [68, 69]. Ha puc. 3 mokaszaHo, 4To
MEXy KBAaHTOHAMH €CTh 3a30pbl Hamojo0ue 4epBOTOYMH acTpoduiuka CtuBeHa XOKHMHra
[70], u kBapk cBOOOAHO HepeMelaeTcss BHYTPH KBAHTOBAHHOI'O MPOCTPAaHCTBA-BPEMEHHU uepes3
3a30pBl MEXKITY KBAHTOHAMH.

Termepp MBI MOJOLUIM K TJIABHOMY BONPOCY OTHOCHUTENBHO MNpHUPOAbl Macchl. Kak
MOKa3aHO, C TIO3HMIUH KBAaHTOBOW (M3WKHM MAacChl B TPUBBIYHOM KJIACCHYECKOM ITOHMMAaHUHU
IpOCTO HE CYIIECTBYET B MpHpoJe. Macca — 3TO SHEPreTHMYeCKHi CryCTOK cdepruuecku
e OpMHPOBAaHHOTO KBAHTOBAHHOTO MTPOCTPAHCTBA-BpeMEHH. MICTOPHYECKH CIIOKUIIOCH TaK, YTO
Maccy OTOXKIECTBIISUIA C BECOM, TO €CTh C CUJION TATOTEHHUS, OLICHUBAs €€ B BECOBBIX €IMHUIIAX.
Ho ©Ha camom pene macca — 3TO 3JEKTPOMarHuTHas »SHEPrusi ymnpyrou chepuueckoit
negopMaluu KBaHTOBAaHHOTO MPOCTPAHCTBA-BPEMEHH, M MOITOMY B KBAaHTOBOW (pHU3MKE Macca
U3MEPSETCS B SMHNIIAX YHEPTHH.
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ITpodeccop Xwurre, pazpabaTbiBasi CBOIO TUMOTE3y (POPMUPOBAHMS MAacCChl, W3HAYAIHHO
3QJI0’KWJI HEBEPHBIE YCIOBHS, pacCMaTpHUBasi MAcCy B KJIACCUYECKOM ITOHUMAHHMH CO CBOMCTBaMU
M30/IMpOoBaHHOrO0 oObekTa. Ho Macchl ¢ TakumMu CBOWCTBaMU B IIPUPOJE HE CYLIECTBYET,
MO3TOMY NOMCKM 0030Ha XWITCa HU K 4YeMy HE IMPHUBEIH, MOCKOJIbKY 0030Ha Xurrca, Kak
HOCHUTEJSl MAaCChl, Tak)K€ HE CYLIECTBYET B Ipupoje. TOoJbKO ONUpasch HAa KOHUEMIUIO
IpaBUTALMH MCKPUBIEHHOTO MPOCTPAHCTBA-BpEeMEHH DWHIITEHHA, YAATOCh PEIIUTh MpolIemMy
¢dopmupoBaHuss Macchl. I'paBUTaIsl HAUMHAETCS C POKICHHUS MACChl, KAK BTOPUYHOE SIBJICHUE
BHYTPU KBAHTOBAaHHOT'O IMPOCTPAHCTBA-BpEMEHU B pe3yibTare ero cdepuueckoil nedopmanuu
(MCKpUBIIEHUS 110 DUHIITEHHY).

B o6meM ciayyae BOJHOBOM MepeHOC MAcChl CBsi3aH ¢ OOMEHHBIMH MPOILIECCAMU MEXIY
YIPYT'UM KBaHTOBAHHBIM IIPOCTPAHCTBOM-BPEMEHEM U JIBUKYLIUMCS SHEPTETUUECKUM CTYCTKOM
chepuuecku 1eOPMUPOBAHHOTO KBAHTOBAHHOTO MPOCTPAHCTBA-BPEMEHHU, TO €CTh Maccoil. B
teopun CynepoObeIUHEHHUsS TPUBEICHBI PacueThl COMPOTHBICHUS [BHKEHUS MAacChl MpH
BOJIHOBOM ee mepeHoce. Cuila CONpPOTHBICHUS ONpeneNserca dSHeprueil chepruueckoin
neGOopManrio KBAaHTOBAaHHOTO IPOCTPAHCTBA-BPEMEHH HA EIUHMILY JJIUHBI IyTH TEPETHETO
¢dponTa naBwkymedcs wMacchl. OpHako 3amHuil GpoHT aepopmanuu IBUXKYIIEHCS Macchl
cOpacbIBaeT paHee 3aTPayCHHYI0 Ha JBW)KCHUE HSHEPIHI0, ONperersis OalaHC SHEPrud Kak
HyJieBoW. [loaToMy npu JIBMIKEHMH IO MHEPLUU CUJIA COITPOTHUBIICHUS, JEHUCTBYIOIIAsl HA Maccy,
0TCyTCTBYIOT. [IpH yCKOpPEHHUU MaccChl, YHEPTETHUECKUI OalaHC HapylIaeTcsi, U BOZHUKAET CHJIa
WHEPUUHU, CONPOTUBISIOIAACS YCKOpEHUIO Macchl. [lo cuie HHepuuMM MOXKHO CYIUTh O
BEJIMYMHE Macchl B HEBECOMOCTU. boiee mnoapoOHO O [AMHAMUKE JBMXKEHHMSI Macchl U
YBEJIMUYCHUHU PEIIATHBUCTKON MACChl MOKHO OYUTaTh B [1, 2].

6.6. Heiitpon um mporon. dopMupoBaHHe MacChl y HEHTpoHa (IPOTOHA) TAKKE
obOecrieunBaeTcs B pe3yinbrare cdepuyeckoil gedopManuu KBaHTOBAaHHOI'O MPOCTPAHCTBA-
BPEMEHM, KaK MU y DJEKTPOHA, HO TOJbKO HE IIEHTPAIbHBIM 3apsSA0M, a 3HAKOIEPEMEHHOMU
obosoukoit HeliTpoHa (mportona). ITogpoOHO CTPyKTypa HYKJIOHOB H3JI0KEHA B TCOPUH
Cynepoobenunenust [71]. To, 4ro B CTPYKTYpy HEWTpPOHa M MPOTOHA BXOIST KBApKH
MOJIOKUTEIBHOM M OTPULATENBHON MOJSPHOCTH 3KCIEPUMEHTAIBHO J0KA3aHO HA YCKOPHUTENSIX
[I0 PacCEeUBAHUIO 3JIEMEHTAPHBIX YAaCTUI[ HA aTOMHBIX sIpaX U HYKJIOHAaxX, BXOJSIIUX B COCTaB
ATOMHBIX fJIEP.

OpHako  BO3MOXXHOCTH ~ YCKOPUTENbHOM  TEXHUKH  OIPAaHUYEHBl, a  METOJBI
JIETEKTUPOBAHUS YaCTHUIl JIOBOJBHO TIpyObl, HECMOTpS HE KOJOCCAJIbHYI0 CTOMMOCTb
sKcrepuMeHToB. [lapajokcanbHO, HO HM OAMH JKCHEPUMEHT Ha YCKOpPHUTENE HE IO3BOJIMI
YCTaHOBUTBH KOJIMYECTBO KBAPKOB, BXOJASIIMX B COCTaB HEUTPOHA M IPOTOHA, HE IIOKa3all
pacripeziesieHle KBapKoB 1Mo o0bemy 3Tux vactuil. [Tomydaercs, uyto naxxe BAK He B cocTosiHun
BBISIBUTH CTPYKTYpPY ITPOTOHA U HEUTPOHA.

[Toka nmpuOpUTET B 3TOM IUIaHE OCTAETCS 3a TEOPETHUKAMU, KOTOPbIE MOTYT IPEIOKHUTD,
3a4acTyi0 OLIMOOYHO, Ty, WIM MHYIO CTPYKTYpPY 3JIEMEHTApHOM 4YacTHIlbl. Tak, B KBaHTOBOM
xpomoauHamuke (KXJI) 6e3 Bcsikoro Ha To 000CHOBaHUS, H3HAYAIBHO TIPUHSIIM, YTO HEUTPOH U
IPOTOH JOJDKHBI UMETh B CBOCH CTPYKTYpe 10 TPH APOOHBIX KBapka ¢ 3apsimamu +2/3e, 1160 —
1/3e. A moyemy He yerbipe kKBapka +3/4e, muoo —1/4¢? KoMOuHAIMK YeThIPEX KBAPKOB TaKKe
JIAroT 3apsi npoToHa +1le u HeliTpoHa Oe. MOXHO COCTaBHUTD II€NbIN psAfl U3 APOOHBIX KBAPKOB,
KOTOpble B KOMOMHAIlUM JalT 3aps] MpOTOHA M OTCYTCTBHE 3apsiia Yy HEHUTpoHa.
OKCIepUMEHTAIbHO HallMune JIPOOHBIX 3apsIOB IMOJITBEPIUTH HEBO3MOXKHO, MOCKOJIBKY OHHU
OTCYTCTBYIOT B MpHUpPOZE. ODKCIEPUMEHTAIbHO IPOBEPEH TOJIBKO 3apsii 3JeKTpoHa —le ¢
KoJoCcanbHOi TouHocThIO 107%%e [72]. [loaTomMy Bce KBapKOBbIE MOJEIN AJPOHOB HYXHO
CTPOUTH U3 LENbIX KBApKOB (+1le u —le), koMOMHALIMS KOTOPBIX TaKXKe JaeT AJi MPOTOHA 3apsil
+1le (mpu ogHOM H30bITOUHOM 3apsize le) u HelitpoHa Oe (IpuU OTMHAKOBOM KOJIMUECTBE KBAPKOB
MOJIOKUTEIBHON M OTPUIATENIbHOM MOJIAPHOCTH), BXOJAIIUX B 3HAKONEPEMEHHYIO 000J0YKY
HykioHa. Takas oOosouka crnocoOHa cdepudeckn JeGOpMHPOBATH  KBAaHTOBAHHOE
IIPOCTPAHCTBO-BPEMS M T'€HEPUPOBATh, TEM CaMbIM, MacCy HYKJIOHOB. Tpu JIpOOHBIX KBapka B
KZIX He B COCTOSIHUM MPOU3BECTH cepruecKyro JedopMalnio KBAHTOBAaHHOTO MPOCTPAHCTBA-
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BPEMEHHU U TEM CaMbIM He MOTYT c()OPMHPOBATh Maccy y HeiiTpoHa u npotoHa. [Toatomy KX/I,
a cootBeTcTBeHHO, M CranmaptHas Mozenb (CM) He BNHMCHIBAIOTCS B TEOPHIO T'paBUTAIIUN
OUHIITEHHA.

B npupone umeercs Bcero nBa crnocoba nedopmanuyd KBaHTOBAaHHOTO MPOCTPAHCTBA-
BpemeHn. [lepBwiii croco® ObUT yke omucaH npu (HOPMHPOBAHMHM MACCHI Yy SJEKTPOHA U
MO3UTPOHA ANEKTPUYECKUM I0JIEM IIEHTPAIbHOIO 3apsiia (puc. 5) U COUHOM 4YacTull (puc. 6),
KOTOPBIH MpecTaBiiseT co0oil 3aMKHYyTOE 1o c(hepe MarHUTHOE TI0JIe, MTOJyYCeHHOE B pe3yJIbTaTe
M3MEHEHHUs TOIOJIOTUM KBAaHTOBAaHHOTO NpPOCTpaHCTBa-BpeMeHu. CIHH NpeAcCTaBiseT coOOu
MHOECTBO 3HAKOIIEPEMEHHBIX 000JI0UEK U3 MarHUTHBIX KBapKOB, O0O0JI0YKM HAHW3aHBI APYT HA
Ipyra kak mMatpeukd. [1ockonbKy HampsyKeHHOCTh C(epUYecKOro MarHUTHOTO MOJS 3a/Jaercs
OJIHUM LEHTPAJIBHBIM 3JIEKTPUUECKUM 3apsOoM DJJIEKTPOHA, TO CXKHUMarollee JIeiCTBUE
MarHMTHOTO TOJISl HE CTOJIb CHIIbHOE, 00ECIIeYNBACT MAcCy AIICKTPOHA KaK JICTKOM 4acTuIlsl [54].

Bropoii crmoco6 cdepudeckoii aedopmanmu KBaHTOBAHHOTO MPOCTPAHCTBA-BPEMECHH
Macchl HYKJIOHOB OOECIEYMBAETCS 3HAKONEPEMEHHOW O0OO0JIOYKOM cOCTOSAMIe W3 IIeNbIX
NEKTpUUEeCKUX KBapkoB (+le um —le) u nexur B 00JaCTH CHIIBHBIX B3aUMOJEHCTBUIA.
3HakonepeMeHHass 000J04Yka Kak oOOpydYd C)KMMaeT KBaHTOBAHHOE MPOCTPAHCTBO-BPEMs,
peann3ys 1o CyTHU Jiejla KJIacCU4YecKuil crocod npsaMoit nedopManuu, B OTIMYUE OT IEKTPOHA,
KOrJia B JIeJI0 BMEIIMBAETCS MAarHUTHOE T10JI€ CITUHA.

Ha puc. 7 mpexacraBneH mpsiMoii crocod cdepudeckoii nedopMaiii KBaHTOBAHHOTO
MPOCTPAHCTBA-BPEMEHH 3HAKOMEPEMEHHOM  ANEKTPUYECKOM OOOJIOUKOW, TIeHEepUpYOIUit
pOXaeHue Macchl Y HyKJIOHOB [73, 74]. UToObI MOHATH, KaK paboTaeT MeXaHu3M (hOPMUPOBAHHS
Macchl y TaKOW YacCTHIIbI, BbIIEJINUM B KBAHTOBAHHOM INPOCTPAHCTBE-BpeMEHU chepy paanycoM
Ro (mrpuxoBasi konbleBas JuHHS Ha puc. 7). OCHOBHBIM MapaMeTpoM, KOTOPBIM
XapaKTepu3yeTcsi KBAaHTOBAaHHOE MPOCTPAHCTBO-BpeMs B Teopuu CynepoObeTuHeHHs, SIBISETCS
KBAaHTOBAs IJIOTHOCTH p, XapaKTEPHU3YIOLasi KOHIEHTPAIIMIO KBAHTOHOB eMHMIE o0bema. J{is
HEBO3MYILIEHHOTO TpaBUTaIMel, HeneOpPMUPOBAHHOTO MPOCTPAHCTBA-BPEMEHU KBAHTOBAs
IUIOTHOCTh 00O3HAYaeTcs Kak po. [amee HaumHaem cxumath cdepy paamycoM Ro mo cheps
paauycoM Rs BMecTe ¢ KBaHTOHaMH, PaclONIOKEHHBIMU BHYTPH 3TOW cdepbl. O4eBUAHO, YTO
BHYTPH C(epbl KBAHTOHBI COXMYTCSI, YBEITMUNB KOHLEHTPAIHIO, TO €CTh, YBEIIMYHB KBAHTOBYIO
IUIOTHOCTh 710 pp. C BHEIHEH CTOPOHBI YHPYroe KBAaHTOBAaHHOE IPOCTPAHCTBO-BpPEMs
pacTsIHETCsI, XapaKTepu3ysiCh KBAaHTOBOM IUIOTHOCTBIO p1, SIBISIOIIEHCS (PyHKIIMEH pacCTOSHUS.
C MaremaTH4eckoil TOYKHM 3peHHs JaHHBIM mpoliecc nedopMaluy OMHMCHIBAETCS ypaBHEHHEM
ITyaccona kak IuBepreHIMs rpajJueHTa KBaHTOBOW muiotHocTH cpeabl divgrad p [76], rme
rpaJleHT KBAaHTOBOM IJIOTHOCTH XapakTepusyeT BekTop aepopmanuu D = grad p [33].

Puc.7. Poxaenne Maccel y HyKIIOHa B Puc. 8. ['paBuranonnas auarpaMMa HYKIJIOHA B
pesyabTare cepuueckoii reopmannu KBaHTOBAaHHOM IIPOCTPAHCTBE-BPEMEHHU.
KBaHTOBAHHOI'O ITPOCTPaHCTBA-BPEMECHU RS — I'paBUTAllMOHHAA I'PaHUIIA pa3acia,
3HAKOIIEPEMEHHOM 000JI0UKON HYKIIOHA. p1 — 001acTh pacTskeHHs (CUHSIS)

p2 — obnacTb cxxaTus (KpacHas).
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BrepBeie B Teopuu TpaBUTAMK MJAaHO JBYXKOMIIOHEHTHOE pEIICHUE YpPaBHEHHUS
[Tyaccona [76], mis obaactu ckatus (BHYTPEHHSS 00JIaCTh YAaCTHIIBI p2) M O0JIACTH PACTSHKCHHS
(BHEIHsISI 00JIACTh YACTHIBI p1). Pe3ynbraT ABYXKOMIIOHEHTHOTO PCIICHHS YPaBHEHUS
[Tyaccona npencraBieH rpapuieckd B BHJIE IPaBUTALMOHHON TUArpaMMbl, XapaKTepU3YIOLIeH
nepepacnpesielicHie KBaHTOBOW TUIOTHOCTH B pe3yibTare cdepuueckoil nedopmanuu
KBaHTOBAaHHOTO  MpocTpaHCTBa-BpemeHu (puc. §8). Kak BuAHO, poxkaeHHE Macchl
COMPOBOXKAACTCS MOSBJICHUEM TPaBUTALMOHHON SIMBI C BHEIIHEW CTOPOHBI YaCTHIIA, KOTOpas
HUKOTI'/Ia B TEOPUH IPABUTALIMN HE YUUTHIBAIACH.

HeoOxomuMo  o0OpaTuTh  BHUMAHUE, YTO I[apamMeTp KBAHTOBOH  IUIOTHOCTH,
XapaKTepU3YIOIIMM  KOHIEHTPAIMI0 KBAaHTOHOB, OYEHb HAIVISIACH TPU  COCTaBJICHHUH
TPaBUTALMOHHBIX MoOJeNel nedopMannu KBAaHTOBAHHOTO MpOCTpaHCcTBa-BpeMeHu. C npyrou
CTOPOHBI, TapaMeTp KBAHTOBOM IUIOTHOCTU SIBJISIETCS HSKBHBAJIEHTOM T'PaBUTAIIMOHHOTO
MOTEHIIHANA. p0—>C2; p1—>C2; p2—02; (po—p1)—¢n (TIE P — HBIOTOHOBCKHU MOTEHIIMAI). Teopust
CynepoObequHEHUsT  ONEpUPYEeT I[OMHUMO  HIOTOHOBCKOTO — NOTEHIMAJa  €lle  Tpems
JIOTIOJIHUTEILHBIMM TPABUTALMOHHBIMHE MOTEHIHaTaMu: po—C3; p1—C% pr—@, 3HAYUTEIBHO
MOBBIIIAS YHUBEPCATBHOCTh M TOYHOCTH pacueToB. S He Oyay KOMMEHTHpPOBATh 3HAYCHUS
HOBBIX IIOTEHIIMANOB, ¢ HUMH MOXHO O3HaKOMUThca B [1, 77], oTmeuy, uro motenumuan C3
XapaKTepU3yeT KBAHTOBAHHOE MPOCTPAHCTBO-BPEMS KaK BHICOKOIIOTEHIIHAIBHYIO CPEy.

Sl crapancs He wucnoib3oBath (opMynm W Bce ke TpuBeAy OnHY (opmyiy,
XapaKTEPU3YIOUIYI0 POXKICHHE MAacChl M MHTETPaioM MO MOBEPXHOCTH S BOKPYT YacTUIIBI (Te
Ko — koo durrieHT nmponopimoHanbHocTh) [56]:

m =k,dDdS(1)
S

Bripaxkenue (1) ocHoBaHO Ha TeopemMe ['aycca, KoTopas BHepBbIE€ JUIsl PaBUTALMOHHOIO
IOJIS1 TIOKA3bIBACT, YTO MOTOK BEKTOpa JAedopMalMy rPaBUTALMOHHOIO MOJsI MPOHU3BIBAIOIIUI
3aMKHYTYIO TIOBEPXHOCTh BOKpYr cdepuuecku aehopMHUpOBaHHON 0OO0JACTH KBAaHTOBAHHOTO
IPOCTPaHCTBAa-BPEMEHH,  OIpelesseT  BeaMuuHy camoil  Maccel. [lo  anamormum ¢
AIICKTPOCTATUKOM, MOAO0OHBIH WHTerpan (1) ompenenser BEIMYMHY 3JIEKTPUYECKOro 3apsia,
nostomy u3 dopmynst (1) ciaeayer, 4To Macca ecTh IpaBUTALMOHHBIN 3apsia. B CranmaprHOit
mozaenu (CM) momoOHo¥ (opmynsl HET. BrepBbie B TeopeTuueckon (Qu3MKe MpelcTaBiieHa
dopmyna (1), xapakTepusyromias poXJIE€HHE MacChl 3JEMEHTapHbl YacTHUILbI B pe3yibTaTe
cepuueckoil gepopMai KBaHTOBAaHHOTO MpOCTpaHCTBa-BpeMeHu. Her nedopmanuu, HeT u
Macchl. Ty JedopMmannio odecredrBaeT 3HaKoIepeMeHHas 000104YKa HYKJIOHOB, BKJIIOUYAIOIIas
YyepeayIoIuecs 1eble JIEKTPUUYECKHE KBapKHU MOJIOKUTEILHOW M OTPULIATENIbHOM MOJIIPHOCTH
BHYTpU cdepbl. Y MpOTOHA 3HaKONEepeMeHHass 000JI0uKa BKJIIOYAET OJUH HM30BITOUHBIM KBapK
MOJIOKUTEIBHON TOJSIPHOCTH, XapaKTepu3yro oOLIuil 3aps] MpoToHa Kak +/e. Y HeHTpoHa,
KOJINYECTBO KBAPKOB B TOJIOXKHUTEIBHOM M OTPHUIATENbHOM MOJSAPHOCTH O0OJIOYKE pPaBHOE,
oOecrnieunBast B 11€JIOM JIEKTPUUECKYI0 HEUTPaIbHOCTh HEUTPOHA.

6.7. 3nakonepeMeHHasi 000/104Ka HYKJOHOB. Macca nporoHa B 1836 pa3 Oosblie
Macchl 31eKkTpoHa. CooTBETCTBEHHO BeKTop Aedopmanuu D B dopmyne (1) gomkeH ObITh amns
npotoHa B 1836 pa3 Oonbmie uyem y siekTpoHa. Takyroo paedopmaruio obecriednBaeT
3HaKonepeMeHHasi 000JI0uKa, U3 LENbIX JIEKTPUUECKUX KBApKOB C YEpeIOBAaHUEM MOJSPHOCTU
o cepe obosouku (puc. 10) [74].

Ha puc. 9 npencrasneHo mais HarasgHOCTH (POTO MOAENTH 3HAKONMEPEMEHHOW 00O0JIOUKH,
HaOpaHHOM M3 MAarHUTHBIX UIAPUKOB JUMNOJEH. DOTO HEKHH MarHUTHBIA  aHaJor
3HAKOTIEPEMEHHOM AJIEKTPUIECKON 000710uKku HykKiIoHa (puc. 10). Ha MaruuTHO#N Momenu J1erko
yOeauThCs, 4TO MOJIe AUIOJIEH MO cujle MPUTSHKEHUS] MAarHUTHBIX IIapUKOB B 3HAKOIIEPEMEHHOM
000JI0YKE JTO T0JIe KOPOTKOJAEHCTBYIOIIME, IO CYTh Jella 3TO KOHTAKTHOE IIOJIE.
[TpomoaenupoBaTh 3HaKONEpEMEHHYIO0 000104Ky HykJIOHa (puc. 10) B ee pealbHBIX pa3Mepax
(~-10715 M) HE TMpEeACTaBIsAeTCS BO3MOXKHBIM. OJHAKO 3IIEKTPOCTAaTUYECKHE PacUEeThl
MOKa3bIBAIOT, YTO JJIEKTPUYECKOE I0JIe 3HAKONEPEMEHHOM OOOJOYKM HYKJIOHAa — 3TO TOJje
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KOPOTKOAECHCTBYIOIIMX CHJI, COOTBETCTBYIOIIMX sAlepHbIM cunaMm. Ha puc. 10 nmoxasano, 4ro
TOYCUHBIH  KBapK B  COCTaBe  3HAKOIIEPEMEHHOW  OOOJIOYKHM  OKPY)KEH  30HOU
AQHTUTPABUTAIIMOHHOTO OTTAJIKWBAHUS, PEAU3ys MPUHIUI aCUMITOTHYECKOW CBOOOIBI, KOT/A
CWJIBI MIPUTSKEHUS KBAPKOB BHYTPU OOOJOYKM YPaBHOBEIIEHBI CHJIAMH aHTUTPABUTAIMOHHOTO
OTTAJIKUBaHUs1, HCKITIOYAOIIEH KoJularc KBapkoB [78].

Puc. 9. ®oTo 3HaKONIEpEMEHHON Puc. 10. 3rakonepemenHas 060J104Ka HyKIOHOB,
00071049KH, HAOpaHHOH W3 MATHUTHBIX HaOpaHHAas U3 LENbIX SJCKTPHYECKIX KBAPKOB C
[IaPUKOB JAUTIONEH. 4epeJOBaHNEM MOJISIPHOCTH.

Ha puc. 10 moka3aHo, 4To KBaHTOBAHHOE MPOCTPAHCTBO-BPEMsI CHEPUUYECKH CIKATO
BHYTpH 000J0YKH (KpacHas 001acTe) M pacTSHyTa C BHEIIHEH CTOPOHBI (CHHsS 001acTh) B
COOTBETCTBUM C TpaBUTAlMOHHON auarpammoit (puc. 8). Cieayer OTMETHTb, YTO MOMHMO
cratndeckoil nedopmannu B Teopuu CyrnepoObequHEHUsT U3y4YeHbI MPOOJIEeMBbl TUHAMHYECKON
negopmanuy, KOrja ¢ YBEIMYEHHMEM CKOpPOCTH JIBUKEHUS YacTHLbl B KBAaHTOBAHHOM
IPOCTPAHCTBE-BPEMEHH YBEIMYMBACTCS KOHIICHTPAIlMSl KBAaHTOHOB BO BHYTpPEHHEHW oOmacTu
00O0JIOYKM 3a CYET €€ YMEHBUIEHHS C BHEIIHEH CTOPOHBL. OTO BEIET K YBEJIWYECHUIO
cepudeckoil nedopmanuy M yBENIMYEHUIO BekTopa aedopmanuu D (1), a coOTBETCTBEHHO
BEJIET K POCTY Macchl YaCTHULIbI U ee 3Hepruu. [1ocKoIbKy KBaHTOBAaHHOE MPOCTPAHCTBO-BPEMs
XapaKTepu3yeTcss KOHEYHBIMU TIapaMeTpaMy KBaHTOBOW IUIOTHOCTH po, TO B PEISTHBHCTCKOU
00J1aCTH NIPU TOCTUKEHUU CKOPOCTH CBETA YaCTUIA TAaKXKe MMEET KOHEUHBIE IapaMeTpbl MacChl
u osHepruu. B teopum CynepoObeauHEHHs BIEpBbIE pelleHa MpobieMa OrpaHUYeHUs
0OECKOHEUHBIX MapaMeTPOB YACTHUI] C MOMOIIbI0 HOPMAIM30BaHHOI'O PEISATUBUCTCKOrO (pakropa
y [1, 79, 80].

IIpensaputensHo B Teopun CynepoObeAMHEHUS JaHa OLEHKa KOJMYECTBY KBapKOB B
3HAKOMEpPEMEHHBIX 000J0YKax MpOTOHAa U HelTpoHa. IIpoTOH comepkKHUT 3NeKTpudyeckux 69
KBAapKOB B CBOEH 000j0YKe, U3 HUX 34 KBapKOB OTPHUIATEIbHOH MONSAPHOCTH M 35 KBapKOB
MOJIOKUTEIHHON TOJISIPHOCTH, oOecrieunBasi B OajaHCEe 3apsiioB U30BITOK SJIEKTPUUYECKOTO
3apsa MOJOXKUTEIbHON MOIsipHOCTH. [IoATOMY NMpPOTOH AOIKEH 0071a71aTh HECUMMETPUYHBIM
ANEKTPHUUECKUM MOMEHTOM, OOECTIEYMBAIOIINM €TO MTOBOPOT B AJIEKTPHUUECKOM TOJIE.

bera-pacniag HeWTpoHa NO3BOJSIET OLICHUTh KOJMYECTBA KBAapKOB B €ro COCTaBe,
YUUTBIBAsA, YTO HEUTPOH pacHaaeTCa Ha JIEKTPOH M AJIEKTPOHHOE HEUTpUHO. Kak moka3aHo Ha
puc. 4 3JIeKTpOHHOE HEUTPUHO COJEPXKHUT JiBa KBapka pa3Hoi mosspHocTH. Ilomydaercs, 4ro
HEUTPOH JIOJDKEH COJIEPKaTh Ha 3 KBapKa OOJIbIIe YeM MTPOTOH, YTO COCTaBJseT 72 KBapkKa 1o 36
KBapKOB IOJIOKUTEILHON M OTPULIATEIbHOMN MOJIIPHOCTH, JIEKTPUUECKH YPAaBHOBEIICHHBIX.

CTaOunpHOCT,  HYKJIOHOB (ampoHOB) omnpenenseTcs CTa0MJIBHOCTHIO WX
3HaKONepeMeHHOI 0007104Ku. V3 HUX caMbIM CTaOMJIBHBIM SIBJISIETCS IPOTOH, €r0 BpeMs KHU3HH
—2,9¢10” nter. D10 03HauaeT, UTO MIPOTOH MMEET MOJTHOCTHIO 3aMOTHEHHYIO KBapKaMu 000I04YKY
6e3 nedeKToB, BO3MOXKHO MO TUIY 000s0uku (yiuiepeHa Ceo. CrienuanbHbIX UCCIETO0BAaHUNA 1O
9TOMY BOIIPOCY MHOK He mpoBoamiock. Ho yke cefiuac MOXKHO CKa3aTh, YTO BECh CHEKTp
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KOPOTKOXXHMBYIIUX aJPOHOB HMEET HECTaOWIbHBIE OOOJOYKM C Ae(eKkTaMu, KOTOpbIE JIETKO
pacrmagaroTcs.

MHOI0 HE aHATU3UPOBAIMCH MAarHUTHBIE MOJIA 000JIOUEK HYKIIOHOB, a TaKKe 0OOJOYKHU
AQHTHUIIPOTOHA W AHTUHEHTPOHA W PEUICHHE ITOr0 BOMPOCA OCTAETCS OTKPHITHIM. MarHuTHbIC
MOJIS1 MOYKHO IMPOSIBUTH METO/I0M MPOOHOT0 KBAaHTOHA KaK Ha pHC. 6 PU U3MEHEHUU TOTIOJIOTUU
KBaHTOBAaHHOTO MTPOCTPAHCTBA-BPEMEHH.

6.8. ILitroc- 1 Mmunyc-mMacca. Mol paccka3 o Mpupojae Macchl ObUT OB HEMOJHBIM 0e3
pa3bSICHEHUS, YTO B IPUPOJIC MACCA MOXKET HAXOIUTHCS B IBYX COCTOSIHUSX: B COCTOSIHUH TLITFOC-
Macchl 1 MUHYyc-Macchl. [lmoc-macca oTBeUaeT 3a rpaBUTAlMIOHHOE MPUTSDKEHHEe. MuHyc-mMacca
OTBEYAEeT 3a AaHTUTPABUTALIMOHHOE OTTalKKBaHue [64, 81].

Puc.11. Poxxnenue MUHYC-MaccChl B Puc. 12. I'paBuTanionHas tuarpaMma MUHYC-
pesyibTate chepudeckoit aedopmarnmn Macchl B KBAHTOBAHHOM MPOCTPAHCTBE-BPEMEHHU.
KBaHTOBaHHOT'O MPOCTPAHCTBA-BPEMCHHU. Rs — rpaBuTanioHHas rpaHUIA pa3/ena;

p2 — 00NaCTh pacTsHKeHHs (CHHSIS)
p1 — 00JacTh ckatus (KpacHas).

Puc. 13. ®opmupoBaHusl MUHYC-MacChl TOUYEYHBIM Puc. 14. ['paBuTanionHas fuarpaMmma MUHYcC-
3apsI0M-KBapKOM B COCTaBE 3JIEKTPOHHOTO HEHTPHUHO. Macchl TOYEYHOI'0 3apsia-KBapKa.

Ha puc. 7 Obuto mpencTaBieHO pPOXKIEHHE IUIFOC-MAcCchl B pe3ylbraTe chepuueckont
nedopmarui KBAaHTOBAHHOTO MPOCTPAHCTBA-BPEMEHU 3HAKOMEPEMEHHOW 00O0JIOYKOW HYKJIOHA.
Ha rpaButanvoHHO auarpamMMe puc. 8 IMOKa3aHO HAJIWYUE TI'PABUTALMOHHOM SIMBI BOKpYT
yacTUlbl. IMEHHO TpaBUTAllMOHHAS SIMa OTBEYAET 3a TATOTEHUE, 00pa3ys rpaBUTALMOHHOE TOJIe
yacTuIlbl. Bee npyrue yacTuipl ¢ IUIOC-Maccoil, HarpuMep HEHTpoH, OyJeT MpUTATUBATHCS K
IIPOTOHY, Kak Obl CKaThIBasgChb Ha JTHO T'PAaBUTAIIMOHHOM SIMBl. OJTO KacaeTcsi M KPYIHBIX
IPaBUTAIIMOHHBIX OOBEKTOB B COOTBETCTBUHU C MPUHIIUIIOM CYNEPIIO3UIIMH MOJIEH.

Ha puc. 11 npeacraBineHo poKIeHHE MUHYC-MAacChl TakKXe B pe3yJjbTaTe cepruyecKoi
negopMaluu KBaHTOBAaHHOI'O MPOCTPAHCTBA-BPEMEHH, HO C OTIMYHMEM B TOM, YTO cdepa C
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panuycoM Rp He cxumaercs, a pacTArMBaeTCs, C)KMMas KBaHTOBAaHHOE IPOCTPAHCTBO-BpEMS C
BHEIIIHEH OT cepbl CTOPOHBI, 00pa3ysl TpaBUTALMOHHYIO TOpKY. ['paBUTallMOHHAs TuarpaMma
MHHYC-MacChl IIPEJICTABISIET COO0M 001aCTh OTTAIKUBAHUSA, U BCE YaCTHILIBI, KaK C IUIIOC-MACCOH,
TaK M C MHUHYC Maccoil, OyAyT OTTaJKMBAaTbCi OT BO3MYILAIOIIEH MHHYC-MacChl, Kak Obl
CKa3bIBasACh C TPAaBUTALMOHHOM FOPKH, B 00JaCTh C MEHBIIIEH SHEPTUEH.

MexaHu3M pOXKIACHUS MHUHYC-MAacChl MOXXHO IPOMJUTIOCTPHPOBATh puc. 11, mpeacraBus,
4yT1o cdepa pacTsHKeHUsT HaOpaHa B BUJE OOOJIOUKH M3 DIJIEKTPHUYECKHX KBAPKOB OJMHAKOBOM
HOJISIPHOCTH, KOTOPBIE OTTAJIKWBAsACH JIPYr OT JApYyra, pacTArHBal0 BHYTPEHHIOI 0O0JIACTh Pa
(cuHss1) W CKMMas KBAaHTOBAHHOE IMPOCTPAHCTBO-BPEMsSI C BHEUIHEW CTOPOHBI (001acTh pi,
KpacHasi). IMeHHO 3Ta 00nacTh cxkaTus 00pa3yeT 30Hy aHTHIPAaBUTAIMOHHOTO OTTAJIKHWBAHHUSL.
[TockoybKy Takol MeXaHU3M POXKICHHSI MUHYC-MacChl KpallHe HEYCTOHYMB U TUIIOTETHYCH, TO B
CBOOOTHOM COCTOSIHMM YacTHUIIbI ¢ MUHYC-MacCO# 3KCIIepUMEHTaIbHO He oOHapyskeHbl. Ho ecTh
BCE OCHOBaHUS ToJjaraTh, YTO Hamia BcelleHHass HAXOMUTCS B COCTOSIHUM MHHYC-MacChl, W
XapakTepu3yeT HaJIWYHeM TpPaBUTAIIMOHHOM TOpPKH, OOBSCHsS pa3z0eraHue TrajlakTHK C
YCKOPEHUEM OT IIEHTpa K nepudepuu.

A BOT B CBSI3aHHOM COCTOSIHUM MHUHYC-Macca ¥ aHTUTPABUTALHMA, KaK 3TO YXe ObLIO
MOKa3aHO, IIUPOKO TMPEJCTABICHBI B MHKPOMHpE 3JEMEHTapHbIX dactui. Ha puc. 13
npeacTaBiIeHo (OPMHUPOBAHWE MHUHYC MAacChl TOYEYHBIM KBAPKOM B COCTaBE DJIEKTPOHHOTO
HelTpuHo (puc. 4) Uiu 3HAKONEpPEeMEHHOW 000JI04KH HYKJIOHOB (puc. 10), B OTCYTCTBUH ILIIOC-
Macchl. MexaHH3M CXaTus KBAaHTOBAHHOTO IPOCTPAHCTBA-BPEMEHHM BOKPYT HEHTPAIBLHOTO
AJIEKTPUUECKOTO KBAapKa ONPEACISAeTCS CPEPUISCKMM MAarHUTHBIM ToJieM (Y 3JIEKTPOHA 3TO €ro
cnuH, puc. 6). [lapagokcanbHO, HO >JIEMEHTapHBIC YACTHIBI SBISIOTCS HOCHUTENEM KakK ILTIOC-
Macchl, TAK ¥ MHHYC MAacChl. Y 3JIEKTPOHA ILTIOC-Macca B BHJE €r0 T'PAaBUTAIMOHHOTO IIOJIS
COCpEIOTOUEHA C BHEUTHEW CTOPOHBI €r0 KIACCHYECKOTO pajuyca, a MUHYC-Macca — HaXOIUTCS
BHYTpH C(EphI C €ro KIACCUYECKUM paanycoM. [Ipudem, miiroc-mMacca 1 MUHYC-Macca 3JIeKTPOHA
YPaBHOBEUIMBAIOT APYT JIpyra, o0ecreunBas ero cradmibHoe cocTosHue (puc. 5). Hanuune 300
AQHTUTPAaBUTAIIMOHHOTO OTTAJKWBAaHUS B BHUJIE MHUHYC-MAacChl BHYTPH 3HAKOIEPEMEHHOU
o6onoukn HykioHa (puc. 10), xapakrtepuszyercs IEHCTBHEM MPUHIIMIA ACUMOTOTHUYECKOU
CBOOOMBI, YpaBHOBEIIWBAas CHJIBI DJIEKTPOCTATUYECKOTO TMPHUTSDKEHUS KBApKOM  CHIIAMHU
AQHTUTPABUTAIIMOHHOTO OTTANKUBaHMsI [1].

6.8. dynaamMeHTAJBLHOCTL NPUHLUMIA OTHOCHTEJbHOCTH. HecmoTps Ha TO, 4YTO
OPUHIUIT ~ OTHOCHTENBHOCTH  TIOATBEPXKICH  OKCIEPUMEHTAIbHO, TEM HE  MEHee,
AHTUPEIATUBUCTKUE HACTPOCHHUS €IIe MPOSBISIOTCA. AHTHUPETISTUBUCTHI TOJATalOT, YTO
cosznanue Teopun Cynepoobeaunenus (theory of Superunification), niu kak ee ere Ha3bIBAIOT —
teopusi Bcero (theory of everything), memmaer Teopusi OTHOCHTEIBHOCTH JDHHINTEHHA. DTO
MoJIHEeHIIIee HemoHnMaHne (Gu3nku sBieHuil. Benap Teopus CynepoObenUHEHHS YK€ CO3J1aHa,
onupasck Ha uaeu DuHmTelHa. Teopus CynepoObeAMHEHUS — 3TO PESTHBUCTCKAs KBAaHTOBAs
TEOpHsI HOBOTO TUIaHA, 3TO HOBas (PHU3MKa, KOTOpas HE TOJBKO IMPHICPKUBACTCS MPUHIIHIIA
OTHOCUTENILHOCTH, HO M BIIEPBBIE OOBSCHSIET MEXaHHW3M €ro JCWCTBUS, ONMUPAsICh HA MPUHIIUI
ceprueckoii nHBapuanTHocTH [1, 2].

B teopun CynepoObeauHeHHs, TOMUMO IJIEKTPOMArHUTHOW CHMMETPUH, YCTaHOBJICHA
cepudeckas CHMMETPHs 3JIEMEHTApHBIX YacTHI], KOTJIa HE3aBUCHMO OT CKOPOCTH JIBUKCHUS, B
TOM 4YHCJ€, U TNPH JOCTH)KEHUU PEIIITUBUCTCKUX CKOPOCTeH OJM3KUX K CKOPOCTH CBeTa,
DIIEMEHTApHBIE YaCcTUIBI OOJIATAIONINE MAacCOW COXPaHSIOT CHEepHUEcKyr0 CTPYKTYPY CBOETo
nonisi  (TPaBUTAIMOHHOTO U JPYTHUx). OTO OOYCIOBIEHO KOJIOCCANBHBIM HATsKEHHUEM
KBAaHTOBAaHHOTO IMPOCTPAHCTBA-BpEMEHH, Kak KBaHToBaHHOW ympyroi cpeasl (YKC), koropoe
cocrapmsier 4,6510"° H/m? [82]. Dto KkomoccambHas yrpyras cuja, KoTtopas oOecledrBaeT
caMmylo OOJIBIIYIO CKOPOCTh BOJIHOBBIX TPOIIECCOB B MPUPOJIEC B KBAHTOBAHHOM IPOCTPAHCTBE-
BPEMEHHU CO CKOPOCThIO cBeTa. EcTecTBEHHO, YTO MpU (POPMHUPOBAHUU MACCHI AIIEMEHTAPHOMN
YaCTHUIIbl, HAPUMEP MPOTOHA C TJIOTHOCTHIO BEIIECTBA 0,73:10" xr/m®, uTo6EI chepuyecku
nehopMUpOBaTh  KBAaHTOBAHHOE MPOCTPAHCTBO-BPEMSI TEH30pP MOBEPXHOCTHOTO HATSKEHUS
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3HAKOMEPEMEHHONW OOOJIOUKH TPOTOHA JIOJDKEH COCTABISTH 6,56'10*" H/M%. [Ipu Takux
KOJIOCCATBHBIX HATSDKEHUSX (popMa "acTuIlbpl ocraercs Bcerna chepudeckoil. Tak ObUT OTKPHIT
dbyHaaMEeHTaNbHBIA MPUHIUI CPEPUUIECKO HMHBAPUAHTHOCTH, KOTOPBIA OOBSCHIET MPUPOIY
NPUHIUITIA OTHOCHTEIBHOCTH KaK (DYHIaMEHTAIBHOTO CBOMCTBa KBAaHTOBAHHOT'O MPOCTPAHCTBA-
Bpemenu [83].

[Ipu 3TOM HamO pa3IUYaTh TEOPUID OTHOCHTEIBHOCTH M TEOPHIO OTHOCHTEIBHBIX
U3MEPEHUH, U HEe HEJb3s MyTaTh UX MEXIy c000il. Teoprio OTHOCUTEIBHOCTH HA/I0 IPUMEHSITD,
KoTJa HaOJr0IaTellb HAXOAUTCS Ha CAaMOM OOBEKTE MCCIICHAOBAHMS M JIBHXKETCS BMECTE C HHM.
Teopusi OTHOCHUTENBHBIX W3MEPEHUIH ONMHUCHIBACT IMOBEICHHE OOBEKTa WCCIEAOBAHMMA, KOTIa
HaOMIOJaTeNIb HAXOIUTCS BHE OOBEKTA, SBISSICH CTOPOHHUM HaOmrojgateneM. Tak B
COOTBETCTBUU C MPUHIUIIOM CPEepUIECKO MHBAPUAHTHOCTU CHEPHUECKOE TOJE JBUTAOLICHCS
YaCTHIIBI 111 CTOPOHHET0 HaOMroaTes OyAeT Ka3aThCs CKaThIM (CIUTFOCHYTBIM) B HaIllpaBJIEHUN
JABUXKCHUS. Ha camom ACJIC TOJIC YaCTULbl BHYTPHU KBAHTOBAHHOI'O IHPOCTPAaHCTBA-BPCMCHU
OyzeT ocTtaBaThCsl CPEPUIECKUM M HE U3MEHHUT CBOIO KOH(PUTYPAITUIO HE3aBUCUMO OT CKOPOCTH
JBHKCHUS.

[Mpuntun  ceprueckold WHBAPUAHTHOCTH KacaeTcss M KPYIHBIX TI'PaBUTAIIMOHHBIX
06’BCKTOB, IOCKOJIBKY B KOHCYHOM HUTOI'C OHU COCTOAT U3 BJICMCHTAPHBIX YaCTHUL], I10JII KOTOPBIX
CYMMHPYIOTCSI B COOTBETCTBUHM C IMPHUHIUIIOM CYNEPHO3UIUU. ITO ObLIO 3aUKCUPOBAHO B
onbITax Maiikenbcona 1 Mopiu, KOTOpble He OOHAPYKUIIA CKATUSL 36MHOT'O TPABUTAIIMOHHOTO
NOJISi B HANPABICHUW JBIDKEHHS JUISI HaOMIOMATENsl HaXOMANIETrocs Ha caMoOM OOBEKTe.
Ilonyuaemcsa, umo Kax);cowvlii 00vexkm 60 Bcenennoii, oonadarousuii Maccoii, 6bicmynaem Kax
HeKuil He3asucumblil yenmp, onpeoenas dynoamenmanvnocmeo npunyuna
omunocumenvnocmu [1, 2].

7. Illpupoaa siAepHbIX CHJI

OTKpBITHE 3HAKOTIEPEMEHHON 000J0YKH Y HYKJIOHOB, OOBSACHSET HE TOJIBKO POXKICHUE Y
HUX MacChl B pe3yibTare cepudeckoi nedopManuu KBAHTOBAHHOTO MPOCTPAHCTBA-BPEMCHH,
HO W PacKpblBaeT MPUPOAY SACPHBIX CHJI, KOTOpas CBOJUTCA K DJJIEKTPOCTATHKE U
AHTUTPAaBUTAIMU. TakoW riIyOMHBI TOHUMAHUS TPUPOABI SIEPHBIX CHII, (POPMUPOBAHUS MACCHI
HYKJIOHOB H JedeKTa aTOMHBIX siIep B SACPHBIX pEaKIMsIX, KOTOpble JJaeT Teopus
Cynepoosenunenus, B KJIX oTcyTcTByeT, Kak B HeECOCTOsBIIEHCsS Teopuu. Bmecte c Tewm,
teopusi CynepoObenuHenus ucnonb3yeT u3 KJ[X KoHIIeNnio KBapKOB, BXOIAIINX B CTPYKTYPY

HYKJIOHOB.
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Puc. 15. TIpuTsikeHne HYKJIOHOB B /e Puc.16. M3meHeHne CHIT OTTAJIKUBAHUS U
3HAKOIEPEMEHHBIMI 000I0UKAMH. MIPUTSDKEHUS TIPU B3aUMOJICHCTBHH 000JI0UEK

HYKJIOHOB 0T paccrosinus kak ynkmun f(K) [1].

Ha puc. 15 mokaszaH MeXxaHU3M MPUTAKCHUA 3HAKOINICPCMCHHBIX 000J104eK HYKJIOHOB
OJICKTPUYCCKUMHU 3apsagaMH  ILECJIBIX KBAapKOB pa3H0171 IMOJIAPHOCTH. JIBe 3HAKOIICPECMCHHBIC
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000JIOYKY TPUTIATUBAIOTCS APYT K JPYry HE3aBUCUMO OT HAJMUUs y HUX M30BITOYHOTO 3apsja.
Oco0EHHOCTHIO 3HAKOTIEPEMEHHBIX TIOJIEH SBIISETCS TO, YTO 3TO MOJISI KOPOTKOAeHCTBYroMe. Ha
puc. 16 mpexacraBien rpaduk yOBIBaHUS CHIIBI HPUTSHKEHUS OT PACCTOSHUS MEXIYy HUMHU C
yKa3aHHEM 30H IPUTSKEHUS M OTTalKUBaHMA (kenrtas obnacts). I'paduk puc. 16 He coBceM
KOPPEKTHBIH, MOCKOJIbKY YYET CHJIa aHTUIPAaBUTALMOHHOI'O OTTAJIKUBAHHS IPOMOJEIMPOBAHA
NEKTPHYESCKUM OTTAIKHUBAOLIMM 3apsiaoM [1, 75]. HecMoTpst Ha Takue IomyIieHus rpaduk puc.
16 NOJTHOCTBIO  COOTBETCTBYET  XapakTepy  JAEWCTBHUA  SJIEPHBIX  CHI  Kak  CHII
KOpOTKOJeHcTByOmuX. PaBHOBecMEe cHI MNPUTSDKEHMST M OTTAIKMBAHUSA IPOMCXOJUT Ha
pacCTOsIHUU 3,510 M (k = 1). DKcTpeMalbHOE 3HaYeHHE CUJIbl NpUTsbKeHus gocruraer 0,63
kH npu k; = 1,5. [Tomyuaercs, 4To MEXAy MaJCHbKHMMH HYKJIOHAMH BHYTPHU SApa NCHCTBYIOT
KOJIOCCAJIbHBIE CUJIBI, XapaKTEePU3ys sIIEPHBIC CUJIBI KaK CHIIBHOE B3aMMOJICHCTBHE. DTOT TpaduK
ObUI IOCTPOEH, KOrja ele He ObUIM OTKPBITHI 30HBI AHTUIPABUTALIMOHHOTO OTTAJIKMBAHUS
BOKpyr kBapkoB [78]. Teneps, koraa uMeeTcsi TEOpHs pacyeTa CUJI aHTUTPAaBUTALUH, Tpaduk
puc. 16 MOXXeT ObITh OTKOPPEKTHUPOBAH C BBICOKOH TOYHOCTBIO.

Crnenyer oOpaTUTh BHMMaHHE, YTO B TOYKE KOHTaKTa cepuyeckas 3HaKOIEpeMEHHas
000JI0YKa HYKJIOHA CIUIIOCHYTa M J1e(pOpMHpOBaHA, 00pa3ys KOHTAaKTHYIO HOBEPXHOCTb W3
HECKOJIbKUX MPUTSATUBAIOUINXCS KBAPKOB Pa3HOM MOJApHOCTH. JlomonHuTeNnbHas nedopMamus
HYKJIOHOB BHYTPM aTOMHOIO sjpa oOecHedrBaeT pasjinyhe MEXIy MaccaMH CBOOOJIHBIX
HYKJIIOHOB BHE SJpa U CBS3aHHBIMM HYKJIOHAaMH BHYTPU AaTOMHOIO sipa. OTO SBISETCS
HEOOXO/JUMBIM YCIIOBUEM OCBOOOKACHUS SHEPrMM B SJEPHBIX DPEAKLUUAX PpACIICIUICHUS MU
CHUHTE3a B pe3yibTare jAedexTa Macchl, KOIJla CyMMapHash Macca CBA3aHHBIX BHYTpHU sjipa
HYKJIOHOB U CyMMapHasi Macc CBOOOJHBIX HYKJIOHOB MJIM B COCTaBe Ooisiee JIETKHX sJep,
OTJIIMYAIOTCS MO BEIMYUHE. DTOT IPPEKT MOKHO OOBSCHHUTH, 3HAsE MEXaHWU3M (OPMHUPOBAHHUS
macchl HykioHamu. [lpu gedexkre wmaccel Hapymaercss 3JEKTPOMAarHUTHOE paBHOBECUE
KaHTOBAaHHOTO IPOCTPAHCTBA-BPEMEHUM B BHJIE€ CKayka yIOPyroil 3JIeKTPOMAarHUTHON
negopManuu KBAHTOBAaHHOI'O NIPOCTPAaHCTBA-BPEMEHHU, KOTOPBIN MOPOXKIaeT BOJHOBOM Iporecce
(OTOHHOTO U3ITyYEHUS.

Heo6xoauMo0 MOMHHMTB, YTO Macca YacTULbl 3TO €CTh KOHIEHTPUPOBAHHAs SHEPIus
CBEPXCUJIBHOI'O 3JIEKTPOMarHuTHOro B3aumojeiictsus (COB), HocuTeneM KOTOpPOro SBISETCS
KBaHTOBAHHOE MTPOCTPAHCTBO-BpeMs. B KoHeUHOM HTOTE, BCE SHEPreTUYECKHE LIUKJIIbI CBSA3aHBI C
OCBOOOKJIEHHEM U IpeoOpa3oBaHUEM I100anbHOM sHeprun COB. DTo OTHOCUTCS U K sIepHON

suepruu [1, 84, 85].
8. UepHble u 0eJibie AbIPHI

Teopuss uepubix u OGenmbix aeip [86, 87, 88] cymiecTBeHHO MOMOJHEHA B TEOPUHU
Cynepoowsenunenus [1]. B mpenmenbHOM ciydae rmiroc-macca (puc. 7 W 8) MEpexoauT B
coctosiHue uepHou abipbl [89], a Munyc Macca (puc. 11 u 12) — B cocTosiHue Oenoit apipsr [81].

Ha puc. 17 mpencraneHa rpaBUTallMOHHAs AMarpaMMa YepHOW JBIPHl B KBAHTOBAaHHOM
IIPOCTPAHCTBE-BPEMEHHU, MPEACTaBIsAs cOOON ciaydail mpenenbHON cdepuueckoi nedopmanuu
KBaHTOBAaHHOTO TIPOCTPAHCTBA-BPEMEHH sl TUIOC-Macchbl. OO0nacTh CKaTHA —CIIEIHAIBHO
3a4epHeHa, 4TOObI COOTBETCTBOBATh HAa3BaHWIO OOBekTa. UYepHas MpIpa XapaKTepH3YeTCs
TPaBUTALMOHHBIM DPagnycoM Ry M pa3pblBOM KBaHTOBaHHOTO MPOCTPAHCTBA BPEMEHHU Ha
MOBEPXHOCTH TPAaBUTALMOHHOTO pajauyca, KOTJa KBAaHTOBas IUIOTHOCTh p1= 0, MOJIydHBIIHE
Ha3BaHUS TOPU30HTA COOBITHI. UepHas IbIpa OKpY)KEHa OYeHb IIIyOOKOH TIpaBUTALMOHHOM
SMOM, KOTOpasi OmpeieNseT KoJoccaabHOe (MpeeibHOe) TATOTEHHE, BO3MOXKHOE B MPHPOJIC.
BHyTpy uepHO#M IBIpbI BO3MOKEH CKauyOK KBAHTOBOHM IUIOTHOCTH P2 = 2pg, KOTOPBIA MOIyYeH
pacueTHbIM myTeM. KBaHTOBaHHOE TPOCTPAHCTBO-BPEMsI SIBJISETCS CBETOHOCHOW CpEJIO.
Hanmuume pasppiBa KBaHTOBAaHHOTO TPOCTPAHCTBA-BPEMEHH Ha TOBEPXHOCTH YEPHOW JBIPHI HE
MO3BOJISICT CBETY, KaK MPOHUKHYTh BOBHYTPh UCPHOM JBIPhI, TAK U BBIATH W3 Hee. MeanbHas
YyepHasi JIplpa HE M3Iy4aeT B npuHuune. Ecim ecth HaOmromaeMple MEXaHH3MbI H3TyYCHHS
YEPHBIX JIBIP, TO MPUPOJIA Y HUX M3IyUCHHUS HE CBSI3aHA C U3TyUYCHUEM CaMOM YepHOM JIBIPHI.
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MOXHO TPEeANoNIOKUTh, YTO HMMEIOTCS HEueaJbHbIE YepHbIE MAbIpbl 0€3 pa3pbiBa
KBaHTOBAaHHOTO MPOCTPAaHCTBA-BPEMEHH Ha MOBepXHOCTH (p1 # 0), KaK OHO U3 MPOMEKYTOUHBIX
COCTOSIHUH IUIIOC-Macchl. Toraa Takasi yepHas Jblpa MOXET U3J1y4aTh, B TOM YUCIIE, IPU pacrnanie
BEILECTBA B CUIBHOM I'PaBUTALIMOHHOM I10J1€. BO3MOXHO, UTO YepHast Ablpa Ha IPaHUIIE pa3jelia
MOXET OTpa)kaTb ()OTOHBI OT CBOEH MOBEPXHOCTH, eciau (OTOHBI HE pACHaJAIOTCS Ha ee
noBepxHocTu. Ho 3apeructpupoBaTh ciaboe H3IydeHHE OTPaKEHHBIX (POTOHOB COBPEMEHHOI
anmnaparypoil, IMo-BUAMMOMY, HEBO3MOXHO. Iloka wuepHble [bIpbl, Kak HaOJII0JacMble
ACTPOHOMUYECKHE OOBEKTHI, 337al0T OOJIbIIE BOIPOCOM, YeM HMeeTcsi oTBeToB. Ho B sroOom
cilydyae, TE€ TEOPETUYECKHUE pEe3ybTaTbl II0 pacueTy 4YEpHbIX [Jblp M HMX CTPYKTYpE,
npencraBieHHble B Teopun CynepoObeauHEHUs, OyAyT MOJe3Hbl acTpodu3uKaM, MOCKOIBKY
II0JIyYEHBl HOBBIE 3HAHUS O CTPYKTYPE YEPHBIX JBIP.

Puc. 17. I'paBuTanmonHas auarpaMma 4epHoi Puc. 18. I'paBuranmonHas auarpamma 6e1oi
JIBIPBI B KBAHTOBAHHOM IIPOCTPAaHCTBE-BPEMEHHU. JIBIPBI B KBAHTOBAaHHOM TIPOCTPAHCTBE-BPEMEHH.

Ha puc. 17 npencrasineHa rpaBUTallMOHHAs Auarpamma Oenoi AbIpbl B KBAHTOBAaHHOM
IPOCTPAHCTBE-BPEMEHH, TNPEACTaBIsisl co00M ciydail mpenenbHO cdepudeckoit aedopmarum
KBaHTOBAHHOI'O IPOCTPAHCTBA-BPEMEHH JJIi MUHYC-Macchl. BHYyTpeHHss 00/1acTh pacTsaHyTa 10
a0COFOTHOTO HYJISI, KOTJ]a KBAHTOBAs INIOTHOCTH P2 = 0. CrernuaibHo 3TO 00J1aCTh a0COTFOTHON
MYCTOThl OCTaBjleHa OeJoH, YTOOBI COOTBETCTBOBAaTh HA3BaHUIO OOBEKTa — Oenas JbIpa.
Buewnsis obmacte cxatus (KpacHbI ILIBET) MpEACTaBIseT COOOW TpaBUTALMOHHYIO TOpPKY,
XapakTepu3ys ACUCTBUE aHTUTPABUTALMU B IIPENEIbHOM ciaydae. MHOIO yK€ OTMEUanoch, 4TO
Oenasi pIpa 3TO TMIOTETUYECKUH OOBEKT, KpOME OJIHOTO BO3MOXKHOI'O BapuaHTa, KOIJa Halua
Bcenennas mnopaBepraercss JeMcTBUIO TI0OOANbHON aHTUIPAaBUTALIMM, 3aCTaBlisAs TallaKTUKU
pasberatbes ¢ yckopeHueM. JlelicTBUTENbHO, eciii Halla BceeneHHas HaXxOOUTCS B COCTOSIHUU
Oenoi NbIppl B BHUJE IMYCTOTENOIO IIapa M3 KBAHTOBAHHOT'O MPOCTPAHCTBA-BPEMEHH, TO 3TO
00BsicHSET AeiicTBHE TI00albHOW AaHTUTPABUTALMU HA TaJIaKTUKH, BO3ACUCTBYS HAa HUX CUJION
OTTAJIKMBaHUs OT LeHTpa BceneHHoit k mnepudepun. 'anmakTuku kak Obl CKaThIBAlOTCA C
IPaBUTALMOHHON TOPKHU C YCKOPEHUEM.

Brnonme BO3MOXHO, 4TO Hama BceneHHas HaxoauWTCs HE B IPENEIbHOM
AQHTUTPABUTAIIMIOHHOM COCTOSIHUM O€JON JBIpbl, a KakoOM-TO HPOMEXYTOYHOM COCTOSIHUU
MHUHYC-Macchl (puc. 12), KOTOpoe Takke CO3/1aeT aHTUIPAaBUTAlMI0. MHOIO HE MPOBOJHIOCH
CHEIHaJIbHBIX UCCIIEOBaHU 110 3TOMY Bonpocy, HO Teopus CynepoObeIuHEeHUs 1aeT METOIUKY
TaKUX MCCIEOBAaHUIM M pacueTHbIN ammapart. [leno 3a actpopusukamu. S cam He acTpou3uK,
HO T€ HOBBbIE 3HAHUS O CTPYKTYpE YEPHBIX U OeNbIX ABIP, MO3BOJIAT OOBSICHUTH HAOIIOAaeMble
acTpoHomuueckue sBieHus. Ilpu 3ToM acTtpoduszumkaMm HaIO MOHMMATh, YTO KOCMHUYECKOE
MPOCTPAHCTBO — O3TO HE IMyCTOTa, a KBAaHTOBAHHOE IPOCTPAHCTBO-BPEMS, SIBJIAIOIIEECS
UCTOYHHKOM 4YepHBIX MU OenbIX Jblp. Beap g Toro, ytoObl 0Opa3zoBajiach uepHas Jblpa
HEOOXOUMO C)KaTh KBAHTOBAaHHOE MPOCTPAHCTBO-BpeMsi B 2 pa3a, YMEHBIIMB JHAMETP
KBaHTOHA B 2 pa3a M yBEJIWYHMB KBAaHTOBYIO IJIOTHOCTH BHYTPH YEPHOI IBIPHI B 2 pa3a (p2 = 2pp).

B Teopun CynepoObeauHEHHs] PACCMOTPEHBI PEISTUBUCTCKUE UYEPHbIE MHUKPOJIBIPHI,
KOTOpBIE MOT'YT BOSHMKHYTb TP TOCTHKEHUU 3JIEMEHTAPHOM YacTUIIEW CKOpOcTH cBeTa. B aTom
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cnyqae B OTO oHeprus 4acTHIBI CTPEMUThCS K OCCKOHEYHOCTH. IIOCKOJBKY B TEOPHH
CynepoObeIMHEHNST SHEPTOEMKOCTh KBAHTOBAHHOTO MPOCTPAHCTBA-BPEMEHH HMMEET KOHETHYIO
BEJIMYKHY, TO YAAIOCTh BHIBECTH (OPMYITy JUIsi HOPMAIM30BAHHOTO PEISTUBUCTCKOTO (hakTopa,
OrPaHUYHMBAIOIIETO AHEPIUI0 YAaCTHIBl NMPU JOCTHIKEHHH €I CKOPOCTH cBera. Tak, mpu
JOCTH)KEHUU TIPOTOHOM CKOPOCTH CBETa €ro Macca OrPaHHYCHHA MACCOM JKEJIE3HOTr0 acTepomIa
auametpoM B 1 kM. DTo Oouiblas BeIWYMHA, HO He OeckoHeyHas. B srom ciyuae
rpaBUTAI[MOHHAS JMarpaMMa IPOTOHA IMPEICTABIIAET €ro0 COCTOSHHE, KaK COCTOSHHE YEePHOM
PEIATHBUCTCKON MUKpOIbIpHI (prc. 17) [1, 90].

9. TeMHas1 SJHeprusi 1 TEMHasi MaTepHUs

[Ipupona eawnHa, W Bce SBJICHUS B HEHW OOBSICHAIOTCA pEaTUsIMU KBAHTOBAHHOTO
MIPOCTPAHCTBA-BPEMEHN U €ro JJIeKTpuyeckoil acummerpueil B Teopuu CynepoObenuHEeHUs .
He3nanne ocHOB MUpO3/1aHUs BEJIET K MOSBJICHUIO JOXKHBIX 00bsICHEHUN HaOII01aeMbIX (DAaKTOB,
TaKMX KaK YCKOpEHHOe pa3OeraHue TrajakTUK M HCKPHUBJICHHE Jiydya CBETa B OTCYTCTBHH
BO3MYIIAIONIUX I'PAaBUTAIIMOHHBIX Macc. Bee 3Tu apTedakTsl JOBOJIBHO MPOCTO OOBACHSIOTCS B
teopun CymnepoObenunenus. Tem He MeHee, /Ui OOBSCHEHUS JAHHBIX SBIICHHUN BBOAAT 0Oe3
BCAKOTO OOOCHOBAHMS HOBBIC IMOHATHS, TaKHME KaK TEMHAs SHEPTHsl M TEMHash MaTepus, |
HAaYMHAETCS MOMCK HEMOHITHBIX HOBBIX THIIOTETUYECKUX YaCTHULl, HOCUTEJIEH TEMHOU SHEpruu, U
OT/AEJIBHO, YACTHUIL — HOCUTEEH TEMHON Matepuu. [losararoT, 4To TEMHas SHEPTUS U €€ YaCTULIbI
OTBEUAIOT Ha YCKOPEHHOE pa3beraHue rajakTUK, a TEMHas MaTepus M €€ YaCTHUIbl OTBEYAIOT 3a
WCKpPUBJICHHE Jlydya CBETa B OTCYTCTBUM TpaBHTallMOHHBIX Macc [91...97]. Ha camom nere,
UCXOJS U3 €IMHCTBA MaTepuu, B Teopun CynepoObeInHEeHUs] YCKOPEHHOE pa30eraHue rajlakThk
OOBSICHSICTCSI MCKPHBJICHUEM Hamield BceneHHOW M JeicTBHEM TI00AJIbHON aHTHTPAaBUTALUN
[98]. UckpuBienue siyda cBeTa OOBSICHICTCS HEOAHOPOJHOCTHIO KBAHTOBAHHOTO MPOCTPAHCTBA-
BpeMmenu [1].

9.1. AuturpaBurtanus. YckopeHHoe pasderanue rajaktuk [98]. Eme B 1996 roay
MHOI0 OBUIa PacCMOTpPEHa MOJENb TapMOHHUYECKOW (KonebarenbHOM) BcenenHolr B Buue
yhopyroro mnojoro mapa (TojcToil chepuueckoir 000JI0UKH), 3aMOIHEHHOTO KBAHTOBAaHHBIM
npoctpancTBoM-BpeMeneM [3]. HasBanwe «rapmonumueckas BcenenHas» wuumer oT ee
HECTAIIMOHAPHOTO COCTOSTHUS, paccMaTpuBas TOJIbI KBAaHTOBAHHBIM IIap, Kak OOBEMHBIN
YIPYrUi TPaBUTALMOHHBIA TAPMOHUYECKAN OCUMIUIATOP TPABUTALIMOHHBIX BOJH. B oTinnuume or
ANIEKTPOMATrHUTHOM MONEPEYHON BOJIHBI, TPaBUTALMOHHAS BOJHA MMEET MPOJAOJIbHBIN XapaKTep
koneOanmii [99, 100]. Takoil rpaBHTAIlMOHHBIA OCHUUIATOP XapaKTEpU3yeTCs HEMPEephIBHBIM
BOJIHOBBIM IIPOLIECCOM IEPEPACIPENEIICHNs KBAHTOBOM IUIOTHOCTH MO Paguycy OT LEHTpa K
nepudepun, u HaoOOpoT, obecrieunBas UUKIWYECKUN Xapakrtep BcenenHolf, korna
aHTUTpaBUTAlMs cMeHsieTcss TsaroreHueM. [lox gdeiicTBuem THno0anbHONW AaHTUTPABUTALIUU
TaJIaKTUKH pa30eraroTcs OT LEHTpa ¢ YCKOPEHUEM, a MO JAECUCTBUEM II100albHOTO TATOTEHUS,
HAQUMHAIOT JIBUraThCs K LEHTpY BceneHHol Takke c yckopeHueM. [Ipouecc mosTopsieTcs
nukiauuecku. Ilostomy Hama BceeneHHas He miiockas, a HCKpuBJIeHa (cepuyecku
neGpopMHUpOBaHa), MPUYEM €€ UCKPUBIICHHE HE CTaTUYECKOe, a JMHAMUYECKOe, U3MEHSIOIUECs
KaK 10 BEJIMYMHE, TaK U 110 HAIIPABJICHUIO C IEPHOJOM BO MHOTHE MUJUIHAPIBI JIET.

B pabore [97] Takke ykaspiBaeTCs Ha JAEHCTBHE TIOOATBLHON aHTHIPABUTAIUH,
OOBSCHSIONIEH MPUPOTY YCKOPEHHOTO pa30eranus rajakTHK, HO He Oomee 3toro. [Ipu sTom He
paccMaTpuBaeTcs cama NOpUpoja TpaBUTAlMM W aHTUrpaButanuu. K Tomy ke, aBTOpam
HEO0OXOIUMO CChIIATHCS HAa MO MPUOPUTETHBIE PabOTHI B 3TOM 00s1acTH.

Mogaens rapmMoHHUeCcKON BceneHHon ecTh pa3BUTHE MOJENH yJIbCUPYIOLIEeH BeeneHHoi
Opuamana. OTiawume COCTOMT B ToM, uTO, Bceenennas B teopuu CyrnepoObeIWHEHHS] HE
pacimmpsieTcs, TO €CTb pa3Mepbl KBAHTOBAaHHOW BceneHHOW OCTaloTCs HEU3MEHHBIMH, a UAET
BOJIHOBOE IE€PEPACIIPEECICHUE KBAHTOBOM IUIOTHOCTH KBAaHTOBAHHOI'O IPOCTPAHCTBA-BPEMEHH.
KBaHTOBaHHOE MPOCTPAHCTBO-BPEMS ITO CBEPXYIpYras cyOCTaHIMA, PACHIMPEHHE WM CXKaTHe
KOTOPOH CONPSIKEHO C PUMEHEHHEM KOJIOCCaIbHbIX cHil. Kak yke oTMeuanocs, 1axe B pexume
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YEPHOU JBIpbI KBAHTOBAHHOE IIPOCTPAHCTBO-BPEMSI MOXKHO CKaTh TOJIBKO B J1Ba pa3a. M no ceoen
CTPYKTYype Hallla KBaHTOBaHHas BceneHHast HarloMUHaeT OOJIbIIe TBEPOE TEJIO0 — CBEPXYNPYTUuit
KBAa3WKPUCTAJUI, KOTOPBIH CaMONpPOW3BOJIBHO HE MOXET pacumpsaThes. Halmonaemoe
pacumpeHue — 3To He pacuupenre BeeneHHoi, a 310 pazderanue rajakTuk.

Mogaenps BeenenHol B BUJIE MOJIOTO 1Iapa €CTh HE YTO MHOE, KaK BcenenHas B COCTOSHUM
Oenoii apIphl (puc. 18), reHepupyromiei r1odaabHy0 aHTHrpaBuTanuio [98], HarpaBiICHHYIO OT
neHTpa k nepudepuu. IloaTomy ramakTiuky paszderaroTcs ¢ yckopeHueM. Takas Moaenb MOXKET
YIOBJETBOPAThH YCIOBHUSM TapMOHHYECKOTIO OCIIILISATOPA, Kak 3TO ObUIO MOKa3aHo Bblme. Jis
Bcenennoii cocrosinue 0enoi IbIphl OTIMYAETCS OT COCTOSIHUSL 0ol JbIpbl B KBAaHTOBAaHHOM
IIPOCTPAHCTBE-BPEMEHH, MOCKOJIbKY y BeceneHHOil Kak BHYTpPH, TaKU C BHEUIHEH CTOPOHBI
OTCYTCTBYET KBAHTOBAHHOE MPOCTPAHCTBO-BpeMs. 110 hopme — 3TO M30IMpOBaHHBIH MOJBIH map
¢ BHemIHel cdepoil U BHyTpeHHEH cdepoii monoctr. Mexay BHYTpEeHHEH U BHEIIHEH chepamu
HAXOJUTCSl ~ KBAaHTOBAaHHOE  IPOCTPAHCTBO-BpEMSs,  IPEICTABIAIONIEE COOOW  yIpYryro
kBaHToBaHHy10 cpeny (YKC), cnocobHyl0 K BOJTHOBOMY pPE30HAHCY OT BHYTpPEHHEH cdepbl K
BHEIIHEeH, 1 HaoOopoT. Torma B pekuMe TapMOHHUYECKOTO OCHWILUISTOpA IepepacrpeeieHne
KBAaHTOBOI IUIOTHOCTH OOJIbII€ HAIOMUHAET TUTAHTCKYIO TPaBUTAIIMOHHYIO BOJIHY, KOTOpas
NEPUOIMYECKH COBEpIIaeT KojeOaHWs MexIy cdepamu, H3MEHssI HalpaBICHHE BEKTOpa
nedopmanuu D mpu kaxkaoM nukie kojiebGaHui Ha MPOTHUBOMOJNOXKHOE. Celvac ranakTHKU
pasberaroTcst OT IeHTpa K nepudepun, 00pa3HO TOBOPsI, HA rpeOHE TPABUTAIMOHHON BOJIHEI, a
3aTeM, MOBEPHYT Ha3aJl, COBEpIasi HOBBIM IIHUKJI pa3BUTHS, HTaK 10 OeckoHeyHocTtH [3, 98].

A ecnu map Oyzaer He oI, a crutomHoi? To u npu Takoit popme Beenennol, ynpyras
KBaHTOBaHHAsl cpe/la BHYTPH IIapa MOXKET MPEeACTaBIATh COOOM TapMOHMYECKH OCIUILISATOP,
KOrja IepepacrnpesesieHuss KBaHTOBOH IUIOTHOCTH OIIMCBHIBAE€TCS YpPaBHEHUSMM KojeOaHUM
ynpyroii memOpansl. Hampumep, konebaHus MeMOpaHbl Ha TIEpBOM TapMOHHMKE JaioT
nepepacnpeziefieHie KBaHTOBOW IUIOTHOCTH OT LIEHTpa K mnepudepuu, U HA00OPOT, peanusys
MoJielb TapMOHHYECKON BceneHHOM, Korja rajakTUKHU TEepUOJUYECKH pa3derarorcs, a 3aTeM
coerarorcs.

Ecnu xonebanus MemOpaHbl OyAyT Ha TpeThel rapMOHUKE, TO TaKas MOJENb KOJIeOaHHit
peanu3yeT MOSIBICHUE B LEHTPE MIapOBOM BceneHHol MUHYC-Macchl, KOTOpass CMEHUTCS IUIFOC-
Maccy, MEePUOJUYECKH CMEHsS IEHCTBHE aHTUIPaBUTALlMM Ha TpaBUTaluio. M3ommpoBaHHas
Mojzielb Hamed BceneHHOW HAanmOMUHAET COCTOSHUE 4YEpHOM KBa3HMIBIphl B HEOOBSITHOM
Kocmoce, n peub MOXKET MATH O MHOXecTBe BceneHHbIX L[MOIKOBCKOro, KOTOpBIE MBI, K
CO’KaJICHUI0, HE B COCTOSIHMM HAOJI0JIaTh MU3HYTPU YEPHOM JBIPbI, MOCKOJBKY CBET HE MOXKET
IPE0I0JIeTh TOPU3OHT cOObITUH. Te uepHblie AbIPbI, KOTOPbIE €CTh BHYTpHU Haulei Bceenennoii —
3TO yXK€ Apyrue mo cBouM (PU3MUYECKUM IapaMerpaM, YeM BHEIIHHME KBa3WJIbIpbl, HamojaoOue
Haiel BeeneHHou.

MemOpaHHbIE MOJETM HE Jal0T TOYHOTO OIKCAHUS IPOLECCOB KOJEOAHWHM BHYTpPHU
o0bemMa c¢epbl U3 KBAaHTOBAaHHOTO IPOCTPAHCTBA-BPEMEHH, CBS3aHHbIE C BOJHOBBIM
nepepacnpezielieHieM KBaHTOBOW IUIOTHOCTH cpeabl. Hanerock, uTo MaTeMaTHKU 3TOT pobern B
TEOPETUYECKON (PU3UKE CMOTYT YCTPAHUTb.

MHot0 npuBEIEHO TpPU POJACTBEHHBIX MOJENH BceneHHo#, KOTopble OOBACHSIOT
pa3OeraHuu rajakTUK C YCKOpPEHHEM MpHU HAJMYUM BOJHOBOH aedopmaruu (MCKpPUBIIEHUS)
KBaHTOBAaHHOTO TPOCTPAHCTBA-BPEMEHU M CO3JaHUS, TEM CaMblM, TPAJAUEHTHBIX CHII,
TOJIKAIOIIUX TaJlakTUKH, B TOM 4YHUCIE. Imo o3Hauaem, 4mo KaKou-iudo ocooou gopmot
memHoll IHepzuu 6 npupooe He cyujecmeyem. EcTb ckpbiTas (JaTeHTHas1) ¢popMa DHEPTUU B
BUJIE CBEPXCHUJIBHOIO 3JIEKTPOMarHuTHoro B3aumoneicTBus (COB), HocureneMm KoTOpOro
ABJIIETCS. KBAaHTOBAHHOE MPOCTpaHCTBO-BpeMs. Kak yke oTMmeuanoch, SHEProeMKOCTb OJHOIO
KyOOMeTpa KBaHTOBaHHOT'O MPOCTPAHCTBA COCTABIISET MOPSIKA 107 JT/M*, 1 9TO SKBUBATIEHTHO
SHEeprum Bcero BemecTBa Bceemennoil. OcHoBHas wmatepus BO BceeneHHoOW mpeacTaBiieHa
KBAaHTOBAHHBIM MPOCTPAHCTBOM-BpeMeHeM. BerectBeHHas (HaOnronaemas) yactb BceneHHON
HUYTOXHO Majia [0 CPaBHEHHUIO C JATEHTHOM 3Hepruei KBaHTOBAaHHOI'O MPOCTPAHCTBA-BPEMEHHU.
ITosToMy Hameln BeeneHHOW He TPO3UT TEIUIOBAs UM XOJIOAHAS CMEPTh.
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C yderoM Hanuuus CHUJ AHTUTPABUTALMOHHOIO OTTAJKWBAaHUS B MHUKPOMHUpPE
JJIEMEHTAPHBIX YaCTHUI], KOTJa 3JIEKTPHUYECKUE KBApKU HAXOIATCS B COCTOSHUM KBapKOHOB
(37EKTpOHHOE HEUTpUHO puc. 4, 3HaKoNEepeMeHHas 000i04ka HyKiIoHa puc. 10), MoxHO
KOHCTAaTUpOBaTh, 4YTO AHTUIPABUTALUSA LIMPOKO pPACHPOCTpaHEHa 10 pa3MmepoB BceneHHoM
(aHTUTrpaBUTAIIMOHHOE pa30eraHue rajJakTHK).

Ho nHeoOxomumo oOpatuTh eme oauH (GakT ACHCTBUS aHTUIPABUTALMHU, CBSI3aHHBIN C
HEOJIHOPOJHBIM PAaCHpeeIeHUEM IUIOTHOCTH BEIIECTBA B Telle, KOTOPOE BEAET K CO3JaHHI0
HEOJHOPOAHOM IUIOTHOCTH KBAaHTOBAaHHOI'O IIPOCTPAHCTBA-BPEMEHU BHYTPHU Telsa, BbI3bIBas
IPaJUEHTHBIE CHWJIbl TATOTEHUS WIM OTTAJKHUBAHMUS. Y MEHS HE BbBI3BIBAET COMHEHME, 4YTO
IUIOTHOCTh BeliecTBa JIyHbl pacnpezeneHa HEOJHOPOJHO, YBEJIMYMBAACH B HAIIPABICHUM IIO
paauycy K 3emie. B utore BO3HMKAaeT cujaa aHTUTPAaBUTALMOHHOTO OTTaJKUBaHMs Ha JIyHy B
[I0JI€ TATOTEHUs 3eMIIM, IPUYEM LIEHTP HNPUIOKEHUS 3TOM CHIIbI OTTAIKUBAHUS HE COBIAAET C
LIEHTPOM IPUJIOKEHUSI CHII 36MHOIO TAroreHus. B atom miane JIyHy Hajgo paccMaTpuBarh Kak
IPAaBUTAllMOHHBIN  AMIIONb, KOTOPBIH B  pajdalbHOM TIPaBUTALMOHHOM Ioje  3eMiu
OPUEHTHPOBAH OCBHIO JUMOJS MO paanycy K 3emie. DTUM 00bsCHSIETCA TO, uTo JIyHa moBepHyTa
K 3emiie OHOH CTOPOHOH. A MpHUHATOE OOBSICHEHUE 3TOMY (aKTy TeM, YTO HEpUOJ BPALICHUS
JIyHbI BOKpYT COOCTBEHHOM OCH COBIAAAET C NEPHUOJOM €€ OOpalleHUs] BOKPYT 3€MJIH, SBIISETCS
BCEro JIMIIb CJIEJCTBUEM ACUCTBUS Ha JIyHy IpaBUTALlMOHHOTO JUIIOJIBHOTO MOMEHTA. 3Has
MOMEHT uHepuuu JIyHbl U ee IuOpannio, HETPYIHO BBIUMCIUTH I'PABUTALIMOHHBIN AUIONIbHBIN
MOMEHT JIyHbl M BEIMYMHY CHUJIbl AQHTUIPABUTALIMOHHOI'O OTTAJIKUBAHUS, JEHCTBYIOLIYIO Ha
JIyHy, 1 yTOUHUTH TE€M CaMbIM JEUCTBUE 3€MHOI'O TSATOTEHHUS.

HecmoTpst Ha 4TO, 4TO aHTUTPAaBUTALMS IIUPOKO MPEJICTABICHA B MPUPOJIE, €II€ COBCEM
HEJAaBHO IJIaBa KOMHCCHM 1O JpkeHayke Pocculickoii akanemuu Hayk (PAH) akamemuk 3.
KpyrisikoB rpomMus uccienoBanus 1no anturpaButaumu: «Hackonvko sa 3naio, Koe-20e 00 cux
nop 3anumaromca anmuzpasumayuei. Tax eéom, ecau o6yoem npoeooumsbcsa OeicmeumeibHo
cepvesnas IKCnepmu3sa, mo éce IMo HcyibHuvecmeo npekpamumoca» [101]. Hazxerock, urto ¢
yxonoM KpyriisikoBa 3TOT mo3opHenmmii (pakT HaydHOW HEKOMIIETEHIIMU OOJIbIIE HE TTIOBTOPUTCS
B uctopun PAH.

9.2. UckpuBiieHHe JIyYa CBeTa B HEOJHOPOJIHOM KBAHTOBAHHOM IIPOCTPaHCTBe-
Bpemenu. Teopuss CynepoObenuHEHHs TMOApa3yMeBaeT HE TOJbKO OOBEJUMHEHUE YeThIpex
M3BECTHBIX (DYHAAMEHTAJIBHBIX B3aUMOJCHCTBHUI C €IMHBIX MO3ULUH, HO U JaeT 0OBACHEHUE C
€IMHBIX TO3MLUH HOBBIX AKCIEPUMEHTANbHBIX ()AaKTOB M ACTPOHOMUYECKHUX HaOIIONEHHUH ¢
MO3UIMI KBAHTOBAHHOIO TMpPOCTpaHCTBa-BpeMeHU. Ilepen 3TuM ObUIO TOKa3aHO, Kak
00BSICHAETCS] YCKOPEHHOE pa30eranue rajlakTHK He TOJbKO B CTaTHUKE, U TUHAMUKE, ONUPAsiCh Ha
rJ100aMbHbIe TPaBUTAILIMIOHHBIE BOJHOBBIE MPOLIECCHl C MacliTabaMH BCEJIEHCKUX PAcCTOSHUN U
HNepuoJIoM KojiebaHuil BO MHOTME MMJUIMApIbl JIeT. OTHUM IOKa3aHo, 4To jAedopmarus
(MCKpUBIIEHHE) KBAaHTOBAHHOIO IPOCTPAHCTBA-BPEMEHM MOXKET IPOU3BOJUTHCA HE TOJIBKO
TPaBUTHPYIOIIMMHU MaccaMH, HO ¥ BOJHOBBIMU I'DaBUTAllMOHHBIMH IpolieccaMu. I'paButanus u
AQHTUTpaBUTAIUS (BCE 3aBHCUT OT HarmpaBlieHHs BekTopa aepopmariu D) [33] Mmoxker poskaarscest
U B OTCYTCTBHH I'PaBUTHUPYIOLIUX MACC.

B mnameit BcenmeHHOM 3a €€ I[MKIWYECKYHD HCTOPUIO MPOUCXOIUIO MHOXKECTBO
I'PaBUTALIMOHHBIX TPOIECCOB, CBSI3aHHBIX C B3pbIBAMH 3BE€3Jl, UX POXKICHUEM, 00pa3oBaHHEM
YEpHBIX ABIP U APYTuX. JTO, KaKk B OacceliH KuJaTh MOCIIE0BATEIbHO KaMHH, 00pa30BbIBas Ha
MOBEPXHOCTH BOJIbI MHOXKECTBO BOJH M MX HMHTepdepeHuto. Ecan HabmonaTh 3a COTHEUYHBIM
Jy4OM B TakoM OacceifHe, TO BUJHO KakK JIydd CBETa MO-Pa3sHOMY MPEIOMIISIOTCS, MPEeACTaBIss
UCKPUBIICHHYIO OOIIyI0 KapTHHY WX Jydyedl cBeTa. DTO HarjsfHa aHAJIOTUS BOJHOBOIO
UCKPHUBJIEHMSI Jydell cBeTa B HEOJHOPOJHOM KBAaHTOBAaHHOM IPOCTPAaHCTBE-BPEMEHHU, KOTOPOE
c(OpMHPOBAJIOCH B pe3yJIbTaTe HAJOKEHUS CIIOHTAHHBIX TPABUTALMOHHBIX BOJH 32 MUJLTHAPbI
JeT. YUWUThIBas TUTAHTCKHE PACCTOSHUS U OTPAaHUYEHHOCTh CKOPOCTH BOJIHOBBIX IPOILIECCOB
CKOpPOCTBIO CBeTa, OOJAaCTH, TaK Ha3blBAEMOW TEMHON MaTepHuM, BBINVIAJAT CTATHUYECKUMH,
NpeJICTaBiIsisi CcOOOW CryCTKM U Pa3psDKEHUS KBAHTOBOM  IMJIOTHOCTH — KBAHTOBAHHOIO
IPOCTPaHCTBA-BPEMEHH. DTO UCKYCCTBEHHBIE O0JIACTH IPABUTAIIMM U AaHTUTPABUTALIUU, KOTOPBIE
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chopMUpOBaNTUCh 0€3 ydacTHs TPABUTAIIMOHHBIX W AHTUTPABUTAIMOHHBIX Macc. [loartomy,
MIPOXO/ISl Yepe3 HEOJAHOPOJIHOE KBAaHTOBAHHOE MPOCTPAHCTBO-BPEMS], JIyd CBETA OTKJIOHSETCS OT
NpsIMOM JIMHUM B TY WIK UHYIO CTOPOHY, B CTOPOHY YMEHBIIIEHUSI KBAHTOBOM MJIOTHOCTHU CPEJIbI.
EctecTBeHHO, 4YTO KOIra acTPOHOMBI OOHAPYXHIM HUCKPUBJICHHE CBETOBBIX JIyuei
OTCYTCTBHE T'PAaBUTAIIMOHHBIX MACC, OIIMOOYHO IMOJaras, YT0 KOCMUYECKOE MPOCTPAHCTBO — ATO
OJIHOPOJHBIN BaKyyM, TO MMEIOIIMICS YPOBEHb 3HaHHM ObLT HEAOCTAaTOYEH AJisi OOBSCHEHUN
Habmoaemoro 3 dekra. Bor u npuaymanu odepeHol Mud 0 TEMHOW MaTepUU U JaKe CTalU

UCKAaTh €€ YaCTHIIbL.

Sl namien B HMHTEpHETE XapaKTepHbIM puc. 19, WLUTIOCTPUPYIOUIMIA y4YacTOK, SKOOBI
MOJICTUPYIOIINKM TeMHYI0 MaTtepuio. C MO3UIMI KBaHTOBAaHHOI'O MPOCTPAHCTBA-BPEMEHU — ITO
y4acCTOK  HEOJAHOPOJHOIO  IPOCTPAHCTBA-BPEMEHH,  XapaKTEPU3YIOLIUMHCS  HU3MEHEHHEM
kBantoBoii motHoctd +Ap(f(r)) kak dyakuum paccrosuus. Ha puc. 20 mpencraBieHHas
rpaBUTAIMOHHAs JUarpaMMa HM3MEHEHHS KBAaHTOBOM IUIOTHOCTH p B paspe3e puc. 19,
OTHOCHTEJILHO pPo, Kak QyHKIHs paccTosuus p = pg +Ap(f(r)).

Puc. 19. MonenupoBaHue yyacTka TEMHOU Puc. 20. I'papuTaniioHHast aguarpaMmma HEOJHOPOIHOTO
MaTepuH (U3 UHTEPHETA). KBaHTOBAaHHOT'O POCTPAHCTBA-BPEMEHHU.

B teopun CynepoObeawHEHHs ITOKa3aHO, YTO CKOPOCTh CBETa SBISETCA (YHKIHEH
kBaHToBOM IuioTHOcTH C=f(p) [1]. K TOMYy e BEKTOp CKOPOCTH CBETa B OJHOPOIHOM
KBaHTOBaHHOM ITPOCTPAHCTBE-BPEMEHM HAIpaBleH MO NPsAMON JuHUH. Ecim KBaHTOBaHHOE
IPOCTPAaHCTBO-BPEMSI MCKPHUBJICHO, TPHYEM MHOTOKPATHO, BBIACISS W3MEHEHHUE KBAHTOBOM
TUTOTHOCTH, TO B TAKOM HEOJTHOPOJHOM MPOCTPAHCTBE-BPEMEHH JIyd CBETa OyIeT HCKPHUBISATHCS,
KOMHUPYSI HEOIHOPOTHOCTH KBAaHTOBOW IUIOTHOCTH cpensl. B Teopunm CynepoObenuHeHUs
BIIEPBBIC TIPHBEJCHA JBYXPOTOpHAs CTPYKTypa ()OTOHA, KOTOpas MO3BOJISIET paccMaTpHUBaTh
HPOIIECCHI OTKJIOHEHHS (POTOHA B CHIIOBBIX mouisix [102].

Takum 00pa3oM, MCKpPHBJICHHE JIyda CBeTa OOBSICHSIETCS HEOIHOPOJHOW CTPYKTYpOil
KBaHTOBAaHHOTO TIPOCTPAHCTBA-BPEMEHHW, ¥ BBEJACHUC TMOHATHSA TEMHOH MaTepUH IS
OOBSCHEHHUS JaHHOTO SBJICHHS OBUIO BBI3BAHO OTCYTCTBHE HEOOXOIUMBIX (yHJaMEHTAIBHBIX
3HAHUM.

Tor ¢akT, 4YTO KBaHTOBaHHOE MPOCTPAHCTBO-BpEMs HEOAHOPOJHO B MacmTadax
Bcenennoii monarBepaaeTcsi aCTPOHOMUYECKMMH HaOmrojeHussMu. Ho 3TO ruranTckue mo
MaciradaM ¥ BpeMEHH HEOJAHOPOJHOCTH. He BBI3BIBAET COMHEHHS, YTO €CTh HEOJHOPOJHOCTH
KBaHTOBOH IUIOTHOCTH KBaHTOBAaHHOTO TIPOCTPAHCTBA-BpEMEHHM OoJiee MENKOro Macmrada,
KOTOpBIC MPOSBIISIOTCS TPU JABMKCHUU 3€MJIM M COJTHEYHOM cucTeMbl B menoMm. Kak camosner
JICTUT, TIPOBAIMBASCH B BO3YIIHBIC MBI HJIM B3MbIBasi BBEPX KakK Ha TOPKY, TaK M 3eMJIs JIETHT B
KOcMoce, TozaBepraercss (pIyKTyalusM KBaHTOBOH IUIOTHOCTH CpeObl KBaHTOBAHHOTO
POCTPAaHCTBA-BPEMEHH, & BO3MOXKHO, M €€ KaKUM-TO MEePHOAMYECKUM IHUKIaM. Ammaparypa,
KOTOpas MOrjia Obl KOHTPOJMPOBATH U3MEHEHHS KBAHTOBOW IUIOTHOCTU CPEJIbI, MOXET OBITH
co3aaHa ToJibKo Ha 6aze Teopun Cynepoobsenaunenus [103].
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KoHTpONb COCTOSIHUS KOCMUYECKOTO IMPOCTPAHCTBA CO CTOPOHBI M3MEHEHUS! KBAHTOBOM
IUIOTHOCTH CpeIbl KBAHTOBAHHOTO IPOCTPAHCTBA-BPEMECHU SIBJSIETCS OUYEHb  BaKHBIM
napaMeTpoM, KOTOPBI OTBEUYaeT 3a COCTOSHHE BCEX MAcC YACTHII U Tell B JIOKAIBHON 00JIacTH
KOCMHYECKOro TpocTpaHcTBa-BpeMeHu. CornacHo Teopun CynepoObeqHEHUsT Bce Tela U
YaCTHIIBI PEACTABIAIOT COOO0M OTKPHIThIE KBAHTOMEXAaHUYECKHE CUCTEMBI, SBJISISICH COCTAaBHOU U
HEpPa3pbhIBHOW YacCThbI0 KBAaHTOBAaHHOTO IPOCTPAaHCTBA-BPEMEHH, SBISSCH 4acThio Kocmoca.
[TosToMy nrO0BIE WM3MEHEHHsI KBAHTOBOM IUIOTHOCTH Cpelbl HEOOXOAWMO KOHTPOJIHPOBATbH,
BIUIOTH /IO TOTO, YTO 3TO MOMKET BJIMATH HAa CAMOYYBCTBHE JIIOJICH, aHAIIOTUYHO MAarHUTHBIM
OypsM.

Ho pe3kue wm3MeHEHHsI KBaHTOBOH IIOTHOCTH CpPEIbl MOTYT BBI3BaTh M CEpPhE3HBIC
IUTaHETapHBIE KaTaKIM3MbI, TaKHe KakK 3eMJIeTpsicCeHHs M IyHamu. K coxaleHuro, HEeKHi
KOHTPOJIb BEJIETCS TI0KAa TOJILKO Ha YPOBHE TPaBHUMETPHU, PETUCTPUPYS H3MEHEHHE 3EMHOTO
TSATOTEHHSI BO BPEMEHH, KOTOPOE HE SIBJISCTCS MOCTOSIHHBIM U TIOABEpKeHO (urykTyarusm [104],
BKITIOYAOIIUM TaKKe (PaKTOP HEOJAHOPOTHOCTH KBAHTOBAHHOT'O IIPOCTPAHCTBA-BpeMEHH. B aTom
[IaHe HeoOXOAMMO cJenaTh 3aMe4YaHue 110 T[OBOAY HEM3MEHHOCTH TI'PaBUTALMOHHOM
nocrossHHOW. B Teopum  CymepoObeAMHEHUS TPABUTALMOHHAS TIOCTOSIHHAS — SIBJISICTCS
KOHCTaHTOH, a JIIOObIe U3MEHEHHS U (QIIYKTYallMH TATOTEHUS B TPABUMETPHH — TO BCETO JIUIIb
U3MCHEHHs TATOTCHUS (a HE TIPABHTAI[MOHHOW KOHCTAHTHI), OOYCIOBJICHHBIC B TOM YHCIIE,
GIuIyKTYyanusiMu KBAHTOBOW TUIOTHOCTH KBaHTOBAaHHOTO IPOCTPAHCTBA-BPEMEHH.

Hemoxo ObutOo OBl 3KCIIEPUMEHTAILHO CBS3aTh ILUKIBI COJHEYHOH AKTUBHOCTH C
M3MEHEHHSMH KBAHTOBOW IUIOTHOCTH Cpelbl. A TakKe HEOOXOIWMO NPOBEPHUTH CHHXPOHU3M
Pa3IMYHBIX TMEPUOJUYHOCTH LUKIMYHOCTH TIPOIIECCOB 3EMHBIX yciaoBusx M Ha CONHIE C
UKIMYHOCTHIO M3MEHEHHsI KBAaHTOBOM IUIOTHOCTH Cpelbl. B 3TOM Iiane ocoOblii mHTEpec
IPEICTABIAIOT UccaenoBanus nmpodeccopa A. Umkesckoro (Kocmudeckuit myibce xuzan) [105].

Bosiee TOHKHME M3MEHEHHUS KBAaHTOBOH IUIOTHOCTH CPENbl, MO-BHIUMOMY, Y4acTBYIOT B
cosnanue 0enoro u (JIMKKEp MIYMOB B Pa3IMYHBIX (PU3UUCCKUX, XUMUUYCCKHX U OMOIOTHUYSCKHX
nporeccax. Heobxoaumo oOpatuth BHUMaHuMs Ha wucciemoBanus mnpodeccopa C. Ilnomns,
0cOOeHHO B 00JacTH OHMOJIOTMH, KOTJa PE3yJIbTaT HWCCICIOBAaHHI HE HMMEET OJTHO3HAYHOTO
3HAYCHHS U TIOJIBEPKEH HEMOHATHBIM (UIYKTyarusm, Kotopsie IIIHOIb CBSI3bIBAaET ¢ (IIyKTyaIuu
IpocTpaHCTBa-BpeMeHH: «l3 COBOKYNMHOCTH pe3ylbTaTOB ClIENaH BBIBOJA, B COOTBETCTBUM C
KOTOPBIM TPEJCTABISETCS BEPOSITHBIM, YTO AMCKPETHBIE (IYKTyallMd H3MEPSeMBIX BEIUYHH
SBJISIIOTCSL CIIEACTBUEM (DIYKTyalluu MPOCTPAHCTBAa-BPEMEHH, SIBJISIOIIMECS, B CBOIO OYepeb,
CJIEZICTBHEM JIBWKECHUS HM3y4aeMbIX OOBEKTOB B HEOJHOPOIHOM TI'PAaBUTAIIMOHHOM roje. JTa
HEOJHOPOAHOCTD, NT0-BUJUMOMY, 00yClIOB/IeHa Halu4neM "HeOeCHbIX Tel" — CryIeHUsIMH Macc
B OKPYXaoIlleM TMPOCTPAaHCTBA; MpPH JBIKEHHH OOBEKTa OTHOCHTEIBHO OTHUX Tel, B
HEOJHOPOJAHOM TPABUTALMOHHOM I0Jji€, BOZHUKAIOT I'PaBUTALMOHHBIE BOJIHBL. B Kakaoi Touke
NPOCTPAHCTBA-BPEMEHH  TMPOUCXOAWT HWHTepdepeHust dSTux BoiH. COOTBETCTBYIOIIAS
uHTep(EepeHIIMOHHAs KapTHUHA TMPOSBISETCS B TOHKOM CTPYKType U3y4aeMbIX HaMH
rucrorpamMm» [106].

10. HoBble 3KcniepuMeHTANbHbIE (PAKTBI

Briepsbie Teopust CynepoObeIuHeHNs JaeT HaydYHOe 0OOCHOBAHUE TAKOMY YHUKAIbHOMY
SABJICHUIO KaK IIPonIecc (bOpMHpOBaHI/IH MAacCChl y DOJEMCHTApPHBIX 4YaCTUI B PE3YIbTAaTC
cdepuueckoil 1edopmanuy KBaHTOBAaHHOI'O MPOCTPaHCTBa-BpeMeHH (puc. 5 u puc. 7). Macca —
9TO 3HepFeTquCKHﬁ CI'yCTOK KBAHTOBAHHOI'0 IIPOCTPAHCTBA-BPEMCHU JSJICKTPOMAIrHUTHOI'O
IPOMCXOXKACHUS, 3TO MCTOYHHK aKKyMYJIHpPOBaHHOW paHee sHepruu. OcBOOOXKIEHHE STOH
PHEPTUU HWJET Yepe3 MEXaHW3M IpeoOpa3oBaHMs Macchl B BHIE aedekra macchl B (poTOHHOE
AIIEKTPOMArHUTHOE U3ITyYeHHE, PEACTABISISI OCHOBY TEIJIOBOM 3HEPTeTHKH.

OaHOBpEMEHHO Teopus CynepoObeauHeHUs OOBSICHSIET HabJto1aeMble
JKCHepUMEHTaNbHbIe 3()()EKTh B KOCMOJIOTUU (TEeMHasi SHEPIUs U TeMHasl MaTepus) ¢ €AMHBIX
NO3UIMI HCKpHBIEHUs (Aepopmaliiv) KBaHTOBAHHOTO MPOCTpaHCTBa-BpeMeHH. llpuyem 31O
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nedopmanusi KBaHTOBAaHHOTO MPOCTPAHCTBAa-BPEMEHH HE BCErJa CBs3aHa C TPaBUTHUPYIOIIMMU
MaccamMu, Kak B CJydya€ TEMHOM MaTrepuud MU TEMHOW »sHepruu. To, 4TO KBAaHTOBAHHOE
IPOCTPAHCTBO-BPEMSI MOKET OBITh MCKPUBJICHO O€3 y4acTusi TPaBUTUPYIOIIEH MacChl, CO3/1aBast
IpaJuCHTHBIE CHJIBI, MOXET OBbITh HMCIIOJIB30BAHO B alaparax Mo CO3JaHHI0 MCKYCCTBEHHOTO
TATOTEHUS (CUJIBI TATH).

OcHOBHOE Ha3HauY€HHE HOBBIX 3HAHUH, KOTOpbIe HaeT Teopusi CynepoObeAMHEHUS — ITO
pa3BUTHE NPUHLUUIINAIBHO HOBBIX YHEPreTUUECKUX U KOCMUYECKUX TEXHOJIOIMH. Y CTaHOBIEHO,
YTO €IUHCTBEHHBIM HCTOUYHUKOM IJI00ANBHON 3HEepruu Bo BceneHHOM sBisieTcss KBaHTOBAaHHOE
IIPOCTPAHCTBO-BPEMS B BUJE CBEPXCUIIBHOT'O IEKTPOMAarHuTHOro B3aumojeictaus (COB). Oto
nsaToe (QyHIAMEHTAIbHOE B3aUMOJICHCTBUE paHEee HEU3BECTHOE HayKe, OOBEAMHSIET C EIUHBIX
NO3ULMN TPAaBUTAIMIO, 3JCKTPOMATHETU3M, SIIEPHBIE M AIIEKTPOCIAOble CHIIBI M OTKpPBIBAET
HOBOEC HaIlpaBJICHHE B 3HepreTrke — KBanToByr0 sHepreTuky [48, 107].

B CrangaptHoii MoJenu  HEBO3MOXKHO  ONMCATh TIpPaBUTALMIO €  [O3ULUN
3JIEKTPOMAarHeTu3Ma, HEBO3MOXKHO BCE M3BECTHBIC BUJbI SHEPTUN CBECTU BOCAMHO K OJHOMY
UCTOYHUKY TJI00AJbHONW JHEPTUU — CBEPXCHJIBHOMY 3JIEKTPOMAarHUTHOMY B3aHMMOACHUCTBUIO
(COB), kak ato caenano B Teopun Cynepoobenuuenus. Hukoraa emnie ¢pu3uka He UMea TaKOTro
MOII[HOTO AHAJUTHYECKOI'0 alnapara, OTKPbIBAIOIIEr0 JOCTYI MPAKTUYECKU K HEOTPAHUYEHHOMY
uctounuky sHeprun COB B Buzae KBaHToBO#l sHepretuku. OTo Oomnee oOiiee MOHATHE B
SHEpPreTHKEe, 4YeM IPUHATO IOHMMATh I0J TEPMUHOM »HHepreTuka. KBaHTOBas sHepreTuka
BKJIIOUAeT B ceOs BCe M3BECTHBIC U €Ille HEU3BECTHBIC HEPTeTUUYECKUE IUKIIbI, B TOM YHCIE, U
aaepHylo 3Hepretuky. B teopunm CynepoObeauHEHMsI IOKa3aHO, YTO BCE BMJIbI SHEPrUU
(rpaBUTALIMOHHAS, MEXAaHUYECKas, HJIEKTPOMArHUTHAs, XUMUYECKas, sJepHas U Apyrue), B
KOHEYHOM UTOT€, CBOISTCS K OCBOOOXKICHHUIO U TIpeoOpazoBanuto equHoi sHeprun COB.

O TOM, YTO KOCMHYECKOE MPOCTPAHCTBO-BPEMS SBIIAECTCS HCTOYHUKOM TJI00ATbHON
SHEPruHM, HMHTYUTUBHO JOTaJbIBAJINCh MHOIME Yy4Ye€Hble [0 BCEMY MHUpPY, Mpeasaras
danTacTUYECKHE MPOEKTHI MO IO3YHTaMHU «OE3TOILTUBHON SHEPTETHUKNY, «IHEPTUU HHUOTKYAAY,
«3(hUPHOIT PHEPTUN», «IHEPTUU U3 BaKyyMa» M MOJOOHBIM HU3MBIIUICHUSIM, HE UMEIOIIUM IO
co0oil Hay4yHOro 0OOCHOBaHHS. 3aMedy, YTO KBAaHTOBAHHOE MPOCTPAHCTBO-BpPEMs HE HMeEET
HUKAKOTO OTHOIIECHUS K MEXaHUCTHYECKOMY Ta3onogoO0HOMYy 3(Qupy U MpeACTaBiIsieT co00i
MOJIEBYIO HEBECOMYIO0 (hopMy MaTepuH (3TO €CTh 3JEKTPOMAarHUTHOE CTaTU4YecKoe IoJe B
YUCTOM BHUJIE) [0 CBOMM YHUKAJIBHBIM CBOMCTBaM, HE MMOX0XKYI0 HU Ha OJIHY M3 BEIIECTBEHHBIX
Cpel: Tra30moJ00HYI0, XKHUAKYI WIM TBEpAYK. DTH YHHUKaJbHbIE CBOMCTBAa MaTepUU LIMPOKO
IpeJICTaBIeHbl U U3y4yeHbl B Teopuu CynepoObelHEHUsT Hapsily ¢ IPUPOJION CKPBITOM BHYTPHU
KBAaHTOBAaHHOTO MPOCTPAHCTBA-BPEMEHH I1100anbHOM dHepruei [1].

[To aTOMy moBoAY 3aMeuy, UTO 3aKOHBI COXPAHEHHS YIHEPTHH JAEUCTBYIOT BEUHO, U HUKTO
ux He oTMeHsl. U kornma peds uaer 06 OCBOOOXKIEHUM T100AIbHON SHEPrMM KBAHTOBAHHOTO
IPOCTPAHCTBA-BPEMEHH, TO HEOOXOIMMO 00ECIIEUUTh SHEPTETUUECKUE IIUKIIBI €€ OCBOOOXKIEHUS,
KaK »d3TO JENaeTcsl Yepe3 TPAaJULUOHHBIE XHMHUYECKHUE WIM SJIEpPHbIE PpEaKUUH WU
OPUHLMIIMAIBHO  HOBBIE  DJHEpreTMYecKue  IUKIbl,  Oasupylomuecs  Ha  TEOpUH
Cynepoobenuuenus. B n1robom ciyyae ocBOOOXKAECHHE PHEPIUU HAET 4depe3 Ae(eKT Macchl
AJIEMEHTAPHBIX YaCTHUI] U aTOMHOIO sJipa, a KOHEYHBIM PE3YJIbTAaTOM ITHUX pEaKlus SBISETCS
IPOM3BOJICTBO TEIJIOBBIX (DOTOHOB, CIEKTpaJibHAsl KOHILEHTpAlMs KOTOPBIX OINpenenser
TEMIEpaTypy Tena. ITU MPOLECCHl MOJO0KEHbl B OCHOBY MPOM3BOJACTBA TEIUIOBOM SHEPrUu Ha
0a3e KBaHTOBBIX peakTopoB [1].

[Tomumo mpon3BOICTBA TEMIOBOM SHEpruu B KBaHTOBOI 3HEPreTHKE paccMaTpUBAKOTCS
BOMPOCHI CO3J@HMsI CHJI HCKYCCTBEHHOTO TATOTEHHUS (MM AHTUTATOTEHMs), KOTOpbIE eIle
HUKOI'/Ia HE MCIOJIb30BAINCH B ammaparax (KBaHTOBBIX JBUTATENsIX) Kak ABMKHUTENU. B maHHOMI
CTaThe MPUYHMHBI TATOTCHHUS M AHTUTATOTEHHS PACCMOTPEHBI B TMOMYJSpHON ¢opMe Kak
rpaJueHTHbIE CWJIbI, OOYyCIOBJIEHHblE Jaedopmaniel (MCKpUBIEHHEM) KBAaHTOBAHHOIO
pocTpaHcTBa-BpeMeHH. bosee moapoOHO ¢ Teopueil TAroreHus (rpaBUTAUN) U aHTUTSATOTEHUS
(aHTUTpaBHUTAIIMK) U €€ PACUCTHBIM arapaToM MOKHO 03HAaKOMHUTHCS B [1].
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Takum o6pazom, KBanTOBas sHepreTuka BBIJCNSET JABa KPYIHBIX HalpaBICHUS
CBSI3aHHBIX C IIPOU3BOJACTBOM TEIUIOBOM SHEPIUU U CO3JaHHUEM CHJI HCKYCCTBEHHOT'O TATOTEHUS,
ompenensas Ha3BaHWE AalllapaToB Ul PealM3aluy JTUX JBYX HAIpPABICHUM KAaK KBAaHTOBBIC
pPEaKTOphl U KBAHTOBBbIE ABUTaTend. [IOCKONBKY BOT yX€ MOYTH [Ba ACCATHICTUSA S JIMYHO
COCpPENOTOUMII CBOE€ BHUMAHHUE HE TOJBKO HAa TEOPUM, HO U IKCIIEPUMEHTAJIbHBIX padoTax Io
CO3JAaHHIO CHJI MCKYCCTBEHHOT'O TATOTEHHs, TO IMpPEIIarar0 4UTATEIsAM O3HAKOMHUTH B IIEPBYIO
ouepesb C pe3ylbTaTaMU ATHX padoT.

10.1. KBanToBbBI€ ABUTaTEJM U acTeponaHas 3amura. CoBpeMeHHas HayKa HE 3HaeT
MHBIX CIIOCOOOB CO3JaHMS TSITM B KOCMHUYECKOM IPOCTPAHCTBE KPOME PEAKTUBHOTO 3a CYET
BbIOpOCa peakTHMBHOM Macchl. Mayio Toro, JjtoOble MONBITKA pPa3pabOTKU JBUTATeNed yis
co3maHusi TArM 0Oe3 BbIOpOCa PEAaKTUBHOW MAacCChl IOJBEPralOTCs IKECTKOM KPHUTHKE C
MOTUBUPOBKOH, 4TO B O€3BO3YIIHOM IPOCTPAHCTBE HEBO3MOXKHO CO3JaTh CHIy TIru 0Oe3
PEaKTUBHOM CTPYH, IMOCKOJBKY 3TO, SIKOOBI, IPOTHUBOPEUYHUT TpeTheMy 3akoHy Hprorona. Takoe
OTPHIIAHUE MHBIX CIOCOOOB KpPOME PEAKTUBHOIO MJET OT HE3HAHWUs IPUPOJbl TATOTEHUS
(aHTUTATOTEHUS ), KOTOpask Tenephb MoAPOoOHO packpeita B Teopuu CynepoObeAMHEHNS, OIUPAsCh
Ha KOHLENIMIO IPaBUTALMKU DHWHIITEHHA UCKPUBIEHHOIO (1e()OpMUPOBAHHOIO) MIPOCTPAHCTBA-
Bpemenu [1].

Utak, B Teopun CynepoObeIMHEHHs [OKa3aHO, YTO KOCMHYECKOE Oe3BO3IyIIHOE
INPOCTPAHCTBO NPEICTABISET COOOH CTaTWUYeCKOe JJIIEKTPOMArHWTHOE TII0JIe B BHUJE
KBaHTOBAHHOI'O IIPOCTPAHCTBA-BPEMEHH, KOTOpPOE SBISETCS HOCHUTEIEM CBEPXCHIIBHOTO
anekTpomarHuTHoro B3aumozeicteust (COB) (puc. 3). Temepp 3Has 3IEKTPOMarHUTHYIO
CTPYKTYPY KOCMHUYECKOT0 BaKyyMa MOKHO NpejajaraTh pa3jinyHble CIocoObl B3aUMOJIEHCTBUS €
ITOH CTPYKTYpOW IO CO3JaHHUS HWCKYCCTBEHHOTO TATOTeHUs (cuibl TiSru 0e3 BeIOpoca
PEaKTUBHOM Macchl). Y HMH)KEHEPOB MOSBUIICA MOILHBIA CTUMYIN JUIsl pa3pabOTKM KBaHTOBBIX
nsurareneil. [lepByio ycrennyro pa3paboTKy M UCIIBITAaHUS KBAHTOBOTO JIBUTATEINS C CHIION TATH
B umnynbsce B 500 H (50 xr) npu Macce annapata ¢ maccu B 50 Kr y1aja0ch IpOBECTH MHE €lIe B
2009 roay [5].

[TosToMy Korga s pe3ko kputukyro CtanaapTHyro Mozenb U uccieaosanus B LIEPHe no
noucky 6030Ha Xurrca, SKOObI OTBEYAIOIIETO 32 (JOPMHUPOBAHUE MACCHI DJIEMEHTAPHBIX YACTHII,
a c Maccol Hepa3pbIBHO CBsi3aHa rpaBUTAIM, TO 0TMevato, yTo BAK He sBisieTcst npubopom [uis
IPSIMOrO M3y4YEHHUsS! TpaBUTALMU. DTO HAMHOIO XYX€, YEeM IbITaThCsl MCKaTh UIOJKY B CTOIe
CEeHa, MOXKHO HUKOT/Aa He HaliTu. BmecTo 6030Ha Xurrca B Teopun CynepoObeIMHEHNsT OTKpPhITa
Jpyras 4acTula — KBaHT MPOCTPaHCTBAa-BpeMEHHU (KBaHTOH), KOTOpas OAHOBPEMEHHO SBIISETCS
NIEPEHOCUYUKOM IpaBUTalUU U 3ekTpomarHeTusMa. Ho BAK He B cocTossHMM Naxke pacilenuThb
KBAaHTOH Ha OTJEJIbHbIE KBAPKHM, €r0 BO3MOXHOCTH OrPAHMYEHBI M B JTOM HAallpaBJICHUMU.
ONEeKTpOMarHuTHas CTPYKTypa KBaHTOHA BBITEKAa€T W3 yPAaBHEHUN DJIEKTPOJUHAMHMKHU
MakcBemna. A y4acTue KBAaHTOHA B IPOLECCAaX IPABUTALMU PACKPBITO B KBAHTOBOM TEOPHH
rpaButaiuu B Teopun CymnepooObenaunenus [1]. B LIEPHe cnuikoM [0Aro MCKaiM 4YacTHILY,
OTBEUAIOLIYI0 Ha IPUPOAY MACChl, YTOOBI BIIUCATh TEOPHIO IpaBUTAllMU B CTaHAAPTHYIO MOJAEIb.
3a 310 Bpems B Teopun CynepoObenuHeHHs Oblia cOo37aHa TEOPUH KBAaHTOBOM IpaBUTAIlMM Ha
Oa3ze kBaHTOHa M JAedopmanMM KBAaHTOBAaHHOIO MPOCTpaHCTBa-BpeMeHH. M 310 ObLIO
MOATBEPKIECHO IKCIIEPUMEHTAIIBHO 10 CO3JaHUI0 CUJI UCKYCCTBEHHOI'O TATOTEHHUs C MTOMOILBIO
KBaHTOBOT'O JBUTATes [5, 6].

KoHne4Ho, 1 10 MEHSI HEOJHOKPATHO MPEANPUHUMAINCH MONBITKUA CO3aHUS ABUTATEIEH
c Tiroil 6e3 BbIOpoca peakTHMBHOW Macchl, HO Oe3pe3ylbTaTHO, IMOCKOJIbKY OTCYTCTBOBaja
KBAaHTOBAas TEOpHs IpaBUTalMU (TAroreHus). B cBoe Bpems s oOpaTwi BHUMaHHE Ha pabOTHI
anrnuyanuHa J[xona Cepia ¢ ero MarHUTHBIMH JUCKaMU, SIKOObI CO3Ja0IIMMU UCKYCCTBEHHOE
TaroteHne. OIHAKO KpoMe peKJiaMbl €ro paboT B HMHTEpPHETE s HE Hallle]l TEOPEeTUYECKOTro
000CHOBaHHUS €ro ammapara, HO s BC€ K€ MOBTOPUJ €ro KOHCTPYKIIMIO, MBITAasChb BBIMTH Ha
pexxumbl padoThl. K coxanenuto, y MeHsi HU4ero He mojy4yuiioch, annapat Cepna He 3apaboTad,
a Ha MpeJebHBIX PeKMMax MarHUTHBIE POJIMKH Pa3pbIBAINUCH MOJ JAEHCTBHEM IEHTPOOEKHBIX
cuit. K Tomy ke, 3Hast npupoy TATOTEHUS, sl TAK U HE CMOT IIOJIBECTH TEOpHIO NoJ Aucku Cepia.
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[To-BuuMOMYy, 3TO TOT Cilydail, KOIZla EJIaeMO€E BBIJAIOT 3a JACHCTBUTEIBHOCTh B PEKJIAMHBIX
LEJsX.

B Teopun CynepoObequHEHHsT YCTaHOBJIEHO, YTO CO3JaHHE HCKYCCTBEHHOW CHIIBI
TATOTEHHUS CBOAUTCS K AedopManuy KBAaHTOBAaHHOI'O IPOCTPAHCTBA-BPEMEHHM B JIOKAJIbHOU
00J1aCTH TPOCTPAHCTBA BHYTPH paboOvero Teia KBAaHTOBOTO JBUTATENA. B TOM e peakTUBHOM
JIBUTaTelle CO3JjaHME TSITM JIOCTUTAETCsl Takke Jedopmanyeil KBaHTOBAaHHOI'O MPOCTPAHCTBA-
BpPEMEHHU BJIOJb pabodero Teja ABHraTelsi, KOMM BBICTYNAET PEaKTHBHAs CTPYs, CO3JaBast
IPaJUEHT ILUIOTHOCTH BEILECTBA, & COOTBETCTBEHHO M IPAJMEHT KBAHTOBOH IUIOTHOCTH CPENbI
KaHTOBAHHOT'O IIPOCTPAaHCTBA-BPEMEHHW, B HANPABICHUM TSICM PEAKTUBHOIO JIBUraTENIs.
PeakTuBHBIN JBUraTenb Kak Obl OTTAJIKMBAETCS OT KBAHTOBAHHOI'O IIPOCTPAaHCTBAa-BpeMeHU. BHe
KBAaHTOBAHHOTO IPOCTPAHCTBA-BPEMEHU pPEAKTUBHBIA JBUraTenb padoTaTh HE Oyaer.
AHQJIOTMYHBIM CIIOCOOOM MOXXHO OBICTPO HArpeTh KOHELl AJTMHHOI'O METAJIIMYECKOrO CTEpPIKHS,
TaK, 4TOOBI POTHBOMOJIOKHBIN €r0 KOHEIl OCTABAJICSA XOJOAHBIM, U CTEP)KEHb CTAaHET HEMHOTO
JIeT4e B HAIPABIICHUU IPOAOJIBHOM OCH BBUIY T'PaJMEHTa IUIOTHOCTH M3-32 HEOJHOPOIHOTO
TEIJIOBOTO PACUIMPEHUS CTEPHKHS.

MeHs ke MHTepecoBall CIOCO0 CO3JaHMs TATH C IOMOIIBIO AJIEKTPOMArHUTHOIO BHHTA,
KaK 3TO C/IeaHo B mateHte [6], korga Ha KBAaHTOBAaHHOE MPOCTPAHCTBO-BPEMsI HAKIIAILIBAIOTCSI
CKPEILMBAIOIINECS HEOHOPOAHBIE JIEKTPUUECKHE U MarHUTHBIE Bpamatoniiecs nosist. OqHako B
IIPOLIECCE UCTIBITAHUI BBISICHUIIOCH, YTO CO3JJaHHE CBEPXCHUJIbHBIX MAarHUTHBIX MOJIEH B YCIIOBUSAX
Moell 4acTHOW JnabopaTopuu Obul0 HegocTHXKMMO. [loaToMy MHe mNpHUIUIOCH NepelTH Ha
UMITYJIbCHBIE PEXHMBI PaOOThl KBAHTOBOTO JBUTATENS CBS3aHHBIE C €r0 JHEPreTHYECKOU
HAKa4yKoOM M IOCIEeNYIOIUM BBIOPOCOM HMMIyJbCca TATM (IO TUIy KBAaHTOBOI'O reHepartopa). B
nsurarene [5] ¢ Tsaroi B 500 H (50 kr) B ummyiabce BpeMsi HAKaYKH COCTABISUIO OKOJO 4,5
cekyH/ibl. [I03TOMY Ha MPOTSKEHUU YETHIPEX MOCIEAYIOLIMX JIET MOU YCHJIUS ObUIM HAIlpaBJIeHbI
KaK Ha COBEpLICHCTBOBAHWE pa0OYMX OpPraHOB KBAaHTOBOI'O JBHUraTels, TaK M Ha CHUKEHUU
BPEMEHM HaKauku MeHee | cexkyHupl. Yxke ceiyac Hama kommnaHus «KBaHTOH» MOXeET
[IOCTaBUTh pabOTaIOIMN KBAHTOBBIM JBUraTenb ¢ HenpepblBHOM Taroi B 500 H na MKC nmns
ylepKaHus ee Ha OpOuTe AJUTEIbHOE BpeMsl MpH IUTaHUM OT COJHEYHOM OaTapeu. OTo
CYILECTBEHHBI MPOPHIB B KOCMOHABTHKE, IMOCKOJIbBKY JJIsi MHUTAHHUS KBAHTOBOT'O JBUTATENS
TpeOyeTcsl 3JIeKTpUUYecKass SHEprus, W KBAHTOBBIM JBHUraTelb HAMHOIO 3KOHOMHYHEE
PEaKTUBHOTO.

Ho rimaBHBIM HpOpHIBOM B KOCMOHABTHUKE OyAeT CO3/laHHME€ KOCMHMYECKOro Kopaldiis
HOBOTO TOKOJICHHsI C KBAHTOBBIM JIBHratesneM. Mou pacueTsl NMOKa3blBalOT, YTO MPU JUAMETpe
kopabss 10...15 MeTpoB ¢ ¢dopMoii THMA «TapeiKku», Macca KBAaHTOBOTO JABHUIaTeNsl COCTABUT
nopsaka 10 ToHH nmpu mMakcuManbHOU Tsre B 100 ToHH. [Iy1g muTaHUsT KBAaHTOBOTO JBUTATENsS
notpedyercsi HICTOUHUK SHEPTUU B BUJAE PEAKTOpa XOJIOAHOro sjepHoro cuHtesa (XSC) mmm
TOPUEBBII peakTop MOIIHOCTHIO Hopsaka 2...3 MBT. Torna Bpems noziera k Mapcy B pexxume
YCKOpEHUs § Ha MOJIIYTH C MOCIEAYIOINUM TOPMOXKEHHUEM COCTABUT Bcero 42 yaca ¢ IOJHON
KOMIIEHCallle HeBecoMOCTH. EcTecTBEHHO, UTO s1 M3HAYaJIbHO BBICTYMAK MPOTHUB MPUMEHEHUS
KOCMHMYECKHX KOpaOyielf HOBOrO MOKOJIEHUS B BOEHHBIX LIEJISAX MO MPOrpaMMe 3BE3THBIX BOWH,
MIOCKOJIbKY Y€JIOBEYECTBY T'PO3UT ONACHOCTh M3 KOCMOCAa OBITh YHUUYTOKEHHBIMU KPYIHBIMH
aCTEPOMIAMH.

AcTtepouHasi 3amuTa 3emMun. Sl yBepeH, 4TO Hallla [UBWIM3ALMS HE €AMHCTBEHHAs,
KoTOpble ObuM Ha 3emie. UTo mpou3oiaer, eciad Ha 3eMiIlo yhaJeT KpYNHBIH acTepoua U
YHUUYTOXKUT Hallly UMBUIN3aluu. BeokuBiive B riobaabHON KaTtacTpode JIoId HE B COCTOSHUU
OyayT mojepkaTh MMEIOLIUIICS ypOBEHb HAYKH M TEXHOJIOTUH M OY€Hb OBICTPO OAWYAIOT.
[Ipunercs nNpoOXOAWTH 3aHOBO KAaMEHHBIH, OPOH30BBIM U JKENE3HbIM BeKa, NPEXKIe YeM
4eJI0BEYECTBO JJOCTUTHET COBPEMEHHOI'O YPOBHsI pa3Butusa. 1 Ha 370, B JydiieM ciydae, yuaeT
5...10 toIcsu ner. Ceifuac HUKTO HE 3HAET, CKOJIBKO TaKMX IIUKJIOB OblIO B Mictopun 3emin. Ho y
HaC TMOSBWICA HCKIIOYMTENBHBIM IIAHC, YTOOBl M30aBUTh HAIly IUBHJIM3ALMUIO OT ONACHOCTU
OBITh YHUYTOXXEHHBIMU B PE3YyJIbTaTe aCTEPOUJIHOM aTaku U3 KOCMOCA.
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[Ipemiaratorcss pasnuuHble  crnocoObl OOppOBI € acTepougHOW omacHocThio. Ho
3¢ PeKTUBHOCTh WX BBI3BIBAaCT coMHeHue. Hambonee »hPexkTHBHBIM sBISETCS CIOCO0, Koraa
rpynmna KOCMUYECKUX KOpaOsiel HOBOTIO MOKOJIEHMsI MPWJIETAET HA acTEpou] U 3a Mecsll (UiIu
Oonee) paboThl ABHraTeiael OTBOAMT acTepoM]l ¢ OpOUTHI mepecedeHus c¢ 3emned. Tak, s
OTKJIOHEHHUSI OpOMTHI acteponsa Amoduc IT0CTaTOYHO OJHOTO KOCMHUYECKOTO KOpaldiisi ¢ TATOH
nsurateneii B 100 TonH B TeueHue 1 Mecsiia pabotsl auraresneii [108].

Kak yuenslii 1 MOry o0ecnieunTh HayuHOE COIIPOBOXK/IEHNE JAHHOTO IPOEKTA, HO PELIUTh
OpraHU3alMOHHO BCE MPOOJIEMBI 10 3allyCKy IPOEKTa He B MOUX cuiiax. He cMokeM pemuTs 3Ty
npobieMy, Hac KIET cynp0a TUHO3aBPOB, KOTOPHIE BBIMEPIIH, KaK YTBEPXKIAIOT SKCIIEPTHI, B
pe3yibTaTe CTOJKHOBEHMsA ¢ 3emiiell kpymHoro actepoupa. Ilocmorpute Ha JlyHy, oHa Bes
U3pBITa KpaTepaMu OT yjiapa acTepOuIOB.

10. 2. Xouoaubiii cuHTe3 U 3P dekT YmepeHko. MOXHO NMPOrHO3UPOBATH PE3KUIA
PBIBOK B DPa3sBUTHH SJEPHBIX TEXHOJOTHH (peakTopbl Ha OBICTPHIX HEHTPOHAX, TOpPUEBBIC
pEaKTOpbl), IOCKOJIbKY BIIEpBbIE CTajla M3BECTHAa NPUPOAA AJEPHBIX CHJI M MEXaHHU3M
(opMHpOBaHUS MAcChl Y HYKJIOHOB. [Ipy 3TOM MOXXHO OKMAATH KaK MOJIEPHU3AIIUIO N3BECTHBIX
AJIEPHBIX LMKIOB (PEaKTOpbl Ha OBICTPBIX HEUTPOHAX, TOPUEBBIE PEAKTOPHI), TAK M pPa3BUTHE
INPUHLMIIAAIBHO HOBBIX SHEPreTMUECKMX TEXHOJOTMi Ha 0a3e XO0JIOAHOro cHuHTe3a. MHOI
CHelMalbHO HE aKLEHTHPYETCs BHUMaHME Ha X0JIoAHOM siiepHoM cuHTede (XSAC) (peakrop
Poccu, kaBuranus), nockosibky Hapsagy ¢ XAC MOXHO OXUAATh HNpOpbIBAa B 00JacCTH CHUHTE3a
qacTull U aHTH4YacTUll (3¢ eKT YIIepeHKo) ¢ MOCIeIyIOIMUM UX HCIOJIb30BaHUEM B KayecTBE
TorunBa. Sl He Oyay aHAJIU3MPOBATH PA3IMUYHbIE CIIOCOOBI XOJIOJHOTO CHUHTE3a, OTMEYY TOJbKO
3¢ ¢exT YIiepeHKo, OCKOJIbKY PEIIEHUI0 ATOH NpoOIeMBl s yAEIHI JOCTAaTOYHO BPEMEHH KakK B
TeopeTrueckoM Iuiane [7, 8], Tak u B akcnepumeHTaabHOM [9].

B s¢dexre Yiepenko peanusyercs CHHTE3 YaCTHL M AaHTHYACTHUIL € MOC/IeAYIoImel nx
AHHUTWIsINMe. DTO TPUHIMIHAAIGHO HOBBIE DSHEPreTHMYECKHE IIMKJIBI  TO3BOJISIOIINE
UCIOJIb30BaTh MPAKTUYECKH JII000e BellecTBO B kauecTBe TorunBa. Eme B 1974 rony Cepreit
VYiiepeHko, KCTaTh MO ToBapuil, OyIydyd aclupaHTOM OTKPeUT 3(P(HEeKT aHOMaIbHOTO
BBIJICJIEHUS] SHEPrUM IpU O0MOapIupOBKE TBEPAOH MHUIIEHH MEIKOANUCHEPCHBIMU YacTULAMM-
yIapHUKaMHd MHUKPOHHBIX Pa3MepOB Ha CKopocTsax mopsnaka 1 km/c. [lpu 3ToM, BBIACICHHAS
sHeprus B 100...10000 pa3 npeBoCXOAUT KHHETUUECKYIO SHEPTUIO YaCTUI-yJaPHUKOB. S TU4YHO
yuactBoBal B 2000 roxy B ombiTax ¢ CepreeM YuiepeHko, HaOmonas 3h@exTsl aHOMaIbHOIO
SHEProBBIJCNICHNs], U B JalibHeimemM pa3zpaboTan J1abopaTopHbI 00Opas3el; peakTopa Ha ero
s dexre, Tae 3adurcupoBasl Ha NUTM(axX HarpeBaeMbIX MHUIICHEH CIeIbl KJIaCTEPOB AJIEKTPOH-
HO3UTPOHHOM TIJIa3MbI, KaK 3TO ObLIO Tpeacka3aHo Teopueit Cynepoobsenunenus [1]. B kauectse
TOIUIMBA B peakTope YIIEpPEeHKO MHOIO ObUI MCIIOJIb30BaH KBapIEBBIN MECOK, 3aMachl KOTOPOTO
OTPOMHBI M OH HE paJMOAaKTHBEH. S| momararo, 4To 3a OTKPBITHIM (hyHIaMEeHTanbHbIN 3¢ et
aHoManpHOro 9HeprosbifeneHuss Ceprell  YIIEpeHKO 3aciyXHUBaeT MPUCYXKACHUS €My
HOOEJIEBCKOM MpeMuu 1Mo GpHU3MUKe.

VYoke ceityac MOKHO TTPOTHO3UPOBATH PA3BUTHE COOBITHI B 00JIACTH SAEPHON SHEPTETUKHU
Ha 10...50 u naxe 100 nmer Bmepen. YuuThiBas, 4yTo B Mupe pabotaer okoio 440 siepHbIX
peaktopoB Ha ypane-235, To mepeBog ADC nHa pektopsl XSAC 3aiiMeTr HeMano BpPEMEHH.
AnbrepHatuBy XSC He CMOTYT COCTaBUTbh PEAKTOpPbl Ha OBICTPHIX HEMTPOHAX, MOCKOJIBKY
3arachl ypaHa orpanndeHsl. OJHUM U3 Haubosee pacIpoCTPaHEHHBIX JIEMEHTOB B 36MHOM Kope
SBJISIETCSA KPEMHUI B COCTaBe KpeMHe3eMa (T1ecKa), YaCTUIbl KOTOPOTO MOCIIe TI0BOJIBHO MPOCTOM
MOJTOTOBKHA MOTYT OBITh MCIIOJIB30BaHbI B peakTopax YmiepeHko. [lo cyTu gena yenoBeuecTBO
pacrioyiaraeT NpakTUYECKH HE OTPaHMYCHHBIM 3allacoM TOPIOYEro, M OMHUPasiCh Ha TEOPHUIO
CymnepoObenuuenuss u 3hdextT YmiepeHKo co3gaHa HaydyHas ©Oa3a JUisl W3BICYCHHUS JTOU
KOJIOCCAJIBHOW DHEPTHH.

[TonoxuTenpbHOM OCOOEHHOCTBIO peakTopa YIIEPEHKO SBISIETCS TO, YTO OH HMMEET
YCKOpUTENb JJIsl pa3roHa yacTui-ynapHukoB [8, 9]. Yckopurens mo3BoiseT peryimpoBaTh
CKOPOCTh pa3roHa YacTHUI[-YJAPHUKOB U UX KOHIIEHTPAIUIO B MOTOKE, IJIABHO PETYJIUPYs HArpeB
MUILEHN U MOIITHOCTh peKkTopa. Hanuumne yckopHuTesst 4aCTULl-yJapHUKOB B peakTope YIIepeHKo
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MO3BOJISIET MCIIOJIB30BATh €r0 B JIOKUTAaHUU OTPabOTaHHOTO paAMOaKTHBHOTO TornBa Ha ADC.
Heno B ToMm, uto 3a 50 user okcmmyaramuun ADC  CKONUIOCH OOJBIIOE KOJTHMYECTBO
pPaIuOaKTUBHBIX OTX0A0B. Tak, Hampumep, saepubiii peakrop PBMK-1000 YepHoObuibCKOIM
ADC mnpu noJIHOH 3arpy3ke siaepHoro torauBa 180 TOHH mociae oTpadOTKH TOIJIMBHOIO ITHKIIA
CKUTAET BCEro 5 KI' TOIIMBA, OCTAJIBHOE PAAMOAKTHUBHBIE OTXOABI. D(PHEKTUBHOCTh CKUTAHUS
AJIEPHOTO TOIJIMBA KpailHe HU3Ka M OT TAaKUX PEAKTOPOB HYKHO IMOCTEHNEHHO H30aBISATHCS,
BBIBOJSI MX W3 JKCIUTyaTallMd M 3aMeHsisi MX Ha Oonee 3¢ ¢eKTUBHBIC anmaparsl. YBEITHYUTh
3¢ (PEeKTUBHOCTH CKUTAHUS SJIEPHOTO TOIUIMBA MOXHO, UCIIOJIb3YSl PEaKTOp YIIEPEeHKO M0 cXeMe
C YCKOPUTETIEM.

[Ipy ucnonp3oBaHUU peakTopa YIIEPEHKO HA JOKUTAHUM OTPAaOOTAHHOTO SAEPHOTO
TomanBa MX o0TxomoB TBDOJIoB jgemaroTcs MUILIEHH C TENMJI0OTBOAOM, a 4acTe TBOJIoB
nepepadbaThIBacTCsl MEJIKOAUCIIEPCHBIN MOPOIIOK JUIsl YacTHIl-yAapHUKOB. [Ipu GombapanpoBke
TaKUX MHIICHEW YacTULAMH-yIapHUKaMu OyJeT HaOJroJaThCsl HE TOJBKO SHEProBHIICICHUE B
pesynbrate 3¢dekra YiiepeHKo, HO W BbIIEJICHHE Telsia B pe3yjbTaTe COKUTaHUS SJIEPHOTO
TOIUIMBA NPU JEJIEHUU TSKEIBbIX AJIep OT BO3JEHCTBUS IIOTOKA HEMTPOHOB HA PaJiiOaKTUBHYIO
MmutieHb. KatanuzatopoM HEUTPOHOB CIYKUT caM 3(PPeKT YIIepeHKo B MOMEHT yJapa 4acTHUll-
yIapHUKOB B MHuIlIeHb. [IpuueM mpouecc 3HEproBblACIEHNS MOKHO OCTAHOBUTH IPAKTHUYECKU
MTHOBEHHO, BBIKIIOYMB YCKOPUTEIb YaCTHI-yAapHUKOB. Hanuume yckopuTens aenaer
IIPAKTUYECKHU 0€30MIaCHBIMU PEaKTOPbl TaKOro Tuna. IIpu oTCyTCTBUM paliOaKTUBHOIO TOILIMBA
peakTop YIIEPEHKO JIErKO MEepPEeBECTH Ha paboTy ¢ HEpaJuOaKTUBHBIM TOILUIMBOM (C TBEpAOU
CTaJIHLHOM MUIIEHBIO M YacTHI[AMHU YAapHUKaMU M3 KpemHe3ema). B sTtom ciywae sto Oyner
CaMbIi PKOJIOTMYECKU YHCTHII pEeakTop TEIIOBOM SHEPTUH.

Takum oOpazom, Ha 0aze QyHmameHTambHOTO 3(p(dexra YIIEpeHKO MOXKHO CO3/1aBaTh
PEaKTOPHI Pa3IMYHOTO THIIA:

1. PeakTopsl ¢ yCKOpUTEIEM /IS 1OKUTAHUS PAIMOAKTUBHBIX 0TX010B ADC;

2. PeakTophl ¢ yCKOpUTENIEM, TBEPAOH CTAIILHON MHIIEHBIO M YaCTHIIAMH-YIapHUKAMHU

13 KpeMHe3eMa (WK APYyroro KOMIIOHEHTA).

OTpagHO, YTO PEaKTOPbl C YCKOPUTEIEM, TBEPIOH CTaIbHOM MHUIICHBIO M YaCTHIIAMH-
ylapHUKaMu M3 KpeMHe3ema (Wi JApyroro KOMIIOHEHTa) B KauecTBE TOIUIMBA, MOTYT ObITh
agontupoBaHbl Kak Ha ADC, Tak M I 3aMEHbl CTApPhIX MAPOBBIX KOTJIOB C TONKAaMH Ha
TEIUIOBBIX 3JIEKTPOCTAHUUAX. YUUTHIBasl, YTO TYpOMHBI U 3JEKTPOreHEepaTopbl pacCUUTAHbl Ha
JUINTENBHBIA CPOK DKCIUTyaTalluM, IIE€PEXOJ Ha PpEeakTOpbl C YCKOPUTEIEM IO3BOJIUT
UCIIOJIb30BaTh JIOpOrocTodiee o00OpyAOBaHME €lle JecATKU JIeT, HEe BKJIAAbIBAsCh B
KallUTaJIbHOE CTPOUTENILCTBO HOBBIX JJIEKTPOCTAHIMM, U TEM CaMbIM, CYIIECTBEHHO CHU3MB
ce0eCTOMMOCTh  3JIEKTPOIHEPIUuHU, OTKA3aBIIMCh OT YIJIEBOJOPOAHOIO TOIUIMBA Ha BCEX
TEIJIOBBIX AJEKTPOCTAHIIMSX.

MOoXHO MpOTrHO3UPOBaTh, YTO HapsAy C MOJEpHU3ALMEH LEHTPAIU30BAaHHOIO
sHeprocHadxeHuss Ha 6a3e MouHbIX 10 1000 MBT peaktopoB XSC ¢ yckopuTensiMu, O4€Hb
aKTyaJIbHbIM CTaHET pa3BUTHE aBTOHOMHOI'O 3HeproobecneueHus arperaraMu XAC MOIIHOCTBIO
10...1000 kBT. ABTOHOMHOE PHeproodOecrneyeHne UMeeT MPEUMYIIECTBA JIs OTACIBHOTO JI0Ma
(koTTEemKa), TPYMNMBI JOMOB M HEOONBIIUX MPEANPHUATHH. DTOT OM3HEC MOXKET COCTABUTH
Cephe3HYI0 KOHKYPEHLUIO LIEHTPAIN30BaHHOMY 3HEPrOCHA0KEHUIO M0 MEpPE CBOEro pa3BUTHI,
MOCKOJIbKY HE TpeOyeT pa3BEeTBJIEHHBIX 3JIEKTPUYECKUX ceTel U TeruioTpacc. [[nsi aBTOHOMHOTO
3HEproodecrnevyeHus naeaabHo MOIX0AAT KOMIAKTHBIE peakTopbl Poccu HEOONBIIONH MOLITHOCTH,
HO MOYKHO HCTIOJIb30BaTh M 00Jiee CIOKHBIE HEOOJBIINE PEaKTOPHI C YCKOpUTeneM Ha s dexre
VYmepenko. Croja ke MOXXHO 100aBUTh PEAKTOPHI TEIUIA, UCIOJIb3YIOLINE KaBUTALMOHHBINA
3¢ (deKT, HO 3TOT THUIl PEAKTOPOB TPeOyeT MPOBEAEHUS CEPbE3HBIX HCCIEAOBAHUN MO MOUCKY U
cTabmin3anuu camoro 3QQexra H30BITOUHOTO IHEPrOBBIICIECHUS, B OTIMYHE OT PEAKTOPOB
Poccun u Yuepenko, rae tTakoil 3¢ ekt uMeeT MecTo. YKa3aHHbIE TPH THIAa HOBBIX PEaKTOPOB
110 IIPOU3BOJICTBY TEIUIA SIBJSAIOTCS HE €AMHCTBEHHBIE B CBOEM POJIE, U MOYKHO IIPOTHO3UPOBATh
nosiBlieHne JApyrux TumoB peakTopoB XSAC. Baxno, uto teopusi CymepoObeawHEHUsT ITaeT
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TEOpeTHYecKkoe OOOCHOBAaHME HOBBIM HHEPreTUYECKUM LUKJIAM IPOU3BOJCTBA TEIUIOBOU
JHEPIUU.

Heo6xoanMo oOpaTuTh BHUMaHKE, YTO CAMO MOHSATHE TEIUIOBOW YHEPTUHU TaKKe TpeOyeT
CEpbE3HOr0 YTOYHEHHUsS. MHTEHCHMBHOCTH HarpeBa ONpPENENIeTCS BEINYMHOW TEMIIEPATypHI.
MouekynsipHO-KUHETHYECKAsl TEOPUs ONpEesnia, YTO HHTEHCUBHOCTh HarpeBa ONpeelseTcs
MHTEHCUBHOCTBIO KOJe0aHU aTOMOB M MOJIEKYJI BELIECTBA, HO HE 0ojiee TOro. A 4TO SIBIISETCS
IPUYMHOM 3THUX KoseOaHuil Hayke Heu3BecTHO. M Tonbko B Teopuu CynepoObequHEHUS
II0Ka3aHO, YTO NPUYMHOM KosjeGaHWi aTOMOB M MOJIEKYJ BELIECTBAa IPU UX HArpeBe CILYKUT
SIBJICHUE U3JIYYEHUS U MEePEeHu3NIyuyeHHs TEIUIOBBIX (oToHOB. M3nmyyast u nepensinydas TEIIOBOU
(GoTOH aToM (MOJEKYJa) HMCHBITHIBAET UMIIYJIbC CHJIBI OTHAa4M (Kak IyLIKa NpU BBICTpEIE),
KOTOPBIA M SIBJIIICTCS TPUYMHOM MX XAOTUYCCKUX KOJIOaHWd Mpu Harpere. Brepsbie
YCTAQHOBJICHO, YTO CIHEKTpalbHas KOHIEHTPALUs TEMJIOBBIX HU3KO3HEPreTMYeCKHX (POTOHOB B
eMHuIe 00BeMa OTIpeIeIsieT TeMIIEpaTypy Tela.

[Tapagokc KBaHTOBOM TEOPUHM 3aKJIOYAETCS B TOM, YTO YEM BBILIE SHEPTUs (POTOHA, TEM
MEHBIIIE CHJIBI OT/a4M aToMa (MOJEKYJbI), M 3TOT MapaioKC BIIEPBBIC TaKXKe OOBSICHIET TEOpHUs
CynepoObenunenus.  Bpicokosnepreruueckue  ¢GOTOHBI  (raMMa-KBaHTBI) HarpeBa  He
npou3BoJAT. TakuM 00pa3oM, KBaHTOBAs TEOPHS IIACUT, YTO MPOU3BOJICTBO TEIUIOBOM SHEPTrUU
CBSI3aHO TOJIBKO C MPOM3BOJICTBOM HU3KOIHEPreTHUECKUX TEIIOBbIX (GoToHOB [34]. TloaTomy,
KOIZla peub UAET O TEIJIOBOM PEAKTOpe, TO Hajl0 MUMETh B BHUAY, YTO pedb HUJET O PEaKTOpe
OPOM3BOIALIMM TeIUIOBbIe (OTOHBI B pe3yinbrare aedexkra maccbl. KBaHTOBBIM MexaHH3M
npeoOpa3oBanusi nedexTa Macchl B (POTOHHOE H3IYYEHHE BIIEPBBIE PACCMOTPEH B TEOPUHU
Cynepoowenunenus [1]. [oaToMy siaepHbIe peakTOPBI 1O MPOM3BOACTBY TEIUIOBOW IHEPIUU —
3TO KBAaHTOBBIE PEAKTOPHI 10 MPOU3BOJICTBY TEIUIOBHIX ()OTOHOB W3 KBAaHTOBAaHHOTO
IPOCTpPaHCTBA-BPEMEHH B pe3yibTare JieeKkTa Macchl aTOMHBIX sijiep. M kak oTaenpHbIN ciyyait,
paccmaTpuBaeTcsl IPOU3BOJICTBO TEILJIA B pe3yJibTaTe AePeKTa MacChl YaCTHUIl M aHTUYACTHL] IPU
UX aHHUTWIILUU B 3(QexTe YIIepeHKo, KOrja YacTHULbl MU aHTHYaCTULbl HaXOAsATCS HE B
BaKyyMe€, a B I'a3€ B COCTOSIHUU KOPOTKOXKMBYIIMX KJIACTEPOB 3JEKTPOH-TIO3UTPOHHON IJIa3MBl.
B sTOoM cnyyae aHHUTWISALMSA UAET CTYNEHYAaTo C JpOOJEHHEM SHEPruu M3IIydyeHHs, Korja
BMECTO TraMMa-KBaHTOB HMeeT MecTo 3(PQeKT u3iaydeHus TernoBeix (oToHOB. EcTh Bce
OCHOBaHHUs IIOJlaraTb, 4YTO B €CTECTBEHHOM COCTOSHMM TMIAHTCKUM KJacTep 3JIEKTPOH-
MO3UTPOHHOM TIa3MbI B T'a3e MPEACTABISACT CO00M MIapoByro MOHHUIO [3].

BbiBOALI:

1. B nacrosmee BpeMs B (DU3MKE CIIOXKHMIOCH CONEPHUYECTBO JBYX HPHUHIMINAIBHO
pasHBIX Hay4yHBIX HAIpPaBJIEHHH, HE CBSI3aHHBIX MEXIy co0oil. Peub naer o6 oOumieil Teopuu
otHocutenbHocTl (OTO) Oitnmreiina n CrannaptHod Mozaenu. IlpuueM Ha crokuBlInecs
Hay4yHOE JIBOEBJIACTHE HUKTO He oOpamiaer BHUMaHMs, mockoibky M OTO u CranmaptHas
MoJiedb J1aloT paboTy OOJBIIOMY KOJIHYECTBY YYEHBIX, CKOHLIEHTPHUPOBAHHBIX MO Pa3IMYHbIM
HayuyHbIM KiaHaM. [lo-BuaumoMy, 3Ta cUTyalusl yCTpauBaeT BceX, KpoMe camoi Hayku. Ho B
HayKe HE MOXET ObITh JBOEBIACTHS, TOCKOJbKY HAayKa €/IMHA, U €ClIi ObITh 0ObEKTUBHBIMH, TO
OJIHO M3 HAy4yHBIX HalpaBlIeHHMH Hal0 NpU3HATh OMIMOOYHBIM M OTBEprHyTh ero. Ho kakoe
HarpaBjeHue Heooxoaumo oTBeprHyTh: OTO mmu CranmaptHyro Moaens? EcrecTBeHHO, 4TO
Ha/0 OTBeprHyTh CTaHAAPTHYIO MOJENb, MOCKOJIbKY OHAa HE BIMCHIBAETCS B OOIIYIO TEOPHIO
otHocutenbHocTH (OTO) Ditnmreiina. K ToMy ke B3amen CTaHAapTHOW MOJENH CO3/1aHa
teopust ~ CynepoObenuHeHHs, OOBEIUHSIOMIAs €  €IWHBIX  TO3UIUA  TpaBUTAIHMIO,
AJIIEKTPOMArHETU3M, SJCPHBIE W AJIEKTpociadbie cuibl, o0beaunstonyio OTO U KBaHTOBYIO
TEOPUIO.

2. 5 otmaro cebe ortder, yTto orBepras CTaHIAPTHYIO MOJENb, s HaXHBal cebe Kak
yueHbIH 0OJIbIIIOE KOJIMYECTBO BPAaroB B HAyYHOU cpejie, MOCKOJIbKY MHOTHM TPYIHO MPU3HATh,
YTO MX paboTa 1UIa HE B TOM HAmpaBiICHUH, B TOM YHCIE, pabOT YAOCTOCHHBIX HOOEIEBCKOM
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npemun 1o ¢usuke. Ho HayuyHas uctuHa BakHee. Sl C yBakeHHEM OTHOIIYCh K pabore
npodeccopa Xurrca, HOCKOJIbKY OH MEPBBIM MOAHAT BOIIPOC O TOM, YTO Macca YaCTHULbI JOJKHA
UMETb ONpPEACTCHHBIM MeXaHu3M (HOPMUPOBAHMS. XHUITC MPEACTABHII OIIUOOYHBIH MEXaHU3M
(OopMHPOBAHUS MAcCChl, HO 3TO HE YMAJISIET €ro 3aciyr Nepel HayKoil, MOCKOJIbKY OH HUYEro He
danpcudurpoBall, a UICKpeHHE OBUT YBEPEH B MpaBOTE CBOEH Teopuu. Boobmie pabora ¢pusnka-
TEOpETUKAa HE YacTO MMEET 3aclly’)KCHHOE IpU3HaHue Inpu ero xusHu. Jlaxe Makcsenn,
OCHOBOITOJIOKHHUK DJICKTPOJWHAMHKH, OBUT HE TMOHAT COBpeMEHHUKaMU. CIIOpBI BOKPYT TEOPUHU
OTHOCHUTEJIBHOCTH OHHINTEHHA MPOAOIDKATCA 10 cux nop. M s mosararo, 4To ¢ co3gaHueEM
teopun CynepoObeMHEHUS, 3TH CHOPBl JTOJDKHBI TPEKPATUTHCS, IOCKOJIBKY MPUHIIHII
OTHOCHUTEJIBHOCTU sIBIIsIeTCA (YHIAMEHTAJIBHBIM CBOMCTBOM KBaHTOBAaHHOI'O IPOCTPAHCTBA-
BPEMEHH.

3. Otepras CTaHIapTHYIO MOJENb, S OTIAal0 [JOJDKHOE €€ KBApKOBOW OCHOBE JJIs
AJIEMEHTAPHBIX YaCTHUI], KOTOpas HalllIa JAajbHelIee pa3sutue B Teopun Cynepoobenunenus. B
oToM IuiaHe CTaHJapTHas MOJEINb ChIIpajia CBOKO HBOJIIOLMOHHYIO POJIb B Pa3BUTUU TEOPUU
4acTUl, HO He Oojee. J[eHCTBUTENBHO KBAPKU SIBISIOTCS HJIEMEHTAPHBIMH KUPIUYUKAMU
nepBopoHO Matepun. ['maBHOM ommOKkoi CTaHIapTHOW MOJENH SIBISETCS HEOOOCHOBAHHOE
BBEJICHUE JPOOHBIX 3JIEKTPUUYECKUX KBapKoB. K TOMy ’Ke akIEHT NPUMEHEHUsI KBapKOB B
CranjapTHOM MoOJenM OrpaHWYeH HYKJIOHaMH, U TO omnbodHo. B teopun CynepoObenuHeHUs
OCHOBHOH yIIOp KBapKOBBIX MOJEJNEH CJelaH B HalpaBICHUM CTPYKTYPhbl UYETHIPEXMEPHOTO
KBaHTOBAaHHOI'O IPOCTPAHCTBA-BPEMEHHU IIyTEM BBEACHUS UYETBIPEXMEPHOW YaCTHUIIBI — KBaHTA
IIPOCTPAHCTBA-BPEMEHU (KBAHTOHA), B COCTaB KOTOPOTO BXOAMT YETHIPE LIEJBIX, @ HE JIPOOHBIX
KBapKa, JBa 2JIEKTPUUECKHUX U JIBA MArHUTHBIX.

4. Bcero derhipe IENBIX KBapka MOHAM00MI0ch B Teopun CynepoObequHEHUs, 9TOObI
COCTaBHTh peajbHOE MPEICTABICHUE O MAaTEPUAIBHOM MHpPE. DTO JIBa 3JIEKTPUUECKHUX KBapKa (—
le, +1e) u 1Ba MarHWTHBIX KBapka (—1g, +1Q), BXOJAIIMX B COCTaB KBAHTOHA, OOBEIHHSIOINX
JJIEKTPUYECTBO M MAarHeTU3M BHUJAE €IWHOW CYyOCTaHLMU 3JIEKTPOMAarHeTU3M, HOCHUTEIEM
KOTOpPOM SIBJISIETCSL UYETBIPEXMEPHOE KBAaHTOBAHHOI'O IPOCTpaHCTBO-Bpems. Huxorna eme
MarHeTu3M He CBSI3bIBAJIM C PEAIMsIMM MarHUTHBIX KBapKOB. OZHOBPEMEHHO KBAHTOH SABJIAETCS
HOCHUTEJIEM BPEMEHU U IPOCTPAHCTBA, MPEICTaBisAs COOOM €IMHCTBEHHYIO UYETBIPEXMEPHYIO
gactuny. KBaHTOBaHHOE  IIPOCTPAaHCTBO-BPEMsI B PAaBHOBECHOM  COCTOSSHMM  €CTh
AIIEKTPOMAarHUTHOE  CTaTMYeCKOe  IoJie,  SIBJSIONIEECS ~ HOCHTEIEM  CBEPXCHIIBHOTO
3JIeKTpOMarHuTHOro B3aumozencTeus (COB) — naroit pynnamentanbHoi cuibl. COB — 310 TO
Enunoe mnone, oObenuHsIONIEe TPAaBUTALMIO M BJIEKTPOMArHeTH3M, Ha KOTOpPOE YKa3blBall
OiHmreitH B oOmieir teopun ortHocutTenbHOocTH (OTO). OTKpeITHE KBaHTOHA B BHJE
YEeThIPEXMEPHOM YacTULIbI KBAHTA IPOCTPAHCTBA-BpeMEeHH M03BoJmI0 npuaath OTO KkBaHTOBBIN
XapakTep, W BIEPBbIE NPEACTABUTH KBAHTOBYIO TEOPHUIO I'PABUTALIMU, ONUPAACh Ha KOHUEILNIO
OWHIITEHA  MCKPUBJIIEHHOTO  YETHIPEXMEPHOIO  IMPOCTPAHCTBA-BPEMEHH, KAaK  OCHOBY
rpasutannu. bo3on Xurrca mo cBouM CBOICTBaM HE MOAXOAMT HA 3Ty pOJIb, ITOCKOJBKY HE
ABJISIETCS YETHIPEXMEPHOM YaCTHUIICH.

5. KBaHTOBaHHOE MPOCTPAHCTBO-BPEMs ATO MoJeBas (opma MEepBOPOAHOIN MaTepuu, rjae
elle HeT I'paBUTAIlMH, a €CT 3JEKTpOMarHeTusMm B Buze nsatoil cuibl COB. IlosToMy, korna B
CraHpgapTHOM MOZENN KBapKaM MPHUIAI0T MacCy, IPUUYEM Pa3HYyIO, 3TO BEIMJISAUT HOHCEHCOM. [1o
onpezeNeHus KBapKH, KaK YacTHUIbl NEPBOPOJHOW MaTepuu, Il elle HeT rpaBUTaluH, a
COOTBETCTBEHHO M MacCChl, HE MOTYT UMETh Maccy B mpuHuune. [Ipuganue kBapkam Macchl ObUIO
rinyooyvaiiieit ommOkoit CTaHAapTHOW MOJENH, TaKKe Kak pa3/IelieHMH KBapKOB Ha KBapKH U
antukBapku. [Tostomy CranpmapTHas MOJENb CTOJKHYJAach ¢ HEMPEOJOJMMBIMU IMpobieMaMu
IIPU ONPEJEICHUN MeXaHu3Ma (POPMHUPOBAHUS MACChl y JJIEMEHTAPHBIX YaCTHII.

6. Utak, B Teopun CynepoObeInHEHHs BIEPBBIE MPUBEAECH MEXaHU3M (OPMHPOBAHUS
Macchl y 3JE€MEHTapHOM YacTHIbl B pe3yibTaTe cdepuyeckoil nedopmaiuy KBaHTOBAaHHOIO
npoctpaHcTBa. ['paBuTanus HauMHAETCA ¢ (POPMHUPOBAHUS MACCHI. DTO MOTHOCTHIO COTJIACYETCS
C KOHIENIMEH IpaBUTAlMHA OWHINTEHHA MCKPUBJIEHHOIO IMPOCTPaHCTBAa-BpeMeHU. [I0CKOIBKY
KBAaHTOBAHHOE MPOCTPAHCTBO-BPEMsI IMPEICTABISAET co0OW snekTpomarHutHoe moje COB, To
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sHeprusi ympyroii chepudeckoit nmedopmanuu mons COB  mpeacraBimseT Maccy  Kak
SHepreTudeckuii cryctok. [IpaBunbHO ObUIO OBI OLIEHHWBATH MacCy B €IMHHUIAX 3Hepruu (B 3B,
JIx), KaK 3TO0 /enaercs B (PU3UKE IEMEHTApPHBIX YyacTUll. Ho MCTOpHYECKH CIOXKHUIOCH TaK, YTO
W3HayaJlbHAs Macca OLIEHHWBAJaCh BEJIMYMHOM Beca B I0JIE 36MHOTO TSATOTEHUS, a MOTOM Kak
Mepa MHEpTHOCTH Macca Obuta mpezacrapieHa B cucreme CU B kr. Koaddurnment C’s dhopmyiie
mC? umeer pasmeprocts JUK/KT = M%/c?, omnpenenss SKBHBAJICHTHOCTh M3MEPCHHS MAcChl B
pa3nuyHbIX enuHunax. OmuOkol ObUTIO paccMaTpUBaTh MacCy Kak H30JUPOBAHHBIM OOBEKT,
KOr'Jla Ha caMoil Jiena Macca oKaszajlach Hepa3phIBHOW 4acThio chepuuecku 1ehOpMUPOBAHHOTO
KBaHTOBAHHOTI'O IIPOCTpaHCTBa-BpeMeHHU. [103ToMy BUKE€HUE MAcChl €CTh BOJIHOBOM IIEPEHOC €€
cepuueckoit nepopmanii B KBAHTOBAaHHOM MPOCTPAHCTBE-BPEMEHHU. DTO BIIEPBBIE OOBACHSET
npupoay GyHIAMEHTAIBHOTO MPHHLUIA KOPIYCKYISIPHO-BOIHOBOTO JIyajH3Ma, KOT/la 4acTHIA
(Macca) mpezacTaBiseT co0OW OJHOBPEMEHHO KOPIYCKYJdy W BOJIHY. BHe KBaHTOBaHHOTO
IPOCTPAHCTBA-BPEMEHH Macca He UMeeT (PU3MYECKOro cMbIcia. MOKHO KOHCTaTUPOBATh, YTO B
MPUBBIYHOM IMOHUMAaHUH MACChl KaK CaMOCTOSATEIHLHOTO U30JUPOBAHHOTO 00BbEKTa B IPUPOJIE HE
CYILECTBYET.

8. Teopus CynepoObeAUHEHUS W3MEHSET CIIOXUBIIMECS B (U3UKE CTEPEOTHUIIBI,
IpeCcTaBisisi co00 HOBYIO (U3MKYy Kak (U3HKY «HAo0opoT». o 3Toro, obpazHo TOBODS,
¢dusnka crosja Ha rosioBe Horamu BBepX. Tombko B Teopuu CynepoObeAMHEHUS BIEPBHIE
JI0Ka3aHO, YTO KBAaHTOBAHHOE MPOCTPAHCTBO-BPEMs SIBJISIETCS BBICOKONOTEHLMAIBHOU CpENoi,
XapaKTepU3YIOUIeHcs TPaBUTALIMOHHBIM MOTEHIIMATIOM C?% a He HyneBbiM ¢=0. [losTomy mpu
POXJICHHH Macchl BETHUYMHA €€ SHEpruu ompesensercs popmyroii mC% mpexcraBiss coGoid
UHTETpaJl MO TMEPeHOCYy Macchl U3 OeckoHeyHOCTH ¢ ¢=0 B o001acTb KBaHTOBAaHHOTO
POCTPAHCTBA-BPEMEHH ¢ moTeHImanoM C2. DHeproeMKoCTh KBAHTOBAHHOTO MPOCTPAHCTBA-
BPEMEHH KoJoccanbHasi U coctapisier mopsaka 107 [ix/m®. Ecim akTHBHpOBaTh BCEro OfMH
KyOOMETp KBaHTOBAaHHOTO IPOCTPAHCTBA-BPEMEHHW, TO BBIIEJIEHHAs DJHEprusi Oyzaer
SKBHBAJICHTHA BEIIECTBEHHOM YacTu Bcenennoil.

9. PoxzieHne BEIIECTBEHHON MaTepuH, TO €CTh MaTEpHUH, WMEIOMIEH Maccy, CBS3aHO C
JIEKTPUUYECKON acuMMeTpuel Hariei BceneHHoH, Koga MOMUMO KBaHTOHOB, IPEICTaBICHHBIX
KBaHTOBAaHHBIM IPOCTPAHCTBOM-BPEMEHEM, HMEETCSI HEKOTOPHIA M30BITOK 3JIEKTPUYECKUX
KBapkoB (—/e, +le), He BXOAAIIMX B CTPYKTYpY KBaHTOHA. Y 3JIEKTPOHA POXKACHHE MAcChl
OCYIIECTBIISIETCS B pe3ylbTare cdepudyeckoil aedopManuyd KaHTOBAaHHOTO IPOCTpPaHCTBA-
BPEMEHHU LICHTPAJIbHBIM LIEJBIM JIEKTPUUECKUM KBAPKOM-3apsJOM OTPULIATEIbHON MOJSIPHOCTH,
y MO3UTPOHA — MOJIOKUTEIBHON MOJSPHOCTH. Y HYKJIOHOB ()OPMHUPOBAHHUE MACChl POUCXOJIUT B
pe3yibpraTe cepuueckoi nepopmanuu KaHTOBAaHHOTO IIPOCTPAHCTBA-BPEMEHHU
3HAKOMIEPEMEHHON 000JI0YKON HYKIIOHA, BKJIIOYAIONICH dekTpudeckue kBapku (—le, +le). V
IIPOTOHA MMEETCS OAWH HEYPABHOBELICHHBIM DJJIEKTPUUYECKUH KBapK B COCTAaBE €0
3HAKONEPEMEHHOW OO0OJIOYKH, KOTOpPBIN oOmpenenser 3apsii NpoToHa B LeiaoM. Hamuuwue
3HAKONEPEMEHHOI 000JIOYKH y HYKJIOHA MO3BOJSIET 000JI0YKaM MPUTITUBAThCA JIPYT K JpPYry,
HE3aBHCHMO OT HAJIMYMsI B HUX HEYPaBHOBELIEHHOTO 3apsiia. 3HAKOTIEPEMEHHOE 110JI€ 000JI0YKU
HYKJIOHA — 3TO I10JI€ KOPOTKOAEHCTBYIOIINE, COOTBETCTBYIOIEE OO SAEPHBIX CHIL.

10. B koHe4yHOM HWTOTEe, KaK IMOKa3aHo B Teopun CynepoObeIWHEHUs, BCE W3BECTHHIC
BUJBI SHEPIUU (XMUMHYECKas, sJIepHasi, 2JIEeKTpOMarHuTHas, TpaBUTAI[MOHHAsI, MEXaHUYecKas U
JIpyrue) CBOJATCS K H3BJICUEHHIO U NpeoOpa3oBaHUIO €luHOH robanmpHOM »Heprun COB,
OTKpbIBasi HOBOE HAaIPaBJIEHUE B 3HepreTuke — KBaHToBy10 sHEpreTuky. KBaHTOBas sHEpreTHKa
JENUTCS Ha JBa KPYIHBIX HAMpaBiCHHs CBS3aHHBIX C MPOM3BOACTBOM TEIJIOBOW IHEPIHH B
pesyibrare JedeKkTa Macchl M CO3[JaHMEeM CHJI HCKYCCTBEHHOTO TSTOTEHUS B pe3ylbTaTe
UCKYCCTBEHHON  nmedopmaru  (MCKPHBICHHMS) KBAaHTOBAHHOTO  MPOCTPAHCTBA-BPEMCHHU,
onpezesnss Ha3BaHUE aNNapaToB /i pealu3allid 3TUX JBYX HalpaBICHUN KaK KBaHTOBBIE
pPEaKkTOpBl M KBAaHTOBBIEC ABUTATENH. VICIIBITaHUS IEPBOr0 KBAHTOBOIO ABUTATENs € TAro B 500
H (50 xr) 6e3 BbIOpOCa peakTHBHOW Macchl ObLIH MpoBeAeHbI MHOIO B 2009 rony.
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11. Cozpanmne teopun CynepoObeAWHEHUS M HOBBIE SKCHEPUMEHTAIbHBIC (DAKTHI,
Mpe/CKa3aHHble TEOpHUell, BBIBOJAST POCCHIICKYI0 HAyKy B MHpPOBbIE JIUJAEPHl B 00JaCTH
dbynaamMeHTanbHBIX uccnenoBaHuil. 14 nexadbps 2012 muHuCTp 0Opa3zoBaHus M Hayku Poccum
Jmutpuii JIuBaHOB cOOOIMII O TMOjayve 3asgBKU Ha BcTymuieHne Poccuu B EBpomeiickuii meHTp
anepubix uccinenoBanuii (LIEPH) B xauecTBe acconuupoBaHHOTO wieHa. MHe mpencTaBiisercs,
YTO MHUHUCTP HECKOJIbKO MPUHU3UI YPOBEHb POCCHICKON (yHIaMEHTATbHON HAayKH B CBA3H C
co3nanueM teopun Cynepoobenunenus. Ilo cyru nena HEPH u nporpamma BAKa no noucky
0o30Ha Xwurrca crtaim HaydyHbIM OaHkpoToMm. Ytob6bl cmactu IIEPH um BAK Tpebyercs
nepesarpys3ka Mnporpammbl HCCIeOBaHUM, U 0e3 ydyactusi Poccum kak MOJTHONPaBHOTO 4YJICHA,
LHEPHYy c »T0ii mpobseMoii He CIIPaBUTHCH.

IIpunoxenue:

Teopusi Cynepoobenunenus [1]. Conep:xanune

IIpenucnoBue aBTopa k ToMy 1

1. ®yngaMeHTA/IbHBIE OTKPBITHS KBAHTA IPOCTPAHCTBA-BPEeMeHHU (KBAHTOHA) M CBEPXCUJILHOIO
3JIEeKTPOMArHuTHOro B3aumozaeiicteus (CIB)

1.1. Heo6xoauMocTh BBeICHUs B (GU3UKY KBaHTa MPOCTPAHCTBA-BPEMEHH.
1.2.0cHoBHbIe Tpo0IeMBI Ha TTyTH K Teopuu CynepoObeanHeHns
1.2.1.1Ipo6nema sHEPreTHIECKNX YPOBHEH

1.2.2.TIpoGnema ABMKEHUS

1.2.3.IlpoGnema Macchl

1.2.4.1IpoGnemMa OTHOCHTEIHHOCTH.

1.3. Beenennas: Kunsmuii «0yab0H» U3 KBAHTOHOB

1.3.1.BBenenue

1.3.2. «bynp0H» U3 KBAHTOHOB

1.3.3. Kak cBapuTh 371eMEeHTapHbIE YaCTHIIBI

1.3.4. Bo3Bpar kK CBETOHOCHOH cpefie

1.3.5.Tsarorenne. Unepuus. YepHsie ApIpHI

1.3.6. AnTurpasuranus. Munyc-macca. bensie apIpbl.

1.3.7.Ilpobnema BpeMeHU. XpOHAIIBHBIE MOJISI.

1.3.8.Kt0 3axuraer 38e31b1?

1.3.9.CynepcTpyHsI

1.3.10.OcHoBHBIE TIPOOIIEMBI COBpEMEHHOH (hr3nKN

1.3.11.ITIpoGnembl HHGISIIMOHHON TEOPUH

1.4. IlocmepTHas ¢paza DAHIITEHHA

1.5. 3akntoyenue no riase 1

2. DJIeKTPOMATHUTHASI MPUPO/IA U CTPYKTYPa KOCMUYECKOr0 BaKyymMa
2.1. Beenenue

2.2. DJeKTpOMarHuTHOE KBAHTOBaHHE NPOCTPAHCTBA-BPEMEHU

2.2.1. basuc teopun YKC u CynepoObeauHeH st

2.2.2. O0beAMHEHHUE YIEKTPUICCTBA U MATHETU3M B DJICKTPOMATHETHU3M.
CrpyKTypa KBaHTOHA

2.2.3. 3apsan moHonons Jupaxa

2.2.4. Pazamepbl KBaHTOHA

2.2.5. CummeTpus 3IEKTPHYECTBA U MarHETU3Ma BHYTPH KBaHTOHA
2.2.6. CTpykTypa MOHOIOIA-KBapKa

2.2.7. OneKTpOMarHUTHOE KBAaHTOBAaHUE MPOCTPAHCTBA

2.2.8. DnexTpuieckas aCHMMETPHS POCTPAHCTBA

2.2.9. Tem xo/1a MPOCTPAHCTBEHHBIX YaCOB

2.2.10. Cta0mwibHOCTh KBAHTOHA M €0 SHEPrOEMKOCTh

2.3. Hapymenue 3JeKTpUIecKOro 1 MarHUTHOTO PaBHOBECHS
KBaHTOBAaHHOT'O MPOCTPAHCTBA-BPEMEHHU

2.3.1. CocTostHME NEKTPOMAarHUTHOTO PaBHOBECHS

KBaHTOBAaHHOT'O MPOCTPAHCTBA-BPEMEHU

2.3.2. HapyumeHnue 3JeKTpUYECKOT0 1 MAarHUTHOTO PABHOBECHS B CTATHKE
2.3.3. HapyuieHue 31eKTpOMarHUTHOTO paBHOBECHS B JTMHAMHUKE.
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YpaBHeHus Makcaeiia

2.3.4. CmernieHne 3apsioB B KBAHTOHE W TOKH CMEIICHUS

2.3.5. CmernieHue 3apsiioB B KBAHTOHE B CTATHUKE

2.3.6. DHEeprus moasIpu3anuy KBaHTOHA

2.3.7. Ilpupozaa 3MeKTpOMarHUTHBIX KOJIeOaHH B BaKyyMe

2.3.8. KBaHTOBaHNE 3JIEKTPOMArHUTHON BOJIHBI

2.3.9. Lupkynsuust 3JIEKTPUIECKOT0 U MArHUTHOTO TIOTOKOB

B 3JIEKTPOMArHUTHOM BOJIHE

2.3.10.ITepeHoc sHEpruu KBAHTOHOM B 3JIEKTPOMArHUTHON BOJIHE

2.4. DneKTpOMarHuTHOE HaTsbKeHUE BakyyMa. CTpYHBI M CyTIEpCTPYHBI
2.4.1. Yopyras kBantoBannas cpeaa (YKC)

2.4.2 HatspxeHue 3JeKTPOMAarHUTHON CyIepCTPYHBI

2.4.3. TeH3op HaTsHKEHUS B BaKyyMe.

2.5. 3akiroueHue 1o raase 2

Jlurepatypa k rinaBe 2

3. O0bequHeHHE JTEKTPOMArHeTH3MAa M IPABUTALMA. AHTUTPABHTAIIUS
3.1. Beenenue

3.2. Ilpupona snekTpoMarHuTHOU BosHbI. CBETOHOCHAS cpena

3.2.1. Bo3Bpar K CBETOHOCHOM cpejie

3.2.2. Ontuyeckue cpenpl. OneiT Ouso.

3.3. OcHoBBI T€OpUU IpaBUTALUU. OTKPBITHIE KBAHTOMEXAHUUYECKUE CUCTEMBI
3.3.1. IByXKOMIIOHEHTHOE pelieHue ypaHeHus Ilyaccona

3.3.2. Bekrop nedopmaru D

3.3.3. DKBUBAJICHTHOCTH SHEPTUH U MACCHI

3.3.4. 'paBUTaIMOHHAs AUAarpamMma

3.3.5. YepHas apipa

3.3.6. [JlonoTHUTENbHBIE TPAaBUTAIIMOHHBIC TTOTCHIIHAIBI

3.3.7. 3akoH Tarorenus HeroToHa

3.4. Ilpuunnsl penstuBuiMa. [IpuHimn cheprdeckoil ”HBAPHAHTHOCTH
3.4.1. PenaruBucrckuii pakrop

3.4.2. HopmManm3oBaHHBIN PENATUBUCTCKUH (pakTop

3.4.3. lunammueckuii OanaHC TPaBUTAIIMOHHBIX TOTSHITUAIOB

3.4.4. IlpenenpHble TapaMeTPhl PEIATUBUCTCKUX YaCTHUIT

3.4.5. CxpsiTas Macca. bamanc maccel

3.4.6. CkpslTas sHeprus. bananc snepruu

3.4.7. lunamuueckue ypaBHenus [lyaccona

3.4.8. Jlunamu4deckas KpUBU3HA MPOCTPAHCTBA-BPEMEHU

3.3.9. CxopocTb cBeTa

3.5. [lpupona tsirorenus u nHepuun. Ilpocteie kBaHTOMEeXaHn4eckue 3hHexTh!
3.5.1. ®opMupoBaHUE MaCCHI

3.5.2. Ilpu4uHbI TATOTEHUS ¥ HHEPLUU

3.5.3. IIpocThie kKBaHTOMEXaHUYECKHE IPPEKTHI

3.6. [TpyuHIMIT OTHOCUTEIBHO-a0COMOTHOTO Tyanu3ma. Todku oudypranmu
3.6.1. bananc >neprun

3.6.2. AGcomtoTHas CKOPOCTh

3.6.3. DHepreTUUecKuil mapajgoKkc TMHAMUKY JIBUKEHUS

3.6.4. ConpoTuBIeHNE ABIKEHUIO B BaKyyMe

3.6.5. YpaBHEHUs1 AMHAMUKU

3.6.6. Touku oudypkanum

3.6.7. KommekcHasi CKOPOCTh

3.6.8. PenaTuBUCTCKUI UMITYJTBEC

3.7. BonmHOBOI1 epeHoc Macchl. [ paBUTallMOHHBIE BOJIHBI

3.8. [IpobieMbl BpeMeHH. X POHAIbHBIC MOJIS

3.9. AuturpaBuranys. Y CKOpeHHOE pa3deraHne rajlakTHK

3.10. Pazmepsl kBaHTa IPOCTPaHCTBa-BpeMeHH (KBaHTOHA)

3.10. 3axutouenue 1o riase 3

Jlurepatypak riase 3
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4. KBaHTOBaHHAsl CTPYKTYpa 3JIeKTPOHa H no3uTpona. Heiitpuno.
4.1.BBenenue

4.2 Kimaccu4eckuit paanyc 3JIeKTPOHA

4.3.I'paBUTaIIMOHHAsI TPAHUIIA SIEKTPOHA

4.4.OneKTpUdecKuid paguyc AEKTPOHA

4.5.CkpbiTasi 3HEprHUs U Macca dIIEKTPOHa

4.6.0OcHOBHBIC COOTHOIICHUS TAPAMETPOB AIIEKTPOHA
4.7.I'paBUTaIMOHHAS JUArpaMMa M 30HBI JJICKTPOHA

4.8.30Ha rpaBUTALIMOHHOTO PUTKEHHUS

4.9.DKBUBaJICHTHOCTh IPABUTALIMOHHON H AJIEKTPOMArHUTHON SHEPTUU
4.10.HaTspkeHus cpeibl SJIEKTPOHOM

4.11.I'paBuTarimoHHas siMa 3JIEKTPOHA

4.12.30Ha aHTUTPABUTALIMOHHOTO OTTAJIKWBAHUS

4.13.30Ha MUHYC-MAaCcChI DIICKTPOHA

4.14 AHHUTHTIAIIAS DJIEKTPOHA U TIO3UTPOHA

4.15.]leiicTBUE 3NEKTPUYECKOHN CHIIBI HA KBAHTOH B DJIEKTPOHE
4.16.[JeiicTBue cheprdeckoro MarHUTHOTO MOJIsl HA KBAHTOH.

CnuH 37eKTpoHa

4.17 banaHc SHEPTUH IEKTPOHA

4.18. TyHHenupoBaHHE 3apsi/ia U BOJTHOBOM MEPEHOC MacChl 3JIEKTPOHA
4.19. 3axmoueHne

Jluteparypa k rnase 4

5. KBaHToBaHHAasl CTPYKTYpa HyK/JI0HOB. [Ipupoaa sigepHbIX cu
5.1. Beenenue

5.2.1Ipobnema Macchl HyKIIOHOB

5.3.0060n04euHast 3HaKONIEpPEMEHHAS! MO/ICb HYKIIOHA
5.4.0060J1049€4HbBIC MOJICITU TIPOTOHA

5.5.0060m049eunHbpIe MOZIENT HEUTPOHA

5.6.CtpykTypa 00071049eK HYKIIOHOB

5.7.IlepcrieKTHBBI pacUIeNyICHNs] HYKJIOHA Ha DJIEMEHTapHbIE COCTABIISIONINE
5.8.0nexrpudeckas mpupo/a sIEepHBIX CUIT

5.9. AHanmuTHYECKNH pacdeT SASPHBIX CHII

5.10.2nekTpudeckas SHEPTHst SASPHBIX CHI

5.11.9nexTpudeckuii MOTEHITHANT SICPHBIX CHIT

5.12.Pacyer B3anMOAEHCTBUS HEUTPOHOB

5.13.ITpoTOH-IPOTOHHOE B3aUMO/ICHCTBUE

5.14 S nepHble criIbl B KBAHTOBOM MEXaHHUKE

5.15.30HbI aHTUIPABUTALMOHHOIO OTTAJIKUBAHUS B 000JI0UKAX HYKJIOHOB
5.16. 3akmoueHue

Jluteparypa k rinase 5

6. IByxpoTopHas cTpykTypa ¢oToHa. ®oTOHHBII rupockonuyeckuii 3¢ gekr.
6.1.BBencHue

6.2.0nekTpoMarHuTHas mprpoa (GoToHa U MOJIENH POTOPOB
6.3.07eKTpOMarHuTHEIN ciie POTOHA B KBAHTOBAHHOMW Cpejie
6.4.BonHOBOE ypaBHEHUE (HOTOHA

6.5.ITonHas ABYXpOTOpHAS CTPYKTypa QOTOHA

6.6.ITpuunHBI 3aMeIICHUS CBETa B ONITHYECKOW cpejie
6.7.BeposTHOCTHBIN 3aXBaT OTOHOM aTOMHBIX LIEHTPOB PELIETKH ONTHYECKOH Cpe/Ibl
6.8.BexTopHast quarpaMma KOMIUIEKCHOM CKOPOCTH (POTOHA B ONTHYECKOH cpefie
6.9.BomHoBast TpaekTOpHs POTOHA B ONITUYECKOM Cpejie

6.10.Cubl, neficTByromue Ha ()OTOH B ONTHYECKOM cpelie
6.11.Iloka3zaTens MpeIoMIICHHUS ONITHYECKON Cpeibl

6.12.3axmo4yeHne

Jlutepatypa k rinaBe 6

7. Ilpupona Hen3ay4eHUs M U3JIy4YeHUs] OPOUTAIBLHOIO 3JIEKTPOHA
7.1.BBenenue

7.2.KoHIenus TUCKPETHOTO 3JICKTPOHA



41

7.3.0c00€HHOCTH CTPYKTYPBI IPOTOHA, HEHTPOHA K ATOMHOTO sapa
7.4.11puurHbl HEW3TYISHUS OPOUTAILHOTO AJIEKTPOHA

7.5.ITpuunHB! HOTOHHOTO U3ITYUYEHHsI OPOUTAIBHOTO SJIEKTPOHA
7.6.Pob cBEpXCHIIBHOTO B3aUMO/ICHCTBHS B (JOTOHHOM H3ITy49CHUU
7.7.I'paBUTaIIMOHHOE M3ITyYEHIE aTOMa

7.8.BeposTHOCTHOE AIIEKTPOHHOE 00JIaKO

7.9.3akmouenue

Jluteparypa k rinase 7

8. TennoBbie ¢poToHBI. OTHaYa MOJIEKYJIBI IPH M3JTy4eHUH (OTOHA.
8.1.DHepreTuueckuii mapagoKc IpH OTAUYE aTOMa

8.2.Kputrka KiaccHuecKoro mojaxojia K pacyery oTJadd aToMa
8.3.MeTtonuka pacueTa oTAauu aToMa (MOJIEKYJIbI) IPU U3TyYeHUU POTOHA
8.4.Oneprernueckuii 0anaHc aToMa MU U3ITy4YeHUH (HOTOHA
8.5.IIpuponaa TeroBsIX KoaeOaHuit

8.6.BricokoTemniepaTypHasi CBEpXIPOBOAUMOCTh

8.7.3amaua ot JleoHoBa

9. I'paBuTanMOHHBIE BOJIHBI. BOTHOBBIE ypaBHEeHHSA

9.1.Beenenue

9.2.CocrosiHHIE TEOPUH TPOCTPAHCTBA-BPEMEHHI

9.3.0cHOBHBIE cTaTHYECKHE YPaBHEHUsI JIe()OPMUPOBAHHOTO KBAHTOBAHHOTO ITPOCTPAHCTBA-BPEMEHHU
9.4.bananc rpaBUTallMOHHBIX MOTEHIMAJIOB B KBAHTOBAHHOM IPOCTPAaHCTBE-BPEMEHH
9.5.IlpenensHas Macca 1 SHEPTUS PENIATUBUCTCKUX YaCTHIL

9.6.0cHOBBI (PU3UKH YEPHBIX JIBIP

9.7.Bekrop medopmManni KBAHTOBAaHHOTO MPOCTPAHCTBA-BPEMEHH
9.8.BriBoz (popMyIIBI CKOPOCTH CBETA

9.9.Pacnpenenenue BpeMeHU B IPOCTPAHCTBE B BUIE XPOHAIBHOTO MOJIS
9.10. AHTHMBEIIECTBO U UICANBHBIN IPABUTAIMOHHBIA OCIIUILIATOD
9.11.2nexTpoMarHMuTHOE KBaHTOBAHHE TIPOCTPAHCTBA

9.12.BeiBont ypaBHeHHIT MakcBemia 1 3JIeKTPOMAarHUTHEIE BOJTHBI
9.13.OKBUBaAJIEHTHOCTH 3JIEKTPOMArHUTHOW U TPaBUTALIMOHHON SHEPTHHA
9.14.CtpykTypa 31eKTpoHa

9.15.I'paBUTaINOHHBIE BOJTHBI

9.16.3asBnenue B. JIeoHoBa 0 TeHEpUPOBaHNY IPaBUTAIIMOHHON BOJHEI
9.17.3axmouyenne

Jluteparypa k rnase 9

10. CepxcuiabHOe 31eKTPOMarHuTHoe B3anmozneiicrsue (COB)

U NMepPCneKTHBBI Pa3BUTHE KBAHTOBOI HepreTukn B 21 Beke

10.1. MupoBasi 5KOHOMHKA U HAYYHO-TEXHUUYECKUE PEBOIIOLUU

10.2. HayuHsle 3a01y>KJIeHAS U HOBBIE SHEPTETHUECKUE KOHIICTIITUN
10.3. 3aBucumocts KII/] rukiia ot sHEProoTaa9u TOTUINBA

10.4. KBanToBas TeruiosHepreruka. D dext YimepeHko

10.5. KBaHTOBBIE peaKkTOpPbI

10.6. KaBuTanioHHBINH Harpes

10.7. KBanToBbie nBurarenu. Dddexr Cepiia.

10.8. IIpakTHueckoe MpUMEHEHUE KBAHTOBBIX ABUTAaTeNEH

10.8.1. ABTOMOOMIIN HOBOTO TTOKOJICHHUS

10.8.2. Kocmuueckye 1 JeTaTeabHbIE anmnaparhbl

10.8.3. KBaHTOBBIE ABUTATENIN-TEHEPATOPEI

10.9. TIporuo3s pa3ButHsi KBAHTOBOU SHEPreTUKH B 21 Beke

10.9.1 Pe3ynpTaThl MCHBITAHWN KBAHTOBOTO IBUTATENS IS CO3JAHUS TSATH Oe3 BBHIOpOCAa pPEaKTUBHOU
Macchbl

10.9.2 IIpocToii mpubop AJist U3y4eHUs YIPYTHX CBOHCTB KBaHTOBAHHOTO MPOCTPAHCTBA-BPEMEHN
10.9.3 Yro macr 3amryck bomibmmoro agpornnoro koymainepa B [IEPHe?
10.9.4 IIpuopurer Ymepenko (1974) B 06macT X0JI0JHOTO CHHTE3A
10.9.5 IIporuo3 Jleonosa Ha 100 net

Jlurepatypa k rnase 10



42
3akiroueHue mo Tomy 1

Theory of Superunification [1]. Contents

Preface

1 Fundamental discoveries of the quantum of space-time (quanton) and superstrong
electromagnetic interaction

1.2 Main problems on the road to Superunification theory

1.2.1 Problem of energy levels

1.2.2 Problem of motion

1.2.3 Problem of mass

1.2.4 Problem of relativity

1.3 The universe: Boiling “bouillon' of quantons

1.3.1 Introduction

1.3.2 "Bouillon' from quantons

1.3.3 How to weld elementary particles

1.3.4 Return to the light-bearing (luminiferous) medium

1.3.5 Gravity. Inertia. Black holes

1.3.6 Antigravitation. Minus mass. White holes

1.3.7 Problem of time. Chronal fields

1.3.8 Who lights up stars?

1.3.9 Superstrings

1.3.10 Main problems of modern physics

1.3.11 Problems of inflationary theory

1.4 The Einstein posthumous phrase

1.5 Conclusion to chapter 1

2 Electromagnetic nature and structure of cosmic vacuum

2.1 Introduction

2.2 Electromagnetic quantisation of space-time

2.2.1 Basis of the theory of EQM and Superunification

2.2.2 Unification of electricity and magnetism into electromagnetism. Structure of the quanton
2.2.3 The charge of the Dirac monopole

2.2.4 Dimensions of the quanton

2.2.5 Symmetry of electricity and magnetism inside a quanton

2.2.6 The structure of the monopole-quark

2.2.7 Electromagnetic quantisation of space

2.2.8 Electrical asymmetry of space

2.2.9 The speed of movement of the space clock

2.2.10 Stability and energy capacity of the quanton

2.3 Disruption of electrical and magnetic equilibrium of the quantised space-time
2.3.1 The state of electromagnetic equilibrium of quantised space-time
2.3.2 Disruption of electrical and magnetic equilibrium in statics

2.3.3 Disruption of electromagnetic equilibrium in dynamics. Maxwell equations
2.3.4 Displacement of the charges in the quanton and bias currents
2.3.5 Displacement of the charges in the quanton in statics

2.3.6 Polarisation energy of the quanton

2.3.7 Nature of electromagnetic oscillations in vacuum

2.3.8 Quantisation of the electromagnetic wave

2.3.9 Circulation of electrical and magnetic fluxes in the electromagnetic wave
2.3.10 Transfer of energy by the quanton in the electromagnetic wave
2.4 Electromagnetic tensioning of vacuum. Strings and superstrings
2.4.1 Elastic quantised medium (EQM)

2.4.2 Tensioning of the electromagnetic superstring

2.5.3 Tension tensor in vacuum

2.5 Conclusions for chapter 2

3 Unification of electromagnetism and gravitation. Antigravitation
3.1 Introduction

3.2 Nature of the electromagnetic wave. The luminiferous medium



43

3.2.1 Return to the luminiferous medium

3.2.2 Optical media. Fizeau experiment

3.3 Fundamentals of gravitation theory

3.3.1 Two-component solution of Poisson equation

3.3.2 Deformation vector D

3.3.3 Equivalence of energy and mass

3.3.4 Gravitational diagram

3.3.5 Black hole

3.3.6 Additional gravitational potentials

3.3.7 Newton gravitational law

3.4 Reasons for relativism. Principle of spherical invariance
3.4.1 Relativistic factor

3.4.2 The normalised relativistic factor

3.4.3 Dynamic balance of gravitational potentials

3.4.4 Limiting parameters of relativistic particles

3.4.5 Hidden mass. Mass balance

3.4.6 Hidden energy. Energy balance

3.4.7 Dynamic Poisson equations

3.4.8 Dynamic curvature of space-time

3.4.9 The speed of light

3.5 Nature of gravity and inertia

3.5.1 Formation of mass

3.5.2 Reasons for gravity and inertia

3.5.3 Simple quantum mechanics effects

3.6 The principle of relative-absolute dualism. Bifurcation points
3.6.1 Energy balance

3.6.2 Absolute speed

3.6.3 Energy paradox of motion dynamics

3.6.4 Resistance to movement in vacuum

3.6.5 Dynamics equations

3.6.6 Bifurcation points

3.6.7 Complex speed

3.6.8 Relativistic momentum

3.7 Wave mass transfer. Gravitational waves

3.8 Time problems. Chronal waves

3.9 Antigravitation. Accelerated recession of galaxies

3.10 Dimensions of the space-time quantum (quanton)
Conclusions for chapter 3

References

4 The quantised structure of the electron and the positron. The neutrino
4.1 Introduction

4.2 Classic electron radius

4.3 Gravitational boundary of the electron

4.4 Electrical radius of the electron

4.5 Hidden energy and electron mass

4.6 Many relationships of electron parameters

4.7 Gravitational diagram and electron zones

4.8 The gravitational attraction zone

4.9 Equivalence of gravitational and electromagnetic energies
4.10 Tensioning of the medium by the electron

4.11 Gravitational well of the electron

4.12 The zone of antigravitational repulsion

4.13 The zone of the minus mass of the electron

4.14 Annihilation of the electron and the positron

4.15 The effect of electrical force on the quanton in the electron
4.16 Effect of the spherical magnetic field of the quanton. Electron spin
4.17 Electron energy balance



44

4.18 Tunnelling of the charge and wave transfer of electron mass
4.19 Conclusions

References

5 Quantised structure of nucleons. The nature of nuclear forces
5.1 Introduction

5.2 Problem of the nucleon mass

5.3 Shell sign-changing model of the nucleon

5.4 Shell models of the proton

5.5 Shell models of the neutron

5.6 Structure of nucleon shells

5.7 Prospects for splitting the nucleon into elementary components
5.8 Electrical nature of nuclear forces

5.9 Analytical calculation of nuclear forces

5.10 Electrical energy of nuclear forces

5.11 Electrical potential of nuclear forces

5.12 Calculation of neutron interaction

5.13 Proton-proton interaction

5.14 Nuclear forces in quantum mechanics

5.15 The zones of antigravitational repulsion in the nucleon shells
Conclusions

References

6 Two-rotor structure of the photon. Photon gyroscopic effect
6.1 Introduction

6.2 Electromagnetic nature of the photon and rotor models

6.3 Electromagnetic trace of the photon in the quantised medium
6.4 The wave equation of the photon

6.5 Total two-rotor structure of the photon

6.6 Reasons for the deceleration of light in the optical medium

6.7 Probable capture of atomic centres of the lattice of the optical medium by a photon
6.8 Vector diagram of the complex speed of the photon in the optical medium
6.9 Wave trajectory of the photon in the optical medium

6.10 Forces acting on the photon in the optical medium

6.11 Refractive index of the optical medium

Conclusions

References

7 Nature of non-radiation and radiation of the orbital electron
7.1 Introduction

7.2 Concept of the discrete quantised electron

7.3 Special features of the structure of the proton, neutron and the atomic nucleus
7.4 Reasons for the non-radiation of the orbital electron

7.5 Reasons for proton radiation of the orbital electron

7.6 The role of superstrong interaction in photon radiation

7.7 Gravitational radiation of the atom

7.8 Probability electronic cloud

7.9 Conclusions

References

8 Thermal photons. Molecule recoil in photon emission

8.1 Energy paradox in atom recoil

8.2 Classic approach to calculating the atom recoil

8.3 Method of calculating atom (molecule) recoil in photon emission
8.4 Energy balance of the atom in photon emission

8.5 Nature of thermal oscillations

8.6 High temperature superconductivity

8.7 Leonov's task

References

9 Gravitational waves. Wave equations

9.1 Introduction



45

9.2 State of the space-time theory

9.3 Main static equations of the deformed quantised space-time

9.4 The balance of gravitational potentials in quantised space-time

9.5 Limiting mass and energy of relativistic particles

9.6 Fundamentals of the physics of black holes

9.7 Deformation vector of quantised space-time

9.8 Derivation of the equation for the speed of light

9.9 Distribution of time in space in the form of a chronal field

9.10 Antimatter and ideal gravitational oscillator

9.11 Electromagnetic quantisation of space-time

9.12 Derivation of the Maxwell equations and electromagnetic waves

9.13 Equivalence of electromagnetic and gravitational energies

9.14 Electron structure

9.15 Gravitational waves in quantised space-time

9.16 Report by V. Leonov on the generation of a gravitational wave

9.17 Conclusions

10 Superstrong electromagnetic interaction and prospects for the development of quantum
energetics in the 21st century

10.1 World economy and scientific and technical revolutions

10.2 Scientific errors and new energy concepts

10.3 Dependence of the efficiency of the cycle on the energy yield of fuel

10.4 Quantum thermal energetics. Usherenko effect

10.5 Quantum reactors

10.6 Cavitation heating

10.7 Quantum engines. The Searl effect

10.8 Practical application of quantum engines

10.8.1 New generation automobiles

10.8.2 Spaceships and aircraft

10.8.3 Quantum engines-generators

10.9 Forecast of the development of quantum power engineering in 21st century
10.9.1 Results of the tests of a quantum engine for generating thrust without the ejection of reactive mass
10.9.2 Simple instrument for studying the elastic properties of quantised space-time
10.9.3 What will the launching of the Large Hadron Collider at CERN vyield?
10.9.4 Priority of Usherenko (1974) in the region of cold synthesis

10.9.5 Leonov's forecast for 100 years

References

Conclusion for volume 1

Index

Jlureparypa:

1. Leonov V. S. Quantum Energetics. Volume 1. Theory of Superunification. Cambridge International
Science Publishing, 2010, 745 pages. (KBauroBas suepretuka. Tom 1. Teopus CynepoObequHeH s, —
CISP, 2010, 745 ctp.).

2. V.S. Leonov. Quantum Energetics: Theory of Superunification. Viva Books, India, 2011, 732 pages.
3. Jleonos B.C. Teopus ynpyroii kBaHTOBaHHOM cpeabl. MH.: bucnpunt, 1996, - 156 c.
4. Jleonos B.C. Teopus ynpyroit KkBaHTOBaHHOM cpeipl. HacTs 2 . HoBbIe HCTOYHMKM SHEPTHH. - MH.:

ITosmour, 1997, - 122 c.

5. Leonov V. S. Results of the tests of a quantum engine for generating thrust without the ejection of
reactive mass. From the book Leonov V. S. [1], pp. 694-689, 2010.

6. Jleonos B.C. [latent P® No 2185526 «Crioco0 co3maHust TSITW B BAKyyME H MTOJIEBOH IBUTATEIH JIsI
KOCMHUYECKOT0 Kopabiist (BapuaHThl)». broi. Ne 20, 2002.

7. Leonov V. S. Priority of Usherenko (1974) in the region of cold synthesis (fusion). From the book
Leonov V. S. [1], pp. 701-705, 2010.

8. Jleonos B.C. XononaHslii cuaTe3 B 3 pexTe YIIepeHKo 1 ero IpuMeHEeHHE B SJHEPTreTHKE. — M.:
Arpoxoncant, 2001.

9. Jleonos B.C. [Tatent P® Ne 2201625 «Crioco0 mojiyueHusi SHEPTUU K PEAKTOP VIS €r0 pean3ariim.
bron. Ne 9, 2003.



10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.

40.
41,
42,

43.

46

Leonov V. S What will the launching of the Large Hadron Collider at CERN yield? From the book
Leonov V. S. [1], pp. 694-701, 2010.

CERN press office. CERN experiments observe particle consistent with long-sought Higgs boson, 04
Jul 2012. http://press.web.cern.ch/press-releases/2012/07/cern-experiments-observe-particle-
consistent-long-sought-higgs-boson

Oxy#nb JI.B. «IlocneciioBue kK OTKPBITHIO YaCTHIIBI, ‘TTOX0XKelH Ha 0030H Xwurrca’: apryct 2012y», YOH
182 1031-1032 (2012).

Py6axoB B.A. «K otkpsITHiO Ha Bonpiom aapoHHOM KoJutaifiepe HOBOM YaCTHIIBI CO CBOWCTBAMHU
6030na Xurrcay, YOH 182 1017-1025 (2012).

Peskin M.E. “"Theoretical summary lecture for Higgs Hunting 2012", arXiv:1208.5152; SLAC-PUB-
15224 (2012).

Baggott J. Higgs: The invention and discovery of the '‘God Particle'. Oxford University Press, 2012,
277 p.

Schiller C. Motion Mountain - vol. 6 - The Strand Model - A Speculation on Unification. Motion
Mountain on Paper, 2012, 417 p.

Schiller J. Higgs Boson Particle and Impact on Cosmology. CreateSpace, 2012, 204 p.

Einstein A. Relativity: The Special and the General Theory. Mahaveer Publishers, 2011.

Anadijiban Das A and DeBenedictis A. The General Theory of Relativity: A Mathematical
Exposition. Springer, 2012, 710 p.

Gravitation (Physics Series), by Charles W. Misner, Kip S. Thorne and John Archibald Wheeler. San
Francisco, W. H. Freeman, (1973).

MartseeB A.H. Mexanuka u Teopusi oTHOcUTENbHOCTU. M., Bricas mkona, 1976.

Manjit Kumar. Quantum: Einstein, Bohr and the great debate about the nature of reality. - New York:
W.W. Norton & Co., 2010, 448 p.

Davies, P. C. W, Betts D.S. Quantum mechanics. 2nd ed. - London; New York: Chapman & Hall,
1994, 178 p.

Sakurai. Modern Quantum Mechanics. Pearson Education, 2006, 508 p.

Ballentine L.E. Quantum Mechanics: A Modern Development. World Scientific, 1998, 658 p.

Ryder L.H. Quantum Field Theory. Cambridge University Press, 1985, 2003.

Eisberg R. and Resnick R. Quantum Physics of Atoms, Molecules, Solids, Nuclei, and Particles. John
Wiley & Sons, 1985, 864 p.

Cottingham W. N., Greenwood D. A. An Introduction to the Standard Model of Particle Physics.
Cambridge University Press, 2007, 50 p.

Mann R. An Introduction to Particle Physics and the Standard Model. Taylor & Francis US, 2010,
592 p.

Robinson M. Symmetry and the Standard Model: Mathematics and Particle Physics. Springer, 2011,
327 p.

Langacker P. The Standard Model and Beyond. CRC Press, 2010, 426 p.

Prigogine I. The End of Certainty. The Free Press, 1997.

Leonov V. S. Deformation vector D. From the book Leonov V. S. [1], pp. 202-203, 2010.

Leonov V. S. Leonov’s task. From the book Leonov V. S. [1], pp. 596-602, 2010.

Greiner W., Schramm S., Stein E. Quantum Chromodynamics. Springer, 2007, 553 p.

Smilga A. V. Lectures on Quantum Chromodynamics. World Scientific Publishing, 2001.

Dissertori G., Knowles I.G., Schmelling M. Quantum Chromodynamics: High Energy Experiments
and Theory. OUP Oxford, 2009, 558 p.

Ellis R. K., Stirling W. J., Webber B. R. QCD and Collider Physics. Cambridge University Press.
Hpemun I M MHOXECTBEHHOE POXKICHHE YaCcTHIl M KBaHTOBasi XpomoauHamuka. Y OH (172) 551—
571 (2002).

Higgs P.W. Broken Symmetries and the Masses of Gauge Bosons. Physical Review Letters 13 (16):
508-509 (1964).

Jleonos B.C. OTKpBITI/Ie QJICKTPOMAIrHUTHOT'O KBaHTA MPOCTPAHCTBA U MPUPOAA I'PABUTALIMOHHBIX
B3aumoJeicTBuil. B c0. «Herbipe noknana nmo reopun YKC». — CII6, 2000, c. 52-53.

Leonov V. S. Fundamental discoveries of the quantum of space-time (quanton) and superstrong
electromagnetic interaction. From the book Leonov V. S. [1], pp. 1-67, 2010.

Leonov V. S. Electromagnetic nature and structure of cosmic vacuum. From the book Leonov V. S.
[1], pp. 68-166, 2010.



http://press.web.cern.ch/press-releases/2012/07/cern-experiments-observe-particle-consistent-long-sought-higgs-boson
http://press.web.cern.ch/press-releases/2012/07/cern-experiments-observe-particle-consistent-long-sought-higgs-boson

44,

45,

46.

47,

48.

49.
50.
51.
52.

53.

54.
55.
56.
57.
58.
59.

60.
61.

62.

63.
64.

65.

66.

67.

68.
69.
70.
71.

72.
73.

74.
75.

47

Leonov V. S. Dimensions of the space-time quantum (quanton). From the book Leonov V. S. [1], pp.
252-268, 2010.

Leonov V. S. Unification of electromagnetism and gravitation. Antigravitation. From the book
Leonov V. S. [1], pp. 167-261, 2010.

Leonov V. S. Symmetry of electricity and magnetism inside a quanton. From the book Leonov V. S.
[1], pp. 82-84, 2010.

Jleonor B.C. IIaThIil THTT CBEPXCHILHOTO O0BEUHSIONIETO B3auMoIeicTBrs. B cOopHuUKe:
”TeopeTnuecKre U IKCIEPUMEHTAIBHBIE TIPOOJIEMBI OOIIECH TEOPHH OTHOCUTEILHOCTH H
rpaButauun’”’. X Poccuiickas rpaBuTanimonHast KoHpepeHnuus. Te3ucsl qoknanos. - M.: 1999, - c. 219.
Jleonos B.C., Kupunos FO.H. CBepxcunbHoe 3nekTpoMarHuTHoe Bzaumozelicteue (COB) u
MIePCIEKTHUBEI Pa3BUTHS KBAaHTOBOW dHEPreTHKH B 21 Beke. — TOIUIMBHO-?HEPTETHIECKUI KOMILICKC,
2005, Ne 4 u DuepreTuk, 2006, Ne 7.

Leonov V. S. Electrical asymmetry of space. From the book Leonov V. S. [1], pp. 88-89, 2010.
CoxkouoB A.A., eanenko JI./l. Kanrosas Teopus moms. M-JI:, 1952.

PrikoB A.A. Bakyym u BemectBo Beenennoit. M.: 2007.

Narison S. QCD as a Theory of Hadrons: From Partons to Confinement. Cambridge University Press,
2004, 779 p.

Brambilla N, D'Alesio U, Devoto A, Maung K, Prosperi G.M., Serci S. Quark Confinement and the
Hadron Spectrum V1. 6th Conference on Quark Confinement and the Hadron Spectrum. American
Inst. of Physics, 2005, 510 p.

Leonov V. S. Effect of the spherical magnetic field of the quanton. Electron spin. From the book
Leonov V. S. [1], pp. 16-25, 2010.

Leonov V. S. How to weld elementary particles? From the book Leonov V. S. [1], pp. 322-333, 2010.
Leonov V. S. Formation of mass. From the book Leonov V. S. [1], pp. 88-89, 2010.
Leonov V. S. Gravitational boundary of the electron. From the book Leonov V. S. [1], pp. 269-274,

2010.

Leonov V. S. Gravitational diagram and electron zones. From the book Leonov V. S. [1], pp. 282-
287, 2010.

Leonov V. S. The zone of antigravitational repulsion. From the book Leonov V. S. [1], pp. 302-306,
2010.

Leonov V. S. The gravitational attraction zone. From the book Leonov V. S. [1], pp. 287-289, 2010.
Leonov V. S. Annihilation of the electron and the positron. From the book Leonov V. S. [1], pp. 308-
313, 2010.

Politzer H.D. Asymptotic Freedom: an Approach to String Interactions. North-Holland Publishing
Company, 1974, 52 p.

Miller F.P., Vandome A.F., J. McBrewster. Asymptotic Freedom. PediaPress, 2010, 404 p.

Leonov V. S. The zone of the minus mass of the electron. From the book Leonov V. S. [1], pp. 306-
308, 2010.

CERN press office. Neutrinos sent from CERN to Gran Sasso respect the cosmic speed limit, 8 June
2012. http://press.web.cern.ch/press-releases/2011/09/opera-experiment-reports-anomaly-flight-time-
neutrinos-cern-gran-sasso

Leonov V. S. Wave mass transfer. Gravitational waves. From the book Leonov V. S. [1], pp. 241-245,
2010.

Niaz M., Marcano C. Reconstruction of Wave-Particle Duality and Its Implications for General
Chemistry Textbooks. Springer, 2012, 46 p.

Naik P.V. Principles of Physics. PHI, 2010, p.293.

Rosen J. Encyclopedia of Physics. Infobase Publishing, 2009, p. 254.

Hawking S.W. Hawking on the Big Bang and Black Holes. World Scientific, 1993, p. 287.

Leonov V. S. Quantised structure of nucleons. The nature of nuclear forces. From the book Leonov V.
S. [1], pp. 352-420, 2010.

Schrieffer J.R., Bonesteel N.E., Gor’kov L.P. Selected Papers of J. Robert Schrieffer: In Celebration
of His 70th Birthday. World Scientific, p. 143.

Leonov V. S. Problem of the nucleon mass. From the book Leonov V. S. [1], pp. 361-362, 2010.
Leonov V. S. Structure of nucleon shells. From the book Leonov V. S. [1], pp. 377-386, 2010.
Leonov V. S. Analytical calculation of nuclear forces. From the book Leonov V. S. [1], pp. 390-398,
2010.



http://press.web.cern.ch/press-releases/2011/09/opera-experiment-reports-anomaly-flight-time-neutrinos-cern-gran-sasso
http://press.web.cern.ch/press-releases/2011/09/opera-experiment-reports-anomaly-flight-time-neutrinos-cern-gran-sasso

48

76. Leonov V. S. Two-component solution of Poisson equation. From the book Leonov V. S. [1], pp.
193-201, 2010.

77. Leonov V. S. Additional gravitational potentials. From the book Leonov V. S. [1], pp. 210, 2010.

78. Leonov V. S. The zones of antigravitational repulsion in the nucleon shells. From the book Leonov V.
S. [1], pp. 408-417, 2010.

79. Leonov V. S. Dynamic Poisson equations. From the book Leonov V. S. [1], pp. 214-215, 2010.

80. Leonov V. S. The normalised relativistic factor. From the book Leonov V. S. [1], pp. 211-212, 2010.

81. Leonov V. S. Antigravitation. Minus mass. White holes. From the book Leonov V. S. [1], pp. 36-39,
2010.

82. Leonov V. S. Tensioning of the electromagnetic superstring. From the book Leonov V. S. [1], pp.
152-156, 2010.

83. Leonov V. S. Reasons for relativism. Principle of spherical invariance. From the book Leonov V. S.
[1], pp. 211-218, 2010.

84. Jleonos B.C. Dnexrpuueckas mpupoja saepHbIX cuil. — M.: Arpokoncant, 2001.

85. Jleonos B.C. IIpupona siepHbIX U MeXbSIACPHBIX CHIT B Teopru CyrnepoObeTMHEHUST KaKk OCHOBA
¢u3nKu HaHOTeXHOJOTHI. — Poccuiickuii Hay4nblit neHTp «KypuaToBckuii nHCTUTYTY. COOpHUK
AHHOTAIUH TOKJIaJI0B KOH(EPEHIIMHU MOCBAIICHHON 50-JIeTHIO NCCIIeIOBATEIBCKOTO SACPHOTO
peaxtopa UTP, 26-30 HostOpst 2007 roga, Mockaa, ¢. 173.

86. Gribbin J. Unveiling the edge of time: black holes, white holes, wormholes. Crown Publishing Group,
1994, 256 p.

87. Shapiro S. L, Teukolsky S.A. Black Holes, White Dwarfs and Neutron Stars. John Wiley & Sons,
2008, 663 p.

88. llamupo C. JI., Teiokoncku C. A. UepHsie AbIpb, Oenble KapiIuKh U HeUTpoHHBIE 3Be316I / [lep. ¢
anri. nog pen. . A. Cmopoaunackoro. — M.: Mup, 1985. — T. 1—2. — 656 c.

89. Leonov V. S. Black hole. From the book Leonov V. S. [1], pp. 208-210, 2010.

90. Leonov V. S. Limiting parameters of relativistic particles. From the book Leonov V. S. [1], pp. 212-
213, 2010.

91. Matarrese S., and others. Dark Matter and Dark Energy. Springer, 2011, 404 p.

92. Perrenod S. Dark Matter, Dark Energy, Dark Gravity. BookBrewer, 2011.

93. Nicolson I. Dark side of the universe: dark matter, dark energy, and the fate of the cosmos. John
Hopkins University Press, 2007, 184 p.

94. Bahcall J.N., Piran T., Weinberg S. Dark Matter In The Universe. World Scientific, 2004, 233 p.

95. Kleingrothaus H.V.R., Krivosheina I.VV. Dark Matter in Astrophysics and Particle Physics:
Proceedings of the 7th International Heidelberg Conference. World Scientific, 2010, 576 p.

96. JIykam B. H., Py6akos B. A. Temnast sneprust: Mudsl u peansrocts, YDH, 178:3 (2008), 301-308.

97. Yepnun A JI. Temuast sneprust u BcemupHoe antutsrorenne. Y ®H 178 267-300 (2008).

98. Leonov V. S. Antigravitation. Accelerated recession of galaxies. From the book Leonov V. S. [1], pp.
248-252, 2010.

99. Jleonos B.C. OtkpbITHE TpaBUTALIMOHHBIX BOJH npodeccopom Beiinukom. — M.: Arpokoncant, 2001.

100.Leonov V. S. Gravitational waves. Wave equations. From the book Leonov V. S. [1], pp. 603-650,
2010.

101.Kpyrnsakos 3. Hayka u xu3nb, 2001, Ne 12, ctp. 13.

102.Leonov V. S. Two-rotor structure of the photon. Photon gyroscopic effect. From the book Leonov V.
S. [1], pp. 421-511.

103.Leonov V. S. Simple instrument for studying the elastic properties of quantised space-time. From the
book Leonov V. S. [1], pp. 689-694, Fig. 10.22.

104.Torge W. Gravimetry. Walter de Gruyter, Berlin, 1989, 465 p. (Topre B. I'paumetpust. Mup, 1999).

105.Ymxesckuit A.JI. Kocmudeckuit mysbce xu3Hu. M,: Meicib, 1995, 767 c.

106.1Ixome C.3. Kocmuueckue daktopsl B ciy4aitHbIx nporeccax. Svenska fysikarkived, 2009, 388 c.

107.Leonov V. S. Superstrong electromagnetic interaction and prospects for the development of quantum
energetics in the 21st century. From the book Leonov V. S. [1], pp. 651-706.

108.Leonov V. S. Cosmic safety of the Earth. From the book Leonov V. S. [1], pp. 676-677.



