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AbcTpakTt

I, Ilunoe npeonoxcun Hosyio Hayunyro Ilpoepammy, komopas npusena kK co30anuro Ypaenenuil
Qusuyeckoeo Baxyyma, onucvigarowux kax Mamepuanvuoii Mup, max u coovimus Mupa Buicueli
Peanvnocmu. Ynukanvenas nonwimka Llunosa eedem nac k Hoeou Hayunoti Ilapadueme, udyweii na
CMeHy Cmapomy MUpOBO33PEHUIo, PACCMAMPUBAIOWEM) MUP MOJLKO C MAMEPUATUCIMUYECKOU MOYKU
spenus na cocmasnaiowue Cmpyxkmypor Mamepuu v Cun Ilpupoobi.

Hosoe nayunoe mupososspennue onusce k Bocmounou @unocoghcxoil mvicu, exaroyarowel 6 ceos
He MOIbKO MamepuanbHvie dnemenmol, HO u none CO3ZHAHUA, KOMOpOe pecucmpupyem, oyenusaen
amy peanvHOCmb, m.e. Oeicmeumenvhocmv  Mupa Beicwei Peanvnocmu kax IIpuopumemmbiii
Yposens.

Kniouegvie cnosa
Mup Beicweti Peanvnocmu, Hoseas Hayunaa Ilapaouema,Ypasuenus Bakyyma [lunosa,
Topcuonnvie noas, opueHmupyemas mouxa.

Ucropuss co3ganuss Bakyymubix YpaBHenuii IllumoBa HauumHaetrcs cC
reOMETpU3alMi UM YpPaBHEHUHM KJIACCUYECKOM JJIEKTPOAMHAMUKM Makcseia-
Jlopenua. O61en3BeCTHBI TPYIHOCTH 3TOW TEOPHH, PA3PEIINTh KOTOPbIE HE CMOTJa U
KBaHTOBasl JJIEKTpOAMHAMMKA.  [IpM CTaHOBIEHMM KBAaHTOBOM TEOpPHM B Hayaie
IPOLLIOro BeKa JiBa BONPOCA BOJHOBaIHM (H3HMKOB, (KCTaTH, OTBET HA KOTOpHIC HE
JlaeT HU CTaHJapTHasi MOJEIb, HU TEOpUs CTPYH), 3TO:

1) [ToueMy He n3MTy4YaeT 3JAEKTPOH MPH YCKOPEHHOM JIBUJKEHUU BOKPYT sAapa?
2) Ilouemy He MEHsIETCS MATHUTHBIM MOMEHT 3JIEKTPOHA IIPU €ro BpaleHuu?

H.bopy npumuiocs NocTynIupoBaTh CyIIeCTBOBAHUE Yy aTOMa CTallMOHAPHBIX OPOMT,
YTO HUKAK HE OOBSCHAET (U3MYECKYI0 CHUTYyalHio, a MPOCTO IMpejiaraeT Ham
paccMmaTtpuBaTh SIBIEHHE Kak JaHHOCTb. [loaTomy, OOBIUHBII OTBET, YTO 3TO
CBOMCTBO KBAaHTOBBIX CUCTEM, HESIBHO ONMPAETCS Ha MOCTyaaT bopa.

Jlnst npeononenust ator TpynHoctu [.IlIumo B 1972 1. B crathe [1] mpemmoxun
paccMaTpuBaTh JABM)KEHHE DIIEKTPOHA B aTOME B COOTBETCTBHHM C YpPaBHEHUSIMU
reoJIe3NYeCKUX HCKPUBJIEHHOTO IapaMEeTPUYECKOr0o pHUMaHOBa IPOCTPAHCTBA,
CO3/1aBaeMoro sApoM. JIOKaJIbHO NPOCTPAHCTBO-BPEMSI TAKOW AIIEKTPOAMHAMUKH
ABIISICTCA TUIOCKMM, ITI03TOMY JIEKTPOH HE M3JIy4aeT Kak JIOKAJIIbHO, TaK U IJI00aJIHO
BJIOJIb BCEH TPAcKTOpUHM 3apsAa BHYTPH sjpa. BakyymHble ypaBHEHMI
reOMETPU3UPOBAHHON AJIEKTPOJMHAMUKM HANOMUHAIOT BaKyyMHbIE YpaBHEHHUS

Ditnmreiina Ry, =0, KoTopble A.DWHIUTEHH CUMTal €IWHCTBEHHO BEPHBIMHU

YpaBHEHUSIMU TPAaBUTAIMOHHOTO Tmois [2]. Pemenue reomeTpu3MpOBaHHBIX
BaKyyMHBIX YPaBHEHUW I LEHTPAIbHO-CUMMETPUYHOIO MOJS SiApa MO3BOJISAET
MOJIYYUTh METPHUKY TMPOCTPAHCTBA COOBITUH, MOm0OHYH0 Merpuke llIBapummmibaa.
[Ipu nBMXEHWH MO Te0AE3UYECKON B ATOM METPUKE AJIEKTPOH JBHXKETCS YCKOPEHHO,
HO C COXPAaHEHHEM IOJIHON (KHHETHYECKON + MOTEHIMAIBLHOMN) SHEPTUU a, 3HAUUT,



6e3 wm3mydeHus. IloaToMy B TE€OMETPU3UPOBAHHON AIEKTPOAMHAMHKE HET
HeoOXxoaumMocTH BBOaUThH moctyinaT bopa.  Cormacuo I'.IlIumoBy, B paborte [1]
BIICPBBIC [aHO TNPUHIMIIHAAIBHOE pEIICHHEe NepBOM MpobiemMbl OHHIITEHHA —
npoOJieMbl  TEOMETPHU3ALMK YPaBHEHWM KJIACCHYECKON AJIEKTpOoauHaMHUKH [3].
OnHako Takas JJEKTPOJAMHAMHKA HE OOBACHSAET AUCKPETHYIO NPUPOAY OpOUT
AJIEKTPOHA B aTOME U CTAOMJILHOCTh MAarHUTHOI'O MOMEHTA 3JIEKTPOHA.

B roamr paboThl Hal CcO3/I@aHUEM T€OMETPU3UPOBAHHOMN AIeKTpoauHaMUKH (1968-
1972) I'.11IumnoB mocemaer TeopeTuueckre ceMuHapsl, pykooaumele /1. /[.MiBanenko,
Ha KOTOphIX oOcyxnatorcs unen J.Kaprana. B omgnoit u3z pador 1922 r., O. Kaprana
YTBEPXKAAET, UTO BpPAILLEHUE MATEPUH JOJDKHO MOPOXKAAaTh KpyuyEeHUE NIPOCTPaHCTBA-
BpemenH. [loa BIusiHUEM 3THUX, MPOXOAUMBIX Ha ceMHHape auckyccuid, I'.IllumnoB B
1976 r. wucnome3yer B cTathe [4] 10 -mepHOE MPOCTPAHCTBA COOBITHI
OPUEHTUPYEMBIX TOYEK (TOUKa, HUMEIoIIas COOCTBEHHOE BpallleHHE — CIIHMH), B
KOTOpPOM  BpalleHME CBA3aHO C KPYYEHMEM IIPOCTPAHCTBA  AOCOJIIOTHOIO
napajuienu3mMa. JTO MO3BOJIMIO €My I'€OMETPH3UPOBATh MPaBYH YacTh YpPaBHEHHA
DWHmTeHa (TONs MaTepuu), MPU ITOM KpydeHHEe abCOIFOTHOTO Mapauieu3Ma
MOJIHOCTBIO OMpEAeNsieT CTPYKTypy Martepuu. Kak H3BECTHO, TEH30p SHEPrUU-
MMITYJIbCa MaTepUH B OOBIYHBIX YPAaBHEHUSAX DUHIITEHA BBOAUTCS PYKaMU U UMEET
¢dbenomenonoruueckyro npupony. I[losromy I'.IllumnoB cuurtaer, uro B 1976 r. B
pabotax [4,5] OH Hale MPUHIMITHAIBHOE PEIICHUE BTOPOM MPOoOIeMbl DWHINTEHHA
— mpoOJieMbl TeOMETpHU3alUHU Mo Marepud [6], mpu 3TOM mMmoje Mmarepuu (Iose
KpyuY€HUsl) HMHTEPIPETUPYETCS UM Kak I10JIE WHEPIMH, BBI3BAHHOE JOKAJIbHBIM
BpallleHHeM MaTepuH, kKak 3To u npenanonaran D.Kapran. Kak u3BectHo, mpoGiema
WHEPIUH SIBIIIETCS OAHOM W3 cTapedmmx (HauyumHas co BpeMeH HproToHa) mpobiem
¢busuku. A. DitHIITelH, cnexys O.Maxy, nonarai, 4To NPUYHMHON MPOSBIECHUE CHII
UMHEpLMH CIIy)KaT yAajleHHble Macchl BeeneHHoM (I7100anbHbI MOAX0M), UTO, TEM HE
MEHee, HHUKaK He ClIeJlyeT U3 YpPaBHEHMH OJUHINTEHHOBCKOW TEOPHH TI'PaBUTAIUU.
Hao6opor, I'.Illunos noka3an Ham B padote [5], 4TO MO MHEPIMH, BHI3BIBAOIINE
CWJIBl HMHEPLUU, HUMEIOT JOKAJIBbHYI0 NPHUPONY M IOPOKICHBI BpallaTeIbHBIM
IBUKEeHHEeM Matepuu (runote3a Kaprana).

[TockonbKy B COBpeMEHHON (DU3MKE MOJIIMA MATEPUU SIBJISTFOTCSI KBAHTOBBIE ITOJIS,
I'.Ilumor B padote 1977 r. [7] otMeuyenHol MexayHapoaHO# Komuccuei mo Ooriei
TEOPUH OTHOCHTENbHOCTH M ['paBuTanuu [8], /[emaeT MOMBITKY reOMeTpU3alud
IUIOTHOCTH MaTePHH CHMHOPHOTO TOJIS CIIMHA 1/2 ¥ MOJTy4aeT ypaBHEHHUs, TOJ0OHbIE

HEJIMHEWHbIM CIUHOPHBIM ypaBHeHusM [eiizenOepra. @aktuyecku, B padore I
[unoBa [7] BHepBBIE B HUCTOPUM HAyKH  CBA3BIBAIOTCS BOEJUHO KAHTOBBIC
CIIMHOPHBIE TIOJIs, ITOJISI MHEPLIMKM U KPY4E€HHE POCTPAHCTBA.

3aKOHUMB peajlu3alUIil0 [pPOorpaMMbl OWHINTEHHA MO TeoMeTpu3aluu (U3MKH,
I'.Iunos HauuHaeT ¢ 1977 r. pa3BUBaTh BBABUHYTYIO UM COOCTBEHHYIO IPOTrpaMMy
Bceobuieit otHocutenbHocTH M Teopun dusnueckoro Bakyyma. B 310 Bpems on
MHTEHCUBHO HCIOJb3yeT pabOThl IO CIMHOPHOM CTPYKTYpE MPOCTPaHCTBAa-BPEMEHH,
pa3BHUTHIC BBIAIOIIMMCS MaTeMaTHKOM coBpeMeHHocTH Pomkepom Ilenpoysom [9].
Pe3ynbpTaThl UccnenoBaHMii OH MyOJUKYET B CBOEH NepBoil MOHOTrpaduu, U31aHHON B
MI'V B 1979 r. [10]. B 1984 r. Ha Bcecoro3noii konpepernuu mo OOmeit Teopun
OTHOCHTENBbHOCTH M ['paButaimu B MockBe oH nemaer nokian [11], B kotopom
BIIEPBBIE COOOIIAET 00 MPEAJIOKEHHBIX UM CIIMHOPHBIX ypaBHEHUSX PHU3NYECKOTro
Bakyywma, 3anmcan yepe3 cnuHOpHbIe MaTpuibl Kapmenu [12] B Buzme



Vo' -Tyo —a!'T g =0, (A%)

R, +2V T, —[T,,T,]1=0, (B*)
R +2V[kT+n]—[T+k,T+n]=0. (B*)
B orux ypasuemumsax 1,K,N...=01,2,3 - xoopmumarusie mmnexch, O A8 -

ciinnopusie Matpuisl  (crimnopubie uagekcsl A=0,1, B=0, 1 B ypapuennsx
(A) u (B) onymenst), obo0maronue marpunbl [laynu Ha cioydald HICKPUBIEHHOTO U

+ ..
3aKPY4EHHOTO TMPOCTPAHCTBA, Rackn 1 R BBk - CIUHOpHBIE MAaTPUIBI

o + ..
PHUMAaHOBOU KPHBU3HLI (3HaK -+ O3HayaeTr 9PMHUTOBO COprI}KeHI/IC), TkC E! T kBD

- CIMHOPHBIE TOPCUOHHBIE MATPHUILIBI, OJIHA U3 TPEX HENPUBOAUMBIX YacTel KOTOPHIX
OMHCHIBACT CNIMH (U aHTUCTIUH) Jlupaka.

[To IlIwumoBy, ypaBHeHus (A) u (B) onuchIBatOT BO30YKICHHBIC COCTOSHHS
®uznueckoro Bakyyma - 3ieMeHTapHbI€ YaCTULIbI, & UX PELICHUS PACIPOCTPAHSAIOTCS
Ha Bce 00JIaCTH MPOCTPAHCTBA — JIOCBETOBBIE, CBETOBBIE U CBEepXcBeTOBbIe. Kak 1 B
ypaBHeHuu Jlupaka, ux peuieHus OnuChIBalOT OOBEKTHI C OTPHUIATEILHON SHEprueH -
aHTH4YacTUIbl. Eciy sHeprus pelieHus paBHa HYJII0, a CaMO PELIEHUE HETPUBHAIIBHO,
To Takoii oOwektr I'. IllmmoB ompenenser kak IlepBuunoe Topcuonnoe Iloie,
nepeHocsmiee HMHQOpManuioo 0e3 TepeHoca SHEPruH. AHAIM3UPYS pelIeHHs
ypaBHeHul Bakyyma, npuBosiue K HOBbIM KOPOTKOJAEHCTBYIOUIUM [TOTEHIIMAIAM H,
CpaBHMBasl 3TH YACTHBIE PEIICHUs C HKCIIEPUMEHTAIbHBIMU JAaHHBIMU IO YIIPYTOMY
paccesHUI0 MPOTOHOB M HEUTPOHOB Ha siapax, [.I1lunoB co cBOMMU COTpyIHHUKaMU
E.I'y0apeBbiMm u A.CugopoBsiM [13] TpUXOIUT K BBIBOAY, YTO I'PaBUTAI[MOHHBIC,
9JIEKTPOMAarHuTHBIE, C1alble, CUJIbHBIE M KBApKOBBIE B3aUMOJCHCTBUS SBISIOTCS
cnencrteueM ypaBHeHn dusnyeckoro Bakyyma.

B 1985 r. I'.lllunoB B pabote [14] dakTuueckn HaXOAUT OTBET Ha BOIPOC,
MoYeMy HE MEHSIETCS MAarHUTHBIH MOMEHT 3JeKkTpoHa. OH BBOJIUT BpallaTeabHbII
NPUHIUI WHEPUUH W TIOHSATHE WHEPIMAIbHOTO JBWKCHHS BO BpallaTelIbHBIX
KOOp/AMHAaTax (Hampumep, B yrjax Oiiepa). OH Moka3bIBaeT, 4TO, B OTCYTCTBHH
BHEIIHUX TOJICH U CHJI, B BAaKyyMHOH (PM3UKE CYIIECTBYET BO3MOXHOCTb IS JTFOOOTO
00beKTa «BpalmaTbcs MO HWHEPUUH» B COOTBETCTBUUM C T€0AE3MYECKUMHU
nmpocTpancTBa abcomoTHOro mnapamienu3Ma.  COOCTBEHHBIM yIJIOBOM MOMEHT
00beKTa (HampuMmep, CHUH 3JEKTPOHA) B 3TOM CIy4ae COXpaHSETCs, 4TO CIEeayeT
HEIOCPENCTBEHHO U3 YPAaBHEHMIA.

B 1988 r. TI.lllunoB npemonupyer monorpaduio «IIporpamma BceoOmieit
oTHOcHTeNnbHOCTH H Teopust Dusnmueckoro Bakyyma» [15] um Beictymaer Ha VII
Bcecoro3noit koHpepennnn «CoBpeMEHHBIE TEOPETHYECKUE U DKCIIEPUMEHTATbHBIE
npoOJeMbl TEOPUM OTHOCUTEIBHOCTH M TpaBUTalMM» ¢ JokiaaoMm «IIporpamma
BceoOmieli OTHOCUTEIIBHOCTH M TeOMETpHsl aOCOIOTHOrO Napasureiau3Ma [16], B
KOTOPOM OH OOBSBIISIET O 3aBEPIICHUH BBIBUHYTON UM ITPOrPaMMBI.



Yepes naBa roma cnoBaukuii ¢usuk Brnaaumup Ckaiabckuii B - CTaTbe,
OMyOJIMKOBAaHHOH B HAy4YHOM aHIJIMMCKOM >KypHasie [17] BHEpBbIC MPEITOKHUIT
Ha3BaTh ypaBHeHuUsd (A) u (B) ypaBHenusimu lllunosa.

Bakyymuble ypaBHenus IlIumoBa HONyCKarOT pas3jIMyHblE BHUABI 3anucu. B

a
BEKTOpHOM Oa3uce € k OHU MOryT OBITh MpPEICTaBICHbI B BUAEC CTPYKTYPHBIX

ypaBHCHI/Iﬁ KapTaHa reoOMETprUU a0COJIFOTHOr'O napamicin3mMa, 3allMCaHHBIC B
MaTpU4YHOM BH/IC KaK

a _.bTa _
0Em ~ e[kT lm1 0 (A)
ALY \Jm]+2 clk \t():\m] =0, (B)

ijk..=0123, ab,c..=0123.

rae  ypaBHeHHs (A) IpeICTaBIsIOT coOOW CTpPyKTypHble ypaBHeHus Kaprana
JNIOKATBHOMN TPYIIBI TPAHCHANMHA 1, , a ypaBHeHus (B) - CTpyKTYpHBIE ypaBHEHHS

Kaprana  sokamproil rpymmsl spamenuii  O(1.3) reomerpum  aGeomorHoro

napauieniu3ma  [18]. CoorBeTcTBEeHHO, I, J,K... - koopauHatHbIC HHIEKCHI
NOKaTbHOW Tpymmel 1, , JeHcTBylomed Ha 4X — MepHOM MHOTo06pa3um
TPAHCISIIMOHHBIX KoOpauHAT  X; u a,b,c.. - koopmmmarHeie wnHzEKCH
JIOKAJIBHOM  TPYIIIbI 0(1.3) y JeWcTByromed Ha OTH — MEPHOM MHOTOOOpa3uu

BpallaTeIbHBIX KOOPAUHAT (TPU MPOCTPAHCTBEHHBIX yIJIa U TPH MPOCTPAHCTBEHHO-
BPEMCHHBIX ).

Ucnone3ys  ¢opmanu3m  BHemHUX  Jud¢depeHIHanbHbIX  (OopM,  MOXKHO
npencTaBuTh ypaBHeHus llIunosa B BUzie NepBbIX

de® —e“ AT% =0 (A)
" BTOPBIX

R% +dT% —-T“% AT? =0 (B)
CTPYKTYpPHBIX ypaBHeHHH KapTana reomerpun abCcoMOTHOTO Napaien3ma.

VYpasuenus [llumnosa (A) u (B) MOryT ObITh IPECTABICHBI B BHJIE TOTHOCTHIO
reOMEeTPU3UPOBAHHON (BKIIFOUAsi ICTOYHUKH) CHUCTEMBI, TOA0OHON paciiupeHHON
cucTeMe ypaBHeHUU DiHIITeHHA- IHra-Minica [18], conmepikarneii:

a) TopcuoHHbIe ypaBHeHus [lIumosa

Ve + Tl =0, (A)

0) 000061eHHbIe BakyyMHbIe ypaBHeHUs LlnnoBa-OiHITeiiHa



Ram—;gamR=VTam (B.1)

C IrCOMCTPU3HNPOBAHHBIM TCH30POM SHCPIr'Ur — UMITYJIbCA, O6pa3OBaHHBIM

TOPCHOHHBIM TI07IeM | bk (HIIM [IOJIEM MATEPHH - KBAHTOBBIMHU [IOJISIMIL)

T 2yt riogs |llg gPfg opiqigs L @
Jm =G| gm] T sCfijm] ) 27 m [i |pjn] ~ "sli |pn]

B) 00006meHHbIe ypaBHeHus [lunosa-Anra-Mmica

em + 2V + 2TC‘5[‘k < =& (B.2)

a _
[b{m] [bjmy

C rCOMCTPHU3HUPOBAHHBIM TCH30pPOM TOKaA

1
Jijn = 28T pmy _ngi[mgk]j ’ (2)

00pa30BaHHOM C MOMOIIBIO TEH30pa dHepruu-umiyiabca (1). B ypaBHeHHsX mois

a
(B.2) Tenzop Bens C%km  sBsercs monewm Ilumnosa-Slura-Mumica, a TOPCUOHHOE
a
none 1 bk - norennmanoM mnoist IIunosa-SHra-Muinica.
B nambonee oOmem Buae ypaBHeHus lllumoBa moryt OBITH 3alHCaHbl B BHJIC

pAaCIIMPEHHOM, MOJHOCTHIO TEOMETPU3UPOBAHHON CUCTEMBI ypaBHeHui [ eiizenbepra-
DitnmreiiHa- ura-Muiica, Bkirodatoriei B ceos [18]:

1) uenuneiiHble ciuHOpHbIe ypaBHeHus Llumnosa-I eiizenbepra

\

pila =V0,050, — 0,051, — HO,1,0, + 7O, Lyl —

.
— 71,040, + Q1,041 + B1,1,0, —& 1,0, (As.1)

V.0, =70,0,0, —@0,041, — f0,1,0, + 0 1,1, —

N
— 71,040, + PLOsL, + 01,150, —KL,l4l,, (As.2)

a,p..=01, z,7.=01,

2) TOJIHOCTBHIO TEOMETPU3UPOBAHHBIC (BKIIFOYAsi HICTOYHUKH ) CITHHOPHBIC
ypaBHeHus [llunoBa-OliHiTeiHa

2@ poep + Ais =V cep (Bs+.1)



3) MOJHOCTBHIO FEOMETPH3UPOBAHHbIC (BKIIIOYAsi HCTOYHUKHU) CIIMHOPHBIC
ypasHenus llIunosa-Aura-Mwuica

C

ABCD CD ' AB AB ' CD

_(TAB )CFTFD - (T+BA)DFTCF - [TABTCD] =W e 0 (és‘ 2)

—Ocplag 0,57, +(TCD)AFTFB+(T+DC>BFTAF'_

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

+ cnuHOpHBbIe ypaBHeHus JeBoii Matepuu  As',Bs*  u ama npasoit m neBoit

aHTUMAaTEPUH. B pesynprare I'.IllumoB mpuxoguT K BBIBOAY, UYTO JIFOOOM OOBEKT,
pPOXJIEHHBIE M3 BaKyyMa OIIMCBIBAETCS COBOKYIHOCTBIO ypaBHEHMH, IOJOOHBIX
ypaBHeHussiM [eiizenOepra-OinmTeiina-Aura-Mumica. be3  Tako  COBOKYITHOCTH
ypaBHeHMH  (yHIaMeHTanbHAas  TEOpUs  3JEMEHTapHbIX  4YacTull  (HO  He
(deHomeHonornueckasn!) He MOKeT ObITH OCTPOECHA.

B 2000 r. I'.[llunoB HaumHaeT BecTd B TawmnaHae SKCIEPUMEHTAIbHYIO paboOTy MO
CO3JJAaHUI0 KOCMHUYECKOTO JBIIKUTENS MPUHIUIHAAILHO HOBOro Tuna [19] u npossiser
ce0s1 He TOJBKO KaK BBIJAIOIIMKCS TEOPETHK, HO M KakK OJecTAIMN 3KCIIepUMEHTATop.
CoBMECTHO C Tpynmod POCCUHCKHUX YUEHBIX OH CO3/1a€T YIpPaBISIEMBIA C [TOMOIIBIO
xkomnbiotepa 4D rupockon u (IKCIEPUMEHTANTBHO M TEOPETHYECKH) MOKa3bIBAaeT, YTO,
KOHTPOJIUPYS VYIJIOBYIO CKOPOCTh BpalieHuss Macc BHYTpu 4D rupockomna, MOXHO
YIPaBIATh €r0 MHEPLMOHHOM Maccoid, 4TO IPUBOJUT K IOCTYNATEIBHOMY JBHIKEHUIO
LIEHTPa Macc TUPOCKOIa.

Wuepumaneueiii  newxutens - 4D T'mpockon wim  BakyymHo TopcuoHHBIM
JIBIKUTENB, KaK 3TO OTOOpa)keHO B HA3BaHUM MaTEHTA, BbIIaHHBIM MHe U I. IllunoBy
Taiickum IlatentasiMm Jlemapramentom ( Thai patent Ne 2522), Hyxknancs B
TEOPETUIECKOM 00OCHOBAHHUH

HoBsie pusnueckue sBIeHUs, IKCIIEPUMETAILHO OOHAPYKEHHbIE MPH UCCIICOBAHUH
4D rupockormna, 1 uX TeopeTudeckoe obocHoBaHue u3oxkeHsl [ .IllunoseiM B pabote

[19] .

O HOBOM crocobe nepeMenieHust B kocmuueckom npocrpanctse I.IIunos B 2005
r. nemaer Joknaa Ha koHgpepenimu B bembrum [20], mocBsimiennoir 100- rneruro
CIELMAJIbHON TEOPUH OTHOCHUTEIBHOCTH. Ha koudepenuun I'.Illunos Bnepsbie
cooO11aeT MUpOBOI Hay4HOM OOIIIECTBEHHOCTH O CO3JJaHUU UM MeXaHUKu Jlekapra - 4-
ro ob6oOmienust MexaHukud HploToHa (mepBble Tpu: crenuaigbHas, oOIlas TEOopUU
OTHOCHUTEJIBHOCTH M KBAaHTOBAsi MEXaHUKA), B KOTOPOH, yTe€M JIOKAJIbHOTO yIPABICHUS
MHEepLHEN, MOKHO JIBUTAaThCSl B KOCMHUYECKOM IIPOCTpaHCTBE 6€3 0TOpachiBaHUS MACCHI.
Jlnst TeopeTryeckoro obocHoBaHus HaOmonaembIx sBinenuit I'.11unos ucnonssyer 1+3
pacierienre ypapBHeHuid @usnyeckoro Bakyyma (ypaBHenus lllunosa- Paituaynypu)



1+3
VipUy +T el =0, (A" )
d d d d d

2 ¢ 20 C) d 1+3
+§®’[C hb]au _? Uaa)bc - UaW[bUC] + Ct)a[cub] + Ga[cub] + E ha[cub] U = O,(B )

T® 7
rie TopcuoHHoe | be  mone B o00o3HaueHusx Paituaynypu [21] umeer Buj

1
T b =-W,u,u° +w, U +o,uU° +§®habuc.

B orcyrcTBuUM HE3aBUCHMBIX IIApaMETPOB O,, H ®, I'.lunoB HaxoauT
ypaBHEHHE CBsA3U 1711 4 — MepHOro yckopeHus nentpa macc 4D rupockona W, u 4-x

MEpPHOM YIJIOBOW CKOpPOCTBIO BpAlllEeHHs MacC BHYTpPU €ro @, B BHUJE

143
V.0 -W,0* =0.  Pacmennennsie ypasHenus sakyyma (A ) u (Bl+3)

HO3BOJSIFOT ~ Oo0Jiee JeTalbHO HCCIIENOBATh JBHXKEHHE B KOCMOCE OOOOLICHHOrO
ny3bIpsi AbkyObepe [22].

[TogBons UTOTM, MOXKHO OTMETUTH CieIylolue Haulojiee BaXKHbIE CIIECACTBUS
BAKyyMHBIX ypaBHeHHi Illunosa:

1. IIpocrpanctBo cobbiTuil Teopuun ®Puznueckoro Bakyyma necsiTuMepHO U UMEET

CIIMHOPHYIO CTPYKTYDpY.
2. KsanrtoBas Teopus, cieayromas u3 ypaBHeHudl ®usmueckoro Bakyyma,
ONMCHIBAET JUHAMHUKY pEAIbHBIX (PU3NYECKUX IOJIeH — TMOJed HuHepuuu,

CBSI3aHHBIX C (PU3MUECKUM OOBEKTOM JIFO00M MPUPOIBIL.

3. JluckperHas cCTpykKTypa (HU3UYECKMX CHCTEM MOpPOXKISHA BpaIlaTeIbHOMI
OTHOCHUTENIbHOCTBIO, KOTOpasi  paccMaTpuBaeT 6 YIJIOBBIX KOOpPJIMHAT (TpHU
MPOCTPAHCTBEHHBIX M TPU MPOCTPAHCTBEHHO-BPEMEHHBIX yTiia) KaK 3JIEMEHTHI
MPOCTPAHCTBA COOBITHI M CBOJUT JIFOO0E peaabHOE IBUKEHUE K BPAIICHUIO (Hes

Hexapra).
4. Cornacuo I'. llunoBy, ypaBHeHus ®Puznyeckoro Bakyyma ONUCHIBAIOT CEMb
ypoBHe# peanmpHOocTH: | -TBepmoe nmeno, Il - xwmakocts, Il - ra3, IV -

ayieMeHTapHble yacTulpl ( ypoBHHU |-1V o0pasyroT mMaTtepuanbHblii mup), V -
¢uznueckuit Bakyym, VI - nepsuunsie Topcuonnsie nois, VIl - ABCOJIFOTHOE
HUYTO, nna xoroporo ypaBHeHuss Dusnueckoro Bakyyma poxparorcs B

toxaecto 0=0 (yposrnu V-VII o6pazyror mup Bricmeit PeansaocT).



AOcontTHoe Huuto Mup Bbicwe

VII
PeanbHocTu
ToHko-
MaTtepuanbHbliii
\% dusnyecknn Bakyym R

TBepable Tena

¢
L wem
I
—

Pucl. Cemn Yposueii Peanibnoctu B Teopun @usnueckoro Bakyyma

5. IlepBuuHblE W BTOPUYHBIE TOPCHOHHBIC MOJS ( BTOPUYHBIC IOJISI TTOPOKICHBI
BpallleHHeM MaTepuu, a IEepPBUYHBIC CYIIECTBYIOT 0€3 MaTepuu) IMO3BOJSIOT
OMKCHIBATh SBNEHUS TcUXopu3zuku (Y - sBieHus), T.e. onucaTb Co3HaHue
YeJI0BeKa U CBsI3aTh €r0 C MaTepUaibHBIM MUpOM [23].

6. VYpaBuenus Bakyyma llIurmoBa coCTaBJISIOT OCHOBY 4-r0 0000IIEHUST MEXaHUKH
Hbrorona — mexanuku Jlekapta, B KOTOpOH BO3MOKHO YIIPaBJICHUE MHEpLUEH
Tela W, CIIE0BaTE/IbHO, W3MEHCHHEM CBOWCTB (M3MCHEHHEM KpPYYEHHUS H
KPUBU3HBI) OKPYXKAIOIIETO MPOCTPAHCTBA.



Teopna GU3MYECKoro
BaKyyma |

Beeoblan oTHOCUTENLHOCTD :
LWunaos {1933} T I
1 Teopua «Becero»
YpaBHeHUA hU3UYECKOro BakyyMa 1 CynepeTpyHel ButTteH
Wunoe (1984) 1 IpwH v Weapy,  (1995)
| crovior (1984-86) CynepoBbeAnHeHWe
Kapmenu 1 HaM%t:f W ap HOKHHT
{1972) / vpasrewnsfiond 1 1 (1970) (1990}
MHEPLMK | CraHpapTHan
Wunoe {# 1 mopenb
/ | p B(%%Lg;am Mnawoy w ap
MeHpoya 1 M {1974)
AHME B WUTERM
{1962) P Mpo6nemall (1%58) ["enn-kanH
finnoe (1976) L iwnos (1972) 9 (1964) Anextpocnabile
= [enn-kaHH B33aMMOAEeACTEBMA
SHHWTERH (1953) BaiinG
(1928) aiHGepr-
1 [~ - * Canam
Kapran : Anpak (1926)  woony  deiinman u (1987}
(1927) s WpenwHrep (1934)  ap.(1957)
BaiilgHbex 1 ;11926
11924) KapTaH 1 . .
(1922) 1 SWHWTErH
Puuun @ | {(1915)
(1895) 1
Napéy . 1 Makceenn
T — 1 (1864) S
: Napaanrma fexaprta | Spene I HitoToH ' Napagurma HbloToHa |
»
1

(1eg7y  TTTTTTTTT T o T

(1849)

Puc.2. TlapannensHoe pa3BUTHE JBYX HAYYHBIX MapajurM

7. VYpaBuenus BakyyMma lllumoBa mpesiaraloT HaMm MepeTH K HOBOM Hay4HOM
napaaurme (CM. puc. 2) , a MMEHHO, K KapTHHE MHpa, 00beauHsommeH MaTtepuro
u Cosnanue B Enunyro PeansHocTsb [24].
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