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BBenenune

Co BpeMeHM cO37aHMs KBAHTOBOW MEXaHUKU (PU3MKa HAXOAUTCS B KPU3UCHOM COCTOSHUH,
MOCKOJIBKY /IO CHX TOpP MEXKIY TEOPETUKAMH HIYT CHOPHI O (U3MUECKON MPUPOJE KBAHTOBBIX
saBiaeHu. Yxke B 1927 romy Beayiyde TEOPETUKU Pa3AC/IMIIMCh Ha JIBE TPYIIIbI BO IJIaBe C
A.DOuHmreitHom 1 H. bopoM. Touka 3penust A. DiHIITEIIHA CBOAMIACH K TOMY, UTO KBaHTOBas
MEXaHHKa B COBPEMEHHOM €€ COCTOSHUU He SBJSeTCs (PyHIaMEHTAIbHOW Teopuel, MOCKOIbKY
B HEHl MOTEpSHO O0O0pa3HOE MBIIUICHUE U, KPOME TOrO, OHA HE COIJIacyeTcs ¢ OOIIUM MPUHIIH-
oM OoTHOocuTesbHOCTH. [loaTOoMy, corinacHo A. DUHINTEHHY, K8AHMOBASL MEXAHUKA He MOJCem
CLYIHCUMb OMAPABGHOU MOYKOU O0Jis OdlbHelue20 pa3sumus ¢uzuky, W CyIIeCTBYIOIICe B Ha-
cTosiIIee BpeMsi pasiesienne GU3MKA Ha KBAaHTOBYIO M KIIACCHYECKYIO HOCUT 8peMeHHblll XapakK-
Tep.

JanpHeiimee pazputue Gpusuku A. DUHIITESHH BUAET B TEOMETPHU3AINN HE TOJIBKO I'PAaBUTAIIH-
OHHOT'O TOJIsI, HO M BCEX IPYrux (pu3nmyeckux mojeid, BKIrouas KBaHTOBbIE [1]. A. DHHIITEHH

CUMTAJI, 4TO IpaBas 4acTh (TEH30p PHEPTUH- UMITYIbCA | ) €0 3HAMEHUTHIX YPaBHEHHIL

1 872G

Rik _EgikR :C_4Tik (1)

uMmeeT (PeHOMEHOJIOTMUYECKYIO (BPEMEHHYIO) IPUPOAY U JO0JKHA OBITh TEOMETPU3UPOBaHA, MPHU
3TOM CaM TEH30p MaTepuH | JOKeH ObITh 0OpasoBan Exmubiv [ToneM, «IoKa ere Hews-

BecTHOM mpupoabl [1]». C apyroit cTOpoHbI, B acTpoU3MUECKUX MOJEINAX, B KOTOPBIX pac-
cMaTpuBaeTcs pokiaeHue BceneHHoW M3 Bakyyma, MpaByl 4YacTh ypaBHeHuit (1) oOpasyroT
kBaHTOBBIe ToJisA. CrnenoBarenbHo, Equnoe [lone «moka emie HEM3BECTHOM MPUPOJBI) TOJKHO
OBITH CBSI3aHO C KBAaHTOBBIMU IOJISIMHM U 110 CBOMM CBOMCTBaM JIOJIKHO OBITh OoJiee yYHugepcaiv-
HbIM, YEM TPABUTALMOHHOE T0JI€.

B HacTosiiee BpeMst CyliecTByeT OKOJIO AeCSITKa pa3luyHbIX (OPMYITHPOBOK KBAHTOBOW TEO-
pun BeriecTBa [2], HO Hac OyayT MHTEpecOBaTh PabOTHI, B KOTOPHIX KBaHTOBas (M3HMKa pac-
cMaTpHuBaeTcsi Kak 4acTh (pu3uku kinaccuueckoil. Cpeau HMX HauOoOJIbIIee paclpoCTpaHeHHe
NoJy4riia TUAPOUHAMUYeCKas modenb Maodenynea [3], BmoxunoBusmiast JI. ne bpoiins [4,5], M.
boma [6], T.Takabasicu [7] 1 qpyrux TEOPETUKOB Ha MOHMCKU JETEPMUHUCTUYECKON KBAHTOBOM
TEOpUH.
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Cornacuo 3. lIpegunrepy, IBH)KEHUE KBAaHTOBOM 4YacTHIbl Macchl M B CHIIOBOM moJie C

noreHuuanbHol sHeprueit U ommceiaercs (yramaHHbIM MM)  CKaISpHBEIM ypaBHeHueM Llpe-
JUHIEepa CIEAYIOLEro BUaa

o W,

[TepBonavansho cam J. lllpeaunrep paccMaTpuBail KOMIJIEKCHYIO BOJIHOBYIO GYHKIHUIO I/ B

ypaBHeHUsX (1) Kak HEKOTOpOE peanibHOe (PHU3MYECKOE IM0JIe, OJJHAKO B TO BPEMsi OH HE CMOT
JaTh BPa3yMHUTENBbHBIAH OTBET O (PU3MUYCCKON MPHUPOJIEC ITOTO OIS, XOTSA aOCONIOTHO MOHSITHAS
dusnyeckas BEIMYMHA - IJIOTHOCTh MaTepUu (MAaCCUBHOM WM 3apsHKEHHON) BBIPAXKAETCS 4epes
noJie i/ M3BECTHBIM 00pa3oM

Po=My >y, p,=ey*y. )

OTH COOTHOIIIEHUS MOKA3bIBAIOT, YTO IMJIOTHOCTh MaTEPUU B KBAHTOBOW TEOPUH UMEET IOJIe-
BYIO (B 00IIIeM clyyae HEJIOKalIbHYIO) IPUPOJIY, a CaMa KBAaHTOBAasl YacTUIIA HE MOXET YyKe pac-
CMaTpPUBATHCS KaK MPOOHAsT W UMEET CBOE COOCTBEHHOE IOJIC «IIOKA €IIe HEU3BECTHOM MPUPO-
JTBI».

IToutn cpa3y nocne Toro, kak O. lllpenunrep omyOnukoBayn ypaBHeHue (2), 3. ManenyHr
«BBIBET» 3TO YpaBHEHUE, UCIIOJIb3YSl YPABHEHUE HEPA3phIBHOCTH i MIIOTHOCTEH (3). JeicTBu-
TENbHO, U3 3aKOHA COXPaHEHMS 3apsiia (UM Macchl)

a§e+div]e V=0, dV=dxdydz, (4)

de d
—=— dVv =
dt dt Pe I

ClIeayeT (FH,I[pO,HHHaMH‘ICCKHfI) AHAJIOI' YpaBHCHU HEPA3PBIBHOCTH JJIA 3ap51>1<eHH0171 MaTCpuH
op, . = - ~
E_'_dlvje:o’ Je:pev' (5)

OTO0, HENMHEHHOE OTHOCUTEIIBHO KOMIUIEKCHOTO Moy ¥ |, ypaBHEHUE MOXKET OBbITh IIPEJICTAB-
JICHO B BUJIE IBYX JINHEHHBIX KOMIUIEKCHBIX ypaBHeHwuii lpenunrepa [8]

ihgy/+h—2V21//—U v =0 ihgy/*—h—zvzt//*JrU w*=0 (6)
o’ 2m ¢ ’ ot 2m ¢ ’

rae U, - moTeHIuanbHast SHEPTUs B3aUMOCHCTBHS 3apsiia € ¢ BHEIIHHM 3JIEKTPOMArHUTHBIM
OJIEM.

Ucnonb3ys hopmyinsl [lnanka E=hAw w Dinmreitna P =7K JI.xe Bpoitns mpeacraBui mo-
ne ¥V BBuue

(D) =v, exp(—%(f»?— Et)jwo exp(%sj , @

KOTOpOE OH INEpBOHAYAIbHO paccMaTpUBal TaKke KaK HEKOTopoe peanbHoe mone. B (7) mox
3HAaKOM JKCIIOHEHTBI CTOMT JAeicTBueS = Et — X cBoOoaHO# vacTuukl. Oxnako, Ilpenunrep
u ne bpoilne BrocneacTBuM (10 AABJIEHUEM KOINEHTareHCKOW IIKOJIBI) OTKAa3alMCh OT TaKON
TPaKTOBKU. J|eCTBUTENBHO, TOpa3 o Mpolile NPeJCTaBUTh COOTHOIIEHNUS (3) B BUeE



po=my*y=mp=my|", p,=ey*y=ep=eyl ®)

H pacCMAaTpUBaATb BCINIUHY

P =y *y =|y 9)

KaK IUIOTHOCTh BEPOSITHOCTH HAWTH (TOYEYHYIO) YaCTHUILy B IaHHOW TOYKE MPOCTPAHCTBA B JIaH-
HBI MOMEHT BpeMeHH. B o6miem ciydae, BOMHOBbIE PYyHKIMH Y, B cooTHoueHuu (9), oOpa-
3YIOT BOJIHOBOH MaKeT, KOTOPBIN (ISl MPOCTOTHI) MBI MPEICTABUM B OJHOMEPHOM CIIydae Kak
Ha0Op MJIOCKUX BOJIH

1t ikx * _LA —ikx
W(A,x)_m_jAe dk , v (A,x)_ZJ;Le dk (10)

B npenene
lim g (A Xy (A X) =y *(X)w () =6(x) , (12)

HaKeT MJIOCKUX BOJIH CTSTUBaeTcs B TOUKy (B BelpaxkeHuu (11) S(X)- omHOMepHas enbTa
¢byukus upaka). CootHomenue (11) mopoauno IBOSKOE TOJIKOBAaHHUE KBAHTOBOM YaCTHIIBI,
HAJIeNTUB €€ CBOWCTBaMU IJIOCKOW BOJHBI Jie bpoitnsa (7) 1 TouedyHOl 4acTUIIBI OJIHOBPEMEHHO
(KOpITyCKYJISIPHO-BOJTHOBOM JAyain3M). DTH JIBa MPEACIbHBIX MPEICTABICHUS BOJHOBOTO TTaKeTa
JI. ne Bpoiuie mbiTancst 00beAMHUTD [5], CBA3BIBas ¢ TOYEUHOW (CHHTYJISPHOM) YaCTHULCH «HE-
cymyro ee BoaHy» (7). C TeueHuEeM BpeMEHH CTalo SICHO, YTO 3TOT TIOJIXOJ SBIISETCS OMIMO0Y-
HBIM, TIOCKOJIBKY, KaK oTMedan A. DUWHINTEHH, B MOJICBOM TEOPUH HET MECTa CHHTYIIIPHOCTH, B
KOTOpOM ypaBHEHUs MoJis (B JaHHOM ciyuyae ypaBHeHus [lIpenunrepa (6)) HeonpeaeneHHBI.

«Kmaccrueckue» mapaMeTpbl, Takue Kak KOOpAWHATAa WM UMITYJIBC, MPOTSHKEHHOTO B TIPO-
CTPAHCTBE BOJHOBOTO ITAKeTa, COCTOSINETro U3 BOJH J¢ Bpoiins, Mbl Ternepb OyaeM BBIUYUCISATH
1o ¢opmynam

<)?>:jw*)i(y/ dv, <ﬁ>zjw*ﬁwdv :—ihjw*%wdv, 12)

paccmarpuBas IIIOTHOCTH (9) Kak pacnpeneneHus 3Tux BenuuuH. [1. Dpendect gokazan reopemy
0 TOM, YTO YPaBHEHHS JIBWKCHUS LIEHTPA Macc MPOTSHKEHHOTO BOJIHOBOTO MAKETa MOXKHO 3aIlu-
cartb B Buje [10]

d *:’ — *
S JvpvadV ==y *vuyav. (13)
Ecnmu ucnonp3oBate onpenenenus (12), To u3 (13) ais nenTpa Macc Mbl noixydaeM (MIpuoIITH-

’KEHHO, KOTJ]a BOJHOBOM MakeT OJU30K K «roueyHoMY» BUIY (11) u sHeprus 4acTuilbl BeIuKa)
YpaBHEHHUS



d(m<v>)/dt=—<dU/dX >, a4
COBIAJAIONINE C YPAaBHCHUSAMH MexXaHUKH HproToHa st mpoOHOW YacTuibl. Takum oOpazom,
MBI OIIATH HpI/IXOIII/IM K BBIBO,Z[y, YTO KBAHTOBAasA 4YacCTHlla HC JIOKaJIbHa, UMECT HpOTSI)KeHHyIO
HOJIGBYIO HpI/IpOI[y u, HpI/I JABMDKCHUM BO BHCIIHEM IIOJIC, HE MOXCT paCCManI/IBaTBCSI KakK
npoOHas. KoneHrareHckas TpakToBKa BOJIHOBOM (yHKIIMHU B (9) BO3ZHHKJIA M3-32 TOTO, YTO TOJIC Y

= 2
HOPMHPOBAHO Ha exuHuIly U miotHocTh  A(X,1) =y *y = |l//|Bcerz[a MOJIOKUTENbHA.

Pa6oter 3. llIpenunrepa, JI. ne bpoiins, D. Manenynrra, [1. DpeHdecTa narot HaM NpeacTaB-
JIeHHE O KBaHTOBOH yactulle (0e3 crnrHa) Kak TPEXMEpHOM IOJIEBOM KITyOKe, COCTOSAIIEM U3 Ha-
60pa TIocKuX BOJH 21 bpoityisa. DTOT nmoneBoii kiry6ok (aedopMupysch npu B3auMOACHCTBUH )
BeJleT ce0s kak eauHoe 1ennoe. OH, ToI0OHO Karuie PTYTH, MOXKET MIPUHUMATH Pa3IHIHYI0 Qop-
My, oOTeKast IPEensATCTBUS U HHTephepupys cam ¢ coboi. [y Takoro 00beKTa KOoIeHrareHeKast
TPaKTOBKA, OCHOBaHHAs (HESIBHO) HA MPE/ICTABICHUU O KBAHTOBOM YaCTHIIE KaK O TOYKE, TEPsIEeT
CMBICTI BBH/IY €TO IPOTSKEHHOCTH, II03TOMY HOUCK (PU3UYECKOTO MOJIS, TOPOKAAOIIEr0 BOIHO-
ByIO QYHKIUIO ¥ , HE JIMIIEH cMbIcia. Bo3M0oxkHO, 3TH cooOpakenus 3actaBunu JI.ne bpoiins,

J1. boma u T.Takabasicu B Hauase 5S0-ThIX IOJ0B MIPOILLIOrO CTOJETHS BEPHYTCS K IIOUCKY HH-
TepIpETaUK KBAHTOBOW MEXaHUKHU B TEPMHHAX Kiaccuueckoil pusuku [6,7]. Ux moaxox 6a3u-
pyercs Ha «TUApOoJIMHaMUYecKoi» Mozenu J. ManenyHra, B KOTOpoil «Hepu3nyeckas» KoM-
IUIeKCHast QYHKIUS i BBIPAXKAETCS Yepes JBe JIeHCTBUTEIBHBIE: TUIOTHOCTH (9) U nelicTue S .

[Tocne moacranoBku B ypaBHenue Llpeaunrepa (2) BomHOBOU (DYHKIUU, 3aIIICAHHON B BUE

y(X.t) =y p(X,1) (IS (X,1)/ 1), (d5)

2
M TUIOTHOCTH BEPOATHOCTH o =y *y =y , momydum

B Lt
ot 2p ot

(1, (1Y
2m[2p p]l// Zm(Zp pjl// (16)

l//——(VS) y-Up+visy Lo hos)y, +
2m 2m yo,

NI

2 2 2
—@——(VS) -U +§l—(iv2p] L [1 Vp] W+

ot 2p 2m{ 2p
filn P Geg M LG syl =0 17)
2,0 ot 2m 2m\ p

[IpupaBHUBaHUS peabHYIO YAaCTh 3TOI'0 COOTHOLIEHUS K HYJII0, HAXOJIUM ypaBHEHUE, MOA00-

HOe ypaBHeHHUI0 I amunbToHa-SIko6u a1 GyHKIuy aeicTBUs S

L (v8)®

at oo tU+Q=0, (18)

e



Q:#[(W»T_vzp}_ i° (Ap (vp)? j_ Ayl Ap 1)

2m| 2p 2p 4m 2p° 2m |y/| 2m Jp

- KBAHTOBasI MOTEHIIMANIbHAS SHEPTHsl. 37ech Mbl ywuin cootHomeHue (9). [TpupaBHuBas MHU-
Myto 9acTh (17) K HyJI0, UMEeM

‘Z’t) o1 PV3S + = ! (Vp)(VS) 0 (20)

I, y‘-II/ITBIBaSI HN3BCCTHOC COOTHOIIICHUC
V=vS/m , (21)

nony4yaeM u3 (20) ypaBHEHUE HEPA3PBIBHOCTU ISl TNIOTHOCTH (9)

%” +V(ov)=0. (22)

[pumenss x ypapaenusMm (18) onepatop V/M, u onsts yuutssas (21), monydaeM ypaBHEHHUs

JIBIKEHUSI «KBAaHTOBOM JKUJKOCTHY» C IJIOTHOCTHIO (9)

v _ (v _Pyy_P
—=p| —+VWW VU -=VQ. 23
P p(at j - - Q (23)

Takum obpa3zom, B Mojenn MajienyHra oIHO KOMILIEKCHOE JIMHEHHOe I0 ¥/ ypaBHEHHE (2) 3K-

BHMBAJIEHTHO JBYM ypaBHeHUAM (22) u (23) myist aeiicTBUTENbHBIX GyHKIUA O 1 V .

Ecnu Mb1 ymHOXUM ypaBHeHus (22) u (23) Ha maccy M =CONSt u BBezeM IUIOTHOCTH MaTe-
pun

Pm =My >y (24)

TO MbI IOJIYUYUM YpaBHCHUA «KBaHTOBOH FpaBHTprmIlIefI KHUIAKOCTH»

op _

. v =0, 25

Lo +V(p,7) (25)

av_ p P

—=_fnyy _fuyQ, 26
Prgt ™ U Q (26)

rae U, =-mMG/r- NOTEeHIHalbHas DHEPrus IPaBUTAIMOHHOIO B3aUMOJENCTBHA Maccel M ¢

maccoit M ucrounuka nons. Cokpaiast ypasHeHus (26) Ha o, HOTy4UM ypaBHEHHS IBHKEHMS
(26) B BUAE

— — h A 2 /
md_V=m(@+\7v\7):_v U, TN |\ _y Um—h AVP : (27)
dt ot 2m,/p., 2my/p

Ot YpPaBHCHUSA MOKHO MHTCPIPCTUPOBATHL KaK ABUKCHHUC [ICHTPA MACC «KallJIn KBaHTOBOM rpa-
BI/ITI/IpyTOH_Ieﬁ KUOKOCTH.



VYpauenus Ipeaunrepa (2), a Takke ypaBuenust (22) u (23), yHHBepcalbHbl, 1 00a ¢op-
MaJ3Ma MOXKHO TIPUMEHSTh ISl OMMCAHUs JTIOOBIX KBAHTOBBIX CUCTEM, HAMPUMED, IS aToMa
BOJIOPO/Ia, MIPU 3TOM IOJYYAIOTCS TaKUE K€ Pe3yJIbTaThl, KAK U MPU BBIYUCICHUU C MMOMOIIBIO
ypaBuenus IlIpenunrepa [6]. DTo A0Ka3bIBaCT SKBUBAJICHTHOCTh ypaBHEHHS (2) CHCTEME ypaB-
HeHuil (22) u (23).

VYpaBHenus (13) mepexoAsT B ypaBHEHHs ABM)KEHMSI KJIACCUYECKOW 4YaCTHUIBl B IIpelee
h — 0, IO3TOMY BCsSI MH(OpMAIMs O KBAHTOBOM CTPYKTYPE YaCTHUIIBI COACPKUTCS B KBAHTOBOM
noTeHIManbHou 3Hepruu (5). U3 ypaBaenuit (13) Takxe ciaeayer, UTO «Karuli0 KBAHTOBOM KU JI-
KOCTH» HEBO3MOKHO pacCMaTpUBATh KaK TOYEUHYIO YAaCTHUILy, IOCKOJIBKY €€ INIOTHOCTh MaTepuu

P ABISETCSA NPOTSHKEHHBIM 00bEKTOM.

3/1eCh MBI ONSTH CTAJIKHUBAEMCS C MPOOJIEMON MHTEPIIPETAIIMH BOJHOBOW (YHKIUU Y/ Kak
HEKOTOPOTO PEaTbHOr0 (U3MUYECKOTO IOJISL, CBA3aHHOTO C MPOTSHKEHHOW KBAHTOBOW YaCTHUIICH
mr000# mpupoabl. Takas yHUBEPCAIBHOCTD MOJISL Y/ yKa3bIBAaeT Ha BCEOOIINH XapakTep HaOIro-
JlaeMoro siBjieHus. M3 Kilaccuyeckol MEXaHWKH HaM U3BECTHO, YTO SIBJICHUE WHEPLUU YHHUBEP-
CaJIbHO, MTOCKOJIBKY CHJIBI HHEPIIUK JIEHCTBYIOT B YCKOPEHHBIX CHCTeMax oTcuera [11]
m(;—\t/:—%—l;—mvv —m[@[@?]]—Zm[c?)\?]—m[(jj—Cto r], (28)

4 1 2 3

a pe3yibTaT UX JAEWCTBUSA HAOJIOAaeTCs B MHEPLMAIbHBIX CHUCTEMax (Halpumep, Ipeleccus,
HyTauus rupockona). 13 (28) BuaHo, yto 3 cuibsl uMHepuuu — HeHTpoodexHas 1, Kopuonuca 2 u
CBsI3aHHAasl C YCKOPEHHBIM BpallleHUEM 3, MOPOXKJIEHbl IPOCTPAHCTBEHHBIM BpAIEHUEM MaTepUU

(Bpamenuem B yrinax Diinepa @, (1), @,(t) ,@;(t)). Yersepras cuna

d(th ()

F, =mW =mc
dt

TpOsBAsAeT ceGs TpH BpPAIIEHWH MAaTepPUH B MPOCTPAHCTBEHHO-BPEMEHHBIX IMIOCKOCTAX [12]
(Bpautenne B ncesnoeskannoeix yrmax 6 (t), 6,(t), 6,(t) ). B sroit dopmyne ¢ - ckopocts

cBeTa. B Teopun monsi Cuibl MHEPLUH MOPOKAAIOTCSA MOJISIMH UHEPLIMH, TO3TOMY CO3/1aHHE TEO-
pUM TIOJIeH MHEPIUU SIBISAETCS UCKIIOYUTENHHO BaXXHOW MpobieMoil. BakHO OTMETUTH, 4TO
OTHMCaHUEe CUJI U TIoJiel nHepuu TpeOyeT BBEACHHS MPOCTPAHCTBA COOBITUH, cocTosmee U3 4-x
TPaHCISALMOHHBIX ~ KoopauHar X, Y,Z,Ct  wu  6-tn BpalllaTeIbHBIX  KOOPAMHAT

o, 0.0, 6,0, 0,.

B 1922 r. ¢pannysckuit marematuk O.Kapran mnpuimen K BbIBOJY, YTO BpallleHUE MaTepUU
NOpOXKJIaeT Kpy4eHHe MPOCTPAHCTBA, PH 3TOM B padore [13] oH He man TOYHOI aHATUTHYE-
CKOHM CBS3M MEX]y KpY4eHHEM MPOCTPAaHCTBA U (pu3NYecKUM BpamieHueM. g ¢pusuka runore-
3a D.Kaprana o3HadaeT, 4TO CYLIECTBYET CBSI3b MEX/y CHJIaMHU U MOJIIMU MUHEPIIUH, TOPOXKICH-
HBIMH BpallleHUEM MaTepHH, U KpydyeHHEM IpocTpaHcTBa. B auddepeHunanbHOl reoMeTpun
HaM M3BECTHbI HECKOJIBKO TUIIOB MPOCTPAHCTB, OOMafalommMX KpydeHneM. OqHaKo aHaIuTH4e-



CKYIO CBSI3b MEXK[Y BpalleHHEM MaTePHAIBHBIX Tl M KPyYeHHEM HPOCTPAHCTBA yIaeTcsl ycTa-
HOBUTH C JIMIIB MIOMOILBIO cieaytomeit popmyssl [12]

i _ k ia
Qii=d;(l =T K o _ De e, (29)
ds ds ds
i, j,k...=0123, a,b,c...=01,2,3.

B (29) € - 4D ckopocts BpamieHus TeTpazbl e’ (IIPOU3BOJIBHO YCKOPEHHON YEThIPEXMEPHOM
CUCTEMBI OTCYETA, KECTKO CBSI3aHHOW C MaTePUAIbHBIM TEJIOM OTCUETA)

o W -w, -W,
W, 0 -Cw, Cw
Q; =-Qy :iz ' ’ e (30)
c|W, Co, 0 -co
W, -co, co 0
dy; =—dy;i- anddepenimans! mwecTy BpalaTelbHbIX KOOPAUHAT @; @, @5, &, 6;, 05,
ds = (g, dx'dx* )"'? (31)
- TPAHCISALMOHHBINA HHTEPBAJI,
a_Ab ab H
Oj =77€"i€" 77 =7 = diag(1-1-1-1) (32)
- KOOpAVHATHBINA U JIOKAJIbHBIM METPUUYECKHUE TEH30PA,
Tl =—Q" i +9™ (95 mk + 9 °mi) (33)

- k0o unmenTsl BpameHuss Puyun (T€H30p KOHTOPCUU MPOCTPAaHCTBA aOCOIIOTHOTO Mapaiie-
n3Ma),

i i i 1. 0
Tk =—Q" ik =—€'4€%k. ] :Ee a (eaj,k —eak.j), ,kZW (34)

- KpydeHHe TpocTpaHcTsa abcomoTrHoro mapamienusma [12] u D — xosapuantusii nudpdepen-
1IMajg OTHOCUTENHHO cuMBOJIOB Kpucroddens, onpenensieMbix yepe3 MeTpudeckuit TeH3op (32)
0 TPABIITY

i 1 im
I j 259 (9mk + Yum,j — jem)- (35)

Kpome TpancnsionHoro untepsaia (31), KOTOpbI ONpeaeneH Ha MHOKECTBE TPAHCIALMOH-
HBIX KOOpauHAT X, Y,Z,Cl, B reoMeTpuu aOCOTOTHOTO Napajien3Ma Ha MHOKECTBE BpaIaTeib-
HBIX KOOPAWHAT @, @, ,@s, 0, 6,, 6, 3anana BpaimarenbHas metpuka [12]

dr? = d}(abd]{ba =-De% Deia =Takaban dx“dx" ; (36)



ompeestomas 0eCKOHEYHO MaIblii MOBOPOT. ['eoie3nyeckoe BpallleHne TeTpaIbl OMUCHIBACTCS
IIECTHIO ypaBHEHHUAMH BHa [12]

i k i K K
dea-l—Aijkeja o :dea+1“i,-ke"a ox +T'kela o =0, (37)
ds ds ds ds ds
rue
A jk :Fijk +Tijk = eiaea,—,k (38)

- CBA3HOCTb I'€COMECTPUHU a0COJIIOTHOT'O napauicin3ma.

N3 ypaBuenuii (37) cieayioT ypaBHEHHS JBM)KCHHUS Hadajia (O MPOU3BOJIBHO YCKOPEHHOM ye-
TBIPEXMEPHOM CUCTEMBI OTCYETA

i k k
de'o +Fijkej0dL+Tijkejodi=0 : (38a)
ds ds ds

JleficTBUTENLHO BBIOWpAs BEKTOp g% = dx /ds KacaTeJbHbIM K MOPOBOM JIMHHUH, MOJYYUM U3
(38a)

2y ) i k ) i
X i, O g, X, 30)
ds ds ds ds

rae 4D yrnoBas ckopocTh ompenensercs cooTHoueHusMu (29) u (30). B HepenaruBuctckoMm
NpUOJIMKCHUU TPEXMEpPHAs YacTh ypaBHeHH (28) npuHUMaeT BUJI

m®e = M w2000 |, ap=123 (40)

2

1€ IMMOTCHIIMAaJIbHasA BHGPFHHU OIIPEACIIACTCA Y€PE3 (,, KOMIIOHEHTY METPUYECKOI'0 TEH30pa

(32) cnenyromum obpazom

mc?

2 (goo_l) : (41)
CpaBuenue ypaBHeHuii (41) ¢ ypaBHeHus MU (28) MOKa3bIBaeT, YTO TeH30p KoHTOpcuu (33) mo-
POXKIAeT ToJie MHEPIUHN B PENSTUBUCTCKOM ciaydae. [TockonbKy 3TOT TeH30p 00pa3oBaH Kpyue-
HUEM MPOCTPAHCTBA aO0COIIOTHOTO MapasuieTu3Ma

U:

Apig =Tty =—Q" i =€'a€i (42)

TO OH OBLI Ha3BaH mopcuorHviM noiem. 1103TOMy B JajdbHEHIIeM MbI OyaeM Ha3bIBaTh TCH30D
(33) mubo norem unepyuu, TGO TOPCUOHHBIM TToJIeM. OJTHUM U3 aBTOPOM OBLIO MOKA3aHO , YTO
TI0JISI ’HEPIIMHU YIOBIETBOPSIOT CUCTEME BaKyYYMHBIX ypaBHeHHH [12]



Vel + Tl =0, (A)
R jkm +2V[kTi|j|m]+2Tis[k T%im =0. (B)

DTH ypaBHEHHsI MOTYT OBITh MIPEICTABICHBI B BH/IE PACIIMPEHHON CHCTEMBI YpaBHEHHH DiiH-
mrreiina-Slara Musica [12]

Vi€ + Tl =0, (A)

Rik_%gikR:V Tics (B.1)

(B.2)

jjm] ljjm1 —

TIPH 3TOM TEH30p YHEPTHH-HUMITYNIbca | jm B ypaBHeHHsX (B.1) HMeeT reoMeTpudecKyio pUpoIy
U BBIPAKAETCSA Yepe3 Mojle MHEPUMH T'j,, CleaylomuM 00pa3om

2 i i s 1 pn i i s
T: =——<| V. T, _+T_.T: -—J0. V. T +T ..T, . 43
jm v{ [i | jm1 ™ sl ] lm]j 29im9" {1 |pln1 ™ 's[i | pjn] “3
B ypaBuenusix Sura-Muica (B.2) Tersop Toka J'jkm  Takke reOMETPH3HPOBAH W BBIPAKACTCS
yepe3 TeH30p dHepruu-umnynibca (43) (T.e. omATh Ke depes M0Jie UHEPLINN) KaK

1
Jikm = 2906 T jymy _éTgi[mgk]j - (44)

Hcnonb3ys Ten3op (43), HaxoAUM BhIpaKEHUE IS INIOTHOCTU MaTepUU

jm |
T 9 Tjm  2gIM

_ _ i i +s
Pr2T T 2 2 {V[iT ilm TSI jTim]}' (49)

Kak n mogo0aer BakyyMHBIM ypaBHEHUSM, CHCTEMa BaKyyMHBIX ypaBHeHui (A), (B) He comep-
JKUT HUKAKNX PU3NYECKUX KOHCTAaHT. Du3ndeckre KOHCTAHTHI (WK (GYHKIUH) B 9TOM CHCTEMeE
MOSIBIISIFOTCS TIOCJIE MHTETPUPOBAHUS YPABHEHHI BaKyyMa W MPUMEHEHUS K MOJYyYE€HHBIM pe-
[ICHUSIM MPUHITUIIA COOTBETCTBHUS C YK€ U3BECTHBIMU (PYHIAMEHTATbHBIMU YPaBHEHUSIMH U3H-
KH.

B nameit pabote Mbl MOKaKeM, YTO IUIOTHOCTh dHEpruu (45) B (KBa3u)UHEPIUATHHOU CHC-
TEeMe OTcYeTa MPUHHUMAET BUJ IUIOTHOCTEH (8) M yHOBIETBOPSAIOT OCHOBHBIM YPAaBHEHUSM CO-
BpEMEHHON KBaHTOBOW Teopuu. CriemoBarenbHO, Tmojie nHepiuu (33) oka3zamoch TeM CaMbIM
Enunbiv [lonem «HEM3BECTHOM MPUPOABI», KOTOPOE MHOTO JIET UCKal A.DWHIITEHH.

1.IToJ1eBag MoJeJIb «TOYCYHOM YaCTHIIBD)

VYpaBuenus nerxkeHus (39) onuceIBaroT ABMKeHHE Hadaga O MPOU3BOJIBHO YCKOPEHHOM cHcC-
TEMBI OTCUeTa, IPU 3TOM CHUJIa HHEPLIUU



Fiiner:mTijk__:mQ.i_ (46)

B 3TUX YPaBHEHMSIX OTJIMYHA OT Hyisl. Cuctema orcyera, B KoTopoit cuiia (46) obpaiaercs B
HYJIb, MBI OYZIEM Ha3bIBaTh YCKOPEHHOW (KBa3u)UHEpLUaIbHOM cucteMoil. [IpupaBHuBast (46) k
HYJIIO U peliasi 3T0 ypaBHEHHE, ¢ yueToM (34), Haxoaum

Tijk :_Tjik :Tjki :_Qijk , (47)

T.C. nojie uHepyuu 6 (K@CBM)MHQPL!MCUZZ)HOUU cucmeme omceuenia OniuU4Ho om H)YJisl, AHmMUuCum-
Mempu4HO no 6cem mpem UHOEKCAM U cO8nadaem c Kpy4eHuem npocmpaHcmeda abconomno2o
napajiienusma.

B (kBasu)uHEpIUATBLHON CHCTEME OTCYETa INIOTHOCTh MaTepuH (45) MpUHUMAET ITPOCTOM BU/T

p::__EET“T“S:_E_gz“ng, (48)

ve? S yer Y

Tenepb MbI MokeM (I0Ka (GOPMAIBHO) 3alUCaTh CIEAYIONIIE PABEHCTBRA, I0100HBIE PABEHCTBAM
3)
1 i 1 2 * 1 2 *
p, =W =p——0Q 0" =u— |0 =uyy, p =eW=e——[0"=ey’y, (49
H Ve e vec

T'1C KOMIIJICKCHBIC ITOJIAI HHCPpUUU

1 172 1 1/2
w{ J Q, v/:( j Q, [yrpav=1 (50)
1779 1ec

HOPMHUPOBAHBI HA eMUHUILY. JIJIsT TOTO, 9TOOBI ONPEICIUTh 3HAYCHUE MHOXKHUTEISI V B YpaBHE-
austx mouist (B.1) u B cooTHOmenusx (50), HaM HEOOXOAUMO PEIINTh CUCTEMY ypaBHEHHI (A),

(B.1) u (B.2) nnst cnyyas chepuuecky - CAMMETPUYHON «TOUYCUHON YaCTHUIIBD.

Vike B miepBoi paboTe Mo reoMeTpur abCoMIoTHOrO Mapauieiausma [14] O6buto 0TMEYeHo, YTo
ypaBaenust (B.1) moryt ObITh pemieHbl ¢ moMomnsio Metoaa Baiias [15], Heromena-Ilenpoysa
[16] nnu Nebues-Keppa-Illunpaa [17]. Hanee, B8 1993 r., B MaTeMaTHueckoil yactu kauru  [18]
Ovlia 0oKasana meopema, 4mo 6 CHUHOPHOM Oa3uce ocHoeHvle ypasHeHus gopmanuzma Horo-
mena-Ilenpoysza cosnaoarom co cmpykmyprvimu ypasHenusimu (A), (B) eeomempuu abconromno-
20 napannenusma (cMm. takxke [12]). B cuimy 3TOro o0CTOSITENbCTBA, MBI HCITOIB30BAIN CITUHOP-
Hblil popmanu3sm Hreriomena-IleHpoysa /Ui Hax0X/I€HUS pelIeHU BaKyyMHBIX ypaBHEHUH (A),

(B).

Paccmotpum, Hanpumep, perienue ypaBHenuit (A), (B.1) u (B.2) ¢ nepemenHolt pyHkunen
HCTOYHHKA, KOTOPOE OMHCHIBAET C(hepHIeCKH CHMMETPUYHBIN UCTOYHUK. B KOOpIMHATHOM cHc-
TEMe TPAHCIALUOHHBIX KOOpAMHAT 3allMCaHHOEe B 0003HaueHUsX ¢opmanuzma Heiomena-
[Tenpoysa, 3T0 pelieHre UMeeT ciieayronmii Bu [12]:

10



1. Jlna komnonenm cnumophou cucmemvl omcuema (015 KOMROHEHM 0000WeHHbIX Mampuy
Taynu):

o'00=(0,1,0,0), 61i=@LU,0,0), o'0i=p(0 0,P,iP), (51)
690_10,00), o11=(U,0,00, c.01-—_L (00,11,
I I | 2pP

rac

U =-12+¥0u)/r, P=@ Y20+eZ14), ¢ =x%+ix3, (52)
a \PO = l}’O(u) - nepeMeHHast (PYHKIHUS UCTOYHHUKA.

2. ﬂﬂﬂ CNUHOPHBIX KOMNOHEHNT MOPCUOHHO20 NOJiA Tijk .
p=-1r,a=-B=a%r, y=¢%u)/2r?, (53)
u=-112r+90) /12 oO=¢1a.

3. ﬂﬂfl CNUHOPHBIX KOMNOHEHN MEH30pA Pumana:

0
w_ w0 3 o 2  o¥YY 1
‘Pz_‘P_—‘P w/r°, <I)22_CD_—‘P(u)/r __Wr_? (54)
B (kBa3u)cdepuyeckux KoopauHaTax
\1/2 3
ct:xo—jdrlzu, r=xt, sinH:L ,tggo:X—, (55)
(1+1/44¢) x3
TPaHCISALUOHHAS] METPHKA
2 _ 14 K
ds“ = gikdx dx™,
BBIYHCIICHHASI C IOMOIIIBIO (hopmyi
_ AB_ CD
9 =¢acBD% %k (56)

11



U cooTHomeHu# (51) , umeer BUI

1
0 0
d52:(1—2q}(0}c%ﬁ2—[1—2q}(0J dr2 — r2(d6? +sin 6de?) . (57)

BriepBbie TpaHCISAIMOHHAS METPHKA TaKoro Buaa Obuia moydueHa I1. Baiias [15]. ITpu yciaoBuun

‘{fo(t) - w0 — const :

MeTpuka (57) nepexoauT B METPUKY, 1oJ00HyI0 MeTpuke [IBapiimmibaa.
Hcnonb3ys cooTBeTcTBUE METpUKH (57) Merpuke Baiins, Haxoaum

wO(t) = 4“6 : (58)
2

rae #(t) - mepemeHHas Macca MCTOYHHMKA I10JIs, U3IYydarOIEro Maccy (MOHOIIOIBHOE M3JIy4de-
Hue). cnonb3ys (57), MBI MOKEM ONpEeAeNTUTs MHOKUTENNb Vv B ypaBHeHHsX nons (B.1). Jus
ATOr0 pacCyMTaeM TEH30p dHEprHUH-UMIyibca marepuu (43) B ypaBHeHusx (B.1) ¢ momorisio
coornomenuii (51) - (53)

0
T o—p ey =2 g0 g (59)
Jm- T pm 2 Jm
vr
m_ __m.: m _ .
rme |''=0"00, Iml =0 - m3orponHsiil BekTop. Omyckas moapoOHOCTH, KOTOPbIE

MOYKHO HaiTu B pabote [12] , 3ammiiem rmioTHOCTh MaTepuu B (59) B peserne
0 t) - w0 — const
8w

o6

P 6(r)= uo(r), (60)
rae O6(F) - 3D dynkumst upaka u 4 =CONSt U3 (161) u (163) cieayer, 4To B 3TOM TIpeeib-
HOM ciy4ae, B ypaBHeHUsX (B.1)

v=—"7—, (61

U OHM ONHUCHIBAIOT «TOoYeuHbI» 3D conuToH, 00pa3oBaHHBIA TOPCHOHHBIM IOJIEM. 3aMETHM,
4TO B OIMCAHHOM IPEJEILHOM ClIydae IoJieBas INIOTHOCTh (60) «cxkaTa B TOUKY» U PaBHA HYJIIO
Be3Jle, KpoMe 0JIHOW TOUkH. [103TOMY B UHCTO MOJIEBOM TE€OpHUH, KOTOpast OMUCHIBAETCS ypaBHE-
HusmMu (A), (B.1) u (B.2), cuUHTynspHBI HCTOYHHK BHEUTHETO MOJIS MPEACTaBIseT co00il mpe-
JIeNbHBIA CIy4aid, He COOTBETCTBYIOIMH peajbHOCTH. TeM He MeHee, BO MHOTMX TeopeTHhdye-
CKMX paboTax, «TOUYeHHasi MOJIENb» YCTOWYHMBON YaCTHUIIBI UCTIOIB3YeTCs KaK eIUHCTBEHHO BO3-
MokHas. Takum oOpaszoM, ypaBHeHus (B.1) nepexonsat B ypaBHenus DiHiureliHa (1) mpu ycio-
BUH, YTO UCTOYHUK TPABUTAIMOHHOTO TIOJIS SIBJISIETCSI TOYSUHBIM € TIOTHOCTRIO (60). Metpuka
(57), B aTOM ciyuae, coBmaaaeT ¢ merpukoit LlIBapimmibia

2 2

-1
ds2 :(1_ Z”Gchdtz _[1_2“6] dr? —r2(de? +sin? ade?) , (62)
cor cr

12



U paccunTanHas o Gopmyie (41) noTeHIMaNbHas YHEPTHS OKAa3bIBACTCS PaBHOM

Umz%(goo_l):_% : (63)

Ucnonszys (60) u (61), HaxoauM Maccy MOJEBOro UCTOYHUKA KaK MHTETrpai OT MOJIs MHEeP-
IIUU B BHUJIC

2 . _ .
- _g)/2qy = C jm i i s [, \1/2
u—Ipﬂ( g) “dv 4ﬂng {V[iij]+TS[jTim]}( g) “dv. (64)

Kpome Toro, u3 cootHommenwuii (49) u (50) MbI Teriepb UMeEM 1711 MACCUBHOW YaCTHIIBI

C2 i~ S 02 2 * —
P = =g T =8ﬂGﬂﬂ|Q| = uy’"y = ud(r). (65)
g 1/2 1 1/2
V’:(sﬂeﬂj Q:(%j Q, [y*pav=1. (66)

CootHomienus (64) - (65) uHTEpecHBI TEM, YTO OHU IO3BOJISIIOT paccMaTpUBaTh BOJHOBOI
KITyOOK ITOJISI HHEPITUU KaK BOJIHY W YaCTHILy OJHOBPEMEHHO IMOA00HO TOMY, KaK 3TO UMEET Me-
CTO B KBAHTOBOM TEOPHUH MOJIS.

2. IIpod1ieMa IBMKEHUS 0J1eH HHEPIUHU

B oOmiem ciydyae quHAMUKa MOJICH MHEPIUU OMMCHIBACTCS CUCTEMOM BaKyyMHBIX YpaBHEHHIA
(A) u (B). Ognako, ans Hayana, Mbl paCCMOTPUM JIBHKEHHE TUIOTHOCTU MaTepuu (45), KoTopas,

onpezenseTcs 4epes moyue uHepuuu 1 ' jk . Mcmons3ys ypasHenus mons (B.1), Bo3bMeM KoBapu-

AHTHYIO MTPOU3BOIHYIO OTHOCUTENBHO CUMBOJIOB Kprcroddens oT j1eBoit U MpaBoil 4acTH ITUX
ypaBHEHHUN. B pe3ynbpTaTe Mosry4uM paBeHCTBO

V. (R* —%gikR) =y VT*=0. (67)

Jloka3aTeabCTBO ATOTO PABEHCTBA MOYKHO HAWTH B KHuUre [19].
N3 (67) cnexyer 3aK0H COXpaHEHUs ISl TEH30pa YHEPTUU-UMITYJIbCa

vT*=0. (68)

[Tycth Teneps HAOMIOIATENb HAXOAUTCS B (KBa3W)MHEPIUAIBHON cUcTeMe OTCYeTa U Habmto-
JaeT JBIKEHUE CHEPUUECKU-CUMMETPUIHOTO TMOJIEBOTO KIIyOKa, KOTOPBIM OMUCHIBACTCS pellle-
uueMm (51)-(57). B mpenerne, koraa macca ££ HICTOYHHUKA TOCTOSIHHA, Mbl HMEEM COOTHOIICHHS

(65). Kpome toro, ypaBuenus (B.1) npunumarotr Buja ypaBHeHU# DifHiuTeiHa (1) B KOTOpPBIX
TEH30p SHEPrUU-UMITYJIbCa 3alUCaH B BUIE

TH=p,c2u'u’, (69)
13



rae U, = dxi / ds - enuanuanbii 4D BexTop ckopoctu. [loncrasinss Ten3op (69) B (68), umeem:

1) reoMeTpH3MPOBAHHOE YPaBHEHUE HEMPEPHIBHOCTH

V. (pﬂu ) =0, (pyu )+p,u "TIi=0; (70)

1) reomeTpH3MpOBAHHbIC ypaBHEHHUsI, IOA00HBIC THAPOANHAMUYCCKUM YpaBHEHUSIM Diiiepa

k

Pugs +p, T mu™u" =0; (72)

2) TeOMETPHU3MPOBAHHOE YPABHEHHE ISl HEC)KUMACMOM (OKUIKOCTH)

=0,p,=0. (72)

Vpasuenus (70) u (71) omnuchIBarOT ABMXKEHUE KIyOKa MOJII MHEPLUHU, TFIOTHOCTH KOTOPOTO
ompezensercs (B o0mieM ciiydae) cooTHomeHueM (45), B (kBa3u)uHEpLUATbHONU CUCTEME OTcue-
Ta JOCTATOYHO MCIOJIb30BaTh INIOTHOCTb, YAOBIECTBOPSIOIIYIO COOTHOIIECHHIM (65), (66).

2.1 YpaBuenus llpenunrepa 11 moJisi HHEPUHH

Ucnons3ys pemenne ypaBuenuii (A), (B) (51)-(57) B mpenerne, korga crpaBeiuBbl COOT-
HomeHus (65) u (66), MOIXyYIUM B HEPEIATUBUCTCKOM NMPUOIKEeHNH U3 ypaBHeHus (70)

vV, Wu’ =0, ;(Wu' ) = 8W+d|v(\Nv)_ +d|v(y/ wV)=0. (73)

VpasHenue (73) HeTUHEHHO OTHOCHTENLHO BOJHOBBIX (GyHKIMH ¥ u W™ . Jlns nunea-
pH3aIX 3TOTO YPaBHEHUS, HCIOJIB3yeM MOACTaHOBKU O. Manenynra [8]

v =Cgrad Inl// C[grad:// grady *

y* y y*
C =const.

j ., w*yV=C(y*grady —y grady™),

B pesynbrate nmoacraHoBKkH, U3 (73) MbI MOTyYUM

oy™> « *(81// j
+ —+CAy |=0
V/( p )j v w

501041

oy AP I (¢ )17
(at+CAg{/J/(at—CAv/f )J— T e (74)

14



VYpaBuenue (74) pacniamaercs Ha 1Ba CIEAYIOIMINUX

*
%—V:+CA1//+ﬁ//=O, aé”t -CAy*—fy>*=0, (75)

rae f(X,t) - Hekoropas ¢pyHkuusa. TpeOys coorBercTBHs ypaBHeHUH (75) ypaBHEHHUSIM KBaH-
TOBOM MEXaHMKH, OyaeM MojaraTh, YTO HOPMHUPOBAHHBIE HA €AMHMUIY Mo uHepuuu (66)
MIPEACTABISIIOT cOO0M BOHBI Jie bpoiins

i L i
V/:!//OGXIO%(Et—pX), 7 —woeXp;(Et—pX)- (76)

Torpa ypaBHenuit (75) Mbl nostydaeM ypaBHeHus Lllpeaunrepa

2

.. o0y h _op* h
ih—+—Apy-U w=0, ik —— Ay *+U py*=0, 77
atzﬂ"”"l// atzu"” W (77)
pHuIeM
24C=nli, 24Cf=U =—pMGIr,
rac U - IIOTCHOHAJIbHAA SHEPIUus rpaBUTalMOHHOIO BBaHMOHeﬁCTBHH Maccel H ¢ maccor M

u fEiU /n. Hanommum elle pas, 4To B HAIIEeM cilydae ypaBHEHUS (77) OMUCBHIBAIOT MPO-
CTeHIIyIO ' JMHAMHKY TIOJed WHepUUH (TOPCHOHHBIX TMOJEH), MOAUUHSIONUXCS YpPaBHEHUSIM
Bakyyma (A), (B.1) u (B.2).

He cocraBnsieTr Tpyaa nokasarb, 4to ypaBHeHus (71) B HEpENATUBUCTCKOM MPUOIMKEHUH TPU-
HUMAIOT BUJ

& P,

VU . 78
Pugt AL (78)

CpaBHMBas 3TH ypaBHEHMs C ypaBHEHUsIMH (26), KOTOpbIe clenytoT u3 ypaBHeHuit Lllpenunrepa,
MO’KHO 3aME€TUTh, 4TO B (78) OTCYTCTBYET KBaHTOBas NMoTeHIManbHas sHeprus (19). B nonyuen-
Hble paHee U3 ypaBHeHus: HenpepbslBHOCTH (70) ypaBHenust lllpenunrepa (77), kBaHTOBas KOH-
CTaHTa j; BOLLIA IIOCJIE TOTO, KAK Mbl OTOKJIECTBWJIM I10JIE UHEPLIUHU ¥/ B COOTHOLICHMSX
(65),(66) c BomHoOM ne bpoins (76). OgHaKo 3TOT MPUEM HE MO3BOJSET MOJIYYUTh KBAHTOBYIO
NoTeHIMaIbHYI0 3Hepruto (19) B ypaBuenuu (71).

2.2 T'eomerpu3anusi KBAHTOBOM MOTEHIUAJBHON YHEPTrUH

KBaHTOBYIO MOTeHIIMANBbHYIO dHEPTHIO (19) MOKHO MpeICTaBUTh B BUJIE

15



Q=—25"V?|y/ sy 79

rneS=7//2-cnun kBaHTOBOM wacTHIEl . HaM M3BECTHO, YTO CIIMH OMHCHIBAET COOCTBEHHOE
MEXaHUYECKOE BpalleHHe yacTHllbl, a pemenue (51)-(57) coOCTBEHHOIO BpallleHUsl HE OIUCHI-
BaeT. Pemenne ypaBHenuit Bakyyma (A), (B), koTopoe onuceIBaeT mojieBoi KIIyOOK TOJIsl HHEP-
1y, oOnanaroluil cOOCTBEHHBIM YITIOBBIM MOMEHTOM BpallleHUs, B KOOPJIWHATHOU cHUcTeMe
TPAHCISUOHHBIX KOOPIUHAT

umeer cieayrommii Bua [12]:

1. Jlna komnonenm cnuHopHoU cucmemovl omcuema (0151 KOMHOHEHM 0000UeHHbIX Mampuy
Taynu):

o100 =(0,1,0,0), o1i=pp(Q-Y ,0,a), 5.%0=@0,0, -asin?p),

. _ . . (80)
a'oi :—%(iasine, 0,1, icosecd), a'10 =501,
aill = pp(Y.(pp) "}, 0, —asin? 9Y), ai(’l - —%(iasin 0,0,-(pp)" L, iQsing),
Gilo _ 5i01 |
rae
Q:r2+a2, Y :( 2+a2—2‘{’orj/2 , a=const , ‘PO = const. (81

2. ﬂﬂﬂ CNUHOPHBIX KOMNOHEHN NMOPCUOHHO20 noJis:

p=—(r—iacos®) L, p=—ctggpl(2)3/2, a=rn-B, r=iasingp?i(2Y'2, (82)

2 1/2

y=u++¥0) 512, u=Yp?5, r=iasinGopl(2)

3. ﬂ]l}l CNUHOPHbIX KOMNOHEHN NMER30PA Pumana

\1’22\1':\110/,03. 83)

Kommnonenra {(, nmeer TpancnsaiuonHoi Metpuku pemenus (80)-(84) umeer Bua

0
2¥Y°r
00 r2 +a2c0529
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MeTtpuka nmogoOHOTO BH/Ia U3BECTHA B 0OIIEH TEOpUHU OTHOCHTEIIBHOCTH Kak MeTpuka Keppa

[20]

0 0
2¥Y*-r c2dt2+ 4¥Y"ra

r2+a200526 r2+a2c0320

r2 +a2 cos2 o0

r2 —2‘I’Or+a2

ds? =|1-

sin? 9 dgpcdt —

dr2—(r2+a2 cos? 9)d02— (85)

0.2
r2ral s 22‘P2ra > sin 9 sinzedgoz.
r-+a“ccos- 6@

Ora MCTPUKA OIIMCHIBACT MAaCCHUBHBII UCTOYHHUK TpaBUTAIMOHHOTO I10JIA C Maccou M , IMCIO-
MK COOCTBEHHBIH YTII0BOM MOMEHT (CIHH), ompeeseMsblii dyepe3 mapamerp Keppa
a=const. HepeasSTUBUCTCKYIO MOTECHIIMAIBLHYIO SHEPIHIO B3aMMOJCHCTBUS Macchl U C UC-

TounukoM Maccel M | cosmaromum Metpuky (85), MoxkHO paccuutath 1o gopmyie (41). Ha
PacCTOSTHUSX

r>>a

M IIpHU COBIIaACHHUH OCH BpPAIICHUS C OChIO Z , Korma COS 6’:1, MOTCHIMAJIbHAS SHEPTHUSI MCTPHU-
K4 (85) npuHUMaeT BUJ

uc? 29¥°r , P° , PP a’
) 2 r?+a’cos’6 r rr? 2, (86)

2
_MC
U= 5 (990

[TepBblii unieH B mpaBoil yacTu popMyJibl (86) ONUCHIBAET MOTEHIIMAIBHYIO SHEPTUIO KYJIOH -
HBIOTOHOBCKOTO THUIIA, @ BTOPOH — MOTEHIIMAJIbHYIO SHEPTUI0 BpallleHUsl UCTOYHMKA 1ojs. Pac-
NUChIBas ypaBHEHUs ABMKeHUS (71) ans muioTHOCTH MaTepuu (65), Mbl oJlydyaeM B HEpEJsATH-
BHUCTCKOM NPUOIHKEHUN

v_ s P
—=-"AyU -Z£VQ 87
p,u dt ‘u U IU Qa) ( )
rac
yo MG ¥ a%? MG a?
U=t =2 Q=p — 5= )
r r rr r r

[peanonosxkum Teneps, uto A = M (ciyuaii onHoit yacTHIIBI ¢ caMosieCTBHEM) U HapaMeTp

Keppa COBITaJaeT C KOMIOTOHOBCKOM JJMHHOM BOJIHBEI KBAHTOBOM YaCTHIIBI

a=A=nh/uc, (89)
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TOT/1a, TIPUpPaBHUBAS Qw u Q , Haxomum

2uG r
(v2+ C’Z‘rs j|w|=(v2+r—93j|y/|=o, (90)
rmue
2uG
r, = i‘z (91)

- TPaBUTAIMOHHBIN paauyc KBaHTOBOH dacTuibl. B dhopmyne (88) moreHnmanbpHas sHEprus ca-
MOJICHUCTBUS

Q=Q, =" (92

UMeeT KBaHTOBYIO MPHUPOIY M OKA3bIBAIOTCS KOHEYHOH B CHIIy CYHIECTBOBAHHS Y KIIyOKa MO
MHEPLNU IPaBUTALMOHHOTO paguyca (91).

Takum oOpa3om, ABMXKEHUE KIIyOKa IMOJISI MHEPLHH, O0JaJaroIIero CIHUHOM, B JIUHEHHOM
npUOJIMKCHUU ONMHUCHIBACTCS yYPaBHCHUSIMH KBAaHTOBOM MexaHuku (76) , Mpu 3TOM KBaHTOBas
JTMHAMHUKA TOPCUOHHOTO TIOJISI CBSI3aHa C MPOSIBJICHHEM €TI0 TUPOCKONMMYECKHUX (MU MHEPIIUOH-
HBIX) CBOKMCTB.

3.I'eomeTpu3anus 3JIeKTPOMATrHUTHBIX MOJIEH

HepensituBucrckas noteHnuansHas sHeprus (41) nns pemenus (51)-(57) Mmoxer ObITh HC-
MOJIb30BaHA JJIsi T€OMETPUUYECKOTO OMHUCAHMS AJIEKTPOMArHUTHBIX moneil. [eiictButensHo, 3a-

IUIIEM KOMITIOHEHTY {q, B BUzE

2
2U2e 1 2Ze :1+32(/;e’

=1+
oo = e e

(93)

rae Do = —Ze/ r - KyJIOHOBCKMI OTEHIUAI JUIs ClIydast PUTSKEHUs pa3HOMMEHHBIX 3apsa0B U

s (goo _]-):_Zi (94)

U,=—
2 r

PenstuBucTckoe 06001IeHIE T€OMETPU3UPOBAHHON MOTEHIMAIBHON 3HEpruH (94) MBI MOTYyYUM
UCXOJs U3 IEUCTBUS

i 1/2
S =—,ucjds =,uc.[(gikdxidxk)u2 =—,ucj(gik C(IJI_Xtdd_thj dt =J.Ldt : (95)
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Il 44— Macca YacTUIbl, C— CKOpOCTh cBera, L— ¢ynkums Jlarpamka, ¢, — MeTpuyecKuit

TEH30p PUMaHOBAa MPOCTPAHCTBA COOBITHI. B 001IeM cirydae reoMeTpu3upOBaHHON JICKTPOIHU-
HAMHUKHU MBI [TPEJCTAaBUM METPUUYCCKUN TEH30p pUMaHOBa MPOCTPAHCTBA COObITHI B BHC [21]

Oic = K&y, (96)

rae K =e/ u — ynenbHblii 3apsix mpoOHO#M YacTHIIBI, &, — TEH30PHBII MOTCHIMAT T€OMETPU3UPO-

BaHHOM dJIeKTpoauHamMuKkH [21], 77, — MeTprueckuil TeH30p MPOCTpaHcTBa MUHKOBCKOTO H

ds® = g, dx'dx" (96a)
- TPAHCJIIOIUOHHAA METPUKA ITPOCTPAHCTBA.

N3 popmyier (96) BUIHO, YTO, B OTJIMUMK OT TEOPUH T'PaBUTAIIUU DWHINTEIHHA, B T€OMETPH-
3UPOBAHHOW 3JICKTPOJMHAMHKE PHUMAHOBO IPOCTPAHCTBO COOBITHI 3aBUCHUT OT IapaMmerpa
k =e/ y. HpIMH CITIOBaMH, MBI HCITOJIB3YEM JIJISI TEOMETPHU3AIMHU DJIEKTPOMArHUTHOTO TOJIst 00-

Jee o0LIYI0 napamempuueckyio pumanogy ceomempuro. 13 popmyner (95) cnemyer
K 1/2

dx' dx
L=—uc| g, ————| =T-U. 97

dt dt
3nece T — KHUHETHYECKasl dHeprus yacTuubl 1 U — ee noTeHuuanbHas sHeprus. Ha Gecko-
HEYHO OOJBIIOM pacCTOSHUU noteHnuaigbHas odHeprus (94) oOpamaercs B HYJIb

L, ==T-U, =T

00

U IIPOCTPAHCTBO COOBITUI HA OECKOHEUHOCTH CTAHOBUTHCS IJIOCKUM. B pesynbrare, u3 (97) Mbl

nMEEeM
. 1/2
dx' dx*
L =—uc|p 2 o1, 98
apeHHTI/IBI/ICTCKaﬂ IIOTCHIOAJIbHAA 3HepFI/I5[ MOXET 6BITL HpeI[CTaBJ'IeHa KaK
. 1/2 . 1/2
dx' dx* dx' dx*
U=L —-L=—uc , — -9, —— . 99

3.1 YpaBHeHHsl ABM:KeHUS IPOOHOM 3apsiZKeHHOM YaCTUIIbI

B reomerpun abcomoTHOTO Napayijien3Ma BapyuallMoOHHas 3a1a4a i aeicteus (95) npuso-
IMT K ypaBHeHHsM reonesndeckux (39) [12], kotopsie, ¢ yueTrom MeTprueckoro teHsopa (96),
MOYKHO 3aIucaTh Kak

2i _ i k _ i
dx' e_; dx!dx QI_dx

"o Mas as T as

C——=— 100
ds? (100)

Y7,

rac
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2 2

i C" im i
E i« =—?g (ajm,k + 8y | —ajk’m) Z—#CTF ik (201

- cuIbHOE dNekTpoMarauTHoe none, w1 Q'jdx’ /ds - snexrpomarnutHas cuna uaepuuu. B (kBa-
31 )MHEpLHAIBbHON cucTteme oTcuera ypaBHeHus (100) npuHuMaroT Buj

oodxd dx® o odxd dx®
E i« K ———.
ds ds ds ds

=—1 ]

d?x' e
o (102)

D710 u ecTh 4D pensTUBUCTCKM MHBAPUAHTHBIC YPAaBHEHUS SJIEKTPOAUHAMUKH, KOTOPHIE MOXK-
HO HMCIIOJIb30BaTh B CHJIBHBIX AJIEKTPOMArHUTHBIX MOJISIX U TIPH YABTPAPEIATUBUCTCKUX CKOPO-
cTax. B orninuum ot ypaBHeHUHN JBUKEHUS TUHEUHOM 3JIeKTpoinHaMuKku MakcBesia-Jlopenna,
ypaBHeHus (102):

a) HHBAPHaHTHbBI OTHOCUTEIBHO JIOKaIbHOM rpymisl [Tyankape [12];
0) cozepkar B KaUeCTBE KOMIIOHEHT 3JIEKTPOMAarHUTHOIO NOJIsl BEIMYUHY E jk' , KoTopasi He
AG/I5LeMCsL MEeH30pOoM OTHOCUTEIBLHO TPeoOpa3oBaHMil TPAHCIALMOHHBIX KoopauHar X, Y, Z,Ct ;

B) HEJIMHEHHBI 110 CKopocTh dx* /ds ;

r) ymHoxas ypaBHeHus (102) Ha xapakTepHbIi TapaMeTp MeKTpoauHaMuku I, = e’/ ,uCZ -

KJIaCCUYCCKHUI paanycC 3JICKTPOHA, HAXOAUM YCJIOBHUC cl1aboCcTH 110JIs B BUJIC

e _; dx) dx"|

<1. 102a
pict " ds ds | (102a)

B cnydae cnalbix 271€KTPOMAarHUTHBIX MMOJEH aeicTBre (95) MOXKHO MPECTAaBUTh KAk

1/2

_ _ ik 2 _ dx' dx*
S ——ycjds —ycj(gikdx dx ) ——ycj 1+ka1kaa ds, , (203)
rac
ds, = (7, dx'dx*)"?, n, =n" =diag(1-1-1-1) (104)

- METpHUKa TICEBJOCBKIN0BA (ITyCTOr0) MPOCTPAHCTBA. DJIEKTPOMArHUTHOE TIOJIE, UCKPHBIISIO-
1Iee MPOCTPAHCTBO, cUuUTaeTCs cnadbim, ecnu B (103) BhIMONHSAETCS yCIOBUE

<<1. (205)
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Pa3zenuB mpaByro U JICBYIO YacTh paBeHcTBa (96a) Ha ds® , MOIyduM

dx' dx*
, ——=1=0.
I ds ds

2 2
VMHOKast 9TO YpaBHEHUE HA U C”, MOIyInM
Oix pi pk —p’c? =0,

pi = 1C dx' /ds - 4D ummnynsc yacTHrpl. I10CKOIBKY MMIYIBC YAaCTHIBI ONpPEeNnseTcs uepes
nercTBue S Kak
i 0S
P
TO MBI MOYKEM 3aITHCaTh

0S 0S 2 2
o ———uc - =0. 105a
glk 6Xi an /,l ( )

B pesynbrare Mbl moay4uiu 3anuch ypaBHenuid (102) B Buge ypaBHeHHs | amuibToHa-SIK0OH
(105a).

3.2 Ilpubn:keHHe BEKTOPHOT0 MOTEHIINAJIA

[Tpu ycnoBuu (105) mpocTpaHcTBO COOBITUHN €1a00 UCKPUBIEHO U, BMECTO YpaBHEHUH JIBU-
xeHust (102), MbI MOXEM HCIIONB30BaTh YpPaBHEHMs JIBUXKEHUS, 1oaoOHble 4D ypaBHeHusAM
nBkeHus JlopeHna kinaccuyeckoi anekTpoauHaMuku Makcsenina-Jlopenna

du/ e _;
k
—=—F"u,. (106)
ds, uc

JleficTBUTENBHO, paclUIlieM BTOPOU WIEH B CKOOKax B cooTHomienuu (103) B Buae

0)? a 40 a Ao B
© o T | y2a,, DI IENXTL o123 (107)
U ds, ds, ds, ds, ds,
H BBCICM 0003HaYEHHST
c® _ dx° ,dx® ¢ dx’f
=—8y,— A =a,, —+—a,—, «af=123. 108
AO 2 00 dSO o 0 dSO 2 af dSO ﬂ ( )
B pesynbrate cootHomenue (107) MOxHO 3amucaTh Kak
0 a i
CL NN S G L S T P X (109)
Y7 ds, ds, | wmc® ' ds,
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IMoncrasnss (109) B (103), momyyrM HHTEpBaI PUMaHOBA IIPOCTPAHCTBA B BUIE

i \72
ds=[1+-22 A | gs, (110)
ucs ds,
Teneps uist C1a0BIX 3JCKTPOMArHUTHBIX TIOJICH BBIMOJIHSACTCS HEPABEHCTBO
2¢  dx'
—<<1, 111
A (111)
noaTomy B (110) MBI MOXKeM HamucaTh
i % i
2
1+ 2 AN 8 A (112)
ucs ds, ucs ds,

OrpanuunBasich NepBLIMU IBYMs wieHamu, 3anuiieM (110) kak

e dx'
ds=|1+ — |ds, . 113
( A dSOJ : (113)
Pemras BaprannoHHyto 3aiauy s AeiCTBUA
e dx'
S=- ds==- 1+ —— |ds,, , 114
1| ycj( ﬂczAdSO] 0 (L14)

MbI IoTyuuM ypaBHenus (106) [21], roe

X o |=Fa. (L15)
~E, -H, H 0

npu 3ToM ypaBHeHHs (106) HUMEIOT TeOMEeTpUYECKyl0 MPUPOAY U OOpallaloTCs B ypaBHEHUS

JIIBIDKEHUS CBOOOTHON YaCTHIIBI

i 2i a
du”_d’x :i( c Y ]:o, (115a)
dSO ds“o dSO C\/l—VZ /CZ C\/l—Vz /C2

€CJIM MTPOCTPAHCTBO COOBITUN CTAHOBUTCS MIIOCKHUM.
2 2 v
Vmuoxas ypasaenus (106) Ha r =€/ 4uC” - KTacCHUECKUI paanyc IEKTPOHA , TIOIyIUM
yCIIOBUE CJIa00CTH 3JIEKTPOMAarHUTHBIX MOJIEH B BUJIE

e3

u’ct ds,

Fikdi <<1.
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B cTpykTypHOM BHE 3TO HEPABEHCTBO 3AMMMILIETCS KaK
e? F
2 4
HC \1-v?/c?

IIpy HepeNATUBUCTCKUX cKOpocTax V’ /c? <<1 Mbl nosnyuaem u3 (115a) HepaBeHCTBO

| <<1. (115aq)

2.4

E,H <<£5 210" e0. CICE . (115b)
e

Baxxno ormerutsb, yto ycnoBue (115a) napymaercss B ropa3ao 0osiee CialObIX 3JIEKTpoMar-
HUTHBIX TOJISIX, €CJIM YaCTHIla JABMIKETCS BO BHEIIHEM I0JIC C YIbTPAPEISITUBUCTCKUMH CKOPO-

cTamu, T.e. korna V2 /c? ~1.
Hepasenctso (115a) npuBOauT HAC K CIEAYIONIUM BBIBOJIAM:

a) HEPEISITUBHCTCKUEC YPABHEHHs KIACCHUYCCKOW DIICKTPOJANHAMHUKHA HE MPUMCHUMBI B CHIIb-
HbIX noysix E u H , Hapymaromux HepaBenctso (115b);

0) PENATUBUCTCKHAC ypaBHEHHUS KIACCHYECKOH JJICKTPOIMHAMUKHA HE TPUMEHUMBI B CIaObIX
noiasix E w H, xoraa ckopocTu 4acTHIl CTAHOBATCS YIIbTPAPEIATUBHCTCKAMHU.

TpeGyﬂ COOTBCTCTBUA KYJIOHOBCKOI'O CKAJIIPHOTO IIOTCHIMAJIA @ C KOMITOHEHTOM AO 4D no-

teruany (108), HaxoauM B HEPEIATUBUCTCKOM MTPHOIMKCHUN

2

C
(P:Ao :?aoo’ (116)
OTKy/1a
2
ay, = C—‘f, (117)

B «cnabopenarusuctckom» cirydae u3 (108) Mel nmeem

A = c? a, dx’ @

= — O = y
2 dSo \/ 1-v? / C2

YTO COOTBETCTBYET CKAJSIPHOMY IMOTCHIIMATY B MHEPIIUAILHOW CUCTEME OTCUETA, JIBUXKYIICHCS

co ckopocthio V  [21]. Huske MBI TOKaXeM, 4TO B «CIa0OPENATUBUCTCKOMY MpHOIMKeHnn 3D
yacTh notennuana (108) umeer Bujg

(118)

2 a a
pSg ™ _ Y (119)

2 " ds, cV1-v2/c?

Hcnonw3ys pemenue (51)-(57) Bakyymubix ypaBHeHuit (A) u (B), motpedyem, 94To0BI B Tipeiene

‘Po(t) — w0 — const

Metpuka (57) coorBercTBoBasia cooTHomeHUsM (93) u (94). Torma merpuka (57) nmpuHUMAET
BHU/T
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r r
ds? = 1—7e c2dt? - 1—7e dr2 —r2(do? +sin? ade?) (120)
rac
27¢°
r, = ——-=const (121
LC

- 9JICKTPOMAarHUTHBIN paguyc.

Mertpuxka (120) onucbIBaeT CUTYaIMIO, KOT/Ia 3JIEKTPOH C Maccoll 4 W 3apsAoM —€ JBIKETCS
(Hampumep) B moJie Aapa ¢ Maccod M>>u U 3apsgoM+Ze, Z =1,2,3.... Ucnonb3ys MeTpuky

(120) u ypaBHeHus asuwxenus (102), HaxoauM JBa UHTErpajia JIBHKEHUS:

1) 3dKOH COXPaHCHUA TOJTHOH OHEPIUU ABUIKYHICTOCH 3JICKTPOHA

/2 2\1/2

2 1/2 0 2 1
H=c?| 1- zjcez % % = uc’| 1- 25:2 % l—Z—Z = const; (122)
2) 3aKOH COXpaHEHHsI OpOUTAIBHOIO MOMEHTA
L=pr? % = const, (123)

rae ¢ — asumyTanbHbId yrou. CootHomenus (122) u (123) nokas3sIBaloT, YTO B TEOMETPU3UPO-
BaHHOH AJIEKTPOJMHAMHUKE CYIIECTBYET YCKOPEHHOE JIBIKEHHE 3apsijia ¢ COXPaHEHUEM DHEPTHUH,
T.e. 0€3 U3IMYYEeHHUs IEKTPOMATHUTHBIX BOJH. DTOT PE3yJIbTaT MOXHO OOBSICHUTH TEM, YTO YC-
KOPEHHOE JIBWKEHHME 3apsijia MPOMCXOJUT B COOTBETCTBUM C YPaBHEHHMSMM Te€OEe3MUECKUX
(102), xoTOpble B MCKPHUBICHHOM U 3aKPy4Y€HHOM MPOCTPAHCTBE aOCONIOTHOrO Mapasliesi3Ma
SBJISIIOTCSL KpaT4allIMMHU, B TO BpeMs Kak reopesuueckue (100) oka3bIBalOTCS MpsAMEHIIUMH.
CB0OOAHBIN 3aps] MpU PABHOMEPHOM U NPSIMOJMHEHHOM JBHXEHMHM HE U3JIy4aeT MO TOH ke
npuurHe. Ero Tpaektopus ecTh reone3ndeckas IUIOCKOTO MPOCTPAHCTBA, B KOTOPOM KpaTdaid-
1Iel ABJseTCs NpsAMas TUHUS (OHA JKe IpsiMenias).

OTMeTuM, 4TO KpaTyaillne reo/1e3nYeckre OMMChIBAIOT CTAllMOHAPHBIE OPOUTHI MIPU ABUKECHUN
3apsA0B B IOJIe LHEHTpalbHBIX cuil. [loaTOMy, B reOMETpU3MPOBAHHOMN 3JIEKTPOAMHAMHUKE HET
HEO0OXOIMMOCTH BBOJUTH MOCTYJAT bopa 0 cTallnoOHApHBIX COCTOSTHUAX 3JEKTPOHOB B aToMax. B
HAaIlIeM cJy4ae, 3TOT MOCTYyJaT KBAaHTOBOM TEOPUHU €CTh CJIE/ICTBUE I'€0€3NYECKOTO IBUKEHUS B
apaMeTpUUeCcKOM IIPOCTPAHCTBE a0COIIOTHOIO NapalIeIn3Ma.

4, YPaBHeHI/Iﬂ MOJIsA IJIs1 CHJIbHBIX 3JICKTPOMAIHUTHBIX noJien

3aMeTHM, 4TO B OMMCAHHOM IIPEJIEIBHOM Cllydae I0JIeBasi INIOTHOCTH (45) «cxkara B TOUKY»
Y paBHA HYJIIO Be3/e, KpOME OJHOM TOUKH. [103TOMY, B 4MCTO MOJIEBOM TEOPHUH, KOTOpask ONUCHI-
Baercs ypaBHeHUsIMU (A), (B.1) u (B.2), CHHTYAspHBI HCTOYHUK BHEIIHETO IOJIS MPe/ICTaB-
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nsieT coOoM TpeeNbHbBIN CiTydaii, BOOOIIEe TOBOPsI, HE COOTBETCTBYIONIUN peaIbHOCTH. Tem He
MEHee, BO MHOTHX TEOPETUYECKHX padoTax TouyeuHas MOJENb YCTONUNBOM YaCTHIIBI UCTIONb3Y-
eTcs KaK eJMHCTBEHHO BO3MOXKHas. Takum oOpas3oM, ypaBHeHus (B.1) mepexonst B ypaBHEHUs
OliHmTeiHa (1) npu ycioBUHM, YTO MCTOYHMK I'PAaBUTAL[MOHHOIO IOJIS SIBJISETCS TOYEUYHBIM C
MIO0THOCTHIO (60).

ITpoBoAst aHAIOTUYHYIO OIEpALUIO AJIs CIIydasi FEOMETPU3UPOBAHHOM 3JEKTPOJMHAMUKY Ha
6aze pewenus (51)-(57), mp1 noxyuum u3 (B.1) ypaBHeHUs 1107151 reOMETPU3UPOBAHHON IICK-
TPOAMHAMUKHU

87k

1
Ri _E guR = C_4Tik ) (124)

JUHAMUKH, TAe TeH30p Puuum onpenensiercs yepes CuiibHOE eKTpoMaruutHoe nose (101)
. e . e? .
R. =R'jm = —2—0; E'jjim +2——E'sii E®jim =0, (225)
HC uc

a TCH30p SHECPrun-umMilyJjibCa HCTOYHHUKA ITOJIsI UMECT BU/JL

T, = p.c°uu,, u'u, =1. (126)

3I[6CL MJIOTHOCTH MOJSI HHEpLUUU T i ik 3apH)KeHHOﬁ MAaTCprUn OIIPCACIIACTCA KaK

— ZeW = Zep = Zely|* = Zei HOME iZe|Q|2 =Zey v = ZeS(F) (127)
Pe PV 8kze ° U 8rkze vy !
npuyem
cz 1/2 1 1/2
v (SﬂkZej [47er Jyrv (129

4.1 YpaBHeHHS JIEKTPOMATHUTHOTIO MOJSI TeOMeTPU3HPOBAHHOM JIEKTPOIMHAMMKH J1JIs1
CJIA0BIX HoJIeH

CseprbiBast ypaBHeHus (124) ¢ METpUYECKUM TEH30pOM @ M yYHUTBHIBas COOTHOIICHHE

g"“g, =4, umeeMm

87 e i
Re—— =T, T=Th. (129)
cm
[Toacrasmsst (129) B (124), 3anuinem 3TH ypaBHEHUS B BUIE

87 e 1
Rik = CTE(Tik _E gikT)' (130)
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Cnenys A.doky [22], Ml moTpebyem ai1st ypaBHeHuit mosist (130) BBITOTHCHHMS:

1. ycnoBwus cmabocTtu mosis s TeH30pa (96) B BUIE
[kaw | <<me]| =1 (L31)

2. YCJI0OBUE TapMOHHUYHOCTHU IJIA e,HHHHqHOﬁ CKOpOCTH u'

1 0%,
(A_C_Z?ju :O, (132)

HCpBOC N3 3THUX YCJ'IOBI/Iﬁ 03Ha4acT, 4YTO IIPOCTPAHCTBO COOBITHM MAaJIO OTJINYAETCS OT INIOCKOIO

(IycTOro) mMpoCTpaHCTBa, a BTOPOE, YTO UCTOUHUKHU I10JI ABMXKYTCSI C MAJIBIMU YCKOPEHUSIMH —
IIOYTH NPSMOJIMHENHO U PABHOMEPHO.

[Mpumenss yenosue (131) k ypaBaenusm (130), monyunm [23]

k 1 02 87k 1
Rik = __(A _C_ZEJaik = C_4 (Tik _E gikT)' (133)

k 1 02 87k 1
Roo = __(A _C__Jaoo = C_4 (Too _E gooT)- (134)

HOCKOHLKy JJIA ca00ro moJjs

To=PC"  Op=l, T=pc’, (134a)
TO MBI UMeeM 13 (134)
1 1 0? 4
E(A —?Fjaoo B (135)

YMHOKas 3TO cooTHOMIeHue ciieBa Ha c2u° = c2dx° / ds

o » TOIYy4nM
(A—Cizjt—ZjAo --Zj,, (136)
rac
c? 0 . 0 pe
Ao =780l o= =pu=pc, p=ppf= evz (136a)
-
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n p, —HJIOTHOCTb HCTOYHHKA MO B CHCTEME OTCYCTA, A€ OH ITOKOUTCS. Taxkum 06pa30M, I10-

teHman (118) st c1abpIx 3JEKTPOMAarHUTHBIX MOJIEH yIOBIIETBOPSIET ypaBHEHHIO (136).

B ypaBuenuu (136) Mbl cuuTaem, 4To 3apsii UCTOYHUKA Z€ W «aIpoOHOI» JacTull € mo-
CTOSIHHBI, U JUISl HUX penieHue ypaBHeHui Bakyyma (51)-(57) mpuBoaut k metpuke (120). B atoit
meTpuke TeH30p Puuyun B ypaBnenusx (130), a, cnemoBarensHo, u B ypaBHeHusix (133), oOpa-
maercs B Hysnb. Iloatomy, ypaBHenue (136), Tak ke, kak ypaBHenus (133), cnpaBeminBo BO
BCEM IIPOCTPAHCTBE, KPOME CUHTYJISIPHON TOUKH, B KOTOPOW ONPENEIEH «TOUYEUHBIN» HCTOYHHUK
¢ mnotHocThio (127). Hanee, ana merpuxu (120) TpexmepHasi 4acThb BEKTOPHOI'O MOTEHIIMAJIA
(108) mpunumaer Buxa (119). Bue ucrounuka mnons ypaBHeHus (130) zanumryrcs B BuUJE

k 10°
niy, 3anuckiBas (137) mMOKOMIOHEHTHO, KaK
1 0? 1 o? 1 0?
[A—C—Z?]aoo :0 f (A—C—Z?Jaao :0 f (A—C—ZEJaaﬂ :O. (138)

VMHOXas cripaBa nepBoe ypaBHenue Ha ¢°U°/2 , Bropoe Ha c’u’m tpetbe Ha c’u” /2, mo-

JTYYUM

1 6% \c2_ 10%), 1%\,
{A—C——zj—aoou :O, A—C—Zy aaou :0 f A—C—ZF Eaaﬂu :O. (139)
HpI/I MaJIOM YCKOPCHHUH NCTOYHHUKOB ITOJIA (B cl1a0BIX HOJ'I}IX), BBITIOJIHACTCA YCJIIOBUC T'apMOHUY-

HocTH (132), moaToMy, CKJIapIBasi BTOPOE M TPEThEe YpaBHEHHUs (B CITa0bIX MOJSX 3TO AOMYCTHU-
Mo) , 1 uctionb3ys (108), moxxkHO TpencTaBuTh ypaBHeHus (139) kak

10° 1 0% \c?
@‘?a%%:@‘?EJE%W=“

10° 10° c?
O O O RO R

(A - CiiJA. =0. (139q)

nim

O‘-IeBI/IIlHO, YTO OTHU YpaBHCHUS COBIIAAAIOT IO BHCITHEMY BUAY C YPaBHCHUSAMU Makcaenia
JIJIS TI0JIEHE BHE MCTOYHUKOB ITOJIA.

Jl71st KOMIOHEHTHI @, u3 ypaBHenui (130) cnenyer
K 10° 87K 1
R.o0 :_E(A_C_Zﬁ]aao :C_4(Ta0 ) 9a0T)- (140)
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[Tockonbky B Metpuke (122), monyuennoit u3 pemenus (51)-(57), MbI umeem

a00=2—(p=—r—e a,,=0, a =2—(2p5aﬂ=—r—e

) o ., 141
c? kr “ o kr “° (141)

TO JIeBas 4acTh ypaBHeHul (140) oOpamaercs B HyJb U 3TO ypaBHEHUE (B IpHOIMKEeHUU ci1abo-
IO OJNIS) TEpSAET CMBICI. 3aTo, I KOMIOHEHTH R,; ypaBHenus (130) 3anuceBaioTcs Kax

k 1 07 87k 1
Raﬂ :—E(A—C—Zyjaaﬂ :C_A(Taﬂ —E gaﬂT)' (142)

VMHOXast 5TH ypaBHEHHUS clieBa Ha c°U” u yuutsiBas (134a), (136a), (108) u (119), a taxxe

“ Ve
U =—
cvl-v?/c?
Haxoaum
1 02 87 1 8z 1 4
A= in =1 —2g W =10 -Zu)=-Fj | 143
( Czatzja Cz(aﬂ Zgaﬁ) 2 (u, 2a) CJa (143)
rac
eV(Z an e
o=l —p=e =B (144)
V2 dt V2
- -

(He myTaTh p B(144)Cp=‘(//2‘ B (127) ).

O6venunusas ypaBaenus (136) u (143), mbr monmyunm 4D 3ammch ypaBHenuit (124) B Buje
FeOMETPU3UPOBAHHBIX YpaBHEHUN

1 82 Az . - a H
[A_575F)A::_7§1i, j'=(pc, pv*),  1=0123, (145

KOTOPBIC HO,Z[O6HI>I YpaBHCHHUAM Makcaena.

Xota ypaBHeHus (145) no BHemrHeMy BUAY M0JI0OOHBI ypaBHEHUSIM MakcBeula ¢ HCTOUYHUKA-
MU 10N, HX (U3UYECKOe COoJiepKaHHe OTIMYHO OT ypaBHeHMH MakcBemna. B camom nerne,
ypaBHeHHMsI MakcBeuia paccMaTpUBalOT 3JIEKTPOMAarHUTHBIE MOJS Ha (OHE IIOCKOro IMCeBJO-
€BKJIMJIOBA MPOCTPAHCTBA, B TO BpeMs Kak ypaBHEHHUs (145) ONMUCHIBAIOT 3JEKTPOMAarHUTHBIE
HOJIS Yepe3 KPUBH3HY MapaMeTPUIEeCKOro MPOCTPAHCTBA aOCOMIOTHOTO Mapajliein3Ma.

5. I'eomerpu3zanus 3JIeKTPOAMHAMMKHN 3apPSKEHHOH «KBAHTOBOWM
KUAKOCTID)

[MpencraBum nerictBue (114) B mpuONIMKECHUH BEKTOPHOTO TIOTCHIIAATA KaK
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S:—mjds=j(—mdso—%Adx‘jz_[[—,uc%o—g dx ]dt J'Ldt (246)

OTCIO,I[a HaxoauM (l)yHKI_II/IIO HarpaHn(a Ipu ABUKCHUH 3apH}I(eHHOﬁ qaCTUIIbI B CJ1a0BIX DJIEK-
TPOMAarouTHBIX ITOJIAX

2
L = —uc? 1—Z—Z+A\7—ego=T—U , (147)

Omnpenensist 00001IEHHBIN UMITYJIBC YACTUIIBI B BUJIE

p-L
oV

u ucnonb3ys (147) , HaxoquM 0000IIEHHBIN UMITYJIEC M 00OOIIEHHYIO CKOPOCTh

p-—*Y L EA_p+EA V=i+ A, (148)
. vi C C cu
C2

rae [ - MMIOynsC (I0YTH) CBOOOIHOM, B cuily citabocTy 1moJist, dacTuibl. B 4D Buae 00001meHHbINH
MMIYJIbC HAXOJIUM M3 KBaJpaTa JUHEWHOTrO 3JIEMEHTA, ITPEACTABICHHOTO KaK

- dx' dx dx' dx -
ds? =g, dx'dx* =|1+k ds,” =| 1+k dx'dx* ~ ds?.
O ( alkdodsoj ( alkdodojlk 0

VMHOXasi 9TO COOTHOIIICHUE Ha z7°c® M Jienst 00e 4aCTH 3TOr0 PaBEHCTBA Ha ds?o, umeem

2e , dx' - :
(l"' 2 jnik p'p* :nikplpk = u’c?, (148")
uce ds,
rne, npu ycinosuu (112) , 06001meHHBIN UMITYIBC ONpeAeTseTcs KakK

=, +%A . (148a)

CDYHKI_II/ISI I'amuneTOHA, I/ICCJ'ICIIyeMOI‘/’1 CHUCTEMBI, BBIYUCIIACTCA 110 (bOpMyJ'IC

= +ep=E+eqp. 249

B cnabeix mossix (105) mist ypaBaenust ['amunbToHa-Sko0u (105a) BBIMONHSAETCS COOTHOIIIE-
HUE
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2
i i i (E =
OiP'P* =7 ' P" = p;p =(—j —p*=pc’ (150)
unu, yautsias (148) u (149), nonyyaem
2 2 2
(E) — ﬂZCZ + D»Z :(—H _equ = IUZCZ +(|3 —EAJ (1503.)
C C C
mostomy u3 (148), (149) u (150) cneayer

3necb H — mosaHasi SHEpPrus CUCTEMBI.

[Moncrapnsist coornomenwus (151) B (150), Haxoaum

H Z\//JZC2+CZ(|3—EA)2 tep, (152)
C

Wik, B HCPCIATUBUCTCKOM HpI/I6J'II/I)KeHI/II/I,
l = e 2
H:E(P——A) +ep=E+U . (153)
c

N3BecTHO, 4TO KBaHTOBasi TEOPUS BO3HUKIIA MOJ JABICHUEM SKCIIEPUMEHTAIBHBIX (hak-
TOB, KaK 00001IeHNe KJIaCCUYeCKON eKTpoJuHaMuKu MakcBema-Jlopenna. OcHOBHOe ypaB-
HEHUE KBaHTOBOW Teopuu - ypaBHeHue lllpenunrepa Ob110 yragaHo aBTOpPOM, a HE BBIBEJIEHO
U3 KaKUX-TMO0 (PU3MUECKU OCMBICIIEHHBIX MpeanojaoxkeHui. s ciaydas IBUKEHUS 3apsKeH-

HOM 4acTHLBI C 3apsaaoM € u maccod M B momsax E u H , ypasuenue lllpenunrepa 3anu-
LIETCS KaK

ind _L[(p_C& 2—eA0 -0 (154)
ot 2u c e
rac ﬁ = _Ih§ - omneparop 0606I_HCHHOFO HUMITYJIbCA. [InotHOCTE BCPOATHOCTHU U IIJIOTHOCTH

3apSIKEHHON «KBAHTOBOM JKHIKOCTW UMEIOT BH/]T

p=ll . p.=ew*w=eyl =ep, (155)

a IIJIOTHOCTH TOKA IMOJIYYHT BBIPAKCHHUEC BU A
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- _ ek
J=pV = —(WW W*VW)—E‘// yA. (156)

W3 3TOr0 cooTHONICHUS HaXxoIuM CKOPOCTb Vv

V=1]lp,. (157)
[Toacrassist mioTHOCTH TOKA (155) B cootHomenue (157) u, ucnonp3ys npeicTaBlieHue BOIHO-
BOM (DyHKIIMM B BUJIE

y(X,1) = p(X,t) exp(iS(X,1)) ,

IIOJIyYUM

VS——A=V-—A, (158)

£ £
e e

‘:IH

[Mpumenss k ypaBHenuto (154) nporenypy MazenyHra, npecTaBICHHYO Bbliiie, umMeeM [25-27]

9 vl o[V A vpi-n, (159)
ot MC ot

p. {@va\/)} - —{eE T [vH]} PeyQ, (160)
ot )7 7

rae E=-VA —0A/cat, H=rotA u  Q=n’AJp/2up .

Cucrema ypaBHenuil (159), (160) , sxBuBanenTHast ypasHeHuto Lllpenunrepa (154), moxer
OBITH TIOJIyY€HA M3 3aKOHA COXPAaHEHMs TEH30pa dSHEepruu-ummyibca (126), korma mioTHOCTH 3a-
PSDKEHHOTO KJIyOKa TOJIE MHEPLHUH YIOBJIEeTBOpseT cootHouienuto (127). JleiicTBuTenbHO, B
ATOM ciiydae cuctema ypaBuenuii (70)-(72) 3anumiercs: B BUje

Vi(pu') =0,(pu")+p,uT’ =0, (161)
k
pe—+per mnU u :0 (162)
ds
V.p,=0,p,=0. (163)

Ucnoneiys pemenue (80)-(85) Bakyymubix ypaBHenuii (A), (b), B kotopom (,, KOMIIOHEHTa
onpenensiercs cornacHo (93), a mapamerp Keppa cornacto (89), moayunM, B HEPEISITUBUCTCKOM
npubsmxenny, u3 (161) ypaBHenue HenpepsiBHocTH (159), a 3D wacte ypaBnenuit (160) mpu-

MET BU]I
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%0 +2I"p0u”)=0, «a,f=123

V
Pe dt
uiy, ¢ yuerom (102) u (101)

dv,, e %
Pe at =PLe ; (S 2Ea,30 ?) ,

rae

1
E.o0 = (aﬂocz),o __(aoocz),a =A0— A, =F.

2E,, = (a,,c’ )p— (aﬁoc ) s~ Py =F..

Teneps ypaBuenwust (165) 3anumyrcs kak

dv,
= eF, 0t F N
el ( )
BwmecTto (86), B ciiydae 3€KTpOIMHAMHUKH, MBI HAXOJAUM
_ 2U,.+Q,)
% ec? '

IMO3TOMY, B HCPCIATUBUCTCKOM HpI/I6J'II/I)KeHI/II/I, IIPpUXOAUM K BBIPA)KCHUIO

c? U, + Ze, Ze h? 1
AwO:_aoozw _¢+_Qw’
2 e r r u’c? e

a o a !

e rryc

2
pon—py, -Gt Q) ( zZe Ze JA 1o

B pesynbrate u3 (166) u (168), (169) cnegyer ypaBHeHuE

p{@ﬁu(vv\n}: {eE+ [vH]} Peyq —LerotvQ,) .
ot 7 7 7

(164)

(165)

(166)

(167)

(168)

(169)

(170)

TpeOys BBIMONHEHHS COOTBETCTBUS MEXIY Q, M KBaHTOBOH dHeprued Q B ypaBHeHusx (160),

MOJIyYUM CIIEyIolllee OTpaHUYEHUE Ha |l//|

T 27
el

rae o =e’/hic- MoCTOsIHHAs TOHKOM CTPYKTYPBL.

171)
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5.1 PeiiTUBMCTCKASA 3apsizKeHHAS] KKBAHTOBAS JKHUIKOCTD)

PenstuBuctckum 0606mennem ypaBaenus (154) ssinsercs ypauenue Kieitna-I'opiona

2
{hak—EAJ +y2c2}wzo, k=0,123, (272)
c

OTHCHIBAIOIIEE JBUKCHUE PEISTHBUCTCKOW KBAHTOBOUW YACTHIIBI B CTA0BIX AJIEKTPOMATrHUTHBIX
nossx. [lpumenss k (172) npouenypy Manenynra, umeeM uit © u V™ =V™S/ i

Im — am{pe(vm—%Am]}:o, (173)

2 n
Re - (P'“—%A"‘j +y2C2—h2M:O, (174)

nJIn

2 2 2

m e m 2.2 h 1 6 ]
Pr_SA _ A-=2 |[r=0 174
(r-ta ) vue Z( : jﬁ @)

B ypaBuenun HenpeposiBHOCTH (173) crout 4D mutoTHOCTH TOKA BHIIA

jme :pevm :pe(vm _%Amj ) (175)

rae V - ob6obmieHHas ckopocTh. Jlanee, ypaBuenue (173) coBmamaer ¢ reOMETpU3UPOBAHHBIM
ypaBHeHHEM HepaspbeiBHOCTH (161), koTOpOoe, I coxpaHstomierocs 3apsga B meTpuke (85),

3alMUIICTCA B BUAC

Vi (pu") =8, (pv") =ai{p{V‘ -2 A‘QJ}O , (176)
LC

rae norenian A, umeer komnoneHTs (168), (169). TeomerpusupoBanHoe ypaBHeHue [a-
muiibToHa-ko6u (148”), B maHHOM ciydae, mprOOpETaeT BH

2 o \2 2
C C C

Ui

m 2
(P'“ ~Sam +&)J + 1P =0, (178)
C e
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Trac

20 0" 29 0"
Q", =| Q% :h_m—pe, @ :h_'"—peva (178"
2m - \Jp, 2m  p,
- 4D xBaHTOBas MOTCHIIUATIbHAS SHEPTHS.
PackpbiBas KBaIpaTHYIO CKOOKY M MepEerpymnmnupys wWieHbl, MOXKHO 3anucath (178) kak
2 meAm meAm m \2
(Pm_gAm} s et 2P 2A7Q% @) o
C C C ec
v, yauteiBas (178°)
2
a an m mw mw 2
(P"‘—EA"‘] st o2 OO NP (2AQ00 Q) g (179)
c [p. c ec

OtbpaceiBas B 1eBoit yactu (179) nocnennue aBa caaraeMbix, HoaydyuM ypaBHeHue (174).

6. Moaear TakabGasicu HepeJSITUBUCTCKON 3apsiKeHHOH «KBAaHTO-
BOH KMJIKOCTH» C Y4€TOM CIIMHA

N3BecTHO, YTO KBAaHTOBAs YacTHIlA CO CHMHOM ONUCHIBaeTCs ypaBHeHueM [upaka. Hepensaru-
BUCTCKUM TpuOImxeHueM ypaBHeHusi Jupaka siBisiercsi ypaBHenue lllpenunrepa-Ilaynu cie-
JYIOLIETO BUJa

h., 1(= e=Y PN
{TawZ[P—EAJ +er—ﬂ(Ho)}‘P—0, (180)

e 8, =o/o6t, H - BHEIIHEE MATHUTHOE Tosie 1 O - (TIceB0) BekTop Ilaynm ¢ KoMIoHeHTa-

RS A |

Bonnosas ¢pyukius B ypaBHeHuu (172) npeacrasisieT cO00# IBYXKOMITIOHEHTHBIN CITTHOP

MU

v ov®,
0 0

y, O
w, O

Y= , (181)

‘.\{I+:‘

I'/ie BOJTHOBbIE (DYHKIMH
h h
vi=yy.z4 2.0,y =pXy.z-200)
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3aBUCAT OT CIIMHA YAaCTULBI S , IPUHUMAIOIIEro 7B 3HaueHus (£7/2) Oynkuumsa (181) vecer

Ternepb HHGOPMAIIHMIO O TPEX pealbHbIX BenuunHax: o,V , S = (il 2)c, npu satom

(F-SA) :
i=jlp=— ¢ - (FV¥oce) ez (183)
u 2ui Yy LC
+5 + 3 2
s-lg s-hs g XSY A¥O¥ g M (184)
2 2 Py 2 Py 4

6.1 BeiBoa mocrynareibHbIX ypaBHeHuil Takabasicu-Jiijepa 115 cnmHUPYOIei

«KBAHTOBOWH KHIKOCTH»

[Tepenumem ypaBuenue [laymu (180) B popme

2 -
iD= |- B-—% Holw, D0:(80+EAOJ. (185)
2u 2 h
3TI/I ypaBHeHI/IH BBIBOIATCA HyTeM BapI)I/IpOBaHI/IH IIJIOTHOCTHU .HarpachI/IaHa BUIa
i, . h? .
L="2{¢*D,¥ —cc|- - DY DY+ —¥* (HS)¥ (186)
2 2u JZo

IIpu 3TOM KaHOHUYCCKHI TCH30p SHCPIrUH - UMITYJIbCa CIIMHOPHOT'O ITOJIA YAOBJIICTBOPACT COOT-
HOIICHHIO

0T, =oL/ox, k,i=0123, x, =t. (187)

Tensop T, B (187) He ABnseTCA KATMOPOBOYHO MHBAPHAHTHBIM. 3aMEHSS €r0 KaIHOPOBOYHO
WHBapUaHTHBIM TeH30poM [28]

oL
O, =- DY¥+cc.r+0, L, 188

HaxXoauM AJId €10 HpOCTpaHCTBCHHOﬁ qacTHu

® hz{

> {D*, W'D,W+cef+0,,L (188a)
Y7,

af —
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rie
D =0, —SA , D* =0 +°A. (189)
he e

Ortcrona cneayer mioTHocTh 3D (MaccoBoro) Toka

. . i, .
i, =p¥ Py, =—?(‘P D,¥-cc)=0,,. (190)

ITepenuceiBas cootHomenue (187) B TepmuHax teHzopa (189), nomyunm ypaBHEHMs IBUKEHUS

mioTHOCTH Toka (190)

. €
10, Ja+6ﬂ®aﬂ:pKa+_paaHﬂSﬁ 1 (191)
LC
rac
oK = p{eE +EwH ]} (192)
C
- IJIOTHOCTH cuJibl JIopeHia.

Hcnonb3ys paBeHcTBa [28]

(W'D,D,¥+D*, W'D,¥)+cC.=8,0,p, (193)
0,00
D*, ¥'D,¥ +cc.= L, 2—‘2‘ AR D

rae =2S/h, £ =1, MOXHO npeoOpasosath TeH3op (188) k Bumy

O,y =UN Ny + 5 +0,, . (195)
h? (0,p0sp h?
=—| -6 Ap|=——p0,0,l0g p, 196
ﬂaﬁ 4#( D afp 'Y 4/,[p a ™~ p gp ( )
h’ 1
Cop :Epaazyaﬁzy =;paasyaﬂsy : @97

IMoacrasss (195) - (197) B ypaBuenue (191), noaydnm
; . €
1418, J, +0,(v,0.)}= PK, #- 5 P08y =0, (muy 4 Ly). (198)

Ucnone3ys cootHomeHus (182) u (183), MmoxkHO mokasats, 4to it ypaBHenus [laymnu (185)
BBITOJIHAETCS] YPAaBHEHHUE HENIPEPBIBHOCTU
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0 .

—+Vj=0, 199
Vi (199)
rie (C y4eToM BEKTOpa HAMAarHUYEHHOCTH | — WY o)l 2, MOPOKJICHHOM CITMHOM JICK-
TpOHA)
p=V"Y¥, (200)
j= -E[\W(V\P) YV - = AP ) L rot(¥*6'¥) . (201)
2 He 2p

Hcnonw3ys ypaBHeHue HenpepbiBHOCTH (199) 1 0003HaueHNe

OpT,p=p0, 11", (202)
nepenumieM ypaBHenus (198) B Buze
dv, e , 1
H =Ka+EaaHﬁsﬂ—aan —;aﬂ(paasy-aﬂsy), (203)
2 2 2
i :—h—{A—p—(V”Z }=—h——”; , (204
e Au| p 2p 4u \p

KaK BUAHO U3 cpaBHeHus ¢ (19), [7” - kBaHTOBas MOTeHUMAaNbHAs >Heprus Manenynra. s
OoJIbIIIel HATTISIIHOCTH, 3anuiineM ypaBHeHus Takabascu - Ditnepa (203), (204), onuceiBaroiue
MOCTYIATENLHOE JIBUKCHUE LIEHTPA MAcC KaIlld 3apsHDKCHHOW «KBAHTOBOH KHIIKOCTH», B BHUJIC

[25,26,27]

- 2 .y
53V ={eE+9[vH]} + 25 a,(H +H -0, h—A—p+i\vs\2 . (209)
dt C . M 2u p 2u
rac
Hy==—0,(00,5) =~ (A5 +0,00,5/ ), (206)
2ep e

- BHYTPEHHEE MarHUTHOE I0JIe, TOPOXKIaeMO€e CIIMHOM KBaHTOBOW 4acTullbl. IHTEpecHO oT™Me-
TUTh, YTO B KBAHTOBOH AIIEKTPOJAMHAMUKE U MOTEHIMaNbHas SHeprust Mazaenynra (204), u BHyT-
perHee marHuTHoe nose (206) B SBHOM BuJe He yuuThiBatoTcs. [IpousBoss B ypaBHeHusax (205)
3aMEeHy

A—>AT =A+ITle, A—>A" H=rotA>H™ =rotA" =H+H, , (207)

3aIUIICM 3TH YPAaBHCHUS KaK

(208)

dv, S € e eff
# :{eEﬁ+—[vH]} +—0,H," S,
c He

dt

[24

rac
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He =H +-—a,(p0,5) ,
2ep

=11" -8 =——2———\vs (209)

- moTeHIMaNbHas sHeprus Takabasicu - Manenynra. B coorHomenuu (187) KOMITOHEHTHI TUIOT-

HOCTH T€H30pa SHEPTUHM-UMITYJ]IbCa MaTEPUU T, ONPENENAOT IIOTHOCTH 3D mmmynbca

To, = ZE (Y'o,¥Y+cc)=pp, (210)
|
U IUJIOTHOCTb SHEPTUU
h? . ) e .
E=-Typ=-—D*, ¥ D,¥Y+eAW'¥Y-—¥"(HS)¥. (211
2p Me
[Tpumensist popmyny (194) x (211), umeem [uist IIIOTHOCTH 3HEPTUU
I 2 2
Ezp{l,u\?2+er—iHS +h—(V”2) +i\vs\ } (212)
2 UC 8u p 24

ITocnennue aBa ciaaraeMbIX UMEIOT YHCTO KBAHTOBYIO IIpUPOAY U UCYUC3AIOT B KIIACCUYCCKOM

npenene.

6.2 BbiBoa BpamarteabHbIX ypaBHeHuii TakaGascu-bBiaoxa s cnmHupyomel «KBaH-
TOBOM KUAKOCTI

JuddepeHunpys akcuanabHbII BEKTOP

(o,)=¥'o, ¥ (213)

10 BPEMEHU U MCIONb3Ys ypaBHeHue [laynu, 3amucannoe B Buje (185) , Haxoaum

d(a,)
ot

1 ik .
:%[(a)x A, +2'—ﬂaﬂ{\y o,D,¥—-cc|  (214)

Hcnonb3ys popmyity (31ech Mbl HCIIOJIb3YeM 0003HAYCHUS, IPUHSTHIE B padote [28])

%{\raaoﬁqf—c.c.}:%”(aa)vﬁ —%{(ay)a L)), (@=yxu), (215)

HAXOJUM U3 ypaBHeHUs (214)
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d(o,)
o

10,4, -(O'a)}zi[(a)x = +%aﬂ{%[(o)xaﬁ(a)]a} (216)

C nomouipto ypaBHeHMs HenpepblBHOCTH (199), nomyuum u3 ypaBHenuit (216) ypaBHEHUs JBU-
YKEHUs BEKTOpa CIIMHA S , OTHECEHHOI0 K LIEHTPY Macc Kallju 3apsKEHHON «KBaHTOBOH >KHUIKO-
CTH»

_:£[§H]+1{§X(A§+l(aapa“ s‘)} (217)
(e H P

WJIH, UCTIONB3Ys 0003HaueHus (206) u (207),

9 _ ¢ 5. (218)
dt
N3 miiotHOCTH TOKa (201) MBI HaxXO0AMM
gt e f R ey —w ) - & A+ rots (219)
p u C 2up uc 2up
OTKy/1a
_ 1 e
w, = rOtyV = (6avﬂ —Gﬂva)y = E(ﬁaszﬁﬂ% —6ﬁ828a83)]—6 H;/ . (220)

4
B otiauumu ot CIIMHA, 3Ta BCIWMYMWHA I10JY4YWJIa Ha3BAHUC <«BABUXPCHHOCTU» WJIKX BUXPA. B pe-

3y/lbTaTre, Mbl HUMEEM CIEAYIOUIYI0 «TUIPOAMHAMHYECKYIO» KapTHUHY. lMmeercs KBaHTOBas
CIUIONIHAS Cpefia, B KaXI0i TOUKe KOTOpoil 3amana ckopocts (183), o6pasyroias BUXpb C HEKO-
TOpOii ochio BpaiieHusi. Kpome 3Toro, B KaKaoi Touke 3aqaH BekTop crnuHa (184). Jta kapTuHa
MOJIHOCTBIO COOTBETCTBYET MCKPUBIEHHOMY M 3aKpPYYEHHOMY NPOCTPAHCTBY Teopuu Puznue-

ckoro Bakyyma, korjga pemieHue ypaBHeHu Puszmdeckoro Bakyyma coBIamaer ¢ METPUKOU
(85).
Cootnomenne (206) HEOOXOIMMO paccMaTpHUBaTh KaK BHYTpEHHee (JIOKaJbHOE) MarHHUT-

HOE T10JI€, TOPOKAAEMOE CIMHOM YacTHUIlbl, T.€. UMEOIee KBAaHTOBYIO MpUpoJy. Bpamiarens-
Hble ypaBHeHUs1 (217) , koTopbie ObUTH BriepBbie mosydeHbl T.Takabascu, MpeacTaBisioT co00i
HEKOTOpPOE MPOMEKYTOUHOE 3BEHO MEXJ]ly KBaHTOBbIM ypaBHeHueM [laynu (185) u ypaBHeHus-

MU JBHKCHUA BapH)KCHHOﬁ KJIaCCHYECKOMN YaCTHIIEI CO CIMHOM

S . eH
prain (R Y “ 20 (221)

rae o, - yacrora Jlapmopa.

VYpaBuenus (221) Obutu BBeieHbI B pu3uky @.bioxom [29] mo ananoruu ¢ ypaBHEHUSIMHU TIpe-
neccun 3D rupockomna B 0HOPOIHOM TPaBUTALIMOHHOM IoJie J
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d_Lz_[Q

ucos
dt " - I

0, 6,4

(222)

O06pa3 KI1acCUYecKoi 4YacTUIlbl CO CTMHOM B 3D mpocTpaHCcTBe MOKHO MPEACTABUTH KaK «OPHU-
EHTUPYEMYIO» MaTepUaIbHYI0 TOUKY — CBOCOOpa3HbIN 3JIeMEHTapHbIN rupockon. [lnd aHanuTu-
YEeCKOr'0 OIMCAHMsI TAKOro 00BEKTA, KAK MbI IOKAXKEM HMKE, YJOOHO UCIIOJIb30BaTh TPUALY, CO-
CTaBJICHHYIO U3 OPTOHOPMHUPOBAHHBIX BEKTOPOB. Takoil 06pa3 noaydaercs, €ciid BCe mapameTpbl
YaCTHULIbI MBI OTHECEM K €€ LIEHTPY Macc. B KBaHTOBOW MeXaHMKE LIEHTpa Macc BOJIHOBOTO I1aKe-
Ta — YaCTHIIBI, U1t JIFDOOTO OrepaTopa | , COOTBETCTBYIONIErO (DM3UYECKOMY [IapaMeTpy dac-
THULBI, BBIYUCIISIETCS 110 opMyJie

<L>=[¥Lwav. (223)

C npyroit CTOpOHBI, B 0011IeM ciTydae, JJF000i PU3NIECKHil mapaMeTp, | OTHECEHHBIN K IIEHTPY

MacC «Karuin KBaHTOBOﬁ KUAKOCTU», BBIYUCIIACTCA KaK cpeﬂHee I10 IINIOTHOCTHU p
<|_>=jp|_dv. (224)

HaHpHMep, TUAPOAUHAMHYCCKOC OIIPCACICHUC CPCAHCTO 3HAUCHUA KOOPAWMHATBI M CKOPOCTHU
3alMUMUICTCA CICAYOINM 06p330M

<X>=Iipdv, <\7>=<% >=I\7pdV. (225)

[TpupaBuuBas (223) u (224), nonydaeM ol1iee omnpeeseHue A THAPOAMHAMUYECKOTO onepa-
Topa L

L=t (P LY). (226)
yo)

Huddepenuupys (224) u yuursias (199), nonyunm

d<L>
dt

| p|:% +9(V) L} dv . (227)

[Mpumensis 3ty Gopmyny k ypaBaeHusm (208) u (218), umeem

Lk :jp{eé+§[vﬁ]+(mwﬁ+[m rotﬁ]}dv, (228)
d<S> -
| p[MA]dv (229)
rac
Y (230)
LC
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- MAaTHUTHBIA MOMEHT 3nekTpoHa. CuuTtas, 4to B obnactu o # 0 BHemHue nosnss Eu H,a Tak-
K€ UX MPOU3BOAHbBIC, TOCTOSHHBI, MBI MOKEM BBIHECTH MX M3 IMOJ 3HaKa MHTerpaia. Torna,
ypaBHeHus (228) u (229), ¢ yuerom (224), npuHAMAIOT BH]T yPAaBHEHUH KJIACCHUYECKON MEXaHUKU

u3 S ef 4 S I+ (<MY A +[<M >rotf], (28)
C
0<S>_ % [55H], (232)
dt uc

pH 3TOM ypaBHeHHS (232) HOJIHOCTHIO COBIAAIOT C ypaBHeHUsMH (221).

7. 'eomeTpo-«ruapoauHaMudeckuin» nmoaxoa Takabdascu

[Tpumepro yepes 30 et mocie padoTsl [25], T. Takabascu OTMETHII, YTO CITMH MOYKHO CBSI-

o o k
3aTh ¢ reomeTpueit 4D npoctpanctBa MunkoBckoro. [{efCTBUTENBHO ) - CIIMHOBBIC MaTpHIla
Jlupaka, cBA3aHHbBIE C METPUYECKUM TE€H30pOM 77,, 4D npocTpancTBa MHHKOBCKOIO COOTHO-

INICHUCM
e =07 H2=( 70 7071 2. (233)

KoMIOHEeHTBI CIMHOPHOM MAaTPHIIBl ), UMEIOT U3BECTHBIN BU/

|0 o |0 o | 0 o | 0 o
70—0_0 ol = o, 0 , 72—_Gy 0l 73__0_2 ol

rie o, = | - 2x2 enuHnyHasg Matpuna, a o, o, o, -2x2 crmHOBBIe 3D matpuis [aynu

{1 0} {0 1} {0 — i} {1 0 }
o,=1= , O, = , o,=|. , o,= . (234)
01 10 i O 0 -1

Kpowme Toro, 3D omeparop ciuHa S MOKHO NPEICTABUTH KaK
S=(hl2)c (235)

rae & - Bektop [laymu. DTOT BEKTOp BBIpa)KaeTCs Yepe3 CHMHOPHYIO BOJHOBYIO QYHKIUIO ‘P
C MOMOIIBIO COOTHOIEHHUs [28]

h(¥Y*o,¥)
2 yry

Jlnst omvicanus BpareHus Bektopa (236) ya1o0HO BBECTH TpHaLy €”,, yIOBIETBOPSIONIYIO YCIIO-

h<
S=—X= 236
2 (236)

BUAM OPTOTOHAJIBHOCTH
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e.e“s =0, e".e’a :5aﬁ (237)
a,fB,y..=123, A B,C..=123,

¥ 00pa3yIOIIYI0 TPAHCISIIIHOHHYIO METPUKY IIOCKOTO MPOCTPAHCTBA
Map =180 €50, g =1 =diag (1L11) . (238)

B 5THX COOTHOIIEHMAX MHIEKCHI ¢, 3,y...  ABIAIOTCS KOOPAMHATHEIME HHIEKCAMH BEKTOPOB
TpHA/BL, @ HHACKCHL A B, C... HyMEpYIOT BEKTOpa TPHa/bl. DT HHICKCHI MOKHO HHTEPIIPETH-
poBaTh Kak MHICKCHI BHYTPEHHETO YIJIOBOTO (BpAIaTeIbHOT0) MPOCTPAHCTBA, B KOTOPOM JIEii-
cTByeT (okanbHas) rpynna TpexmepHsix Bpamenuii O(3) . B kauecTse mapameTpoB JIOKajb-
Hoit rpynmnsl Bpamenuiit O(3)moryr ObiTh BoIOpansl Tpu yria Jiinepa  @(t), O(t) , x(t) .

Kitaccuueckuii eIMHUYHBINA BEKTOpP €5 = 2MOXKHO BBIPA3UTh Yepe3 BEKTOPA TPHALIbI KaK

e € =[€ €], (239)

T.€. BPAllleHHe POUCXOIUT B IUIOCKOCTH, 00Pa30BaHHOM BekTopamu €y, u €. B obmem cinyuae

BpaIlleHHE TPUAJIbl OMUChIBaeTCs ypaBHeHussMu Opene [12]

=@ eBa :TA —E€ 4 ’ 240
dt ° 7 dt (240)

rae T s, - kodhdunuents Bpamenus Puuun B 3D npoctpancTBe aOCOMOTHOTO Mapasuien3mMa

[12], @ w,g = —ga - TeH30p YIIOBOI CKOPOCTH BPALIIEHHS TPHAIBL.

Hcnons3ys tpuany (237) MOXHO BBECTH I'€OMETPU3UPOBAHHBINA BEKTOP HUMITYJIbCa CBOOOIHOI
YaCTHUILIbI

~ h
= —Eea(Z)Veam (241)
¥ BEKTOp 3aBUXpeHus (Spin vorticity)
T, =¢&,,,0%e,"07e°® (242)
KOTOPBIE CBSI3aHBI MEXIY CO00# COOTHOIICHHEM
. = h=
W=rotll = ET .

KomnoneHTs! BekTopa (239) BblpakatoTcss uepes yriibl Jiliepa Kak

¥, =sindcosg, Z,=sindsing, >, =C0s4, (243)
a (241) u (242) npuHUMAIOT BH]
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IZI:—Z(V)(+COS¢9V(0) : (244)

T =sing[VOxVd] . (246)
CoOTBETCTBEHHO, CTUHOPHAST BOJHOBAS (PYHKIMSI MOXKET OBITh MPEJICTaBICHA CICIYIOIINM 00-
pazom [28]

2

ﬁsingexp{—i(z—m}

2

(247)

v :(%] \/;COSQQXD{—%()H@}

¥,

nJIn

cosgexp[—lqﬁ}
\P:\/;(ulje(i/z)l’ (ulj: 2 _2 (248)

U Uz singe {l }
2 ® 2¢

IIPY ATOM KOMITOHEHTHI BEKTOpa cruHa (236) 3anumryTcsi B BHIE

S,= (0, +0sing), s, = (0,~0c0sd), S, = (w,~9), (249)
27 27 2y
rac
* . _ . * * . _ . * .
a)a:i\P o, ¥Y-Y¥ O'alP’ a)SZi\P Y-¥ ‘I—” 9:%. (250)
Py ¥y ot

7.1 T'eomeTpu3anus ypaBHenus biioxa

[lepBrIii 1mIar B HampaBJIEHUU FeoOMeTpu3aluu ypaBHeHUs bioxa Obut chenan T.Takabascu.
Hcnone3ys Tpuaay, yJOBIETBOPSIONIYIO YCIOBHSIM OPTOrOHAIBHOCTH (237), 3amuIlIeM BEKTOP

CIITMHa § B BUJC

(251)

wn,
Il
NSt
]}
C

Vpaeaenus (218) mist Tpuansl €”, MPUHUMAIOT BUI 0000MEeHHBIX ypaBHeHHH brioxa [26
p p p yp

% (A) -
hde™ _ 7€ g oy, (252)
2 dt 2u

rac
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e~ F i—;aa(paaéw) | (253)

Jlerko BUETH, UTO KOTJIa BTOPOE cliaraeMoe B npaBoi yactu (253) obparaercsi B HyJb, ypaBHe-
Hus (252) npeBpawmatores (npu yciaosuu (251)) B ypaBuenus bioxa (221).

[Monxox T.Takabascu reomerpusupyer ypaBHenus (221) nump yactuano. IlomHyro reomer-
puzanuio ypaBHeHuil brmoxa (upes npunamiexxur M.U. [logopoBckoi) MOXKXHO MPOBECTH, UC-
nosib3ys ypaBHeHusi Gusnyeckoro Bakyyma (A) u (B). Bo BBeaenuwu, a Tak xe B pazzenax 4 u
5, HacTodmel paboThl, OBLIO MOKAa3aHO, YTO ypaBHEHUS BaKYYMHOMW AJIEKTPOJAMHAMUKH B Clia-
OBIX TMOJIAX MEPEeXONAT Kak B YPaBHEHMs KJIACCHUECKOM 3JIEKTpOAMHAMUKH MakcBesia-
JlopeHiia, Tak ¥ B ypaBHEHHsS KBaHTOBOW Teopuu. B Teopum Puszmueckoro Bakyyma nrodoe

ABVKCHUE CBOJUTCA K BPAIICHUIO B IICCTH YIJTIOBBIX IIEPEMCHHBIX @1, {02 ,¢3, 61, 82, 93.

PaccmoTpuM (KBazu)MHEpUHUANBHBIM CIy4ail HEPENSTUBHCTCKOIO JBUKCHHS 3apsKEHHOM
yactuubl. B aToM nmpubnmkenun ypaBHeHus (37), OMUCHIBAIOT T€0/A€3MYECKOE BpallleHHuEe BEK-
TOPOB TETPAbl B IPOCTPAHCTBE aOCOIIOTHOTO MapauieTu3Ma

dx” dx*

de' D
2 +T'ke'a
S

ds

+T'jkela =0. (254)

B (xBaszu)uHepuaabHON cucTeMe oTcUYeTa ypaBHEeHuUs (254) mpuHUMArOT 6oJiee MPOCTON BU/

de' e i ; dx*
2 =—E'ke'a , (255)
ds uc ds
9IS
. C2 .
E'i Z_Eglm(ajm,k—i_akm,j _ajk,m) (256)
- HAaNPsHKCHHOCTh CHIIBHOTO 3ICKTPOMATHUTHOTO MOJSt M @;, - TCH30PHBIN MOTEHIHAI, 00pa-
3YIOILHUNM METPUYECKHUN TEH30D
e
O = t+ ;aik (257)

HapaMeTPUIECKOro pUMaHOBAa MPOCTpaHCTBA (€/| - mapamerp).

Hcnone3ys ycnoBue cnaboctu nons (102a) u npubnuxenne BeKTopHOro notenmnuana (108),
MOKHO 3amucath 3D HepeTaTHBUCTCKYIO (C TOYHOCTBIO 10 H4IEHOB Topsaka V /C%) yacTh ypas-
HeHuil (255) B Buze
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des _ € pases, (258)
dt 2uC
a,pB,y.=123 . AB,C...=123

/I HaPsHKEHHOCTD DJICKTPOMArHUTHOTO TOJIsE %’ BhIpaXkaeTcst Yepe3 BEKTOPHBIM MOTCHITHAI
(108) kax

1 1( 6(c%a,,) 0(c*ay)| 1
“F . =E , =-= a0/ _ R2I=Z(A, —A ). 259
@2 o ox“ 2( o Rap) (259)

YuuteiBas cBsi3b (251) Tpuaapl ¢ BEKTOPOM CIIUHA, MPUXOJUM K YPABHCHUSIM 3BOJTFOIIMU
CIMHA, TIOA00HBIM ypaBHeHHAM bioxa (221)

8 (@ uvyst =& s Hr = & s Fer (260)
dt ot 2.C 2uC

Otnuuue ypaBHeHuit (260) ot ypaBHenuit biioxa (221) 3akiitouaeTcst B TOM, 4YTO MArHUTHOE I10J1€
B ypaBHEHUsX (260) nMeeT reoMeTpUUYECKYI0 IPUPOJLY U OIPEIEIISIEeTCs Yepe3 METPUUECKUM TEeH-
30p (257) mapaMeTpu4ecKoro puMaHoBa MPOCTPAHCTRA.

3akJII04YeHue

OpnHoil u3 ocHOBHBIX 3aj1au Teopuu Enunoro Ions sBnsercs oObeaMHEHHE TEOPUU OTHOCH-
TETLHOCTH A. DUHINITEWHA C KBaHTOBOM Teopueil. Pemenue »Toit mpoOsiaembl B Halel padorte
cBs3aHo ¢ teopuelt [lons MuHepuuu, koTopoe, kKak ObUIO MMOKa3aHO, BXOJAUT B ypaBHeHUsI Puzu-
yeckoro Bakyyma u, B mpocTeiiem ciiydae, y10BIETBOPSET ypaBHEHUSAM KBAHTOBOM MEXaHMKH.
[TosTomy:

1. Ob6benuHenue oOIICH TEOPUU OTHOCUTEITHHOCTH M KBAaHTOBOW TEOPHH BO3MOXKHO TOJBKO B
TOM CJIy4ae, €CJI BOJIHOBas PYHKIHS P  SBISCTCS pealbHBIM (Qu3ndeckuM mosiem — [lo-
neM Muepoumn.

2. Vpasuenus Illpenunrepa (2) u ITaynu (18) sKBUBaICHTHBI ypaBHEHHSIM «KBAHTOBOM KH/I-
koctu» J. Manenynra (22), (23) u T. Takabascu (203B), (217), ogHako MOJHON 3KBHBA-
JEHTHOCTH HET, MOCKOJIbKY YPaBHEHMsI «KBAHTOBOW >KUIKOCTH» Ooyiee MHPOPMATHBHBIL.
OHH cojepskar JOMOJHUTEIbHBIC KBAHTOBBIC MOTEHIMANBHBIE 3Heprun Manenynra (19) u
Takabasicu (197), kotopsie aus ypaBuenuii [lpenunrepa u [Taymu urparoT posib cBoeoOpas-
HBIX «CKPBITBIX TapaMeTPOBY.

3. OOwennHEHNE TEOPUU OTHOCUTEIFHOCTH C KBAHTOBOM Teopreil HEBO3MOXKHO, eciii 0a30Boe
MIPOCTPAHCTBO HE paccMaTpuBarth Kak 10-TH MepHOE MPOCTPAHCTBO COOBITHI, B KOTOPOM

1IECTh JOTONHUTEIBHBIX BPAIIATENbHEIX KOOPAMHAT @y, @, @5, 0, 0,, 0, ssnsiorcsa ame-

MEHTaMM TPOCTPAHCTBA COOBITUH. DTH KOOPAMHATHI 00pa3yroT B Kaxk1oi Touke P 00bIu-

HOTO KOOPJMHATHOTO IMPOCTPAHCTBA BHYTpEHHEE (JIOKaJIbHOE) MPOCTPAHCTBO, IPU ITOM
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10.

11.

CIMH S YacTUIBI OKAa3bIBAETCS MOCPEIHMKOM MEKIY KOODAMHATHBIM IPOCTPAHCTBOM
X,Y,Z,Ct ¥ BHyTPEHHUM YTJIOBBIM IPOCTPAHCTBOM.

B teopuu nosns cnepyer pasnnyaTh MOMEHT UMITYJIbCA YACTULIBI U €€ CIIMH, KOTOPBIE OJMHA-
KOBO OIMCBIBAIOTCS B TEOPUHU aOCOIIOTHO TBEPJAOrO Tella, KOIJla pacCTOSIHUE MEXKAY JIBYMsI
TOYKaMM OCTACTCS MMOCTOSHHBIM.

KBaHTOBast TeOpHs HE MOKET OBbITh HAUaJIBHOM TOUKOM JUIsl JaJibHEeHIero pa3BuTus GU3uKY,
IIOCKOJIBKY €€ YPaBHEHMS U METOJBI HE NAIOT NIPAaBUJIbHBINA BUJ HEJIIMHEHHBIX WIEHOB, KOTO-
pBI€ NOSIBJISIFOTCS. B CUJIBHBIX IIOJISIX U IIPH YJIBTPAPEIATUBUCTCKUX CKOPOCTSX.
I'mpponnHamMuyeckuii moAXoJ K KBAHTOBOW TE€OPUH, CHEAYIOIIMN U3 ypaBHeHH Dusnue-
ckoro Bakyyma, npuBOAUT K LIEJIOMY Py SKCIIEPUMEHTAIBHBIX CIEACTBHUM, IPUUYEM HEKO-
TOpBIC M3 HUX YK€ HaOJIOJIAIOTCS SKCIIEPUMEHTAIBHO, HO, TIOKa, TEOPETUYECKU OIHCHIBA-
I0TCS1 (JEHOMEHOJIOTUYECKUMU TEOPUSIMHU.

IIpencraBnenue o0 MHEpUUH B COBPEMEHHON (PM3MKE OCTAlIOCh HAa YPOBHE, KOTOPBIH ObLI
copmynrpoBaH Bo BpeMeHa HbroToHa U, TOJIBKO ceiiyac, CTaHOBUTCS SICHO, UTO IOJIS U CHU-
JIbl MUHEPLIMH UTPAIOT ONPEAECIAIONIYIO POJIb B KBAHTOBOM TEOPUM U TEOPUHM OTHOCUTEIIBHO-
CTH.

Wuepuueii Tena MOKHO yIpaBisTh, U3MEHSS BpallleHUE 3JIEMEHTOB, U3 KOTOPBIX OHa COCTO-
UT B COOTBETCTBUHU C GopMmyioii (64). B kBaHTOBOI Teopun 3aBUCUMOCTb MAcChl OT JIOKAJIb-
HOTO BparieHus (cnuHa) orMedeHo B padbore T.Takabascu [30], a B 0O1ei TeOpuu OTHOCH-
TEJILHOCTH TIOJI00HAs 3aBUCUMOCTB clienyeT u3 ypaBuenuii A. [lamanerpy [31].

VYnpasiieHue UHEpLUUEH Tella B HEPEIATUBUCTCKOM IIPEeIie MPAKTUUYECKH OCYIECTBICHO B
pabote omHoro u3 aBTopoB [32], mpu uccneaoBanuu nuHamuku 4D rupockomna. Dkcrnepu-
MEHTBI C 3TUM NPUOOPOM YyKa3blBalOT HA MPUHLUIHAILHO HOBYIO BO3MOXHOCTb I€pE/BH-
KEHHUSI B KOCMUUYECKOM IIPOCTPAHCTBE 3a CYET YINPaBJISIEMOIO0 U3MEHEHMs JIOKAJIBHOW KpH-
BU3HBI [IPOCTPAHCTBA, KOTOPOE BO3HUKAET B PE3Y/IbTATE JIOKAIBHOIO U3MEHEHUSI HHEPLIUOH-
HOM Macchl TPAaHCIIOPTHOI'O CPEJCTBA.

Oco0plif uHTEpEC ISl CIIUH - TOPCUOHHOM (DM3MKH MPEICTaBIseT TOPCUOHHAS NOTEHIUAb-
Has sHeprus Manenynra (19) u cnuHoBas noteHuuanbHast 3Heprust Takabascu (197). Co-
BEPIIEHHO HE BBISICHEHBI DKCIEPUMEHTAbHbIE CIEACTBUSI BHYTPEHHEIO MAarHUTHOTO IOJIS
(206), MOPOKIEHHOTO CIIMHOM U OIIPEJIeNIAIONIEro JOKalIbHbIe TOPCHOHHBIE CBOICTBA Belle-
CTBa.

Habmronaemble KBaHTOBBIE CBOMCTBA (PU3UUECKUX CUCTEM, TaKUE KaK JUCKPETHOCTH [ImaHka
- OiHIITElHA - bopa, Ayanusm BoJiHa - yactuua ae bpoid , BeposTtHocTHOE oncanue bop-
Ha, HeolpeaeneHHocTh ["ali3endepra u Jip., €CTh HUYTO MHOE, KaK TMpocKonuyeckue s dex-
ThbI, KOTOpBIE MOSIBJIAIOTCS IPU TEOPETUYECKOM ONMCAHUU JTUHAMUKU MPOTSKEHHBIX CIYCT-
KOB TOJIEH MHEPIINH, 00J1aIal0IIMNX COOCTBEHHBIM BPAIIEHUEM — CITHHOM.

12.04.2012
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