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BBE/IEHUNE

[Tocse cosmanusi oOIIell TEOPUU OTHOCUTEJIHLHOCTH T'€OMETPUUIECKUE METOJIbI
SIBJISIIOTCSI HEOT'bEMJIEMOII 1YacThio allliapara Teoperumdeckoit dusuku. Ormmca-
Hue (PUBNYECKUX SBJIEHUI 3aBUCUT OT IeOMETPUYECKUX CBOMCTB IIPOCTPAHCTBA—
BpeMeHU, Ha (oHe KOTOPOI'o OHU HCCeayloTcss. B HacTosiiee Bpemsi HauboJiee
paspabOTaHHBIM SIBJISIETCSI IIOJXO0J, IIPU KOTOPOM 3JIeMEeHTapHble YaCTUIIbI UCCIe-
JIyI0TCsl Ha (DOHE 3aJIaHHBIX T'€OMETPHil IIPOCTPAHCTBa—BPEMEHH.

Cy11ecTBeHHBIM B JIUCCEPTAIINN ABJISIETCsI BBIOOD CIIOCOO0B 0000IIEHMS P -
BHICTCKUX BOJIHOBBIX YpaBHEHUIl JJIsT TOr0, 4TOOBI BJIMsIHIE BHEITHUX I'DAB -
OHHBIX IT0JIell yuecTb reomerpudecku. CoOTBETCTBYIONIEE 000OIIEHN eHUIT
7yist GO30HHBIX T0JIelt (HampuMep, ypasHenuii Makcpesia) O6b1% OBOJIUTCS

I

110CPEICTBOM (POPMaJIbHOI 3aMeHbI JIOPEHII-UHBAPUAHTHBIX T X BeJINIUH
Ha O0IIeKOBAPUAHTHBIE, IIPU 9TOM BHEIIHE II0JIHOCTHIO Pa3p (35{ CB43b C I'PYII-
oit JIopenna. B To ke Bpemst B 1928-1929 rr. B padbor X e, Beitns, VBanen-

Ko 1 Doka ObLT Pa3BUT CIIOCOO 00OOIEHNUS YPaBHEHI epMI/IOHOB CO CIITHOM

1/2 na caydaii mCeBIOPUMAHOBBIX ITPOCTPAHCT Tpe6OBaJIO [IpUBJICYEHU S
TeTpajgHoro (popMajn3Ma 1 CylUeCTBeHHOTO UCIIO BaHUs TEOPUU IIpeCTaBIIe-
Huil rpynns! Jlopenna. Bosaukinee MHOPONET giaza Takoe (pepMUOH-O030HHOE
paz/jinyne COXPaHsIeTCsd B 3HAUUTEIbHON @LellfHN U B COBPEMEHHOIl JiuTeparype.
O/1HaKO MCIIOJIb3YeTCs BCE MINPE BOIMOKHOCTD IIPU OIMCAHUN YACTHI C PA3JIMY-
HBIMI CIIMHAME (TIEJIBIMU U TTOJIyde IPUMEHATH eJUHbII (DOpPMAJIIT3M, OCHO-
BaHHBII Ha TETPaJIHOM I0/X0/le 1¥peopun rpymmbl Jlopenna. B Oosbieit gacTu
JICCepTAIN ypaBHEHN JIFKUAETUI] ¢ PA3HBIMU CIIMHAMI (hOPMYJINPYIOTCS U Pe-
alTcs Ha OCHOBE IIPU TeTPaTHOr0 (hOpMAII3IMA.

Eme oxna ngeg 4 s1 CYIIECTBEHHOI [/ HacTosdImell paboTel. AKaemMu-

koM @D.J. PengpoRbIM ¢ yueHnKaMi Pa3sBUBAJIACH BO3MOYKHOCTD IIPH UCCJIEI0BA-

HUHU dJjieMeH HbI aCTHULl UCIIOJIb30BaTh paCIUpPEHHbIE Ha60pb1 HpeﬂCTaBﬂeHI/Iﬁ

I'PYIIIIbI DTOT IIOJXO/ ITIO3BOJIACT CUCTEMATNYICCKN aHaJIM3NPOBaTh BO3-

ACTHOCTH, JIOTIOJIHIETCS MCCIeJOBAHNEM MTOBEJICHUS JACTUIL C PA3HBIMU
CITUBAMI U JIOMOJTHUTE/IHBIMI XaPAKTEPUCTUKAMI BO BHEITHUX IMOJIAX (9JIEKTPO-
MArHUTHBIX U PABUTAIMOHHBIX). YUeT BHEIIHUX ITOJIeH CYIIECTBEHEH, OCKOJIb-
Ky JIOTIOJTHATETbHbIE XapAKTEPUCTUKI YaCTHI] (AHOMAJbHBIH MATHUTHBIT MOMEHT,
JEKTPUIECKUIT JTUTOJTBHBII MOMEHT, MOJIIPU3YEMOCTh, KBJIPYTIOILHBIIT MOMEHT,
cTpykTypa dapsuna — Kokca, BHyTpeHHIIT CIIEKTP CIIMHOBLIX U MACCOBBIX COCTO-
STHU{T) TIPOSIBJISIIOT cebst HaOJII0IaeMbIM 00PA30M UMEHHO BO BHENTHUX TIOJISIX.
B nuccepraiiun yYuTHIBAIOTCS OJHOPOIHBIE MATHUTHOE 1 9JIEKTPUIECKOE 104,
KYJIOHOBCKOE T10J1e. JIomoTHUTE/IHLHO MTPOBOINTCS yIET HEeEeBKJIMJIOBOI TeoMeTpun



IIPOCTPAHCTBA—BPEMEHH, KOTOPasi CYIIECTBEHHO M3MEHsIeT OIMCaHNe YKa3aHHBIX
110JIeil U IIOBeJIeHIe B HUX KBAHTOBO-MeXaHUYeCKUX dacTull. [Ipumepbl HeeBKJIN-
JOBBIX TeoMetrpuii: JlobaueBckoro, Pumana, jie Currepa BhIOpaHbI IOTOMY, 9TO
OHU SIBJISTIOTCSI BaXKHEHIIINMU COCTABHBIMI 3JIEMEHTaMU HEKOTOPBIX KJIACCUICCKIX
KOCMOJIOTMIECKIX MOJieJieil, 1 B CHUJIY UX BBICOKOH CHUMMETPHUU aHAJM3 MHOI'MX
dusnueckux cucteM Ha GOHE ITUX MeOMETPHUil MOXKHO JIOBECTH JIO TOUHBIX aHa-
JINTUYCCKUX PEIICHUI.
OTrmeTnM erre 0JHO 0OCTOSITE/ILCTBO. ¥ UeT JOMOJIHUTEIbHBIX XapaKTep

9JIeMEHTAPHBIX YACTHI] HPUBOIUT K CYHIECTBEHHOMY YCJIOZKHEHUIO OIINC

CTeM: B YACTHOCTH, BOBHUKAIOIIINE 3a/[aUl Jallle BCEro IPUBOJISAT K ypa. M CO
CTPYKTYPOIi CUHTYJISIPHBIX TOYEK, O0JIee CJI0XKHOIT, YeM B Xopomo u bIX CJIY-
yasix. B 3HaunTeIbHOI cTeleHn pe3yJibTaThl, 01y YeHHbIE pa aCCI/I‘{eCKOI/I
1 KBaHTOBOI (pU3MKe C IpUMEHEHHEM TEeOPUU CIelua bHbI LLI/II/I basupy-
I0TCST Ha KJIacce TUIepreoMeTpudecKnx (OyHKINIA, pemeHI/I depeHInaIbLHOTO

ypaBHEHUsI ¢ TpeMsI OCOObIMU TOYKAMU, MJIM UX B oM caydae. Teopus

ypaBHeHHUii ¢ 60J1ee CJI0YKHOI CTPYKTYPOil CUHD oqu (Tuma ypaBHEHUS

[oita uam GoJiee CJIOKHBIX) TMHPOKO HCIOJIb3Y pa3BUBaeTCsd B TeKylleit

qureparype. B yacTHOCTH, 6OJIBINOE THCIOQHIOBBIX 3aJ1a9 BOSHUKJIO IIPU PACCMOT-
. “ ¢

PEHUN KBaHTOBOI TEOPUN U KJaCCUYec TEQPUU 110JIT Ha (POHE MTCEBIOPUMAHO-

BOIl reoMeTpuu NMPOCTPaHCTBa—BPEMEHM. nccepTalu pacCMOTPEH PsiJl 3a/1ad,

MIPUBOJSIINX K YPABHEHUSAM C TK JI@KHOIT CTPYKTYPOIT CUHIYJIAPHOCTEI.

B muccepranuu uccremyores Sactuin co cimaamun S = 0, 1/2) 1 1 kpaTko

JACTUILI cO cmHOM 2. ['J1e ATO BO3MOXKHO, aHAJIU3UPYIOTCS HEPEIATUBUCTCKIE

HPUOJINKEHNUsT YpaBHEHHI] g,ZLyIOTCH 3a/la4u, JOIYCKAOIIe TOYHbIE pEIeHU s
NI aHAJIMTUYECKOE O . OHU IPOSICHSIIOT ODIIKE IOXO0AbI B TEOPUH II0JIS 1
KBAHTOBOW MexaHfke. OCHOBHBIE PE3YJILTATHI TIOJIYYE€HbI C TOMOIIbIO CTPOIIX
MaTeMaTHu4decC TOJOB TEOPETUIECKON (PU3UKMU.

IMIA S XAPAKTEPUCTUKA PABOTHI
paboTHI C HAYYHBIMH IIpOorpaMmMaMu (IPOEKTaMu), TeEMaMu

cdeépralmonHas paboTa BBIIIOJIHEHa B paMKax ['0cygapCcTBeHHOM mporpam-
Mbl WayuaHbix uccienoBannii "Konseprenius-2020" ) 3ananme 2.1.01 "Hosbie ma-
TeMaTUIeCKNe MEeTObI MOJIEJINPOBAHNIS B KJIACCHIECKO I KBAHTOBOI TEOPUN I10-
a5, dusuke gactuil u acrpopusuke", HVP "Passurue n npumenenne ammapara
dbyukmmit [oiiHa K nccieoBaHno 3a/1a9 KBAHTOBOI MeXaHUKM U Teopuu 1moJist"
(Ne T'P 20160594, pyx. E.M. Oscuiok), ['ocymapcrBeHHOl TpOrpaMMbl HaY THBIX
ucciaegopannii "Konseprenmus-2025", 3aganue 2.1.01 "Teopernueckne m 3Kc-
HeprMeHTaIbHbIe nccyieoBanust 3deKToB PyHIaMEeHTAIbLHBIX B3aNMOIeHCTBHI
B IIHPOKOM HHTEpBaJje SHEPIuil U MPOCTPAHCTBEHHO-BPEMEHHBIX MAaCIITabOB"
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HUP "UccnepoBanue ypaBHeHMIT JIjIsT TaCTHLL BBICIIIIX CIIMHOB C JOIOJHATEIbHBI-
MU XapakTeprucTikamu Bo BrentHux moJigx" (Ne I'P 20211177, pyk. E.M. Oscutok),
a TaK»kKe B paMKax IIPoeKToB besiopycckoro peciybsimkanckoro houaa pyHaMeH-
TaJbHbBIX UCCJICI0BaHUIL:

npoekT BPOOU ®11M-152 (15.04.2011 — 31.03.2013), "Ilpumenenus: mero-
JIOB PUMAHOBOI 1 (PUHCJIEPOBOIT IeOMETPHUIT K UCC/IEIOBAHUIO 2-MEPHBIX MUKPO- 1
makpocucrem" (pyk. E.M. Ocuiok);

npoekT BPOOU ®13M-009 (16.04.2013 — 31.03.2015), "Kiaccudngagms
4-clIMHOPOB 110 CBOIiCTBaAM HUX TEH30PHBIX OWJIMHEHHBIX (opM, IIPH s1
B HOJISIPU3AIMOHHOf ontuke u Teopun mojisa" (pyk. E.M. Oscuiok);

npoekT BPOOU ®13K-079 (16.04.2013 — 31.03.2015), "Ddd CeBKJTH-
JIOBOII N€OMETPHUH U TOIOJIOTUN B MUKPO- I MaKpOCHCTEMaxX BO %’énx moJisix"
(pyk. B.M. Pespkon); §
npoekt BPOOU OI14APM-021 (23.05.2014 — 31. ), "PasBurtme u

npuMeHeHme anmnapara pynkiuii [oiina B 3a1a1ax 1, 3JEeKTPOJUHAMU-

Kn u kBanToBoit Mexannkn" (pyk. JI.M. Tommigd
npoekT BPODOU ®18Y-009 (01.06.2018 — 31.

YaCTUI[ BO BHENIHUX MOJIAX: (DEPMUOH CQACIIEKTPOM MAacC M BEKTOPHBIH 6030H"
L 2

0), "KsanToBast MexaHUKa

(pyk. E.M. Oscuiok);

npoekt BPOOU D20PA-007, (04.052020 — 31.03.2022), "lIpumenenue
reOMeTPHYECKIX METOJIOB I TEPMOAMHAMIKN K ONMUCAHUIO IPABUTAIIMOHHBIX BOJIH
1 KocMosiornaecknx (hpa3osbix nepexoAos” (pyk. E.M. Oscurok).

Tema juccepranun cooTeTeEByeT NYyHKTY 12. Meorcducyuniunapnoe uccae-
doGanuA TIEPEIHsT TIPHO IX HallpaBJICHUI HaydHBIX UccienoBanmnii Pecry6-
UK bemapych fa 020 romwr, yrep:kieHHoro Ilocranosiennem Cobe-
ta Munncrpong Pécniybsinkn Bemapycs Ne 190 or 12 mapra 2015 r., m myHK-

HPOPMAYUOHHO-KOMMYHUKAUUOHHDIE U MEAHCOUCUUNAUHAD-
0CHOBAHHDLE HA HUL NPOU3BOICMEa: Gu3uKxa GYHIAMEHRMAND-

IX HallpaBJICHUN HAy4YHOI, HAYYHO-TEXHNYCCKON 1 MHHOBAIIMOHHON Jies-
reabrocTu Ha 20212025 roapl, yrBepKaeHHOro YkasoM [Ipesunenrta Pecrybmkn
Benapycs Ne 156 ot 7 mas 2020 r.

Huccepramus coorsercrByer nyakTaMm "Kpanrosast mexanuka', "MaremaTn-
JecKne MeToJbl Teoperuueckoit ¢dpusuku' mnacmopra crenuajibHoctun 01.04.02 —
TeopeTuvuecKasi (pu3nKa.



ILlenp n 3ama9m mMccjaeg0BaHUS

Lesbio puccepTaliun siBJIsIeTCs:

pa3BUTHE TEOPUU SJIEeMEHTAPHBIX YacTUI] Ha OCHOBE MCIOJIL30BAHUA PacCIlIu-
PEHHBIX HAOOPOB IPeJICTaBIeHNIT IPYIIIbI JIopeHiia; MocTpoeHe TOYHbIX PeIleHMi
YpaBHEHUNIl B HEEeBKJINJIOBBIX IIPOCTPAHCTBAX (ﬂo6aquCKoro, Pumana, ge Cur-
Tepa) C YYeTOM BHEIIHUX 3JICKTPOMAIrHUTHBIX I10JI€il U JONOJTHUATE/IbHBIX BHYT-
PEHHUX XapaKTEePUCTUK: MOJIAPU3YEMOCTH, aHOMAJBHOTO MarHUTHOIO MOMEHTA,
AIEKTPUIECKOr0 JUITOJILHOIO MOMEHTA, SJIEKTPUICCKOrO KBa/IPYIIOJIHHOTO -
Ta, cTpyKTyphl JapBuna — Kokca, BHyTpeHHEro CIeKTpa CIIMHOBBIX BbIX
COCTOSHUIA.

B cBsi3u ¢ 3TUM B JuccepTalii CTaBATCA CJIEAYIONINE 3a/1a é,‘

1. PasBuTh Teopuio YacTHIBI CO CIUHOM 1/2 m AByMs s1) MACCOBBIMU
napamerpamu; oooonuTh gpopmasm3M Ilerpara s 4 [ co cimaoM 1/2 u

AHOMaJIbHBIM MArHUTHBIM MOMEHTOM Ha P-acum YRR CTydail, olnchbiBao-
I 9aCTUIly C SJIEKTPUIECKIM JIUITOJIbHBIM
TEOPHUIO0 YACTUIIBI CO CIIMHOM 2 Ha PUMAHOBO IPOCTRAHCTBO.

2. Haiitu pertenust ypaBHEeHUsI Jjisd CKANGPHOIT JACTHUIIBI C 10JIsIPU3YEMOCTHIO
BO BHEIIHEM MAIHUTHOM U KYJOHOBCKOM WOJISEX; IIOCTPOUTDH PElIeHNs] ypaBHEHUS
JUIsl CKaJIsIpHO#l 4JacTuibl co cTpy&Typoit Jlapsuna — Kokca B MarHuTHOM I10-
Jie, 00OOIIUTHL aHAJIN3 Ha, CJIYY SancTs JIoGaueBeKoro — Pumana; pemuTn
ypaBHeHue JJIsl YacTullbl JapBuna OKCa BO BHEIIIHEM KYJIOHOBCKOM IIOJIE.

3. Haiitu pemenns ypapfiengs /lupaka B MArHUTHOM U KYJIOHOBCKOM ITOJISIX

Ha ¢one reomerpuii JIo Koro — Pumana; 1mocTpouTh pelieHus ypaBHEHUsI

Hupaka ¢ yderoMm, aH HOIO MarHUTHOI'O MOMEHTa B MArHUTHOM IIOJIE; I10-
CTPOUTDL pelienysd \HepeaTuBucTckoro ypapaenus Inpaka — Kazepa B Mogensax

JIobaueBcko aHa; pa3BUTh TEOPUIO YACTHUIIBI CO CIIHHOM 1/2 U JBYMST Mac-

COBBIMUI aM# BO BHEIIHUX II0JISIX; IOCTPOUTDH PeIleHusl yPaBHEHUs JIJIsI
B KYJIOHOBCKOM IIOJI€E.
eJIITUBUCTCKOM HIPUOJINKEHNN HANTH pelleHnsT YpaBHEHHS I BEK-
acTuilbl Ha ¢oHe mpocrpancTB MunkoBckoro u Jlobaueckoro — Pumana
B 1IOyie MArHUTHOTO 3apsjia; IMOCTPOUTH PEIIeHUs PEeJIITUBUCTCKOTO ypaBHEHU
JUIA BEKTOPHON YaCTUIBI ¢ aHOMAJbHBLIM MAIHUTHBIM MOMEHTOM B MAaIrHUTHOM
1 9JIEKTPUIECKOM II0JISIX; PA3BUTh TEOPHUIO PEISITUBUCTCKON BEKTOPHON YaCTUIIbI
B 1iojie Kysona.
5. B npocrpancrse JIobaueBcKOro pa3BuTh IPOLEIYPY M€OMETPHIECKOIO MOJIe-
JINPOBaHUs TIOTEHINAJIBLHOIO Dapbepa, OTParKarolero oJIMHAKOBLIM 00Pa30M CIIU-
HOPHBbIE U BEKTOPHbIE YACTHUIILI; 0000IUTh aHa u3 3pdeKkTa oTparkKeHusl Ha, OC-



[IINPYIOIILYIO BO BpeMeHu MoJjie/ib jie Currepa.

6. PasBurh Moje/ib aTomMa BOJOpOAa B cTaTudeckux Mmojessx je Currepa;
IIOCTPOUTH HEPEJIITUBUCTCKUE PEIIeHUs ypaBHEHUS JIjIs YaCTUIIbI €O CIIMHOM 1
B HECTATUIeCKUX MoJie/isix jie CuTTepa; BLIIOJHUTH IT€OMETPUIECKOe MOJIEINPO-
BaHNUe CMeIIMBaHUS MacC TpPeX HEHTPUHO Ha OCHOBE TEOPUHU YaCTHUIbI C Tpems
MAaCCOBBIMHU TIapaMeTpaMHu.

OObeKT M ImpeMeT UCCIIeJOBAHMS

O0bexT HuccJjaea0oBanud: djeMeHTapHbIe YaCTUIbI C JOIIOJIHUTE/JIbHbIMNI

TEPUCTUKAMU BO BHENIHUX 3JIEKTPOMArHUTHBIX TOJIAX Ha (DOHE IIPOC
BPEMEHU C IICEBIOPUMAaHOBOIT reoMeTpueii.
[Ipeamer nccetoBanms: TOUHBIE PEIIEHNA YPaBHEHUIT JI/Ts T pa3HbIMU

SHa4YCHUAMU CIIMHa WU JOIIOJTHUTEJIbHBIMHI XapaKTEPUCTUKaMn

%, ABJIAIOTCA HOBBIMU.

VM (TpeMsi) MacCOBBIMU

HITHUX ITOJIAX.

Hay4ynast HoBu3HAa

Bce ocnoBnbIe pe3yJibTaThbl, IIOJIYHYEHHBIE B JINELE

1. PaszButa Teopus wactunpl co crnmnom 1
mapamerpami; popmasmsm [erparia s gacTuibl €0 criuHOM 1/2 1 aHOMAJIBHBIM
MArHUTHBIM MOMEHTOM 000011eH Ha P-gecuMyePpudnblii ciaydail, onnchbIBAIOIIN
YACTUILY C JIEKTPUIECKUM JTUIIOJIbHBIM M ToM; MaTpuuHas Teopusi Pemopona
JUUTsl YACTUIIBI CO CITMHOM 2 00O0IIT Ha, PIMAHOBO IIPOCTPAHCTBOBPEMSL.

2. JIjis cKaJIsipHO# JacTHUIBI PBLIE [TOCTPOEHBI PEIIeHUsT JIJIs CJIeTYIONNX
pUBMIeCKX cucTeM: JJIsi YaCTUIBIC HOJIAPU3YEMOCTHI0 B MAIHUTHOM II0JI€; JIJIs
YACTHIIBI C MOJIAPU3YEMOCTHIOB ¥ YJIOHOBCKOM 110J1€; JIJIsT YaCTHUIILI C BHYTPEHHEI
cTpykKTypoit lapBuna —4LOKCa IIpU HAJTUIUN MarHUTHOTO U KYJIOHOBCKOTO TIOJIEH,
JUtst dactuibl JlapBuHal OKCa B MArHUTHOM U 3JIEKTPHYECKOM I0JIIX Ha (pOoHE
IIPOCTPAHCTBA YEBCKOTO.

3. s OpHOII YacTUIIbl BIIEpBbIE HalijleHbl peleHust ypapHenus Ilaysm
n Jlupa, yJIOHOBCKOM TI0JIe Ha ¢poHe reomerpuii JlobaueBckoro — Pumana;

ypagHeHus Jlupaka B 11ojie MarHuTHOI'O 3apsijia B KOCMOJIOTHIECKIX MO-
nrrepa n antu Je Currepa; 0030HHBIE pelnienns ypaBHenus Inpaka —
Mojtesiax JlobaueBckoro — Pumana; perieHust ypaBHEHUs JIJIsi CITUHOPHOM
YaCTHIIBI C JIByMSI MACCOBBIMU MapaMeTpaMi BO BHEIIHEM KYJOHOBCKOM IIOJIE.

4. BriepBble 1MOJIyU€eHbI PENIeHIs YPABHEHUsI JI/Isi BEKTOPHOI YaCTUIbI C aHO-
MaJIbHBIM MArHUTHBIM MOMEHTOM B MArHUTHOM U 9JIEKTPUIECKOM I10JISIX, PEITeHIs
ypaBHEHUA JIjIg BEKTOPHON YaCTUIIBI C YIETOM IO/ MArHUTHOIO 3apsjia Ha (oHe
IIPOCTPAHCTB MMOCTOSTHHOI KPUBU3HBI B HEPEJISATUBUCTCKOM IIPUOJIMXKEHUN, 8 TaK-
YKe pelieHus /sl PeIATUBUCTCKON BEKTOPHOI JacTuilbl B roJje Kysona.

5. Ha ocHoBe mojydeHHBIX B JuccepTalluu perienuit s ypasaenuii IIpe-



nunrepa, /Iupaka, Makcsenna u ladpduna — Kemmepa B KBa3meKapTOBBIX KO-
op/iuHaTax B mpocrpancTse JlobaueBCKoro BIepBbIe pa3BUTa IPOIEyPa [eOMeT-
PUYIECKOTO MOJIEJINPOBAHNS MTOTEHITNAJILHOTO Dapbepa, OJIMHAKOBBIM 00Pa30M OT-
pazkalolero Bce THUIIBI YaCTHI]; TaK:Ke YCTAHOBJIEH 3(P(EKT KOCMOJOTHIECKOTrO
oTpazkeHust st moJieit co crmHamu s = 0, 1/2, 1; mokasaHo, 9TO B yCJIOBUSX OC-
IUJIIHPYIOIIEro BO BpeMeHn mpocrpaHcTBa jie Currepa 3(pdeKT HeCcTaTuIHOCTH
JeficTBYyeT He3aBUCUMO OT 3ddeKkTa OTparkKeHus.

6. /It aToma Bosoposia B cTaTmiaecKnx Mojieisx jie Cutrepa u antu jie Cuagre-

pa IoKaz3aHa CBOIMMOCTD paJuaJjibHbIX YPaBHEHHI K 00IIeMy ypaBHEHH a;
BIIEPBBIC HaflJIeHbl pelIeHnd HEePeJIATUBUCTCKOIO YpaBHEHU JIJIsd Be Ja-
CTUIIBI B HECTATUUIECKUX MOojIesstX jie Currepa; npejiJiozKeH MeTOoJL I TPUIECKO-
I'0 MOJICJIMPOBAaHUSI CMEIIMBaHIS HEATPUHHBIX MACC B PAMKaX TEO depmuona
C TpeMsl MaCCOBBIMU IIapaMeTPaMIM.

B jrccepralinio BKJIIOUEHBI PE3YIbTATHI 110 HOBBIM U P © 1CCJIe/IOBAHHBIM
PpU3NIECKIM CHUCTEMAM. ‘b

ITonoxkeHust, BBIHOCUMbIE HA 3aMIUTY

1. O6obienne P-cumMerpudHoro ypaguenus [Ierpalia Jijist 9acTUIbI CO CIIN-
oM 1/2 u anomasbibiM MarHuTHbIM MOMeRNgoft na P-acuvmerpudmblii ciydaii

JUISL OIIMCAHUS JICKTPUYECKOrO JINIIOJIbH MOMEHTA; OCTPOCHUE MATPUYHOIO
ypaBHEHUS JJIsI YACTUIIbl CO CIIN 2 B, PIMAHOBOM IPOCTPAHCTBE; IPUMEHEHHE
dopmamzma lenbdanga — Ari a4 Pa3BUTHUSA TEOPUU, KOTOPas OIMUCHIBAECT

CUIIOTETUYECKYIO YaCTUILY C TPeMs /MaCCOBbIMU I1apaMeTpaMi, 1 OCHOBAHHbLIN Ha
5TOM CIIOCOD MOJICINPOBAHNNCMeIIBAHNS HEHTPUHHBIX MACC 3a CUeT HEeeBKJIM-
JIOBOIT TeOMETPUN IIPoC Ba.

2. Haxoxien pe@ﬁ ypaBHEHUS JJISI CKAJIAPHON YaCTHUIIbI C HOJISPU3ye-
MOCTBIO B Mar M I10JI€ U YPaBHEHUA JIJIsI CKAJIAPHOI YaCTUIILI CO CTPYKTYPOil
Hapsuna — ca BMariuTHOM U KYJIOHOBCKOM IT10JIAX, MOTYIIIUX CJIY2KUTH OCHO-
BOW JIJ1 pUNMEHTAILHOIO U3MEPEHUsI TOJISIPU3YEeMOCTH 1 ITapaMeTpa Kokca.

3

TPOEHIE BOJTHOBBLIX (DYHKIINIL: /)11 ypaBHeHus /Inpaka B TpoCTPaHCTBAX

croro — Pumana B MAarHuTHOM M KYJOHOBCKOM TOJISIX, JJIsI ypPaBHEHUS
B 10Jie abejieBa MOHOIIOJIA B IpocTpancTBax Je Currepa; s ypaBHe-
npaka— Kajepa B pocTpaHCTBax ¢ KPUBU3HOM, KOTOPbIE MOTYT CJIYZKUTh
OCHOBOI1 JIJIT TECTUPOBAHUS IJI00ABLHOI CTPYKTYpPHI IIpocTpaHcTBa. Haxox nenne
BOJTHOBBIX (DYHKIIMIT M CIIEKTPOB SHEPrun JiJist (hepMUOHA C JIBYMsI MACCOBBIMU I1a~
paMeTpaMn B KYJOHOBCKOM TIOJI€, YKA3bIBAIONINX Ha BO3MOXKHOCTL (DU3MIECKOI
NHTepIHIpeTalni IPEeIJIOZKeHHOI MOJIeIN.

4. TlocTpoenne pernienuit B Kiaaccax GpyHKuit [oifHa s HEPEIITUBUCTCKO
BEKTOPHOIT JacTUIILI B ITpocTpancTBax Jlobadesckoro — PuMana ¢ ydeTom KyJio-



HOBCKOI'O 1 OCIHUJIJIATOPHOIO II0JICI U PEeHIeHnl YpaBHEeHUd J1JIsl BEKTOPHOII YacTH-
IIbl C AHOMAJIbHBIM MaIlHUTHBIM MOMEHTOM U IIOJISIPU3YEMOCTHIO B MArHUTHOM U
KYJIOHOBCKOM II0JISIX; HAXOZK/IEHIE TPEX KJIACCOB PeIeHUil, OTBeYalolnX CBA3aH-
HBIM COCTOSHUSAM PEJIATUBUCTCKON BEKTOPHON YaCTHUILI B KYJIOHOBCKOM II0JI€.

5. PazBuTne merojia reomeTpuydeckoe MojieinpoBanue 3MPEeKTHBHOTO MOTEH-
IuaJbHOIO ToJid B ypaBHeHusx Makcsesuia, Jupaka n ladpduna — Kemmepa c
NCIIO/THL30BAHIEM KBa3WIEKaPTOBBIX KOOpP/IMHAT B IPOCTpaHcTBe JlobadeBckoro,
O6apbepHBIil TUIT 9TOTO MOJIS TPUBONT K TTOJTHOMY OTPaKEHUIO BCEX THIIOB TaGIUIT
HE3aBUCUMO OT WX CIIMHA U MACChI; B cjIydae ypaBHeHmnil MakcBesia 9To g@&r—

e

€TCd C U3BECTHBIM II0JIXOJ0M K MOAEJINPOBAHNIO MaTE€PpHUaJIbHBIX CPEl aMM

PUMAaHOBOII T€OMETPUN.
6. IIpuBenenne K obieMy ypaBHeHUIO [0ifHa paguaibHbI &Eﬂeﬂmﬁ JLJIsT
Mojlesieil aToMa BoJIopojia B IpocTpaHcTBax e Currepa %I/I ne Curre-
pa, SIBJISIOIIIXCSI COOTBETCTBEHHO KBA3UCTAIIMOHAPHON 1 JIbHOII KBaHTOBO-
MeXaHUIEeCKIMU CUCTEMAaMU; PA3BUTHE O0IIEKOBapU opmaJsinzma Maiiop-
Hbl — OrnreHreiiMmepa B TeOPUHU 3JIEKTPOMATHUTHOTONIONSt, UYTO CYIIECTBEHHO pac-
I PsIeT BO3MOYKHOCTU UCIIOIL30BAHIST TETPAHO pPMaJI3Ma, B 9JIEKTPO/IIHA~
Muke MakcBesuia; IpuMeHeH#e 9TOr0 MOoAXafla K IIOCTPOEHNIO PellleHnii ypaBHeHn
MakcBesia B HeCTATUUECKHUX TTPOCTPA a ’CMTTepa.

JImaHbIi BKJIa COUCKaTeJId Y9I€H crelrieHm

.
[To Teme muccepramum 0Oe3 oB onybsmkoBanbl 10 crateil B KypHa-

Jnax, nsnaHa moHorpadus. Coapropamu paboT 10 TeMe JUCCEPTAIMH FBJISLINCDH
H.I". Tokapesckas, O.B. Bdrg, ¢1.A. Boiinosa, K.B. Kasmepuyk, A.B. Bypurii,
®.B. Upamkesnya, A.JI. pkoB, B.B. Kuceinn, FO.A. Kypoukun, B.C. OTtuuk,
J1.B. IlenkoBorii, A.

qypun, B.A. Ilnerioxos, B.B. I'miesckuit, I'.I". KpbI-

qoB, FO.A. Cn , H.JI. Bnacnii, A.M. Umxangan, A.M. Manyksn, B. Baam,
M. Heary, ANQana) B.M. Peabkos. Jlmansrit Bkiaag E.M. Oscutok B nosrydenne
PE3YIIBTYARO TIOZKEHWIl, BBIHOCUMBIX Ha 3aIUTY, SIBJIAETCS OMPEIEISTIONIIM.

Oammsa auccepranuu u mH@opMaliug 00 HCIIOJb30BAHUHN €€
PE3ILTATOB

YJIbTaTbl JUCCEPTallUN HTOKJIaJAblBaJIMCh Ha CJIEAYIOIINX KOHCbepeHHI/IHXZ

- Infernational Conference of young scientist and post-graduates IEP-2013
(Uzhgorod, 2013);

- Conference of Young Scientists "Problems of theoretical physics" (Kiev, 2013);
- Mexnynaponubiii cemunap "Henmnelinble siBjieHnst B CJIOXKHBIX crcTemax"
(Munck, 2012-2022);

- Mexaynaponnas mkosa "Foundation & Advances in Nonlinear Science"
(Mumck, 2012, 2014, 2016, 2018, 2020):



- Mexynapojubiii cemuuap "Nonlinear Phenomenology Advances" (Canxr-
[Terepbypr, 2013, 2015);

- International Conference "Non-Euclidean Geometry in Modern Physics and
Mathematics" (Cluj-Napoca, Romania, 2010; Uzhgorod, 2012; Minsk, 2015; Kiev,
2019);

- International Conference "Quantum groups and quantum integrable systems"
(Kiev, 2013; Prague, 2019; Prague, 2021);

- IV, V, VI Konrpeccol dusnkos Berapycu (Murck, 2013, 2015, 2017);

- [I-nd International Congress of Scientists (Moscow, 2018); (b
- Beepoccniickas kondepennus 1o mpobjemMam (GU3UKU JacTull, hus 3MbI
1 KOHJIEHCHPOBAHHBIX cpejl, onrodjiekTpornkn (Mocksa, 2013, 2% , 2021);

- IX-th International Conference on Finsler Extensions of Re ity Theory

(Debrecen, Hungary, 2013);
- International conference in honor of Ya.B. Zeldovich@atomic particles,

Nucleons, Atoms, Universe: Processes and Structure ( , 2009, 2014, 2018);
- International scientific conference "Optics of Crysgal Mozyr, 2014);

- "Computer Algebra Systems in Teaching and R h" (Siedlce, Poland, 2013,
2015, 2019);

- The International Conference "Differefigial Bmetry and Dynamical Systems"
(Romania, 2016-2022);

- MexxryHapoiHasi HayIHas KO 1wl 110 I depeHnnaJbHbIM yPaBHEHISIM
"Epyrunckue urennst”" (I'posro, 2013) 2018, 2019).

o

PesynbraTh! ncceoBanil, BoIle /IIne B IUCCEPTAIINIO, BHEIPEHBI B 00pa30oBa-
. \ A . .
TeJIbHBI mpomece YO KNl rocy1apcTBEHHBIN IleJarorndeckuii yHuBep-
n
nHa

curer umenn M.I1. Hl% (akTBI O BHEeIpeHun pesyabraroB HUP B obpaszo-
BaTesbHbIH mporeke or 19.05.2011, 19.01.2012, 28.02.2013, 28.12.2018).

Ony6,imgoB € pe3yJbTaTOB ANCCEPTAINN
ITo Teb@pTaHI/H/I onybMKoBaHb! 88 cTareil B pereH3upyeMbIX PeciryO/in-
KAHCKUK 1 3aPyOeKHBIX KypHanax (6e3 coasropos 10), 29 crareit B Tpyjax pec-
nyOsMalgK X 1 MeXK/IyHApOIHLIX KoHdepennnii, 11 Te3ucos 10KIa/10B; N3aHbI

acuit (ogHa 6e3 coaBTOpoB) U 4 OTMENbHBIC TaBbl B KHurax. O6rmmit
00BBM cTaTeil B kypHasgax cocrasiser 800 crp. (35 a. J1.).

CTpykTypa m o0beM AuccepTaIin

Huccepranmontas paboTa BKJIIOYAET B cedsi OrjIaBjeHre, BBeIeHe, O0IIYIO Xa-
PaAKTEPUCTHUKY pabOThI, IIECThb IJIaB, 3aK/I0ueHne 1 0ubinorpauieckuii CIncox.
O06muit oobeM aucceprannn cocrapisier 263 cTpaHuiibl, 00beM 0e3 ydera pucyH-
KOB, Tabsui u oubmorpacdun — 217 crpanui. CHuCOK UCIOJIB3YEMbIX HCTOUHIKOB
BKJIIOUaeT 285 HaMeHOBAHUI.



OCHOBHA4A 9YACTb

B rnaBe 1 npusejsieHbl HEOOXOIUMbIE CBEJIEHNS 00 YpPaBHEHUAX JJIsI YaCTHUI]
C pa3/IMYHBIMU CIIMHaMHM C Yy9€TOM AOIIOJTHUTEJILHBIX XapaKTEPUCTUK. PaCCMOTpe—
HbI yPABHEHUs CKAJISIPHBIX U BEKTOPHBIX YACTHUIL C [OJISIPU3YEMOCTHIO (yPaBHEHNs
[LnettoxoBa — MeopoBa st 1moJist co crmHoM S = (); cKaJisipHAsi JacTHIa CO
crpykrypoii HJapsuna — Kokca, KoTopasi yUUTbIBAeT paclipejesieHnue deKTpude-
CKOI'0 3apsijia JacTHUIbI 110 KOHEYHOMY 00beMy; Mojesb llerpaina g dacTuiibl
co crmaoM S = 1/2 1 aHOMAJBHBIM MATHUTHBIM MOMEHTOM; TEOPHUSsI
Kanpn jj1s1 9acTuibl co cimHoM S = 1 1 aHOMAaJIbHBIM MarHUTHBIM M %
TaKzKe Teopud YaCTUIIBI C JIEKTPUIECKUM KBa/JIPYIIOJIbHBIM MOMEH | TRCTUIA C
JIByMs 3HadeHnsiMu ciima S = 0, 1 1 pa3HbIMI BHYTPEHHUMHI | MU (ypaB—
nerue /lupaka — Kanepa); qactuna co ciimaom S = 1/2 u g peMsi) Macco-
BbIMU [HapaMeTpaMu; CIIMHOPpHAA YaCTUIA C 3JIEKTPUYECK OJIbHBIM MOMeEH-
TOM, C OJIHUM M TPeMs MaCCOBBIMU IlapaMeTpaMiu (4 - pUAHTHAsST TEOPHsi);
ypaBaenne Pegoposa A0 MO CO CIIMHOM 2.

B 370i1 ri1aBe 1oJrydensl cieyIonine HoBble V/IBTATHL:

pasBUTa TEOPHsl YACTHUIILI CO CIMHOM X/2 u 1BYMs (Tpemsi) MacCOBBIME TIa-
paMeTpaMu; YYTCHbl 3JICKTPOMArHUT ®u [ICEBIOPUMAHOBa CTPYKTYpa
IIpOCTpaHCTBa—BpeMeHn; ypaBHenne [leTp JUJIsT 9aCTUIBI ¢ aHOMAJILHBIM Mar-
HUTHBIM MOMEHTOM O0DODIIEHO H CUNMETPUYHBIN CTydall, OIMUChIBAIONINN a-
CTUILY C JICKTPUYCCKUM JIUIIOJIb OMEHTOM; Ha OCHOBE TeTPaJHOro (hopMma-
JIN3Ma pa3BHUTa MarpuyiHasl GpopMy/npoBka ypaBHenus degopoBa g dacTHIbI
CO CIIMHOM 2 B IIPOCTPAHCTB SeMeHn ¢ [ICEBIOPUMAHOBOI CTPYKTYPOIA.

B raase 2 nosyue JIYVIOIIEe HOBbIEe Pe3yJbTaThl.

Haiinennr pemHmns No-KOMIIOHEHTHON CUCTEMbl T€H30PHBIX ypPaBHEHUI JIJIst

CKaJIIPHON 1 I C IMOJITPU3YEMOCTBHIO BO BHEITHEM MATHUTHOM I10JI€, HafljeH
0000ITICHH SHEPrun (o — MapaMeTp MOJsIPU3YeMOCTH )
P2

M?c? eB |m | +m+1 e*B?
% h? _42ﬁ(N+ 2 ):I:‘ SIVEE 2M?2c? (1)

€ KYJIOHOBCKOI'O IIOJIA CHCTEMa ypaBHeHI/Iﬁ JJIA CKaJIHpHOfI JaCTHUIIbI C

HOJIAPUIYEMOCTBIO IIPUBOAUTCA K ABazKIAbl BbIPOZKJACHHOMY YVDPaBHEHUIO FOI;’IHa C

HCIIOJIb30BaHMEM YCJIOBHA TPpaHCOCHACHTHOCTHU peﬂleHI/H/I1 CIICKTDP 9HEPIUn HaliTn

HE yJaeTcd.

!B mpocThIX B XOPOIIO U3yUYeHHBIX CIIydasx, KOT/Ia PelleHns ypaBHeHnil CTPOATCS B TePMUHAX THIIEPreOMeT-
pudeckux OYHKIMI U CTENEHHBIE Psi/Ibl ONUCHIBAIOTCS 2-4JIEHHBIMU PEKYPPEHTHBIMH COOTHOIIIEHUSAMHU, yCJIOBUE
00OpbIBa, psijia JI0 MOJIMHOMA CBOJUTCS K €IMHCTBEHHOMY OI'DAHUYEHUIO, KOTOPOE BBICTYIIAE€T B KAYeCTBe IIPABUIA
KBaHTOBaHUsI. B ciydae ke, KOrja BOZHUKAKOT Psijibl ¢ OOJIee CJIOXKHBIM XapaKTepoM 3allelieHnit Koadduriim-
€HTOB pPsi/ia, M3BECTEH MOJHBIN HAOOP yCI0BHil, 00€CIEeINBAIOMNX TOJUHOMUAIBHOCTE pemteHuil. CymecTByer
6ouiee ciaboe TpebGoBaHUE — YCIOBHE TPAHIIEHJIEHTHOCTH (ITO OJHO M3 MOJHOIO HAGOpa YCIOBHIl IIOJMHOMUAIIb-
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st ckajgsgpHOI  4YacTuIbl ¢ BHyTpeHHeil cTpykTypoii Kokca wu3
20-KOMIIOHEHTHON  PEeIITUBUCTCKON CUCTEMBI TEH30PHBIX YpaBHEHWIl BbIBe-
JIEHO HEpEeJSITUBUCTCKOE ypaBHEHWE; MOCTPOEHDbI PEIIeHus 3TOr0 ypaBHEHUs B
OJIHOPO/IHOM MArHUTHOM II0JIe B IpocTpatcTBe MUHKOBCKOrO, HalijieH 0000IeH-
HBIII CIIEKTP SHEPrun

2 h 1 h I'B
D w ( m+|m|+)_1 w w=eB/Mc:

E p—
2 T 1= (TB)y 2 TBE 2

upu HenysjaeBoMm napamerpe Kokca I' # 0 gacrora addekTuBHOro K @%o

OCLIJLISITOPA MEHSAeTCs
Oobobiennoe ypasaenune [lpenunarepa st 4acTUIlbl Ko €JI0BaHO

B rpocTpancTie JlobaueBcKoro ¢ yaeTom Mo,zLI/I(bI/ILU/IpOBaHHOP FeOMeTpI/IeI/I
MaI'HUTHOI'O II0JIfA; ITapaMeTp Koxkca BXOOUT TOJILKO B ypaBHE KOOp,ZLI/IHaTe 4
BJIOJIb MaIrHUTHOTI'O I10JId, BOSHUKAECT YpaBHCHUE C HOTe 6apbepHOFO TUIIQ
d?
Ste=1-UR)] 1) =0, ~00,+00),  (3)
[IPaBIJIO KBAHTOBaHMS mapaMerpa A > eCTYO M3 aHaIM3a yPaBHEHW IO T1e-

pEMEHHOIl 7; TapaMeTp 7y COOTHOCUTCS ¢ BRYTPEHel CTPYKTYpoit qacTutisl Kokcea,
OH IIpeJroaaraeTces MaabiM. [locTpgennl permenns 3Toro ypaBHeHud ¢ 7-4JIeHHBIMA
PEKYPPEHTHBIMU COOTHOIIEHUSI %a@cbmuﬂeHTOB CTEIIEHHOI'O psjia; Ha OC-
HOBE 3TUX PeIleHnil BbITOJHEH YNG@EeHHbII aHAIN3 BO3HUKAIOIIETO TYHHE/TBHOTO

s dekTa.
UcenenoBano anajor paBHeHMe B cpeprdecKoM IIpocTpaHcTBe Pumana:
d? b + A cos? 2 T T
|:_+€+14 fy 9 z € <__7+§>7 (4)

dz? costz —~y 2

s1 CBOJISITCSI K CTEIIEHHBIM PsiJlaM C (-4JIEHHBIMU PEKYPPEHTHbI-
AMU; TOKa3aHa BO3MOXKHOCTBH IOJIyYEHUS CIIEKTPOB SHEPIUU HA
JIb30BaHUs TTOJIMHOMUAJIBHBIX TTPUOJIUKEHU JIJId CTENEHHbBIX PsiJIOB,
ON YHCJIO YPOBHE 9HEPIUU yBEJNYUBAECTCA C POCTOM MOPHJIKa ITOJUHOMOB.
CTPOEHBI PeIeHns PeJIITUBIUCTCKOTO ypaBHeHns: Kokca B KyJIOHOBCKOM I10-

Jie; CIIEKTD dHepruu HailJleH Ha OCHOBE UCIIOJIb30BaHUS TPAHCIEHJ/IEHTHBIX pellle-
nuit @podennyca BO3HUKAIONIEIO PaNAILHONO YpaBHEHUs ¢ 4-Ms perysissipHbIMA

uoctr). Halre BCero yIoBJETBOPUTH BCEM YCJIOBUSIM IIOJIMHOMUAIBHOCTH HeBO3MOXKHO. Clle/lyeT 3aMeTUTh, YTO
CYIIECTBYET JOCTATOYHO MHOT'O CUTYAIUH, KOTIa PEIleHns YPABHEHU MOXKHO CTPOUTH JI0O0, HanpuMep, B (hyHK-
nusax loitna, OO MOCTIe HEKOTOPBIX JAOMOMHATEILHBIX TPeodpa30BaHmil, TO3BOIAIONINX YOpaTh U3 ypaBHEHUT
OJIHY OCOOYIO TOYKY, CBECTH 33Jiady K aHAJIM3y YpPaBHEHUs MIIEPreoMeTpUYecKoro tuta. llpu 3ToM, ycjioBue
TPAHIEHIEHOCTUBCEr A4 TPUBOIUT K TEM K€ CIIEKTPaM SHEPIHMH, KOTOPbIe HAXOISTCS IIPU AHAJN3e B THIIEPreo-
MeTpUIECKUX (DYHKITUAX.
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0COOBIMM TOYKAMU U 2 HEPETYyJIIpHbIMU TOYKaMU paHra 2, JIJId YPOBHEN SHepruu
BBIBEJICHO ajiredpanieckoe ypaBHeHre 4-T0 MopsijiKa, KOTOPOe PeliaeTcst YnuCIeH-
HO; TIOJTy9eHHbII CIIEKTP SHEPTHIT HHTEPIPETUPYETCA (PUBMIECKT U MOIUDUITIPY-
€T U3BECTHBIIN CIEKTP JIIsT OOBIYHON CKAJIAPHON YACTHUIIDI.

B rytaBe 3 nosrydennl ciielyionue OCHOBHbBIE PE3YJIbTATHI.

B npocrpancrax JlobaueBckoro m PumaHna mocTpoeHbl pelieHust ypaBHEHUs
Jlupaka B 0000IIEHHOM MarHUTHOM I10JIe

0 510y + eB(chr — 1) 0 0 (b

[i71§+’y Ty +Chz(i’y e +27——M)}w

Yucsio aHEpreTnUecKux ypoBHeil B mpocTpancTBe JIobaueBcKOrg
cTpancTBe Prumana creKTp SHEPTruH MOJHOCTLIO JUCKPETHBIj OUX CJIydasx
CIIEKTPbI SHEPTUIl CYIIEeCTBEHHO MEHSIOTCS.

B npocrpancTBe MUHKOBCKOrO HalieHBbI peIe

eHns JJIsT YaCTUIIbI
co crHOM 1/2 1 aHOMAJIBHBIM MATHUTHBIM MOME HOPOJIHOM MArHUTHOM
noJie. [locse pasnesienns nepeMeHHBIX 3a/ia4a 11 Tcd K audpdepennnaabHo-
My ypaBHEHUIO 4-TO MOPSIKA MO TepeMeHHON 7, I ero PereHns UCIOIb3yeTCs
MeToy1 pakTopuzalny, mnocjie dero sozduxateiifie 1sa ypasHenns 2-ro mopsijxa
perraloTes B runepreoMerpudeckux pyHkMgsix. Haiijgersr 0600IeHHbIE CIIEK TP
SHEPTHH. .

PaccmoTpen ciydait a1ekTp KIPHEATPAJILHON JaCTUIHI ¢ MATHUTHBIM MO-
MeHTOM (HeiiTpon). Permennst s OCHOBHO#I epeMEHHON BBbIPAZKAIOTCS depes

dbyuknnu Beccens (mapane CBsI3aH C MArHUTHBIM MOMEHTOM):

f(r) = Vr (T (B4 Yo 0(2)), @ \/ (Ve —k2+T)2
9(r) = (T 2(5) + Yor1 o (9)), 4 = % (VE_R-T)-Mr; (6
peIHe ,Z[HT KaK peHleHI/IH C HI/IJH/IHILpI/ILIeCKOI/I CI/IMMeTpI/IeI/I ﬂﬂﬂ O6quHOI/I

cBOO SaCTHUIBL €O crimHOM 1/2, HO ¢ MojmduKaImei n3-3a HEHYJIEBOIO Mar-
OMEHTA,;
e Bh

2 24TV —-M?, D=)\——"". 7
= (Ve ) , o (7)

[1aBHBIM MpOSBJIEHNEM HAJIMYUS aHOMAJLHOTO MarHUTHOI'O MOMEHTa HefTpasib-
HOI YaCTHIIBI SABJIETCS MPOCTPAHCTBEHHOE MACIITAOMPOBAHNE BOJIHOBBIX (DYHK-
Uit B TOIEpEYHBbIX MATHUTHOMY I10J110 HallpaBjieHusax. [lo-BuanMomy, Takas Mo-
TUKAIIA TOTEePEeTHOl CTPYKTYPhl HEUTPOHHOIO IyUYKa MOXKeT HabJ/IIONaThCS
SKCIIEPUMEHTAIbHO, HAIIPUMED, B HEHTPOHHBIX OECCENeBBIX MTyUKaX.
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P-HeunnpapuantHoe ypaBHEHUE J[JIs1 TaCTUIIBI CO CIITHOM 1 /2 pereno Bo BHEIII-
HEM MarHUTHOM I10JIE:

10y  eDBr

0o 1 2 3 5 5

[2780278r+7 (—¢+T)+Z’yaz—zF'y23+17M}\If:(); (8)
r

oC/Ie pasJie/IeHus [IePEMEHHbIX BBIBEIECHD] YPABHEHN, COBIIAJIAIONTIHE C OJTy YeH-

HbIMEI i P-maBapuanTaoit Teopun. CHEKTPBI S9HEPIHU OKA3BIBAIOTCS TEMHU JKE

CAMBIMU; TIPH 3TOM CTPYKTYPa BOJHOBBIX (DYHKIMH HECKOJIBLKO OTJIHIAETCS OT

UMeloIeicst 111 OObITHON P-CUMMETPUYIHON IaCcTHIIbL.

HennBapuanTinoe OTHOCHTEIHHO MPOCTPAHCTBEHHOTO OTParKeHMUsI
JJTsT YACTUIIBI CO CITMHOM 1/2 perrieHo B KyJIOHOBCKOM ToJie. 3ajada UTCs K
YPaBHEHUIO ¢ 3 0COOBIMU TOYKAMU, ABYMs PErYJIsIDHBIMEI U OJIHO VJISIPHOIL:

d? 1 1 d 2Bq — vy —iE  T?
(- L)k (R L

dax? r x—iv/dr x x

r=DMr, E=¢/M, T?=(j+1/2)

Ero pemenust moctpoenbl B pyHKIusx [oitHa; 1 JIydeHns MMpaBua KBAHTO-
BaHUs HUCIOJIB3YeTCs yCJIOBUE TPaHCIEH HOGTT; HallJIeHHBINT CIEeKTp SHEpruu
COBIAJIAET CO CIEKTPOM OOBIYHOMN JUPAKOBCKOW TaCTHUITHI.

B npocrpancrBax JlobaueBckoro n PuMana mccieoBaHO HEPeIATUBUCTCKOE
ypaBHEHUE JIJIs YaCTUIIBl CO CITIHO 24c y4eTOM BHENTHETO KYJOHOBCKOTO T0JIS;
3aja4ua IPUBOAUTCS K 00IIEMY yP uio ['oiiHa ¢ 4 peryissipHbIMEI 0COOBIMU TOY-

KaMWM; IJigd IIOoJIydYeHud IIpaB ﬂa’KBaHTOBaHI/IH HCIIOJIb3YyETCAd yCJIOBHME TpaHCIEH-

JICHTHOCTH, IIOJIyYEeHbI [ n ypoBHeil sHeprun. IIpuBojuM crieKTpbl TOJBKO

Tt cydas cpeprmaecKo pocTpaHcTBa!

n+j+1)?2 e2 n+7)?
+ jé+ 1) 2 2(n + j) 2

ocTpagcTBax JlobaueBckoro Hs nu Pumana S3 1ocTpoeHbl pelieHust ypas-
HEH Ka I[IPU ydeTe KYJOHOBCKOI'O IIOJIs, CIEKTPhI SHePIruu HailJeHbl 13

pPaHCIEeHIEHTHOCTH JIJIsl PellleHnil pajuajbHbIX ypaBHeHuit ¢ 6 peryJsp-

HBINMg 0COOBIMI TOYKaMU. B npocrpancTbax JIo6a4eBCKOro CleKTp NMeeT BH/L
1 —(e2 4+ N2)/m? n
Hs;, E=m ( 2)/ , N=—+Vv?—e?; (10)
1+ 2

BbIpazkeHue 1o KopaeM B (10) J0/12KHO ObITh MOJIOKUTEIBHBIM:

e? 4 N2 9 9 h?
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9TO HPUBOJIUT K KOHEUHOCTU YHCJa JIUCKPETHLIX yposHeil. McciemnoBan Boipoc
O BOBMOXKHOCTH IIOJIYUUTh PEIIeHUs] ¢ STUM CIIEKTPOM Ha OCHOBE HCIIOJIb30BaHUs
IIOJITHOMOB BMECTO CTEIeHHBIX PsiAoB. JJIst 9TOro aHaJm3npyeTcss peKyppeHTHas
dopmyiia 1151 K03DPUIUEHTOB CTEIIEHHOI'O Psijia,

Sk—3dr—3 + Sp—2di—2 + Sk_1dp—1 + Spdi, + Sp11di+1 = 0.

Yenosue TpanciieneHTHOCTH Sk_3 = 0 nmpuBoguT K crekrpy (10). Ecu ,ZLOHOJI—

HUTEJIbHO BBIOJIHAIOTCA €llle TPU PABEHCTBa, TO B CUJIY PEKYyPPEHTHBIX
psiJi 000PBETCs JI0 MOJIMTHOMOB.

dy2=0, dy1, dp=0 = dpy1=0, dk+2—QE t

[TokazaHo ¢ UCIOJIB30BAHUEM YHCJAEHHBIX METOJO0B, YTO %eﬂyloumx n3

YCJIOBUS TPAHCIEHIEHTHOCTU 3HAYEHUAX SHEPIUU YJIOBJIE b ycsoBusiM (12)
HEBO3MOZKHO.
Anajiornunasi cucrema mccjiaegoBana B cde KOW ITpocTpancTse Pumana,

CIIEKTP SHEPrUU IOJHOCTHIO JIUCKPETHBI

2 2
S B=m HEEN /“Qv N (13)

1+ <

YucJieHHBI aHAIN3 TTOCTPOEHH e HI/II/I yKa3bIBaeT Ha KBaJIPATUIHYIO HHTE-
I'PUPYEMOCTD HaliJIEHHBIX peIleHuit

B npocrpancrax Jlobad@gckoro n PumaHna 1ocTpoeHbl peleHus ypaBHEHUs
Hupaka — Kasepa; moc CJICHUSI TIEPEMEHHBIX 3a/1a491 TPUBOIATCA K YpaBHe-
HUSIM 4-T'0 TIOPsiJIKA, KO Ie PenaioTcs ¢ MpUMeHeHneM MeTojia (DaKTOPU3aIl,
peleHunst Haii 1\B rurepreoMerpuieckux (pyHknugx. B ciydae nmpocrpaHcTBa
Pumana cn JINGKPETHBII, OH HE COBIIAJIACT CO CIIEKTPOM JINPAKOBCKON JacTH-
odrpancTse. B mpoctpancTse JlobaueBcKoro perieHnsi ypaBHEHUsT

Kaiepa Takzke OTIMYaloTcd oT pemtennit 4-X ypasaennii /Jlupaka B 3Tom
HOrBe. DTU pas3/n4ns o0ycI0BIeHbI TeM, 9To ypaBHeHne Jupaka—Kaepa
PUMaHOBOM IIPOCTPAHCTBE HE PaclalaeTcs Ha 4 HeCBsSI3aHHBIX YPaBHEHUsI
JINPAKOBCKOI'O BHJIA.

Haiiiennl perienns ypaBHenust JIupaka B 1oJjie MarHuTHOTO 3apsijia B MOJICISX
se Currepa u antu jie Currepa (coorsectsenno ® =1 —12u & =1+ r?)

0
ST NN A S _
{z\/a@ﬂrz@fy 0+~ Sy = M|W(a) =0, (14)

, i0, + (ic'? — k) cos 0
E§7¢=27139+72 ¢ ( )

sin @
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[Ipu nmaronasinzalum KBajipaTa W TPEThell MPOEKIUN MOJTHOTO COXPAHAIOINIEroCs

MOMEHTA j,z, Jé“, a Takzke orneparopa JIupaka K= —iﬁyoy‘gE’g, ¢ DEIIEHHsT CTPOSATCA
B BUJIE
J1Dy—1/2
e faDpiryo : o1
L H2 s =41, K=1i5/(j + =) — k2 16
€jm r 5f2Dk—1/2 (.] 2) ( )
0 f1Dp112 ;
D, = _m0(¢,(9 0) — dyukuun Buraepa. B npocrpancree anTu Te-
pa CIEKTP SHEPTUH OKA3bIBACTCSA JUCKPETHBLIM. ZLHH MUHAMAJTEHOT CHUS ]
CIIEKTp SHepruu cieytormit (M — Macca 9acTHIpb):
J = Jmin = k] — @,t (17)
perieHnst KOHeYHbl Ha OECKOHEYHOCTH, €CJIH ‘b
1 A
> —— = )\—1213><1 M. 18
P> 5 (18)

st cocTosiHMit ¢ OOJBINMIMEI 3HAYCHUSIMMY] C eKTp SHEePruu TakKoil:

En:MCQ[lJr(S 2. /G +1/2)? )%}. (19)

[Tocrpoens! peltenns yp@&BHGHUSI Il YACTUIIBI CO CIUHOM 1/2 U JByMsi Mac-
COBBIMU IlapaMeTpaMu B HeM KyJI0HOBCKOM 11oJie. OCHOBHasI cucTeMa ypaB-
HeHuil Jiist JIByX OucI nMeeT BU/L

. . 1 Q
[vo(u?t 5) T 0+ T — M+ 26—7 v }‘If 27217073‘1&) =0,

. Q , 1 , .
@ +i7°0, + —gp — My — 2—27 ¥ }‘112 + 25—;7073\111 =0,
T r r r
. . 12

, 10, + 10'“ cos 8
Do = iv 0 + 72 :

)

sin ¢
TapaMeTphl OIPEJIEISTIOTCS B paMKax 00IIeit TeOpHH CJIe/IyIONIMI COOTHOIICHHSI-
M (cBoboaHEI mapameTp Mogem ¥ € (0, 5)):

51 (1 — cosvy)(—cosyy/12 — 3 cos? vy + cos?y + 2)

“="C3 M cos~y(1 + cos) ’
2 sin? _sin®y 2 sin?~y
2 2
=e - =—e - —— <0,
2=c 3 M cos~y cosy’ b ¢ 3 M cos~y
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1 €(1 + cosy)(cosy4/12 — 3 cos?y + cos® v + 2)
Pa=—5 >0
3 M cos~y(cosy — 1)

[TocTpoens! permennst ¢ KBAHTOBBIMHI YUCTIAMU €, 7, M

| fir) Dy | qu(r) Dy
_ e ' fo(r) D12 _ e 92(r)Dyja |
@1(1‘) - r f3(T)D71/2 ) ‘1]2(37) - r gg(T)Dfl/Q y (20)
fa(r) D1y ga(r)

D1y (b‘

L3 o m=—j ..., +j. Ioc 3¥ete-

57 5, e
HUs TIepeMeHHbIX 3aja4a MPUBOJIUTCA K YPaBHEHUIO 4-T0 TOPSIKA;

Dj;mp(qb, 6,0) — dyukunu Burnepa; j =
a ClLIeHUs
CTPOSATCH C NCIIOJNBL30BAHNEM CTEIICHHBIX PSJIOB ¢ 12-9JIeHHbIME [%ppeHTHBIMH
COOTHONICHUAMI; CIIEKTPLI SHEPTUY HailJIeHbl B aHAJIUTHYCC %@pl\/{e C IpuMe-
HEeHUeM YCJIOBUS TPAHCICHIeHTHOCTH, OHU ITOXOKH Ha, CIIe J151 OOBIYHBIX JIU-

PAKOBCKIX YACTHI C PA3HBIMI MaccaMy. Y YUThIBasLEa e BOJTHOBBIE (DYHK-

O 1 BO3MO2KHOCTDB IIOJIYHUTH CIIEKTD 9HEPI'HU caeJiaTb BBIBOI O KOP-

PEKTHOCTH ¢ (PUBUIECKON TOUKHU 3PEHNsT OCHOBHO BHEHUS JIJI 9TOI MOJeu,
HECMOTPs Ha FHIOTETUYECKUI CTATYC TaKQil CJIOXKHOI JYaCTUIIbI.

B rsiaBe 4 paccmarpuBaeTcs BeKTORHA Eruna Bo BHemmHux mossx. Iloiry-
YeHbI CJIeJIYIONNe PEe3YJIbTaThl.

B npocrpancrse MUHKOBCKOLO WECICIOBAHO HEPEIATHBUCTCKOE IPUO/IIZKEHNE
JIsT BEKTOPHOI dacTuilpl (S = B WoJjie MoHonossd upaka. Penrsarusucrckast
BOJTHOBast (DYHKIINS YACTHUIIBI ¢ KBRHTOBBIME IHCTaMU (€, 7, M) CTPOUTCS C HMC-

[I0JIb30BAHIEM allllapaTa, %iit Burnepa D, = D]_m,(,(¢7 6,0):

) Dy f1(r) Dy, f3(r)Di—1, fo(r)Dy, fio(r)Dys1] . (21)

mewsl 3navenus |k| = 1/2,1,3/2,...,5 =| k| =1, | k|, ...
00bIiT carywait). HepengruBucrckast paiaibHast CHCTEMA ¢ yIeTOM

(I)ejm(x) _: 6_%(T)Dkv fZ(T)Dk‘—b f3(r)Dli7 f4(T)Dk+17

1, & 2d ]
—r(— + —+2EM) = A
2T (dr2+rdr+ )

npezcrapistercst Tak (¢ = 3v/(j+k)(j—k+1),d=3/(j — k)G +k+1)):

2c? V2¢ 0 0,
AU =AU A=|V2c (E+d+1) V2|, ¥ =| T, |, (22)
0 V2d 2d> Wy
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[IpeobpazoBannem 11010011 cucTEMa MIPUBOJINTCA K JIMaroHajJbHOMY BUTY. Jlomosi-
HUTE/ILHO YUTEHBI KYJIOHOBCKUIT U OCIUJIISITOPHBIH MOTEHITUAJIBI, B 000X CJIyUastX
HallJIeHbl TPU CEpUN YPOBHEN SHEPrun:

&£ 2d L(L+1)
2 4L 9E S s -
[dr2+rdr+ (B + ) r2 }f(r) 0,
Li=—1/24 /1/A+24,, E ——2 o’
" v S+ L +1)2°

‘b‘
[d_2+gi+2(E—kr2 L(L+1)] ~0, @

dr? =~ rdr 2 )~
1 ~3
Li=—-1/2++/1/4+24;, E;= 2\/E(2 +Li+
BrmosHen anaans3 HePeIsSTUBUCTCKON BEKTOPHON dYa B IIPOCTPAHCTBE
JlobadeBcKOro, yuTeHsl roTeHmnuasibl KygoHna u ocix . [ocne pazjenennst

IepeMEeHHBIX 3a/a4a MPUBOJIUTCA K FUIIepreoMerpigeckoMy YPABHEHUIO U JIBYM
ypasaenuam [oitna. C ucmoab3oBanmeM 0OBITHO JIOBUS TTOJIMTHOMUAJIBHOCTI
(B mepBoM ciiyuae) u ycjioBus TpaHcueHydETHOCTH (byHKiumit [oitna (Bo Bropom
cJIydae) moJtydeHbl GOPMYJIbI [JIsT TPEX n BOBHeﬁ SHEPTUN:

B KYJIOHOBCKOM IIOTEHIIAAJIE

ESZl - a2 o : ESZl _ QQ o E

L an? 2.7 9N2Z2 27
22 2 (25)

’N3 50 @ N

B! = D S

Q 2N? 2
OM IIO¥ECHIIaJIC

1 _ 1 1
(Nf+7), E5'=Noyk+-— (N5 + ),

1 1 1 1
NyJk+=—(N2+=), EV=N/k+-—(N*+-);
&Z A AT IR
T YepaBHEHNS TTPUBEIEHBI (DOPMYJIbI CIIEKTPOB SHEPIUU Es=0 JIJIL CKaJISIpHO

YHaCTHUIIbI B 9TUX ITOTEHIIMaJIaX.

B OCIIJIJIATO

S 1/4 -

B npocrpanctBe MunkoBckoro obobiennoe ypasuenne ladpduna — Kemmepa
JIJIs1 BEKTOPHOI YaCTHUIIbI ¢ AaHOMAJIbHBIM MarHUTHBIM MOMEHTOM PEIIeHO BO BHEIII-
HIX MarHUTHOM U SJIEKTPUYECKOM IIOJIAX; PACCMOTPEHBI CIydanl 3apsizKeHHON u
HefTpaJIbHON YaCTUIl;, aHAJOTMIHbIE PElIeHns] HalieHbl JIJIs YACTUIbI C JIeKTPHU-
YECKUM KBaJIPYIIOJIbHBIM MOMEHTOM.
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B npocrpancree MUHKOBCKOTO TTOCTPOEHBI PEIIeHNs YpaBHEHUS JIJIsI BEKTOP-
HOI YaCTHIILI B MATHUTHOM I10JI€, IIPUBEJIEM OOIILYIO CTPYKTYPY CIEKTPOB SHEPIUN:

E=MAE+N4+N, =M +E+)\+ ), (27)
A, = PO+ \/52(21 — )2+ 16B%y
e — k? 4B? 4B?c?
V= PEoe Pl
obo3HaueHMs JIJIsT TTapaMeTpPOB IIpuBejieHbl B Juccepraiui. CyrecTByer g@ﬁ
KJIACC PEIIeHNUil ¢ IPOCTBIM CIEKTpoM €2 = M? + k? + A2, rie noss eMOCTh
HUKaK ce0sl He IPOsIBIIAET.
B npocrpancTBe MUHKOBCKOTO BBINIOJIHEH aHAN3 CHCTEMBI ,ZLI/IaJIbeIX
ypaBHEHHil, ONNCHIBAIONIEN BEKTOPHYIO YaCTHILy B KyJIOHOB 0Jle B COCTOSI-
Husx ¢ dernocrotlo P = (—1)7. C yuerom 0606mienHoro st Jlopena 1o-

Ka3aHo, 4To ojiHa (yHKIMs 3 6 odsg3aHa oOpalamke

{@1 JIb; CJIEJIOBATEJILHO,

nMeeM Cucremy mus § ypaBHeHI/Iﬁ JLJIA O HEU3BeCT KIlI/II/I B kadecrBe nesa-

BHUCHMOII MOYKHO BBbIOUDATh JIIOOYIO (DYHKIIMIO , B pe3yJbTaTe JJIsd 9TOi
yHKIIU 110JIyUaeM JiBa PasHbIX Jnddep@HinaibHbIX YPaBHEHHUS 2-T0 TOPsJIKa,
KOTODPBIE MO’KHO CBSA3BIBATH C IBYMs HOMKIMGCAMI COCTOSHII YaCTHIIbI ¢ YETHO-
ctpio P = (—1)/. Dru nezapucumble ypaBNgais 2-ro MOpsi/iKa HallIeHbl, OCTPO-
eHbl uX pernieHust Ppoderuyca. OJIyUCHNUST IPABU/Ia KBAHTOBAHUS UCIOJIb3Y-
eTcsl ycJIOBUE TpaHCIeH IeHTHOCTIyelfennit @pobennyca. [l obonx ypaBHeHMI

OHO JIa€T pa3yMHbIE cbopMyan ,ZI,JIH [IEKTPOB SHEPTUHU, IPUYEM OHU Pa3JIMYal0TCs

MeEXKY coboit. YncsieHnblii 3 moBeaceHunsA 1IOCTPOEHHBIX peH_[eHI/H/I YKa3bIBa€T
Ha NX KBadpaTHU4YHYIO NPYEMOCTD.

B rinase 5 pasSBUT O/ TEOMETPHUIECKOI'O MOAEJIMPOBaHNA CHUJIOBBIX oJieit
JJId 9aCTUIl C iMu crinaamiu. OcHOBHDIE peE3yJibTaThbl CBOJATCA K CJICAYIOIIC-

edlienunst ypaBuennii Makcsesuta B MaTpuaHoii (popme Maitopanbr —
Mepa B BUJIE o6o6meHHb1X IIJIOCKUX BOJIH B IpocTpaHcTBe JlobadeBcKOro
@ = dt* — e ¥ (da® + dy?) — d2?,
0 _ e—iwteiklx eikgy
E +:B f(z)
( — 0, + a'efo, + onezﬁ + a0, — alSy + 04251) =0,

: (28)

SIBHBII BIJ] MATPUIL &' U CIMHOBBIX MaTpuIl S, So IPUBEJIEH B gucceprannn. Bol-
BeJICHHOE YpaBHEHUE JIJIsT OCHOBHOM (DYHKITNN
d2

= (B + ke G =0 (29)
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MOXKHO paccMaTpUBaTh KaK ypaBHEHUE IIPEJUHIEePOBCKOIO THUIA C IMOTEHITHAJ b
noit yukiueii 6apneproro tuna U(z) = (k% 4+ k3)e**; npu ky = 0,ky = 0 sroT
bapbep ucyeszaer. B KBaHTOBO-MeXaHUYECKOM KOHTEKCTE JacTHIla JIOJIZKHA OTpa-
JKaThCd OT TAKOro Oapbepa, He NMpOoHMKas 3a Hero. AHajorudubiil adexkT nmeer
MECTO U JIJIsl JIEKTPOMAIHUTHOI'O 110Jisi: TeoMeTpusi JIobaueBcKoro jeiicTByer Kak
s dhexTuBHASI MaTEepUaIbHAsI CPEJia CO CBOMCTBAMU 1/1€a/IbHOI0 3epKaJia. ¥y paBHe-
nue w? — U(z) = 0 onpejiesieT KpUTHICCKYIO TOUKY 2, lIpaBee KOTOPOi pereHe
JIOJIZKHO OBICTPO CIIaJIaTh JI0 HYJIs ([IPUBOJIMM BbIDAZKEHNE B OOBITHBIX e,zmmgg;):

zo=p In . A , (30)
c k3 + k3
rjie p — pajinyc KpuBU3HbLI pocTpancTa Jlobadesckoro. [Tom MOHOFI/I‘{G—
CKUX ACIIEeKTOB, 9TU PeIleHNs MPEeJCTABIAI0T MHTEPEC B KO reoMeTpuye-
CKOT'0 MOJIC/INPOBAHUS MATEPUAJILHBIX CPEJI CO CIICIUAIb BOWCTBAMI.
Ananorudnplil aHaJN3 BBINTOJIHEH JIJIs MTPEINHTERO 1 JIMPAKOBCKOIN Ya-
cTuil. AHAJIN3 TaKKe PACIpOCTPAHEH Ha CJIydail Jgpytoteit mosesn jie Cut-

Tepa:

dS? = dt* — cos”t [e ¥ (da® + dy* YA le U = M TeV (2, 2),

(31)
(wo costd; + iy €0, + i 2ezay iv*0, — M cos t>¢ = 0;
L 2
BBIBOJ, 00 OTpazKeHU! YacTUL OT pa ocraeTcsd ClpaBe/JIMBbIM U 3/1€Ch.

Sernt pemienus ypasaenns /ladpduna — Kemmepa

B npocrpancTse ﬂo6aHe CKOFO Ha OCHOBE MCIIOJIb30BaHUS KBa3UJIEKAPTOBOI
crucTeMbl KoopjnHat (

JJIA MAaCCUBHOII BEKTO CTUIIBI

000, + BN, + 1520, + (50, — BT+ BRI — M| W =0,

o (32)
(t, Z) = e el ey { ®o(2), ®,(2), E;(2), Hj(2) };
pn YUNTLIBACTCS JIMArOHAJIN3aIMs 0000IIEHHOTO OllepaTopa CIMPAJILHOCTH:
d
ae’S' +be*S? —iSP— — 1|U(2) = 0V(2), o= —1,0,+1. (33)

z

BbiBoj 06 oTpakeHIH JacTull OT bapbepa OCTaeTCs CIPABETUBLIM U 3J1€Ch.
BoinoTHeHHBIN B 3TOH IVIaBe aHaIn3 0000IaeT N3BECTHYIO0 BOZMOKHOCTH MO-
JIeJIMPOBATh HEKOTOpPbIE CIelUaJbHble MaTepUaJIbHbIE CPEJIbl B 3JIEKTPOJIMHAMU-
Ke CpeJCTBaMU PUMAHOBOI reomeTpuu. Kpome TOro, mockoJibKy Takoil 3dpdekT
OTpayKeHusl He BO3HUKAET IIPU UCIIOJb30BAHUUN JIPYTUX CUCTEM KOOPJUHAT B IIPO-
crpancTBe JIob6avueBCKOTo, 9TO yKa3bIBaeT Ha TO, HECMOTPs Ha OOIIYI0 KOBapH-
AHTHOCTDL T€OMETPUIECKOTO TOJIX0/a B paMKax oOIeil Teoprr OTHOCUTETbHOCTH,
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BBIOOP CHUCTEM KOOPJIMHAT SIBJISICTCS 3HAUUMBIM JIjIsT (PU3UIECKON HHTEPIPETAINN
BOBHUKAIOIINX PEIICHUI.

B riaBe 6 Ha done npocrpancrsa jie Currepa MUCCIeayI0TCs: MOJICTb aTo-
Ma BOJI0po;jia Ha ocHoBe ypaBHenusi Kireiina—®oka—'op/ioHazk; HEpeJIaTUBUCTCKA
BEKTOPHAasl JaCTHIA; JIEKTPOMarHuTHOE 110J1e; (PePMUOH ¢ TPeMsi MACCOBBIMHU I1a-
pamerpamu. OCHOBHBIE PE3YJIBTATHI CBOJSITCS K CJICYIOIIEMY.

B craruyeckux npocrpancTsax jie Currepa

2 2
dS? = (1 — 5)di> — (1 — =) Ldr® — r?(d6° + sin>0dg?), r € [0 (b‘

P P
MIOCTPOEHa TeOopusi aToMa BOJIOPOJia Ha OCHOBe ypaBHenuit Kiie oKa —
['opjiona. B npocrpancrse jie Currepa aToMm siBjisgeTcss HecTad KBaHTOBO-
MeXaHU4ecKoil cucTeMoii ¢ BO3MOKHOCTBHIO TYHHEJINPOBAHHI bl vepes3 Oa-

pbep; 3ajiaua CBOJIUTCA K 0b0IeMy ypaBHeHuio [oitHa

ef 2(1-22°)df | [(E+Oé/ﬂf:)2 M fbf) /*
dz? (1 —2?) dx (1—x2)? x

IJIe UCIOJIb30BaHbl Oe3pa3sMepHbIe TIepeMe

r€p
rT=-, —=

— B =N a2
p ch

cnonb3oBanue yc1oBust TPaHCTCRACHYOCTH IPUBOINUT K (DOPMYyJIe JIJIsT KOMILIEKC-
HBIX 3HAUYEHUI SHEPIUN, OJHAKO OH& He sIBJIsieTCd (PU3MYECKN MHTEPIPETHPYEMOil,
IIOCKOJIBKY He 3aBUCUT OT K BOI'O YHCJIa YIJIOBOIO MOMEHTA j.

B npocrpancrse an UTTEPA

2
ds? = (1 "\ g2 - (1+ T—Q)‘ler — r2(df* + sin® Od¢?), r € [0, +00)
P

3aja4da e MMPUBOIUTCA K 00IIeMy ypasHeHuio [oitna
2 2(1—22%) df {(E—Fia/x)z M2—l(l—|—1)/:132}f_0 (35)
(1l —2?) dx (1 — 2?)? 1 —a? -
rJie MCIOJIb3YIOTCs Oe3pa3MepHbIe ITepeMeHHbIe
~ 2 2.2 92
i €p € M*cp 5
v p’  ch Coen h?2

B sT0it reoMeTpudecKoil MoJIe I aTOM BOJIOPOIA SIBJISIETCSI CTaOUIbHO KBAHTOBO-
MEeXaHNYeCKOIl CUCTEMOil; yC/I0BUE TPAHCIEH/ICHTHOCTU PelleHnil IPUBOJIUT K Be-
IIECTBEHHOMY CIIEKTPY, OJHAKO OH HE MHTEPIPETUPYETCs PU3NIECKH, TTOCKOJIbKY
HE 3aBUCUAT OT KBAHTOBOI'O YHUCJIa YIJIOBOI'O MOMEHTA.
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B pacmupsrommemcest mpoctpancTse jge Currepa
dS? = dt* — ch? t [dr® 4 sin® r(d6? + sin® d¢?)] (36)

I0CJIE BBLIIOJIHEHUS HEPEISITUBIUCTCKOIO IIPUOJIMZKEHNUSI [I0JIyYeHa CUCTEMa U3 TPEeX
pajuaibHbIX ypasaenuii. C y4eroM Auaronan3anin onepaTopa IpOCTPAHCTBEH-
HOi1 MHBepcun [yist cocTostHuii ¢ yerHocTbio P = (—1)T! nosyueno oxno ypashe-

.g@__l 1<y%_2_§_1 1?
Z@t  9M ch?t\Or?2  tanror sin? r é

JIst cocTostnuii ¢ uernoctbio P = (—1)/ nosydenst jisa CBﬂsaHH %GHI/IH

0 v 1 1 [( 0? n 2 0 ] ) cosr
i 2 Y _q_
ot oM hZtl'or? " tanror sin2 r sin® r

Hue

0 1 1 0? 2 0 4v cosT
1 — Uy = B [( B) + a0 . )@2 }
ot oM ch2t L or tanr Or  sin sin® r
3aBucuMocTh (PYHKIUI OT BpeMeHn 3a/aegcs COOTHOIICHIIMI
S

\If(tﬂ“) = e_iEOthtf(T)a qjl@: e_iEthtfi(r)a 1= 17 2 ;

pajinaJibHas CUCTeMa yPaBHEHIE NMeET Bu1

2 2 d Y
C—+ R +MH%—Qf:0, (38)

sin“ r
202
- — —|—2ME—1)f1:2Vcosrf2,
dr  sinr
2 d 202
L= +2ME—2>5:4ymmjy (39)
tanrdr  sin“r

TEOPUH CKAJISPHOIT dacTullpl criektpy st Fy. Cucrema (39) B mepe-

H = C082 T HpI/IHI/IMaeT BI/IIL
d? d 202 QV\/_
1— VAo 1901 — da) L 1 — m@ _0,
[( :E) xd + ( x)dx 1—$+ €)fi— 1— x
d? d 2 212 41/\/_
1— o) 901 — 40) 2 — _ QM] — 0.
[( :1:) a:de + ( x)dx 1—2x 1—:1:+ €| J2— fl

Orcrofa ciejytorT ypaBHeHus 4-ro rnopsijaka st GyHKIui fi u f2. OnepaTopbl
4-ro nopsiaka (paKTOPU3YIOTCs B IPOU3BEIEHNsT JBYX KOMMYTHUPYIOMINX OlIepaTO-
POB 2-10 MOPsAJIKA, U 3aJia9a CBOAUTCSA K YPABHEHUSIM 2-TO HOPSIIKA, UX PEIIeHIs
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HallJIeHbl B TUIepreoMerpudecknx (pyHknugx. [lomydenbl jgBa JUCKPETHBIX CIEK-
Tpa I lapaMeTpa KBa3UIHEPIuu:

I 2Me+1=2n+j+1% 1L 2Me+1=(2n+j+2)° (40)

Anaymms 00001IeH Ha Cciaydail ocnmLIMpyronero mpocrpaHctsa jge Currepa,
[IPU 3TOM KBaHTOBAHUS IapaMeTpa KBA3USHEPIUH He BO3HUKAET.
Ypasuenne Maitopansr — OmnrenreiiMepa J1/ist 3JIEKTPOMArHITHOTO TTOJIST

- X
ozc(efc)ap+§j“fyabc)\1120, o’ = —il, \Ij:|E—l—iB 641)
perieHo B cepuIecKnx KOOPIMHATAX OCIUJIIPYIONIETO MPOCT a ge Cur-

Tepa. Bech anasms pacripocTpaHeHn Ha Cydail paciinpsronie BPEMEHH BCe-
nennoit ge Cutrepa.

YpaBHEHHE I TPeX OMCIMHOPOB, OIUCHIBAIOIIEER OH C TPeMsI Macco-
BBIMH IIapaMeTPaMi B IPUCYTCTBUN BHEITHUX SJIEKID HUTHBIX ¥ I'DaBUTAI-

OHHDBIX HOﬂeﬁ, nMeeT BUJL

z'ya(x) [0 + Ta(z) +icAn(z)] D1 (x (x) 0
Y () [On + Ta(x) +ieAn( 2@ () + Yy X(2)P(x) =0, (42)
() 0

i7" (x) [0 + Talz) +ieA, 4@;’ M;3Ps

rjie (BHyTpeHHIE HapaMepré MOfLeJII/I OIpeJIe/IeHbl B JIHCCEPTAINN )

Y = —CQ qu)l(ili) + LQ(I)Q(.CIZ) + L3(I)3(£C) .
Yienom, mpogd HaIBLHBIM Besmuune Y(x) = —iel,50%% (z) + R(z)/4, B Mo-
nesisix ¢ REE) 740 YpasHeHust clieristior Tpy GUCITHOPA B €JIUHYI0 CUCTEMY JIazKe
B OTCYPETBUANJIEKTPOMATHIUTHOTO TIOJIS:

() [0 + L)) @1 () — M1 () + Vi 22y =0,
(@) 00+ Tal@)] Ba(e) ~ Maale) + 2 “amy =0, (43
(@) 0 + T)] @3(a) — M) + ¥; T D a(a) = 0.

[TockobKy B JiFo60M MailopaHOBCKOM 0as3nce BBITOJIHSIOTCA PaBEHCTBA

[ ()" = iy*(x), Ta(r) =Talz),
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1o cucteMa (43) JlolycKaer orpaHnueHne K Cydaio MaiopaHoBckux dacrutl. M-
cJleJloBaHa MOJIeJIbHAs CUTYallns, KOTJa JIOKAJIbHO JIOIYCTIMO HCIIOJIb30BaHHUE Jie-
KapTOBBIX KOODJIMHAT, a BHEIIHWUI reomeTpudeckuii poH 3p@PpeKTUBHO yUnThIBa-
eTCsl TIOCTOAHHBIM CcKaJslsipoM Puvym. Vcnosb3yerest yrpolentnas oJJHoMepHas MO-
JeTb (XOTSI 9TO He CYIIECTBEHHOE OrPAHUYIeHHE)

(Z'Voat + i7131 — M)®y + dy (L1 Py + LoDy + L3Ps)
(170, + iy 01 — My)®y + do(L1 Dy + Lo®y + L3 ®s
(i’)/oat + 2'7181 — Mg)q)g + dg(qu)l + Lo®y + L33

0

=0,
O.

| @ﬁ

)
)

HCrosb3oBano obosuadenne d; = Y;(R/4). dnaronanusarnms m

'O THUlla C HOBBIMU Sd)Cli)eKTI/IBHbIMI/I MacCCaMM, 3HaYCHUA KOT

BaHUs B cucTeMe (44) IPUBOAUT K TPEM Da3jeIbHBIM ypaBHE JINPAKOBCKO-
bIX” OIIPEJIE/IAIOTCS
99K

BHYTPEHHUMHU TIapaMeTpaMy MOJECIN U BEJUYNHON CKaJl

[i706t+i7161_M1]§)1:07 = +:u17
[i7°0, +iv'0, — My ] ©3 =0, M + ps, (45)
[zvoﬁt—l—wl@l—]\_@]@ — MgIM-l—,u?,

[IpoBesen anannTUIecKuit W YUCHCHHBIN AHAIN3 MTPOIEAYPHl JUArOHaIN3aIINN.

Bo3MoxkHBI jiBe (pU3NIECKHN p
KpuBusHe u 7 < () Ipu OTPUITATEID kpusushe. [IpoanammsnpoBanbl HECKOIBKO

IIPUMEPOB IIPU Pa3HBIX B(@@X ckaJsigpa Puaan:

r=+10"%, r P r=410"% r=+10"7% r=+1; (16)

r=-107"% r=>-10"7°, r=-10"° r=-10"7 r=-1;
[Tocemnnii Jaii 7“] = 1 e ciejyeT OTHOCUTH K OY€Hb CUJIbHOMY UCKPUBJIEHUIO
IIPpOCTP ) r1a MOJZEJIb IIepecCTacT JaBaTb BEIIEeCTBEHHbIEC 3HAYCHUA MaCCO-

BBIX mapamerpon My, My, Ms.

SAKJITOYEHUE

OcHoBHBIE Hay49HbI€ pE3yJibTaTbl ANCCEPTAIINN

1. PasBura Teopusi dacTurpbl co cruHOM 1/2 u JaByMs (Tpemsi) MacCOBBIMU
mapamerpamu (8, 75, 80, 82, 84, 85, 86, 91, 92|. ®opmasmsm [lerpara mis da-
CTUIBI CO CIIUHOM 1/2 1 aHOMaJIbHBIM MAIHUTHBIM MOMEHTOM 000011eH Ha P-
ACHMMETPUYHLIN CJIydail, ONNCHLIBAIOIINI YACTHILY C 3JIEKTPUICCKIM JIUIIOILHBIM
MOMEHTOM; P-acuMMeTpudHasi TeOpus Pa3BUTa TakzkKe g (epMUOHA C TPeMs
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MaccoBbiMu napamerpamu [89, 129]. Vpasuenne Dejioposa Jijisi 4ACTUIIBI CO CIIU-
HOM 2 00OOINEHO HA PUMAHOBO MpocTpancTBo—BpeMs [96, 99].

2. I3 pengatuBUCTCKOrO ypaBHEHNUS JIJIs CKaJSIPHOIM YacTuilhl yacTuiibl Kokca
¢ pacupejesIeHHbIM 110 KOHETYHOMY 00beMy 3aps/IOM BbIBEIEHO HEPEJIATUBUCTCKOE
ypastenue [8, 50, 56, 139], mocTpoeHbl ero perienns B OJHOPOJIHOM MarHUTHOM
roJie B mpocrpancTBax MunkoBckoro, Jlobadesckoro n Pumana [8, 52, 52, 71, 76,
54, 71, 76]. TlocTpoenbt pemenus ypasHerust jijist yactulibl Kokca B IPUCYTCTBIN
BHEITHET0 KYJIOHOBCKOT'O TIOJIST; CIIEKTP SHEPTUN Hail/leH Ha OCHOBE MCIIOJIb30BaH s
TPaHCIEH IeHTHbIX pereruii @pobennyca pauaibHOro ypasHenus (8, 50 %b
94.

3. B nmpocrpancree MuHKOBCKOTO HaiiJleHbl pelienns ypaBHeH! aKa, JIJIst

A

)

JacTUILbI ¢ aHOMAJILHLIM MarHUTHLIM MOMEHTOM B MArHUTHOM MO , 12, 60,
67]; B mpoctpancrBax JlobaueBckoro u Pumana maiijgeHbl s ypaBHEHUS
Hupaka B maraurHoM mosie [14, 15, 22, 28, 33, 36, 56]. Tpancrsax JIoba-

JeBCKoro n Pumana HJId YpaBHEHN A Ha}/ﬂI/I C y4eTom CKOTI'O ITOJIA HaﬁﬂeHbl

peleHust B TepMuHax odnmx pyHkuuii ['oitHa 4, 58|; B 9THX Ke MOJIE-
JISIX TIOCTPOEHBI peliienust ypasuenus lupaka [2384,/97, 98|. P-nennBapuanTHoe

ypaBHEHUe Jijisi YaCTUIIbI CO CIIUHOM 1 /2

repmunax dyukiuii [oiina |64, 89, 113}

Jlupaka B 11oJie MarHUTHOTO 3ap Mmojiessax e Currepa n antu e Currepa

29, 30, 51, 106]|. YpasHeHnuge jijisi YacTUIIBI CO CIUHOM 1/2 1 JBYMSI MACCOBBIMIE
©

napamMeTpaMu perieto ¢ y BHEITHETO KYJIOHOBCKOTO T0JIsI, 13 BO3SHUKAIOIIETO

nnddepeHnaibLHOro Hug 4-ro Mopsijika ¢ IpUMeHeHneM YCJIOBUS TPaHC-

e IeHTHOCTH Hat\TeHbl ek Tphl sHepruit [75, 82, 100].
s1 BEKTOPHOI YaCTUIII C YUETOM €€ aHOMAaJIbHOTO MarHUTHOI'O
MOMEHTa, B*MArHUTHOM U JIEKTPUYECKOM IIOJIAX; aHAJOTMYHbIE PElIeHMSsI
HaligeHsl i1 CTHUIIBI C 9JIEKTPIUYECKUM KBaJIPYOIbHBIM MoMerToM [10, 11, 69,
70, 7 . /1719 BEKTOPHOI 9aCTHIIBI C MTOJIAPU3YEMOCTHIO TIOCTPOEHBI PelieHns B

H noJie, Hailjen obobImeHHbIi criekTp sHeprun |2, 7, 8, 19, 35|. Pemena
cuégeMa 13 6 pajuaJbHbIX YpaBHEHMIT, OINChIBAIONIAsT BEKTOPHYIO YacTHUILY B Ky-
JIOHOBCKOM 110JI€ B COCTOSIHUSIX ¢ 4eTHOCThIo P = (—1)7; BbIBejleHb! JBa pasiinda-
toruecs auddepeHiuaibable YpaBHeHUs 2-T0 HOPAIKa, /sl OCHOBHOI (DyHKIINM,
KOTODBIE IIPUBOJST K JBYM Da3HBbIM CreKTpam suepruu |5, 17, 26, 31, 34, 81, 83,
88, 93, 95|.

5. IlocTpoenn! pemienusi ypapaenuit Makcsesiia B Bujie 00001IEHHBIX ILJIOCKUIX
BOJIH B IIpocTpaHcTBe JIobaueBcKoro, oTpakaeMbIX OT CO3aBaeMOro reoMeTpueit

IIPOCTPAHCTBA MMOTEHINAJILHOTO Oapbepa; ITyOnHa NMPOHUKHOBEHUA YaCTHIIHI 3a
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Oapbep OIpeJIe/sieTCsl TPeTheil IPOoeKIneil NMITYJIbCa YACTUILI U PAJIMYyCOM KPHU-
BU3HbI IpocTpancTsa Jlobadesckoro |1, 4, 5, 13, 25, 46, 47, 73|. Anajoruvnbii
pe3yJIbTaT TOJIyUeH JIJIs HepeJATUBIUCTCKON JacTurpl co crmaom 0 [1, 5, 27, 43,
73] u nupakosckoit yacrurpl |38, 39, 46, 48, 53|. Dror aHa/NM3 pACIPOCTPAHEH HA
caydait ocnmntupyiorieit mogenn ge Currepa [1, 5, 74, 78, 79]. B npocrpancrse
JIobadyeBCKOro Ha OCHOBE MCIIOJIB30BAHUS KBa3UIEKAPTOBOI CHUCTEMbI KOOP/IMHAT
IOCTPOeHbI pertennd ypasuenus Jadpduna — Kemmepa 111 BeKTOpHOI 9acTHIIBI;
II0Ka3aHO, UTO BbIBOJ, 00 OTParKeHUH YaCTHUIl OT Oapbepa 0CTaeTCsl ClIPaBEIJIARbIM
1 B 9TOM CJIydae, BBIIOJIHEH Iepexo)] K 6e3maccoBoMy ciydaro [32, 37, 4044 1646].

6. B pacmmpsiormiemcs mpocrpancTse Je Currepa MOCTpPOEHA He UCT-
CKasl Teopusi JIJIsi BEKTOPHOI YacTHIIbI, HaliJIeHbI PEIeHus pa/iia.l UCTEMBI
ypaBHEHUII B HEPEJIATUBUCTCKOM MPUOJINKEeHNe; HallJIeH JTUCKD &'ﬁneKTp TLJTsT
napaMeTpa KBasmsHepruu. AHajn3 0000IeH Ha ciaydail oc %@ymmero po-
crpancTsa jie Currepa, Ipu 9TOM IIapaMeTp KBa3uIHEPI'Hn BauTyercs |6, 18,
21, 45, 55, 65].

7. Marpuunoe ypapaenune Maitopanbl — OngeHgiiMepa Jijist 9J1eKTPOMarHuT-
HOT'O TI0JIS PEIeHo B chepruiecKux KoopimHaTax JINPYIOIIEro ITPOCTPAHCTBA
ne Currepa; OCTPOEHBI JIEKTPOMAIHUTEHSIE BOJIHbBI 3JIEKTPUYECKOTO M MarHUT-
HOI'O THUIIOB; aHaJIN3 PaCIpPOCTPaAHEH H ydai pacmmpsronieiica Beerennoit e
Currepa |25, 47, 49, 60, 61].

8. PasBut merom mojennpopa @eIBaHus HEUTPUHHBIX MacC 3a CUeT
HEEBKJIMJOBOI TeOMeTPUN ITPOCTRAHETBa—BPEMEHN Ha OCHOBE HCIIOJIL30BaHUA

paMu, MOCJETHUE SABJISIOT PEKTHBIMU B paMKax 00IIeil TeOpun PesissTUBUCT-

CKHIX BOJIHOBBIX ypaB @
Jlopenta |75, 82,

H N 110 IIPpaKTN4Y€CKOMY NCIIOJIb30BaHNUIO

ypaBHeHI/II/I JJIA FI/IHOTGTH‘IG?}KI/IX aCTHUI C HECKOJIbKUMH MaCCOBBIMU IlapaMeT-

pacCIIIPEeHHBIMI HAOOPAMHU TPEJICTABICHUN TPYIIIIHI

YeHHbIe pe3yJIbTaThbl MOT'YT HAWTH JaJibHelilnee MpuMeneHne B CCe0-
BaHIMIX 110 TeopeTudecKkoit dusuke, B ToM uucje B [ocymapcTBeHHOM HayJIHOM
yuapexkaennn " UncturyT duszuku nmenn b.UM. Crenanosa HanmonanbHoil aka/ie-
mun HayK Benapycn" u Bemopycckom rocyaaperserHoM yHuBepeurere. Pesyibra-
Thl MOT'YT HaWTHU IPUMEHEHNE IIPH IIJIAHKPOBAHUU SKCIEPUMEHTOB 110 M3MEPEHUIO
JIOTIOJTHUTE/ILHBIX XapPaKTePUCTHK JIeMEHTAPHBIX YACTHIL.

PaccMmoTpenmbie B uccepTaliu 3a/1a91 1 METO/IBI UX PEIIeHns] MOT'YT MUCTIOJIb-

30BaTbCs B YUEOHBIX Kypcax IO KBaHTOBOH MexanHuke B Mo3bIpckKoM Tocymap-
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CTBEHHOM I1ejfarorndeckom yausepcutere umenn .11, [Mlamsakuna, bpecrckom ro-
cynapcrBennoM yauBepcutere nmenn A.C. [lymkuna, ['oMebcKoM rocyapcTBeH-
HoM yHusepcurere umenn @. Ckopunbl, Besopycckom rocy1apcTBeHHOM yHUBED-
curtere. Pe3ybTaThl nccieJoBanmil, BOIIE/IINE B JJUCCEPTAIINIO, BHEIPEHb B 0Opa-
3oBaTe bHbI 1poriecc YO "Mosbipekuii rocy/1apcTBeHHBI 11e[aroOrnIecKnii yHu-
sepcurer umenn W.IT. Ilamakuna" [141, 142, 143, 144].
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PE3IOME

OBcurok Ejiena MuxaitjioBHa
KBaHTOBasi MexaHUKa 9acTHUIl C BHYTPEHHE CTPYKTYPOii
BO BHEIIIHUX 3JIEKTPOMATrHUTHBIX U I'PABUTAIMOHHBIX ITOJIAX

KimroueBbie cjioBa: KBaHTOBasd MeXaHUKa, YACTUIILI CO CIUHOM, JIOMOJIHU-
TeJIbHbIE 3JIEKTPOMArHUTHbIE XapaKTePUCTUKN, TOYHbIE PEIIeHNS.

Ileas paboThbl: pa3BuTHE PA3BUTHE TEOPUN JIEMEHTAPHBIX YaCTUIl Ha OCHO-
Be UCIOJIL30BAHNS PACIINPEHHBIX HAOOPOB IpeJicTaBeHuil rpymib! Jlopen -
CTpOEHNE TOYHBIX pelleHnii ypaBHeHnit B pocTpaHcTBax JlobaueBcKoro a,
e Currepa ¢ ydueToM BHEIIHUX 3JIEKTPOMATHUTHBIX OJIEH 1 OO TS bHBIX
XapaKTEPUCTUK YACTHUI]: TOJAPU3YEMOCTH, aHOMAJBbHOIO MArHUERHOIOYMOMEHTA,
JIEKTPUYECKOTO JUIIOJIbHOIO MOMEHTA, JJIEKTPUIECKOTO KBAJIP, Or0 MOMEH-
Ta, cTpyKTyphl Japsuna — Kokca, BHyTpeHHero crekTpa CHIOBLIX U MaCCOBBIX
coctosiamnii. MeToabl MccjieIOBaHUsI: TEOPUs TPYIIIT HIIa U aHAJUTH4Ye-

(Y]

CKO€e IIOCTpOeHNe pelleHnil ypaBHeHU CO CJI0ZKHOIKC POIl CUHI'YJIAPHBIX TO-

JeK.

Ilosyvyenbl ciaemyiomime pe3yabTaThbl: MOSPPOEHLI PEIeHns ypaBHEHW
JIUTsl CKAJISTPHOI JaCTHIbI C TIOJIAPU3YEMO, B MArHUTHOM I10JI€, PEIleHNns ypaB-
HEHUS JIJI YaCTUIBI CO CTPYKTYPOil na — Kokca B MAarHuTHOM U KYJIO-
HOBCKOM TIOJIAX B IpocTpancTBax dnnkosekoro — Jlobauesckoro — Pumana; 1mo-
CTPOEHBI pPelieHus ypaBHEeHUt “TMupaxa st aToMa BOZOPOLA U YpABHe-
nus Jlupaka — Kanepa B Mojensx aveBCKOTO — PuMana; moCTpoeHbl pereHnst
ypaBHEHUSI JIJIsl CIIMHOPHOM §ACTIIBI C IBYMsI MACCOBBIMU MapaMeTpaMu B KyJIO-
HOBCKOM TIOJI€; JIJIST dac O CIIMHOM 1 TOCTPOEHBbI pelieHnst B OJTHOPOTHBIX
MarHUTHOM U 3JIEKTP M TIOJISIX; PeleHns ypaBHEHUs JJI 9acTUIbI C TO-

JIAPU3YEMOCTBIQ B\MarHuTHOM I10JIe; PElICHUs YPaBHEHUS JJId PEJIATUBUCTCKON

YJaCTHUIILI B OHa,; pa3BUTO I'€cOMETPUIECCKOE MOJEC/JINPOBaHNE IIOTCHIMaJIb-

OTEeOMETPUIECCKOE MOJEJINPOBaHNE CMEIINBaHAd MaCC TPEX CIIMHOPHBIX Ya-
CTHU paMKaXx TE€OpUn CbepMI/IOHa C TpEMA MaCCOBbBIMHU ITapaME€TpPpaMM.
PeKOMeH,ZLa.I_II/II/I 10 KCIIOJIL30BAHUIO U 00JIaCThb IIpuMeHeHnnd: pe3yJib-
TaTbl MOI'YT HailTn INpuMeHcHue Ipn IJlaHUPOBaHUN SKCIIEPUMEHTOB II0 U3MEPE-
HWIO JOIIOJITHUTEJIbHBIX XapaKTEPUCTUK IJIEMEHTaPHbLIX 9aCTUL C pa3/JIMYHbIMU CIIN-

HaMN.
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P23KOMD>D
Aycirok Anena MixaitiayHa

KBanTaBasg MexaHIKa 4YacIiill 3 YHyTpaHail CTpyKTypaii
Yy 3HENIHIX 3JIeKTPaAMarHITHBIX i IPaBITAIBIMHBIX MAJIIX

KuarouaBblis CJIOBBI: KBaHTaBasi MeXaHiKa, JacCIillbl ca CIIHAM, J1a/IaTKOBBIS
3JIEKTPAMAaTHITHbISl XapaKTapbICThIKI, JIaKJIa/Hblsl pAIIdHHI.

Mb>Ta apicepTalibli: pas3Billllé TA0PbIi 9JIeMEeHTapHbIX YACIill 3 yJiKaM J1aJaT-
KOBBIX XapaKTapbICTBIK: IaJspbl3yeMaciil, aHaMaJibHara MardiTHara 1 a1 -

Hara JblnojibHara MoManTay, crpyKTypbl [lapsina — Kokca, ciexkTpy g aBbIX 1

MacaBbIX cTaHay; madya0Ba PAIIHHAY aJllIaBeJHbIX yPayHEeHHIY 3 Y. HEIITHIX
naJiey.

MeTtajsibl saciieiaBaHHsI: TY0PbIs rpynbl JIopsnia i an Has 11ady/10Ba
palsHHEAY YpayHeHHSY ca cKJajlaHail CTpyKTypail CiHryJ IIYHKTaY.

ATpbIMaHBI HACTYHHBIA BBIHIKi: 11a0y/aBa Hi ypayuenns s

CKaJIsIpHail yaciilbl 3 HaJspbl3yeMaciio ¥ mar OJ11, paldHHI ypayHeH-

Hsl JIJIs JacIinbl ca cTpykrypait lapsina — Ko ArHITHBIM 1 KYJIOHAYCKIM
najiax y npacropax Minkoyckara — Jlabagsyckara’ — PriMana; madyjaaBanbl pa-
nHHI Ypaynennay [laym 1 /I3ipaka na€ a ¥ Basaposy 1 ypayuenns Jzipaxa
— Kasepa § majpiaax Jlabausyckara — Peana; mady/iaBanbl pammHHi ypayHeH-

Hel JIJIsl CIIHOPHAM Jaclilbl 3 IBYMANMACBLIMI IapaMerpaMl § KyJIOHaYCKIM II0JI;

palldHHI PaJIAThIBICIIKAra ypayHe s JACIIIIHI 3 aHaAMAJIbHBIM MarHITHBIM MO-

MaHTaM Y aJHAPOJIHBIX MarHITHBIM? 1 3JIEKTPBHIYHBIM TAJISAX; PaIIdHHI payHenHs
JUUIST YacIilbl 3 Haﬂﬂpbl?)@,ﬁo ¥ MarHiTHbIM MOJIi; pallldHH] YpayHeHHs 15
PAJIATBIBICIIKAI dacIi i Kynona; passiTa reamMeTpblaHae Ma/dJipaBanie
HATIHIBISIbHATA A0 ‘epHara ThITy Ba Vpaynennsx Makcsesna, [IIpsjbinre-
pa, zipaka i iHa — Kemepa; pa3BiTa KBaHTaBa-MexaHIUHae allicaHHe aTaMa
Bajapoly ¥ CRAThIMHBIX Kaap/biHaTax npactopay 3 Cirapa i anter 13 CiTopa;
pa3BiTa eaMgrpbluHae Ma/RJlpaBaHHe 3MelIBaHHA MAC TPOX CIIHOPHBIX YaCIIl Y

paMKaXWI0pBI (bepMiéHa 3 TpbIMa MacaBbIMI IapaMeTpaMi.

€HJallbll I1a BHIKAPBICTAHHIO 1 BOOJIACIIL IIPBIMAHEHHS: BbIHIKI
3Halicil YKbIBaHHE IPbl IJIAaHABAHHI SKCIIEPbIMEHTAY I1a BLIMSPIHHI Jla-
JIATKOBBIX XapaKTapPbICTBIK JIEMEHTAPHBIX YACIIII 3 PO3HBLIMI CITIHAMI.
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SUMMARY
Ovsiyuk Elena Michaylovna

Quantum mechanics of the particles with intrinsic structure in
external electromagnetic and gravitational fields

Key words: quantum mechanics, particles with spin, additional
electromagnetic characteristics, exact solutions.

The aim of the dissertation is the developing of the theory for elemer@
particles with additional characteristics: polarizability, anomalous mag d
electric quadrupole moments, the Darwin — Cox structure, spectrum and
mass states; the constructing of solutions of corresponding equatioifs 1ifppresence
of external fields. %

Methods of investigation: the theory of the Lorentf, gBoup, analytical
methods for solving differential equations with complic &ture of singular
points. ?b

In dissertation the following results obtained: for spin 0
particle there are constructed solutions for a particle” with polarizability in the
external magnetic field; and for a partiele with the Darwin — Cox structure
in magnetic and Coulomb fields in s el by Minkowsky, Lobachevsky,
and Riemann; there are constructed soluti@ns for Pauli and Dirac equations for
hydrogen atom in Lobachevsky — ang spaces, and solutions for Dirac — Kahler
particle in non-relativistic approsimation on the background of Lobachevsky —
Riemann geometries; there are found solutions for a spinor particle with two mass
parameters in the presence O eXternal Coulomb field; for a spin 1 particle there
are constructed solution§ okfhe relativistic equation for a particle with anomalous

magnetic moment in nce of external uniform magnetic and electric fields;
solutions for rticle with polarizability in external magnetic field; and solutions
for relativi article in the external Coulomb field; it is developed the geometric

modeli ' potential field of a barrier type for the Schrodinger, Dirac,
Ma; uffin — Kemmer equations; it is developed the quantum-mechanical
des of the hydrogen atom in static de Sitter spaces; the geometric modeling

ixing of the masses for spinor particles is developed in the frames of the
theéery of a fermion with three mass parameters.
Recommendations for the use and the field of application: results
can be used when designing experiments on measuring additional characteristics
of elementary particles of spin 0,1/2, and 1.
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