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BEKTOPHASA YACTULA C IIOJAPU3YEMOCTBIO B KYJIOHOBCKOM I10JIE,
HEPEJIAATUBUCTCKOE NIPUBJINKEHHUE

Ksanmogo-mexanuueckoe ypagnenue 011 vacmuyvl co chuHom 1 u 0OnoIHUMeENbHOU 31eKmpoMacHUm-
HOU XApaKmepucmukou — noaapuzyemMocmspio UCCIe0yemcs 8 NpUCymcmeuu 6HeulHe2o KYIOHOBCK020 HOJIA.
H3 15-mepnoii persmusucmckoti meopuu 6 menzopHot ghopme Ilpoka ciedyem coomeemcmayiowee Hepeismu-
sucmcKoe ypasnenue 05t 3-MepHoll 601HO80U PyHKyuy. 3adaia pazoeieHus nepemMenHbiX 8 NPUCYMCHEUY GHelll-
He20 KYIOHOBCKO20 NOJISL peuwaemcs cHa4ana ons 15-mepHo2o persimugucmceKkozo ypaenenus. B naiidennot cu-
cmeme u3 15 paduanvhvix ypaguenull ¢ UCHONbL308AHUEM OUALOHATUZAYUU ONEPAMOPa NPOCMPAHCMEEHHOU UH-
sepcuu nposedeHo pacuenienue Ha ose nodcucmemsl — no 5 u 10 ypasnenuii coomsemcmeenno. Perssmueucm-
CKAsl paouanvbHas cCUcmema u3 5 ypasHeHutl c600UMCcs K YPAGHEHUI0, U36ECMHOMY 8 Meopun 0ObIYHOU CKAAPHOU
yacmuysl 80 BHeUIHeM KYIOHOBCKOM NoJle, NPU dMoM NOJAPUIYeMOCb HUKAK He Npossisem cebs 8 cnekmpe
anepeull. B paouanvuoii noocucmeme uz 10 ypasneHuil 8bin0IHeHO HEPEIAMUBUCHICKOE NPUDIUdICEHUE, 8 Pe3Yilb-
mame NOAYYEHa CUCmeMa U3 O8YX 3AYEnsLIOWUXCS YPAGHEeHUl 2-20 NOpPsiOKa 0t 08YX (DYHKYUL, U3 KOMOPOU 6bl-
6edeno paduanvhoe oughpepenyuanvhoe ypagrenue 4-20 nopsioka. Ypaguenue umeem 0se Hepe2ynspHble 0Co-
ovie mouku — r =0 u r =00 panea 3. OmoenvHoO paccmompet Ciyuail MUHUMAIbHO20 3Havenusi j =0 coxpans-

10We20csi NOHO20 MOMEHMA, NPU dMOM 6 HePeNSIMUBUCTNCKOM NPUOIUICEHUU CUCEMA ONUCLIBAEMC L OOHUM
YpasHeHuem 8Mmopozo NopsaoKa ¢ 08yMa Hepe2yiapHueimu ocoovimu moukamu v =0 u r = pawuea 2. [locmpoe-
Hbl opmanvivie pewenuss Ppobenuyca 8bl8eOeHHBIX PAOUATLHBIX YPABHEHUL 2-20 U 4-20 NOPSIOKOS, YKA3AHbL
me peulenusi, KOmopwvle MOU Obl ONUCHIBAMb CEA3AHHbLE COCMOSHUSL 8 CUCEME.

BBenenue

N3BecTHBI peNsITUBUCTCKUE YPABHEHUS ISl CKAJISPHBIX U BEKTOPHBIX YACTHII C JOTOJ-
HUTEJIBHOM 3JIEKTPOMArHUTHON XapaKTEPUCTUKON — MOJSPU3YyEeMOCThIO [1-9]; mis onucanus
TaKUX YaCTHUI] HEOOXOUMO HUCIIOJIb30BaTh | 5-KOMITOHETHBIE BOJHOBBIC (DYHKIIUU. Y paBHEHUE
JUIsl BEKTOPHOM YacTUILIbI OBLIO PEIICHO B Clydae MPUCYTCTBUS BHEIIHETO OJHOPOJHOTO Mar-
HUTHOTO ToJist [8]. B cimydae BHEHIHErO KyJOHOBCKOTO IMOJISI aHAIM3 ISl PENsTUBUCTCKOMN
BEKTOPHOM YaCTHUIbl OKA3bIBAETCS OUYEHB CIIOKHBIM, 1a’K€ B OTCYTCTBHM NOJIIPU3YEMOCTH 3a-
Jada Bce €IIe He pellieHa MOJHOCTHIO. [Ipyu 3TOM M3BECTHBI PENICHUs ypaBHEHUS I OObIU-
HOM BEKTOPHOM YaCTHUILIbI B KyJIOHOBCKOM I10JI€ B HEPEIATUBUCTCKOM IIpEIEIIe.

B nacrosmieit pabote uccieayercss HepelaTUBUCTCKAs 3ajada JijIsl YacTHUIIBI CO CIIH-
HOM | ¥ MOJSIPU3yEMOCThIO BO BHEIIIHEM KYJIOHOBCKOM Mojie. M3 15-MepHOW pensaTUBUCTCKON
Teopuu B TeH30pHOU (hopme [Ipoka BEIBECHO COOTBETCTBYIOIIEE HEPEIITUBUCTCKOE ypaBHE-
HUE I 3-MEpHOW BOJHOBOW (yHKIMH. 3amada pa3feieHUs MEePEeMEHHBIX B MPHUCYTCTBUHU
BHEIIIHETO KYJIOHOBCKOTO TOJIA pemaercs s 15-MepHOro pensiTHBUCTCKOTO ypaBHEHUS,
IIPH 3TOM HCIIONB3YETCs TeTpaaHbli (popmanu3Mm u anmapat GyHkiuil Burnepa. B nalinennoit
cucreMe U3 15 paguanbHBIX YpaBHEHUN C UCIOJIB30BAHUEM JUATOHAIU3ALMK OMepaTopa Mpo-
CTPAaHCTBEHHOW MHBEPCUHU MPOBEACHO PACIICIUICHUE HA IBE oACUCTEeMBbI — 110 5 U 10 ypaBHe-
HUM cooTBeTCTBeHHO. CHcTeMa U3 5 ypaBHEHHUM CBOJUTCS K YPABHEHHIO, U3BECTHOMY B T€O-
puu OOBIUHOM CKaJSIPHOM YaCTHUIbl BO BHEUIHEM KYJIOHOBCKOM IIOJ€, MPH 3TOM MOJISpU3Ye-
MOCTh HUKaK He MpOsBISIET ce0s B CeKTpe sHepruid. B panuansHoii cucreme u3 10 ypaBHe-
HUI BBINOJIHEHO HEPEISITUBUCTCKOE MPUOJIIKEHNE, B pe3yiibTaTe HalJieHa cucTeMa U3 JABYX
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3aLEIUIAIONNXCS YPaBHEHUM 2-T0 mopsiaka i IBYyX (pyHKIMi, U3 KOTOpo# cienyer nudde-
peHIMaNIbHOE ypaBHEHHE 4-T0 TOpSIKA, 3TO ypaBHEHHE MMEET JIBE HEpeTyISIpHBIE 0COObIe
Toukn =0 u r=o0 panra 3. OTAENBHO PACCMOTPEH Cllydyall MUHHMAJIbHOIO 3HAYCHMS
Jj =0 coxpaHsmoLEerocs: NOJIHOIO MOMEHTA, IPU 3TOM B HEPEIATHUBUCTCKOM HPUOIMKEHUU

3ajja4ya CBOJUTCS K OJHOMY YPaBHEHHIO BTOPOTO YpaBHEHHsS C ABYMs HEPETYJSIPHBIMH OCO-
ObiMu TOukamu » =0 u r =00 panra 2. [loctpoens popmanbHbie pemennss @podeHnyca Bbl-
BCIACHHBIX ypaBHeHI/II\/JI 2-ro u 4-10 MOPAAKOB, B HUX BBIACIICHBI TC, KOTOPLIC MOTIJIA OBI OIlH-
CBIBaTh CBSI3aHHBIC COCTOSIHHSI CUCTEMBI.

1. HepeasiTHBHCTCKUI mpeaest 1Sl YaCTHLBI C MOJISIPU3YEeMOCTHIO
Bynem ucxoautb u3 0060011€HHON cucTemMbl ypaBHeHH [Ipoka /1711 BEKTOPHON YacTH-

1B C TTONIsApU3yeMOcThIo [10] (Mcronb3yeM obGo3HaueHue u = eoim’)
iuD, (%F’dcpk,}r D'®, =m®d,, D®,—D,>, =md, . (1.1)

CosepminM B (1.1) nepexon K HEPENATUBUCTCKOMY Tpeaeny. i 3Toro npoBeieM B ypaBHe-
HUsAX pacmeruienue (3+1):

1
iuD, (F“’cpo, +5F”‘CD,kj+ D'®,, =md,,
1
iuD, (FOI(DO/ +5Flkq)/kj+Docho +D'®, =m®,,
D,®,-D®,=md,, DD, DD =mb, . (1.2)

3arem uckimoyuM noust O, O, :

m® =-D,d, +i(—D’D,c1>n +D'D,®,)+iuD, (F‘”d)o] +iF”°D,Cij, (1.3a)
m m
md, =D,®, —an D'd,, —zﬂDnD0 (FO’CDO, +iF”‘D,chj . (1.3b)
m m m

Boaum Oonburyto W, u Madyto y, KOMIOHEHTHI:

q)n:\Pn-i_l// icDOrl:an_l//k’

n’

W3 (1.3) nonyuaem ypaBHenus 1ist pynkuuid W , v :
2man = 2iD0\Pn +i[_DlD1(‘Pn 'H//n)"'Dan(lP/ 'H//l):l - anDl(LPJ _Wl)"'
m m
+uD, |:FOI(\Pl -y) +iFlsz(\Pk +l//k)j|_

_i;DnDo [FOI(LPz_WI)"'iF”{DJ(LPk'H//k)}: (1.4a)

2ml//n = _2iD0‘//n + lI:_DIDZ (an + l//n) + Dan (\Pz Ty, )] + anDl (\Pl - ‘//1) +
m m
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i
+uD, |:FOI(\P1 _‘//1)+ZF”(D1(\P1¢ +lr//k):|+
+i£ D D, [FOI (¥, —y)+—F*D,(¥, + z//k)} . (1.4b)
m m

B ypaBuenwmsix (1.4) coBepmmM popmanbhyto 3ameny iD, = (iD, +m), OTBEUYAIOILYO BbIIE-
JICHUIO DHEPrMU IIOKOs; OJHOBPEMEHHO OyleM IpeHeOperarb Majlod KOMIIOHEHTOH ¥/, (X)
B cpaBHeHHH ¢ O6onbmoil W, (x); kpome TOro, mpeHeOpexeM wieHoM iDyy, (X) MO cpaBHe-

nuto ¢ m¥ . B pesynbrare nomyunm

0=2iD,¥, +i[—DfD,\Pn +(D'D,-D,D"¥, |-
m
~ DD, (F‘”‘Pl +iF”‘DI‘ij, (1.5a)

1
4my, =+—|-D'D,¥,+(D'D, +D,D")¥, |+
m
+2uD, (F‘”\P, +iF”‘D,\PkJ+ i£D D, (F‘”\P, +LF”‘D,‘ij . (1.5b)
m m m

VYpaBuenue (1.5a) npexacraBiser coOoil ypaBHeHME U1l OOJNBIIOW KOMIIOHEHTHI
Y, (x) BEKTOPHOI YacTHLBI C HOISIPU3YEMOCTbIO; ypaBHeHue (1.5b) mo3Bosse€T BBIYUCIUTD
Malyl0 KOMIIOHEHTY W/, (X) IO HM3BeCTHOM Ooubmoi. Takum 00pa3oM, HEpeIITHBHCTCKOE
ypaBHEHHUE I YACTULIBI C MOJIIPU3YEMOCTHIO UMEET BUJ]
; 1 ! 1 H . o1 I
iD¥,=——(D'D¥,~[D,,D,| ¥')+<=D,iD,| F"¥,+—F"D¥, |.  (1.6)
2m m

2m
B orcyTcTBHE MarHuTHOTO T0JIA ypaBHEeHUs ypaBHeHue (1.6) yrpoiaercs

D, =00 % ++10 D, (F™,). (1.7)
2m 2m

2. MaTpuyHoe npeacTaB/ieHUe PeJITUBHCTCKOI0 ypaBHeHUs], TeTPaJAHbIN (opmaiuzm

Paznienenne nepeMeHHbBIX YOOHO BBIIOIHUTE B PEISTUBHUCTCKOM MaTPUYHOM BOJIHO-
BOM ypaBHeHUH. [IJi MPOCTOTHI CHauajaa paccMaTpruBaeM CBOOOIHBIN Cllydaii, BHEIITHEE KyJIO-
HOBCKO€ I10JIE Y4YTEM B paJMalIbHON cucTeMe ypaBHeHU. McxoaHoe ypaBHeHue ais 15-koM-
MMOHEHTHOM BOJIHOBOM ()yHKIIMM YACTHUIBI B MATPUYHOM TIpeacTaBieHnn umeeT Bu [10]

C 0 G 0 0
C 0 0 0 K°

T, -m¥=0, ¥=| '|, T“= , 2.1)
@, oAe 0 0 K°
o 0 0 A 0

mn

I/I€ UCIOJIb3YIOTCA OJIOYHBbIE MAaTpULbl pasMepHOCThIO 1x4, 4x1, 4x6 u 6x4 cooTBerT-
CTBEHHO:
k _ ak ) _
(G)g=8g", (A", =9,

n o



8 BecHix Bpacykaza ynisepcimama. Cepwia 4. @izika. Mamamamuixa Ne2/2018

(K[l )nkl = _gak 5"11 + gal 5k

n

(A" =0, 6, =0, 6, 2.2)

O — BEILECTBCHHBIN ITapaMeTp.
B cooTBeTcTBUY € TETpaJHBIM MOIXOA0M, MaTpudHoe 15-mepHoe ypaBHeHue (2.1)—(2.2)
00001IaeTCst Ha TICEBAOPUMAHOBOE MPOCTPAHCTBO-BPEMSI C METPHKON g, (X) M KaKOii-110o

COIYTCTBYIOIIEH €l TeTpanon e, (x) cnemyroumm obpasom [10]:

[T(x) (0, +B,(x))—m]¥(x)=0, (2.3)
rac
[“(x)=I%" (x), B,(x)= % JPelV (€4 p) - (2.4)

Bocnonb3yemcss 3TUM npencTaBieHHEeM ypaBHeHUs (2.3) B mpocTpaHcTBe MHMHKOBCKOTO
B ceprueckux koopaunarax [11]:

1 731 2 732
(r‘)ao +1%, +@+%zw —mJ Y(x)=0, (2.5)
1 ,0,+cos0J"
S, =T, + T4
’ sin &

[Motpebyercs siBHBIN Bun Matpun [, Mcxons u3 onpenenenuii (2.2), Ayt OJ0YHBIX MaTPHIL
G, A, A, K* HaxoouMm

GO = (+1907 O: 0) 9 Gl = (Oa_la O: 0) 9 G2 = (O: 09_1: 0) 9 G3 = (0907 0:_1) 9

1 0 0 0
A°=0, Al—l, AZ—O, A3=0,

0 0 1 0

0 0 0 1

0 +1 0 0 -1 0 0 0

0 0 +1 0 0 0 0 O

AO:O 0 0 +1 A1:0 0 0 0
0 0 0 of 0 0 0 o0

0 0 0 0 0 0 0 -1

0 0 0 0 0 0 +1 0

0 0 0 O 0 0 0 O

-1 0 0 0 0 0 0 O
Az:0 0 0 0 A3:—1 0 0 0
0 0 0 +1 0 0 -1 o

0 0 0 O 0 +1 0 0

0 -1 0 0 0 0 0 O
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0O 0 0 0 0O -1 0 0 0 O
K -1 0 0 0 0 O K= 0 00 0 O
0 -1 0 00 0 00 0 0 +1
0O 0 -1 0 0 O 0 000 -1 O
0O -1 0 0 0 O 00 -1 0 0 O
, 00 0 0 0 -1 , 00 0 0 +1 0
K" = , K= . (2.6)
0O 0 0 0 0 O 00 0 -1 0 O
0 0 0 +1 0 O 0 0 0 0 O
BBenem o6o3HaueHUS
élz(l 0 0), 52=(0 1 O), é3=(0 0 1),
1 0 0
é'=0, &=, &'=[0,
0 0 1
0 0 O 0 O 0 -1 0
7,=0 0 -1, 7,=/0 0 O, 7,=1 0 0. (2.7)
01 0 -1 0

Torna BBIPpAXKCHUSA TJIA 0JI0YHBIX MaTpun MOryT OLITH 3aIIMCaHbI B BUIC

1
0 0 7 0 O
A0= ’ GO:(LOaOaO), AO= ’ = 5
0 0 0 -1 0
0
|0 el o e 0
Al_ 1, Gz:|0 é,, Al: _»etl , Kl:el 0 )
é 0 7, 0 =

B nmanpreiimem notpeOyeTcsl Takke SBHBIM BHJI TEHEPATOPOB paccMaTpHUBaeMOTo Ha-
Oopa moJielt U SIBHBINA BUJ olepaTopa MOJIHOTO MOMEHTA B c(pepruuecKoil TeTpajae U UKInIe-
CKOM 0Oasuce:

J=1+880g g Sl
sin @ sin @
—0% +2i0, S.cos@+S?
7= _1 d,sin@d, + —- L >, (2.8)
sin @ sin” @
| 0 - 0 | 0 -1 0 +1 0 0
=—7-1 0 -, 7,=—7471 0 -1, 7;,=-1|0 0 0. (2.9)
\/EO - 0 \/EO 1 0 0 0 -1

B stom 6a3uce matpuna S; nuaronansHa. IloTpeOyrorcs Takike BbIpakeHHs 1JIs1 BEKTOPOB ¢,

t

U ¢; B LUKINYECCKOM basuce
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l

NG

-1
s er= 0 >

QY
W

0
=11]. (2.10)
0

1

7 N

3. Pa3jiejieHHe mepeMeHHbIX, paaiuajibHble YPABHEHMS
Janbiie Bce GOpMyIIbI U COOTHOIICHUSI OYIyT OTHOCHUTBCS K CPEepHUecKOr TeTpaje

U nuKiIudeckomy Oasucy. Haxomum nambonee oOmmii Buja 15-KOMIOHEHTHOH BOJIHOBOM

(GyHKIMH ¢ KBAaHTOBBIMU YHCIIAMH &, j, M.

W(x) = {C(x), Cy(x), Cx), Dy (x), B(x), E(x), H(x)} (3.1)

3,[[60]: IS OTAENIBLHBIX KOMIIOHEHT BOJIHOBOM (I)YHKI_II/II/I JOJI2KHBI OBITH B3SITHI IOACTAaHOBKMH:

C(x)=e™ C(r)D,, Cy(x)=e" Cy(r)D,, ®,(x)=e" @ (x)D,,

C(r)D., ®,(r)D.,
C(x)=e™|C,(r)D,|, D(x)=e" |D,(r)D,|,
G(r) D, @,(r) D,
E(r) D, H,(r) D,
E(x)=e™ |E,(r)D,|, H(x)=e ™ |H,(r)D,. (3.2)
E(r) D, H,(r) D,,

ByayT ucnonbp3oBaHbl H3BECTHBIE PEKYPPEHTHBIE COOTHOIIEHUS Tt pyHKImi Burnepa [11]:

0,0, =(U/2)aD, —vD,), —"F%9p _2)-ap, -vD,),
Sin
0,0, =(112)(vD., ~vD,,), —— D, =(1/2)(~vD ,~vD,)),
sin @
m=CosO  (12)(vD, —aD.,), (3.3)
Sin

rac
v=JiG+D; a=JG-D(+2).

VYuuteiBas B ypaBHEHUH (2.5) OJIOUHYIO CTPYKTYPY BCEX BXOMASIIMX B HETO BEIWYHH,
10CJ€ HEOOXOIMMBIX BBIUMCICHUH MOJy4yaeM YpaBHEHUs (MUCHOJIb3yeM OOO3HaYeHHE

v=4Jj(J +1)/\/§ ; PAIOM C pagualbHbIMM YPAaBHEHUSMH IPUBEICHBI TAKKE COOTBETCTBYIO-

1€ TEH30pHbIE YPaBHEHHUS):

0°C,=mC, —ieC,- (i"'gjcz_z(cl"i'cg):n’lC;
_— dr r r

0,D,, =1/2)(vD,—-aD.,,),

(3.4a)

o°d, =mC,,
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—(%+%)EZ—%(EI+ES):mCO, +igE1+i(%+%jH1 +i;H2 =mC,,

1
tieE,—il(H ~H)=mC,, +igE3—i(i+—jH3—iKH2=mC3; (3.4b)
r dr r r

c0,C+0" D, =mD_,

a

—ieoC - (%+%jEZ—;(EI+E3)=m(DO,

1
+ic k| +i(i+—jHl+1'KH2—(7KC=m<I)l ,
dr r r r

d
ticE +0—C-iY(H ~-H)=m®,,
dr r

+icE, —i(i+1jH3—i1H2—aKczmcp3; (3.4¢)
dr r r r

0,®,-0,0,=m®,,,

_icd, + L0 =mE, —ic0, - Lo, =mE, —isd, +YO,-mE,
r dr r

1
-~ i(i+—j®l—i5<bz=mHl, +is (O~ D) =m H,,
dr r r 7

(d 1 v
+i| —+— O, +i—D,=m H,. (3.44)
dr r r
OJHOBPEMEHHO C omepaTopamMu j -, J, OyleM JHaroHaIM3HpoOBaTh OMEPAaTOp Tpo-
cTpaHcTBeHHON nHBepcuu [1. B npencraBienun 1ekapToBoi TETpaabl U JEKapTOBOTO Oa3uca
matpull ['“ 3T0oT oneparop uMeeT OOBIYHBIN BU

10 0 00 0 0
01 0 0 0 0 0
00 -0 0 0 0

M=l0 0 0 1 0 0 O0|P, P¥QF)=Y(-7). (3.5)
00 0 0 - 0 0
00 0 0 0 -7 0
00 0 0 0 0 +/

ITocne nmepexona k cheprudeckoit TeTpaje, a 3aTeM K HUKINYECKOMY MpEACTaBICHUIO
marpun [ momyyaem

10 0 0 0 0 0
01 0 0 0 0 0
00T, 0 0 0 0 0 0 -1
m=0 0 0 1 0 0 0P, I,=|0 -1 0. (3.6)
00 0 0TI 0 0 -1 0 0
00 0 0 0 I, O
00 0 0 0 0 -II,
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VYpaBHeHHe ¥ = P¥ ¢ Y4E€TOM COOTHOILEHUS f’DU =(-1)/ D_, naer

(-1 C=PC,
(-1YC,=PC,, (-1))C,=PC,, (-1))C, = PC,, (-1)'C, = PC,,
-1y ®, =PD,, (-1 D, =PD,, (-1)/ D, =PD,, (-1) D, = PD,
(-1YE, = PE,, (-1)'E, = PE,, (-1)'E, = PE,
(-1YH,=—-PH,, (-1)'H, =—PH, , (1)’ H, =—PH, . 3.7)

VY 3TOM CUCTEMBI YPABHEHUH €CTh JBa PELICHHUS:
P=(-)", (C€=0,(,=0,C=-C, (=0,
®,=0, ©,=-0,, ®,=0, E,=-F , E,=0, H,=H,; (3.8)
P=(-1Y, C,=+C,, ®,=+®,, E,=+E,, Hy=-H,, H,=0. (3.9)

Jlerko yOexxgaemMcsi B TOM, YTO 3TU YCJIOBHSI COBMECTHUMBI C PaJiMaJIbHbIMU YpaBHEHH-
ssmu. [Ipu 3TOM mosTydaeM COOTBETCTBEHHO JBE CUCTEMbI YPABHEHHIA:

P=(-1"",

+igE1+i(i+lel+iKH2=mCl,
dr r r

d 1
+igE1+i(—+—)Hl+iKH2:mCD1, —ie® =mE,
dar r r

_i(%—i'%}q)l:ml{l’ 21'%(1)1:”1[‘12; (310)
P:(_l)j’

ciec -[Li2le —2Y e eme, -[Li2)E 2V E —mc,
0 dr r) ° ro dr r) ? o 0

+igEl+i(i+le1:mCl, vieE,~2iLH =mC,,
r

dr r
cicoC—{ L2 g Y Eema,, vicE+il Lillm oY C-ma,,
dr r r dr r r
; LV d : 1% ) d
+iek,-2i—H +0c—C=m®,, —-ie® +-O=mkE, —-ie®,—-——D =mkE,,
r dr r dr
—i(i+1)®l—i5®2=mﬂl. (3.11)
dar r r

4. Y4eT KYJOHOBCKOIO MOJisl, HEPEJISITHBUCTCKHE YPABHEHHSA
Y4TeM KyJIOHOBCKOE ToJie (MCIOIb3yeM COKpAIeHne e = i ):

P=(-1",

d 1
+i((«9+g)E1 +i[—+—jHl +z‘KH2 =mC,,
r dr r r
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+i(g+ng1 +i(i+le1 +iKH2 =m®,,
r

r dar r
) a (d 1 Y
—i|le+— |O,=mE,, ~—i|l—+—|O,=mH,6 2i—0 =mH,; 4.1)
r dar r r
P=(-1y,
2 2
—i(€+ng0—(i+—jC2—2KC1=mC, —(i+—jE2—2KEI=mCO,
r dr r r dr r r
+i(£+ngl+i(i+le1:mCl, +i(g+3jE2—2i1H1=mcz;
r dr r r r
—i(5+gjaC—(i+gJE2—2KE1:md)0,
r dr r r
1
+i(£+gJEl+i(i+—JH1—O'KC=mCD1,
r dar r r

+i(g+ﬁjE2—2i5H1+aiC:mcpz, —i(g+ﬁ)cbl+icp0=mEl,
r r dr r r

i ex% o, - Lo, =mE,, i Lo Yo, —mH, . (4.2)
r dr dr r r

OOpatumcs k aHanu3y ypaBHenuit (4.1). [Ipexae Bcero orMeuaem, 9To ISl pEIICHUN

j+1
¢ 4eTHOCThI0 P =(—1)" B MPUCYTCTBUH BHEUIHETO KYJIOHOBCKOTO MOJISI TOMOJHUTEIbHAS
AJIEKTPOMArHUTHAas XapakTEPUCTUKA O (NOJAPU3YyEMOCTh) HE BXOJUT B yPaBHEHUS ITOU MO~

cucteMsbl. YpaBHeHus (2.1) nomyckatot nosnHoe pewmenue. 13 (4.1) cnenyer
C(x)=0,(x), mH,=2~®,,
r

mE]:—i(8+g)®l, mle—i(i+1JCDl. (4.3a)
r dar r

Ioncrasnsas >tv Belpaxkenus aiusa E,, H,, H, depe3 @,, NIpuXoauM K yPaBHEHHUIO BTOPOIrO

1°

nopsaka it pyHkuu O, :

2 2 .
d—+3di+(g+ﬁj _ =20 D g g (4.3)

2
r

VYpaBuenue (4.3b) — 3T0 U3BECTHOE YpaBHEHHUE, KOTOPOE BOSHUKAET B TEOPHUH CKAJISIP-
HOM YacTHIIbI BO BHEIIHEM KYyJIOHOBCKOM moJje. Ero TouHoe pelieHrne W OTBEYaIoUuil eMy
CIIEKTp HEpruy u3BecTHHL. TakuM 00pa3oM, ecTh KJIACC pPelleHHui ¢ 4eTHOCThio P = (—1)"',
B KOTOPBIX MOJIIPU3YEMOCTh Ce0s1 HE TIPOSIBIISET; STUM PEIICHUSM OTBEYAIOT SHEPTCTUICCKUE
YPOBHH, HIMEIOIIHUECS B TEOPUSIX OOBIYHBIX CKAIPHON U BEKTOPHOM YacTHII.
Teneps oOpaTuMmcs k cucteMe ypaBHeHUH (4.2), OMUCHIBAIOIINX COCTOSHUSL C YETHO-
cteio P =(—1)’. IIpexe Bcero, MCIOb3ys BTOPOE, TPEThE W YETBEPTOE ypaBHeHus B (4.2),
HaxouM rnipeacTasiaeHue mist C(x):
C=i—2_E,. (4.4)

2.2
mr
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[Toacrasmsist 3T0 BeIpaskeHue it C(x) B OCTaBIIMECS MIECTh YPaBHEHUH, TOJTydaeM

d 2
—i[8+g)ai%E2 —(—+—JE2 Y E=ma,,
r r

mr dr r

1
+i(5+ngl +i(i+—jHl —azi%E2 =m®,,
7 dr r r omr

+i(8+g]E2—ZiKH1+O'ii%E2:mCDZ,
r r dr m’r
—l(€+ jq>+ ®,=mE,, —i(g+ﬂjq>2—iq>0=mE2,
r r dr
—i(i+1jq>l—ﬂq>2=mﬁl. (4.5)
dr r r

HckmounM HequHaMu4Yeckue nepeMennslie — Gynkuun @, u H, :

2
(g+gjiEl+i(i+l] ®1+[i+le®2=m®l+%iEz,
r m\dr r dr r)mr mr

2

( jq) __(i 2jE2EmE(zj&E (4.6)

r dr r mr r)mr

v(d 1 2v? d ou

iE,—| —+— |, —0,=m D, —— ——iE,,

( r] (dr r) o P odr m?
e+ CD2+il d +2 1E2+i2—VzE =mikE, +i e+l 03—0521'E2. 4.7)

r drm\dr r dr mr dr r)mr
BBoaum Gonbiuve B, ,(r) u Manbie M, ,(r) KOMIOHEHTL:

O =B, +M,), O,=(B,+M,), iE =B ~-M,)), iE,=(B,-M,); (4.8)

TaK)Ke BBIIETISIEM YHEPTHIO TIOKOS € MOMOIIBI0 (popManbHO 3aMeHbl & = m + E |, B pe3ynbrare
HAaXoJUM OoJiee MPOCThIe ypaBHEHHs (IpeHeOpekeM MallbiIMU QyHKLMAMU M, B CPaBHEHUU

¢ 6onpmMu B, ):

2
(E+K]Bl +i(i+lj B, J{i+1]LB2 =2mM, +¥0§ B,,
r r mr

m\ dr dr r)mr

2
(E+ jB ——(i 2]3 —2—V231=—2mM1—(m+E+ﬂj%Bz;
r dr r r)mr

mr
2
(E+ JB _2_V(i ljB]_ZLB oy 202
r

2 2 20
dr r mr? dr m*r*

[E+Zj32+i ! (d +2j82+123 =-2mM, +i(m+E+ )O-—aBz.
r

dr m\ dr r dr mr dr m’r?

YroObl MOMY4YUTh YpaBHEHHs, COAEPIKAIIME TOJIBKO OOJIbIINE KOMIIOHEHTHI, CIOXKHM
YPaBHEHUs B KaXK10HU Iape
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2 2
2m(E+ﬁjBl+(i+l] Bl+(i+lj532—i(i+gj32—2lz31=—[E+3j%32,
d d d r

r r r

ror)r r\dr r r)mr
2
2m(E+ﬁj B, —Q[iﬁjg 2 p +i(i+3j32 A2 =+i(15+3JUTO‘2B2 .
r r\dr r r dr\dr r dr r r r)mr
Hx MOKHO nepenucarh Tak:
B, =B, —ey(E+ﬁj%Bz, (4.9)
r rjr
AB, =+3—‘2/Bl +%B2 +e,ui(E+gjisz, (4.10)
r r dr rjr
T'JIe UCIOJIb30BaHbI 0003HAUCHUS
) ec d> 2d a) 2’
e=a, —=u, A=—r+——+2m| E+— |——. 4.11
m’ H dar*  rdr r r ( )

Otmerum, uTo cucrema ypaBHeHui (4.9) — (4.10) nisa curyarmu ¢ =0 uccinenoBajiach

IpU PacCMOTPEHUH HEPEISATUBUCTCKOTO Mpejiesia A BeKTOPHOM YacTullbl 0e3 moJspusye-
MOCTH. 3/eCh TakkKe MNPUMEHHM aHAJIOTHYHOe TpeoOpa3oBaHUe  (HAIIOMUHAEM,

4TO v=\/m)
F =2vB +AB,, f,=2vB +A,B,, (4.12)
rae A, A, —3T0 KOPHU ypaBHEHUS
A=A-jj+)=0, A =j+1l, L =—j. (4.13)

O6parHoe npeoOpa3oBaHNe UMEET BUI:

M e ) g L 1 g (4.14)
2v\2j+1 2j+1 2j+1 2j+1
VpasHenus (4.9) — (4.10) mpeoOpa3oBbIBacM K IIEpeMEHHbIM [, F:
F =2vB +(j+1)B,, F,=2vB —jB,,
HAXOJIUM
2 2
aF =g —ey(E+3j2L332+
r r r
+4V(]2+1) Bl n 2(];’1) Bz +e’u(]+1)di(E+gJisz’ (4.15)
r r r)r

2 2 . .
AF, :‘%B2 —e,u(E+gj2L332 —4#31 _Yp —e,uji(E+gjLsz. (4.16)
r r)r r r dr

N3 (4.15) u (4.16) nomyuum ypaBHeHus At GyHkuuil £, F, :

AF, =2(j +1)F, +ey(j+1){—%+(E+ﬁjiz(i—j+2j}Fl 5 G
r
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AF, ==2jF, —euj ——+ E+ 1 d +J—_1 M (4.18)
dr r 2j+1
Ilycte
G=E_F2’ H=E+F'2’ (419)

u3 ypaBHeHui (4.17) — (4.18) nonyuyaem

AG = 2]H+G+H+ey{——+(E+ j%i—(E+zjg}G,
r r)rodr rjr

2 .
AH =2jG+G+H +eu ——+[E+ jlz d (E+gj2(1 +j+D| G
r r)rodr r r 2j+1

HOCJ’ICILHI/IC YpPaBHCHUS MEPCIIUCHIBAIOTCA OKOHYATCIBHO TaK:

{A 1+e;{——+(E+ )in—(E+gjg}}G=(2j+l)H,
r r)rodr rj)r

(A-1)(2j+1)H = {(2]+1) +e;{——+(E+ j%di—(E+ng}}G. (4.20)
r r

r r r

Paguanbuble ypaBHeHus (4.20) MOryT OBITh CONOCTABIIEHBI ¢ OOLIEH 3aMUChI0 Hepes-
TUBUCTCKOTO ypaBHeHus [laynu (1.7) nist BEKTOpHOM 4acTHIBI C MOISIPU3YEMOCTBIO B 3JIEK-
TPUYECKOM IOJIE:

2m(€+ﬁjl//ﬂ =-Vy, +eu, (8+g](F°kl//k), u==.
r r m

VYpaBuenus (4.20) mo3BoJISAIOT MOCie UCKITtOUeHNs GpyHKIMN H () MOIydnuTh ypaBHE-
Hue 4-ro nopsaka A GyHkuun G(r). MHopManus o paguaabHbIX BOJHOBBIX (DYHKIMSIX
BEKTOPHOW YaCTHUIIBI C MOJISIPU3YEMOCTHIO B KYJIOHOBCKOM IT0JI€ COAEPKUTCS UMEHHO B 3TOM

YpaBHEHUHU 4-r0 MOpsAIKa.
B cnenyroimem paszaesne pacCMOTPUM CaMblil IPOCTOM CIy4aid, KOrja KBAaHTOBOE YHCIIO

j MMPUHHUMACT HYJICBOC 3HAUCHUC.

5. Cay4aii MUHMMAJIBbHOTO 3HaYeHus j =0
OtnenpHO NOJDKEH OBITH PAacCMOTPEH Ciydall MHHMMaibHOro 3HaueHus j=0.
[Ipu 5TOM HY)XHO HCIIONIB30BaTh 0OJIEE MPOCTYIO MOACTAHOBKY JJIsi BOTHOBOM (DYHKITHH:

C(x)=e™ C(r)D,, Cy(x)=e" Cy(r)D,, ®,(x)=e" @ (r) D,

0-D, 0-D,
C(x)=e™|C,(r)D,|, ®(x)=e™|D,(r) D,

0-D, 0(r) D,

0-D, 0-D,
E(x)=e™ |E,(r)D,, H(x)=e"™ |H,(r)D,. (5.1

0. D+1 O D+1
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Dra BonHOBas (QyHKIUsS uMmeeT detHOcTh I1=(—1)/ =(=1)" =+1; coOOTBEeTCTBEHHO, MMeEM

TOJIbKO OJIHY CHUCTEMY YPaBHEHHUH AJISi COCTOSIHUM C ATOM YETHOCTBhIO — €€ JIETKO MOJY4YHTh
u3 (4.2). Tak, HaxonuMm

—i(e-i—ngo—(i—i-g]Cz:mC, —(i+EjE2=mCO, +i(g+ﬁjE2=mcz,
r dr r dr r r

—1(8+ jO'C (d 2JEzszDO, i(8+ngZ+aiC:m®2,
r dr r r dar

—i(€+gj®2—i®0:mE2, H,=0. (5.2)
r

dr

[lepBbie Tpu ypaBHEHMSI JAIOT BO3MOKHOCTb HallTH BelpaxkeHue C(r)

C(r):i{(ﬁﬁj(iﬁj—(iﬁ]( HE()—— E(r), (5.3)
m r)\dr r dr r

ad 3aTCM HUCKIIFOYUTH BCIIOMOT'aTCIIbHY O (1)YHKI_[I/IIO N3 TPEX OCTABHINXCHH ypaBHeHHﬁ:

—i(ﬁﬂj e 1E(r) (d 2)E(r) m®, (),
r m® r? dr r

z(g+ jE (r)+ Giﬁ ! = E,(r) =m®,(r),
dr m*

—l(€+ jCD (r)—id) =mkE,(r). 5.4)

Ocy1iecTBUM B 3TOM CHCTEME NPEAEIbHBIA NMEPEXO] K HEPEIATUBUCTCKOMY CIIyyalo.
Jli1 5TOro CHavaja CKIIYUM HEIMHAMHUYECKYIO IIepeMEHHYI0 D :

1| o a)l d 2
O =—|—|ec+— |—=—-| —+—||E,,
0 m{mz( rjrz (dr rﬂ :

MOCJIE Yero MoJyyaeM JBa ypaBHEHHUS:

( jiE Loxd liE —m®,,
r

2

m® dr r’
(g+ﬁjcp2 ia—’fi(ﬁ“j Lig,+ 4 1(”1 2]1E =miE, . (5.5)
r dr m* m r)r dr m\dr r
BBoauM Gosbiyie u Maiibie KOMITOHCHTBI:
=(B,+M,), iE,=(B,-M,); (5.6)

BBIJICIISIEM DHEPTHUIO MTOKOs (hopManbHOM 3amMeHoi &€ = M + ¢ . [lomyuum
(m+g+ j(B M)+ C’“dii(B ~M,)=m(B,+M,),

(m+€+ j(B +M,)— iﬂi(é‘-ﬁ-gJ—z(Bz—Mz)-i-
r)r

2
dr m™ m
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d 1
+__

(i+gj(BZ_M2):m(BZ—M2), (5.7)
dr m

dr r
OTKy/a CJIeIyeT

o oca d 1
(g+—j(B2—M2)+—2 —— (B,-M,)=2mM,,
r m-drr

a doall a)l dl(d 2
[5+7)(Bz +M2)—d————(g+—jr—2(32 —1\42)er——(—4r—j(/32 ~M,)==2m M, .

r rm\dr r

UroObl HAWTH ypaBHEHHE AJIs OOJIBIION KOMIIOHEHTB! B, , CII0KHUM IOCIIEIHUE [BA YPABHEHMUSL:

d(d 2 a) ocad 1 doal a)l

—| —+—|+2m| e+— |+———5—-————| +— | |B,=0;

dr\dr r r mdrr- dr m m rjr
9TO paauanbHOE ypaBHeHHME B npubmmwxenuu [laymu mist coctosHuit ¢ j=0. Ero mMoxHO
IPEeICTABUTH B IBHOM BHJE TakK (IycTh B,(r) = F(r)):

—+
2
r 7 P dr

d* (2 -—-ocagm®+oalm o’*om®)d
FJF 4 -

-+
r 7"2 7"3 1"4

_ 2 2. 2
+(2m8+2ma 2 200/ m+2ocas/ m +30‘a /m J}on. (5.8)

DT0 ypaBHEHHE BTOPOTO MOPS/IKA C IBYMSI OCOOBIMU HEpeTyJSIpHBIMH ToukamMu 0 u oo
panra 3. DTo cioXHas Ul aHaJIW3a 3ajJada. B Hacrosiee BpeMs MOYKHO ONMCATh JIMLIb €€
Q)OpMaHBHBIC pelICHrdA, IpHU 3TOM HCT aJlrOpUTMa JId KBAHTOBAHUWA 3HAUCHUI OHCPIUH.
[Ipu oOpateHny napameTpa MoJApU3yeEMOCTH o B HOJb U3 (5.8) cieayer mpocToe ypaBHe-
HHe, peIIacMOoe B BBIPOXKICHHBIX THIIEPreOMETPUIECKUX (PYHKIHSIX.

U3 (5.8), coBepimB ¢ MOMOIIBIO 3aMEH

(e’o)
"

a=é >0, =% (60— ) (5.9)

(dopManbHBII Mepexo.1 K CIIyyaro 3JEeKTPUYECKH HEHTPaIIbHOM YaCTHUIIbI, TOJIyYUM YPaBHEHUE

{d—2+(z+z(m—_8)—£ji+(2mg—%—2M+3—ZJ}F =0.  (5.10)
r

2 2 3 3 4
dr r r r’)dr r r

O¢ddexTuBHAS TOTEHIIMATbHASI SHEPTUS 3a]]a€TCSI PABEHCTBOM

£+22(m—€)_3_2.

2 4>
r 1”3 r

U— (5.11)

OKOJIO 0COOBIX TOYEK OHA BeNeT cels Tak (mycTh &, m, % >0):

r—0, U—>—3—§:—oo, 7 —> o, U—>%:O.
r r



@DI3IKA 19

13 ABYX TOYCK O6paH_[eHI/I$I B HOJIb ITIOTCHILIMAJIA OAHA MMOJIOXKUTCIIbHAs, ApYyTrasa OTpUIATCIIbHAA:

qzz—zm_gi\/zz(m—_g)u?’—z. (5.12)
’ 2 2 2

Takum o0pa3oM, W AJis HEUTpaTbHOM YACTHIBI C MONApU3yeMocThio X >0 cyiie-
CTBYIOT YCJIOBHS, TIPH KOTOPBIX MOTYT BOSHHUKHYTh CBSI3aHHBIE COCTOSIHUS YaCTHIIHI BO BHEIII-
HCM Ky.IIOHOBCKOM I10JIC. KaHGCTBCHHBIﬁ aHaJIN3 MOXKCET 6BITI> BBITIOJIHEH U JIA cnyqaﬂ 3ap5{-
JKEHHOU YaCTHUIIbI:

2 2 2
U:_Zma+%+20'a/m 3200(5/171 _30'05 4/m ' (5.13)
r r r r

IToBenmenue Toro 00JEe CIOXKHOTO MTOTEHIIAANIA OKOJIO OCOOBIX TOYEK aHAJIOTHYHOE. AHAIN3
touek U(r)=0 CBOIUTCS K UCCICIOBAHHUIO YPABHEHUS TpeThel cTerieHn. CBSI3aHHBIM COCTO-

SHUSIM OTBEYAET CJIydall TpeX BELIECTBEHHBIX KOPHEH: JIByX MOJOKUTEIbHBIX U OJHOIO OT-
PpHULATENBHOTO.
BosBpamasce k ciiydaro 3apsyKeHHOM 4acTHIIbI B COCTOSIHUAX ¢ j =0, uccienyem Jio-

KanbHble pemeHus Ppodennyca [12] ypaBaenus (5.8) okono Toukn » =0. B cooTBeTcTBUM
¢ pa"rom 3 0coOO¥ TOYKH UIIEM perieHus B Buje [12]

F(r)=re‘e” f(r); (5.14)

MOJTyYrM CJIeyIoIIee ypaBHeHue st GyHKuuu f(r):

2 2 3

2 2 2
df_{2A+2+L(ﬂ_aag_2Bj_aa /m +4C}i+

dr’ r ro\ m m r dr
2 —
+{2mg+2ma+A +;4 2+%(_2ﬂ__0'ang_2AB+aaA+20'0525j+
r r r m m m m
2 2
+4oc-aqqc-20A 0B g oatB o0
r m m m m
2 2 2 2 2 2
L A4BC+a’cB/m 2ZaC/m+2aagC/m Lac +2a60'C/m }fzo. 5.15)
r r
3anynum Ko>Guument npu ¢
a’c
4C*+22°0C/m* =0 = (=0, C,=——, (5.16)
2m
a TaKoKe KOO UIMEHT mpy
BZZOCO'(;(WI—ZS):O —~ B =0, Bzzao-(mz_g). (5.17)
4Cm”" +a’o m
3anynuB K03 punueHt npu r% , IOy Y1M
2.2 2 2
A:Bm Bmao + Bago +2Cm” +3a°c A =3 A4 --2. (5.18)

4Cm* + a*o
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Takum oOpazom, nmeeM JBa Tumna pemeHuid. Haiinem sBHBIM BUA ypaBHEHUH ISl COOTBET-
cTBytomux GyHkuui f,(r) u f,(r).
s ciyqas

4=3, B =0, C,=0 (5.19a)

UMeeM ypaBHEHHUE

d2f+[§+0'a/m—0'a5/m2 _aaz/mzjdf

dr? r P P dr

_ 2
+(2mg+2ma+£+““/m j‘“g/’” Jf:O. (5.19b)
r r r
s ciyqas
2
A=, B,=20""8) o _ @0 (5.20)
m 2m

MMEEM ypaBHEHUE

2 _ 2 2/ 2
ﬂ+(_g_aa(m g)lm Loa /m JQJF

2 2 3
dr r r 7 dr

(2m5+2majf=0. (5.200)
r

OTu Ba ypaBHEHHsI UMEIOT MOX0XKYI0 OOIIYI0 CTPYKTYpy. bynem cineauts 3a oboumu
YPaBHEHUSMH, TIOJB3YSCh CICTYIOIIMMU KPATKUMU CUMBOJIMYECKUMU 0003HAUCHUSIMHU:

r r r r

0
CrpouM pemieHus B BUJAE CTENEHHOro psana: f :Zn_o c,r", B pe3ylbTaTe MOIyYHM

5-4yieHHBIE PEKYPPEHTHBIE COOTHOIICHHUS

be, ,+bc, ,+[(n=1)(n-2)+a,(n-1)+b,]c, , +[a,n+b,]c, +[a,(n+1)]c 0.

n+l =

I[eJ'II/IM nocjeAHee COOTHOIICHUE HA C, 5 :

bb 2 4 [(n=1)(n-2)+a,(n—1)+b,] 2L =2 4

Cn—3 cn—2 cn—3
c C C C c C C
+ [azn + b3] n n—1 “n-2 + [a3 (l’l + 1)] n+l n n=1 “n-2 — 0
n—1 cn—Z cn—3 cn cn—l Cn—2 cn—3

JIOMHOXHB Ha 71> M yCTPEMHUB 71 —> 00, HAXOJUM ajrebpandeckoe ypaBHEHHE ISl BETMUMHBI R,
OINpEACIAIONIEH BO3SMOKHBIE PAIMyChl CXOOUMOCTH R~ CTENEHHOTO pAla:

conv

R=lim<, R*=0, R !

00 Cn71 conv m =

0,

Takum 06p330M, BO3HHUKAIOT ABa JIMHEHHO HE3aBUCUMBIX peLICHUs:
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E@)=r £, 5(r)=%exp[+%j exp(—%jfz(r). (5.22)

2.2
r

OtmedaeM, 4TO 3HAK NapaMmeTpa MOJISIPU3YEMOCTH O CYIIECTBEHHO BIIMSAET Ha MOBE-
JICHHE SKCIIOHCHIIMAIBHBIX MHOKUTENEH B OKpecTHOCTH Touku » = (. Hanbosee BeposTHBIM
IPECTABIACTCS BO3MOKHOCTh HA OCHOBE (PyHKIMI F),(7) CTPOUTH pEIIEHHs, CONOCTABIsE-
MBbI€ CBSI3aHHBIM COCTOSIHUSM Npu ¢ > 0.

6. CTpykrypa pemienunii @podennyca ypaBHeHust 4-ro nopsijika
OObpatumcs k cucreme ypaBHeHu# (4.20), onuckIBaromiei 3apsHkeHHyro dactuiy. Hc-
kiovast pynkuuto H(r), HaxonuMm ypaBHeHHUe 4-ro nopsiaka it Gyskmn G(r):

4 3

d?+ i+yf§+u3a d(j+
dr ror r- | dr

J{—Z,uE+4ma+—2ﬂ0!—2j(j+1)_2,uE_5,ua d’G

2

2
r r 7’3 7"4

+4mE—2}
dr

+[—4+8mE+ 2mE*u—2uE +4ma 2(2mE+1)ua

2
r r 1’3

dG
—+
dr

4 - 5
r r

(Bi(j+1)-2ma® -2E) u (j2+j12),ua]

s 2P UE+2 juE —4mE* u+4 uE+8m’Ea —4ma .
r
+j(j+1)(—4mE+2+2,ua)+4m2a2+(—8mE+4),ua+
2
r

+2j2,uE—4maj2—4jma+2j,uE—4m,ua2 N

3
r

+j4+2j3—j2—2j+2j,ua(j+1)—2,ua(mE+l)_

4
r

2 2+ i—12
_2m,L510! +(J J _ )‘ua_4j(j+1)—4mE+4m2E2
7 r

G=0. (6.1)

B ypaBuenuu ans pyHkuuu G(7) BBIIOJHUM MOACTaHOBKY [12]

G=r'e®e" f(r); (6.2)

B pe3yJbTaTe MOMy4YHUM clieaytolnee ypaBuenue st G(r):

dl"4 2 3 dr3

4 _ _ 3
de{E,u 4B+,ua 8L+4A+4jd f+
r r r
_ 2 A2 5 _ _
(_2+4mE+ 2Eu+4ma 64 -2 -2pua+64-2j 3uEA-124B-2Eu

2
r r 1”3
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| 3Apa—3BEu—-244L+ 6B° —5Sua+12L , “3uaB—6ELu+24BL  —6Lua +2417 ] d’f N

4 5 6 drz

r r r
+(8AEm+8mE—4A—4+2E2m,u—4,uEA+8Ama—8BEm—2E,u+4ma+4B+

2
r r

+4Em,ua+4A3 —4 457 —4Apa+4BEu—8Bma 16 ELm—44j+2ua—4A+8L

3
r

1 . . :
+F[3IUEA2 —Ejfu+2mua’ —12A°B-TuEA+4 j°B+4uaB+8ELu—Eju—16ma L+
+12AB+4 jB+2Eu]+
1 . : :
+r—5[3;szn2 ~6ABEu— j*ua—-24 A°L+12 AB* 13 Aua+10 BEu+8Lj* +8Lua— jua+

+48 AL —12B° +8Lj+12 uax —24 L]+
+—6ABya—12AELy+3BzEy+48ABL—4B3 +16paB+26ELu—72BL

}/,6

+—12AL,ua+3B2,ua+IZBEL,u+48AL2 —24B°L+38Lua—-961" .

7
r

+12BL,ua+12EL2y—4SBL2 +12L2,ua—32L3 ]ﬂ
8 9 d]"

r r

—AE*mu+2Ej* u+8Em’a+2Eju+4Eu—4ma N

+[—4mE+4m2E2—4j—4j2+
r

_|_4AzEm—4Ej2m—8Em,uor+2j2,uoﬁr4mza2 +4AEm—AEm+2jua—2A4° +2j° +4ua—2A4+2j N

2
r

N 2E*muA—-2uEA* +4maA® —8mEAB + 2Ej* 11— 4 j*mo — dmpc® +2Ej i1 — 4 jmoc + 4 AB N

3
r

1 2 4 2.2 2 2
+r—4[4AEmya—2E muB+ A" =24 j" -2uaA” +4ABEu—-8ma AB—-16mEAL +4B°Em —

—2Emua+ j*+2j7 pa—24° —2A4° j+2A4j° + 4Aua —2BE u+ 4Bma +8ELm +2j° +2 j yor —
A +8AL+2A4j-2B - j - 2ua+2A-4L-2 )]+

1 3 2 2 2 3 2 v
+7[A Eu—AEj"u+2Amuoa” —4BEmuo —4E Lmu—4A"B -5SuFEA" +4ABj” +4ABuo +

+8AELu— AEju—16 ALmo -2 B°Ep+4 B>ma +16 BELm —2mua” +12 A°B+4 ABj +
+6uFEA-4j°B-6uaB—-8ELu+16mo L —8AB—-8BL—4 jB]+

+i6[A3 o —3A°BE y1— Aj* ua + BEj* i —2Bmua® —8ELmuioe —8 A’ L+ 6 A* B> —8uac A +
r

+13ABEu+8AL* +8 ALyia— Ajuc—2 B> j> =2 B* 1ot —8 BELju+ BEj 11 +16 BLma +16 EL’m +
+ 7 ua +36A°L —18AB> +8ALj +19Aua —2B* j—12BE 11 —12Lj* =16 Lua + jua —52 AL +
+12B> -8 —12Lj—12 o + 24 L]+

+i7[—3A2B,ua—6AZEL,u+3ABZE,u+Bj2,ua+2ELj2,u—4Lm,ua2 +24 A°BL—-4 AB’ +
r
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+19A4Buo +32AELu —8B° E 1 —8BLj* —8BLua + Bjua —8EL i+ 2ELj y1+16 L’ ma — 96 ABL +
+8B° —8BLj—28 uax B—40 ELu+96 BL] +

1 2 2 3 .2 272 2
+ (-6 A Ly +3 AB par+12 ABELp—B'Ep+ 21 pa + 24 A°L ~24 AB*L+ 44 AL pucr +

+B* —11B°ua —38BELu -8’ j* -8 ' 1o +
+2Ljua—120 AL +60B*L -8 L j—78 Lua+156 °]+
| 124BLua +12AEL i~ B’ uat —6 B ELj — 48 ABL’ +8B°L — 50BLua — 44EL 1 +144 B N

7'9

+12AL2,ua—6BzL,ua—12BEL2,u—32AL3 +24B° I —56 P pa+1120 N

10
r

2 3 3 3 4
,T12BLpa—8ELu+32BL  —8Lpua+16L ]f:O.

11 12
r

(6.3)

r

1

Koaddurment npu #~'> mpupaBHsAeM K HyJIIO, B pe3ysIbTaTe HAXOAUM 4 3HaueHus 1 L :

S8Lua+16L'=0 = leé,ua, L,,,=0. (6.4)

IIycts L, = % Mo, TOTJa, TPUPABHUBAS K HYJIO KOAGOUIIMEHT pr r! , HaXxoauM
~12BLua—-8ELu+32BL =0= B =Eu. (6.5q)
IIycte
1
leaﬂa’ Bleﬂa

TOTJa, MPUPABHUBASI K HYJTIO KOOPPHUIIMESHT MTPH r~°, Haxoaum
—Ap’a’ =0 = A4 =0. (6.5b)

Jns Bapuanta L, B,, A ypaBHeHue (6.3) mpumer BuJ (A7 KPaTKOCTU IPUBOJIUM
TOJILKO €0 OOIIYIO CTPYKTYPY)

a a b b
f””+(—1+...+—§j ”’+[b+—1+...+—‘;jf”+
r r

r r

r r

d
+(ﬁ+...+c—§]f’+(d+i+...+—§jf=O. (6.6)
r r
IIycts
L,,=0, (6.7a)
Toraa yoesxaaemcs, 4To KodGGUIHeHTsl Ipu 7, ¥~ Takke paBHBI HyTI0. IIpupaBHsB K Hy-

1110 K03(MUIUEHT OpU 7, HAXOAUM

~B’ua=0 = B,,,=0. (6.7h)
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-7

Kosddurmentsl nmpu r°, 7 Takke oOpamaroTcss B HOJNb. IlpupaBHAB Kod(UIEEHT

MpU CTCTICHHU K HYIII0
A e — Aj* ot —8 A ot — Aj e + i por +19 A + juo —12 ua =0,
HaIeM TpU 3HAYCHUS IS A, 5,
A, =1, A,=3-j, A,=4+]. (6.7¢)

Jnist onricaHusi CBA3aHHBIX COCTOSIHMU (MX JOJDKHO OBITH JIBA THMA) TOAXOIAT CIIy4an
A, =1, A, =4+ j, IOCKOJIbKY COOTBETCTBYIOIIME PEIIECHUS CTPEMATCS K Hymro mpu » — 0.

Bce tpu nocnennux ypasHenus anst A = A, A,, A, UIMEIOT OJIHY U Ty K€ OOLIYI0 CTPYKTYpy

b b
g""+(&+...+a—§Jg'"+(b+—1+...+—i]g"+

r r r r
+(ﬂ+_,_+c_gjgf+(d+i+...+d—;jg:o; (6.7
r r r r

UX PELICHUS] CTPOATCS B BUAE CTEIIEHHBIX PSIOB 7-WICHHBIMU PEKYPPEHTHBIMUA COOTHOLLICHUSIMHU.

AHanu3 3a1a4un HEJIb3sl CYUTATh 3aKOHUEHHBIM. [locTpoeHHsbie pemenuss Opodbenunyca
ABIISIOTCA XOTSI M TOYHBIMU, HO (hopManbHbIMU. [IoKa HEM3BECTHHI MPaBHIIa, MO3BOJIAIONINE
BBIZICJINTh U3 HUX TE€, KOTOPHIE MOTJIU Obl OMUCKHIBATH CBSI3AHHBIE COCTOSIHUS B TOW CHUCTEME.
Takxe mpencTaBisieT MHTEpec OoJiee IETaNbHBIM aHANU3 Clydas HEUTpPaJbHOM YacTHIIbI
C TOJIAPU3YEMOCTBIO.

Asmopwi npuznamenvuvl B.M. Pedvkosy 3a unmepec k pabome, noiesnvie cogemvl
U NOMOWb.
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Voynova Ya.A., Veko O.V., Ovsiyuk E.M. A Vector Particle with Polarizability in the Coulomb
Field, Nonrelativistic Approximation

The quantum mechanical equation for a particle of spin 1 and with an additional electromagnetic char-
acteristic — polarizability is investigated in presence of the external Coulomb field. From the 15-dimensional
relativistic Proca-like tensor system, a corresponding nonrelativistic equation is derived for a 3-dimensional
wave function. First, the problem of separation of the variables in the presence of an external Coulomb field is
solved for a 15-dimensional equation. In the system of 15 radial equations, by using diagonalization of the spa-
tial inversion operator, two subsystems are derived: of 5 and 10 equations, respectively. The system
of 5 equations reduces to an equation known in the theory of the ordinary scalar particle in an external Coulomb
field. In this case, the polarizability does not manifest itself in the energy spectrum. In the system
of 10 equations, the non-relativistic approximation is performed. A system of two 2-nd order equations for two
functions is derived, from which it follows a radial 4-th order equation. The equation has two irregular singular
points r=0 and r = of the rank 3. The case of the minimum value j=0 of the conserved total angular mo-
mentum is considered separately. In the nonrelativistic approximation, the problem reduces to a single equation
of 2-nd equation with two irregular singular points r =0 and r = of the rank 2. Frobenius solutions of the 2-
nd and 4-th order radial equations are constructed. The solutions that would describe the bound states in the
system are indicated.



