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YACTHUIA CO CITMHOM 1/2 B MATHUTHOM IIOJIE
B 2-MEPHOM ITPOCTPAHCTBE JIOBAYEBCKOI'O

ITocTpoeHs! TouHBIE pemeHns ypaBHeHHs [lupaka B 2-MEpHOM PHMAaHOBOM IPOCTPAHCTBE OTPHLIATEIb-
HOM KpHMBU3HBI, THNIEpOOIMYecKoil TockocT JIobaueBcKoro, B MPUCYTCTBUN BHELTHEIO MarHUTHOT'O TOJIS, SB-
JISIFOILIETOCST AHAJIOTOM OJHOPOJHOTO MArHUTHOTO MOJIS B IPOCTpaHCTBE MUHKOBCKOrO. JIJIst OMMCAaHUSI MarHUT-
HOTO TOJsI UCHOJB3YIOTCS CUCTEMBbl IMIMHIPUYECKUX U KBa3UJEKapTOBBIX KOOPAUHAT, MOCIEIHSS ONpenenseT
nonymiockocTh [lyankape. B obenx cucremax xoopanHat ypaBHeHHe [[ypaka peleHo TOYHO, MOCTPOEHBI BOJI-
HoBbIe (pyHkumu. Haiinena o6o0mennas gpopmysia [uis ypoBHEH SHEPriH, ONKCHIBAIONIAs KBAHTOBAHUE JIBHKE-
HUS 4acTUIBI B MarHUTHOM nosie. [Ipu pasneneHuu mepeMeHHBIX HCIOJIb30BaHa AMArOHAIM3alUs oIepaTropa
CIHPANTBHOCTH AJISI JUPAKOBCKON YacTHIBI Ha Tutockoct JlobadeBckoro.

BBenenue

3amaya 0 JBMKEHWW YaCTHUIBI B OJHOPOJHOM MArHUTHOM II0JIE OTHOCHUTCSI K YHCIY
KJIACCHYECKNX B KBaHTOBOU MexaHuke [1—4]. B paborax [5-14] paccmarpuBanacek 6osee 00-
n1ast 3a71a4a O JIBIYKEHUHW YACTHUIIBI B UICKPUBIICHHOM 2-MEPHOM MPOCTPAHCTBE, THIIEPOOINYe-
CKOM U c(hepruUIeCKOM TIOCKOCTSIX.

Pacmmpenune kK 3-MepHBIM MPOCTPAHCTBAM, THIIEPOOINYECKOMY U chepuIecKOMY, ObI-
710 BhImosHeHO B [15; 16]: ObLix moydeHBl TOYHBIC PEIICHUS YPaBHEHUS ISl CKAISIPHOM Jac-
THUIIBl BO BHEITHEM MarHUTHOM 1osie Ha ¢oHe npoctpaHcTB JloGaueBckoro Hsz n Pumana S;.
CooTBercTByIOI[asl CUCTEMa B paMKaX KJIacCHMYECKOM MexaHHKH Obljla HccieloBaHa
B paborax [17-19].

B pabGore [20] Obuta wmcciemoBaHa HEPETSITUBUCTCKAs YacTHIIA CO CIIMHOM HOJIb
B MATHUTHOM TI0JIC HA THUIEPOOIMYECKON TUIOCKOCTH. B uacTHOcTH, OBLIO TOKa3aHo,
YTO HA TUTIEPOOTUYECKOMN IITIOCKOCTH MarHUTHOE TOJIe, ONpeIesieHHoe B paboTax [5; 6], coB-
najaeT ¢ MarHUTHBIM TIOJIEM, ONpeAeNieHHbIM B padorax [15; 16]; oTinwuue COCTOUT JIUIIh
B IPUMEHSIEMbIX CHCTEMax KOOPJIMHAT U JOMOJHUTEILHOM KaJTuOPOBOYHOM MpeoOpa3oBaHUU
Haja 4-moTeHnuanoM. B Hacrosimeit pabore aHamu3, BbimonHeHHBIH B [20], o6oOmaercs
Ha cllydail peJIsITUBUCTCKOM YacTHUIIBI CO cliuHOM 1/2.

1. YpaBuenue lupaka B H,, koopauHats! (r,¢)
OOpatumcss k ypaBHeHuI0 [lupaka B 2-mepHOM mnpocTpaHctBe H,. Hcxomum

U3 00001IeHHOrO ypaBHEHUs Jlupaka B TPOU3BOJIBHOM HCKPHBIEHHOM IPOCTPAHCTBE-
BpEMEHU

{10, 430 r) +on 1-M v =0, L.)

THE J 4 — KOOQOuImenTsl Bpauenus Puaan; A, =€) A, — TETpa/iHbIE KOMIIOHEHTBI BHEIII-

HCT'0 3JICKTPOMArnuTHOT'O IOJIA.
B 3-mepHom mpoctpancTBe JIo6aueBCKOro M3BeCcTHA cUCTEMa OOOOICHHBIX ITHIWH/I-
PHUYCCKUX KOOPAMHAT
dS? = dt? — cosh?z(dr? +sinh?r d¢*) —dz* .
B oartux koopauHatax ypaBHenue Jlupaka (1.1) Tpu OrpaHWYEHHMH Ha IUIOCKOCTh
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(z=0, dz=0) npuaumaet Buz (yrnoOHO BBecTH mojacTaHOBKY W =/ /sinhr ):

Coa 1 ,10, +eB(coshr -1)
ly°0, +iy 0, +y - -M) |y =0. (1.2)
sinhr
Pemenus Oynem uckaTh B BUJIE:
fl(l’) fl(r)
. . f (r) 0 -1 2 fz(r)
w=e'd™| 2 ey +iy o, =y u(r)-M =0,
f3(r) ( ) f3(r)
f,(r) f,(r)
rac
m-eB(coshr -1
u(r) = Mo SBCONT D).
sinhr

Bri6upast matpuisl Jlupaka B CiuHOpHOM 6aswuce, MoxyduM ypaBHeHus Juist Gynkoumit f (r):
©, +up) f,+i(ef,—Mf) =0, 0, —u) f,+i(ef,—Mf,)=0,
©, +u) f,—i(ef,—Mf;)=0, 0, —u) f,—i(ef,—Mf,)=0. (1.3)
Yrobsr ympoctuth cucremy (1.3), He0OXOAMMO MPHUBECTH K AMArOHAIBHOMY BHIY

OJIMH U3 JIOTIOJIHUTEIBHBIX OMEPaTOpoB. B KauecTBe Takoro omeparopa MOKHO MPEATO0-
JKUTh 0000IICHHBIN ONepaTop CIUPATBHOCTH X .

3,1

2=y 0, iy’

i0, +e§(cosh r —1)' (L.4)
sinhr

YpaBHeHMEe Ha COOCTBEHHBIE 3HAUEHUS X I/ = O/ TPUBOAUT K CIEIYIOIIEH CHCTeMEe YpaBHEHHUI:
©,+u f,—-iocf,=0, ©,-w f,-icf, =0,
0, +uf,—iof =0, ©,-wf-iof,=0.

PaccmarpuBas ee copmectHO ¢ (1.3), mpuXxoauM K CHCTEME JTUHEHHBIX aJIreOpandecKux ypas-
HEHUH

of,+(ef,—Mf)=0, of,+(ef,—Mf,)=0,

o f,—(ef,—Mf,)=0, of,—(ef,—Mf,)=0 (1.5a)
C pELICHUSIMUA
+ +
c=%1, A=e?-M?, f3:8'\_/|/1f1, f4:g|\_/|/1f2. (1.5b)

YuuteiBas nuHelHble orpanudenus (1.5b), u3 (1.3) momydaem aBe Gojiee MPOCTHIE
CUCTEMBI.

c=-4,
0 . 0 :
(5+,u) f,+i4f =0, (a—r—,u) f,+idf,=0; (1.6a)
=44,
0 . 0 ,
(5+ u) f,—-iAf =0, (a—r—,u) f,-i41f,=0. (1.6b)

Jlns onpenenenHocty paccmorpum cuctemy (1.6a) (mepexon k ciaydaro (1.6b) ocy-
HIECTBIIICTCS. ¢ TIOMOIIBIO 3aMeHbl A = —A ). U3 paguansHbix ypaBHeHuid (1.6a) ciemyror
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ypaBHEHHUs BTOpOro nopsiaka it pyakuuit f, n f,

2
— _ZE 24271, =0, (%J;—ﬁ‘—ﬂzmz) f,=0. (1.79)

VYuauteiBas mpuHATOe OOO3HaYeHwe s 4(r), TOilydyaeM YypaBHEHUS B SBHOM BHUJIE
(st kpaTKOoCTH 0003HauaeM €B kak B):

2 _ _ _ 2
d - mcosh r + B(zcoshr ) [m B(_cos?r I, 4 f, =0,
dr sinh“r sinh“r
2 . . _ 2
d _meoshr+Bcoshr =) _[m=B(eoshr =DI | 221¢ g (1.7b)
dr sinh?r sinh*r

JIBa ypaBHEHHs CBs3aHBI (opMaNbHON 3aMeHOH M= -m, B=-B, f, = f,. [lenas 3ameny
nepemerHoi Y = (1+coshr)/2 u ucnonw3ys moacranosky f, = y*(1-y)° f_l( y), mojy4aem

ypaBHeHue s QyHKIuK f

d’f 1 df
1— Ly 2A+=—(2A+2C+1 L
y(l-y) ¥ { 5 ( )y}OI
{ A~ N2—-m/4—m/4—mB—B? - B/2
y

L C°-Cl2—m’/4+m4
1-y

—(A+C)* - 1% +B? }f‘fo.

[Tpu cnenyromux orpaHUYEHUSX

A=_28+m’28+m+1’ C=m’l—m
2 2 2 2
HNPUXOIUM K YPAaBHEHUIO THIIEPTEOMETPUIECKOT0 THIIA
dzf_l 1 df_l 2 2 2 T
y(l-y) v +[2A+E—(2A+ZC+1) y] r ~[(A+C)"+A°-B"] f,=0
y y

C IapamMeTpaMu
1
fl:yA (l_y)c F(a,ﬁ,y; y): 7/:2A+§:

a=A+C+B* 1%, B=A+C-B2-42. (1.8)

Jnst Toro uroObl MMeTh KOHeuHble pemreHus npu I =0 (y —1) (cooTBeTcTBYyROIMMUE
reoMeTpHYecKHe TOYKH NpHHAUIeKAaT ocu Z: U, =cosh z u,=sinhz u =0, u,=0)
¥ Ha OECKOHEYHOCTH [ —> o (Y —> 0), cleayeT BBIOMPATh MOJOXKUTEIbHbIC 3HaYeHUs C
¥ OTpHILIATEIbHBIC 3HAUCHHUS A

C>0, A<0, C+A<0, f=y*(1-y)° F(a,5.7:Y). (1.9)

3anuieM Bce YeThIpe BO3MOKHOCTH Il BbIOOpa mapameTpoB A, C (uist onpeneneH-

HOCTH IycTh B> 0):
_2B+m

2

1. C=

g, A= . C+A=-B;
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o colEm o A 2BEM o oA Bomel:
2 2 2
3. c=_, Azw, C+A:B+m+£;
2 2 2
4 C:l_Tm, A:%, C+A=B+1. (1.10)

YuureiBas (1.9), 3akitouaem, 9T0 TOIBKO BapUaHThI | U 2 SBISIOTCS MPUTOAHBIMU IS
OIMCAHUsl CBS3aHHBIX COCTOSIHUM (OHU COBMAAAIOT mpu M=+1/2). 3anuimeM COOTBETCT-
BYIOIIIE BBIPAKECHHUS IS PAAHATBHBIX ()YHKIIHN.

1. m>0, m=+1/2,+3/2,...,
C=m2, A=-B-m/2<0, f=y®™ (1-y)™ F(a,b,cy),

a=-B+vVB -2, b=-B-vB2-12, c=—28—m+%; (1.11a)

IMpaBUJIO KBAHTOBAHUA UMCCT BUM:

a=-n = ++vB*-1*=B-n>0; (1.11b)

9TOOBI UMETh KOHEUYHBIC paguaibHble (DYHKIIMM Ha OCCKOHEUYHOCTH I —> 00, JTOJDKHBI OBITH
HAJIOKCHBI CIICYIOIINE OTPAHIYCHUSI:

A+C+n<0 = n<B, (1.11¢)

KOTOpBIE 06eCTIeuHBAIOT MOTOKUTENBHBIA KOPeHb KBaapartHblil ++B* —A° B (1.11b).

2. -B+1/2<m«<], (m=m,,,....—1V2,+12),
C=12-m2, A=-B-m/2<0,

=y "™ (A-y)" " F@.b,cLy),

a=-B-m+1/2+VB*-17%,

b'=-B-m+1/2—-+B*- 1%, c':—ZB—m+%; (1.12a)
IIPpaBUJIO KBAHTOBAHWA UMECT BU:
a=-n =  +VyB°-A*=B+m-1/2-n>0; (1.12b)
IIpU 3TOM OOJI>KHO BBITIOJIHATHECA HEPABCHCTBO
A+C+n<0 = B+m-1/2-n>0, (1.12¢)

KOTOpOe 0becreunBaeT MOMOKHTENbHBIA KBaApaTHEIH KopeHb ++ B’ — A% B (1.12b). O6pa-
maeM BHUMaHue, 9To npu M=+1/2 dopmyna (1.12b) comamaer ¢ (1.11b) .

Takum 00pa3om, SHEPTETUUECKHUI CIIEKTP JJISI YACTHIIBI CO CITIMHOM 1/2 B MarHUTHOM
1oJie Ha MIocKocTH JIoGadueBCcKoTo 3amaercs 1ByMs (popMyiamu:

J2=B*-(B-n)?, m=+12,+3/2,.., n<B;

ﬂZ:BZ—(B+m—%—n)2, -B+1/2<m,,....+1/2, n<B+m-12.

O6e popmysbl OMUCHIBAIOT KOHEYHOE YUCIIO AUCKPETHBIX YHEPreTUYECKUX YPOBHEH MpHU 3a-
JAHHOW BETMYMHE MAarHUTHOTO 1o B.
Cnenaem 3amMedaHHe OTHOCHUTEIBHO KBAaHTOBOrO uuciia M. Vcmoab30BaHHOE BBILIE
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cootnomenne —io, ¥ =mW¥ npencrapnser coboil NpeoOPazoOBaHHOE OT JEKAPTOBBIX KOOP-

MUHAT K HWIMHJIPUYECKUM ypaBHEHUE Ha COOCTBEHHBIC 3HAYCHHUS JJISI TPETheW NPOEKINU
MOJIHOTO YTJIOBOTO MOMEHTA anaKOBCKoﬁ qaCTI/IuH

+2)\11 my

Cart ( I Cart — Cart 5

T.€. [ KBaHTOBOIO uyuciaa M ,Z[OHyCKaIOTCH TOJIBKO  TMOJYLENble 3HaueHUus
m=+1/2, +3/2, ...

2. YpaBHenne /lupaka B H,, koopauHatsl (X, Y)
3anuiem ypaBHenue Jlupaka B KoopauHatax (X,Y) Ha miockoctd H, B MarHuTHOM
noje [20]

2 2
0 —d - FEY g2 gm0, A-=+E
y y
1 0 0 0 1 0 0 0
0 -y 0 0 0Ly 0 O
e('i): ¢ ) Coyp = y ; (2.1)
0 0 -y O 0 0 Ly O
0 0 0 O 00 0 O
[ 718, + 7' (-iyo, —eB) +iy*(-yd, +1/2)-M |¥ =0. (2.2)

HepeMeHHHe PasaCIAOTCA C UCIIOJIB30BaAHUEM IMOACTAHOBKHU

f.(y) f.(y)

grictgnx fzgy; I:J/ E+y (py eB)+|7 (- ya +1/2 _M:I fzéy;

f,(y) f,(y)
OTKyZa TOJTy4aeM CHUcTeMy ypaBHeHuit mius f,
ef,—(py-eB)f,—(-yo,+12) f,-M f, =0,
ef,—(py-eB) f,+(-yo, +12) f,—-M f, =0,
ef+(py-eB)f,+(-yo,+1/2) f,—-M f, =0,
ef,+(py—eB)f,—(-yd,+V2) f,—-M f, =0.

¥ = 0,

I[Npu Hanoxenun suHeiHbIX orpanmyennit f, = Kf, f, =Kf, (onu, oueBunno, cpssa-
HBI C JIMaroHaNu3anueit 0606H.I€HHOFO oreparopa cnnpaanocm) yPaBHEHHUS IPUHUMAIOT BUJI:

(ya—g—pwes)f =) b
o 1
(y@—g— py+eB)f,+(-s+MK)f =0,
o 1 M
(yE—EJrpy—eB)f1+(—€+?)f2=O,
0o 1
(y5—5+ py—-eB) f,+(e-MK)f,=0. (2.3)

[TomyuenHast cucremMa ypaBHEHUN OyJeT COBMECTHA, €CJIH BBITIOJIHAETCS yCIOBHE
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et\et—M?

5—%=—8+MK = K=K, =" (2.4)

CyIecTByeT /jBa He3aBUCHUMBIX CiTydast (BBeleM 0003HaueHne +ve&” —M? = 1):

MK =g++e?-M?,

o 1

(ya—g—py+e8)f2+/tflzo,

o 1

(Y55 PY-B) -2, =0; (2.53)
MK=6‘—\/82—M2,

o 1

(y@—g—pweB)fz—iffO,

o 1

(y5—5+py—e8)f1+if2:0. (2.5b)

JInst onpeneneHHOCTH paccMOTpuM citydaid (2.5a); anst f, momyuum ypaBHeHHE BTO-

poro nopsaka
d*f, :
y dy2 +| p—-py+2peB+

Beenem HoByr nepemeHHyro Z=2pYy. Cienyer OTMETUTh CYHIECTBEHHYIO 3aBHCHUMOCTH

_ 2R? 2
V4-eB*+ A jf1=0~ (26)

pelIeHnii OT 3HaKka P ; CHadajga pPAacCMOTPUM Cllydail MOJIOKUTEIBHOIO 3HAYCHHS P
(s kpaTtkoct oOo3HaunM €B kak B; mns ompenenennoctw mnpeamnonaraeMm B >0).

C ucnosnb3oBanueM nosacranosku f,(2) = z2*€” F,(2) npu A C, BEIOGPaHHBIX COTIACHO
A= %+\/Bz—lz >0, C:—%.

W3 ypaBHenus (2.6) Haxomum

d’F dF 1
z—1+(2A-2)—-(A-B->)F,=0.
S H@A-2) - (A-B-D)F,
3T0 BBIPOKACHHOE THIIEPTEOMETPUIECKOE YPAaBHEHHUE C TTapaMeTpaMu
a:A—B—%, y=2A. (2.7)

HpaBI/IJIO KBAHTOBAaHUS UMECT BU/ .

a=-Nn =

1 1

Z44/B* =A% |-B-==-n;

2 2

TaK1UM O6p330M, MOJTy4acM KOHCHYHOC YHMCJIO CBA3aHHbIX COC’I‘OHHHFI, OIMNCBhIBACMBIX COOTHOIIICHUEM

+VB?*-1* =—n+B. (2.8)

Paccmotpum citydaii oTpunaTeNbHBIX 3HaueHU P . B nepemenHoit z=-2py, z>0
¥ ¢ HCTIONb30BaHueM nojicTanoBku f,(2) = z2* €% F,(2) ypasuenue nns F,(z) mpu A C, BbI-
OpaHHBIX COTJIACHO

>0, C:—l,
2

IIPUHHUMACT BU:
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d’F, dF, 1
+(2A-2)—2—(A+B+3)F, =0
dz? ( )dz ( 2) !

U SIBJISIETCSl ypaBHEHHUEM I BBIPOK/IEHHOM runepreoMeTpruueckoi GyHKIUHU C apaMmeTpamMmu

a:A+B+%, y=2A.

z

[IpaBuiio KBaHTOBAHUS BHITJISIIUT CIIETYIOIIMM 00pazoMm:

a=-n  +B*-1*=-n-B-1. (2.9)

Bri6op BepxHero 3Haka HeIONMYCTHM. B ciryuae BBIOOpa HM)KHETO 3HAKa UMEEM

0<+/B?-A4? :B+n+l<%,

A>0 = \/Bz—ﬂ,z>%,

YTO TaK)Ke HEBO3MOXKHO. Takum oOpazom, mpu P <0 CBsI3aHHBIX COCTOSIHUN HE CYIIECTBYET.

Asmop bnacooapua B.M. Pedvkosy 3a unmepec k pabome u noie3Hvle co8embi.
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generalized magnetic field, cylindrical and quasi-Cartesian coordinates are used, the latter determines
the Poincaré half-plane. In both coordinate systems, the Dirac equation is solved exactly, the wave
functions are constructed. A generalized formula for the energy levels is produced, which describes
the quantized motion of a particle in the magnetic field in the Lobachevsky plane. When separating
the variables, diagonalization of an extended helicity operator for a Dirac particle is used.
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