Q-IIOTEHIITNAJI HACTULIBI C AMM

A. C. BmuBues un 1. B. I[IEPETYOOB

AHHOTAUUS. B pabore BBIYKCIEH TEPMONUHAMUYECKUNA IMOTEHINA] HEUTPAIILHBIX MAaC-
CUBHBIX YaCTUI] C AHOMAJIbHBIM MarHUTHBIM MOMEHTOM (HEATPOHHOIO ra3a) B Iapajliieiib-
HBIX 3JIEKTPUYIECKOM 1 MATHUTHOM ITOJISIX U TIOJIE 3JIEKTPOMAarHUTHON BOSTHEL. VccimenoBanbl
BBICOKOTEMIIEpATypHast (PeIITUBUCTCKAsL), KIACCUUECKast U Cyryb0 KBaHTOBasl aCUMIITO-
Tuku. 3yden npenen m = 0, COOTBETCTBYIOIINI HEUTPUHO.

1. IIOCTAHOBKA 3AIIAYU

[enpro mamHON pabOTHI SIBISIETCS BBIYUCIEHNE ()-TIOTEHIIMAIa TEOPUU C JIar DAHKIA-
voM [mpaxa—ITaymn:

(1) L =19[ivd —m — £(vFv)],

roe F' — BHemiHee 51eKTpOMArHUTHOE Tojie. Kak BUIHO, 9TO JIATDAHKUAAH TUPAKOB-
CKOTo 1osIst 6e3 3apsina, HO ¢ MATHUTHBIM MOMEHTOM (BeJIMYMHA MATHUTHOTO MOMEHTA,
BKIIfOUeHa B ).

CnekTp Teopun (1), HEOOXOMUMBIN 171 BBIUUCICHUS {)-TIOTEHINAA, NCCIENOBATICS B

pabote [1]. B ciiyuae OMHOPOMHBIX TOCTOSHHBIX MAPAIIIENBHBIX APYT APYTy mojei E
nu H

2) &2 5(p) = p* +m? + E? 4 H? £ 2,/m2H? 1 2 (E? + H?).

3mecs MOCpencTBOM 5%’2 CUMBOJITYECKN OOO3HAYUEHBI IBE BETBU, COOTBETCTBYIOIIINE
3HAKY & Tlepen pasukajioM, pi = p? — p3, a p3 — KOMIIOHEHTa WMITYJIbCa BIOIbL Ha-
npasienus F u H.

Yecnosue E | H dusuuecku ozHauaer orcyrcrBre moToka sHeprum: S = [EH] = 0.
Cnyugait 5TOT HE TaKOH YK CHEIUAIbHBIA, KaK MOXET IOKa3aThbCs, — C TOYHOCTHIO
IO JIOPEHIIEBCKOT'O IIpeoOpa3OBaHUs OH OXBATBHIBAET BCe KOHDUIYpAaIlMW IOJIEN, KPOMe
IO HIIEKTPOMATHITHON BOMHEI (Korma oba naBapuanTa E? — H? u EH pasub mymio).
CnexTp B moJsie 5/1eKTPOMArHUTHON BOJIHBI UMEET BUI:

e1(p) = —H + \/(pa — H)? +p1 +m?,

ex(p) = H+1/(ps+ H)? +p3 +m2,

(3)

rae H(= E') — HaupszKeHHOCTb MATHUTHOTO IOJISL BOJIHBL, P3 — KOMIIOHEHTA UMILYJIbCA
B HaIIPAaBJICHIN PACIPOCTPAHEHUS BOJIHEI, pi =p? —pi.

Typeset by ApS-TEX
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2. KIIACCUYECKAS CTATUCTUYECKAST CYMMA
B kxaugecTBe IIPOMEKYTOYHOI'O IIar'a BBIYUCINM KJIaCCUYECKYIO CTaATUCTUYECKYIO CyM-

My

(4) Z(0) =Y e/

n

co cnekTpamu (2) u (3) (6ymem 0603HAYATE MX COOTBETCTBEHHO Z|| u Z) ). Haumem co
criexTpa (3).

(5) 7, = / d’p <e—el<p>/e +e—52<p>/e) _
(2m)?
H [ &p _Vetm?
=2ch — e 0 .
0 ) (2m)3

Nuaue roBopst, Z| OTINIAETCS OT CTATCYMMBI 6e3 mostst muoxuresrem ch H /6. Ilis Boi-
YUCTICHUs MHTErPAJIa 0 UMITYIbCaM M30aBUMCSI OT PAIUKaJIa B HKCIIOHEHTE. DTO MOXKHO
COEeNAaTh MPU MOMOIINM WHTETPAIILHOTO MPEICTABICHUS TUIMHAPUIECKUX DYHKITUANT

o v/2
(6) / a¥leTPra/T gy = 2<i) K, (2y/pq).
0

p

xT

Benovmnas, uro Ky jo(x) = \/5-¢ %, g v = 1/2 u p = 1 naiinem

2z

> dx
0o VT
[Ipu Takoit “mapaMerpu3anuu’ WHTErpPaj MO UMITYIBCAM CTAHOBUTCS T'ayCCOBCKUM WU

serko Berauciigercs. OcTaBmmiics THTErPaJl Mo MapaMeTpy I CHUMAETCH IIPHU ITOMOIIIN
dopmyiet (6). OkoHUATETBHO

(7) e T = \fme 2V

(8) Z, = ch =K,

Ilepefinem Tenepb K BerYuCICHUIO 7. N36aBuBImNCE OT pagnKasa B SKCIIOHEHTE TOJIBLKO
YTO OMUCAHHBIM IIPUEMOM, HARIEM:

i 102 9
N RCOE i ¢ 462

1 [>*d d? pitm’+E?+H? 2\/m2H? +p? (E2 + H?
9 2= —/ - Pe [ 22 4 P (B2 + )
T Jo

B3sB mHTErpas mo ps3, TPUXONNM K BBIPAXKEHUIO:

10 g0 = O[T gy et (]
(10) ”_;/0 re 402z )’
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rme

(11) I(s) = / (d;f:; e—spizch(2s\/m2ﬂ2 +p2 (B2 + H?) )

O6e3pa3mepuM MHTErpasl 3aMeHOI:

m*H? + p? (B® + H?) = (E* + H?)*p?,

(12) s(E* + H?) =0,
mH B mkE _5
E2+H2_a’ EQ—I—HQ_.

Crenyoryo BBIKIIAAKY BOCIIPOM3BENEM MOIPOOHO:

E2 H2 [e%e)
Z% / 20 dn e~ )2 ch(207) =
7T (6%

2 2 o0

13) I

27
E2 H2 2 > 2 o0 2
BT ot {/ (€ —1)e 7% d¢ +/ (E+1)e ¢ dg} =
2w a+1 a—1
E? + H? 1 ot
:;e”(‘f“) {— Ch(20&0)6_0(a2+1) + / e ¢ dﬁ} .
27 o a—1

(MsI He cTaU BHIUCHIBATH UHTErPAJT Yepe3 HYHKIUIO OIUOOK — 5TO HIYEro He AeT. )
Teneps mis Z” TIOJTY IUM:

{92 [(m+ H)? + E?| K, \/(m+§[>2+E2> .

(14) Z)(0) =

2720

0 [(m — H? 4 B7) Ry | VT ?2 - E2> +

a+1
+9(E2+H2)3/2/ : dé /€ + 57 K WE”H;)(&M@))}.

OcraBmuiica B KUBBIX MHTErpaJl TakK IIPOCTO HE COHaeTCHd. Mzur me 6y,E[€M IIBITaTHCA
BBIYUCJ/INTH €I'0 Ha 3TOM OTalle.

3. Q-IIOTEHLUAI
Kaxk u3BectHo, ()-moTeHIIMAT BEMMUCIIETCS IO GOPMYIIE

o

(15) Q:—TZln(1+e_€pT_ )
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L Ep
T”(E e_Tn>.
P

Boipaxkenne B cKOOKaxX — KJIACCHYECKas CTATCyMMa. YYTeM BKJIAI AHTUYACTHI (C
XUMIOTEHINAIIOM — (i) U TOIydnM (HOPMYILY:

(17) = Z

B nosne BosHbI:

oy =TS () () ().

n=1

PacknaneiBaem sorapudm B psim:

(16) Q:Ti (=

() 2(5)

WUJIN, UCHOJIb3Ys M3BECTHYIO POPMYJIy TPUTOHOMETPUN:

o= S (@) () ().

n=1

Bsenem o6o3nauenue
(20) Z " ch(wan)(wn)” K, (wn).

Torma (19) nepenucesiBaercs B Buze

m* m p+ H m pu—H
- o {a(F ) (150}

Amnamormuno IJIsL Z” HaXOOUM BBIDaXKCHUE:

(22)
R s e = |
) 012 \/(m—H)Q-i—EQ K
+[(m — H)® + E*] A, T ’\/(m—H)2+E2>+
+(E2+H2)2/a+1dn(ﬁ2+772)/\—1 VE? + H2\/2 + 12 1z )}

a—1 T "VE? + H2\ B+ 2
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4. BBICOKOTEMIIEPATYPHASI ACUMIITOTUKA

AcummToTuky ()-moTeHIMAaNa B 06/1aCTH BBLICOKMX TeMmmepaTyp 7 < 1 (aT0 ycmoBue
03HAYAET, YTO TEPMOCTAT CIOCOGEH JIETKO POXKIATH YACTUIBI) MOXKHO MOJIYUUTH M-
JIMHOBCKUM TI€PECYMMUPOBaHueM ucxomHoro psna [2|. Ipusenem Boipakenus mis A
u A_5, TOTyYeHHBIE STUM METOIOM:

w2 a> 1 v
2 A - - T - _ T
(23) o) =—o s~ TT5 1
1 w? 7((3) 2 2
— ZlnZt 4+ 5 1/4
3 nw2+ 167?2(a +1/4)w* +
Tl 2
24 A_ = - 2_1/2)—
(24) 2w, 0) = = g1~ o (@~ 1/2)
at n a? 3 n ¥ n
248 64 ' 16
1 w? 7((3) 2 2
—InZ — 1/6 L
tggn g g (@ /0wt

B coorsercrBum ¢ (24)

2T4 2T2 2 H2
(25) Q=1 _m <“+ —1/2)—

180 6 m?
4 2 172 4 2 4
wr+6pu H=+ H m 9 9 m
— =) — 3—4
1272 g ) — g m B+
m m? 7¢(3) m® [ u? + H?
1 - — | ——— +1/6 .
* 1672 7272 3274 T2 ( m2 / > *

Brrancnenne (2 6omee crnoxno. HemocpencTsenno dopmymsr (23)-(24) marot:

Tt pT? T

(26) QH:— 180 6 +E(m2+E2+H2)—
At B 1) = S [ 4 B 4 R 4 ) 4
1272 4x2 3972
2 2 212 2 772
2 2 2\2 2172 (m* 4+ E*+ H*)* —4m*H
+ 353 (7 + E? + H)? + 4m? H?| In i n
+mH(m2—|—E2+H2)l (m+ H)? + E?
n —
82 (m — H)? + E2
7¢(3
_ 3;}4;@ {M2 [(m2+E2+H2)2+4m2H2} I

+1/6 [(m* + E® + H*)® + 12m*H*(m”> + E* + HQ)]} +

a+1 2 2
T W 1—2y
E2 H2 d - E2 H2 2 2\
s em) [ n{ - DB E )
(BB ) | (B B )

872 w2 T2

_|_
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E? 4+ H?)(5° +17)
)

7 3 2 2 2 2 2
o (B + B+ P) (12 4

[ToMrMO TPUBHAIBHOTO MHTETPUPOBAHUS CTEMEHHbIX (MYHKUuil, B (26) BCTpeTUTCS UH-
TerpaJl

3
@) [ an (P ) = (4 60 (4 ) -
2

4 4 n

3 32 33
__77__ 77_|__ a t -
9 3 3 rcgﬁ

OxoHUYaTeNbHBIN Pe3yIbTaT:

28) Q) = —
(28) ¢ %0 6 2

(E2 —|—H2)2 1 (m2 +E2 +H2>2 . 4m2H2
3 " AT N

Tt T , m?—E?—H?
— | —u+ +

+ <m4+2m2(H2 — E?) —

3272
4 2
1% 2 2 2 2 3
_ Rl _E?2_ g2y _
Ton2 T gz )

1 -2y 2 2
+ 12 (E +H)(m+

—4
8 [(m2+E2+H2)2+4m2H2] +

3272
E? + H? 1 E? + H?
+ +— (m*H? + 2m*E? + LTEHATY
3 o 3

m3E3 2mE m3H3 (m+ H)? + E?
— ——————~ arctg +
6(E? + H?) m

1 —
2_F2—H?  12(B°+ H?) | (m— H)? + E?

7<(3) {MQ (m4 + 2m2(H2 _ EQ) _ M) +

327472 3

mbé  m? E? + H? 1
4+ (3H? - E? 24 - ) - —(E?*+ H??
ot 5 )(m +— ) (B2 + H?) b+

(m+H)2+E? 2mH
(JTorapudwm In (m—HZ1 5 MOXET nHade OBITH 3amucaH Kak 2 arth s .)

5. KIIACCUYECKUN CIIYYAU

B knaccuueckom npenesie BBEIIIOJIHAIOTCA COOTHOILICHU

Jin— A1 B
T

(29) > 1, V(m—H)?2+E2> p.

(ITepBoe 03HAUAET, YTO TEPMOCTAT He CHOCOGEH POXKOATH UACTHUIBI, & BTOPOE — YTO
[AYINEBCKIM OTTAIKMBAHIEM MOXHO TpeHe6peus.) B dopmyse (17) ms ()-nmorenrmasta
HY2KHO OCTABUTbH TOJIBKO IEPBLIA YJIeH

(30) Q=-TZ(T)eMT +...
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B kmaccuueckoit cTaTcyMMe MBI OOJKHBI UCIIOJIB30BaTh pasioxkenune pynkiuit Makno-
HaJbaa:

(31) 1g4z>::\/;ge—z+-”.

C yueToMm CKa3aHHOTO BbIpaxkeHue [jis ()| TPUHUMAaEeT BUI:

T5/2m3/2 H p—m

32 Q) =————ch—e T
(32) 1 2372/ C Te +

BemmcaTs {2 ¢ TO# ke JIerkocThIo He ynaeTcs. IIpomexyTouHOe BRIpasKeHre BBITJIAIAT
yCTpallaiole:

3 &= ‘umg/f“”{m R e
N e
+T5/2 [(m_ H)Q +E2}3/4 i
atl V(B2 +H?2)(32+¢£2)
+T3/2(E2+H2>5/4/ dé—(ﬁ2+€2>l/4e— T }+
a—1
Be3 0cobbix moTeph MOXHO BBIYUCIUTH MHTErPa B CAydae o = #1}112 > 1, 0 =
#EHQ > 1. C TOYHOCTBIO OO KBAOPATA IIOJIS MMEEM:
(34)
1 p—m E?2 (3 m H? (3 m m?
Q= —— L g pepee [y B (3 my HE (3 om mTA
1= " 2n)32© " TmaetTr)twm\aT T )t

6. CYI'yBO KBAHTOBLIN IIPEIEII

PaccmorpuMm Teneps cuTyanmio, Korga

V/(m—H)2 + E?
T

(35) > 1, Vim+H)?2+E2< p

(maynameBcKoe OTTAIKUBAHUE NOMUHUPYET). MBI mo-IpekHeMy SKCIUIyaTHPYeM acUMII-
totuky (31), HO Temepsb yxe B cymMme (17) cyiecTBeHHBI Bee wiieHbl. Vcmomnb3ys ompe-
OeJjieHne NnoJimiorapudma

(36) Liy(z) = 2.

nepenuiireM )| B BUIe:

m? , p—m—H _ p—m+H
(37> Q, = W {Ll5/2 <—6 T ) + Ll5/2 (—6 T )} + ...
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OueBnUIHO, MBI IO/KHBLI CTPOUTH AHAJTUTUYECKOE MPOMOJIKeHNe (MYHKIN, OMPENesIeH-
Hoit pstnoM (36), B obmacTs z > 1. Bocmonb3yemcs: hopmystoin

(38) Li,(—e®) + em”Liy(—e_“) = —ﬁ /C(Z + a)”ﬁ dz.

(Koutyp C' upmer BHOIb BEIIECTBEHHON OCU M OOXOAWT TOUKY BETBIIEHUs CBepxy.) Ha
camoMm mere (38) — mpocTto coorHoienne 2KOHKbE, B KOTOPOM IIpaBasl YacTh IIPel-
CTaBlleHA B BUIe mHTerpasa. s mosydeHus: cremeHHOl 1O 1/a acuMITOTHKU GIHOM
(z 4+ a)¥ pasmaraercs B ps U MOWIEHHO uHTerpupyercs (mogpobuoctu cM. B [3]). Ipn-
BezleM pesynbTaT mid )

23/2m3/2

39) Q, = —
(39) € 1572

{(u—m+H)5/2+(u—m—H)5/2+

5m2T?
+ 78 (x/,u—m+H—|— u—m—H>+...}

Pasnoxenne mis () OnaTh yAaeTCs MOy YUTh JINIIb B ciaydae o > 1, 3> 1. Coxpanss
TOJIBKO IepBBIe IIONPABKHU 110 TeMIlepaType U MO0, HAlIeM:

(40) Q= —

2°/2m3/2 (p — m)°/? - 32E%+H? 5 E?— H?
1572 8 m? 4m(pu—m)
15 H? 5r2 T2
— 5 + ...

S(u—m2 8 (u—m)

7. HYJIEBAS MACCA

Uccnenyem Teneps mepednciieHHBIE Bbllle npenessl B ciaydae m = 0. Mer pacemar-
puBaeM 5TOT CiIydall OTHEIbHO, TaK KaK OH HE MOXKET ObITb MOJIyYeH IPeNeIbHbLIM
nepexonoM m — 0 B mpenbinymx $hopMmyIiax.

Haunem ¢ Q) . Ilockonbky Teneps m = 0, Bcerma peajm3yeTcsi BBICOKOTEMIIEPATYD-
HBI1 (PeSIITUBUCTCKUIT) TIPEIet:

2Tt T?(p?+ H?)  pt+6p?H? + H?

41 O, =
(41) + 180 6 1272

I Q) Bce OmATH HAMHOTO CJIOXKHee. BBICOKOTeMIIepaTypHYIO aCHMITOTHKY MOXKHO
MOy YIUTh MpeNebHBIM HepexonoM u3 dopMys (28) (o6osmaumm W2 = E2 + H?):

Tm2T4 B T?(u? + W?2/2) B

(42) Q=-
180 6
B W4 . W2 B ,U4 _Iu2w2_
4872 w2T? 1272 472

2 2
? @ o1 +7([L —|—W/10>+...

W13 4 | KW
967472
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Knaccuueckast crarcymma umeer Bun (cum. (14))

(43) Zy = ! {TWWQ(%) +W3/01K1<¥g)5d4

T2

(MaTerpan Beipaxaercs depe3 Gyukmmu Maxnonamsna u CTpyBe, HO OT STOTO MAJIO
panoctu.) B mpenene ¥ < 1 nomydaem

(44) Q= -

s 2

e/ T T2W?2
- (2T4+7+...)

B cyry6o xBaHTOBOM ciTydae, OCTaBIISIsI TOJILKO IEPBbBIE IIOIMPABKY IO MO0 U TeMIepa-
Type:

(45) ==

1572 C6p 82 u?

25/2w3/2u5/2 5W 3 W2 571'2 T2
TR (4 + +
6 n 8 p? 8 u?

8. 3AKIIIOUEHUE

B pabore BBIUnCIIEH TEPMOOMHAMMYIECKUY TOTEHIINAT HENTPAIbHBIX MACCUBHBIX da-
CTUI] C AHOMAJIHBIM MATHUTHBIM MOMEHTOM (HEATPOHHOIO rasa) B IMapallelIbHbIX DJIeK-
TPUYIECKOM U MATHUTHOM TIOJISIX U TIOJIE SJIEK TPOMArHUTHOM BOJIHBI. VccmenoBaHbl BBICO-
KOTeMIepaTypHas (PeIITUBUCTCKAs ), KIACCHIECKas U Cyrybo KBAHTOBAs aCUMIITOTHUKN.
N3yuen npenenr m = 0, coorBeTcTBYOMINA HeUTPUHO. [lomydeHHbIe pe3yIbTATH MOTYT
UMeTh NPUJIOKEHUs B SOEPHON Pu3nKe n acTpodu3uKke IpU N3yUeHUU TepMOANMHAMUIUIe-
CKUX CBONCTB HEATPOHHOT'O M HEMTPUHHOI'O I'a30B.
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