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B pa6oTe 11/ 6bii1 paccMoTpeH no,qxo,q K Teopt~~l-1 B3ai-1MO.Qe~CTBI-1R 
none~ B 06b€,QHH€HHOM 8-npOCTpaHCTBe. npH 3TOM CQ:>OpMJ.1POBSHa 

S -MaTpHL.J,S H nOKS3SHO, \..ITO 3I1€M€HTbl 3TOi:1 MSTpJ.1L.J,bl 8 Jli060M npi-1-

6JH.1>K€HitU1 KOH€4Hbl /2,3~ 
B ,qaHHOH pa6oTe paccMaTpt~~eaeTCR nonpaeKa 4eTeepToro nopR,q

Ka T€0PIIIIII 803MY~€HHR K Q:>yHKL.J,IIIH fpt~~Ha Q:>epMHOHS. np~-1 3TOM npt~~

M€HR€TCR narpaH>KI-1aH B3aHMO,Qet.':iCTBHR, KOTOpbrl::f no11y4aeTC.R npH 

HCnOI1b30BSHHIII !10Ka!1bHOrO Kant~~6pOBOI..IHOrO npeo6pa'JOBSHI-1R VI KOM

neHCHPYIOlL\€rO nOI1R B o6ce,QIIIH€HHOM npOCTpaHCTBe/6 .TaKOH narpaH

>KHSH npi.1HIIIMaeT BH,Q 

~ 1 <0~g~ J:wriV<(OB;(O. 
J=l 

Ill 

r,qe (- BOCbMIIIM€pHbiC1 B€KTOP KOOP,QHHST 1 f=(X,X) , X=(:it,t) ,X=(i,'I); 

1/J (() -16-KOMnOH€HTHbli11 CnHHOp- RBm~eTCR nOI1€M rpynn ¢JepM\IIOHOB 

(v •• e,P,n) , (v" '" ,N;,N~) "T.A.; B(f)- BeKTOpHoe none
none ¢OTOHOB ~ n~OHOB !61; g- KOHCTaHTS CBR3~, ~Me~~aR pa3Mep

HOCTb L 2
• narpaH>KJ.IISH /1/ Aaer B03MQ)!(H0CTb Bbl41o1CJU1Tb PRA 3¢$eK

TOB 3IleKTPOMarHJ.1THOro B3al-1MOAe~CTBI-1R /2.4/, nplo14eM KOHCTSHTa 

3IleKTPOMarHJ.1THOrO 83Sio1MOAe~CTBio1R e Bb1BOAJ.1TCR 1-13 g nyTeM npe

o6pa30BSHHA Ha4aJ1bHbiX lo1 KOHe4HbiX COCTORHH~ 06DeAJ.1HeHHOrO npOCT

paHCTB8 B COOTBeTCTBy~~lo1e COCTOAHHA npOCTpSHCTBS M1o1HKOBCKOrO 

lo1 3STeM ycpeAHeHio1R BHyTpeHHJ.IIX lo1MnYilbCOB HS nosepXHOCTAX MSCC 

Ha6ntOAaeMbtx 4aCTI-11..1 /2,4/. 1 

:1 

PaccMOTPHM renepb Bblpa>KeHJ.IIR, 
COOTBeTCTBy~~lo1e A1-1arpaMMSM 2 
H 3 /plo1CYHOK/ 4eTBeproro nOPAA
Ka reop1o11o1 B03My~eHJ.1A, 8 ASHHOM 

npH6IlH>KeHJ.11o1 cornacHo ¢opMynlo1-
poeKe reopHH c op1o1eHTS1.41o1e~ eo 
epeMeHI-1 ¢e~HMSHOBCKHX A~arpaMM 
MO*HO noKa3aTb, YTO AflR TaKoro 
THna co6cTaeHHo~ 3Hepr~~ $ep
MHOHa HMe~TCR BCero 24 paanHY
H~e AHarpaMM~ H npHBeAeHH~e ABe 
AHarpaMM~ RBnR~TCR eAHHCTBeHH~

MH, KOTOp~e Aa~T HeHynea~e MaT
p~oo~YHble aneMeHTbl. 
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HMeeM AnR nponaraTopa ~epMHOHHoro nonR121 

S 
0 (0 ~..!.. J d>. .-i~ 0( ±P

0
), 

(2rr)8 ') >.2+i< 
~ 

/2/ 

rAe A=(P,P) - BOCbMHMepHbU:;; aeKTOp HMnynbca; p =(P,p ) -4-aeK
Top 3HeprHH-HMnynbca; P =(P, p O ) S -. eBKnHAOBbla:;; 4-ee'kTop BHyT
peHHero 3HeprHH-HMnynbca'; A"" . I. r J A j ; 3HaKH ~ H t) o6o3Ha4a-

J=1 
~T KOHTYPN HHTerpHpOBaHHR, 3aMbiK8~~HeCR COOTBeTCTBeHHO B aepx
Hea1 /npH t > 0 I H HH>+<HeH /npH t .< 0 I nonynnoCKOCTRx KOMnneKcHoH 
nllOCKOCTH -BHyTpeHHeH 3HeprHH. 

~JlR BeKTOpHOrO nOJlR B 06DeAHHeHHOM npOCTPBHCTBe HMeeM npo
naraTOp /s/ 

DC ~-1- !3d>. 
-i~ H jk 

jk (2rr)8 
e 

A 2 + i£ 
O(±P 0). 131 

3AeCb 

{' . 
aiak 

p2 ,I 0, 
Hjk 

~ jk p2 npH 

gik npH p2~o. 

rAe gjk - MeTpHKB O~h,eAHH6HHOrO npOCTpBHCTBa. 
Ha pHCYHKe BHyTpeHHRR JlHHHR ~epMHOHa 1, COOTBeTCTBy~~aR 

nponaraTopy /2/, npeACTaBJlReT co6oH rPHHOBCKYO $YHK~HO B nepBOM 
npH6J1H>KeHHH. 0603Ha4HM ee 4epea s 0(A). <l>yHK4HR rpHHa G(A) 
BO BTOPOM npH6J1H)t(eHHH TOrAa npHHHMaeT CJleAY~~HH BHA: 

/4/ 

np11 3TOM S 0(A)~(A)S 0 (A)- cyMMa B~pa>KeHHH, COOTBeTCTBy~HX ABYM 
AHarpaMMaM ,2 11 3. OnepaTOp I( A) HMeeT BHA 

/51 

• ig (2rr)-8J d/.1 r, .\1rv 0(!1oJO(Po-P!O) 

ILV 3 (A~+i<)[(A1->.) 2+id 
!6! 

BbtpameHJ-1e /5/ HBn.ReTC.R <J)yHKU,HeH OT .\. 3AeCb HMeeM BHPTYBllbHbfH 
~epMHOH, o6naAB~HH TBKHM 8-HMnyJlbCOM, KOTOpbtH onpeAen~eTC.R 
3BKOHOM coxpaHeHH:R 3HeprMH-H,..myJ1.bCQB H, C11eAOBBT6J1bHO, 8-HM
ny..nbCaMH 4aCTH~ B HB4BllbHOM /HJlH KOH64HOM/ COCTORHHH. TaKHe 
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48CTI-1~bl CB060,QHbl 1o1 cornaCHO/l/ VIX 8-lo1MnyllbCbl )l.(i)(i = 1,2) 
'2 2 p2 0. 2 2 p2 

YAOBileTBOPfiiOT COOTHOWeHHfiM 1\(i)=P(i)- (i)= • P(i)= m(i) = (i) • 

r,qe m(i) Macca noKoR. 4aCTHU,bl i. Cne,qoearenbHO, /5/ 6y,qer lt1Hea
pHaHrHo He OTH0Cio1T€JlbHO rpynnbl npeo6pa30BSHVt~ B 06be,QVtH€HHOM 

npocrpaHcree 0 (7 .1), a OTHOCI-1Te.nbHO nopeHu, -npeo6paaoaaHVti:1 1.1 

npeo6pasoeaHHi:1 eo BHyrpeHHeM npocrpaHcree or,qenbHO. 8blnonHVt8 
HHTerpHpoeaHHe no P10 , J.1MeeM 

npl-1 3TOM P10=JP;- pi , H 3Jl€MeHT 06"beMa dV npHHJ.1MaeT BHA 

dV =P
1

6
0

dp
10

sin
6
e5 sin 5e 4 sin 

4
e 3 sin 3e 2 sinO 

1 
d8

1 
d8 2 d8 3 dO 4 de 5 d86 

06naCTb lo1HTerpHp088HHR fl onpe,qenReTCR COOTHOW€HH€M 

0.$8 1 .$2rr; O.S: 82,8a,84,85,86.S:rr; P10 .S: P 0 • 

171 

OrpaHI441-1MCR paccMorpeHI-1eM c.ny4aR ..\2 > 0. 8 peay!lbTare nonY'·H1M 
H3 /7/ An~ <I>YHK~"" G 

0
(A) B /4/ 

!8! 

/9/ 

~YHKU,HR D HMeer BVtA 

(s-8)5 - s-Sdx I .Y S(s- S) + ( 'ftl- V S) xj 
D=-- ( -In 

256s 3 s-S X jyS(s-8)-(yS+yS)xj 

- - 3/2 
-.!..In s-8 i(s-8)4 ~ -(s-8)3(~- .58 .) +(s-S)2x 

16 s 
8

5t2 28 s12 8 5/~ 



- 3 -v s 2 2 s ( s-8) 5 v s vs -- ( 5s +lOsS+ S )(1 - --)I+ -- (---r:: - ---=->=) + 
5 v s 28 16 16 s 3/2 6483/2 

(s-S) 58 3/ 2 
+ --(--+ 

8 8 3/2 

5vs 2 2 vs + -- ( s + 38 ) + -- (1-
6s3/2 · 2yll-

58 
-+ 
s 3/2 

/10/ 

I -
npH .2_T\JM D1(-..JS) nony"aeTcR H3 D.<..J S) a peaynbTaTe aaMeHbl yS ~ 

~-vS,. a D 1(y'S) I-1MeeT C11eAYIO~vtH BI-1A: 

D - 1 ...;S:. is lc·s-8)4 5( v •- v 8J+ (S+S)
3 

x 
1hS)=- ln 

4 yS 645 5/2 32 

/1 1/ 
s-S 5 - - ---8-[ -;;J72( v s- v S)(s+ v s.S +2S)x 

32s 

2 v~v84 s -( ) 
2 - s/2 2 2 3s x( s +3sS+2vsS +28 )+---;;----(1--)]+ s 28 



1 -- - 4 - 7/2 3 3/2 5/2 2 +---
1

(vs-vS)(s+vSs +6Ss +68 s +16Ss2+ 
32 85 2 

vs 
58 

B I 10/ ocTaeTcR IIIHTerpan, KOTOPbliii, KaK lo13BeCTHo, He!lb3fl Bbrpa-
3HTb ~epea aneMeHTapHy~ $yHK~Io1~. B Ta6nH~e npeACTaeneH peaynb
TaT Bbi4\.1CJleHio1R 3TOrO HHTerpana npVl pa3I11114HbiX 3HS4eHio1fiX ·s. 

Ta6JIHu;a 

y 1.2 1.3 1,4 1,5 1,6 1,7 1,8 1,9 2 3 4 

z 9,32 8,76 8,45 8,35 8,29 8,27 8,28 8,29 8,32 8,66 8,92 
y 5 6 7 8 9 10 12 14 16 18 20 

z 9,09 9,21 9,30 9,37 9,43 9.47 9,53 9,58 9,62 9,64 9,67 

Z - 3Ha'tleHHe HHTerpa.na. 

np1o1 60!lbWHX 3Heprlo1RX Z OK83~BaeTCR n04TH nOCTORHHbiM H npH
Hio<1M8eT 3H84eHHR 9,6]_<2~9,99 B COOTBeTCTBHirl CO 3Ha4eHIIIRMio1 Y: 
20~Y~10 6 .MHHM8R 48CTb B /10/ B03HHKSeT BCJleACTBHe TOrO, 4TO 
KOHTypbl HHTerpHpOBBHHR OK83bi8810TCR 1138>K8TbiMH 11 Me>KAY 00n10C8M\.1 
B O!lOCKOCTRX KOMnJleKCHO~ P10 .K 3TOMY BOnpOCy M~ e~e sepHeMCR 8 
AB!lbHeHweM np1o1 paccMoTpeHHH ycnoaJ.1R yHJ.1TBPHOCTH. 

nonbiTSeMCR Tenepb npHMeHHTb nO!ly4eHHOe Sblpa>KeHHe AnR $YHK-
4~~ rp~Ha B KOHKpeTHOM 3~eKTe. nerKO BHAeTb, 4TO TaKaR $yHK-
4HR sxOA~T a AHarpaMMY 4eTsepToro nopRAKa 3$¢eKTa KoMnToHa, 
npH4eM B Ha4aJ1bHOM COCTORHHH ¢HrypHpyiOT ABe BXOAR!qHe .CB060AHble 
nHHHH /¢oToHa H aneKTPOHa/. B HH3WeM npH6nHmeHHH TaKa~ a¢¢eKT 
6~n a~4HcneH a pa6oTe/4/,rAe c noMO!qb~ cpaaHeHHR peaynbTaTa 
AaHHOro ¢opManH3Ma C ~OpMyno~, nony4aeMO~ B o6~4HO~ KSaHTOBO~ 
3neKTPOAHHaMHKe, BbiBOAHTCR COOTHOWeHHe MemAY KOHCTaHTO~ gH KOH
CTaHTOti e 3JleKTpOMarHHTHOrO B3aHMOAea:iCTBHR! 8g 2 m 4s e 2 , m
Macca 3neKTpoHei. C APYro~ CTOPOHbl, a a¢¢eKTe KOMnToHa P== P e + P(y)• 
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a P(y) = 0, ClleAOBaTeJlbHO, S paBHfleTCR KBSAPSTY MSCCbl 3JleKTpOHS: 
8= F(!)=m2 JaKI-1M o6pa30M 1 B paCCMSTPI-1BSeMOM KOHKpeTHOM 3$cJ>eK
Te BCe BeJ1H4HH~, BXOAR~I-1e 8 /10/, onpeAeJleHbl. 

OtteHHM BKilaA nonpaBKI-1. PaccMOTPHM cHa\.la.na cny4a~ MailbiX 3Hep
rHH pacCeRHVIR. B TSKOM Clly4ae 8 /8/ Bblpa~eHI-1e J npHHI-1MaeT BHA 

/12/ 
s m 1 --+-)--J l m 6 2m I ' 

2 

J 
-( - )5-fs-'llx 

1 
1Cvs-m)[m(vs-m)+2m 2xll -vs-m -n-

1 2 X 2 s-m I (VB+m)[m( vs-m)-2m x ll 
/13/ 

EcnH vs=m+o. a o« m, TO senH~HHa lnl(/s-m)[m(v'S:m)+ 2m 2xll 
HMeeT MSKCHMSJlbHOe 3HS4eHHe 2ln(\/ s-m) Ha eepxHei1 rpaHH4e HH
Terpana' B TO speMR KaK In I ( vs-m)[ m(ys-m)- xll npHHHMaeT MaKCH
MSJlbHOe 3HS4eHHe npH X= S- m 2 • QT(:IOAS nOJ1Y4HM 

v'S-- m 
.J,; 3m5y~m [( m 

CneAOBarenbHO, a paccMarpHsaeMoM npeAene J1 s /12/ MOmHo npe
He6pe4b 1 VI TOrAa BCR peaJlbHa.R 4SCTb nonpaBKH OK83biBSeTCR M8110i1 
nQ CP8BHeHJ.110 C MHio1MOi1, KOTOpa.R npH y·g,. m npHHVIMSeT 3HS4eHHe 
nopRAKa 10-6 • 

BKJlaA peanbHO~ 4aCTH nonpaeKH npH yeenH4eHHH vs yeenH4HBa
eTCR. 6biCTpee, 4eM ,eKJla,q MHHMO~ 4BCTH, J.1 CTaHOBHTCR rnaBHbtM OpJ.1 
Bb1COKJ.1X a.HeprJ.1Rx. B TaKoM cny4ae npH noMOlqJ.1 Ta6nJ.11.lbl MO)f(HO no
KaaaTb, 4TO 4aCTb HHTer.pana ·B I 10/ oKaablaaeTcR Mano~. Cne,qyeT 
aaMeTJ.1Tb, 4,To AJIR no.npaBKH K ael><l>eKTY KoMnToHa, oco6eHHO npH 
BbiCOKHX 3.Hep.rHRX, He06XOAHMO paCCMaTpHBBTb KPOMe ,qHarpaMM THna 
C06CTBeHHOH 3HeprHH H ,qpyrHe. 

PaccMoTp_HM Tenepb ycnOBJ.IIe. yHHTapHoCTH- A11R A"'arpaMM 2- H 3 
Ha pHcyHK-e. Oo,QbiHTerpanbHble Bblpa>KeHHR a /6/ J.1MeiOT 4eTblpe no
niOca: 

P =+'(·p2-P2)tl•+·o 10 - 1 1 - 1 ~. 

2 ~ ~ 2 tl• PIO=Po±[(pl-p) -(PI-P) ±iO. . .. . . . 
. 2 2 ~ ~,2,1/2 .TaK KaK A > 0, non10c P0 -[(PeP) -(P1 -P1 J - iO · npH ·aHa4eJiHI1/ 

A2 = 2(PtoPo - p10 Po>· Po;, .p 10 • HaXOAHTCR nOA nOJliOCOM c.fl~plllj 4!10; 
CJle~OBaTeJlbHO, ·B 3TOM CJ1Y4ae. KOHTypw HHTet:'pHpOBaHH.A OKa3bl9aKft"C". 



1141 

Wa 161 H /7 I MOlKHO noKaaaTb, 4TO npH A 
2

.,; 0 o G(A 2) ~ 0, H oT
CIOAa nony4aeTCfl COOTHOWeHHe o (>, 2 + i 0) ~ o G * (A 2_ i 0) HflH COOT

HOWeHHe MelKAY CKa4KOM H MHHMOi< 4aCTbiO oG(A2)-~oG(A2 )- 2ilmoG(A2). 
HcnOflb3YR nocneAHee COOTHOWeHHe, MO~eM HanHC8Tb AflR paCCMaT

PHBaeM~X AH8rpaMM /c A06aeneHHeM 8 Ha48flbHOM H KOHe4HOM co
CTORHHRX BHeWHHX flHHHH CB060AH~X ¢QTOH8 H 3neKTpOH8/ 

4 2 

2ilmM. = g (
2

m) Qb(Aa' ,A'f3) ~26i r dA,dA, X 
I> (2rr)22 ~ 

. 1151 
xO(p )O(p -P )O(P

0
)o(A 2

1
)o((A

1
-A)2)__!:_ Q (A ,Af3). 

10 0 10 A_2 a a 

npH 3TOM Q0 (Aa,Af3) , Qb(A~, A~) - Ha4aflbHOe H KOHe4HOe co-
CTORHHR; Mr1 onpeAei1ReTCR CI1eAYIOUV·1M o6pa30M: 

<f1Tii>~(2rr)8 M!i o(Aa+ Af3-A~- A/J). 1161 
+ 

PaccMoTpHM ycnoe""e yHJ..fTapHOCTH S S =1, KOTopoe AaeT 

21m<f1Tii> = < 11Tif>*< 11Tii>. 1171 

npH 3TOM T CBR38H C 8 COOTHOWeHHeM S=l+iT. MaTpH4H~H 3IleMeHT 

<fIT I i> e /17 I MOlKHO npeACTaBHTb e BHAe 
2 • 

I I g -+ A 
< 1 T i>---e~ ua ['i' 2Q• (\,,Af3), 

(2rr )6 A 
1181 

-+ 
rAe e~ H Ua - 8Mni1HTYA~ COCTORHHR 6o30H8 H ~epMHOHa, KOTOp~e 

BXOART elf>.noACTaBflflR 1181 B npaeyiO 4aCTb 1171, nocne CyMMH

POB8HHR no seeM eo3MO)f(HbiM COCTORHHRM If> no.ny4HM 

4 • 
<11Tif>*<11Tii >= _g_Qb(A' ,Af3' )~X 

(2rr )' 2 a A2 

X r dAlgW['!L A"rvO(p10}6(Po -l',oW<Po)8(A:)x 
1191 

xo((A 1-Ah-\-Qa(Aa,Af3)8(Aa + Af3- A~-A~). 
A 

(paBi·H1BaR /19/ C /15/ H Y4HTbtB8A /16/, BIIIAIIIM, 4TO COOTHOWeH!IIe 

1171 B~nOflHReTCfl. 
TaKHM o6paaoM, a paMKax nOAXOAa KBaHToso~ Teopllllll nonR a o6De

AHHeHHOM npocTpaHCTBe B~4H~nReMaR nonpaBKa K rpHHOBCKO~ ~YHK4111H 
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¢lepMV!OHS OKS3biBSeTCR KOH€4HOi1. ,llanee, npVI npV!M€H€HVIJ.1 3TOrO pe-
3Y!lbTSTS B KOMnTOHOBCKOM 3¢l¢leKTe nOKS3biBaeTCfl, 4TO nonpaBKS 
MS!lS npH MS!lbfX J.1 CP€AHYIX 3HeprHRX /MO>KHO, C APYrOi1 CTOPOHbl, 
nOKS3STb, 4TO B 3TOi1 06!1SCTVI 3HeprHH nonpSBKH, COOTB€TCTBy~~J.1e 
APYrHM AV!arpaMMaM, AS~T BKJ1SA, KOTOPbli1 He 60!lbWe, 4€M paccMaT
pHBaeMafl nonpaer<a/. np~-1 BbiCOKHX 3Heprf.1f!X Ailfl oLteHKH nonpaBKH 
He06XOAVIMO paccMaTpHBaTb no!1Hbri1 Ha6op AV!arpaMM. 

B aaKI1104€HVIe aBTOpbl Bblpa}f(aiOT rny6o1<y10 6naroASPHOCTb npo¢lec
copaM B.A.Me~epf!KOBY H A.A.KysHeLtoey sa noCTORHHoe BHHMaHV!e 
K pa6oTe, npo¢leccopaM a.,ll.~BaHeHKo, 6.M.6ap6awoay, ~.n.TepileLt
KOMy 3a o6CY>KA€HHe VI Lt€HHble yKa3aHHA. 
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