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1. BBEAEHHE 

An~ peweH~~ KBaHTOBOM€X8H~4eCK~X 38A84 C TpeMA KynOHOBCKH­

MH 48CTH~8MH, ABe H3 KOTOP~X TRmen~e, a OAHa nerKaR, C ycne­

XOM npHM€HA€TCA 8AHa6aTH4€CKOe npeACT8Bil€HHe C HCnO.flb30B8HHeM 

B K84eCTBe 6a3HC8 peweHHH 38A84H ABYX KynOHOBCKHX ~eHTpoa/1/ • 

nocne ycpeAH€HHR no T8KOMy 6a3HCY TP€X4aCTH4H8R 38A848 CBOAHT­

CA K peweHHIO 6eCKOHel.-IHOH CHCTeMbl HHTerpOAI-1$¢epeHL(Iit8.flbHbix 

ypasHeHHH AnA ¢yHK~HH Xim(R) , OnHCbiBaiO~HX OTHOCHTeilbHOe 
ABH)I{€HH.e TR)!(€.flbiX 48CTI-1~ 

~ 
jm 

J 
+ 2M(E-E. (R)))X. (R)~ 

liD liD 

J J 
U ..• (R)x ,(R). 

lffi,Jm jm 

/1/ 

M -
b 

Maccbl nuKe!lbiX 1.1acn1U. c aapAAaM'-1 Z a 111 Z b ; Me - Macca ner­
Koi4 48CTHLJ.bl c OTPI-1U.8TenbHbiM eAVIHH4HbiM aapRAoM; R - paccTOAHYie 

M€>KAY Tfl>I<€IlbiMI.1 48Cn1l.~8MH; J - nOI1Hbli71 op6~-tTa!lbHb1H MOM€HT CH-

CTeMbl; Eim (R) - TePMbl 3a,qa'-4H ,qsyx KyJ10HOBCKHX ~eHTpos; (i,m) 

1.11 (j,m ') - Ha6opbl KBaHTOBbiX '-lHCen. <J)yHK~HH U/m,jm, ~sn~IOTC~ 
3$$eKTHBHbiMH noTeHUHaJ1aMH B3aHMO,Qe~CTBH~ COCTO~H~~' OTBel.la~~HX 

Bb16paHH0MY 6a3HCy. 0HH onpe,qen~~TC~ KaK MaTpH4H~e 3J1eMeHTbl 

onepaTopa KHHeTHI.leCKO~ 3HeprHH OTHOC\I!TeJ1bHOrO ,QBH>KeHH~ TA>KeJlbiX 

4aCT14~ Me>K,QY COCTOAHHAMH 3a,Qa'-4H ,QBYX KYJ10HOBCKI4X ~eHTPOB. RBHble 

Bblpa>KeHH~ ,Q.nfl HHx 6y,qyT ,QaHbl HH>Ke. CyMMa e npaeoH 4aCTH I 1 I 
no,Qpa3yMeeaeT KaK CYMMHPOBaHHe no BCeM COCTORHH~M ,QHCKpeTHOro 

cneKTpa 3a,Q8'-414 ,QBYX Ky.nOHOBCKHX ~eHTPOB, TaK 14 HHTerpHpOBaHHe 

no COCTORHir!RM HenpepbiBHOrO CneKTpa. 

A.nR npaeH.nbHoro 4Hc.neHHoro peweHH~ cHcTeMbl 111 ea>KHO aHaTb 

acHMnTOTHI.leCKOe nose,QeHHe noTeH~Vlanoe U im,jm" (R) npH R -+oo • 

ACV1MnTOTHKa U im,jm" (R) ,QJ1~ COCTO~HV1~ ,QHCKpeTHOrO cneKTpa 

H3y4a.nacb e pa6oTax13-5/ • B HacTo~~e~ pa6oTe no.ny4eH~ acHMnTo-
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Tlll4eCKY1€ $OPMYJ1bl ,QJlR M8Tp1114Hb1X 3J1€M€HTOB UoO,jm' (R) M€}f(,Qy 
OCHOBHblM COCTORHHeM ,QIIICKpeTHOrO cneKTp8 Ill COCT0RHY1RMIII Henpe­
PbiBHOrO cneKTpa aa.Q84111 ABYX KYnOHOBCKIIIX u,eHTpoa. Anfl Bbi4111Cile-
HIIIR 8CHMnTOTHKIII U OO . ~ (R) IIICnOJ1b3yeTCR MHOroMepHbiJ1 88PY18HT 
MeTo,Qa nepeeana/6,7/,Jm • noK83biB8eTCR, 4TO nplll R 400 noTeHt..ti-18-
Ilbl u OO,jm' (R) 3KCnoHeHU,III8J1bHO y6bi8810T. np!IIBOAIIITCR cpaBHeHIIIe 
pac4eToe no acii!MnTOTIII4ecKHM Q>opMynaM c peaynbTBTaMIII 4Y1CneHHbiX 
pac4eToe no anrop111TMy 181 • MHor111e .QeTanlll, KacaiO~YleCA onpe.Qe­
neHIIIA J.1 CBOJ1CTB peweHHi1 38,Q84"1 ABYX KyllOHOBCKIIIX U,eHTPOB Ill Bbi-
BO,Q8 $OpMyJ1 ,QJlR Uoo jm' (R) , ony~€Hbl. 0HIII CO.Q€PIKinCfl 'e KHIII-
re 111 1-1 CT8Tbe /9;: 

2. BbiYH.CJlEHHE MATPHYHOIO 3JlEMEHTA < j IV I o > 

Bb14HcneH"le acHMnToTHKI-1 M8TP¥14Hb1X 3neMeHTOB Uoo,jm' cBO.Q"lTCA 
K Bbt4111cneHHJO Pfi.Qa 6onee nPOCTbiX MaTPIII4Hblx 311eMeHTOB /9/ B co­
OTBeTCTBI-1111 C anropHTMOM nony4€HIIIfl 8CHMnTOTHKIII HSM y.Q06HO 6y,QeT 
pa36111Tb M8Tpiii4Hbl€ 3J1€M€HTbl H8 ,QBe rpynnbl. npe,QCT8Bio1T€Jl€M 
nepaoJ1 rpynnbl fi8Jl.A€TCfl M8TPJ.14Hbli1 3Jl€M€HT nOTeHU.IIISIJa B38111MO,Qei1-
CTBH.A nerKoH 48CTI-1LJ.bl c KyJ1oHoBcKHMIII u,eHTpaMIII <j IV I o > . 3.QeCb I j> =I k, q, m > - cocTO.AHHe HenpepbiBHoro cneKTpa c "lMnynbcOM 
k , 4J.1CJlOM Hynei::t yrnOBOi1 $yHKL.tHH q Ill MarHI-lTHbiM 4111CJ10M m I o> - ocHOBHoe cocTO.AH"le. ,QnR paccMaTplllaaeMbiX a HSCTOA~eH 

pa6oTe 8KCH8JlbHO-CHMM€TPH4HbiX OnepaTopOB OTJ11-14Hbl OT HYJlR TOJlbKO 
M8TpH4Hbl€ 3Jl€M€HTbl C m =0. 

B Ka4eCTae xapaKTepHoro npe.QCTBBIIITenR BTopoH rpynnbl Bbi6paH 
M8TpH4Hbli1 3Jl€M€HT ,QHnOJlbHOrO MOMeHT8 <jl zl 0 > , 0CT8JlbHble 
M8Tp1114Hbl€ 3Jl€M€HTbl Bbi4111CJ1RIOTCR 8H8110riii4HO YK838HHbiM. 

B .o.anbHe11weM orpaHH4HMCR cny4aeM OA"lHaKOBbiX aapR.QOB Za = Zb=Z. 
npJ.1 3TOM OTJ1114Hbl OT HYilR TOJlbKO M8TPH4Hbl€ 3II€M€HTbl, B KOTOpbiX 
4€THOCTb Q COBn8,Q8€T C 4€THOCTbiO onepaTopa OTHOCHT€JlbHOrO 
0Tp8>K€HHR B niiOCKOCTVl CI-1MMeTpHJ.1, nepeXO,Q K CIIy4810 p83HblX 38pR­
,QOB He BHOCJ.1T ,QOnOJ1HHT€JlbHbiX nplo1HU,HnHaJ1bHbiX Tpy,QHOCTefi. 

B BbiTRHYTbtX c¢lepoH.QBilbHbiX KOOP.Q"lHaTax ( ~, TJ, ¢ ) onepaTop 
B38J.1MO,Qei1CTBI-1R C KyJlOHOBCKIIIMH U,€HTp8MIII npe,QCT8BJ1R€TCR B BH,Qe 

4Z f 
V(ra ·'b)=- . 2 2 

R(f -~ ) 12/ 

Y4VJTbiB8R H€38BVICVIMOCTb OnepdTQpa V(ra ,rb ) OT yrnosoH KOOp,QVJ-
H8Tbl ¢ , MaTpH4Hblt1 3neMeHT <j! V I o > MO>KHO aanHcaTb a BI.1.Qe I q - 4eTHO/ 
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1 ~ 

<i1VIo>~-N0 NJ f d~ Jdt¢>.((.~;k,R)x 
-1 1 J 

4Zt W 2 2 
x ¢>0 ((.~ ;R) --- S(q -~ ). 

R(f-f) 

/3/ 

3AeCb ¢>o ( t , ~; R ) - 4>YHK4"~ OCHOBHOro COCTO~H-~ 3alla4" ABYX 
KynOHOBCK~X ~eHTpOB, a ~j(~.~ ;k,R)- ¢yHK~HR COCTORHHR Henpe­
pbiBHOrO cneKTpa c "Mny!lbcOM k . <l!yHK4"" ¢> 0 (t.~ ; R ) " 1> J ( t, ~ ; k, R) 
npeACTaBnR~TCR ~epea KynoHoBCKHe c¢epOHAa11bH~e ¢YHK~HH /KC¢/111 

/4/ 

1> (q .~ ;k,R)~II (c,a.O E (c,o.~). 
j oq oq !51 

r,Qe Po=R-J -2EO.OO / 2;E 000 - 3HeprHR OCHOBHOrO COCTORHHR; a = 
= 2RZ; C =kR/2 ; k - HMnyJlbC COCTORHHR; Q - KBBHTOBOe 
4HCno, pas Hoe 41o1c.ny Hyne11 ¢YHKL\HH 50q (c,o,q) • HopMHpoBo4Hble 
nOJlO>tH1TeJlbHble K03¢¢1o1LIVIeHTbl N 0 H Nj OTBe4BIOT nepeXOAY OT OAHO­

MepHO~ HOPMHPOBKH KyJlOHOBCKHX C¢epOHAaJlbHbiX ¢yHKL\HH K HOpMH­
POBKe no sceMy npocTpaHcTay: 

2 1 
OQ 2 R 3 2 2 

N0 J J 1> (t.~;R)-(t -~ )dqd~-1, 
-1 1 0 8 

1 ~ 
NJ2 f f ¢>. ( t, ~ ; k, R )¢> ( t, ~ ; k ', R) x 

-1 1 J j 

R3 2 2 
X -(q -~ )Md~~ll(k-k'). 

8 

/6/ 

171 

HcnonbayR HaeecTHble acHMnTOTH4ecKHe npeACTaaneHHR AflR yrnoablx 
KYJlOHOBCKHX c¢epOHABJlbHbiX ¢YHKL\HH /YKC¢/ H PBAHBJlbHbiX KynOHoe­
CKHX C~epOHAanbH~X ~YHK~HH /PKCt/, MO*HO nony4~Tb cneAY~~He 
ac-MnTOT-4eCK"e <I!OPMY!lbl llil~ 4>YHK4Hi'i¢>0 (q,~;R) ,¢>] (q,~ ;k,R ) 
H HOPMHpoeo4H~X K03iW.IH~HeHTOB No H N J : 

-RZ(q-~)/2 

1>o(q,~;R)~R·Z (q+1){e [1+o(R1)]+ 
-./2 1+~ 

-RZ(q-f'7)/2 
+ e [ 1+o(R1 )]J' 

1-q 
!8! 
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y2Z 1 N ~ --[ 1 +o(-)] 0 R . R ' 191 

. -q/2 -3q/2 -c(l-<) 
¢. (,;.~;k,R)~A c 2 e --c;---

J q (V2 (1+() (q+ !)12 

1 
X 

/10/ 

2Q+1 -2- 1 - -
2
- arctgy,; -1)[ 1+ o(c)l. 

rAe 
( ~ y1-~2, c -kR/2 

2q+1 
-.- (3q+1)/2 

A ~ c 2 /11/ 
q "1/4 [ q q112 

/12/ 

3Aec• J0 (t) - <llYHK~HR 5eccenR, a Hq(t) - nonHHOM 3pMHTa. 
~OpMyJlbl /8/ 1-1 /10/ He rO,QRTCR B MaJlbiX nonocKax, npHJleraiOiqHX 
K 3H84eHHRM q= ±1 , O,QHBKO 3TH 06naCTH He RBJlRIOTCR cy~ecT­
BeHHbiMH np11 HBXO>KAeHHH ac1-1MnTOTHKH. B ,qanbHeillweM 6y,qyT aa)f(Hbl 
,qBa CBOiiECTBa $0PMY11bl /10/, KOTOPble MO>t<HO .QOK83aTb, aHa!lVI3HpyR 
cnoco6 ee nony4eHHR. Bo-nepBbiX, ¢opMyna /J 0/ ,qonycKaeT aHani-1-
TH4eCKoe npo,qon>KeHHe no e B nonynJlOCKOCTH Ret~£> 0. Bo-eTo-
pblx, OC06eHHOCTH TaKoro npO,QOJl}l(eHHR CBR3aHbl TOJ1bKO C T04KOt1 
SeTB!leHHR .;~ 1 B apryMeHTe $yHK~HH 5ecCe!lR. no OCH .; E [ 1 ,~) 
npoae,qeM paape3 H $HKCHpyeM apH¢MeTH4eCKOe 3Ha4eHHe KOpHR HB 
aepxHeM 6epery paapeaa. 

AnR Bb14HcneHHR HHTerpana /3/ HcnonbayeM ,qayMepHbiH aap~aHT 
MeTO,Qa nepeeana' npe,QJlO}f{eHHbl~ HareilOM /B, 71 • npe,QCTaBI-1M 
<!lYHK~HKJ 5ecce!lR J0 (t) B $OpMy!le /10/ KaK MHHMYKJ 4aCTb 
¢YHK~I-1v. XaHKeilR H 0(t) . T or,qa, ~cnonb3yR neMMY }l{op,QaHa, 
MOmHo npo,Qe$opM~poBaTb nepsoHa4anbHY~ nonocy ~HTerp~poeaHHR 
/eM. PHC. 1/{l_s:f < ~ , -1.S:~ .S: 1} B noaepXHOCTb !£ 8 
TpexMepHOM npOCTpaHCTBe ( TJ ,Ree-, Ime-) , COCTORutYIO H3 npRMO-
yronbHHKa !£ 1iO.s:,;

0
:;; Re.;:s;1, Irn f ~ 0, -1:;; ~:;; 1 I H KPHao-
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P~c. 1. ~ayxMepHaR no­
aepxHOCTb a TPexMepHOM 
npocTpaHcTBe (~,Ref. Im.;J, 

no KOTOpO~ BeAeTCR ~HTe­
rp~pOBBH~e. 

ll~HeHHOH nOllOCbl £2 I fo:; Ref< ~ . Im f =· e (Ref). -1 s: ~:; 1 I. 
Ben~"~Hy !:0 Bb16epeM ~• ycnoe~R, "To6bl oTpeaoK lf=f0 .-1:;~s; 11 
COAep>Ka.n ceA.nOeble TO~K~ nOAbiHTerpa.nbHOro Bblpa>KeH~R, a noaepx­

HOCTb lm~ = 0 (Re ~) - \.-13 YCJ10BY1R, ~T06bl OHa COAep>Ka.na J1HHHH 

HaH6biCTpe~wero cnycKa. 
HcxOAHbiH MaTpYl~HbiH 3J1eMeHT < j 1 V 1 o > , TaK~~tM o6paaoM, 

npeACTaB.nReTCR B BHAe CYMMbl HHTerpaJ10B 

< i I v I o> = f I ... I dr 

£1 
noKa)l(eM' ~TO I 1 :;::::; 0 

+ J l ... ldr= 11+12. 

2 

Ha ~PMYll /3/ ~ /8/ - /12/ 

2 3 -
I _ N N A Z R _; rr -q/2 2 -3qf2 
1- - ·--q -- v- c x 

0 i 2y2 kR 

x Re f d ~ f d f f ( f + 1) I -"-=xp...:(_-,..R_Z_;;(f'----'~ )/2) [ 1 + o (.!..) ] + 

1 +~ R 

+ _e--'xp'-('-.---'R_Z(-"'f--'~'-")/--'2--') _ [ 1+ 0 ( L )lJ e -c < 1-s J " 
1-~ R 

x Hq(v2c(l-0) 

, v2<1+' )<q+ 1)/2 

2q+1 
---iln 

4 

1 H(1) (' _,-1 c2 2Z. c -=- 0 ICy -':, + -13lCCOS':,-

vf k 

/13/ 

/14/ 
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BciOAY a /14/ Bb16paHo ap~<!IMeT~"ecKoe 3Ha"eH~e KopH~ y'1- ( 2. 
IPyHKLIHff H~) (it) np1.1HHMaeT 4HCTO MHVIMbte 3Ha4eHHR, ace oc-
T8I1bHbte Bbtpa>KeHHR a I 14/, BKI1to4a.R "" nonpaao4Hble 4!1eHbt, ee11.1ecT-
eeHHbt, OTCIO,Q8 VIHTerpan I 1 paeeH Hy.mo. 0TMen1M, 4TO 3TOT 
BbiBO,Q CBR38H He C 8Cl4MnTOTV14eCKI-1M npe,qCT8BJ1eHJ.1eM K. C.¢., a C 
HX 8H8IlHTV14eCKVIMH CBOHCTB8MH. 

AnR Bbt4HcneHVIR VIHTerpana I 
2 

=< j IV I 0 > nepeC1,qeM OT ¢YHKU.V1H 
XaHKenR 1-1 nonHHOMOB 3pMHTa K HX ac~t~MnTOTHKe. KpoMe Taro, aoc­
nonbayeMCR CBOi1CTBOM CHMMeTpHI-1 nO,QbiHTerpa.nbHOi/t ¢YHK4V1H no TJ 
npVJ aaMeHe Tf-+-TJ, 

/16/ 

(1-/l~)q12 

(1 + v' 1-~ 2 )(q+1)/2 

To4Ka nepeaana C(o , 7Jo) ,qnR no,qbiHTerpanbHoro abtpa}f(eHHA Haxo­
AHTCR CT8H,Q8pTHbiM o6pa30M 1-13 YCJlOBHR, 4T06bl rpa,qHeHT noKa38Te.­
JlR 3KCnoHe~iTbl a I 15/ o6pal1\allcA a HYllb : 

k2 -1/2 
( 0 ~~0 ~ (1 + 2) . z 

B~4HCnHB HHTerpan e /15/ no 
>Ke'HHR AJlfl K03$$1-1~14eHTOB N 0 

114 2 q+1114 < i I v I o >~- -"-.,..,.,-
[ q! ]1/2 

6 

MeTOAY nepeeana H nOACTaBHB 
, N j , Aq , nony4J.IIM 

kq/2+514 z 5/2 

k2 + z2 
X 

/17/ 

Bbtpa-



x Rqlz+ll\xp[- k
2
R - ~ arctg .!..][ l+o(-1-)J. 

k Z kR /18/ 

Ac~MnTOTH4eCKa.A ¢opMyna /18/ AaeT peaynbTBTbl TeM T04Hee, 4eM 
6onbwe R "' kR/2 H 4eM MeHbWe HHAeKc q . KoHKpeTHBR o6nacTb 
ee npHMeHHMOCTH o6cymAaeTCR s nyHKTe 5. Ecn~t~ paccMaTp~t~saTb 
noBeAeHJ.-te MOAYllR MSTPJ.14Horo sneMeHTa < j I VI o> a aaBHC"tMOCTH 
OT k , TO BHAHO, 4TO OH HMeeT M8KCHMyM. 

l1106oi1 MaTp"4HbiH 3neMeHT ""Aa <il Vg((.~) I o > , rAe ~YHK4"R 
g(~ ,Tf). 4eTHa.R no Tf , He o6pa~aeTCR s HYJlb a T04Ke nepesana 
<e-o ,1f o·) ,Mo>t<eT 6b1Tb Bbi41-1ClleH no ¢opMyne 

<i!Vg !o>~ g(t0 . ~0 )< i!V!o> [l+O(.!....)J. 
kR 

3. Bbi4HC11EHHE ACHMnTOTHKH MATPH4HOrO 311EMEHTA 
AHnOilbHOrO MOMEHTA 

/19/ 

MaTpH4Hbli:1 3IleMeHT AHnonbHOro MOMeHTa <j 1 z j o > 
eTC.A I-'IHTerpanoM 

npeACT88J1Ft-

<jjzjo> ~ 

1 R o3 2 ~N0N f f d~dt</>.(t,~;k,R)¢ 0(t.ry;R)-2 try-"'-
8 

(t -ry 2). 
J -1 1 J 

/20/ 

,Qanee T€M me CnOC060M Ae¢opM8~J.11-1 YICXOAHOc::i nOllOCbl YIHTerpl-1pOBSHIIIR, 
4TO ~ a npeAhiAY~eM nyHKTe, v. ~t~cno.nb3YR aci-1MnTOTI-1Ky KC!lr, npc-t-
seAeM YIHTerpa.n /20/ npH He4eTHbiX HHAeK<:aX Q K Blo1AY 

1 ro 

Re f d~ f dt x 
0 to 

X exp[- Z R(t-ry )/2 +C( V 1-ry2- y 1-t2) )b (t, ry) x 
/21/ 
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f+l 2 2 -114 -[(1-f Xl-~ )l X 
~+ 1 

-- (. +1)/2 -- /2 
X (l+yl-f2 ) q (1-yl-1)2)q 

2Z k 
--arctg-

e k z 
/22/ 

(1-yl-f2)q/2 (l+yl-~)(q+l)/2 

np~ 4eTHbiX q MaTpi-14Hbli:1 a.neMeHT <j I z I 0 > paseH HYJliO. Bb14HC-
.neHHe HHTerpa.na /20/ no MeTOAY nepeea.na aaTPYAHeHO TeM, 4TO 
$yHK~HR f(f, ~) o6pa111aeTCR 8 HYJlb 8 T04Ke nepe8ana (f0• ~ 0). 
CooTaeTCTBeHHO o6pa~aeTc~ a Hy.nb "' r.naeHoe c.naraeMoe a ~opMy.ne 
,Q.nR MeTOAS nepesana. J.iHTerpan B /20/ MO>K.HO npeACTSBI-1Tb B BHAe 

/23/ 

/24/ 

TorAa npHMeHeHI-'Ie <I>OPMYJlbl MeTOAa nepeaa.na BO BTOPOM nOPRAKe IS: 
KOTOPSR 8 H8WeM CJly4ae HMeeT BHA 

8 

,t/4 q+ll/4 
<ilzlo>=- --2 

[ q! Jll 

X 

/25/ 
)ll [l+o(.!..)]. 

f={o c 
~""to 

q/2+13/4 !)/2 
k z q/2+5/4 .::...;;---,:-=,,--- R X 
(!(! +Z2)3 



kR 2Z k 1 
x expl- ---- arctg-1[ 1+o(- )l. 

2 k Z kR /26/ 

TeM >Ke cnoco6oM MoryT 6btTb Bb14HC!1eHbt ,qpyn1e M8Tp\114Hble 3!1eMeH-

Tb!, He CO,Qep>KS~VIe (,;
2

-71
2

) B 3H8MeH8Te.ne. no.nHSR CBO,QKS HX 

,QaHa e cne,qy~~eM nyHKTe. 

4. 3<I><I>EKTHBHbiE nOTEHl\HAIIbl B3AHMO.QE~CTBH~ nPH R ~ ~ 

ACHMnTOT\IIKS BCeX M8TpY14HbiX 3!1eMeHTOB, BXOARil.\\IIX B 3¢l¢leKTHB­

Hbl~ nOTeHU,l-18)1 U im, jm Bbti..IHCJ1fleTCR MeTO,QOM, onHCSHHbiM 

B n, n. 2, 3. 8 06nacn1 60J1bWI-1X R OCHOBHOI~ BKJ18,Q B 8CV1MnTOTIIIKY 

U Q (~) (±) 
im, jm ~ ,qaiOT MaTpYII..IHble 3J1eMeHTbl JO , H jo , onpe,Qe-

neHHble B pa6oTe ;g( , npl-1 R _,. oo OHVI CBO,QRTCR K Bbtpa>KeHHRM 

rge 

Q(+) -- k
2

+
22 

< j [ r2[ o>[1 + o(l/R)l, 
JO 4R 

2 2 
k +Z < j [z[o>[ 1 +o(1/R)l, 

4 

H(*)_-.!.. V 
jo 2 jo 

A(±) - N N . [ "- .!!__ "- + "- _i!_ ¢ ] 
jo o l "'i a R "'o - "'o a R i . 

/27/ 

/28/ 

/29/ 

/30/ 

/31/ 

Bbt4VICJ1eHJ.1e, aHanorHI..IHoe npose,qeHHOMY a n. n. 2, 3, noKa3btBaeT, 

4TO a HHTerpan, co,Qepmaw,l-1~ npo~ttsae,qeHio1e A)±j"' Ha HeKoTopyJO 

¢yHKU.Io110 KOOP.Q~-tHaT ( npH R ~ oo , OCHOBHOI--1 BKna,Q ,Q8eT 4neH 

9 



± f f N 0N. ¢ 0 L rP. dr KOTOPbiH npoCTbiM o6pa3oM cBR3aH c 
' aR ' 

MaTplo14HbiM 3JleMeHTOM < j ] f] 0 > 

(±) k 1 
fA fdr-+-<i It! o>[ l+o(-)l. 

jo 2 R /32/ 

Pac4eT acHMnTOTHKH All" < i I -1- I o > 
1o1 H(+) , npoBOA1-1TCR TaK >Ke, KaK H .QflR 

,QHT ~ Bblpa)!(eHHIO 

, BXOARW,ero B Q~-:; 
<i!z!o> , "npHso-

<i I r2 ! o>- R<i!z! o>[l+o(i)l. /33/ 

KoM6HHHPY" ~opMyn~ /27/ 
no>KeHHR AJ1R < i I z I o > 
TellbHbiH pe3yllbTaT: 

- /32/ C y4eTOM aCHMnTOTH4eCKOrO paa-
nony4aeM AJ1R Q (±) H (±) OKOH4a-

Q:~)--l[l+o(R- 1 )]. 

Hj:)-2kl[l+o(R-1 )]. 

HH __ .!\._ I[l+O( R 1)], 
jo 2 

H(*)_ 2k2R I[l+o(R-1)1, 
JO 

jo ' jo 

kR 2Z k q/2+6/4 - - -- arc t,-
R e 2 k z 

5. CPABHEHHE C PE3YnbTATAMH 4HCnEHHOrO PAC4ETA 

134/ 

/35/ 

/36/ 

/37/ 

/38/ 

/39/ 

8 Ta6m1'-'e npe,qcTasneHbl M8TPH4Hble 3IleMeHTbl D =< j 1 z 1 o> , Q , 

H Me*AY OCHOBHbiM cocTORHHeM H cocTO,.HHeM I k ,1, 0 > Henpepbls-

Horo cneKTpa Ailfl CHCTeMbl C aapRAOM Z = Za. =Zb=l, p8CC4HTaH-
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Hbte Ha 38M no anropi4TMY pa6oTbt/8/ 14 no ac~;~MnTOT144eCK14M ct>opMy-

naM /26/, /28/, /30/. B"AHO, "TO peaynbTaTbl cornacyK>TCR a o6-
naCTio1 3Ha4eHI4~ n~paMeTpa c ""'", 12715 . 

. _.Ta6n"~a 

CpaeHeH~;~e pac4eTa MaTpi44HbtX 3IleMeHTOB D , Q(-) 14 HC-.)Bbt414CileHHbtX 

no anropHTMY pa6oTbt /8/, c pac4eTaMV1, BblnOilHeHHbtMI4 no 

ac"MnTOT""eCK"M $OpMynaM /26/, /28/, /30/ 

trncJI. paoli. Ac. q,....n:a 

3 6 -0,0009 
7 -0,0003 
8 -O,OOb1 
9 -0,00003 

4 5 -0,0002 
6 -0,00004 
7 -0,00001 

5 4 -O,OOOI 
5 -0,000016 
6 -0,000007 

-0,0014 
-0,0004 
-0,0001 
-0,00003 

-0,0003 
-0,00005 
-0,00001 

~o.ooor 

-0,000015 
-0,000001 

-0,0223 
-0,0007 
-0,0002 
-0,0001 

-0,0007 
-0,0002 
-0,00006 

-0,0006 
-0,0001 
-0,000049 

-0,0034 -0,0041 -O,oo51 
-0,0009 -0,0012 -0,0014 
-0,0003 -0,0003 -0,0004 
-0,0001 -0,0001 -0,0001 

-O,OOII -O,OOI? -0,0022 
-0,0002 -0,0003 -0,0004 
-0,00003 -0,00051 -0,00007 

-0,0000 -0;00f6 -0,0021 
-O,OODI -0,0002 -0,0002 
-O,OOOOII -0,00009 -0,00003 

6 4 -o. ooooi3 
5 -0,000006 

5.4 -0,000005 

-0,000013 
-0,000001 

~o.ooo12 

-0,000052 
-o;ooo12 
-0,000009 

-0,0003 
-0,000031 

. -0,0003 
-0,000026 

-0,000001 -0,000051 -0,000003 -O,OOOOII -0,000009 

-0,000027 -0,0003 -O,OOC3 -0,0010 -0,0012 7 3 -0' 000022 
4 -0,000004 -0,000001 -0,000056 -O,OOCOI7 -0,000026 · -0,000058 

np1o1 3Ha4eHV1flX C 2: 15 , KaK Blo1AHO 143 J:~14C. 2, Ha6J110AaeTCfl 

pa3IlV1414e Me~AY aCio1MnTOTio14eCK14MV1 3Ha4eHV1fiMio1 MaTplo14H~X 3IleMeHTOB 

1o1 3Ha4eH14flM14, Bbi414CileHHblMI4 cor naCHO anropYITMy pa6oTbl/8/, 3TO 

CBfl3aHO C TeM, 4TO a6COI110THafl T04HOCT0 Elbi414C!leHV1H MaTpY14HbiX 

3IleMeHTOB -lQ-& , 

AaTOPbl r.ny6oKo 6naroAaPHbl n.H.noHoMapeay aa nocTaHoaKy 

aaAa414 1o1 no.neaHbte KOHCYilbTa~YII-1 1o1 o6cymAeH14fl. 0AV1H 143 aaTopoa 

/C. !0. CnaeflHOB/ 6naroAapeH 6eHrT.y Hareny a a TO, 4TO OH 03Ha­

KOMI-1Il ero C MHOrOMepHbiM MeTOAOM nepe6am:1. 
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