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1 BBe,lleHHe 

B HaCTonllleH pa60Te o6CY:IK,naeTcn np06JIeMa onpe,neJIeHHn TO'-lHOCTH '-IHCJIeHHbIX 

peUJeHHH HeJIHHeHHOH CneKTpaJIbHOH 3a,na'-lH, nOJIY'-IeHHbIX C nOMOlllblO pa3BHToro 

paHee B pa60Te [1 J HTepaUHoHHoro MeTo,na. CneKTpaJIbHble 3a,na'-lH C onepaTopoM, 

3aBHcnlllHM OT co6cTBeHHoro '-IHCJIa, B '-IaCTHOCTH, B03HHKalOT B paMKax peJInTHBHCT

CKHX ypaBHeHHH ,nJIn COCTaBHbIX CHCTeM. TaK onHcaHHe cneKTpa ,nBYX'-IacTH'-IHblX 

CBn3aHHbIX cocTonHHH npHBo,nHT K peJInTHBHCTCKHM BapHaHTaM ypaBHeHHn IIIpe

,nHHrepa [2, 3, 4], KOTOPbIe B OCHOBHOM «POPMYJIHPYIOTcn KaK HHTerpaJIbHbIe ypaB

HeHHn B HMnYJIbCHOM npocTpaHcTBe. B TaKHX ypaBHeHHnx n,npo 3a'-lacTYIO 3aBHCHT 

OT nOJIHOH 3HeprHH CHCTeMbI (co6cTBeHHoro '-IHCJIa ypaBHeHHn). 

J-hepaUHOHHblH MeTO,n pemeHHn HeJIHHeHHOH cneKTpaJIbHOH 3a,na'-lH COCTOHT B 

nocTpoeHHH HTepaUHoHHoH nOCJIe,nOBaTeJIbHOCTH JIHHeHHbIx cneKTpaJIbHbIX 3a,na'-l, 

,nHcKpeTH3aUHn KOTOPbIX npoH3Bo,nHTcn MeTo,nOM By6HoBa - raJIepKHHa [51, H co6

CTBeHHble '-IHCJIa H co6CTBeHHble «PYHKUHH nOJIY'-leHHblX aJIre6paH'-IeCKHX JIHHeHHblX 

cneKTpaJIbHblX 3a,na'-l BbI'-IHCJInIOTcn C nOMOlllblO nporpaMMbI F02AGF H3 CTaH,napT

HOft 6H6JIHOTeKH NAGLIB, peaJIH3YlOllleH QR-aJIrOpHTM [6J. 3TOT aJIrOpHTM 3a

KJIIO'-IaeTCn B nOCTpoeHHH nOCJIe,nOBaTeJIbHOCTH pa3JIO:IKeHHH HCXO,nHOH MaTpHUbI Ha 

yHHTapHylO H npaBylO TpeyrOJIbHylO, ,nHarOHaJIbHble 3JIeMeHTbI KOTOPOH npH 3TOM 

cxo,nnTcn K co6CTBeHHbIM 3Ha'-leHH.sIM HCXO,nHOH MaTpHUbI. 

TIocTpoeHHe HTepaUHOHHOH nOCJIe,nOBaTeJIbHOCTH JIHHeHHbIX cneKTpaJIbHblX 3a

,na'-l npOHcxo,nHT CJIe,nYlOlllHM 06Pa30M. TIPH BbI'-IHCJIeHHH co6CTBeHHoro '-IHCJIa C 

«pHKCHpOBaHHbIM HOMepOM k Ha nepBOM HTepaUHOHHOM mare B 5U(pO HHTerpaJIbHOrO 

onepaTopa no,nCTaBJIneTCn Ha'-laJIbHOe npH6JIH:lKeHHe 3Toro '-IHCJIa. Ha'-laJIbHOe npH

6JIH:lKeHHe Bbl6HpaeTcn Hcxo,nn H3 «pH3H'-IeCKOH nOCTaHOBKH 3a,na'-lH HJIH npOH3BOJIbHO. 

Ha Ka:IK,nOM nOCJIe,nYlOllleM HTepaUHOHHOM mare B n,npo no,nCTaBJI.sIeTC.sI co6CTBeHHoe 

'-IHCJIO C TeM:lKe HOMepOM k, Bbl6paHHoe H3 cOBoKynHocTH co6cTBeHHbIX '-IHCeJI, BbI'-IH

CJIeHHblX Ha npe.n:blllYllleM mare npouecca HTepaUHH. TIpH3HaKOM 6nH30CTH nony'-lae

MbIX npH6nH:lKeHHH K HCKOMOH BeJIH'-IHHe co6CTBeHHoro 3Ha'-leHH.sI nBJIneTCn ,nOCTH

:lKeHHe MaJIOH BenH'-IHHbI pa3HOCTH Me:IK,ny ,nBYMn npH6JIH:lKeHHblMH co6CTBeHHblMH 

3Ha'-leHH.sIMH, BbI'-IHCJIeHHblMH Ha ,nByX cne,nYlOlllHX ,npyr 3a ,npyroM HTepaUHOHHbIX 

marax. KaK TonbKO ::na pa3HOCTb CTaHOBHTcn MeHbme 3apaHee 3a,naHHoro '-IHCJIa, 

xapaKTepH3YlOlllero TO'-l~OCTb pemeHHn 3a,na'-lH, HTepaUHoHHblH npouecc C'-IHTaeTCn 

3aKOH'-IeHHblM. Co6CTBeHHoe 3Ha'-leHHe C COOTBeTCTBYlOweH eMY co6CTBeHHOH «PYHK

UHeH, nOJIY'-leHHble Ha nOCJIe,nHeM HTepaUHOHHOM mare, npHHHMalOTcn 3a HCKOMoe 

pemeHHe 3a,na'-lH. KaK BH,nHO, OTJIH'-IHe pa3pa6oTaHHoro HaMH MeTo,na OT H3BeCT

HUX MeTo,nOB pemeHH.sI HeJIHHeHHblX HHTerpaJIbHblX ypaBHeHHH 3aKJIIO'-IaeTCn B TOM, 

'-ITO HTepHpyeMoH BeJIH'-IHHOH 3,neCb .sIBJI.sIeTcn co6CTBeHHoe '-IHCJIO, a He co6cTBeHHan 

q,YHKUHn. 
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2 	 YpaBHeHHB B HMnynbcHoM npocTpaHcTBe ~nB 
BonHoBoil $YHKUHH ~BYXqaCTHqHOiI CHCTeMbI 

B HaCT05IweH pa60Te IIpH OIIHcaHHH nByx~IaCTWlHOH CHCTeMhI MbI OrpaHHqHMC5I co

CT05IHHeM C HYJleBbIM Op6HTaJlbHbIM qHCJlOM H 6yneM CqHTaTb, qTO MaCCbI qaCTHU, 

COCTaBJl5IIOWHX .CB5I3aHHYIO CHCTeMY, paBHbI npyr npyry: ml m2. m, a Macca 

qaCTHUbI, IIepeHOC5IweH B3aHMoneHCTBHe, paBHa HYJlIO. B 3TOM CJlyqae HHTerpaJlb

Hoe ypaBHeHHe nJl5I BOJlHOBOH cpyHKUHH B CHCTeMe ueHTpa HHepllHH Ipli = 1fi21 = p 
HMeeT BHn [3]: 

/ . / 	 0: /00 m2dk
2y m2 + p2(Mn - 2V m2 + p2)1/Jn(P) -; vm2 + P V(p, k, Mn)1/Jn(k) . (1) 

o 

3neCb p H k - MonYJlH HMnYJlbCOB qaCTHll B HaqaJlbHOM H KOHeqHOM COCT05IHHH; 

1/Jn(P) BOJlHOBa5I CPYHKllH5I CHCTeMbI; Mn H En - HCKOMble Macca CHCTeMbI CB5I3aH

HbIX qaCTHll H ee 3HeprH5I CB5I3H, 

n rJlaBHOe KBaHTOBoe qHCJlO, onpeneJl5IIOwee IIOCJlenOBaTeJlbHOCTb YPOBHeH B cneK

Tpe 3HepniH CB5I3H CB5I3aHHblX COCT05IHHH; a V KBa3HnOTeHllHaJl, nocTpoeHHbIH 

H3 MaTpHqHbIX 3JleMeHTOB aMIIJlHTy,nbI B3aHMo,neHcTBH5I, paCCqHTaHHOH B paMKax 

KBaHTOBOH 3JleKTpo,nHHaMHKH (KElI); 0: IIOCT05IHHa5I TOHKOH CTpyKTYPbI, 0: 

1/137.0359895 [7J. 
B pa60Te [8J 6bIJlO lIOJlyqeHO CJle,nYIOwee BbIpa2KeHHe ,nJl5I peJl5ITHBHCTCKoro IIO

TeHUHaJla B3aHMo,neHcTBH5I ,nByX CKaJl5IpHbIX qaCTHll B o,nHOMepHOM CJlyqae: 

2 	 2
V( 	 k M ) _ 21 lip kl + Vm2 + p2 + vm + k (2)

p, , n - n p + k + vm2 + p2 + vm2 + k2 

PeJl5ITHBHCTCKHe nOTeHUHaJlbI, onHCbIBaIOlllHe B3aHMo,neHcTBHe ,nByX q>epMHoHoB B 

paMKax o,nHOBpeMeHHoro cpopMaJlH3Ma, 6bIJlH nOJlyqeHbI B [9]. ECJlH nOJlHbIH cnHH 

,nByxq>epMHoHHOH CHCTeMbI paBeH HyJlIO, TO COOTBeTCTBYIOwa5I (jJopMYJla ,nJl5I 

V(p, k, Mn) B npH6JlH2KeHHH O,nHO(jJOTOHHoro 06MeHa HMeeT BH,n : 

V(p, k, Mn) = 2(m2 - 2Jm2 + p2vm2 + P) x 

p + k + vm2 + p2 + vm2 + k2 - Mn I (3) 
x In IIp kl + vm2 + p2 + vm2 + k2 - Mn . 

B CJlyqae, Kor,na IIOJlHbIH cnHH CHCTeMbI paBeH e,nHHHue, 5I,npo V(p, k, Mn) 3a,naeTC5I 

CJle,nYIOWHM 06pa30M : 

(4) 
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r,ne: 

+,1m)(J 2 2 + 2) x m +p +m 

Co6CTBeHHble 3Ha4eHIUI ypaBHeHHSI (1) B cny4ae KBa3HnOTeHUHana (2) 6bInH nony

4eHbI B [10]. Co6cTBeHHble 3Ha4eHHSI ypaBHeHHSI (1) C nOTeHUHanaMH (3) H (4) 6bInH 

HcnOnb30BaHbI npH BbI4HcneHHH 4aCTOT nepexo,nOB Me:tK,ny ypOBHSlMH n03HTpOHHSI 

[11] H ,nHMIOOHHSI. 
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3 AnnpoKcHMaUHa HCXO~HOH 3a~aqH no MeTo~y 
ByoHoBa ranepKHHa 

B onepaTopHOM qlOpMynHpoBKe ypaBHeHHe (1) 3anHChIBaeTCSI cneJIYIOLUHM o6pa30M: 

A(A)'I/J A'I/J = 0 , (5) 

rJIe onepaTop A(A) HMeeT BH):;:: 

A(A)'I/J(p) 2Jm2+ p2'I/J(p) + _a--;==;<m=2====n:jOO _I ~k k V(p, k, A)'I/J(k). (6) 
1f 0 v m + 2 

3JIeCh A = {An} HCKOMoe MHO)KeCTBO co6CTBeHHhIX l.JHCen (n = 1,2,3, ... ), 'I/J 
{'l/Jn} - HCKOMoe MHO)KeCTBO co6CTBeHHhIX <PYHKl(HM. Co6CTBeHHoe l.JHCnO A B (5) 
HMeeT CMhIcn MaCChI M CBSl3aHHOM CHCTeMhI, TO eCTh A = M. 3anal.JY (5) pac

cMaTpHBaeM B rlwh6epToBoM npocTpaHcTBe L2 Ha nonyocH [0,00] C ycnoBHeM HOp

MHpOBKH co6cTBeHHhIx <PYHKl(HM: 

jII'l/JI I 
00 

'l/J 2(p)dp 1. 
o 

LImI Toro, l.JTo6hI CBeCTH 3anal.JY (5) K npo6neMe co6CTBeHHhIX 3Hal.JeHHM JInSi 

MaTpHl( Heo6xonHMo nepeMTH OT ypaBHeHHSI B npOCTpaHCTBe L2 [O, (0) K CHCTeMe 

ypaBHeHHM B KOHel.JHOMepHhIx npOCTpaHCTBax. OJIHHM H3 B03MO)KHhIX cnoco60B ne

peXOJIa OT HenpephIBHoM nepeMeHHoM K JIHCKpeTHoM ~IBnSleTCSI npOeKl(HOHHhIM MeTOn 

By6HoBa ranepKHHa [5, 12]. 
B03hMeM HeKoTophIM oTpe30K JIHCKpeTH3al(HH R. IIonaraSi h = R· N-1 ( h 

1IIar JIHCKpeTH3al(HH, N - KOnHl.JeCTBO Y3noB), onpenenHM nnSi nlO6oro N cHcTeMY 

6a3HCHhIX KycOl.JHO-nHHeMHhlx <PYHKl(HM <Pi, r,n:e i 1,2, ... ,N, cne,n:YlOllI.HM o6pa30M: 

0; p < (i 1) h; 
p/h+1 i; (i l)h"::;p"::;ih; 

(7)<Pi(P)= -p/h+1+i; ih"::;p"::;(i+l)h;{ 
0; p> (i + l)h, 

,n:nSl i = I, "" N - 1 H 

O' P < R- h· 

A.. ()= p/h+1 N; 'R-h"::;p"::;R; 
 (8)
'f'N p 1; p R

{ 
(R/p)3; P > R . 

,n:nSl i = N. IIpH onpeneneHHH <PYHKl(HH <PN Yl.JHThIBaeTCSI H3BeCTHaSi aCHMnTOTHKa 

HCKOMOM co6cTBeHHoM <PYHKl(HH 'I/J(p) = O(p-3) npH p -t 00, 
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IIycTb H N eCTb N-MepHOe nOnnpOCTpaHCTBO rl1JIb6epTOBa npOCTpaHCTBa L 2 , B KO

TOPOM OnpeneJIeH 6a311C KYCOqHO-J1ImeHHbIX Q?YHKUI1H {q)d, <f>YHKUI1IO 'I/JN (p) E HN, 

npH6,'lI1)KalOllIYIO peWeHHe 'I/J(p) E L2 3anaqH (5), HllIeM B Bl1ne 

N 

'l/JN(P) = 2: Ujq)j(p) , (9) 
j=l 

rne Uh = ('ll1' ' , . ,UN)T BeKTOp Hel13BeCTHbIX, COrJIacHo MeTony By6HoBa raJIep

KHHa K03Q?Q?I1UHeHTbI Uj onpenemrlOTC~ 113 Tpe6oBaHH.sI, QTo6bI nOCJIe nOnCTaHOBKH 

(9) B JIeBYIO QaCTb ypaBHeHI1.sI (5) OHa OKa3anaCb opToroHaJIbHoH K q)l, "" q)N' C 
YQeTOM npenCTaBJIeHH.sI (9) nOJIYQaeM 

N a m2 /00 dk N 

2Jm2 + p2 2: Ujq)j(p) + J 2 + 2 J 2 k2V(p, k, A) 2: Ujq)j(p) 

j=l 7r m p 0 m + j=1 


N 

-A 2: Ujq)j(p) = 0 , (10) 
j=l 

YMHO.lKI1M CKaJI.sIpHO (10) Ha BeKTop q)i(P) , i = I, "" N, TOnl.a 

00 

N N a m 2 dk1L 'llj(q)i(P) , 2vm2 + p2q)j(p)) + L Uj-(q)i(P) , J 2 + 2 J 2 + k2 X 
j=1 j=1 7r m P 0 m 

N 

xV(p, k, A))q)j(p) 2: Uj(q)i(P) , Aq)j(p)) = 0 ,i = 1, , .. , N ' (11) 
j=1 

B rl1JIb6epTOBoM npocTpaHcTBe HN CKaJI.sIpHOe npOll3BeneHI1e nByX BeKTopoB onpe

00 
(q)i(P), q)j(p)) = ! q)i (p)q)j (p)dp , (12) 

o 

Torna K03Q?Q?I1Ul1eHTbI Uj onpeneJI.sIIOTC.sI 113 CI1CTeMbI ypaBHeHI1H 

N 


L(aij + Tij )..Wij)Uj = 0 ,i = I, "" N , 

j=1 


rne 

00
1q)i(p)(2Jm2 + p2) q)j (p)dp , 

o 


00 002 1~1 q)i(p)m V( k A) q)j(k) dkd 
7r Jm2 + iJ2 p" Jm2 + k2 p , 

00 
o 0 

1q)i(p)q)j(p)dp , 
o 

= 1, .... ,N ,j=l, .... ,N. 
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TaKUM 06pa30M, B 3TOM no.n;xo.n;e 3a.n;aqa peWeHU5I UHTerpanbHoro ypaBHeHU5I CBO

.n;UTC5I K HenUHeHHOH anre6paUqeCKOH 3a.n;aqe Ha C06CTBeHHbIe 3HaqeHU5I : 

(13) 

By.n;eM Ha3bIBaTb AN .n;ucKpeTHblM c06cTBeHHbIM 3Ha'ieHueM, a '¢N, onpe.n;eneHHyID 

Bblpa2KeHUe~ (9), C ycnoBueM HOPMUPOBKU 

OueHKH IIorpeIIIHOCTH BbI'tIHCJleHH.SI COOCTBeH

HbIX 'tIHCeJl H COOCTBeHHbIX $YHKUHH 

TIorpewHOCTb BblqUCneHU5I c06CTBeHHblX qucen U c06CTBeHHblX CPYHKUUH 3a.n;aqU (5) 
CKna.n;bIBaeTC5I U3 OWU6KU 8, BHOCUMOH UTepaUHOHHbIM MeTo.n;OM peWeHH5I HenHHeH

HOH .n;HcKpeTHoH 3a.n;aQU (13) U norpewHocTH 6., 06ycnoBneHHoH Henocpe.n;cTBeHHo 

annpoKcuMauueH HenpepbIBHoro ypaBHeHU5I (1) cHcTeMoH .n;UCKpeTHbIX ypaBHeHHH 

(13) no MeTO.n;y fanepKHHa. 

4.1. B pa60Te [1] 6bmo nOKa3aHO, QTO norpeWHOCTb BbIQUCneHH5I c06CTBeH

HbIX QUcen 3a.n;aQH (13) onHcaHHbIM BbIwe HTepauuoHHbIM MeTo.n;OM oueHHBaeTC5I 

HepaBeHcTBoM 

(14) 

r.n;e A~) HaQanbHOe npU6nH2KeHHe K .n;UCKpeTHOMY c06cTBeHHoMY QHCJIY 3anaQH 

(13); AW npU6JIU2KeHHOe .n;HCKpeTHoe c06cTBeHHoe QHCnO, nonYQeHHOe Ha 1-M 

UTepaUUOHHOM ware; A!jJ npU6JIH2KeHHOe .n;HCKpeTHoe c06CTBeHHoe QUcno, nony

QeHHOe Ha l-M HTepaUHOHHOM ware; AN TOQHOe .n;HcKpeTHoe c06cTBeHHoe QUCJIO 

3a.n;aQU (13) .n;JI5I .n;aHHoro rnaBHoro KBaHTOBoro QHcna n U KOnUQeCTBa Y3nOB ]V 
B ceTKe .n;UCKpeTU3aUUH, KOTopoe, Bo06me rOBOp5I, M02KeT 6bITb pa3nUQHbIM .n;n5I 

.n;aHHoro 3HaQeHH5I n; 1 HOMep uTepaUHu, Ha KOTOPOH BbInOJIH5IeTC5I KpuTepuH 

OCTaHOBKH: 

B Hanmx paCQeTaX Mbl BbI6upanu € = 0.1.10-10. TIPH 3TOM HTepauuoHHhlH npouecc 

06bIQHO CXOnHnC5I 3a 6 - 7 HTepaUHH. 

K03Q?Q?uUHeHT q, KaK nOKa3aHO B [1], onpenen5IeTC5I BbIpa2KeHUeM 
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TaGmma 1: TIorpewHocTu 6.\ c06CTBeHHblX '-HiCe!1 (n 1,2,3,4), BHOCHMbIe HTepa-
UHOHHblM rvteTOnOM 

n 
PemlTHBHCTCKoe 

ypaBHeHHe 
CnHHopHoe (8 = 0) 

ypaBHeHHe 

CmfHopHoe (8 1) 
ypaBHeHHe 

1 0.109.10- 14 0.106 . 10-14 0.108.10- 14 

2 0.215 . 10 14 0.219·10 14 0.216 . 10 14 

3 0.558. 10-14 0.475 . 10-14 0.511 .10- 14 

4 0.917 . 10-14 0.724. 10-14 0.639.10- 14 

vb 'HfcneHHblX 3KcnepifMeHTOB, pe3ynbTaTbl KOTOPbIX npenCTaBneHbI B [13], a TaKJKe 

npH Bbl'lHCneHHH npoH3BonHoH onepaTopa AN(.\N), 3anaBaeMoro <p0pMynoH (6), no 
.\N nn-H ypaBHCHH-H (1) 6bIJIO nonyyeHO, tITO q rv 0.02. B Ta6n.l npHBcneHbI no

rpeWHOCTH 8.\ c06CTBeHHbIX YHCen ypaBHeml-H (1) C nOTeHUl1aJ1aMH (2), (3) it (4), 

BbIYHCneHHble no <p0pMyne (14). TIorpewHocTH 6'¢ c06cTBeHHblx <pYHKunH, BHOClI

Ta6mma 2: TIorpewHocTH 6'¢ c06CTBeHHbIX <PYHKUHH (n 1,2,3,4), BHOCHMble 

HTepaUHOHHbIM MeTOnOM 

n 
Pen-HTHBHCTCKoe 

ypaBHeHHe 

CnHHopHoe (8 0) 
ypaBHeHHe 

CmmopHoe (8 = 1) 

ypaBHeHHe 

1 0.315. 10-13 0.322.10 13 0.324.10 13 

2 0.570. 10-13 0.585 . 10-13 0.593·10 13 

3 0.847. 10-13 0.811 . 10-13 0.815· 10 13 

4 0.125.10-12 0.121 . 10-12 0.131 ·10 12 

Mble HTepaUHoHHbIM MeTOnOM, KaK BHnHO H3 Ta6n.2, Ha OnHH-nBa nop-HnKa 60nbwe 

norpewHocTeH c06cTBeHHblx YHCen. 
4.2. OueHHM norpeWHOCTb annpOKCHMaUHH ypaBHeHH-H (1) no raJIepKHHY. KaK 

H3BeCTHO [14], annpoKCHMaUH-H cneKTpMbHOH 3anaYH Kyc01.JHG-nHHeHHbIMH <PYHKUH
-HMH, 3anaBaeMbIMH <p0pMynaMH (7) H (8), npHBonHT K CJIenytOUleMY pa3JIO:JKeHHtO 
CeT01.JHoro peWeHH-H no CTeneH-HM wara nHCKpeTH3aUHH h: 

>'N = .\ + c1h2+ O(h4) , 


1/JN = 'ljJ + C2h + O(h2) , 


rne Cl H C2 - KOHCTaHTbI, He 3aBHC-HUlHe OT h. 
nml oueHKH T01.JHOCTH nonY1.JeHHbIX .I1,HCKpeTHbIX c06CTBeHHbIX 1.JHCen H co6CTBeH

HbIX <PYHKUHH MbI npOBenH cepHtO 1.JHCneHHbIX 3KcnepHMeHTOB Ha nOCne.I1,OBaTenbHG

CTH paCWHpglOlUHXC-H HHTepBanOB R H nocnenOBaTeJIbHOCTH crYlUatOUlHXCg ceTOKN. 
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0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01 
p/m 

PMC. 1: C06cTBeHHhle ¢YHKIUHI )lBYX'IaCTl1'1HOrO ypaBHeHluI IIlpe)lHHrepa(17) 

fln:.5I YTO'lHeHH.5I pe3YJIhTaTOB HCnOJIh30BaJIaCh 3KCTpanOJI.5IUH.5I PH'Iap)lCOHa [15) OT

HOCHTeJIhHO lIJara h, 3aKJIIO'IaIOLUa.5IC.5I B nOJIY'leHHH npH6JIH)KeHHOrO pelIJeHH.5I 60JIee 

BhICOKoro nOp.5I)lKa TO'IHOCTH Ha OCHOBe npH6JIH)KeHHhIX 3HaqeHHH, nOJIyqeHHhIX Ha 

ceTKax C lIJarOM h H h/2 : 

ANI 2 -1/3ANI + 4/3AN'}. , (15) 

'lj;Nl,'1. = -1/3'1j;N] + 4/3'1j;N'1. . (16) 

YTO'lHeHHOe pelIJeHHe AN],2' 'lj;N1,2' nOCTpoeHHoe npH nOMOLUH JIHHeHHOH KOM6HHaUHH 

H3 npH6JIH)KeHHhIX pelIJeHHH 3a)la'lH (13) ANI HAN'}, (BhI'lHCJIeHHhlX C TO'lHOCThlO 

nOp.5I)lKa h2 Ha ceTKax C KOJIHqeCTBOM Y3JIOB NI H N2, npHqeM N2 = 2Nl ), a TaK)Ke 

'!f;Nl H '!f;N'}, (BhlqHCJIeHHhIX C TOqHOCThlO nOp.5I)lKa h Ha Tex )Ke ceTKax) annpoKCHMH

pyeT TOqHOe pelIJeHHe A, 'l/J C nOp.5I)lKOM h4 .LlJI.5I c06CTBeHHhIX qHCeJI H C nOp.5I)lKOM h2 

)lJI.5I c06CTBeHHhIX ¢YHKUHH. 

3a.Llaqa (5) pelIJaJIaCh .LlJI.5I ypaBHeHH.5I (1) C nOTeHUHaJIaMH (2) (4), a TaK)Ke 

)lJI:ll ypaBHeHH.5I IIIpe.LlHHrepa C KYJIOHOBCKHM nOTeHUHaJIOM [16]. OTpe30K R (pa3

MepHocTh oTpe3Ka )lHCKpeTH3aUHH - p/m) shI6HpaJIC.5I HCXO)l:ll H3 Tpe60saHH.5I 06ec

neqHTh HY)KHOe qHCJIO sepHhIX 3HaKOS B nOJIyqaeMOM npH6JIH)KeHHOM pelIJeHHH. Bce 

npe)lCTaBJIeHHhIe B HaCTO.5ILUeH pa60Te pe3YJIhTaThI, npHBe)leHHhIe B BH)le Ta6JIHU 

H PHCYHKOB, nOJIyqeHhI npH R = 0.16 Ha )lSYX ceTKax Nl = 400, hI = 0.0004 H 

N2 = 800, h2 = 0.0002. OTHOCHTeJIhHO MaJIa.5I BeJIHqHHa R 06b.5ICH.5IeTC.5I TeM, qTO, 

KaK BH)lHO H3 pHc.1) c06CTBeHHhIe ¢YHKUHH paccMaTpHsaeMhlx ypasHeHHH CHJIbHO 

JIOKaJIH30SaHhI B oKpecTHocTH TOqKH p/m = O. Ha pHc.l nOKa3aHhI c06cTBeHHhle 

¢YHKUHH (n = 1,2,3,4) ypasHeHH.5I IIIpe)lHHrepa C KYJIOHOBCKHM nOTeHUHaJIOM, npo

3KCTpanOJIHpOSaHHhle no $opMYJIe (16). 
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o CTBeHHble 3HaqeHIUI JlBYXqaCnrqHOrO ypaBHeHluI IIIlpeJlRHrepaTa6mma 3 C 6 
n EN/m ItlEN/ml I~I 

1 
N1 
N2 

N 1,2 

exact 

-0.1328516822.10-4 

-0.1330592236.10-4 

-0.1331284041 .10-4 

-0.1331284049.10-4 

0.2767227 . 10-'f 

0.691813. 10-8 

, 0.8· 10-13 

0.21 
0.52· 10-1 

0.60.10-6 

2 
Nl 
N2 

Nl ,2 
exact 

-0.0330347581 .10-4 

-0.0332202640· 10-4 

-0.0332820993· 10-4 

-0.0332821012· 10-4 

0.2473431 . 10 7 

0.618372 . 10-8 

0.19. 10-12 

0.74 
0.19 

0.57.10-5 

3 
N1 
N2 

N l ,2 
exact 

-0.0145626723· 10-4 

-0.0147347001 . 10-4 

-0.0147920427.10-4 

-0.0147920450.10-4 

0.2293727. 10-7 

0.573449 . 10-8 

0.23. 10-12 

1.6 
0.39 

0.16· 10-4 

4 
Nl 
N2 

N 1 ,2 
exact 

-0.0081003265· 10-4 

-0.0082654734· 10-4 

-0.0083205224· 10-4 

-0.0083205253.10-4 

0.2201988. 1O-"f 
0.0550519.10-8 

0.29. 10-12 

2.6 
0.66 

0.35· 10-4 

KaK R3BeCTHO [16], ypaBHeHRe lIIpe.n:RHrepa C KynoHoBcKRM nOTeHURanOM 

(En - P')!/ln(P) ~ ;- lin C: ~ ~I) !/In(k)dk (17) 
o 

(18) 

3.n:eCb En co6CTBeHHoe qRCno. AHanRTRqeCKRe BbIpa)KeHRH nepBbIX qeTbIpex co6
CTBeHHblX <PYHKURH ypaBHeHRll (17) npRBe.n:eHbI B npRnO)KeHRR. B Ta6n.3 npe.n:
CTaBneHbI pe3ynbTaTbI pellIeHRH ypaBHeHRll (17) B 6e3pa3MepHhIX e.n:RHRuax E / m. 
3.n:eCb ENJm - co6CTBeHHoe qRCnO, BblqRCneHHoe Ha ceTKe Nl = 400; EN2/m co6
CTBeHHoe qRCnO, BblqlICneHHoe Ha ceTKe N2 = 800i ENI,2/m co6CTBeHHoe qlICnO, 
nonyqeHHOe C nOMOlllbIO 3KCTpanOnllUlIlI pellIeHIIH ENI/m II EN2/m no PlIqap.n:coHY 
(15); Eexact/m co6cTBeHHoe qHCnO, BhIqRCneHHoe no $opMyne (18). ItlEN/ml 

a6conIOTHall norpellIHocTb cooTBeTcTBYIOlllero co6cTBeHHoro qHCna; IA.E~/:: I OT
HOCIITenbHaH norpellIHocTb, BhIpa)KeHHaH B npoueHTax. 

B Ta6n.4 npHBe.n:eHbI co6cTBeHHhIe 3HaqeHlI1l ypaBHeHlIll (1) C nOTeHUHaJIaMH (2), 
(3) H (4), BhIqHCneHHble Ha .n:ByX ceTKax Nl H N2 H npo3KcTpanonHpoBaHHhIe no 
PHqap.n:coHY. ilnll YJl06CTBa cpaBHeHHll pe3ynbTaToB pellIeHIU ypaBHeHHll (1) C no
TeHUHanaMH (2) - (4) H ypaBHeHHll (17) npHMeM. An = En/m. 3.n:eCb ANI - C06CTBeH
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Ta6mma 4: C06cTBeHHhIe 3HaqemUr An Enlm 

n CKamlpHoe 
ypaBHeHMe 

CmmopHoe 

(8 = 0) 
ypaBHeHMe 

CmmopHoe 

(8 = 1) 
ypaBHeHMe 

1 
ANI 
AN2 

AN12 

-0.125596681 . 10-4 

-0.125783960.10-4 

-0.125846413.10-4 

--0.125578313· 10-4 

-0.125772506· 10-4 

-0.125837237· 10-4 

-0.125568251 .10-4 

-0.125757616 . 10-4 

-0.125820738· 10-4 

2 
ANI 
AN2 

ANI 2 

-0.031227891 . 10 ·4 

-0.031401487· 10-4 

-0.031459328· 10-4 

-0.025753563. 10 4 

-0.025925734. 10-4 

-0.025983124· 10-4 

-0.025749458 . 10 4 

-0.025923145· 10-4 

-0.025981041 . 10-4 

3 
ANI 
AN:! 

ANI 2 

-0.013747364. 10 4 

-0.013912034· 10-4 

-0.013966924· 10-4 

-0.011432167.10 4 

-0.011594128· 10-4 

-0.011648115. 10-4 

-0.011432376· 10-4 

-0.011593488. 10-4 

-0.011647192. 10-4 

4 
ANI 
AN2 

ANI 2 

-0.007633084 . 10-4 

-0.007791145.10-4 

-0.007843832 . 10-4 

-0.006400734· 10-4 

-0.006560172 . 10-4 

-0.006613318· 10-4 

-0.006399542 . 10-4 

-0.006559730 . 10-4 

-0.006613126· 10-4 

Hoe qMCnO, BhIqMCneHHoe Ha ceTKe N 1; a AN:! c06cTBeHHoe qHCnO, BhIqMCneHHoe Ha 
ceTKe N 2 ; ANI ,2 - c06cTBeHHoe qHCnO, np03KcTpanonHpoBaHHoe no tP0pMyne (15). 

B Ta6J1.5 npMBeD,eHhI a6cOnlOTHhIe M OTHOCHTenhHhIe norpemHOCTH c06cTBeHHhIx 

qHCen ypaBHeHHH (1) C nOTeHUManaMH (2), (3), (4) M ypaBHeHHH (17): 

D.ANI = IANI ANI,'l1, (D.AI A)NI = IANJ AN1,21/IANJ,21· 100% , 


D.AN2 = IAN2 ANI 21 (D.AI A)N2 = IAN2 ANI ,21/1ANI,21 . 100% , 


D.Aexact = IAexact - ANI ,21, (D.A I A) exact IAexact - ANI,21/lAexactl . 100% . 


BenMqHHhI ANI' ANI M ANI,2 OnpeD,eneHhI BhIme, a Aexact = Eexact/m - TOqHOe 3Haqe
HHe c06CTBeHHoro qMCna (D,JIH KynoHoBcKoro nOTeHUMana), BhIqMCneHHoe no tPopMyne 
(18). 1'13 Ta6n.5 BHD,HO, qTO norpemHOCTM D.ANI M D.AN2 c06CTBeHHhIX qHCen Bcex 
qeThlpex paCCMOTpeHHhIX ypaBHeHMH D,OCTaTOqHO 6nH3KH Me)l{D,y C060H. TI03TOMY 
MO)l{HO O)l{HD,aTh, "ITO norpemHOCTh D.Aexact 3KCTpanonHpOBaHHhIX c06CTBeHHhIX qH
cen ypaBHeHHH (2), (3), (4) HMeeT TaKOH)I{e nOpHD,OK BenHqHHhI, KaK H norpemHocTh 

D.Aexact 3KcTpanonHpoBaHHhIx c06cTBeHHhIx qHCen ypaBHeHHH (17) C KynoHoBcKHM 

nOTeHUHanOM: D.A!act rv D.A~:a~t rv D.A~:a~t rv D.A~act - no KpaHHefi Mepe D,nH nep
BhIX qeThlpex rnaBHhIX KBaHTOBhIX qHCeJI. 

TIepefi.ueM Teneph K oueHKe norpemHOCTH c06CTBeHHhIX tPYHKUHfi paCCMaTpHBae
MhIX ypaBHeHHfi. KaK nOKa3anH pacqeThI , c06CTBeHHhle tPYHKUHH ypaBHeHHH (1) C 
nOTeHUHanaMH (2) - (4) H ypaBHeHHH (17) D,OCTaTOqHO 6nH3KH Me)l{ll,y c060fi. TaK 

D,nH nepBoH (n = 1) c06cTBeHHofi tPYHKUHH max 1-rP(p)~12 - ¢(P)~I 21 rv 0.30)
O$.p/m$.R ' , 

O$.~::;;R 1-rP(p)~~~ - -rP(p)~J) rv 0.44, O$.~::;;R 1-rP(p)~~~ - -rP(P)~I) rv 0.57. 
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Ta6JIHlla 5: A6coJ1IOTHble H OTHOCUTenbHble (%) norpeWHOCTU co6cTBeHHblx qUcen, 

nonyqeHHbIX annpoKCII~taUUe" no fanepKuHY 

Cnl1HOpHOe CnHHopHoe 

n BHn I<Y!IOHOBCl<oe CK8JUIpHOe (S = 0) (S = 1) 
norpclUHocTIl ypaBHcHue ypasHeHHe ypaBHeHHe ypasHeBue 

1 

t::.)..N 
1 

(t::.)../ )..)Nl 
t::.)..N2 

0.2767219· 10' 
0.208 

0.691805· 10-8 

0.236587. 10 7 

0.188 
0.67546· 10-8 

0.258924. 10-7 

0.206 
0.64731 . 10-8 

0.252487. 10 7 

0.201 
0.63122' 10- 8 

{t::.)../)..)N1 0.052 0.054 0.051 0.050 
t::.)..exllct 0.08. 10-12 

(t::.)../ )..)exllct 0.60.10-6 

t::.)..NI 0.2473412.10 7 0.236586· lOr 0.229561 . 10 7 0.231583. lOr 

2 
(t::.)../ )..)N1 

t::.)..N1 
0.743 

0.618353. 10-8 
0.752 

0.60764. 10-8 
0.883 

0.57390. 10-8 
0.891 

0.57896· 10-8 

(t::.)../ )..)N2 
t::.)..exllct 

(t::.)../ )..)exact 

0.186 
0.19.10- 12 

0.57.10-5 

0.193 0.221 0.223 

t::.)..NI 0.2293704· 10 ·7 0.210749·10' 0.215948·10 ' 0.214816.10 I 

3 
(t::.)../ )..)NI 

t::.)..N2 
1.55 

0.573426 10-8 
1.51 

0.55743 10-8 
1.85 

0.53987. 10-8 
1.84 

0.53704 . 10-8 

(t::.)../ )..)N2 0.388 0.400 0.463 0.461 
t::.)..exllct 0.23. 10-12 

(t::.)../ )..)exact 0.16.10-4 

t::.)..N} 0.2202959. 10-7 0.219564·10 .., 0.212584.10 7 0.213584. 10-7 

4 
(t::.)../ )..)NI 

t::.N2 
(t::.)../ )..}N2 

2.65 
0.550490.10-8 

0.662 

2.80 
0.53728 . 10-8 

0.685 

3.21 
0.53146. 10-8 

0.804 

3.23 
0.53396 . 10-8 

0.807 
t::.)..exact 0.29. 10-12 

(t::.)..j )..)exact 0.35.10-4 

11 



18 


"'n=1 

",S",116 

,/:0
14 

",R 
12 ",K 

PHC. 2: I1epBaa (n=l) c06cTBeHHaa cpYHKUHa ypaBHeHIHI (1) C nOTeHUHaJ1aMH 

'ljJR _ (2), 'ljJs=o (3), 'ljJS=l (4) H 'ljJK - ypaBHeHHa (17) 

311eCb 'IjJ(P)~1.2 c06CTBeHHaa cpYHKUHa peJ1aTHBHCTCKoro CKaJ1apHOrO ypaBHeHHa 

(2); 'IjJ(P)7v~~ - c06cTBeHHaa cpYHKUHa cnHHopHoro ypaBHeHHa (3) C nOJ1HbIM cnHHOM, 

paBHblM Hymo; 'IjJ(p)7v~; c06CTBeHHaa CPYHKUHj{ cnHHopHoro ypaBHeHHj{ (4) C nOJ1

HblM cnHHOM, paBHblM' ellHHHuej 'IjJ(p)!SJ 2 - co6CTBeHHaj{ cpYHKUHa ypaBHeHHa (17) 
C KYJ10HOBCKHM nOTeHUHanOM. Ha npH~epe nepBoH (n = 1) c06cTBeHHoH CPYHKUHH 

pHc.2 HJ1J1IOCTpHpyeT TOT cpaKT, "lTO pa3J1H"lHj{ Me)f(llY co6CTBeHHbIMH CPYHKUl1j{Ml1 

ypaBHeHl1j{ (1) C nOTeHUl1aJ1aMl1 (2), (3) 11 (4) 11 ypaBHeHl1a (17) BeCbMa Manbl 11 

npOaBJ1aIOTCj{ Ha O"leHb ManOM HHTepBane p/m, np116J111311TeJ1bHO [0.001,0.005). flJ1j{ 

OCTaJ1bHbIX c06CTBeHHbIX CPYHKUl1H (n 2,3, ... ) nOJIY"leHbI aHaJ10rl1"lHble pe3YJ1b

TaTb!. Ha pHc.2 'ljJR = 'IjJ(P)~J,2' 'ljJs=o 'IjJ(P)7v~~, 'ljJS==:l = 'I/J(P)1v~; 11 'ljJK = 'IjJ(P)!Sl,Z' 
B Ta6J1.6 npl1BelleHbI MaKCl1MaJ1bHbIe a6COJ1IOTHbIe 11 OTHOCl1TeJIbHble norpeIIIHO

CTH co6CTBeHHbIX CPYHKUl1H ypaBHeHl1j{ (1) C nOTeHUl1aJ1aMl1 (2) - (4) 11 ypaBHeHl1a 

(17): 

6'IjJN1 = max 1'IjJ(P)Nl - 'IjJ(P)N1 21 ,
O$.p/m$.R ' 

(6'IjJ/'IjJ)N1 = max {1'IjJ(P)Nl - 'IjJ(P)N121/1'IjJ(p)N121} ·100% , 
O$.p/m$.R " 

6'IjJN2 = max 1'IjJ(P)N2 - 'IjJ(P)Nl 21 ,
O$.p/m$.R • 

(6'IjJ/'I/J)N2 = max {1'IjJ(P)N2 - 'IjJ(p)Nlzl/I'IjJ(P)N1 21} ·100% 
O$.p/m$.R ., 

6'IjJexact = O$.~!~R 1'IjJ(P)exact - 'IjJ(p)N1 ,2 I , 
(6'IjJ/'IjJ)exact = m/ax {1'IjJ(P)exact - 'IjJ(P)N1 21/1'IjJ(P)exactl} ·100% . 

O$.p m$.R . 
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6\1f,t\lfl' % 6\1f:!\lf2' % 
0.05r---r--'--,..--,~-r-~~·-..,.....,.......-..--'--'-,.--'-...--r-, 

0.04 

0.03 

0.02 

0.01 

0 
0 

6\1f/\lf3'% 

0.002 0.004 0.008 p/~01 

0.05,..-,--,--r--,"--.--.--,..-,.-,--..--..-,--..-...--.--.--.-..---.--, 

0.002 0.004 0.006 0.008 P/~01 

0.05 

0.04 

0.03 

0.02 

0.01 

0.002 0.004 0.006 0.008 p/~01 
L\\If/\lf4' % 

0.05 

0.04 

0.03 

0.02 

0.01 

., 
0.002 0.004 0.006 0.008 p/~01 

PHC. 3: OTHOCHTeJlhHhle norpelilHOCTH (t::.:7jJ/1/J)exact nepBhIX 'IeThlpex (n = 1,2,3,4) 

c06cTBeHHhlx <PYHKUHW ypaBHeHHH llIpe.llHHrepa (17), Bhlpa)l(eHHhIe B npoueHTax 

3.lleCh 1/J(P)N1 - c06CTBeHHaH <PYHKUHH, BhI'IHCJleHHaH Ha nepBow ceTKe; 1/J(P)N2 - c06

CTBeHHaH <PYHKUH}I, BhI'IHCJleHHaH Ha BTOPOW ceTKe; 1/J(P)Nl,2 - c06CTBeHHaH <PYHKUHH, 

np03KCTpanOJlHpOBaHHaH no PH'Ia.llCoHY (16); 1/J(P)exact - TO'IHhIe 3Ha'IeHHH c06CTBeH

HOW <PYHKUHH (.llJlH KynoHoBcKoro nOTeHUHana). 113 Ta6Jl.6 BH.llHO, 'ITO .llJl}l norpelIl

HOCTH c06CTBeHHhIX <PYHKUHW, TaK )l(e, KaK H .llmI norpelilHOCTH c06CTBeHHhIX 'IHCeJl, 

CnpaBe.llJlHBO npH6nH)I(eHHOe paBeHCTBO tl.1/J!act ~ tl.1/J~x~?:t ~ tl.1/J~x~~t ~ tl.1/J~act· 
Ha pHc.3 npHBe.lleHhI OTHOCHTenhHhIe norpelilHOCTH (tl.1/J/1/J)exact nepBhIX 'IeThIpex 

(n = 1,2,3,4) co6CTBeHHhIX <PYHKUHW ypaBHeHHH (17), Bhlp~eHHhIe B npoueHTax. 

CJle.llyeT OTMeTHTh, 'ITO a6comOTHhIe H OTHOCHTeJlhHhIe norpelIl~OCTH c06CTBeHHhIX 

<PYHKUHW .llOCTHralOT CBoero MaKCHMYMa npH pa3HhIX 3Ha'IeHH}lX p. 

4.3. CpaBHHBa}l .llaHHhIe TOOJl.l H Ta6n.5, MO)l(HO BH.lleTh, 'ITO norpelilHOCTH c06

CTBeHHhIX 'IHCen, BHOCHMhIe HTepaUHOHHhIM MeTO.llOM, Ha O.llHH-.llBa nOp}l.llKa MeHhlIle 

norpeIilHOCTeWannpOKCHMaUHH. ll03TOMY npH oueHKe norpelilHOCTew 'IaCTOT nepe

XO.llOB Me)l(JlY YPOBH}lMH 3HeprHH n03HTpOHH>I H .llHMIOOHH>I MO)l(HO npHHHMaTh BO 

BHHMaHHe TOJlhKO norpelilHOCTH, 06YCJlOBneHHhle annpOKCHMaUHeW. BeJlH'IHHhI no

rpeUIHOCTew QA+tl.A npHBe.lleHhI BO BTOPOM cToJl6ue Ta6n.7. C06CTBeHHhIe <PYHKUHH, 

nonY'IeHHhle C nOMOlllhlO HTepaUHOHHoro MeTO.lla, MhI Hcnonh30BanH npH paC'IeTe 

IIIHpHH pacna.na napan03HTpOHH>I H napa.llHMIOOHH>I. llPH BhI'IHCJleHHH IIIHpHH pac

na.lla no MeTO.llHKe, npe.llCTaBneHHOW B (17), .llOnOJlHHTenhHa>I norpelilHocTh B03HHKa
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Ta6JIHIla 6: MaKCHMaJIbHble a6conIOTHble H OTHOCHTenbHbIe (%) norpelIIHOCTH co6

CTBeHHbIX <PYHKIlHH, nonyqeHHbIX annpoKcHMaIlHeH no fanepKHHY 

n BH):J; 
norpelIIHOCTH 

KynoHoBcKoe 

ypaBHeHHe 

CKaJIgpHOe 

ypaBHeHHe 

CnHHopHoe 

(8 0) 
ypaBHeHHe 

CnHHopHoe 

(8 1) 
ypaBHeHHe 

6.1jJNl 0.135764 0.132987 0.131651 0.130436 
(6.1jJ/1jJ)Nl 1.11 1.09 1.08 1.07 

1 6.1jJNz 0.033941 0.033537 0.033141 0.033086 
(6.1jJ/1jJ)N2 0.278 0.265 0.254 0.253 

6.1jJexact 0.001123 
(6.1jJ/ 1jJ)exact 0.008 

6.1jJNl 0.648656 0.641843 0.638245 0.637634 
(6.1jJ/1jJ)Nl 6.83 6.79 6.61 6.59 

2 6.1jJN2 0.162164 0.158749 0.153193 0.149587 
(6.1jJ/1jJ)N2 1.73 1.69 1.65 1.62 

6.1jJexact 0.001532 
(6.1jJ /1jJ )exact 0.031 

6.1jJNI 1.388104 1.396723 1.381349 1.382153 
(6.1jJ/1jJ)Nl 16.34 17.11 15.86 15.93 

3 6.1jJN2 0.347026 0.357630 0.342337 0.340538 
(6.1jJ /1jJ) N2 4.29 4.36 4.22 4.18 

6.1jJexact 0.001921 
(~'¢ /'¢)exact 0.039 

6.1jJNI 2.527396 2.584620 2.569854 2.559875 
(6.1jJ/1jJ)N1 

18.67 19.98 19.66 19.63 
4 6.1jJNz 0.631849 0.639653 0.625783 0.625929 

(6.1jJ /1jJ) N2 5.43 5.47 5.38 5.39 
6.1jJexact 0.002217 

(6.1jJ/ '¢ ) exact 0.047 
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Ta6mflla 7: TIorpemHocTH r5 + .6. 'UfCJIeHHOrO pemeHl-UI cneKTpaJlbHOH 3allaqH C 

onepaTopoM, 3aBHC>IWIIl\1 OT co6cTBeHHoro "HfCJla 

CT npn oncpaIUIl1 'II1CJleHHOrO HHTcrpnpOBaHIUI. OCTaTOqHbIH qJIeH B cpopMyJle CHM

nCOHa, C nOMOLUbJO KOTOPOH MbI npOBOllHM HHTerpHpoBaHue, paBeH '!j)lV) h5/90. CJle

1l0BaTeJlbHO, HorpemHOCTb, BHOCHMa5I 'IlICJleHHbIM HHTerpnpOBaHHeM O(h4), CYllle

CTBCHHO MeHbme norpemHOCTH annpOKCHl\laLUUI O(h2). TI03TOMY, paCCqHTbIBa5I no

rpClIIHOCTH lUIlpl1H pacnalla nOJI1TpOHH5I It llHMJOOHH>I, Mbi HCnOJlb30BaJlH 3HaqeHU>I 

norpemHocTcw t5 + ~ c06cTBeHHbIx CPYHK1.lHl1, BHOCHMbIe annpoKcHMauuew H I1TCpa

UHOHHbIM MeT01l0M. OHH npHBelleHbI B TpcTbeM cToJl6ue Ta6Jl.7. llaHHble, npHBelleH

Hble B cnow Ta6mlUe, 6YJlYT HCnOJlb30BaTbC5I HaMH B Hawux llaJlbHei'lwHx paCqeTax. 

5 3aKJIIO"tJeHHe 

B HaCT05IllleW pa60Te npu oueHKe TOqHOCTH qUCJleHHOrO pemeHHH CneKTpaJlbHOW 

3allaqH C onepaTopOM, 3aBHCHlllHM OT c06CTBeHHoro qHCJla, nOJlyqeHO, qTO norpem

HOCTb, BHOCHMa5I HTepaUHOHHbIM MeT01l0M, Ha 01lHH-llBa nOp5IllKa MeHbllle, 'leM no

rpeWHOCTb annpOKCHMaUHH 3a.n.aqH MeTo.n.OM Ey6HoBa raJlepKHHa. CJle1l0BaTeJlb

HO, TOqHOCTb BblqHCJleHH5I c06CTBeHHblX qHCeJl H c06CTBeHHbiX CPYHKUHW CneKTpaJlb

HOW 3a.n.al lH C onepaTopOM, 3aBHC5IlllH:'v1 OT c06CTBeHHoro 'IHCJIa, He YCTynaeT TOqHO

CTH, C KOTOPOH peWaeTC5I JIHHeWHa5I cneKTpaJIbHa5I 3allaqa. 

6 IIpHJIo)l(eHHe 

TIpHBelleM 31leCb aHaJlHTHqeCKHe Bblpa:IKeHH5I nepBblX qeTbIpex co6CTBeHHbIX CPYHK

UHW ypaBHeHH5I (17). 

3/2 r;:;-;: 11/;1 (p) p(2/a) 4V 2/rr ((2p/a)2 + 1)2 , 

(2/ )3/232/fi 1 4{2p/a)2 
p a 7r (1 + 4{2p/a)2)3 ' 

3/2 ~ 36 ((9(2P/a)2 1)2
p{2/a) V2/37r {9{2p/a)2 + 1)2 4 9(2p/a)2 + 1 
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3/2 r;;- 1 
p{2/a) 64/v2n {16{2p/a)2 + 1)2 x 

8 (16(2P/a)2 1)3 16{2p/a)2 1)x 	 (19)( 16(2p/a)2 + 1 16(2p/a)2 + 1 

<f.>0pMynbI (19) npM a = 2 cOBnauaIOT C <p0pMynaMM )ln51 co6cTseHHblx <PYHKUMH 
w(p) = 1/J(p)/p O)lHOtIaCTMtIHOrO ypasHeHM5I llipe)lMHrepa C KynoHoscKMM nOTeH
UManOM, npMSe)leHHbIMM B ([18], cTp.66). 
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lKH~KOB E.n., CKalfKOB H.E., COJIOBheBa T.M. PI 1-2001-120 
OueHKa TOlfHOCTH lfHCJIeHHoro pellIeHH5I cneKTpanhHOH 3a,n:alfH 
C onepaTopOM, 3aBHC5IIUHM OT c06CTBeHHoro lfHCJIa 

CneKTpaJIhHhIe 3a,n:alfH C onepaTopoM, 3aBHC5IIUHM OT c06cTBeHHoro lfHCJIa, 
06hIlfHO B03HHKaroT npH paccMoTpeHHH peJI5ITHBHCTCKHX BapHaHToB ypaBHeHH5I 
llJpe.IIHHrepa B HMnYJIhCHOM npocTpaHcTBe. nOrpelliHOCTh BhIlfHCJIeHH5I c06cTBeH
HhIX lfHCeJI H c06cTBeHHhIx 4'YHKUHH npH lfHcneHHOM pellIeHHH TaKHX ypaBHeHHH 
CKJIa,n:hIBaeTC5I H3 01lIH6KH, BHOCHMOH annpoKcHMaUHeH HenpephIBHoro ypaBHeHH5I 
cHcTeMoH ~HcKpeTHhlx ypaBHeHHH no MeTO.IIY Ey6HoBa-fanepKHHa, H norpellIHo
CTH HTepau;HoHHoro MeTo~a. B pa60Te nOKa3aHO, lfTO norpelliHocTh, 06YCJIOBJIeH
HIDI HTepaUHoHHhIM MeTO.IIOM, Ha O.IIHH-.IIBa nop5l.IIKa MeHhllIe, lfeM norpelliHocTh 
.IIHCKpeTH3aUHH 3aJlalfH. CJIe.IIOBaTeJIhHO, TOlfHOCTh BhIlfHCJIeHH5I c06cTBeHHhlx 
lfHCeJI H c06cTBeHHhIx q,YHKUHH cneKTpanhHoH 3aJlalfH C onepaTopoM, 3aBHC5IIUHM 
OT c06cTBeHHoro lfHCJIa, He YCTYTIaeT TOlfHOCTH, C KOTOPOH pelliaeTC5I JIHHeHHIDI 
CneKTpaJIhHIDI 3aJlalfa. 

Pa60Ta BhIIlOJIHeHa B JIa60paTopHH 5I.IlepHhIX np06JIeM HM. B.n.llxeJIenOBa 
H B JIa60paTopHH HHq,0PMau;HOHHhIX TeXHOJIOrHH Ol15IM. 

ipenpMHT 06'henMHeHHoro HHcTwryra HCCJlenOBaHMH. ny6Ha. 2001 
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I Zhidkov E.P., Skachkov N.B .. Solovicva T.M. Pll-2001-120 
. The Accuracy EstImatIOn of the Numencal Solution of the Spectra 

Problem with the Operator Depending on the Eigenvalue 

The spectral problems with the eigenvalue-depending operator usually appear 
when the relative variants of the Schroedinger equation are considered in the im
pulse space. The eigenvalues and eigenfunctions calculation error caused 
by the numerical solving of such equations is the sum of the error entering the ap
proximation of a continuous equation by the discrete equations systems 
with the help of the Bubnov-Galerkine method and the iterative method one. It is 
shown that the iterative method error is one-two order smaller than the problem 
of the discretisation one. Hence, the eigenvalues and eigenfunctions calculation 
accuracy of the spectral problem with the eigenvalue-depending operator is not 
worse than the linear spectral problem solution accuracy. 

The investigation has been performed at the Dzhelepov Laboratory of Nuclear 
Problems and at the Laboratory of Information Technologies, lINR. 
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