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I. Bsuetnte 

K 1lHCJleHHOJ4Y pemeHHKl MHOI'onapaMeorpHtlecKmc 38A&tl Ha co6cTseHHHe 

3HatleHHH npMBO~qT Hccne~OBSHHR $HSK'Q8CKHX CHCT8M B paMKax H8XOTOpHX 

MaTeNaTHtlecKHX MO~eneR, OnHC~BaeMHX ~KUHOH&nbHHMH H, B o6~eM cny

tl&e, KeJfHHefb!HMI.I ypaBH8HHHMH, 

B xnacce o6HKHoBeHHHX ~H~feHtmanbHBX onepaTopos OTMeTHM 38A&

TlY Ha C06CTB8HHHe 3H&tl8HHH A»H ~HCTeM ypaBHeHHR 

<e~1>(~ i1)::(i; +Q.(~,'Z)1U,("Z-)=O a . .c::'l.c::6.. 
' ' 'l ... u ' ' (. ' {I.l) 

~=(~~, ... ,)l.n), i..=!~···'"'• 

CB.fi3&HHWC seKTopmd 'X s~ecTDeHHHX napaMeTpoB c rpSHH'tlHHioiH ycnoBHSJ> 

MH 

C¥~~1(~.i1) == rt..rirz).i-.. ·+ c~;:(>:,rz)lu,(rz)/= () 
') '- •J - Cll'L (J l J - I - ' 

J 'l•'l·· (I. 2) 
t A ·~•""' -A ~ _0 l ) ::: ~, ..... ' .... ,:1- '"'i ' '-ia- oi . 

.Qe~CTB~TeJibHbl3 .flyt!Kt(Hlt Q.. ()\, ~) HBJl.IWTC$1 ~OCT&TOlUiO I'JI8AKHMH B 

o6micTJt~ {a,"" "1 ~~i , If S: tj'..:. oo J , a WHKUHH ly (~. rz), ~ij (", rz) 
o~e~eneHY A.-11 (~'If"" co a rprutHtlHHX TOt~Kax rt.:.: l'lij , npKt~eu 
!!/~ 1 ?'j) (- }~ (-' 1 'l~ j) :::"' 0 , II .!IB;'1lmTClt ~OCT&TOlUiO I'JI8AK1001 no 

" , Tpe6yaTC!l HaJ:!Ta T!l.KHC B8KTOpH " , KOTOp!il-1 COOTB8TCTBYJlT He-
Tp:tBH~11hHN!3 pemeHI1.!1 U"' (1.(<1•"'' 'U,.J) Sa,D;alllf ( l. I)-( 1.2). 

K1.x OTMet~eHo n pal.'io'l'efi/, 38,{\nt~a (I. I)-( I. 2) tl!I.CTO no.fiBJIHeTCH 

np•.t pemcmm ~H~peHU•rM&HhiX ypamumH!1 c tracTHNP.~:~ npousso~1 ~eTo

~oM PM.l\e.Tieli!t.rt nepeMetfHNX. B KBSHTOBO~ Mex&rnKe CReTe~ (I. I) c 

CHHryJinpml?~'i I'paHf!mn.ll(i; ~'CJ!OBHftUll B03!-utKMT npM pemettrni ypaBHeHHR 

illpe,n.MHrepn. ~ iaqecT:ee npl".uepoF vmxHo yxaanT& 38.A&liY o ~ByX ~iOHOE·· 
CKK.lC 1.\eHTpruc 

2 , 3SA8"f 06 34Jit>eKTe illTapKC. ,!Vlfi 8.'l'OW\ 80,1\0po,l\a: U 

.xu>YJ'He. 
Cner<Tprutbf!M TeopMsr 38JI.I!qy (I. I)-( I. 2) passwre. P:JIH c.nyqM Jm

uethm!t 3:!\Bt!CKMOC'I II c)yH~~ Q; (~, ~) OT KOMnOH8H'l' " H H838BHCHMCC-

-~~=~~-------. 
~.~,,,, ,,• ".cl ··I ''C,,-.~,,!TU" I , , . . . .. , . I 

'T. ' ' . _,•,_, . 
l 

L= _ U1 ~.;:r~~uT LKA 
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TH OT HHX rp8HHQHWX ycnOBH~/I/. ~H 3TOPO cnyqaR c¢op~nHpOBSHH SHa
norH Teopei lliTY,PMa AHH a;,a~H (!.I)-(!.2) H COOTB€TCTB~e~ pa3HOCT
HO~ s~a~H 4•5/. B pa6oTe 5/ Hccne~OBSHH nonHoTa co6cTBeHHHX ~K
UH~ 3~a~ H pa3nOmHMOCTb B p~ no HHM ~OCTaTO~O rn~KHX ~,UH~. 
Hccne~oBSHHe ~ayxnapaMeTp~ecKo~ a~a~H co~e~TCH B pa6oTe76 . 

C 3~a~e~ (!.I)-(I.2) T€CHO CBH38Ha MHOPonapaMeTpH~eCKaR cneKT
panbHaR s~a~a AHR o~oro ~H~epeHQHanbHoro onepaTopa c MHoroTo~e~
HNMH rpaHH~HMH ycnoBHHMH AHR co6cTaeH~ ~KUH~. HaH6onee nonHo 
HCCne~OBaHa ~ByxnapaMeTpH~SCKaR 3~a~a 7/, BCTpe~SDmaRcH, HanpHMep, 
B H€KOTOpWX paa~enax T€0p€TH~€CKO~ MSXSHHKH/8/. ~0Ka38Ha TeopeMa 
CYm€CTBOB8HHH pemeHH~ 3TO~ 3~a~H AHH cneuHanbHO~ H6nHHe~HO~ 3aBHCH
MOCTH onep,Topa OT napaMeTpOB H Pp8HH~HHX ycnOBH~, He 3aBHC~HX OT 
napaMeTpoa 71. 

~H npHORH*€HHOPO pemeHHH paCCMaTpHBaeMNX cneKTpanbHhlK 3~a~ 
pa3BHTbl pa3nH~Hble nO,II,XO~. lli!ipOKO HCnonbsyeTCH CB€~8HH€ Kpaeao~ sa
,II,a~li K sa,11,a~e KomH 11 Haxo~eHHD cneKTpanbHHX napaMeTpoa MeTo,II,oM 
11CTpenbOb1 11 nJTeM;~HcneHHOPO pemeHHH IIOCne~e~ B H€KOTOpOM HTepa.QHOH
HOM npouecce 8 •9 . ilpHM€HH€TCH TaKMe paano~eHHe C06CTB€HHHX ~HKUH~ 
no onpe~eneHHo~ 6aaHcy a co;eTSHHH c MeTO,II,aMH By6Hoaa-fanepKHHa 
HnH KonnoKauHH 01. B pa6oTe II/ co6cTaeHHble ~HKUHH ,II,ByxnapaMeTpH-

" ~eCKO~ CKHry~O~ 3~a~H IIpe,II,CTaBnHDTCH p~aMH B OKpeCTHOCTHX ys-
nOBHX TO~eK CSTKH no H€3aBHCHMbiM nepeMeHHbiM H CTpOHTC' HTepaQHOHHaR 
npoue,I~,YPa Haxo~eHHH coocTBeHHWX napaMeTpoe. B pa6oTe I 2/ ,Il,RH HenH
He~Ho~ ,II,ByxnapaMeTpH~SCKO~ 3~a~H IIpHM€HH€TCH Hb~TOHOBCKaR KBa3H
nHHeapH3auHH, np~eM nocne,II,OBaTenbHOCTH nHHe~HbiX 3~a~ pemaDTCH Me
TO,II,OM cnna~H-annpOKCHMaQHH B KOM6HHauHH C M6TO,II,OM KOH6QHWX pa3HOCTe~. 
MeTO,II, KOHe~NX paaHocTe~ mHpoKo npHMeHHeTCH B cneKTpanbHbiX s~a~ax 

6n~o~'pH pa3BHTO~ TeOpHH pa3HOCTHbiX 3~a~ Ha co6CTBeHHHe 3H,~e-
HHH I H a~eKTKB~ MeTO,II,aM YTO~HeHHH paaHOCTHbiX pemeHH~/I4 • Ha
npHMep, B pa6oT/6 ,11,8H anropKTM pemeHHH ,II,ByxnapaMeTp~eCKO~ 3~a
~ (I.I) -(I.2) C nHHe~HOR 3aBHCHMOCTbD K03~?¥H€HTOB ypaBH€HHR OT 
napaMeTpOB, OCHOB8HHHR Ha M€TO,II,e YCT8HOBn€HKH o/ H pa3HOCTHOM 
annpoKCHMauHH 3~a~H. 

anH pemeHKH paaHOCTHbiX ypaBH€HH~, annpOKCHMHp~ cneKTP,anb
HNe s~a~H, a~eKTHBHO npKMeHHeTcH MeTO,II, Hb~ToHa. B pa6oTe/I6/ 3TOT 
M€TO,II, ycnemHO npHMeHeH K ~HcneHHO~ pemeHH~ 3~a~H ,II,BYX KynOHOBCKHX 
ueHTpoe. Hb~TOHOBCKaR HTepauHOHHaR npoue,~~,ypa ,II,RH nHHeRHo~ ,II,Byxnapa
MeTp~ecKo~ 3~a~H, B KOTOpO~ ,Il,RH HSXO~eHHH HTepauHOHHbiX non~BOf 
K napaMeTpaM KCnonbsyeTCR oTaomeHKe PaneH, npe,~~,no~eHa a pa6oTe 17 • 

0TM€THM, ~TO cneKTpanbHN€ 3~a~H MaTeMaTH~€CKHX MO,II,€n€~ KB8HTO
BO~ M€X8HHKK HMe~T onpe,11,eneHHHe OCOO€HHOCTH. KaK npaBHnO, PpaH~HHe 
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I, 

3~aqH CTaBHTCH Ha nony6eCKOH€QHWX linK 6eCKOH6QHWX HHTepeanax H3Me
H8HHH He3aBHCHMNX nepeMeHHHX, a HCKOMHe cneKTpanbHNe napaMeTpbl MO
ryT O,II,HOBpeMeHHO IIpHHaAne~aTb ,II,HCKpeTHbiM H HenpepbiBHbiM cneKTpaM 
COOTB€TCTB~HX onepaTOpOB B CHCTeMe (I.I). Hepe,II,KO B TaKHX 3~aqax 
MeTe~ paano~eHHH pemeHHR no 6aaHcaM K "cTpenb6bl" oKasbiBBDTCH He-
3~KTHBHHMH: nepeble - Hs-aa Tpy~oCTH Bbl6opa nJ¥x~ero 6aaHca, 
BTOpble - Ha-aa HeycTo~~BocTH pemeHH~. B paooTe 8 npe,II,cTaeneHa 
~HcneHHaR cxeMa pemeHHH ,II,ByxnapaMeTp~ecKoR ~acTH~o~ cneKTpanbHO~ 
3~a~ (I.I)-(I.2) Ha OCHOBe HenpepbiBHOrO aHanora M€TO,II,a Hb~TOHa, 
KOTOp~ npHMeH~CH paHee K paapa60TKe e~HHHX anropHTMOB peme;HH aa
,II,a~ ,II,HCKpeTHoro I9/ H Henpepb1BHoro/20/ cneKTpoa. B pa6oTe/2I npH

Be,II,eHo pemeHHe c noMomb~ aTe~ cxe~ a~a~ o6 s~eKTe lliTapKa. 
~aR pa6oTa, o6oom~aR/I8 , CO,II,€~T OIIHCaHHe B~CnHT€nb

HOM CX€Mbl pemeHHH qacTH~O~ 3~aqH Ha COOCTBeHHble 3HaqeHHH (I.I) -
(!.2). HayqaeTCH 3aBHCHMOCTb TO~OCTH pesynbTaTOB OT nop~Ka pa3HO
CTHOM annpoKCKMaQHH 3~a~. BbiiiOnHeHbl qHcneHHble HCCne,II,OB8HKH CXO,II,H
MOCTH npe,~~,no~eHHoR HTepaQHOHHO~ CXeMbl H peaynbTaTOB B 3aBHCHMOCTH 
OT napaMeTpOB annpOKCHMauHH CHHPynHpHO~ Kpa8BOM 3~a~li. ~HCneHHble 

sKcnepHMeHTbl npoBe,II,eHbl AnH TpexnapaMeTpH~ecKoR s~aqH, co~e~eR 
KopoTKo,II,eRcTs~mH~ noTeHuHan Mopsa, ,II,anbHO,II,e~cTB~mHR noTeHUHan Ky
noHa H paCTYmHR npH oz ... oo nOT8HUHan 3~aqK 0 rapMOH~eCKOM OCUHn
nHTOpe. 

2. Hb~TOHOBCKHe HTepagHH . -·-· ilpe,11,nonolKHM, tiTo s~aqa (I.!}-(!.2) HMeeT pemeHHe ~={X,«} 
H H3B8CTHO HSKOTOpoe npH6nH*eHHe 2 0 = {);"., U8 } K 3TOMY pemeHii~. 
O~opo,II,H~ s~a~y (I.I)-(I.2) ,II,oonpe,II,enHM ycnoBHHMH HOpMMpoBKH co6-
CTBeHHbiX ~HKUHR, HanpHMep, B BH,II,€ 

(J) - - r'· 2 cei ( >., t.t) !E r u,crz-)] tl'Z.- i = 0, 
4· 
' 

(2.!) 

tiTO n03BOnHeT $pMyJIHpoBaTl> paCCMaTpHBa€MYJO 3~a-qy KaK HeJmlleitHOe 
~KUHOHanbHOe ypaBH€HHe 

(((~)=0. (2.2) 

3~8Cb 2 = { ~, i(_} - napa: BeKTOp COOCTB6HHbiX napaMeTpOB ~: 
:(>.~, ... ,~H) H C06CTB€HI-ihltf sneMeHT, HBn~~CH BeKTOp~KUH€~ 
a .. ( "· ('1.), . .. ' -u,., (PJ)) . HenHHe~HaR ~HKUHH ce 3~8Ha onepaTopa-

{ 
CC) (.&) ('t)} u 

MH 'ti ,~ .. , ~i ypaBH€HIIlH (!.!), (!.2), (2.!). 
Henpep~BHbl~ aHanor MeTo,II,a Hb~ToHa/22/ CBO,II,HT pemeHHe ypaeHeHHH 

(2.2) K pemeHH~ 3BOni01JHOHHOPO ypaBH€HHH Ha nonyOCK O~~.C:OO 
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<e'(z (f)) "7'1~) =- Cl(zUl) (2.3) 

C Ha~anbHhlM YCROBKeM 

Z!(o) :=: ?o' (2.4) 

I',IJ,e 't
1
(2.) - npO!ti3BO,IJ,HaR c:lipeme tfiyHKQHH {:!, , a r 0::{):'",i:_,) -

V:3BeCTHOe npH6n~eHHe K HCKOMOMY pemeHHID. ilpe,n.nono~HM, ~TO ,IJ,Rfl pae
CMaTpHaaeMOI'O ypaaHeHHR (2.2) Eh!ITORH6Hbl YCJIOEH.fl CXO,MMOCTH pemeHHfl 
J!.(l.) aa,n;a~!ll \2.3)-(2.4) K ero pememm 7.* /23 • . 

VITepauHOHHM cxeMa pemeHHR ypaBHemm ( 2. 2) r:nnHeTc.H MeTo,n.oM 

3trnepa npH6JI~eaaoro pemeHHR aa.,n,a"ttH (2.3)-(2.4). EcJIH npH .£..: .£" , 
'>'0 eCTb Ha mare C HOMepoM J( ~!Tepa!.lHOHHOI'O npo~ecca, l13B6CTH!l npH6JIH

/1:8HlUI Xec: (>-..1(, ••• , ),Nx) K BeKTopy co6cTBeHHbTX sHat!eiili~ H U.:. = (U11C('l)J 

t!aJC('J.), ••• ) tU,v 11c(~)) K BeKTOpy C06CTBOHHWC qJYHltl'J;H~, TO !VIII 

HaxOlii,IJ,eHHfl nonpaBOK K 3TKM npH6JI~eHI1flM 

A>..i.K= fit<., A«,K ("t) =lJiJ!(•t), "~ ·!, ... ' N 
" H606XO,IJ,HMO pemHTb CHCTeMY ypaBHeHH~. Qua COCTOHT M3 CHCTeMbl 

lPePeHQHBnbHblX ypaaHe~ 
-! .. ,._,r ~,-._ .. ,_,_ rJ.':_ ._r.rr- .,'\1, ,.,,_ 
l~ T~c,\."K.' -,J viK'"- 1 -- LJ.'t&. · ~n:·K·-~ -·"'"", 

ll '().-
- 'Z f.tl( '"i); a., ().1(, -z-) u,"' Ctz.) 
l=i -t 

c rpaHHtlHl>IMH yCJIOBRBMH 

(f,/r1(,"t)~ + ~~ (5:",o't)]1{,/~)/ =: - [fi/:C",>t)4t + 

(2.5) 

N ,ll.M~ 

(2.6) 

"t• 't;i 

(- ,., I "' [?I o c- \ J. <2 7) + {9 )..J(.l"Z-lJtlitc:(tz.) - ~ fl.ttt. ~ "lj 'AI(.,rtlJ.l:+ . 
't"''l·· .fai 'J 

+ ~.t ~~(~f(,"t)] 'flu.l'"'-~l'l .. 
H Y.HTei'panbHb!X ypaaHeH~ '} 

Sgi fg' 2 
:... 1Jc:,/''t.) tJi,/~)d_tz. :: i- 1.(iK('t) cl.'L-, (2.8) 

~., tl.t 

4 

I 

"" 

~ 

B CHRy C,IJ,eRaHHblX npe,n.nono~eHHH pemeHHe CHCTeMbl (2.6)-(2.8) c~eCTBY
eT. ~fl ero OTblCKaHMH y,n.o6HO pemeHHe rpaHHQHOM 3a,IJ,a~H (2.6)-(2.7) 
npe,n.cTaBHTb B BH,IJ,e 

N 

1Jil<("l) = tJio,K("l) + z.~ f-t.K ~~,K ("l), (2.9) 

r)\e tfiyHKUHH Vit,l< ('tJ, (i=~, ... ,N;.I.=o,i, ... N) RBJI.RIOTCR pemeHHRMM 
rpaHHQHblX aa.,n,a~ 

[ ~ + G,C>:I(,'t)J ~t,K (tt-) = ~t,K ("l), (2.10) 

[ ~'j o::l( ,"l-)* + ~i/xl( ,"l-J}l{l,K("l) I= 5,j~.K('t) I ' (2.11) 

"l.='"l-9 't::"l.9 

npH~eM J."' 
f. ('t) =- ["'J"""'i + G,C~.o'Z-)1 ui.t<('l) 

cO, I( Cl. 'Z 'J ' . 

ftt,K("l)::.- kt [ G./~•o"l-)] t.li.i"t.), -l= d.r .. , N j 

s9o,K C"Z) =- [¥1 crl( ,'l)~ + ~~ cxk,'l-)] u,l( c"l) , 
( 2.12) 

Si.;f.K("'l):-~ .. (~ii (~,o"t)-t'l. + ~;; (~l<,"t. )] Ui,ltt) J f= -f, ... ,N. 
I . -. '" I · · 

PeiUHB I'paHHQHble 3a,IJ,al!li (2.10)-(2.11) H TIO,li,CTaBHB H~,ll,eHHble pemeHHII B 

Bb!p~eHHe (2.9), TIORyqliM H3 CHCTeMbl (2.8) CHCTeMy RHHeMHblX anre6pali

'll:eCKHX ypaBHeHHH OTHOCHTeRbHO flt I( 
,.., i, 
~~ft~e.5 t.lt/tt)~.t,K(-z)Joz. = (2.13) 

Q.i g. g. 
-1 -if'l f" = "i:- z L(&K("l)cl'l.- U.:/"l) V:·o,k'Ctz.)J'l 

4i 4 i 
Onpe,ll,eRHB H3 Hee 3Ha~eHHH flt.K , C ITOMO!qb!O (2.9) HaxO,IJ,HM nonpaB-

KH A ~,I( H A u.," ('1..) ( 2. L) • 
nepexo,n. K cne~eMY (K+~) -MY mary oc~ecTBJIHeTcll c noMotqbJO 

COOTHOmeHHH, annpOKCHMiipYID!qHX DO MeTO,li,Y OHJiepa Bb!p~eHHfl (2.~) npH 

.(; '= ,/;K ( otKH- tic: 't"J<) 

-r:;1.CA.i.,t<+~->...;.,~~.)=fiK J (2.14) 

r:;t ( Ui,I<H (7.)- t.li,K(tt)) = 1JiK(?.) . 
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JlpK 3~a.HHOM 3HaqeHI1K mara KHTerpKpOBB.HKfl rt'l( ITOJiyqaeM CJI9,1zyl01Ill19 

rrp116JIKlll:eHI1fl At:,l{+:i, tU; ~ot4:1Crt.) • TrutKM o6pa3oM, )J,1IR KX Haxo~eHI1fl 
' Heo6XO,Il,KMO pemHTb N+i rpaHHmib!X 3~aq (2.I0)-(2.Il) K CKCT9MY 

N JIHHeHHHX aJire6pauqecKHX ypasHeHHH (2.13). 3aMeTHM, qTo npu 

t•O pemeHHe 3~aqH (2.10)-(2.Il) K3B9CTHO: 

'Vio,K ("t) =- l.{it< (>t}, (2.1b) 

- --ITOCKOJibKY )..1<-:/= X , To ecTb Tpe6yeTCR pemHTb N 3~aq (2. IO) -
(2.II). ,.. 

0 CXO,Il,KMOCTK npH6JIKlii:9HI1~ :ii(={XI(,ttK\ K pemeHKJO e=t~:u•j 
3~aq11 MOlKHO cyp;I1Tb ITO y6b!Ba.HKIO H9Bfl3KI1 jf 't ( 'i:.tr:) 11 . EcJIK ft'l(a 1. , 
TO B JIOKaJibHOH OKp9CTHOCTI1 11CKOMOrO p7¥9,KR o6paTHble 11Tepa~l111 (2.10) 

-(2.14) c ~biDTOHOBCKI1M c.n.s11roM (2.13) 17 ~aroT MHHHMaJibHoe 3HaqeHHe 

HeBR3KH/241. CneUHaJib~ Bbl6op lf't< 119 • 20 • 25/ rro3BOJIReT MHHHMI1311po

BaTb H9Bfl3KY Ha K~OM mare. Bo3MO~e MO,Il,I1~11K~K 3TOH KT9p~I10H

HO~ CieMbl Ha rrp11Mepe ,Il,ByxnapaMeTpHqecKOH 3~aqH paCCMOTpeHbl B pa6o
T9/18 • 

3. 0 M9TOA9 C9TOK 
< 

~R 'llKCJI9HHOrO pemeHKR rpa.HH'IIHhlX 3~aq (2.10) -(2.1!) rrpHM9Hfl-

9TCfi pa3HOCTHblH M9TO,Il,. ~TerPaJibl B CKCT9M9 (2.13) 3aM9HRIDTCfl KB~

oaTVOHb!MI1 IDoOMVJiaMI1 C V31!aMI1 Da3HOCTHbiX ceTOK TOPO Me nonRnKR TOU-
- - - -

HOCTI1, 'qTO K rropR,Il,OK arrrrpOKCKMauHH pa3HOCTHblX CX9M. JlpH ITOCTOflHHbiX 

B npo~ecce 11TepaUHH ceTKax c napaMeTpoM h noJiyqeHHyro Bbl'qHCJIHTeJib

HY!O cxeMY MoJKHo paccMaTp11BaTb KaK peaJIH3~Hro MeTo.n.a oHJiepa pemeHHR 

3B01IIDUHOHHOA 3~aqH 

<t~(ettC-t)) c/.?fit) =-te('2.ttlt))) o~-t.:. oo (3.1) 

&k(o) == '2o,h J (3.2) 

COOTB9TCTByro~eH HeJIHHeAHOH ,Il,HCKpeTHOH 3~aqe 

c.ek (~h)= 0) (3.3) 

r.n.e qlyHKI..II!Ifl "t k annpoKcHMHpyeT onepaTop tf B ypasHeHI!IK ( 2. 2). 

PaccMoTpi!IM c~ecTBOBaHHe pemeHI!IR ypaBHeHI!Ifl (3.3) 11 ero cxop;H

MOCTb rrp11 k_.,O K 113B9CTHOMY pemeHKID 'elf- yP,aB,9HKfl (2.2) rrp11 npe,Il,

ITOJIO~eHI!IflX 0 CXO,Il,KMOCTI!I npouecca (2.3)-(2,4)/23 • JlyCTb ~(~) -

HeJIHHeAHaR ¢WHKU11R,nepeBo~ B-npocTpaHcTsol! B B-npocTpBHCTBO 

\V , pemeHHe ypaBH9HI1R (2.2) 2:.* C~9CTBY9T K 9,Il,KHCTB8HHO B orpa

HK'q9HHOH oTKpb!ToA o6nacTH Sc 2 . flycTb, p;aJiee, B .9- c~ecTB~T 
Henpepb!BHbl9 rrpOK3BCfHbl~~eme 'fr~) E-(l~~ K ~ 1r'i:)e{1x2~~ 
1!1 C~eCTByeT l( 1(i:l f: l w_,.-z) , )J,1Ifl KOTOporo Bb!ITOJIH9HO 

6 

4 

f 

l, 

.. 

II ~'(2: r:tlf ~ ci.. (3.4) 

B 3TI1X npe.n.noJio~eHI1RX p;oKa3aHo/23/ c~ecTBOBBHI1e c~epbl S c .9-
/(2--e.--/f ~a;. 

TaKOH, qTo ,li,1!R Jiro6oro 2::0 ~ ~ pemeHI1e 2 ( -l) s~aqH 

(3.fl) 

(2.3)-(2.4) 

C~eCTByeT, 8,Il,HHCTB8HHO H 

h'Wl lf'2:(-t)-'Z.,..f/=O. (3.6) 
-e..,oo /2~/ 

CorJiacHo no.n.xo~y, pa3BHTOMY B b , rrpep;noJIOMHM,qTo c~ecTByeT 
CBR3b npocTpaHCTB 2 H W c eBKJIH,Il,OBbiM rrpocTpaHCTBOM R,.,. ( h =O(:Ij~)) 
c noMO~biO mmeAHoro Herrpepb!BHoro onepaTopa cHoca .fit. . liycTb c~e-
CTsyeT JIHH8HHblH Henpepb!BHbiH onepaT~ BOCITOJIH8HI!IfljPh C 06JiaCTbiO 

onpep;eJieHI!IR Ph (2) C R M, npl!l'lleM ~j, =Ph ph CZ) - noJIHoe no.n.-

npocTpa.HcTBO J! , TO 9CTb onepi*OP '}Jft = fk ph ,..,- Jli!IHe~A _!1inp~b!B~ 
onepaTop npoeKTI!IpoaaHI!IR7 Ha i!h : P~tCl>='ZI.,P,•PI,. 

Cp;eJiaeM CJie,n;yro~l!le npe,n;nOJIOlK8HI!Ifl 0 COOTHOill9HI1flX HOpM: 

u~-Phc/16 ?:tCh) II~ II , Ph P11 = I ; (3. 7) 

B RM MOJKHO BBeCTI!I TaKI!Ie Hopw /1 • lfi H II •ll:z, , qTo 

111~11-11 Phi:l/il ~ p,_Ch) 1/?:/1 , (3.8) 

lu11.rll_ 11 or ..... rill", ri..'\IJ...,.rll /r") (')\ 

I"-- , " • " ').' - J ~-. -, '' , , J 

r,n;e o.(h)'70 .t."W\.oJh) ==0, i.=4,2,3 
l-• ) k_,O ,It 

0THOCI!ITeJibHO WHKUH11 C€h_ ('2-1,) B eBKJIH.U.OBOM npocTE_aHCTBe F.11 
npe.n;noJIOlKI!IM, qTo oonacTbiD ee onpe.n.eneHI!Ifl RBJIReTcR .PI, (;I) C Rftll ) 
a OOJiaCTbiD 3HaqeHHH - Pt, tv/) c R"" ' 11 B HeKOTopotl crpepe s" : 

II P~t 1::- Ph '1:.*11 i = ~ (3. IO) 
I II 

C,YlJ18CTByroT Henpepb!BHble np01!13BO,IJ;Hble \Ppeme ceh CP~t2:) 1!1 <th (Ph ~) . 
ITyCTb TaKMe BbiiTOJIHeHbl ycJIOBI!Ifl annpoKCI!IMaQKK onepaTopoB ce (2::) ' <e 1('i:.) 
onepaTopaMH 't!JJ-£1.) H c.e~ (-e:.t,) cooTBeTCTBeHHo: 

P~t~(c)-lfh. (PI,-r.) = fqClt~ P~t90 C-r)r;; 
Pt, te1

(i:) lT- ce~ (Pl. 2;) Ph 11'== f50t.) PI, 9-ii:) 1TJ 
(3. II) 

!",11,8 $tof'C),~::l(~")e c~~\V)- JII!IHetlHble Henpepb!BHble onepaTOpbl; 

11!0-0 (2::-)11 .:£: C;._ • 1/!&~(<£)/(:6 C'!l>, ecnH //2:/1 ~e., ; f'i(k);.-0, 
_gH .. ,.o.[h)::::: o, i.= Ll, !1, _, 
"_.,o Jt r-* c--- ..... 

vb COOTHomeHI!It1 ( :~. IT) cne.n;yeT. qTo ,11,1lfl '2 k I tV' I.. E: )!:; /., 
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tt~ CPt. ~h) Pt. v~, =Ph [ te'(~t)-filt)~~c~:)] 1fh. <3.I2l 

llpH ,I\OCTa'l'OtlHO M8JihiX h , cor•nacHo (3. 7), 2: E S . 113 TeopeMbl o6 

o6paTHOM onepaTope/2?/ (c.l57) CJie,I~YeT, tlTO JIHHe~HN~ HenpepHBHNn 

onepaTOp H3 (;7~~) 
• T,.: ce'C2:)- f&Ch) ~1C2t) 

-i 
npH ,I\OCTaTOtlHO MaJIHX h HMeeT 06paT~ onepaTOp 1rh 
KOHCTaHTa C5 "? 0 , ,!Vlfl KOTOpon 

-t 
liT" II :r: C5. -

(3.13) 

H CYIIIecTayeT 

(3.14) 

()qeBH,I\HO, tlTO 0 h ~ 'fh (2s,') C: w flBJifleTCfl ITOJIHbiM. ilyCTb JIHHe~Hoe 
MHOI'006pasHe ph l wk) c R M - noJIHOe no,I\npocTpaHCTBO. ypaBHeHHe 

P~t w= o <3.15) 

HMeeT B ~OCTpaHCTB~ W h TOJibKO TpHBHaJibHOe pemeHHe H 't~ (PJ. ~:1 
~ (PhCA>.-...PhCWJ). , ,.., -:i 

l1oKaJKeM, t~To CYIIIecTByeT onepaTop tfh ( Plt 2k") . ,il,JISI 3Toro 

,I\OCTaT02fO ,I\0Ka3!1.!.b, tlTO B npOCTpaHCTBe Ph (7) ,!Vlfl JII060I'O 3JieMeH

Ta P~t 'W"Jt € Ps, (\41,) CYIIIeCTByeT e,I~HHcTaeHHOe pemeHHe ypaaHeHHfl 

I *) ,..,_ 
l(? I (Pt. ~t. U.L = Ps. 'l.UJt • (3.16) 

l1ocKOJibKY onepaTopH P!.. H Ph ycTaHaBJIHBa.IOT aa~o O.IJ,H03HatlHoe 

cooTaeTcTBHe Mellt,lzy npocTpaHCTBaMH Ph <i>c RIVI H ;Eh c 2 , To 

ypaBHeHHe (3.16) paBHOCKnbHO ypasHeHH~ 

I ( ,.,*"'- r-
~~~ Ph-chJPs.tU.==P~..u~, <3.17) 

,.J 

OTHOCHTeJI&Ho HeHaaecTHoro 3JieMeHTa 1i ~ ~h . CYIIIeCTBOBaHHe e.t~HH-
CTBeHHoro pemeHHfl ~ 

-~,..... ., 
1i :::- 'T'h ti.Oh t ~h (3.18) 

3TOI'O ~~HeHHfl CJie,I~YeT H3 COOTHOWeHHfl (3.12), CYIIIeCTBOBaHHfl onepa-

TOpa 'T'h H caoncTaa ypaBHeHHfl ( 3. 15) • llo3TOMY ypaaHeHHe ( 3. 16) 

HMeeT e,I~HHCTBeHHOe pemeHHe 

U~t= P~t T~iiJ~, e P, c2). (3.I9) 

B CKnY COOTHOWeHH~ (3.8), (3.9) H (3.14) npH ,I\OCTaTOtlHO MaJIHX h 
CYIIIeCTByeT KOHCTaHTa c,? 0 , ,!Vlfl KOTOpO~ 

II U~t 1/ ~ c" II P~ ..W~ II , 

8 

) 

) 

I ( .-t'-)-4. 
To ecTb <tit Ph ~h CYIIIecTayeT H 

u ce~ (PJt -2h*Y~II ~ c,. <3.20) 

,_ -· rn,e 21. = '2h . 
i1ocKOJibKY '€Jt (PJt:a:)= 'tJ,.(PJ.~) , TO, corJiacHO (3.II), 

<lh CP~t ih) =- P~t [-pJtCI.) S0(?:~)~,..J, 
· OTKy,IIa H H3 COOTHOWeHHfl (3.9) npH .I\OCTaTOtlHO MaJIHX n noJiyttKM 

01..\eHKY 

11 cth CP~t ~:) 1/ ~ fq Ch) [~+f1Ch)] 1/~i~")/jll'r*ll.~ f>t~Ch) Cv.. <3. 21 > 

I ,._ -:i 
llo HenpepHBHOCTK onepaTop 'tJt ( P,. 'CJ.) ,IVIfl ,I\OCTaTOtlHO MaJihlX k 
CYIIIeCTayeT B HeKoTopo~ c~epe ~k : 

UPh~h-Ph~kll =' ~ , a; 70 
0,., -

C COXpaHeHHeM ,!VI.R BCBX SJieMeHTOB ~h"2:,h€ &k O'-\eHKl1 (3.20). 

PaccMoTpHM c~epy S h : 

II Pk~~t-P"~: II~ c, II 'fJJPh i.h)lf . <3.22) 

W3 OUeHKH (3.21) CJie,I~YeT, tlTO ,I\Jlfl ,I\OCTaTOQHO MaJIHX h BHnOJIHeHo: 

Sh C S h . CJie)l;oBaTeJI&Ho, B clflepe Sh AJI"}')g~epaTopa lt1t ('2.Jt) 
ypaBHeHHfl (3.3) BHnOJIHeHH YCJIOBHfl TeopeMbl '--• 0 CYilleCTBOBaHHH KOp

Hfl 2Jt 3TOrO ypaBHeHHfl H CXO,I\HMOCTH K HeMY pemeHHfl 2n (t) aa.n,a

I!H (3.0-(3.2) npM2;o,h""P"~· H .£;...,oo • TaK KaK ~j,ESJt, TO H3 

(3.21) H (3.22) no~yqaeTC.R O'-leHKa 

ll~~t- Ph 'i-*1/ ~ f''~ C h) ·C, , Ct."? o. (3.23) 

TaKHM o6paaoM, pemeHHe ~h ,I\HCKpeTHoro ypaaHeHHfl (3.3) CYIIIeCTBY-. * ... 
eT H CXO,I\HTCfl K ceTOtlHOMY o6pa3y ph '2; pemeHH.R ~ ypaBHeHHfl 

(2.2) co cKopocT&~ cTpeMJieHMfl ~YHKUHH p11 Clot) K ayn~ npM lt...,o 
3aMeTl1M, tlTO ycJIOBHfl annpOKCHMaqHH (3.11) MOryT 6hlTb 3aMeHeHH 

COOTHOWeHHflMH 

Ph te(~)- 'f~t (Phi)= p41C h) P,_ tc) 2"0 r , 
Ph ~'(1:}'1T-'ei,CP~ti;Jf~t1f= f>5Ch)P11 C'\1")~~ 1T, 

(3.24) 

r,I\e ~o, 2-::1 - JIHHe~Hb!e orpaHHtleHHble onepaTOphl H3 cz-,;~' P,/~) -
JIHHeMHH~ HenpepHB~ onepaTOp CHOCa 'W B Ph (\41) , np111!eM 

II [ P~t- P,.C'i;)]'W"I/~ f,(h) llt.r/1, p, Cit ):;.0, liwt p,c J.) = 0. 
h~o 
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ITpose~eHH~e paccy~eHHR MO*Ho npHMeHHTh K pa3HOCTHOH annpoKCHMa
l\HH 3~atm (1.1)-(1.2), (2.1). )],rra npocTpaHCTBa :2=.R3"'x rlC(e)CQ·B·] 

l&-4 ,, ( 

napaMeTp rna~KOCTH t B~6HpaeTCR TaK, qTo6~ ~H¢¢epeHUHanbHhle onepa-
TOp~ B ypaBHeHHRX (1.1) H OCTaTOqH~ ~eHax annpOKCHMHpyro~HX ¢0P,~n 
6~H orpaHHqeHHbiMH KaK onepaTOphl H3 (c (.t)cai•g0 .... c cai,SD)- 72 I 
( cTp. 57) • Tor~a Pk - onepaTop npocToro cHoca 261 Ha ceTKY, Ph -
onepaTop nOCTpOeHHR HHTepnonRUHOHHOrO nonHHOMa no CeTOqHOM ¢yHKl\HH, 
PnC~) -onepaTop nocTpoeHHR ceTOqHOM ¢YHK~H co c~BHraMH a apry

MeHTax ~R OCTaTO~ qneHOB. Dpe~nonaraeTCR, qTO HHTepnonRUHOHHhlH 
npouecc CXO~HTCR. 

0TMeTHM, qTo O~H H Te ~e CXeMN, npHMeHaeMN~ ~R ~HCKpeTHOrO 

npeACTaMeHHR onepaTOpOB <e(~) H ft 1('i;) 3~aqH (1.I)-(l.2),(2.Il, 
~aiDT OAHH H TOT ~e nopl'!~OK HX annpOKCHMauHH. ~OKa3aTenbCTBO C~eCT-

'( )-1 BOBaHHR onepa.Topa <fJt '2:.J.r pa3HOCTHOrO aHanora 3TOH 3~atm MOlltHO 
BhlTIOnHHTb, HCnOnb3YR XOpOillO H3yqeHHhle CBOMCTBa pa3HOCTHHX CXeM B 
rpaHHqHHX 3~aqax ~R JHHe~HWX Heo~opo~HWX ~H~peHUHanbHWX ypaBHe
HHM BTOporo nopRAKa 13 . 

4. BblqHCnHTeJibHhle cxeMN 

Pa3HOCTHaR arrupoKCHMauHR rpaHHqHWX 3~aq (2.10)-(2.11) oc~ecTB
naeTca Ha paBHOMepHHX ceTKax 

t:.Jh, c \ 'Z~=Qi ''. '' ~1'\= {li+(rr-~)ki J" ''I "ZM: e gJ • ( 4. I) 

Pa3pa6oTaHhl ~Be awqHcnHTenbHhle cxeMH pemeHHR 3~aqH (1.1)-(1.2), 
(2.1) C nOMO~b~ HbDTOHOBCKHX HTepaQMH (2.10)-(2.14), KOTOphle peanH-
30BaHhl Ha l'!3b!Ke fOR'T'RM/a a~e AByx naKeToB rrporpaMM MANY PAR. 1'1 

MANPJ{~ ~a 3BM CI>C-6500. 
B nepaoA cxeMe ncn~3yeTCR CHMMeTpHqHaR TpexToqeqHafl pa3HOCT

Hal'! CXeMa TOqHOCTH ITOp~Ka 0 ( h2.) ~R annpOKCHMauHH ypaBHeHHM 
(2.10). ITpHMeHeHhl HecHMMeTpH~e TpexToqeqHhle ~P,MYnhl qHcneHHoro 
.n;M~peHUHpOBaHHR TOqHOCTH nopa~Ka 0 ( hf) I 91 (c. 232) ~R arrrrpoK
CHMauHH rpaHMQHWX ycnOBH~ ( 2. II) H KB~paTypHaR ¢opMYna TpaneUH~ C 
y3naMH CeTOK (4.1) TOrO ~e ITOp~Ka TOqHOCTH ~R anrrpOKCMMauHH HHTer
pMOB B CHCT8Me ypaBHeHHH (2. 13). ;-iopR~OK annpOKCHMauHH orrepaTOpOB 

(('('2-.) H <e'('i:) npH 3TOM paseH 0( h") , h==rrza.xhc· . 
' Bo BTOpOH CXeMe ypaBHeHHR CHCTeMhl (2.10) anrrpOKCHMHpyroTCR B 

yMax c HOMepaMH 11. ... a' M,-2. TpeXTOqeq;o~ pa3HOCTHOA cxeMOM HYMe
posa c nop~KOM anrrpoKCHMauHH 0 ( h~) 301 (c. 189). B y3nax c Ho
MepaMH n•J. H 11: i"fi-1 npHMeH~TCR HeCHMMeTpHqHhle nRTHTOqeqHhle 
pa3HOCTHble ypaBHeHHR C nopR~KOM annpOKCHMauHH 0 ( h/") , KOTOpble 
He HCnOnh3yroT 3HaqeHHR K03¢¢HUHeHTOB ypaBHeHHM (2.10) B rpaHHqHWX 
y3nax. 3To BaxHo npH pemeHHH CHHrynRpHHX rpaHHqHWX 3~aq. AnnpoKcH-

10 

• 
I 
' 

MauHR rpaHHqHWX ycnOBM~ (2.11) BbiiTOnHeHa C ITOMO~b~ ;eCHMMeTpHqHHX 
nRTHTOqeqHWX ¢0pMYn qHcneHHOrO ~H¢¢epeHUHpoBaHHR/29 (c.232) C TOq
HOCTb~ nopa~Ka 0 Or./") . YiHTerpanbl B cMcTeMe ( 2. 13) 3aMeH~TCR KB~
paTypHbiMH ¢opMYnaMH CHMITCOHa C y3naMH CeTOK (4.1) (~i -HeqeTHOe) 
TOQHOCTH nopl'!~Ka 0 ( h.11 ) • Onepa.TOpb! <e ('i;) H ({' 1(i;) anrrpoKCHMH-
pyroTCR B 3TO~ cxeMe c ;oqHoCTh~ nopR~Ka 0 ( h "), h • m.o. X hl • 

.I\H:cKpeTHhle rpaHHqHhle 3~aqH, anrrpoKcHMHmiHe 3~Jqy (2. 10)
(2.11),pemaroTca c ITOMO~b~ anropHTMa nporoHKH 3 • )],rrR orrpe~eneHHR 
napaMeTpa ~ B Bb!p~eHHRX (2.14) rrp11M8HReTCR anropHTM Haxo~eHHR 
MHHMMYMa HeBR3KH 

~('L) ==II ceh (i!n,K +'C A~ h,K)II <4.2) 
Ha ceTKe 

Cc>A-r={'rj=Cj-i)~'r+'Z:0 j j==:f., ... ,L;'Z:",_=~}. (4.3) 

ITpH3HaKOM OKO~aHHR KT8p~HR HBXR8TCR BbiiTOnHeHHe ycnOBHR 

o-h,K 1f s t (4.5) 

r~e C '70 - ~OCTaTOqHQ MMOe qKCHO. TOqHOCTb paCCMOTpeHHHX BI>NKCHK
TeJibHHX cxeM MOlltHO oueHHTb cne,IJ,YIOillHM o6pa3oM. ITycTb K -q1,1cno liTe
par~~. Heo6xo~KMb!X ~R BHnonHeHKR ycnosHR (4.5). Tor~a s ceTOqHO~ 
HOpMe crrpase~Hsa oueHKa 

ll-:2 ... _"'7. ll~ll-:2,.._=2',u~u2.-:z, II I A C \ 
,_ ..... n,l'u-••- -n•• . u-n -n,p. ... 

)],rrR nepsoro cnaraeMoro s rrpasoR qacTH (4.6) rronyqeHa oueHKa (3.23). 
JbCKGnbKY paCCMaTpHBaeTCR CXO~KRCR HbDTOHOBCKHR rrpouecc, BTOP,Qe 
cnaraeMoe B rrpaBO~ qacTH (4.6) rrporropl\HOHMbHO HeBH3Ke crh K 7221. 

, ·-B cnyqae E.""'<. i ocHoBHoA BM~ B omH6KH BHOCKT senKqHHa IIi!-21tll. 
)],rrR rrepso~ cxeMN B oueHKe ( 3. 23) p, (h),... h a , a ~n BTopoR -
p, (h),._ hI(· . YTOqH8HKe P,8.3JOCTHI>IX pemeHHR B03MOlltHO C ITOMO~bD 
3KCTparronnuHR ITO PHqap~coHyl14 H no flaAe Ha rrocne~oBaTeHbHOCTRX 
cr~~KXCR CeTOK (4.1). 

5. YHcneHHhle Hccne~oBaHKH 

PaccMoTpHM cHcTeMy ~~~peHQHMbHHX ypasHeHHR 

[
!!! _ >-- _ >.. ( -.z>.,C>z-'Zo) -.>.3 ('l-'lo)ll 
J:z:t ~ 2. e - Z e Jj Ui'l)=O, 

[ 
_,z .z.>.a '3A3]'' ( )-0 
« - >.. + - - --a "'a oz. - ' hi :1 rz. 2.'Z. 

[
da \ - I.Aa.- 3Aa"l£+ 8.2.]u ('l)=O 04"l<DO - -/\~ -=r .IJ 9 3 ) • J.-z:& 't .., 

(5.1) 
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flepsoe ypaaHeHHe CHCTeMH co~e~HT noTeHUHan Mopaa, BTopoe - ;oTeH

l~an KynoHa H TpeTbe - noTeHuHan rapMOHKqecKoro ocuHnnRTopa. 3/ Tpex

napaMeTpKqeCKaR CHHrynRPHaR ~aCTHqHaR 3~a~a Ha C06CTB8HHHe 3Ha~eHHR 

~R CHCTeMN (b.1) HMeeT rrpH 3Ha~eHHH rtapaMeTpa ~o= 2,lb ~R C06CTBeH

HHX 3Ha~eHH~ 

>-~== 1jg ' >-,=-:1' .).!:: 4/3 (5.2) 

aHanHTH~eCKHe C06CTBeHHHe <}JyHJmHH,orpaHH~eHHHe Ha noJiyOCH 0= 'Z""' oo, 

U(-r.)==de-Vz\,f \,=~e-A~('Z-'Zo) _ m. 
£ 1 s- , o; A-& , p- -r- , 

U ( ) d -~ 't .2 ( 'Z.) ?, 
1 'Z = ze tz. -1- 6 ; <t.3> 

""t-' 

u~(oz) = d?>e-r "?-" c 1.- t~") 
ITpH ~HcneHHoM pemeHHH 3TO~ 3~a~H ycnoBHR orpaHH~eHHOCTH co6-

CTBeHHHX <}JyHKUH~ Ha rtonyOCH 0~~""'00 rtpH6n~HCb rpaHH~HHMH yc-

nOBHRMH BH~a (I. 2), r~e ai = 0 , Si =It-mo.« - napaMeTp. iPYHKUHH 

"'-j H ~i) 3~aBanHCb C ~eTOM rnaBHHX ~eHOB acHMrtTOTHKH AJIR 

JIOrapM<i:wftleCKIDC fll?OH3BO~b!X OT BblpBJKeHH~ (5.3). OTO rt03BOnHnO HCKn!O

l:!HTb B rpaHHqHb!X YCJIOBHRX HeH3BeCTHble KOHCTaHTbl HOpMHpOBKH _Ji 
{ ~ = 1,2,3). B pac~eTax aapbMpoaanHcb cnoco6bl a~aHHR Hal:!anbHb!X 

YCJIOBM~ ~R HTepauH~ rtyTeM B03~eHH~ C06CTBeHHoro pemeHHR (E.2), 
{o.3~. 0co6eHHOCTM CXO~HMOCTH MTepallH~ aHanOrKqHbl OTMel:!eHHbiM B pa-

6oTe 
21/. 3aBHCHMOCTb OmH6KM anrtpOKCHMallMH CHHrynRPHO~ 3~a~ Ha 

Ta6nHqa I 

h•qO't Rma.-x= j2, R-a.« = 2. If Rmo.:c=36 R-Q.:c=Jf8 I 
~ 0, IIIII1334 O,IIIIIII'78 0, IIIIIII'72 O,IIIIIII72 

.>-_, I,OOOOOOt32 1,00000044 1,00000043 1,00000043 

At I,33333340 1,33333362 
L--- ---

1,33333363 1,33333363 I 

'ta6JIMua 2 

R •.t'r' - ~ 0,08 0,04 o,oz A• A a As/As 

A:1h 
oo,• 0, III?30752 0, III2656?6 0, IIII49?30 46b0?6 II5946 4,0! 

O(l{') 0, IIII12834 0, 1II1III?8 O,IIIIII0?9 1656 99 16,?3 

)..1h 
O(h• 1,00299??4 1,000?~0 1,00018?06 224924 56144 4,01 

OCit"~ I , ()()()()()8b5 1,00000044 0,99999996 8II 48 16,89 

Ash 
0(~ I,33b0282? 1,333?5659 1,33343912 12?168 31?4? 4,01 

O(h") 1,33333?50 1,33333362 1,33333339 388 23 16,8? 
-
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co6cTBeHHble sHaqeHH.R oT rrapaMeTpa R-.Q."% !1pHB8,11,8Ha B Ta6JUI1~8 I. 
Bhltl:HCJieHH.R BblllOJIHeHbl c 'rr~MQIIIbiCJ CXeM!i 0 ( h ") . Cna6a.R saBHCH-
MOCTb 3HaqeHHtl Ac.h OT BeJIHliHHbl R-Q.:le llpH ~HKCHpOBaHHOM 3Haqe-
HHH h ,11,8MOHCTpHpyeT ,li,OCTaTO~O XOpomee !1pH6JIHM8HH8 aCHMllTOTHti8CKHX 

~ 
(Y) ro 0 ['- (Y) 0> ro 0> 0> ~ 0> (Y) ycJIOBHM orpaHHqeHHOCTH co6cTB8HHbiX ¢WHKUHtl u,C>t) rrpH '1;-rO H 
<:!' .i) <.0 ...,.-j ro <.0 <.0 L{) L{) (Y) N 

~ '2-P"OO rpaHHqHbiMM ycJioBH.RMM (1.2). Wccne~eMa.R omH6Ka He npeBbiiDaeT 
<.0 <.0 <0 •D <.0 •D <.0 •D <0 <.0 <.0 <.0 .. H H H H H H H H H H H H 

<:!' '<3 B ,n;aHHOM CJiyqae rrorpeiDHOCTH pa3HOCTHOM arrllpOKCHMaDHH, 

a! 
1lJ,n.R ~HKcHpOBaHHoro 3HaqeHH.R R._e~~."X. rrpose,n;eHbl pacqeTbl Ha rrocne-

::! 
:>: ,li,OBaTeJibHOCTH CrYIIIaiDIIIHXC.R pasHOCTHb!X CeTOK. 
1=1 

10 ~ ~ ['- 0 H <0 <.0 N <0 ro 0> LO L{) B Ta6nHue 2 ,ll,aHbl sHaqeHH.R pasHOCTHb!X co6cTBeHHb!X napaMeTpos, a! ~ ['- <.0 N (Y) 0 <.0 0 <.0 0 ~ F--< N H H H (Y) Bhltl:HCJieHHb!X c rroMOl!lbiO cxeM ToqHOCTH O(h!l.) H 0( h") 
<.0 

Ha TpeX B,ll;BOe 

~ crYIIIaiOIIIHXC.R ceTKax, M nocJie,n;oBaTeJibHble pa3HOCTH Au Att 3THX 3Haqe-
['- HHM. 0THOID8HH8 pasHOCTet! yKa3b!BaeT !10p.R,n;OK CXO,ll;HMOCTH pa3HOCTHOrO 

~I 1~1§1~1~!§1 ~~~~m1~1~1 l~fk pemeHH.R K To~oMy. EcJIH J.>..),- A* I"" 0 ( h '") , TO Ha TaKHX ceTKax 
~ cO m,....~( As/A:r.) • Ws Ta6JIHUb! BH,n;Ho, qTo cxo,n;HMOCTb ,li,JI.R cxeMbl no-0> 

H 

H 

~ lo 
<0 R1 ro N <:!' <:!' ['- ['- ~ p.R,n;Ka 0 h*) HMeeT rrop.R,n;oK m,... 2 , a ,li,JIR cxeMbl rrop.R,n;Ka OOr")- m~Lf. 

!~ 
ro N N D 0> 0> 0> H H co fB <.0 N <.0 <0 N ~ 0 

~ 
(Y) 0 N AHaHOrHqHWe pesyJibTaTbl ,li,JI.R ceToqHbJX co6CTBe~b!X ~HKUHM npe,n;-

H N 0 ro H H (Y) 0> N 0 
H <:!' <.0 co 0 0> <:!' (Y) (Y) ['- H 
H <.0 (Y) (Y) "J <.0 (Y) (Y) ['-

~ 
L{) cTaBJieHbl B Ta6JIHuax 3 11 4 ,li,JI.R cxeM oop.R,n;KoB O(h ) 11 0 ( h") cooTBeT-

•O H H N N H 0> H H 0 0 0 0 0 
H 0 'D H 0 cO (Y) 0 ['- ['- I CTB8HHO. ~.II cpaBH8HH.R TaM ~e !1pHB8,ll;8Hbl 3HaqeHH.R HOpMHpOBaHHb!X B 
0 (Y) 0 0 0 0 0 (Y) N H <.0 

~ ·~ 6 COOTB8TCTBHH C (2.1) C06CTB8HHb!X ~YHKUHM (5.3). 0 0 0 0 0 0 0 0 0 0 0 
I I I ... 

(Y) Bb!rroJIHeHHble qii!CJieHHble Hccne,n;oBaHHR rroKa3b!BaiOT, qTo nop.R,n;OK 

(Y) I 0> I 0 l.i' I (Y) I 1~1~1~ 
'<!' 

8 ~ N ['-

~I 
c<:l'<Oci)N 0> ['- CXO,ll;HMOCTH C8TOqHQrO pemeHH.R K TQqHQMy COOTB8TCTByeT TIOp.R,li,Ky anrrpOK-
<0HcD<.()''l N fB L{) 0 
H ":! Q Q;l f--1 (Y) • C\1 m """'"11JI'f"'TTT.1t , ...... _ ....... ,, .... ~ .-..-., ..,.,...,..,. .... ..,. ... ..,.,. • .,....-.-••-.,H. ., __ -------------- -·----- -----

~~ ~~'~'@'§ 
::5 ...c: 'J' "' 

._.. 
''J C'J .... ('-

~ I l 
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(Y) C\1 <:!' ['- N ~r:> H <:!' <:!' ~ H r.. JlHTepaTypa 
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0> ['- <.0 ro C\1 (Y) N H H 0> L{) 1968, 74, 1, p. 1. H co L{) C\1 H c~) L{) 0> <:!' 0 L{) (Y) I. Atkinson F.V. Bull. Math. Soc., ,..... 

~ 0> fB H ['- ['- ~ H ~ ['- 0 
f-i n 0 0> (Y) (Y) ['-

~ 2. KoMapoB ~.B., IToHoMapeB Jl.W., CJiaB.RHOB C.ID. C~poH,ll,aJibHble H KyJio-
f-i <.0 (Y) (Y) ll) <.0 (Y) (Y) ['-

~ 
L{) 
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0 0 0 0 
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0 0 0 0 0 0 0 0 0 0 0 
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6aarap A., Oy3WHHHa T.n., OyawHHH H.B. 4HcneHHoe peweHHe Pll-82-97 
MHOronapaMeTpH4eCKoH 3aAa4H Ha Co6CTBeHHwe 3Ha4eHHR H nOBWWeHHe T04HOCTH 
pa3HOCTHOrO peweHHR 

Ha OCHOBe HbDTOHOBCKO~ HTepa~HOHHoH CXeMW H MeTOAa CeTOK pa3pa6oTaH 
H peanH3oaaH anropHTM 4HCneHHOro peweHHR 3aAa4H Ha co6craeHHwe 3Ha4eHHR 
AnA CHCTeMW N o6WKHOBeHHWX ~epeH~HanbHWX ypaaHeHH~ BTOporo nOpRAKa, 
caR3aHHWX ae~ecraeHHWMH napaMerpa~. 

Hay4aercR aaaHCHMOCTb T04HOCTH peaynbraroa or nOPRAKa pa3HOCTHO~ annpoK
CHMa~HH 3aAa4H . BwnonHeHW 4HCneHHWe HCCneAOBaHHR CXOAHMOCTH npeAnO*eHHO~ 
8W4HCnHTenbHoH CXeMW 8 3a8HCHMOCTH OT napaMeTpOB annpOKCHMa~HH CHHrynRpHoH 
Kpaeao~ 3aAa4H. 

Pa6ora awnonHeHa a fla6oparopHH BW4HcnHrenbHO~ reXHHKH H aarOMarHaa~HH 
OHRH. 

~~eHHe 06~AHHeHHOrO HHCTHTyTa RAePHWX HCCneAOBaHH~, AY6Ha 19~2 

Baatar D., Puzyn in t.V., Puzynina T. P. Numerical Solution Pll-82-9 
of Multiparamet r ic Eigenvalue Problem and IMPROVEMENT of Diffrence 
Solution Accuracy . 

On the basis of the Newton Iteration scheme and net - point method an 
algorithm for numerical solution of eigenvalue problem for system of N 
ordinary differential equations of second order connected by real parameters 
has been deve loped and realized. The dependence of result accuracy ' upon 
order of difference approximat ion is studied . Numerical analysis of conver
gence of the scheme proposed against approximation parameters of singular 
boundary value problem are performed. 

The investigation has beeo performed at the Laboratory of Computing 
Techniques and Automation, JINR . 
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fiepeaoA O.C.BHHorpaAoaoR. 


