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8 .IUK.YP ABJIEB 

Be~ee HayqHo-Hcc~e~osaTe~bCKoe yqpe~eHRe -

~HCTRTYT ¢R3HKR BNCOKHX 3HeprHA, r.Cepnyxos 

AsTope¢epaT pa3oc~aH " __ " 1980 r. 

3~HTa ~RCCepTa~RR COCTOHTCR: "--" 1980 r. B 
"--" qacos Ha sace~aHRH Y4eHoro CoseTa na6opaTopHR B~HC~HTe~b
HO~ TSXHRKH H aBTOMaTR3a~RH OrtflM, r.~6Ha, MOCKOBCKOH o6~aCTH. 

C ~HCCepTa~e~ MOJIHO 03HaKOMHTbCR B 6H6~HOT8K8 0~. 

Y4eH~ ceKpeTapb CoseTa 

K~~aT ¢R3HKO-MaTeMaTH48CKHX HayK ~(. z_ 3.M.~BAHlilliKO 

06~aR xapaKTepRCTHK 

AKTYMbHOCTb 

BonpOCN, CBR:3aHHHe C pemeHReM H 

~" a cospeueHHO~ ¢R3RKe 6o~bmoe 3Haq 

CKRe 3~a4H llpHBO~R:TCR K HCC~S~OBaHH 

4aH, KOr~a MOEHO HaHTR TO~Ne pemeH 

ycnex B pa3BHTRH TOrO ~H HHOrO ¢H3H 

rOM 3aBHCHT OT HMHqHR 3¢¢eKTHBHNX M 

COOTBSTCTB~~HX HS~HHS~HNX ypaBHSHHH 

TaR, ypasHeHHR THna 4y-noy H 6~ 

paCCeffiiHR:, OllHCWl8.lliiiH8 CH~bHbiS B3aHM' 

TL - Me30HOB H llHOHOB , R:~RDTCR: He~ 

rpMbHWH ypasHeHHRMH. Co BpeMeHH cs' 

saMHbiS B TeOpHH ~HcnepCHOHHNX COOTHOI 
TOM BCeCTOpOHHero HCC~S~OBaHRR MHOrH: 

0HH OCTB.IJTCR: aKTYMbHWH H B HaCTO~I 

CKHe BOllpOCN, CBR3aHHbl8 C pemeHHeM 3' 

BepmeHHR:. 3TO OC06SHHO OTHOCHTCR: K q j 

Horo peweHHR. 

AKTyMbHWH R~RilTCR TaKlle sonp' 
6~KJI8HHNX pemeHHH He~HHS~HNX 3~aq ll] 

ije~b pa60T~ 

~ccepTa~R nocs~eHa sonpocau 1 
Koro K~acca HS~HHS~HNX CHHry~R:pHNX Kl 

TOpDyY npHBO~TCR: ypaBHSHHR THOa 4y~ 

c~e~TCR: sonpocy c~eCTBOBaHHR K e~1 

MOCTK H JCT0~4KBOCTK KTep~OHHNX np 

T04HOCTK npK6~HX8HHNX pemeHH~. ije~bll 

pa60TKa ~KTKBHNX 4H~eHHYX MrOpK~ 
K pacqeT C HX llOMO~bll KOHKpeTHYX ¢K31 
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06~a.R XapaKTepHCTHKa pa60TH 

AKTyaJibHOCTb 

BonpocH, CBH3aHHHe c pemeHHeM HeJIHHeAHHX ypaaHeHHA, npHo6pe
JIH B COBpeMeHHOH ¢H3~Ke 60JibWOe 3HaqeHHe •. MHOI'He BSXHHe ¢H3Hqe

CKHe 3~aqH npHBO~HTCH K HCCJie~OBaHHD HeJIHHe£\HNX ypaaHeHHA. CJiy

qaH, KOI'~a MOMHO Ha£\TJII TO~He pemeHHH, ~OBOJibHO pe~KH. Il03TOMJ 

ycnex B pa3BHTHH TOI'O HJIH HHOI'O ¢JII3l{qeCKOI'O HanpaBJieHHH BO MHO

I'OM 3aBHCHT OT HaJil{qH.fl 3~eKTHBHHK MeTO~OB DpH6JI~eHHOI'O pemeHHH 
COOTBeTCTBJD~HX HeJIJIIHeHHHX ypaBHeHHH. 

TaK, yPaBHeHHH THna Yy-Jloy 111 6JIH3KHe K HKM ypaaHeHHH ~7<
pacce.RHHH, ODHCHB~He CHJibHYe B3aHMo~eHCTBHH COOTBeTCTBeHHO 

TL - Me30HOB H DHOHOB, HBJIHDTCH HeJIHHeHH~JII CHHI'JJIHp~' HHTe
I'paJib~H ypasHeHHRMH. Co speMeHH caoero B03HHKHoseHHH I 3TH 

~H~ B TeOpHH ~HcnepCHOHHHX COOTHOWeHHH ypaBHeHHH CTaJIH o6oeK
TOM BCeCTOpOHHei'O HCCJie~OBaHHH MHOI'JIIX MaTeMaTHKOB H ¢1113HKOB/2- 6/. 
0HH OCTaDTCH aKTJaJibHHMH H B HaCTO~ee BpeMH. MHOI'He MaTeMaTHqe

CKHe BODpOCH, CBH3aHHHe C pemeHHeM 3TIIIX ypaaHeHHH, ~aJieKH OT 3a

BepmeHHH. OTO OC06eHHO OTHOCHTCH K qHcJieHHHM MeTO~aM npH6JIKMeH
HOI'O pemeHHH. 

AKTyaJibH~H HBJIHDTCH TaK~e aonpocH noswmeHHH ToqHoCTH np111-·· 
6JIKMeHHHK pemeHHH HeJIHHeHHHK 3~aq npH qJIICJieHHHK pacqeTaXiHa 38M. 

l.!eJib pa6oTH 

~ccepTB.IU~H noca~eHa sonpocaM npH6JIKMeHHoro pemeHHH mHpo
Koro Knacca HeJIHHeAMHK CHHI'JJIHpHHX HHTei'panbHHX ypaBHeHHH, K KO

TOpOMy npHBO~TCH ypaaHeHHH THna Yy-Jloy H :Jl:Jr- pacceHHHH. Wc

cne~TCH BODpOCH C~eCTBOBSHHH H e~HHCTBeHHOCTH pemeHHH, CXO~

MOCTH H JCTOHqJIIBOCTH HTepaqHOHHHX npo~eCCOB, a TaK~e DOBWWeHHH 

ToqHOCTH npH6JIJUCeHHHX pemeHH£\. UeiibD pa6oTI:l HBJIHJIHCb TaK~e paa

pa6oTKa 3qxpeKTHBHHK qi{CJieHHHX aJII'OpHTMOB HTepaqHOHHI:lX npo~eCCOB 
H pacqeT C HXpOMO~bll KOHKpeTHHX ¢JII3l{qeCKHX MO~eJie£\ Ha 3BM. 
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HaTJHBJI HOBHsHa 

BnepBHB npose~eHO CTporoe MaTeWRTH~eCKOe HCCAe~OsaHHe BOnpO

COB, CBH3aHHNX C ~HCHeHH~ pemeHHeW Ha3BaHHHX BHme ypaBHeHH~. llpH 

STOW ycTaHOBH9HY o6naCTH C~eCTBOBaHHH H e~HHCTB9HHOCTH pemeHHHi 

~OKa3aHY CXO~HWOCTb H ycTO~~BOCTb HTe~OHHYX npo~eCCOB npH6HH

&eHHOl'O pemeHHHi non~eHO aCHWnTOTH~eCKOe pa3HOX9HH9 npH6HHX9HHYX 

pemeHH«, nosson~ee ycKopHTb cxo~kwoCTb pasHOCTHYX cxew. 

llpaKTH~eCKaH U9HHOCTb 

I. llocTpoeH s~KTHBHY« anropHTW npK6HHXeHHoro pemeHHH ypas

HeHHn THna qy-lioy C npDHSBOHbHO~ WaTpH~e~ KpOCCHHl'-CHMW9TpHH ~H 

mHpoKO~ 06HaCTH SHa~eHH~ KOHCTaHTY CBH3H. 

2. llon~eHHYe Ilpll6.mDJtemme pemeHKH ypasHeHH~ JC.J< -paccen

HHH npH pa3HH~HYX 3Ha~eHHHX KOHCTaHTY CBH3H ~~H~03MOXHOCTb BY

HCHHTb Ka~eCTB9HHOe noBe~eHHe TO~Ol'O pemeHHH, ~TO npaKTwqeCKH 

O~eHb Ba&HO npH 4JH3H~eCKOM HCCAe~OBaHHH pacceHHHJI nHOHOB. 

3. llon~eHHoe B ~KccepT~HH acHWnTOT~eCKoe paano~eHHe peme

HH~ n03BOHHHO SHaQXTe~bHO nOBYCHT& TO~OCTb npK6X~9HHYX pemeHH~ 
6ea CYJlleCTBeHHoro ysen~eHHH MamHHHoro apeueHH H naMHTH 3BM. llpH 

STOM ~HCH6HHHB paC~eTY ~Byxp~HOA CHCT6MY ypaBHeHH~ qy-lloy H 

~~ - paCC6HHHH noKa3BnH BNCOKyD 34>4JeKTHBHOCTb 3TOI'O M6TO~a. 
4. YcTaHOBHeHHHe B ~HccepT~H o6~He TeopeMY o c~eCTBOBa

HHH H e~HHCTB9HHOCTH pemeHHH ~eDT WeHee Ol'p~HT9HbHHB, no CpaB

H9HHD C paHee H386CTHYYH, YCHOBHH Ha WO~HH pemeHHH H KOHCTaHTY 

CBH3H, KOTOpaH HBHH9TCH Ba&HOA ~HCHOBO~ XapaKTepHCTHKO~ ypaBH9HH~ 

THna qy-lioy. 

Anpo6aqKn pa6oTY 

Pa6oTY, nonoxeHHlle B ocHOBY ~ccepTa~, ~OKX~YBMHCb Ha 

ceMHHapax OIDIH, Ml1BAH ( Co4>Jin} , BU MI'Y. 

lly6JIHKB.UHH 

flo Tewe ~HCCepTa~H ony6HHKOBaHO 6 pa6oT, B TOM ~HCAe B 

EBM H M~ H B coo6~eHHHX OHHH. 
06-E.ew pa6oTY 

~ccepT~H COCTOHT H3 BBe~eHHH, TpeX rnaB, 3aKHD~eHHH H 

· npMozeHHH H" co~epoT III CTpaHH~ 1l811UlHOnHCHoro TeKcTa, ~ BUD~8JI 
9 Ta6xHQ, I pHCyHOK H cnHCOK XHTepaTypY H3 93 nyHKTOB. 
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Conep!aHHe pa6oTY 

Bo BBe~eHHH ~aHY KpaTKOe H3HOX9HHe OCHOBHYX peayJibTaTOB 

~HCCepTa~H H o6sop HHT9paTypY no paCCMOTpeHH~ 3~9Cb BODpOCaM. 

B rnaae I paccMaTpHsanTcn aonpocy c~ecTBOBaHHH H e~HCTBeH

HOCTH pemeHHH mHpOKOl'O KJiacca ~eJIHHeJ:IHYX CHHl'YJIHpHYX HHTerpMbHYX 
ypaBH9HHJ:I. 

B § I Hccne~eTcn ypasHeHHe 

:X {i) "" <f> (t:, X (t) ). + p .:x(t) ) , , (I} 

r~e -F'.:x{tJ "'Sx{tJ ... K:x{t>. 

3~ecb :x.{t.) = (;r~ (t.J, ... , xNrtJ) 

TOHYHK~H.II' ). "' (A< , .. ' ' AN ) 
( N ~ :1. ) - HCKOMaH B6K-

3~aHHHA B6KTOp napaMeTpOB, 

s :X (t) =. ...!_ J X (7:) c{-c 
2:Ji. '1::- t: ' 

ter 
r 

- Tax HasHBaeMI.l11: CHHry.rrapHWi onepaTop THna KomH, r - HeKoTo

pa.ll KpHBBJI linnyHoaa,. a- K :x (t) - anonHe HenpepbiBHH« onepaTop 

npOCTpaHCTBa cywrnpyeMYX CO CTeneHbD p ( 0 < p < "") B6KTOp-

4JyHK~J:I. 

'~OKaaaHa CJie~aH (o603Ha~eHHH COOTB9TCTByDT ~HCCepTa~K}: 
TeopeMa I 

I. llyCTb R ) A c, TaKOBY, ~TO 

}) + [ R: ( R) + R; (R) F~ ] R ~ R 

TOr~a ypaBH6HHe (I} HM96T B mape 

s = {X {-t) I X (t.) E H~ 0 (r) J //XII£,. R} R , 

XOTf! 6bl 0~0 pemeHHe. • 

2. EcJIH 

R~ (R) + R2 tR) F't. < i , 

TO ypaaHeHHe (I} HMeeT B S R He 6onee o~oro pemeHHn. 

3. llpH BhiDOHH6HHH HepaseHCTBa (2} H 

~ ~ 
.R~ (R)".+ R2 (RH'~ < i 
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ypaBHeHHe (I) HMeeT B $ R e,u.HHCTBeHHOe pemeHHe X" {t.) , KOTO

poe WO~eT 6HTb nonyqeHO MeTO~OW npOCTO~ HTepaqHH. 
HepaBeHCTBa (2)-(4) ecTb HeHBHue orpaHwqeHHH Ha HOpMy peme

HHR R H KOHCTaHTy ) 
B § 2 Hccne~TCH ypaBHeHHH qy-Roy, onHcusa~He pacceRHHH 

!Ti -Me30HOB 

h 
.,\., 1 j"" [fh.,(w)[Z.J ~ C Jh.,.(w)l

2 
}d 

a. (V =if + Jf f (W) w- i! + L ci.f w ~ 'l. w' 
1 J.>·• (5) 

e(. = 1, ... '1'1 ; 

r~e h~ (i); ... , h_N ( 'i.) - HCKOMHS aHMHTHtlSCKHS !IJyHK~HH, 
HMeJllllHe B eyne nonvc nepBoro nop~a c 3a~aHHHMH BHtleTawH ) 1 

~ ' 
).2 •• • ) N cooTBSTCTBeHHo, )o( =- L. c"'~' >. .. , ol.~-t, ••• , N. 

>. > .ft=~ r 

3~aHHaR !IJJHK~H .P ( u.J ) , TaK Ha3UBaeMaR ·<PYHft~HH o6pe3aHH.R t 
npe~oJiaraeTC.R HenpepUBHOR no reJib~epy. KB~aTHaR MaTpH~a 

C = (Cot. fo ) Ha3HBaeTCH MaTpH~eR nepeKpeCTHOR CHMMSTpHH 

( C 2 = E , £ - e~HHI{qHa.R MaTpH~a). 
lloKa3aHO, qTo ~H pemeHHH CHCTSMH (5) ~OCTaTOtlHO HaRTH MHH-

we qacTH Jm h.c~. ( w) !IJyHK~H~ h <>< { r. J Ha pa3pe3e 
[ 1 , oo ) • B pe3yJibTaTe HecJio~hOC npeo6pa30BaHHR ~R !IJJHK~« 

'IJo(. (-1:) "Jm h"' (t>/t. , t = -tjw, t c: [ o,d 

HMSDTCH CJIS~~He ypaBHeHHH 

'IT.! (t) "'ty (t) [ 7!.: {t) -t ll~ {t)]' (6) 

r~e 1 ~ 1 

u (t:) "' , - 1.. J 11' .. (ti o/.'t: -t L Cat.,. .f. J Vp {'t:) d.1: 
o(. Ao{ :Ji: '1:-t "=f rX 'l:;+t: 

o r o 

ol. =1, •.. , N. 

YpaBHeHH.R (6) c npoH3BOJI&Ho« uaTpH~e« c , JID6YMH BeKTopou 

A H HenpepHBHOR no ren&~epy 4»JHK~e« o6pe3aHHH f ( t) Ha3H
BaDTCH ypaBH8HHRMH THna qy-]oy. 3TH ypaBH8HH.R npHBO~TCH K B~ 

(I) co CJie~~eR !llyax~He« ¢ tt, x, 'I) : 

cp(t,:x,'J) =-{;,f(-t)[.x%..~~1' 

r~e BSKTOp-%THK~H tl (t) MO~eT 6!ll'b Onpe~eJieHa !IJo:p.tyJIOR 
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., 

~(i)=A -t S:x:Ct> + CS.,.xf-(;) ::;\ + flx{t.) 

Sx {t} =- i J1
.x.n;Jd'l: 

:Ji. ~- t: 
0 

s+ ~rt.> = 1.. J":x:c'l:Jd-r: 
:J[ 0 7:+1:. ' 

3~ecb 2.. ( .t .t. 2.. ) x,. x 1 ,x~, ... , x,., . 

TaKHM o6pa3oM, ~R ypaBHSHH~ THna qy-noy (6) cnpaBe~HBa 
npH HeKOTOphOC orpaHHtleHHHX Ha R , ;>. TeopeMa I. BoJiee Toro, 
6Jiaro~apn CBORCTBY HSOTpH~aTe~bHOCTH pemeHHH ypaBHSHHR (6) y~a
HOCb OCJia6HTb OrpaHHtlSHHH (2)-(4) Ha KOHCTaHTH R. H ). • B 
qacTHOCTH, ~a A nonyqeHH o~eHKH, ueaee orpaHHtlHT9JibHHe no cpas
H9HHD C paHee H3BSCTHHMH. 

B § 3 ypaBHeHHH :rc:rc- pacceRHHH c o~HM BHtlHTaHHeM 

J
~ i 2 J i .t 

hoi. (r) =).. +3h (O) + 1. ~[Inc~ (wJI - ~ C fnt (wJI ]d 
., 2 'JC w w- ~ L ofp w + r. ((} , 

1 .}~1 

d=113; ' (?) 
00 z 3 /. ~ 

i!- 1 ] [lh.ztwJ/ -'Y /rr..JS(wJ{ ]d k2 (i!)= x Jl(W) (W-'i.>(W;.1J L.. C:.} (w+-'llfuJ+o~J uJ 1 

1 P•1 

-1/:~. 1/.t 
J( uJ) = { 1 + W) ( Uj-1) , £1J -q 1. , 

c - - -J_ 9 s I ( c; - S'; ;!.o ) 

- 18 G 21 .3 

npHBO~.RTC.R H3BeCTHUM H3 § 2 CnOC060M K ypaBH8HHRM THna (I). 
YCTaHOBJISHO, tlTO npH K~OM MMOM· A CYII!eCTByeT TaK Ha3UBaeuan 
~Ha6aTHqecKaH BeTBb pemeHHR'3THX ypaBHSHHR. 

B rJiaBe ll HCCJie~OBaHH BOUpOCU npH6nUeHHOrO pemeHHH B MeT
pwqecKOM npOCTpaHCTBe )( WHpOKOro Knacca onepaTOpHUX ypaBHeHHR 

:::r.."' A :x:., 
(I') 

BKJllltlaD~ero ypaBHeHHH THIIa. qy-]oy H XX -paCCSRHHH. 
B § I ~oKaaaHH cxo~OCTb H ycToRt~HBOCTb pa3HOCTHhOC cxeu 

X-n.=-Ar~~ 
) 

annpoKCHMHPJD~HX ypaBHeHHe (I 
1 

) co c~alllqHMH onepaTOpaMH An. • 
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B § 2 ~R npH6H~eHHoro pemeHHR ypaaHeHHA THna 4y-noy pac
CMaTpHBBIDTCR paaHOCTHNe 3~a~H 

v ... (tJ) ==tJf(-tj>['lf! (td·Jt U~(tj)], (8) 

r,11,e i j E Q .... = [ t i / i i. = i.. h. , i. = o, 1, •.. , 11.. ; h. =- n. - 1 3 
U.n ("t j ) = J. + E> ~ V" (t i) + C B ~ 1f"., { "t j ) . 

.J 

3,11,eCb B~ 1f .. (t:j) , B~ ?f>1 ftJ) - Kaa,~~,paTypHble if>OPMYHbl 

npH K8.llt,II,Oi\ TO~Ke t d e, Q h- ,II,HR $ V H S _. lf COOTBeTCTBeHHO, 

n. - ~HMO ysHoB ceTKH S?. .... • 
~OKa3aHO, ~TO npH Kam,II,OM ifJHKCHpOBaHHOM ~ pa3HOCTHaR 3~a~a 

(8) HMeeT e,II,HHCTBeHHOe pemeHHe 1f":; {ij) , tl c Q"' , KOTO-

poe MO~eT 6b1Tb llOH~eHO M8TO,II,OM UpOCTOi\ HTep~HH. ~R llOCTp08HHR 
npH6H~eHHbiX pemeHHi\ ypaBH8HHil THna 4y-noy (6).npKMeHR8TCR H3Be
CTHhrlt napat'SOHHqecKHil CIJJia.iiH lf n, • CnpaBe,ll,HHBa CHe,Izyllll!a.ff 
TeopeMa 2 

IlyCTb .fl (t.) - 1'11. pas HenpepbiBHO ,II,H<f$lpeH~HpyeMa, npH~eM 
J (m) ( t:) HenpepbiBHa no reHb,ll,epy. Tor,ll,a 

I) npo~ecc Haxollt,ll,eHHR 11:_ (KapKacoa) CXO,II,HTCR H ycToJ;!qHa: 

~ . _J 

{ 

Ht tL e,._;.n t //C/1 M:z. (.tn+.f) , m • 0 

't m = )/ lfn.. 7f "'- 7!,:: llcl .R .. ~ M
3 
(~-1fm-~+1 + P.C II H., {.tnH fm-~ m > ... 1? 

( lf"~- onepaTop npocToro cHoca, fl. lie, .Q ..,_ - paBHOMepHM Hop-
Ma Ha 5( "- ) ; 

2) npo~ecc llOCTp08HHR npHt'SH~eHHbiX pemeHHi\ CXO,II,HTCR H yCTOJ;!-
~HB! 

~ -
[Msn- +Ofn..ll'r:o m~o, 

( N, rt"" + II if, II 1:.,,, m "?i-1. , 
1/lT"t"'"'- v* 1/r. ~ 

( ff' J/c - paBHOMepHM HOpMa npOCTpaHCTBa HenpepbiBHbiX BeKTOp
if>yHK~Hi\ ) • 

ll3 3TOi\ TeOpeMbl BH,II,HO, ~TO 6biCTpOTa CXO,II,HMOCTH HTepa~OHHbiX 
:.::.:~~pE_~eCCQ1!__38,BHCHT OT CTeneHH rHa,II,KOCTH if>yHK~H o6peaaHHR. 

BHHH pacc~TaHbl Ha SBM npHt'SH~eHHble pemeHHR ypaBHeHHR (6) 
C TpeXpR,Il,HOi\ MaTpH~eA 4y-noy 

6 

ll 
;} 

i 

__ :;:_1 
l 

i \ 
I. 

C - i (-i - 9 If 

11 if>YHK~en o6pe3aHHR 

-8 
':f 
If 

y) 

e · '-~ 1 f.~-
.f (t) = 1:.:Jl. e.xp (- WM), k "'(p. -1) , o ~ t ~ 1. 
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(ft1- Macca MeaoHa, paBHM I) ,ll,H.ff paaHH~biX sHa~eHHil KOHCTaHTbl 

CBR3H A , BnHOTb ,11,0 sHa~eHHR /IJ I/ = 7 .8. 
B § 3 ypaBH8HHR (7), OllHCbiBaDll!He paCC8RHHR UHOHOB, 3aMeHOi\ 

nepeMeHHbiX '7; :: Co~ <f , -/:_ "'C05 'J' npeo6pa3JDTCR K BH,II,Y, ll03BO
HHDll!eMY UOH~Tb npH6H~eHHble pemeHHR C TO~HOCTbD nopR,II,Ka 0 ( h L) 
( h "' x /:ln.. , n. - ~HCHO yaHoB). IloH~eHbl npH6H~eHHble pemeHHR 
,II,HR pa3HH~HbiX 3Ha~eHHi\ KOHCTaHTbl CBR3H BnHOTb ,11,0 3Ha~eHHR 0.2, 
t'SHH3KOrO K npe,ll,eHbHOMY• 

To~oCTb pac~eToB, a cHe,II,OBaTeHbHO, aif>if>eKTHBHOCTb npe,I~,HoxeH

HbiX aHrOpHTMOB npHt'SH~eHHOro pemeHHR ypaBH8HHil (6) HHH (7) npOHH

HDCTpHpOBaHa Ha lf>H3H~eCKOJ;! MO,II,eHH 

C = (~ b), j(t)=-i(1-t')
11:z., o~t.~:d...) (9) 

HMeDll!eA TO~Hoe pemeHHe ~R acex A TaKHX, qTo o ~ II A II <)... • 

3aBHCHMOCTb MaKCHMSJibHOi\ norpemHOCTH Ll ( h.) OT mara CeTKH HMe

eT CHe,II,JDll!Hil BH,II,: 

h. 20-I 40-I so-1 !60-I 

il (h.) I,365•Io-5 3,644•Io-6 9,626·!0-7 2,46!·!0-7 
··----------. 

TaK KaK if>yHK~HR o6pesaHHR B TO~Hoil MO,II,eHH (9) HMeeT TaKJD 
xe OC06eHHOCTb, ~TO H 4Jymw;wi j) ("t)~ (1-t)~/t (Htff/t- B ypaB-

HeHHRX :Ji.'Jl -pacceRHHR, TO llOH~eHHble npH6H~eHHNe pemeHH.ff ypaB
HeHHil (7) ,II,HR pa3HH~HbiX 3Ha~eHHil ~ OTHH~aDTCR OT TO~HbiX Ha 
aeH~HY nopR,II,Ka o(Io-7). 

B TpeTbei\ rHaBe ,II,HccepTa~HH ?oKaaaHa B03MOXHOCTb npHMeHeHHa 
HHHeJ;!Hol\ aKCTpanoHR~HJI. PHqap,II,COHa 9- 121 ~R noablllleffi!.1I 'l'~~HOCTH .. 
npHt'SH~8HHbiX ·pemeHHil -ypaBHeHHJ;!- ( 6 )- H- ( 7) -;-----··-------

B § I ,II,HR ypaBHeHHi\ THna 4y-noy (6) ,II,OKaaaHa CHe,I~,YDlllaR 
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Teopeua 3 

fiyCTb v* {t.J - pemeHHe ypaBH9HHJi (6), a tf~ - pemeHHe 
pa3HOCTHOR aa~aqH, annpoKCHMHpyx>~elt ypaBHeHHe (6) C llOMO~bD 
KBB,[IpaTypHWC 4lopyYJI THna Tpane~Hlt Ha CeTKe Q .,_ • Tor~a 

.t ... -.z. k 
v:(ti) ~?ff'{-tJ·) + 2: CK{tj)h- + w"-, -6j e Q .,_ (10) 

U k•.Z. I 

r~e C K ( t) - He 3aBRcmn:II9 OT h. ,·~ t-1- k paa HenpepHBHO ~Hcp-
4JepeHWfpyewe tPYHKWfH ( In ~ '- ) , ?Jf ...._ - B9JIH'llHHa. nop.~T,IVta 

0 (h.tm) • 

Ha ocHOBe paaJio~HHH (10) npOK3BO~HJIOCb YToqseHKe npH6JI~eH
HHK pemeHHlt ueTo~ou PKqap~coHa. 

Kpoue Teopew 3, npe~olleH TaKlle o~H HTepa.qHOHHH£1 npo~ecc, 
cxo~~ltcn cpaay K pemeHKD c noBHmeHHo£1 TO'llHOCTbD. HueeT uecTo 
CJI9~lJ\M 

Teopewa 4 

fl 

fiyCTb 'If"' (t)- pemeHH9 ypa.BHeHmi (6), KOTOpoe MOlleT 6HTb 
noJiyqeHo weTo~ow npocTolt HTepaWfH. Tor~a HTepaqKOHHYA npo~ecc 

V"z~+<) (tj) ~ tJf (tj) f[ v;~' {tjJt"+ (A.-+ ~n.1Fz;;1 (tj)/ .X. ~c.}) 

K=O, 1, ... 

r~e 

X.o:: = lfrK- Y': 
'ifK -1 

if;~ (-ti)=: 0 1 ti € ~Zn., 

bd ) _ ). ~ F ... If, (i; j == ric- , .,. .,. 11:1~, (t.·>,·
.1' '1"- ln d. 

U~t..<tj) 

Uzn. (t.j) > 

(II) 

CXO~HTCJi K HeKOTOpolt C9TOqHOlt tPyHKWfH 1f in. (i.i) H cnpase~HBO 
paaJIOlleHKe 

1f: .... (ti).:;o7J*{f:j)+-Wn., ijE.R 2n., Wn.=O(h
3
). 

fioKa3aHO, 'llTO MOllHO BM8CTO T90peMH 4 ~OKaaaTb aHaJIOrKqHYJl 0 

il03BOJismJIIYil llOJiyqKTb npK6JI~9HHHe pemeHHJi Ha C9TKe .Q. zen. ( l :>,-1) 

c TOqHOCTbl) 0 (h. l-t-1 ) • O~o npH 60JibmOM e peaJIH3aQHH 

aHaJiorHqsoro (11) npo~ecca csnaaHa c Tpy,AHOCTliMH npH onpe~eJieHHH 
K03tPtP~H9HTOB THna 'X-1c: • 

SiplleKTHBHOCTb npe~Oli9HHHK M9TO~OB (TeOpeMH 3,4) npOHJIJIIlCT
pHpOB&Ha qi!{CJI9HHNMH paC'll9TBMH M0~9JIH (9). 
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AHanorH'llHHe TeopeMau 3,4 peayJibTaTH noJiyqeHH B § 2 ~H ypas
HeHHlt :{Jr -pacceliHHH. 3~ecb npHBe~eHH YTO'llHeHHHe pemeHHH ·aTHX 

ypaBH9HHlt ~n;raaJIH'tlHHX 3Hal.l9HHlt ft BnJIOTb ~0 0,2 C TO'llHOCTbD 
nop.~T,IVta . 0 ( h: ) • KpoMe 3Toro, npe~olleH o~HH 'llHCJieHHblil MeTo~ 
3KCTpallOJIJiWfH ~JIJi Hax0~9HHJi MaKCHMaJibHOrO (npe~9JibHOro) 3Haqe
HHJi KOHCTaHTH CBJi3H. 3THM M9TO~OM Ha~eHO 3Hal.l9HH9 Amo.x =0,2145, 
KOTOpoe, COrJiaCHO T9CTOBOMY sapHaHTy, OTJIH'llaeTCJi OT TO'llHOrO Ha 
B9JIH'llHHY nop.fJ,IJ.Ka 0 ( h. /l) • 

OcHOBHHe peayJibTaTH 

I. ~oKaaaHH TeopeMH, ycTaHaBhHBaD~He o6JiaCTH H3MeHeHHJi KOH
CTaHTH CBH3H, r~e ypaBHeHHH THna qy-~oy H ~5t- pacceJiHHJi HMeDT 
XOTJi 6H 0~0 pemeHHe, He 6oJiee O~Horo pemeHHR, H 9,IVfHCTB9HH09 pe
meHHe, H llOKa3aHO, 'llTO 3TH pemeHHJi MoryT 6HTb llOJiyqeHH M9TO~OM 

npocTolt HTepa~HH. 
2. 06oCHOBaHH CXO~HMOCTb H yCTOlt'llHBOCTb pa3HOCTHHX CX9M, 

annpOKCHMHpyx>~X ypaBH9HKJi Tlma qy-Jioy H .JlJ<- paCC9JiHHJi. IlpH 
3TOM yCTaHOBJI9HO, 'llTO 6HqTpOTa CXO~HMOCTH HTepaWfOHHHK npo~eCCOB 
aaBHCHT OT nop.~T,IVta annpOKCHM~HH CHHryJIHpHOrO onepaTopa THlla Ko
WH KB~aTypHHMH 4lopuyJiaMH. 3TOT llOp.fJ,IJ.OK annpoKCHNaWfH B CBOD 
oqepe~b onpe~9JIJi9TCJi CT9ll9HbiO'rJIB,[IKOCTH 38,[1aHHOlt tPyHK~HH 06pe3a-

HHJi. 
3. ITocTpoeH aJiropHTM ~H pacqeToB aa 3BM pemeHHlt yKa3aHHHX 

ypaBH9HHlt ~Ji WHpOKO!t 06JiaCTH H3M9H9HHH KOHCTaHTH }.. • fiOJIJ'II9HH 
npH6JIHll9HHH9 pemeHHR ypaBHeHKlt C ~Byxp.fJ,IJ.HOlt H Tpexp~Olt NaTpH~a
MH qy-Jioy, H ~Ji ypaBHeHKlt J(Ji. -paCC9JiHHJi. 

·4. llpe~olleH ueTo~ l.lHCJieHHoro oripe~eJieHHJi Ha 3BM sepXHelt 
rpaHH~ ~onyCTHMHX 3Ha'll9HHlt KOHCTaHTH CBJi3H ~Ji ypaBH9HHlt THlla 

qy-Jioy H 1lJL- pacceRHKH. r 
5. BnepBHe noKaaaHa soauollHOCTb npHMeHeHHJi 3KCTpanoJI~HOH

aoro M9TO~a PK'tlap~COHa ~Ji llOBHW9HHJi TO'llHOCTH npH6JIHlleHHHK peme
HHlt H9JIHHeltHHX CHHryJI!ipHHK HHTerpaJibHHX ypaBHeHKlt. 

~Ji ypaBH8HHlt THna qy-Jioy H ~- paCC9JiHHJi 060CHOBaHO 
aCHMllTOTH'll9CK09 pa3JIOll8HH9 pemeHHH no CT9ll9HJiM mara C9TKH, KOTO
poe ll03BOJIJi9T 3Hal.lHT9JibHO llOBHCHTb TO'llHOCTb npH6~Hll9HHHX pemeHHlt 
6e3 C~eCTB9HHOrO YB9JIH'll8HHJi llaMHTH 3BM H MamHHHOrO BpeMeHH. 

Pacl.leTH ~Byxp.fJ,IJ.Holt CHCTeMH ypaBHeHH!t qy-Jioy noKaaaJiw 3~K

THBHOCTb M9TO~a Pl!lqa~COHa. 
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~fi ypaBHeHHR T~- paccenHKfi STHM MeTO~OM nonyqeHu npH6nH
~eHHUe pemeHHfi C TOqHOCTb~ nop~a O(h"), 

6. llpe~oxeH HTep~oH~ npoqecc npH6nHXeHHoro pemeHHn 
ypaBHeHHR THna qy-Roy H ~5ir- pacceRHHH, CXO~~HCR cpasy K pe
meH~ c TOH xe TO~OCTbD, KOTop~ ~aeT MeTo~ fHqap~coHa. TaKon 
npoqecc noaeonReT nonyqHTb yToqHeHHue pemeHHH Ha o6oe~HeHHH ce
TOK sa 6onee KopoTKHA HHTepean BpeMeHH npH MeHbmeM o6oeMe naMRTH 

~ 
3BM, qey MeTo~ PHqap~coHa, H Mo~eT 6UTb Hcnonb30BaH ~R nOBNmeHHn 
TOqHOCTH pemeHHn pa3HOCTHUX CXeM, annpOKCHMHpJD~HX HenHHenHHe 
CHHrynRpHue HHTerpanbHHe ypaBHeHHR, 
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