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Mene*HK B.C., Oy3~HHH H.B., 0y3~HHHa T.n., CoMoa n.H. P5 - 12789 

PeweHHe 4aCTH4HOH 3aAa4H WTypMa-~yaHnnR AOR CHcTeM~ 
HHTerpOAH¢$epeH4HanbH~X ypa&HeHHH cne4HanbHOro BHAa 

Ha OCHOBe MOAH~4HPOBaHHOro Hb~TOHOBCKoro npo4ecca npeAOO*eHa 
4HcneHHaR peanH3a4HR peweHHR 4aCTH4HOH 3aAa4H WTypMa-nHyBHnnR AOR 
CHCTe~ HHTerpOAH¢$epeH4HanbH~X ypaBHeHHH cne4HanbHOro BHAa. 0pH pewe
HHH KpaeaoH 3aAa4H AOR HTepa4HOHHOH nonpa&KH HCnonb3yeTCR MeTOA npoc
TOH HTepa4HH. noKa3aHa BWCOKaR 3~eKTH8HOCTb 3TOH B~4HCnHTenbHQH cxe
~ B Me3oMOneKynRpHWX pac4eTax . npeAno*eHHaR BW4HCnHTenbHaR CXeMa pe
WeHHR 4aCTH4HOH 3aAa4H WTypMa-~yBHnnR AOR CHCTe~ HHTerpO-AH¢$epeH4H
anbHWX ypaBHeHHH, OOHCWSa~eH 3aAa4y Tpex Ten C KynoHOBCKHM B3aHMO
AeHCTBHeM B aAHa6aTH4eCKOM npeACTaaneHHH, 003BOnReT HaXOAHTb YPOBHH 
3HeprHH H BOnHOB~e 41YHK4HH I' -Me30Monexyn H30TOna BOAOPOAa C SaAaHHOH 
T04HOCTb~. A6con~THaR T04HOCTb BW4HcneHHR co6cTBeH~x 3Ha4eHHH H co6-
CTBeHH~X 41YHK4HH -10-~ . 

Pa6oya B~nonHeHa B na6opaTOPHH B~4HCnHTenbHOH TeXHHKH H 
aBTOMaTH3a4HH OH~H. 

Coo6meH11e 06'bellHHeHHOPO HHCrKryra RllBPHhiX accneaoeaHHA, Lly6Ha 1979 

Melezhik V.S. et al. P5 - 12789 

Solution of the Sturm-Liouville Partial Problem for 
a System of Special Form lntegrodifferential Equations 

A numerical realization of the Sturm-Liouville partial problem 
solution for a system of special form integrodifferential equations 
of the second order is proposed. It is based on the modified Newton 
process. A simple iteration method is used in the iteration correc
tion of the boundary value problem solution. A high effectiveness of 
this calculation scheme for mesomolecular calculations is demonstra
ted. 

The investigation has been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 
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I. BBe.ueHJie 

3a,Jta'la 0 HaXO~eHJDI 9Heprmr CMSH TpeX 'laCT~ C sapiil[SMll J1 

MaCC8Mll (Za.J'/4), ( "l,,Mt>, (-k.)1e) B a.mta6aTJI'IeCKOM npel[CTaB

neHHJI CBO~TCR K 'laCTB'IHOI s~a11e ffiTYPMa~HYB~ ~ 6eCKOHe'IHOI 

CHCTeMH HHTerpo-,Itlll@}epeHnHMI>HHX ypaBHemrlt BTOporo UOplll[Ra /I/: 

r:l" J ( -[ ~ .. + (E- w,cx>) 'jJrx)-.2M[?- Hfb:)/Ji{X)+ 
d -t:i G··('X)iz ~J{'X)-4-z fdiC H~· (r-/x)~ic~,x)+ <r.a> 

d ~ J 0 

-- ol 17 -t L j d-r,(l~·{t/x) rh '3i (r:./:k!J,J=o ... 
d 0 -

[ ~ + (E- 1LJ]g, (tpe)-.ffi f? H1 {'1:/:t)Jh·fX)+ 

.,o o--- I 

+ :tf Q~·(t1 Z):Ji(a)+7 !tkt,'l-/~ (~e ,JC; ~)+ 

+ z T olK: 'cQ~i (r-~:X.) 1:; ~i L r;·; ':1.: )] :: 0 

Ha J 0 O(x.c...c 

(I.6) 

C rpaml'niHMH YMOBHIIMH: 

- i ol ~ co;+/J .. cJ.(o'-o 
~ d j, T T1 dd '/- ,J 

t yi [DP}-ffi/:Ji (010):0, 
- - .- I .-.., 

r.-e z eL -t Zf~ )o- H~·cx), a..:,· ex), 1-1 'J·ci(J ~;,""'I c~-;,~J 

(I. B) 

. . l ' 
8<PPeKT

1
HBmle UOTBHIO'IMH /I/ CHCTeM!l TpeX Ten C teynOHOBCKHM BSaHMo-

.u;eiCTB.ell, i,j, i. ~j 1 - ~cRpeTHHe HHl[eRCH, w:, lC-' - Henpe-

pllBHHe ( IC 1 JC. 'E [ , 00 
)). 

( -J 
B s~a11e (I) Blll[MeH M8Jild napaMeTp ~ M) , KO'l'OpHit ~}I-

M8SOMMeteyn HSOTOUOB BOl[Opol[a Y.UOMeTBOPfleT ycnOBHJ) (2Mr~ro-I • 
3TO 06CTQaTexbCTBO UOSBOnHeT UpmMeHJITD ~ Hax~eHJIH pemeHBX 

TeopJm BOSMYDtemd IDpe,ItHHrepa. TaRaR: BlllDIOJIII'l'eJILHM cxew 6YJIB. 

3 

(I) 



peanHSOBBHa B pa6oTe / 2/, r~e npw HaxO~eHKH C06CTBeHHHX SHa~eHKft 
y~HBanHCL nepBHe ~e HeHc~eSaEmZe llOllpaBKH B ~ TeOpKK BOSMY

meHKft "' ( :Z M)-?., a rrpx Haxollt,IJ;eHKK co6CTBeHHHX lfJJHKIUrlt - nepBM 

Hexc~esamtasr rronpaBKa "' ( :1.1"'1)-.J. )1)fH c.ny~asr HJD!Hero OTKPHToro Ka

Hana B CHCTeMe YpaBHeHHft. llpH STOM a6ConDTHasi TO~OCTL B~C~e

HIDl C06CTBeHHHX SHa~eHJrlt 6wra "' IQ-4 /4/. 
B ~BHHO! pa6oTe rrpe~oaeH MeTo~ ~c~eHHoro pemeHHH ~acT~ol 

sa.na~ IIITY.PMa-./IlcyBl!JIJIJ'I (I), KOTopmt rrosBOJIReT Haxo,IOtu co6CTBeHHHe 

SHa~eHHH H C06CTBeHHHe <lJY~ .f'- .:.MeSOMO~eey~ C O.l(lJllaKOBOI sa

~ol TO~OCTLD. ~eKTRBHOCTL STOI B~C~TeX&HOI CXeMH ~eMOHCT

pHpyeTCH Ha npHMepe B~C~eHJm ypoBHe! 9Hepi'Jm r -MeSOMOJieJcyJII:l 

o/, d ji C RBaHTOBHMll ~CJIB.Mll J =0 , .,:l =I • 

2. AmlOOKCHMailH!! miTerpam.HOI ~CTH 

llpx ~C~eHHOM pemeHKH sa,na~ (I) HYMHO OT 6eCKOHe~ol CHCTe-

. N. ·' · '~ M MH Y~Hem rrepeiTH R KOHe~ol '-.)i !:- -.c , "r/ " ~ , 
IC. € [ ~ · te._,.J Ha KoHe~oM HHTepBane R E [ 0; R-1 H OT 

HerrpepHBHHX rrepeMeHHHX k- x ':t -K .IOtCKpeTHHM. N-.,, R...,.. 
lC ~ H mar pasHocTHol arrrrpoKcHMamm no :l: x )C. orrpe~e- ' 

JJJDITCH Tpe6yeMol To~ocTLD B~c~eHIDI :J x E . BH6op ~~~ 
R ~ x mara no X oiiRcBH B pa6oTe 131, B KOTopol Ks~oaeH ' 

MeTo~ pemeHKH CHCTeMH (I.a) )1)fH CJIY~as! rrpeHe6pe&eHHH liHTerpaX&HOI 

~BCTLil. 

~eeL MH OCTBHOBHMCH HB arrrrpoKCHMaiUm HHTerpaX&HHX 'IIJieHOB B 

(I). Hs acHMITTOT~ecKKX oueHoK noBe~eHHH a~eRTKBHHX noTeHUKanoB 

H) a Me~eT. ~TO )1)fH Tpe6yeMol TO~OCTH "' Io-4 ~OCTa-
TO~O rrOJIODTL lC ~ = IO. lliar no .1<!. orrpe,nMHeTCH r~~o

CTLD a~eKTKBHHX llOTeHUHanOB, ~C~eHHHe OUeHKK ,JtBilT Llle ""' 0,03 

npH tC- o x A IC "' 0,2 npK IC ... JCM44:. H M.-c = 6. 
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0TCII1tB Me~eT, ~TO )1)fH ~OCTDeHHH SB,ItaHHOI TO~OCTJI ~C~O YpaB-

HeHHI B CHC'l'eMe (I.6) ~ODHO 6HTL ~ 300 (paBHO ~CJJY maroB 

no JC.. , YMHO&eHHOMY Ha M ....ac. ) • tiJrc~o ypaBHeHHI B (I. a) 

"'20-40. 

HHTerpaX&HHe 'IIJieHH B (I) arrrrpoKcHMHpyeM c rroMOIULD ~paTYp-

HHX <Po.PMY~ CJIIMIIcoHa. BBe~eM o6osHa~eHHH 

Q'-,r.; (~)-= Qi-_,j'(r;i,,-»Jf(lci"), 

H c.,~- c-.:eJ::: H c.,j' ( t:..i'' ':»Jr r~1,J, (2} 

~e f ( IC;,) - Bee RBa.n;pRTYPHHX lPoP"'Y~· Tor~a CHCTe-

Ma ~HeHJII (I.a, I.6) npHHHM;eT 11e ,t,-. 

[ ob-" + (E-W;_ (x)J]#,:CxJ-JM ( '(Hvt:x;)tjj(tzJ+:f~·(reJitj,·(x))-
~- IC,_ ,J_ 

- i. (LHii· (xJY~.(:r-J+:tZ ll~,.c~; th ~ i'- (xJJ = o, <3> 
~,., l:' I 0 ~ IC: I 'I 

~ ... , #'- .P'- d 
[ /;;+( E- ¥-JJ Hi: ('~J-./M (5 H ~i {-;r:J~/'X)+J1cQ i~·(X)~'J/xJ-

IC-. )C.IIOIII( ~ 
- i. ("5 H- _[x)u-.(-x.)+:t'L aFe:{x) ~£.(:x;J)=o. <4) 

:JM ~- "'•"i o~1 ~- 1 
'I 1 

~ 
HTaK, sa,na~ (I) CBeD R 11BC~Oit sa,na~e ffiTYpMa..J!ByBl!JIJIJ'I )1)fH 

CHCTeMH rrop!l,ltKa 300 .mmeiHHx ~epeHUKanLHHX YpaBHeHd: 
a_J. ' tU J., -tl ... r/.J. -~ Cl;c,.t.~(x.)-~a ('X-)JiX, ~cx)-r(£T-H (~J)y cx.J-

tl.e ri c H k -c. ) 0 (5.a) -"a l?C-J&. q l'%-J- c~J ~ (!l: = ) 

c/.1. .... )e .a. - t! c.J . & - ct ctl. J.. 
~.t. ~'l'X)-+( £1- 1., ) '3 £x.)-.9Q (x)~ ~ ('X}-H (x)j lx)=O (5.6) 

c rp8HJAH!DOI YCJIOBJIRMI[ <r.B), 
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r,ne ttti (\- ' H ('X-)= vi( ('X)cJ~· • .!M H,i" {X), 

JJ H cocJ = afcxJ 

- MB.'I'pmlll paaMePHOCTH [ N l4dJt% X AI~ J, 
H1~) = H~·i~· (zJ, G1x;:Gc:~- (xJ, 

. p ~ I 
Heci(X)= H~i. (-:x;), r!f ['X)-=() 2·i {X) 

- MB.'I'pmlll paaMePHOC'I'H [~x JC~J :a: [iJ(~x,1]cooT-
BeTCTBeHHo, I - e,lJ;IiiHB:'DIM MB.Tp:a:nii , 

( "~ IC ~ 0 "'• ~._) 
- ,nB:arOH8Jil>HM MB.Tp:B:Ila , 

rJ, 
~~ (X) 

'If (x) 

-rl - (~(X)) 
~(x)-= ~e(':t) ::: 

;ri 
~-"..._{X) 
~;ex.) 

';11 (X) 

e 
~re_}x> 

3. MeTOli pemeHB:H 

.li.1m pemeHJIIJI sa,na~ (5) :a:cnonsyeM MO~ HenpepimHoro 

aaaxora MeTo,na H:r:.DToHa, paccMOTpeHHYD B pa6oTe 151. 
BBe,neM o6osHa~eHKR (eM. p:a:c. I): 

A x. _ ( L ~) , L tic.Cx); _ 
Lc )- L"'· Lee -

(X)) {X 

6 

~1- JJ d '"' ,k &i tiL ~J.-JGCx>tlX -rEJ-H(x>, -)Q c:x.;«;;-H rr:(.J 

o, cJ. J etL - ctG (X)(h,- H (X) 

Jl ( ..., t;.L 
, Ioz;x.t +LEI- "I) 

ITp:a: pemeHKK ~acT~oft sa,na~ Ha co6cTBeHHHe sHa~eHB:H 

(L(x) -tE i)~cx)-=0, 

rt.~cttJ-tl ~(~)]" .. ~ 0, 

[%_ ~(X)+l. ~cx>Jx=ll~' 
II ~(X)I/=i J 

0 ~ QC ~ I( kA.4?C. . 

(6) 

(7.a) 

(7.6) 

(7.B) 

(7.r) 

C IIOMOIIll>D CXeMH (5) Ha Ral!,llOM mare JITepauHOHHOrO Hl>m'OHOBCKOrO 

npoQecca no t 
lJ ('X.)-; tJ (X)+At,(-O.cx)+R-L 117, {!t.)) J 
ocd (/k.. <1~ ./ 

E -::. E -t JL~ IJ-i"' 
rttJ te .I 

(8) 

HYlKHO pemaT:r:. RpaeBYD sa,na-qy 1f)IJI B:Teprun!ommx nonpaBoR 

-"' A - -( L (X) +E"' I) 17JGCx) =-#"'(ex) (9) 

C rpasxq~ JCAOBXRMJI, BWTe~ KS (7.6),(7.B). 

rpElHB:'Dtl:le YCJIOBM COOTBeTC'l'BY111' orprumqeHHOCTB: /WHRinrlt 

Ha RO~ B:HTepBMa [ o, R a...a.?t..J • 
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J/..._ R.....a.c. .:-,e-
1/ ~(x)/(- .i =t, { y/·('X-)k -tj f ~:(x)~tk. - -j:::. o 

0 

- ycJIOBHe HOpMJ!poBKK BOJIHOBO~ (pymanm, HS KOToporo Hax«;>n:H'I'CH 

.t~· 
Hue MH paccMOTpRM cnoco6 l{J(CJieHHoro pemeHM s~1Dt (9). 

,l!aJiee, ~T06H He sarpoMO~aT:& BHKJia,mui, rpaHli'mHe YCJIOBM (7. 6) 

onycxaeM. 

I!pRMeHHB KOHe'IHo-pasHOOTHYJ> annpoKCHMrunm K m$1JepeHUHaJI:&HQ

"" MY onepaTopy L (x) , no~HM ozoTeMY Mre6paRt~eoKHX ypaBHeHd 

" /1 L ( L.._ + E"' T) ~,.:=- ~~,.,, (IO) ... 
HJIR 6oJiee nonpo6Ho 

fo ( Lii~ + EIV ~·)'ft.._=- f..:;, ' (IO.a) 

rne 4 
r . tl ~ 

vcr. v.. · tL ~~41 •• • ~ItO.' . . . ,.,., 

v rt : .t . ,), ,{ 

v :0. I r.V-,4 . .. ~- N 
' :J-:w"" 

~t.V.._1 . . . ~- ..v 
,·~ v c ' '· c 

i d. 4 • • • \:-. ft/ ~1t¥..f .. . ~.,; 

' ~~4·" 
v (.. c. 

ICIC 1 ... IT ' "' 
- l(coc"'Cc t•i 

c 
~Koik,., 

AJire6paRt~eCicyJJ CRCTeMY YpaBHe~ 

MaTpB'IlHol nporoHKK /G/ 

8 

(IO.a) .MOmiO pemaT:& C llOIIOIIIl>ll 

.... "' 
fl .... ~ ~ .. 4 -t 11 ... ( EJ g~+ l<11. i ..... =-:f.,,... (II) 

MeTon MaTpHqHO~ nporOHKK o~eHL yno6eH R ~eTCH CaMHM 6HCTpNM 

"' MeTonoM pemeHRH czcTeMH ypaBHeHd npz ycJioBRR, ~To MB.Tpm:nl N, 
A A 

11. , R nOJIHocT:&!l sanoJIHeHH, T.e. He RMem HYJieBHX aJieMeHTOB. 

B c~ae paCCMaTPHBaeMO~ CRCTeMH (5), 9TOT MeTon yze He ~eTCH ... ..., 
onTRMaJI1>HHM, T. K. MaTPHUH JY,M, R , B ocHOBHOM, aanOJIHeHH 

HY.1IJJMR (eM. pHc . I) ,11 Tor)ta npoeHHM pa3JilNHWe KTep8D.lloHJUie MeTo

nH (eM. o6sop /?/). 
Hue npe;It1IozeH aJirOPH™ , OOHOBaHHHI Ha KOM6R~ npo

roHKR R MeTone npoCTO~ RTepauHH. 0H TIOSBOJIRJI 9Ha1UIT6JI:&HO pacmR

pKT:& o6~cT:& U~HeHM N~H K IU4f: R pemRT:& sana111 (5) lt1IH 

}I "' 40 H LAIC; .. 300. Cyu ero B cJie,nyD!IeM. 
~ /.. 

IIepenRmeM (8) lt1IH sana~ (5) B TaKOM B~~ne: 

( '-'- " 14 L~~.._ +f~e~· )~~{(~~)=-~.:..,-l~·.._ ~·w(l), (I2.a) 

Ct. rl e. Lett ( (L~·w-tf" l,;i)~·,..,(e-+1;==-~~~- 1-.., ~·'"" {+J), (I2.6) 

rne 

v:. -::: ( ~~:)-= { 11~;....) 
... H. ?J. ~ ~ ..... 

J:o.w • 

IloJiaraeM ~i.. (~)~o , c noMOIIIl>JJ nporoHKH pemaeM (I2.a), 

Ya!.D:eHHoe ~·.., (I) no~CTaBJIHeM B (I2.6), H aHMOI'll1lHHM cnoco6oM 

pewaa (I2.6), Haxon:HM v'j.., (I), nocJie 'l:ero npouecc noBTOPJle'l'-

cH. ,l!aJiee { 6y~eM Ha9HB8.Tl> HOM9poM "BHJ'TpeHHe~" HTepauHH 

(HTepauxo~ npouecc (IO) JmJIIieTCH "BHJ'TpeHBl!M" no oTHomeHKJJ K 

"BHemHeMY" H:&JJTOHOBCROMY npoQeccy (8)). I!p:~.KTJAec'Kl!le paC'Il8TH 

npo~eMOHCTJ]HpoBSJIH 6HCTpyJl CXOnRMQCTI> npouecca (I2), eCJIR 'lr/'X) 
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I I I lJU I 

N, 

Ni 
leo 
- I v '\. '\.N., I 

Lee 

Pic.1 

E -* E"" H IC. HaxO,ItHTCR B,lta.JIH OT pememm . SB,D;a"'D! (7) 'J C%)R • O.n;-

HaKO a To He TaR npH 1c. ~ - 1 noTOMY 'ITO UPJ! aTOM E ~e.~ E "': - ~ . 
';j IC...~ IJ J l! sa,v;aqa (9) CTaHOBHTCR WIOXO 06YCJIOBJieHHoit. B 

pa6oTe /B/ UORa.SaHO, 'ITO UIJI UJ)aBl'L1ll>HOI op:rrumsaznm Bll'DICJieHHR 

:S (9) YK83aHHM OC06eHHOCTl> He ,li;OJD!Ha BJIHR'l'l> Ha Bll<IHCJIHTeJII>mflt 

npol{ecc, aTo BimoJIHReTCR npH pememm (9) c 6o.m.mol TO'IHOCTl>ll 

(HanpJ!Mep, Me'l'O,li;OM nporoHKJJ). llP:H pemeHHH SB,D;a'll! l!Tepal{JIOHHW 

CUOC060M WIO:xaJl 06yCJIOBJieHHOCTl> CTaHOBII'l'CR CYIIIeCTBeHHW npenRTCT-

BHeM .n:mr opraHHsarnm B~cJieHd: nP:H E ~e.- E * "BHyTpeHJIIII" 

npol{ecc (12) Ha'll!HaeT "pacRa'll!BaTI>cR". 

.lf.mi YCTpaHeHHR oTMe'leHHoit TPY.li:HOCTH np:HMeWieTCR MO~

poBaHHJ:iit MeTo.n; Hl>llTOHa / 5/, UPJ! . 8TOM WIOXO 06YCJIOBJieHHM sa,v;a~ 
(9) saMeWieTCR ABYMf1 xopomo o6yCJioBJieBHJ,~D: 

-i -

Z ( L.,;+ Eo I)\[.., . -=-~, (13.a) "' . 
. "' 

~ (L + E t:.) '~ --- "5" ( /., + Ec. I} Ll""" <13.6) 4- .., 0 1 ~ ..... - ~ ,... d' ) .. ;:;;:;"' -
~M.= v: 1-Jl ~ v .. . 

Kax.1tasl Hs HHX pemaeTCJI npeAIJOJteHHIIM onocoooM ( !2) ( a.iteo:& 11 

.n;aJiee no noBTo~cR l!H,ll;eKcaM no.n:pasJMeBaeTcR CYMM:HpoBBHHe): 

10 

d.,(, ,t tk 
(L~-.._ +Eo)~·w (e+o=-:J.;w -L~..., ~-.... ce), 

e.c c el!l (14) 
( L~-.., + E") ~-... {e+J)=-}-.., - L "i"' ?Jj;., (t+J) 

( rkt ..... Lt4t c{ L~ e 
L~i"' +Eo) ~,"wU+!)-=-- ( ~-.._, +E.c) J ~u,- 'i'"" ~" -

,u ,....., 
- L 0-f'w '!ftl;... 

e.c ,..., Lee £); c 1 eel t{. 
( Lf"" + Eo) ?JJ,.J f.t~)-=- -( cf'w + 110 Y'J·"'- /..J <j'w J/c;w- (15) 

d,..., 
- l ~'w ~'w ( t+J)~ 

r.n:e 
d 

( "1hl ( e +I) ) ~ ( 'l'..i- ) 
~iv ( UJ) e~- uJ ;,., 

H ,...., 

( 
~,. ... (f.M)) _, 

;:;:;
1
-.,.,{lu) e.-,.-

( '!·t ) 
'1..<.1 rca·.., . 

HnH 6oJiee no.n;po6Ho 

( !'i- tv a:j:) ~-,.., (ftt)+ [t}{~-fo- H.{fJ-:tJf) "1·..,(l+i)-t 

J.J "' , ~ 
+ ( flt.. -+ , n .. ) v· 

1 
( t-J) -=- _ 1../ • +,., Qc4,..,., 1.iJ r e) -t 

0~ 1v Ui1W r·- <JOU¥ 1 fH-1( 

-+ t} 1-1 {; ... ~, ... re)- 1., a'f~ UJ t"-~ r t) / 
. l fL' ( IC,: 

'uh.-..~ ((+J)-+l o,f f'o- -,;)~f,_(f-f-J.}-+ W:·,._, (t+J)= 
e I .-, etf. . IJ.t II ctJI. 

-== -~"C:W t1v ""1;,., ~i.~t ((+.l)+ 4 n~·,._, 1-J.._ (b·1) - (14.a) 

- /, a ~jw cJ v,· ... (-l-+J) J 

·~ 



(t.. -! Q .r!d} iJ re+f) +Ll}(tf: .. E -H ··u)- " rv·]1J"" rt+l 1+ ~ ~w r ~ " IJ"' ol (}'II ,.,._ v 

+( dj· t~Qj·wdti; ~·~-j {f-1) = 

- ( d.-.. P /1 · · U1 tA rt - r.'.t(f · E - H U I Q rz. ] u of: -- 'd - w c.x-'d"" I O"'i"'-+i '-"" "J K. "i"w /-¢. o~· d K.,r-
(1, rU d RJ,u{ (! ""' 

- C o .:i + l {2~.,._ J 'J"i ... ' -f t Dl 'fw_ y ... iH+" + w/H+-t r e JJ.., 

t .(,} f-1¢.., ( ~~·w + ~~( t))- (._ (Q,;(:: t';j tc-;tt-j + WfH-~ ( tJJ~ 
~ (I5.a) 

""" rvc }C,..., -0 . (l+1.}-tl}o.-f·, Eo- ft) U!:f,Jt+t}+W,·,_1 {f.i.J)==. 
tnt-fA 

e .t. ~ (I . IC t. e e ft_ Q ed { d-
-=- ~ oc.:.,.A - {.; tlf~- 3--) if l(.f"' - Y"' ,-.,-1 -f 'd'w ';/ oejM1-t 

... . ., crJ{ d "" ( P 11'1 eo/1 cl 
+ "1·,.~4((+J)} + 1.; H,j""- Jei"' -t ~;.. {+1))-r,.dJt~i.,(j~· .. -1 

-+ ;;,.,.! re+J)) . 

~eKTKBHOCTL p8CCMOTpeHHoro anropzTMa ~eMOHCTpRpyeTCH Ha 

~c~eHHOM npRMepe. 

4. lblc~eHJml npRMep 

llpe~ozeHHSH B~CAHTS~HSH CXeMa ITpKMe~CL ~ pac~eTOB 

ypoBHe~ 8HeprKH R BO~OBHX ~HKUHft ~ -MeSOMQn6Icy~ RSOTOITOB 

BO~Opo~a. aztecL B Ka~8CTBe rrpRMepa p8CCMOTPRM C~~ait ~ -Meso

MO~eicyJIH eli}' c KBaHTOBllMH: ~CJiaMR T-= 0 , 7J'::: i . .lJ.Jur ~o
CTRZeHRH a6C~O~ TO~OCTR B ~C~~OM pemeHRR ~ IQ-4 nonara

JIOCL N ~ = 26, K. k44« = IO, ~~IC.: = 250 • .lJ.Jur Ha~Horo npz

MHZeHRH E~, 'Jo (x.) Rcn~so:ea.n:x'CL sHa~elWJ sHepl'lDI li co6cTBeH-

12 

• \ 

Hlle ~manm 

HHI /9/, 
';jtJ (?C) , rro~eHHHe B npR6~eHJm ~yx YpaBHe-

B Ta6J~BUax Ia - IB rroKaaaHa cxo~OCTL RTepam!OHHoro npo

necca H8XOJ!,II;8HM pemeHM Kp86BOti SB,I{a'll! (I4) ~ ~HKIUJlt iJ",(%,l 
tJ~~!I(-x.J H ,z;j" ( .:, .... o . .2,-x.). 

B Ta6J~BUax 2a - 26-cxo~ocTL RTepanRoHHoro npouecca Haxo~-

~emm pemeHM KpaeBo~ sB,I{a'll! (I5) ~ ~HKUHft ~~ (x), it (z:J 

npR BTopoit ll TpeT:oeit RTepamm no MeTo~ HLmoHa, B m6.mmax 3a -

3B- ~ W'HI<UHI t;1 (te.=tJ.t,~, ~(~·aJ1 .l:) , ~(JC:::o.,t,z.) 
llpRBe~eHHHe pesy~TaTU ~eMOHCTPRPYDT 6UCTPYD CXO~OCTL 

11BHYTP8HHRX" RTeparnrlt. Brumo TO, 'ITO (I4), (!5) HBMJOTCR KpaeBU

MH S~a~aMR ~ Hax0~6HRH liT6panKOHHHX ITOITpaBOK K C06CTB6HHHM 

~YHKUHRM, a C~e~OBaTe~HO,MOryT 6UTL pemeHU ~OCT8TO~O rpy6o. 

.UetiCTBlrl:Te~HO, ~C~6HHU6 HCCJie~OBrum:R ll0Ka91ffi8DT, ~TO ~axe npR 

OTHOCJITe~HOit TO~OCTlrl: Bll'IHC~eHRII RT6palOIDHHHX llOllpaBOK ,., I0-2 

(aTO COOTB6TCTByeT TpeTLe~, ~eTB6PTOti "BHYTpeHHeti" RTepamm, 

KaK B~O RS T86JIBU) CXO~OCTL M6TO~a liLDTOHa TaKSH ~e,KaK ll 

npR OTHOCRTe~HOI 'IO'Il{OCTH wiQ-6, B llpaKT~6CKliX pac~eTax 'IEC

~0 BHYTP6HHRX RTepauzft He npeBHm~O ITHTR. BpeMH c~eTa o~oti 

"BHeiDHef!:" HTepam!R no t npH ~eTupex "BHYTpeHHRX" HTepanmrx B 

npKBe~eHHoM npRMepe Ha 3BM CDC-6500 ~ neHT~Horo npoueccopa 

"" 5 MHH. , a ~ rrepH~p~ecKoro ,., I3 WIB. 

5. 3a.KJm~eHKe 

llpe~o~eHHM BH'IliC~Te~HM cxeMa pemeHM ~acT~of!: sB,I{a'IE 

lllTyPMa-.llityBliJIM ~ CRCT6MH RHTerpo.ltlllPPepeHUlJlU!l>HllX YpaBHeHd, 

OITliCHBSDmef!: 8~8~ TpeX T8~ C KY~OHOBCKRM B9aBMO~eiCTBH6M B 

~6aTKq6CROM rrpe~CT8BJI6HHK 0U09BO~eT H8XO~TL ypoBHR SHeprRR 

K B~OB!le ~RUltll Jl -M690M0~8KYJI HSOTOITOB BO~opo;o:a C S~aH-
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Taomrua 1a Cxo~r;,JocT:o "BJ:IYTpeHHero" rrTepal.l.HOHHoro rrpouecca K pelileHmo 
38.D;8 'IH (!4) WJI (lJ'HI<UHI! 'lJ411(x). 

I 3 5 7 9 

• I3767I7 ·I if .I604046·Iif .1608879·102 .1608982·1aG .I608984·Icf 

-.!556898· ro2 -.182!873·102 -.1827502.ro2 -.1827622·102 -.I827624·1o2 

-. !863967 · ro2 -.2I60853·Iif -. 2I67I49· ro2 -. 2!67282. I02 -. 2167285· r o2 

-.!068348· rrl- -.I228I74·Iif -.I23I55S·ro2 -.I23I630·I02 -.!231632·!02 

-.54333I6·IO -. 6I87337·IO -. 6203302·10 -.6203642·10 -. 6203649·10 

-.2702III·IO -.3049678·10 -.3057049·10 -.3057205·10 -.3057209·10 

-. !328209 • IO -.I487050·IO -.1490426 ·10 -.I490498·IO -.1490500·10 

-.6309305 -.70!2740 -.7027743 -.7028062 -.7028068 

-.2536040 -.2801258 -. 2806938 -.2807059 -.2807061 

• 

Ta~ Io Cxo~ocT:o "BJ:IYTpeHHero" HTepaD;HoHHoro rrpouecca K pewePJiro 
sa.na'IH (!4) ,ll;Jlfi ~ 1Jo~ ('X). 

I 3 5 7 9 

.2079!5! .2441352 .2449065 .2449229 .2449232 

.20279!7 .2336809 .2343353 .2343492 .2343495 

-.!656232 -.!94!821 -.!947890 -.I9480I9 -.1948022 

-.!245760 -.I447I45 -.145!4!4 -.!45!505 -.!45!507 

-.6345995·!0-I -.7305658·ro-1 -.7325964·10-r -.7326390·ro-1 -. 7326404 • ro-1 

-.3099400·!0-I -.3533806· 10-r -.3542997·ro-r -.3543193·10-1 -.3543I97·1o-1 

-.I52I302·IO-I -.I7I90I2·Io-I -.I723202·IO-I -.I72329I·1o-I -.I723293·I0-1 

-. 767I020·I0-2 -.859327r·ro-2 -.86I2865·I0-2 -.86I3282·I0-2 -.86I329I·I0-2 

-.42656oo·ro-2 -.4734736·I0-2 -.4744743'10-2 ') 

-.474495G ·I0-'" -.4744960· m-2 

10 

.1608984 ·102 

') 

-.1827625•10"' 

-. 2167285· ro2 

-. !231632 • rif 

-. 6203649·10 

-.3057209·!0 

-.I490500·IO 

-.7028069 

-.2807062 

ro 

.2449232 

.2343495 

-.1948022 

-.1451507 

-.7326405·ro-1 

-.3543I97·ro-I 

-.I723293·IO-I 

-.86I329I·I0-2 

-.4744960· rc-2 
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-.II36063·I0-2 

.9I02357·I0-1 

-.392069I·10-1 

-. 500I04o • ro-I 

-.1595525·10-I 

-.32085IO·I0-2 

-.8208385·10-3 

.. 

Ta6mru;a IB Cxo.r\HMOCT:o "mryTpeHHero" HTermuroHHoro rrpouecca R pemeH::-ro 

sa.r~a'!n ( !4) .n.m <k'ln<I.Um v.Jo ( K-"' 1'/. 2., va, ~ = o) "".L = J , J.4t.::: OJ:::t) • 

3 5 7 9 

-.1321557·10-2 -.1325502 ·I0-2 ') 

-.:&:325588 ·10-2 -.1325586· 10-"" 

.1067257 .I070600 .1070671 .1070673 

-.4662943·10- 1 -. 4678755·10-1 -.4679091·!0-1 -.4679099 ·10-I 

- . 5806828·IO-I -.5823909·10-1 -.5824271 ·10-1 -.5824279·10-I 

-.1827304·10-1 -.1832207·10-1 -.18323II·10-I -.1832313·10-I 

-.3609487·I0-2 - .3617994·10-2 -.3618175·I0-2 -.36I8I79·ro-2 

-.9069773·I0-3 -.9088!94·!0-3 -.9088585·10-3 -.9088594'I0-3 

IO 

') 

-.1325588 ·IO-'" 

.1070675 

-.4679099·10-I 

-. 5824279·10-1 

-.1832313 ·I0-1 

-.3618179·I0-2 

-.9088594·!0-3 

Ta6mma 2a Cxo,I~HMocT:o "BHyTpeHHero" rrTepaiJ.Hormoro rr:pouecca K pewemno 

sB,J:~a'lli (15) ,lJ.JLfi CIJy'HK~ 17,( (~) Ha BTOJ?OM mare no t . 

I 3 5 7 9 10 

.5967455•10-3 .7209744·10-3 .7236162·10-3 .7236724·10-3 .7236736·10-3 .7236736·10-3 

-.6506315·!0-3 -.7950992·10-3 -.7981759·10-3 -.79824I4·1o-3 -.7982427 ·1o-3 -.2982428 ·10-3 

-.4367799·10-3 -.5977348·ro-3 -.60II756·10-3 -.6012488·10-3 -. 60I2504 · m-3 -. 60I2504·10-3 

.I338560·I0-3 .4829949·10-4 .4644969·10-4 . 464!033. I0-4 .4640949•10-4 .4640947·10-4 

.37608!9·!0-3 .3362140·10-3 .3353414·!0-3 .3353228·10-3 .3353224 ·!0-3 . 3353224. I0-3 

.3989456·Io-3 .38063IO·I0-3 .38022SI·1o-3 .3802I95·1o-3 .3802193·10-3 .3802193·ro-3 

• 33542?8 • ro-3 • 3270407 · 10-3 .3268561·10-3 .3268522·10-3 
') 

.3268521·ro-'"' .3268521. ro-3 

• 2 512924. ro-3 .2475940 ·10-3 .2475120·10-3 .2475103 ·10-3 .2475102·10-3 .2475102·!0-3 

.I558509 ·ro-3 . !545051 . ro-3 . I544 741 · ro-3 . !54,1734. ro-3 .I544734·1o-3 . !5·14734. ro-3 
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Tao.mm;a 26 Cxo.n;m.1ocTI> " BHyTpeEHero" nTepal(llom:oro rrpo:u;ecca K pei:JeE;no 
38,!1;8"il1 (I 5) ;l1.71ff iffi'JII~ -l!.H('X:) l-IB TpeTI>er:. mare TIO C . 

I 3 5 7 9 IO 

-.!332229·10-3 -. I54895o· ro-3 -.155356G·I0-3 -.I5536~·I0-3 -.I553666·I0-3 -.I553666·IO_;: 

.I47694I·Io-3 .I7298II·I0-3 .I735I86·I0-3 . I73530I · Io-3 . I735303. I0-3 . I735303 · m--= 

.194I975·I0-3 .22256I3·I0-3 . 223I625· ro-3 .2231753·10-3 .223I755·Io-3 .223I755·IO-' 

.I336936·I0-3 .I490I62·I0-3 .I493394·Io-3 .I493462·1o-3 .I493464·1o-3 • 1493464 • IO_;: 
I 

• 9077573 • Io-4 .9804573·10-4 .9819318·10-4 .9820!42·!0-4 . 9820149· 10-4 . 9820149· ro-"~ 

.64!2683·!0-4 .6749977·I0-4 .67570I4·I0-4 .6757I64·I0-4 .6757167·10-4 . 6757167· ro-"~ 

.45I7649·I0-4 .4673036·10-4 . 4676260· Io-4 . 4676329· ro-4 .4676330·I0-4 . 4676330· ro-"~ 

.2967402·I0-4 .3036778·10-4 .3D382IO·Io-4 .303824I·ro-4 .3038242·I0-4 .3038242·I0-4 

.I5I34I8·I0-4 .I539405·I0-4 .I539948·I0-4 .1539959·I0-4 . I539959· Io-4 . I539959· Io-4 

• 

Tao.mma 3a Cxo~AOCT:b "BHyTpeHHero" RTepauKOHHOrO rrpo:u;ecca K peilleHHID 
3 a.n;a 'lli ( I 5) JJ)lH. (f)y1rK!zyr:u ~ 4 ( n s (). ~ , "'- ~ ... o, ~t:z ::. 1 ) ...._ =- rP, oc) 
Ha rrepBOM mare no t 

I 3 5 7 9 IO 

-.924700I·Io-6 -.92469I4·ro-6 -.9246914·I0-6 -.9246914·I0-6 -.92469I4·Io-6 -.92469I4·ro- 6 

-.2293637·10-IO -.I467558·ro-9 -.1491358·I0-9 -.1491862·Io-9 -.I49I873·I0-9 -.1491873·10-9 

-.13097I3·IO-I2 . 5587742 • 10-IO .5700296·10-IO .5702692·10-IO .5702739·ro-ID . 5702740· ro-IC 

-.160I760·IO-I2 .5736759·10-10 . 5858335· ro-ID • 586D9I3. ro-ID . 5860966 · ro-10 . 58G0966·1o-IC 

-.5064I53·I0-13 • 1689630 · 10-ro .1724532·I0-10 .I725273·IO-IO .I725287·IO-IO . 172,5287 • IO-IC 

-.I008777·IO-I3 • 3046105. ro-n .3106662·10-II .3!07953·10-II .3107977·10-II .3I07977·io-I 

-.2533750·I0-14 .6828I92·Io-I2 .6959322·ro-12 .6962127 ·ro-I2 .6962I79·IO-I2 . 6962I79· ro-Il. 



I 

I -.2699610·10-7 

20 .542I200·I0-5 

50 -.37727I7·ICJ5 
, 

-.2906480·10-5 80 

IIO -.7670822·10-7 

150 .4178436·10-6 

190 .4780962·10-6 

• 

Ta6mma 36 Cxo~.1ocTI> "BHJTpeHHero" Ji!TepaiJ;UoHHoro rrpouecca. K pei:Iem1ro 
31Ua'qJil (I5) ,nJI.II """"'IK!Ufli UJ. ( k = 0, d ni.:: 0 nz ".1 m = 0 X l.j,!.]J.. £ ) J J ) 

Ha BTOpoM ware ITO i . 

3 5 7 9 

-.37I5692·I0-7 -.3737261·10-7 -. 3737720 • ro-7 -.3737730·I0-7 

.6279907·10-5 .6298192·10-5 • 6298581 • ro-5 .6298590·10-5 

-.418I777·Io-5 -.4190428·10-5 -.4190612·10-5 -.41906I6·ro-5 

-.3344761·10-5 -.3354108·I0-5 -. 3354307. ro-5 -. 33543II • 10-5 

-.I995735·I0-6 -.2022568·ro-6 -.2023139·10-6 -.202315I·I0-6 

.396583I·I0-6 .396II75·1o-6 .3961076·10-6 .396I075·I0-6 

.4739797·ro-6 .4738789·10-6 .4738767·ro-6 .4738767·10-6 

Ta6.mma 3B Cxo,IJ;ID~ocn "BHYTpeHHero" MTepa.I.!;JIOHHOro rrpouecca. K IJeWeHnro 
3a,n:a.'qliJ ( 15) ,nJI.II cpymill;!lll: .u,~ ( 1(. = ().,21 J,o\,~ "'<0 "'-.t: 1.' """ = o, '):. 
Ha TpeTI>el\1 ware rro .f:- • 

~ I 3 5 7 9 

I .I026064·ro-7 .1202874.10-7 .I206642·10-7 .I206722·I0-7 .1206724·1C-7 

20 -.8605746·I0-6 -. 10I0339· ro-5 . -.IOI3534·I0-5 -.10I3E02·I0-5 -.IOI3G03·I0- 5 

50 .3036034·10-6 .3743676·10- 6 .3758789·10-6 .3759III·I0-6 .3759II8·I0-6 

80 .4705620·I0-6 • 54 75314 • Io-6 • 549I643. Io-6 • 549I99o.ro-6 . 549II98 · rc-6 

IIO .I9299IO·I0-6 .2I5284I.ro-6 .215752s.ro-6 .2157G28 ·I0-6 .2157630 ·10-6 

150 .8I07I72·10-7 .8498069·Io-7 .8506202·10-7 .8506376·ro-7 .850E379·ro-7 

I90 .4963238 ·10-7 .5049697·I0-7 • 505I459· ro-7 . 505I496·ro-7 .505I497 ·I0-7 

IO 

-.373773o·ro-7 

.6298590·10-5 

-.4I90616·I0-5 

-. 33 543II • 10-5 

-.202315I·Io-E 

.396I073·IO-E 

.4738767·10-E 

:::o 
,. 

.1206724·10- 1 

-.IOI3SC3 ·I0-5 

.3759II8·I0-6 

• 54 91998. :m-6 

.2I57C30·I0-6 

.850G379 ·IO-? 

.505I4S7 ·I0-7 



Ho~ ToqaocThD. B ~SHHoft cxeMe npax~ecKH H8T or~eHHft, Ha

I<JI~NBaeMHX IIS.MIIThD 8BM CDC-6500 . RaK Ha 'IHCJIO pemaeMWX ypaBHe-

[ 0, R M!JJ;(J. 

R COOCTBeHWIX <WHitlld (JM8Hl>UIM /). ~i. , 6 Ri.. Ill YBeJIH'llimaJ! rc.._;x., 

N~ ) • OrpaHJAeiWI CYIIIeCTBym TOJ!bKO no C'leTHOMY BpeMeiDI 111 

OOJCJIOBJI8HH, B OCHOBHOM, pa60TOI nepJII4lepll!'leCKHX JCTpoiCTB. B 

HaCT~ee BpeMa a6COJIDTHBH TO'lHOCTh BH'IHCJI8HIIIH COOOTBeHHYX SH&-

'leHd H OOOCTBeHHYX ~ "" Ia-4. 

B sai<JimqeHie aBTOpH 6naroAQp&T ~.H.IIoHoMBpesa sa ~apo

BaHie AQRHOI pa60TY X C.K.~oro - sa MHOrO'IKCJieHHSe OOCJS

~eHJUI. 
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