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B OCHOBe TeOpHR 6eTaTpOHHHX Ro~e6a~ B ~eCKHX YCROPKT~ 
~eXHT KCC~e~OBaHRe CaCTeMH HSHHRe~ ~epe~arrDHHX ypaBHe~2,3/ 
~a: 

x"+(1-n (e))x = £F 1+ S2F 2+ o x x (I) 

z"+n (9lz £F 1+£2F 2+ o z z 

r~e no (e) - rrepHO,n;:IPIeCKaff no e ~, CB.'IaaHHaff C nORaaaTe~eM 


MaI'HHTHOrO rrOJIfI, Fxk,F zk (k=1,2, ... ) - nOJIHHOMH OT x,x',z,z' 

H nepHO,lllf'IeCKHe no e ~, £ - Ma..mn'a napaMeTp ( '- ~@lepeH


I4HpOBaEHe rro 9 ) • 

.llJLq: TaK1lX aa,na'! ~aJ!e B .mmeitHOM rrpl!6JlHlteEHR nOJJ;y"'r8JOTC.fI ~@lepeH

I4HanbHHe ypaBHeEH.fI BToporo nop~a C nepHO,lllf'IeCKHMH KO~eHTaMH 
(ypaBHeEHe THIIa XH.lu!a) H HaxOlr,ll;eEHe 06~aCTH YCTOfttrKBIiX peme!i1rlt rrpe.lt
CT~eTC.fI Tpy~OeMKO~ aa,naqett. ilPH Y'!eTe He.mme~ ~eHOB aa,na'!a 

eme 6o~ee yC~OEH.fIeTC.fI,H ~OCTaTO'!HO o6me~ TeOpHR no~o6~ ~aBHe~ 
He cymecTByeT. MOEEO Bocno~aOBaTDC.fI MeTo~oM ycpe~He~3 H nuny'!XTD 
ycpe~HeEEHe (yxopo'!eHHHe) YPaBH9HKR , KOTopHe ~60 HHTerpKPYDTC.fI, 
~60 noaBO~T Hcc~e~OBaTD ,ltBxxeEHe Ha waaOBO~ ~OCKOCTH. 

B HaCTORme~ pa60Te OITHCHBaeTC.fI ROMnneKC rrporpaMM, peanH~ 

MeTo~ ycpe~eEKff ~ CHCTeMH B~a (I) ~o ~eHOB nopanKa 6 n (n=1,2, ... ) 
BKJlXl'!lil:Te~HO . 

PemeEHe CHCTeMH (I) Hcc~e~eTC.fI B oKpecTHocTH peaoHaHca 

kxx+kzz = q ,r~e kx,kz,q - u~e. B oTO~ oKpecTHocTH 

(2)no(a) = noo(a)+ £·~z·gz(a) 

r~e ~ - paccTpottKa (oT~oHeHHe OT ~earrDHOrO peaOHaHCa),
z 

n (9) = n (e) TO'!HO B peaOHaHCe (npH ~ =0 ) H 
00 0 Z 

'LV a -\I e }a (f' +i \) f ) e ~ - a" [( f") '- i ~ f" Je z z z zz z z zz
gz(e)= 2i tve -d a 

[ a fez + a"f" e z 
z z z z " 

y ~ - '!aCTOTH 6eTaTpOHEHX Ro~e6aHHH no x H z COOTBeTCTBeHRO,x· z 

http:Hcc~e~eTC.fI
http:OITHCHBaeTC.fI
http:HHTerpKPYDTC.fI
http:Bocno~aOBaTDC.fI
http:CT~eTC.fI
http:ypaBHeEH.fI
http:nOJJ;y"'r8JOTC.fI


a fz (e) - nepIlO,ItHlleCKM no e KOMILlleKCHM qiy~ (~ 

~JIOKe), KOTOPM CBHSSHa C pemeHlleM O,ItHopO,ItHoro ypaBHeHl!R: 

z"+noo(e)z - 0 a z - npOIl3BOJll>HM KOMIIJIeKCHaR: nOCTOffiIHM, 

onpe~eJIHeuaR: XS Ha'la.m.HIiX YCJIOBlIiI:. ~ gz (e) - ~e!CTBl{T8Jll,-

H8Ji. 	 AHaJIoril'lHl:iM 06PSSOM BBO.lnlTC.Ii paccTpoAxa L\c (x ~ gx (9) " 

'lTO nosBanseT B ~8JIDH9!meM pa60TaT~ C peSOHSHCaMH ~a kxx-q 

(T.e. 	npx z-o ). 

Y'lilTHB8.Ii (2), OT CXCTew (I) nepexo~ K cIIcTeue ypaBHeHld! B~: 

x"+(1-n (9)lx = £(F 4 g (el xl + £2Fx2 + ••• oo x1 - x x 
(3)

z"+n (9)z - 6(Fz1 - d gz(9l zl + c 2F z2 + •••oo z 

.!leJIa.li B (3) saueHY nep9MeHHHX 

iJ9 x x -iYxe 

x-A f (S)e x + Ax f x (9le 


x x 

iv 9 	 i S 
x' -A (f'(Sl+iJf (9))e x + A=[(f=(S))'-i V f=(9l]e- .)x ,(4)

x x x x x 

i~ 9 -d S 
z-A f (9)e z+ AX f X (9le z 

z z z z 

-i~S [ 	 -i\)9
z'-A 	(f' (9)+iJ f (S))e z + A~ (fx(e)) '-i V fX(S)] e z 

z 2; zz z z zz 

n~8M B HOBHX nepeMeHHHX CXCTBMY YPaBH9Hilit B cT~apTHo! ~OPNelI/: 
1 -iV S ~ 2~ 

A' -- -2i f
X

(9)e x (E.F 1+ e F 2+ •••x X . X X 

1 i"x9 ~ 2~(AX) , 2Tf x(Sle (t:Fx1+eFx2+···x 
(5) 

-1 v 91 x ~ 2~zA' 2i fz(S)e (C,F z1 +e F z2 + ••• )z 

1 i.,lzS ~ 2~(AX) , 2i f	 (9le (eFz1 + e F z2+ ••• )z z 
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Tsnep~, zcno,m,sy.Ii HeKOToplie saueHli nepeMeHIDlXII/ , peaJnl3yDlIIHe MeTO~ 
ycpe,ItHeHll.li, n~aeM CRCTeMy ycpS,ItHeHHHX ypaBHe~ ~ HOBliX KOMllJIeKC-

HHX nepeMeHBHX c ,c ,c ,c He 3aBKCmnzx OT 0
1 2 3 4 

ci -S11c1+···+S14c4+S1Sc~ + ••• +S134c~+ 

(6) 
3 

c 2 -S21 c 1+ ••• +S24 c 4+ S2Sc~+ +S134 c 4+ 

3 
c 3 -S31c1+···+S34c4+S3Sc~+ +S134 c 4+ 

, -S S S 2 3 
c 4 -	 41 c 1+···+ 44 c 4+ 4S c 1+ ••• +S134 c 4+ ••• 

r~e Sk' (k-1 ,2,3,4; j-1 ,2, ••• ,134, • •• ) - 'lilCJIOBlie Koapp~eHTli 
J x x 

( S1j - S2j' S3j - S4j l , CBHSaHHHe C pea,m,HO! MarHHTHO! CTPYK-

TYpo! KOHKpeTHoro YCKOPXT9J1H. 

Bae~ 060SHS'leHHe If - k \j.i +k llJ , r~e ljI - nspeMeHHlie,
x x z Iz x,z 

COOTBeTCT~e wase, II c~eJIaB saueR] nepeMeHHHX 

c _ 	 1 i'V 1 -i4' 
1 - 2T axe ' x 	 2T axe xc 2 

1 11j1 1 -14' , (7)

c 2T aze z 21 aze z
3 	 c 4 

iBk' SX _ -iB , 

Skj- cXkje J kj - o(kj e kJ 


k-1 ,2,3,4 j- 1,2, ••• ,134, ••• 

n9pexo~ K ycpe,ItHeHHO! CIICTeUe TpeX .lnI~epe~8JIDHIiX ypaBHeHilit nep-

BOrO nOpfl;ltKa B ~eitcTBXTe.m,HHX nepeuemmx OT ax' a 1I tf : z 

a' 	 Px (ax' a ) Sinlf +ox (ax ,a ) Cos lj' + Rx(ax,a )x z z	 z 

(8)

a' pz(ax,az)Sinlj' +Oz(ax,az'Coslj' + R (ax,az'
z z 

, 
If -	 p<f(ax,az'S1n'f +O'!'(ax,az)Coslj' +R'f(ax,az' 
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http:ycpe,ItHeHll.li
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r,ll;e PO( ,00( l'l R0( (0( =x, z, 4') - IIOJIl'lHOMH OT ax' C 'lllCJIOBlia z 
Ml'l KO~eHTaMl'l, KOTOpHe 3aBKCHT, B ~aCTHOCTl'l, OT ~~ ~~OKe 

tx,fz . TaKl'lM 06pa30M, H3ytieHl'le pemelll!! Cl!CTeMli (I) CBe,ll;eHO K l!3Y
~eH.l'llJ pememd!: Cl!CTeMli (8). 

Bce Iilpeo6pa30BaHID1, CBR:3amru:e C IIOCTpOeHl'leM CI!CTeMH YPaBHeilldt ' \ 

BH,ll;a (8), peanl!30B~ fPl'l IIOMOma Cl!CTeMH aH~~eCKoro rrporpaMMEpo
B8HlUI REDUCE - 3.2 4. 

,UJm nOCTpoemm ycpe,ll;HeHHoi!: CI!CTeMli ypaBHeilldt Bl'l,ll;a (8) Heo6xo,ll;l'lMo 

3a,naTb: 
I. KOHKpeTHHi!: Bl'l,ll; IIpaBoi!: ~aCTl'l ypaBHeHlUI (I),T.e. ~ 

Fx1 ,Fx2 ' •.• , Fz1 ,F z2 ' ... 
2. HB~ Ba,ll; pe30HaHCa,B OKpeCTHOCTI! KOTopDro H8,ll;O nOCTpOl'lTb 

ycpe,ll;He~ Cl!CTeMY ypaBHemd!:. 
3. 	ilOpa,ll;OK 8IIIIPOKCl!M8UKl! n:n=1.n=2 ••.. 

~ n=2 c~eT 3aHl'lMaeT 2-4 ~aca (B 3aBI!Cl'lMOCTl'l OT l'lCXO,ll;Horo 
ypBBHeHlUI) EpeMeHl'l ~eHTParrbHOrO npoueccopa l'l Tpe6yeT OT 1,5 ,ll;O 3 M 

6aRTOB onepaTHBHoi!: naMHTl! Ha 38M EC-I06I. KpOMe Toro, Bce IIpOM~TO~
HIle pe3y~TaTH l'l OKoWiaT~H!il1 pe3Y~TaT 3aIIl'lCHB8HlTCSl HB ,IUICK. BpeMff 
c~eTa c~eCTBeHRO 3aBHCl'lT OT npaBOM ~aCTl'l Cl'lCTeMH (I) l'l IIop~a 
arrIIpOKCl!M8l.Oill'l n , IIOMl'lMO SToro, eCTb 60JIee CJr868Sl 3BBHCl'lMOCTb l'l OT 

.HAKoBa H.E. P11-88-722 
npor paMM HaR peanH3a ~H~ MeTOAa ycpeAHeHHR KpwnOBa - boron06oBa 
B BWCWHX nPH6nH-.eHHRX AnR CMCTeMW ABYX HenMHeHHWX AM~epeH~ManbHWX 

ypaBHeHMH BToporo nopRAKa C ne pM OAM4eCKKMH K03~M~MeHTaMH. 

lanA ypaB HeHHH C nMHe HHOH 4aC Tb~ , HMe~~eH nepMoAH4eCKMe K03~H~HeHTw/ . 

naHO onMcaHHe naKeTa nporpaMM, peanH3y~ero MeTOA ycpeAHeHMR Kpw
noaa - boron06oBa B SWCWHX npH6nH*eHMRX AnR CMCTeMW ABYX HenHHeHHWX AH~e
peH~ManbHWX ypas HeH HH aToporo nOPRAKa C nepHOAH4eCKMMH K03~H~HeHTaMM. OnM
caHW a03MO*HOCTM nporpaMM M peanH3yeMWH MeTOA, AaHW o~eHKH apeMeHH C4eTa, 
Tpe6yeMOH onepaTHBHoH naHR TH AnR pa60TW C ypa8He HMRMH, nHHeHHaR 4aCTb KOTO
pwx HMeeT nepMQAH4eCKMe KO~H~HeHTW. 

Pa60T a BwnonHeHa a fia6opaTopHM BW4HcnHTenbHOH TeXHHKH H aBTOMaTM3a~MM 
OH~H. 

Coo6ml!HHe <>&.~oro 1UICT8T)'Ta ltQeptfhlX HCcneZloBBHHA.lly6Ha 1988 

Bl'l,ll;B KOHKpeTHoro pe30HaHca. TaK,IIPI! n= 3 MoxeT IIOTpe6oBaTbCSl 
4-5M 6aBTOB OIIepaTHBHoi!: IIru~. a BpeMH c~eTa Mox eT BHp8CTl! 6axee 
~eM B 2 pa3a. 

B K8~eCTBe TeCTOB 6HJrO rrpoBe,ll;eHO CpBBHeHl'le IIOJIytieHHHX YKopo~eH-
HbIX YPaBHemd!: (rrpl! n=2 ) ~ pe30HaHCOB 2 V - V =1 H 3 ~ x=2 z x
C aH~O~ pe3y~TBT8MH ~ Tex xe CaMaX pe30HaHCOB, HO II~eH

HUX C IIOMOmPD OIIHcaHHoro paaee IIaKeTa IIPorp~5/. ~0K838Ha HI 
ueHTl[qHOCTl>. 
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nepeBoA aSTopa. 

Zhidkova I.E. Pll-88-]22 
Program '~alization of krylov - Bogolubov Averaging Method 
in High Approxi mations Appl i ed to the System of Two Nonlinear Second 
Order Differenti a l Equations ~ith the Linear Part Having Periodic 
Coefficients 

The program package for krylov - Bogolubov averaging method in high 
approximations a ppl ied to the syst~ of two nonl inear second order differen
tial equati ons with the constant coefficients is descri bed. The possibil i 
ties of programs, global al goritha, ti me and central processor memory esti 
mations are done for equations which have the periodic coefficient~ before 
its I inear par t. 

The investigation has been pe rformed ~t the La boratory of Computing 
Techniques a nd Automati on , JI NR . 
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