


B nocneAHne roau a ~ a u n ~ e n b ~ o  B O ~ P O C  nHTepec K ncnonbaoea- 
HMO reoneTpnuecKnx n ~ e o p e ~ n ~ o - r p y n n o e u x  MeTofloe B Teopnn AH@- 
Oepe~uuanb~ux Y ~ ~ B H ~ H H ~  B racTHux npo~ - j aeo~~ux ,  r ~ o  BupamaeTcR, 
B UaCTHOCTH, B Pe3KOM YBennreHnn UHCna HayrHblX p a 6 0 ~ ,  B KOTO- 

pux u c n o n b a y o ~ c ~  CoBpeneHHue reoneTpnuecKne MeToBu n ncrncne- 
/ 1-8 / 

HUe BHeWHHX OOPM . B CBR3W C 3TWM CTaHOBHTCR a ~ ~ y a n b ~ o k  
aa~aua  peannaaunn Ha 3BM no ~ p a k ~ e k  Mepe HeKoTopux n3 aTnx 
MeTOBOB. 

Hume U3nOmeHbl pe3ynbTaTbI p a 6 o ~ u  no COaBaHHlO KOMnneKCa np0- 
rpann, no3eon~10qero a e ~ o n a ~ n a n p o e a ~ b  nccneAoeaHne BnOOepeH- 
uHaJlbHblX ypaBHeHnk /npem~e BCerO ~ e n b I ~ e k ~ b l x /  MeTO/JOM BHeWHHX 
OOPM. nporpannu n o a ~ o n ~ o ~  YnpocTnTb npoueaypy BurncneHnR o6pa- 
3YlOUHX nOKanbH0-HHBapHaHTHuX rpynn, aCCOublblpOBaHHblX C 3aBaHHblM 
y p a ~ ~ e ~ u e ~ ~ 1 - 9 / .   TOT me annapaT npnMeHnM K nccneAoeaHno HH- 

TerpupyenocTn BnOOepeHunanbHoro ypaBHeHnR, peannaaunn c ~ p y ~ ~ y p  
npOAOnmeHUR B paMKaX MeTOBa Y o ~ K B M c T ~ - ~ c T ~ ~ ~ ~ K ~ ,  3aMUKaHHlO 
anre6p nn, C B R ~ ~ H H ~ X  c AaHHun y p a ~ ~ e ~ n e ~ / g ' .  

CTPYKTYPA I lPOrPAMMHOrO KOMnnEKCA 

Yme cekuac RCHO, UTO OTpaHblrHTbCR nHWb M ~ W M H H O ~  0 6 p a 6 0 ~ ~ 0 k  

BunonHRoTcR B naKeTtion pemnne. B npouecce BunonHeHnn nporpam 
HHOOPM~~HR 0 COCTORHHH O ~ ~ ~ ~ T M B H O ~  naMRTH 3BM BblBOBHTCR BO 

W M ~ ~ T C R  BO3MOmHOCTb flPOAOnMHTb PaCreT B CneAylOUeM 3anyCKe 3a- 
Barn, HaunHaR c HeKoToporo a a e e p w e ~ ~ o r o  aTana nccneBoeaHuR 
y p a e ~ e ~ n k .  

nepeuk ~ a 6 o p  nporpann c o s ~ a e a e ~ o r o  KoMnneKca n o a e o n ~ e ~  ycTa- 
H O B H T ~  3anKHYToc~b naeana, nopomfieHHoro anctx$epeHunanbHuMn Oop- 

06paaynque JlOKanbHO-klHBapna~~~0k rpynnu, C B R ~ ~ H H O ~  C YpaBHe- 
HHeM. Becb KOMnneKC 6 a 3 n p y e ~ c ~  Ha CHCTeMe CTaHAapTHuX pe@aJl- 
noflynek, OnllCaHHblX B /I4 ' 

. : slrast~fi  
GMEtrl. . + -  l-lA:s A 



Ann peweHuR n e p e q u c n e H H u x  s u w e  a a ~ a q  c n c n o n b s o e a ~ n e ~  3BM 
H ~ O ~ X O ~ ~ M M O  HanMYMe IlpOrpaMMHbIX eAHHHu, O n e p k l p y n ~ k l X  C BHeUHHMH 
@OPMaMM. C 3 ~ 0 6  uenbI0  CHCTeMa CTaHAaPTHblX p e @ a n - M o ~ y n e i  6 u n a  
A o n o n H e H a  MoAynRMn,  p e a n u 3 y o q n ~ n  a n n a p a T  eHewHux  @ o p ~ .  B na- 
K e T e  MMenTCR @ Y H K ~ M H ,  OCyqeCTBnRIU4He YMHOmeHMe / K ~ K  BHeUHee 
B CnyYae &H@@epeHuManbHblX @OPM, TaK M BHyTpeHHee  n p H  YMHOMe- 
HUH ~ u @ @ e p e ~ u u a n b ~ o h  @ o p ~ b ~  H a  s e ~ ~ o p / ,  e t i e w e e  ~ ~ @ @ e p e ~ u n p o -  
s a H u e ,  s u Y u c n e H n e  ~ P O U ~ B O A H O ~  Jln ~ n @ @ e p e ~ u u a n b ~ o L i  @ o p ~ u  no 3 a -  
AaHHOMY ~ a n p a e n e ~ n n  16* ' * 12' . C O ~ A ~ H ~ I  T ~ K H ~  ~ o ~ y n n  ~ ~ o ~ a - s ~ e o ~ a  
M n e p e e o A a  0 6 a e K ~ o e  u3 B n e w H e r o  / @ O ~ T ~ ~ H O ~ O A O ~ H O ~ O /  n p e A c T a e -  
neHUR 80 BHyTpeHHee  M O ~ ~ ~ T H O . ~ H C T ~ M ~  M0~yneh RBnReTCR PaCWH- 
p ~ e ~ o h  H n p n  H ~ O ~ X O A M M O C T M  B H e e  MOrYT 6 b l ~ b  BKnIOYeHbl AOnOflHW' 
TenbHble  Of lepauMn.  T ~ K M M  0 6 p a 3 0 ~ ,  f lOCTpOeH 6 a a n c ,  H a A  KOTOPblM 
MOMHO " H ~ A C T ~ ~ M B ~ T ~ "  HOBble MOAynU 6onee BblCOKOrO YPOBHR, p e a -  
nM3ynqUe Te U n M  MHble nOAXOAbl K MCCneAOBaHMn / H e n H H e i H b l ~ /  AM@- 
@ e p e H u n a n b H u x  y p a e ~ e ~ n i  c M c n o n b a o e a H n e M  a n n a p a T a  aHewHnx  

An@@epeHuHanbHblx  @OPM. 
B H a c T o n q e e  e p e w  KoMnneKc  COCTOHT n3 Y e T u p e x  n p o r p a M n :  

CL IDED,  GENERI, GENER2, D IRAC,  e c e  OHM OnuCaHbl HnMe. ~ ~ P O ~ P ~ M M M  

o 6 n a ~ a n ~  YHM@u~MPoB~HHMM BXOAOM.  TO 0 3 H a Y a e T ,  YTO MH@OpMauHR 
06 U c c n e A y e M o M  a u @ @ e p e H u u a n b H o M  y p a e H e H u n  / c n c ~ e ~ e  y p a e H e H n k /  
A n n  c Y e T a  no n p o r p a M M a M  a a ~ a e ~ c f l  B y H u @ u u u p o B a H ~ o M  B u A e .  
f l p o r p a ~ ~ b l  BeayT f l o ~ p 0 6 H b I h  I lpOTOKOn 0 C B O ~ ~  p a 6 0 ~ e ,  K O T O P ~ I ~  

BMeCTe C OKOHYaTenbHblM p e 3 y n b T a T O M  BblBOAHTCR H a  I I ec laTb .  K a K  
y m e  OTMeYanOCb, B PRAe C n y Y a e B  MMeeTCR BO3MOMHOCTb ~ b 1 6 p a ~ b  

OAMH 143 B a p n a H T o B  a ~ a n n 3 a  n c x o A H o r 0  A n @ @ e p e ~ u n a n b H o r o  y p a e H e -  
HnR, B O ~ H M K ~ I O U I ~ ~ O  B n p o u e c c e  c Y e T a  / n p o r p a ~ ~ a ,  KaK n p a s n n o ,  
s b l 6 H p a e ~  c a ~ b l h  06qnh cnyqah/ n flpOAOnMHTb C q e T  n p n  C n e A y n q e M  
3 a n Y C K e  3a&lYH, HaqUHaR C TOqKH BeTBneHHR. 

f l p o r p a ~ ~ b ~  e a n n 3 0 s a ~ b 1  B B u A e  ~ a 6 o p a  p e @ a n - ~ o ~ y n e k  Ha 3BM 
c e p n u  EC 

/ 15,li/ . 
- M o A y n u  I N S Y S T ,  OUTER, EXTAR, MGCD, ARDFPOL, CONVERT, 

TRANSL p e a n n 3 y o ~  n o n u H o M H a n b H y n  a p n @ M e T n K y ,  a n r e 6 p y  eHewHux  
~ u @ @ e p e ~ u w a n b t i b ~ x  @OPM, n e p e s o A  o 6 a e ~ ~ o e  143 B H e w H e r o  n p e A c T a e -  
neHHR 60 B H y T p e H H e e  / ~ c n o n b 3 y e T c R  HeCKOnbKO BMAOB BHYTpeHHHX 
n p e ~ c ~ a e n e ~ u i  B ~ ~ B M C H M O C T H  OT x a p a K T e p a  o n e p a u u g  c 0 6 a e ~ ~ a ~ n /  
M 0 6 p a ~ ~ 0  n p R 4  A p y r n X  BCflOMOraTenbHblX @ Y H K ~ H ~ ,  n p U  3TOM BCe 

MOnynM HepapXM'4eCKM flOA'4HHeHbl BeAyqUM MOAYnRM; 
- s e A y q n e  MoRynH:  INTEGR, GENERI, GENER2, D IRAC,  FROBNS, 

PASSTV , c n o M o q b n  ~ o ~ o p b ~ x  p e a n n a o e a ~ b ~  an ropnTMb1  H c c n e A o e a H n R  
A n @ @ e p e ~ u n a n b H b ~ x  y p a e ~ e ~ n i  Ha 6a3e e c n o M o r a T e n b H b l x  ~ o ~ y n e h ;  

- CHCTeMHble MOAYnH: SWMCR, MVVRTOP, SWOWR, SWAD2R, He06- 
XOaMMMe AnR flOBbllUeHMR 3@@eKTMBHOCTM C M C T ~ M H O ~  peanU3al(MH R3bl- 

Ka p e @ a n .  

nopomAaoulaR u A e a n  I B m - ~ e p ~ o ~  n p o c T p a H c T s e  nepeMeHHblx  a a ~ a ~ u .  
P ~ ~ M ~ P H O C T ~  I lPOCTpaHCTBa OflPeAenReTCR C n o c 0 6 0 ~  flOCTpOeHMR 
CHCTeMbl ~ H @ j ) e ~ e H ~ ( ~ a n b H b l ~  @OPM /2/. M ~ e a n  I = 1 ( o ', . . . , Us ) 
R s n R e T c n  3 a M K ? i y T b l M ,  e c n n  Dl I , r A e  D - c n M B o n  B H e w H e r o  AM@- 
a e p e H u n p o B a H w R ,  i2*'. 

B ~ K T o P H o ~  n o n e  3 = V 'e 1 /no HHABKCY i O C y ~ e C T B n R e T C R  CYMMH- 
p o B a H n e ,  e 1 , . . . , e m  - 6 a 3 n c  K a c a T e n b H o r o  n p o c ~ p a ~ c ~ e a /  ~ a 3 ~ -  
BaeTCR M3OBeKTOPOM 3aMKHYTOrO H A e a n a  I ,  eCf lH flpOM3BOAHaR f l l 4  

w e a n a  I no H a n p a e n e H H n  V H e  BUBOAMT n3 w a e a n a ,  T .e. L(I G I , 
r A e L c ( I )  - ~ P O M ~ B O A H ~ R  nn OT nneana I no H a n p a e n e H n n  e e K T o p a  C. 
MHMMM c n o e a ~ n ,  Lv( I  )z O(mod o' , . . . , o ' 1. n o c n e ~ ~ e p  o a ~ a r a e ~ ,  
B Y a c T H o c T n ,  YTO ~ P O M ~ B O A H ~ R  Jln no H a n p a e n e H n n  V OT ~ a m ~ o f i  
w3 A n @ @ e p e ~ u n a n b ~ u x  @OPM / 2 /  MomeT 6 u ~ b  n p e A c T a B n e H a  B B n A e  
n n ~ e f i H 0 f i  K O M ~ M H ~ ~ M M  BCeX @OpM / 2 /  H YAOBneTBOpReT, CneAOBa-  
TenbHO, 8 PaBeHCTBaM 

/no j OCyUeCTBnReTCR CyMMHpOBaHHe OT 1 A 0  8 /  AJlR HeKOTOpblX 
8 KOHCTaHT A l .  

f l o c n e  n p n s e A e H u n  no Moaynn n A e a n a  I /B c o o T e e T c r e u u  c TepMu- 
~ o n o r n e i  /'/ n o c n e  n e p e x o A a  H a  ~ ~ o r o o 6 p a 3 ~ e /  c o o T H o w e H n e  /3/  

1 / n p n  ~ b l 6 p a H ~ ~ x  A / MOMHO PaCLMaTPMBaTb KaK CHCTeMY y P a B H e H n k  
H a  KOMnoHeHTbl V 1  H30BeKTOpa  V . P ~ u ~ H M ~  3THX ypaBHeHHk 3KBM- 
BaneHTHo nOCTPOeHHKI n e p e o n p e ~ e n e ~ ~ o i  CucTeMU A u @ @ e p e H u n a n b H u x  
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n ~ e H T n @ n u n p y e T  n H @ o p M a u n o  Ha B x o A e ,  n B cnyqae, ecnn 3 a a a ~ a  n p a 3 n n q ~ b l e  ~ n @ @ e p e ~ u n a n b ~ b ~ e  c n e A c T B n n ,  3 a ~ e ~  P a c n e q a T b ~ e a e T  
cncTeMa An@@epeHunanbHux  @ o p ~ ,  aTan n o c T p o e H n R  CnCTeMbI ~ n @ @ e -  C H a q a n a  6onee nPOCTble,  a 3aTeM H B C e  OCTaJlbHble YPaBHeHHR CH- 
peHunaf lbHb lX @OPM, 3KBMBaf leHTHblX YpaBHeHnO,  6 y ~ e ~  OnyqeH. CTeMU. 

B KaqecTse c n e A y a q e r o  u a r a  n p o r p a M M a  o c y q e c T s n n e T  n p o e e p t c y  H a  BCeX 3 T a n a X  p a 6 0 ~ b l  n p O r p a M M a  B e A e T  " ~ ~ O T O K O ~ "  BblnOflHRe- 
3aMKHYTOCTH H A e a f l a  f A n R  ~ O C T ~ O ~ H H O ~  CHCTeMU ~ ~ @ @ e p e ~ u ~ a J l b ~ b l ~  

MblX A ~ ~ C T B H ~  H BblBOAHT 3TOT I lpOTOKOf l  H a  n e q a T b .  
@ o P M / ~ / .  B p e 3 y n b ~ a ~ e  BHeuHero ~ n @ @ e p e ~ u n p o e a ~ n n  @ o p ~  / 2 /  
AOJlMHbl 6 b l ~ b  nOJlYqeHbl  @OpMbl, J ~ H H ~ ~ H O  BblpaMaK)qHeCR q e p e 3  HCXOA- 
w e .  f l p o e e p ~ a  ocyuecTsnReTcR nyTeM nocTpoeH1.cn n A e a n a  I, no- 
p o m a e H H o r o  OopMaMn o 1, 0 2  . . . . , o @ , n o . n p e A e n e t i n R  n p n H a A n e m -  

f lPOrPAMMbl C L I D E D  M GENER2 

HOCTM BHeWHHX nPObl3BOAHblX D:, D: , . . . , DL 3TOMY H A e a f l y .  
f l p n   TOM B b l n o n H R o T c n  o n e p a u n n  BHeuHero a n @ @ e p e ~ u n n p o e a H n n ,  
e t i e w e r o  yMHomeHnR n c n o m e H n R  A n @ @ e p e ~ u n a n b H b ~ x  @ o p ~  / A ~ R  no- 
CTpOeHblR H A e a f l a  BblqHCflReTCR Bb lpaMeHHe o i h e i d y '  , r A e  no H H A e K C y  
i O C y ~ e C T B J l R e T C R  CyMMnpOBaHMe OT 1 A 0  8 n no MHAeKCy  j - CyM-  

MHpOBaHHe OT 1 A 0  m, r A e  m -  Pa3MepHOCTb  I l p O C T p a H C T B a  nepeMeH- 
HMX s a ~ a q n ,  A - 3 ~ a ~  BHeuHero n p o n 3 e e ~ e ~ n ~  An@@epeHunanbHb l x  
@OpM, - npOH3BOJlbHble napaMeTpb4,  H3MeHeHHe KOTOpblX B 0 6 n a c ~ n  
3 ~ a q e ~ n k  ~ o a @ @ n u n e H T o e  A n @ @ e p e H u n a n b H u x  @OPM n O n p e A e n n e T  ncKo- 
~ b ~ k  n A e a n  I / .  3a~e t . 1  p e w a e T c R  cncTeMa nnkiek~blx y p a e ~ e ~ n k  OTHO- 

cnTenbHo nepeMeHHb lx  P ' / c ~ p o r o  r o e o p n ,  o n p e A e n R e T c R  c o e n e c T -  
HOCTb 3 ~ 0 k  C H C T ~ M M / .  

J 

E C ~ H  H A e a f l  I 3aMKHYT OTHOCblTeJlbHO ~ H @ @ ~ P ~ H ~ H P o B ~ H H R ,  np0- 
r p a m a  GENERI  n p o A o n m a e T  p a 6 o ~ y ,  B npoTneH0t . t  cnyqae B~IBOAHTCR 

COOTBeTCTBy lOuee coo6qe~ne H n p O r p a M M a  3 a K a H q H B a e T  CBOO p a 6 o ~ y .  
flocne n p o e e p K n  B ~ M K H Y T O C T H  n A e a n a  I n p o r p a M M a  CTPOHT B K a -  

qecTsnReTcR c y M M n p o e a H n e ,  y i -  ece nepeMeHHue a a ~ a q n ,  B TOM 

'4nCfle n BBeAeHHble  n p o r p a M ~ o k /  C K O M ~ ~ O H ~ H T ~ M H - J ( Y '  ) ,  K O T O p u e  
B ~ a n b ~ e k u e ~  n n o A n e m a T  o n p e A e n e H n o .  B e K ~ o p  V o K a m e T c n  n a o -  
BeKTOPOM. 3aMKHYTOTO H A e a f l a  I (6 , '  , . . . , as ) , eCnH llPOH3_BOAHaR 
n w  ~ a m n o i  n3 QOPM at, . . . ,  0 9  no HanpaeneH1.cn  B e K T o p a  V npn- 
H a A n e m n T  n A e a n y  1 ,  ~ . e . L q ( c ~ , ~ ) ~ O ( r n o d o ~  ,... , u s ) .  

- f l p o r p a ~ ~ a  s u q n c n ~ e ~  n p o n 3 ~ o ~ ~ y o  A n  no ~ a n p a e n e ~ n o  B ~ K T O ~ ~  
V OT ~ a m ~ o k  n3 @ o p ~  ul, . . . , U S  , n p n p a e H n s a e T  nonyqeHHue 

A n @ @ e p e H u n a n b H u e  @OPM~I  Hyno n a a T e M  n p n p a B H n B a e T  ~ y n o  B c e  
~ o a @ @ n u n e H T u  BTHX ~ n @ @ e p e ~ u n a n b ~ u x  @ o p ~ .  T e M  c a M u M  CTPOHTCR 

CHCTeMa Y ~ ~ B H ~ H H ~  B qaCTHblX npObl3BOflHbIX Ha BenMqnHbI J( Y'  ) , 
KOTOpaR R B J l R e T C R  p a 3 p e w n ~ o k  JlHlUb B C J l y q a e ,  K O r A a  RBnReTCR 

H3OBeKTOPOM H q e a J l a  I '. 
f l 0 c ~ p o e H n e  Y K ~ ~ ~ H H O ~  CnCTeMbI  Y P ~ B H ~ H H ~  n RBf lReTCR ueflbo 

p a 6 o ~ u  n p o r p a n n u .  flanee n p o r p a w a  ncKnaqaeT n3 n o n y q e ~ ~ o k  cn- 

f l p o r p a ~ ~ b l  GLIDED n GENER2 RBnRoTCR COOTBeTCTBeHHO HeKOTO- 

P ~ I M  c y m e H n e M  n P a C w n p e H n e M  6a3o~ok  nporpaMMbt G E N E R I .  
H a  BXOAe 3Tn npOrpaMMbl M C n O f l b 3 y o T  T y  m e  n H @ o p n a u n o  06 nccne- 

A y e M o M  y p a e H e H n n ,   TO n G E N E R I .  T O ~ H O  T a K  m e  CTPOHTCR /ecnn 
 TO ~ e 0 6 x o A n M o /  c n c T e n a  A n @ @ e p e H u n a n b t i b ~ x  @ o p ~  / 2 /  n n p o e e p n e T -  
CR ~ ~ M K H Y T O C T ~  n A e a n a ,  nopoweHHoro a T n M n  @ o p ~ a ~ n .  flocne KOHT- 

p o n ~  B ~ M K H Y T O C T H  n A e a n a  n p o r p a M M a  C L I D E D  B~IBOAHT H a  n e q a T b  
C O O T B e T C T B y o U e e  coo6qe~ne n 3 a K a H q H B a e T  p a 6 0 ~ y .  f l p o r p a ~ ~ a  
GENER2 n p o A o n m a e T  p a 6 0 ~ y  A 0  ~ o k  m e  TOqKn ,   TO n G E N E R I ,  HO 

npn 3TOM nPOH3BOAHT AOnOJlHHTeJlbHble Bbl'4HCJleHHR H BblBOAHT H a  
neqaTb 6onee 06uyo n H @ O p M a u n o  06 H3OBeKTOpaX  3aMKHYTOrO H A e -  
a n a  I .flpn C n e A y l o u n x  a a n y c ~ a x  a a ~ a q n  aTa n H @ o p ~ a u n ~  MomeT 6 b 1 ~ b  

n c n o n b s o e a ~ a  A ~ R  ~ a n b ~ e k w e r o  n a y q e ~ n ~  n c x o A H o r o  y p a e H e H n R .  

I lPOrPAMMA D I R A C  

@ o p ~ a u n ~  06 n c c n e A y e M o M  y p a e H e H n n  / c n c ~ e ~ e  y p a e ~ e ~ n k / .  B oTnn- 
w e  OT O n n c a H H u x  e w e  nporpaMM, n p o r p a M M a  D I R A C  BBOAHT B pac- 
c M o T p e H n e  e c e  ~ e o 6 x o ~ n ~ u e  A o n o n H n T e n b H u e  nepeMeHHue, B TO spe- 
MR K a K  B n p e A u A y q n x  nporpaMMax npn nocTpoeHnn cncTeMu / 2 /  HO- 

sue / ~ o n o n ~ n ~ e n b ~ u e /  nepeMeHHue B B o A n n n c b  nnub B MnHnManbHoM 
KOf ln '4eCTBe.  ~ ~ O C K O ~ ~ K Y  npH 3TOM 3 H a q n T e f l b H O  PaCUHPReTCR pa3- 
MePHOCTb n p O C T p a H C T B a  A b l @ @ e p e H u ~ a f l b ~ ~ ~  @OpM, B O 3 H n K a e T  ~ e o 6 -  
XoanMocTb B n 3 ~ e ~ e ~ n n  a n r o p n T M o B  n n c n o n b a o e a H n n  ~ ~ e u ~ e k  na- 

I MRTH. 

P ~ C C M O T ~ ~ M  ~~n0 f lb3yeMuk  B n p O r p a M M e  D I u C  MeTOA nOCTpOeHHR 

CnCTeMbI A n @ @ e p e H u ~ a f l b H b l x  @OPM, aCCOuMHPOBaHHblX C MCXOAHblM 
1 Y p a B H e H n e M .  f l y ~ ~ b  XI, . . . , X n  I*1 Z , . . . , Z r  - COOTBeTCTBeHHO 

1 

I ~ e 3 a ~ n c n ~ u e  n 3 a ~ n c n ~ u e  nepeMeHHue a a n a q n ,  o n p e ~ e n ~ e ~ o k  y p a e -  
HeHHeM /I/. CTPOHM CHCTeMY ~ ~ @ @ e p e ~ u ~ a n b H b l X  @OPM / 2 /  0' = 

1 = d z l - z ; d x J  , i = I, . r /no nunency j = 1 ,..., n B e A e T c a  
c y ~ ~ n p o e a ~ n e / ,  B K O T O ~ O ~  Z1. - ad/i/dxj n npn  TOM HeKoTopble 

I - 1 W 3  npon3BOAHb IX  Z '  yMe nCKJloqeHM C n O M W b 0  y ~ J l 0 B k I k  /I/. 
J 



f l o ~ p e 6 y e ~ ,  KaK n p a H e e ,  u ~ o 6 u  Ann B c e x  i n p o n 3 s o ~ ~ a ~  Jln 
Lg(oi ) ~ ~ n n n a c b  n n ~ e f i ~ o f i  ~ 0 ~ 6 n ~ a q n e f i  B c e x  @OPM o i, T .  e. 

B neBblX r a C T R X  cncTeMb1 /4 /  @ n r y p n p y n T  Au@@epeHquanbHMe @OP- 

Mbl BMAa 

rAe  no n H A e K c a M  j , k , t B e A e T c R  c y M M n p o e a H n e ,  n p n r e M  j = 1 , 
..., n ,  k = 1,  ..., e , e  = 1,  ..., 1 .  

3 ~ a u e ~ n f l  Aik ~ b l 6 n p a e ~  TaKnMn,  u ~ 0 6 b l  B @ o p ~ a x  /5 /  OTCYTCTBO- 

sann A n Q o e p e H q n a n b ~  dze, A a n e e  n p n p a e H n s a e M  H y n n  K O ~ @ @ H ~ M ~ H T ~ I  

npu dxl u n o n y u a e M  ~ p e 6 y e ~ y n  C M C T ~ M Y  y p a ~ ~ e ~ n f i .  
K a K  npaenno, B cnyuae HeoAHoMepHbIx a a ~ a u ,  H a n p n M e p  Ann H e -  

n u ~ e f i ~ u x  y p a e ~ e ~ n f i  R n p a ~ a ,  n o n y u e H H a R  c n c T e M a  y p a s ~ e ~ n f i  nMeeT  

6 o n b u y n  pa3MepHOCTb,  n03TOMY B npOqeCCe ~ a n b l i e f i u e f i  0 6 p a 6 0 ~ ~ u  
u c n o n b s y e ~ c ~  npoqeAypa " e ~ ~ a n ~ n s a ~ n ~ "  npo~eHcy~or~oG n H @ o p ~ a -  

UMM BO BHeWHlOn naMRTb.  

M3 ~ O C T P O ~ H H O ~ ~  CMCTeMbl HCKnlO'4aDTCR KOMnOHeHTbI M30BeKTOpa  

J ( Z ~  ), T .  e. KOMnOHeHTbl L130BeKTOPa, aCC0~lr lk lPOBaHHble C nepBblMH 

O C T ~ B W ~ ~ ~ C R  YpaBHeHMR CMCTeMbl CBR3blBalOT J(x , . . . , T(xn ) , 
J(Z1), . . , , J ( Z '  ) H MX WCTHb le  npOM3BOAHble. K ~ K  M3BeCTHO ilS/ 

'1 
KOMnOHeHTbl M30BeKTOpa  J(X '  ) , . . . , J( Z '  ) 3aBClCRT TOnbKO OT X , 
..., Z '  . C n e ~ o e a ~ e n b ~ o ,  n p e A c T a e n B  n e s b l e  u a c T u  o c T a e u n x c R  

i 
y p a e ~ e ~ n f i  CncTeMM B enAe n o n u H o M o e  OT nepeMeHHblx  z,, MomHo 

npMpaBHRTb H y n n  BCe K O ~ @ @ M ~ M ~ H T M  3TMX nOnMHOMOB. ~ O ~ ~ W ~ H H ~ K I  

n p U  3TOM CMCTeMY y p a B H e ~ k I f i  6 0 n b u o G  Pa3MePHOCTH Y n P q a e M  C no- 
M q b C  anrOPMTMOB, HCllOnb3YeMblX H a  3 a K n 0 ~ ~ ~ e n b H 0 f i  CTaAMn pa6o- 
T ~ I  npo rpaMMbl  GENERI. Ha 3 T o M  n p o r p a M M a  DIRAC p a 6 0 ~ y  a a ~ a ~ r n -  
B a e T .  

YPABHEHUE OKOJIO3BYKOBOrO YCTAHOBHBIlIErOCR FIOCKOWDJIbHOrO 
TErIEW : 
HE3ABHCHMblE IIEPEMEHHblE : X, Y ; 
3ABHCHMblE mPEMEHHbIE : U , V ; 
D(U)/D(Y) - D(V)/D(X)= 0 
D(V)/D(Y) + u*D(U)/D(X) = 0; 

f l p o r p a ~ ~ a  GENERI, npOBepMB KOppeKTHOCTb B B ~ A ~ H H O ~ ~  u H @ O p ~ a -  

qnn, n o c T p o n T  n BbleeAeT H a  n e r a T b  c n e A y n q y n  CnCTeMy Au@@epet i -  

UManbHMX @OPM, aCCOL(MMP0BaHHYKl C AaHHblM YpaBHeHneM: 

IIOCTPOEHA CJEAYH3U.AH CMCTEMA J&iWEPEH4MAJTbHbIX QOPM: 
DXADU+DYADV=O 
DXADV-U+DYADU=O 

Ranee o c y q e c T s n R e T c n  npoeeptca B ~ M K H Y T O C T M  n A e a n a ,  nopomaeti- 
HOrO nOCTpOeHHblMM @OPM~MCI ,  M BblBOAnTCR COOTBeTCT BYK)qee c006qe- 
H n e  H a  n e r a T b .  M H @ o p ~ a q n R  o c n e A y n q e M  a T a n e  p a 6 0 ~ b l  np0rpaMt .w 

uMeeT s n A :  

IIOJIYrIEH61 CJIEAYKU&iE COOTHOIUEH~ 
HA KOMIIOHEHTbl H30BEKTOPA - J (X) , J (Y) , J (U) , J (V) : 
D(J(V))/D(U)+U+D(J(U))/D(V)=O 
D(J(V>>/D(V>-D(J(U))/D(U)+D(J(Y))/D(Y)-D(J(X))/D(X)=O 
D(J(Y))/D(u)-D(J(x))/D(v)=o 
-D(J(V>>/D(X>+D(J(U))/D(Y)=O 
-J (U) -2+U+D (J (Y) ) /D (Y) +2+U+D (J (X) ) /D (X)=O 
U+D (J (Y) ) /D (X) +D (J (X) ) /D (Y)=O 
U*D (J (Y) ) /D (V) +D (J (X) ) /D (U) =O 
D(J(v))/D(Y)+u+D(J(u))/D(x)=o 

 TO n e C T b  ncKoMaR c n c T e M a  O n p e A e n R n q n x  y p a ~ ~ e ~ n f i ,  HO eqe 
H e  B OKOHUaTeIlbHOM BHAe. n0cne n p n B e n e H n R  3 ~ o k  CMCTeMbl K n a C -  

CMBHOMY BMAY nporpama H a n e u a T a e T  o ~ o ~ u a ~ e n b ~ b ~ i  p e s y n b ~ a ~ :  

OKOH~IATEJI~H~ BHA ~ C C M B H O ~ ~  CMCTEM~I: 
D(J(V))/D(U)+~+D(J(X))/D(Y)=O 
-D (J (V) ) /D (V) -3+D (J (Y) ) /D (Y) +3+ D (J (X) ) /D (X)=O 
D(J(V))/D(X)=O 
D(J(V)) /D(Y)=O 
-J(U)-2+U+D(J(Y))/D(Y)+2+U+D(J(X))/D(X)=O 
D(J(Y))/D(U>-D(J(X))/D(V)=O 
U+D (J (Y) ) /D (X) +D (J (X) ) ID (Y) =O 
U*D (J (Y) ) /D (V) +D (J (X) ) /D (U) =O 
D(J(Y)) /D(Y,Y)=O 



-U*D(J(X)) /D(Y ,U)+2*D(J(X)) /D(Y)=o 
U**2*D(J (X) ) /D (V,V)+U*D (J (X) ) /D (U ,u) -D (J (x) ) ID (U)=O 
D(J(X))/D(Y,v) =O 
-U**2*D(J(X))/D(X,V)-D(J(X))/D(Y)=O 
D(J(X))/D(y,Y)=O 
D(J(X) /D(X,Y)=O 
D(J(X))/D(X,U)=O 
D(J(X) )/D(X,X)=O I 

XOTR 3 T a  c n c T e M a  n C o A e p x n T  qncno y p a ~ ~ e ~ n h ,  6 0 n b U e e ,  q e n  
n c x o n t i a n  c n c T e M a  onpe f l enn tounx  y p a e ~ e ~ n h ,  o H a  nMeeT 6 o n e e  n p o -  

I 
c ~ y n  c ~ p y ~ ~ y p y  n n e r K o  n H T e r p n p y e T c R :  

r A e  C i ,  C Z ,  C3, C 4  - n p o n 3 e o n b ~ u e  nocToRt iHwe ,  a I(U, v ) n - 
f(U.5) - npOkl3BOfbHhle @YHKukIn, Y A O B n e T B O P R ~ H e  YCnOBHRM 
f" = f, n I,=-U fv. 

n0nyueHHbIe p e 3 y n b T a T b I  flOJlHOCTbKl COBnaAanT C IlpHBeAeHHMMkI 
!I/ 

T a K n n  o 6 p a s o n ,  npOCTpaHCTB0 L p e U e H n h  CHCTeMU O f l p e A e n R ~ n X  
4  y p a ~ ~ e ~ k l h  MOXHO f lpeACTaBklTb B BHAe f lpRM0h CYMMbl L = L + L*,  

rae - 4 - n e p ~ o e  n p o c T p a H c T B o  p e w e ~ n h  , A n n  KOTOPUX I = T = 0 
H L O D -  ~ ~ C K O H ~ ' - ~ H O M ~ P H O ~  f lPOCTpaHCTB0 p e U e H n h ,  AnR KOTOpblX 
C, = C 2  = C 3  = C 4  = 0. 

HE3ABIIEPEM X,T; I 
3ABUCIIEPEM U; 
KOHCTAHTbl ALFA, BETA, GAMMA; 
D (u) /D (T) +D (u) /D(X,X ,x) + (ALFA*U**~+BETA+) *D (u) ID (x) =o; 

I 

nocne n o c T p o e H n R  cncTeMu o n p e A e n R t o 4 n x  y p a e ~ e ~ n k  n n p n -  
eeAeHI.cn e e  K n a c c n s H o M y  BHAY Ha n e r l a T b  B~IBOAHTCR c n c T e M a  13 
y p a ~ ~ e ~ k l h  OTHOCMTenbHO KOMflOHeHT n 3 0 B e K T O p a  J(x ) J(t ) , J(u 1, 
J( bl ),J( b2): 

OKOHWTEJI~H~I~~ BMJJ ~ C C M B H O ~ ~  CMCTEM~I: 
J(b2)+3*b2*D(J(X) ) /D(X)=O 
J(bl)+2*bl*D(J(X))/D(X)=O 
2*ALFA*J (U) + (~*U*ALFA+BETA)*D (J (X) ) /D (X) 
D(J(V)) /D(b2)=O 
D(J(T))/D(~~)=o 
D(J(T)) /D(U)=O 
D (J (TI ) /D (X) =O 
D (J (T) ) ID (T) -3*~ (J (x) ) /D (x)=O 
D(J(X)) /D(b2)=O 
D(J(X))/D(bl)=O 
D(J(X)) /D(U)=O 
D(J(X)) /D(X,X)=O 
-2*ALFA*D (J (X) ) /D (T) + (4*ALFA*GAMMA-BETA**2) *D(J (X) ) /D (X) =O 

T ~ K H M  0 6 p a 3 0 ~ ,  o6uee p e w e t i n e  o n p e f l e n m o u n x  y p a e ~ e ~ n k  3 a e n -  
CHT OT T p e x  n p o n 3 ~ o n b ~ u x  ~ O C T O R H H ~ X .  B u ~ n c n n ~  H H @ H H H T ~ ~ H M ~ ~ ~ -  

Hue o n e p a T o p u  rpynnu, ~ o n y c ~ a e n o h  y p a e H e H n e M  /7/ ,  n o n a r a n  OAHY 

H3 flpOH3BOflbHUX flOCTORHHblX p a B H 0 h  e A n H H u e  H OCTaJlbHble nOCTORH- 
Hue p a e H u M n  ~ y m :  

a .  a 
OZ E -, 0 = - a x 3 at' 



U t  + UU, + V i l  + OHx = 0, ux + v = 0, 
Y Y  

H + CH, = 0, H - 0; Y -  

YPABHEHME MEJIKo~ BOAbl: 
HE3ABMCklMbIE IIEPEMEHHbIE : X , Y , T ; 
3ABMCIIMblE lEPEMEHHbIE: U, V, H; 
KOHCTAHTA G; 
4 Y H K W  C (H) ; 
D (U) ID (T) +U*D (u) ID (x) +V*D (u) /D (Y) +G*D (H) /D (x) =O 
D (U) /D (X) +D (V) 19 (Y) =O 
D (H) ID (T) +C*D (H) /D (X) =O 
D(H)/D(Y)=o 

B p e 3 y n b ~ a ~ e  p a 6 0 ~ b 1  n p o r p a M M  GENERI, GENER2 u DIRAC nonyunn 
CHCTeMY Y P ~ B H ~ H H ~ :  

OKOH~IATEJI~H~~~ ~1.14 ~IACCMBHOZ~ CMCTEM~I : 
J (H) =O 
J (V) -D (J (Y) ) /D (T) -V*D (J (Y) ) /D (Y) -U*D (J (Y) ) /D (X) +V*D (J (X) ) ID (XI= 
=o 
J (U) =O 
D(J(T)) /D(H)=O 
D(J(T))/D(V)=O 
D(J(T))/D(U)=O 
D(J(T)) /D(Y)=O 
D(J(T))/D(X)=O 
D(J(T>>/D(T>-D(J(X))/D(X)=O 
D(J(Y))/D(H)=O 
D(J(Y)) /D(V)=O 
D(Y(Y))/D(U)=O 
D(J(Y))/D(Y,T)=O 
D(J(Y))/D(Y,Y)=O 
D(J(Y)) /D(X,Y)=O 
D(J(X)) /D(H)=O 
D(J(X)) /D(V)=O 
D (J (X) ) /D (U) =O 
D(J(X))/D(Y)=O 
D(J(X)) /D(T)=O 
D(J(X))/D(X,X)=O 

3 ~ e ~ b  01, 02, 0 3  , 0 4  - 6 a 3 n c H b l e  O n e p a T o p b I  K O H ~ ' ~ H O M ~ P H O ~  LIaCTM 

a n r e 6 p b 1  M Om - O n e p a T o p M  6 e c ~ o ~ e c c ~ o ~ e p ~ o h  u a c w  anre6pb1 L . 
A H a n u 3  A o I ~ o J ~ H M T ~ ~ ~ H o ~  MH@OPMaublM, B b l ~ a B a e ~ o h  npOrpaMMaMM 

Ha F IeuaTb ,  f lOKa3bIBaeT,  qTO 3 T 0  p e 3 Y n b T a T  MMeeT MeCTO f l pM 

ycnoenw c"c+(c')~ 4 0 / n p o r p a ~ ~ b i  c o 0 6 q a ~ ) ~  n o n b 3 0 ~ a ~ e n ~ )  o npo- 
s e A e H t i u x  c o K p a q e H n R x  M ~ P M H R T U X  n p e a n o n o m e H u R x  06 OTnMuMU OT 

H y n R  T e X  M n n  HHblX B b l p a ~ e H M f i / .  Tpe6oea~ne C"C +(C') $ 0 npn- 
BOaMT K BblpaMeHMK) C(H) = (KH + L)' C nOCTORHHbIMU K M L . ~ P L . I  C n e -  

A y c u e M  s a n y c ~ e  3 a a a u u  H a  C u e T  n o n o m u 6  C(H) = (KH + L ) %  , 
p e w e H n e  3 a ~ a u n  /8/ nonyunn B cneayaqen B u a e :  ' 










