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0 T e M K U H B. r. A B T O M ~ T N ~ N P O B ~ ~ H H O ~  lTPOeKTUPOBa- 

We ( €UIl"ODHTMbI UCCJIeAOBaHKa CFlCTeM YKID~BII~HKR) .  Y r e 6 H o e  no- 
co6ue.-M. : Man. M M W ,  1980, 88c. 

B n€lHHOM y r e 6 n o ~  aoco6m H3JlOXeHbI MeTOnbI ti aJIT'OpUTMb1 

UCCJIenOBtUiUR UIIHaMU4eCKBX XapaKTepNCTUK W K  ~ O e K T U P O B B H U K  

c u c T e M  y n p a m e e u r i .  C noauwB enaaoro nomona, o c ~ o s a ~ i ~ o r o  
H a  ClTeKTpanbHOM pa3JIOXeHHU MaTpUU nuHah4?i'1ec~ofi CKCTeMbI, 

p a c c M o T p e m  p e m e H u e  H e K o T o p b I x  aanar p a m e T a  CucTeM.  J I ~ H ~ I  
C B e n e H U a  06 o6nac~u  IIpHMeHeHKa li Cl'pyKType anrOpUTMOB, npU- 

s e n e m 1  c o o T s e T c T B y m m e  npouenypar. H a  same nWl. O m c a ~  na- 
K e T  n p n K n w b u r  n p o r p a M M  nna p e u e H n a  aanar nccnenosmaa cu- 
C T e M  YrIpaBJIeHHSI, pa6o~a C KOTOpbIM M O X e T  6b1~b Opr€lHU30BaHB 

KaK B RaKeTHOM, T a K  U nU€UIOT'OBOM pe?KUMaX H a  3BM ent lH0f i  

cepuw. 
Yre6~oe noco6ue npemaaiareno nna C T y n e H T o B  , B uenax 

rrpuo6pe~eHua n p a K T H ~ e C K U X  HaBbIKOB P a C s e T a  nHH€lh4HreCKUX CM- 

c T e M  npa H a y r e m a  K ~ P C O B  T e o p u u  Y n p a B n e H u a  c n p u M e H e H u e M  

3BM, OpT'aIiUa€lLtKU npaKTUYeCKHX H n a 6 0 p a ~ 0 p H b 1 ~  3 a H a ~ U f i .  O H 0  

M O X ~ T  6b1~b n o n e a ~ o  a r r p e n o n a e a T e n a M  BYOOB C o m B e T c T B y n u u x  

c n e u a a r r b ~ o c ~ e f i .  



P ~ ~ ~ B K T K ~  C O B ~ ~ M ~ H H O ~ ~  T e O p U K  YWaBJIeHKSI  CBH3ELHO C IIIH- 

POKUM BHBnPeI IHeM B n p a K T U W  l lpOeKTUpOBaIiHH CUCTBM YnpaBJI* 

HHR C p e n C T B  B ~ I ~ U C J ~ K T ~ I I ~ H O ~ ~  TeXHUKU. 

P-P&OTKB NIrOPUTMOB,  OnUHaKOBO W K r O m b I X  KBK m S I  W O -  

eKTUpOBaHUH HeIIpepbIBHbIX,  T a K  K JlUCKpeTHbIX n K H a M H r e C K K X  CK- 

m e M ,  m n a e T c a  cnoxaiofi 3anareB. C y u e c ~ ~ y r n  no-om~, OCHOI 

BaHHbIe  H a  '3aCTOTHbIX M e T o m  1181 , Pa3nOpCeHH$ B P R n  MaT-  

pur~ofi  a K c n o H e H T b 1  115, 191 , p e r r r e H a u  x a p a r c T e p u c T u r e c m x  

y p a B H e H K f i  118, 191 . B n-OM noco6ua, KOTOpOe R B m e T C H  nc- 
m e c K u M  n p o n o n x e H u e M  pmee o r 1 y 6 ~ ~ ~ ~ o ~ m ~ o r o  y ~ e 6 ~ o r o  noco- 
~ K R  [g] , p a a ~ ~ s a e ~ c a  noaxon. O C H O B E L H H ~ ~  ~a C n e K T p a n b n o M  

P W O X e H K K  MaTPUU CUCTeMbI.  TO n 0 3 B O n H e T  C enKHbIX &nrOPUT- 

MH'IeCKUX l l 0 3 K l I ~ f i  P e r U H T b  BCIO COBOKYWOCTb rrpo6ne~, B C T p e q b  

KnrfUXCSI n p U  llpOeKTUpOBELHUU C U C T e M  Y n p a B n e H U R ,  a UMeHHO 3ma- 
qa rm~eapu~amu,  n o c T p o e H u a  D u c K p e T H b r X  ~onenefi, c o e n u H e H u a  

nUHah4WeCKKX CUCTeM, BbWUCJIeHUR K O ~ U ~ K ~ H T O B ,  a T a K X e  no- 
n m c o B  u nyneB n e p e n a T o w b D c .  ~YHKUUB; B b I w i c n e H u n  u n o c T p o e n u n  

q a C T 0 T H b I X  XaPaKTepKCTUK,  KOpHeBbIX T'o~oT'~&oB U I T e p e X O m b I X  

nporreccoa; oueam K a q e c T s a  y n p a s n a e M b I x  n p o u e c c o B ;  atianaaa 
~ B T O K O J ' I ~ ~ ~ H U ~ ~ .  

B noco6uu OnKCELHO 14 M O ~ ~ J I ~ B ,  B X O n m K X  B COCTaB n a K e -  

T a  n p o r p a M M  u c c n e n o B a r r u a  n u H a r n 9 e c K u x  c u c T e M .  l l e p e ~ e ~ b  3a- 
nay, K o T o p b I e  MWT 6mb perUeHbI  c n o M o n r b m  ~onynef i  n a K e T a ,  

H e  u c = x e p n H s a e T c a  T e r n ,  K o T O p b I e  n p u B e n e H b 1  B noco6uu. Ma-aa 
O r p a m S e H H o c T u  0 6 . b e ~ a  H e  O W C ~ H ~ I  a n r o p u T m I  p e r U e H K a  3 a n a ~  
a n N I K 3 a  a ~ ~ o ~ o n e 6 a ~ u 8 ,  orream y n p a s n a e M o m u ,  ~a6monae~ocm, 
I I U ~ P O B O ~ ~  p e a J l U 3 a W U  H e n p e P b I B H b I X  3aKOHOB YITpaBJTeHUSI, KOTOPbIe  

MOQT 6b1~b peue~bx ~a 6a3e onucarrab~x ~ o n y n e t .  Hau6onee 
Y ~ O ~ H ~ I M  C ~ O C O ~ O M  p e L u e H u a  aTKX 3aj3ar HBnReTCR p e X H h 4  n U N I 0 r a  

WOeKTUpOBIUUKa C 3 B M  C ITOMOUbIO ~ ~ ~ $ ~ B U T H ~ - U U ~ $ P O B ~ I X  KnU rpa- 
i$u~ecmx T e p M m a n  OB. npo6ne~a  oprarrueauuu nuanora nonpo6~o 
o n u c a H a  B pa6o~e  [lo] . 

ABTOP WHHOCUT 6 n a r 0 j 3 a p H 0 ~ ~ b  C O T p Y ~ H K a M  ~ a h n p b 1  3a 
06cyxne~ue M a T e p u a n a  a a$op~neaue  p y K o n u c u  noco6ua. 
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1. nMHEAPM3AUMR LIMHAMMWCKMX CMCTEM 

n p ~  M a T e M a T H q e C K O M  OtI'KCaHHH nHHaMuKU CHCTeM YnpaBIIe- 
H u g  [B] ~an6mee nOnHbIM HBIISleTCS OnHCaHHe KIOCpenCTBOM 0 6 b 1 ~ -  

HOBeHHbIX H ~ I I H H ~ ~ ~ H ~ I x  ~ ~ e p e ~ l l ~ t U I h ~ b I X  y p a ~ ~ e H U f i  B @ p ~ e  KO- 
m, onpenenembur H a  H H T e p s a n e  (to, t ] 

B H a c T o s I u e e  B p e M z  peurexiue aanas a ~ a n ~ a a  u C H H T ~ ~ ~  M O i  

X e T  6b1Tb BbInOJ'IHeHO TOJ'IbKO nIlR J ' I u H e h b 1 X  ~ 0 n t Y I e f i  LlUHaMHKH 

O ~ K T ~  Y n p a B n e H K R ,  B CBa3U C BTHM p a C C M 0 T p H M  MeTOnbI  H BbI- 

qHCnWTenbHbIe  AIlT'OpUThfbI nHHe€lpH3aIlHK Y p a B ~ e ~ H f i  T u n a  ( 1) C 

W U M e H e H H e M  3 5 M .  
M c c ~ ~ A ~ ~ M  nna RPOCTOTbI R P O U e ~ y P Y  nKHea.U3aUKH ypaBH€+ 

HUS ( 1 ) OTHOCHTenbHO iTOAOXeHHSi PaBHOBeCTiR n p H  KYCO'IHO- 

~OCTORHHOM y n p a B n e H n u .  MOXHO c + o p ~ y n ~ p o ~ a ~ b  cnenymuym 3a- 
navy nUHeapHaaXIHH nJIR CUCTeMbI H ~ I I w H ~ ~ ~ H ~ I x  y p a I 3 ~ e ~ ~ f i  ( I .)  : 
nOCTpONTb AHHeapK30BEUIHYKl M O n e n b  ~ U H A M H ~ ~ C K O ~ ~  CUCTeMbI B H n a  

s u H e H  ycnosaro M u m i M H a a r n r a  c p e ~ e ~ ~ a n p a m r e c ~ o t i  om6m cne- 



rue - M a T p m e ,  n c e ~ n o o 6 p a ~ ~ a a  M a T s n e  U ~ M ~ ~ ~ H U R Y ~ ~ ~ ~ + , ~ $ ;  

M - OUeHKa  M a T p U U b I  M , 3aBHCRUlBR O T  ' I U C n a  M 3 M e p b  

HUB N , r r p s r e M  t n i l z N =  n+in. 
C o o ~ ~ o u e ~ u e  ( 5 )  o n p e n e n R e T  a n r o p a T M  nns p e u e H a s  nc- 

c T a ~ n e ~ ~ o f i  3anaru o u e H K a  n a p a M e T p o B  n a ~ e f t ~ o t i  M o n e j r a  (2).  
C x e ~ a  a J l r o p u T M a  n p e n c T a s n e H a  H a  puc. 1 a B K n r o r a e T  cne- 

UJ'loLUUe 6 n o ~ a :  MOnenUpOBt3HIie  UCXOnHbIX H e n U H e h i b 1 ~  y p a ~ ~ e ~ u f i  
UJIM CHRTUe  X a p a K T e p U C T U K  C peailb~oft C U C T e M b l  ( 6 n o ~  1); $ 0 ~ -  

MUpOBaHHe M a T p U U  F U X J 'PaBHeHaR (4)  ( 6 n o ~  2) ;  BbFIUCJI€?HUC? 

MaTpUUbI  n c e a n o 0 6 p a ~ ~ ~ o ~  M a T p U U e  t i 3 ~ e p e H U i  x ( ~ J I O K  3 )  ;$0p- 
%UpOB€iHKe OUeHKH M (6JTOK 4);  BbIBOU H a  l I e ' I a T b  M a T p U U  A U 

B ( 6 n o ~  5); o u e H K a  O I ~ G K U  a n n p o K c U M a u u B  .? ( 6 n 0 ~  6). 

P ~ C C M O T ~ H M  ~ ~ O P H T M  M/I\IFI T 1131 ncesnoo6parue- 
HHX ~ p R M O y T ' O n b ~ 0 f i  MaTpUUbI  U 3 ~ e p e H U 8  X . B paCCt-iaTp?iBa€?- 

MOM cnygae sacno CTPOK pamo  anu a p e s b I m a e T  rncno cmn6110~ 
MaTpUIlbI.  I ~ O C K O ~ ~ K ~  p a r  M a T p U U b I  X' IreFi3B€?CTeH, B O C n o J I b 3 y e M -  

CR BJTrOpUTMOM ~ I C ~ B ~ O O ~ ~ ~ I U ~ H U B ,  OCIIOBaHIIOM H a  CneKTpa.r ibHOM 

pa3nOXeEIUM ~ I ~ H ~ L O Y I - ' O J T ~ H O ~ ~  M a T p U U b I  X n0  CUIIT'yJIBpHbIM cfKCnGM. 

~ Y C T ~  dy - ~ e f t ~ ~ B ~ ' r e . 1  b ~ a ~  M a T p B U a  p a 3 M e p O M  m*n,/fll>t~). 



Puc. 1. C X ~ M ~  anropnTMa pelrreHsR 3auasu nu~eapu3amu 



M a ~ p a u a  U COCTEBneHa a3 f L  OPTOHOPMUPOBaHHbIX C O ~ C T -  

BeHHbIX BeKTOPOB, COOTBeTCTBYIOLUKX fZ  H ~ A ~ O ~ ~ U M  C O ~ C T B ~ H H ~ I M  

m a r e H u s M  M a T p a u b I  x KT , a M a T p a u a  v - a3 O P T O H O P M U ~ ~ -  

BaHHbIX C O ~ C T B ~ H H ~ ~ ~ C  BeKTOpOB MaTpHUbI XTK . n ~ a T ' 0 H a J l b H b I e  

3 n e M e H T b I  di ( i= 1, .. ., f i  ) MaTPHUbI Z - HeOTpHUaTeSIbHbIe 

3HaseHKSl KBanpaTHbIX KOpHefi OT C O ~ C T B ~ H H ~ I X  3 H a S e ~ w f i  MaTpUUbI 

xTx ; OHH Ha3bIBaIOTCR CUHTy~HPHbIMU SKCJIaMU. ~ O ~ ~ C T K M ,  S T 0  

4, B d2&. . . ad,>, 0 .  Ecna pax-xr M a T p a u a  X p a s e H  r , TO 3 ~ a -  

p a ~ b ~  X Bans ( 6) H a s b m a e T c R  c n e K T p a n b H b m  p a m o x e H u e M ,  unu 
p m o m e H a e M  no C M H ~ ~ ~ R P H ~ I M  S a c n a M .  

B npouenype MINFI  T n p e n c s a ~ n e ~ ~ o f i  H a m e ,  c H a S a n a  

M a T p u u a  X 6 y n e ~  n p u s e n e H a  K n~yxnuaroaanbaofi a o p ~ e  c no- 
MOLU~IO npe06pa30~a~afi Xaycxonnepa, a s a T e M  u c n o n b e o ~ a ~  9 R - 
ElIIrOpKTM ni7R BbIYKCneHKR C K ~ n ~ H b I X  S K C e i l  ~ B Y X ~ K  aT '0~8J IbH0f i  

MaTpKUbI. 

llmaacr npouenypa R s n a e T c a  p e w n b T a T o M  nepepa6o~m npo- 
u e n y p b r  min fi t 1131 H a  R z m K e  AJITOJJ H a  s a r K  Wl.   OH^ ocy- 
U e C T B n R e T  C n e K T p N l b H O e  pa3IIOXKeHKe U C X O J ~ H O ~ ~  MaTpUPbI  IT0 CUH- 

r y n ~ p ~ b ~ ~  S u c n a M  u M o m e T  6 b r ~ b  n p a M e H e H a  u n ~  onpeaenems 
MaTpKIIbI X M I I H K ~ M ~ K P Y I O U L ~ ~ ~  HOPMbI / /XM- F 11 A 11 MI/E . 
Ma~paua  M 4 o p ~ u p y e ~ c s  c n e n y I o w M  06pa30~ :  

rue 



TAKXM 06pa30~, nuaeapuaoaa~~aa M o n e n b  B n n a  ( 2 ) nna uc- 
~0m0fi ~ e n l i ~ e f i ~ o f i  CUCTeMbI (1) MOlKeT 6bITb 3aITHCBHa TaK: - 

(10) 

EPS - KOHCTEUITB, H C n O ~ b 3 y e M S l  lTpOBepKU CXOmMO- 

CTU, OHa H e  nOnXa3a 6b1Tb MeHblLle ME~U?WHO~~ TOZIHO- 

CTU rnacheps , ynoane~~oparouret ycnomro 1 + 
+ macheps > 1.. Anrr BbIZIUCJIUTeJIbHblX MaLUUH C e p W  

EC 3BM mac hep.7 = z-~~("- f0-IG) ; 
Tot- KOHCTaHTa, 3 a B U C H ~ a S l  OT T u n a  ~ b F X ? i U I U ~ e n b ~ o f i  M& 

LUUH~I, pamas etalrnacheps, me e t a  -  an- 
M e H b u I e e  I I O J I O ~ T e ~ b H O e  ZIHCnO, n p e n c T a s n M o e  B M+ 

- M a c c n a ,  B KOTOPOM p a s  
M e U e H b I  M a T p n I I a  C O ~ C T -  

BeHHbVr B~KTOPOB F#fx$& 
u M a T p u u a  CNMITN . M a c c ~ ~  
2 nonemot ne+op~auna 



- - 

nporpama nporrenypbr MINM T : 
M ~ N F I T :  
P R O C ( M , N , P , E P S , T B L , A ~ , Q ) ;  

D C L  ( H , N , P )  B I N  F I x E D , ( E P S , T O L , A S ( * , * ) , ~ ( + ) )  D E $ < l Z ) ;  bCL I r J r K , L ,  
L ~ , N ~ , W P , ( C I F , G ~ H , S , X , Y I Z , E ( N ) )  O E C ( 1 t ) :  C , X * O r  N P r N + P :  
D O  I"1 T O  N ;  

E ( 1 ) z C ;  s = o ;  L = I + l ;  
DO J = I  T O  P ;  

S = S + A O ( J , I ) * A B ( J , I ) ;  
E N D ;  
I F  S < T O L  T h E N  G=6; E L S E  
D O  ; 

F = A B ( I , I ) ;  I F  F < O  T H E N  G t S Q R T ( S ) ;  E L S E  G a - b Q R T ( 3 ) ;  
H r F * G 0 S ;  A B t I , I ) = F - G ;  
D o  J = L  T O  Y P ;  

s = o ;  
DO K r I  T O  K ;  

S = S + A @ ( K ~ I ) * A B C K , J ) ;  
Ebb; 
F = S / H ;  
D O  Y = I  TO M;  

A@(K,J)oCB(K,J)+P*AB(K,I); 
E N D ;  

E Q D ;  
E Y 3 ;  
Q ( I ) = G ;  SmO;  I F  I < a M  T H E N  
D O  J= i .  T O  IJ; 

S = S + A B < I , J ) * A B ( I , J ) ;  
E N D ;  
I F  S C T O L  T H E N  G = O ;  E L S E  
DO : 

F = A I + l  I F  F 4 O  T H E N  G = s Q R T ( S ) ;  gLSE C O - S Q ~ T C S ) ;  
W = F * G - S ;  A B ( I , I + I ) = F - G ;  
DO J = L  T O  N:  

E t J ) = A B ( I , J ) / H ;  
E N D ;  
D O  J = L  T O  M ;  



s a o ;  
D O  Y m L  T O  N ;  

S * S + A B ( J , Y ) + A B ( I , K ) :  
E N D ;  
D O  Y r L  T O  N ;  

A B ( J  , K ) P A B ( J , K ) + S * ~ ( K ) ;  
E N D ;  

E N @ :  - .  
E N D ;  
Y = A B S ( Q ( X ) ) + A B S ( E ( I ) ) ;  J F  Y > X  T M f N  X = Y ;  

E hr D ;  
D O  IaN T O  1 BY -1; 

I ~ = A B (  
DO J. 

A B (  
E N D ;  
D O  J m  

s 0 0  
D 0 

b0 L = K  T O  1 B Y  -1; 
IF A B S ( E ( L ) ) < r E P S  T H E N  GOTO T E S T F C ;  I P . A B S ~ O I L - I ) ) < . ~ P S  THEW 
G O T 0  C A N C E L :  - .  

E Y D ;  
C A N C E L :  

c = o ;  s = 1 ;  L l m L - 1 ;  
bo  IZL TO K ;  

F = S * L ( I ) ;  E ( I ) r C + E ( I ) ;  I F , A D S ( F ) < m E ) S  T W E l  6078  T L 8 T C C l  
G a Q ( 1 ) ;  Q < I ) ~ S Q R T C F * F + G + G ) ~  H=Q(I)1 C * 6 / Y ;  Su-ClY: 
DO J=NI  TO N!; 

Y = A B ( L I , J ) ~  z = A B ( X , J ) ;  A 6 ( L l o J ) m C * Y + U + Z ;  A B t ! ~ J > m = 8 * V * C * Z ;  
E N D ;  

E N D ;  
T E S T F C :  

; Z = Q ( L ) ;  I F  L=K T H E N  G O T 0  C 8 N V E R ;  X m Q ( L ) ;  ruO<K*q)l 
G a E ( K - 1 ) :  W o E ( K ) :  L U ( ( Y - Z ) * ~ Y + Z ) + ( G ~ Y $ * ( ~ * W >  / (  * M * y )  
G ~ S O P T ( F * F + O ;  I F  C t O  T H E N  F ~ ( ( X - Z ) * ( I * ~ ) * Y * ~ ~ I t ~ ~ 8 ~ ~ I ) l l i  
E L S E  ~ = ( ( x - z ) + ( x + z ) + ~ + ( Y / ( r + c ) - H ) ) / X ;  t , S ~ l ;  
DO I a L * l  T O  K ;  

G a E ( 1 ) ;  Y s Q ( ! ) ;  H m b * G :  b = C * O ;  E ( ~ - ~ ) V Z O S Q I T C P * ~ + M * M ) :  
C = F / Z ;  S = n / Z ,  F m X + C + G * S ;  b = - X * S + G * C ;  H a Y * # t  r m Y * C t  
DO J'1 T O  N' 

X J I  Z a A B C J t I ) ;  A B t J o t - l > ~ X + t + z + # l  A @ t J ~ ! j ~ - # * ~ + Z * c ~  
F N D !  - . -  - , 
@ ( I - ~ ) , Z = S Q R T ( F + F + H + H ) :  C~FIZ: $ = H / z ;  rac*8+s*rr x r - ~ + o + t # v ;  
DO J-YI T O  N P ~  

Y ~ A D ( I - I , J ) ,  Z a A B ( I , J ) ;  A D C I - l , J ) m C * ~ * S + Z ~  A 8 1 ! I J ) 8 - # * Y + C 8 2 t  
E N D ;  
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I l c m o x ~ ~  o6wuB nonxon K nocTpoeriaD niicKpeTnbIx MoneneP. 
A H ~ J ~ U T U Y ~ C K O ~  PeUeHUe CUCTeMbI Y P ~ B H ~ H U B  BUna ( 10) U3- 

secmo [lo1 A orrpenenaeTcs TaK: 
t 

+ B Z ~ Y ?  d r .  
J 

0 
-b- 

H ~ T ~ Y ~ H O  BUneTb, YTO CoCTORHUC? xk 3aBUC?fT OT U3M& 
--C 

H e H a a  sxona u Ha uaTepamenacKpeTHocTu. Paamwbre ripea- 

nonomeHaa o L$op~e cumana u (2) rra STOM HHTepBane npaBonnT 
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3. c ~ E K T P R ~ ~ H O E  PA3nOXEHME llPOM3BOJTbHblX 
~ E R c T B M T E ~ ~ H ~ I X  M KOMlJjlEKCHMX MATPMIJ. 

BblLIMCJTEHME @ Y H K U M ~  OT MATPMU 

Omcmue nAnaMHseCKKX CHCTeM B B ~ K T O P H O - M ~ T ~ U ' I H O ~  hp- 
M e  n o a B o n a e T  paapa6a~ma~b ~ I W ~ U T M H  p a m e T a  T a m x  c u c T e M  

c enu~ofi  n O a H m U ,  HCnOJ'Ib3y5I P e 3 y n b T a T b I  c l I e K ~ p a J I b ~ 0 f i  TeOpUE 

MaTpAU [3, 101. n p ~  P ~ M  B nonomeme K 06m1-10 acnonbay- 
eMbIM x a p a ~ T e p n c T U K a M  (nepenammb~e @ymuma, Y a c T o m b I e  xa- 
paKTepHCTHKH, K o p H e s H e  ronorpdb~) ~ o r y ~  6b1~b n06a~nenb1 xa- 
paKTepACTUKU ylIpaBAaeMOc?.lT, n a 6 n ~ > n a e ~ o c ~ a ,  TyBCTBATeJIbHOCTH, 

Teope~arec~ofi r r p e n a o c b u r ~ o f i  nna p a ~ p a 6 0 ~ K H  ~ J T O ~ A T M O B  BH- 
SUCIIeHUB PTUX XapaKTepUCTHK SIBJIaeTCH B03MOlKHOCTb rrpenCTaB- 

n m a  p e l u e n u a  m~eapuao~a~nof i  c U c T e M H  (10) H a  W H o B e  cneG 
T ~ ~ J I ~ H O ~ C I  p a 3 n o x e H u a  ucxomofi M a T p U m .  B n a n b n e h e ~  6e3 
OTPaHHSeHBR O~LLIHOCTH UCCneLIOBaHUR A H H e a P H 3 0 B m b I X  CHCTeM 

MOlKHO paCCMaTpUBaTb CUCTeMH C OD,HHM BXOnOM H O m M  BWO- 
 OM, O m c m a e M b I e  cnewxowiimi ypamemami: 

nna H e n p e p b m n b r x  c u c T e M  (manor ypa~nenuft ( 1 0) ) 

-3- Yk y- nepexoman M a r p l r u a ;  

f - B e m o p  nepenaqa ynpamenua; 
TV- BeKTOp @O~MUPOBBMIB BbD(Ona; + To ' B e K T o p  Ha'IBnbHbIX Y C ~ O B H ~ ~ .  

P e ~ e ~ m e  y p a B n e g u a  (25) c yserou paanoxenua n e a x e H e s  

CACTeMhI no a n e M e H T a p n b m  C O C T ~ B ~ K I ~ M  n p e n c T m a e T c a  B BA- 

ne [9] : 



BO~MOIKHOCT~ HCnOnb3OBBHLIH COO THO^^^^ (29, 30 a - 
30 r) C B R 3 m a  CO CneKTpaJIbHbIM p a 3 I I O X e H A e M  H C X O ~ H O ~ ~  MaT'pKUbI 

& ~ m ,  q.pg TO xe c a M o e ,  c p e u a K e M  non~oii  r r p 0 6 n e ~ b 1  co6cme~- 
H= a~aqemii n n R  MaTpBUbI A [IS]. B b m e  paCCMOTpeH cn)'Y& 

ndcmu~enbnoi i  MaTpHUbI A C tIpOK3BOnbHbIM CneKTPOM CO~CTBM- 

H ~ I X  3 ~ a ' I e ~ U f i .  O m a ~ o  B H e x o T o p b n c  3anasax T e o p m  ynpasnema 
B O 3 m K a B T  n o ~ p e 6 ~ 0 c ~ b  UCnOJ'Ib30BaTb KOMnIfeKCHbIe MaTPHUbI, H& 

r r p u M e p ,  npu mamse M e T o n o M  K o p H e B o r o  ronorpda a ~ ~ o ~ o n e 6 a -  
mfi B ~ e n U H e h b L X  CHCTeMBX. 

~ O ~ T O M ~  H U X e  paCCMOTpeHb1 aJIT'OpHTMb1 C n e K T p a A b H O r O  

p a 3 J I O X e ~ r i  I ~ ~ O H ~ B O ~ ~ H O ~  K O M ~ ~ ~ K C H O ~ ~  MaTPWUbI. 

~ ~ K T U B H ~ I ~  B b N R C n U T e n b H b I e  IIPOUellYPbI peILleHuB noJIH0fi 

npo6nem1 C O ~ C T B ~ H H ~ I X  3Ha'IeHUfi  nnSI r rp0W3~0JIbHbIX KOMnneKC- 

HbIX MaTPHU 6 b 1 m  IfiOCTpOeHbI CpaBHUTeIIbHO HenaBHO 1131 . Aria- 
n U 3  pa3nU'IHbIX MeTOnOB nOKa3bIBaeT ,  ' IT0  HMeK)TCB UBe  T P Y n n b I  

aSrrOpUTMOB. 

n e p ~ a ~  rpyrrna acxonu~ a3 M e T o n a  R ~ o 6 u  H csasatxa c ero 
~ O ~ U ~ ~ R M R  H a  CIIY'I& KOMnneKCHbIX MaTPUU IIOCPenCTBOM nPU- 

MeHeHUfl rrpeo6pa3o~amfi KOMnneKCHOT'O B p a e H U R  U CnBUT'a. Ta- 
x~ npeo6pa30~amre 06ecnerwaae~ npuseneme ucxomoii M a T p u u b I  

H o p M a A b k i o t  ~ O P M ~ ,  a 3a C ¶ e T  YMeHbILleHUH HOPMbI BHe~U€lT'OH~b- 

H H x  a n e M e H T 0 ~  - K ~ U ~ T O H ~ J I ~ H O ~ ~  4 0 p ~ e .  & O T B ~ T ~ T B ~ I ~ ~ U ~ ~  NIT'- 

PUTM P e ~ ~ 3 o e a ~  B B u n e  n p o u e n y p b r  COME 16 . 
BTOP- rpynna 1131 ~ p e 6 y e ~  r r p e n s a p u T e n w o r o  rrpuaene- 

ma u c x o n ~ o f i  ~ m p a u b r  K @ p ~ e  Xecce~16epra, s a T e M  w c n o n b 3 p T  

- p n T M b ~  nna BbFIUCJIeHUH TOnbKO C O ~ C T B ~ H H ~ D C  3 H a ~ e H U f i ,  KITH 

COBMeCTHo C O ~ C T B ~ H H ~ I X  3 H a ' I e H ~ f i  U BeKTOpOB MaTpRUbI X ~ C C ~ H -  
6epra. B nocnenae~  cnpae nna o r r p e n e n e H r a  c a c T e M b I  BeKTOPOB 

ucxOEHot MaTPWUb1 H ~ O ~ X O ~ U M ~ I  0 6 p a ~ ~ b I e  n p e 0 6 p 8 3 0 ~ a ~ U ~ .  

25 



Huxe nonpo6~0 omcaIia rrpouenypa COME16 H ee p e m -  
3 a u H R  H a  a l K ' O p U T W s e C K O M  R 3 8 I K e  ndf . 

n y ~ ~ b  A - KOMnneKCHaR KBaJIpaTHaR M a T p H U a  n o p R n K a  f r  . 
B rrponenype COME I G $ o p ~ u p y e x ~ :  M a T p u u a  R=R,k''. . . K ~ K  

l l p O U 3 B e n e M l e  HeBbIP0)KLleHHbIX KOMnneKCHblX MaTPUU /?; TaKUM 

o6pa3o~,  ~ ~ 0 6 b 1  BHenUaTOHtMbHbIe 9 n e M e H T b I  p e q n b ~ ~ ~ ~ e f i  M a T  

p m b ~  R ' ~ R =  diag-(~i)  i A A  o~aaankicb r r p o U 3 ~ O n b ~ O  ManbIMU 

BeJlU.IHHaMU. B b l Y i f ~ n ~ ~ e n b ~ b d  ITpOUeCC BBnReTCR HTepaUUOHHbIM. 

Ha ~axnofi a T e p a u u u  i$opmpye~c~ osepemm M a T p H u a  rrpeo6pa- 
30BaHUR Ri . no OKOHSaHHU UTepaUUOHHOM rrpOUeCCa S n e M W -  

T M  ~ u ~ T ' o H N I ~ H o ~  MaTPUUbI EIBJISIKYTCR C O ~ C T B ~ H H ~ I ~  3HaSeHUR,  a 
cmn6ub l :  MaTpUUbI k? OnpenenRH)?' CHCTeMY llp€iBbDC C O ~ C T B ~ H H ~ I X  

BeKTOPOB HCXOCJHO~~ MaTpHUbI. 

Kawm M a T p m a  e n e M e m a p H o r o  npeo6paaosam~ ti o6pa3y- 
e T c R  KaK rrpoaa~enema MaTpHU H; Si , r e  M a T p u u a  Hi orrpe- 
n e n R e T  K o M n n e K c H o e  n n o c K o e  apaueaue, a M a T p u u a  Ji R s n R e T c a  

~aTpuuelf K o M n n e K c H o r o  cnsura. 
~ J I ~ M ~ I - I T ~ I  MaTPUUbI KOMnneKCHOT'O BP€UUeHUR Onpef l enRloTCR 

CIIeQ'IOIDMMU COOTHOLUeHURMH: 

r r p e o 6 p a 3 0 ~ a ~ H R  Qkm B ~ I ~ H P B I O T C R  H a  K a M O M  LUaW HTepaUEcltir 

H o r o  npouecca u u K n u s e c m M  nepe60po~. 
B d o p  n a p a M e T p o a  s p a u e H u r r  a? U d H a  -OM 

nOnsUHReTCR YCnOBURM 1131 : 

napa~e-rpbI K o M n n e K a m o  cnsura 9 u ,B sb16upam Tal l ,  

q ~ 0 6 ~  Y M e H b D T b  H a  K a W O M  LU8re 8BWBLIOBY HOPMY n p U B O m  

MOB MaTPHllbI ,  T e M  CaMbIM rrpa6nuxa~ ee X H O P M B ~ ~ H O ~  $op~e .  
3TH n a p a M e T p b I  non l ro Ib I  YnOBJIeTBOPZITb COOTAOLUBHRRM: 

H H 
003) = - r m [ ( ~  -A ]/,(l"A-AA "h, 1; 1 

Ecnu 9 T O  YCnOBUe BbIIIOnHeHO, T O  COOTBeTCTByIOIUee npe06- 
p a 3 0 8 a H H e  nono6u~ MaTPUUbI A T a K X e  6 y n e ~  BbInO3lHeHO; e C n H  
ycnosue ( 3 4 ) H a p ~ I u e H O ,  TO a b 1 6 u p a m ~  nepexon K HOBOMY ane- 
M e H T y  1~pe06paaosm~. 

& T ~ M  OCylueCTsnSDOT I l p O B e p K y  C X O ~ M O C ' I ' U .  E c ~  rrpeo6pa- 
3 0 s a K H a ~  M a T p a u a  6nuxe K ~ o p ~ a n b ~ o f i  B npenenax aana~~o l f  
TO'IHOCm, T O  llpOUeCC BbNUCneHUR 3aKaWlHBaIOT.  M ~ K C H M ~ ~ ~ H O ~  
acne H T e p a u a f i  B rrponenype o r p a r r u s e H o  u c o c T a s n a e T  35. 

C x e ~ a  ~ ~ O P H T M ~  CneKTpanbHOT'O p a W O X e H U R  MaTPUUbI DJlU- 

B e n e H a  H a  puc. 4. 



Puc. 4. C x e ~ a  a n r o p u T M a  

c n e K T p a n b H o r o  paaoxeaua 

Ecnu npouenypy C n e X T p ~ b H W o  p a 3 n o x e H a a  n p u M e H a m  nnrr 
~ o c ~ ~ ~ o B ~ T ~ J ' I ~ H O C T ' C ~  MaTPMU C M m b I m ,  HO K O H e ' I H m  BOaMYIg4 .  

m f i m  a a q e ~ u f i  BneMeHTOB, TO uenecoo6pas~o ? i c n o n b s o e a T b  pa- 
H e e  B m u c n e m b I e  3 H a q e H u a  n p a B b M  H n e B m  C O ~ C T B ~ H H ~ M  B e e m -  

POB. 30 y ~ e H b m a e T  wcno a~epauufi  rrpu c r r e e T p a r r b H o M  paw- 
X e H u u  ~ o s ~ y I U e H H 0 f i  MaTpuUbI .  M M ~ H H O  C @TOR U W b m  pa3pa60~a, 
H a  ~ o n u ~ u ~ a r r u r r  r r p o u e r r y p b 1  ( 3 5 1, nonycmmuacr ee a T e p a m B H o e  

ucnonbsoaanue. 06parse~ue K ~aeof i  npouenype u M e e T  sun: 

CALL C O M E E G ( ~ A , R , ~ ,  Y). (36) 
n n ~  BbFIUCneHMa C O ~ C T B ~ H H ~ M  3 H a q e H U f i  K O M ~ ~ ~ K C H O ~ ~  Ma- 

p u u b ~  (npu BTOM C O ~ C T B ~ H H ~ I ~  B e K T O p a  H e  s b F I u c n a m T c r r )  c n e n y e T  

lTpUMeHFITb ITpOuenyPY COMdIG , 0 6 p a e ~ u e  K K O T o p ~ f i  ? i M e e T  

nna BbFluCJIeHMB C O ~ C T B ~ H H ~ I X  3 H a q e H U f i  ?i BeKTOpOB n p O U 3 -  

B O ~ H O ~ ~  K O M ~ ~ ~ K C H O ~ ~  M a T p u u b I  r r p e m a 3 H a q e H a  rrpouenypa CD VE IG,  

B x o m b ~ e  n a P a M e T p b I  npouenyp c n e K T p a n b H o r o  p a a o x e H u a  

( COMEIG , COMEEG . CO,M,AIG , cD\IEIG 1: 

B ~ I x o U H ~ I ~  ITapaMeTpbI  I T p O U e n m  CITeKTpanbHOrO PaZUlOXeHUH 

( CDMEIG , COMEEG , COMAIG c0VEI.G 1: 

u + ~ V =  a'.ag(PeAi ) ti di~p('Tml; ); 
R - M ~ T P M u ~  n ' p a ~ b 1 ~  C O ~ C T B ~ H H H X  BeKTOpOB fi P ; 
L - MaTpMUa n e B b I x  C O ~ C T B ~ H H ~ I X  BeKTOpOB sf '  F ; 

7 .  4 u 3  
rrpOUeUypb1 BbleOnllTCSl M€lTpUUa~"= D 2F; 

Y- BeKTOp,  y ~ a o b ~ s a m m f i  rroprrno~ cnenosarrua co6cme~- 
H ~ I X  a H a ' ~ e ~ u f i .  Ecnu Y@)= 0 , TO C o o T s e T c T B y m U e e  

C O ~ C T B ~ H H O ~  3 H a q e H U e  n e f i c ~ B U ~ e n b H 0 ;  e C n U  Y(T)=f , 
T O  C O ~ C T B ~ H H O ~  3 H a r l e H H e  KOMIIIleKCHO; 

5 - M ~ C C U B  [ 2, N ]  , n o ~ o p b d l  C O U e p W i T  C O ~ C T B ~ H H ~ I ~  
s H a q e H u n  M ~ T ~ U U ~ I  A B c n e n y w u e M  nopmee: 



T E M ; T E P , ~ A X  , H J  
S A , C R , S B I C X D S X  
S I N Z A , T i l ~ H , C ' l R  
T I M , T I K  , U I F q , U I  
P A R K E ~ O ~ ~ ;  EP 
DO 111 T C  E ;  

T ( X  1 1 )  D T T ( I I  
E N D :  

COMEIG : 

S r l E - 1 6 ;  T ~ U ~ Z r T T r U U ~ Q r O ~  

E N D '  
T A V : T A ~ + T E ~ ;  E N < K ) ~ T E V * A B S ( A ( K I Y ) ) + A B S ( ~ ( K ~ ~ ~ ~ ;  

. . 
DO- J=I+K 7 0 . N ;  

? F  E N ( J ) > M A X  T H E N  

E N D ;  
I F  I 1 = K  T H E N  
30; 

EN(I)aE N ( K ) ;  
00 Jr l  T O  N ;  

T t P = A ( K , J ) ;  A ( K , J ) = A ( I , J ) ;  A ( I , J > r T E P ;  T E ? m Z C K , J ) ;  
L ( K r J ) c Z ( I , J ) ;  Z ( I 8 J ) s T E P ;  

F N O ;  

Z ( J D K ) ~ Z ( J I I ) ;  Z ( J  , I ) m T E P :  T E P 8 T  ( J t K ) ;  T C J  , K ) e T C J  , I > ;  
T ( J , I ) n T E P ;  T E P m U ( J D K ) ;  U ( J I K ) & U ( J I I ) ;  U ( J I I ) ~ T E P ;  
T ~ P c T T ~ K D J ) ;  T T ( K , J ) c T T ( I , J ) i  T T C I , J ) . T E P :  TEP.UU<K,J ) ;  
U U ( Y , J ) = U U ( I , J ) ;  U U ( 1 t J ) t T E P ;  

E N D ;  
E k ? ;  

Ehrl); 
I F  T A U < I O O . O * t P S  T H E N  G O  T O  D O N E ;  h A R K r r l t B ;  

K = l  T O  N - 1 ;  
D C  M = K + 1  T O  Y ;  

I ~ J I # S D H I  ,G=O.O; 
3C. I = 1  T C  N ;  

i F  I q = K  8 I q = M  T H E N  * 

P O ;  
~ H = H R * A t W D I ) * A ( ~ ~ I ) + Z ~ K ~ ~ ) * Z ( M ~ I > ;  H R m W R - A ( I , K > * A ( I t M > - Z (  
I D K ) * Z ( J , M ) ;  H I ~ H I + Z ( K D I ) * A ( M I I ~ ~ A ~ K ~ I ~ * Z ~ M ~ I ~ ~ A C ~ ~ K ) * Z ~ I I  
+ Z K * A I  TE=P(I,K)*A(I K ) + Z ( I , K ) +  ( 1  K ) +  ( M  ! ) * A (  
E 8 . 1 ) + z ( r 4 , 1 ) * z ( ~ ! 1 ) ;  T ~ E = A ( ~ , ~ ) + A ( ~ ~ M > + ~ ( I , ~ > * ~ ~ ~ , C ) * A ( K , ~ ,  
* A ( K . I ) + Z ( K r T ) * L ( K , I ) ;  G = G * T L + T E E ;  H J w H J - T E + T E f j ;  

E N  I?; 
E h i D ;  
S R = A ( K , P ) + A ( M , K ) ;  B I = Z ( K , M ) + Z ( M , J O ;  @ R . A ( K , W ) - A ( H I K ) ;  
E 1 = Z ( ( r M ) - Z ( M 1 K ) ;  D R = A ( K , K ) - A ( M D M ) ;  D I s Z ( K , K ) * Z ( M , M ) ;  
T E = a R * E R + E I * E I * D R * b R ;  T E E = B I * B I + E R * E R * D I * D I ;  I F  T E s a T E t  T H E N  
D O ;  

I S W = l . O ;  C s B R ;  S = E I ;  D = D R ;  D E z D I ;  A Q O T 2 s S Q R T ( T E ) ;  

00 ; 
I S W z - 1 . 0 ;  C r B I ;  S = - E R ;  D r D I ;  D E m D R ;  R O O T Z m S O R T < T E l ) f  

E N D ;  
a o O T i = s Q ~ T ( s * s + c * C ) ;  I F  D < 0 . 0  T H E N  S 1 6 . - 1 . 6 :  E L S E  8lGol.b; 
S A = O . O ;  I F  C > O . O  T H E N  C A r l . 0 ;  E L S E  C A E - 1 . 0 ;  
I F  S O O T I C E P S  T H E N  
00 ; 

0 
S X , S A = Q . O ;  C X , C A r l . O ;  IF I S W t O . 0  T H E N  E A E E I ;  E L S E  ChaLR: 

c1 I F  I S W > O . O , T H E N  BaaI; E L S E  O m - B f l ;  N D w D * D * D E * D E ;  6 0  T O  E N T E R ? ;  
E N D ;  



I F  A B S ( S ) > E P S  T H E N  
DO ; 

C A = C / R O O T l ;  S A s S / R O O T l ;  
E N D ;  
C O T Z X = D / R O O T ~ ;  I F  A B S ( C O T Z X ) > I E 9  T H E N  C O T X a A B S ( C 0 7  Y ) ;  
E L S E  C O T r = S P S T ( l .  O * C O T t X * C O T 2 X )  ; C O T X a C O T  x + S I G * C C J f X ;  
I F  A B S ( C O T X ) > l E 9  T H E N  S X = A B S ( L O T X ) ;  E L S E  f X = J Q I T ( l  . O * C O T X *  
C O T X I ;  S x = S I C / S X ;  C x = S X * C O T X ;  E T A m ( E R * I R + B  * E  ) / l O O T l ;  
TSE=(RR*BI-ER+EI)  / R O O T 1  ; T E ~ S I P * ( - R O O ~ ~ * D P * T ~ E * ~ ~ / R ~ O T Z ;  
T E E = ( D + D E + R O O T ~ + T S E ) / R O O T ~ ~ ;  N D = R O O T ~ * R ~ O T ~ * T E E * ~ E E ;  
T E E = H I f C X + S X ;  C O S 2 A = C A * C A = S A * S A ;  S I N E A m 2 . @ * C A * S A :  
T E M = H H + C O S 2 A + H I + S I N Z A ;  T E P = H I * C O S E A - H R * S I N P A ;  H R c C N * C X * M R - S X *  
S X * T E M - C A * T E E ;  H I = C X * C X * H I + S X + S X * T E P - S A * T E E ;  @ r l S U * T P * C A * E T A t  
S A ;  E A = C A * E T A - I S W f T E e S A ;  

E N T E R 1  : 
S n H R - S I G * R O O T Z * E A ;  C - H I - S I G * R O C T Z * B ;  R O O T m S Q R T ( C * C + S * S ) :  
I F  R o O T < E P S  T H E N  
DO ; 

C U I C H = I . O ;  S B , S H = O . O ;  60  T O  T R A N S ;  
E N D ;  
C b = - C / R O O T ;  S B = S / R O O T ;  T E E + C B * B - E A * S # ;  N C m T E E * T E e ;  
T A N H = R O O T / ( G + Z . O + ( N C + N b ) ) ;  C H = l . O / S P R T ( l . 6 - T A N M * T A N W ) t  
S W = C ~ * T A N H ;  

T R 4 N S :  
T E M = S X + S Y + ( S P * C B - S B * C A ) ;  C ~ R = C X * C W - T E M ;  C 2 R m C X * C W + T E M ;  
C ~ I , C Z I = - S X * S H * ( C A * C B + S A * S B ) :  T E P = S X * C R * C A :  T E M O C X ~ S ~ * S B :  
S i R = T E P - T E N ;  S Z R = - T E P - T E H :  T E P m S X * C H * S A ;  T E M 8 C X + S W * t B ;  
S i I = T E P + T E M ;  S ~ I = T E P - T E V ;  T E M s S Q R T ( S l R * S  R + S l  * S 1  ) ;  
T E P ~ S Q Q T ( S Z R * S l R + S 2 I * S 2 1 )  ; I F  TEMIEPS ! T ~ ! P > E P ~  T H I N  
D O  ; 

M A R K = ' O ~ ~ ;  
D O  I=l T O  N ;  

A C I = A ( K , I ) ;  A M I = b ( M , I ) ;  Z K I = Z ( K I I ) :  Z M I s Z ( M I I ) ;  
A ( K . s ) = C i R * A K I - C l I * Z K 1 + S 1 R * ~ M I ~ S l I * Z M 1 ;  Z ( K , ~ ) r C ~ R * Z K l *  
C ~ ~ * A K I + S ~ S * Z M I + S ~ I * A M I ;  A ( M , I ) m S ? R * A Y I - S 2 I *  K I *  L R * A M I -  

DO J = l  T O  H ;  
A J K = A ( I , K ) ;  A X M + A ( C I M ) ;  Z I K E Z ( J , W ) ;  ZXM.Z ( I ,M ) ;  
A ( I ~ K ) = C ~ R * A I Y - C ~ I ~ Z I K - S ~ R * A I M + S ~ I * Z ~ M :  Z ( f , K ) ~ C Z R * Z t E +  
CZI+ArK-SZW*ZI#-SZI*AIR, A ( I ; ~ ) m - S 7 ~ 1 5 f K + S t f ~ Z Y K ~ C t R * K I M ~  
C l I * Z I P ;  Z ( I I M ) a - S ~ R * Z I K - S ~ ~ * A I ~ + ~ I ~ * Z I M * C ~ ~ * A I M ;  
T I K = T ( I I K ) ;  T I M ~ T ( 1 I M ) ;  U ~ K U U <  ~ k ) ;  u I M * u c I , M ) *  
T ( I . K ) = C ~ ~ * T I K ~ C ~ I * ~ I K - S ~ R + T I M * ~ ~ I * U  U ( I , L ) ~ C ~ R * U I E +  
c Z I * T I K - S ~ R + U I ~ - S Z I * T I M ;  T ( j , M ) w - S i  i * T I K + S l I * U I K + t l f i + T I M -  
C ~ I * U I M ;  ~ ( I I M ) ~ - S I R * U I ~ - S l ~ ~ T 1 ~ + C ~ R + U I M * C I I * T I M ~  

E N D ;  
E N 9  6 L O C K 2 ;  

Y ( h r ) = I ) ;  
D O  I = 1  T O  N - 1 ;  

! F  ~ ~ S ( l - A ( I , I ) / A ( I * l , I + 7 ) ) > l E - 3  T H E N  Y ( X ) * O ;  # L S E  
00; 

Y ( I )  , Y ( I * l ) = I  . O ;  A ( I , X - + l ) = Z ( I + l  ,1+1); A ~ I + ? ~ I ) ~ Z ( I I ~ ) ;  
DO ~ r l  T O  N ;  

T T ( I + I ~ K ) = T T ( I ~ K ) * U U ( I , K ) ;  T T ( I , K ~ ~ T T ~ I , K ~ - U U ~ I I K ) ;  
T ( K I I + ~ ) = T ( K , I ) - U ( K , I ) :  T ( Y . I ) ~ T ( K , / ) + U ( K , I ) ;  

E N D :  
1=1+1; 

E N D ;  
E N D ;  
DO J = l  T O  N;  

T E = O . O :  
110 1=1 T O  h r ;  

T E = T E + T ( I I J ) * T T ( J I I ) ;  
E N D ;  
D O  1 = 7  T O  N;  

T ( I , J ) = T ( I , J ) / T E ;  
E N D ;  

E N D ;  
R E T l r S N ;  

E N D  C O H E I G ;  



TOYHOCT~ cnerrparxbnom pamoxeaua c y l 4 e c T e e n n o  oasu- 
CUT OT nOT'peLIIHOCTU 3anELHAR u C X O A H O ~ ~  MaTPULIbI. B K a Y e C T B e  

M e p b I  TO'IHOCTU npa B m a c n e H u u  C O ~ C T B ~ H H ~ I X  cma'Ie~ut acnonb- 
3 y I O T  C n e K T p a J l b H O e  YUCJIO 0 6 y c n o ~ n e ~ ~ o c m  [9, 121 , KOTOpOe  

n 0 3 B O n R e T  C n e n y I o W U M  06pa30~ OUeHUTb I IOwe l J IHOCTb  BbF lUCne-  

Hun: 

rue k - c n e ~ ~ p a n m o e  sucno 06ycnoane~~oc~a;  
4 A  - M a T p U u a  norpemoc~e8, y r I U T b I B ~ ~ a S l  TO'IHOCTb 38na- 

HUR 8 n e M e H T O B  UCXoAHOft MaTPUUbI  A. 
n n ~  o u e H m i  ~~~~~~~~~~o wcna o 6 y c n o ~ n e ~ ~ o c ~ a  k ynodao 

U C n O J l b s O B a T b  C n e n y I o I l l e e  HepaBeHCTBO:  

B b N u c n e H u e  sepmero a H U X H e r O  n p e n e n o B  e ~ o 8  orrenm no 
p e 3 y n b T a T a M  BbInOIIHeIMR lTpOUenypb1  COMEIG H e  B b I 3 b I B a e T  

T p y m o c r e f t .  

C O O T B ~ T C T B ~ U U ~  B b N U C n e H U R  O I $ O ~ M J I ~ H ~ I  B B U n e  l T p O I I e m -  

p b ~  KH. 
C x e M a  a J lTWpUTMa KH ( ~ u c .  5 )  H e n o c p e n c T s e H H o  B b I T e K a e T  

U 3  CTPyKTYPbI  H e P a B e H C T B a  (40). 
l l l s a ~ e n e m e  n D O U W b 1  KH. 06pa1ue~ue K npouerrype KH 

U M e e T  B a n :  

C A L L  KH (N, RRj; L J; Y ,  M I N ,  h l / X ) .  (41) 

flpo~enypy KH M o m 0  lTpUMeHRTb T O n b K O  nOcne B b m O w e E E Q  

npouenypbl COME1 G. 
B x o n H b 1 e  n a p a M e T p b I  cpouenypbl KH: 
/d - KIOpRnOK MaTpUUbI;  

RJ- M a T p K U a  WTpasbIX C O ~ C T B ~ H H ~ I X  BeKTOpOB B X O ~ ~ ~ H O B O ~  

@ 0 p M e ,  nOJq=IeHHag C nOMOWbI0 a n r o p u ~ ~ a C o M ~ ~ ~  
L J -  M a T p U U a  JleBbIX C O ~ C T B ~ H H ~ I X  BeKTOpOB B X O P L ~ ~ H O B O ~ ~  

4 o p M e ;  

Y - BeKTOp,  ~ K ~ ~ ~ I B ~ I o I X U ~  I lOpRnOK CJlenOBEuIUR co6cme~- 
H ~ I X  mase~afi. 
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m e  3 (4) - nm6a~ aa +y~mufi ( 4 2  a - 42 B) .  
C O O T B ~ T C T B ~ I ~ ~ ~ ~ U ~  BbFIHCJIeHUEI MaTPU'lHbIX @)'HKUUR O$OPM- 

n e w  B Bane npouenypbr MF UNC. 
C x e ~ a  anropuTMa MFUII/C npencTasneHa Ha pac. 6. Bce 

orrepauuu, n o ~ a a m b ~ e  Ha cxeMe, sbrnonHaIoTca Han MaTpauam. 

06paurenae K npouenype M FUNC aMeeT snn: 

C R ~ ~ M F ~ f l c ( , y ~ ~ ~ ~ , ~ ~ ~ ~ ~ , ~ , ~ , ~ / .  ( 4 5 )  

n p O u e n ~ ~ ~  M F UNC MOXHO a c r r o n ~ o ~ a ~ b  T O I I ~ K O  nocne 
BarnonHemfs rrpouenypbr COMEIG. 



B x o m b I e  D a p a M e T p b I  n p o u e W p b 1  HFUNC: 

f l  - n o p s A O K  MaTPUUbI; 

T - T a K T  JlUCKPeTHOCTU; 

y , B e K T O p ,  Y K ~ ~ ~ I B E I I O U U ~ ~  DOpRJlOK CiTeAOBELHMR C O ~ C T B ~ H -  

H ~ I X  3 ~ a ~ l e n u B ;  

J R -  M a T p U u a  CUCTeMbI  B XOPA~HOBOR ~ O P M ~ ;  

RJ LJ- M a T p U U b I  W a B b I X  u n e B b t X  co6cmemb1~ BeKTOpOB rrpu 
rrpIpuBeneHuu K XOPA~HOBOB a o p ~ e ;  

Q - D a p a M e T p ,  orrpenenmurufi ~ u n  B b f I u c n s e m I x  t $ y ~ m B  
U H a 3 ~ a Z l a e M b ~  D O n b 3 0 B a T e n e M  B COOTBeTCTBUU C ~ a 6 n . l .  

Bbnromb~e D a p a M e T p b l  rrpouenypb~ hfFUNC : - 
6 D- ~ a T p a u b r ,  BUD KOTOP~LX o n p e n e n a e T c s  n a p a M e T p o M  Q 

( ~ a 6 n .  1); 
P - ~ a c c a ~  P ( 2, r /  ), conepxamii c o 6 c ~ ~ e ~ ~ b r e  m a r e  

HUR MaTPUUbI  C . 
T a 6 n u u a  1 

@YHKUUU, B b N U C n R e M b I e  B m o u e ~ F U h l C  
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Z
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~
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=
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>
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~
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d 2 ~ A , 1 2 + l , A 3 + . , .  . . . . . . . . . . . . . . a .  +Jfi A n M r ;  

d,=(-f)nAfA2 . . .  A n .  
Torna nns ~ w u c n e m s  KOB@$ULW~HTOB qucnuTen* cnpB- 

BennUBbI cnenymurae ~ O P M Y ~ ~ I  [9 1 : 

. . . . . . . . . . .  

pnc. 9. 
pacqeT ~ O ~ U ~ G S T O B  3naMenaTens ~b1n0-m. UCXOeQ 

~mucneHHblx B npouenype COME IG C O ~ C T B ~ H H ~ ~  3Haqe 

B a e w s  H e  enuauuy. B cnyqae, ecnu C O ~ C T B ~ H R ~ ~  3Haqeme 
M e K C H O e ,  CTeneHb nomnoMa y a e n u w e a e s s  Ha nBa* TeauM 
pB;lOM, pel(yppeH.IHble C00rBOLLIeHus nns ~ O ~ U H O M O B  (.+, (s 1 
UMeIOT BUD: 

f l  L + I  j s ) = ~ j s ) [ ~ ~ - ~ ~ e ~ ; s + ( R e ~ i )  

B b ~ u c n e m e  K ~ ! ~ ~ # M I I ~ ~ T O B  rumuTens ~bmonHfleTCs ' 
m e T c T s U U  c 9 o p ~ y n a m  ( 53 1. 

CALL TRFUNC (N, P,A,B,CT, BE,J&) -  

5 0  



nns l r p a K T u y e c K o r O  a H a n u 3 a  c u c T e M  sanaoe s H a s e H a e  U M ~ ,  - 
IQT ~ y n u  a nonmca nepena~owot  + ~ H K U U U .  n o s ~ o ~ y  B ~ I ' I U C ~ ~ H ~ ~  v- 

K O ~ + $ ~ U U U ~ H T O B  ~ e p e n a ~ 0 ' I ~ o t  ~ H K U U U  ~ e o 6 x o m ~ o  UOlTOnHUTb s b t ,  
U 
e 

w i C n e H a e M  H y n e Z i  M H o r o s n e H a  wcnuTrena. llpu   TOM c n e n y e T  
--- 

O r  

U M e T b  B  B U n Y ,  ' I T 0  ' I a C T b  83 HBX n p U  C T A p U M X  C T e n e H R X  h f o r y ~  U W 
V A  

6b11-b H Y I I e B b I M H ,  T . e .  n O P R n O K  ' I U C n U T e I I R  M O X e T  O K a 3 a T b C R  M e H h  - -1 

rue n - f . nna I ) T ~ I C K ~ H W R  ~ y n e t f  ~ ~ o r o s n e ~ a  yno6~o  socnonbao, Y- - J 

B a T b C R  M e T O n O M  [12] 8 a n T ' 0 p H T M O M  E;epc~oy 1191 . --r 0 - n 
 TOT a n r O p 8 T M  lTO3BOIIReT O T b l C K a T b  KOPHU a n r e 6 p a ~ l r e ,  u 

CKOT'O Y p a B H e H M R  n O p R U K 2  N . J -- 
Bxomb~e n a p a M e T p h I  n p o u e n y p b 1  TR F UN c' : 

N - 'TOpRnOK C U C T e M b I ;  

p - M a C C U B  C O ~ C T B ~ H H ~ I X  3 H a s e H U f i  M a T P K I I b I ,  C ~ O P S ~ P O I  

sambdi urn M a T p u u  47 B +' B npouenype M F U W  . 
~ J I R  M a T p U U b I  A M a C C U B  P ~ e o 6 x o n u ~ o  C @ O ~ M K ~ O B ~ T ~  

B y t ~ p a ~ n ~ ~ l n e t  W O T ' P ~ M M ~  C a M O C T O R T e J I b H O  MJIH 

0 6 p a r u e ~ u e ~  K npouenype f l  FUNC c n a p a M e T p a i m  

A= IIVV(JORD), a= 2 , me JDRD - M A T ~ U U ~ I  CB- 

C T e M b I  B X O P A ~ H O B O ~ ~  4 0 p M e ;  

A - M a T p U U a  C M C T e M b l  B H n a  A , @ U n I  2 -t- 

&l- B ~ K T O ~  nepenasu yrrpasnerin~ ~ u n a  3 , f ana cp ; 
CT - B e K T O p  @ ~ ~ ~ X ~ O B ~ H U R  B b I X O n a .  

UO 0 Q. 
D II a 

L 8 + 
a. h -. 

• - n  U - H 
Y 

we-  . 6 
r O  N P 
w ll w W 

u4 n a 
W C  * n 
O W  n A 

5 l  * u 
CI Y 

n Y 4 - -  w . - I- 

w o  a o IY 
h u i &I 

U A  • - -. U 
T O  A - U z 
aa u w IY - 

.-A . - r Ci 3 
-c -.- v Y b- 

V a 
16- 0. * . - .-- 
at-N * n  n + .. --Hu r 2 - n 1 n 
a m -  W 1 w . . I - IU I w e r n  - - 2 
4 U W  t -4 nI- U h  I I  

.-a (1 .- * -3 A 
m Nn. 0- e n  - x 

I I t-- * n l 7 u  
uc- .. + - b  u 
r F-.r r -7 H - L L  H 

1 -  V I I U *  
h.-7 J -2 + . -.- 

Lr -.. >c- .- r h;:U . - a -+t o - A -I.-+, ., . -A  

11 1\1 c 3 2 u G u  a -  2 . x  
..a k c +  v - 8 OLU.G;C- 2- t, + --a -5 L 11 ~j a. L, (J 0 .- 

3 i u r l w h  H V Y  .r I I 1  + U  
0 -00 c w + 1  1 i - 1 ~  .- G C ~  - 1 1 1 1  n 11 .- 

w v r c  11 ~ - m u ~  7 ~ 3 , - , , - +  +-F-.-d,.. '---.,  ,-,- U 
I> U C'. h .i I t . ,  C;c: ,-c I1 Y . -2 

'WP-H -c( - 3 C ; b . - ~  :4 ;il ll .- v . C . 3 ' 1 .  0 Zf-  --'d Y '2 2 
*.3a- 11- 11 ~ O V ) . - O  UHCA I I ~  nu w o c  u . - C ;  

2 Ua * m r - . - u u o  Z .-t4io z0 Z.-=ff a i - ~ u  - ua cc U.!UIT: w r ,  e c  O L ! C .  w n e  c. 
2uc;au Z C j  zc5 LJI 

k u ~ C L b a  u& lL! L.1 &a S a m  w 
C C P  .7 

LL 







6.  YACTOTHME XAPAKTEPMCTMKM 

B Qi3KTHKe rrp0eKTupOBaHUR CHCTeM YIIpaBneHHR lllUPOK0 

WUMeHZIWTCSI S a C T O T H M e  MeTOpbI  HCCIIeUOBaHHR. %'H MeTOnbI  

~ K T N B H ~ I  KBK IIpH aHfUfU3€? Hel'IpepbIBHbIX, T a K  U UHCKpeTHbIX CU- 

W e M .  

COOTHOIU~HUR (48) H ( 5 0 )  IIO3BOnHIOT KOJIyXUTb CJTenylOIuue 

B b I p a X e H H S  A m  VaCTOTHbIX XBPaKTePHCTWK HenpepbIBHbIX H DUCb 

K p e T H b I x  ~onenefi  c w c T e M  ynpaaneeua: 

n n f l  T O P 0  V T O ~ ~ I  IIOCTPOHTb a n P O p H T M  BbNHCJIeHUR SaCTOT- 

HbIX XapBKTepKCTHK COT'naCHO COOTHOIUeHURM 7 60). ( 6 I), ~e06- 
X O ~ M O  c H a q a n a  P a c c M o T p e T b  g a c T b  a r r r o p w T M a ,  c a 3 a H H y r o  c 
B b N U C n e H H e M  ~ ~ C T O T H O ~ ~  XapaKTepHCTKKH H e n p e p b l ~ ~ o f t  CHCTeMbI. 



+ C 

4 = -AL 
(63 a )  

-C 
-+n+ H *  
C 8 6 

=-LU 

-+ -+ 
me ri , 4 - n p a s b I e  u n e s b I e  C O ~ C T B ~ H H ~ I ~  B e K T o p b I ,  COOT- 

+, 
BeTCTBylOIUUe C O ~ C T B ~ H H O M ~  3 H a S e H H I o  X i  ; 

I 6 - B ~ K T O ~  nepenaw ynpaaneaua; 
&I - K p y r O B a R  r a C T 0 T a .  

B cnpae K o M n n e K c H o r o  C O ~ C T B ~ H H O ~ O  s ~ a = i e ~ u a , 4 ~ = o ( ~  +pi 
~ b m a c n e a u k  L$ H VL n p o ~ 3 ~ 0 n a ~  no $ o p ~ y n a ~ :  

, L 

BbRUCJleHUEI COCTaBJIaIoUlUX (w) U VL (w) OHU UOIIXHbI 6 b 1 ~ b  

n p e o 6 p a s o a a a b r  C O W a C H O  COOTHOIIIeHHIo: 



C x e ~ a  a m o p U T M a  FREQ t BbFlUCneHUR ' ~ ~ C T O T H O ~ ~  X a -  

p a K T e p U C T U K U  lTOKa3ElHa H a  p U C .  10. 
H a  C X e M e  a n r o p u T M a  O T M e S e H b l  TOAbKO n B a  W K n a .  BH~UHUB 

mw. no n e p e ~ e H H o i i  .J r ~ p e n ~ a a ~ a s e ~  una + O P M H ~ O B ~ H U R  B~IXOU- 

HbIX MaCCUBOB 7 /  H V , a UUKn lTG I UnH BbFIHCIIeKHH 8 I I e M e H -  

T a p H b I X  COCTaBlIRH3IllBX SaCTOTHbIX XaPaKTePUCTMK H ~ I T P ~ P ~ I B H O ~ ~  

HAW ~ U C K ~ ~ T H O ~ ~  C U C T e M  Q(u) , (U ) . ~ P R  BbNUCJIeHUU n n R  

C l I Y S a R  KOMlTAeKCHbIX C O ~ C T B ~ K H ~ I X  3 H a r e H U f i  B B e n e H b I  C n e n y l O U l U e  

0 6 0 a ~ a r e ~ u ~ :  



roqamoe 06paureaue K t r p o u e n y p e  FREQLS n o 3 B o n s e T  ~br-iuc- 
I lUTb  YaCTOTHbIe  XaPaKTepUCTHKH DO B C e M  ~ p e 6 y e ~ b l M  B X O n a M  U 

BblXOnaM. T ~ K U M  o b p a ~ ~ ,  B B e n e H H O e  n O D y U e H U e ,  H e  O ~ & i U W ? B a S i  

O~UHOCTH peLIIae~0a 3 a n a Y U ,  D 0 3 B O n R e T  C y U e C T B e H H O  C O K p a T R T b  

0 b a e M b 1  ~ p e b y e ~ o i t  O D ~ ~ ~ T U B H O ~ ~  IIaMSITU 3BM. 
npW BbI'iUCIleHUU YaCTOTHbIX X a p a K T e p U C T U K  MOXHO PeKOMeH- 

n O B a T b  11 T O q e K  H a  A e K a U y ,  Torna n O C I l e n O B a T e n b H O C T b  3 H a Y e  

HUR YaCTOT H a  HHTepBaJ le  11, 101 6 y n e ~  ~ J T e ~ y l O U e f i :  

1; 1,26; 1.58; 1.99; 2,51; 3,16; 3,98; 5.01; 6,31; 
7.94; 10,o. 

y- B e m o p ,  y ~ a a b ~ ~ a l o u u f i  n o p a n O K  cnenomurr  C O ~ C T B ~ H -  

H b x  S n a ~  exma; 
T -  T(1KT AUCKpeTHOCTU, ITpU p a C Y e T e  H e n p e p b 1 ~ ~ 0 f t  CUCT'S- 

M b l  H ~ O ~ X O U U M O  ITOIlOXUTb T , PaBHbIM HyIIIo; 

b/(!)- HUXHSiII T'pBHUUa I I U a I I a 3 0 H a  YBCTOT trpU BbIZIUCIIeHUK 

Y ~ C T O T H O ~ ~  XapaKTepUCTHKU; 

W(2)- aepwm rpmuua nuanasom r a c T o T  npu B b R u c n e H u u  

qac~omot  X a p a K T e p u c T u m ;  

~6)- YHCllO TOYeK 'IBCTOTHO~~ XapaKTepUCTUKH. 

n a p m e ~ p b ~  W( 1 ) . W ( 2). W( 3 BXOURT B MaCCWB W. 



- 
I 

n p o r p a ~ ~ a  npouenypu F m q t  3; 
F R E Q L S :  
P R O C ( N , C T 1 R ~ A r L : B , Y , W , F R ) ;  

DCL N , K , ( W O , T , ( C T , ~ , W ) ( * ) I ( A I ~ ~ ~ L ~ F R ) ( ~ * ) )  D E C ( l j ! ) , Y < * ) ;  
D C L ( W I , C I ~ I C R , L B ~ I L B , I M A ~ U ~ V ~ R K ~ I K ~ D ) D E C C ~ ~ I ~ J ~ M ;  U 1 8 U ( l ) I  
T = W ( 2 ) ;  Y = W ( 3 ) ;  
DO M = l  T O  w ;  

U , V = C ;  
D O  1 = 1  TC h ;  

I F  Y ( I ) < 0 . 5  T H E N  
D O  ; 

C R , L P = O . O :  
D O  J t l  T O  N ;  

C R m C R + C T ( J ) * R ( J : I ) ;  L B * L O + L ( I , J ) * B ( J ) ;  
E h D '  
D = C ~ * L E / ~ W ~ * W ~ + A ( I I I ) + ~ ( ~ ~ ~ ) ) ~  U = U - A ( I , I ) * D ;  V * V - U l * D ;  

E N D ;  
E L S E  
DC ' 

J ~ A U A ( I + !  ,I); C R I I C R , L B , I L B r O . O ;  
f iO  J = l  T C  N ;  

C R Z C R + C T ( J ) + ( R ( J  I ) + R ( J : I + 1 ) ) / 2 ;  I € R * I C R + C T (  ) + < R ( J : I ) m R i J ,  
I LB.LBI~(J)*(L(I.J)+L(I*I,J))/*; I L $ ~ I L B * B ( J > * ~ L ( I *  
1  I J ) - L ( I ~ J ) ) / ~ ;  

E Y D ;  
PK=CR*LB-ICR*IL@.; I K = C R * ~ L B * I C R * L I ;  
C O  J = l : Z ;  

D = ( W ~ - I Y A ) + ( W ~ - I M A ) + A ( I ~ I ~ ~ A ~ I ~ I ~ ;  U = U ~ ( 4 C I l I ) + R K - 1 K + t I W A I  
U 1 ) ) / D ;  VnV-(A(I,I)*IK+RK*(IMA-U?))/D: IMA . * IMA;  
I K : - I K :  

E V D ;  
1 = 1 + 1 ;  

E N D ;  
END;  
F R ( M ,  I ) t W l  ; F R ( M 1 2 ) ~ U ;  F R ( M , 3 ) a V ;  U l . W l * T ;  

E N D  F R E O L S ;  

mailto:PK=CR*LB-ICR*IL@.;




n o c n e n o ~ a ~ e n b ~ o c r b  B b m a c n e H u a  ~os++a,wrrrre~-ro~ a''' npen- 
i 

c T a B n e H a  B ~ a 6 n .  2. Kaxnas s e T H a s  c T p o K a  B ~ e #  T I o n y v a e T c R  

C n B U r O M  3J IeMeHTOB n p e n ~ e C T B y O U e #  C T p O l a r  B n e B O  U t I0nCTaHOB-  

KO# ~ynefi .  Y ~ T H ~ I ~  CTpOKU l T p a ~ 0 f i  s aCTLi  T ~ ~ J I U I I ~ I  HneHTU9HbI  

C T p O K a M  ee J I ~ B o #  q a C T U .  B ~ ~ M ~ H T ~ I  He4eTHbDC CTPOK ITOIIPaIOT- 

CR BbNUTEUiHeM W3 8 n e M e H T O B  I I ~ ~ ~ L L I ~ ~ T B Y I O U ~ #  H ~ ~ ~ T H O #  CTPOKU 

W e M e H T O B  '?elTofi CTpOKH C K O B @ U U U ~ H T ~ M U  d, , da - l , .  - a ,  d, - 
nna n e ~ o i  sacmi ~a6nuub1 a c ~ o e + $ a u v e ~ ~ a m  pa ,pn -,,..., p,  - 
UnR KpaBOf i  4 a C T H  ~a6nwub1. 

Ta6naua UnR BbIqUCneHUR KOB@UUU~HTOB TIOnUHOMOB TIOHM- 

X e H H o r o  ITOpRnKa n p e o 6 p a 3 y e ~ c f f  B ~ b ~ q ~ c l l ~ ~ e l l f i ~ b a  a i T f O p U T M  

I S Q E R R  , c x e M a  K o T o p o r o  n p e u c T a s n e ~ a  H a  puc. 1.1. 
n p u ~ e H e ~ U e  n p O U e n v p b 1  I J Q E R  R . 06paureme K npoue- 

nype I S B E  R R w M e e T  BHU: 





Auanua ~ p a e ~ ~ o p u f t  ~ o p ~ e f f  x a p a K T e p u c T u u e c K o r o  y p a a H e H a a  

~ ~ M K I I - Y T O ~  CHCTBM~I y n p a B n e x K a  B + ~ H K U H K  on nor^ unu H e c K o n b  

KHX n a p a M e T p o B  p e r y n a T o p a  R s n a e T c a  on~ofi  u s  OCHOBH~IX sanaq 
IIpH I'IPOeKTBPOBBIIKB CHCTeM YnpaBJleHKR. T ~ ~ ~ K T O ~ H K  KopHeft ,  u n t r  

K O p H e a b I e  POn0Ppat$bIB llnrpOK0 npKMeHRDTCR KaK B KnaCCRZIeCK0fi 

T e o p u H  (47 , T a K  u co~pe~e rno f i  ~ e o p u u  ynpasnenua [ 5 ]  . 
IJoc~a~nernaa aanaua ceonaxa K onpenenenam C O ~ C T B ~ H -  

HbIX ~ H B Z I ~ H K #  MaTPKUbI 3 a ~ K ~ y T O f i  CHCTeMbI B (PYHKUKII HeKOTG-. 

poro n a p m e T p a  yi . Ee pemenue BKnxouaeT cnenymwe a T a n b r  

3 8 n a H H e  n a p a M e T p a  JU ; ~ O ~ M K ~ O B ~ H K ~  MaTpUUbI 3 a M ~ l i y T 0 f i  CB- 

CTeMbI  no XapaKTepUCTKKaM H ~ K ~ M ~ H R ~ M o ~ ~  uaCTK K XapaKTepH-* 

c T u K a M  perynmopa, a a ~ u c m u ~  OT n a p a M e T p a  ,u , c n o M o u b u 1  

n p o u e n y p b r  I D I N  T ; 06parueaae K rrpouenype COh&&G ; noaTo- 
PeHure BbIIIIeyKa38HHbIX a T a n O B  UnSi HeCKOAbKKX 3 H a 9 e ~ K f i  )4 ; 
n o c T p o e H a e  KPKB~IX K o p H e B o r o  ronorpa4a B + ~ H K U K U  n a p a M e T p a p ,  

Hau6onee u e n e c o o 6 p a m b d  cnoco6 pexueHurr  ~ a ~ o f i  aanaqu - 
p e m M  naanora c 3BM. B 9TOM cnpae  e b d o p  a ~ a ~ e ~ a f i  napa- 
M e T p a  K npHHRTUe p e ~ f ? ~ K f l  06 0 ~ 6 0 p e  T O 9 e K  KOpHeBOrO rCb 

nOPpat$aB BbIBOnKMOt'O H a  P P ~ ~ K K ,  BbIlTOJIHReT ITpOeKTKpOBUIHK. 

C x e ~ a  n u a n o r o B o r o  a n r o p u T M a  p a c g e T a  K o p H e e o r o  ronorpa- 
4a rrpenmaenena H a  puc. 12. fr) M I.l 

Mcxom~e n a H n b I e  o H e a a M e a a e M o A  9 a c T u  c u c T e M b 1  [A, 8, C j 
XpaHRTCa B HeKOTOPOM H a 6 0 p e  UaHHbIX BO B H ~ L L I H ~ #  naMRTK ~ B . A <  
( 6 n o ~  1). 

B G n o ~ e  2 n p u c B a u B a e T c a  H a q a n b H o e  a H a q e H u e  c q e T q u K y  

wcna B a p u m T o B .  B B O ~  n a p a M e T p a  y B b l n o n H a e T c a  c aucrmew 
( 6 n o ~  3). B 6 n 0 K e  4 BbPIUCJIHIOTCB XapaKTePUCTUKB PerynRTOFL! 

(1 (''()/) , B'~'@) , C")W 9 wRfi ) )  3 a n a H H O M  3Ha9eHHH ,k, . 
B 6 n o K e  5 npoacxonu-r o6pamenue K p a H c e  O I T K C ~ H I I ~ J M  npoueay- 
p a M  JOINT (47)  U C ~ M E E  G (36). B 6r ro~e  6 BbI9uCneHHbIt? 

~ H ~ Y P H U S  li ( ~ ~ ( 2 , .  ..,/t/j BbIBOnaTCR H a  ElKpaH QUCnneR U B ~ I I O K C  7 
r r p m a M a e T c s  pememe o n p o n o n m e H u u  ( 4= 0 ) ( 6 ~ 1 0 ~  8) unu 
a a ~ e p m e ~ u u  ( Q = j ) pacae-ra K o p H e B o r o  ronorpaan. B 6 n o ~ e  9 
BbIBOnaTCa H a  t I e q a T b  H a  ALInY B C e  1 x 4  3 H a 9 e ~ U R  BbIYUCSeH- 

HbIX ~ 0 p ~ e f i  ~ ~ M K H Y T O ~ ~  CUCTeMbI B ~ Y H K U U M  nap€tM€?Tpa ,IGI . B 
Gno~e 10 o c y u e c T B n a e T c a  4 o p ~ a p o s a ~ u e  MaCCuBa c o 6 c ~ ~ e w -  
HbIX 3 ~ a ' I e H ~ f f  nna BbIBOna HX H a  neLIaTb B B U n e  KpHBbIX KOpHeBO- 

r o  ronorp@a c n o M o m b x o  r rpouenyp .b r  SPLIT. B 6 n o K e  11 ~ o p -  
neaot ronorpa4 B b r s o n u T c a  H a  AUnY. Pac 

SPLIT 0 

K o p H e B o r o  ronorpa4a B pe- 

71 



Ilpe~encsae n ~ o r r ~ b ~  SP 2, I '7' . 06parsenae K npouenype 
SPLIT uMeeT  an: 

CALL SPLL T(C/,V,,N 
B nponenype 3 P L I 7 BbxnonnaeTca aeToMamqecKaa c o p  

30 TaEEM 06pa30~, BeCb n H a R a 3 0 R  83MeHeRHP n e p S  
~ e m o B  no oca 9 pa36E~ R a  100 n e n e m f t .  

Macurra6 no W E  paee~  Maclo~a6y no W U  y , T a K  W'O 
peaynbmpymmfi r p - ~  HMeeT KsanpaTRyIo p a 3 M e T K y  a yrnbI 
~ o r y ~  6b1~b a a ~ e p e ~ b ~  HenocpencmeHHo, 3 ro  yno6ao rrpu ~30- 
6paxenm KOpHeBblx ~ U ~ & O B  U a M n n ~ l " y ~ ~ a 3 0 ~ b l x  XapaKTe- 

PECTEK. OLUI~KO, ecna manmoHbI U ~ M ~ H ~ H R S I  n e p e M e x H b I x  X a Y 3Ha'ZHTenbHO pa3nU9aKyrcR9 TO ~ @ H K  MOXeT OK-TbCB U W  
CnHloKOM CXaTbIM, UIIA PaCTRHYTbIM. nn5I 0 ~ 0 6 p a ~ e R U ~  T'P@HKOB 
c naana301io~ a3~enenaa nepeMembIx, paaqammxca B o n e e  s e M  

aa noprmo~, u e r r e c o o 6 p a 3 ~ 0  n p t r M e a s T b  t r p o a e n y p b r ,  B KOTOPHX 
~ a c m ~ a 6 a r  no ocwr x a ft. p a m u r e a r ,  H a n p a M e p  VB VJX P9] . 

A-- . - 
-0- n 

n-0.- U 

;Cur 0 r -  Y - B I I  h r 

n A Q V )  U F 
~ O O [ Y  Y I 
> O W  r Z  - N F H 
r u.- u X 
X - -  * >( F 
v n  * 4 
-n .-- 5 

- F I -  n * -- 
--+I- b 
rk -  V, 0 
v  -1tu .- .- 
C 3 4 3 9 -  m H 
a-A 0 
on CL' r O  
U Y  u.. .- 5 I- - - n 0 
n - 2  I m-a 0  a 
,- .*-- V t 
v -  n H 7 .- 0 Z 
MTrV) > n W W 
4 4 - 3  n F x -. x ~ a z  6 - Z I- 

& vS4u  u  .- ul 
IIZ Y * f - 

2 r U + U  
;*. Z w 

C 4  n F 

r -  b. 2 H Z  
vvV)- .- * v  I1 
LUI-Q- 6 r V  

X .~zFtu". -u .-Z z 
rr-n -32.4 --211 - - -  D * O 3  F O X  * 
> -=Mu n r I a 
- r e =  r u  *N* ~4 

r u g  - n u  11 11 
a.-Hr .-x u'r 

a,,,3a o z r o  P- 
kA0oaH-C W * O  O O 
aaa F F 

, Evla r r 

*- 
h 

9 
Y 

C 

x 
m 
n  
Y 
Y.- 

r T  
XU 

m- 
m 

--A 

n- 
CIIC 

Y t  

r t  
X 
I 

S I w -  
w n  
I-- 

Y 

F 

--P 
r I  
O n  
nJ- 
I- 
r 

o* 
F- 
0 
a'- 

n 
zu 
u- 
x r  
F-* 

Y 
h t  
'7Lu 
- c  .- F 

Z X  .- n .- 
r O  V Z  
1 C n W  
z r c  - w tl 
o + r n  
kWZc3 

II - 
T-YYF 
II ux - -  

..wo 
c 0 - 0  

20 - 
WC3 0 

N 
z 



4 
A 

X M A X = X M A X + O . l + X M I N ;  X M I N P X M I N - O . l * X M I N ;  
E N D ;  
I F  X M A X = O  A X M I N Z O  T M E N  
DO; 

X Y A X = l ;  X Y I Y s - 1 ;  
E N D ;  
I F  Y M A X P O  & Y M I N = O  T H E N  
00; 

Y Y h X = 1  ; Y M I N = - 1  : 
E N D ;  
T E M a Y h 1 ~ X ~ - Y t 4 1 N ;  Y M A X = Y M A X + O . I * T E M ;  Y M f N a Y M I ! - O . 1 C T E H f  r X M A X -  
X H I N ;  X M A X = X M P Y + O .  I ~ T E H :  X~IN=XH~N-Q.I*TEW. c o I = ( l n A x ! B : I Y I , I f i . a J  
C R Y a ( X Y 4 X ' X M I N ) / 1 0 . 0 ;  TEM=A8S((XM4X-XMIN)/(YMAX*YMIN)); 
I F  T E Y z 0 . 5  5 T F M < = ~  T H E N  C R X = C O R :  M n 6 ;  M i = H * l ;  A M r M * l b t  
D O  J = l  FO 1 0 :  

T E Y a J ;  C O R D ( j + l ) a T E M * C 0 9 + Y H I N ;  
E N D :  
C O S ~ ( ~ ) ~ Y M I N ;  P U T  P A G E  E D I T ( C ~ R D ) ( S K I P ~ X ( ~ ~ ) , ( ~ ~ ) ( X C ~ ) ~ E ~ ~ I ~ ) ) ) ~  
Z K Z I O O . * Y Y I N / ( Y M I N - Y M A X ) ;  Z L = - A M * K M I Y / C R X / I O . O ;  L Z I Z L * ~ . ~ ;  
K Z = Z K + l .  5 ;  I TAL=HI ; 
DO K = l  T O  q ;  

Y ~ ( Y ) ~ I O O . * Y I < U ) / ( Y M A X - Y M I N ) + Z K + ~ . S ;  X ~ C K ) ~ A M + X ~ I K ) / C R Y / ~ ~ . O + Z L +  
1 . 5 ;  

E N D ;  
K 1 , C T A L n l ;  

Y 1 0 9 :  

DO I s 1  T O  101 ;  
L I N E ( I ) ~ J P L A Y :  

E N D ;  
D o  Jal f O  1 0 1  R Y  1 0 ;  

L INE(  J ) ~ I E Y E N ;  

END:  
M 3 ? 1 :  

I F  1 T A L - a f l 1  T H E N  G O T 0  M38; 
bo J = 2  T O  100 ;  

L INE(J)=MINUS;  
E N D ;  
DO ~ 1 1 1  T O  91 B Y  10; 

L I Y E ( J ) = I P L U ;  
E N D ;  

M3!: 
I F  L Z T ' K T A L  T H E N  G O T 0  M 1 6 1 ;  

b0 I t 1  T O  1 0 1  ; 
L I N E ( I ) = I Z E R Q ;  

E N D ;  
M l 6 4 + I F  C Z < s O  I K Z > 1 0 0  T M E N  G O T O  M l O l i  I N L ( Y Z ) * I z E R O :  

M I 0 1  : 
~ X a x l ( K 1 ) ;  IF N X 7 r K T A L  T H E N  6 O T O  H102:  N V r l l 4 & 1 > ;  L X N * ~ Y Y ) ~  

; & S T ;  K l = K l * l ;  G O T 0  M 1 0 1 ;  
M l 0 2 :  

I F  I T A L q a M 1  T H E N  6 0 T O  M J t ;  A K S r K S ;  $ T r n A , Y ~ * C R ~ * % M I N *  
~ s = K s . * ~ ;  P U T  E D I T < S ? ,  LINE)  C S K J P , X ( ~ )  ,E<!Q,S. )  , X { E ~ > ,  ( q o q I ~ ( l ) ) t  
I T A L = I  ; G O T O  ~ 3 5 ;  

M 3 2 :  
P U T  E D I T ~ L I N E )  ( s K I P , X ( ~ ~ )  , ( 1 0 1 ) C ( f y j ;  

~ 3 5 :  
I T A L s I T A L + l ;  K T A L t K T A L + l ;  I F  K l t Y  THrN 410); 

ho I n 1  T O  1 0 1 ;  
L I N E ( I ) = # - ' ;  

E N D :  
P U T  E D I ~ . ( L I N E ) ( S K I P , X ( ~ E ) ~ ( ~ O ~ ) A < ~ ) ) :  RhTlJRN; 

E N D  S P L I T ;  



Mccnenosmue n e p e x o m b u  r r p o u e c c o B  s a s e p m a e T  s ~ a n b ~  aHa- 

JTlisa U C H H T e s a  CUCTeMbI YnpaBneHBR.  O ~ ~ F I H O  UCCJIenyrOT p e a k  
WH) CUCTeMbI H a  C T a H n a P T H b I e  BXOUHbIe B O ~ ~ ~ ~ ~ C T B U R  U B b m B m H I T  

x a p a K T e p a c T a K u  K a g e c T s a  H e n o c p e n c T s e H H o  no B U ~ Y  n e p e x o n H o r o  

rrpouecca. 
T ~ K  Xe KaK H l l p K  ROCTpOeHUU KOpHeBOrO ronoT'p&a, rrpH 

n0CTpOeHKU n e p e X O U H m  I l p O u e C C a  H ~ O ~ X O ~ U M O  3 H m U e  BeKTOpHO- 

M a T p U r H O W  OlTHCaHMR s a ~ m y ~ o f i  CUCTeMbI B @ O P M ~ :  

C - M a T p H U a  @ ~ ~ M ' u ~ o B € ~ H H R  BbIXOna. 

C ~ a ~ n a p m o e  B X O ~ O e  ~ o s n e f i c ~ ~ a e  r(t) s b 1 6 a p a m ~  ana u s  
K n a C C a  T'apMOHUgeCKUX (PYHICUMfi 

r/t)=,oedt3in w t ,  (77 a) 

ana c T e n e m b I x  mxcuafi 

n n n  ~ o r o  S T O ~ H  rrpa p a c g e T e  n e p e x o m b x x  n p o u e c c o B y x e c T b  

sax s x o ~ ~ o r o  ~osneficmarr, ~ e o 6 x o ~ H ~ o  npeo6pasosa~b c H c T e M y  

(7 6) K BUny,  B KOTOPOM T e H e p a T O P b I  BXOJlHUIbDE B 0 3 n e f i c T B E d  BXOL 

n R T  B O l l M C ~ B e  n U H a m K H  B Ka ' IeCTBe nOnOnHUTeJIhBbIX ypaEJHeEE& 
@OPMBPOBBHHR TapMOHU'IeCKOT'O CHf'H€UIa (77 a) B B e n e M  

4- 
BeKTOp pTZ [P,, r2 1. n ~ @ e p e ~ L U i a J 7 b ~ b I e  y p a B H e m S  r e H w m  

r r p m u M a m  Ban:  

-r p = ~ ~ = [ - u d ]  ,. , ~=jj]; 

-'-? - 
P = G  r = [ ~  D] ; .  



nna  $ o p ~ u p o s a ~ u a  cTeneHHoro c u m a n a  ( 7 7  6 )  ~ e o 6 x o n u ~ o  
BBeCTu n ~ n ~ i l ~ u ~ e n b ~ b ~  ~ p e x ~ e p ~ b ~  B e K T O p  'j; . ~ O T B ~ T C T B Y -  

rnxuaa c u c T e M a  y p a ~ ~ e ~ u f i  r e s e p a m u  n p u H u M a e T  s u n :  
-I 

0 6 a e n u ~ a a  y p a B H e H u a  ( 7  6 )  u ( 7  8 ) .  nonysaeM C n e W r n I l r y r o  
p a c m u p e m y r n  c u c T e M y  y p a B H e H u a  nna o n u c a r l u a  ~ B T O H O M H O ~ ~  3 a ~ -  
K H Y T O ~ ~  CUCTeMbI: 

~ J I R  CUCTeMbI y p a ~ ~ e ~ u f i  ( 7 9 ) WrOpPiTM B b F I u C n e H u R  lTep€+ 
XonHoro npouecca C B O ~ ~ T C R  K o n p e n e n e n u r n  n e p e x o n ~ o f f  M a T p u u b x  
ti BbI'IMCneHMKl PeaKUMM CUCTeMbI H a  3 a U a H H b I e  H a ' I W b H b I e  YCnOBUR 
cornacno P e K y p p e H m i o M y  c o o ~ ~ o m e ~ a r n :  

.- 
r e  Q - nepexomarr MaTpaua cacTeMbI ( 7  9).  

C x e ~ a  a n r o p u T M a  a b r r u c n e a a a  a n o c T p o e H u H  nepexomoro 
npouecca npaaenexia H a  p u c .  13,a.   TOT anropaTM, T a K  xe K ~ K  

li a r ITOpuTM lTOCTpOeHHR KOpHeBOrO rono~C3$€l, QJenyCMaTpHBaeT 

n u a n o r  n p o e K T u p o s m K a  c 3 B M .  Bce 6 n o ~ u ,  B K O T O P ~ M  u 3 0 6 p a -  
xexi 3 H a K  ? ', CBFI~EIHY,I c n p e p b B w u e M  npouecca pacseTa a 
O m n a H u e M  OTBeTa. T a ~ o f i  nuanor npennonaraeT npuMeHense an- 
@ ~ B H T H O I U ~ @ ~ O B ~ D C  u n u  r p a @ a s e c ~ u &  nucnneea. 3BM s a n p a u ~ s ~ a e ~  
nOpRnOK , MaTpHUy A, BeKTOp b K MaTpuU)' C 3a~KFQT0fi 
~ J I e n H l u e f i  CUCTeMbI ( 7 6 ) ,  a TaKXe Tun Q C T a H n a p T H O r O  BXOnHO- 

lW B O ~ ~ ~ ~ ~ C T B H R  ( 7 7  ). 
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n 0 U T e  BTOT'O B 3aBKCBMOCTH OT m K 3 H B K a  a am--BaKM'CR 

n a p a ~ e ~ p b ~  M ~ T ~ H U ~ I  ,Q , 311arem~ naranbnm ycno~aft P b a ~ o -  
nu@auwpye~crr noFnoK pe3ynb~apymuieft c w c r e M m .  3 a ~ e ~  aopm- 
p y e T c R  Ma-rpaua A a n o c T y n a e T  sarrpoc H a  senwmy T a K T a  n ~ c -  
KPSTHOCTH T , T ~ ~ ~ Y ~ M O W  UJI(nR BbWKCJIeHKS t I e p e x 0 g X o f t  MaTpHUbI 

(D a o p n a n a T  nepexomoro npouecca. Bmacneme Ip peaJIH3OBa- 

HO C TIOMOUbK) pa3nOXeHBR B M ~ T P U Y H H ~ ~  pSn 

M a K c H ~ a n b H o  nor rycTHMoe BpeMrr nepexomoro npouecca, nna 
KOTOpOT'O COXpaHSfeTCR 3 M a H H a R  T O W O C T b  B~FIKcJ 'I~HBR, O n P e U e M -  

e T c R  [15] no cnenymweft aopwyne: 

J M ~ . K G  
- MaKCHMaJIbHOe c ~ ~ c T B ~ H H o ~  3 H a r e H H e  MaTpHubI  A. 

Harano n o c T p o w u a  nepexomoro npouecca c o o T s e T c T B y e T  

M o M e n T y  Z p e M e m s  TO= 0 . n p e n y c ~ o ~ p e ~  3arrpoc H a r a n b H o r o  c- 
CTOSQIHSI X o  . B b W a c n e m e  nepexomoro npouecca H a  H n T e p s a n e  

( 0 , TK ) p e a m s o ~ a ~ o  B sane npouenypm TRESP [pac. 13.6). 
no O K O H ~ ~ H H M  p a o I e T a  nepexomoro npouecca u s a e c T a b 1  pe- 

BKUHH CHCTeMbI no BCeM nepeMeHHbIM COCTO5IHK9, S T 0  SBJTHeTCZI 

a c r e p n b r s a m u e f t  u ~ 4 o p ~ a u H e R  n o c T p o w a a  ~ K O B  nepexon- 
H ~ I X  n p o u e c c o B  no a H T e p e c y m m M  c o c T a s m r o n r a M  suxona. 

Ecna s p e m  nepexoworo npouecca o~aaanocb H e n o c T a T o r -  

HbIM KIIH T ~ & ~ ~ T C R  K3MeHHTb HaY8JIbHbIe YCnOBHS no n e p e M e H -  

HbIM COCTOSHKR H C c J I e n y e ~ O f t  CECl'eMbI, E n E  T a K T  nECKPeTHOCTK B 

NiT'OpHTMe I'QleJlyCMOlpeHbI COOTBeTCl'BylOlUEe 3anpOChl C T e P M G  

nana. Ecna nonyrennble mcnosme M a c c a s H  nawocTbIo xapa~- 
pmyro~ n e p e x o m b r e  rrpoueccm B c a c r e M e ,  TO n o c m e  ax 
~ O B  BbInOJIHSeTCS r r p o u e n y p o f t  6RAPH. 

n p ~ ~ e ~ e m e  ~ D O U ~ I I Y D ~ I  TRES P , O6parneme K npoaenype 
1 TR ESP H M e e T  Ban: 

B x o m b r e  n a p a M e T p m  n p o u e n y p b 1  T R E 8 P  : 
Q7 - nepexomiarr M a T p a u a  CHcTeMbI (79) nns 3a~1an~o- 

TO 3IiarIeliHS T a K T a  nHCKpeTH0cTH; 

XK - BeKTOp HarINIbHbIX ycn0BHft  JJnS CHCTeMbI (7 6) ; 



R K -  BeKTOp HasaJ IbHbIX ycJI0Bufi  A n H  CUCTeMbI ( 78 a, 6) ; 
TO- MoMeHT Haqana pacseTa n e p e x o m b x x  npoueccoB; 
TK- MoMeHT O K O H ~ ~ H K Z I  pac9el.a nepexonam npoueccoa; 
T - T a K T  AKCKPeTHOCTU. 

BbnronHb~e neDeMembIe rrPouenwb1 TRES P : 

X - MaCCuB ~ O C n x l . ~ ~ f i  B MOMeHTbI B ~ ~ M ~ H K  TL?, T 1,. . -, TK; 
TO- nepeMemasr, K O T O ~ ~ H  npa s b s x o n e  as  npouenypbl: pama 

TK. 

3To yno6~0  n n r r  r r p o n o n x e a u r r  mKna s b r r u c n e ~ u f i  nepexon- 
H O ~ O  r r p o u e c c a ,  ecna oKaaanocb, ¶TO HamaqeHHoro W a q e H u r r  TK 
HenocTaTowo nna a a s e p l u e m r r  nepexomoro npouecca. 

n ~ a ~ e ~ e ~ a e  rmoue~mm GRP PH . Obpaure~ae K npouenype 
GRAPH aMeeT BKA: 

CAt t GRAPH (x, N, A). ( 8 4 )  



npouenypM nenecoo6pa3~0 o6sena~a~b  B naKeT rrpuKnamrbIx npo- 
r p a M M  HccnenosaHna n n x i a M w s e c K H x  cacTeM, B c o c ~ a ~  naKeTa 
exonsT Monynu, Hamcamme H a  a a M K e  llJl/l. Y n p a 8 n s ~ > u r a n  npol 
r p a M M a  ( MOHHTOP n a ~ e ~ a )  opraHaayeT nocnenoeaTenbHocTb B ~ X -  

aosa ~ o n y n e f t  ma p e r u e z i n a  KcmKpembac aanas accnenoBwaa. B 
~abn. 3 n o ~ a a a ~ o  ~ n ~ o n e f t c ~ e a e  ~ o n y n e f t  naKeTa nna p e r u e H u a  
BTHX 3anaSo 

Peannaama MHOTHX 93 npnBeneHHux  WOPHTMOB pameTa 
~ a u d o n e e  ~ ~ K T H B H ~  npa acnonbaoewna pemMa nuanora, B pe- 
m M e  naanora n p o e m a p o e u r a K  nonyraeT BOOMOI~(HOCT~ n a ~ e ~ e ~ u a  
acxomrb~x ~ ~ H H M X ,  nocnenoBaTBnb~oc~a pacveTa, B H B O ~ U M ~ I X  ne- 
peMeHHbIx B xone pellIeHm sanavu H a  3BM. 

k i ~ e m s  Heo6xonU~b1e TemwecKue CpencTsa ( a n t $ a s a m -  
UB@POBH~ B rpamec~ae  n a c n n e e ,  r p a t $ o n o c ~ p o a ~ e n a )  a cacTeM- 
H o e  nporpaMmoe 06ecneve~ae nns o p r a ~ u s a n u a  naanora npa np- 
eKTHpOBaHUH CUCTeM YnpaBneHER.  OKHaK0 T ~ ~ ~ Y ~ T C R  pa3pa60T~a 
yHuBepCMbHbIX L i  n p 0 6 n e ~ ~ b 0 p ~ e H ~ ~ p 0 B ~ H b m  9 3 b I K O B  n U a J I O r a ,  

OpraHK3ar fHR nEaJlOrOBbIX CpenCTB pa60Tb1 C DaKWaMLI  IlPLiKnan- 

HbIX l lp0FpaMM. 

B HaCTORUee BpeMR UMeIOTCfl DepBbIe pe3ynbTaTbI B 9 ~ 0 f t  
HOBOB 06nac~a n c c n e n o ~ m a B .  Paspa6o~a~a  nuanorosaa cucTeMa 
nporpaMMaposmas D M A J l  [lo] , KOTOP~R n p e n o c T a s n a e T  n o n t i  
a o a a - r e n m  y~asepcanb~bdi aabx naanora, cpencTsa oTnanm n p b  
TpaMM, HanUC8HHbIX H a  ~ ~ M O ~ O B O M  SiabIKe; B03MOXHOCTb X p a H S  

HMs, MO~U@HKBLIUH U KOPPeKLIUU W O r p a M M  L i  UELHHbIX KIOnb30BB- 

Tens; cpesTsa pa6o~b1 c naKeTaMH nporpaMM B pemMe ~ U ~ J I O -  

Fa; B03MOXHOCTb BbI30Ba ~ o n y n e f t  H a  EI3bIKBX nn/l ,  W P T P A H ;  
B03MOXHOCTb nOnOWeHUEI naKeTa np0l"paMM. 
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