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CLICTEMH IIPOL'PAMMLIPOBAHHR B OL'PAHLIYEHLIRX 
(OB30P) 

B HaYqHbIX UCCneAOBaHUSIX, IIPOBO~HMbXX B P a M K a X  fiUCUHIInHHb1 uC7CyC- 

cmeenn~ i i  u+tmeAAercm,  B a x a o e  M e m o  ~ ~ H U M ~ I ~ T  npo6ne~b1 p a 3 p a 6 0 ~ ~ ~  
YHHBepCaJIbHbIX MeTOAOB PelIIeHUSI 3afiarI. ~ ~ C T O  pe3y.nbTaTOM TaKUX HC- 

m e ~ o ~ a a H R  RBnReTCX CO3AaHUe HOBbIX H3blKOB IIPOrPaMMUPOBaHHR BbICO- 

KOrO YPOBHR. M H O ~ H ~  KOHIJeIIQHH H IIOAXO,QbI, I IpeAJIOXeHHble  B 3THX SI3bI- 

KaX,  HaXOlrpT UIlipOKOe IIpUMeHeHHe B IIpOMbIlIIJIeHHOM I IpOrpaMMUpOBaHHH.  

H ~ I I M ~ ~ Z L M I I  MOrYT CnyXiUTb  p a 3 p a 6 0 ~ a H ~ b 1 e  KCCl Ie~OBaTenbCKHMU rpynlla- 
MH IIO HCKYCCTBeHHOMY HHTeXJIeKTy R3bIKH Prolog, Lisp A Smalltalk, H a  

OCHOBe KOTOPbIX 3aPOAIIJIUCb I l a p ~ H r M b I  JIOrHYeCKOrO, ~ Y H K ~ E I O H ~ ~ I ~ H O ~ O  U 

O ~ % ~ K T H O - O ~ U ~ H T H ~ O B ~ H H O ~ O  I IPO~paMhl I IPOBaHUX COOTBeTCTBeHHO. K HaCTO- 

H w e M y  B p e v e H w  npo~soruno c T a H o s n e I i H e  ewe o ~ ~ o i i  n a p a , q n r M b I  nporpaw 
MHPOBBHUR, KOTOPOe HOCHT HiL3BFLHHe 7 l p 0 2 ~ U 4 M U p O B ~ H U e  6 02pa?iU%?.?iUAX. 

H p o r p a ~ ~ ~ p o ~ a ~ a e  B o r p a H H r e n u c I x  6 a 3 ~ p y e ~ c ~  H a  pe3ynb~a~ax H c c n e -  

A O B ~ H H ~  M e T o a o B  pemenm sadau ydoe~emsopewu ozpanuuenud. 3waw 
3TOP0  KJIaCCa OIIpeAeJIRIoTCR COBOKYIlHOCTbK) 0 2 p a ? i u ~ e n u f i ,  CBH3bIBalOuHX 

M e w  co608 ~ H ~ ~ ~ H I I F I  P ~ . ~ ; I U Y H ~ I X  n e p e M e H H b I x .  P e u e ~ u e ~  3 a ~ a ~ u  mna- 
eTCR TaKOe 03HaYUBFLHUe IIepeMeHHbIX,  KOTOpOe ydoe~emsop~ern  BCeM 3 m a H -  

HblM O ~ P ~ H H Y ~ H H R M .  EOJI~LUUHCTBO 3 a A a Y ,  BO3HHKaK)qHX B pa3JIHYHbIX 06~18- 
CTSIX HaYKA H TAXHHKH, MOXHO OTHeCTH K 3TOMY KJIaCCy. 

C ~ U ~ C T B ~ ~ T  AOCTaTOYHO 6onbmoe KOJIHYeCTBO R36IKOB I l p O r p a M M H p O B a -  

HUSI B OrpaHUYeHMRX. K AaHHOMY KJlaCCY OTHOCRTCX R3bIKH I IpOrpaMMHpO-  

smm, 06naaamque c p e A c T s a M u  cneq~+~Kaqau u p e u r e H n s r  3a,qa~ ynosne- 
TBOpeHHX O ~ ~ Z I B U ~ ~ H H ~ .  K ~ K  l lpaBHJIO,3TH R3bIKU RBJISIIOTCR PaCIIIUPeHHHMH 

C y q e C T B y I O u H X  R3bIKOB TlpOrpaMMHpOBaHHR. T a ~ o ~ y  llO&XOjlJ I I p U C y ~ H  Cne-  

j l J l O q H e  HeAOCTaTKU: CpeACTBa c I I ~ ~ u ~ A K ~ ~ H u  3 w a Y  ~ n 0 B J I e T B O p e H H R  O r p a -  

HI IYBHEI~~  Ollpe~t?JIXlOTCSI BbIpa3UTeJIbHbIMH B03MOXHOCTSIMH 6a30~0ro H3bIKa,  

@ A.M. Yma~oa,  B.B. T e n e p ~ a ~ ,  2000 



KOTOpbIe  3 a Y a C T y l O  H e  lTO,4XO,4RT AjrR 3THX qeneR, a CeMaHTHKa p a C U l H p e H H O r 0  

R3bIKa  HeAOCTaTOZIHO I I p 0 3 p a s H a .  T ~ K M M  o6pa30~, CTaHOBHTCR ~ K T Y ~ J I ~ H O ~ ~  

npo6ne~a C03AaHHR HOBbIX R36IKOB IlPOrPaMMHPOBa.HUR B OrPaHHYeHHRX,  

06nafia1oqux M O ~ H ~ I M U  C p e a c T B a M t i  c n e q u + u K a q u u  H p e m e H m  saga9 y ~ o -  
BJIeTBOpeHIlR 0 r p a ~ U s e ~ H f i  U COXpaHHlOqHX KOHqeIITy&lIbHylO qeJIOCTHOCTb 

H I Ip03PaYHOCTb.  

B H ~ ~ ~ ~ ~ C T ~ ~ H ~ H C C A ~ ~ O B ~ H H ~ M , ~ ~ ~ ~ ~ ~ O T K O ~ ~ M ~ ~ ~ B ~ T H ~ M C ~ ~ ~ C T B I I ~ O -  

r p a M M H p O B a H H R  B O r p a H H s e H H R X  3aHHMaIOTCR B OCHOBHOM COTPYAHMKIl POC- 
C H ~ ~ C K O ~ O  H ~ ~ Y H O - H c C ~ T ~ A O B ~ T ~ J I ~ C K O ~ O  UHCTUTYT~ HCKYCCTBeHHOrO HHTeJIJIeK- 

Ta (r. MOCKB~)  H ero H o ~ o c ~ 6 ~ p c ~ o r o  +tinuma. OHH P ~ ~ O T ~ L I O T  B TeCHOM CO- 

T p y A H H s e C T B e  C na6opa~op~efi HCKyCCTBeHHOrO HHTeJIJIeKTa MHCTHTYT~ CH- 

CTeM UH+OPM~THKII UM. A.H. Epruo~a CO PAH (r. HOBOCH~H~CK) .  ~ T U M H  

ABYMR KOJIJIeKTHBaMH, lTOMHMO APYrHX lTPOrPaMMHbIX CHCTeM, C 0 3 A a H  IIPO- 

~ ~ ~ M M H ~ I B  KOMnJIeKC HeMof [I-31, B K J I I O Y ~ I O ~ I I ~ ~  B c e 6 ~  p i t3BHTbIe  CpeACTBa  

cneqi i+~mq~i i  H perueniis sway y A o e n e T B o p e n i i a  0 r p a ~ H ~ e ~ H f i .  

M a ~ e p ~ & l I  pa60~b1 IIOCTpOeH u l e p y I O q H M  06pit30~. B 2 A W T C R  

onpeAeneme  saga^^ y A o B n e T B o p e H u R  o r p a ~ u u e ~ ~ f i ,  ~ O K ~ ~ ~ I B ~ T C R  n p e u M y -  

q e C T B a  B b I a e n e H H R  TaKHX 3 w a Y  B 0 ~ a e J I b H b I f i  KJIaCC, nPHBOaRTCR IIpHMe-  

P b I  Pea J IbHbIX  3Wau 3 T O r 0  KJIaCCa. M C T O P U Y ~ C K H ~ ~  0630~ pa6o~ B 0 6 n a c ~ ~  
I IpOrpaMMHpOBaHHR B OrpaHHW?HHRX ( p a 7 ~ .  3) 3HaKOMHT CO CTaHOBJIeHAeM 

AaHHOrO HaYYHOrO HaI IpaBJ IeHHR H II03BOJIReT O q e H H T b  YCIIeXH, aOCTHrHYTble  

B 3~0fi O ~ J I ~ C T U  3 ~ a ~ H f i .  K n a c c ~ + ~ m q ~ ~  U a H a J I H 3  3 a A a Y  YAOBJIeTBOpeHUR 

0 r p a ~ H Y e ~ d  H aJr rOpUTMOB AJIR HX P e m e H U R ,  PaCCMOTpeHHbIe  B pZL3A. 4, no- 
KX3bIBaIoT LUHPOTY IIPUMeHUMOCTH MeTOAOB IIPOrPaMMIIPOBaHHR B O r p a H H Y e -  

HHRX. B p i t3A .  5 IIpeACTaBJIeH 0630~ EI3bIKOB A CHCTeM IIPOrPl iMMHPOBaHHR B 

OrpaHHYeHHRX,  ~ ~ ~ 1 1 0 Y a K ) q l l f i  B c e 6 ~  K ~ ~ T K E I ~ ~  a H a J I H 3  ~ O J I ~ I U H H C T B ~  H3BeCT- 

HbIX CHCTeM H HX MeCTO B 06qefi KJI~CCU+UKZL~IIH. Y K X ~ ~ I B ~ ~ T C R  0c06oe Me- 

CTO KOMIIJIeKCa HeMof B CI IeKTpe  3THX CMCTeM. B 3aKJIIOYeHHU IIPUBOAHTCR 

CpaBHUTeJ IbHaR ~a6nuqa BCeX PaCCMOTPeHHbIX CUCTeM IIpOrpaMMHPOB&HHR B 

orpaauueausx. 

~ C ~ ~ ~ ~ O B ~ H H R  B O ~ J I ~ C T H  HCKYCCTBeHHOrO HHTeJIJIeKTa (HH) IIpUBeJIH K 

C03AaHHIO TaKHX + O P M ~ J I ~ H ~ I X  CpeACTB npeACTaBJIeHHR H 0 6 p a 6 0 ~ ~ U  3 H a -  

~ H f i ,  KaK CeMaHTHYeCKHe CeTH, I IpOAyKqHOHHbIe  CHCTeMbI, + p C ? f i ~ b I ,  HeYeT-  

M MaTeMaTHKa ,  He f ipoHHbIe  CeTH. M H O ~ O Y H C J I ~ H H ~ I ~  IIpOMbIUIJIeHHbIe HH- 

TeJIJIeKTYaJIbHbIe CHCTeMbI, C03AaHHbIe  H a  6a3e 3THX CPeACTB, O ~ O C H O B ~ I B ~ I O T  

H ~ O ~ X O ~ H M O C T ~  n P O B e q e H H R  TaKHX I I C C J I ~ ~ ~ O B ~ H H ~ ~ ,  HeCMOTPR H a  CKeIICHC, pit3- 
~ e J I R e ~ b 1 f i  ~ O J I ~ I I I H H C T B O M  ~ ~ - A c C ~ T ~ ~ O B ~ T ~ J I & ,  OTHOCHTeJIbHO B03MOXHOCTH 

C03AaHHR HCKYCCTBeHHOrO HHTeJIJIeKTa KaK TaKOBOrO. 



yiUa~06 A. M., Tenepwax B. B. CKCT~MM IIpOrPaMMUPOBa.kIUR B O ~ p ~ U Z l e H U ~ X  277 

H~CMOTPR H a  MHOI'OYHCneHHOCTb P ~ ~ P ~ ~ O T ~ H H ~ I X  P a H e e  CpeACTB IIpe,T(- 

CTaBneHHH H o6pa60~~1i ~ H ~ H H # ,  HCCJleAOBaHHEI B AaHHOM HaIIpaBJIeHHH IIpO- 

~cxnmrn~m. B H a c T o H q e e  s p e m  @OKYC n c w e ~ o ~ a ~ ~ f i  B A ~ H H O ~ ~  O~JIBCTH 

IIepeMeCTHJICR H a  p a 3 p d o ~ ~ y  MeTOAOB H CpeACTB yAOB.JleTBOpeHHH O r P a H H -  

YeHHfi II  CO3AaHHEI IIpOMbIIIIJIeHHbIX CHCTeM H a  IiX OCHOBe. OAHO H 3  0 6 % ~ ~ -  

HeHHfi 3TOMY COCTOHT B TOM, S T 0  MHOrRe 3aAaYI i ,  BCTpeYa loYHeCH B pa3Hb12: 

O ~ J I ~ C T H X ,  M o m H o  oTHeCTH K K n a c c y  aadau ydoenemeopenua ozpanuuenuii. 

O n p e ~ e ~ ~ e ~ ~ l e  1. 3wa~a y a o B n e T B o p e H m  orpaauseaufi, unu 3 Y 0 ,  - 
smo uemeepxa (D, R, V, C), zde 

D - h4HOatceCmeO o6nac~efi s ~ a v e ~ ~ f i ,  
R - ncnoxecmeo O T H O L U ~ H U ~ ~  pa3nu~noii apnocvnu nad s m u ~ u  o6na- 
CvnRNU, 
V - NHOXeCmeO KIepeMeHHbIX, C ~aDtCd05 213 ROmOpt4X CeSU?rU 06- 
nacma ee ~ O ~ M O D ~ C H M X  3nauenufi, 
C - unoxecmeo orpanuue~ufi, cesauearotqux snauenu~ nepehennux 
w V nocpedcmeo~ omnowenud us R. 

Perue~ue 3 Y 0  (D, R, V, C) - smo 03nauueanue nepeuennux V, xomo- 
poe conocmaenRem xaxdofi nepe~ennoii snauenue u3 ee obnacmu, maxoe, 
umo dm nro60zo ozpanuuenua c E C eunomaemca coomeemcmeyrotqee om- 
nowenue nad 3 n a u e n u ~ u  C B R ~ ~ H H M X  UM nepehennux. 

IIOHRTHO, YTO n o A  onpegeneme n o n w a e T  A o c T a T o s H o  L U U ~ O K H ~ ~  K n a c c  

3 w a Y ,  KOTOpbIe pa3SIHSarnTCH CBOUMH KOMIIOHeHTaMH: O ~ J I ~ C T H M W  ~ H ~ W H I I G  
IIepeMeHHbIX,  B m a M W  O T H O L U ~ H H ~ ~ ,  CIIOCO~OM 3 W a H H R  0 r p a H M S e H H ~ .  M O X ~ T  
IIOKa3aTbCEI, YTO BBeAeHHe HOBOrO THI Ia  3 w a Y  H e  IIPHBHOCHT HI iYerO  HOBO- 

I'O B TeOPHlO nPeACTaBJleHHEI U O ~ P ~ O T K I I  3 ~ a H H f i ,  T a K  KilK AJIEI PeLUeHHR 

KOHKPeTHbIX BMAOB TaKHX 3waS MOXHO UCIIOJlb30BaTb P a H W  nOJIyYeHHbIe  

pe3yJIbTaTbI  B A p y r H X  0 6 n a c ~ ~ x .  T ~ M  H e  M e H e e  BbIAeJIeHHe 3waS YAOBneTBO- 

P e H U R  O ~ P ~ H E I Y ~ H I I #  B O T & ? ? J I ~ H ~ I ~ ~  K J I X C  IIpHHeCnO UIeJQflOYHe BbIrOAbl. 

B n a r o ~ a p ~  o 6 w e ~ y  noAxopy K 3 a + a a ~ a ~  T a K o r o  T H n a  6b1nu prwpa6o- 
T ~ H ~ I  p a 3 n u ~ ~ ~ e  xoonepamuenue MeToAbr HX pememx [4, 51, IIOJBO- 

JI f f lowHe I IpHMeHRTb K 3 w a S a M  K O M ~ I I H ~ ~ W I I  Ii3BeCTHbIX MeTOAOB. Ewe 
B a x s e e  3 ~ e c b  n o m n e H H e  pqqa ynueepcanbn~x a r r r o p u T M o B  p e m e H u a  

3 w a Y  Y,LlOBneTBOpeHHR 0I 'paHHYeHUfi  [6-91. 
IIo~xoa K c n e u ~ + u K i l u ~ u  3waw K ~ K  sa+aaw y A o B n e T B o p e H m  orpaan- 
W H H H  n03BQnEIeT IIOSIHOCTbIO H ~ ~ ~ B U T ~ C R  OT BCeX lIpOI&?JQfPHbIX AeTa-  

nefi c I I ~ ~ H + U ~ U H .  BM~CTO T o r 0  Y T O ~ ~ I  C ~ ~ ~ E I ~ I I ~ E I P O B ~ T ~  P r n J I I I S H b I e  

MZOpUmNM, IIO3BQnHIowIif? IIO BXOAHbIM AaHHbIM BbIgHCnRTb  Pe3YJIb- 
TaTbI ,  HYXHO IIPOCTO 3 w a T b  A40de~lb 3WaSIi. O I I e p H p o ~ a ~ b  TaKMMH de- 
xnapamuenu~u c n e u ~ + ~ i ~ a u ~ i ~ ~ a  H a M H o r o  npowe, S e M  cneu~+arca~n- 
EIMU UNnepamU6HMNU, HJIH aJIrOPHTMI19eCKHMH. HOAXOA " M O A ~ J I ~  BMe- 



CTO Z L T ~ O ~ U T M ~ "  II03BOJIReT IIOAHRTb H a  KaseCTBeHHO H O B ~ I ~ ~  YPOBeHb  

CpeACTBa  IIpeACTaBJIeHHR U 0 6 p a 6 0 ~ ~ ~  ~ H ~ H U B  [lo]. 
C n e q r i + ~ K a  sagas y , q o s n e T B o p e H m  orpa~ure~I iH n o ~ ~ m ~ i n a  BsecTEi  

H O B y m  KOMnOHeHTy 3 a a H I i f i  - nedoonpede~lennocmb [7, 11, 121. B M ~ C T O  
T o r 0  '1~06b1 UCKaTb pelLleHMe 3 W a Y H ,  MOXHO n o n p 0 6 0 ~ a ~ b  T e M  unu 
UHbIM C ~ O C O ~ O M  OyeHUmb MHOXeCTBO ee peII IeHUfi .  ~ ~ O ~ K U U H  T ~ K O B  

o q e H K u  H a  s ~ a s e ~ u e  ~ a ~ ~ o i i  n e p e ~ e ~ ~ o f i  A a e T  oqemy ee s a a Y e w l r R .  

3 ~ a  o q e H m  T p a x T y e T c R  K ~ K  nedoonpede~ennoe s ~ a s e ~ ~ e  n e p e ~ e ~ ~ o i i ,  
KOTOpOe M O X e T  AOOIIP€!A€!JIRTbCR n p U  n0CTynJ IeHUU HOBbIX AaHHbIX (no- 
6a~nea1im H O B ~ I X  o r p a ~ ~ ~ e a u j i ) .  K a Y e c ~ ~ e w w b ~ f i  c ~ a s o ~  3 ~ e c b  A o c T u r a -  

eTCR 3a C r e T  TOrO, 9 T O  3 a Y X T Y l O  U H ~ O P M ~ ~ U S I  0 AOnYCTHMbIX 3HaYe-  

HHRX n e p e ~ e ~ ~ o i i  R s n r r e T c s i  AJIR a H x e H e p a  (yse~oro,  ~ K O H O M I I C T ~ )  H e  

M e a e e  (a Iiaorna H 6onee) B ~ H O B ,  YeM K o H K p e T H o e  p e u I e H u e  sagam. 
Ha OCHOBe T ~ K O H  H H @ o ~ M ~ ~ H H  OH M O X e T  I IpHHUMaTb  6onee I 'paMOTHbIe  

H B3BeUIeHHbIe  Peu IeHUH,  T a K  KaK e M y  OTKPbIBaIoTCR HOBbIe B3aUMOCBR- 

3 U  I I a p a M e T p O B  3 a g a r I U ,  KOTOPbIe O ~ M Y H O  H e  RBJIRlOTCR OYeBHAHbIMM 

A a x e  AJIR J m a Y  c p e ~ ~ ~ e i i  cnoxaoc~~i .  

flUee B pa3g. 4 MbI pa36epe~ p a 3 J I U s H b I e  BUAbI 3wa.I YnOBJIeTBOpeHHR O r p a -  

HHqeHHfi ,  a 3 A e C b  n p H B e A e M  CIIHCOK H3BeCTHbIX npo6ne~ TaKOrO T u n a .  

Afode~upoeanue. Y a c ~ o  npu n p o s e A e H u I i  H a y w b r x  UJIH n H m e H e p H b r x  

p a C Y e T 0 B  T ~ ~ ~ Y ~ T C H  YCTaHOBUTb, KaK TOT HJIU UHOG I I a p a M e T p  3 a A a s M  

BJIHReT H a  ~pyr0fi  n a p a M e T p  Pi H ~ O ~ O ~ O T ,  T. e. Pe I I IHTb  I IpRMbIe  H o6pa.r- 
H b I e  3 w a Y P i  AJIR O A H O ~ ~  U  TO^ Xe CUCTeMbI 0 I ' paHUYt?~Uf i .  T~XHOJIO~UR 
IIpOrpaMMPipOBaHHR B OI 'paHUseHURX IIPUBHOCUT B 3TY 0 6 n a ~ ~ b  HOBbIe 

p e m e n u R  [I 31. 
~poelcmupoeanue. 3 ~ e c b  O r p a H u Y e H H R  IIpeACTaBJIRlOT ~0609 ~ p e 6 o ~ a -  
HEIR, npeA%RBJIReMbIe  K p e 3 y J I b T H p y l O W e M y  lTpO,JJ,yKTy. ~ T U M  I I p O W K -  

TOM M O X e T  6 b 1 ~ b  CaMOJIeT, AOM, ~ J I ~ K T P U Y ~ C K U ~ ~  TI )~HC+OPM~TOP [14] 
UJIU MY3bIKaJIbHaSI I IbeCa .  

I7~anupoeanue. n n a ~ ~ l p o ~ a ~ u e  npoqecca pa6o~ BO B p e M e H t i  c y r e T o M  

p e c y p c ~ b ~ x ~ a ~ p a ~ ~ ~ n ~ e ~ c ~ ~ ~ n n r ~ o R  3a ,qase i iygo~ne~~ope~u~orpa-  
H U Y ~ H H ~ ~  ( C J I ~ A O B ~ H U ~  no BpeMeHH,  KOH@IUKT 38 06wii pecypc). np0- 
I 'paMMHpOBaHHe B OI'paHUYeHURX C y ~ e C T B e H H O  I I O B b I U W T  KaqeCTBO CU- 

CTeM IIJIaHUpOBaHHR [Is]. 
Kounbtomepnoe 3penue. B K a s e c T s e  o r p a ~ u v e ~ n R  3 m a m ~ c ~  pa3nu~-  
H b I e  o6pa3b1, KOTOpbIe  MOXHO p a C n 0 3 H a T b  B o64eii KapTUHe .  B pa6o~e 
[16], ~ O C B H ~ ~ H H O ~ ~  MaIIIUHHOMY 3peHUlO,  6b1n BI IePBbIe  OIIHCaH U r O -  

PHTM $ ~ J l b m p a y ~ ~ ,  R B J I H I O ~ K ~ ~ C R  npoo6pa30~ U I ' O p U T M a  YnOBZeTBO- 

p e H u r r  orpasnse~uii.  
Ye~loeelco-uauunn~e unme&efic~. 3 ~ e c b  o r p a H u Y e H H r l .  + o p ~ y n u p y e ~  

CaM nOJ Ib30BaTeJ Ib ,  a CHCTeMa nojq6npae~ yAOBJIeTBOpRlOWylO HM KOH- 



4urypaqtlIo rpa4~recuoro A H a n o r a :  p a s ~ e p  H pacnosoxeaue OKOH, pe- 
a K q H I o  H a  K y p C O p  MbIlUH 11 A p .  [IT]. 
My~bmuazenrnna~e cucrneMhca6. H o s e ~ e ~ u e  u H T e n n e K T y a a b I I o r o  aream 
~ ~ 0 6 ~ 0  OnHCbIBa'I'b B B U A e  O r p a H H i ~ e ~ l l % .  T o r ~ a  K ~ X A ~ I W  a r e H T  B UPO-  

qecce CBOeI'O B ~ ~ H M O A ~ ~ ~ C T B P ~ R  C APJ'rllMH a F e H T a M U  ~ Y A ~ T  pyKOBO,L(CTBO- 

B a T b c r r  ~ T I I M H  o r p a n u s e H a R M H .  B pa6o~e [ l a ]  n p e A n a r a e T c n  c ~ p o f i ~ a ~  
K O H q e n Q H R  M Y n b T H a r e H T H b I X  CllCTehl ( ~ a 3 6 1 ~ a e ~ a S ' I  ~ ~ X % O A O Z U ~ ~  ah-- 
r n u e m b x  06aexmos), K o T o p a a  o n u p a e T c R  H a  a n r r a p a T  n p o r p a M M u p o a a -  

HHR B orpanrrseauax. 

3.  0 6 3 0 P  P A B O T  
B OBJTACTEI I I P O I ' P A M M H P O B A H E I R  B O I ' P A H H Y E H H R X  

CTa.JI0 O Y e B u g H b I M ,  ZITO ~au60~1ee B ~ C O X ~ ~ I E  BKJIaJI B CTaHOBJIeHHe tr p a -  
B H T H e  I I p O r p a M M H p O B a H E i R  B OrP&HHZIt?HHRX KZiK CaMOCTORTeJIbHOrO HaYZIHOrO 

H a n p a B J I e H I I R  BHeCJIH HCUlegOBaTf?JIU, 3 a H I I M a m W M e C I I  npo6ne~ofi ITpeACTaB- 

.qeHHR ? ~ a ~ H f i ,  JOI'PTZIeCKHM I I p O r p a M M M p O B a H H e M  H 11HTf?pBaJrbHbIV&i BbIrI1lC- 

;IeHHIIMFi. O A H ~ K O  H ~ O ~ X O A H M O  n p H 3 H a T b ,  YTO Y HCTOKOR ,L(aHHOFO H a n p a B J I e -  

HHR CTORT IICCTeAOBaHHR B 06nac~u M ~ U ~ H H H O ~  ~ P ~ ~ H K H  Ii O ~ P ~ ~ O T K H  kI3O- 

6pame~uE. 0~11~ H 3  nf2pBbIX U H T e p a K T l l B H b I X  I'pa411rec~Pix t i ~ ~ e p 4 e f i c o B  

1191 peLUaJl  reOM+?TpHYeCKIle O r p a H U Y e H E I R .  OTHOUI~HHR, 3FLAaHHbIF B BHJe  

J'paBHeHHfi HAM r a6n~y ,  6bma H C n O J I b 3 0 B a H b I  B c I I ~ ~ H ~ u K ~ L ~ H R x  3 a 2 a r I  AJSi 

HeKOTOpbIX CAnP, 1x0 OHM H e  npusenu K K ~ K M M - J H ~ O  T e O p e T u Y e C K H M  0606- 
W e a t i a u .  C a ~ o e  n e p B o e  06061qe~ue, R s n x m u r e e c x  A o c T a T o s H o  6 ~ 1 1 3 ~ ~ ~  ce- 
I'OAHRIIIHeMY rIOHRTIII0 CeTH O ~ P ~ H I I Y ~ ? H K ~ ~ ,  6b1n0 IIOHRTHe B ' ~ L % U C A U ~ ~ ~ ~ A ' ~ H O ~  

 oden nu, n p e a a o x e H H o e  3.X. Tbryry B 1970 r. [20]. OCHOBH~R H A e R  sbrrac- 
Z I l T e j I b H b I X  M O A ~ J I ~ R  COCTOHT B TOM, ZITO 3aJ(aeTCR M O A e n b ,  ~ a 6 o p  3 ~ a Z I e H ~ f i  

BXO&HbIX I I e p e M e H H b I X  H MHOXeCTBO BbIXOaHbIX I I e P e M e H H b I X .  C H C T ~ M ~  a B -  

TOMaTPiW?CKEi CHHTe3MPYeT I IpOI 'paMMY, BbIZIIICiIRlOIlJyIO 3 H a Y e H U R  BbIXOAHbIX 

I I e p e M e I I H b I X .  3 a h f ~ ~ a ~ e J I b ~ b 1 ~  CBO~~CTBOM BbIYHCTIIlTenbHbIX M O A ~ J I ~ ~ ~  RBJIR- 

eTCR TO, q T O  AJlR O A H O ~ ~  Ei TOB Xe MOAeJIll  M O X H O  3 w a B a T b  p ~ 3 J I E I ' I H b I e  ~860 -  
p b I  BXOAHblX 11 BbIXOfiHbIX I I e p e M e H H b l X ,  ZITO lTPIIBOfiEIT K CHHTe3Y p a 3 J l H Y H b I X  

I I p O r p a M M .  H a n p u ~ e p ,  H a  0 f i H 0 f i  Ei TOE Xe MOAenPi T p e y r C N I b H E i K a  M O X H O  

p e m a T b  UeAyIorqae ~ ~ J I ~ Z I H :  



Montanari [21],  3aHUMaRCb IICCJIe,QOBaHURMU B T 0 f i  Xe O ~ J ' I B C T I I  O ~ P ~ ~ O T K R  

u306pa>rte~nii ,  IIepBbIM IIpHMeHEiJI m r e 6 p a u ~ e c ~ n i i  IIOAXOA K CeTU O r p a H U s e -  

~ ~ f i .  OH T a K X e  IIepBbIM CTaJI PaCCMaTpHBaTb  IIOHRTUH COBMeCTHOCTEi J y P  Pl 

COBMeCTHOCTIi I I y T e R  CeTH 0 r p a ~ 1 1 Y e H U f i .  

Oc~o~onmara~orqeii p a 6 o ~ o f i  B o6nac~n y A o B j r e T B o p e H u x  o r p a ~ ~ r e w n i i ,  
no-BHAHMOMY, C A e A y e T  C Y U T a T b  CTaTbH) Mackworth [6], B ~ o ~ o p o t i  BI IepBbIe  

6b1.xa IIpeAIIpEiHHTa IIOIIbITKa CIiCTeMaTH3UpOBaTb HaKOIIneHHbIe  K TOMY B p e -  

MeHH Pe3YJIbTaTbI .  A J I ~ O P H T M ~ I  (AC-1,2,3, PC-1,2), I IpUBeAeHHbIe  B YTOB pa- 
6 0 ~ e ,  CTaJlU O T I I ~ ~ B H O ~ ~  T O Y K O ~ ~  &i'lH A C C J I ~ A O B ~ T ~ J I ~ ~ ~  B 06nac.r~ YAOBJIeTBOpe-  

HUH o r p a H E i Y e ~ I I 8 .  C J I e A y e T  O T M e T n T b ,  Y T O  Mackworth paCCMaTpEiBaJl TOJrbKO 

KOHesHbIe  o6nac~n n 6 1 l ~ a p ~ b I e  OrpLUIUYeHLiH. 

U A ~ H  3TWX aJII'OPHTMOB B PX3JIWqHbIX BI igaX  BI IepBbIe  IIOHBUJIHCb B pa- 
6 0 ~ a x  Burstall [22], rge n c c n e A y e T c R  M e T o A  pemenns 3 a ~ a ~  3a111n@po~a~- 
HOrO CTIOXeHHR, Pl Fikes [23], B K O T O P O ~ ~  paCCMaTpEiBaJlOCb PeILIeHMe sagas 
YAOBJIeTBOpeHEiH 0 r p a ~ U 4 e ~ l i f i  H a A  6 y n e ~ b 1 ~ n  ( A B ~ X ~ J ~ ~ M ~ H T H ~ I M H )  06nac.r~- 
MU. M o T n ~ a q n e i i  YK2l3aHHbIX pa60~ IIOCJIYXWJIa H ~ ~ + @ ~ K T H B H O C T ~  PeUIeHMR 

3 w a Y  yAOBnf3TBOpeHHSl O I ' p a ~ l i Y e ~ U f i  H a A  KOHf3qHbIMH O ~ J I ~ C T R M U  3 ~ 8 Y e ~ U f i  

TptLAHqUOHHbIMII MeTOAaMH nepe6opa. 
Mackworth paCCMaTpHBaJl  ~ r O p I l T M b 1  AJIR PeIIIeHHR 3 Y 0 ,  B KOTOpbIX 

BCe O ~ J I ~ C T R  B D KOHeYHbI, a K a m O e  OrpaHUW?HUe c ( x , ~ )  CBX?bIBaeT Abe 

I I epeMeHHbIe  2,  y E V C IIOMOqbIO 6 n ~ a p ~ o r o  OTHOIUeHUR f c  D, X Dy. I q ~ ~  
n p o c T o T b I  M ~ J I O X ~ H ~ R  npeAnonoxm, YTO H ~ P E I A ~  c K ~ X A ~ I M  O r p a m Y e H w M  

C ( X ,  y )  B C IIpEiCYTCTBYeT er0 3epKaJIbHbIf i  aHaJIOr ~ ' ( y ,  x ) ,  I'Ae T,! = { (b .  a )  I 
(a ,  b)  E T,) .  A n r o p U ~ ~ b l  n p e A H a 3 n a s e H b I  A o c T U x e H n R  coe~ecmnocmu 
no d y z a M  cemu O ~ P U F ~ U U ~ N U ~ ~ ,  T .  e. COKpBLqeHUIO O ~ J I ~ C T I I  B03MOXHbIX  3Ha-  

Y e ~ U f i  D, K a ~ ~ 0 f i  n e p e ~ e ~ ~ o 8  X E V TaKIiM 0 6 p a 3 0 ~ ,  Y T O ~ ~ I  JJR JIIO~OI-0 

O r p a H U Y e H H R  C ( X ,  y )  kl 3HaYeHUR a E Dz HalIIJIOCb 661 3 H a Y e H H e  b E Dyt  
COBMeCTHOe CO 3HaYeHMeM a B CMbICJle OrpaHU~IeHEiR  C ( X , y ) :  ( a ,  b) 6 T,. P ~ c -  
CMOTPHM B K P a T q e  IIpMHqEiII pa60~b1 aJII 'OpHTMa AC-3. ( A J I ~ O P U T M ~ I  AC-1 M 

AC-2 RBJ'IRIoTCR M e H e e  ~ @ @ ~ K T H B H ~ I M I I  BapUaqHRMH H a  T Y  Xe T ~ M Y . )  

A n r o p a ~ ~  AC-3. 
Q + c; 
n o K a  Q # 0 

~ b l 6 p a ~ b  Ei Y A a J I H T b  nm608 C ( X ,  9 )  W3 Q; 
AJIR ~ X A O ~ O  a E Dz 

eCJILi He C y q e C T B y e T  b E D, TaKOrO,  ' I T 0  (a ,  b) E T c ,  T O  

y ~ a ~ ~ n ~ b  a 113 Dz; 
eCJIU I13MeHUJ'lOCb Dz ,  T O  

Q + Q U  {c ( z , x )  12 # X , Z  # Y ) ;  
KOHeq.  

C y ~ a  3 T O r 0  ZJJIrOPHTMa COCTOUT B C J I e ~ K I q e M :  eCJIIl &'El HeKOTOPOI'O 3Ha-  

Y e H U R  a I I e p e ~ f 3 ~ ~ 0 f i  X H e  C y q e C T B y e T  Hli OAHOrO COBMeCTHOrO 3 H a Y e H H R  b 
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n a p a M e T p a  y (B c M b l c n e  orpaxiuyenusi c(x, y)), TO OHO y A m R e T c R  113 MHO- 

X e C T B a  Dz AOIIYCTEiMbIX 3HaYeHM# I I e p e ~ e H H o f i  2. CJIO>KT~OCT~ aJIfOpEiTMa 

AC-3 COCTaBJIHeT O(ed3), I'Ae e - KOJIHYeCTBO 0 r p a H H Y e ~ H f i  B C, a d - pa3- 
M e p  ~a~6onbruefi 06nac.r~ 113 D. 

B 1986 r. B pa60~e (81 6b1no IIpeAJIOXeHO pa3BI1THe aJU'0pHTMa AC-3, 
PiMeIoII&ee BbIYHCJIEiTeJIbHyIo CJIOXHOCTb O(ed2), YTO, KaK HeTpYAHO y 6 e f i ~ ~ b -  
GI. RBJIHeTCR H H X H ~ ~ ~  O U ~ H K O ~ ~  CJIOXHOCTH nm6oro aJlI 'OpHTMa AOCTPiXeHHR 

COBMeCTHOCTW no A y r a M .   TOT aJIrOPMTM ( H ~ ~ B ~ H H ~ I Z ~  AC-4) M C I I M b 3 y e T  Me- 
A y I o m H e  A B e  BHYTpeHHUe CTPYKTYPbI ABHHbIX: 

1) AJIR K a x A o r o  s a a ~ e ~ n r r  b E D, o n p e A e n R e T c a  M H o x e c T B o  nap (nepe- 
M e m a ,  3 ~ a r e ~ ~ e )  ((2, a), rae x E V n u E D,) TaKHx,  YTO ~ H ~ Y ~ H H R  

(1 E i  b RBJIRIOTCR COBMeCTHblMH B CMbICTIe OrpaHHYeHRR C ( X ,  9): 

Pafio~y a.JIJ?OpHTMa MOXHO p a 3 A e n H T b  H a  J(Be YaCTH. C H ~ Y ~ J I ~  AJIH K a X -  

zoro o r p a H H r e H E i R  c(x, y)  u AJIR -or0 ~ H B ~ ~ H H H  b E Dy r e H e p I 1 p y e T c R  

14HOXeCTBO Syb H EiHHlI,HaJIH3HpYIOTCR CyeTYIiKH C a n t e T ( ( 2 ,  a), y).  0 6 ~ a p y -  
X e H H b I e  H a  3TOM 3 T a I I e  HeCOBMeCTHbIe 3HaYeHHSI 3aHOCHTCSI B 0 9 e p e A b .  

Ha BTOPOM 3 T a I I e  ~ ~ C ~ ~ O C T ~ ~ H S I I O T C R  0 6 ~ a p y ~ e H H b 1 e  HeCOBMeCTHOCTH: 

HeCOBMeCTHOCTb I I a p b I  (Y, b) IIPHBOAHT K YMeHbIlleHHIO H a  e3HHMII.Y 3HaYeHHSi 

CYeTwiKa.  Can t e r  ((x, a), y)  AJIH B c e x  (x, a) E S u b  TaKHx,  STO a E D,. nap61 
(2, a), CSeTyHKU KOTOPbIX CTaJIH paBHbIMH HYJIK), A O ~ ~ B J I R I O T C I I  B O Y e p e A b ,  a 
3HaYeHHe  U YflaJIEieTCR I13 MHOXeCTRa Dz. 

OCHOBHO~~ HeAOCTitTOK &lIrOpHTMa AC-4 - er0 BbICOKitH nPOCTPaHCTReH- 

H a R  CTIOXHOCT~ (O(n262), r A e  n - K o a w r e c T B o  n e p e M e H H b I x  B 3aaaKre, a d - 
p a 3 M e p  ~a116mbrnefi 0 6 n a c ~ ~ ) .  

B 1990-x FOAaX 6b1n~ llpeJJIOXeHb1 ApyrMf? aJI rOPHTMbI AOCTHXeHBII COB- 

MeCTHOCTH: AC-5 [24], AC-6 [25], AC-7 [26], KOTOPbIe He3HaSHTeJIbHO YJIY9- 

IllaJIH IIPOEi3BOAHTeJIbHOCTb AC-3 Ei AC-4. 
A n r o p l l ~ ~  AC-5 ~($ ($~KTHBHO HCIIOJIb3YeT O C ~ ~ ~ H H O C T I I  HeKOTOPbIX KJIaC- 

COB o ~ ~ ~ H M W ? H H ~ ~  (B YaCTHOCTH, SUCJ~HH~IX), H O B  c ~ ~ I I & ~ M  a y Y a R  OH CBOAHTCR 

K aJIrOpMTMaM AC-3 HJIH AC-4. Ero BpeMeHHaR CJIOXHOCTb AJIR c ~ ~ Q H ( $ M Y ~ -  

CKMX K n a c c o B  orpa~men~lf i  CBOAMTCR K O(n2d). 
Anropm~ AC-6 RBJIReTCR pa3BHTHeM aJ I rOpHTMa AC-4. Ero OCHOBHOe 

O T J I n r H e  OT AC-4 COCTOHT B CJIeAyIOweM. Bce 0 6 n a . c ~ ~  3 ~ a S e n H f i  n e p e M e a -  

HbIX IlpeflIIOJIaELIOTCH IIOJIHOCTbH) yIIOPRAOSeHHbIMH. OY~BUAHO, YTO AJIR CO- 

XpaHeHHSI 3HaYeHMR b B MHOXeCTBe D, AOCTaTOSHO 3 H a T b ,  S T 0  CYqeCTBYeT 
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XOTR 6h1 OAHO COBMeCTHOe C HHM 3 H a Y e H H e  a E D, B CMhIUIe  OI'paHHYeHUH 

C(X, y). ~ O ~ T O M Y  BMeCTO MHOXeCTBa  BCeX 3 ~ a Y e ~ H f i ,  I I O ~ e p X U B a l o q H X  AaH-  

H o e ,  AOCTaTOYHO X p a H U T b  TOJIhKO OAHO J H a Y e H H e ,  H a n p H M e p  MEiHAMUbHOe  B 

CMbIUIe  YnOpRAOYeHMH D,. B CJlyYae,  eCJlM 3 T 0  MHHHMaJIhHOe 3 H a Y e H H e  CTa- 

HOBHTCR HeCOBMeCTHbIhl H YAaJIReTCR H 3  MHOXeCTBa  ny, H q e T C R  CZeAyIOTqee 

MHHHMajIhHOe COBMeCTHOe J H a 4 e H H e .  

MHOX~CTBO Syb O n p e A e n R e T c R  cneaywqm o6pa30~: 
Syb = ((5, ~ ) I c ( x ,  y) E C U b RBJIReTCR MHHHMaJfbHbIM 3Ha ' I eHHeM 

B Dy TaKHM, ' I T 0  (a, b) E r c } .  
T ~ K  KaK B a J I rOpMTMe AC-6 B MHOXeCTBe Sub XpaHHTCR TOJIbKO OAHO 3 H a -  

9 e H H e ,  er0 npOCTpaHCTBeHHaR C iOXHOCTb  -- O(n2d), XOTR Bpeh l eHHaH C.iTO>rc- 

H O C T ~  T a m 2  x e ,  m~ H y AC-4 - O(n2d2). 
A ~ ~ O P H T M  AC-7 RBJIReTCR A L W I ~ H ~ ~ ~ I I I M M  p a 3 B u T a e M  AC-6. Ero cneI[H-  

4 H ~ a  COCTOHT B TOM, YTO OH YYHTbIBaeT T a K H e  C B O ~ ~ C T B ~  O I ' ~ ~ H H W ? H H ~ ,  KaK 

H ~ ~ ~ & ~ I ~ K c U B H O C T ~  U KOMMYTaTUBHOCTb. AC-7 HMeeT  c~le.L(yIoU~He O C O ~ ~ H H O -  

CTH: 

1) H e  I IpOBepRTb  COBMeCTHOCTb I I a p b I  3 ~ a q e ~ H f i  (a, h), e<;TU U3BeCTeH 

b' E D, T ~ K O B ,  S T 0  naps 3 ~ a ' I e ~ H f i  (a, b') COBMeCTHa; 

2) H e  I IpOBepRTb  COBMeCTHOCTb n a p h I  3 H a ~ e ~ ~ f i  (a, b), eCJIH H3BeCTCH 

b' E Dy T ~ K o ~ % ,  4 T O  I I a p a  3 ~ a ~ e ~ H 8  (b', a )  COBMeCTHa; 

3) H e  npoeepmb napy 3 ~ a ~ e ~ ~ f i  (a, b) ,  ecm: 
a) o H a  6b1na yxe  n p o s e p e H a ;  

b) napa (b, a) 6b1~1a yme n p o B e p e A a ;  

4) a j I r O p H T M  HMeeT  I IpOCTpaHCTBeHHyIo CJIOXCHOCTb O(ed) . 



A n r o p u ~ ~  B ~ I ' I u C J I ~ H H ~ ~  B OBM paCCMaTpHBat?TCH KaK I I a p a J I n e n b H b I f i  aCUH- 

XPOHH~IB H ~ A ~ T ~ P M U H U P O B ~ H H ~ I ~ ~  I I o I I I ~ ~ o B ~ I ~ ~  np0UeCC.  K m ~ m  ~ Y H K ~ U R  

H H T e p n p e T a q u u  n m m a R  ~ - n e p e ~ e n ~ a a  B OBM H a x o A m c a  B OAHOM u3 ABYX 

COCTOHHAB: aKTUBHOM MJIH HeaKTHBHOM (IIBCCMBHOM). AKTUBH~H ~ Y H K ~ U R  

u H T e p n p e T a u u A  C T a H o B n T m  n a c c u ~ ~ o j i  nocne c B o e r o  u c n o n H e H n x ;  

H-IIepeMeHH- CTaHOBHTCR ~ K T I I B H O ~ ~ ,  eCJIEi MeHReTCR ee HeAOOnpeAeJIeHHOe 

s~asenne.  
Ha r IepBoM mare B c e  @ Y H K ~ H U  u H T e p n p e m u u u  B c e x  o rpa~u re~a f i  c Y u T a -  

WTCR aKTHBHbIMH U UCIIOJIHRIOTCR. n 0 C J I e  ACnOJIHeHIla @OPMRPY~TCH MHOXe- 

CTBO aKTHBHbIX H-IIepeMeHHbIX EI aKTEIBHPYIoTCH BCe @ Y H K ~ H U  HHTepI IpeTa -  

UHU, IIMeIoU&tie CpeAEi CBOUX ap rYMeHTOB XOTR 6b1 OAHY aKTHBHYH) H-nepeMeH-  

HYIO. Ha m A 0 M  CJIeNIOU&eM milre BbrWiCJlRloTCsI BCe @ Y H K ~ H I I  A H T e p I I p e  

T a q t i H ,  KOTOPbIe CTZlJIH BKTHBHbIMH H a  I IpeAb5qyWeM mare, A BHOBb CTPOIlTCH 

MHOXeCTBO BKTHBHbIX H-IIepeMeHHbIX. ~ P O ~ & ? C C  JaKaHYUBaeTCR T O r A a ,  KOrAa  

MHOXeCTBO aKTUBHbIX H-IIepeMeHHbIX CTiiHOBUTCR nYCTbIM. 

&'IR IIpeACTaBJIeHHR HeAOOnpeAeJIeHHbIX YHCen A.C. H ~ ~ U H ~ R H U  IIpeAjIO- 

X H J I  ACnOJIb30BaTb UHTePBaJIbI  3HaW?HIlfi, a AJIH PeaJIH3aqEIU ~ Y H K Q U ~ ~  UH- 

T e p n p e T a q u w  ~ a g  HHMU - a n n a p a T  u ~ m e p e a n b ~ o Q  mamemamuxu 1281. MM 
6bme n p e m o x e r i b 1  ~l Apyrne ~edoonpedene~we  munu da~nux ,  s g a c T H o c T I l  

H e A o o n p e A e n e n a b I e  hu-ioxecTsa A O T P ~ ~ K H .  



~ ~ ~ ~ ~ c T E L B J I ~ H u ~  MHOXeCTB 3 ~ a Y e H H f i  HHTePBaJIaMH, H a  H a m  B3I'JI%A, IIBH- 

n 0 C b  3HaZIHTeJIbHbIM IIPOPbIBOM B o6nac~a aJIrOPUTMOB YAOBJIeTBOpeHMlI O r p a -  

HHZIeHHfi, K O T O P ~ I W ,  OAHBKO, OCTaJICII He3itMeZIeHHbIM 3 a I I a a H b I M H  YZIeHbIMH. 

OAHOB M3 nPH'IHH CTaJIO TO, ZITO A.C. H ~ P H H ~ ~ I H H  HCIIOJIb30BaJI TePMHHOJIO- 

rHK,  I IpeACTasneHHII  ~ H ~ H H W  H IIOTOKOBbIX B~ISHCJIBHHB, KOTOpa5I B KOPHe 

O T J I H Y U 8 C b  OT TePMHHOJIOrllH JIOI'H'IeCKOI'O lTpOrpaMMHpOBaHH5I (KOTOPO~~ 

lTOJIb30BXTCfl Mackworth H np. )  Apyroe 0 6 ' b a c f l e ~ a e  TOI'O, ZIT0 H a  n p 0 T R -  

X e H H H  IIOZITU AeCIITM JIeT OTe'IeCTBeHHbIe H 3apy6ex~b1e MCCJIeAOBaTeJIH B 

o6nac~u Y~OBJIeTBOpeHHEi 0 I ' paHr iZIe~Hf i  pa3 rOBapHBaJ lM H a  " ~ S W H ~ I X " E I ~ ~ I K ~ X  

3a~nmsae~cx  B TOM, 'ITO n p e ~ j ~ o m e ~ ~ b ~ f i  M e x a a m M  H e A o o n p e A e n e H H b I x  B ~ I -  

'IMCTI~HH~? CBO€!~~ YHHBePCaJIbHOCTbK) CYqeCTBeHHO lIPeBOCXOAHJI CyqeCTBYIO- 

W H e  aJIrOpUTMb1 YAOBJIeTBOpeHHR O ~ ~ ~ H H Z I ~ H U ~ ~ .  B TO BpeMH KaK 3 a I I w H b I e  

HCCJIeAOBaTeJIH PeIIIEUIH 3 Y 0  H a  KOHe'IHbIX O~JIXTEIX 3 ~ a Z I e ~ H f i ,  OCHOBHbIe 

y c H n H s  p a 3 p a 6 n ~ ~ u ~ o ~  a n n a p a T a  H e n o o n p e A e n e H H b I x  ~ o ~ e n e f i  6b1nu H a n p a B -  

JIeHbI H a  Pe I I I eHHe  ZIHCJIeHHbIX 3 w a Z I .  

~ c I I o J I ~ ~ o B ~ H H ~  B e ~ e C T B e H H b I X  HHTepBaJIOB B a J I rOpUTMaX YJJOBJIeTBOpe- 

HHEi 0 r p a ~ H ~ e H l i f i  6 ~ n o  " ~ ~ ~ ~ o T K ~ ~ I T o "  HeCKOJIbKO pa3 B ~ ~ O T U  Davis [29], 
CleaI'y [30] H Hyvdnen [31], KOTOpbIe UMejlH MHOrOZIUCJleHHbIX n0CJIeAOBa- 

~eneB (Older H Vellino [32], Lhomme 1331, Benhamou, McAllester M Van 
Hentenryck [34]). BOJI~IIIHHCTBO aJlrOPHTMOB YAOBJIeTBOPeHHR HHTepBaJIb-  

HbIX 0 r p i l H H Z I e ~ ~ f t  MOXHO P X C M a T P U B a T b  KaX Pa3HOBHAHOCTU a J I r O p H T M a  

AC-3. A n r o p u ~ ~  AC-3 B "YUCTOM BEI,I(~'~ CJIYXHT AJIH BbIZIHCJIeHUEI COBUeCm- 

HbLX 120 dy2a.u  MHO3KeCTB ~ H ~ Z I ~ H U B  IIepeMeHHbIX 3Y0 .  O 6 0 6 q e ~ u ~ 1  3 T O r 0  

a J I rOpHTMa,  p a b o ~ a m ~ ~ f ?  C HHTepBaJlaMH 3 ~ a ' I e ~ U f i ,  BbIZIHCJIaIoT O~OJTOYHO- 

coeuecmx~e (hull-consistent) MHoHcecTsa  s ~ a q e ~ ~ 1 1 .  
P~CCMOTPHM 3 T 0  IIOHBTHe noppo6~ee. C J I ~ ~ I I  Mackworth, Ha3OBeM orpa- 

H n Y e H u e  C(X, y,  . . . , Z )  E  C c o e . u e c m r r M a  no dyzau, emu AJIEI nro608 nepe- 
M ~ H H O ~ ~  V E {x, Y, . . . , 2) H ~1m601-0 3Ha'IeHHH a, E  D, CYWCCTBYmT 3HaW?HMR 

a, E  D,.a, E Dy. ..., az E D, T a m e ,  YTO (ax,a ,,..., a ,,..., a,) E r , .  
~ ~ ~ A I I o J I o x H M  Tenepb, ZITO O ~ J I ~ C T I I  H 3  D IIBJI%IOTCII IIOAMHOXeCTBaMH 

~ e q e c ~ ~ e ~ ~ o f i  np r r~o i .  Berqecmeenrrw u u m e p e a ~ l o u  [iz, ?i] H ~ ~ O B ~ M  MHO- 

m e c T B o  {a E R I a < a 5 Z). B B ~ A ~ M  onepaqum a n n p o K c u M a q u H  hull, 
C O l T O C T a B J I % I o ~ K )  Ka3KAOMY IIOAMHO>KeCTBY BeIlJeCTBeHHbIX ZIHCl3JI HaUMeHb- 

I I I H ~  co~epmaqafi ero U H T ~ ~ B ~ J I .  H w o ~ e ~  o r p a H M s e H w e  c(x, y, . . . , z) E C 
o 6 o ~ l o u n o - c o e u e c m r r w ,  e c n H  p,.n~ n&H n e p e ~ e ~ ~ o B  v E {x, y 7  . . . , z )  

A J I ~ o ~ H T M  AOCTUXeHHR 060~109~0fi CORMeCTHOCTW CeTU o I ' P ~ H H ~ ~ H H ~ ~  BBJIR- 

eTCH 0 6 0 6 ~ e ~ H e ~  a J I r 0 p H T M a  AC-3. B HeM BMeCTO nepe6opa nap HeCOBMeCT- 

HbIX ~ H ~ Y ~ H H B  HCIIOJIb3YC?TCR O n e p a m o p  CyXt?HUA,  K O T O P ~ I ~ ~  n0 3 w a H H O M y  

OrpaHHYeHHH) C(X, Y,  . . . , Z )  C Y m T  O ~ J I ~ C T U  Dx, Dy, . . . , D3 A0 060510'1~0- 

COBMeCTHbtX 06~1ac~eft. 



B pabo~e 1341 6b1no IIpeAJrOXeHO A p y r O e  IIOHHTHe JIoKaJrbHofi COBMeCT- 

HOCTH: ~ J Z O Y H U R  coeuecmnocmb (box-consistency), K o T o p o e  o n p e A e n R n o c b  

B TePMHHaX HHTePBaJIbHbIX p a ~ U I H p e ~ A f i  I$YHKUU~~, 3 a & L K ) u U X  OI'paHHYe- 

me.  O r p a ~ u ~ e ~ u e  C ( X ,  9, .  . . , t) E C, ~ ~ e r n u e e  BUA f (5, y, . . . , Z)  = 0 ( r ~ e  
f : Rn + R), H a b I s a e T c f i  6nouno-coeuecmnuu, e c n A  AJIR nm60iI n e p e M e a -  

nol  v E {x,y,. .  . , z )  

D, = hull(DU n {a ,  E R I f(D,, D , ~ ,  . . . , [nu,a,], . . . , D,) = [O, O])), 

rAe j - eCTeCTBeHH0e UHTepBiUIbHOe PaCIIIMpeHHe I$YHKUHU f 1281. B [34] no- 
K a 3 a H 0 ,  YTO AJIS AOCTHXeHUR 63104~0f i  COBMeCTHOCTU M O X e T  6 b 1 ~ b  IICnOjIb- 

3OBaH I i ~ ~ e p ~ a J I b ~ b ~ f i  MeTOA H ~ K ) T o H ~ .  P ~ ~ J I u Y H ~ I ~  IIOHRTHR H H T ~ ~ B Z I J I ~ H O ~ ~  

COBMeCTHOCTH HCCJIeAOBiUIHCb H B pa6o~e [33]. 
Boo64e, 3 W a Z I a  HaXO>KAeHHH COBMeCTHbIX obnac~eti ~ H ~ Z I ~ H H #  IIepeMeH- 

HbIX, IIpeACTaBUMbIX B BHAe HHTePBiUIOB, UIHPOKO IiCCJIe,XYeTCR B CM~XHO# 

AHCUJinJIUHe - HHTepBaJIbHOM aHWIH3e .  Hanpa~ep,  Ii3BeCTeH I$=T [%I, YTO 

MHOXeCTBO BCeX p e I I I e ~ H f i  CHCTeMbI Y P ~ ~ B H ~ H H ~ ~  

I'Ae - eCTeCTBeHHOe HHTepBaJrbHOe PaCI I IHpeHHe  f,. 
C J I e r n e ~  3aMeTHTb ,  ZIT0 AJIEI 0 r p a ~ u Y e ~ H f i  H a  BeIL(eCTBeHHb1MH YHGTa- 

MU 6b1JIli p a 3 p a b o ~ a ~ b I  p a 3 J I H 4 H b I e  CIIt3I&HaJIH3UPOBBHHbIe ( H ~ H H T ~ ~ B ~ J I ~ H ~ I ~ )  

MeTOAbI, H 3 ~ 1 o X e H H b l e  B p 6 0 ~ a ~  T b ~ y r y  [4] H Jaffar H Ap. 1361. 
B a x ~ b ~ f i  B K n m  B CO3AaHHe ~I$I$~KTUBH~IX aJII'OpHTMOB PeIlXeHHS 3aAa.I 

yAOBJIeTBOpeHHR 0 r p a H H Z I e ~ H f i  H w  KOHesHbIMH O ~ J I ~ C T S M U  BHeCJIH P ~ O T ~ I  

(37-391. B 9aCTHOCTH, Freuder B n e p B b I e  B B e n  nOHRTHe poCnp0CTTbpUHeHU.U 

o ~ ~ U H U % ~ H U ~ .  Ero HAeEI COCTOHT B TOM, Y T O ~ ~ I  CiBTOMCiTHYeCKH CHHTe3HpO- 

B a T b  HOBbIe OrpaHHZIeHHFI B O ~ ~ ~ C T ~ K ) I I @  a p H 0 C T H  ( H ~ Y H H ~ S ~  C apHOCTU 1). 
M ~ K c u M ~ U I ~ H L M  aPHOCTb CHHTe3HPOBaHHbIX O ~ P ~ ~ H H Y ~ H E I ~ ~  P a B H a  KOJIHYeCTBy 

IIepeMeHHbIX B CeTH. HOBH~ OrpaHH%!HHR AO~~~BJIEIHYTCEI B HCXOAHYK) C e T b  U 

YZIaCTBYIoT B BbIYNCneHHHX. ~ B M ~ Y ~ T ~ J I ~ H ~ I M  CBO~~CTBOM aTIrOPHTMa PaCIIpO- 

CTpaHeHEiFI 0 r p a H H Z I e ~ E i f i  HBJIReTCR TO, YTO n p H  YAOBJIeTBOpeHHH O r p a H H Y e -  

HHFI M ~ K c H M ~ U I ~ H O R  apHOCTH MbI KIOJIyYaeM RBHOe Pe I I I eHHe  3 W a - H .  B [37] 
O ~ O C H O B ~ H ~  KOPPeKTHOCTb ABHHOrO &JIrOpUTMa. 



Eqe OAHOR B ~ X H O ~ ~  06nX~bI0, K K O T O P O ~ ~  6b1n~  IIpUMeHeHbI  MeTOAbI YAO- 

BJIeTBOpeHHR o r p a ~ k i ~ e ~ k f f i ,  C T a n a  o6nac~b MHOXeCTB. ~ ~ O B J I ~ T B O ~ ~ H U ~  O r p a -  

HUW?H& H&L( MHOXeCTBaMH PXCMaTPUBaJ IOCb  B P ~ ~ O T ~ X  (11, 40-441. 
Y W ~ H H ~ I ~  pa60~b1 661~1~ 0606qe~b1 PaCCMOTpeHHeM 0 ~ p a ~ H 9 e H U f t  HaJ( 

pa3HOpOAHbIMU O ~ J I ~ C T X M U  [45-481 U HMeIOT MHOFO 06qero C UCCJIeAOBaHHR- 

MU, IIOCBRqeHHbIMU a6cmprcmnoii UH7TlepnpeI7layUU, B qaCTHOCTU C KJlaCCU- 

qec~oft pa60~0fi (491. B [45] CeMaHTUKa YflOBJIeTBOpeHUH 0 ~ p a H U s e ~ E f f i  paC-  

CMaTpHBaeTCR UMeHHO C IIO3UqHU ~ ~ C T ~ ~ K T H O P  U H T e p n p e T a q U k i .  B 0 ~ H O f i  H 3  

IlOCJIeJ(HUX P&OT [5(:)] nOKa3aH0 ,  s T 0  HeCMOTpR H a  BCe ~ ~ 0 r 0 0 6 p a 3 H e  are- 
PUTMOB YAOBJIeTBOPeHUR 0 ~ p a H 1 1 9 e ~ E l f t ,  BCeX HX MOXCHO PaCCMaTPHBaTb  KiLK 

3K3eMIInHpbI  OAHOrO yHUBepC&TbHOI'O a J I rOpBTMa.  BM~HHO 3TOT a j I r O p U T M  U 

6bm n p e A n o x e H  B rraonepc~o$ pa6o~e A. C. H ~ P H H ~ R H U  [7] no H e A o o n p e -  

AeJIeHHbIM MOAeJIRM, n p a B A a ,  6e3 O ~ O C H O B ~ H X  er0 KOpPeKTHOCTH. T ~ K H M  
06pa30~, MOXHO CKXSaTb, 4 T O  38 20 JIeT UCCJIeAOBaHUR B 06nac~li aJ I rOpUT-  

MOB Y f i o B n e T B o p e n H s  o r p a ~ ~ q e ~ ~ f i  C o n e p m n n H  n o n ~ b ~ j i  RMTOK no r e r e n e B -  

C K O ~  CnUpaJ IH  Pa3BUTUR HayKU. 

B pa6o~e A. Y r u a ~ o ~ a  1511 6 b m a  s a K p b I T a  6pemb M e x p y  H e A o o n p e A e n e H -  

HbIMU MOABJIRMU B aJIrOPHTMaMU ,L(OCTHXeHHR J I o K ~ ~ ~ H o %  COBMeCTHOCTU CeTU 

o r p a a l r s e ~ a i i .  B H ~ P  B s e A e H o  r r o H m a e  H e g o o n p e f l e J l e H H o r o  p a c r u u p e H u a  *D,, 
o6nacrw 3 ~ a q e ~ ~ f i  Dv n e p e ~ e ~ ~ o f i  v :  

H e ~ p y q H o  BHA€!Tb, YTO MHOXeCTBO BCBX IlO,U,MHOXeCTB K O H ~ ~ H O ~ ~  o6na- 
CTU 3 ~ a Y e H H f i ,  T a K  Xe KaK U MHOXeCTBO BCeX BeueCTBeHHbIX HHTepBaJIOB, 

R s n R e T c n  H e A o o n p e A e n e H H b r M  P a c m u p e H H e M .  H e ~ o o n p e g e n e ~ ~ b ~ e  s ~ a ~ e ~ u r r  
*a, E *Dz, *ay E * D Y ,  . . ., 'a, E *D,  H m b r s a m T c n  n - c o e ~ e c m n u u  c orpa- 
HUYeHUeM C(X, Y, . . . , z), eCnH OHU RBJIRHlTCR a ~ l l p O K C l i M a q U R M H  HeKOTOPbIX 

MHOXeCTB 3Ha'ieHHfk, COBMeCTHbIX C O r p a H U ~ e H U e M  C(X, y, . . . , 2). B H ~ e p n p e -  

T a q U R  OrPaHHYeHHII  COCTOHT B HaXOX@HUH ~ i t B 6 0 J I b L U k i ~  H-COBMeCTHbIX C 

3THM OrPaHUYeHHeM HeAOOnpeAeJIeHHbIX 3 H a ~ e H U 8 ,  KOTOPbIe BKJIIOYeHbI B UC- 

xoAHbre  H e A o o n p e A e n e H H b I e  3 ~ a r e n ~ a .  A n r o p ~ ~ ~  B b I s l r c J I e H m  H e j o o n p e a e -  

JIeHHbIX 3 H a Y e ~ U f i ,  H-COBMeCTHbM CO BCekfll OrP&HUYeHURMH 3 Y 0 ,  aHaJIOrU- 

YeH aJII'OPUTMY, IlpeAJIOXCeHHOMy A. C. H ~ P U H ~ R H H .  O A H ~ K O  TaKOe OIlpeAe-  

n e H u e  H e A o o n p e A e n e H H o r o  p a c r u H p e H m  B H a T e p n p e T a y a u  orpa~u~e~1121 no- 
3BOJIReT A O W a T b ,  YTO pe3YJIbTaT &lIrOpHTMa HllKaK H e  3aBUCUT OT IIOpRAKa 

u H T e p n p e T a q u H  orpa~use~af i .  T ~ K ~ M  o6pa30~, m r o p H T M  AC-3, pamo K~LK 



Ywaros A. M., T e n e p ~ a ~  B. B. CUCT~MH nporpaMMuposannR B orpanuyennnx 287 

U e T 0  H H T e p B a J I L H b I e  M O ~ H @ H K ~ ~ H H ,  RBJIH€'Tc>l Pa3HOBMflHOCTbK) U r O ] > U T M a  

s b r ~ n c n e ~ ~ f i  B ~ e ~ o o n p e ~ e n e ~ ~ f b ~ x  MO,?lk'~l%?t, n p e A . n o x e H H o r 0  H pa60~e [71. 
C J I e & y e T  O T M e T H T h  IIO ~paf i~ef i  M e p e  T p M  3an&!JHLIe pa6o~b1, o n y 6 n a ~ o ~ a ~ -  
H L I e  B C e p e A H H e  1990-x rogon; B KOTOP~IX 661~1~ n p e , q . z o x e H b r  K O I - I C T ~ Y K I ~ M U ,  

a t I a n o r t i r H b r e  H e A o o r r p e A e n e a a b r M  p a c r u M p e I I u r r M :  Caseau u Puget [45]. van 
Emden [46], Benhamou [52]. 

H ~ C M O T ~ R  H a  AOCTaTOYHO MOJIOAOR B 0 3 P a C T  I I P O r p a M M U P O B a H H R  B 0TI)a-  

HMSeHURX,  yme IIORBllJIOCb HeCKOJILKO HeIIJIOXIIX 0 6 3 0 ~ 0 ~  U C C J I ~ A O B ~ H W ~ ~  B 

, Q ~ H H o ~ %  0 6 n a . c ~ ~  [9, 53-55]. O A H ~ K O  I3 I I e p B b I X  T p e X  0630pa~ nOJIHOCTbIo  OT- 

CYTCTBYeT YIIOMHIIaHI le  0 KZLKIIX-JIH~O POCCM~~CKMX pa6o~ax. C T ~ T ~ R  T. M. 2 ~ -  
HO [55] RBJIReTCR I I e P B b I M  PYCCKOR3bIVHbIM 0 6 3 0 ~ 0 ~  I I P O r P a M M H P O B 8 H I I R  B 

orpaameamx, n KOTOPOM B n e p B b r e  npemoxeaa ucno~1b3ye~arr B H ~ C T O R -  

Wee B p e M R  PYCCKtlS TePhfI iHOJIOrUR M AOCTaTOSHO noapo6~o A a H O  B B e A e H M e  

B I I r ) O r P a M M M p O B a H U e  B O r p a H A S e H M R X .  B H 8 U I e M  o63ope MLI lTpe,QIIOJIaraeM, 

S T 0  YMTaTeJIb  3 H a K O M  C OCHOBHMMU IIOHfiTHRMM 113 O ~ J ~ C T I I  I l P O r P i t M M M p O -  

BaHI1R B OI 'paHMSeHt iHX M IIOCTapa31HCL C a e J I a T b  er0 ~ a ~ 6 o n e e  IIOJIHbIM, T.e. 

YSJIM p a 6 0 T b l  KaK 3apy6em~b1x; T a K  ti POCCI~BCKMX BBTOPOB. 

O l l p e f l e ~ M ~ C R  I IOHHMaTL IIOA a j I r O P I l T M O M  YAOBJIeTBOpeHUR O T p a H M S e -  

HHfi ~11060s U i r O p M T M ,  ~ o ~ o p b ~ f i  HBXOAIIT P e L u e H H e  3aAa.iII y&OBJIeTBOpeHIlR 

o r p a H ~ l W H M i %  MJII1, IIO K p a f i H e f i  M e p e ,  C y m e ? .  06nac~b 8 0 3 M O X H b I X  3 H a Y e ~ U f i  

I I f?peMeHHLIX 3a&aYI1 .  KOH~YHO,  TOT HJIU M H O ~  a j l r O P M T M  I I P M M e H a M  TOJIb- 

KO K H ~ ~ O J I L U I O M ~  I I o A K n a c c y  3 a a a Y .  H a q ~ e ~  K J I ~ c c I ~ ~ M K ~ ~ H I O  a J r r O p H T M O B  

c ~ n a c c ~ l + w ~ a q n ~  p e T u a e M b I x  UMU 3a,4ar. K a x q a ~  3waw y A o B n e T B o p e H U r r  

o r p a ~ t i r e ~ ~ i  m e e T  S e T b r p e  c o c T a 5 n s I o q U x  (onpeaene~tie l), M ~ I  pa36epe~ 
K a m A y I O  I13 HIiX OTAeJIbHO. 

Ko~eswae 0 6 n a c ~ ~ .  ~ ~ @ Z I I I  C KOHeYHbIMM O ~ J I ~ C T E I M U  3 ~ a ~ e ~ 1 l f i  ne- 
P e M e H H b I X  - T P ~ U I J I ~ O H H ~ I B  0 6 5 e ~ ~  ticcne~osm~fi 5 BH. AJIR P e T u e H t i R  

T a K a x  3wa~ 6b1no npeAJroHceHo (a n p o , q o j I m e T  n p e w a r a ~ ~ c ~ )  M H o x e c T B o  

MeTOAOB (HH~LCOH 1561): OT nepe6opa C B 0 3 B p a T a M I i  A 0  F e H e T H Y e C K H x  mro- 
PUTMOB.  



Hepapxmm K n a c c o B .  kfepapxusec~as opra~113aq~~ r e T e p o r e H H b r x  (paa- 
H O P O ~ H ~ I X )  o6nac~el M O X e T  C J I y X U T b  0 6 n a c ~ b I O  AJrcI 3 w a Y  YAOBJIeTBOpeHUR 

0 r p a ~ U Y e H H f i .  Y H l i ~ e p c X I b ~ b I e  aJII'OPUTMb1 AJIR pi360Tb1 C TaKUMU O ~ J I ~ C T R -  

MU, WJK H KOOIIepaTUBHbIe  PeUlaTeJ IU  3TUX 3 w a Y  C IIOMOUbIO p a 3 l l h I X  MeTO- 

AOB, ceRsac HaYUHaIOT 3 a H U M a T b  IJeHTpL3JlbHOe Mt?CTO B o 6 n a c ~ ~ i  n p o r p a M M a -  

POBaHMR B O r p a H H ~ e H H H X  [45, 481. 

4.2. BHAH O T H O L I I ~ H E ~ ~ ~  

K o ~ e s ~ o ,  TOT HJIU U H O ~  BHA O T H o w e H t i R  O n p e a e n R e T c s  B n e p B y I o  aye- 

p e A b  I I p H p 0 ~ 0 f i  06nac~efi 3 ~ a Y e ~ H f i .  Hanpu~ep,  H W  YUCnOBbIhlM O ~ ~ ~ C T H M M  

CYlQeCTBYIOT ~ ~ U & M ~ T H Y ~ C K H ~  OTHOUleHHH THI Ia  " C ~ M M ~  AByX YUCeJl P a B H a  

T P ~ T ~ ~ M Y " ,  H W  r p a & a M U  - OTHOlUeHHe U~OMOP&HOCTH, HaJI MHOXeCTBaMA - 
BKnIOYeHHH U T. A. OAH~KO MOXHO BbIAeJIHTb OAHO YHHBePCaJIbHOe C B O ~ ~ C T B O  

OTHOUleHHR, a UMeHHO p a 3 A e J I U T b  OTHOIIIeHHR H a  3XCmeHCUOHMbHble H UM- 

meHcuonaJmme. 

~ K C T ~ H C E I O H B J I ~ H ~ I ~  OTHOIIIeHZIH. Perb HAeT 06 OTHOIIIeHURX HiLFI. KO- 

HeYHbIMU O ~ J I ~ C T R M U ,  KOTOPbIe MOXHO 3 W a T b  IIPOCTbIM IIepeYUrJIeHMeM BCeX 

K O P T ~ X ~ ~ ~  3neMeHTOB 06nac~eii, y,QOB.ZeTBOpRK)wIIX AaHHOMY OTHOUleHHK). 

KOH~SHO, T a K  MOXHO 3 W a T b  BCe OTHOlUeHliR H w  KOHeYHbIMU 0 6 n a c ~ ~ h . i ~ .  

A p y r U M ,  6onee Ba3KHbIM III)UMePOM TaKHX O T H O ~ U ~ H U B  MOrYT CJ lYXHTb  Ta-  

6nuqb1 B peJIJIQA0HHblX 6max AaHHbIX. M H O ~ M ~  CBOBCTB~ M O ~ e n H p y e M O r O  

I I p e A M e T a  UJIU RBJIeHUR YaCTO 3LL,L(aIOTCfi UMeHHO TaXMM 06pa.30~. ~ T H  OTHO- 

IIIeHHR H r p a I O T  BXKHYIO POJIb  B O~JIXTH CAnP ( C H C T ~ M  aBTOMaTH3HpOBaH- 

HOI'O I I ~ O ~ K T H ~ O B ~ H U R )  EI B O ~ J I ~ C T H  rkZC ( I ' ~ o H H ( $ o ~ M ~ ~ H o H H ~ I x  C U C T ~ M ) .  

AJII'OPUTM~I YAOBJIeTBOpeHHR o r p a H U Y e H H f i ,  I IOpAepXHBaIOIQHe  3KCTeHCUO- 

HaJ IbHbIe  OTHOLIIeHHR, HaXOASIT 3AeCb  CaMOe DIMPOKOe I IpHMeHeHHe.  



E ~ u n u r ~ b ~ e  3 H a r I e H H ' S I .  nep~ble MeTOAbI yfiOBneTB0peHElR OI 'paHH9e-  

H I I ~  pa6o~a.1111 ElMeHHO C TaKIIMII 3Ha9eHIIRMII  I IepeMeHHbIX.  B YBCTHOCTA, B 

p d o ~ e  [4] OnIICbIBXTCR CHCTeMa, I I O 3 B O J I H I o ~ ~  p e K l a T b  3 w a Y H ,  UMeH TOnb-  

KO IIX g€?K.Jlap8THBHYfO C I I ~ ~ I I @ I I K ~ ~ U I O .  P e m e ~ I I e  npOIlCXOgHT MeTOAOM PBC- 

IIpOCTpaHeHElH II3BeCTHbIX 3 ~ a 9 e H I I f i  I IepeMeHHbIX K HeIIJBeCTHbIM. n p I I  3TOM 

H a P R A y  C IIpOCTbIM paCnpOCTpaHeHHeM KOHCTaHT B B b I p a X e H U R X  EICnOJIb3Y- 

mTCR CI Ie4E lUH3HpOBaHHbIe  MeTOAbI AJrR PeLIleHIlH pa3J IU9HbIX lTOAKjraCCOB 

3 W a Y :  CUCTeMbI J l H H e f i ~ b 1 ~  y p a ~ ~ e ~ U f i  II  gp. f lpyr~f i  ~ I J I O A O T B O P H ~ I ~ ~  MeTOA, 

O C H O B ~ H H ~ I ~ ~  H a  eAIlHUYHbIX 3Ha9eHI IRX7  OlIIICitH B p d 0 ~ e  [36]. C y ~ b  MeTOAa 

COCTOHT B n o H c K e  T O Y H ~ I X  peme~~l t i  n ~ ~ e i i ~ b r x  n o n c H c T e M  3a~aq11, nocne KO- 

TOpOrO BbIYUCneHHbIe 3HaYeHHR IIOACTaBnHmTCH FJ H ~ J I H H ~ R H ~ I ~  YaCTU. h a -  
rOJELpR 3TOMY C T e n e H b  H ~ ~ I ~ H ~ ~ ~ H O C T A  CHH>Ka,eTCH, YTO n03BOJIReT ewe pa3 
n P H M e H U T b  TOT Xe ca~b1fi MeTOA. K p o ~ e  TOrO, e&ElHHrHbIe 3IIa9eHWH nepe- 
MeHHbIX UCIIOJlb3YmTCR B MeTOgaX Ut?papXUYeCX020 YAOBJIeTBOPeHUR OrPaHI I -  

s e ~ ~ f i ,  npep;sIoxeHHbIx Borning II pp. [57, 171. 

M n o x e c ~ s e n n ~ e  s n a q e ~ ~ x :  ~ K C T ~ H C E I O H ~ J I ~ H M C ~  cnoc06. K ~ K  OT- 

MeYaJIOCb P a H e e ,  I G L Y ~ C T B ~ H H ~ I ~ ~  CKaqOK B PeLueHHH 3 W a Y  YAOBneTBOpeHIIR 

0 r p a H I I Y e ~ I I f i  6b1n AOCTUrHyT I IpH IIepeXOAe Or eAUHII9HbIX K MHOXeCTBeH- 

HbIM 3HaseHkiRM AJrH ~ A O B  I I e p e ~ e ~ H o f i .  nep~b1e pa60~b1 H a  3TY T e M y  

[6, 211 ,LWJlII o61qee H a 3 B a H I i e  TaKHM aJ r r0pHTMaM:  aJI rOPUTMb1 &OCTII>KeHNR 

J I O K ~ J I ~ H O ~ ~  COBMeCTHOCTU. 

M H O ~ ~ C T B ~ H H M ~  3 n a r f e ~ ~ ~ :  E I H T ~ ~ C H ~ H ~ ~ H ~ I ~  C X I O C O ~ .  n p e ~ c ~ a -  
B n R R  MHOXeCTBO 3 H a Y e H I I 8  IIPOCTbIM I I epes I iGTeHI IeM er0 3JIeMeHTOB, MbI 

O r p a H A Y I i B a e M  c e 6 ~  KOHesHbIMU O ~ ~ ~ C T R M N .  Hac~oxqufi I IpOpbIB  B O ~ J I ~ C T H  

npOrpaMMklpOBaHUH B OrpaHI I seHSiRX 6b1n COBepIJIeH B pa6o~ax [7, 29-31], 
rge npewarmca cnocob n p e g c T a B n e H m  M H o x e c T s a  3 ~ a s e ~ S i t i  n e p e h r e H H b I x  

B BIIAC! I I H T e p B U O B ,  AJlR 3 W a H H H  KOTOPbIX AOCTaTOYHQ yKX%aTb  A B a  3ne- 
MeHTa  - HIiXHIOIO II BepXHIOIO r p a H I I q b I .  ~ c n O J l b 3 0 ~ a ~ I I e  ElHTepBiWIOB no- 
3BOJIUJIO P a C m I l p M T b  c@epy npI lMeHeHUR K.JIaCCUseCKOr0 W r O p H T M a  AC-3, 
r r p e A J r o x e H H o r o  Mackworth [6], H a  r u c n o B b I e  06nac~11. T ~ M  CaMbIM 6b1n no- 
J lyYeH ~ 0 B b 1 f i  J ' H A B ~ P c ~ J ~ ~ H ~ I ~ ~  aJIrOPElTM OqeHKki MHOXeCTBa BCeX p e l u e ~ ~ l f i  

n p 0 1 1 3 ~ 0 ~ r b ~ 0 f i  CIICTeMbI m r e 6 p a u ~ e c ~ ~ x  ~ ~ Z L B H ~ H N ~ ~ ,  K O T O P ~ ~  HMeeT  CitMO- 

CTORTenbHYIO 4eHHOCTb B ~ O ~ O ~ J I X T I I  B ~ I Y U C J I H T ~ ~ ~ H O ~ ~  MaTeMaTIIKU - IIH- 

T e p B U b H O M  a H a J I H 3 e  [28, 58, 591. P ~ B M T I I ~ M  HAeA MHTepBaJrOB 3 ~ a Y e H I I f i  



A T O M ~ ~ H M ~  + o p M y n b z ,  COCTasJleHHMe U 3  TePMOB.  %CTO n p e A M e T -  

HYH) 0 6 . f I a ~ ~ b  yaO6~0 OnBCbIBaTb B TTePMElHaX & J N x ~ u ~ .   PI? 3TOM pe3YJIbTaT  

O A H O ~ ~  ~ J ' H K U H H  M o x e T  M C I I O ; I ~ ~ O B ~ T ~ C H  R K a q e c T B e  a p r y M e H T a  +qpyroii. Ma- 
TeMaTHKM I I p e ~ n O X H J l H  ~nC!I(H&ilb~bIfi R3bIK AJIR 3 m i t H H X  TaKHX KOHCTPYK- 

q H #  - R3bIK mepA.606. . ~ T O M ~ P H ~ I ~  ~ 0 p ~ y n b 1 ,  IIOCTpOeHHhle H a g  T e p M a M l i ,  

YaCTO HCIIOJIb3j'IoTCR AJ7R 3 W a H U R  O ~ P ~ H E ~ Y ~ H H ~ .  

~ P O U ~ B O J I ~ H ~ I ~  + o P M Y J I ~ ~  6IepBOrO IIOp5IAKa. dqorMKi3 IIpe&MKaTOR 

n e p B o r o  n o p R n K a  n p e T e H A y e T  H a  ponb Y H a B e p c a J I b H o r o  ~ 3 b 1 ~ a  n p e , q c T a n n e -  

HA53 ~ H ~ H H B  B Iqn. n 0 3 ~ 0 M y  yCuJIMR MHOrMX ~ ~ J ~ ~ ~ O T Y H K O B  CHCTeM ripen- 

cTaBneHEia  H 0 6 p a 6 0 ~ ~ ~  3 ~ a H U f i  6 b m n  H a n p a n n e H b I  H a  co3 ,qa~~e  y a u B e p -  

C ~ J I ~ H ~ I X  nporpam WIH 0 6 p a 6 0 ~ ~ ~  npeppoxe~tifi norma n e p B o r o  n o p R 8 K a .  

KOH~YHO, B p a M K a x  p e m e H m  3 a ~ a ~  y n o a r r e T B o p e H m  o r p a ~ ~ n e ~ t i i i  ~ c m e -  
JOBaTeXM CTapaIoTCR IIO M e p e  B O ~ M O X H O C T ~ ~ ~  0 6 p a 6 a T b 1 ~ a ~ b  OrpaHI iqeHHSi ,  

sb IpaSKeHHbIe  H a  s i 3 b i ~ e  n e p B o r o  nopxaw. O n p e g e n e ~ ~ b ~ e  ycnexa, A o c T H r n y -  

T b I e  B 3~0fi  O ~ J I ~ C T H  [35,62], CBHAeTeJlbCTBYIoT 0 IIepCneKTIlBaX IIpUMeHeHHR 

M e T o A o a  y g o s n e T B o p e H E i r r  o rpamse~uf i  JIJIR peuream T a K u x  3agas. 

K a K  nomaao  B n p e A b I p y q u x  p m A e n a x ,  a J I r o p H T M b I  n p e q e  B c e r o  pm- 
n l v i a w r c r r  creneebm c~oefi y H E i s e p c a n b H o c T u ,  n o A K n a c c a M t i  3 a ~ a ~  ygo- 
BJIeTBOpeHHR o r p a ~ ~ ~ e ~ ~ f i ,  K KOTOPbIM OHM ITPHMefIiIMbI. K p o ~ e  TOrO,  H e  BCe 

a r l rOPHTMbI  HaXOART ~evlelrUe 3a&aYM. % C T ~  W r O P H T M O B  HaXOAHT TOJIbKO 

HeKOTOPYIO 0 6 ~ a c m b  B npOCTpaHCTBe  R03MOXHbIX p e I I l e ~ M f i  3i3J@YH, BHYTPM 

K O T O P O ~ ~  ' J I eXHT peI.LIeHHe. BO MHOrHX aJIrOpMTMaX p a 3 M e p O M  T ~ K O B  o6nac~u 
MOXHO y n p a B J I R T b  3a C W T  M3MeHeHMR BpeMeHM Ct1eTa. H a ~ o ~ e q ,  HeKOTOpbIe  
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aJIrOPHTMb1, BbIYkIUIRR TZiKYIO 0 6 J I a C ~ b ,  H e  rapaHTMpYfOT C y l y e C , T b 6 0 6 U ~ I l e  

PeUleHHR BHyTpU 3~0f i  O ~ J I ~ C T H .  YUIOBHMCR H a 3 b I B a T b  ,TbOUHbL.MIl LLJIrOpWr- 

MbI, KOTOPbIe H a X O m T  P e u I e H H e  3 W a Y H .  AJIropI iTMb1,  KOTOPbIe YKa3blBaIOT 

o6nac~b B03MOXHblX peIJ leHUfi  3 W a S H ,  Ha30BeM ~ ~ U ~ A U ~ ~ C ~ H H M M U .  ~ P U  3TOM 

T e  H 3  HHX, KOTOPbIe raPaHTMPYH)T CYqeCTBOBaHIIe  peII leHIII I  BHYTPH BbISUC- 

J I ~ H H o ~  O ~ J I ~ C T H ,  6 y n e ~  H a 3 b I B a T b  n O A n M M U .  H ~ ~ O M H W M  B K p a T q e  0 ~ a ~ 6 o n e e  
n 0 n y J I R p H b I X  aJ I rOpHTMaX,  HCIIO.Jlb3yeMbIX B Pa3JIII 'IHbIX CUCTeMaX n p o r p a h f -  

MMPOBaHHR B OrpaHHSeHHIIX.  

C J I e p Y e T  C p m y  OTMeTIITb, S T 0  c I I ~ ~ H ~ H K ~ ~  IIpeACTaBJIeHUR BeU&?CTBeHHbIX 

' IHCen H a  K O M n b I o T e p e  OTMeTaeT B03MOXHOCTb PeaJ Ik I3a4HU TO'IHbIX LLJIrOr)MT- 

MOB AJIII PeIKIeHHR ~ O J I ~ L U N H C T B ~  3Waq YfiOBneTBOPeHMII O ~ P ~ H I I S ~ H U ~ ~  H a n  Be- 

WeCTBeHHbIMH O ~ ~ ~ C T H M H .  ~ O ~ T O M Y  TOSHbIe  aJ l rOPUTMb1 IIPHMeHMMbI T(UIbK0 

K KOHe'IHbIM O~JIZTXM, a T a K X e  K TaKHM YHCnOBblM O ~ J I ~ C T I I M ,  KZLK q e J I b I e  a 
paqHOHL3JIbHbIe 9HCJIa. 

M ~ T O A  npo6 &i O ~ H ~ O K .  T ~ K U M  C ~ O C O ~ O Y  MOXHO P e U I a T b  nm6ym 3a- 
~ a ~ y y ~ o ~ n e ~ ~ o p e ~ ~ ~ o r p a a u r e ~ ~ 8 . H ~ e ~  COCTOHT B O ~ H ~ Y H B ~ H H U ~ ~ ~ ~ M ~ H -  

H ~ I X  H n p o B e p K e  B b I n o n H e H u a  B c e x  o r p a ~ ~ r e ~ w f i .  Emu H e  B c e  o r p a H m e a u R  

BbIIIO.JlHRfOTCR, H y X H O  I I o l I p 0 6 0 B a ~ b  A p y r O e  03Ha ' IHBaHHe nepeMeHHb1X.  Pa- 
HO HJIW n 0 3 A H 0 ,  AjrR KOHesHbIX 3 W a Y  p e u I e H H e  6 y ~ e ~  ~ a f i ~ e H 0 .  H ~ ~ O C T ~ T K O M  
cnoco6a RBnIIeTCR er0 O S e B U A H a a  H ~ ~ ~ @ ~ K T I I B H O C T ~ :  BpeMR peJIIeHHtI 3,3AaSH 

3KCnOHeHqHLLJIbHO 3aBWCMT OT KOJIHSeCTBa I l epeMeHHbut .  

IIepe6op C BO3BpaTaMH.  llepe6op C BO3BpaTaMH ( ~ ~ K T P ~ K U H ~ )  IIBnTIH- 

e T c x  y n y s m e H I i e M  M e T o A a  npo6 H O ~ H ~ O K .  B  TOM cnoco6e MM no o v e p e A M  

O ~ H ~ ~ H B M M  mm~yro n e p e M e H n y m  u n p o s e p R e M  B b r n o n H w M o c T b  orpasme- 
HHB H a  Y a c T H r H o M  O ~ H ~ Y H B ~ H N N .  B cxysae H e y g a v u  npo6ye~  gpyroe anaye- 
H u e  nnsr nocae~neti 0 3 a a r e ~ ~ o i  nepe~e~noi l .  Ems B c e  B O ~ M O X C H ~ I ~  maveriua 
yme H c s e p n a s b r ,  m e A y e T  B e p H y T b c R  K n p e ~ w q e f i  n e p e ~ e ~ a o B  u nonpo60- 
B a T b  03HaYEiTb H T. A. nep60p C BO3BpaTaMH fiOCTaTOqH0 XOpOUlO pa60'I'aeT 

H a  MHOrHX 3 W a Y a X  YAOBJIeTBOpeHHII o ~ ~ ~ H H W ? H H ~ ~  C KOHesHbIMH O ~ J I ~ C T H M E ~ ,  

o A H a K o  ero T P ~ A ~ ~ M K O C T ~  n o - n p e m ~ e ~ y  ~ K C ~ O H ~ H ~ H ~ J I ~ H O  3a.ewcu~ OT YHC- 

J I a  n e p e M e H H b I X  3 W a Y H .  K O H ~ ~ H O ,  nepe6op C BO3BpaTaMH, TaK Xe K i K  MeTOA 

npo6 H O U I H ~ O K ,  p 8 6 0 ~ a ~ ~  TOJIbKO H a  3 w a . l a X  C KOHe'IHbIMH O ~ J I ~ C T R M I I .  

Ppyr&ie nepe6opame MeTonm. 3a n o c r r e A H a e  A B m a T b  n e T  6b1n npefi- 
nO>rceH pIIA MeTOAOB nepeBopa, l l O B M u I a I o ~ H X  ~ ~ ~ ~ K T I I B H O C T ~  ~ ~ K T P ~ K I I H W .  

K HHM OTHOCWTCII ~ ~ K M ~ P K I I H ~  [63], ~ ~ K , ~ K Z L M ~ H H ~  [64], n p 0 B e p m  B n e p e A  

[65], A U H ~ M H ' ~ ~ C K ~ ~ ~  ~ ~ K T ~ ~ K E I H ~  [66] 11 AP. ~ T H  MeTO.+I  CTaHOBRTCR OCO- 

~ ~ H H O  ~ & ~ ~ K T R B H ~ I M W  B K O M ~ H H ~ ~ H H  C MeTO,I@MH AOCTAXeHHR J I O K ~ J I ~ H O ~ ~  

COBMeCTHOCTU [67]. 








































