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Eyx6eprep E. PS-5788 

Accounnpyromne ~YHKURR n onepaTop o6ycnoaneHHoli nTepaunn 

B. pa6oTe naeTCII HOBal! TeopeMa npellCTaaneHRII peKypCRBHbiX ~yHKURll 1 
ncnonbayromag noHI!TRII accounnpyromnx ~yHKunli n onepaTop o6ycnoaneHHoli 

RTepaunn. 
TeopeMa RHTepnpeTnpyeTCII B ceMaHTRKe gabiKOB nporpaMMnpoaaHRII, 

Coo6~8HKA 06•eAK~8HHOro KBCTHTYTB Al8pBWX KCC~8l0BBHHI 

" .AJ&Ia, 19 71 

Buchberger B. 

Associating Functions and Operator of Stipulated 
Iteration 

P5-5788 

A new theorem for recur;sion functions representation is 
presented which uses the notions about associating functions and 
the operator of stipulated iteration. . 

The theorem is interpreted in the semantics of the programm 
languages. 

Co••aaleatlODI of the Joiat laatltate for Nuelear Reaearch. 

DaJ.a, 1971 

I. AccogHMpynsHe 

Mu BBe~eM cne~yroru 
T6JILHhiX uenwc tmcen~ D 
0608Ha1WM MHOllt6CTBO/BC 

TOB t 1'~6 apryM6HTH M ·. ~ 

ITycTL F - MHOlltE 

~ -apHb!X ~YHKUM~ MB f 

JlJIH rt;;, f , 1 t..i £: n. 

(I.I) uilx~, ... ,Xh)= 

M ~JIH fl. >?'{ 
1 

y E A . 

(I.2) c; (X.,, ... ,xn) 

UA(CA)- MHOlt6CTBO Bl 

llOHHTHll llO~CTaHOBKM til 

MMHMMMSaUMM M rrpMMMTHJ 

06Ut1HOY CMUCH6 (eM. U: 

Orrpe~eneHHe I.I: 
PYIDSHYH ~YHKUHHMH (A~: 

(A-t) (lE EA)(Va.EA)(< 

(A2} (\ib,s,tx.,CEA) ( 

8To orrpe~e;neHHe 

C ~oc (a., S) UTa6TCH: 

CTBYIDSHH B ITaMHTH 



Mu BBe~eY cne~yiD~He 060aHa~eHHfl: IV - MHOX6CTBO H60TPH~a

T6HLHHX ~enHX ~cen. ITycTL A - nro6oe MHO~ecTBO. ~epea FA MH 

o6oaHa~u uao~ecTBO Bcex ~acTH~HHX WYHK~Hli nro6oro qzcna apryMeH

TOB, r~e apryueHTH H aHaqeHHH WYHK~Hii - aneMeHTH Ha A. 
ITycTL F - YHO~ecTBO WYHK~~. TOr~a F, - MHoxecTBO Bcex 

tt -apHHX WYHK~~ Ha F , Hanpnuep, FA "' U F: , 
l!nH n ;:;.. 1 , 1 ~ l ~ n 

(I.I) 

(I.2) 
n 

Cy (Xi, ... ,xn) == y. 
UA(CA)- MHOllt6CTBO BCeX u1 (C~) ila FA •'' 

IToHHTHH no~cTaHOBKH qacTHqijHX WYHK~~ Ha FA H onepaTopa 

MHHHMHaa~HH H npHMHTHBHO~ peKypcHH UU 6y~eY ynoTpe6nHTL B . 

06HqaQJ,I CYHCne ( CM ~ ManLneB [ 6} t. CTp. 32). 

Onpe~eneHHe I.I: of.. E F~ , (f" E F: 

pyro~HUH WYHK~HMH (A~) ~na A, ecnH 

(A·IJ (3EEA)(Va.eA)(c<(a.,£)=£) H 

(A2)(Vb,s,a.,CEA)(d.(b,(J'(S,a.,c)) =jc t ecmt b:a. ) 
~(b,s) ecnH b+o., • 

C =eX (a., S) ~TaeTCH: C eCTL aneueHT ( 11 co~epEHM06 11 ) COO'.rB8T-
. I 

CTBYID~Hi4 B ll8.11HTH S aneueHTY ( 11 ~pecy11 ) Q. , HJIH C eC'.rL 

J 



. a. -all l\OMliOH6HTU liUMHTll S , s',.c:r(s,a..,c), 

tJII'raeTcH: s' ecn naMHT:&, KoTopaH .ziJIH Bcex a,1lpecoB t ICL 

Bbl,l\a6T TO lKe c,aMoe CO.zi6PlltllMOe, tJTO ll S , ll TOJI:&KO a,1lpecy COOT-

B6TCTByeT ,1laHHOe C0,1leplitllMOe C , (A2) rapaHTHpyeT 3TO CBOHCTBO, . 

(AI) rapaHTHpyeT cyll\eCTBOBaHHe 11 nycToltl" naMHTH e , CO.ziepJKHMoe 

KOTOpOH U3B6CTHO, a 11M6HHO liYCTO ,1lJlll BCeX U,1lpeCOB, 

i.lbl Tpec5yeM, tJTOObl B A Cyll\6CTBOBaJIH XOTfl Clhl ,1lBa 3Jl6M6HTa, 

ITycT:o ~ , u - B .zlUJI:&HellmeM ~aKcHpoBaHHhle A~. 

Y CJIOBHMCfl llllCUT:& TUKl!te a o S HJIH .Sa.. BM6CTO ot (ll-, S) , 

3amlC:& 3T~ .ziBYCMb!CJ16HHa: Hanpi1M6p, X; Tenep:r, MOlK6T c5hiT:& 

rrepeMeHHOi1 c HH.zieKcoM .zlllfl aneMeHTOB 113 A ( i EN 11JIH · i, - nepe-

MeHHaH .zlJIH aneMeHTOB 113 N ) , HJIH X;. o603HatJaeT eX- ( i , x ) , 
npHqeu i 11 x - aneMeHThl 113 A. qToc>u H36elltaTI> aToll .ziBYCMhiC

neHHOcTH, Mb! ycnoBHMCfl o cJie.ziYIDll\eM ynoTpe6JieHH11 nepeMeHHhiX: 

nepeMeHHbl6 i , j , k , /.,, m, n , t MOryT npi1HI1MaT:& TOll:&KO 3HatJeHHH 

113 ~IHOllteCTBa N • 8TH CI1MBOJihl 11 tJHCJIOBhle CHMBOJibl O,I,2,3, ••• , KaK 

llH,1l6~Cbl 0603HatJaiDT 06b!KHOB6HH06 llH,1l6KCllpOBaHHe, BCe OCTall:&Hhle CHM

BOJihl, Hanl1caHHble KaK I1H.zi6KCb!, o6o3HatiaiDT npHMeHeHI1e WYHK~I111 ~ Bhlme

yKa3aHHhiM oc>pa30M. Mb! BBe,1leM el!le .ziJifl n ~ 2 

Sa,, ... ,an=« (a..,' Sa,' •• • 'a,,_,) = 

( "" ) "" ) =o<. u, (a.., ... ,a .. ,s,u,,,ra., ... ,a",s)"''r. ) "" · 
· . ui ~.a.t, ... ,an,$, ... ,u, ... , (a.,, ... ,a,.,s), 

OTKY .ziU cpa3y CJie,ztyeT 

JleMMa i.I: (n.ti)-apHue WYHK~HI1 so,, , ••• ,a. .. 113 ct. 11 @YHK~11ltl 

113 UA MOlltl!O liOJiyliHT:& C IIOMODl:&lO ITO.zlCTaHOBOK (.ziJill fl. ~ I), 

Mb! iJJHKCI1pyeM W r E 11 onpe,1l6Jifl6M 0 "'u ( e, c.;, w) , 
( 

1 f 1 ) vCx)=G'(E,E,X)"'U cf(x),Cdx),U,lx>, 

yt;1 d (ii.) ,1lJIH n:} o. 

4 

J!erKo rrpoBepHT:& cnpaBe 

J!euua I.2: WYHK~H 

IIO,ItCTaHOBOK, 

J!euua I.3: 

8CKI13 ,1lOKa3aTeJ!:&C 

HO Ow = W f. f. o l'iTaK 

a TaKllte. :r f. e t IIOT 

;nJIH npOI13BOJI:&HOrO J!. : 

lis neuubl Io3 Bb!Te 

J!euua I.4: uHolltec 

6eCKOH61IHOo 

BBe~eu Terrep:o .ziBe 

<,> H [,] o 

<x> =6'(e,o,x)= 

<X,, ... ,Xn>=6(<. 

=fS(< U~ (X4, ... ,Xn) 

TaK KB.K C~ MIS C~ H 

(Cy (X,, .. ,,Xn)=Cy (U~ (X. 

J!eMMa I.5: n--apE 
A I 

IIpHHa,ltJI6JKall\HX C, , U 

Kpoue Toro, cnpaBt 

Jieuua Io6: ,ItJIR n ~ ~ 



a.z~pecoB t #a.. 

TOJII>KO a.z~pecy COOT-

llpyeT 3TO CBOilCTBO, 

TH e , co.z~eplltllMOe 

pecoB. 

Clu ,l\Ba aneMeHTa. 

BMeCTO eX. (a.,s), 

b MOllteT cJblTb 

: N HJIH " - nepe

qaeT eX- ( i , x ) , 

Tb 3TOil .l\BYCMh!C

HI1U nepeMeHHb!X: 

MaTi TOJII>KO 3HaqeHI1fl 

BOJIU O,I,2,3, •••• KaK 

He, BCe OCTaJII>Hh!e CHM

MeHeHHe WYHKUHH ~ Burne-

·,a •. ~J, ... ,u::: (a.,, ... ,a. ,s), 

, ex..; 113 ct. 11 tQYHKUHH 

(.l\1IH rt ~ I). 

.. u(e c;,; w) . 
• > • 

nerKo npoBepHTI> cnpaBe.z~nRBoCTh cne.z~ym~KX neuu: 

. lieyua I .2: <lJYHKU!diD -J uozHo nony'llldTD ld3 er, c: , u: c noMOI.IlhiD 

llO,l\CTaHOBOK, 

neuMa 1.3: 

9cKH3 .l\OKa3aTenhCTBa .l\1Ifl neMMbl I .3: o '/: e , TaR KaK cw = c. , 
HO Dc..o.J = w j£ 

a TaRlltB 7 # E 

• L-iTaK, I 4' 0, noTOMY 'I!TO fe=O, HO Be ·€ 10 

, TIOTOYY 'I!TO Je = 0, HO C£ • e 'I 0 • 

nnfl np0143B01IhHOrO ft. : ldH.l\YRU14fl no Y1. • 

L-i3 1IBMUbl I.3 BbiTBRaBT: 

lieMYa I.4: YHOXBCTBO A, ,l\Jlfl KOTOporo CYJ.IlBCTBy~T A~, 

6eCKOHB'IlHO. 

BBB,l\BM TBllBph ,l\BB COKpa~eHHblX aanldCH 1 ynoTpB6J1fi~J.IlldB CK06Kid 

<,> ld [,]. 

<X>= ()(E, 0, X) =(){C; (X), c; (X}, u! (X)),._ 

< X1, ,., , x,., > = 6 (<X 1, .. , , Xn-1 >, Yl-1, X n) Q • 

= C5 ( ( U~ (X1, .. • , Xn ), ... , U~-l (X•, ,.,,Xn», C~ (X1, ... ,X.,), U.~ (X,, ... , Xn) 

.z~nH n ;r 2. 

" 1 " TaK KaK c.., 143 c.., 14 u. uozHo nony'll14Th no.z~cTaHOBKoi-1 

(Cy (X,,,,,X>t):Cy (U~ (XI, ... ,Xn))) 1 Cllp8.BB,l\ni1Ba 

neuMa I.5: rL-apHHe WYHRU1111 <x.,. •• ,x ... > 113 () 11 WYHKUHti, 

npldHa,l\J!Blltai.IlldX C~ 
1 

(}A 1 MOli£HO ll01IY'Il14Th TIO,l\CTaHOBKaY!d (,l\1Ifl n ~I). 

Kpoue Toro,cnpaBe,l\nRBa 14 

neuua I .6: ,l\Jlfl n ~ I 
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( 2V) l4 (l.V) O.Lh ''i:.L&B 

1"( 
' lj f'I9BtlBltOU J'l9hl4dU 
l 

dr'l =cs''rl) JO 

Jmrteltoduo RFf 

. ('f /< ~ ' 0 .{:' 77) l4It9.L 

"'d Hdll 'i:It9.LBSBXOU -(t'V)dXJ 

-d ' N = V 

'f"?J''"'•J''U/'"/':tJ'SJ {I} (•).) ' (•I 

... t ¥-v= !i:J) '- {1·1. (II 

t.LOKU :6"! Bftft9I£ 

i7[1J)_ OJih 'l'iGBolBJlOU l'IR) 

: ~ c•/1 r (•~'0 

u-v'"· '•J. '7J{'"/ •:v's] (0 ('11 (1) 

"Blt.IOJ. 

·.i :tv., f<J) L-
{1) f•J 

q:a;o&.n :s·r ennorr 

~S:l'ISBXO!t Gl'ldOJ.OX 'XHHtt 

'rrea nemHGH'i:ltBlt a: 

[ 

9 

• BlllUill8ftBit B8p 

BO.LKJI&iliOO l'liliH9ROUftOX 9l'IH'IltBiliOO 901[ ' A J.8lt G.p S II;&Bft9U R;&H8H 

-oUftOX lfO-:J RJ.H9HOUJIOX lfO-p '8iliH9HOUftOX B&-~ & ' n ili8ltG.p .· 

S IIJ.BJIBU RiliH9HOUftOX lfO-~ &;&H9ROUJIOX BB-9 :noe&dpo RHmmKU 

-;Jto s HJ.YJIBU eommdettoo 'i:;&HH8JIBII BH:IJtOlt [A 'a J pf :J' n' 91-o's j 

'd9ftlfdU&H • S HJ.YJIBU S: OtlOJIIIzc19ltOO BHH9H9JIBH Rd~ettodu lfOHOl!9It 

[IIJ' "TJ[·"J"U'"·'fJ'•'Of"'/. ''O'SJ t•JJ Ill ('lJ (1) 

"IIJI&XS:OH&.LOltOU 

OX'IltOJ. 'i:J.HhAitOU OH:IOJ'I '11n XJIIIIBZGJtltBHHdU 'lfHttliBG.if> 14 . .9
1
7<> SH 

1:( . 

[";) 'u-v; "'/ "'V' "'
1
'J

1
'Vf"'L •v's"T 1/lmtXHK!J> Gl'!HdB-(;tU+ r; ~): l..' I :el'lnerr (•~) ·· f•J NJ />J J . 11 

H BS:HilltGS:BdUo S~I 9JIJI9Il OHhHtlOitBHV 

(u'···'t=f) r~f7 H ~<:.u BJtlt 
.. 

= ["";)' U7Jf•"f 117]''"'•:;. ·~/'"/ ·~· SJ (•1) (}) ('~) . {I) 

'(J'V'S}.!J= {J 'V' s] 

•q:rtod mKHses: ili9Bdtll4 ~·I BJIJiert nehllldu 

' u 011 lf9Httli~HIIl em':I:ItBlt '(n) mmonOU 0 . I= 'lA Blllt :OS:J:O'i:It9J.BBBXOl( 

"XY&hAitO Xl'IH!Il'BiliOO S: '3 

/:..::!' = 11 1/litOG ux 
-=-v<ux' ... 'ix> 

1 = -o HilOG ?:x 

g=v HilOG 'X 



~an:r.me HH~KUHd JIO n , 

. : (t} >] 
';Lit -tJ , a- ' c ~Jill t >,. z 

' 

I I (t.) . ] ... a, , Cn 

MOKHO nonyqHTb TOnbKO 

'6HSH 88fiHO:& ~ KOMII

:aiUITH s • Hanpoe p, 

lm!MOEI DaMHTH S cne-

KOMIIOHISH!H DaMHTK S 

:OH6HTH C -olt KOMJio-

MIIOH6H!H OO!SHYTOH 

B ~an»He~meu HaM HYZHH TOJILKO one~~~e neuuu o6 aTHX WYHK-

UHHX, KOTOpUe ~OK88HBSIITOH HH;tzyKUlUlit no t 1 H rL • 

Tor~a 

[ 
(1} I I (t.} 111 ttni l 

S,a;• ... Q..1 ,Ct, ... ,a_n / ••• fa_, ,c,.LM bttl=(CL)bltt"~ .. bltJ 
o, ... , ' ) 

eonz 

Q._~<} ~ h/1) ~ • ' • \- U ~tL) = b{t.J • 

(uH nonaraeu, 'ITO (cLJ6ct,+<J, ... ,bttJ=CL, eonz tL ~t ) • 

Jleuua !.9: llyoT:r. MH Boex J, k ~ n , j 1 k 

COJIH 

MH BC6X j"tz_. 

llpHB6~6U Tenep:r. O~HH npHYep. 

llycu A"' N , f.=Z Pn- n-oe npooToe 'IIHCJIO, 

exp (a.,:o- noKaaaTe:n:r. npm p,_ B paaJIOZOHHH qHcJia ~ Ha npOCTNC MHOZH-

T6JIH (a.~ 0, Z ::-,...f.) H MH .2 ~·1. l(.iJ"))t ttrpw,J):O MH u ~t) • 

MH onpe~eJIHY 

ot (a..., s )== exp (a., s +.() 

ltS•I}-1 ( r; Cl,(j1 S~>1) 
u(s,a,cJ=P,. ·. P; -1., 

J•O 
jia. 

l n b =1 MH j > l 
J~l J 

npz-qey noJiaraeM 

8BT:&, qTO (A1) H (A2) BNDOJIH6HN C f.= 0 • 

7 
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2. TeopeMa npe;ncTanneHHH w peKypcHBHUX: ipyHKUHit . 
Onpe]:teJieHHe 2.!: llycT:r. c:1.. ,u- A cp w A. 

OnepaTop 11 oCSyOJIOBJI6HHOit HTepaiUIH11 p Kalt}:!Oit ~HKUHH Lf E F/ OTa

BRT D cooTB6TOTBHe WYHKUHID ~P , onpe]:teneHHYID one}:tym~ oCSpaaou: 

'f 60JIH f- - ~ 8 , o,o 

Lfp(5) = 
'11' (tf Cf J) RHatJe. 

IlyOT:D s (X)= ft-1 (X E N) R FrtJk - MHO:at60TBO B06X 

.. traoTHtJHUX P6KYPOHBHHX ~YHKUlitt. Hama uen:r. - }:tOKaaaTen:r.oTno one

}:tyro~ett T60p6UH 0 n~6}:t0TSBJI6HHH peKypCHBHHX ~BKUHit. 

TeopeMa 2.!: llycu o<.,c:r- Acp }:tJIH N • 

Tor}:ta Ka:m:}:tym traCTHtJHYID P6KYPCRBHYID WYHKUHID uo:m:Ho nonytJHT:& Ha 

~YHKUHtt ot., r3 c~ s H WYHKulitt Ha uN Ton:r.Ko no}:toTaHoBKaMH 
~ . 

H O]lHHM npHM6H6HH6U onepaTopa p • 

Ha oauou ]:tene CSy}:teT }:toKaaaaa CSonee oCSmaH Teopeua 2.2, Ha ·. 

KOTOpott T60peua 2.! JI6rKo CJI6]:ty6T. nnH ~OPMYJIHPOBKH TeopeMH 2.2 

HaM HYEHH CJI6}:ty~e onpe]:t6JI6HHH. 

Onp6]:t6JI6HH6 2.2: nnH H.:FA B(H) (B 1 (H)) oCSoaHatraeT 

MHozecTno WYHKUHtt, KOTopHe uoEHo nonytJHT:& Ha WYHKUlitt, npHHa}:tJieza

mKX MHOE6CTBY H~ llO}:tCT8HOBK8UH H npHM6H6HHHUH (O}:tHHU npHY6H6HH6U) 

onepaTopa p • 

8 

J 

Onpe]:teJieHHe 2.3 (. 

MHOE6CTBO cpyHKUHlt F <= F 

P6KYPOHBHHX WHKUHtl" (C 

(OI) uA_:p , cA=F 

(02) ( 31f'e F~)(Va.;b,, 

, ( 03) . F 8aHKHY TO OTHC 

( 04) (cymecTBonaHHe ya~ 

( 3 ¢m € Fm+1)(Fm = 

(05) ( s-m-n 11TeopeM~ 

,., ) ' (3Sn €Fm+ 1 (Vx,x., ... 

H (/)n(S';:(x,r,, .. ,,fm) 

Tenep:r. MOE6T CSHT:D CWOP~ 

TeopeMa 2.2:IIycT:r. 

}:tJIH A, a r; = { ~ , d , u 
I. B ( fi) y}:tOBJI6Tl 

2.B(GJ=B"rrrr 

Ha TeopeMH 2.2 ec~ 

CJie}:tCTBHe 2.3: ITyc 

I. & ((i) ~ 
2. &CG>c&dG->. 

==================== 
:IE) no-aarJIH£iCKH: bqsi< 



~ A. 
~ <J/YHKUHH . If E F/ OT8-

~8HHYID cne~m~ o6paaou: 

'IlK - UHOllt6CT:BO BC6X 

• ~oKaaaoren:&CTBO cne

c <J/YHKUHIA. 

[H N • 

0 L!OlltHO nonytJHT:& HS 

TOJI:&KO nO~CT8HOBKSUH 

5ll!aH oreopeua 2.2, Ha ·. 

~YYnHPOBKH TeopeUH 2.2 

HS <J/YHKUHtt, npHHa~eza

!HUH (o~RHK npHMeHeHHeu) 

I 
I 
I 

I 

I 

I 

I 

I 
l . I 

1 
I 

Onpe~eneHHe 2.3 ( Stron.9 [81 , corp~ 468): 

MHo:atecTBO ipyHKIUi~ F<: FA y~oBJieTBopaeor ascHouau "ocHOBHO~ oreopHH 

peieypCHBHHX <J/YHKUHIA11 (OTP~)!e), eOJIH 

(OI) 

- {: , 6CJIH x .. a_) 
~ma11e ' 

(03) F 38UKHYTO OTHOCHT6JI:&HO no~CT8HOBKH 1 

(04) (cy~ecTBOB8HH8 YHH:BepcaJI:&HHX ipyHKUH~ ~H BC8X m >0 ): 

(3 ¢mE Fm+ 1 )(Fm={f\ f(X1, ... ,xwl)=cpm(x,x1 , ... ,xm) ~H 
xeA]) 

(05) (s-m-n 11 Teopeua 11 ) ~H :ocex m, n>o: 

(3S';; €Fm+ 1 )('v'x,x., ... ,Xm,y1,,., vnJ(S';:(x,x., ... ,x ... ) , 'j "' onpe~eneHo 

Ill C/Jn(S';;(x,x1, ... ,Ym),Y1,,.:,Y")=¢..,.n(X,x,, ... ,x ... ,Y1 , ... ,Vn): 

Tenep:& uozeor 6HT:& c<J/opuynHpo:oaHa 

TeopeMa 2.2:IIycTI, 9 .- npo!t!aBoJrr:.aaa WYHKU!t!H ua~A,o<. ,u- AlP 

~.il A, a G = {~ ,oc, o} u UA u c: . , oror~a 
I. 8 (6) Y~OBJI6TBOPH6T 8KCHOU8U OTP~ 

2.B(G) =8 1 (G.) 

lla oreopeUH 2.2 6CT6CTB6HHO BHT8K88T (HanpHUep, nOJIBI'8H 1=oC ) 
Cne,llCTBHe 2.3: IIycu G=[o<-,u}uUifuC,,., , TOI'.ll8 

I. & ( G ) y~oBneuop.HeT aKcHouau OTP~ 
2. &({i)c&dG). 

9 



~~o6~ nonyqHT» ~eopeuy 2.! Ha ~eopeuu 2.2, us Hcnon:&ayeu 

HSBec~uyro· ~eopeuy 2.4. 

Teopeua 2.4. (cu., Hanpwep, Friedn?ann [3] , c~p.2,I, 

HBH W~n-er ['!I] , c~p. 5 ): TiyCT:& F~ e F 11 , F If Y)tOllJIOT-

Bopaer aKcHouau OTP!l) H s E F ~ , ~Ol')t8 F r.~tlc c F Jt 

li~aK, MH nro6wc Aq:Jo<., () (MH M Fa• =Bd{s,«.,a-}uUHvC/') 

y)toBJIO~BopaeT aKCHouau OTP!l) (cornacuo ~eopcn1e 2.2 o g.: s H A .. N ) 

H, oqeBH)tHo, s e FB4 
, ~.e.,cornacHa ~eopeue 2.4, .F"".~:e::: Fa• • 

· 4 N f 
. TaK KSK %'HKJ.Uil'l C y E C 1 OSUH nonyqeHH H8 S H Co fiO)tOTS-

' ' HOBKSUH (C~ (X)= S{S( ... S(C, (X))···)) , Teopeua 2.! ~OK888Ha, B npe)t-
. Y nogcTit Ho60K 

noJIOEOHHH, q~o Teopeua 2.2 Bepua. 

CnpaBeMHBO H 

CJie)tC~BHe 2.5: ·Tiyou ot, ()- II¢ }J).[H N , npHqeu 

~, (j € F,.elc • Tor~a B1 
( f eX' (j' s, c ~} u UN) ~ F reA: • 

BueoTe c ~eopouo~ 2.! aTo )tacT 

Cne)tCTBHe 2.6: TiycT:& o.::, G"- A~ .l(Jia tV 
1 

.;({ '}UN) Fr.e.J Tor~a. B 0( , (), s , co u = . 
~OK888~6JI:&OTBO OBO)tC~BHH 2.5: 

llplll'~leM rX. I G' E Frelc. 

' CornaoHo Davis [2], onpe)teneHHe I.I, o~p. 41,-&oc~a~oquo 
OB6CTH onepa~op P I< no~CTSHOBReJ npHKHTHBHOl peuypCHH H onopa~opy 

f-= 
IJ~>(fJ ='f~~-cr, ut:(tfk-(f,tJ3lJ =oJJ 

J- ' ' npHlJ6U 
lf'~~-(s,o)~f. 
r:Jf(f,t+1)=.t/'(!,!flt('f,t ). 

Oc~ae~oa ~cnep:& )tOKaaaTeJI:&CTBO ~eopeuu 2.2: ~a aToro cuaqaJia 

HS)tO npoBepHT:& Tpe6onaHHH (01),""'(05) (onpe~OJ16HI10 2.3) MH &(q). 

10 

"· 

l 

t 

(OI) UA c 8 (C 

Kpoue .Toro, c~ (x. 

MH nro6wc nEN H' 

(02) HeTpy.l(HO ,1(0K 

1J1 (a, b, c, x) = (a.,- u 

y;ztonne~Bop.fleT aKcHoue · 1 

B ;ztan:r.uettmeu BMec~ 

(a," x~ b tma<;e

(a1 cX1-Dt,tfHO'Ie--

aanHo:&D ( a.1 = ..r1- 6-~ ,a. 

RerKo npoBBPET:&, tJ~o 
' 

Rewa 2~7: (3n +1 

HH6M (CI.!=X1-D1,·" 1 an. 

noJiyqaeTO.fl Ton:&Ko no~c~ 

(03) Y:ztOBB6TBOP6HO 

(04) Mu onpe~en.HeM 

CH YHHB6pOaJI:&HUMH. 

¢m O,t., ... ,lm)=evaL(<x,< 

tz =<<o,o,o>>, 
eva.L {f)"' ,2P Cf), 
Q (f)= 

(f~r,o = T ~ su6st ( f.z , 9 (j 
'~' _ _ =Z ---~ su6d {f- t_ 
r.o,o 2.,,f1,f 

l-- = 3 --su6st (r,. ~- _ o,o /.,_:»50,_1 

l o,5 ; ~- subst ( ri 'd q,_ 



:.2, MU HCfl0311>3YOM 

n {3} 1 CTp.2,11 

=-
11 F-"' Y.7lOBJI8!-

' 
Frd c F~t 

=B,{{s,ot,a-}uU,vt{C/v) 

~ 2.2 C ~ "'S H A.-: N ) 

2 4 FreJ:e:: F 1 e, .,, a. 

s H c ~ no,7tcTa

.r .7tOKaaaHa, B npa.71-

lifi N , npneu 

!;; Fr-elr. 

Frek 
H!l!e!.l oG t G' € • 

rp. 4I,.7tOCTSTQqHo 

peKypcHH H onepaTopy 

npHtJeu. 

~.2:, Jmn aToro cHatJaJia 

16BHC 2.3) ]J)IH &(4) • 

<or> uA c e, ( c > no onp6,7t6Jl6HHIO MHOJK6CTBa (j • 

Kpoue Toro, c~ (x,, ... ,Xn)-c~ (U'J (x,, ... ,x,))€ 8(C) 

]J)IH mo6mc nEN H YEA. 

(02) HeTpy~Ho ~oKaaaTI> (JICMMa I.7), qTo 

IJ1 (a. A c, x) = (a • G' ( E , X , 1)) • [ c , £ , C , T, b } . 

Y.7tOBJieTnopneT aKcHoue (02). 

B ,7taJI:&Heiimeu BMecTo 4l (o..., 6, c, d) uu 6y,7teu nHcau 

(a... "x ~ b tmaLfe -c) H coKpal!laT:& 

(a., = Xt-bt ,UHOlfe- (O..t. =X:~. ~ h,_, UHalte -("• (a..n=.fn -bh,UHtlt,~--c) ... ))) 

~erKo nponepHTI>, 'llTO 

~61048 2.7: (3n +.J.) -apHafi <j}yHKIUffi 1 np6,7tCTSBJI6HHSH BUpaJKe

HH6M (a.l =X1---"'D1, ... ,an =Xn-6n,l1Htl~e-+c)Ha WYHKIUfi1, npJrUHl]J)I6lKSI!IHX c; ' 
nonyqaeTOH T03l:&KO n0,7lCTSHOBKaMH. 

(03) ~~OBJI6TBOP6HO no onp6,7t6JI6HHID. 

(04) MN onpe,7t6JIH6M WYHKUHH C/Jm ( m >o) 1 KOTOpue OHS~yT-

CH YHHB6pOaJI:&HHMH. 

C/Jm (x,t., ... ,lm)=evaL(<x,<x,, ... ,x,>,7>) __ · 
li, 'I ,o ' 

'Z =<<o,o,o>>, 
eva.L {f) -== _21> Cf) , . 
Q (f)= 

(f~r,o=T-suhst:(h ,9(f:r,o>), 
f_ _ =Z --~ w6d {F- f- ) 

o,o 2. '? 1'fe:,i ' 

!--"'3~su6st(~, •--) o,o .... ., 5o,1 ' 

Jo5 ;i;-substP, c~(l: __ 't- )) 
, !, , ~·.o ' >rJ - , 

1I 



f6,6 = 5-s~bst ( h ,u ( ~;;o, h,r , h.l)), 

fll,i5 =: G -( fn- "fs I -h.o, f;;.s 'r, f;;,;;]' l/Hatre~[fJ3, r, v- 'C .2, f)) 
I I (, ) f6~! , 

J o,o ~ 7 -(f;;o,o,li = 0-Su/Jst{fi.f:r,o )7liHOVe -!r,o Jo,T'i Jr, 0/0, Jj J) 
7 

"fz;,o = 8-(f.s liDo o =i5-su6st('fi , 'fz; ;;· 0-) uNave -fr lJ, f.-
7 

7, f.-~ ,"i,{f,o/i,o]]) 
I I. I I 17 I ) ~ o, ) 0

1 
7 ' 

fo,o =?f -(f",I = f.,.,,r--- [f,o, Yo,v, T, Fo.~l, 

uHa'le -['f, O/ Sffo.t, fr,"fD,I , 0 IT, 'J (fu.; ), lJ /Z, V (fo,I )) ), 

llHOlte - 0 ) , '' 

subst {d,r) =[ d, alii !d;;,r 'r, or£' v(d~J,i.)]. 

.Hau HylltHO BSlltH06 ,ll1IH ,ll81IDH6tfmero eBoileTBO (pyHKIUfH eva. L (f) 

(Jieuua 2.IO). Mil o6oaHat!HU f~ =f,f1k"'(~-k-~).r lr'={x/x:ii 
,ll1IH n. E IV } H onpe,ll61Iml 

Onpe,lleneHHe 2.5: 

:f-vf' :~(Jk>((Vi <k)(fi•,o.J =r;.,oJ 
f., -- "' f;: - ;; "',o,11,a. ",o1..,1Q.. 

f;F,a,s,u •f;, 05 a. 
L T - l=' • • .• 
1 , • Q. - 5[•" i a. . ' 

oik ; r;k J). r2 

,lUUI j = 0,1,2,3, 

,ll1IH a. E A , 

,ll1IH Q.E A 
~ 

,lUUI ct.EA) J( 

CnpaBaJmHBs en 

Jieuua 2.8: OTH 

HOCTH. '" 

Jieuua 2.9: 'f 

Jieuua 2~ IO f 

8CitH8 ,ll0KS8ST61 

H I.9 BJiqHe1IHTD BCC 

ayeuNe B onpe,llenen~ 

Tenepb IIU ,llOKSlE 

HUX (pyHKIUdt. AHS1IH8H 

neUMu r.r, r~2, r~s., 

~~~ YHHBepeanbHOeTH: 

Jieuua 2.II: q;m 

llyeTb Tenepb: 

<pFm ,.ff If (x1,: 

P F = Uq>F, flea 
CBoticTBO 8. (G), 

yeTaHOBHTDt qTo B(a: 

r,lle 

8(G)~PF 

¢- uq> 
F= I 

"' 
~Fm={J!JCx 

(VJ) eva 

,llOKSc 



-[r lJ, ~"-r 7, r •• ,J.,["f,o!i,o]J), 
~ fi::t, ) I 

o,i )] . 

,itc.orno !PYHKI.\HK e v a. Ur > , 
H)r N={x!x=n 

,lVIll j = 0,1,2,3, 

;Mfl o.EA , 
;Mfl a.e.A 

~ 

,lVIll a..t:A) tl 

Cnpane~nHBH cne~yromHe neuuu: 

~euua 2.8: OorHomeHHe f ~ f' 6C'rb OTHOmaHH6 SKDKBaneHT-

HOOTH. 

~euua 2.9: ~ ~ f '=='>52 r fJ"' S2 (f') . 

~ewa 2~ IO f"' f' => evaL (f)"" e vaL (f') . 

8CKHs ~oKasaoren:&CTBa ~H neuuu 2.9: Ha~o c nouomDro neuu I.B 
H !.9 B!:lqHcmiT:& BC6 KOMnOH6HT!:l BenHqHH Q(f) H Q(~'), HCnOJI])

syeY!:l6 B onpe~eneHHH 2.~ H cpaBHHT:& HX. 

Tenep:& uu ;~toKallteu, qoro <Pm o6na~amor oBoitcTBaYH yHHBepcanb

HHX !PYHKUHtt. AHanHsHpyH npe~ooraBnenHe !PYHKUHH YDm H Honon:r,syH 

neMUH I.I, !~2, !~5, !.7 H 2.0nonyqaeu nepnoe cBottoorBo, HymHoe 

~ YHHBepcan:&HoCTH; 

~euua 2.!!: C/Jm E 8 1 
(Q )mH (~H m>'o ). 

llyoT:& Tenep:r,: 
"'Fm "'{f/f(x., ... ,.!'m)~¢, (~,Yt, ... ,.r,) y.q~ Xctl }. 

P F = f.}<f'F,., . ·flcno, liTO "'F,!; B.(C),, corJiaCHO JJeJQ&e 2.II. 
CBOitOTBO 8 (Q )m r;;"Fm (~H m >o ) c5y~eT ~OKSSSHO, 60nH 

yoTaHOBHTb, 'liTO B(a) ~ "'F • Mu ;~tallte ~oKaEeu, 'liTO 13{Ci')s'Pf (r:.V'F ), 

r;~te 

H 

'i'Fm = [ J f fCx., ... ,Xm)= ¢,.,(X, ,Xt, ... , Xm) '\ 

(Vd) evctL {<X,-<A'., ... ,km>1d >) rv 

"'eva.L(su6st (d,f(x1 , ... ,xm))) 

;ltOKSSSHO, eCnH cnpaB6~HBO: 

;LtJifl XE A } 



(04 .• !), G '-"'F 

(04.2) 

(04.3) 

tl'f 3aMKfiYTO OTHOOHT6nDHO UO~O~SHOBKH 

~
F aa:MKHYTO OTHOOHT6JI:&HO onepaTopa 7' • 

(04.I) ].loKallteM CJ E. "'f 
d 

• llyoT:& r =<<1>,~.r~>,d>, 
r;zte d npoH3BOJI:&HO. 

"1'"' t:d ol 
CnpaBe~HBa >6 ,;; E I, 5:;,o = Xt, f.t = d (JieY:Ma !.6) H 

f:o I o (Jiewa !.3). lloaTouy 

(2. I) e. vaL ( fd) = e vaL ( S2. ( f"')) c e.va.L { suhst. ( cl, 9 r y, JJ). 

O~oiO;n:a, 

(2.2) C/J1 ( <1>, X.)= evaL («T>, <X•>, '?>)lJ,;;,o ::(.raL f(1Jo,ii,o 
· :: e va-L ( subst ( 1-9 ( Y·))) o,'i,o 

(Jl6NJ18 !o9) •b t ( a ({ J) _(Jle_M:M8 !.8) (Y ) 
S U S ?- " • e.~.• - ~ 1 , 

Ha (2.!) H (2.2) BH;ztHo, qTo 3 6~F. 
AHaJiorHqHo MOZHO ;ztOKaaaT:& u..1, C~ ,<><-, (JE "'F. 

HyxtHo TOJI:&KO BueoTo < r > nooJie;ztoBaTeJI:&Ho no;n:oTaBHT:& aJieMeHT~ 

<.2, N >, ·< 3, Y > 7 <li> u <5> ll ev~/ ('fd) H ll OOOTBeTOTBYIODtYJO 

~YHKUHIO q)m H ll~qHOJIHT:& 8TH B~pazeHHfio 
. I 

(04.2) llyoT:& h t ti>Fr H f,, .... ,f,. "'¢pn. (r~t)t T.e. 

(2.3) k(Yt, ... ,Yr) <'C/J,.(h•. Yt, .. ·,Yr), 

( 2 • 4) f i ( )( 1, .... ,X n ) = ¢, ( f/ , :( 1, ... , X., ) ( i 2 I, .... , r )1 

(2.5) tvaL (<h*,< f,, ..... 'lr>,d.)-v cva.L (subst(d,h ry,, ... ,yr))), 

(2.6) tvaL ( <:. f t, <X1 , ... , x., .·, d ;..._ cva.L rsuht (a',lt'(.lt, ... , x,))) 

;ztJIH H6KOTOPHX ij', [:, ... , I: t:: A . 
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l 
t 
I 

I 
I 

I 
I 

d . . . 
. IlonaraeM f = « 6/', o,h.*; 

. .J ( 
ev'-ll <..5 ) ~. c.v~l Jl. 

(JleMMa 2.IO) . 
t(.:./lf rv tVa. 1, < Yt, ... 

(Jle:MMa 2.IO) 
"' e. val ( <<. 6, P, 

Cne.z~yiOillHe warH BllqHoneH~ 

po6HOOTH 9ITYOKaeu • 

!ACUOJI:&ayH H60KOJI:&KC 

OTHOUI6HHH (2.3) , ... ,(2.6) 1 
I , • ,. ,·· 

(2.7) tval(fd).-..evat(~ 
H 

(2.8) C/Jn (~6,F,o,h~<f 
(04.3) IlyOT:& hE ¢tS 

(2.9) k {y,) = <P1 Oz.", x.) 

(2.IO) evat. (~h~<X.>,d 
,tiJIH HeKoToporo h "G A. 

·AHanorH~Ho (04.2), .Hono~ 

~YHKUHH Q H HH,llYKUHJO n 

(2.II) tvaL{«7,h*',o> 
H 

(2.I2) cp. (<1-,;,",o>,; 

(05) M11 onpe.z~enHu·.z~ 

,., - -
:)" (K,t., ... ,Ym)=<9,m, 

CnpaBe]{JIHBOOT:& S -m'- n 

wa.l (<<f;m,o,n,.r, 
npH~eu npOBO,llHTOH HH,llYKU 

fPYHKUHH Q • 

Ha aToM neplloe yTBe. 

~eHHe aTo~ Teopeu~:cxe~ 

fPSKTa, qTo K!lZ,l(j'J> ~YHKI{H: 

f ex., ... , Y")=¢, tc; o·1, ... ,k 



!O)!;C!I!SHOBim 

mepaTopa 7' · • 

(JieMMa I.6) PI 

(cl, fJ(Y,J)). 

[.8) ~ (r,). 

(} E (Jf 
' ' . 
nop;cTaBHT» aneMeHT~ 

H B COOTB6TCTDym~m 

;trd,h ry,, ... , y,.))), 
;6ft (d ,/t'{.l '• ... 1 Xn))) 

A. 

. IloJiaraeM f"l = « 6,r,o,h*',<f,", ... 7 f~ >>, <X4, ... ,Xn ), d.> H Bh!1U1CJif!eM 
. d J . 

. ,~ ( ('J.))(L_·r'+o·~--) [d ..1 .1) 
ev4L\.5) ~. c.vol J2. S 0

''::. o,< e.vql( ~,o,J.- s J,JJ "' 
-~,.)-1 

(JleMMa 2.IO) . (2.6) ., 

rv evatr<N.,<.r,, ... ,t,>,(>) ov eval(svta(f: I• (x,, ... ,.r .. )))"" 
(JleMMa 2.IO) 

I'V e.vat {<< 6, P,.:r,g~t-, <f1(x,, ... ,x,)d:, ... J:»,<X1, ... ,.r,>,d.>). 
Cnep;yiOU{He marH BHlll1CJieHHH He Tpec5yiOT HOBHX MeTO~OB. IloaTOMY no~-

po6HOCTH 9ilYCKaeM. 

~Cil0Jlh3YH HeCKOllhKO paa onpe~eJieHHe ~yHK~H Q , JieMMY 2.!0; 

OTHOIDeHHH (2.3) , ... ~2.6), HHp;yKIU110 no Y" , HaKOHelh JieMMy 2.8, ilOJIY'llHM 
I 

o( • 
(2.7) tvat(f )"' eval(ruJst{d,B{f,(.r1, ... ,.rn), ... ,fr(.r,, ... ,.x ... ))) 
H 

(2.8) f/J, ( < 6, F, l5, hf. <f/, ... ,f:)), .r,, ... , fn)=h (f, {x,, ... ,Y~r)J"' ,fr (x;, ... ,x ... )). 

(04,3) IlyCTh hE¢~ , T.e. 

(2.9) h rxd" <t>, a~, x.), 
(2.IO) eva!.(<. h.~< X1 >,d. >h ~vaL{tv!Jdtd, ¢dh~ .r,)))= .wa/.(tvbit(d,ldx,;)) 1 

;ztnH HeKoToporo h *' G A . 

· AHaJIOrMqHo ( 04 .2), HCil0Jlh3YH Tenep» BeTBM Jll,O !:!'1 u fo,;; = S 

~YHK~HH Q H HH)!;YK~HIO no qJ.iCJIY HTepa~Hl1 ~yHK~lH1 h , noJiylll1M 

(2.II) evaL ( « 7-~ h.y., o >, < X•>,d >)=:tval (sv6Slt (d, h"a,>)) 
H 

(2.I2) (/), ( < 'f., IJ ~", o >, ..Y,) = {" (.(,), 

(05) Mbi onpe~eJIHM ·~JIH m , n. > 0 

'S~(x,lf., ... ,Ym)=<lf,m,o,ii,.r, <X,, ... ,x,.,>> BepHo s'::ci3(c:),.1 

CnpaBep;mtBOCTL S -m:.. n. TeopeMH ]{OKaauBaeTCH BHlll1CJieHHeM BupaJKeHHH . 
WAl (<<'ij,iii,o,ii,Y,<X,, ... ,J',>'>,<Y..,, ... 1 '/,>,'l>)o,;;,o,. 

np:nell npOBO~HTCH HH.7tYKUHH no n H HCilOJlh3yeTCH 11BeTBh11 fo,o "''if · 
. . 

<J]yHKUHH S? • 

Ha aTOM nepBoe yTBepzp;eHHe Teopellbl 2.2 ]{OKaaaao •• BTopoe yTBep

sp;eHHe 3TO~ TeopeMbl CJiep;yeT H3 Jiellllbl 2.II H TOJILKO qTO )!;OKaaaHHOro 

~8KT8, qTo KSWII. <JJYHK~IIIII f E & (G )ll ' .liOliHO npe]{CTaBHT:D B BH]{e 

fCx,, ... ,Y")=-iP, (C;(x,, ... ,x .. ),U;(r,, ..... r,), ... ,U,n(x,, ... ,t,)) (.7tJIH Bcex n > 0). 
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~s.~~"'" -·--

3. Teopeua 2.! H oeuaHTZKa HSNKOB nporpaYYHpoBaHHH 

MU HOXO~ H3 MH6H~H, qro 06YaHTHK8 HSNK8 nporpaMMHPOB8HHH L 

uozer ouu aa){aHa qacrzqHoii peeypcHBHoii !IJYHKI.Uieit (A (p,d) ){Byx 

apryueHTOB, HaauBa~~eaoH HHTepnperaropou ){XH L 

Harypan:&HHU qJt1cnau p,'oL , KO){ZPYBJIIIHU nporpawy f * 1t1 

){aHHoe d ~ za L no aeKoTopon re){enzaal.Uiii, coorBeTcrByer 

q~!OJIO Y' = ¢L ( p, d) , KO){ZpyBJ~ee pe~yJI:&TaT. npHY6H6HZH nporpaMUH 

f* K ){8HHOUY d 1 
• STO yTOqHeHH6 llOHHTHH 1106U8HTHK8 H3NKOB 

nporpauMHPOB8HiiUI11 paSBHB88TOH, K8llt6TOH, B H8CT0~66 BP811H (cu. 

HanpHuep, YcneHOKHii [ 91 , [IO] , 6-lum. [ 1 J Iri paoors BeHoKolt 

rpynnu ~M, [4] , [5) ). 

flo Teopeue 2.! MOlltHO Tenep:& paaJIOlltHT:& TSKOI HHTepnpeTaTOp 

1{ (p,dJ Ha TPH !IJYHKI.UiH KJp,dJ, ¢..(f) H ft. tp , TaR qro 
-p -

Cfdp,d)=jL(rj>t-(ldP,cl})), npHqeu tL,¢t-, sL noJcyqeBH zao.::,u,s,c~ 

H IPYHKIU1it, npHHa){ne:at~ UN , TOJI:&Ko no;~tcTaHoBKSMH. 

~HKUHBJ ¥ L (p, d) YOEHO HHTepnperapoBaT:& xax !IJYHKI.Uill, 

KOTOpaH nporpauue p H ;lt8HHOMY d llOCTSBHT B OOOTB6TCTBHI 

11HaqaJI:&HOe OOCTOHHH6 11 f 0 "'t L ( p, d) o llpH STOU ){nH KU){OrO p H 

~ Bcer;~ta BHnonHHeTcH TO ze oauoe KOHeqHoe qHCJIO onepauHI, 

B oy~HOOTH, 110KJ18;ltHB811~ onepaiU1it11 0 nOMOI!t»ll ol, CJ. ii5t- (f) UOlltHO 

noHHT:& KaK !IJYHKUHBJ nepexo;~ta aBTOIIaTa, KoropHI BHnOJIHHeT Haoros~ll 

·Bi>l'llHCJIHTen:&:eyBJ paoory. llpH arou qHOXO nepal.Uiit WBltlUIH if> L (f) 

38BHOHT OT H8Q8Jl:&HOrO OOOTOHHHH fo , 8 QHOJIO onepanzit B O;ltHOM 

"mare" (npH o;ltHoM npHUeHeHHH cPL (f) ) , onauo.:raKJI, or cxxa-

ANBSIIIIIHX o'paUHI H onepaiUdt BH;lt8 +!, cpHKOHPOBaBO. HIKOH8Ih 0 

llOUOJit&ll ft_ 11peayJI:&TaT11 BHQHOll6HHJI npo'D1TNB88TOH OT OKOJI1l8T6JI:&HOI'O __ _ 

OOC'lOHHHH ~ E (){XH KOToporo ( f ~" Jo,o ~ o ) , npHnu onHT:& QHCJIO 

onepauHlt !f!H:s:c~q~oBaHo. 
!6 

I 

BoaHHKaeT renep:& c1 

HHTepecaue cBe~eHHfl o H< ·., 
JIHT6JI:&H~ MaWHH! H~TCfl 

D A,. V - T8KHe, llTOC 
JL >'fl. 16 L. 

cA (p,d)~ft_ 
Onpe~OJIHJI8 3qJ·~6KTHBHyiO I 

YcnoacKH.ii [roJ, crp. 29~ 

peCHll, KOH6llH0 1 YCJIOBHfl 

pemeaa. 

H.H.roBopyH, C.C.]a 

r .A • 0COCKOB ~!!He HOMOraJIH 

E.XHpBOHeH UHe ~aJIH oco6 

A.ll.CanTUKOB npocuorpenH 

Bspa~aiD CBOID rny6oKyBJ 6n 



~orpawntpoBaH:r.tH 

ISHKB nporpauM:r.tpOBaHHH L 

'HKIU1est (A (p,d) ~Byx 

~H i. • 

P*" nporpaoy 

coorBercTByer 

~~. npHMeHeH:r.tH nporpauuH 

IH 11 C6118H~HKa HSHKOB 

aacro~ee BpeuH (cu. 

li pado~u BeHcKol 

.CP 
llOJIY'II6Im HS ol ,G, S, C~ 

IO~C!aHOBKaiDt o 

~oBa~~ KaK WYHKUHD, 
BHf B COO!B6!C~BHI 

3!011 ;ztrut KU:~Ol'O p H 

Je ~cno onepanzl, 

()~Jll~D ot, 0. cp'- (f) MOlltHO 

opHl.BHnOHHft6~ HBOTOB~D 

pa~l WYlDCl\HH ¢ L (f) 

.'I!Hcno onepanHI.B o~HOII 

ISI'fJoO.'f&D, Of CKJia

CHpOBaHO. HIKOHIU, 0 

BBI'.rCH O'.r OKOJilJB'.r6H~HOl'O .. _ 

)~ npHtJeM·ona!~ 'I!Hcno 

BosHHKaeT Tenepb cne~ym~aa npo6neua, pemeHHe Koropo~ ~ano 6u 

ltlHTepeCHHe CBe~eHHH 0 HSb!Kax nporpaMMl4pOBaH:r.tfl Itt. np:r.tHU:r.tnax Bb!II:r.tC

JIHTeJibHb!X Mam:r.tH: H~TCH He06XO~!ttMble Itt -~OCT8TOIIHb!e YCJIOB!ttfl ~JIH 

relc [ } onpe~emma aw·~eKTHBHYIO re~eneBCKYIO HyMepaUHIO ~JIH F, ( Roge"ZA 7 ' 

YcneHcKHii [raJ, crp. 294, Stron~ [8] ) • llpHtieM Ha:r.t6onee HHre-

pecHH, KOHetiHO 1 YCJIOBHH ~Jlfl eft • llpo6JieMa 3Ta ~0 Cl1X flOp He 

pemeHa. 

H.H.roBopyH, c.c.JiaBpoB, H.M.HaropHb!tl:, EneHa Hor:r.tHa Itt 

r.A.OcocKoB MHe noMoran:r.t B paaHb!X cr~:r.tax pa6o~hl. B.nymcK~ :r.t 

E.X:r.tpBoHeH MHe ~an:r.t oco6eHHO ueHHb!e coBeThl. Onbra JloMH~se :r.t 

A.L~.CanrHKOB npocuorpenH pyccKHR reKCT pa6orhl. 11M BceM a 

Bl:lpa~aiO CBOIO rny6oKyiO· dnaro~apHOCTb. 
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