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lCIECTtiEllllOl, /Ct{llC,lEHl,lt AJIR E-IIPOfPfifi

A.A. lioponron

Iieat ctarau-noctpoeHle oflepatptorHof, cexaHTlttcr r-nponparor [],
Ha ocHoBe xoropoF xorxo 6uno 6u pea*laonarb [HTepnperarop trruxa
E-nporpaiiil[poBaHfia. l4les raroR ceraH[}trf,{ 6uno npe,qlorena aBTopox
B [ 2 ] Tar rar f,sbffi E-Bupaf,erilfi fia.[rercs [peqAe Bcero Jromqecrcrx
f,gbtxori, To A.lrg qAexBarnono omcanlrg oflepatplouHofi ceraeHT[rfl,t nr sE6-
p&rrr4 norxqecKoe t{cq}rcreHlle 1[A![ , KOTOpOe HaSBarIX eCTeCTBeHHHII

BBIAy ero cxo.q,crBa c ecrecrBenHu. BuBoAox [ara]. ilepcuernnanocrr
raKoro noAxoAa r IIoeTpoeH}lD ceuaHrrK{ asHroB nporparmpoBaHua npo-
.qeuoHcrplrpoBana, Hanpruep, B [Srg] ,qJs asura (ynnproH&,rbHoro [po-
rpalrMl{poBaHl,lf, !trini-Ml .

itpoue onepa4roHHofi ceuarrlrxr, paccrorpl.tr craHAaprHJ,D reope -
nrro-rroAenbHJ,n ceuaHTtlxy E-nporpaxx (cr. [I]) r .q,orat(ex gr6rEEJr€-.

JrenTHocrb ,tcfr.rHHocrn E-@plryrbl a orofi ceraHt[re c ee BhEoAr,rilocrbn

B NAT.

$I. Ocrorrue olpeAe,Iexxfi

l-lycra ?7t - uoAe,rb cuFHarJ(pH oo. OrarqaprHes cmcoqHafi H4A -
crpofira L(hft) uan 7/t- 3ro ttHorecrru .!o LL(?ft) , r*e .,o(tit) +

*?tt; t'r*r(ilV) i - uHot€crBo roxeqH[r( flocJleAoBatenbnoerefi c
sneileHrarrlr n3 t,r(llz) vfr.

Idar npnxaro a rlprr4aonanbHou nporpaurffpoBaHr,rl{| nycrofi cmrcox
uu 6y4ex o6osrnuatr uepes D11, e cm{cor c aneueHreiltt Bor...
..., an - qepg3 (aor...p.).

lla uuorecree L(f0 BBoAsrca eraxAaptnrp Qnepals{r r,t rpelrr€F
TEccns, head, tal1 , €, E c.tleAJtol4'lx <l6paaof':

x) !, oraura,te or crulcorrHon HaAcrpofiraa na [I],riH onpeAeJraeu head(a)
KaI( nepBHfi oJreMeHT cnl,tcxa a.
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co!e(ao, (ar,..., ar)) + (a0,..', aq);

leail( ( ao, ..., an)) e ao;

tall( ( ao, ... , a.)) + ( ai '... ' at);
. € (ao,..., a.) t Arf, lteroroporo 1€ t0,...,n) a = ari
ag(aor,..ra,.).c Arf, HeroroPono 16 {o,..., a+1 ) a =

= (ar,..., an) .

IloayrrercI5m roAerb ( E rotopoltr He Bce filnrftl+l]l f,8Jrilf cn BcDAy
onpe,q,eret{HErx) crrHarl4il or= oo u (DlI, heail, ta1l, cona,€,E) 060-
snatul uepee !e (?,?) ,

tlapqgy c o6urotur rBaHTopar.x 6yAex pacc artrMBarb orpaHlrqeH-
HEe (3rct), (Vr€t), (3xet),(Vr=t) , rAe !gp! tHe
coAermll [epexeHHo r. oopryryr Bce xBaHTop! B roropon orrpexrqe-
HEr HAsOEer a o +Opryrof,. r'racc E -{roPr.yr - 9rO HaftreHblllrn kracc
(lop!.yn t coAeFaq{n Bce A o-{o[rryJH x sarmr)mHfi orHoc[.rarbHo Ha-
B€l[IlBalo{t crfSoK &,Vr orpeHlqeHHE( xBaHTopoa r HeorlpaHrqeHHo-
ro rBaBTopa cy[BcTBoEafixt.

lloarrxBHHetl Berarl,{aHue Bxo|lAelor, noAeopxyn B (opiryrE onpeAe-
Jrf,Tcar 16r o6gqHo, llp{ gToir HaBeolrEetrre olpar qeHrgx rBaxropoa
He Errf,et He [Io:trrrBHocrb (xerarrsxocrl) Exof.AeHx, noA(opryr.

Ilycrl crrrarypa qa norl reHa rs sr AodaaJreHxer 
-Ho_E!a 

npe,qn-
rarHlr( crrlaoJroB Po , . .. , P" . llasoBe[ E-nPorpanron LI J HqA i.o-
AeJ.ho qlY c onpeAeJrserrofl crrBo.,lamr po,..,,Pr ,D6!,r nocreAoBa-
TeJrbHocTb onpeApreHr BxAt

po(io) llgt Ao,

(1)

P(i)defA.

FAe lt - l+opryrH cnrHaT)pr qa r B r(oToprE cxLBorH Po ,. . , Pn
tIoArT Torrbfto llogl{rrBxo x Bce cro6oAfirE nepereHHxe CoIxyr Ar co-
Ael[a,rcs r cmrcxa ir.

Brep,ex.q,aa rcrarcteHrr GEll (cr. [tl) r{ fll, (tratural Iotut-
tlolrl,€tlc Llst th€orJr) [?], onncmanr4.re cBoficr8a cnlcoqHoi HqA -
crponror. ilcworenre trIL - gro rorcrpyltrxBxun BaIr{aHT cE9, garu-
c8I{X{n ! ({pae ecTecTB€HHoro auEoAe.

o
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llpaBr.rJg BHBo,,lF trflJ:

com5(so,to) = c@s(sr, tr)

cons( so,to) = cols(Er,tr)
to = tr

t E nl1

ao=ai

t € Dll
t = nil t=t

r( t r= s r e cone(e,t)

r e cone(s,t) r e coas(s,t) r.svr€t

rE t r E coae(s, t)
r E ccos( s, t) rEtVr=cons(g,t)

l(nn), (v r)(V y)(l(x) > l(cous(y,r)))
(Vr) r(r)

(rnlyxr$rr)

(vx)((Yy e r) l(y) r l(r))
(V r) r(r)

( eyxllrplerocrb )

flcr,tcrem{e IIL norJ raeTcs Ao6eE eHxel,l rf oTltx flpaBrral BEEo -
Aa npeBnJ, xHryllt[loHxcTcroro }lcq}lcJreHlra [PeAlraToB ' I GEI' - Ao6aB-
JIeHreM npeBrn Hlaccrqecroro lrctucreHrt npeA,traroB. Ilpr rror GEs x
rrl' paccxarpnaslrcf, reft aBycolnxlE reopnr (cr. [I]).

Ib





B aaJrbremer 6yAex ct$Tarb, rrro Bo acex paccrarpxsaergx t-
nporpsrt ar arng (I) ace oopryrlr At HaxoArrcs 8 HerarnBxo Hop-
ra,lbHon oopte.

lfq|Jt(fEt{4E 2, 11 ycrs 8o-E{porpar!.a c
o rrpeAerterErlr clrrEorarn Por...rPr.T o P-
AA CyqecrayeT sI(trtareHrxaf, eI ot-
xocrTerbBo Por...rPr 

'-nporparra 
S.i c re-

I l.r Ie oIlpeAerrerBrlr cllrBoJrarr Ia-
ra.er qTo B s, nea EroIAenn, 0yxr-qxoxarrHEr c1{rEoroE h€aal, tar.l .

AOt(A3AlElllCIBO ocnoaano He cJreAlDr4rx srcnEaJre{rxur npeo6lE -
so8arfl, , -cop.yr:

^ [... head(t)... I -
- (3: e t)(3 y E r)(t = qo!a(r,y) & l[... x...] ;

a [... tall(t)... ] -
-(l r e t)(3yE t)(t = c@s(-,y) & 1t... y ...1.

B orrmrrre or yerpexeHxs xmrrfta4tn, ycrponenre criaBoJrol
heait ' tall rq8eT npraoAl"b t( cyrecrBeHHotry ynrrHeHtD E -oIIpeAe -
,IeHxtr. lloaTorry r qerrl 3o&xTr8HocTr nocTpoeHri oneln4{oHnof, ce-
IAHITIc{ mI He OIrAgIEaflCt OT !|CnOTbAOAAHTA aT]lX CI{I.aOJIOB.' 3enpocox r E -nporlBr.e S Ha3oBer D6J,D f-(fop.yry A (=)
crrHarJpil o. . [oA ganpocor norl{r|aerct creAlDwe: Hafirx Ece Ha-

6op! Ec r,(m) rlarolle, qro nt(s) ts a(a).

03. !lc{.r cJerfie rAI
llcruelertrle trll! npeAHasHAqeHo li,lr BEoAA D-Cop.yn.

.[rx nFaarJta BraoIA f,lll .
I. npaBrra Arrf, paseHcrBa:

8t = aa

Ibpewc-

d1 = nLl ccoa(ar, nll) = conc(s: ' atl)

r, = r. cooa(ar. t,) = coa(e., t")
coa(r, , cona(ar, tn)) = coa(r".cma(ar, t. ))

trlI I c@s(tr. t.) cona(tn, t") I

Id

nlI



s.t I az tl l t2
cons(sr, tr) I cons(e", t.)

2. Ilpasrura p7a < :

D=8

cone(sr, tr) f cors(s.,t.)

r=s t = cons(trr t.)
rc c@a(E , ntl)

r €t
r e cooe(g , t)

r I a r( t
s I nir rT-oos(ertfr < cona(E, t)

3. nFEt.lra Ari E :
coa(s.,tr) = cons( s", t. ) r=t

Dil E nll coaa(s,, ,tr) = coaa(s.,t.)

r l cong(s,t) r*t

r E coDs(e ,t)

cona(s,t) $ atl
4. lllEBxna JUrr head '

l(a)

r $ cons(a,t)
tai.L:

l(ntl)
l(bead (cons(s,411) ) )

A(s) t = coos(tr, tr) A(t) t = c&s(tr, t.)
A( h".d( ""*G;a)))= A( tau(co!B(tt,t\) ) )

l(tart (coas(s, s )))

t

nAe A - npolsBorbBaf, CopayJa.
5. nFBxxa Arf, ,oBrqecErx cDrgox:

ABA
AVB AVB

( Vr € !1r) A(r)

e(a)

a( t)b. lEsBxno Anr xDanropas i=_)- AGI .

?. npeBxre Ars orpeHxqeHHrD( xBaBTopoB:

l(s) (Vr € t) A(r)
(Vr e cqg(e,t)) l(x)

A(s) t = cos(tn,t")
:

B

A&B

x € cona 6,Dl1

I9
a3 r € cotrgas ,a)l^GT



(3ret) r(r)
( I xe coaa(e,t)) l(:)

l(nrr)
( Yr= atl) l(r)

A(al1)

r(coe(e, t)) (Vr E t) l(x)
(Vr= cmg(s,t)) l(:)

r(coa(s .dl) )

(!rE !d1) A(r) (!l rE coag(s,alr) ) e(r)

l(cos(srt)) t = oos(trrtr) (l tE t) A(r)

(f, r= coe(a.t)) e(x) (3r= cog(g,t)) r(r)
llasonen repr t HerlpgBxJlrHlDr r ecrx g) t He coAeptr BxoGAe -

Hxn head, ta1l; 6) t coAeFr? BxffAeHne noA.repia srng f(tr,...
..,,to) raroer.go f - rtr!,Htol}loHarbttHfi cl(rao, cxnflTypH oo, 8
oAfir ns tr coAellrr BrglAsxre nll ]{Jrr coDa.

llycrb g - E-nporpa[.a HqA roAenbl tll . Baelq xcrficneHr{e
nrr(s) , ro{opoe nor! laercr xs lu![ Ao6aB.lefler. cneAyD0$x npaBxJr

Brlaoag,
il. (Jlono,rrnreararle) nparrra AJri IBEeHcrEa:

t I \LL ldl I t t I coa(r, a) cooe( r, a) I t

rAe t - aePt cxfitarypu oo xJIn HenPaa[.rbHEn retrx.
9. (JlonoaroreDrue) nlraBrna Ins c: 

- 

r nAe t - relxl crn-
Harypu oo nrx HenpaBn bHHf, fepr.

I0. (/{onoarnrearrlre) npasnm Ari E 3 ----a7- , rrAe r - T€Inl

cxnHarl@61 oo ,{rr HenpaB[JrbHM repr, n t - repr crmBT!4)u oo

nrx HenrEa]t, bHHtr TeIr.
I I . (,(,onoaxmorrxlF ) Epqgxra .ors orpamriFro{ia rnaHrol}oa :

(V: e t) A (VrE t) 
^

lae t - rePra c}lftlaTypE oo rJI]{ Benl]aBxrbBr reII.
12. Ilpasraa AJrr aroror: -f- r rAe I - saurorJlTer arorapra,

Cop.ynA c,trHarJ@r oo, rlcrrxHaa B nt I i- r rAe I - aarE{,Tan
aroxapo{Ar (olxyra crrHarlpa oo, rlllat at72i
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13. llpeBxna Ari oflpeAereHtrl @, 
"aau 

D s rrreerca orpe -
AeJreHxe aBAA P(i) def A(r-). 

P(t)

liBi LP. nycrb ?ll - yoAets (n, =) xarypaarHtIx tlrc€Jr C..€cr€-
cTaeBHHrl nopaAro S, a I - E-nporpa]rxa, koTopes npoBepf,err f,8nf,-
eTcf, Jrn ApI{Hd cnxcor( JrIropiAoqeHHE:

ordered(r) aef (Y-y E r)(y=a11vs.11(y): urlVbea<l(y) <

s head(talr(y))).
llrxe npnre,qex A[(s)-8iooa (opxynr ordered( (3,5'7 )) (xanov-
xrar, rno (3,b,? - coxpeqefixe ,q.ia coaa(3 ,coas(S, qom('i,ail) ) ) ) :

3s5
< head.( ? )

?5 ) s head ? )

head((3 ,5,? )) < heail( tail((3 ,5, ?) ))
(3,5, D=!t lv tall( ( 3, 5,? ) )=Dilvhead((3 ,5, ?) ) sread(tai1((3,5,?) ) IIr

(v yE ( 3 ,5,7) ) ( ]=nilwai.I( y)=alrvtsoad( y) s head(tail( y) ) )
,

ol{ereal((3,5,?))
tAe IIr - EEBoA

5s7
5 

= 
heaal( 7))

hea.r(( 5,? )) : hesd((?))

head(( 5 J)) s head(tall(( 5 ,?)) )

( 5,?>.itrr v ta1l( (5,?) )=61v 1r""4((5,7)) < head(tall(( 5, ?)) )

(V vE ( 5, ?) ) ( rtrl:. v tatl(y)=lilv h6ad(]') s maa(tai.l(y)))

FAe Il2 - BIEoA

ntI.Eil
tel1 <,1

) )=rr1 v hoaal(( ?) ) < hoa.t(tarl( ? )) ) Er

ll2
,

)=arr
( ?)-nilv
(Vys (? ))(rarlv tall(y)=dr vhead( y) 

= 
he!d(hrl(y)))

2t
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rAe It - BEoA

ni1=!rl1

atl=!11 v t611(Dl1)=nr,l v heed(d1) s head(talr(nt1) )

(YyE nll) ( r=ail v tatl(y)=D11v head(y) s h€ad(tatl( y) ) )

lEoFElA I. ny c r b 3 -E-nponparra HaA
AenbD ?ft , ,.-3arrHyIAfi D-(Dopiryr.
Haryps or Ton.qa sttalrBareHTHH
ayDr{xe yTBepIAeHt,la:

D 7, G) F 
^,2) nAr(8) F A.

AOI(A3AIEXICIBO. 2) o I) oqearaHo, rar ratt Bce npaBruta Brao -
Aa rAI(8) Aonycrnrnr olHogrr€JrbHo ltcrlrHlroc{ s tft( .

I) - 2). AoxasarerbcrBo reopen I oa)r crotnHy ocnoaaHo Ha

Tor, rno npaBrraror rEoAa nlr roAeJrl|pJllrcfi Bce Bosrur{rfi, c,l]^aar
npoBepE{ xcr]{HHocrx l-Qopryr. lhntrIlrcp, AJrr "oror 

tao6u {opryra
(V r< t)r(r) 6Era ficrxrflofir AocraroEro npxaecrl{ t r BxAy nll
r.lr(ao,'..'ar) (sro Aerraetcf, c noroqpD npaBxr.urf, hola r talr),
a npoBepxa Ha llcfi.rHHocrb @gyar (Yre D11)l(r) xrr (vr€(t0,...
...'a.))r(r) aenaerca c noroqDr llpagu AJL orparuqemHiot xsaH -
TOIIOB.

06osHAtsrr qepes nlr( s) (cooraercrseEro cEs(s) ) rrctrrcre}ll{e i
rroJrlrqeHHoe tlg IiIIJ (coofDercrBerqo OE8 ) Ao6aSJrerq* nPasx.l E]ao-
aa srAA 8-tr}.

TEoPFIIA 2. llycrb g -E{rpoFparra HaA ro-
AerbD tlt , a Oopryrax roropofi Her
BxorAeHrf, crlrBoroB heaal, tall ,lrA-sarr-
Byrea ,+opryra cllrBarypc s!. Tor -
aa Sf,rrBarentBE creAyDqf,e ycroBf a:

,.) rrc(s) F 
^,

2) rrL(E) F 
^,3) cEs(s) F r.

AO{A3AIEllflts0. I) - 2) surero€r na toror qto Dce npaarra ErF
8O,[A r ! , npOE npOEXr Arn h€rd, tall, rrllpTcs nporcBoAHrra4 E

III.

IO-
cllP-
c, e-

a



2) - 3) oqeBxAro, rafi !(ar Dce npa,af,.lta BEBo.qa ITIIJ flBjfi@tct
nPaBxraw EBBoaa GES.

3) .I). tlycrB cEs(s) F A . TorAB oqeErAno, 1lt ( 1= 4 no

reopene I, [lrn(s) F A ,
llTax, ru norJ tr{Jlx Heroroprfi aHaJroD norHorr SlD;!€oorDr$x

Ha XoptloBrr( Ar€tanftTel AJIfr cJtm&i D-(tsPIyI 'a 
,IeHHoirlto I' SEBoI{X-

xa s t{A[(s) (ana:ror slo-peoo.mqrr) ropAA r rorbr(o rorAB, KonAE

oHa BlEoArra rjlaccsqecxt{ (r.e. B GE6(S) ), a rare roFAS r rorb-
xo rouer xonng oHa BraoAxr e xHrJ,rt$oHrcrcro.r (r.e. a u-rr(g) ).

B nocaeA5mqB nJdmrtAqxx rH co6npaer.cf, nof,a3arbr rax rcr8{cre-
Hre t{AE ucxo rcnorb3oBarb A,rf, nocrpoeHm [oppexrHoFo xHTepnpe -
Taropa E-npon!6rL.

Aarop 6.raropppex A. B. thflWBoAe 6a coB6,rrr orasasuecr qpesBr-
qenHo [oneSHrralt.
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