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	[image: image1.jpg]§3. A3vix PQL. Ocnoenvie nonsmus

B §2 ‘rnaebi 1 Mbr PaccMoTpesn  A3bIK  JIOFHKN
TPEKATOB B PO si3bika 3anpocos. Ilenv aroro naparpada
PACCMOTPETh B 3TOH posin npoueypHbiii s3bik PQL.

Kak o6pbruno, 6yaem ucxours nz PaclHpPeHHoil cXeMbl
BA ¥ = X v X, Andasur sssika PQL nomywaercs
[(UéaBJlEHHeM K A3BIKY JIOTHKH NpejlKaroB CHMBOJIOB: €5
while, do, ; , Bbiaennm Bo MHOXECTBe Beex wenodek
aqu»aBuTa NOAMHOXeCTBO, dJIeMeHTbl KoToporo HazoBeM
nporpaMmamu Asbika PQL.

Ecniv Y - npoussogmsiii  npeamkaThblii  ciMpos
Mecthoctd n, F - dopmyna sormkw  npeamkatos ¢ n
©BOGOANBIMK TIepeMeHnbIMH, To Henoyka (Y:=F) - naswisactcs
aromaproii  mporpammoii. Ilporpamma siabika PQL sBogurcs:
clieyoMHM 06pasom:

1) aromapnas nporpamma sBAsIeTC nporpamMMoii;

2) ecom 1 u II- nporpammbl, a Y - [IPOU3BO,IHBII
npeaukatabiii cuMsosi, to nenmoukn (ILH') u (while Y <
M(Y) do IT) siBasiores nporpammamu.

Mporpamma 11 ssvika PQL Gyzer npeo6pasosbisars
cocrosimist BJl, u ee gelicteue Oyser szakmouarbcs B
TpUCBAUBAHUH [IPON3BO,HBIM NpeaHKaTHbIM  CHMBOJIAM Y
HoBbix 3uagenuit 1I(Y). Tporpammy IT Moxno paccMarpuBarh
KaK oneparop, Nepesojsumuil cocrosiiue 6asbl S B cocTosHHe
[1(S). [daamy Tounvie onpesenenus. Tlyers S - rekymee
coctosmne B/ Eerm [O=(Y:=F), 1o 5B pesymprare
BBITIOTHEHHSI 3TOK nporpaMMbl CHMBOJI ¥ no.ny'(aeT B KavecTse
3HaYeHUs OTHONeHWe, onpefesentoe copmynoii  F B
COCTOSAAHHH S, OCTanbHble fpeguKarHbie CHMBOJIbI HE MEHSIOT
CBOMX 3Havenuil. Boimonnenue nporpammut (IT;11') cocrout B
Toc/ietoBateIbHOM  Bbino/iHeHuu nporpamm Il u [I'. Bousee
dopmansro: (ILIT)(S) = MM'(TI(S)). Ecam S = (while Y <
TI(Y) do 11), To BbImONHEHHUe STOl MPOrpaMMBI 3aKMOYACTCA B
UHMKJIHYECKOM BbINOJHEHHH nporpamMMbi n A0 Tex nop, noka
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	[image: image2.jpg]netnuno  yenosue, YCTI(Y), kotopoe osmawaer cTporoe
TEeOpPeTHKO-MHOXKECTBEHHOE BKIoveHHe orHomennii Y u T1(Y).
Heo6xo1uMo 3aMeTHTb, 4TO, B CHJly KOHEYHOCTH HOCHTEJISt
coctosinmst, ycnosue YCII(Y) co BpemeneM Hapymures, T.e.
nmporpamMMa S He MOXET BbITO/IHATHCS GECKOHEYHO.

Maxno cxasatb, 9TO mporpaMMbl sasbika  PQL
CKOHCTPYHPOBAHbI U3 ONEPATOPOB NPHCBANBAHHS C OMOMIBIO
cyneprnioanmi  omeparopos  u  umkaa tuna  while_do.
TlpuBeeM npumeps!.

Tpemep 1. Tlycts X cozepkur cnMBoJbI GUHAPHBIX
ornomeruit P u Y u nycrs '

F(x,y)=P(x,y) v @z2)(P(x,2)&Y(z,y)).

Paccvorpum  mporpammy  [1=(Y:=F). Ona  nepesoaur
coctoanne S B Hopoe coctosuue I1(S), koropoe ormmaerca
ToNbKO 3HadenHeM chmBoia Y. Ecim B cocrosmmm S
oTHomenue Y siBsieTcsl NYCTbiM, .To B coctosamu II(S)
orHomenwe S pasuo P, a B cocroanuu I1(S) S pasmo PUP?.
Paccmorpum Teneps mporpammy S=(while Y<II(Y) do IT).
Mpumenense 5Tol NporpaMMbl K OCHOBHOMY COCTOSIHHIO S
3aK/0YAETCA B MOMYHCHHH [OC/IEOBATENbHOCTH COCTOSTHMIT
S1,S2+41Sy-.. Takux, gro I1(S)=S,,, (0<ick-1) u B xoTOpPHIX
cumpon Y nosydaer mnocrejgoBaresibHO  3Havenus  Y,=P,
Y,=PUP, ,...,Y,=PUPL...UP,,... . B cuiy koHeuHOCTH
HOCHTeJISl cOCTOsHMSI S,, Haiiierca MHAEKC i, Qi KOTOpPOro
Y:=Y,,. 310 o3Hagaer, wro Y, - TPaH3HTHBHOE 3aMBIKaHHe i
orHomenus P. :

Tipumep 2. Ilpeanmonoxum, 9ro cuMBOA GasucHoro
6uHapHOro  OTHOMEHUs P B  moboM  cocrosimun
HHTEPIpETHpYeTCs KaK CTPOruii JHHEHHbIT MOpAZOK Ha
Hocutene. Yeosumes BMecto P(x,y) mucars x<y, a dopmyy
X<y V X=y yCIOBHMCS COKpamiarb kak o6brano: x<y. Ilycrs

Fo(x)=(Vy)(x<y), F(x)=(¥y)(y<x),

F(x)=YCOVv@u,v)[Y(u) & u<v<x & '
(Vw)(u<w<x=pv=w)],

Fo=(3x)(Y () &F,(x)).






	[image: image3.jpg](EcrecrBento, Y - CHMBO OJHOMECTHOTO HPOM3BO(HOrO
oTHOmERNs. )

PaccMOTpHM CJle/ty 0Ly o MPorpamMMy:
I = ((Y:=F,); (while Yc(Y:=F,) do (Y:=F))); (Y ":=F,)).
TIpeAnonoxXiM, 4TO HMCXO[HOE COCTOsIHHE S) siBastercs
6asHcHBIM II  ero HocuTenb ectb  {a,a,...,a,}, npiyen
orHomenne < YMOPSA09HBAET ITO \MHOXKECTBO B MOpsiiKe
uHAeKcoB, T.e. a<a,<...<a,. Torza npu BblIOAHeH N
nporpamMbt I cumBon Y cHasana B KauecTBe 3naueHiis
OpHMET  OJHOMECTHOE  OTHOWIEHME, T.e.  HOJAMHOXECTBO
Hocutensi, pasHoe f{a}. Ecim n>2, 10 umka while_do,
poinosiHiTes # Y npumer 3nadenne {a;,az}. Ecau n>4, to avor
UMK/ BBIMOIHHTCS TOBTOPHO M 3Hadenue Y OyleT pasHo
{a,,a5,a5} ¥ 1.2. Ilocse rtoro xak wika while_do sakowunr
paboTy, BbBIIOJHUTCA MOCHEJHHH ONEpaTop NporpaMMbl
Y':=F,;. flcHo, uro 3uavemne Y' Gyzer "mcTnHa' Torja 1
TOJIBKO TOrJa, KOTAa N - HEYETHOE HHC/IO.

Tpumep 3. Mlycrp IT - HekoTopas nporpamma, Y, n Y,
- CHMBOJIbL R-MECTHDBIX ITPOH3BOAHBIX OTHOmeHHi. JomycTnm,
gro Y, e Bcrpeyaercs B I1 u.Y 2Y,. Paccmorpum nporpammy

I'=(Y,:=Yy I; Y, :=Y)).

Ecin S=<M,¢> - Hekotopoe cocrosinue B/, To 3mavenus
mo6oro npousBogHoro cumBosia Y#Y, u Y, B COCTOAHHAX
TI(S) u II'(S) coemazaior, B To e Bspems II'(Y)=@(Y).
Apyrumu cnosamu, I He H3MeHseT 3naveHHE CUMBOIA Y, a
Ha OCTANILHBIX NPOH3BOAHDIX, cuMBonax (kpome Y,) ieiicTeyer
Tak xe, kak u II. Bygem B atoM ciysae mucars [1'=(Loc
Y)IL

Tpumep 4. Tycrs II - mporpamma, F - saminyras
opMysa NOTHKH [peanKatoB, Y - HyJIbMECTHblil CHMBOJ
NPOH3BO/HOrO OTHomIeHUsi, He Bxoasmuit B II. Paccmorpum
nporpaMmy .
m = (Loc Y) (Y := = F; while Yc(Y:=
(Y:=F;IN))—

;DY) do
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	[image: image4.jpg]Myctb S - coctostine B/ n F uerunna 8 S. Torza Y chavana
nosnyuut 3Hadenue "Aoxkb", a 3arem uukn  while_do
1popaboTaeT OAHH pas, T.e. BbIIOAHATCS nporpammbl Y:=F u
I1. dto o3nanaer, uto ecan F ucrunHa B S, TO BbINONREHHE
nporpaMmbi  II'  o3HAawaeT  OJHOKpaTHOE  BbINOJIHEHHe
nporpammbl I1. Ecim ke dopmyna F soxsa B8 S, 10 npu
sbinosmenin nporpammer 1T nporpavma I1 He BbinosHseTcs.
IMporpammy T1' yenosuMest B aanbheiiem o6osnayarn kak (if
F then I1).
BaskHo noauepkuyth  caeayiomee. [lponecc nonyqemm
pesyibTupyomero cocrostansi 11(S) Moxno NPE/ICTaBuTL B
BILjl€ 110€/1€10BATEIbHOCTH COCTOSIAHI

$=S5, Sy, - » Sir» S=TICS),
rje TNepexoj OT COCTOAHMA S, K COCTOSHHIO S;., COCTOHT B
BBINOJIHENUN  aTOMapHbix  mporpamm.  /las  onepaiuu
CyNepro3nIHN 3TO oueBRO, a Ans wukaa while_do geranbho
[IPOJEMOHCTPHPOBaHO B MpHMepe 1.

Hazsosem dopmyoit sizvika. PQL napy (I1,Y), rae IT -
nporpamMMa, Y - NPOH3BOAHDII CHMBOJI OTHOMEHHS. 3HaveHHe
opmynnt (I1,Y) B cocrosmn S - ato oromenne Y B
coctosamn I1(S). 3anpoc Q sbipasum B sisbie PQL, ecim
cymectgyer ¢opmyna (I1Y) takas, «9ro ams  moboro
coc’ro;lx; S pbinonserca pasenctso Y=Q(S). B npumepe 1
TIOK: , 9TO TPaH3UTHBHOE 3aMbiKaHHe BbipasiMo B PQL.

ocTapuleiicss 4acTH JaHHoro maparpada u ABYX
clleayiOMMX Mbl NONBITAEMCS CPAaBHHTb KJacC 3arpocos,
BBIpa3sHMbIX B sisbike PQL, M Kjacc nosMEOMHANbHBIX
3anpocos.

B «kayecTBe nepsoro mara JOKaxeM cledylomee
YTBEpPIK/ICHHE.

Teopema. Bcsixmii  3anpoc, Bbipasummii 8 PQL,
SIBJISIETCS] MTOMIHHOMHA/IBHBIM.

Jloxasatenbcrpo.  Ckaxem, 4to nporpamma I1
HOIMHOMHANIbHA, €C/IT /7151 MOGOTo nepeMenHoro cumposia Y
dopmyaa  (I1,Y)  onpesgenser noiHHOMHA/bHBIN  3anpoc.
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	[image: image5.jpg]Paaykuuel Mo nocTpoeHnio NporpaMMbl MOKDKeM, 4To Aio6as
NPOrpaMMa MOJMHOMHAJIbHA.

Eciu I1 - aromapmas nporpamma (Y:=F), 10 ee
NOJIMHOMHAJIBHOCTD CJlefyeT u3 Teopembl §2 ra. 1. Herpyamo
BHJeTh, 9T0 ecai nporpammpi I1; u I1, nomHoMua/bHbl, TO HX
cyneprnosnumsi (I1;T1,) rtoxe nosnsomnanbha. Paccmorpim
Tenepb NporpamMMy

II'=(wthile YII(Y) do I).

Tyctpb n - apHoctb cuMBosia Y. Torda B Kax/10M LHK/Ie
nporpamma II' jo6asasier k Y XoTsi 6bl OAMH KOPTEX AJIHHDI
0. YHC/10 UUKJIOB I03TOMY He MPEBOCXOHT YHCJa KOPTeXei H
OrpaHideHo BeMMYHHOH m°, rAe ‘M - MONIHOCTb HOCHTE/st
cocrosnusi. VI3 nonmsomuansHocts nporpammbr I1 caeayer,
4TO NS MOGOro  NEepeMEHHOro .cuMBona Y, CYIecTByer
mamnia Toiopurra T,, KoTopasi BbIYHC/ISET OTBET Ha 3anpoc
(I1;Y,) 3a Bpems, orpanmueHHoe nonuHoMom. Wcxoas us
CKa3aHHOrO, HETPYAHO MOHSITb, 4TO AJIs MOGOro NepeMeHHOro
cumBona Y, cymecrsyer mamuna Tbiopuara T, -koropas
BbluMcaser  orBer  ma  sanpoc  (IT;Y,) Takke  3a
nonuroMuanbHoe BpeMs. TeopeMa JoKa3aHa:

§4. Modeauposanue pabomv mawunn Trropunza
nocaedoeamenvnocmoio cocmosnuil Gasw dannbix

[awnbiii naparpad MrpaeT B ONPELE/CHHOM CMbIC]E
BCHIOMOraTe/IbHyi0 PoJib W MOCBSAWIEH TOMY, Kak. MpeiCTaBHTbh
pabory Mammubl TblopuHra, BbIUMCASOmEH OTBET Ha
NOTHHOMMAJIBHBIN  3anpoc, B  BHAE  I0C/IE10BATEIBHOCTH
cocrosinmii B

TIpeAnonoxXuM, 9T0 HOCHTENb COCTOSIHUSI COAEPXKMT IO
KpaiiHeil Mepe /Ba 3/leMeHTa M ITO CYHIECTBYeT ABYXMECTHBIH
CHMBOJI GHHADHOTO OTHONIEHHS, KOTOPBIH WHTEpIpPETHPYETCs
Kak JuHeiiHbiil nopsagok. CuMBO/bI 6a3HCHDIX OTHOWICHHH -
ato Bly,...,Bl, nx aprocT COOTBETCTBEHHO pPaBHbI I, ..., N,.
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	[image: image6.jpg]Onpeaenum  nexortopple  OPMyNbl  A3bIKA  JIOTUKH
NpeAHKaroB. Kaxk ™Mbt :}'CJ'IOBH]IHC!), OJAUH M3 CHMBOJIOB
6a31CHBIX  OTHOWEHHIl  BCerJa  MHTepHpeTHpyeTcs  Kak
JTHHETHbI NopsI0K. By;leM NoJIb30BaThCs CTAHAAPTHBIM
obosnauenuen x<y. OGosnauenne x<y 6yaeM, kak oGbliHo,
HCTIO/Ib30BaTh As coKpamerns opmynbr X<y v x=y. Ilyers
x=(Xy,...,%,), ¥=(¥i,....y,). Jlorosopumes o  crexyomux
0603HAYCHHAX:

(x=y) =(x=y & & %7y, ),

(x <, ¥) = Vi (x=y1 & & Xir=Yin & X<Y; ),

xSy =Gy v x=y),

first,(x)= (¥y) (x<,y),

last (x)= (¥y) (y<, x),

next,(x,y) = x<py & (Vz) (x<z &y, 2),

(numiy(x)=)= 3xy;....x)(first,(x,) & next,(x,,x;) &
nexty(xy, Xg) &...& next,(x-1,%) & x=px),

true(x) = (x=,x),

false,(x) = (x#.x).

Ha muoxkectBe * MP=Mx..xM  dopmyna x<py
onpeaenser nexcuxorpaduIecKHii NOPAIOK, NEPBbIA dJleMEHT
KoToporo Bbiaensiercst Qoprynoi first,(x), a nocieammii -
last,(x). @opmyna next,(x,y)  Bblpaxaer oTHOWeHHEC
HenO(‘])eﬂCTBeHHOI'O cJleoBaiusa - HA  3TOM MHOXecTBe, a
dopmyna  num(x)=i  Bbiaenser - xopTex B
nexcuxorpacduieckoM  mopsake.  3HavenuaMu  opMyn
true,(x) u false,(x) ABAAIOTCA COOTBETCTBERHO YHHBEPCATILHOE
H mycToe OTHONIEHHSA .

B ganbHeiimeM B OYEBHAHBIX CHydYasX HHAEKC P B
opmynax Gyaer omyckarpcs. Ham nonagoGutes  opso
CBOHCTBO. y ycraﬂéﬂmxsa.lomee B3aUMOCBA3b
NleKenKorpadHuecKoro  YNOpSAOYEHH P-  H  (-MEPHDBIX
koprexkeil mpu p<q. [dns ero opMyIHpOBKH YCIOBUMCH
yepes uv, rae u = (uy,..., Ugp), v = (Vi....v,), obosnavars
BekTop (Uj,... Uy Vi,.o,V,). CBOHCTBO COCTOMT B caiejlylomen:
ecalt vV W - KOPTeXH AJHHDL P B q COOTBETCTBEHHO, W = uv,
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	[image: image7.jpg]TAE U - KOPTEX INlibI G-P, BCE KOMIOHERTBI KOTOPOI'O PaBHbI
HaUMeHbIIeMy aneMenTy MHOXKECTBA M, 0
num,(v)=num,(w). CsoiicTBo sterko caeayer us onpesenens
JIEKCHKOTpapiiecKoro Hopsiika.

Ilyctp MT' - a10 m-nentounas mamuna Teiopunra c
BHemnuM andasurom AL={0,1,b} u Buyrpennum Al={q,,...q,}.
Mamnna MT Bbruncasier oTer na sarnpoc Q, BpeMsi oTsera
orpanngeno crenensio |MP, rae [M| - mommocts nocurens
COCTOSIHHS.

Ocnopnas  3agava  JaHWoro maparpada, Kak yxke
OTMENANOCh, COCTOMT B TOM, 4YToGbl MpeacTaBuTb paGoTy
mamnast MT B Bige nocnegoparenbuocts coctoannii B/1.
Ans aTOTO MBI HIDKe BBeieM IIPOH3BOHbIC OTHOUICHIS,
KoTOpble GyAYT "NPEACTABJAATL" COJACPIKHMOE JICHT MAmIHHDI
MT, BuyTpeHnHee cocTosiHie 11 o6o3peBaenbie Aueiikn. Kaias
JMenta Gyjer npeicraBiena TpeMs oTHomennsmn U, Z,E
(apuocts  oTHX  oTHomenmit GyAer ompedenena  M03xke).
Hanpumep, ecanm. B npouecce paGoTsi na mepsoii aente
sanucano cioso 10110, a ocranbubie sveiiky MycTbl, To Takoe
cocTosiiie  JeHTol  GyaeT "NpeAcTaBAeHO”  OTHOMEHHSIMIT
U,,Z,,E,, rae U, cocront us nepsoro, TpeTbero u 4efseproro
KopTexeit maoxectsa M¥, Z, - u3 sroporo u msaroro, a E, - us
BceX KopTesxeii, HaulHas ¢ wecToro.

OnpenennM,  KOpPTeXXM  KakoFo ~ pasMepa  HaM
HEOGXO{UMbI /I TAKOro NpeACTaBieHus Mamuibl Thiopiura
B Bj. Yncro Takro paGorsi Mammpt MT orpanmnueHo
semiunoit  |MP, mostomy ans  mpencraBnemus  nent
AOCTaTOqHO KopTexeii A1HHbl p. BHyTpennue cocrosnua (a nx
h wryk) Mbi Gysem NpeACTaBASTL KOPTeXaMH AJMHbI Py, e
pi - HauMeHblleé uucsio, Takoe, uro [M[2h. [lockosbky
MOLIHOCTb HOCHTeNs! Go/bile eJMHMIbI, TO COOTBETCTBYIOIIee
P1 Beerja Hailercs. VICXO[HOE COAEPXKUMOE JIGHT MAITHEDI
MT, xax Mbi 3HaeM, npeacTasmsier co6oif Ko OCHOBHOrO
cocrosianss  BJ. [lasn  Toro uro6ni  ero  mpeAcTaBuTD,
HEOOXO/IMBI KOPTEXH pasMepa P;, TAe P, - HanGoabmas
apHOCTb  6a3WCHbIX OTHOWeHMH u  orsera. Mrak, st
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	[image: image8.jpg]Mojemiposanus  pa6orhi  Mammebl  MT  Mbt Gymem
HO.b30BaThCS KOPTEXAMH, A/IMHA KOTOPBIX He ripeBocXomut k
= max{p,p;,pa}-

3adukcupyeM B creayIomte  CHMBObI
HPOM3BOHBIX OTHOlIeRHii:
WY, Yo, Uy iU Zy, i Zg B By J g e
APHOCTb BCEX 3THX CHMBOJIOB paBma k. YkaxeMm ux
HHTEPIIPETALHIO.

TIpeAnosIoxkuM, 4TO NpH BBIYHC/EHWH OTBETA HA 3afipoc
Q B ocHoBHOM cocTostHnH S=<M,@> B/l mamnsa Toiopunra
MT naxoAMTCs B COCTOSINMH, OTipeje/sieMOM KOHHTypaticit
¥=(q, 0,00, S1...,55). Harnomunm, 4ro 3zech q - BHyTpennee
COCTOSIHNE, O,...,0f - UENOUKH, 3alUCAHHbie HAa JeHTaX,
Si,.-Sm - HOMepa o6oapeBaeMblIX sideek. Torga sroil
koncurypamms  6yaer  COOTBETCTBOBaTb  cocTosHMe  Sc,
onpejie/leHHOe HA TOM JKe HOCHTele, ¢ TeMH JKe GasHCHbIMU
OTHOMEHUSMH, 9TO U HCXOAHOe cocTosiine S. A NPOH3BOHbIE
OTHOMIEHHS COCTOSIHHA Sy GYAYT CeayI0mHMH:

1) orHomenne Y, COCTOMT H3 eAHHCTBEHHOIO KOpTeXa,
HOMEp KOTOPOTO paseH HOMEpY BHYTPEHHEro COCTOSHMS;

2) ornomenue Y; (1<i€m) TakKe = COCTOMT M3
€;HHCTBEHHOTO KOPTeXa, HOMEP KOTOPOTo paBeH s;;

3) koprexk ¢ HOMepoM t NPHHAMNEKHT OTHOWEHHSM
U,,Z,E; B TOM H TONbKO TOM clydae, KOrja Ha i-it jenre B
Ayeifke ¢ HOMepOM t 3aMMCAHBI COOTBETCTBEHHO CHMBOJIBI
0,1,b: -

4) ormomenns Ji,...,J. cozepxar ToJbKO MepBbIif
KopTesx MuoxecTBa M, (HesaBucuMo o KoH(Hrypai).

s ckasannoro cregyer, uto ovsomenme Y, Gyaer
NpejicTaBNsAT,  BHyTpemHee  cocrosmme, Yi,...,Yn -
o6ospepaembie sueitku, U; ,Z; ,E; - coxepxumoe nepsbix [Mf*
sveek i-ii  semtnl. Ortnomenusi Jy,...,J, BBOASATCA B
TEXHHYECKHX UessiX, 4To6bi yao6Hee G6bi0 MOJETHPOBATH
BBITIOJIHEHIE KOMAH/Abl, coAepxkaillell CABHI BJEBO,: KOIAQ
COOTBETCTBYI0MAsH T0/I0BKA 0603peBaeT NEPBYIO AueiiKy JeHTDI.
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	[image: image9.jpg]PaccMoTpuM, HanpuMep, HavalbHYK KOHQUIYpauuio
Mamuepl MT nepes BbidMcienMeM OTBeTa Ha 3anpoc B
coctosnun S =<M,p> B/l. BayTpennee cocrosinyie MamiMBbi
ectb q;. Ha mepsbix k sentax sanmcampl Kogbl 6asHCHBIX
orsomennii Bl;, ... , Bly, ocrambubie nenth mycrs (Bo Bee
Aveiikn 3amucan cumBosi b). 3ta kondurypauus onpesenser
cocrosiime S;, B KoTOpoM oTHowenus P, , ... , P, - Te xe
campte, 4To M B S. Ormomenwst Yo, Yy, .. ), Yo, Jyy v, Ju
COCTOSIT U3 MEPBOro KopTeska MHoxectBa M*. Ecam 1<i<m n
num(x)<[M* | 1o xe U, (x€E;) Toraa u tonbko Torga, Korxa
KOPTEX, COCTOAUNH M3 NOCNEAHNX Ni KOMIIOHEHT KOpTexa X
npusaaexut Bl (ue npunagnexur BIL). Ecan sxe 1<iSm n
num(x) > [MP¥, 1o xeU, n x€Z, n xeE. B ciyvae, xorza
i>k, To U; it Z; - nycroie ornomenisi, a E; - ynusepcansuoe
OTHOIEHHE. .

Wrak, no kondurypanun y oiHo3HavHO onpejessiercs
cocroaunue S, B/I. Herpyauo nonsrs, 4ro caMa kondurypatus
MOoXeT 6blTb OJHO3HAYHO BOCCTAHOBJIEHA no
cooTBeTCTBYlomeMy  eif  cocrosnmio. PaGora  MauimHb
Toiopusra npeacrasisier  co6oil  nepexoa  OT  oaHoOil
koHGHTypaumn K Apyroit. A kaxaoil  kondpurypaiyn
COOTBETCTBYET OMNMcahHoe Bhime 'cocrosanwe b/l. PaGory
Mamuitb ThiOpHETa MOXHO, TaKNM 06pa3oM, NpecTaBHTb Kax
nepexoj oT oaHoro cocrosiius Bl k npyromy.

§5. H3vix PQL u noaunomuaavhsie 3anpocol

Kak yxe ormewanocs, B Teopun B/ oamoii ns
UEeHTPaJIbHBIX ABJAAETCA npué!xeMa OMHCAHHA A3bIKA,
3ajalonero (B TO'iHOCTH) KJ1acc MNO/TMHOMHAMbHBIX 3anpocos.
B atom naparpace Mbl nocrapaeMcsi TOHSTb, HACKOJIBKO AJA
aroil posn moxxoaut sisbik PQL. A uMenHO: Mbl joKaxeM,
4TO B TPEAfIONIOKEHHW O JIMHEHHOW yNOpsN0YeHHOCTH
Hocurena dopmysbl s3pika PQL 3afaioT noinHOMuanbubie
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	[image: image10.jpg]3anpocbl M TOAbKO Takue 3anpochl. B oamy cropomy
BK/OYeHue aokasaHo (Teopema §3 ra. 2), npuuem Ges
Mpenoioxedusi o JuHeliHoH ynopsigodennoctu. Ocranoch
f0Ka3arb, 9TO BCAKMH TMOJHHOMHATbHBIH 3aNpoc BbHIPASHM
noaxoasmeii dpopmyoii asnika PQL.

Heobxoaumas "Hzeiinas moAroToska” ans
[0Ka3aTe/IbCTBA ~ ITOrO  pe3y/ibTaTa  ye  IpoBeJeHa.
Tlentpanbubiii MOMEHT J0KA3aTeNbCTBA COCTOUT B CJIEAYIOWIEM.
Boimosinenne nporpammbr - sisbika  PQL  Ha  mcxoamom
cocrosinmi B/l npeacrasasier coGoii remepauuio HEKOTOPOF
nocaegoparesnbnocti  (Hosbix) cocrosnuit BA. C gpyroit
CTOpOHBI, Kak Mbl Bufean B §4, mpoileccy paGoTbl MauMHbi
TblopHHTa NpH BbIYMCJIEHHII OTBETAa HA 3alpoC  MOXHO
NOCTaBHTh B COOTBETCTBHE HEKOTOPYIO NOC./IEJ0BATENBHOCTD
cocrosnnit  Bjl. Hawa 3azasa Teneph - COOTHeCTH
omnpeeNeHHbIM 06Pa30M 3TH ABE NOC/IEJOBATE/IbHOCTH MEeX/1y
co60ii.

Byaem nosib3oBarbcst 0GO3HAYEHUAMY, BBEJICHHbIMH B
npeapiaynieM naparpade. *

Paccmorpum  paboTy m-nenTounoi Mamuupl  MT,
BBIYHC/IAOME]] oTBET Ha 3anpoc Q B cocTosinmu S, = <M,@>.
Kak Mbl 3Haem, pabory mammubl Thlopuara Moxho
MPEACTABHUTH MOC/IEA0BATEIBHOCTIO KORDUTYpauuit ¥1,¥2,---» ¥
rje Y, - HaYanbHasA, Y; - 3aKNOYHTesbHAs KoHbHrypauus n
Kaxkjaasi JIOCJeAyIONlasi  HeNOCPEJACTBEHHO — CleyeT M3
npeablaymeii, T.e. Y HENOCPeACTBEHHO NOMydaeTcsl U3 Y; HPH
BbINONTHEHNH HekoTopoil komanapl (1Sisf). Kondurypaums y;
(n TOJIBKO aTa KoHuUrypanus yKa3anHoit
T10C.1eJ0BATEIbHOCTH) COAEPIKHT 3aK/TIO9HTE/IbHOE BHYTPeHHee
COCTOSIHME (. OJTHM KOH(UMrypaumsiM, Kak TOKa3aHo B
npeapymem maparpadge, cooTBeTcTBYlOT cocrosius B/l
S.,S;,...,S;. Ham neob6xomimo:

1) nanncarp nporpammy Py, KOTOpas 10 HCXOAHOMY
cocTosiIo S, 1aeT cocTosime S;;
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	[image: image11.jpg]2) ana xaxgol xomargsr COND — ‘OP mamucarh
fiporpaMmy P, KOTOpas MOA€.IMPYeT BBINOJHEHUE KOMAHIbI.
Tocneanee oanavaer credymoulee: ecan Koucdurypauns vy
noJydaeTcs 3 KOHQHIypalHy Y ¢ MOMOIMIbIO 3TOl KOMaHbI, a
$' u S - coetsercraylonie cocrosnusi B/, to P(S)=S";

3)  cpeacrsamm  sspika  PQL  “oprammsogarp”
BbINOJIHEHNE HANHCAHHBIX KOMaHA B HY)XHOM [Opsiike It
Heo6X0MMOe YHCIIO pas.

' TIpHCTY MM K HCTIO/HEHHIO 9TOTO MJIAHA.

Jlemma 1. CymecrByer nporpamma P; sssika PQL
Takas, aTo Py(S,)=S,. :

Jloxasareabcreo. HamomumM, 9To B oCHOBHOM

coctosimnn. B/l 1ponssoaibie OTHOMEHHS TYCThl 1 4TO, H1C/IO
n; oGo3nauaer apHocTb Gasnchoro cumBoda BI(1<igk).
Mporpamma  P,=((Yy=Y ==Y =] :=...:=) :=first(x))

"ycTanaBaHBaeT" HayaibHOe BHYTPEHHEe COCTOsIHHE (; I
roOJIOBKH Ha nepsble A9eiKi JIEHTDI " MapKHpyeT
oTHomeHuAMH Jy,...,J, nepsble sueiikn gent. PaccMoTpuM
nocjesnue m-k Jent.

Bbino/iHeHNe MPOrpaMMbi
P=(Uyp:=. Upi=Zyi

=Z,:=fals(x);E, ai=true(x))
npnaaeT HeoGxoauMbie Snavenms cumsoam U, ,,...,E, (nepea
HayaioM paGoTbl Bee Adeliku mocaeAnnx m-k sient mycrpt). C
YCTaHOBKOI 3HaveHuil NPEIHKATHBIM CHMBOJIAM
Uy,..., Uy, Zy, .., Z, BO3HMKAIOT HeKoTOpbie TpyaHoctH. [Jeno B
TOM, YTO HA TepBbIX k neHTax 3ammcaHbl Kojbl 6asHCHBIX
OTHOIEHHUIH, npHieM  KoaupoBaHue  orHomenuii - Bl
oCyHeCTBAANOCH T0CAef0BaTeAbHOCTAMH O 1 1 B COOTBETCTRHI
C YNOPsII0YEHHOCTBIO MHOXecTBa M™. A 3Hauenmsi cHMBOJIOB
U;, Z; onpeaensieTcsi ynopsii09€HHOCTbIO MHOxecTsa MF it
ngk. Oty TPY/AHOCTb MOXKHO OGOHTH, €C/TH BOCHOJb30BATHCS
B3aHMOCBA3bIO JIEKCHKOrpaduIecKoil yHOPSIA09eHHOCTH P- H
Q-MepHbIX BEKTOPOB, OTMeveHHYI0 B §4 ri. 2.

n






	[image: image12.jpg]Iyctp a - HanMenbmHil s1eMenT HocuTeasi (B cMbic/e
HCTIOTb3YeMOTo JiiHeliHoTo Topsiaka), m; = k-n,. Toraa ye BI
B TOM H TOJIbKO TOM c/lydae, Korja Xe€ U" rAe X - KOpPTex,
nocjieinune n; KOMIIOHEHT KoTtoporo coBnajanTt c
KOMIIOHEHTAMH KOpTexa Y, a nepBble m; KOMIIOHEHT pasHbi a,
T.e. X = zy, rae zeM™ u z=(a,...,a). B cuny cxasannoro
nporpamma Py=(U;:= Fi(x)), rae Fx) = Gzy)(x=zy & first,
(z) & BI(y)), ycranasnupaer HyXHOe 3HAaYeHMe NpeauKara
U;. [as Toro 9T06bI ycTaHOBUTH 3HaueHHe Z;, HEAOCTATOYHO
npocTo  B3ATL  oTpuNAaHue  GOPMYJbI M3 mpeablaylnei
nporpaMMbl. /[lenio B TOM; 4TO B STOM. clIydae "AOCTATOYHO
Aanekne” koprexn Muoxectsa M* monaayt B Z;, a Ha camom
Ae1e COOTBETCTBYIONe sidefiki JO/DKHBI 6bITh nycrsl,

Boino.senne nporpamMmbl

Py=(Z:= F(x) & (Fzy)(x=zy & first,(z))
VCTaHaB/IMBaeT HYXHO€e SHH‘ICH“B cm\mona Z, Haganbuoe
3HaveHHe CHMBOJIa E yCTaHaBIlHBaETCX npocTo:

Ps=( (Fzy)(x=zy & first,z)))

TaksM o6pasoM, B Kkadecte P, MOXHO B3sTbH
nporpamMMy

(PnPZyPSIquwPﬂ"
Jlemma 1 gokasana.

MoxHo 6biio  W3bexarb TpylHOCTedl, KoTopblie
BO3HMKJIH B /OKasaTeNbcTBe JEMMbI 1, eCJiM  apHOCTDH
cumponioB U; u Z; npu 1<isk: cunrars pasmoii apaocrn BI,.
Oxanako B 3TOM c/yd9ae Mbl He CMOTJHI 6bl CMOJENMpOBaTh
CHTYAalHI0, Korja roJjioBKa i-it seHTHI BBIXOAHT Ha ﬂqem(y
uomepom [M["+1. Ecam sanpernts atn jefictus (uto me
COBCEM €CTECTBEHHO M TpeGyeT mosicHeHWii), TO noao6Has
cuTyanust Bce papHo BosHukHeT mpu grennn (k+1)-it nentsr,
rie MpH 3aBeplieHHH paGoThbl COAEPKUTCS KO/ OTBETA.

Jlemma 2. [Inst kaxgoit komManabi Mammabi Thiopunra
cymecrnyer nporpamma P’ rakast, 4to ecnm koundpmrypamms y
noAyiaeTes H3 KOHGUIYPaLHH Y ¢ NOMONIbIO 3TOH KOMaH/bl, a
S' 1 S - coorsercrBylomme cocrosans Bjl, to P(S)=S".

3PaiPyiPy ).

)







	[image: image13.jpg]ﬂoma'renbc'rno. PBCCMOTPHM KoMaHay
(q,ay,-..,3,)(q;,(a;, D), .. (a5, D))
mamlbsl MT. Wcnonbays o6osnavennsi, BBefienubie B Tab..
18 n 19, onpesenny dopmyaty F = Is(q,) & Ready(a,) &...&
Read,(a,) n nporpammy

P' = (Cs(@);Write1(a1):Movi(D);...:Writem(am);Movi(Du))
(ecm D=H, To Mov{(D,) onyckaercs). Toraa nporpamma P

= (if F then P') Mogenupyer BblnoJineHHe KOMAHABL, T.€.
P(S)=S'. Jlemma 2 jokasaHa. B

Tabauya 18
Ycaogue Dopmyaa O6o3n.

Mamuna MT paxoautea B[ (3x) (Y(x) & | Is(qy)
j-M BHyTpenHem cocTosH | Num(x)=j)
B o6ospesaemoii sueiike i-f (Ix) (Y{(x) & U(x)) | Read(1)
i IeHThl cofepxuTes 1
B o6ospesaemoit aveiike i-| (3x) (Y(x) & Z(x)) | Read(0)
il JIenTbl coftepKuTCS O
O6o3pepaeMas siveiika i-if| (3x) (Y(x) & E(x)) | Read(b)
lenThI MycTa
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	[image: image14.jpg]Ta6auua 19

MAestcmeue Hpozpamma O603nau.
3anucars 1 B = [ Yi(x) &| Write,(1)
o6ospesaeMyio () IVY(0]

Yi(x) & Z(x)
Avediky i-it E :=Y(x) & E(&)
JIEHTBhI
Banucarb 0 B Yi(x) & U(x) Write(0)
o6ospesaemyio | Z, Yi(x) & Z(x)IvYi(x)] \
stuediky i-it E = Y{(x) & E(x)
nents
Sanucars b B Yi(x) & ULx) Write,(b)
obospeBaemylo Yi(x) & Z(x)
Aveliky i-i E = [ Yi(x) & E(x)vYi(x)]
JIEHTBI )
CABHHYTD | 1If @2)(J(2)&Yi(z)) then Mov,(L)
roJI0BKY i-it
neutst BreBo | Y:=(Iy)(Y,(y)&next(x,y)) '
CABHHYTD Y, := @y)(Y(y)&next(y,x)) | Movi(R)
rosiosKy i-it
JIEHTBL BIPaBo
Mepeiitn B je | Y, := (num(x)=j) Cs(q,)
BHyTpeHHee
cocTosnme

Boinonmenne mynkroB 1 u 2 copmynnposanuoro
Bbile  MJaHa “oGecneyuBanoch” sgemMamfit 1 wu 2.
YTBepxienne, "obecneunsaioilee” BbITOJHEHME MyHKTa 3,
Ha30BeM TeOpPeMOil.

Teopema. [Ilycts cymecTByeT cuMBo —GasucHoro
OTHOIIEHHSA, KOTOPbIH HHTeplpeTHpyeTcss Kak JIMHeHHbII
NOpAJAOK HOCHTE/ISA. TOFJE KJacc NOJIHHOMHAIbHBIX 3anpocon
COBMAJAET C K/IaCCOM 3anpocoB, BbIpasumbix B PQL.






	[image: image15.jpg]JNoxkaszarenbcrpo. B oxmy cropoHy  yrBepiienne
Teopembl Jokasao B §3 (gaxe Ges npeanosoxenns o
HAJIHYHH JHHefiHOTO nopsiika). JoKaxeM B APYrylo CTOPOHY.

MycTb Q - MOJAHHOMUATBHBIN 3aNpoc, BHIYHCAUMBIH Ha
mammuse Toiopunra MT. Uepes P,,P,,...,P. o6o3nauum’
nporpaMMbl, MOCTPOeHHbIE 110 KoMaHAaM MauliuHbl MT Tak,
KaK 5TO0 M10Ka3aHO B 0KA3aTe/NbCTBE JIeMMbl 2.

TMonoxum P=(P,,P,,...,P,). Pa6ora mammuasr MT
HOPOXKAAET NOCAeA0BaTE/IBHOCTD  KOHDUrypauii ¥y, Yz, 1
rie 7y, - HadajabHad, a Y - 3akJuyTe/ibHas KoH(burypaJ.mu.

[yctsb k; ectb HOMep TOIT KOM: 1, KoTropasi Y, NepeBoAMT B
Yur. « Pasobvem  nocregosarenphocts Ky kg,..ky  ma
MaKcHMaJlbublc Heyémamoume nocae10Bare/ibHOCTH

kiky,... kj, e kgki g gk, kio>k, ki< k; (ecm i=1, To
npeanoc/jejiee 13 HEPABEHCTB Dﬂy(’Ka?’l'(‘ﬂ; ecan J 1,‘ 0
onyckaercs nocJeanee n3 Hepasencrs). Jlemma 2 daxtiveckn
osnavacr, 1o P(S)=S;,

BsegeM CHMBOJ  TNpOH3BOAHOTO  aTHOmeHuA Y.
apnocti k.- Otnomenne Y., Kak Mbl yBWIHM HiDKe, Gyier
Wrparb posib cderduka Komana. K nporpamme P, u3
oKasaTenbeTBa eMMbl 1 406aBUM OflepaTop, IPHCBAMBAIOWLHIT
cumpoay Y, MycToe 3HadeHue, a K NMporpaMme B nocieaneii
crpoke Ta6u. 19 106aBuM rporpammy

Yoir = Yourlx) v (V9)(y<x = Yoi(y)).

Hanomunm, 4910 koHdurypaunam Vi Yar--0Ye
COOTBETCTBYWT coctosinms S,S,,...,S; B/, T.e. nepexoa or
COCTOAHMA Si K Si'l MoAe/HpyeT BbINO/IHEHHE KOMaH/bl,
nepesozsimeli KoHburypauuio Y, B Y., OTHomenue Y., B
cocrosannn Sy, 6yieT coaepkaTh Ha oauMH KopTex Gosbie,
4eM 9TO OTHOMEHWe B cocrosanun S, ' ClexosaresbHo,

nporpaMma

P'=(while Y, c P(Y,.,) do P)
6y/eT BBINOJHATBCA [0 TeX NOP, NOKa MO/e/HpyeMas MalluHa
MT He nepeiifer B 3aKAIOYHTEIbHOE COCTOSTHHE.






	[image: image16.jpg]Taxum  obpasom, cocrosimue (P, P')(Sy) ectp Sp.
Ocranoch "npountars” Ha cocTosiHnn S; oTseT Ha sanpoc. Ilo
ONpPEENIEHHIO  BHIYHCJIMMOCTH 3anpoca MamuHoH Thopuara
OTBET 3aIHCaH B BHJE 110C/Ie0BATe/IbHOCTH HyJlell U eMHAL B
navase (k+2)-it nentsl. ApHoctb oTBeTa 0603HaUMM GyKBOIT 0.
Copepxnmoe (k+2)-ii JlenTbl NPEACTaBAANOCH OTHOMIEHHAMH

Uiz Zw; 1 Eg, apuoctn k, npusem n<k. Bosmukaer
npoGaema (Mbl ¢ Heil yxke CTATKHBAMNCh B 10KA3aTeJbCTBE
TeMMbl 1) 'mpouwrats'  OTHOWeHHE  apHOCTH  m,

"npeactaBiiennoe” oTHowenneM Gosbuweil aprocti. Kak Mbi
OTMEeYaNH, KOpTeXX X NPHHAAJNEKHT Ypy Toraja u TONbKO
rorja, Korja ero MOXHO PaciHpHThL 10 Koprexxa }’E Mk,
:106anmi BrCpel HYXXHOC 4IC/JAO0O MHHIMAJBHBIX 3/IEMEHTOB
yuokectBa M tak, uwro yeU,, CuiecjoBarensHo, npu
BbINIOJTHEHIH NPOTrpaMMbl

P" = (Y= (zy) (y=zx & first(z) & Up.,(y))
CHMBOJ qu B KavecTBe 3HAYEHHs MOJIYIHT OTBET Ha 3arnpoc
Q. TakuM 06pasom ,3anpoc, BblYHC/AsieMblii Mamunoii MT,
3ajaetcs chedymomedt popmy it ssbika PQL:

((Py;PP"),Yia).  *
Teopema 1oka3aHa.

3amevanne 1. BuumarebHbIi 4MTaTeNb, BEPOSITHO,
OGHAPYXKH/T HEKOTOPYIO HEKOPPEKTHOCTh HAIINX MOCTPOEHHIL.
Jdeno B ToMm, uTo Kaxkaas onepauus Loc (a cnegoaresnbro, n
If-then) "mopruT" HeKOTOPYI0 NpPEAMKATHYI0 NEPeMEHHYIO.
Crporo roBopsi, "HCTopueHHble" NepeMeHHblE HANO KaK-TO
BOCCTAHABJIHBATD. :

MoXHO 3aMeTUTD, UTO Ha CaMOM Jlelé Hac HHTEpecyioT
TOJbKO OCHOBHbIE COCTOSIHHSA, Korjga Bce npenKarHble
TiepeMeHHbie HMEeT HyJleBbl€ 3HA9YeHHS. l'loa'mMy Mbl MOX€eM
lIO(‘TyI'll/lTb O4eHb [POCTO: noéne BbITHCJIEHHA OTBeTa Ha
3anpoc  MPHCBOHTb  BeeM  "MCTOPYEHHBIM"  MepeMeHHBIM
HyJ/leBble 3HAYEHUs. :

3ameuanue 2. Ecanm smmeiiHoii  ynopsiaouenHocTH
HOCHTE/IS He NpejnoJiararb, TO 3aKJA49eHHe TeopeMbl JIOXKHO.






	[image: image17.jpg]3to O3HaYaeT, 49To cymec‘rsylo'r NOJIMHOMHAJIbHbIe 3afpochl,
HepbipasuMble B PQL.

§6. Jipyeue pacwupenus 102uxu nepgozo nopadxa
'

Aspix PQL kax s3bIK 3alpocos NpeictaBisieT cooii
pacmmpeniie JIOTHKH -nepsoro  nopsaka. /[lefictsuresnbuo,
3anpoc, BeipaxaeMsiii opmyoii F /10rnkH nepsoro nopsaka,
6yner sajasarbest popmynoii ((C:=F),C) sspixka PQL. B
JTEpaTYpe  ONMCaHbl ' M APYIHE pACUIHpEHHs  liepBoro
nopsiaka. B sToM naparpade Mbl npHBeieM TPH M3 HHX I
cpopMy.pyem Ge3 JoKa3aTe/IbeTBa OCHOBHDIC YTBEPHACHHS O
JBYX TOCTENHX. 2

HaumeM ¢ pacuiipeHusi ONEPaTOpoM TPaH3UTHBHOIO
3aMBIKAHHA.

O606uHM BHAUANE noHsATHE TPAH3HTHBHOTO
3aMplKaHHsi Ha cayyail oTHomenuii “1060il 4eTHOH apHOCTH.
Ilycrs P - orHomenne apnoctn 2K, 3ajanHoe Ha MHOXKeECTBE
M. VcnoBHMcs, Kak H paHpme, Ha00p NepPeMEHHBIX KU
snementoB Muoxecrsa M (v,,v,....v) 0603HamaTh yepes V.
PaccMoTpum orhomenne’ P° apmocrn 2k, koropoe
onpeaensiercst ceayiomuy obpasom: (x,y)eP” & cymectsyer
4HCAO M M KOPTEXH  Ujp,Up,...U, Takue, 9TO  X=uy,
(uu)eP, .., (u,q,u,)eP, u,=y.

Byaenm rosopurts, uro P' nonyuaerca u3 P ¢ .nomorisio
omeparopa TpassHTHBHOTO 3ambikahusi (a camo oTHomelnue
6y/leM Ha3bIBATh TPAHIUTHUBHBIM 3aMBIKAHHEM OTHOMIEHHS P).
Wtak, k CTaHIApTHBIM ONEpPaTOpaM JIOTHKH FEPBOro NOpPsAKa
N06aBAETCS HOBBIIl - ONEPATOP TPAH3HTHBHOTO 3aMbIKAHHS.

PacuiupuM  COOTBETCTBEHHO —oTipefiesieRHe  (POPMYJIbI
JIOTHKH TeEpBOro TOpsiika. A HMMEHHO: J06aBHM cJiejylouee
npasuio - ecin F(x,y) - copmynra co coGoambiMu
nepemenaniMy  x=(xX,X;, x)  n o y=(yi,¥y.y), TO
soipaxkenne G=TC(F(x,y,),u,v) - taike dopmyna:







	[image: image18.jpg]Iepemennbie X 0 y B HOBOil‘d)DpMyJ’le cBsi3aHbl, a u H
v - cBoboaubl. @opmyna F Moxer cojepxars H Apyrue
cBoGoaHbIe TiepeMeHHble, kpome X 1 y. Onn 6yxyT cBOGOAHDI
u B dopmyre G. Eciu B untepnperauun dopmyna F(x,y)
nosyuaer B KadecTse 3HadeHusi orHomenue P (3mauenus
NiePeMeHHbIX, OT/IMYHBIX OT X H ¥, (PUKCHPYIOTCs1), TO 061aCTh
ucrinsoctit gopmyant G ecrs P, TMonyunsmasicss Joruxa
Ha3bIBACTCST  PACIIHPEHHeM  JIOTHKH  TepBoro  Mopsiaka
0HEPaTOpPOM TPAH3HTHBHOTO 3aMbIKaHHsl i 0603HaYaeTcst Yepes
FO+TC.

INpumep 1. Pacemorpum kaace K, cocrosimmii us
anre6panvecknx cucrem curnatypst  2=(R(x,y),x=y). Ha
atoM Kaacce B nornke FO+TC odeBnansiM o6pa3oM BbIpazum
JnHeitHbi  mopsAgox, oH  Gyaer 3agasarbesi  opmysioit
F(R(x,y),u,v). Tlokaxem, 410 B 3Toii JOTWKE MOXHO
BLIPA3NTL 4€THOCTD HOcHTenst. PacemoTpum dopmy bt

F(x,y)=(F)(R(x,2) &R(z,y)),
A(x)=(¥y)-R(y,x),
B(x)=(Vy)-R(x,y).
@opmyna F(x,y) osmauaer, 9o Mexay X M y HAaXoAWwTcs B
TOYHOCTH O/lMH 3JieMeHT. Toraa 4YHC/IO 3JIEMEHTOB HOCHTEJst
HEYeTHO, €C/IH 1 TOJIBKO eC/IH HCTHHHA GopMyJIa
(Fu,v)(FC(F(x,y),u,v) &A1) &B(v)).

PaccMotpennbrii npuMep TOKa3bIBaeT, 49TO
BbIpa3uTeIbHbIe Bo3MOXHOCTH Joriku FO+TC mupe, nexenn
JIOPHKH TiepBoro nopsaka. OHaKO HesiCHO, NodYeMy A06aBJIsTD
HMEHHO 3TOT oOllepaTop, a He, CKaKeM, Oeparop,
COOTBETCTBYIOWMI ~ NpUMePy O  MONIHOCTSX  KJAcCOB
3KBUBaNEHTHOCTH U3 §4 r. 1.

Bosiee npeanouTHTe/NbHBIM B 3TOM I[UIale SBJISAETCS
pacIiMpeHue ONEpPaTOPOM HaHMeHbIIeHl HENOABHXKHON TOYKHM.
BBgejieM coOTBETCTBYIONIHE ONpPEAC/IenHs.

Mycrs X - curnarypa, P - wHosbii A-mecTHbil
npeankarustii cimpos, F(x,P) - dopmyna curnaryps Tufp} ¢
A cBOGOAHDIMM IIEPEMEHHBIMH Xy, X3, ..., Xz, Y KOTOpOl Bce

e






	[image: image19.jpg]BXOJ/IEHHs! CHMBOJIA P [IO3UTHBHBI, T.C. HAXOATCS B 061acty
nelicTBust 4eTHOrO uncHa CBSI3KI OTpHLAHHs
(Mpeanonaractcss, 9T0 U3 CBA3OK NCTIOABIYIOTCA  Tinup
&,v,—.) PacumupnM onpejesienne JNOTHKH NEPBOTO TIOPs.ka,
106aBHB CleAylollee IPABHIIO: BBIPAXEHIE
G(u)=LFP(F(x,P),u)
apnsietcst  popmysioii.  ITlepemensbie x B 970it  hopmy e
cpsizanbl, u-cBo6oamp. @opmyna F(x,P) moxer uver
cpoGojHble  nepeMeHHblE, KPOME X, OHN  OCTAaHVTCH
cBo6oaubiMm 1 B hoprye Glu).
Onpeaeanm o6nacrb nerunnoctn dopmyast Glu) na
Moaemt <M, >,
PaCCMOTPINM N0C.ICA0BATEIBHOCTD A-MCCTHBIX OTHONICHI!:
P,=@
P={x|F(x,Po)}, {

(xIF(x, P},

B cuny nosuriBHOCTH ciMBona P B doprmy.
umeeM Bkmovenne Py, Py ... € P, P ... . Tlockousibky
M - KoHeYHOE MHOXKECTBO, 3Ta  MOCJEJ0BATELHOCTD
crabmsupyercsi, T.e. A Hekoroporo k Beinmoamsores
pasenctBa P, = Py, = Py, . Ornomenne Py, u spasercs
o6nactsio uerHuHOCTH (opmy.sl G(u).

Ha dopmyny F(x,P) Moxso cMoTperb Kak Ha
omeparop, KoTopslii A-MecTHOMy oTHomenmioo P craBiT B
cooTBeTcTBHE A-MecTHOe oTnomenue Q={x|F(x,P)}.

Ortromenite R HasbiBaeTcs HEMOABIKHOM TOYKOH
oneparopa, ecnit R={x |[F(x,R)}. Herpyasio nposepurp, 410 Py
- HauMenbmas (OTHOCHTE/ILHO —TEOPETHKO-MHOMKECTBEHHOTO
BKJIOUEHHSI) HEMOABIKHAA ToKa dToro omeparopa. B cuwiay
3TOro ONHCaHHOE Bbille PACIIHPEHHE JIOTHKH MepBoro mopsika
HA3BIBAETCS  PACHIMPEHHeM  OTepaTopoM — HaHMeHbIIei
HENOABIXKHON TOYKH M o6osnavaercst FO+LFP.

79






	[image: image20.jpg]Tipumep 2. Mycrs  Z=(R(x,y))
F(x,y,P)=R(x,y)v(32)(P(x,2)&R(z,y)). Torma dopmysa
LFP(F(x,y,P),u,v) ompejensier TpausnTHBHOE 3aMblKaHHe
orromenus R. '

Tpumep 3. Iycrp K - kjacc KoHeHBIX NOJyrpywm,
SeK. PaccMoTpum dopmyny
F(x,P)=[x=av(3u,v)(P(u) &P(v) &x=uv)|. Ecom  a -
dukcHposanHbiit aneMent M3 S, To 06JacTb HUCTHHHOCTH
opmyani LFP(F(x,P),a) - noanosyrpynna, nopoxaeHHas
3JIEMEHTOM a. :

Cpapunm ~ sornkn FO+TC . FO+LFP  mo
BblPaSIITEJ]hH it cine. Ont’pa‘rop TPaH3HTHBHOTO 3aMblKaHuA

TC (u,v) spasutb B FO+LFP josospHO  mpocTo.
JleiicTBUTENbHO, nycTn 2=(X 1y XY 1y Y=Y,
w=(uy,...u; ' Vi vi)=(u,v. n
G(z)=F(u,v)v(3u,)(F(u,u,) &P(u;,v)). Toraa

TC(F(x,y),u,v) = LFP(G(z),w).

Dro osmawaer, 4To, M06Oi 3ampoc, BbIPAsHMbIH B
FO+TC, 6yaer sbipasnm u B FO+LFP. Cnpaseanmso sm
ofparHoe BKIlovenne? - B Hacrosimee BpeMs 3TO OTKpbITbI
BOTIPOC.

Teopema 1. Ilycth cymecryer cumBosn GasucHoro
OTHOWIEHHS!, KOTOpPblii MHTEPIPETHPYeTCsl Kak  JHeiiHbiit
nopsiiok HocuTensi. Torga Kjacc TNOJTMHOMHANBHBIX 3alPOCOB
COBIAJAET C K/IACCOM 3aIpocos, BhipasuMbix B FO+LFP.

JloxasaTenbcTBO TeOpeMbl  34eCb He MPHBOJHTCA. .
Wutepecyionmiics YHTaTe/b MOXET .O3HAKOMMTBCA C HHM 1lo
crarbe [7].

 Hapagy ¢ omeparopoM HauMeHbleil HemojBiLKHOH
TOYKM B JUTepaType M3ydaics ONEPATOp HTEpPaTHBHOMH
HemnoABUKHOII ToukH. BBejeM HeO6XOAHMbIE ONPe/eNenNs.

IlycTs mo-nmpexmeMy Y - OCHOBHAA. CHTHaTypa, P -
HOBbIil A-MeeTHbl npeaukarubiil cumson, F(x,P) - dopmyna
curnaryppt X {P} u A cBOGOAHBIMH  NEpeMEHHBIMH
x=(X,X3,...X;.). [losurusHOCTH BXOXCAEHHIi cuMBona P B aToM
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	[image: image21.jpg]cnysae He Tpebyercs. Pacutupum onpejenenne opmy bt
JIOTHKH TIepBOro MOpsiika, [v6aBHB CJEAyiOmee NPaBHJIO:
BbIpKEHHE G(u)=IFP(F(x,P),u)
apasercss  opmynoii. Kak u B ciysae onepatopa LFP,
nepeMentble X B (opmyne G(u) cBssaubl, a nepeMeHHbie u
cpoboapbl.  ®opmyna F(x,P) mMoxeT mnMets u  apyrie
cpoGoanble nepeMenuble, ouu GyAYT cBo6OAHBIMH B B
dopmyae G(u).

O6nacts  ucrunnoctin  opmysnl G(u) na Mozenn
<M,@> BBOANTCs * cacaylomuM  o6pasom.  Paccmorpnm
TN0C/Ie10BATEIbHOCTD A-MCCTHBIX OTHOMEHMIH:

P=0,
P1={x|F(x,P,)}uP,,

Bimouenns Poc Py ... € P, P,c ... oueBnanbl.

B cuy KOHEYHOCTH HOCHTeNs Moaen,
10C/1e10BATE/IBHOCTb  CTAGHIM3HPYETCSi, Ha HEKOTOpOM luare,
ckaxeM Ha mare k. Ornomenue P, sapasercs o6aactbio-
ucrurnoctn dopmysni G(u). Pacmmpenue JIOFHKH nepBoro
nopsiaka  JoGasnenmneM  komcrpykmuu  IFP(F(x,P),u)
Ha3bIBAETCS  PaclIMpeHHeM  3TOH  JIOTHKH  ONepatopoM
HTePATHBHOI HEMO/ABILKHOI TOYKH M o6o3Hadaerca FO+IFP.

Ecnm  cumson P mxogur B dopmyny F(x,P)
TO3UTHBHO, TO HETPY/AHO MOHSTb, 4TO O06JACTH HCTHHHOCTH
dopmyn LFP(F(x,P),u) u IFP(F(x,P),u ) coBnagaior. Tem
He MeHee BbIpasuTe/ibHble BO3MOXHOCTH Jsoruk FO+LFP n
FO+IFP oxunakosbi.

Teopema 2. Beakuii sanpoc, Bbipasumbiii 8 FO+IFP,
GyzeT BbipasuM B Jjornke FO+LFP.

JloxasaTe/bcTBO TeOpeMbl B I0COGHMN He NPHBOAMTCS.
C HUM MOXXHO 03HaKOMHTbCA Mo crathe [5].
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