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Kypc Jexknuii mo 1ucuuninHe
«CucTeMbl HCKYCCTBEHHOT0 MHTELJIEKTAY.

1 OcHoBHbBIE HANIPABJIEHUSI HCKYCCTBEHHOT0 HHTEJLJIEKTA.
1.1 UcTopusi pa3BUTHSA UCKYCCTBEHHOI0 MHTELJIEKTA

Tepmun uckycctBeHHbld uHTENIEKT (W) siBsieTcs pycCcKUM MNEpEeBOAOM
aarmuiickoro tepmuHa artifical intelligence . Co3marenem MW mHOTHE y4deHbIe
cuntatoT AsaHa TelopuHra, aBTOpa 3HaMEHHTOM MalMHbl ThIOpUHIa, KOTOpPAs
cTaja OJHUM M3 MaTeMaTW4ecKux omnpezaencHuid anropurMa [1]. B 1950 roxy B
aHriauiickom sxypraie “ Mind” B cratee “Computing Machinery and Intelligence”
(B pycCcKOM MepeBojie CTaThs Ha3zbiBajdach « MOXKET JIM MallliHA MBICTUTH?») AJaH
ThIOpUHT TPEIIOKWI KpPUTEPUH, MO3BOJISIOIIMN ONpeAeauTh, O0JagaeT Ju
MallMHAa MBICIUTEIbHBIMU ~ CIHOCOOHOCTSIMH. OTOT TECT 3aK/IIOYaercsi B
CJIIEIYIOLIEM: YEJIOBEK M MAIllMHA IPH IOMOIIM 3alMCOK BEAYT AUAJIOT, a CYyAbs
(uenoBeK), HaXOAsCh B JAPYrOM MECTE, JIOJDKEH OIpPENEIUTh IO 3aluckaMm, KoMy
OHM NIPHHAJIEKAT, YEJIOBEKY WIM MaluHe. Eciim emy 3TO HE yJaercs, TO 3TO
OyZeT o3HayaTh, YTO MalllMHA YCIEmHO Mpouua TecT. /o cux mop He ojHa
MalllMHA TAKOM TECT HE MpoILIa.

He cymecTtByer eguHoro um obuienpunsroro omnpegenenuss UNU. Oto He
YAUBUTEIIBHO, TaK KAK HET YHUBEPCAIBHOTO ONPEACIICHUS YEIOBEYECKOIO
WHTEIJIEKTA.

HU — smo obaacme ungopmamuxu, npeomemom Komopou sA6aaemcs
pazpadomka KOMNbIOMEPHBIX CUCMEM, 001a0al0WUX 603MOIHCHOCMAMU,
MpPAOUUUOHHO  C6A3BIEAECMBIMU  CO  CHOCOOHOCMAMU  €CMECHEEHHO20
UHme1eKma.

K ob6nactu UM npuHATO OTHOCUTH pSAJ aNTOPUTMOB U TPOTPAMMHBIX
CUCTEM, KOTOPBIE MOTYT PEIIaTh HEKOTOPBIE 3aJ1a4M TaK, KaK 3TO JEIaeT YEJIOBEK.

[TepBeiii mar B wuccaeaoBanusax mo MU Ovlm caeman B HampaBieHUU
W3Y4YEeHUsl €CTECTBEHHOro HHTeuieKkTa. [Ipyu u3ydyeHnun 3Toro Borpoca OblI clienaH
P OTKPBITHI B pa3iuuHbIX obOnacTsax 3HaHui. Tak, B 1962 romy Dprnkom
PozenOnaTToM ObUIH MPEAJIOKEHBI MOAEIH MO3Ta, UMUTUPYIOIIKE Ono(pu3ndecKue
MPOLIECCHI, KOTOPbIE MPOTEKAIOT B TOJOBHOM MO3r€ M KOTOpbIE ObUIM Ha3BaHbI
nepcenmponamu. llepcenTpoHsl NpeICTaBIsAIOT COOOM pa3IMYHOTO BUAA CETH U3
HCKYCCTBEHHBIX HEMpPOHOB, B OCHOBE KOTOPBIX JIEKAT MOJIENH, pa3pabOTaHHbIC
euie B 1943 rony YuibsiMmom MakkanokoM u Yourepom [Iutrrcom.

[lepBoHayaibHO, W3y4YE€HHE TEPCENTPOHOB OBLJIO CBA3aHO C 3ajavei
pacro3HaBaHus 00pa30oB, OJHAKO, B HACTOSIIEE BPEMS HelpOHHble cemu THUPOKO
UCIONB3YIOTCS JUIA  pelIeHHs 3aJad  annpoKCHUMallud, KJIacCU(pHUKAUUU U
pacrno3HaBaHus 00pa3oB, MPOTHO3WPOBAHUA, UACHTHPHUKAIUU U OICHUBAHUS,
accoratuBHoro ympasieHus [5]. HeiiponHble ceTH mnpeacTaBiIsiOT COOOM
HU3KOYPOBHEBBIE MOJIEIIN MO3TOBOM ACATEILHOCTH YEIOBEKA.

[pyroe HamnpaBieHUE MOAEIUPOBAHUS €CTECTBEHHOIO MHTEIJIEKTA CBSI3aHO
C CO3JaHHEM BBICOKOYPOBHEBBIX MOJENEH JEATEIBHOCTH MO3Ta YeJOBEKa,
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KOTOpbI€ MO3BOJSIIOT MOJEIHUPOBATH MPOLECCHl PACCYXKIACHUW U TMPUHITHUS
peUIEeHUM.

B nenom MOXHO cKa3aTh, YTO M3Y4YEHUE PA3yMHOTO MOBEJCHMS YeJIOBEKa
MPUBEJIO K TOSIBICHUIO 3BPUCTHUECKUX METOJIOB, MOJICTUPYIOIIUX JIEATEIbHOCTh
yesioBeka B MPOOJEMHON CUTyallMd M K pa3paboTKe MpOorpaMMHO-aInapaTHBIX
CPEIICTB, pEAIM3yIOIIMX OTH METOJbl, TO €CTh K pa3paboTKe CHCTEM
MCKYCCTBEHHOT'O MHTEJUIEKTA, HA3bIBAEMBIX peutamesaimu 3a0ay.

HpyruMm pe3yabTaToM 3THX HCCIEIOBAHUM MOXKHO CUYUTaTh CO3/JaHUE
9KCNEePMHbIX CUCMEM, TO €CTh CUCTEM MCKYCCTBEHHOI'O MHTEJUIEKTa, OCHOBAaHHBIX
Ha 3HAHUAX YEeJIOBEKa-dKCIIepTa.

Taxxe k cnenuduueckuM 0COOEHHOCTSIM JESITETbHOCTH 4YeIOBEeKa OOBIYHO
OTHOCSIT CIHOCOOHOCTH K PAaCHO3HABAHUIO CJIOKHBIX 3PUTEIBHBIX U CIYXOBBIX
o0pa3oB, TOHUMAHUIO ECTECTBEHHBIX SI3BIKOB, CIIOCOOHOCTH K OOYYCHHIO,
pacCyXJIeHUsIM U JIOTMYECKMM BbIBOJaM. Bce »93Tu ocobGeHHOCTH cTaiu
peanr30BbIBATHCS B CUCTEMAX UCKYCCTBEHHOTO MHTEJUICKTA.

B Coserckom coroze MW nonyuun odunmansHoe npusHanue B 1974 rony,
korma npu npesuguyme AH CCCP 6wl co3maH HaydHbBIM COBET 1O Tpolieme
«VcKyCCTBEHHBIN MHTEIIEKT», XOTs pabOThl B 3TOM HampaBlieHUH Beduch ¢ 60-x
rongoB Bennamunom IlymikunbeiM, [Imutpuem Anexcanaposuuem IlocrienoBbiM,
Cepreem MacnoBsiM, B.®.TypuuHbIM.

[lepBbie MONOKUTEIBbHBIE PE3YIbTAThI OBLIM MOJIyYEHBI B 00JACTH TECOPUU
yIpaBJeHUsl, TaK KaK B 3TON 00JIaCTH UMENCA pAll 3a7ad, I PEIICHUs KOTOPBIX
TPAAUIMOHHBIE  METOJbI HE ObUIM TPUTOJHBI H3-32  HEBO3MOXXHOCTH
dbopmanuzauu 1ead YIpaBIeHUS OOBEKTOM M HEBO3MOXHOCTH YCTAaHOBJICHHS
TOYHBIX KOJIMYECTBEHHBIX 3aBUCHMOCTEH MEXAYy MapameTpamMu, OKa3bIBaOIIUMU
BIMSHUEC Ha Tporecc ympasicHus [1]. B pesynbprare mnpoBeAeHHBIX padoOT
MOSIBUITUCH JIO2UKO-TIUH2BUCUYeCKUe MOoOeal, B KOTOPBIX DEIIaloIlee 3HAUYCHUE
MMEIOT TEKCThl HAa €CTECTBEHHOM s3blke. B Takux MOJensx sl NPUHSTHUS
pelIeHus TpU  yOpaBICHUH  OOBEKTaMH  HMCIOJB3YeTCSd  CeMaHTHUYeCcKas
nHpopManus I ONMMCAHUS MOJEIN 00BEKTa, MOJCIN CPelbl U OJ0Ka MPUHATHUS
pelieHus.

MopenupoBaHue pacCyKJICHHI YelOBEKa, OCYLIECTBICHHE JIOTUYECKOTO
BBIBOJIA C TIOMOIIBIO BBIYMCIUTEILHON MAIIMHBI CTAJI0 BO3MOXHBIM, Ojarojaps
UCIIOJIb30BaHUIO METOJIOB MOKMCKA PEINCHUH B MCYMCICHUH IpeaukaroB [3]. Dtu
METOJIbl CTaJdu OCHOBOM 0OIel Teopuu NENYKTUBHBIX cucTeM. [Ipu 3TOM Bce
«TBOPUYECKHE 3a/laun» PEIIAIOTCSd UHTEIUICKTYaJIbHBIM IEepe0OpOM B UETKO
OYEPUYEHHOM MHOXKECTBE — B (PUKCUpOBaHHON (opMaIbHONH TEOpUHU, KOTOpas
SIBJISIETCS BETBBIO MATEMaTUUYECKOW JIOTUKHM M B KOTOPOHM peau3yercsl Mpolecc
HaXO0XXICHUS PELICHUM.

B Hacrosiee BpeMs BBIACKSIOT CIEAYIOIIME HAMpaBICHUS Pa3BUTHUS
UCCIICIOBAaHMH B 00J1aCTH MCKYCCTBEHHOTO MHTEIICKTA [2]:

1. Pa3paboTka cucTeM, OCHOBaHHBIX Ha 3HaHWsIX. Llempio 93TOTO
HaIpaBJICHUS SBJSIETCS MMUTAIUS CIOCOOHOCTEHW YenoBeKa B O0JacTH aHamu3a
HECTPYKTYPUPOBAHHBIX M CIA0OCTPYKTYPUPOBAHHBIX 3ajad. B manHo# oOsactu
UCCJICIOBAHUM  OCYIIECTBIIAETCS  pa3pabOTKa  MOJENeH  MpeacTaBICHUS,
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W3BJICUCHUS W CTPYKTYPUPOBAaHUS 3HAHWM, a TaKXKEe H3ydalOTCsS MPOOIeMbI
co3ganust 6a3 3uanuu (b3). K nmanHOMy Kiaccy cHCTEM TakKe OTHOCSITCS
axcnepmuvle cucmemsl (IC).

2. Pa3zpaboTka ecTeCTBEHHO-SI3BIKOBBIX HMHTEp(DENCOB U  MalIMHHBINA
nepeBo. JlaHHbIE CUCTEMBI CTPOATCS KaK MHTEIUIEKTyalbHbIE€ CUCTEMBI, TaK Kak
ocHOBaHbl Ha b3 B omnpezaeneHHON MpeAMETHOM O00JaCTH U CJIOXKHBIX MOJEISX,
00€eCIEeUnBAIONINX TPAHCISALUIO «UCXOTHBIM $I3BIK — S3BIK CMbBICTIA — SI3BIK
nepeBoia». DT MOJENIM OCHOBaHBI Ha IOCJIEIOBATEIFHOM AHAIM3€ U CHUHTE3E
€CTECTBEHHO-SI3bIKOBBIX COOOIIEHWH W aCCOIMATHBHOM TIOMCKE aHAJIOTHYHBIX
(dbparMeHTOB TEKCTa M UX MEPEBOMIOB B CIIEIMAIIBHBIX Oa3ax oanHwulx (B]1).

3. I'eneparuss u pacmno3HaBanue peun. Pemarorcs 3amaum 00pabOTKH,
aHalln3a U CUHTe3a (JOHEMHBIX TEKCTOB.

4. Obpabotka BuU3yasbHOW WHpopManwu. Pemarorcs 3amadu 0OpabOTKH,
aHanM3a M CHHTE3a M300pakeHud. B 3amaue aHanmza MCXOAHBIE M300pAKEHUS
npeo0pa3yloTcs B JIaHHbBIE JIPYroro THUIIA, HAIPUMEP, TEKCTOBbIe omucaHus. [lpu
CUHTE3¢ M300paXeHUH B KauecTBE BXOJHONM MHQPOPMAIMUA HCIOIB3YIOTCS
QITOPUTMBI TIOCTPOCHUSI HU300pAKEHUU, a BBIXOAHBIMH JAHHBIMHU SIBISIOTCS
rpaduueckue OOBEKTHI.

5. O6yuenne u camooOydenue. JlanHas ob6macte MM BkiIrowaeT momaenu,
METOJIbl U aJITOPUTMBI, PEATU3YIOINIME aBTOMAaTHYECKOE HAKOIJICHUE U T€HEPALHIO
3HaHUM C MCIMOJIb30BAHUEM MpPOLIEAYyp aHaiu3a u 00001eHus 3Hanui. K nannomy
HAIPABIICHUIO OTHOCATCS CHCTEMBI 000biuu Oanuwix (Data-mining) m cuctemsl
NOUCKa 3aKOHOMepHOCmell 8 KomnblomepHulx Oazax oOannvix (Knowledge
Discovery).

6. Pacno3naBanme 00pa3zoB. PacmosznaBanune oOpa3oB OCYIIECTBISETCS Ha
NPUMEHEHUN  CHCIHAIBHBIX ~MAaTeMAaTHUYEeCKHUX MOJENeH, 00eCredrnBaroImnuX
OTHECEHHE OOBEKTOB K KJIacCaM, KOTOPBIE OIKCHIBAIOTCS COBOKYMHOCTSIMH
OTIpEJICTICHHBIX 3HAYCHUHN TTPU3HAKOB.

7. Urpsl u mammnaHOoe TBOpuecTBO. K MaHHON 00JaCTH OTHOCSITCSI CUCTEMBI
COUMHEHHUS KOMITBIOTEPHOW MY3BIKH, CTHXOB, M300peTE€HHsS HOBBIX OOBEKTOB, a
TaK)K€ UHTEIJUICKTyaJIbHbIE KOMITBIOTEPHBIE UTPHI.

8. Ilporpammuoe o6ecneuenne cuctem UU. K ganHoit oOmactu oTHOCATCS
WHCTPYMEHTAJIbHBIE CpPEJCTBAa JUIsl pa3pabOTKHM WHTEIUICKTYadbHBIX CHCTEM,
BKJIFOYAsl  CIEIUAJbHBIC S3BIKM  TPOTPAMMHPOBAHHS, OPHUEHTUPOBAaHHE Ha
ob6pabotky cumBoasHOM mHpopManuu (LISP, SMALLTALK, PEDAIJI), s3biku
noruyeckoro mporpammupoBanus (PROLOG), s3blku mpencTaBiieHUs 3HAHUI
(OPS 5, KRL, FRL), unaterpupoBanue nporpammusie cpenst (KE, ARTS, GURU,
G2), a Takxke obOomouku skcrnepTHbix cucrem (BUILD, EMYGIN, EXSYS
Professional, SKCIIEPT).

9. HoBble apXUTEKTYphl KOMIBIOTEPOB. ITO HAMNpPABJICHHUE CBSI3aHO C
CO3JaHUEM KOMIIBIOTEPOB HE (hoH-HEMaHOBCKOM APXUTEKTYPBI,
OpPUEHTHUPOBAHHBIX Ha 00pa0OTKYy CUMBOJIbHON MHGbOpMarmu. VI3BECTHBI ynauHbIe
MIPOMBITIUICHHBIE PEIICHUS MapauIeIbHbIX U BEKTOPHBIX KOMIBIOTEPOB, OJIHAKO B
HACTOSIIEe BPEMS OHM UMEIOT OYEHb BBICOKYIO CTOMMOCTh W HEIOCTATOUYHYIO
COBMECTUMOCTbH C CYIIECTBYIOITUMHU BHIYUCIUTEILHBIMHU CPEICTBAMH.
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10.UnTemnexkTyanbHble poOOTHl. B HacTosimee Bpems manHas obmacte MU
pa3BuBaeTcs OuYeHb OypHO. JIOCTUTHYTBHI 3HAYUTENBHBIC YCIEXH B CO3JAaHUU
OBITOBBIX POOOTOB, POOOTOB, HCIOJB3YEMBIX B KOCMHYECKHX WCCIEIOBAHUSAX,
MEAUIIMHCKUX POOOTOB.

1.2 CoBpemMeHHOE COCTOSTHHE HCKYCCTBEHHOI0 HHTELJIEKTA.

B nacrosimee Bpems B oomactu MU akTuBHO paboTaroT BOGHHBIE BEJOMCTBA
U Benymue 3amaaHeie GupMmbl, Takue kak AT&T, Intel, General Electric, Sharp,
Hitachi, Siemens.

Boennoe nayuynoe arenctBo DARPA - xpynHeimuii B Mupe (pUHAHCHUCT
uccinenoBannii mo WU, ocobenHo 1o pobomomexnuxe [1]. Cosnmanue
COBPEMEHHOT'0 OpYKHsI HEMBICIIUMO 0e3 ucnoiib3oBanus MeronoB MU, ocobenno
TaKMX, KaK HEUpPOHHBIE TEXHOJOTUU, HEUYETKUE HIKCIEPTHBIE CHUCTEMBI U
UHTEIJIEKTyaJbHbIE peIlaTead 3aiad. OTH METOAbl IO3BOJSIOT € IOMOIIBIO
OTHOCHTEIFHO MAaJbIX PECYpPCOB MOJydYaTh JOCTATOYHO TOYHBIE PE3yabTaThl. B
TOM CBSA3M COCTOSIHME pa3pabOTOK B HEKOTOpbIX obnactTsax MW 3akpeito s
HIMPOKOTO TOCTYIIA.

C npyroil CTOpPOHBI, B HacCTOsIIee BpeMs OypHO pa3BUBAETCA PBHIHOK
OBITOBBIX POOOTOB W HHTEIUICKTYaJbHBIX JIOMAIIHUX YCTPOWCTB, KOTOpHIC
OPUHOCAT HEMaldyl MpuObUIL (pupmam-paspabotunkam. Tak, Hampumep,
xommanuss NEC mpencraBuna mojens podorta Personal Robot R100, xotopas
MOKET nepeaBuratbes, npousHocuts 300 ¢pa3, MOHMMATh COTHH KOMaHi H
pasznuuatk 10 gun. PoGoT MOXKET MPUHOCUTH MEJKHE BEIIW, BBIHUMATh MOYTY U3
ALIMKA, BKJIIOYATh W BBIKJIIOYATh TEJIEBU30D, 3aMUCHIBATh BHJIEOCOOOIIEHUS U
nepesaBaTh UX M0 Ha3HAUEHHUIO.

Benyrcsi aktuBHBIe pabOThI B 00JlacTH pa3pabOTKHM U TMPOU3BOJICTBA
poOOTOB, MpeHa3HAUYEHHBIX ISl CIACEHMS JII0eH B 3aBajax, BHICAJKH Ha JIPYTHX
IUTAHEeTaX W acTepouAax M AaKe ISl MPOBEICHUS XUPYPTUUYECKUX OIeparii B
MoJIeBbIX ycioBHsiX. [loxoxue pabOThl MPOBOAATCS B POCCHUHCKOM HAy4YHOM
LEHTPE  CEPAECYHO-COCYAUCTON xupyprun  uMeHn bakynesa PAMH.
Hcnonp3yemplii TaM poOOT HMEET HECKOJIbKO MAaHUMYJISTOPOB, CIIOCOOHBIX
JepKaTh pa3uyHble UHCTPYMEHThL. OH MOXKET padoTaTh B CaMbIX HEYJOOHBIX U
HEJIOCTYIIHBIX JIJIS YEJIOBEKa IMOJOXKEHUSIX. Bpad 3a MOHUTOPOM CIIEIUT 32 30HOU
oTepaly U YIpaBisieT MaHUIYJISTOpaMu, M0/1aBasi Yepe3 KOMIIbIOTEP TOJIOCOBbBIE
KoMaHsI [1].

['pynna yyensix wu3 [{fopuxckoro WHCTUTYTa HEUPOMHMOPMATHKU U
MaHuecTepcKoro TEXHOJIOTMYECKOTO WHCTUTYTa YTBEPXKAAET, YTO UM YJAIOCh
CO3/1aTh TEXHOJIOTHIO, TTOJHOCTHIO MOBTOPSIOLIYI0 MEXaHU3M (DYHKIIMOHUPOBAHUS
YEeJIOBEUECKOTO MO3Ta, KOTOPBIM OJHOBPEMEHHO 0OpabaThiBacT HHU(PPOBYIO U
aHaJIOroBYyI0 MH(popMaluio. [[ias 3TOoro Mcmonb3yercs crnocoOHOCTh HEHPOHHBIX
CeTe K pacmpOCTPAaHEHHUIO Ba)KHBIX CHUTHAJIOB W TMOJABICHHUIO CIa0bIX CUTHAJIOB.
AHanoruynbeie poOOTHl ObuTM pa3paboranbl akaaemukoM H. AmocoBbiM 20 et
Ha3a/l.

Bonpocsl co3ganns KHOEpHETUUECKUX YCTPOMNCTB, CIIOCOOHBIX BBIMIOJIHATH
NPUCYILIME YENOBEKY JIEUCTBHUS, BCEe OOJbllle MPUBIEKAIOT Pa3pabOTUMKOB.
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CoBpeMEHHBIII TOAXOA ONHPAETCA HA meopuu AoanmueHbiX Ccucmem U
960MI0YUOHHO20  pa3eumus. B~ COOTBETCTBMM €  JaHHBIM  MOJIXOJOM
MPEANOJAraeTcsi, 4YTo YCTPOMCTBA YHOPABJIEHUSA JOJKHBI CaMOCTOSITEIIBHO
MYTHPOBATh U Pa3BUBAThLCS, MEHATH CBOIO (POPMY, pa3Mephl U Tak jJajiee.

Tak, Hanpumep, DARPA ¢uHaHCUpyeT NMPOEKT CO3AaHUs CUCTEMbI COOPKH
KOHCTpYKIui u3 KyOukoB Jlero. CucrteMa COCTOMT U3 MaHMITYJISATOPA,
BHJICOKAMEpPbl M KOMIIbIOTEpa. B KauecTBE HCXOAHBIX JAHHBIX B CHUCTEMY
3aJI05KE€HBI TOJIBKO 3JIEMEHTApPHBIC MPaBUiIa CTHIKOBKA KYOHUKOB U 11€J1b — KOHEYHOE
COOpY’KEHHUE, MOCIIE YEro CUCTEMA HAYMHAET NPOOOBAaTh pa3IMYHble KOMOMHAIUHY,
HKCIIEPUMEHTAJIbHO  OMNpEAENsisi MPOYHOCTh M  CTA0MIBHOCTh COOMPAEMBIX
koHCTpyKuui. Iloka Takas cucrtema cmocoOHa 3a OIWMH JEHb COOpaTh
JBYXMETPOBBII UIPYIIEYHbIA MOCT M KpaH, CIIOCOOHBIM MOAHATH Ipy3 0,5 Kr.
Camoe TJIaBHOE, 4YTO OTH KOHCTPYKLMH OTBE€YAlOT BCEM HH)KEHEPHBIM
TpeOOBaHUSAM IO HAJEKHOCTH, O KOTOPBIX CHCTEMa U HE II0J03PEBacT.
Crnenyromast 3ajaya — aBTOMAaTH3UpPOBaTh COOPKY CHCTEMOH cebe MOJ0O0HBIX
poOOTOB.

B Hacrosiee Bpemsi Takke pa3BHBAaeTCs Takas 00J1acTh pOOOTOTEXHMKH,
KaK CO3/laHu€ HMCKYCCTBEHHOI'O CO3HAaHMs, KOTOPOE HAa3bIBAIOT uam-poOOmoM.
Kpuc Mak-Kunim paszpaboran uckycctBeHHoe co3Hanue o umeHn GAC (Generic
Artifical Consclousness), kotopoe B cetu IHTepHET MOXKET BeCTH Oecey, OTBeYast
Ha BOmpockl «aa» win «Het». Co3garens GAC paccuutsiBaet B Omrkaiime 10
JeT cobparh 1 Hero | mumap (akToB, YTO JOJIKHO CIIENATh UCKYCCTBEHHOE
CO3HAHUE, HE OTIMYUMBIM 10 YPOBHIO MHTEJUIEKTA OT CPEHETO YETIOBEKA.

[lonyunno nanpHENNIEE pa3BUTHE TAaKOE TPAIWLIHMOHHOE HampasieHue MU
kak 3kcneptHbie cucteMbl (DC). B coBpemenHbix DC, OCHOBHON aKLEHT JI€TIAeTCs
Ha MPUHATUE ONEPATHBHBIX PEUIEHW B pealbHOM MacmTabe BpeMEeHH. ITO
OOBsICHAETCSI TOTPEOHOCTSIMU coBpeMeHHoro OusHeca. Kommepueckune OC
KOHTPOJIUPYIOT KpPYHHBIE MPOMBILUICHHbIE MPOLECCHl, YNPaBISIOT OOJBIIUMU
cetsamu, pacrnpeneneHHbiMu CYBJI, moackasbiBasi oneparopy, Kak MOCTYIHTh B
CJIOKHOUM 0OCTaHOBKE, @ B KpUTHUECKUX CUTYalUsIX OEpyT yrpaBiieHHue Ha ceOsl.

JlocTaToOuHO AakTWBHO pas3BHBacTCs M Takoe HampasieHue WU, kak
asémomamudeckoe HAKONIEeHUe 3HAHUU, PEaTU3yIollee KadeCTBEHHBIM aHaIU3
pa3IuYHBIX MpOLECCOB. B KOMMEpUECKMX NPOAYKTaX NPHUMEHSIOTCS TaKue
MOJAXO0/bl, KAaK HEYETKUE TEXHOJIOTMH, OCHOBAaHHbIE HAa WCIOJb30BAHUU JIOTHKHU C
OECKOHEYHBIM YHCIIOM cocTossHUU. Tak, mHTeIekTyanbHbI pematens C-PRS,

HanmucaHHeli B crtaHmapte  ANSI C, wucnomp3yercss NASA, B
aBUAMPOMBIIIIJICHHOCTH, B CHUCTEMaX yMIpaBJECHUS TEPEBO3KaAaMU U MOOWJIHHBIMHU
poboTamu.

B Poccuu ocymiectBiieHo Heckonbko BHeApeHud DC Gensym G2, koropas
OCYILECTBIISIET KOHTPOJIb, YIIPABICHUE U MOJICIUPOBAHUE CIIOAKHBIX MPOIIECCOB.

OOmeHre KOMITBIOTEpA C YEJIOBEKOM Ha €CTECTBEHHOM S3BIKE - OJHA W3
nepBbix 3amauy MU, taxxe momyuuiia pazButve B Hactosimee Bpems. Eme 30 ner
Haszajx OblIa HamWcaHa MporpaMMa, KOTopas BbIAeNsIa Bo (pazax KIFOUEBHIE
CJIOBa, CTPOMJIA HAa UX OCHOBE MPOCTHIE BOMPOCHI, CO3/1aBasi HETUIOXYIO WILTIO3UIO
peaIbHOro Manora.
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CoBpeMEeHHbIE CUCTEMBbI OOBIYHO CTPOATCS MO TOMY K€ MPUHLHUITY, OJHAKO
ecTh M UCKIoueHus. Tak, Hampumep, kommanus Artifical Life Beimyckaer HaGop
MPOTrPAMMHBIX MPOIYKTOB, MUCHOJIB3YIOMINX TEXHOJOTUIO ABMOHOMHbBIX A2EHMOS.
Cepsep npuioxenuii Klone Server nojiepxuBaer paboTy aBTOHOMHBIX arcHTOB
(MHTEpaKTUBHBIX MEPCOHAXEM), KOTOpbIE OOLIAIOTCA C MOTPEOUTENAIMHU caidTa Ha
ecTecTBeHHOM si3bike. [loka oHu crocoOHbI oTBeuaTh Ha 20% Bcex BOMIPOCOB.
ATEeHTBI MOTYT peliaTh pa3inuHble MpoOsieMbl 00IIEHNS, OCHOBBIBAsICh HA CUCTEME
JIOTHYECKOTO BBIBOJIA, UMEIOIEH HECKOJIBKO YPOBHEW CHHTAKCHYECKOTO aHalln3a
¢dpa3, ciexxeHus 3a KOHTEKCTOM pasroBopa W TOHUMAaHHS OTIACIbHBIX CIIOB.
Jpyrue Mo1ysiH BBINOJIHSIOT aBTOMATUYECKHI aHATIM3 U 00pa0OTKy MOCTyNaoIIEen
O DJEKTPOHHOM MOoYTe HH(POpPMAIUMHU, CO3/AI0T IOJb30BATEIBCKUE MPOQUIIH,
ONPEAEISAIOT U aHATM3UPYIOT TPACKTOPUU MYTEIIECTBUM JIIOAEH MO CAaWTaM U Tak
nanee.

1.3 Knaccudukanus cucreM HCKYCCTBEHHOT0 HHTEJLJIEKTA.

Jlnss  cucTeM WCKYCCTBEHHOTO HHTEJUICKTAa XapaKTepPHBI  CIICAYIOIIHE
npu3Haky [2]:

o pa3BHUThIC KOMMYHHUKATUBHBIC CITOCOOHOCTH;
o YMCHUE PEIaTh CJIOKHBIC 3a1a4H;

o CTIOCOOHOCTH K CAaMOOOYYCHHUIO;

o aJalTUBHOCTb.

B cooTBeTCTBMM C JaHHBIMH TpPU3HAKAMH, CHUCTEMBI HCKYCCTBEHHOTO
WHTEJUICKTa, MOKHO pa3JIeluTh Ha KJIacChl, IpecTaBieHHbIe Ha puc.l.1 [2].

Cucrembl HCKYCCTBCHHOI'0 HHTEC/IVICKTA

CucreMsl ¢ DKCIIEepTHBIC Camoobyuarorue AnanTuBHbIE
WHTEIJIEKTYa bHBI cucteMbl (OC) CsI CUCTEMBI CHCTEMBI
M rHTepdeiicom
|  basbl 3HaHMIA — Kunaccupummpy | [| WuaykrusHbIe T CASE -
rorue DC CHCEMBI TEXHOJIOTHHU
EcrecTBenHoO- -
] S3LIKOBEIE Hoonpenenstong Heiiponnsie KomMnoHneHnTHsbie
wHTepdEeiich ne OC CceTHu TEXHOJIOTHH
I'nmnepTexcToBbI Tpancdopmupy Cucremsl,
€ CHCTEMBI rorue DC OCHOBaHHBIE HA
npeLeaeHTax
Cucremsbl MyibTHAr€HTHBI
KOHTEKCTHOI € CHCTEMBI | | Mudopmaimonn
TOMOIIH bI€ XpaHWIHINA
CucreMmsl ¢
KOTHUTHBHOM
rpaduKoit




Puc.1.1 Knaccudukanus cucteM HCKYyCCTBEHHOTO MHTEIIJIEKTA

1.3.1 Cuctemsl ¢ HHTEIUICKTyaJIbHBIM HHTEpdecoM

ba3zvl 3nanuii (63) MO3BOJIAIOT B OTIMYMM OT TPATUIIMOHHBIX 0a3 JTaHHBIX
(b]) obecnieunBaTh BHIOOPKY HEOOXOAUMON HMHGOpPMAIIUK, HE XPAaHUMOH SBHO, a
BBIBOJMMOM U3 COBOKYITHOCTH XPAaHUMBbIX JIAHHBIX.

Ecmecmeenno-a3vikogvle unmepdgeticel pUMEHSIOTCS uisl qoctyna Kk b3,
KOHTEKCTHOTO TIOMCKa TEKCTOBOM WH(OpMaIMu, TOJIOCOBOTO BBOJA KOMAaH],
MaITUHHOTO TIEPEBO/Ia C MHOCTPAHHBIX S3BIKOB.

l'unepmexcmosvle cucmemsl WCHONB3YIOTCA I pealu3alydd IMOUCKA IO
KJIF0UeBBIM cioBaM B bJ[ ¢ TekcToBoit mHbOpManmei.

Cucmembl  KOHMEKCMHOU  NOMOWU  SIBIIFOTCSL  YaCTHBIM  CIIy4aeMm
TUTIEPTEKCTOBBIX CHCTEM M E€CTECTBEHHO-S3BIKOBBIX CHUCTEM. B oTimmyme oT HUX
MOJIb30BATE)Ib CaM OINKCHIBAET MPOOJIEMYy, a CHUCTeMa BBIMIOJHAET TOHUCK
OTHOCSIIUXCS K CUTYaIlMH PEKOMEH/IallUH.

Cucmembl  KOCHUMUBHOU 2paguku OPUEHTHUPOBAHBI Ha OOIIEHHUE C
MOJIb30BATEJIEM TIOCPEJCTBOM Tpaduueckux oOpa3oB, KOTOpbIE T€HEPUPYIOTCS B
COOTBETCTBUM C HM3MEHEHUSMU TMapaMeTpOB MOJCIUPYEMBIX HIIA HaOI0/1aeMbIX
IIPOLIECCOB.

1.3.2 DxcnepTHBIE CUCTEMBI
Oo6unactb uccnenoanust DC HaA3bIBACTCS UHIHCEHepuel 3HaHuil. JKCIIEPTHBIE
CUCTEMBI MpEeAHA3HAYEHBI JUIsl pEHIeHUs HePOpMaIM30BaHHBIX 3a/ad, TO €CTh
3a/lay, pelIaeMblX C T[IOMOIIbI0 HETOYHBIX 3HAHWM, KOTOpBIE SIBIISAIOTCS
pe3yabTaToM  O00OOIIEHHS] MHOTOJIETHErO0 OmbiTa pPabOThl W UHTYHUIUU
cnenuanuctoB. HedopmanuzoBaHHble 3HaHUS OOBIYHO MPEACTABIAIOT COOOM
IBpUCTUYECKHUE TpUeMbl U npaBuiia. JC 00J1aAat0T CIeAYIOUMMH 0OCOOEHHOCTSIMHU:
® ANrOpPUTM pEIICHUS HE W3BECTEH 3apaHee, a crtpoutcs camoir DC c¢
NOMOIIbI0  CUMBOJIMYECKUX  PACCYXACHUH,  Oa3upyloummxcs  Ha
IBPUCTUYECKUX MTPHEMAX;

® SCHOCTb TMOJYYEHHBIX pEIIEHUH, TO €CTh CHCTEMa <«OCO3HAET» B
TEPMUHAX MOJIb30BATENS, KaK OHA MOJIy4YaeT peluICHUE;

® CIIOCOOHOCTH aHAIM3a U O0BICHEHUS CBOMX ACUCTBUI U 3HAHUM;

® CIOCOOHOCTh MPUOOPETEHMsI HOBBIX 3HAHUN OT IMOJIb30BaTENA-IKCIIEPTa,
HE 3HAIOLIET0 IPOrPAMMHUPOBAHHUS, U U3MEHEHUSI B COOTBETCTBUN C HUMH
CBOETO NOBEACHMUS;

e o0ecrneueHne «Ipy>KECTBEHHOT0», KaK MPaBUjI0, €CTECTBEHHO-3bIKOBOTO

uHTEepdeiica ¢ MoJIb30BaTElIEM.

OC o0xBaThIBaIOT CaMmble pa3HbIE MPEIMETHbIE 00JIACTHU, CPEIU KOTOPBIX
npeo0i1aialoT MEAUIMHA, OU3HEC, MPOU3BOACTBO, NMPOEKTUPOBAHUE U CHUCTEMBI
yIpaBiICHUS.

Knaccugpuyupyrowue OC pemaroT 3a7adydl  pacro3HABaHHUsS CUTYalHM.
OCHOBHBIM METOJIOM (OPMHUPOBAHUS PEIICHUA B HUX SBIAETCA JEAYKTHBHBIN
JIOTUYECKUU BBIBOJ.
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Loonpeoensarowue IC UCTIONB3YIOTCS I PEUICHUS 337]a4 C HE MOJIHOCThIO
ONpe/leTICHHBIMA JaHHBIMA W 3HaHUSAMU. B KauecTBe METOOB 0OOpabOTKH
HEOTPEICTICHHBIX 3HAHUIA MOTYT HCIIOJIB30BAaThCsS 0AleCOBCKHIA BEPOSTHOCTHBIH
0JIX0/1, K03 PHUIMEHTHI YBEPECHHOCTH, HEUETKAS JIOTHKA.

Tpancopmupyrowue IC pealu3yloT npeoOpa3oBaHue 3HAHUN B Ipoliecce
pemenust 3amaun. B OC pgaHHOro Kjacca HCIHOJNB3YIOTCS pa3IMyHbIE CHOCOOBI
00pabOTKH 3HAHUM:

J reHepanys U poBepKa TUIIOTES;

o JIOTHKA MPEANIOJIOKEHNN U YMOJTYaHUN;

o UICITOJIB30BAaHUE METa3HAHUM UL YCTpaHEHHUS
HEONPEIEICHHOCTH.

Mynemuacenmuuvle cucmemvl — 3T0 nuHamudeckue OC, OCHOBaHHBIE Ha
WHTErpallid Pa3sHOPOJHBIX MCTOUYHUKOB 3HAHMM, KOTOpble OOMEHHMBAIOTCA MEXIY
co00Oil TOJy4EeHHBIMU pE3yJIbTaTaMH B Tpouecce pemeHus 3anady. CUcTemsl
JTAHHOTO KJIacCa UMEIOT CJIEAYIOIINE BO3MOKHOCTH:

. peanuzanus anbTePHATUBHBIX PACcCYKICHUH;

. pactpene€HHOEe  pelleHrne — mpolOsieM, — pasjenseMoe  Ha
napajuleJIbHO pellaeMble 10/13a1a4u;

o IPUMEHEHHUE PA3JIMYHBIX CTPATETUi BBIBOJA 3aKIIIOUCHUI;

o o0paboTka OonbIINX MaccuBOB HH(popmanuu u3 b/1;

. UCIIONIb30BaHME  MaTEeMaTHYEeCKHX MOJENEH U BHEIIHUX

npoucayp AJid UMUTAIUKU pa3BUTHUA CHTyaHHﬁ.

1.3.3 CamooOy4aroniuecst CHCTEMBI

CucreMbpl JaHHOTO Kjacca OCHOBaHbl Ha METOJAaX AaBTOMAaTHYECKOU
KJIaCCU(UKALMU CUTyallMi U3 peaJbHON MPaKTUKH, WM HA METOAAaX OOy4YeHHs Ha
npumepax. [Ipumepbl COCTaBISIOT TaK Ha3bIBAEMYIO OOYYarollyl0 BBIOOPKY.
DJIEMEHTBI oOyyaroniei BBIOOPKU ONMCHIBAIOTCS MHO>KECTBOM
KJIACCU(PUKAIMOHHBIX PU3HAKOB.

Crparerust o0yueHUs: «c yuumenem» TpeaNoNaraeT 3agaHue Ui KaKJI0ro
npUMepa STATOHHBIX 3HAYCHUN MPU3HAKOB, TTOKA3BIBAIOIINX €TI0 MPUHAICKHOCTD
K ompeneneHHoMy kiaccy. [lpu oOydeHun «bOe3 yuumensy cucTtemMa JOJKHA
CaMOCTOSITENIFHO BBIACNATH KJIAcChl CHUTyaIlMil MO CTENeHW OIM30CTH 3HAYEHHM
KJIACCU(UKALMOHHBIX PU3HAKOB.

B mpouecce o0OydeHHs TNPOBOAUTCS aBTOMAaTHYECKOE IOCTPOCHHE
00001IarIMMX MPaBWI WK (QYHKIIHHA, OMUCHIBAOIINX MTPUHAJIEKHOCTh CUTYaIHH
K KJaccaM, KOTOPbIMH CHCTeMa OylIeT BIIOCIEACTBUHM TIOJb30BaThCS IPHU
ONpeleNIeHNN He3HAKOMbIX cuTyauui. Ilpu sToM u3 0000mmarmux MnpaBuUil
aBTOMaTH4ecku popmupyercs b3, koTopas nepuoaMUecKd KOPPEKTUPYETCS.

HUnoykmusHnvie cucmemsbl TO3BOJIAIOT 00001IaTh MPUMEPHI HA OCHOBE
MPUHIINANA UHAYKIIUA «OT YaCTHOTO K oO1eMy». [Iporieaypa 06001eHust CBOAUTCS
K KJIacCU(UKAIUY TPUMEPOB 10 3HAYMMBIM TIPU3HAKAM.

Heitipounvie cemu — 0000UIEHHOE Ha3BaHHWE TPYMNNbl MAaTEeMaTHYECKUX
MoOJieJIeld U aJTOPUTMOB, OOJIAJIAIOIIUX CIHOCOOHOCTBIO 00y4YaThCs HA MPUMEPAX,
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«y3HaBas» BIIOCIEACTBUH YEPThI BCTPEUCHHBIX 00pa3loB U cutyaiuii. Heliponneie
CEeTH HCHOJB3YIOTCS MJIs PElIeHHs] 3a7ad allpoKCUMalUd W UACHTHU(PHUKALMH
byHKIUH, KIaccuPUKalMu W pacrio3HaBaHUs 00pa3oB, OOpabOTKU CHUTHAJIOB,
CKaTus JaHHBIX, IPOTHO3UPOBAHUS U aJAlITUBHOTO yIPABIECHUS.

Heliponnast cetb — 3TO KuOEpHETHYECKash MOJIeJb HEPBHOM CHCTEMBI,
KOTOpasi TMpEeJCTaBIsieT CcOOOM COBOKYMHOCTh OOJBIIOIO 4YHCIa HEHPOHOB,
TOIOJIOTUS COEIMHEHHS] KOTOPBIX 3aBUCHUT OT TUIA CETU. HeMpOHBI COENNHSIOTCS B
ciou. PaznuyaroT cetm npsIMOro pacupoCTpaHEHUsT M PEKYpPEHTHbIE CEeTH (C
oOpaTHBIMU CBsI3AMH). YTOOBI CO3/1aTh HEMPOHHYIO CETh IS PEIICHUs KaKoW-Tuo0
3a/layd, HEOOXOAMMO BBIOpAaTh TUI CETU M ONPENEIUTh IMapaMeTphl CETH B
mporiecce ee 00yJIeHUs.

B cucmemax, ocnosnvix Ha npeyedoenmax, B3 COAEPKUT ONHCAHHS
KOHKPETHBIX cuTyanuil (mperneaeHtsl). [lonck pemieHuid OCymIecTBIsSETCS Ha
OCHOBE AQHAJIOTMI IO 3HAYEHUSIM COOTBETCTBYIOUIMX IPHU3HAKOB. B oTimumm OT
WHIYKTUBHBIX CHUCTEM JOMYCKAETCS HEUYETKUU MOUCK C MOJYyYEHUEM MHOKECTBA
JONYCTUMBIX aJIbTEPHATUB, Ka)Aasi U3 KOTOPBIX MOYET OLEHUBATHCSI HEKOTOPHIM
KO3 (PUIIEHTOM YBEPEHHOCTH.

Ungopmayuonnvie xpanunuwa ormmyaiorcs ot b3. Xpanumnuiie maHHBIX —
9TO IPEAMETHO-OPUEHTUPOBAHHOE, UHTEIPUPOBAHHOE, NIPUBA3AHHOE KO BPEMEHHU,
HEU3MEHsEMOE COOpaHUe JaHHBIX, MPUMEHSIEMBIX ISl MOAJIEPKKH IPOLIECCOB
MPUHATHS YIIPABICHYECKUX PEIICHUH.

TexHoIOrum M3BJIEYECHUS 3HAHWM W3 XPAHWIWINA JAHHBIX OCHOBAHbBI HA
METOJAX CTAaTUCTUYECKOTO aHalv3a W MOJECIUPOBAHUSA, OPUEHTUPOBAHHBIX Ha
MOMCK MOJIeJIEN U OTHOLIEHUH, CKPBITBIX B COBOKYITHOCTH JTAHHBIX.

Jlnst u3BIedYeHHs] 3HAYMMOW HH(OpMAlUMU HMCHOJIB3YIOTCS CHElUalbHbIE
metoapl(OLAP — anamm3, DATA Mining wmm Knowledge Discovery),
OCHOBAHHbIE HA TPUMEHEHUHN METOJIOB MATEMATUYECKON CTAaTUCTUKHU, HEMPOHHBIX
ceTel, MHAYKTUBHBIX METOJIOB U JIPYTUX METOJAX.

1.3.4 AnanTuBHbBIE CUCTEMBI

AJIani TUBHBIE CUCTEMBI JIOJKHBI YJIOBJIETBOPATDH PSATY TPEOOBAHMIA:

) aJIcKBaTHO OTpakaTh 3HAHUS MPOOJEMHOW OOJACTH B KaXIbIi
MOMEHT BPEMEHU;
° OBITH TIPUTOAHBIMH ISl JIETKOH M OBICTPON PEKOHCTPYKIIMH TIPH

HU3MEHEHUSIX MPOOJIEMHOM Cpeibl.

SAapom cucTeM JaHHOTO Kilacca SIBIISIETCS MOJIeNb MPOOJIeMHON 001acTH,
nojjaepkuBaeMasi B criennaiibHot b3 — penpozumopuu. SInpo cuctemsl ynpasisieT
mpoleccaMu  TeHepaluy  WIA  [ePeKOH(UTYpUPOBAHUS  TIPOTrPAMMHOTO
obecrieuenus. [Ipu pa3paboTke amanTUBHBIX CUCTEM HUCIOJIb3YETCS] TUIIOBOE WITU
OpUTHMHAJIBHOE MPOEKTUPOBAHUE.

Peanuzanusi OpuruHAIbBHOTO MPOEKTUPOBAHUSI OCHOBaHA HA WCIIOJIb30BaHUU
CASE- mexnonoeuit (Designer2000, SilverRun, Natural Light Strom u ap.).

[Ipy TUMIOBOM NPOCKTUPOBAHUM OCYIICCTBISCTCS aJanTaiusi THIIOBBIX
pa3paboToKk K 0COOEHHOCTAM mpoOieMHOM oOnactu. IIpu 3TOM HCHOJB3YHOTCS
WHCTPYMEHTAJIbHBIE CPEJICTBA KOMHOHEHMHO20 (COOPOUHO20) NPOEKMUPOBAHUS

(R/3, BAAN, Prodis u ap.).
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[Tpu ucnonszoBanuu CASE- TeXHOJOTHM MpU W3MEHEHHUU MPOOIEMHON
00JIaCTH KaXJblil pa3 NMpUMEHsSeTCs TeHepalus MpOrpaMMHOIO oOecriedyeHus, a
IpY HUCHOJIb30BAHUU COOPOUYHON TEXHOJIOTUH — KOH(UTYPUPOBAHUE MPOTPAMM
WM UX nepepadoTKa.

1.4 XapakTepuCcTUKH 3HAHUIA.

OcHoBHOW TmpoOsieMO, pemraeMod Bo Bcex cucrteMax WU, sBisercs
npobnema npedcmasgnenus 3uanui. VIndopmanus npecTaBiseTcs B KOMIIBIOTEPE
B IIPOLIETYPHOH U JekiapaTuBHON Gopme. B mpoueaypHoit popme npeicTaBieHbl
nporpaMmbl, B JeKJIapaTUBHOM — JaHHble. B cucremMax HMCKYCCTBEHHOTO
WHTEJUIEKTa BO3HUKIIA KOHIIEMIUSI HOBOM (hOpMBI MpeacTaBiIeHUs HHPOpMauu —
3HaHMS, KOTopas oObequHuiIa B cebe uYepThl Kak MpoLEeAypHOW, Tak U
JeKJapaTuBHON nH(popManuu. [lepedrcinM OCHOBHBIE XapaKTEPUCTUKN 3HAHUA:

1. Buympennsas  uumepnpemupyemocmo. Kaxnas  uHbOpMaIMOHHAS
€UHUIIA JOJKHA HMMETh YHUKaJIbHOE HMs, IO KOTOPOMY CHCTEMa
HaxOJUT €€, a TaKXKe OTBEYaeT Ha 3alpoChl, B KOTOPBIX ATO HMS
ynoMsiHyTo. JlaHHble B  mHaMATH JIMIIEHbI HMMEH W MOTYT
UIACHTU(ULIUPOBATECS TOJBKO MPOTrpamMMoOi, H3BIEKAIOWEH WX U3
namsaTtu. [Ipu nmepexoqe K 3HaHUSIM B MaMATh BBOAMUTCS HHGOPMAIUS O
HEKOTOPON  mpomocmpykmype UHGOPMAYUOHHBIX eOUHUY U CA08APU
umern Oannvlx. Kaxnmas enuHuna wHOOpManuu OyACT 3K3EMILIIPOM
npotocTpyktypel. CYBJ] obecrneunBaioT peanu3aiydio BHYTPEHHEH
UHTEPHPETUPYEMOCTU MH(DOpMAIUHU, XpaHUMOU B 6a3e JaHHBIX.

2. CmpykmypupoganHocms.  VIHGOpMAIIMOHHBIE  €IMHULBI  JTOJKHBI
COOTBETCTBOBATh «IPHUHIUITY MATPEUIKW», TO €CTh PEKYPCUBHOM
BJIO)KEHHOCTH OJHMX HMH(POPMAIMOHHBIX €IWHUIl B Apyrue. [pyrumu
CJIOBaMH, JOJDKHA CYLIECTBOBAaTh BO3MOXHOCTb  IPOU3BOJIBHOTO
YCTAHOBJICHUSI MEXAY OTIEIbHBIMU HH(POPMAIMOHHBIMU EIUHULIAMU
OTHOILICHHUH TUIA «4aCTh — LIEJI0E», PO — BUI» UIIH «IJIEMEHT — KJIacC».

3. Ceaznocms. Mexny HWHOOPMAIMOHHBIMU EAWHHUIIAMHU JIOJDKHA OBITH
MpeayCMOTPEHa BO3MOXKHOCTh YCTAHOBJICHUSI CBSI3€U Pa3IMYHOTO THIIA,
XapaKTepU3yOIUX OTHOIICHUSI MEXITY UH(POPMAIIMOHHBIMU €TMHUIIAMU.
CeMaHTHKa OTHOIIEHUM MOXET HOCHUTh KaK JCKJIAPATUBHBIMN XapakTep,
HarpuMep, B OTHOIICHUSX «OJHOBPEMEHHO» U «IIPUYMHA — CJIEACTBUEY,
TaKk ¥ OPOLEIYPHBIM XapaKTep, HAPUMEDP, B OTHOUIEHUU «apryMEHT —
byaknus». Bce oTHOIMEHUST MOXKHO pa3eNiuTh HA YEThIPE KaTETOPHUU:
omHoweHuss cmpykmypuzayuu (3a1al0T Hepapxur0 HUHGOPMAITMOHHBIX
CAVHUI), QYHKYUOHAbHbIe  OmHOweHUuss  (HeCyT  TPOLETYyPHYIO
uH(OpPMAIUIO, TO3BOJISIONIYI0 BBIYHUCIATH OJHH UH(POPMAIMOHHBIC
€AUHULIBI Yepe3 APYTHUE), Kay3anibHble omHouleHus (3a4at0T MPUUUHHO-
CJICICTBEHHBIC CBSI3U) U cemanmudeckue omuouieHuss (BCE OCTaJIbHbIC
OTHOIIICHHUS ).

4. Cemanmuueckas mempuxa. Mexny WHOOPMAIIMOHHBIMU €IUHULIAMU
3aIAI0T  OMHOUIeHUSI  PeNeBaHMHOCMU, KOTOpPhIE  XapaKTepU3yrOT
CUTYallMOHHYIO0 OJIM30CTh WH(GOPMAIMOHHBIX E€IWHUI], TO €CTh CHIY
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aCCOLMATUBHOM  CBSI3M  MEXAYy HH(POPMAIMOHHBIMH  €IWHULIAMU
(HampuMep,  «IOKYyMNKa» WM  «PEryJUpOBaHUE  JIBIDKEHHMS  Ha
nepekpectke»). OTHOIIEHHE PEeNeBAaHTHOCTH IO3BOJSIET HAXOJUTh
3HaHUSs, OJIM3KUE K HAlJICHHBIM paHee 3HAHUSIM.

5. Axmuenocms. BblnonHeHHe MporpamMM B MH(POPMAIMOHHBIX CHUCTEMaXx
JOJDKHO ~ MHUIMAIM3UPOBAThCS HE  KOMaHJaMH, a COCTOSIHHEM
nHpopMarimoHHOW 0a3bl, HampuUMep, MOsABJICHUEM B 0aze (aKTOB WM
ONMCaHUN COOBITUH VI YCTaHOBJICHUE CBsI3€EU MEXKIY
UH(GOPMAIIMOHHBIMU €TUHUIIAMHU.

[lepeuncnennple XapaKTEPUCTUKH OMPEACTSIOT PA3HUILY MEXIY OaHHbIMU U

3HaHUAMU, TIPU 3TOM 0a3bl TAHHBIX TIEPEPACTAIOT B 0A3bl 3HAHUII.

1.5 Mopesiu npeacTaBjaieHUs 3HAHUI.

B uHTemIeKTyalbHBIX CHCTEMax HCHOJIb3YIOTCS YETHIPE OCHOBHBIX THIIA
MOJENEN 3HAHUM:

1. Jlocuueckue modenu. B ocHOBe Monened TakKOro THIMA JIEKUT
Gopmanvhas cucmema, 3anaBaeMas yetBepkoi Buga M = <T, S, A, B>,
MHoxecTBO T €cThb MHOXECTBO OA308bIX 21eMeHmMO8, HAPUMEpP CIIOB U3
HEKOTOPOIO CJIOBapsi, WIM JeTalled M3 HeKoTtoporo Habopa. Jlus
MHOXECTBA |  CYIIECTBYET HEKOTOpbI CHOCO0  OIpeaesieHus
NPUHAUICKHOCTH WM HETPUHAJIEKHOCTH MPOU3BOJIBHOTO AJIEMEHTA K
JaHHOMY MHOecTBY. [Ipoueaypa Takoil mpoBepKU MOXKET OBITh JIFO0OI,
HO OHA JIOJDKHA J1aBaTh OTBET HA BOMPOC, SIBISETCS JU X 3JIEMEHTOM
MHOKECTBa | 3a KOHEUHOE 4ucio maroB. OO03HAYUM 3Ty MPOLEAYPY
P(T).

MHOXkecTBO S eCTh MHOXECTBO cuHmakcuyeckux npasun. C UX MOMOILBIO

U3 2JEMEHTOB | 00pa3ylOT CHHTAKCHUYECKU TPaBUJIbHBIE COBOKYITHOCTH.

Hanpumep, u3 ci0B cioBaps CTpOATCS CUHTAKCHUYECKH MpaBUJIbHBIE (hpasbl,

a u3 jeramei coOuparoTcs KOHCTpyKuuu. CylecTByeT HeKoTopas

nporeaypa P(S), ¢ momomipio KOTOPOH 3a KOHEYHOE YMCIIO IIAaroB MOYKHO

MOJyYUTh OTBET Ha BOMPOC, SIBISIETCS JIM COBOKYIMHOCTh X CHHTaKCHYECKH

IIPAaBUJIBHOM.

Bo MHOXecTBe CHHTaKCHYECKH MPABWIBHBIX COBOKYMHOCTEH BBIICISIETCS

HEKOTOpOe MOAMHOXeCTBO A. DneMeHThl A HazbIBatoTcs akcuomamu. Kak u

JUISL IPYTUX COCTaBISIOMMX (DOPMAJIbHOM CUCTEMBI, JOKHA CYLIECTBOBATh

nporeaypa P(A) , ¢ HOMOIIBIO KOTOPOH [Isi 000N CHHTaKCHYECKH

NIPAaBWJIBHOM COBOKYMHOCTH MOXHO TMOJYYUTh OTBET Ha BOIOPOC O

NPUHAJJICKHOCTU €€ K MHOXKECTBY A.

MmuoxectBo B ecTh MHOXKECTBO npasu évieooa. llpuMeHsist ux K daeMeHTaM

A, MOXXHO TIOJy4aTh HOBBIE CHHTAaKCUYECKHU IMPaBWIbHBIE COBOKYITHOCTH, K

KOTOPBIM CHOBa MOXKHO TpPHUMEHATh mpaBuia w3 B. Tak dopmupyercs

MHOHCECMBO 8bIBOOUMBIX B TAHHON (OPMATBHON CHUCTEME COBOK)YNHOCHELL.

Eciu umeercs mpoueaypa P(B), ¢ moMoIipo KOTOPOi MOXHO ONPEICITHTh

JUTSL TF000M CHMHTAKCHYECKH MPaBWIIBHON COBOKYIHOCTH, SIBIIIETCS JIM OHA

BBIBOJIMMOM, TO COOTBETCTByIOmIas (opmanbHas CHUCTEMa Ha3bIBACTCA
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paspewiumoi. ITO TMOKa3bIBAET, YTO MMEHHO MpaBWJIa BBIBOJA SIBISIOTCS

HanOoJIee CIOKHOM coCTaBIIsAroNIEeH (hOpMaTbHON CUCTEMBI.

Jlst 3HaHU#, BXOASIIUX B 0a3y 3HAHUN, MOXKHO CUMTATh, YTO MHOKECTBO A

o0pa3yloT Bce HWH(OpMAIMOHHBIE €IUHHUIIBI, KOTOpPbIE BBEACHBI B 0a3y

3HAHUW M3BHE, @ C MOMOIIBIO MPABUJ BBIBOJIA U3 HUX BBIBOASTCA HOBBIE
npouseoouvle  3Hanus. Jpyrumu  cioBamu, (opmanbHas ~ CUCTEMa

MPEACTaBIIECT COOOW TeHEepaToOp MOPOKIACHUSI HOBBIX 3HAHUN, 00pa3yIOIIUX

MHOXXECTBO 6bl800UMbIX B JAHHOW CHUCTEME 3HAHUli. ITO CBOWCTBO

JIOTUYECKUX MOJIENIeH MO3BOJISIET XPaHUTh B 0a3e JIUIIb T€ 3HAHUS, KOTOPhIE

o0pa3yloT MHOXECTBO A, a BCE OCTalbHBIC 3HAHWS TMOJy4YaTh W3 HUX II0

MpaBUiaM BBIBOJIA.

2. Cemesvie mooenu. CeteBbie Moenu (OpPMaTBEHO MOKHO OTTHCATh B
suge H = <I, C, C,.., C, G). 3mecb | ecTb MHOXECTBO
undopmarmonusix enunuil; C;, C,, ..., C;; - MHOXECTBO THIIOB CBs3EH
Mexay Humu. OtoOpaxkenne G 3amaer CBA3M M3 3aJaHHOTO Habopa
THUIIOB CBSI3€H MeX 1y HHOOPMAIMOHHBIMU €TUHUIIAMU, BXOISIIUMH B |.

B 3aBUCHUMOCTH OT THUIIOB CBSI3€M, MCIOJIB3YEMBIX B MOJENH, Pa3IAYarOT

Kaiaccuguyupyrowue cemu, QQyHKYUOHAIbHblE Cemu N CYeHapuu, HeupoHHble

cemu. B  KiaccupUIMPYIOMUX  CETAX  HMCMOJB3YIOTCS  OTHOIICHUS

CTpYKTypH3aluu. Takue ceTH MO3BOJISIOT B 0a3aX BBOJAUTH HEPAPXUUECKHUE

OTHOILICHUSI MEXAY HWH(POPMAIMOHHBIMH eIUHHUIAMU. DYHKIMOHAJIbHbBIC

CETH XapaKTepU3yKTCs HaTU4IreM (DYHKIIMOHATBHBIX OTHOIIEHUH. X yacTo

HA3bIBAIOT  BbIYUCTUMENbHLIMU — MOOEIsAMY, TaK KaK OHHU TO3BOJISIOT

OMUCHIBATh MPOUEAYPHl «BBIYUCICHUN» OAHUX HUH(OPMAIMOHHBIX E€AUHUIL

yepe3 apyrue. HellpoHHble CeTM  MOXHO OTHECTM K  KJAaccy

(YHKIIMOHATBHBIX CETEH, OJIHAKO HEYETKHE MPOIYKIIMOHHBIE HEHPOHHBIC

CETH TMPEACTABISIOT CO0OM THOPUIHYIO MOJENb, COCIAMHSIONIYI0 B cebe

YepThl JIOTUYECKOW, NMPOAYKIIMOHHOM M CETEBOM Mojeler. B cuenapusx

UCIIOJB3YIOTCS Kay3aJbHbIE OTHOIICHHWS, a TaKKe OTHOIICHUS THIA

«cpencTBo — pesyibTar»y. Ecnm B ceTeBOMl MOJENM JIOMYCKAKOTCA CBSI3U

Pa3IMYHOrO THUIA, TO €€ HA3bIBAIOT CEMAHMUUECKOU Cemblo.

3.IIpooyxkyuonusie Mmodenu. B Mopensx 3TOro TUIA MCIHOJIb3YIOTCS

HEKOTOPBIE 3JIEMEHTHI JIOTUYECKHX M CETEBbIX Mojenieid. M3 normueckux

MoOJiesIel 3aMMCTBOBaHa Uesl MPaBUJ BBIBO/A, KOTOPHIE 3/1€Ch HA3bIBAIOTCS

NPOAYKIUSMHM, a M3 CETEBBIX MOJIeJel — OMNucaHWe 3HAHUN B BUJC

CEMAaHTUYECKOM ceTu. B pesynprare npuUMEHEHHUs IIpaBuil BbIBOJA K

dbparmMeHTaM  CETeBOrO  ONWCAHUS  MPOUCXOAUT  TpaHchopmalus

CEMaHTHYECKON CETH 3a CUeT CMEHBI €e (DparMeHTOB, HapalllUBaHUs CETH U

UCKJIIOYEHUS W3 Hee HEeHYXHbIX ¢parmMeHtoB. Takum oOpazoM, B

MPOIYKIIMOHHBIX MOJEINSX MpoleaypHas WH(POpPMAIUS SBHO BBIJEJICHA U

OMKCHIBACTCS WHBIMH CPEJICTBAMH, YEM JEKJIapaThBHas WHGOpMAIus.

BmecTo J1I0ru4eckoro BbIBOJIA, XapaKTEPHOTO ISl JIOTUYECKUX MOJENEH, B

MPOAYKIIMOHHBIX MOJIETISIX MOSIBIISIETCS 861600 HA 3HAHUSIX.

4. Dpeiimogvie modenu. B orinume OT Mojenedl Ipyrux TUIIOB BO

bpeitMOBBIX MOJIENAX (UKCUPYETCS KECTKAs CTPYKTypa WHOOPMAITMOHHBIX
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eIMHUL, KOTOpas Ha3bIBaeTCsi npomogpeimom. B oOmem Bume oHa
BBITJISIAUT CIISYIOIIM 00pa3oM:
(Ums gpetima:

Hwms cnoma 1 (3nauenue croma 1)

Hwms cnoma 2 (3nauenue cioma 2)

Hwms cnoma K (3nauenue croma K)).
3HaueHUEM C10ma MOXKET OBITh BCE, UTO YTrOJHO: YHCIIa, MaTEeMaTHUYECKHE
COOTHOIIICHMSI, TEKCThl Ha €CTECTBEHHOM SI3BIKE, IMPOTPaMMBbI, IpaBuja
BBIBO/IA, CCBUIKM HA APYTHE CIOTHI JaHHOTO (hperiMa wim Apyrux (GpeimMoB.
B kauecTBe 3HaueHHUs CJIOTa MOXXET BBICTYHaTh HaboOp CIOTOB Oolee
HU3KOTO yPOBHS, YTO IIO3BOJISIET pealn3oBaTh BO  (PpEHMOBBIX
MIPEICTABIICHUSIX «IIPUHITAIT MATPEIITKI.
[Ipu koHkperwzanuu ¢peiimMa eMy M CJlIOTaM IPHCBAUBAIOTCS HMEHA, U
MPOUCXOUT 3aIoJIHEHUE CcJIOTOB. Takum oOpazoMm, u3 mnpoTodperiMoB
MOJIYHArOTCs Phpetimbi-ok3emnisapol. Ilepexoa oT ucxomaHoro nporodperimMa k
bpeitMy-3K3eMIUTSIPY MOXKET OBITh MHOTOIIIArOBBIM, 32 CUYET MOCTEHEHHOTO
YTOUHEHUs 3HaueHuil cnoToB. CBsa3u Mexay ¢dpeidMaMud  3a1aroTcs
3HAUYCHUSIMU  CIICIIMANILHOTO ciioTa ¢ uMeHeM «CBs3by». Hekoropbie
cnermanuctsl o MC He BbIIENSAIOT (peiMOBBIE MOJEIH B OTIEIbHBIM
KJIacC, TaK KaKk B HEW 0ObEeTWHEHBI BCE OCHOBHBIE OCOOCHHOCTH MOJIENEl
OCTaJIbHBIX THIIOB.

2 Jlornyeckoe MporpaMMHPOBAHUE H AKCHOMATHYECKHE CHCTEMBI.
2.1 O01mue moJioKeHus

Teopus ¢GopMalbHBIX CHUCTEM M, B YaCTHOCTH, MaTeMaTHUYeCKas JIOTHKa
ABIISAIOTCA (hopManu3alMell 4eI0BEYECKOTO MBIIUICHUS M MPEACTaBICHUS HALINX
3HaHuM. Eciau nmpeamnosokuTh, 4TO MOKHO AKCHOMATH3HMPOBATh HAIM 3HAHWUS U
MOYXHO IIOCTPOUTH QJITOPUTM, IIO3BOJISAIOIIMM peaau3oBaTh IMPOLECC BBIBOJA
OTBETOB Ha 3alpoC U3 3HAHUMU, TO B PE3yJbTaTe MOKHO IMOJYYUTh (OpMasbHBIHI
METOJI AJIsl HOJyueHUs] He(pOpMaJIbHbBIX PE3YJIbTAaTOB.

Jlornueckoe mporpaMMUpOBaHHE BO3HUKIIO B 3py DBM Kkak ecrecTBEeHHOE
JKEJIaHWE aBTOMATU3UPOBATh IIPOLIECC JIOTMYECKOTO BBIBOAA, IO3TOMY OHO
SBJISIETCS] BETBBIO TEOPUHU (POPMATIbHBIX CUCTEM.

Jlornyeckoe nporpaMMUpoBaHHE (B IIMPOKOM CMBICIE) MPEACTABISET
co0Ol CeMEeWCTBO TaKUX METOJIOB pEUIeHHUs 3a/ad, B KOTOPBIX MCHOJIB3YIOTCS
IPUEMBl  JIOTHYECKOTO  BBIBOJA  JJI1  MAaHUIYJIUPOBAHUS  3HAHUSIMU,
Npe/ICTaBICHHBIMY B JekiapatuBHOU Gopme[l]. Kak mucan [Ixopmx PoOuHCOH B
1984 romy, B OCHOBE HJIEU JIOTMYECKOTO MPOTPAMMHUPOBAHUS JIEKUT OINKCAHUE
3aJ]aud COBOKYIHOCTBIO YTBEP)KJICHUN Ha HEKOTOPOM (OpPMaATbHOM JIOTMUYECKOM
S3bIKE U MOJIyY€HHE PEIIeHMs] C MOMOIIBI0 BBIBOJA B HEKOTOPOW (opMaibHON
(akcmomaruyeckoi) cucreme. Takoil aKCHMOMATHYECKOM CHCTEMOMW SIBJISIOTCS
VICYUCIICHHE NPEIUKATOB IIEPBOTO MOPSAKA, I03TOMY B Y3KOM CMBICIIE JIOTUYECKOE
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MIPOTrPAMMHUPOBAHNE TTOHMUMAETCS KaK WCIOJIb30BAHUE HWCYHCICHUS TPEIUKATOB
NEPBOT0 MOpsi/IKa B KAa4eCTBE OCHOBBI [JIsi OMHCAHUS MPEAMETHOW 00JacTu H
OCYIIECTBJICHUS PE30JIIOIIMOHHOTO JJOTHYECKOTO BBHIBOJIA.

Axcuomamuueckoti cucmemotll Ha3bIBaeTCs Croco0 3aJaHus MHOXKECTBa
MyTeM yKa3aHHsS UCXOJHBIX 3JIEMEHTOB (AaKCHMOM HCUMCIICHUS) U MPaBUI BBIBOJIA,
KQKJI0€ U3 KOTOPBIX OIUCHIBAET, KaK CTPOUTH HOBBIE DJIEMEHTHI M3 HCXOIHBIX
AIIEMEHTOB.

[Mon axcuomamuueckum memooom [7] TOHHUMAIOT CIIOCOO ITOCTPOCHHS
HAyYHOW TEOpUH, TIPU KOTOPOH 3a €€ OCHOBY OepeTcs psiJi OCHOBOIIOJIATAIOIINX, HE
TpeOYIOMUX AOKA3aTEILCTB MOJOKEHUN ATOW TEOPHH, HA3bIBAEMBIMH aKCHOMaMHU
VTN TIOCTYJIaTaMH.

AKCHOMATHYECKUI METOA 3apojauics B paboTax JIpeBHETPEUECKHUX
reoMeTpoB. Brmots 10 Havanma XX Beka eIMHCTBEHHBIM OOpa3lloM MPUMEHEHUs
ATOr0 MeToja Oblia reomeTpusi EBkiuaa.

B navane XIX Bexka H.W.JloGaueBckuii u S.bomnbsii, HE3aBUCUMO APYr OT
Jpyra, OTKPBUIM HOBYIO HEEBKJIHUIOBY TN'€OMETPHIO, 3aMEHUB MATHIA MOCTYJAT O
napajyieIbHBIX TPSMBIX Ha €ro oTpuuanue. VX OTKpBITHE CTalo OTIPaBHOMN
TOYKOM ISl pa3BUTHUSI aKCHOMATUYECKOTO METOJ1a, KOTOPHBIM JIET B OCHOBY TEOPUU
(bopMaJIbHBIX CHCTEM.

C HakoOIUICHHEM OIbITa MOCTPOEHUs (HOPMAIBHBIX TEOPUM W TOMBITKAMU
akcruoMatu3anuu apudmetuku, npeanpuasaTeiMu Jx. [leano, Bo3HWKIIAa meopus
ookazamenvcme. Teopusi  JOKa3aTEIbLCTB — 3TO  pa3fed  COBPEMEHHOM
MaTEeMaTHYECKOMN JIOTUKH U TIPEAMISCTBEHHHIIA JIOTHYECKOTO MMPOTPaMMHUPOBAHUSI.

Ucuucnenusmu Ha3pIBAlOT HauOoJiee BaXHbIE W3 aKCHOMATHYECKHUX
JIOTUYECKUX CUCTEM — UCUUCIICHUE BBICKA3BIBAHUM U UCYUCIICHHUE MPETUKATOB.

dopManbHas TEOpUS CTPOUTCA KaK YETKO OINPEACICHHBIA  KJacc
BBIPOKEHUM, (POPMYJ, B KOTOPOM HEKOTOPHIM TOYHBIM CIIOCOOOM BBIJAEISETCS
MOJKJIacC TeopeM JaHHOW ¢opmanbHON cucteMbl. [lpu »sTOoM  QopmyIibl
dbopMallbHOM  CHCTEMBI HEMOCPEJCTBEHHO HE HeCcyT B cebe HHUKAKOro
COJIEPKATEIIbHOTO CMBICJIA, OHHM CTPOSITCS. W3 TPOU3BOJBHBIX 3HAKOB WIH
CHUMBOJIOB, HCXO/S JIMIIIh U3 COOOPaKCHHI y100CTBA.

2.2 Ucuncjenue BbICKA3bIBAHUM.

2.2.1 IlousaTne BBICKA3bIBAHHUS

BrickaspiBaHWE €CTh YTBEPAMTEIBHOEC TMPEAJIOKEHHUE, KOTOpoe JHuOO
WUCTUHHO, JIMOO JIOKHO, HO HE TO W JApyroe Bmecte. «VICcTMHA» WM «JI0XKbBY,
NPUIIMCAHHAsT  HEKOTOPOMY  BBICKA3bIBAaHWIO, HA3BIBAETCA  MCTUHHOCTHBIM
3HQYEHWEM OTOr0 BbICKa3bIBaHUA. [IpUYMHBI HMCTUHHOCTH WM JIOKHOCTU
BBICKa3bIBaHUH OBIBAIOT pa3HBIMU. PacCMOTPHM TpH MCTHUHHBIX BBICKA3BIBAHUS:

e 3eMiisd BEPTUTCH;

e 3a JieHb JI0 CBOEH CMEPTH OH OBLI €IIIE KUB;

e Eciu BepHO, YTO KOTrJa UAET JI0XK/b, TO I0pOra MOKpas, TO CIIpaBeaIMBO

TaKXke U CJIeAYIONIee YTBEPKACHUE: €CIIU Jopora cyxas, TO A0/ HET.
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[lepBoe mpenoXKeHHE BBIPAKAET HEKOTOPbI (QakT U3 (QU3UKH U
ACTPOHOMMHU U SIBIIACTCS (haKmuueckol UCMUHOLL.

Uto0bl yOenuTbcs B MPABWIBHOCTH BTOPOTO MPEMJIOKEHUSI, JOCTATOUYHO
MMOHUMATh CMBICII CJIOB: 3TO MPEMAJIOKEHUE SABIACTCA UCTNUHOU A3bIKA.

UToOBl MPUHATH TPETbE YTBEP)KIEHUE, IOCTATOYHO IMOHUMATh CMBICI
HEKOTOPBIX CJIOB (€CJH...TO, HET), a TAKXKE 3HaTh, UTO YaCTH (pa3bl «UIET JOKIb)»
U «I0pora MOKpas» SBIISIIOTCA 6bICKA3bIGAHUAMU, KOTOpPbIE MOTYT OBITh
VCTUHHBIMH WX JIOKHBIMH, OJTHAKO BCE MPEIOKEHUE OCTAHETCSI HCTHHHBIM, €CIH
3aMEHUTh 3TH JBa BBICKA3bIBaHUS APYrMMH. Eciu 3TH BBICKa3bIBaHUS 3aMEHUTh
NEPEMEHHBIMU X U Y, TO NPEIJIOKEHUE «ECIU U3 X CIEAYET Y, TO U3 HE Y CIeayeT
He X». Takue HCTUHBI HA3BIBAOTCS J02UYECKUMU UCMUHAMU HE3aBHUCHUMO OT
CMbICIIa (MHTEpIIpeTauun) X 1'Y.

2.2.2 AndaBUT UCUNCTICHUS BEICKa3bIBAaHUI

Wcuncnenne BbICKa3blBaHUNW — (opMaibHas JIOTMYECKas CHUCTEMa.
MHoecTBO €€ 0a30BBIX AJIIEMEHTOB COCTAaBJISIOT JIOTHUYECKUH cloBaphb (andaBur)
T w3 OECKOHEYHOro CYETHOIO MHOKECTBAa BBICKA3bIBaHUH, 0003HAUYAEMBIX
CTPOYHBIMHU JIATUHCKUMHU OyKBaMu (MHOTJIa C WHJEKCaMH) UM Ha3bIBa€MbIX
amomamu v TISITH SIIEMEHTAPHBIX J1o2uyeckux ¢yuxyuil (c6s30kK):

«OTpPULIAHUE» -—, ~, -, NOt, HE;

«KOHBIOHKIIHM» - A, &, and, u;

«IU3BIOHKIS - V/, |, OF, WIH;

CUMIUTHKAUs» - —>, DO, =;

«QKBUBAICHTHOCTBY - <>, =, <.

[IpuBeneM TaONMIBI UCTUHHOCTU JUISl TIEPEUMCIECHHBIX BBILIE JOTHYECKUX
(GyHKUIHM.

Omnepanysi OTpULIAHMS SIBJISICTCS YHAPHOU omepaiueid, 00o3HadaeTcsa —X U
O3HA4aeT MPOTUBOIOJI0KHOE X 3HAUCHHUE.

Ta6muma 1. Tabauiia HICTUHHHOCTH IS OTPUIIAHHUS.

X —X
141 JI
JI 141

Koublonkius sBisgercs OWHapHOW omepalreii, oOo3HadaeTcss X A Y,
YUTACTCS KaK « X u# Y» W SBISETCSd WCTUHHOW TOTJAa W TOJIBKO TOTAa, KOTIa
HUCTUHHBI 00€ TIEpEMEHHBIE.

Tabnuma 2. TaOnuma NCTHHHOCTH JUISI KOHBIOHKIIUH.

X y XAY
n n n
n JI JI
JI n JI
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JI J J

JIU3BIOHKIIMS SIBIISICTCS OMHApPHOW omepareit, o0o3Hayaercs X V Y,
YUTACTCS KaK « X uu Y» ¥ ABISAETCS JIOXKHOW TOTJIa U TOJIBKO TOT/IA, KOT/IA JIOMKHBI
o0e TepeMeHHBIE.

Tabmauna 3. Tabmuia UICTUHHOCTH I U3 BIOHKIIUH.

X y XVYy
n n n
n JI n
JI n n
JI JI JI

Nmrnukanus  sBiasieTcss OWMHApHOW omepanuei, o0o3HadaeTca X —Y,
YUTACTCSI, KaK « U3 X cnedyem Y» U SIBIAECTCS JOKHOU TOTJA U TOJIBKO TOT/Ia, KOT/ia
X UICTUHHA, a Y - JIOXKHA.

Tabmunua 4. Tabnuma HCTUHHOCTH JUIS UMIUTAKAIIUH.

X y XY
n n n
n JI JI
JI n n
JI JI n

DKBUBAJIGHTHOCTH SIBIIsIETCSA OMHApPHOM omepaiuei, o0o3HavYaeTcs X <> Y,
YUTACTCA KaK « X moxcoecmeeHHo Y» 1 SBISIETCS] HCTUHHOM TOTIa U TOJIBKO TOT/A,
KOT/Ia 3HAYCHHS 00EHX MEPEMEHHBIX COBITAIAfOT.

Taomuma 5. Tabauia ICTUHHOCTH U DKBUBAJIEHTHOCTH.

X y X<y
n n n
n JI JI
JI n JI
JI JI n

2.2.3 TlpaBuna noctpoeHus: Gopmys

CnoBaph HCYUCICHHS BBICKA3bIBAHUW JA€T BO3MOXKHOCTh CTPOWTH
COCTaBHBIC BBICKA3bIBAaHUS W3 TMPOCTHIX BBICKA3BIBAHWM, COCIUHSAS WX
JOTUYECKUMH CBs3KaMH. [IpaBmiia TOCTPOCHHMS S OIKCHIBAIOT BBIPAKCHUS,
SIBJIFOIITMECS OOBEKTAMH sI3bIKa. Takne BRICKa3bIBaHUS HA3BIBAIOTCS (hOpPMYJIaMHu.

COBOKYITHOCTB TIPABHII ITOCTPOSHUS (POPMYJT BBITIJISIUT TaK:
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e Bcsakuii atom (BeICKa3bIBaHUE) SBIACTCS (POPMYIION;

e Ecmu XuY - popmyisr, To = X, X AY), X vY), X =>Y)u (X <Y) -

bopMmybI;

e Hukakux ¢dopmyn, Kpome TOpPOXKICHHBIX NPUMEHEHHEM YKa3aHHBIX

BBIIIIE MPABUJI, HET.

Kpyribie ckoOKM TMO3BOJSIOT yKa3aTh MOPSAOK, B KOTOPOM IMPUMEHSIIUCH
npaBuia. Ecau B TpeTbeM mpuMepe YTBEpKICHUM, TNPUBEICHHBIX BBIIIE,
0003HaYUM BBICKAa3bIBaHUE «UACT NOXKAb» OykBOM P, a BbICKa3zbIBaHUE «J0pOra
MOKpasi» 0ykBoil Q, TO, UCIIOJIb3YsI TIPaBUIJIa TOCTPOECHUS, BCE YTBEPKACHUE OyIeT
BBITJIAJIET CIEAYIOIUM 00pa3oM:

(P —-Q) (R ——P).

2.2.4 Nnteprniperanus hopmyi

OObeKTaMu M3YyYEHHsI €CTECTBEHHBIX U (OPMAJIbHBIX SI3BIKOB SIBIIAIOTCS, B
YaCTHOCTH, CUHTaKCUC, KOTOPBIH MO3BOJIAET pacno3HaBaTh (pasbl cpeau HabopoB
CJIOB, U CEMaHTHKa, KOTopas NpHUIaeT OMpeleieHHOe 3HaueHue ¢pazaMm. ITO
OTHOCHUTCS U K MCUMCIICHUIO BbICKa3bIBaHUM. JI1000€ BBICKa3bIBAHHE MOKET OBIThH
100 UCTHHHO, TU00 JI0XKHO.

Beeaem cemantuueckyro obmnacts {U, JI}. UnTepnpetupoBats dhopmymy -
9TO, 3HAYWT, NMPUIHUCATh €M ONHO W3 JBYX 3HaueHWd uctuHHOcTH: UM wmmm JL
3HaYeHUEe UCTUHHOCTU (POPMYJIbI 3aBUCHUT TOJIBKO OT CTPYKTYPBI 3TOM (POpMyIIbl U
OT 3HAQYEHUH MCTUHHOCTHM COCTABJSIONMIMX €€ BbICKa3biBaHuil. Tabnuna
MCTUHHOCTH JIOTMYECKUX CBSI30K MCUMCIICHUS BHICKa3bIBAHUH MIPUBEICHA HIKE.

P [Q [=P [PAQ PvQ P>Q P Q
U | | 7] 71 7] 7]
M| | 7 7l 7 7
1 |u |u 7 1 " 7
a1 |J |1’ T T " "

Ecnmu dopmyrna cocToUT U3 HECKOIBKUX aTOMOB, TO UCTUHHOCTH (POPMYIIbI
OTpENENAeTCS MPU BCEX BO3MOXKHBIX KOMOWHAIUSIX HCTUHHOCTHBIX 3HAUYCHUSX

aTOMOB, BCTpeYaroMXxcs B Gopmysie.

Paccmorpum dopmyny: (P A Q) — (—R). Tabnuma ucTuHHOCTH IS HEe

OyJeT BBITSACTh CIEIYIONUM 00pa3oM:

P Q R —R PAQ (PAQ) > (—R)
n n n JI n JI
n n JI n n n
n JI n JI JI n
n JI JI n JI n
JI n n JI JI n
JI n JI n JI n
JI JI n JI JI n
JI JI JI n JI n




18

Onpeodenenue 1. unmepnpemayueii HOpMyIbl UCUUCICHUS BBICKA3bIBAHHUMA
HA3bIBACTCS TaKOE MPUITMCHIBAHNE WCTHHHOCTHBIX 3HAYCHHWH atoMaM (hopmysibl,
IpU KOTOPOM KaXKJIOMY U3 aTOMOB Tipunucano 1u6o U, mutdo JI.

Onpeodenenue 2: ®opmyina ucmuHHa npu HeKOMopoU unmepnpemayuy Toraa
U TOJBKO TOTJA, KOTJIa OHA MOJydaeT 3HadeHwe M B 3TOH HMHTEpHpeTanvu, B
POTUBHOM ciiy4dae opMyJia JIOKHA.

Onpeodenenue 3: Gopmyna SBISECTCI 0Owe3HauumMol (magmosoauet) Toraa
¥ TOJIBKO TOT/Ia, KOTJla OHA WCTHHHA TPU BCEX BO3MOXKHBIX WHTEPIPETAIHSX.
dopmyna sBIseTCS HeoOwje3Hauumolr TOTAa U TOJIBKO TOTJa, KOTJa OHa He
SIBIISIETCS OOIIE3HAUNMOIA.

Onpeodenenue 4. @opmyna SBISETCS HPOMUBOPEUUBOU (HEBbINOHUMOLL)
TOTJIa ¥ TOJIBKO TOT/Ia, KOT/Ia OHA JIO)KHA TIPH BCEX BO3MOKHBIX WHTEPIPETAIIUSIX.
dopmyna SBISETCS HeNpoOmu8opedusol (8blNOIHUMOL) TOTAA W TOJBKO TOT/A,
KOT'/Ia OHA HE SBJISIETCS TPOTUBOPEUUBOM.

2.2.5 OnpeneneHue JJOTUYECKOro CIEACTBUS

Ecau Q - taBTONIOTHS, TO € 0003HAYAIOT KaK I= Q. Eciim E — MHOXecTBO
dopmyn, To 3amuck E £ Q o3Hauaer, 4TO HpPH BCEX HHTEPIPETALMSX, MPH
KOTOPBIX UCTUHHBI Bce hopmynsl u3 E, uctunna taxxe dopmyna Q. ®opmyna Q
Ha3bIBaeTCA Jocuueckum careocmeuem w3 E. Takum o0pa3oM, TaBTOJOTHS —
JIOTUYECKOE CJIEJICTBUE U3 MTYCTOIO MHOYKECTBA.

Ecau E conepxuT equHCTBEHHBIN AnemeHT P, To P E Q. Torma Q sBnseTCs
JIOTUYECKUAM CIIeZICTBHEM P Torja M TOJIbKO Toraa, Koraa uMiumkanus P — Q ectb
tasronorust, w P £ Q ¢ £ (P— Q).

B Gostee 00meM BHuae, MOKHO HAITUCATh:

{FLFp.. F.}YEQ e E(FiIAFA.LF)— /EQ.

BrisiBienue Ttoro ¢akrta, 4yTo M3 MHOXKECTBA BBICKa3bIBaHUU ((hopmyn
WCYHCJICHHSI) JIOTUYECKU CIIEAYeT HEKOTOpOe APyroe BhICKa3biBaHUE (PpopMyia) u
SIBJISIETCSI, TI0 CYIIIECTBY, OJTHON M3 OCHOBHBIX 3a71a4 UCUMCIICHUSI.

Onpeoenenue 5: Ilycts manel popmynsl Fi, Fo ..., F, u dopmyna Q.
["oBopsT, uto Q ecTh 1oeuueckoe ciedcmsue popmyn Fq, Fo, ..., F,, TOTIa ¥ TOJTBKO
TOTJIa, KOoTJa JyIs BCsIKOM mHTeprnpeTanuu |, B kotopoit F; A F, A...F,, uctuana, Q
Takke uctuHHa. Fi, Fo, ..., F, Ha3pIBatOTCA akcMOMaMH (WJIM TIOCTyJaTaMu, WA
MOCBITKAMH, UITU TUITIOTE3aMH ).

Ecmn dbopmyner P u Q — normdeckue cClenCTBHsS IPYyr Ipyra, TO OHHU
HA3BIBAIOTCS JIO2UYECKU IKBUBAIEHMHbIMY. TaKasi CUTyaIlus UMEeT MECTO TOT/a U
TOJIbKO TOTAa, Koraa hopmyina (P <> Q) sBiIseTCss TABTOJOTHEH.

2.2.6 CucreMa aKkCHOM MCUMCIICHUS BBICKA3bIBAaHUMN

[lonsarne  masmonocuu  coBmagaeT C  TOHSATHEM  meopembvl B
akcuomamuyeckou cucmeme. AKCHOMATHYECKas CHCTeMa 00/1aJaeT CBOMCTBOM
aJIEcKBaTHOCTH, TO €CTh OHA COCTOMT W3 MHOXKECTBAa aKCHOM, CUUTAIOLIUXCS
TaBTOJOTUsAMU. KpoMe akcMOM B aKCMOMATHYECKYH0 CUCTEMY BXOJUT MHOKECTBO
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npasuil 6v18600d, TMO3BOJISIIOIIUX CTPOUTH HOBBIE TABTOJIOTMM M3 AKCUOM M YXkKe
MOJTYYEHHBIX TaBTOJOTUM. BeiBoguMas gopmyrna obo3HayaeTcs /—P.
Hcunciienne BBICKA3bIBAHUU TOKE SABJIAETCI aKCUMOMATUUYECKOW CHUCTEMOM.

JIrobass akcuomaTuyeckas CHCTEMAa JIOJDKHA YJIOBJIETBOPATH  CIEAYIOLIUM
TpeOOBaHUSIM:

1. HenpoTUBOpEUMBOCTh: HEBO3MOXHOCTh BBIBOJIA OTPUILIAHUSL  YXKE
JIOKa3aHHOTO BBIPAXKEHUS (KOTOPOE CUUTAETCS OOIIE3HAYUMBIM);

2. HezaBucumocts (MUHHMAJIBHOCTB): CHUCTEMa HE JOJDKHA COJEPKaTh
Oecrojie3HbIX aKCHUOM M MpaBWwil BhiBoja. HekoTopoe BbIpakeHUe
He3a8UCUMO OT AKCMOMATHYECKON CUCTEMBbI, €CIIM €TI0 HEJIb3sl BBHIBECTH C
MOMOIIBIO ATOW CHCTeMbl. B MUHHMMAalIbHOM cHUCTeMe Kaxaas akCHoMa
HE3aBUCUMA OT OCTAJIbHOW CUCTEMbI, TO €CTh, HE BBIBOAMMA U3 APYTHX
aKCHOM.

3. IlonHoTa (B3aMMHOCTH aJ€KBAaTHOCTH): JIF0OAsI TABTOJIOTUS BBIBOJAMMA U3

CUCTEMBbI aKCHMOM. B alekBaTHON cucTeMe aKCHOM Jiro0as BBIBOJIUMAs
dbopmyna ecThb TaBTOJOTHSA, TO €CTh BEpPHO, YTO [ P> £ P
COOTBETCTBEHHO B NOJIHOU CUCHEM 8EPHO: EP— [P,

HexoTtopoe MHOXXECTBO TaBTOJIOTUM COCTABJISIET CHUCTEMY aKCHOM A.
[IpuBenem nBe Hanbojee HM3BECTHBIE CHCTEMbI AaKCHUOM, OOJAJAIOIINE BCEMU
BBIIIETIEPEYUCIICHHBIMUA CBOMCTBAMH.

Krnaccrueckast cucteMa akCHOM:

1. P >(Q —»P);

2. (P =(Q —=R))>((P -»Q)—=(P - R));

3. (P —>-Q) »>((—-P ->Q) »P).
Cucrema akcuom HoBukoBa:

©CoNoO~WDE

P —>(Q —»P);

(P =(Q —=R))>((P - Q)—>(P - R));
PAQ —P;

PAQ—>Q;

(P —->Q) »((P -»R) »(P - Q AR));
P—>PvQ;

Q—>P vQ;

(P =R) X((Q —R) (P vQ - R));
. (P >Q) >(=Q —=—P);

10.P ———P;
11.——P —P.

2.2.7 IlpaBuia BbIBOJIa KCUMCIICHUS BHICKA3bIBAHUI
CymiecTByeT Tpu 00s3aTENIbHBIX NPABULA 6bl800d, BXOJSAUIMX B MHOKECTBO
B B vicunciieHUU BbICKa3bIBaHUIA:

1.
2.

Bce akcnombl BEHIBOJUMBI.

[IpaBuI0 OTHOBPEMEHHOH MOJICTAHOBKH: €CJIM HEKOTOpas TaBTosorus U
COZIEPKUT aToM P, To oTHOBpeMeHHas 3aMeHa BCeX BXOXKIeHui aroma P
B U Ha mo0yro dhopmyny Q NpUBOAUT K TOPOXKIESHUIO TABTOJOTUH.
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3. Modus Ponens (3akirouenue): ecau P — TaBtonorus, u P— Q, to Q —
TaBTOJIOTHSI.

Yacto HEOOX0AMMO TpeoOpazoBbIBaTh (GOpPMYIbl M3 OJHOM (QOpPMBI B
npyryito. [loaTomy, KpoMe akCHOM M TMpaBHJI BBIBOJA HEOOXOAMMO MMETh HabOp
DKBUBAJICHTHBIX  (opMysn (3aKOHOB), KOTOpPBIE TIO3BOJIIOT  MPOHU3BOIUTH
npeoOpa3zoBanus Gopmyi:

1. PoQ=P—->0Q1Q —>P;

2. P>Q=—=P vQ;

3. Kommynuxamusnvie 3axkonvli: P vQ =Q vP; P AQ=Q A P;

4. Accoyuamusnvie saxonvi: (P vQ) vR=Q v(P vR);(PAQ) AR=Q
A (P AR);

Hucmpubymusnvie 3axonvl: P v (Q A R) = (P v Q) A (P v R);
PA(QvR)=(P Q) v(P AR);

6. 3akonvr uoemnomenmuocmu: P vP =P; P AP =P;

7. PvJI=P/PAH=P;

8. PvU=U P AJl=J

9. Pv—P=UPA—-P=J

10.+(—=P )= P;

11.3axonwvr 0e Mopeana: —(P v Q) = =Q A —P; —=(P A Q) =—Q v —P;

MOo’kHO 0Ka3aTh CIACAYIONMINE JOTIOJHUTEIBHBIC TPABUJIa BEIBOIA:
Ymeepowcoenue 1.

Ecau P - TaBTOon0THs, TO Q — P — TaBTONIOTHSI.

Jloxazamenbcmeo.

JlokaszaTenbCcTBO CIAEAYyeT U3 aKCHOMBI | KIIACCHYECKON CHCTEMBI aKCHOM U
IIpaBUJIa BBIBOJIA 3.

[To akcuome 1 P —( Q — P), Torna, ecnu P — TaBToorus, To 1o npaBuity
Modus Ponens Q — P — Toke TaBTOJIOTHSL.

Ymeepowcoenue 2.

CBOWCTBO TPaH3WTUBHOCTH OTHOIICHHS cliefoBanus: ecmu P— Q, Q— R —
TaBTOJIOTMH, TO P— R — TaBTONOTHA.

Jloxazamenbcmeo.

DOKBUBAJICHTHAsE (POPMYJIIMPOBKA YTBEPKIACHUS 2 3aKIFOYACTCSI B TOM, YTO
dopmyna (P— Q) A (Q— R)) —»(P— R)) sBmsgercs TaBTOJOTHEH.
Bocrnonbp3yemcsi  3aKkOHAaMU ~ 9KBHUBAJICHTHBIX  MPEOOpAa30BaHUN  HMCUUCIICHUS
BBICKA3bIBAHUM:

(P—>Q) A (Q—>R)) »(P—>R)) &

—((=Pv Q) A(—-Qv R)) v(-PVvR) &

(PA —-Q) v(Q A —-R)) v(—P vR) &

(Pv=P)A(Q v—=P) v((Q vR) An(-R vR)) &

(A A(-Q v—=P)) v(Q vR) A 1)) &

-Qv—-PvQvR&

HnUv-PvQe U

Ymeeporcoenue 3.

o1
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Teopema  pmemykuuu: HEOOXONMMBIM H  JOCTAaTOYHBIM  YCJIOBHUEM
BbhIBoJIUMOCcTH Q u3 rumnote3 R, P aBnsercs BeiBoguMocth P— Q u3 R. Jlannyto
TeopeMy MOXHO 3aIlicath cilexyommM obpasom: R, P /- Q &R /- (P— Q).

2.3 UcunciieHne NpeauKaToB MEPBOro MopsiaKa.

2.3.1 OcHOBHBIE ONpEEICHUS
TepMUH «IEepBOro MOPSAKa» O3HAYAET, YTO B ATOM TEOPUU KBAHTOPHI
JIOTIYCKAIOTCA TOJIBKO 1O TMIEPEMEHHBIM U HE JAOMYCKAIOTCS MO (GYHKIIMOHATIBHBIM U
NpeIuKaTHBIM cuMBoJIaM. Kpome Toro, 3ampelieHbl NpeauKaTbl, KOTOpPbIE B
KAaueCTBE CBOUX apryMEHTOB UMEIOT APYIHE MPEIUKATHI.
B noruke BbICKa3bIBaHUW aTOM pacCMaTpPUBAETCS KaK €IMHOE LIEJIoe, €ro
CTPYKTypa U COCTaB He aHanuzupyercs. OJHAKO, €CTb MHOTO YMO3aKJIIOUEHUH,
KOTOpBIE HE MOTYT OBITh IPEACTaBJICHbI TAKUM IPOCTBIM criocobom. Hampumep,
PacCMOTPHM CIIEAYIOIIEE YMO3AKIIIOUCHHE:
Kax1p1i1 4e0BEK CMEPTEH.
Tak kax KoHndyuii yenoBek, ToO OH CMEPTEH.
[IpuBeneHHOE pacCyXI€HHE HWHTYUTUBHO KOPPEKTHO, OJHAKO, €CIH MBI
BBEIEM 0003HAUYEHUS:
P: Kaxxnp1il 4esioBek CMEpTEH,
Q: Kondymuit — yenosex,
R: Kondymumii cmepreH,
To R He ectp norudeckoe cueacteue P m Q B pamkax JOTHKH
BBICKA3bIBAHUM.
B noruke npenukaToB IEPBOrO MOPSAAKA IO CPaBHEHHIO C JIOTMKOMN
BBICKA3bIBAHUI MMEET €LIE TPHU JIOTMYECKUX MOHATHUS: TEPMBI, MPEAUKATH U
KBaHTOPBI.
MHuoxectBo T 6a30BBIX 3JIEMEHTOB HCUUCIICHMS NMPEAUKATOB BKIIOYAET B
ce0s1 CIaeayroIue CUMBOJIBIL:
1. KoHCTaHTBI — 3TO 0OBIYHO CTPOYHBIE OYKBHI @, b, C... WM OCMBICTICHHBIC
MMeHa 00BEKTOB;

2. IlepeMeHHBIE — 3TO OOBIYHO CTPOYHBIC OYKBHI X, Y, Z, ..., BOBMOXHO C
UHJIEKCAMH;

3. OYHKIMH — 3TO OOBIYHO CTpOoUHBIE OYKBHI f, g, h,... MM OCMBICIIEHHBIE
CJIOBA U3 CTPOYHBIX OYKB;

4. Tlpenukatel — 3T0 00bIYHO mpomnucHele OykBel P, Q, R ... wumm
OCMBICJIEHHBIE CJTIOBA U3 MPOMUCHBIX OYKB;

5. Jlornueckue  CBSA3KM:  OTPHUILAHWE,  JU3BIOHKIMS, KOHBIOHKIIUS,
MMILIAKAIUS], SKBUBAJIEHTHOCTB;

6. KBaHTOpBI BCEOOITHOCTH U CYIIIECTBOBAaHUS - V, J;

7. OTkpbIBaroIas ¥ 3aKpbIBaroIas CKOOKa.

Besikasg QyHKIUS WM MpeauKaTHbIA CUMBOJ MMEET ONPEEICHHOE YHUCIIO
aprymenToB. Eciu ¢yakiust f umeer n aprymenrtos, To f HaseiBaeTcs N- MeCTHOM
byHKUuMed. AHAIOTMYHO, €l NpeAauKar P uMeeT N apryMeHToB, To P Ha3bpiBaeTcs
N- MECTHBIM MPETUKATOM.
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Onpeoenenue 6. Tepmbl onpedenatomces pekypcuHo ciedyiouum 00pazom:

o Koucmanma ecmov mepm;

o [lepemennasn ecmv mepm;

o Ecnu fecmob n- mecmuas pyukyus u ty, 4, ...,tn — mepmoi, mo f (t, to, ...,tn)

— mepm,

o Huxaxux mepmos, Kpome noposcOeHHbIX NPUMEHEHUEM YKA3AHHbIX bllle

npasu.i, Hem.

Onpeoenenue 7. Ilpeouxam P(ty, t...,f,) ecTb Jjormyeckas QyHKIHUS,
OTpeJieieHHas: Ha MHOXKECTBE TepMOB 1y, by, ..., 7, TP PUKCUPOBAHHBIX 3HAYEHUSIX
KOTOpPBIX OHA NPEBpAIAeTCSd B BBICKa3bIBaHUsA CO 3HaueHueM uctuHa (M) mmm
710xb(JI).

Onpeoenenue 8. Eciu P — N- mecmuwiti npeouxam u ty, ty, ...,t, — mepmwl, mo
P(ty, t,, ...,1,) — amom.

Jlst moctpoeHus GOpMyJT B MCUHCICHUU TPETUKATOB HCIOJIB3YIOTCS TISTh
JIOTUYECKHAX CBSI30K M JIBa KBAaHTOpa: V - BCEOOIIHOCTH W 1 - CYIISCTBOBAHMS.
Ecnu X — nepemenHas, To (VX) YUTAETCS KaK «IJISI BCEX X», «JIJIS1 KAKIOTO X», «JJIs
J000T0 X», TOrma Kak (JX) 94MUTaeTCs KaK « CYIIECTBYET X», <« HEKOTOPBIX X»,
«I0 KpaHEeN Mepe, I OJTHOTO X».

Ilpumep I: 3anuiieM cieayronre yTBepKIACHUS:

1. Kaxaoe pannoHaibHOE YUCIIO €CTh BEIECTBEHHOE YHCIIO.
2. CyIecTByeT YHCII0, KOTOPOE SIBIISIETCS] MPOCTHIM.
3. JAnig KaXK70ro 9mciia X CYIIECTBYET TaKOE YUCIO Y , UTO X<Y.

O0o03HaUUM «X ecmb npocmoe uucioy depe3 P(X), «x ecmwv payuonanvroe
yucnoy depes Q(X), «x ecmwv gewgecmsennoe uucnoy» depes R(X) u «x menvue y»
yepe3s MEHBIIIE (x, y).

Torma ykazaHHBIC BBINIE YTBEPXKIACHUS MOTYT OBITh  3allMCaHbI
COOTBETCTBEHHO BBIPAKCHHSIMHU:

1. (V%) (Q(X)—R(x)),

2. () P(x),

3. (V%) (&) MEHBIILIE (x, y).

Kaxnoe u3 Beipakenuit 1, 2, 3 HaszpiBaetrcs popmysoit. [Ipexne yeMm nathb
dbopmanbHOE ompeneneHne GopMyIibl B JOTUKE MPETUKATOB, CIEAYET YCTAHOBHUTD
pa3iuune MEXAY C6A3AHHbIMU NEePeMEeHHbIMU T C80O0OHLIMU NEPEeMEHHbIMU |
ONPENENNUTh 001acmb Oelcmeusi Keanmopd, BXOIAIIEero B (QopMyiy, Kak Ty
dbopmylly, K KOTOPOM DTOT KBaHTOp MpuMeHsieTca. Tak, o0gacTh JeHCTBUS
KBaHTOpa CyIlEeCTBOBaHUS B BblpaxeHuu 3 ectb MEHBIIIE (x, y), a obinactb
JICHCTBUS KBAHTOPA BCEOOITHOCTH B BhipakeHuu 3 ectb (7)) MEHBIIIE (x, y).

Onpeoenenue 9. Bxoxnenue nepemeHHOW X B ¢opmyny F HazpiBaercs
CBSI3aHHBIM TOT/Ia M TOJIBKO TOTJa, KOTJIa OHO COBITAJIa€T C BXOXKJICHUEM B KBAHTOD
(VXF) mmu (FHYF). dopmyna, K KOTOPOH MPHUMEHSAETCS KBAaHTOP IO JaHHOM
NIEPEMEHHOM, HAa3bIBACTCSA 001aCMbl0 OelCmBUs 2mo20 Keanmopa. BxoxneHue
nepeMeHHo B (opMysly CBOOOJHO TOT/Ia M TOJIBKO TOT/A, KOTJa OHO HE
HAaXOJIUTCA B 0OIacTh JEWCTBUS Kakoro-nubo kBantopa. dopmyna, He
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coziepkariasi CBOOOHBIX MEPEMEHHBIX, HA3BIBACTCS 3AMKHYMOU W TPEICTABISCT
co00ii gvicKkazvisane.

Ilpumep?.

P(X, ¥) A R@)— (VX)(R(X) A Q(Y)). B smom npumepe nepsoe éxoxcoenue
nepemMeHHOU X A613emcs C80O0OHBIM, 8MOPOE — CEAZAHHLIM, NEPBOE BXOHCOeHUe
nepemMeHHou Y A611emcs C80000HbIM, 6MOpPOe — CEA3AHHbIM, eOUHCMBEHHOe
6X02icOeHUe NepemMenHol 2 1611emcsi c80000HbIM.

Ommemum, 4mo nepemeHHas 6 ¢hopmyne modicem ObimMb C80000HOU U
CBA3AHHOU OOHOBPEMEHHO.

2.3.2 IIpaBuna moctpoeHus: GOpMYJT B UCUUCICHUH TMPEINKATOB

Onpeodenenue 10. IlpaBunbHO MNOCTpOCHHBIE (HOPMYJBI JIOTUKH TEPBOTO
MOPSIKA PEKYPCUBHO OTIPEICIISIOTCS CIEAYIONTIM 00pa3oM:

1. Atom ecth dopmyia.

2. Ecmu F u G — popmyiel, To —(F), (F v G) , (F A G), (F>G), (F ©&G) -

(bopMyIbL.

3. Ecim F — popmyia, a X — cBoOogHas niepemenHas B F, o (VX) F u (3X) F
—(hopMyJIBL.

4. ®opMyIllbI TIOPOKITAIOTCS TOJILKO KOHEYHBIM UHCJIOM TMPUMCHCHHN
npasui 1-3.

Onpeoenenue 11. Tepm t nazvieaemcs c80000HbIM Ol NEPEMEHHOU X 8
Gopmyne F, ecnu nu x, Hu Opyeas npousBoIbHAsL NEPEMEHHAsL U3 | He HAXOOUMCS 8
obniacmu deticmausi HUKaKo20 keanmopa Vx unu 7x 6 F.

Ipumep3. Eciu mepmom sensemcs nepemennas y, a popmyna umeem 6uo ((
HIP(Y)) A Q(X), mo Y c60600H0 Ons X, mak Kak X He HAxXooumcs 6 obiracmu
Oelicmausl K8aHmopa no 'Y, ue2o Helb3s CKa3amo 6 ciyyae, eciu hopmyna umeem
6uo (7Y)(P(y) A Q(x)).

[Tpw 5TOM BBITIOJHSIOTCS CIICIYIOIIHNE ITPaBHUIIA:

e 110001 TepM, HE COJEpXKAIUN TEPEMEHHBIX, CBOOOACH AJif JII0O0H
NepEMEHHON B TaHHOU opmyJie;

e TepM CBOOOJEH Mg 000N mepeMeHHON B (opMmylie, eCcli HUKaKas
IIepEMEHHAs TepMa He SBIISICTCS CBA3aHHOM B 3TOM opmylie;

e [epeMeHHas X cBoOOHA T X B JTH000# hopmyIie;

e 110001 TepM CBOOOIEH /TSl IEpeMEHHOM B (hopmylie, He cojepKaieit
CBOOO/IHBIX BXOXKJICHUHN ATOM MEpEeMEHHOM.

B axcuomax (VX)F(X) — F(t) u F(t) =>(HK)F(X) t ceob00en ons X 6 popmyne
F, F(t) noayuena uz F(X)zamenoil 6cex c60600nbix 6xodxcoenuti X Ha t.

Ilpumepd: nepesedem 6 ¢opmyny ymeepacoenue «Kaowcowiii uenosex
cmepmen. Konghyyuii — uenosex, cnedosamenvro, Konghyyuii cmepmeny.

O003HaUNM «X ecTh yenmoBek» depe3 P(X), a «x cmepren» yepe3 Q(X). Torma
yrBepxacHHe «Kakaplii dYenoBeK CMEpTEeH» MOXKET OBITh IPEICTaBICHO
dopmyioit (VX) (P(X)— Q(X)), yreepxknenue «Koudymuit — uesnoBex» hopmyiioi
P(Koughyyuii) n «Kondynuii cmepren» Gopmynoit Q(Korngyyuti).

YTBepxKAeHHUE B IIEJIOM MOKET OBIThH MPEICTABIECHO POPMYIION

(V%) (P(x)—= Q(x))1 P(Konpyyuir) — O(Konpyyui).
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2.3.3 Untepmnperanus GopMmyI B JOTHKE MPEIUKATOB IEPBOTr0 MOPSIAKA.

Kak B joruke BhICKa3bIBaHUM, TaK U B JIOTUKE MPEIUKATOB, CYIIECTBYIOT JIBa
METO/a TMOJy4YeHUs OOIIe3HAYUMBbIX (QOpPMYJ: CEMAaHTHYECKUH, Ha OCHOBE
uHTepnperauuu GopMys, U CHHTAKCUYECKUH, Ha OCHOBE (pOPMAJILHOTO BBIBOJIA U3
aKCHOM U TIPABUJI BHIBOJIA U BCIIOMOTATEIbHBIX TEOPEM.

JInst vcuucieHusl BbICKA3bIBAHUM CYIIECTBYET METOJ MOCTPOEHUs TaOuIY
UCTUHHOCTH. JIJI1 MCUMCIIEHUS TPEIUKaTOB ATOT METOJ JIMOO 3aTpynHEH, JHOO
HEBO3MOKEH, TaK Kak 00JaCTh MHTEpIPETAlUNd MOXKET ObITh OeckoHeuHOH. Ecmu
obnacth unaTepnpetanuu D={a;, ay, ...,a,} KOHeUHa, TO

VX P(X)=P(a;) A P(a2) A...A P(ay);

HKP(X)=P(ay) vP(a,) v...vP(ay).

3ameHuB Bce (QOpPMYJBl COAEpXKAIlhe KBAaHTOPHI, C TOMOIIBIO STUX
COOTHOUICHHM, MOJyYHUM (POpPMYTy, HE COACpXKAIIyl0 KBAHTOPHL. VICTHHHOCTH
Takol (opMyJibl Ha KOHEYHOW OOJaCTH MPOBEPSETCS C MOMOIIbIO KOHEYHOTO
Ypcia IMOJACTAHOBOK W BBIUKMCJICHHN 3HAUYCHHN HWCTUHHOCTH. [[19 OeCKOHEUYHOM
00JIaCTH 3TOT METOJI HENIPUTOJIEH.

N cemaHTHYECKUH M CUHTAKCUYECKUN METOJI MPUBOJAT K OJHOMY U TOMY
JKe pe3yJIbTary.

Tepema I'é0ens 0 nonnome ucuucienus npeouKamos.

Hcuucnenue npeduxamos nepozo nopsaoxka — NoaHas opMaibHAsi Meopusi.

Teopema Yeépua.

Hcuucnenue npeduxamos Hepaspeuumo.

UToOBl ompenenutTh HHTEPHPETAUI0 Il (HOPMYJBl JIOTUKUA IEPBOTO
NopsJiKa, Mbl JOJDKHBI YKa3aTh MPEAMETHYIO 00JIaCTh, 3HAYEHHS] KOHCTaHT,
(GyHKIIUN U IpeUKAaTOB, BCTPEYAIOIIUXCS B (popMyJIe.

Onpeoenenue 12. Humepnpemayus hopmyasl F TOTHKH mepBOro mopsaka
COCTOMT M3 HemycTtod (mpenMetrHoi) obmactu D u ykazaHust 3HaueHusi Bcex
KOHCTaHT, QyHKUIUNA U IPEAUKATOB, BCTpeyaromuxcs B F.

1. Kaxpnoil KOHCTaHTE Mbl CTaBUM B COOTBETCTBHE HEKOTOPBIN

ompeeNICHHBIN d1eMeHT u3 D.

2. Kaxmo# N- mecTHOM (yHKIIMK MBI CTAaBHM B COOTBETCTBUE OTOOpaKEHHE
u3 D" B D (zametnm, uto D" = {(X1, Xy, ...,xn)/ X1€D, X e D,..., xne D}).

3. KaxxmoMy N- MECTHOMY TMpeauKary Mbl CTaBUM B COOTBETCTBHE
otobpaxkenue D" B {U, JI}.

Jns xaxzaoi uHTepnpeTtanuu Gopmynsl W3 obnactu D dopmyna moxer

nosyuuTh 3HaueHue 1 v JI cornacHo crneayromum npaBuiiaMm:

1. Ecnu 3ananbl 3Hauenuss Gopmyn F u G, To UCTUHHOCTHBIE 3HAYEHUS
dopmyn —(F), (F v G) , (F A G), (F>G), (F «>G) monyyarorcs ¢
MTOMOIIIBIO TAOJIUI] ICTUHHOCTH COOTBETCTBYIOITUX JIOTUUECKHUX CBSI30K.

2. (VX) F momydaer 3nauenwe U, ecnim F momywaer 3Hadenme W ms
Kaxoro X u3 D , B IpOTUBHOM clly4yae OHa NoJiy4aeT 3HaueHue JI.

3. (3x) F monyuaer 3nauenue U, ecnu F monyuaer snauenune U xots ObI 1151
oiHOrO X M3 D , B IpOTHBHOM ciiyyae oHa 1mojy4aer 3HaueHue JI.
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Otmetum, uto hopmyna, coaepkaiias CBOOOTHbIE IEPEMEHHBIC, HE MOXKET
MOJyYUTh MCTUHHOCTHOE 3HaueHue. [loaromy, B manbHeiinem, OyaeM CUHTATh,
yTo (opmysa OO HE COACPKHUT CBOOOJHBIX MEPEMEHHBIX, JIMOO CBOOOHBIC
NIEPEMEHHBIC PACCMATPUBAIOTCS KaK KOHCTAHTHI.

Ipumep 5. Paccmompum ghopmynst (VX) P(x) u (7X) —P(X).

Ilycmv unmepnpemayuu maxosa: ooracmo - D={1,2};

Ouyenka ona P :P(1) =H, P(2) =J/L

B maxom cayuae (VX) P(x) ecmv JI, a (K) —P(x) ecmv U 6 Oannoi
unmepnpemayuu.

Ipumep 6. Paccmompum ghopmynst (VX) (Fy) P(X, y).

Ilycmv unmepnpemayuu maxosa: ooracmo - D={1,2};

Oyenka ona P: P(1,1) =U, P(1,2) =JI, P(2,1) =JI, P(2,2) =U.

Ilpu x=1 cywecmsyem y=1, umo P(x, y) =HU.

Ilpu x=2 cywecmsyem y=2, umo P(x, y) =HU.

CnedosamenvHo, 8 YKA3AHHOU UHMepnpemayuu, 0as Kaxcooco x u3 D
cywecmeyem marxou y, umo P(x, y)=H, mo ecmov (VX) () P(x, y) ecmv U 6
OaHHOU UHMePnpemayuu.

Onpeoenenue 12: @opmyna G HaA3BIBACTCS  HENpPOMUBOPEYUBOLL
(6bINOIHUMOLL) 6 OAHHOU UHmMepnpemayuu, €CIu TPU HEKOTOPOHM IMOACTAHOBKE
KoHCTaHT B G, OHa mpeBpallaeTcs B HUCTUHHOE BbICKa3biBaHWE. B mpoTHBHOM
cllydae OHA Ha3bIBACTCS HEBbINOJIHUMOU (NPOMUBOPEUUBOL, NONHCHOU) 8 OAHHOLU
unmepnpemayuu.

Onpeodenenue 13: dopmyna G Ha3bIBae€TCid UCMUHHOU 6 OAHHOLL
uHmepnpemayuy, €CIU OHa MPEBPAIIACTCS B ICTUHHOE BHICKa3bIBAHUE MPH JHO00M
MOJICTAHOBKE KOHCTAHT.

Onpeoenenue 14: ®opmyma G wucTHHHasS B JIIOOOW WHTEPIpETAIIUH,
HA3bIBACTCS MOHNCOECMBEHHO UCIMUHHOU, 0OUWe3HAYUMOLL UTU MABMONO2UEII.

Onpeoenenue 15. ®opmyna G noxHas B 000K HMHTEpIIpETAINH,
HA3bIBACTCS MOHNCOECMBEHHO JONHCHOU, NPOMUBOPEUUBOU UNU HEBLINOIHUMOLL.

Onpeoenenue 16: ®opmyna G ecTb ocuueckoe ciredcmsue hopmyn Fy,
F,, ..., F, TOrAa ¥ TOJIBKO TOTJa, KOT/Aa i Kaxaou uatepnperanuu |, ecnu F; A F;
A...Fyuctunna B |, To G Takke uctunHa B |.

Ilpumep 7. Paccmompum gpopmyei:

F1: (Vx) (P(x) > Q(x)),

F2: P(a).

Hoxkaowcem, umo Q(a) ecmv nocuueckoe creocmeaue popmyn Fl u F2.

Paccmompum niobyio unmepnpemayuro 1, 6 komopoti VX(P(X)— Q(x))A P(a)
aensiemes ucmunnou. Koueuno, 6 smou unmepnpemayuu P(a) ecmv U. [lycmo
O(a) ecmov JI 6 dannou unmepnpemayuu, mozoa P(a)— Q(a) ecmv JI 6 damnnoll
uHmepnpemayuy no onpeoesieHuto onepayuu umMnauKayuu. Imo 3Havum, ymo VX
(P(X)— O(x)) ecmw JI 6 I, umo nesozmodicno. Cnedosamenvro, Q(a) dondicna ovime
U 6 kasicoou unmepnpemayuu, komopas yoosiemesopsiem VX (P(X)— Q(x)) P(a).
Imo oznauaem, umo Q(a) ecmsv nocuueckoe cieocmaue uz Fl u F2.
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Onpeoenenue 17: @opmynsl Ha36186a10MCSL IKBUBATIEHMHBIMU, €ClIU NPU 8CeX
NOOCMAHOBKAX KOHCMAHmM (Npu 6cex UHMePnpemayusix) OHU NPUHUMAIOM
00uUHaKoBvle 3HaueHus. B uacmunocmu, 6ce obwesnayumvie (MONCOECMBEHHO
UCMUHHblE) U 6Ce NPOMUBOpedUsble (MONCOECMBEHHO JIOJCHblE (HOopMYIibl)
9IKBUBANECHMHBL.
Ymeepoicoenue 8. J[oxkaccem 3K8UBANEHMHOCIb CAEOVIOWUX POPMYIL.
—((FK) P(x)=( %) (=P(x)).
Hokazamenvcmeo:
Ecnu npasas wacme ucmunua, mo ona nob6oeo X ucmunna —P(x), mo ecmo
nodcHa  P(x), a 3umauum, He Hauoémcs X, npu Komopom ucmunHa P(x),
c1edosamenbHo, UCMUHHO evickasvleanue —IX P(X).
Ecnu npasasi wacme noxcua, mo nHaoémes X=a maxoe, yumo P(a) ucmuna,
cnedosamenvo, cywecmsyem X, npu komopom ucmunna P(x), u snauum, —3X P(X)
JIOJCHA.
Takum 00pazom, 3tu (HOPMYJIbl SKBUBAJICHTHBI.
2.3.4 CuctemMbl aKCHOM JIOTHKH TIPEIUKATOB.
CuctemMpl aKCHMOM HCYHMCIICHHSI BBICKA3BIBAHWHA OCTAIOTCS BEPHBIMH W B
WCYHCIICHAH TIPEIUKATOB TIEPBOTO MOPSAKA, TOJIBKO K HUM CIEAYET TOOABUTH €Il
JIBE aKCHOMBI, KOTOPBIC TaI0T BO3MOYKHOCTH OTIEPHPOBATH C KBAHTOPAMHU:
1. (vX) P(X)— P(y);
2. P(y) =() P(x).
Ot 2 aKkCHOMBI, TOOABICHHBIC B KJIACCHYECKYIO CHUCTEMY aKCHOM WM B
cucteMy akcuoM HoBukoBa, 00pa3ylOT CHCTEMBI aKCHOM, OO0JaJaroIiue
CBOMCTBAaMHU TMOJIHOTHI, HE3aBUCUMOCTHU ¥ HEMPOTHUBOPEUUBOCTH.
2.3.5 IlpaBuna BbIBOJIa B HCUMCIICHUH TIPEINKATOB.
M3 mpaBwIT BBIBOJIA HCYUCIICHUS BBICKA3bIBAHUI B MCUYHCICHUH MPEIUKATOB
nercTByeT Tosbko TmpaBusio  Modus Ponens. IlpaBuiio  ogHOBpeMEHHOM
MOJICTAHOBKM MOAM(HUIIMPOBAHO, a OCTaJbHBIC TMpaBuja BHIBOJA KACAIOTCS
BBIBOIIUMOCTH  (popMyn,  coaepKalmux KBaHTOPhl. B 3THX  mpaBmiax
npeanonaraercs, 4ro G(X) comepkuT CBOOOIHBIC BXOXIeHHS X. a F ux He
COJICPIKUT.
1. Modus Ponens: Eciu evieoouma popmyna F u evieoouma popmyna F —
G, mo evi6oouma u popmyna G. Yacmo smo npasuio 3anucvléaom
CRedyowWUM 00paA30oM:
F.EF—>G;
G

2. Ilpasuno 00HOBpeMeHHOU NOOCMAHOBKU. eciu mepm t c80000eH 01
nepemeHnHou x 6 gopmyne F, mo mooxcno noocmasums mepm t emecmo
nepemMeHHOU X 80 8cex xoxcoeHusx x 6 F.

3. Ilpasuno obobwenus:

F - G(X);
F >k G(x)
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4. Ilpasuno koHKpemuzayuu:
G(x) = F;
K G(x)—=F
5. Ilpasuno nepeumenosanus. Uz  evieooumocmu  opmynvr  G(X),
cooepaicaueii. c60000HOE BX0NCOeHUE X, HU OOHO U3 KOMOPHIX He
cooepoicumest 8 obracmu  Oelcmsusi Keammopos Vy u Fy ciredyem
svieooumocms G(Y).
Ilpumep 6. /{lokasxcem npasuno nepeumeno8aHusl.
+ G(x);
U3 axcuomvr 2 xnaccuueckou cucmemvt ciedyem, umo G(X) — (F —> G(X)),

A -

20e F — masmonozcus, ne cooeporcawas c60600HbLIL 8BXOHCOCHULL X,
G(x),G(x) > (F > G(x)) .
F - G(X) ’
Hcnonvszys npasuno o6oowenus, nonyuaem.: F — VXG(X);
F,F > VvXG(X) |
VXG(X)
U3 axcuomor 2 noeuxu npeduxamos u npasuira Modus Ponens ciedyem, umo
VXG(X),VXG(x) = G(y)

G(y)

2.3.6 3aKkoHbI SKBUBAJICHTHBIX NMPE0OPA30BAHUI JIOTUKHU TIPEIUKATOB.

3aKoHBI  OKBUBAJICHTHBIX  MpeoOpa3oBaHMl  JIOTUKHM  BBICKa3bIBAaHUU
UCIIOJB3YIOTCS W B JIOTMKE IMpeaukatoB. KpoMme HHUX, CYHIECTBYIOT Apyrue
HKBUBAJICHTHBIC (DOPMYIIBI, COACPIKAITUE KBAHTOPBHI.

[Tycts G ecth popmyna, conaeprkamas cBoOOHYO epeMennyto X. [Tycts F
ecTh (opMysa, KOTOpasi HE COJEPKUT MepeMeHHou X. Tornma cremyroiiue mapbl
HKBUBAJICHTHBIX (OPMYJT SBIISIOTCA 3aKOHAMM SKBUBAJICHTHBIX MpeoOpa3oBaHUM
JIOTUKY TIPEUKATOB:

(V%) G(x) v F=(¥%) (G(X) v F);

(V%) G(x)A F=(X) (G(X)AF);

() G(x) v F=() (G(X) v F);

() G(X)A F=(3K) (G(X)AF);

—((7X) G(x))=( &) (=G(x));

() G(x)=( v%) (=G(x));

(V%) G(x)A (7%) FO)=(7%) (GX)AF(x));
() G(x) v () F(x)=(3K) (G(x) v F(X));

[IpaBmia 7 u 8 Ha3bIBAIOTCS MpaBUJIaMU BBIHOCA KBAHTOPOB, KOTOPBIC
MO3BOJIIIOT PACHPENCATh KBAHTOP BCEOOITHOCTH M KBAHTOP CYIIECTBOBAHUS IO
orepanusiM KOHBIOHKIIMA U JTU3BIOHKIMKA COOTBETCTBEHHO. CieayeT OTMETHTh,
YTO Helb3s PACTIPENENATh KBAHTOP BCEOOIIHOCTH M KBAHTOP CYIIECTBOBAHMS IO
omeparusM JAU3BIOHKIIMM UM KOHBIOHKIIMM COOTBETCTBEHHO, TO €CTh HE
HKBUBAJICHTHBI CIICYIOIIKE Mapbl (GOPMYII:

(V%) G(x) v (%) F(x)<>(vX) (G(x) vF(X));

Ilo npasuny Modus Ponens cnedyem, umo

Ilo npasuny Modus Ponens cnedyem, umo

o o &~ »

N WNE
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() G(x) A () F(x)<=>(3K) (G(x) 2 F(x));

B momo0HBIX ciaydasx MOXHO 3aMEHUTHh CBS3aHHYIO MEPEMEHHYIO X B
dopmyne (VX) F(X) Ha mepemeHHyro Z, KoTopas He BcTpedaetcs B G(X), Tak Kak
CBSI3aHHAS TEpPEMEHHAsI SBJISCTCS JIUIIh MECTOM JIsl TIOJICTAHOBKHM KaKOW yrOJHO
nepemennoii. ®opmyna npumer Bum: (VX) F(X)= (vz) F(z). Ilycte z He
BcTpeuaetcs B G(x). Torma

() G(x) A () F(x)= () G(x) A (72) F(z)

=(K) (F2)( G(X) A F(2)) mo npaBuny 1.

AHaJOTUYHO, MOKHO HaIMCaTh

(V%) G(x) v (V%) F(x)= (¥%) G(x) v (V2) F(2)

=(vX) (V2)( G(X) v F(z)) mo mpasuiy 1.

B o6miem cirydae 3Ti paBuiia MOYKHO 3aITUCaTh B CIICAYIONMIEM BHJIC:

9.(K1x) G(x) v (Kox) F(x)=(K1x) (Kaz)( G(X) v F(2));

10.(Ksx) G(x) A (Kax) F(x)=(Ksx) (Kaz)( G(X) 2 F(2)),

riae Ky, Ky, Ks, K4 ectb kBarTOpBI V mitn 3, a z He BxoauT B G(X).

Korma K;= Ky,=7 u K3;= K;=V, To Heobs3aTelbHO MEPEHUMEHOBHIBATH
MIEPEMEHHYIO X, MO>KHO TIPSIMO MCTIOIh30BaTh MpaBuia 7 u 8.

Hcmonp3yss ~ 3aKOHBI ~ JKBHBAJICHTHBIX  MPEOOpa3OBaHW  JIOTHKHU
BBICKA3bIBAaHUN M JIOTUKW MPEJMKATOB, BCETJa MOXKHO IpeoOpa3oBaTh JIHOOYIO
dbopmyny B ITHD.

2.3.7 TeopeMbl 0 TIOTUYECKOM CIICACTBUU

Onpeodenenue 18. Bvisooom dopmynsr G w3 dopmyn U;, U, ..., U,
Ha3bIBACTCS TOCIIeIOBATENBHOCTh opmyn Fi, F, ..., F, Takas, uto Fp ecth G, a
mobas F; mmubo akcmoma, nmmbo omHa u3z Qopmyn U; , mubo dopmyna,
HEIOCPE/ICTBEHHO BBIBOAMMAS U3 MPEANICCTBYIOMUX el hopMyI.

BcnencTBre 3aKOHOB acCOIMATHBHOCTH CKOOKH B BBIPQKCHUSX, CBS3aHHBIX
OTHOIIICHUSIMU JTU3BIOHKIIUM W KOHBIOHKIIUM MOTYT OBITH OMYIIEHBI, MPHU 3TOM
BeIpaxkenue F; v F, v...v F, HasweBaeTcsa musbronkimen hopmyn Fi, F,, ..., F, a
BoIpaxenue F; A F, A... A F, Ha3biBaeTcs konbroukiuen popmyn Fi, Fo, ..., Fi.

Teopema 1. Ilycmo oanvt hopmynvr Fyi, Fo, ..., Fy u popmyna G. G ecmo
noeuyeckoe cieocmsue Fy, Fo, ..., Fy mozoa u monvko mozoa, kocoa ¢opmyna ((F1
A Fy A A F)—G6) obwesnauuma.

Teopema 2. Ilycmv oanvt ghopmynvt Fyi, Fo, ..., Fy u popmyna G. G ecmo
noeudeckoe cneocmsue Fi, F,, ..., Fy mocoa u monvko mozoa, kocoa ¢opmyna (F
A Fy Ao FyoA=G) npomusopeuusa.

3ameyanue.

Inn moco umobwvl Ookazamv, umoO OaHHAs opmyra  AGAAemcs
maemoinocueti, O00CMAMO4YHO O00KA3amb, UYMO ee Ompuyauwue AGIAEMCS
npomusopeduem:

_’((Fl A F2 Acie A Fn)%)z

—(—~(FL AF, A nFy) vG)=

(F1 A FoAcoa By A =G).

Teopembl 1 u 2 oveHp BaxHBL. V3 HHX CclieayeT, YTO JIOKa3aTeIhCTBO
JIOTUYECKOTO CJEACTBUS OJHOM (OpMyJbI M3 KOHEYHOTO MHOXKECTBa (hopmyl
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DKBUBAJICHTHO JIOKA3aTEIbCTBY TOTO (DaKTa, dYTO HEKOTOpas CBS3aHHAS C
KOHEYHBIM MHOXECTBOM (hopmyJia oOlIe3HaYMMa WU MPOTUBOPEUNBA.

2.3.8 IlpenBapeHHble (NMPEHEKCHBIE) HOPMAJIbHBIE (POPMBI HCUUCIICHUS
MPEIUKATOB.

Onpeodenenue 19. Jlumepan (numepa) ecTb aTOM UM OTPULIAHUE aTOMA.

Onpeodenenue 20. @opmyna F Haxomutcs 6 KOHBLIOHKMUBHOU HOPMALLHOLL
¢opme TOTNIa U TONBKO TOTNA, Korna F umeer Bua: F; A Fp Ao Fpy n >=1, tre
kaxnaas u3 Fq, F,, ..., Fy, eCcTb Ouswvronkyus 1iumepanos.

Onpeodenenue 21. @opmyna F HaXOguTCs 6 OU3BLIOHKMUBHOU HOPMALLHOLUL
¢opme TOTNIa U TONBKO TOTNA, Korna F umeer Bua: F; v F, vi..v Fy, n>=1 rne
kaxnas u3 Fy, F,, ..., Fl, €CTb KOHBIOHKYUS TUMEpPanos.

B noruke BbICKa3bIBaHU# ObUTH BBEIEHBI 1B€ HOpManbHbIe (hopmbl — KHD u
JIH®. B noruke mpeauKkaToB TakKe CYIIECTBYIOT HopMaibHas ¢opma - [THO,
KOTOpass ~ WCHOJB3YeTCS I YNOPOIICHWS  TPOIEAYphl  JOKa3aTeabCTBA
OOIIE3HAYNMOCTH WJIA TIPOTHBOPEINBOCTH (POPMYIL.

Onpeoenenue 22. Dopmynra F noeuxu npeouxamos Haxooumcs 8
npeo8apeHHoll HOPMAIbHOU (opme, mo20a u Mmoabko mozaoa, Koeoa gopmyia F
umMeem 8uo.

(KiXy)...(KnXn) (M), 20e kasicooe (KiXy), i = 1,...,n, ecmo unu (V%) unu (),
u M ecmv gpopmyna, ne cooepxcawas keanmopos. (KiXy)...(KnXn) Hazvlieaemcs
npeguxcom, a M — mampuyeti popmynwi F.

Aneopumm npeoopazosanus hopmyn 6 [IHD.

Llaz 1. Vicionb3yeM 3aKOHBI 3aKOHBI 1 ¥ 2 HCUMCIIEHUS BBICKA3bIBAaHUN ISl
TOTO, YTOOBI UCKITFOUHUTH JIOTUYECKHUE CBSA3KU UMIUTHMKAIIUN U YKBUBAJICHTHOCTH.

llae 2. MHOTOKpPATHO MCMOJIB3YEM 3aKOH JBOMHOTO OTPUIIAHUSA, 3AKOHBI JI€
Moprana u 3akoHBl 5 W 6 HCUUCICHHUS TPEAUKATOB, YTOOBI BHECTH 3HAK
OTPHUIIAHUS BHYTPH (OPMYJIBIL.

llae 3. llepeMMEHOBBIBAEM CBS3aHHbIE IIEPEMEHHbBIC, €CIU  3TO
HEOO0XOMMO.

Ilaz 4. cions3yem 3akoHswl 1, 2, 3, 4, 7,8, 9 u 10 go Tex mop, moka Bce
KBaHTOPHI HE OyAyT BBIHECEHBI B caMoe Hadano (Gopmysl, 4ToObl moayuuts [THD.

Ipumep 6. [Ipuseoem popmyny (vX) P(X) = (Zx) O(x) k [IHD:

(%) P(X) — () QX)=—=(("%) P(X))v (Zx) Ox)(no saxony 1 nocuxu
BbICKA3bIBAHUIL)

=(Fx)( = P(X)) v(Ix) ) O(x)( no 3axony 5 nocuxu npeouxamos)

=(FX)( = P(X) v Ox))( no 3axony 8 nocuku npeduxamos), umo u ecmo
ITH® ucxoonoti popmynoi.

Ipumep 7. [pusecmu popmyny (VX) (W)(F2)(P(X, 2)A P(y, 2))— (Fu) Q(X,
Yy, ) 6 [IHD:

(V%) (H)((Z)(P(x, 2)A P(y, 2)) = (FU) Q(X, y, u))

= (V%) (V9I(A(FD)(P(x, )4 P(y, 2))) v () O(x, y. w)(uckniouaem —)

=(v%) (W)(¥2) (= P(x, 2) v = P(y, 2)) v () O(x, y, w)(no saxony 6

3axoHam de Mopeana)

= (V)(W)(r2) () (= P(x, 2) v = P(y, 2)) v O(x, y, ) (3axon 3)
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2.4 ABTOMAaTH3alUs J0KA3aTeJbLCTBA B JIOTHKE NNpeaAuKaToOB.

2.4.1 Ucropus Bompoca

[Touck oOmei paszpeniaronieid Npoueaypsl AJisi IPOBEPKUA OOIIE3HAYUMOCTH
dbopmyn nauan Jleit6uur B XVII Beke, 3aTemM ObUT MPOIODKEH B Hadayie XX BeKa
10 TeX mop, nmoka B 1936 roxy Yepu u ThIOpUHT HE3aBUCUMO HE JI0KA3aJIH, YTO HE
CYIIECTBYET HUKAKOW OOIel pa3pemaroieil mporeaypbl, HUIKaKoro ajaropuTMa,
MPOBEPAIONIETO OOMIE3HAYUMOCTh (POPMYyJI B JIOTHKE MPEAUKATOB TEPBOTO
MOpSAKA.

TeM He MeHee, CYHIECTBYIOT AJITOPUTMbI TOMCKA J1I0KA3aTeNIbCTBA, KOTOPBIC
MOTYT MOJATBEPAUTH, 4TO (opmyna oOIIe3HaYMMa, €clii OHa Ha CaMOM Jielie
oO1ie3HauynMa (Jij1s1 HeoOIe3HaYuMbIX (HOPMYJT 3TH aJTOPUTMBI, BOOOIIE TOBOPS,
HE 3aKaHYMBAIOT CBOIO PadoTy).

OdeHb BaXXHBIM MOJXOJ] K aBTOMAaTUYECKOMY JIOKa3aTEebCTBY TEOpEM ObLI
nan Dpo6panom B 1930 roay. Ilo ompenenenuto obmie3Haunmas ¢Gopmyiia €cTh
dbopmyrna, KOTOpas MCTMHHA INpPU BCEX HHTEpIperauusax. JpOpaH paszpadoran
QITOPUTM HAXOXKIEHUS MHTEPIIPETAIIMU, KOTOPas OMPOBEPraeT AaHHYIO (opMylTy.
Opnako, ecnu pgaHHas (opMyna AEUCTBUTENBHO OOIE3HauYMMa, TO HUKAKOM
WHTEPHPETALUA HE CYIIECTBYET M aJrOPUTM 3aKaHYMBAET paldOTy 3a KOHEYHOE
yucio maroB. Merog DpOpaHa CIy>KUT OCHOBOM 71l OOJIBIITMHCTBA COBPEMEHHBIX
aBTOMATHYECKUX aJITOPUTMOB MOKCKA JOKA3aTEIbCTBA.

['mnmop B 1959 roay oaHUM U3 MEPBBIX PeaM30Ball Mpoleaypy DpOpaHa.
Ero mporpamMma Oblna mpeaHazHayeHa JUisi OOHApPYKEHHUS MPOTHUBOPEUYUBOCTH
OTpUIlaHUA JaHHOW (QopMylibl, Tak Kak (popmyna oOle3HaunuMa TOTJa M TOJBKO
TOr/Ja, KOrja €€ OTpullaHue npotuBopeunBo. OnHako, mnporpamma [‘mnmopa
okazanack HedpdexkTuBHOM M B 1960 romy meton ['mnamopa ObLT  yiydIneH
HeBucom u ITatHemom. OnHAKO MX YJIY4YIIEHHE OKA3aJOCh HEAOCTATOYHBIM, TaK
KaK MHOTHe oOllIe3HauuMble (POpPMYJIbI JOTUKH MPEIUKATOB BCE €Ille HE MOTJHU
ObITh JOKa3aHbl HAa OBM 3a pazymHoe Bpems.

['nmaBHbIi mar Bnepen caenan PoOuHcon B 1965 romay, KOTOphI BBEN Tak
Ha3bIBAEMBI METOJI PE30JIIOLMMA, KOTOPBIM OKa3ajicss MHOTO 3(QQeKTHUBHEH, YeM
mobasi onucaHHas panee npouenypa. I[lociae BBeeHUs MeToAa PE30IOLUUN ObLI
NpEUIOKEH PSS CTpareruil s yBenudeHus ero sddexktuBHOCTU. Takumu
CTPATETUSIMU SIBISIOTCS CEeMAaHMUuyeckas pe3ontoyus, A0K-pe30ioyus, IUHeUHAs
pe3onoyus, cmpameus npeonoumenus eOUHUYHLIX U cmpame2usi NOO0ePIHCKU.

2.4.2 CxyneMOBCKHE CTaHAapTHBIE (hOPMBI.

[Ipouienypsl moKa3aTenbcTBa MO JpOpaHy WM METOMY PE30IIONUNA Ha
caMOM JieJe SIBIISIIOTCSA MPOLEAypaMH OINPOBEPKEHUS, TO €CTb BMECTO
JIOKA3aTeNIbCTBa OOIIE3HAYMMOCTH (POPMYJIBI JOKA3bIBACTCSA, YTO €€ OTPHUIIaHUE
npoTuBopeurBo. Kpome TOro, 3Tv mporeaypbl ONPOBEPKEHUS MPUMEHSIOTCS K
HEKOTOpO# cTranmapTHoOU dopme, KoTopas Oblia BBeneHa JleBucom u IlatHeMowm.
[To cyuiecTBy OHU UCTIONB30BAH CIEIYIOUIUE UICH:

1. ®opMyna JOTUKH MPEAUKATOB MOKET ObITh cBeaeHa K [IH®D, B kotopoit

MaTpulla HE COJEPKUT HHUKAKUX KBAHTOPOB, a MNpedUKC €ecTh
MOCJIEIOBATENBHOCTh KBAHTOPOB.
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2. Tlockonpky MaTpuIla He COAEPKUT KBAHTOPOB, OHA MOXET OBITh CBEJCHA
K KOHBIOHKTHUBHOW HOPMaJIbHOM (popMe.

3. Coxpansisi TpPOTUBOPEUUBOCTH (HOPMYJIbI, B HEH MOMXKHO HCKIIOYHTH
KBaHTOpPBHI ~CYIIECTBOBAHUS IyTEM HCIIOIb30BAHUSA  CKYJIEMOBCKHX
byHKIUH.

AnroputMm mnpeo6pazoBanus ¢Gopmyiasl B [TH® wuzBecten. [Ipu momoriu
3aKOHOB 3KBUBAJIEHTHBIX MPE0Opa30BaHUN JIOTUKH BBICKA3bIBAHUM MOMXHO CBECTH
marpuny kK KHO.

Aneopumm npeodpazosanus popmyn 6 JIH® u KHD.

Llaz 1. Vicionb3yeM 3aKOHBI 3aKOHBI | M 2 UCUUCIIEHUS BBICKA3bIBAHUN JJIS
TOTO, YTOOBI UCKITFOUUTh JIOTUYECKHUE CBSI3KU UMIUTHMKAIIUN U YKBUBAJICHTHOCTH.

llaz 2. MHOrOKpaTHO MCHOJIB3YEM 3aKOH JIBOMHOIO OTPULAHHMS, U 3aKOHBI
ne Moprana, 9ToObl BHECTH 3HAK OTPHUIIAHUS BHYTPH (DOPMYJIHIL.

Illaz 3. Heckonbko pa3 MCIOIb3YEM IUCTPUOYTHBHBIC 3aKOHBI U JIpyTve
3aKOHBI, YTOOBI MOTYIUTH HD.

Anroput™m npeobpazoBanus Gopmyibl (KiXy)...(KXn) (M), toe xaxmoe
(Kixy), i = 1,...,n, ectb win (V%) wm (), 1 M ectb KH® B CKYJIEMOBCKYIO
HOpMaJibHYIO (hopmy (CH®D) npuBeneH HUxKe.

Aneopumm npeoopazosanus [IH® ¢ CCD.

llae 1. TlpeacraBum Qopmyiny B [THD® (Kixy)...(KX,) (M), tme M ectb
KH®. Tlyctp K; ectp kBaHTOp cymiectBoBaHus B mnpedukce (KiXy)...(KiXn),
1<=r<=n.

Illaz 2. Ecny HUKaKO# KBAaHTOP BCEOOIIHOCTH He cTouT JieBee K, — BriOepem
HOBYIO KOHCTaHTY C, OTJIMYHYIO OT JAPYTMX KOHCTaHT, BXOAsmux B M, 3ameHum
Bce Xr B M Ha C u BeruepkHeMm K X, u3 mpedukca. Ecou Ky, ...K; — ciucok Bcex
KBAaHTOPOB BCEOOIIHOCTH, BCTpeuarommxcs B mpedurce yepee K, 1< i<r,
BbIOEpEM HOBBIN | —MECTHBIN (DYHKIIMOHAIBHBIH CUMBOJ f, OTIIMYHBIN OT APyrux
(GYHKIIHOHATBHBIX CHMBOJIOB, 3aMeHUM Bce X, B M Ha f(Xy, X,,...x;) U BblUepKHEM
KX, u3 npedukca.

Llaz 3. Ilpumenum mar 2 7151 BCEX KBaHTOPOB CYILECTBOBAHUS B IIpePUKCE.
[Tocneansisi U3 MONMYYEHHBIX (POPMYI €CTh CKVIEMOBCKAS CMAHOApmuas gopma
dbopmynel. KoHCTaHTBI W (QYHKIIMW, WCTHOJIB3YEMBbIE IJIi 3aMEHBI IEPEMEHHBIX
KBaHTOpA CYIICCTBOBAHMS, HA3BIBAIOTCS CK)IEMOBCKUMU (DYHKITHSMU.

Ipumep 8. [onyuumo CCD ons ghopmynwr (K)(Vy)(vVz2)(F)( ) (Fw) (P(X, Y,
Z, U, Vv, w).

B smoii popmyne nesee (Ix) nem Hukakux kearmopos eceoowHocmu, iesee (
Fu) cmosm (Vy) u (Vz), a nesee (Fw) cmosm (VY), (Vz) u ("W).
CneoogsamenvHo, Mbl 3aMEeHUM NEPEMEHHYIO X HA KOHCMAHMY d, NePeMEHHYIO
U - Ha osyxmecmuyto f(V, z), nepemerHHyio W - HA MpexmecmHyo QyHKYumw
g, z, v). Takum obpazom, mol noayiaem ciedyiowyo cmaHoapmHuyo Gopmy
HanucauHoul gvlule Qopmynsl:

(W) (P2)(W)(P(a, y, z, 1y, 2), 9(y, z, v)).

Onpeodenenue 22. Jluzvionkmom Ha3vl8aemcs OU3BLIOHKYUS JTUMEPALO8.
Husvionkm, cooepocawuii v IUMepanos, HA3bIBAEMCs  F-  IUMEPAbHbIM
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ousvionkmom.  OOHOIUMEPANbHbIUL ~ OUZBIOHKM — HA3bIBAEMC  eOUHUYHBIM
ouzvionkmom. Ecnu Ouzvionkm He coO0epitcum HUKAKux JAumepanos, mo OH
Ha3vlaemcs nycmolM OusvlOHKmom- [/ . Tak xax nycmoti OU3blOHKM He
cooepoicum aumep, Komopvle Mo2nu 0bl OblMb UCMUHHBLIMU NpU  TH00bIX
UHmMepnpemayusx, mo nycmotl OU3bIOHKM 6ce20a JI0HCEH.

Onpeoenenue 23:. MHoowcecmeo Ou3vlOHKmMos S ecmb KOHBIOHKYUS 6CeX
OU3bIOHKMo8 u3 S , 20e Kaxcoas nepeMmeHHas 8 S cuumaemcsi ynpaeusiemou
K8AHMOPOM 8CE0OUHOCMIU.

Bcenencteue nocneanero ompenenenus, CCDO moxeT ObITH Mpe/cTaBlIeHA
MHO>KECTBOM JTU3BIOHKTOB.

Ipumep 9. [onyuums cKynemo8cKkyr0 cmanoapmmuyo opmy opmyisl

(7)) (P(X) A (W) (= (Y2)Q(z, ¥)— (FWR(U, v))) u npeocmasumo eé 6 uoe
MHOHCECMBA OU3LIOHKMOB.

1. Ucknouum céa3Ku uMnaukayuu:

(V%) (P(x) A (V9)(= =(72)Q(x, y) v (U)R(u, X, ))).

2. Yoanum becnonesnvie keanmopuwi.

(V%) (P(X) A (PY)(= —Q(z, y) v (FU)R(u, y))).

3. Ilpumenum npasuno 080UHO2O0 OMPUYAHU.

(V%) (P(x) A (V9)(Q(z, y) v (FU)R(u, ¥))).

4. [lepemecmum K8AHMOPLL 8 HAYALO POPMYIbL:

(V) () () (P(X) A (Q(z, y)vR(u, y))),

(x)(ry)(3u) (P(x) A (Q(z, y) vR(u, ¥))).

Honyuum [THD.

(W) (FU)(P(X) A (Q(z, Y)v R(u, y))), y Komopoii mampuya HaXo0umcsi 6
KH®.

H36a6umcs om k6aHmopoe cyuyecmeosanus 8 npegpukce:

Tax kax neped (Fu) ecmo (VX),(Vy) mo nepemennas u 3zamensemcs
osyxmecmuou yukyueu f(x, y). Taxum obpazom, mvl nonyyaem Cieoyiouyio
CMaHOapmmuyio hopmy:

(V)P (P(x) A (Qz, y) vR(E(x, Y), ¥))).

Honywum CCO.

Omobpocum KeAHMOpvl  BCCOOWHOCMU U  3AMEHUM KOHBLIOKYUIO HA
nepeuuciexue:

{P(x), (Q@z y) vR(f(x, y), y))}-

THonyuum mHoNCECMBO U3 08YX OUZHIOHKMOS.

Ipumep 10. Ionyuums cKyi1emMo8CKy0 Cmanoapmmuyo gopmy dopmyol

(V(H)(Z)(( = P(x, y) 2 Q(X, 2)) vR(X, Yy, 2) A (= Q(X, 2) A P(X, y))).

Crauana ceedem mampuyy kK KH®:

(=P, y) vR(X, Y, 2 )2 (Q(X 2) vR(X, Y, 2)) A (= Q(X, 2) A P(X, y))).

3amem usbasumcs om K8AHMOPO8 CyujeCmeo8anus 8 npegukce:

Tax kax nepeo (H)(F) ecmov (Vx), mo nepemennvie y, z 3ameHsOmcs
COOMBEMCMBEHHO OOHOMecmHbIMU QyHKyusmu f(x), g(x). Taxum obpazom, muvl
noyyaem ciedyrouyo CmaHoapmuyo opmy:
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(VX)(((= P(x, (x)) v R(x, f(x), g(x))) (Q(x, 9(x)) v R(x, T(x), g(x)) » (=Q(x,
g(x)) A P(x, f(x)))).

IIpeocmaesum nonyuenuyro CCD 6 gude mHoHcecmsa OU3bIOHKNO8:

{=P(, 1)) v R(x, £(x), g(x)), Q(x, g(x)) v R(x, f(x), 9(x)), =Q(x, g(x)) 1 P(x,
fO))}-

Teopema 3. Ilycmv S — MHOJCECMBO  OU3BLIOHKMOS,  KOMOpbLE
npeocmasnsirom CCD gopmynvt F. Toeoa F npomusopeyusa 6 mom u mojivko 8
mom cryuae, Kko20a S npomusopeduso.

Ha ocnosanuu meopem 2 u 3 moowxcno coenamuv 6v1600, umo gopmyna G
aensiemca no2udeckum cireocmeuem gopmynvl F moeoa, koeda npomusopeuusa
KOHBIOHKYUSL MHOdcecmaa S u gopmynvt —G, mo ecmsb npomugopeyusa gopmyna
St A S, A LS A =G Takum obpazom, ecau 6 muoxcecmso S 006asumv
Hecamuenvli aumepar —G U 00KA3amb, UYMO NONYUYEHHOE MHOHCECEO
NPOMUBOPEUUBD, MO MeM CAMBIM MOXNCHO 0oKaszamb 8vlgooumocms G u3
MHOXMCEcmaa S.

2.4.3 MeToa pe3otoIuil B UICUUCIICHUH BbICKa3bIBAHUM.

OcHOBHasi uaes MeTofa PE30JIIOLMI COCTOMT B TOM, YTOOBI MPOBEPHUTH,
CONICPKUT JIM MHOXKECTBO ITU3BIOHKTOB ITyCTOM IM3BIOHKT. ECIW MHOXECTBO
COJICPKUT ITYCTOW NIU3BIOHKT, TO OHO TMPOTHBOPEUYMBO (HEBBIMOJHUMO). Ecim
MHOKECTBO HE COJCPIKHUT IMyCTOM MU3BIOHKT, TO MPOBEPSICTCS CIeAYIOMUi (PaKT:
MOJKET JIM ITyCTOW JU3BIOHKT OBITH MOJYYEH M3 JAHHOTO MHOXECTBA. MHOXECTBO
COZICPKUT TyCTOM MU3BIOHKT, TOTJa M TOJBKO TOT/a, KOrjga OHO Tyctoe. Ecmm
MHOKECTBO MOXXHO CBECTH K IIyCTOMY, TO T€M CaMbiM MOXXHO J0Ka3aThb €ro
IIPOTUBOPEUYUBOCTb. B 3TOM M COCTOMT METOA PE30IIOLUN, KOTOPBIA YacTo
paccMaTpUBAIOT Kak CHEIUaIbHOE TPABWJIO BBIBOJA, HCIIOJIB3yEeMOE IS
MOPOKICHHS HOBBIX TM3BIOHKTOB M3 JJAHHOTO MHOYKECTBA.

Onpeoenenue 24:Eciu A amom, mo aumepaivl A u —A Kommpaphvl Opye
opyay, u mHodcecmeo { A, —A } Hazvieaemcs KOHMpapHoU napoii.

Ommemum, yYmMo OU3BLIOHKM eCmb MA8MmMoNocUs, eCciu OH COOEPHCUM
KOHMPAPHYIO Napy.

Onpeodenenue 25: I[Ipasuno pezontoyuii cocCmoum 8 ciedyroujem:

s no6wix 08yx ousvronkmos Cy u C,, ecau cywecmgyem aumepain Ly 6 Cy,
Komopuwiii koumpapen aumepany L, 6 C, mo ewviuepknys Ly u L, uz C; u
COOMBEMCMBEEHHO U NOCMPOUE OUSHIOHKYUIO OCMABUUUXCST OUSHIOHKINOS, NOJIYYUM
pezonroyuto (pezonveenmy) Ci u C.

Ilpumep 9: paccmompum credyrowjue OU3bIOHKMbL:

Cl: P\/R,

Cz: —P \/Q

Huzvtonkm Cy umeem aumepan P, komopuii konmpapen aumepany —P 6 C,.
Cneoosamenvho, eviuepxusas P u —P uz Cy; u C, coomeemcmeeHHo, nOCmMpoum
OUZBIOHKYUIO OCMABUUXCSL Ou3vbionkmog R u Q u noayuum pezonveenmy Rv Q.

BaxxHBIM CBOCTBOM pE30JIbBEHTHI SBIISIETCS TO, YTO JIO0Aasi PE30JIbBEHTA
nByx nu3btoHKTOB C; m C, ectp normueckoe cnencteue C; m C,. D10
YCTaHABJIMCBACTCA B CIAEAYIOINICH TeOpeMe.
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Teopema 4. Ilycmov oanwvl 06a ouzvionkma Ci u C,. Tozoa pezonveenma C
ouswvronkmos Ci u Cyecmo nocuueckoe cneocmeue Cp u Cs.

Ecaum ecth nBa €IMHWYHBIX JAU3BIOHKTA, TO HMX PE30JbBEHTA, €CIU OHa
CYIIECTBYET, €CTh IIYCTOM MAW3BIOHKT [l bojee cCyiiecTBeHHO, YTO s
HEBBITIOJITHUIMOTO MHOKECTBA TM3BIOHKTOB MHOTOKPATHBIM ITPUMEHEHUEM MPaBHJIA
PE30IIIOUI MOXKHO OPOAUTS | .

Onpeodenenue 26: Ilycmv S — mHodCECMBO OU3BLIOHKMOS. PezontomugHulil
évicoo C uz S ecmv maxas koueunas nocieoosamenvtocms Ci, C,, ..., Cy
Ou3vbIoHKMos, ymo xadicoviii Ci unu npuxadiedcum S uiu A61semcs pe30ib8eHmou
ousvionkmos, npeouwecmgyrouux Ci, u Cy=C. Bwieoo [ uz S Hnasvlieaemcs
onposepaceruem (Ui 00Ka3amenbCmeoM HeBbINOIHUMOCHU ) S.

Ilpumep 11. Paccmompum mHosxicecmso S:

1. -PvQ,

2. =Q,

3. P.

U3 1 u 2 nonyuum pesonveenmy

4, —P.

U3 4 u 3 nonyuum pesonveenmy

5. [

Tax xax [/ nomyuaemcs uz S npumeHeHUAMU NPAGUIA Pe30TIOYULL , MO

coznacho meopeme 4 [/ ecmov no2udeckoe cieocmsue S, ciedogamenvHo S

HeBbINOIHUMO.

Meton pesomrornuii  sBisgercs Haubojee A¢PGEKTUBHBIM B Clydae
MIPUMEHEHHS €T0 K MHOXKECTBY XOPHOBCKHUX JTU3BIOHKTOB.

Onpeodenenue 27: Dpazou Hazvieaemcs OU3BbIOHKM, V  KOMOPO2O
He2amueHvle JUmepaivl pasmeujaomecs nocie NO3UMUBHBIX JUMepaios 8 KOHYe
OU3BLIOHKMA.

Ilpumep 11: Py VP, v...Py v —N; v —=N,... v =Ny,

Onpeoenenue 28: ®@paza Xopua smo ¢hpasza, codepaicawjas moibkKo OOUH
NO3UMUBHBIU TUMEPA.

Ipumep 12: npeobpazoeams ¢hpazy XopHa 8 06pamuyro UMRIAUKAYUIO.

P v —=N;v-=Ns. v-Nj,

—N; v =Nj...v —=Np == (N1 A N> A...ANp)
P« (N; ANy A...ANp)

P« Nl, N2, Nm

[Ipu mpencraBiaecHUN AU3BIOHKTOB (ppa3zaMu XOpHA HETaTHBHBIC JIUTEPAJIBI
COOTBETCTBYIOT THIIOTE3aM, a TMO3UTHBHBIN JINTEpAT TMPECTABISCT 3aKIIOUYCHUE.
EquHAYHBIA MO3UTUBHBIA AU3BIOHKT IIPEACTABISICT HEKOTOPBIM (akT, TO €CTh
3aKJIIOUCHHE, HE 3aBUCSINECe HU OT KaKUX TUIoTe3. YacTo 3ajada COCTOUT B TOM,
YTO HAJI0 TPOBEPUTH HEKOTOPYIO (OpMyIly, Ha3bIBAEMYIO IEJbI0, JIOTUYECKU
BBIBEJICHHYIO M3 MHOXECTBA MPaBWI M (HaKTOB. Pe30Ionus SBISETCS METOJIOM
JI0OKA3aTelIbCTBA OT MPOTHUBHOTO: UCXOA M3 (PAKTOB, MpaBUI W OTPHUIIAHUS IICIH,
IPUXOAUM K MTPOTUBOPEUHIO (ITyCTOMY TU3BIOHKTY).
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2.4.4 TlpaBuiio yHU(UKALKMU B JIOTHKE MPEIUKATOB.

[TpaBmiio pe3oroNuii MpeanoiaracT HaXoXJACHUE B JAU3BIOHKTE JIMTEpaa,
KOHTPAapHOTO JIUTEpAly B JPYroM JAW3bIOHKTE. J[IsI TU3BIOHKTOB JIOTHKH
BBICKA3bIBAaHUI ATO OYCHH MPOCTO. I MTU3BIOHKTOB JIOTHUKH TIPEIUKATOB MPOIECC
YCIIOKHSCTCS, TaK KaK IU3BIOHKTHI MOTYT COJAEPXaTh (DYHKIMHU, TIEPEMEHHBIC U
KOHCTAHTHI.

Ipumep 12. Paccmompum OuzvioHKmol.:

Ci: P(y)vQ(Y),

Co: =P(f(x)) v R(X).

He cywecmsyem Hnukaxozco numepanra 6 Ci, KOHMPAPHO20 KAKOMY-TUOO
aumepany 8 C,. Oonako, eciu noocmasums f(a) emecmo Yy 6 Cy u a emecmo x 6 Cs,
MO UCXOOHbLE OUZLIOHKMbL NPUMYM U0

Cy : P(f(a)) v Q(f(a)),

C,: —P(f(a)) v R(a).

Tax kak P(f(a)) koumpapen —P(f(a)), mo modxcHO noyuums pe3ovbeeHnmy

Cs: Q(f(a)) vR(a).

B obwem cnyuae, noocmasus f(x) emecmo 'y ¢ Cy, nonyuum

Cy : P(f(x)) v Q(f(x)).

Jumepan P(f(x)) & C. «roumpapen aumepary —P(f(x)) & C..
CnedosamenbHo, MONCHO NOJYUUMb PE30TbBEHMY

Cs: Q(f(x)) vR(x).

Takum oOpa3oMm, eciM TMOJACTABIATh TOIXOJAIIMNE TEPMBI BMECTO
NIEPEMEHHBIX B UCXOIHBIC TU3BIOHKTHI, MOKHO IOPOXKJIATh HOBBIC JU3BIOHKTHI.
OtmetuM, uyTo au3bloHKT Cz w3 mpumepa 13 saBmsercs Hambosiee OOIUM
JTU3BIOHKTOM B TOM CMBICIE, YTO BCE JPYrUe ITU3BIOHKTHI, IMOPOXKICHHBIC
MIPABHIIOM PE3OJTIOIMH Oy TyT YaCTHBIM CJIydaeM JaHHOTO JU3BIOHKTA.

Onpeoenenue 29: Iloocmanoska 6- 3mo KoHeuHOe MHONCECmMB80 6Udd
{tilvy, ...t} 20e kaorcoas vi — nepemennasi, Kaxicowlil t; — mepm, OMAULHBLIL OM Vi,
8ce Vi paziuiHbl.

Onpeodenenue 30: I[loocmanoeka 6 mnasvieaemcs yHuguxamopom O

muoocecmea {Ei, ..., E} moedoa u monvko moeoa, koeoa E0=E,0=... E0.
Mmnoowcecmseo  {Ey,..., Ey yuuduyupyemo, eciu o0na  Heeco cywecmeyem
YVHUpuUKamop.

[Ipexne yeM NMPUMEHUTH NPABUIIO PE3OJIOUMUA B HCUUCICHUHM NPEAUKATOB
NepEeMEHHBIC B IUTEpaIax HEOOXOIUMO YHU(PUITUPOBATD.
YHudukanys npou3BOAUTCS MPU CIASAYIOMNUX YCIOBUSIX:

1. Ecnu Tepmbl KOHCTaHTBI, TO OHU YHUDUIIMPYEMBI TOTAA U TOJBKO
TOI'/1a, KOTJ1a OHU COBIIAJIA0T.
2. Ecnu B mepBOM JU3BIOHKTE TEPM IMEPEMEHHAs, a BO BTOPOM

KOHCTaHTa, TO OHU YHU(PUIMPYEMBI, MPU STOM BMECTO NEPEMEHHOU
MOJCTABIIAETCS KOHCTAHTA.

3. Ecnu TepM B mnepBOM OU3BIOHKTE NEPEMEHHAsT W BO BTOPOM
JTU3BIOHKTE TEPM TOXKE NEPEMEHHAs!, TO OHU YHUDHUIIUPYEMBI.
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4, Ecnim B mepBoM NIHU3BIOHKTE TEpM TIEPEeMEHHAs, a BO BTOPOM -
ynotpebiaeHne (QyHKIHH, TO OHU YHUDUIUPYEMBI, MPU ITOM BMECTO
MIEPEMEHHOM MOACTABIISAETCS YIIOTpeOIeHne QyHKITUH.

5. YHUDUIUPYIOTCS MEXKTy COO0H TEepMBbI, CTOSIIME HA OIMHAKOBBIX
MeCTaX B OJIMHAKOBBIX MPEIUKaTaX.

Ilpumep 13. Paccmompum OuzvioHkmoi.:

1. O(a, b, c) u Q(a, d, I). Juzvionkmol ne yHughuyupyemoi.

2. Q(a, b, ¢) u Q, y, z). uzvionkmol ynuguyupyemoi. Yuuguxamop - Q(a,

b, ).

Onpeodenenue 31: Ynugpuxkamop o ona muoocecmea {Ey,..., Ey} 6yoem
Haubonee 0OWUM VHUDUKAMOPOM M020a U MOJbKO mo20d, Ko2oa OJisl KAHCO020
VHuguxamopa 6 0 3moeo MHOdCECMBA cyujecmeyem maxas noOCMAHO8Ka A,
umo G=o ° A, mo ecmov O s6156mcs KomMnozuyuel n0OCMaHoO80K O U A.

Onpeodenenue 32: Komnosuyuei noocmanogok o u A ecmv Qpyuxkyus o ° A,
onpedensiemas creoyrowum oopasom (o ° A) [t|=ol A[t]], 20e t — mepm, cu A -
noocmanoexu, a A[t] — mepm, xomopwiti noayuaemcs uz t nymem npumeHeHusi K
HeMy NOOCMAHOBKU A.

Onpeodenenue 33: MHodxcecmeo paccoenaco8anuii Henycmoz2o MHOMCeCmad
ouzvionkmos {E, ..., Ex} nonyuaemcs nymem gvisigieHus nepeoul (cieéa) nosuyuu,
Ha KOmopou He 05 6cex Ou3vionkmog uz E cmoum ooun u mom dice cumeon, u
BLINUCBIBAHUSL U3 KAHNCO020 OU3LIOHKMA MepMd, KOMOPblll HAYUHAEMCs ¢ CUMBOIA,
3anumaroue2o O0amHyio nozuyuro. MHodcecmeo mepmos u ecmb MHONCECMBO
paccoenacosanuii 8 E.

Ipumep 14. Paccmompum Ou3vroHKmMbl:

{P(x, f(y, 2)), P(x, @), P(x, g(h(k(x))))}-

Mmnooicecmeo  paccoenacoeanuil  cocmoum U3 MepMos8,  KOMopbvie
HAYUHAIOMCA ¢ NAMOU NO3Uyuu U npeocmasisem cooou muoxcecmeo {f(x, v), a,
g(h(k(x)))}.

Aneopumm yHuguxkayuu 01 Haxodxcoenus: Hauboee obue2o yHugpuxkamopa.

[Tycth E — MHOXECTBO AM3BIOHKTOB, D — MHOKECTBO paccorjiacoBanuii, k —
HOMED UTEpaIuu, Gk Hanbosee oOmui yaudukarop Ha k-0t urepanuu.

Lllae 1. TlpucBoum k=0, o=e (mycrout yaudukarop), Ex=E.

Llaz 2. Ecim nna Ex He cyliecTByeT MHOXKECTBA paccoriacoBaHui Dy, To
OCTaHOBKa: Ok — Haubosee obmui yaudukarop nis E. Mnaue HalimeM MHOXKECTBO
paccornacoBanui Dy.

llaz 3. Ecnu CymecTBYIOT TakHE OJJIEMEHThl Vg U ty B Dy, 4TO Vi
nepeMeHHas1, He BXOIAIIas B TEPM ty, TO mepeliaeM K mary 4. B mpoTuBHOM ciiydae
ocraHoBka: E He ynudunupyemo.

Illaz 4. ITyctb 6ye1=0k { t / Vk}, 3aMeHUM BO Bcex Tu3bIoOHKTaX Ey ty Ha vy.

Illaz5. K=k+1. Ilepetitu k mary 2.

Ipumep 16. Paccmompum ousvronkmeol:

E={P(f(a), 9(x)). P(y, V)}-

1. Eo=E, k=0, ap=¢e.

2. Do={f(a),y}, vo=Y, to=f(a).



37

3. or=={f(a)ly}, E:={P(f(a), 9(x)), P(f(a), f(a))}.

4, D;={g(x).f(a)}.

S. Hem nepemennou ¢ mnoowcecmse paccoenacosanuti D;.

CnedosamenvHo, aneopumm yHuguxayuu 3asepuiaemcs, MHoxcecmeo E —
He YHUuyupyemo.

2.4.5 MeTtop pe3oionuii B UCYUCIICHUU TPEIUKATOB

C nomotpio YHU(DUKAIIUKA MOKHO PaCHpOCTPAaHUTh MPABUIIO PE30IOLUIN Ha
UCYHCIICHHE TpeAankatoB. [lpu yHuuKarmu BO3HHUKAET OJHA TPYAHOCTH: €CITU
OJIMH WX TEPMOB €CTh MIEPEMEHHAS X, & IPYTOi TePM COJIEPKHUT X, HO HE CBOJUTCS
K X, yHU(UKanus HEBO3MOXKHa. [Ipobrmema pemiaeTcss myTeM NeperMEHOBaHWUS
MIEPEMEHHBIX TaKUM 00pa3oM, 4T0ObI YHU(DHUIIUPYEMbIC TU3BIOHKTHI HE COJIEPIKaIIH
OJIMHAKOBBIX TICPEMEHHBIX.

Onpeodenenue 34: Ecnu o0sa unu b6onee numepana (¢ 0OUHUKOBbIM 3HAKOM,)
ouzvionkma C umerom Haubonee odowuii yruguxkamop o, mo Co - Hazvleaemcs
cknetixou C.

Ilpumep 15. Paccmompum OuzvoHKmol!

Ilycmoe C= P(x) v P(f(y)) v —=Q(X).

Toeoa 1 u 2 numepanst umeiom naubonee oowui ynuguxamop o = {f(y)/x}.
Cneoosamenvno, Co=P(f(y))v —=Q(f(y)) ecmv cknetixa C.

Onpeodenenue 35: Ilycmov Cy u C, — 06a OuzvionKkma, KOmopbule He uMerom
HUKakux obwux nepemennvix. Ilycmo Ly u L, - 0éa aumepanra ¢ C; u C,
coomeemcmeenno. Ecau Ly u —L, umerom naubonee obwuii ynuguxamop o, mo
ouzwvionkm (Cio - Lio) U (Cyro - Lyo) nazwieaemes pezonvsenmoii Cy u C,.

Ipumep 16:Ilycmb C1= P(X)v O(x) u C,= —P(a) v R(x). Tak kax x éxooum &
C1 u C,, mo mwt 3amenum nepemennyio 6 C, u nycmo C,= —P(a)v R(y). Bvioupaem
Li= P(x) u L,=—P(a). Ly u L, umerom naubonee obwuii ynugpuxamop o={alx}.
Cnedosamenvro, Q(a) v R(y) — pezonvsenma Cy u C,.

Ipumep 17:/lokazams, umo gopmynra R(a, Z) evieoouma u3 MHONCECMEA
ouswvronkmos S={—P(x, f(x))v R(x, f(x), g(x)), Q(X, g(x)) v R(x, f(x), g(x)), =Q(X,
9(x)) 2 P(x, f(x))}.

Iyems C1=—P(x, f(x)) v R(x, f(x), Co= Q(X, 9(x)) v R(x, f(x), Cs=—Q(X, g(x))
v P(X, f(X)). Jobasum k muoscecmsy S eounuunsiii ouzvionkm C,=—R(a, z).

Tax xax 6 ouswvionkmax Cy, C, , C3 ecmv oounakosas nepemennas X, mo
3amenum eé 6 C, na 'y, a 6 C3 na U. Takum obpazom, peulenue ucxooHol 3a0ayu
c800UMCsL K O0KA3AMENbCMEY NPOMUBOPEUUBOCTIU  CILEOVIOUIe20 MHOMCECmEd
OU3BIOHKINOB:

Ci=—P(x, (X)) v R(X, f(x);

Co=Q(y, 9(v)) vR(y, f(y);

Ca=—Q(u, g(u)) v P(u, f(u));

C,=—R(a, 2).

Haiioém pezonveenmy Cs ouzvionkmos Cyu C3u 0obasum eé k MHOdMICECMB)Y
OU3BLIOHKMOE, O Ye20 Npouseedém YHuukayuro nepemerHuvlx X u U, maxum
obpazom, umo U samenum Ha X, u noayyum Cs= R(X, f(x)) v =Q(X, g(x)).
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Haiioém pezonveenmy Cg ouzvionkmos C, u Csu 0obasum eé k MHodxCcecmasy
OU3BLIOHKMOE, O 4e20 NpPOoU3Be0ém YHUDUKAyU nepemenuvix Y u X, maxum
obpazom, umo Y 3amenum na X, u noayuum Cs= R(X, f(X)) v R(X, f(x))= R(X, f(X)).

Haiioém pezonveenmy C; ouzvionkmos Cy u Cgu 0obasum eé Kk MHOMCECMB)Y
OU3BIOHKMO8, OJIsl Ye20 NPOU3Be0éM 3aMeHy NepeMeHHOU X Ha KOHcmawmy @, a
nepemennyio 7 3amenum Ha ynxyuio f(a), maxum obpazom nomyuum C;= [, mo
ecmb nycmou OU3bIOHKM.

Aneopumm memooa pe3onroyui.

Hlaz 1. Ecnu 6 S ecmb nycmoti Ou3vioHKm, mo MHOMCECME0 NPOMUBOPe4Uso
(HesvinonnuMo), unaue nepeiimu Kk wazy 2.

lae 2. Haumu 6 ucxooHom muodcecmeae S makue OU3bIOHKMblL UL CKACUKU
ouzvionkmos Ci; u C, Komopvle cooepxcam YHUuyupyemvie KOHMPAPaHvle
aumepanvt Ly € Cy u L, € C, Eciu maxux OusvblOHKMO8 Hem, Mo UCXOOHOe
MHOJMHCECMBO BLINOTHUMO, UHAYe nepetumu K wazy 3.

Lllaz 3. Boiuucaiumso pezonveenmy Cy u C, u 0obasums ee 8 MHOMCECMB0 S.
Ilepeiimu k waey 1.
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3 BBeeHue B A3BIK JIOrH4ecKkoro nporpammuposanust [IPOJIOT
3.1 TeopeTuyeckue 0CHOBBI

SA3bik [Iposior 00beIUHSET ABa MOAXO0/Aa: JIOTHYECKUIN U IIPOLICTYPHBII.

[lo wmaenuto JIx. PoOuHcOHa B  OCHOBE HJEH  JIOTHYECKOIO
MpPOTPaMMHUPOBAHUS  JIEKUT TMPUHLIMI  ONUCAHUS  3aJayd [OpU  [OMOULIU
COBOKYIMHOCTH YTBEPXKJICHU HA HEKOTOPOM (OPMAJILHOM JIOTHYECKOM SI3bIKE U
MOJIYYCHHUE PEIICHUS MPU MOMOIIY BHIBOJA B HEKOTOPOU (HOPMaIbHOW CHUCTEME.
OcHoBoli s3b1ka [Iposor sBisieTCs: JOTUKA TPEAUKATOB MEPBOTO MOPSIAKA.

[Iporpamma Ha I[lposiore BkJIOYaeT B ceOsl MOCTAHOBKY 3aJayd B BUJIEC
MHOkecTBa (pa3 XopHa (pasgen clauses) m ommcanme menmu (pasmen goal), -
(bOpMYITHMPOBKY TEOPEMBI, KOTOPYIO HYXXKHO JI0Ka3aTh, MCXOIS W3 MHOXKECTBA
npaBui U (PaKkToOB, COAEPHKAIIUXCS B 3TOM MOCTAHOBKE.

[Ipomiecc moucka [I0KAa3aTelbCTBA OCHOBAH HA METOJE JIMHEWHOM
pe3oonun  (IU3BIOHKTHI TOAOMPAIOTCS B TOPSAKE WX CIEIOBAaHUS B TEKCTE
IPOTPaMMBI).

[IpommtocTpupyeM  MPUHIMI  JIOTUYECKOTO MPOrPaMMHUPOBAHUS  HA
POCTOM TMpUMEpE: 3alUIlIeM HM3BECTHBIA METOJ] BBIUMCICHUS HAMOOJBIIETO
oOIIero AenuTeNsl JBYX HATypaJlbHBIX uucel — anroputMm EBkimma B Buje
XOpHOBCKUX NU3BIOHKTOB. [Ipu sTOoM mpumem HOByI0 ¢dopmy 3amucu (ppasbl
XopHa, Hanpumep —PA—QA—RAS Oynem 3amuceiBath kak S: - P, Q, R. Torma
anroput™ EBKiMma MoxHO 3anmucaTh B Bujie Tpex (pa3z XopHa:

1. NOD (x, X, X): -.

2. NOD (x, Y, z): - B (x,y), NOD (f (x,Y),V, 2).

3. NOD (x, Y, z): -B (y, X), NOD (x, f (y, X), 2).

[Ipenukar NOD — ompenenser HawOONBIIUNA OOIIMI ACIUTENb Z IS

HaTypaJIbHbIX 4Yuced X U Y, npeaukar B — ompexpenser oTHOIIeHHE «OOJbLIEY,
bynkius f — onpenenser onepanuto BerautaHus. Eciu Mbl 3aMeHUM nipeaukar B u
¢dynknuto f 0OOBIYHBIME CHMBOJIaMH, TO (hPpa3bl IPUMYT BUJ:

1. NOD (x, X, X): -.
2. NOD (X, Y, z): - x>y, NOD ((x-), VY, 2).
3. NOD (X, Y, z): -y>x, NOD ((x, y- X), 2).

Jnst BbIYMCIEHHST HAaWOOJbBIIET0 OOIIEro AENHUTENs ABYX HaTypalbHBIX
yucen, HarpuMmep 4 1 6, 100aBUM K OMUCAHUIO aJIrOPUTMa YETBEPTHIN TU3bIOHKT:

4. /7. - NOD (4, 6, 2).

[Tocneauuii AU3BIOHKT — 3TO 1€Jb, KOTOPYIO MBI Oy/I€M IBITaThCSl BHIBECTU
13 MEPBBIX TPEX TUIBIOHKTOB.

3.2 OcHoBBbI f13bIKa porpammupoBanus [posaor

3.2.1 OGmme NoJ0KEeHUS

S3eik mporpammupoBanus IIpomor (PROgramming LOGic) mpeanosaraet
NOJIy4YEHUE pEIICHUs 3aJa4yd I[pU IOMOIUM JIOTHYECKOTO BBIBOJA W3 paHee
u3BecTHhIX  ¢aktoB. I[Iporpamma Ha s3eike [Ipomor He  sBisieTcs
MOCJIEIOBATEIbHOCTBIO JICMCTBUI — OHA MpencTaBisier coOod Habop ¢GakToB U
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paBuj, OOCCIICUMBAIONIUX TOJYyYEHHUE JIOTHYCCKUX 3aKIIOYCHUH W3 JaHHBIX

(bakToB. ITosTomy [Iponor CUMTAETCS 0eKNapamueHbim A3BIKOM

IPOrpaMMHUPOBAHUSL.

[Iposnor Oazupyercss Ha ¢ppazax (npeodnosxcenusx) XopHa, SBISIONIUXCS
MOJIMHOXECTBOM (hOPMaJIbHON CUCTEMBI, Ha3bIBAEMOMU 102UKOU NPEeOUKamos.

[Iposor wucHonb3yeT YHOPOIICHHYK) BEPCHI0 CHHTAaKCHCA  JIOTUKH
MPEAUKATOB, OH MPOCT IS IOHUMAaHUS U OY€Hb OJIU30K K €CTECTBEHHOMY S3BIKY.

[Iponor mmeer MeXaHU3M BBIBOJIA, KOTOPBIA OCHOBAaH Ha COMOCTABJICHUU
obopaznoB. C momompi0 Mmoa00pa OTBETOB Ha 3ampochkl [Iponor wusBiekaer
xpassryocs uHpopManmio. [Iposor meITaeTcsi OTBETUTHh HA 3aIPOC, 3arparinBas
nH(OpMAITHIO, 0 KOTOPOH YK€ U3BECTHO, UTO OHA NCTHUHHA.

OpHoli U3 BaxkHeWux ocobeHHocter [Iponora sBiaseTcs TO, 4YTO OH UIIET
HE TOJIBKO OTBET Ha IIOCTABJICHHBIM BOMNPOC, HO MW BCE BO3MOYKHBIC
albTepHATUBHBIC pelieHus. Bmecto o0O0buHONM pabOThl  MpOTrpaMMbl  Ha
IIPOLIEIYPHOM SI3bIKE OT HadaJia U 10 KOHLA, [Iposior Mmoxker BO3BpalarTecs Ha3al
Y IIPOCMATPUBATh BCE OCTAJIbHBIE ITyTH MPU PEIICHUHN BCEX YaCTEH 3a/1auH.

[Iporpammuct Ha [Iposiore omuchIBaeT 0Ovexmbl U OMHOULEHUs, a TaKKe
npasuida, TpU KOTOPBIX 3TH OTHOIIEHUS SIBISFOTCSI UCTUHHBIMH.

OO0bexThl  paccyxaenuss B [lposore  HasbIBalOTCI — mepmamu - —
CUHTaKCUYECKUMH 00BEKTaMU OJHOU U3 CIEAYIOIIMX KaTeTOPHIA:
® KOHCTaHTHI,
® [ICPEMEHHBIE,

e (yHKIHUM (COCTaBHBIC TEPMbI UM CTPYKTYPHI), COCTOSIIUE U3 UMEHU (DYHKIINH
U CIHCKAa apryMEHTOB-TEPMOB, MMEHa (DYHKIIMII HAYMHAIOTCA CO CTPOYHOMU
OYKBBI.

Koncmanma B Ilposiore ciayXut mjis 0003HAUYECHHS] UMEH COOCTBEHHBIX U
HAYMHAETCS CO CIMPOYHOU OYKEbI.

llepemennas B Ilponore ciyxuT ajisi 0003HAUYCHHS OOBEKTa Ha KOTOPBIMA
HEJIb351 COCNIATBCA 1O UMEHU.

[Iponor He uMeeT onepaTopa MPrUCBAUBAHUS.

Ilepemennvie ¢ Ilponoze unuyuanusupyromcsa npu COROCHMAGIEHUU C
KOHCIMaHmamu é paxmax u npaguiax.

Jlo wuHWIMATU3aIuyu  TepeMeHHas CBOOOJHA, TIOCJIE€ IIPHUCBOCHHUS Ci
3HAYEHHsS] OHA CTAHOBUTCA CBs3aHHOW. [lepeMeHHas OCTaeTcs CBSI3aHHOW TOJIBKO
TO BpeMs, KOTOPO€ HEOOXOAMMO IS TOJYYEHUsS PEIICHUS IO 3ampocy, 3aTeM
[Iposor 0cBOOOXKAAET €€ U UIIET APYTrOe pelieHue.

[Iepemennsie B IIposore mpenHazHadyeHbl sl YCTAHOBJIEHUS COOTBETCTBHUS
MEXIy TEepMaMH NPEIUKATOB, JACHCTBYIONIMX B TMpeaenax oOaHou (dpasbl
(mpemyiokeHus), a HE MECTOM IMaMsITH IJisg XpaHeHWs AaHHbIX. llepemeHHas
HAYMHAETCS C MPOMUCHON OYKBBI MJIM 3HAKOB TTOTYCPKUBAHMUS.

B [IlIponore mnporpamMmuct cBOOOJEH B BbBIOOpE HWMEH KOHCTaHT,
[IEPEMEHHBIX, byHKIIMA W TPEAUKATOB. HckntoueHuss  COCTaBIISIOT
pE3€pBUPOBAHHBIE MMEHA W YHUCIOBbIE KOHCTaHTHI. IlepeMeHHBbIE OT KOHCTAHT
OTJIMYAIOTCS TIepBOM OYKBOM MMEHU: Y KOHCTAHT OHA CTPOYHAs, Y NMEPEMEHHBIX —
3arjlaBHasi OyKBa WJIM CUMBOJI MO TYEPKUBAHUSI.
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OOustacTh NEUCTBUA UMEHHU MPEACTABISIET COOOW YacTh MPOTPAaMMBI, T[AE 3TO
UM UMEET OJMH U TOT K€ CMBICIT:
® JUIsl TIEPEMEHHOW O00JIacThbIO JCUCTBUSL sABIAETCS MpeioxkeHue ((hakr,
MPaBUIIO WJIM 11€JIb), CoJieprKalllee JaHHYIO IEPEMEHHYIO;
® JUIsl OCTaJbHBIX MMEH (KOHCTaHT, (PYHKIMI WM NPEIUKATOB) — BCS
mporpamma.

CriennanbHBIM 3HAKOM «_» 0003HA4YaeTCss aHOHUMHAs MepEMEHHas, KoTopas
WCITOJIB3YETCsl TOTa, KOT/Ia KOHKPETHOE 3HAYCHHE TMEPEMEHHON HE CYIIECCTBEHHO
JUISL TAaHHOTO TIPEIJIOKCHUs. AHOHUMHBIC TIEPEMEHHBIE HE OTJIMYAIOTCS OT
OOBIYHBIX TMPHU IOUCKE COOTBETCTBUI, HO HE NPUHUMAIOT 3HAYCHUH U He
NOSIBJISIFOTCSL B OTBETaX. Pasiuunvie 6X0x4#COeHUs 3HAKA NOOUEePKUBAHUSL O3HAUAIOM
pasnuunble AHOHUMHbLE NepeMeHHble.

OtHomieHuss Mexay oOwvekramu B [Iponore HasbiBatotrcs (axtamu. dakt
COOTBETCTBYET (hpaze XOopHa, COCTOSIICH U3 OJTHOTO MOJIOKHUTEIILHOTO JTUTEepaa.

®daxT — 9TO MpocTeHIIas pa3sHOBUAHOCTD Mpeaioskenus [Iposora.

JIro0Ooit (hakT MMeEeT COOTBETCTBYIOIIEE 3HAUYEHUE UCTUHHOCTH M OINpEEIsieT
OTHOIIICHUE MEXTY TEPMaMH.

®dakT SABIAETCA MPOCTBHIM TNPEIUKATOM, KOTOPBIH 3aIlMChIBAETCS B BHUIE
(GYHKIIMOHATIBLHOTO TEpPMa, COCTOAIIECTO W3 WMEHH OTHOIIEHUS M OOBEKTOB,
3aKJTFOYCHHBIX B KPYTJIbIe CKOOKH, HAIPpUMED:

MaTh( Mapusi, aHHA).

ortell( UBaH, aHHA).

Touka, cTosias Mmocie npeaukara, ykasplBaeT Ha TO, YTO paccMaTpUBaeMoe
BBIPKEHUE SIBISIETCS (PAKTOM.

Bropsim THnoMm npemnoxenui Ilponora sisgercsa Bonpoc uinu yenw. Llens —
3TO CPEeACTBO (HOPMYJIUPOBKU 3aJlayd, KOTOPYIO JIOJDKHA peIlaTh IMporpamma.
[Ipoctoit Bompoc (11e7b) CHHTAKCUYECKU SIBISETCS PAa3HOBUAHOCTHIO (pakTa,
HaIpumep:

[enb: MaTh (Mapusi, 10JIU).

B nanHOM ciydae mporpaMme 3aJaH BOIPOC, SBJSETCS JIM Mapus MaTepPhiO
tonun. Ecimm Heo0XoauMo 3a7aTh BOIIPOC, KTO SBIISCTCS MATEPhIO FOJIMH, TO IETh
OyJeT UMETh CJICAYIOIINI BU/I;

Henb: math( X, romus).

CrnoxHpIE TIENMH TPEACTABISIIOT COOOW KOHBIOHKIUIO TPOCTHIX Ieleld |
MMEIOT CJICAYIOIINN BU/L;

Llenv: O1, Qy,...,0On, 20e 3ansmas obo3nawaem onepayuro Kouvtonkyuu, a O,
Q. ...,On — nooyenu enasmoii yenu.

Konstonkius B [Iponore ucTuHHA TOIBKO MPU UCTUHHOCTH BCEX KOMITOHEHT,
OJIHAKO, B OTJMYHUE OT JIOTHKU, B IIposiore YYUTHIBACTCS nOPAOOK OYeHKU
UcCmuHHocmu Komnoxenm (CiaeBa HapaBso).

Ilpumep 18.

Ilycmv 3a0ana cemetinaa BJ[ npu nomowu nepeuucieHus pooumenbcKux
OMHOWEHUIL 8 8UOe CNUCKA (DaKMO8:

mamo( mMapus, aHHa).

mMamov(mapusi, 1aus).
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mamu( anua, nemp).

omey( U8aH, AHHA).

omeuy( usau, 101Us).

Tozoa eompoc, saensemcs au uBaH 0e0oOM nempa, MONCHO 3a0amb 8 GUOe
creoyrowetl yeu:

Llenv: omey( usan, X), mamo(X, nemp).

Ha camom nene BJI Ilposiora BkiroyaeT He TOJIBKO (PakThl, HO W IIpaBUJIA.
@daxThl ¥ MpaBUJIa MPEACTABIISIIOT COO0I HE MHOXKECTBO, a CIIUCOK. J[71s1 morydenwst
otrBeTa bJ] mpocmaTpuBaeTcs mo mopsiaKy, TO €CTh B MOPSIIKE CIeA0BaHMs (DAKTOB
Y TIPETUKATOB B TEKCTE MTPOTPAMMBI.

Lens mocturnyta, ecnu B bJl ynanoch HailTh QaxkT WM MpaBUIO, KOTOPHIA
(KOTOpOE) YAOBIETBOPSET MPEAUKATY IEIH, TO €CTh MPEBPAIIAET €r0 B UCTUHHOE
BBICKa3bIBaHUE. B Hamem mnpumMepe NEpBYIO MOIETh YIOBICTBOPSIOT (haKThI
omey( ueaw, anua). u omey( usaw, roaus). Bropyro noauens y1oBaeTBOpseT paxkT
mams( anna, nemp). CneaoBaTelibHO, TJIaBHAS 11€JIb YAOBJIETBOPEHA, MIEPEMEHHAS
X CBSI3BIBACTCS C KOHCTAHTOMU aHHA.

TperbuM THUIOM TNpENJIOKEHUs sBIsieTcss npasuno. IlpaBuno mno3BosseT
BbIBeCTU OJuH (akT u3 apyrux ¢daktoB. MHBIMH ciloBamMu, TpaBUIO — 3TO
3aKJIIOYEHUE, JJI1 KOTOPOTO HW3BECTHO, YTO OHO MCTHHHO, €CIU OJHO WIU
HECKOJIbKO APYTUX HAWJECHHBIX 3aKII0YCHUN WK (DAKTOB SBISIOTCS UCTUHHBIMU.

Ilpasuna — smo npeonosicenus uoa

H:-Py, Py ..., P,
CHUMBOJ «: -» UHATAETCS KaK «eCliny», npeaukaT H Ha3bIBaeTCs 3aKIIOUCHHEM,
a TOCJIeIOBATEIbHOCTh mNpenukaroB P, P,,..., P, Ha3blBaeTcs NOCHUIKaMHU.

[TpuBeneHHOE MPaBUJIO SBISACTCS AHAJIOIOM XOPHOBCKOTO JU3BIOHKTA —Piv—
P,, ..., v—=P, VvH. 3akmoueHre UCTHHHO, €CJIM UCTHHHBI BCE MOCBUIKU. B mochimkax
NIEPEMEHHBIC CBSI3aHbI KBAHTOPOM CYIICCTBOBAHMS, & B 3aKJIIOUCHUHU - KBAHTOPOM
BCEOOITHOCTH.

Ilpumep 19.

Jlobasum 6 BJ] npumepa 18 npasuna, 3adarouue omHouleHue «0eox»:

mams( mMapus, aHHa).

mamv(mapusi, 0aus).

mamo( anua, nemp).

omey( U8aH, AHHA).

omeuy( usam, 101U).

0eo (X, Y): - omey(X, Z), mamo(Z, Y).

0eo (X, Y): - omey(X, Z), omey(Z, Y).

Toz0a eompoc, saensemcs au UBAH 0e0OM nempa, MONCHO 3a0amb 8 GUOe
cnedyrowell yeu:

Lenv: 0ed( usan, nemp).

[TpaBmia - camble oOImmume mpeiokenus IIponora, ¢akT sSBISETCS YaCTHBIM
cilydaeM Ipapusia 06e3 mpaBoi 4acTH, a 1eJIb — MpaBujIo 0€3 JIEBOM YacTH.

Bce mpemmoxenuss s OJHOTO TMpEeauKaTa CBs3aHbl MEXAy CcoOoi
OTHOIICHUEM «HIIH.



43

Oudens yacto npasuia B [Iposore siBistoTcs pexkypcuBHbIMUA. Hampumep, st
Hamen ceMerHou b/l mpeaukar «upeaok» onpeaeisieTcss pEKypCUBHO:

npeook(x, y): - mams(X, y).

npedok(x, y): - omey(x, y).

npeook(x, y): - mams(X, z), npeookK(z, y).

npeodok(x, y): - omey (X, z), npeook(z, y).

PekypcuBHOE ormpeiencHue Mpeaukara o0s3aTeNbHO JODKHO COACpPXKaTh
HEPEKYPCUBHYIO YacCTh, HHAUYE OHO OyJIEeT JOTHUYEeCKH HEKOPPEKTHBIM U IIporpaMmma
3anukiIuTcs. UToOBl M30ekaTh 3alMKIMBAHUS, CIEIYeT TakkKe M03a00THTHCS O
MOPSAZIKE BBIMOJIHEHUS MPEATIOKEHUHN, OATOMY NMPAKTUYECKHU MOJIE3HO, a TOPOH U
HEOOXOJMMO  TPUIACPKUBATHCA  NPUHLUIA:  «CHAYANA ~ HEpeKYPCUBHbIE
BbLIPANHCEHUAY.

[Iporpamma Ha I[Iposiore - 3T0 KOHEUHOE MHOYKECTBO MPEIIOKEHUM.

3.2.2 Ucnonb30BaHUE AU3BIOHKIIMM U OTPUIIAHUS

Uucteiii [lponor pazpemiaer NpuUMEHSTh B MpaBWIaX W LEIAX TOJBKO
KOHBIOHKIIMIO, OJTHAKO, $3BbIK, UCIOJb3yeMbId Ha TPAKTUKE, JIOMyCKaeT
NpPUMEHEHUE JU3BIOHKIIMM W OTPUIIAHWS B Telax mnpaBwil u mensx. Jlus
JOCTIDKEHUSI 1IeTH, CcojepiKaiieil au3bloHKuuio, [Ipomor—cucrema cHavaiia
NBITACTCS YJIOBJICTBOPUTD JIEBYIO YaCTh JTU3BIOHKIIMH, a €CJIM 3TO HE yAAeTCs, TO
NEePEeXOAUT K MOUCKY PEIICHUS ISl MPaBOW YacTU JU3BIOHKIUU. AHAJIOTUYHBIC
JNEUCTBUAS TIPOU3BOMSITCS TPH  BBIIOJTHCHUM Teja TMpaBWJ, COJACPIKAIINX
TU3BIOHKINIO. /{7151 0003HaUEHUS TU3BIOHKITUN UCITONIB3YETCSI CUMBOI « ; ».

B Ilposiore otpuiianue UMeEET UMs «not» W ISl MIPEACTABICHUS OTPULIAHUS
Kakoro-nubo npeaukara P ucnons3yercs 3anuck not(P). llens not(P) oocmuoicuma
mozoa u mojibKo mozoa, Ko20a He yooseremeopsiemcs npeoukam (yeav) P. Ilpu
’TOM TEPEMEHHBIM 3HAYCHHWs HE TpHUCBaWBalOTCI. B camoM geme, eciu
nocturaercss P, To He mocturaercs nNot(P), 3HauMT HaAmoO CTEpeTh BCe
MPUCBAaWBaHMs, TPUBOIAIIME K JaHHOMY pesyibTaty. HaoGopor, ecim P He
JIOCTUTaeTCs, TO IEPEMEHHbIE HE PUHUMAIOT HUKAKUX 3HAYCHHM.

3.2.3 Yuuduxanus B [Iponore

OOwmuit  npuHUOMO — BBINOJNHEHUs mporpaMM Ha Ilposmore mpocrt:
MIPOU3BOIUTCS TIOMCK OTBETA Ha BOIPOCHI, 3a1aBaembie b/I, cocTosme 3 gakTtoB
U IpaBWI, TO €CTb IPOBEPSAETCS COOTBETCTBUE IPEIUKATOB  BOIpOCa
npeanoxenusMm u3 bJI. 3To yacTHbIN ciiydail MeToJa PE30JIFOLIHIA.

Ormetrnm, uyto B IIponore He NPOBOAWUTCS CHUHTAKCUYECKOTO pPa3IUdus
MEXIy MpeauKaTtoM U (QyHKIUEH (COCTaBHBIM TEPMOM), a TaKXKe MEXIy
HEYMCIIOBOM KOHCTAaHTOM U (QyHKuued 0Oe3 aprymeHToB. CiefoBaTelibHO, CYTh
JEUCTBUSL COCTOUT B TOM, YTO MILETCS MONAPHOE COOTBETCTBUE MEKIY TEPMaMH,
OIWH U3 KOTOPBIX ABJSAECTCA LEIbIO, a APYTrOW npuHaLiexKuT b/,

YCTaHOBIEHHE COOTBETCTBHUS MEXIAY TEpMaMu SABIAETCS OCHOBHOM
orepaiyei npu BbIYMCICHUH 1eard. OHa OCYIIECTBIICTCS CIAEAYIOUIMM 00pa3oMm:
HAa KaXJOM Iare BbpIOMpaeTcd  O4YepeHOM TepM U OTHICKMBAETCS
cooTBeTCTBYIOIIEE BbIpakeHue B bJ[. Ilpm 3TOM mnepeMeHHbIE TONYy4YarOT WU
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TEPSAIOT 3HAYEHHUS. ITOT MPOIECC MOXHO OMUCATh B TEPMHUHAX TEKCTyalbHBIX
MOJICTAHOBOK: « TMOJACTaBUTh TepM t BMecTo mepeMeHHou Y». (Ceob6ooubimu
nepemMeHHbIMM B [Iposiore Ha3bIBalOTCS TMEPEMEHHBIE, KOTOPHIM HE OBLIN
MIPUCBOCHBI 3HAYECHUS, a4 BCE OCTAJIbHBIE MEPEMEHHBIEC HA3BIBAIOTCS CBA3ZAHHLIMU
nepeMeHHbIMU. llepeMeHHass CTaHOBUTCS CBSI3aHHOM TOJIBKO BO  BpeEMs
yHU(UKAIMY, TIEpEMEHHAss BHOBb CTAHOBHUTCS CBOOOJHOM, Korja yHUUKAIUS
OKa3bIBAa€TCA HEYCIEIIHOM WM LEJIb OKa3bIBAETCSA YCHEIIHO BBIYUCIECHHOW. B
[Iposiore mnpucBaMBaHWE 3HAYCHHN TIEPEMEHHBIM BBIMOJHACTCS BHYTPEHHUMU
noanporpaMmamu  yHu(ukanuu. [lepeMeHHbIE CTaHOBSATCS CBOOOJHBIMHU, Kak
TOJIBKO JISI BHYTPEHHHX TMOIIPOrpaMM YHUDUKAIIMU OTHaAaeT HEOOXOIUMOCTh
CBSI3bIBATh HEKOTOPOE 3HAUEHUE C TMIEPEMEHHOM ISl BBHIMOJIHEHUS 10Ka3aTelIbCTBA
MOIIEH.

3.2.4 [lpaBuna yHudukauuu

1. Eciu X W y-KOHCTaHTbhI, TO OHM YHU(MUIHUPYEMBI, TOJBKO €CJIH OHH
pPaBHBI.

2. Ecim  x- xoHctanta win (QyHKOUSA, a Y-NepeMeHHas, TO OHHU
YHUGULIUPYEMBI, TPU 3TOM Y PUHUMAET 3HAYCHHE X .

3. Ecnu x u y -pyHKIuu, T0 OHM yHUGPUIMPYEMBbI TOT/Ia U TOJIBKO TOT/a,
KOI'JIa Y HUX OJIMHAaKOBble MMeHa (QyHKIMM (QyHKTOpBI) U HAOOp apryMeHTOB U
KaXKJ1as rapa apryMeHTOB (PYHKIIUH YHUPUITUPYEMBI.

EcTp 0coOblli mpeaukar «=», KOTOpbIM ucnosib3dyerca B Ilpornore s
OTOXKJIECTBJICHUS IBYX TepMOB. Mcronp30BaHue orneparopa «=» MOMOMKET JIydIlle
IOHATH MpoLecc O3HauuBaHusA InepeMeHHou. B Ilpomore omepatop «=»
MHTEPIIPETUPYETCS KaK ONepaTop MPUCBAWBaHUS WM KaK OMEpaTop MPOBEPKHU Ha
PaBEHCTBO B 3aBUCHUMOCTH OT TOTO, SIBJISIFOTCS JIU 3HAYEHUS] TEPMOB CBOOOHBIMU
WJTU CBSI3aHHBIMH.

Ilpumep 20: X=Y, ectu X u Y — céasanmuvie nepementvie, mo npouzeoo0umcsi
npoeepka Ha paseHcmeo, Hanpumep: ecau X=5 u Y=5, mo pezynomam J[A
(ucmuna);, eciu X=6 a Y=5 mo pezyromam HET(noxcw). Ecau oona u3
nepemennvix X uau Y — c60000Has, mo et 6yoem npuceoeHo snauvenue opyeou
nepemennou, ons Typbo-Ilponoea necywecmeeHHo cleda uiu cnpasa om 3HAKA
«=» Ccmoum CesA3aHHASl NnepeMeHHAas.

Omnepatop «=» Bener ce0s TOYHO TaK, KaK BHYTPEHHHUE MOJNPOTPAMMBI
yHU(UKAIIMY TIPU COMOCTABJICHUU TIeJIel WK mojieiei ¢ pakraMu U npaBuiaMu
IPOTPaMMBl.

3.2.5 Breruucienue nenu. Mexanu3m Bo3BpaTa

Kanonudeckas popma 1ienu (Bompoca) sSBISIETCS KOHBIOHKIIUEH aTOMapHBIX
MPEAUKATOB, TO €CTh MOCIE0BATEILHOCTHIO MTOALIEICH, pa3ieICHHBIX 3aNAThIMU:

Q=Q4, Qy, ..., On.

[Iposor mBITaeTCS BBIYUCIUTH I€b MPH MOMOIIM YHHU(PUKAIMH TEPMOB
MIPEIUKATOB TOJIIIETIEH C COOTBETCTBYIOIIMMH JJIEMEHTaMH B (DaKTaxX M 3aroJIOBKax
npaBui. [lorck oTBeTa Ha BOMPOC HATOMUHAET MOMCK ITYTH B JIAOUPHUHTE: CIEAYyET
MOBOPAYMBATh HAJIEBO B KaXKIOW pa3BWIKE JTaOMpWUHTA IO TEX IOp, MOKa He
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MOTa/IeTe B TymHWK. B 3TOM ciydae ciemyeT BepHYThCS K MOCIETHEH pa3BHIIKE U
MOBEPHYTH HAMPAaBO, MMOCJIEC YETr0 OIMAThH CIEAYyeT MOBEPHYTh HAMPABO U TaK Jaliee.
YHudukanus BEITIOTHSAETCS ClieBa HANPaBO, KaK U TIOUCK ITyTH B TAOMPHUHTE.

HekoTtopsie momnenn mnpu yHU(PHUKAIUH C HEKOTOPHIMH (aKTaMHd WA
IpaBWJIaMH MOTYT OKa3aThCS HEYCHEIIHbIMH, To3ToMmy IIposory tpebyetcs
crioco® 3amOMHUHAHWS TOYEK OTKaTa, B KOTOPBIX OH MOXKET MPOJIOJDKUTH
allbTepHATUBHBIC TOWCKW pelIeHus. lIpexne dYeM peanw3oBaTh OJIWH W3
BO3MOXKHBIX ITyT€H BBIYHCICHUS MO, [Iponor ¢dakTHdecku mOMENIaeT B
porpaMmy yKazaTeidb, KOTOPBIH OIpeneseT TOYKY, B KOTOPYIO MOXET OBITh
BBITIOJTHCH BO3BPAT, €CJIM TEKYINAs IMOMBITKA TTOWCKA eI OyAeT HeYJaqHOM.

Ecnmn HekoTtopas mnoauens OKa3bIBaeTCs HeycnemHou, To I[Ipomor
BO3BpallaeTcs BJIEBO K Onmxaifmedr Ttouke Bo3Bpara. C 310l Touku [Iposor
HAYMHACT TIOMBITKY HAWTH JPyroe perieHue i HeycnenHou nenu. Jlo tex mop,
MoKa Cclenyromas 1eilb Ha JaHHOM YpoBHE He Oyner ycmemHoi, [Ipomor Oyner
MOBTOPATHh BO3BpAT K OrpKaifiield TOYke BO3BpaTa. DT MOMBITKH BBITOJIHAIOTCS
BHYTPEHHUMHU MOJIIPOrpaMMaMu YHU(GUKAIIMN 1 MEXaHU3MOM BO3BpaTa.

3ameuanue: eOUHCHIEEHHBIM CHOCOOOM 0C60O00UmMb NEPEeMEeHHYIO,
C6A3AHHYI0 8 NPEONOHCEHUU ABIACHICA OMKAM NPU NOUCKE C 6038DANLOM.

ANTOPUTM BBIYHCICHUS II€JIM — YACTHBIM CIIydail MpaBuiia PE30JIOIUU
MPUMEHUTENBHO K Ju3blOHKTaM XopHa. Bompoc Q sBisiercs npaBusiom 06e3
3aroyioBka, aHaioroMm BeIpaxkeHuss —Q. Ilycte D — 6a3a maHHBIX (MHOKECTBO
nu3blIoHKTOB). Ha Bompoc Q, ciemyeT HallTh Takyto MOJACTAHOBKY O, JJIsl KOTOPOU
MHOXecTBO o[ D((—Q)] HeBbmoiHuMo. Crparerus BbIOOpa OYEPEIHOW Maphbl
TU3BIOHKTOB JIJISI PE3OJIONHMH 37IeCh OYEHBb IMPOCTA: TMOAICTH W TMPEATIOKCHUSI
MIPOCMATPUBAIOTCS B TEKCTYATIbHOM MOPSIKE.

Ilpumep 21: nycmo ecmov B[ cemws:
mamsv( mMapus, aHHa).
mams(mMapusi, aus).
mamo( anua, nemp).
omeuy( u8aH, aHHa).
omeuy( u8am, 101U).
0eo (X, Y): - omey(X, Z), mamw(Z, Y).
0eo (X, Y): - omey(X, Z), omey(Z, Y).
oaobka (X, Y): - mame(X, Z), mamo(Z, Y).
oaobka (X, Y).: - mame(X, Z), omey(Z, Y).

3aoadum cnodicHyro yeib:

Q1, Q2 = omey(X, Y), mamo(mapus, Y).

Ilooyenv Q1= omey(X,Y) coomsemcmayem wemseepmomy npeonodxcenuro bJ[
‘omey (usam,anna). Omo daem NOOCMAHOBKY
o1={X=uean, Y=anna)}. 3amem navioennas noocmaroska npumensiemcs k o1[Q2]=
mamov(mapus, avna). Omoti nooyenu coomseemcmayem 1 npeonoscenue B/, umo
oaem nycmyr nooyeib no Npasuiy pe3oioyul, Cled08amenbHO Omeem HAUOeH:
X= uean, Y= anna.

oCcoNOOR~LODE
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Jna nonyuenus noeoco omeema 6 BJ] uwemcs nosaa ynuguxayus o o
1[Q2/. Tax xax 6 B/ nem coomeemcmeyrowe2o npeodiodceHus, mo Gbl4UCIeHUs]
NpeKpawaomcs, cucmema 6Ho8b paccmampusaem nociedogamenvHocms Qr, Qp u
ons O uwemces Hosas yuuguxayus 6 B[, nauunas ¢ namoeo npeonosicenus. Imo
u ecms 6o3spam. llamoe npednodiceHue cpaszy e oaem Hceiaemyto YHuGuKayuro
¢ noocmanoskou ocy={X=uean,Y=ronus}. Buoev mnailldennas noocmanosxa
npumensiemcss k o1[Qy/= mamv(mapus, wonus). dmoil nooyeau coomseemcmeyem
emopoe npeonoxcenue BJ[. /lanee ykazannas npoyedypa nosmopsemcs u 8 umoze
umeem:

Lenv: omey(X, Y), mamo(mapus, Y).

2 pewenus: X=uean, Y=anuna

X=uean, Y=roaus.

Omo onucanue odvsacuaem, kax pabomaem ymunuma TestGoal ¢ Visual
Prolog.

[Ipu peanuzanuu MexaHu3Ma BO3BpaTa BHITIOJIHAIOTCS CIEIYIONIUE TIPaBUIIa:

1. Tloauenu BEIYUCIAIOTCS ClIeBa-HAMPAaBO.

2. llpenynoxenuss TpU  BBIUMCICHUU TOJALETHM  TPOBEPAIOTCS B
TEKCTyaJIbHOM TOPSIIKE, TO €CTh CBEPXY-BHHU3.

3. Ecam moamens comocTaBuMa ¢ 3aroJIOBKOM MPABHIIA, TO IOJDKHO OBITH
BBIYUCJIEHO TEJIO 3TOr0 MpaBwWiia, MPU 3TOM TEJO MpaBuia oodpasyer
HOBOE MOJAMHOKECTBO MOALIENICH I BIUYKCIICHHUS.

4. Ileap  cuuTaercss  YCHEIIHO  BBIYMCICHHOW, KoOrja  HaljeH
COOTBETCBYIOIMIMM (haKT I KaXKIOU MOIIEIH.

Eciu 6 Visual Prolog co3zoame npocpammy 011 a8moHOMHO20
ucnonHenus (mo ecmov cozoamuv c6oul project-paiin 0na pazpadamovieaemon
npozpammol), Mo HOUCK WeIU 6 Hell Oydem 6ecmuUcCb MAK Jce, KaK 01
enympenneit yeau ¢ PDC Prolog, mo ecmb 00 nepeozo ycneuinozo peuieHus.

3.2.6 YrmpaBneHue NoUCKOM petieHust

Bcerpoennsiii B [Iponor MexanusM IOKCKa ¢ BO3BPAaTOM MOYKET IPUBECTHU K
MOWCKY HEHYXXHBIX PEIICHHM, B pe3yibTaTe 4ero CHuWxkaercs 3¢G(HEKTUBHOCTH
MIPOrpaMMBbI B ClIydae, €Ciu HaJ0 HalTH TOJILKO OJHO penieHue. B apyrux ciayuasx
OBIBaET HEOOXOUMO MTPOJIOKUTh TTOUCK, JIAXKe €CITU PEIIMHE HalIeHO.

[Iposmor oOecmeunBaeT nBa BCTPOSHHBIX TMpEAUKaTa, KOTOPHIE Jar0T
BO3MOYKHOCTh YIIPABIISATh MEXaHW3MOM TIOMCKa C Bo3BparoMm: mnpenukat fail —
UCITOJIB3YETCSI JUTSl MHUIIUATU3AIMK TTIOMCKA C BO3BPATOM M NIPEIUKAT omceueHus !
— UCTOJIb3yeTCs IS 3allpeTa BO3BpaTa.

Ilpeouxam fail 6cezoa umeem nosxncrnoe 3snauenue!

Ipumep 22: Hcnonvzosanue npeouxama fail. s npumepa 21 moowcno
0obasumu npasuio 0I5l neyamu 8cex mamepet, kKomopule ecmo 8 bJ[:

newams_mamepeii:-mamo(X,Y), write(X, ” ecmo mams ”,Y),nl falil.

goal

neuams_mamepeil.

B pe3ynvmame 6yoem evioano 3 pewienus:

X=mapus, Y= anna.
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X=mapus, Y= ronus.
X=anuna, Y= nemp.
Otceuenune Tak ke, kak u fail momerraercs B Teno npasuia. Qonako, 6
omauuue om fail npeouxam omceuenus umeem ecezoa ucmunnoe 3nauenue.
[Tpu 3TOM BBINOTHAETCS OOpaleHUE K IPYTUM MPeUKaTaM B TeJIe MPaBHIIa,
clemyrommM 3a  oTcedueHmeM. ClenyeT HMMETh B BHAY, 4YTO HEBO3MOXKHO
IIPOM3BECTH BO3BpaT K IpeauKaTaM, PACIOJOKCHHBIM B TeJie IMpaBHIIa TIEpe
OTCEUEHHWEM, a TaKXe HEBO3MOXKEH BO3BpaT K JAPYIMM IIpaBWjIaM JaHHOTO
MpeINKaTa.
CymiecTByeT TOJIBKO JIBa CIIydasi MPUMEHEHHS MPEIUKaTa OTCCUCHMS:
1. Ecnu 3apaHee W3BECTHO, YTO OMPE/CICHHBIC TOCBHUIKA HHUKOT/A HE
NPUBEAYT K OCMBICICHHBIM pPEIICHUSM — 3TO TaK Ha3bIBaeMOe
«3€JICHOE OTCCUCHUE.
2. Ecnu otceuenus TpeOyeT cama JIOTHKA MPOrpaMMBbI JIJIS UCKIIOUEHUS
albTEPHATUBHBIX TOAIEICH — OTO TaK Ha3bIBAEMOE «KpacHOe
OTCCUCHHE.

3.2.7 IlpouenypHocts [Iposiora

[Tposnor — neknapatuBHbIN A3bIK. ONUCHIBas 3aa4y B TepMUHAX (PAKTOB U
IpaBwI, IPOrpaMMUCT mpenocTasiisieT [Iposory camoMy UCKath Crioco0 pelieHusl.
B npoueaypHeIX s3bIKaX NPOrPaMMHCT JOJDKEH caM IHCAaTh NPOLEAYPHl H
(GyHKUIHH, KOTOpbIE MOAPOOHO «OOBACHSIOT» KOMIIBIOTEPY, KaKWE IIard HaJo
C/eJIaTh JUIsl pEIIEHUs 3a/1a4u.

Tem He wmeHee, paccmMoTpum I[Iposior ¢ TOUKM 3peHHsS MPOLEAYPHOrO
POrpaMMHUPOBAHMSL:

1. ®akTel M TpaBWUIa MOXHO paccMaTpUBaTh Kak ONpEIeIeHUs
POLEAYP.

2. Wcnonp3oBaHue MpaBWJI JUIsl YCJIOBHOTO BETBJICHHS MPOTPaMMBbI.
[IpaBuio, B OTJIMUKE OT MPOLIEAYPHI, TO3BOJISAET 3a1aBaTh MHOKECTBO
aJbTEPHATUBHBIX OIPEACICHUM OJHOM W TOW JKE€ MPOLEAYPHI.
[ToaTOMy, MpaBWJIO MOYKHO CUMTaTh AHAJIOrOM oOllepaTopa Case B

[Tackame.

3. B mpaBuiie MOXeT OBITh BBINOJIHEHO CpaBHEHHE, KaK B YCJIOBHBIX
orneparopax.

4, OtcedyeHre MOXXKHO CUMTATh aHajorom go to.

5. Bo3BpaT BBIYMCJIEHHOTO 3HAYEHUs TMPOU3BOJIUTCA AHAJIOTUYHO

npoueaypam. B Ilposore »53T0 gemaercs IIyTeéM  CBA3bIBAHUS
CBOOOJIHBIX TMEPEMEHHBIX TPH COMOCTABJICHUM Ieau ¢ ¢dakTaMu |
MpaBUJIAMH.

3.2.8 Ctpykrypa nporpamm I[Iposora

[Iporpamma, nHanmcanHas Ha IIposore, COCTOMT HW3 MSATH OCHOBHBIX
pa3zenioB: pasfea ONMMCAHMSA JOMEHOB, pa3jen 0asbl JAaHHBIX, pa3/iell OIMHMCAHUS
MPEAUKATOB, pa3Jeil ONWCAHUS NPEIJIOKECHUA W pPa3leia OIMUCAHUS LEIH.
KiroueBbie cioBa domains, constants, database (facts), predicates, clauses u goal
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OTMCYAOT Hadajla COOTBCTCTBYIOIIHUX pPa3aciIOB. Haznauenue »sTux pas3aciioB

TaKOBO:

e pazzaen domains comepKUT onpeaeICHHUs TOMEHOB, KOTOPHIC OIMKMCHIBAIOT
pa3IUYHbIC THITBI JAHHBIX, HCIIOJIB3YEMbIX B IIPOrPaMMe;

e pazmen constants wucmonb3yercs s OOBSABIACHHS CHMBOJIHYECKHX
KOHCTAHT, UCIIOJIb3YEMBIX B IIPOTPaMME;

e pasnen database (facts) comepkut ommcaHusI PEAUKATOB BHYTPEHHEH
0a3pl maHHbIX IIposiora, ecium mporpaMma Takoil 0Oa3bl JaHHBIX HE
TpeOyeT, TO ITOT pa3aeil MOKET ObITh OIYIICH;

e pazmen predicates cayKdT A ONHMCAaHUSA  IPEIUKATOB, HE
NIPUHAJICKANINX BHYTPEHHEH 0a3e TaHHbBIX;

e B pazjen clauses 3aHocATCS (akThl U IPABHIIA CAMOW IIPOTPAMMBI;

e B pazmene goal ma sswike [Iposor Qopmymupyercs Ha3HAYCHUE
co3gaBaeMoii mporpamMmbl. COCTaBHBIMM YacTSIMH IIPH 3TOM MOTYT
SBJIATBCS HEKHE IOAICIH, M3 KOTOPHIX (OPMHPYETCA CIHHAs I1IeIb
IIPOrPaMMBI.

B Visual Prolog paspemaer o0bsBieHue paszzmeiaoB domains, facts,
predicates, clauses kak rI00aIbHBIX pa3fciioB, TO €CTh C KIIOYCBHIM CIIOBOM
global.

[TpoJjior BMeeT ciieTyroIIHe BCTPOCHHBIC THITBI JOMCHOB:

Tun naHHBIX KaroueBoe | /Ilmana3zoH 3HaYeHUi Ipumepsi
CJI0BO HCI0JIb30BAHUSA
CuUMBOJIBI char Bce BO3MOKHBIE ‘a’,’b’, ‘#, ‘B,
CHUMBOJIBI ‘%’
Llenbie urcia integer Ot -32768 no 32767 -63, 84, 2349
byte Ot 0 1o 255
word Ot 0 mo 65535
dword Ot 0 1o
JetictButenpubie | real Ot +1E-307 no +1E308 | 360, - 8324,
ypcia short 16 OUTOB CO 3HAKOM 1.25E23, 5.15E-9
ushort 16 6utoB Oe3 3HaKa
long 32 6uTa co 3HaKOM
ulong 32 Outa Oe3 3HaKa
unsigned 16 v 32 6ura 6e3
3HaKa
Ctpoku string [TocnemoBaTeIbHOCTH «today», «123»,
cuMBoJIOB (He Oosiee 250) | «school day»
CumBosnueckue | Symbol 1.ITocnenosarensuocts | flower,
uMeHa OykB, udp, CHMBOJIOB school_day
0 TYCPKUBAHHMS; TICPBBIH
CHUMBOJI — CTPOYHAsI
OykBa.
2. [locnenoBarenbHOCTh | «string and
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JHOOBIX CUMBOJIOB, symbol»
3aKJIFOUYCHHAs B KABBIYKH.

Ccoutounsiii Tun | ref

daiiet file Homyctumoe B DOS ums | mail.txt,
daitra LAB.PRO

Eciu B mporpamme HCO6XOI[I/IMO HUCIIOJBb30BAaTh HOBBIC AJOMCHBI JAaHHbIX, TO
OHU JIOJDKHBI OBITH ONHCcaHbl B pazaerne domains.
Ipumep 22:
domains
number=integer
name, person=symbol.

Paznuune Mmexmy Symbol u string - B MallMHHOM TpEACTaBICHUU W
BBITIOJTHCHUH, CHHTAKCUYECKH OHU HE Pa3IHIUMBI.

Visual Prolog BbInonHsIeT aBTOMaTH4YECKOE MPEOOpPa30BAHUE TUIIOB MEXKIY
nomeHamu  String  wm  symbol. Opnako, TO TNPUHITOMY COTJAIICHUIO,
CHMBOJIMYECKYIO CTPOKY B JIBOWHBIX KaBBIYKAaX HYKHO paccMarpuBaTth Kak String,
a 0e3 KaBbIUCK — Kak Symbol:

Symbol - wMena, HaumHaromMecs C CHMBOJIA HIDKHETO pETHCTpa U
COJIEpIKaIIIe TOJIBKO CUMBOJIBI, IU(PBI, 1 CHMBOJIBI TTOTYEPKUBAHHUSL.

String — B JBOWHBIX KaBBIYKAX MOTYT COJEPKATh JIOOYIHO KOMOHWHAIIUIO
CHUMBOJIOB, kKpoMe #0, KOTOpbI 0OTMEUaeT KOHEI] CTPOKH.

Visual Prolog momaepxuBaer W Apyrue THIBI CTAHIAPTHBIX JOMEHOB
JaHHBIX, HAIIPAMeEP, 71 paboThl ¢ BHeMTHUME b/ niam oObekTaMu.

[MpenukaTel onuchiBaloTCs B pasaene predicates. Ilpenukar mpeacrasiser
co00if CTPOKY CHMBOJIOB, MEPBBIM M3 KOTOPBIX SBJISETCS CTpOYHas OyKBa.
[Tpenukatel MOTYT HE WMETh apryMEHTOB, HalpUMEp «go» WM «repeat». Ecmm
NPEIUKATHl UMCIOT apTYMEHTBI, TO OHU OIPEIENISIOTCS MTPH ONMUCAHNUU TIPEIUKATOB
B pazjelie predicates:

Ipumep 23:

predicates

mother (symbol, symbol)

father (symbol, symbol).

dakThl ¥ IpaBuIIa ONPEIEISIOTCS B pas3jeie clauses, a Bonpoc k mporpamMme
3ajaetcs B paszerne goal — B 3ToM ciiydae 1ielib Ha3bIBACTCS 6HYMPEHHE Yelbio.
[Tporpamma Ha Typ6o-IIposore MoxeT He coaepkath pazaen goal, B atom ciydae
LeJb 33/1aeTCs B MpoLecce padOThl MPOTrpaMMbl U SIBJISIETCS GHewlHel yenvio. s
3ajaHns BHelrHed 1enu B okHe Dialog Oyaer BeiBemeno mpuriarrenue Goal.
[Tocne ymoBieTBOpeHMsI BHEIIHEH I1enu mnporpamma Ha TypOo-Ilponore He
3aKaHYMBAET CBOIO pabOTy, a MPOCUT BBECTH CIEIYIOIIYIO LI€Jb, TAKUM 00pazom
MOJKHO 3a7aTh IpOrpaMMe HECKOJIBKO pa3IUYHbIX melieil. Ecnu menb B mporpamme
SBIISIETCS. BHYTPEHHEW IIEbI0, TO TMPOILECC BBIYUCICHUS OCTAHOBUTCS TMOCIE
MIEPBOTO €€ YCIENTHOTO BhIYMCIIeHUs. Eciu 11enp B mporpaMMe sSBIISI€TCS BHEIITHEH
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IICJIbIO, TO TPOIIECC BBIUMCIICHUS ILENH MOBTOPSETCS 0 TE€X IOp, MOKa He OyayT
HaW/ICHbI BCE YCIICIIHbIE CIIOCOOBI BHIUNCIICHHS CITH.

B Visual Prolog pasnen goal B TekcTe mporpaMMsl SIBISICTCS 00S13aTEIbHBIM.
PasHuia B peKUMax MCIOJIHEHHS IPOTPaMMBI COCTOMT B PA3HOM HCITOJIb30BAHUH
yrunthl Test Goal. Eciu yruimuTa co3maeTes Ui 3amycKa JTi000i mporpaMMBl, TO
Py 3TOM HIIYTCS BCE PEIICHHUS, €CIM YTHIWTA CO3[aeTCs IS aBTOHOMHOTO
3aIyCKa MPOrpaMMbI — TO HIIETCS OJHO PEIICHHE.

3.2.9 Mcnonp30BaHUE COCTAaBHBIX TEPMOB

B Ilposore ¢pyHKIMOHATBHBINA TEPM HIIM MPEAUKAT MOXKHO paccMaTpUBATh
KaK CTPYKTYpy MdaHHBIX, TOMO0OHYr0 3amucu B s3bike [lackamb.  Tepwm,
MPECTABISAIONIUNA COBOKYITHOCTh TE€PMOB, HA3bIBAE€TCA COCTABHBIM TEPMOM WIIU
cTpykTypoil. CocTaBHBIE CTPYKTYpHI JaHHBIX B [Iposore oOBABISIOTCS B pa3jene
domains. Ecix TepMBI CTPYKTYPBI OTHOCATCS K OJJHOMY M TOMY K€ THITY JOMCHOB,
TO 3TOT OOBEKT HA3bIBACTCA OOHOOOMEHHOU CMmpYKmypou Oanuwix. Eciu Tepmbl
CTPYKTYPbl OTHOCSITCSI K Pa3HbIM THIIAaM JOMEHOB, TO Takasi CTPYKTypa JaHHBIX
HA3bIBACTCSI MHO200OMEHHOU CcmpyKmypot OanHwix. VIcmosb3oBaHHE JOMEHHOU
CTPYKTYPBI YIPOIIAET CTPYKTYPY MpeuKarta.

ApryMeHTamMH COCTaBHOTO TE€pMa JaHHBIX MOTYT OBITb MPOCTHIC THIIbI
JTAHHBIX, COCTABHBIE TEPMBbI WJIA CITUCKH.

CHUHTaKCUYECKHM COCTaBHOM TE€pPM BBITIIAJUT TaK ke, KaKk U MpeAuKar: y
TepMa €CTh (YHKTOP U CIIUCOK apTyMEHTOB, 3aKJIIOUCHHBIX B KPYTJIbIe CKOOKH.

CocTaBHOM TepM MOXKET ObITh YHUPHUIIMPOBAH C MPOCTON NEPEMEHHOW WM
COCTaBHBIM OOBEKTOM (IPU 3TOM TMEPEMEHHBIE MOTYT OBITh HCIIOJIB30BaHBI KaK
YacTh BHYTPEHHEH CTPYKTYpbl Tepma). JTO O3HA4YaeT, YTO COCTABHOW OOBEKT
MOYHO HUCIIOJIb30BaTh ISl TOTO, YTOOBI MepeiaBaTh LEJbId HA0Op 3HAUYCHUH, KaK
€IUHBIN 0O0BEKT, a 3aTeM MPUMEHSATh YHUPUKALNIO JJIsl UX pa3eIcHus.

Ipumep 24: Heobxooumo cozoame B/, cooepaicawyto céedenus 0 Khueax u3s
quunou bubauomexu. 3adadum cocmasnou mepm ¢ umernem personal_library,
umerowum creoyiowyro cmpykmypy- personal_library=book (title, author,
publisher, year), u npeouxam collection (collector, personal_library). Tepm book
Hazvlieaemcs  QQyHKmopom — cmpykmypul — OaHuwix. Ilpumep  npoepammei,
UCNONIL3YIOWel COCMAasHble mepmbl Ol ONUCAHUSL TUYHOU OUOIUOMeEKU U NOUCKA
ungopmayuu o xnueax, Hanewamauuwvix 6 1990 200y, ewiensoum caedyruum
obpazom:

domains

collector, title, author, publisher = symbol

year = integer

personal_library = book (title, author, publisher, year)

predicates

collection (collector, personal_library)

clauses

collection (irina, book («Using Turbo Prology, «Yin with Solomony,
«Moscow, Worldy, 1993)).
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collection (petr, book («The art of Prolog», «Sterling with Shapiroy,
»Moscow, Worldy, 1990)).

collection (anna, book («Prolog: a relation language and its applicationsy,
«John Malpasy», »Moscow, Sciencey, 1990)).

goal

collection (X, book( Y, , , 1990)

B manHOM ciydae mepeMeHHas Y HCIOJIB3YeTCS IS YHH(PHUKAIUU YacTH
coctaBHOro Tepma.Eciu niens 3a1ateb B BUje:

collection (X, Z),Z=book( Y, , _, 1990), Tto mpocras mnepemeHHas Z
yHA(DUIIUpPYETCS ¢ COTaBHBIM TepMoM book.

[TpencraBieHre MaHHBIX 4YacTo TPeOyeT HaIW4YUsA OOJBIIOrO YHCIIa
cTpyktyp. B Ilposiore 3Tu CTpPYKTypbl JO/DKHBI OBITH ommcaHbl. Jlims Ooee
KOMIIAaKTHOTO ~ ONHCAaHHWS CTPYKTyp JaHHBIX B IIpornore mpemiaraercs
UCIIOJIb30BaHUE AIbTEPHATUBHBIX OMMCAHUIA JJOMECHOB.

Ilpumep 25: Heobxooumo cozoamv B/, cooeporcawyro cedenus o Knueax u
ayouUo3anucsx u3 IU4HoU oubIUomexu.

domains

person, title, author, artist, aloum, type = symbol

thing = book (title, author); record (artist, aloum, type)

predicates

owns (person, thing)

clauses

owns (irina, book («Using Turbo Prology, «Yin with Solomony)).

owns (petr, book («The art of Prology, «Sterling with Shapiro»)).

owns (anna, book («Prolog: a relation language and its applicationsy,
«John Malpasy)).

owns (irina, record («Elton Johny, «Ice Fairy, «populary)).

owns (petr, record («Benny Goodmany, «The King of Swingy», »jazz»)).

owns (anna record («Madonnay, «Madonnay, «populary»)).

goal

owns (X, record( , , «jazz»)

Visual Prolog mo3BosisieT KOHCTPyMpOBaTh MHOTOYPOBHEBBIC COCTABHBIC
tepmbl. Harmpumep, B Tepme record («Elton Johny, «lce Fairy, «populary) Bmecto
damMuIMM apTHCTAa MOXHO HCIOJb30BaTh HOBYIO CTPYKTYpY, KOTOpas OyaeT
OMUCHIBATh apTUCTA 00JIee NETAIBHO:

artist=art(family,name),

family,name=symbol,

npu omom mepm 6yoem eviensioemv caedylowum oodpazom: record
(art(“Elton”, ”John”),«Ice Fair», «populary).

3.2.10 Ucnonp30BaHUE COUCKOB

Cnucok sIBIsIETCSI COCTABHOM PEKYPCUBHOU CTPYKTYpPOU JAAHHBIX, XOTS SIBHO
U HE OOBSBISAETCS KaK peKypcUBHas CTPyKTypa. CIUCOK — 3TO YHOPSIOYCHHBIN
Ha0Op 0OBEKTOB OJTHOTO M TOTO K€ THIMA. JJIEMEHTaAMU CITMCKAa MOTYT OBITh II€JIbIE
YHCIIa, JACUCTBUTEIIBHBIE YHCIIA, CUMBOJIBL, CTPOKH, CHMBOJIMYECKHE HMEHA U
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CTPYKTYpbIL. IIOpsiIOK pacrosioxKeHus: 3IEMEHTOB B CIIMCKE UIPAET BAXKHYIO POJIb:
T€ K€ CaMbl€ JIEMEHThI CIIUCKA, YIOPATOYEHHbIE HHBIM CIIOCOOOM, MPEACTABIISIIOT
y>K€ COBCEM JIPYTOil CIIHCOK.

COBOKYITHOCTh 3JIECMEHTOB CITMCKA 3aKIII0YaeTCsl B KBaJpaTHbie ckoOKkH ([]),
AJIIEMEHTBI JIPYr OT JIpyra OTAENSIOTCSA 3amsaThiMU. CHHCOK MOXKET COJAEpk aTh
MPOU3BOJIBHOE YKCIIO PJIEMEHTOB, €IMHCTBEHHBIM OTPAaHUYCHHUEM SIBIISIETCS 00BEM
ornepaTtuBHOM maMsTH. KoJIMuecTBO 2I€MEHTOB B CIIMCKE HA3bIBAETCA €r0 JJIMHOM.
CnHucoKk MOXKET COJEpKaTh OJIMH 3JEMEHT M JaK€ HE COJAEpkKaThb HU OIHOTrO
aneMmeHTa. CHHCOK, HE COJEpXKalllMid 3JIEMEHTOB, HAa3bIBAETCS IYCThIM WJIU
HYJIEBBIM CITHUCKOM.

Hemycrol crincok MOKHO pacCMaTpuBaTh KaK CIUCOK, COCTOSIIIMN U3 JABYX
YyacTeil: TOoJIOBBl — NEPBOrO 3JEMEHTa CIHMCKA; M XBOCTA — OCTAJIBHOW YacTh
cnucka. ['ooBa sABIsSETCA 3JIEMEHTOM CIIHMCKA, XBOCT SIBIsETCA cIUCKOM. ['onoBa
CIMCKAa — JTO HEAEIMMOE 3HAuY€HHE, XBOCT MPEACTAaBIAET CcOOO0M CIHCOK,
COCTABJICHHBI M3 TOrO, 4YTO OCTaJlOCh OT HCXOJHOTO CIIMCKAa B pe3yibTaTe
«OT/AENEHUS TOJOBbD. DTOT HOBBIA CIUCOK OOBIYHO MOXKHO AENIUTh U JAJbIIE.
Ecnu criucok COCTOUT M3 OAHOTO 3JIEMEHTA, TO €r0 MOYKHO Pa3/ielIUTh Ha TOJIOBY,
KOTOpOU OYJET 3TOT CaMblil 3JIEMEHT, U XBOCT, SBJISIOILIUNCS IYCTHIM CIIHCKOM.

Ilycmoii cnucok nenv3a pazoeaums Ha 207108y u xeocm!

Omnepanus AeeHUs CIIMCKa HA TOJIOBY U XBOCT 0003HA4YaeTCsl MpU MOMOIIH
BEPTUKAILHOUN 4epThl (|):

[Head | Tail].

TI'onosa cnucka écezoa umeem mun 31eMeHmMa CRUCKA, X60CH CRUCKA —
mun cnucka!

Head 3nmech siBisieTcs mnepeMeHHOW it 00O03HA4YEHUs TOJIOBBI CITHCKA,
nepemenHasi Tail 0603HayaeT XBOCT cnMcKa (AJIsI UMEH TOJIOBBI M XBOCTa CIHMCKA
MPUTOAHBI JTI00BIE MonycTuMbie [Iposorom umena).

JlaHHas omnepamusi TakKKe MNPUCOCAMHSET 3JIEMEHT B HA4allo CIIMCKa,
HampuMep, Ui TOro, 4ToObl MPUCOEIMHUTH X K CIHUCKY S CJleayeT HamucaTh
[X|S].

B koHLEeNTyalbHOM IUTaHE, CIMCOK UMEET CTPYKTYpY AEPEBa, Kak U Apyrue
cocTaBHbIE TepMbl. Tak, Hampumep, crnucok [a,b,C] MoxHO mpencraBuTh B BUE

CTPYKTYPBI:

CITMCOK

a CITMCOK

b CIIUCOK
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OTJIH‘-IHTGJIBHOﬁ OCO6€HHOCTBIO OIMIMCAaHHUA CIIMCKOB JSBJISICTCA HAJIUX4YUC
3BE3/104YKH (*) IOoCiie UMEHU JJOMEHA JIEMEHTOB.

prwep 34: 06bﬂ6]Z€Hu€ CNucCKoe, cocmoAamux us3 oJle€MEeHmMo6
CMAaHOAPMHBIX MUNOB OOMEHO8 UIU MUNA CIMPYKMYPBI.

domains

listl=integer*

list2=char*

list3=string*

list4=real*

list5=symbol*

personal _library = book (title, author, publisher, year)

list6= personal_library*

list7=list1*

list8=Ilist5*

B nepevlx  niamu O6bﬂ6ﬂeHuﬂx CnucCKoe 6 Kavecmee  oJlemMeHmoe6
UCnoJib3yromc: cmaHOapmeze 00M€Hbl aaHHblx, 6 wecmom mune cCcnucka e6
Kawecmee J1eMeHma UCNOIb3Yemcs: O0oMeH cmpykmypwl personal library, 6
CeabMOM U 60CbMOM mune CnuckKka 6 Kadecmee JdJleMeHnAad UCnoJib3yencsa paHee
06b}18ﬂ€HHblﬁ CNUCOK.

Ilpumep 35: demoncmpayus pazoeneHus CNUCKO8 HA 207108Y U XBOCHI.

Cnucok Tonosa Xeocm
[1,2,3,4,5] 1 [2,3,4,5]
[6.9, 4.3] 6.9 [4.3]

[cat, dog, horse] Cat [dog, horse]
[S, ‘K’ Y] ‘S’ [K’, Y]
[«PIG»] «PIG» [1

[1 He onpeodenena He onpedenen

Visual Prolog momyckaet 0ObsIBIICHHE M UCIIOJIb3BAHUE COCTABHBIX CITUCKOB.
CocCTaBHOM CITUCOK — 3TO CIMCOK, B KOTPOM HCIOJIB3yeTcsl 00jee YeM OJUH THIl
aneMeHTa. J{J1si co3MaHus TaKOro CIHUCKa, HEOOXOMMO HMCIT0JIb30BaTh CTPYKTYPHI,
TaK Kak JOMEH MOXET CoJep)KaTh 00Jee OJHOrO THIA JaHHBIX TOJIBKO JIJIs
CTPYKTYPHI.

IIpumep 36: obvssIeHUe CRUCKA, KOMOPBLIL MOXNCEM COOEPAHCAMb CUMBOJIbL,
yenvle YUCia Ui CmpoKu:

domains
llist=i(integer);c(char);s(string)
list=Ilistl*

Jlns TpHUMEHEHHs CIOHCKOB B mporpammax Ha IIpojore HeoOX0auMo
onucaTh JOMCH CIHHCKa B pasaene domains, mpeaukaThl, padOTaONIUE CO
CIMCKaMH He0OX0IuMO omucath B pazaeine predicates, 3agaTe caM CIIHCOK MOKHO
1100 B pasneie clauses mubo B pasmene goal.

Haz cimckaMu MOYKHO peaM30BaTh Pa3IUYHBIC OMEPAIMK: IIOUCK DJIEMEHTA
B CIIMCKE, pa3/e/IeHHe CIMCKA Ha JBa CIHMCKa, IPHCOCAMHEHNE OJHOIO CIIMCKA K
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JIpPyTrOMy, YAAJEHHUE 3JIEMEHTOB U3 CIHCKA, COPTUPOBKY CIIUCKA, CO3aHUE CIIMCKA
n3 conepxkumoro b/l u tak nanee.

3.2.11 ITouck aneMeHTa B CITUCKE

[Touck 351eMeHTa B CIIUCKE SIBISIETCS OYEHB PACHIPOCTPAHEHHOM OIEpalnei.
[louck mpexacraBnsier coOOW MPOCMOTP CHHCKA HA TMPEAMET BBISBICHUS
COOTBETCTBHSI MEXIy OOBEKTOM TMOMCKa M 3JeMeHTOM crucka. Eciau Takoe
COOTBETCTBHE HAWJEHO, TO MOUCK 3aKaHYMBAETCS YCIEXOM, B MPOTUBHOM CIIy4ae
MOUCK 3aKaHuMBaeTcsa HeycnexoMm. CTpaTerus nmovcka rnpu 3ToM OyIeT COCTOSITh B
PEKYPCUBHOM BBIJICTICHUH TOJIOBBI CITMCKA M CPABHEHHUH €€ ¢ 00bEKTOM ITOUCKA.

Illpumep 37: nouck snemenma  cnucke.

domains

list=integer*

predicates

member (integer, list)

clauses

member (Head, [Head |_]).

member (Head, [ | Tail ]):- member (Head, Tail).

goal

member (3, [1, 4, 3, 2]).

[IpaBuno moucka MOXKET CPaBHUTh OOBEKT IMOMCKA U TOJOBY TEKYIIETO
CIIMCKA, 3Ta ONepalys 3anrcaHa B BUJe akra npeaukara member. DTOT BapuaHT
NpEAnojgaraeT Hajlu4he COOTBETCTBHUS MEXAy OOBEKTOM IIOMCKa M TOJIOBOM
criucka. OTMETHM, YTO XBOCT CIIMCKA B JAHHOM CITy4ae HE Ba)K€H, MO3TOMY XBOCT
CIUCKA MPUCBANBAETCS aHOHMMHOM TepeMeHHOM. Eciin 00BbeKT moucka u rojona
CIIMCKA pa3JIMuHbl, TO B PE3yJbTaTe HCIOJHEHHS IMEPBOr0O MPEI0XKEeHUs OyaeT
HEYyCIeX, MPOUCXOIUT BO3BPAT U MOUCK JAPYTroro mpaBuiia win ¢akTa, ¢ KOTOPhIMU
MOKHO IIOIBITaTbCSI HAWTH COOTBETCTBHE. [lJI1 3TOM LEIM CIY)KUT BTOpPOE
MIPEIIOKEHNE, KOTOPOE BBIAEISET U3 CIMCKA CIEAYIOIUH T10 MOPSAIKY 3JIEMEHT, TO
€CThb BBIACJSET TOJIOBY TEKYIIEro XBOCTA, IO3TOMY TEKYIIMHA  XBOCT
MPEJCTABISACTCS KaK HOBBIM CIMCOK, TOJIOBY KOTOPOTO MOXHO CpPaBHUTH C
0o0BEeKTOM TMoucKa. B ciyyae UCHOJHEHHS BTOPOTO TMPEJIOKEHHUS, TOJOBa
TEKyLIEro CHMCKa CTaBUTCS B COOTBETCTBUE AHOHMMHOW MEPEMEHHOM, TaK Kak
3HAYEHHE TOJIOBBI C MMMCKA B JAHHOM CJIy4ae HE UTPAET HUKAKOW POJIH.

[Iponiecc moBTOpPSIETCA JO TEX MOP, NOKA MEPBOE MPEIIOKEHHUE JACT yCIEX,
B Clly4a€ YCTAHOBJICHHSI COOTBETCTBHS, JMOO HEYCIEX, B Cily4yae HCUYEpHaHHs
cnucka. B mpencraBienHoM mpumepe npenukar find HaxoauT Bce coBHaACHUS
00BEKTa MOKCKA C JIEMEHTaMH crucka. J[jig Toro, 4ToObl HANTH TOJBKO MEPBOE
COBNAJICHHE ClIeAyeT MOIU(UIMPOBATh MEPBOE NPEIJOKEHHUE CIEAYIOIINM
obOpazom:

member (Head, [Head | _]):- !

OtceueHne OTMEHSIET ACHCTBHE MEXaHU3Ma BO3BpaTa, MOITOMY ITOMCK
IbTEPHATUBHBIX YCIICITHBIX PEIICHHUI peain30BaH HE Oy/IeT.
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3.2.12 O6benuHEHHE IBYX CIIHCKOB

CrnusiHde NIByX CIIMCKOB W TOJIyYEHHE, TaKUM 00pa3oM, TPEThEro CIUCKa
NPUHAIIICKUT K YUCITY HauOoJiee MOJIe3HBIX MPHU paboTe CO CIUCKAMM OIepaluil.
O0603HaunM nepBbIi criucok L1, a Bropoit criucok - L2. Ilycts L1 =11, 2, 3], a L2
= [4, 5]. Ilpenukatr append npucoenunsier L2 x L1 1 co3maeT BBIXOJHON CITMCOK
L3, B KOTOpBIM OH JOJDKEH mepecnaTh Bce aneMeHThl L1 m L2. Beck mporiece
MO>KHO MIPEJICTABUTH CIIEIYIONIUM 00pa3oM:

1. Coucoxk L3 BHauane mycr.

2. Dnementsl cimcka L1 nmepeceinatores B L3, reneps 3naueHuem L3 Oyaer

[1, 2, 3].
3. Dnementsl cnucka L2 mepecbutatotess B L3, B pe3ynpTaTe 4ero TOT
MpUHUMAET 3HaueHue [1, 2, 3, 4, 5].

Torna nporpamma Ha s3bike Typ6o-IIposor umeeT ciieayronuil BUa:

Ilpumep 38: ob6vedunenue 08yx CNUCKOS.

domains

list=integer*

predicates

append (list, list, list)

clauses

append ( [], L2, L2).

append ([H|T1], L2, [H|T3]):- append (T1, L2, T3).

goal

append ( [1, 2, 3], [4, 5], L3).

OCHOBHOE HCIOJIb30BaHUE MpearKaTa apPend coOCTOUT B 00bETUHCHHUH JIBYX
CIIMCKOB, UTO JIeJIacTCs IpH IMoMoIy 3aaanus e suaa append ([1, 2, 3], [4, 5],
L3). Ilouck otBera Ha Bompoc tuma: append (L1, [3, 4, 5], [1, 2, 3, 4, 5]) —
CBOJUTCS K TMOUCKY Takoro crucka L1=[1, 2], KoTopslii Mpy CIUSHUHA CO CITUCKOM
L2 =[3, 4, 5] nact cniucok L3 = [1, 2, 3, 4, 5]. [1pu obpadoTku yeru append (L1,
L2, [1, 2, 3, 4, 5]) umyrcsa takue comcku L1 u L2, yTo ux oObeguHEHHME AacT
cuucok L3 =1, 2, 3, 4, 5].

3.2.13 Onpenenenue JJIMHBI CITUCKA

Uucio 31eMeHTOB B CITUCKE MOKHO TMOJICUMTATh MPHU MTOMOIIM PEKYPCUBHBIX
npeaukaroB count_listl u count list2. ITpeaukar count_listl Beaér moacuér umcia
AJIEMEHTOB B CITHCKE Ha MPSIMOM XOJI€ PeKYPCUH, HAYMHAS OT TOJIOBBI CIIUCKA, TIPH
9TOM TEPBBIM TMapamerp THma Dyte sBisercs TEKylUM CYETYMKOM, a BTOPOH -
HEOOXOJMM JIJIs1 BO3BpAIICHUS pe3yjbTaTa MpH BBIXOJE U3 pekypcun. [Ipegukar
count_list2 Beaér momacy€r uymcia 3JIEMEHTOB B CIHMCKE Ha OOpAaTHOM XOJIe
pPEKypCHH, HAayWHas C TOCJICAHEro 3JIEMEHTa, MPH 3TOM IMapaMeTp Tuma byte
SBJIICTCSI TEKYIIMM CYETYMKOM W Pe3yIbTaTOM OJHOBpPeMeHHO. JIBa BapuaHTa
pelieHus 3a1a4u TpuBoAsSTCA B mpumepe 39.

Ilpumep 39: onpedenenue Onunvl cnucka.

domains

list=integer*

predicates
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count_list1(list,byte,byte)

count_list2(list,byte)

clauses

count_list1([],N,N).

count_list1([_|T],N,M):- N1=N+1, count_list1(T,N1,M).
count_list2([],0).

count_list1([_|T],N):- count_list1(T,N1), N=N1+1.

goal

count_list1([0,-1,2,6,-9],0,N), count_list2([4,3,-8],K).

3.2.14 TTouck MaKCUMAJILHOTO U MUHUMAJIBHOTO 3JIEMEHTA B CITUCKE

Haittn mMakcuManbHBIA WM MUHHUMAJbHBIA 3JIEMEHT B CHMCKE MOXHO NPH
TIOMOIIIM PeKypCcUBHBIX TpeaukaroB max_list # min_list. [Tpemqukat max_list umer
MAaKCUMAJIbHBIA 3JIEMEHT B CIIHCKE HAa MPSIMOM XOJI€ PEKYpCHHM, HAuMHasi OT
TOJIOBBI CIIMCKA, TIPU 3TOM IEPBBIA MapaMeTp Tuma INteger sBaseTcs TeKYIUM
MaKCUMYMOM, a BTOPOU - HEOOXOJUM JIJIsi BO3BpAILlEHUS pe3yibTaTa MpU BBIXOJIE
u3 pekypcun. I[Ipemukat min_list uier MUHUMAJIBHBIA SJIEMEHT B CIHCKE Ha
oOpaTHOM XOJIe PEeKypCUU, HAUMHAS C TIOCIIETHErO AJIEMEHTA, IIPU 3TOM MapaMeTp
Tuna integer sBiseTcss TeKYIMM MHHUMYMOM U PE3yJIbTaTOM OJHOBpEeMEHHO. /[Ba
BapuaHTa PeIICHUs 3a/1a4u MpuBoasTCs B ipumepe 40.

Ipumep 40: nouck maxcumanbHo20 m MUHUMATLHO20 dJleMEHMA 8 CHUCKE.

domains

list=integer*

predicates

max_list(list, integer, integer)

min_list(list, integer)

clauses

max_list ([],M,M).

max_list ([H|T],N,M):- H>N, max_list(T,H,M).

max_list ([H|T],N,M):- H<=N, max_list(T,N,M).

min_list ([H|[1],H).

min_list ([H|T],M):- min_list(T,M1), H>M1, M=H.

min_list ([H|T],M):- min_list(T,M1), H<=M1, M=ML1.

goal
L=[1,5,3,-6,8,-4],L=[H|T],max_list(T,H,Max), min_list([4,3,-8,6],Min).

3.2.15 CopTHpoBKa CIHCKOB

CopTHpoBKa MpeACTaBiIseT COOOM MepeymnopsaoueHUe FJIEMEHTOB CIHCKa
OTpejieieHHbIM 00pa3oM. Ha3HaueHueM COPTUPOBKH SIBISIETCS  YIPOIICHHE
JIOCTYTIA K HY)KHBIM 3JIeMEeHTaM. J[J11 COPTUPOBKHU CIUCKOB OOBIYHO TMPUMEHSIOTCS
TPU METOJA!

® METOJ IIEPECTAaHOBKHU,
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® METO/J] BCTaBKU,

® METO]I BHIOOPKH.

Taxxe MOKHO MCIIOJIB30BaTh KOM6I/IHaHI/II/I YKa3aHHBIX MCTOIOB.

[lepBbIli METOX COPTUPOBKMU 3aKIIOYACTCS B IIEPECTAHOBKE DJIEMEHTOB
CIIMCKa JI0 TeX TMop, IOKa OH He Oyaer ynopsjgoudeH. Bropoit wmeron
OCyHICCTBIACTCA IIPHU ITOMOIIH HGOHHOKpaTHOfI BCTaBKHU J2JICMCHTOB B CIIMCOK A0
TeX MOp, MOKa OH He OyneT ymopsmoueH. TpeTwii MeToln BKIIOYaeT B ceOs
MHOTOKPATHYIO BEIOOPKY U TIEpEMEIICHHIE FJIEMEHTOB CITHCKA.

Btopoii u3 MeTo0B, METO BCTaBKH, OCOOEHHO yIOOCH NIJIsl pean3aliy Ha
IIpouore.

Ipumep 39: copmuposrka cnuckos memooom nepecmanosKu (Ny3vipoKa).

domains

list=integer*

predicates

puz(list,list)

perest(list,list)

clauses

puz(L1,L2):-perest(L1,L3),!,puz(L3,L2).

puz(L1,L1).

perest([X,Y|T],[Y.X|T]):-X>Y.

perest([Z|T],[Z|T1]):-perest(T,T1).

goal

puz([1,3,4,5,2],L).]

TIpumep 40: copmuposra cnuckosé memooom 6CmasKu.

domains

list=integer*

predicates

insert_sort (list, list)

insert (integer, list, list)

asc_order (integer, integer)

clauses

insert_sort ([], [1)-

insert_sort ([H1|T1], L2):- insert_sort (T1, T2),

insert(H1, T2, L2).
insert (X, [H1| T1], [H1]| T2]) :- asc_order (X, H1), !,
insert (X, T1, T2).

insert (X, L1, [X] L1]).

asc_order (X, Y):- X>Y.

goal

insert_sort ([4, 7, 3, 9], L).

Jlnst  yImOBIETBOPEHHS TEPBOTO TMpaBuja o00a CHUCKa JODKHBI OBITh
nycThIMU. [ TOrO, 4TOOBI JOCTHUYL ATOTO COCTOSHMS, MO BTOPOMY IPABUITY
MPOMCXOAUT PEKYPCUBHBIM BBI30B IpeauKara iNsert sort, mpu 3ToM 3HAYCHUSIMHU
H1 MMOoCJaCaA0OBATCIIbHO CTAHOBATCA BCC OJIEMCHTBI HMCXOJHOI'O CIIMCKA, KOTOPEIC
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3aTeM MOMEIIAI0TCS B CTEK. B pe3ynbraTe HCXOMHBIA CIIUCOK CTAHOBUTCS MYCTHIM
Y 110 TIEPBOMY MPABUITY BBIXOJHOM CITUCOK TAKKE CTAHOBUTCS ITyCTHIM.

[Tociae Toro, Kak MPOM3OILIO YCIEUIHOE 3aBEpIICHHE IEPBOTO TpaBUIIA,
[Iposor mbBITaeTCA BBINOJHUTL BTOPOM Mpeaukar INSert, BBI3OB KOTOPOTO
COZICPXKHUTCS B Tesie BToporo mpasuia. [lepemennorn H1 cHavana npucBauBaeTcs
IIEpPBOE B3STOE U3 CTeKa 3HaueHue 9, a npeaukar npunuMaet Bu insert (9, [1, [9D).

Tak kak Temepb YIOBJIECTBOPEHO BCE BTOPOE MPABHJIO, TO MPOUCXOIHT
BO3BpAT Ha OJIMH IIar peKypcuu B mpeaukare insert_sort. 3 creka u3Biekaercs 3
U [0 TPEThEMY MPaBUIIy BBI3BIBACTCS MPEAUKAT asC_Order, To ecTh MPOMCXOIUT
NIOTBITKA yJIOBJIETBOPEHHsI TsiToro mpaBwia asc_order (3, 9):- 3>9. Tak kak
JIAHHOE TIPABHJIO 3aKaHYMBACTCS HEYCICIIHO, TO HEYCICIIHO 3aKaHYMBACTCSA U
TPEThe TPABUIIO, CJICIOBATEILHO, YIOBICTBOPSCTCSIYSTBEPTOC NPABHIO U 3
BCTaBJISCTCS B BBIXOHOM crucok cireBa ot 9: insert (3, [9], [3, 9]).

Jlanee MpPOMCXOAUT BO3BPAT K MpeAMKary iNsert_sort, KoTopbli MpUHUMACT
cneayrommid Bua: insert_sort ([3, 9], [3, 9]).

Ha cnenyromieM miare peKypCcMH M3 CTEKa M3BJICKACTCS 7 U 1O TPEThEMY
NpaBUJIY BBI3BIBACTCS MpeauKkar asc_order B Buzae asc_order (7, 3):- 7>3. Tax kak
JTAHHOC TPABUJIO 3aKAHYMBACTCS YCICIIHO, TO 3JIEMEHT 3 yOHWpaeTcs B CTEK H
insert BeI3BaeTCs PEKYPCHUBHO €Ille pa3, HO y»Ke ¢ XBocToM criucka — [9]: insert (7,
[9], ). Tak xak mpaswuio asc_order (7, 9):- 7>9 3akaHyMBaeTCsi HEYCIEIIHO, TO
BBIMOJIHSAETCS YE€TBEPTOE MPABUIIO, MPOUCXOAUT BO3BpAT HA IMPEIBIAYIIHE IIArH
peKypcuu cHadaja insert, 3atem insert_sort.

B pe3ynbTare 7 MOMENIACTCS B BBIXOJHOW CIIUCOK MEXKIY DJIEMEHTaAMH 3 U
9:insert (7, [3, 9], [3, 7, 9)).

[Ipu Bo3Bpate eille Ha OJMH IIAr PEKYPCUU M3 CTEKa MU3BICKAEeTCS 4 U 1O
TPEThbeMy IPaBHIIy BbI3bIBACTCS MpeAukaT asc_order B Buae asc_order (4, 3):-
4>3. Tak Kak JaHHOE MMPABHJIO 3aKAaHUYMBACTCS YCIICIIHO, TO DJIEMEHT 3 yOupaeTcs
B CTEK M INSert BeI3BaeTCsA PEKYPCHUBHO €IlIe pa3, HO y)Ke C XBOCTOM CIHCKa — [7,
9]: insert (4, [7, 9], ). Tak kak mpaBwmiio asc_order (4, 7):- 4>7 3akaHuuBaeTCS
HCYCIICIIHO, TO BBIMOJHACTCS YETBEPTOE MPABUIIO, MPOUCXOJUT BO3BpaT Ha
npebIAYIINe IIark PeKypcur cHavaia insert, 3atem insert_sort.

B pesysbrare 4 moMeniaeTcss B BBIXOJHON CIHMCOK MEXIY dJIEMEHTaMU 3 U
7

insert (4, [3,7,9],[3,4,7,9]).

insert_sort [4,7,3,9],[3,4,7,9]).

3.2.16 KoMIIoOHOBKA TAaHHBIX B CITHCOK

WMHorma mpu OpOrpaMMHPOBAHHMU — ONpEAEICHHBIX 3afad  BO3HHMKAET
HEO0OXO0IMMOCTh coOpaTh JaHHble U3 (akToB BJ[ B CriMCcOK 11 mocneayronen ux
obpabotku. [Iposor coaepxut BctpoeHHsli npenukat findall, kotopsrit mo3possier
BBIIMOJIHUTh  JaHHyI0 omnepanuio. Omnucanue npeaukata findall  BerisauT
CJIETYIONTUM 00pa3oM:

Findall (Var_, Predicate , List ), 20e Var ob6o3znauaem ums onsn mepma
npeouxkama Predicate , 6 coomsemcmeuu ¢ munom Komopoz2o @Gopmupyromcs
anemenmul cnucka List .
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Ilpumep 41: ucnonvsosanue npeouxama findall.
domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0)

decimal (1)

decimal (2)

decimal (3)

decimal (4)

decimal (5)

decimal (6)

decimal (7)

decimal (8)

decimal (9)

write_decimal:- findall(C, decimal (C), L), write (L).
goal

write_decimal.

3.2.17 TlosTopenue u pexypcwus B [Iposore

OdyeHp 4YacTo B mOporpaMMax HEOOXOJAMMO BBIMOJHUTH OJHY M Ty XK€
OIepalrio HECKOJIBbKO pa3. B mporpammax Ha [Iposiore moBropstomumecs onepamuu
OOBIYHO BBIMOJHSAIOTCS MPU MOMOIIM MPaBUJ, KOTOPhIE HCIOJIL3YIOT BO3BpAT U
pekypcuto. CylIecTByeT 4YeThipe crnoco0a TOCTPOCHUSI UTEPATHBHBIX U
PEKYPCUBHBIX TTPABUIT:

® MEXaHHU3M BO3BpaTa;

e METOJI BO3BpaTa MOCJE HEYAauH;

® [IpaBUJIO MTOBTOPA, UCIIOJNb3YIOIIee OECKOHEUHBIN ITUKIT;

e 0000I1I€HHOE PEKYPCUBHOE MPABUIIO.

[IpaBuna TOBTOPEHUMH U PEKYPCHUM JOJDKHBI COAEpPXKaTh CpPEICTBA
ylpaBjieHUs1 UX BbIMoJHEHUEeM. Berpoennbie npenukatel [Iposora fail u cut (1)
UCIIOJIB3YIOTCSL  JJIi  YIpaBJCHUS BO3BpaTaMH, a YCJOBHUS  3aBEPIICHUS
UCTIOJIB3YIOTCSL  JUIsl  yhpaBlieHuss  pekypcueil. IlpaBuwia  BBINOJHSIONINE
MOBTOPEHHUS, WCIOJB3YIOT BO3BpaT, a TMPaBUiia, BBIOJHSIIONUE PEKYPCHIO,
UCIIOJIb3YIOT CAMOBBIZOB.

3.2.18 Mexanu3m Bo3Bpara

Bo3sBpar sBisieTCSl aBTOMAaTUUYE€CKH WHUIIMUPYEMBIM CHUCTEMOUM MPOIIECCOM,
€CJIM HE WCIOJIb3YIOTCS CIeUUalIbHbIe CpelcTBa ympaBieHus uMm. Eciou B
npeauKaTe eI eCTh XOTsA Obl OJHa CBOOOJHAs TEpEeMEHHas, TO MEXaHU3M
BO3BpaTa nepedepeT Bce BO3MOKHBIE CITOCOOBI CBSI3BIBAHUS ITOM MEPEMEHHOM, TO
€CTh peaIu3yeT UTEPATUBHBIN ITUKIL.
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Ilpumep 42: pacnevamamo 6ce decsmuumvie yugppol.
domains

d=integer

predicates

decimal (d)

write_decimal (d)

clauses

decimal (0).

decimal (1).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

write_decimal (C):- decimal (C), write (C), nll.
goal

write_decimal (C).

3.2.19 MeTo Bo3Bpara mocjie Heyaaqn

MeTton Bo3Bpara 1nocie HeyJaul MOKET ObITh UCIIOJIb30BaH JJI YIIPABICHUS
BBIYMCJIEHUEM BHYTPEHHEN LIEIIN MIPYU MTOMCKE BCEX BO3MOKHBIX pelIeHn. /[aHHbIN
METOJ JTMOO WCIONIb3yeT BHyTpeHHUME mnpenukar [lposora fail, mubo ycnosue,
KOTOPOE MOPOKIAET JOKHOE 3HAYEHUE.

IIpumep 43: pacneuamams 6ce decaimuunvie Yuppoi.

domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0)

decimal (1).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

write_decimal:- decimal (C), write (C), nl, fail.

goal
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write_decimal

B npoepamme ecmv 10 npeouxamos, Kaxicovli U3 KOMOPLIX AGIAEHCS
AIbMEPHAMUBHLIM  NpeOdNiodceHuem 0as1 npeoukama decimal (d). Bo epems
NONBIMKU BbIYUCIUMb Yellb BHYMPEHHUe NOONPOSPMMbL YHUPDUKAYUU CEAZLLBAIOM
nepemennyto C ¢ mepmom nepeoco npednodicerus, mo ecmuv ¢ yugpoi 0. Tax xax
cywecmgyem — credylowee NpeonodiceHue, KoOmopoe —Modcem — obecnedums
eviyucnenue nooyenu decimal (C), mo nomewaemcs ykazamenb 6038pamd,
3Hauenue () evigooumcs Ha 3KkpaH. Ilpeouxam fail  evi3vlieaem HeycnewHoe
3a6epuieHue Npasula, GHYMpeHHUe HNOONPOSPAMMbl YHUDUKAYUU BbINOJHAIOM
6038pam u npoyecc no8mopsiemcsi 00 mex nop, noka He Oydem obpabomamo
nocneonee npeolodiceHue.

Ilpumep 44: noocuumamo 3HayeHUs: KBAOPAMOB8 8CeX OECAMUYHBIX YUPDD.

domains

d =integer

predicates

decimal (d)

s (d, d)

cikl

clauses

decimal (0).

decimal (1).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

s( X, Z):- Z=X*X.

cikl:-decimal (1), s(I , S), write (S), nl, fail.

goal

not(cikl)

Ilpumep 45 HeobxoOumo evidamb  OecsimuyHvle Yu@ppol 00 5
BKIIOUUMETILHO.

domains

d=integer

predicates

decimal (d)

write_decimal

make_cut (d)

clauses

decimal (0).

decimal (1).

decimal (2).
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decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

write_decimal:- decimal (C), write (C), nl, make cut (C),!.

make_cut (C):-C=5.

goal

write_decimal

IIpeduxam ! ucnonvzyemcs 0151 moeo, 4mobbl GbINOIHUMb OMCEYEeHUE 8
yKazaunom mecme. Heycnewmnoe gvinonnenue npeouxama make cut noposcoaem
npeoukam fail, komopulil ucnoavzyemcs 0 6038pama u 00CMyna K yugpam 0o
mex nop, noka yugpa e 6yoem pasma 3.

Ipumep 46: neobxooumo evioams uz b/ nepsyio yugpy , pasmyio 5.

domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0).

decimal (5).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (5).

decimal (8).

decimal (9).

write_decimal:- decimal (C), C=5, write (C), nl, !.

goal

write_decimal

Ecnu uz mena npasuna yopame npeduxam !, mo 6yoym Hatidenvl 6ce mpu
yugpol 5, umo sa61AemMca pe3yibmamom NPUMEHEHUs Memood 6038pama Nnocje
Heyoauu. Ilpu enecenuu omceuenus 6yoem evl0aHa eOUHCmMeeHHasn yugpa 5.

3 2 19 MeTto noBTOpa, UCIIOIB3YIOMHNN OECKOHESUHBIN ITUKIT

Bun mpaBuia moBTOpEHUS, TOPOKITAOIIETO OECKOHEUHBIN ITUKIT:

repeat.

repeat:- repeat.

[lepBerii repeat siBnsieTcs mMpeioKeHneM, OOBIBISIIONTUM MIpeanKaT repeat
uCcTUHHBIM. OJHAKO, MOCKOJbKY HMMEETCS €Il€ OJWH BaphaHT Jis JTaHHOTO
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MPEIOKEHMs, TO yKa3aTellb BO3BpaTa yCTaHABIMBASTCS Ha TIEPBBIA repeat.
Bropoii repeat — 3To npaBuiio, KOTOPOE UCIOJIB3YET caMO ce0sl KaK KOMIIOHEHTY
(Tpetuit repeat). Btopoit repeat BbI3BIBacT TpeTwil repeat, W STOT BBI30OB
BBIYHCIIIETCS YCIEIIHO, TaK KaK MEepBbIi repeat yaosieTBopsieT nmoxanenu repeat.
[Ipenukat repeat OyaeT BBIYUCIATHCS YCHEIIHO MPH KaXJI0H HOBOU MOMBITKE €ro
BbI3BaTh mocie Bo3Bpara. dakT OyAeT MCMOIB30BATHCS [IJISl BBHIMOJHEHUS BCEX
noaueneid. Takum oOpa3om, repeat 3To peKypcuBHOE MPaBUIIO, KOTOPOE HHUKOTIA
He ObIBaeT HeycmemHbIM. [Ipemukar repeat mMmMpOKO HMCTHOIL3YETCS B KayecTBE
KOMITOHEHTA APYTHX IMPaBUJl, KOTOPHIM BBI3BIBAET MOBTOPHOE BBIMOJHEHUE BCEX
CJICTYIONTUX 32 HUM KOMITOHEHTOB.

Ilpumep 41: 6secmu ¢ K1aguamypwsl yeavle YUCIA U 8blGeCMU UX HA IKPAH.
IIpoepamma 3aseepuiaemcs npu 66ode yucna 0.

domains

d=integer

predicates

repeat

write_decimal

do_echo

check (d)

clauses

repeat.

repeat:- repeat.

write_decimal:-nl, write( « Beeoume, nosxcanyiicma, yughpoi»), nl,

write(«l nosmopro ux»), nl,
write(« Ymobbr ocmanosums mens, esedume 0»), nl, nl.
do_echo:- repeat, readln (D), write(D), nl, check (D), !.

check (0):- nl, write («-OK!»).

check( ):- fail.

goal

write_decimal, do_echo.

[TpaBuio do_echo — 3To kKOHeUHOE TPaBUIIO MTOBTOPA, OJ1aroaaps TOMY, 4TO
npenukat repeat sBISETCS €ro KOMIIOHEHTOM U BBI3BIBAE€T TOBTOPEHUE
npeaukaTtoB readln, write, u check. Tlpenukat check omwmceiBaeTcs aByms
npemtoxkeHusIMu. [lepBoe npeioxkenne OyaeT yCIenHbIM, €CITH BBOAUMAs Iudpa
0, mpu A3TOM KypCcOp CIABHTAETCS Ha Hadajgo CICAYIOMEHd CTPOKM W Ha JKpaHe
nosisieTcst coobmenne «OK!» u mporecc NMOBTOpEHUs 3aBepIaeTcs, TaK Kak
nociie npeaukara Check B Tenme mpaBuia ciieayer NMpeaumkar oTceueHus. Ecium
BBCJICHHOE 3Ha4ucHUE oTimyaercs oT 0, TO pe3yJabTaTOM BBITOJIHCHHS TPEANKaTa
check Oymer fail B cooTBeTcTBHM CO BTOpBIM MpeajiokeHHeM. B sTom ciydae
MPOU30MJET BO3BpAT K mpeaukary repeat. Repeat moBTopseT MOCBUIKK B MPaBOU
YacTU TMpaBWiia, HaXOASIIMECs TMpaBee repeat u JeBee yCIOBUS BBIXOJA W3
OECKOHEYHOI0 IIUKJIA.
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3.2.20 Metopl OpraHu3aluu peKypCcuu

Pexypcusnas npoyedypa — smo npoyedypa, komopas vi3vieaem cama ceosi.
B pexypcuBHOl mpolieype HET MpoOJieMbl 3allOMUHAHUS PE3yJbTaTOB €€
BBIIIOJIHCHUSA IIOTOMY, YTO JIFOOBIE€ BBIYUCIICHHBIE 3HAYECHUST MOYKHO nepcaaBaTb U3
OJHOT'0 BbI30Ba B JIPYIOH, KaK apryMEHTHI PEKYPCUBHOTO MPEAUKATA.

Hanpumep, B mpuBeIeHHONW HUXKE MHporpaMMe BbIYUCIEHHUS (akTopHuana
(nmpumep 48), npuBeAcH NpUMEP HATMCAHUs PeKypCUBHOTO Tpeaukara. [Ipu stom
[Tposor co3maer HOByro Komuto mpeawkaTta factorial Takum oOpaszom, dro oH
CTAHOBUTCSI CIOCOOHBIM BBI3BATh CaM C€0s1 KaK CAaMOCTOSTEIIbHYIO TPOLIEAYPY.

Hpu amom He npoucxodum Konupoearnu: Kooa 6blNOJIHEeHUA, HO 6ce
aApPCYMEHMbl U NPOMEINHCYMOUHDbIE NEPEMEHHbIE KORUPYIOMCA 6 CMEK, K0m0pbll7
C030aemcs Kaxcowlil pa3z npu 8vi306e PeKypCueHo20 npasud.

Korz[a BBIIIOJIHCHUC TIIpaBHJIa 3aBCPIOACTCA, 3aHATass CTCKOM IIaMsTbh
OCB060)KI[aeTC5I H BBIIIOJTHCHHUC IIPOAOJIKACTCA B CTCKC IIpaBUJIA-POAUTCIIA.

Ilpumep 48: nanucams npoepammy viuucienus pakmopuaia.

predicates

factorial (byte, word)

clauses

factorial (0, 1).

factorial (1, 1):-!.

factorial (N, R):- N1=N-1, factorial (N1, R1), R=N*R1.

goal

f (7, Result).

ﬂJZ}Z 6blYUCTIEHUA qbakmopuaﬂa UucnoJjibzyemcs Nnocie008ameibHoe
ebluUCIeHUe npou3sedeHus psada uucen. FEeo 3uauenue obpaszyemcs nocie
uzBeyeHUs 3Ha4eHull coomeemcmeyroumux neEPEMEHHbIX U3 CMeKa, UCNOoJb3yemMblx
KaxK Ccnucoxk napamempoe 051 nociieone2o npedukama 6 mejle npasuja. Omom
NOCeOHUL NPeOUKAM 8bl3blBACMCSl NOCIE 3A8ePULEeHUSL PEKYDPCULL.

Ilpumep 49: nanucame npoepammy, eenepupyrouyio wucia Qubonauuu 0o
3A0AHH020 3HAYEHUSL.

predicates

f (byte, word)

clauses

f(1,1).

f(2,1).

f(N, F):- N1=N-1, f (N1, F1), N2=N1-1, f (N2,F2), F=F1+F2.
goal

f (10, Fib).

VY pexypcum ecTh TP OCHOBHBIX MPEUMYIIIECTBA!
® JIOTMYECKas MPOCTOTA MO0 CPABHEHUIO C UTEPAIIUCH;
® IIMPOKOE MPUMEHEHUE TTPH 00pabOTKE CIMCKOB,
® BO3MOXXHOCTb MOJICIMPOBAHUS  AJITOPUTMOB, KOTOPBIC HEIIB3s
3G (})EKTUBHO BBIPA3UTh HUKAKUM JIPYTUM CHOCOOOM (Hampumep,
OMHCaHUA 3aJ1a4, COJIepKaIIUX B ce0e M0/a3ajauu TaKOTro JKe THIIA).
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VY pexkypcuu ectb OuH OONBIION HEJOCTATOK — MUCHOJIb30BAaHUE OOJBIIOTO
oObeMa mnamsATU. Bceskuil pa3, Korja oAHa TMpoleaypa BbI3BIBACT JPYIyIo,
uH(pOopMaIsl O BHIMOJIHEHUHU BBI3bIBAIOIIEH MPOLIETYpPHl AOKHA ObITh COXpaHEHa
JUTSL TOTO, YTOOBI BBI3BIBAIONIAS MPOIEAYpa MOIJIA, TIOCIIe 3aBEpPIICHUSI BRI3BAHHON
MpoLIEeTypbl, BO30OHOBUTH BBIIIOJIHEHUE HA TOM MECTE, T/l OCTAHOBHJIACH.

PaccMoTpum crienManbHbIN cilydaid, KOria mpoleaypa MOKET BbI3BaTh ce0s
0e3 coxpaHeHus1 UH(HOPMAIIUU O CBOEM COCTOSIHHH.

[Ipeanonoxum, 4To Mporeaypa BbI3bIBAETCA NOCIEIHUN pa3, TO €CTh MOCIE
BBI3BAHHOI KOMUU, BBI3bIBAIONIAsl MpOLEAypa HE BO30OHOBUT CBOIO paboOTy, TO
€CThb IPU 3TOM CTEK BBI3BIBAIOIIEH MPOLEAYPHl JODKEH OBITH 3aMEHEH CTEKOM
BbI3BaHHOW Komuu. IIpu 3TOM aprymeHTam mpoueAaypsl NpOCTO MPHCBAUBAKOTCS
HOBBIE€ 3HAYEHHsS W BBINOJHEHUE BO3BpAIIA€TCs HAa HAYaJo BbI3bIBAIOLIEH
npouenypbl. C nOpoueAypHOMl TOYKM 3pEHHs OTOT IMPOLECC HAIIOMUHAET
OOHOBJICHUE YIIPABJISIIOIINX IIEPEMEHHBIX B ITUKJIE.

Oma onepayus ¢ Visual Prolog nazwvieaemca onmumusayueit xeocmosoi
Pexypcuu uiu onmumuzayueil nocjlie0Hezo 6vl306d.

Co3zniaHne XBOCTOBOM peKypcuu B mporpamMmMe Ha [Ipostore o3Hadaer, 4ro:

® BBI30B PEKYPCHUBHOM IMpOLEAYPHI SBISIETCS CaMOM  IOCJIEIHEN
ITOCBUIKOM B ITPABOM YaCTH MPABUIIA;

® 10 BBI30BA PEKYpPCHBHOW MpOLEIYypbl B MPAaBOM 4YaCTU NpaBUJIA HE
OBLIIO TOUEK OTKAaTa.

[IpuBeneM npuMepsl XBOCTOBOM PEKYPCHH.

Ilpumep 5S0:pexypcuenviii cuemuux ¢ ONMUMUSUPOBAHHOU XBOCMOBOLL
peKypcueil.

count(100).

count(N):-write(N),nl,N1=N+1,count(N1).

goal

nl, count(0).

Monauduiupyem 3ToT npuMep Tak, 4TOObI XBOCTOBOW PEKYPCHH HE CTAJIO.

Ilpumep S1:pexypcusHuiti cuemuux 6e3 X60CmMoBoU peKypCuu.

count1(100).

countl(N):-write(N),N1=N+1,count1(N1),nl.

goal

nl, count1(0).

M3-3a BbI3OBa mpenukata Nl mocie BbI30Ba PEKYpCHUBHOTO IpeaUKara
JTOJIKEH COXPAHATHCS CTEK.

Ipumep 52:pexypcuensiii cuemuux 6e3 X60CmMo80U peKypCul.

count2(100).

count2(N):-write(N),nl,N1=N+1,count2(N1).

count2(N):-N<O, write(“N — ompuyamenvroe uucio ).

goal

nl, count2(0).

31ech €CTh HEIMpOBEpEHHAsl albTepHATHBA JO BBI30BA PEKYPCHUBHOIO
npeaukata (TpeTbe NPAaBWIIO), KOTOPOE JOJIKHO TIPOBEPATHCS, €CIIA BTOPOE
NpaBUJIO 3aBEPIIUTCA HeyAauHO. TakuM 00pa3oM CTEK JIOJKEH ObITh COXPaHEH.



66

Ipumep 53:pexypcuensviii cuemuux 6e3 Xx60CmMo80U PeKypCUl.

count3(100).

count3(N):-write(N),nl,N1=N+1,check(N1),count3(N1).

check(2):-Z>=0.

check(2):-Z<0.

goal

nl, count3(0).

3/1ech TOXKE €CTh HENMPOBEpPEHHAsl albTEPHATHBA O BBI30BA PEKYPCHBHOIO
npeaukara (npenukat check). Cioydan B mpumepax 52 u 53 xyxe, 4eM B IpUMepe
51, Tak KaK OHM F€HEPUPYIOT TOUYKH BO3BpAaTa.

OdeHb NPOCTO cleNaTh PEKYPCHUBHBIA BBI30B IMOCJIEIHUM B IPAaBOM YacTH
npaBwia, HO Kak wu30exaTh ampTepHaTuB? [l 3TOro cieayer HMCHOJIb30BaTh
IpPEIUKAT OTCEYEHUs, KOTOPBIA NpeNOoTBpallacT BO3BpaThl B TOYKH, JIEBEE
npeaukata otcedeHus. Moaudumupyem 52 u 53 mpumepsl Tak, 4yToObI ObLia
XBOCTOBAsl pEKYpCHS.

Ipumep 54:pexypcusHulli cuemuux uz npumepa 52 ¢ X60Cmoeol peKypcuetl.

count4(100).

count4(N):-N>0,!,write(N),N1=N+1,count4(N1).

count4(N):- write(“N — ompuyamenvroe uucno “).

goal

nl, count4(0).

Ipumep 55:pexypcusHolii cuemuux uz npumepa 53 ¢ X60Cmoasou pexypcuetl.

count5(100).

count5(N):-write(N),N1=N+1 check(N1),!, count5(N1).

check(2):-Z>=0.

check(2):-Z<0.

goal

nl, count5(0).

3.2.21 Co3nanne nuHaAMHYECKUX 0a3 JaHHBIX

B TIlponore cymecTByloT cHelMalbHbBIE CPEACTBA JJIS OpTaHU3aIuU
BHYTPEHHUX M BHEIIHUX 0a3 JIaHHBIX. JTU CPEACTBA pPacCUUTaHBbl Ha PabOTy C
pEeJSIIIMOHHBIMU  0a3aMu  JaHHBIX. BHyTpeHHHE moAnporpaMMbl YHUDUKAIIUN
OCYIIECTBJISIOT ~ aBTOMAaTHYECKYI0  BBIOOpPKY  (akKTOB W3  BHYTPECHHEM
(mMHaMHYecKoi) 0a3bl JaHHBIX ¢ HY)KHBIMH 3HAYCHUSMU W3BECTHBIX IMapaMeTpOB
Y TIPHCBAWBAIOT 3HAYCHUS HEOPECIICHHBIM ITapaMeTPaM.

Paznen nporpammer facts B Visual Prolog mpennaznaveH aisi onucaHus
NPEAUKATOB  OUHAMUYECKOU  (6HympeHHeli) 0a3bl OanHblx. ba3za mTaHHBIX
Ha3bIBACTCS JUHAMHUYECKOM, Tak KaK BO BpeMs pabOThI IIPOrpaMMbl 3 HEEe MOYKHO
yAQIITh JII00bIe (aKkThl, a Takke J00aBJIATh HOBbIE (akThl. B 3TOM coctouT ee
OTJIMYUE OT cmamuyeckux 6a3 OaHubix, THE (AKThl SABJISAIOTCS YacThIO KoJa
MPOTrPaMMBbI U HE MOTYT OBITh U3BMEHEHBI BO BPEMS UCIIOJTHCHHUSI.

WNuorna ObIBaeT MOJE3HO UMETh 4acTh WH(OpMaIuu 0as3bl TaHHBIX B BUJC
daktoB cratuueckoil b/ - 3TM maHHble 3aHOCATCS B auHamuyeckyro bJl cpazy
MOCJIe aKTUBU3AIMHU TIporpamMmbl. B olmeM ciydae, npeaukatsl ctaTudeckoil bJ]
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UMEIOT JIPYyroe uMs, HO Ty XK€ camyio (OpMy MpEACTaBICHUS AAHHBIX, YTO U
npeaukatel guHamuueckor BJI. JloOaBineHue naTtuHCKOM OykBbl O K HMMEHH
npeaukata cratudeckod bBJl - 0oOBIUHBIA crmoco0 pasnuyaTh  MpeaUuKaThl
JIMHAMHUYECKOMN 1 cTatndeckon b/I.

Crnemyer OTMETHTD JiBa OTPaHUYCHHS, OOBsIBIICHHBIC B pa3zeine facts :

e B JUHaMHuecKoi 0aze maHHBIX [Iposora Moryt coaep:karbcsi TOJIBKO
bakThI;
e (hakTbl 0a3bl JAHHBIX HE MOTYT COJIEP>KaTh CBOOOIHbIC IEPEMEHHBIC.

JlomyckaeTcsi HalM4Me HECKOJbKUX paszzaenoB facts , Torma B ommcanun
Kaxaoro paszaena factS HyHO $BHO yKa3aThb ero ums, Hampumep facts —
mydatabase. B aByx pasnuunbix pasgenax factS Hedab3s  UCMONIB30BaTh
OJIMHAKOBbIE UMEHA MIPEANKATOB. TaKke HEb3s1 UCIOIb30BaTh OJMHAKOBBIE NMEHA
npeaukaToB B pasznenax facts w predicates. Ecaum wums 0a3bl JaHHBIX HE
yKa3bIBaeTCs, TO €il mpucBamBaercsi cranmaptHoe ums dbasedom. IIporpamma
MOJKET COJEpKaTh JIOKaJIbHbIE O€3bIMSHHBIEC pa3/enbl (PaKTOB, €CIM OHA COCTOUT
U3 €JUHCTBEHHOI'O MOJYJIs, KOTOPbIA HE OOBSBIEH Kak 4dacTh mpoekra. Cpena
pa3pabOTKM KOMIIMJIMPYET NPOrPaMMHBINA (ailll Kak eAMHCTBEHHBIM MOIYJb
TOJIBKO TIPH UCIOJB30BaHWUU yTHIUTH TestGoal. Muaue Oe3bIMSHHBIN pasjien
(akTOB JOKEH OBITh OOBSBIICH TII00ATBHBIM, TO ecTh Kak global facts.

B Ilposiore ectb cnenuagbHble BCTPOEHHBIE MPEAMKATHI ISl pabOTHI C
IUHAMUYECKON 0a30l JaHHBIX:
assert;
asserta;
assertz;
retract;
retractall;
save;
consult.

[Ipenukater assert, asserta, assertz, - mospossaroT 3aHectu (akt B b/, a
npeaukatel retract, retractall - ynanutes u3 Hee yxxe umeromuiicst akr.

[Ipenukar assert 3anocut HOBbIM ¢akr B b/l B Mmpou3BOIBHOE MECTO,
npeaukaTr asserta go0aBnseT HOBBIM (DaKT Tepen BCEMU YK€ BHECEHHBIMHU
(dakTamMu JaHHOTO MpeauKara, assertz nodasiser HOBBINM (hakT mocie Bcex (PakToB
JAHHOTO MPEINKATA.

[Ipenuxkar retract ynanser u3 bJl nepBbiii pakT, KOTOPHIH COMOCTABISIETCS C
3agaHHbIM (pakTom, mpenukar retractall ymanser m3 BJ] Bce dakThl, KOTOpBIE
COIIOCTABJIAIOTCS C 3aJJaHHBIM (DAKTOM.

[IpenukaTr Save 3amucbiBaeT Bce (akThl auHaMU4Yeckoil bJl B TeKCTOBBII
daiin HA JUCK, MPUYEM B KaXAyl0 CTpOKy (aiina 3aHocutcs oauH (axt. Ecnm
Gaiin ¢ 3aJaHHBIM UMEHEM YKe CYIIECTBYET, TO CTapbli (aiin Oyer 3aTepr.

[Mpenukar consult 3amuceiBaeT B quHaMudeckyio BJ1 ¢hakTel, cuuTaHHbIC U3
TEKCTOBOIO (paitnia, nmpu 3ToM (akThl U3 (aiina JonucbiBatoTcs B uMmerouryrocs b/
®daxThl, coAepKaluecs B TEKCTOBOM (pailiie JOJKHBI ObITh OMKMCAHBI B pa3Jiesie
domains.

* % ok ok ok ok F ¥
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llpumep 55:Hanucamov npocpammy, 2eHepupyiouyro MHOHMCECBO 4-
PA3POHBIX OBOUUHBIX YUCE]L U 3aNUCHIBAIOWUX UX 8 OuHamuveckyo B/].

facts

dbin (byte, byte, byte, byte)

predicates

cifra (byte)

bin (byte, byte, byte, byte)

clauses

cifra (0).

cifra (1).

bin (A, B, C, D):- cifra (A), cifra (B), cifra (C), cifra (D),

assert (bin (A, B, C, D)).

goal

bin (A, B, C, D).

Ipumep 56: Hanucamv npoepammy, noocuumoléarouyyro Yucio oopaujeHutl K
npoepamme.

facts

dcount (word)

predicates

modcount

clauses

dcount (0).

modcount:- dcount (N), M=N+1, retract (dcount (N)),asserta (dcount (M)).

goal

modcount.

Ilpumep  57:Hanucamv  npocpammy, onpeoensaiowyro  pooCHBeHHble
OMHOULEHUAL.

facts

dsisters(symbol,symbol)

dbrothers(symbol,symbol)

predicates

parents(symbol,symbol)

pol(symbol,symbol)

sisters(symbol,symbol)

brothers(symbol,symbol)

clauses

parents (anna, olga).

parents (petr, olga).

parents (anna, irina).

parents (petr, irina).

parents (anna, ivan).

parents (petr, ivan).

pol(olga, w).

pol(anna ,w).

pol(petr, m).
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pol(irina, w).

pol(ivan, m).

sisters (X, Y):-dsisters(X, Y).

sisters (X, Y):- parents (Z, X), parents (Z,Y),pol(X,w),
pol(Y,w),not(X=Y),not(dsisters(X,Y)),
asserta(dsisters(X, Y)).

brothers (X ,Y):-dbrothers(X, Y).

brothers (X, Y):- parents (Z,X), parents 1(Z,Y),pol(X,m),
pol(Y,m),not(X=Y),not(dbrothers(X,Y)),
asserta(dbrothers(X,Y)).

goal

sisters (X, Y), save (“mybase.txt”).

3 2 22 Vcnonp3oBanue cTpok B [Iponore.

Crpoka — 310 Habop cumBoiioB. Ilpu mporpammupoBanuu Ha IIponore
CUMBOJIBI MOTYT OBITh «3allMCaHbD» TMPU TMOMOIIM ajahaBUTHO-IIU(PPOBOTO
npeactapienns win npu nomom ux ASCII-kogoB. OOpatubii ciom (\), 3a
KoTopbiM HenocpeacTBeHHO caeayeT ASCII-kon (N) cumBoIia, HHTEPIIPETUPYETCS
KaKk CMMBOJ. /IS mpeacTaBiieHHss OJUHOYHOTO CHMBOJIA BbIpakeHne \N JT0DKHO
ObITh 3akimoucHo B amoctpodbr (\N’). J[ist mpeacTaBiieHUS CTPOKH CHMBOJIOB
ASCII-xonp1 momMenaroTes APyT 3a IPYyroM U BCs CTPOKA 3aKIIFOYAETCS B KaBBIYKU
(«\NAN\N»).

Omneparyu, 0OBIYHO BBITOTHAEMBIC HAJT CTPOKAMU, BKITFOUAIOT:

e 00BEeIMHEHNE CTPOK JJIsT 00pa30BaHM HOBOW CTPOKH;

® pasJelcHUE CTPOKU JJIs CO3MaHMS JBYX HOBBIX CTPOK, Kaxmas W3

KOTOPBIX COAEPKUT HEKOTOPHIE U3 UCXOIHBIX CHMBOJIOB;

® T[IOMCK CHMBOJIA WJIH MOACTPOKHA BHYTPH TaHHOW CTPOKH.

Hnst ynoocTBa paboThl co ctpokamu [Iposor mMeeT HECKOJIbKO BCTPOSHHBIX
MIPEIUKATOB, MAaHUTTYJUPYIOIINX CO CTPOKAMH:

e str_len — mpenukar s HAXOXKIACHHS JUTMHBI CTPOKH;
concat — mpeaukar sl OObEAMHEHUS ABYX CTPOK;
frontstr — npeaukar a1 pa3aeacHus CTPOKH Ha JIBE MOICTPOKH;
frontchar — npeaukar ais pas3aeneHus: CTPOKH Ha MEePBBI CHMBOJI U OCTATOK;
fronttoken — npenukar s pasaeneHust CTPOKU Ha JICKCEMY H OCTATOK.
Cunrakcuc npeaukara str_len:
str_len (Str value, Srt length), roe mepBwili TepM umeeT Tum string, a
BTOPOW TEPM MMEET THII integer.

Ilpumep 58:

str_len («Todayy, L)- 6 0annom ciyuae nepemennasn L nonyuum snaveHue 5,

str_len («Today», 5) — 6 OamHom cnyuae OyOem GbINOJIHEHO CPABHEHUe
onunwbl cmpoxu «Todayy u 5. Tax kax oHu cosnanu, mo npeouKam GblNOJIHUMCSL
ycnewHo, ecau Ovl OIUHA CMPOKU He Oblld pasHa 5, mo npeouxam GblIOHUNLCSA Dbl
HeyCneuwHo.

CuHTakcuc npeaukara concat:

concat (Strl, Str2, Str3), re Bce TEpMbI UMEIOT THUII String.
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Ipumep 59:

concat («Today», «Tomorrowy, S3)- 6 Oannom ciayuae nepmenuas S3
noayuum 3nadenue « TodayTomorrowy,

concat (81, «Tomorrowy, «TodayTomorrowy) — 6 dannom ciyuae S1 6yoem
npuceoero snavenue « Todayy»,

concat («Todayy», S2, «TodayTomorrow») — 6 oannom cinyuae S2 6yoem
npuceoero snavenue « Tomorrowy,;

concat («Today», «Tomorrowy, «TodayTomorrowy)- 6ydem npoeepena
go3modcHocms  ckuneuku cmpok  «Todayy u  «Tomorrowy 6 cmpoky
«TodayTomorrowy.

CunTakcuc npeaukara frontstr:

frontstr (Number, Strl, Str2, Str3), rme Tepm Number umeeT Tun integer, a
OCTallbHBIE TepMbl MMEIOT TN string. Tepm Number 3agaeT 4MCIO CHMBOJIOB,
KOTOPBIC JOJKHBI OBITH CKOIMPOBAHBI U3 CTPOKHU Strl B cTpoky Str2, ocTaibHbIC
CHUMBOJIBI OyTyT CKOITMPOBAHKI B CTPOKY Str3.

Ipumep 60:

frontstr (6,«Expert systems», S2, S3)- 6 oanmom ciyuae nepmennas S2
noayuum 3nadenue «Experty, a S3 nonyuum 3navenue ,« systems)y.

Cunrakcuc npenukata frontchar:

frontchar (Strl, Char , Str2), rne Tepm Char umeer tun char, a ocranbHble
TE€pPMBbI UMEIOT THI string.

Ilpumep 61:

frontchar («Today », C, S2)- 6 Odannom ciayuae nepmennas C noaydum
3Hauenue «T», a S2 nonyuum 3uavenue ,«odayy;

frontchar («Today », ‘T’, S2) — 6 Odannom cayuae S2 O6yOem npuceoeHo
3HaueHue «odayy,

frontchar («Today», C, «oday») — 6 oannom cnyuae C 6yoem npuceoeHo
3HaueHue « Ty,

frontchar (S1, «T», «oday») — 6 Oannom cnyuae SI 6ydem npuceoeHo
sHauenue «Todayy,

frontchar («Today», «T», «oday»)- O6yoem nposepena 603MOICHOCHb
ckaetiku cmpok « Ty u «oday» 6 cmpoky «Today».

Cunrakcuc npenukara fronttoken:

fronttoken (Strl, Lex, Str2), roe Bce Tepmbl uMeroT Tui string. B tepm Lex
KOMMPYyeTCsl TepBas JIeKceMa CTPOKW Strl, ocTambHbIE CHUMBOJBI OyayT
CKOITUPOBaHBI B CTPOKY Str2. JIekcema — 3TO UMS B COOTBETCTBUU C CHHTaKCHUCOM
s3pika TypOo-IIposor wim CTpovyHOE TpEACTaBICHUE YHCIa WA OTIACITbHBIN
CUMBOJI (KpoMe mpoderna).

Ilpumep 62:

fronttoken («Expert systems», Lex, S2)- 6 oanHom ciyuae nepmennas Lex
noxyuum 3Hadenue «Experty, a S2 nonyuum 3nauenue ,« systemsy.

fronttoken («$Experty, Lex, S2)- 6 oannom cuyuae nepmennas Lex noxyuum
snauenue «$», a S2 nonyuum snavenue ,« Experty.

fronttoken («Expert systemsy, Lex, « systems»)- 6 OaHHOM clyuae
nepmennas Lex nonyuum 3uauenue « Experty;



71

fronttoken («Expert systemsy», «Expert», S2)- ¢ oannom cnyyae nepmennas
S2 nonyuum 3nauenue « systemsy,

fronttoken (S1, «Experty, « systems»)- 6 OaHHOM clyyae nepmenHas Sl
noayuum 3uadenue «Expert systemsy;

fronttoken («Expert systemsy», «Expert», « systems»)- 6 OanHOM clyyae
0yOem npoepena 803MOHCHOCMb CKAEUKU JleKCeMbl U ocmamka 8 cmpoky «Expert
systemsy.

3.2.23 IlpeoOpa3zoBanue naHHbIX B [Iponore

Jlns mpeoOpa3zoBaHusl JaHHBIX M3 OJHOrO TUMa B npyroil Ilpomor mmeer
CJHEAYIOLINE BCTPOCHHBIE TPEIUKATHI:

upper_lower;

str_char;

str_int;

str_real,;

char_int.

Bce mnpenukatel mnpeoOpa3oBaHMsl JaHHBIX HUMEIOT JBa Tepma. Bcee
MpeIUKaThl UMEIOT JBA HAMPAaBIICHUS MPeoOpa3oBaHus JaHHBIX B 3aBUCUMOCTH OT
TOTO, KaKOW TE€pPM SIBJISIETCSI CBOOOTHOM MIIM CBSI3aHHOM MEPEMEHHOM.

Ilpumep 63:

upper lower («(STARS», S2).

upper lower (S1,«starsy).

str_char («T», C).

str_char (S, 'T’).

str_int («123», N).

str_int (S, 123).

str_real («12.3», R).

str_real (S, 12.3).

char _int (‘A’, N).

char_int (C, 61).

B Ilponmore HeT BCTPOEHHBIX MPEIUKATOB JUIA MpPeoOpa3oBaHUs
JIEUCTBUTENLHBIX YMCEN B 1I€JIble M1 HA00OPOT, UM CTPOK B CUMBOJIBI. Ha camom
Jiene, MpaBWiia MpeoOpa3oBaHUS JIaHHBIX THUIIOB OYEHb MPOCTHI U MOTYT OBITh
3aJ1aHbl B IPOrpaMMe CaMUMHU [POTPaAMMUCTOM.

Ilpumep 64:

predicates

conv_real_int (real, integer)

conv_int_real (integer, real)

conv_str_symb (string, symbol)

clauses

conv_real_int (R, N):- R=N.

conv_int_real (N, R):- N=R.

conv_str_symb (S, Sb):- S=Sh.

goal

conv_real_int (5432.765, N). (N= 5432).
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conv_int_real (1234, R). (R=1234).

conv_str_symb («Visual Prolog», Sb). (Sb=Visual Prolog).

Ilpumep 65: npeobpazosanue Ccmpoku 6 CHUCOK  CUMBONO8 C
ucnoav3oeanuem npeoukama frontchar.

domains

list=char*

predicates

convert (string, list)

clauses

convert («», []).

convert (Str, [H\T]):- frontchar(Str, H, Strl),

convert(Strl, T).

3.2.24 TlpencraBnenne OMHAPHBIX JEPEBHEB

OpHoit w3 oOnacTelt TPUMEHEHUs CIMCKOB SBISIETCS MpPEACTaBICHHUE
MHOKECTBa 00BEKTOB. HejocTatkoMm mpejcTaBieHUsT MHOXKECTBA B BHUJE CHHCKA
apisgercss Hed(exkTuBHAs TMpoleaypa MPOBEPKH MPUHAJICKHOCTH DJIEMEHTa
MHOXeCTBY. MCronb3yeMblit st 5TOM 1esu npearkar member HeaddekTruBeH mpu
UCITIOJIb30BAHUU OOJIBIITNX CITUCKOB.

Jns  mpeAcTaBlIEHHST MHOXKECTB MOTYT HCIOJIB30BATHCS  Pa3IMYHBIC
JIPEBOBUJIHBIC CTPYKTYPBI, KOTOpBIe oOecrieunBaioT 0Oosiee AHPEKTHBHYIO
peanu3alio MPOBEPKU MPUHAIJICKHOCTH 3JIEMEHTa MHOXXECTBY, B YaCTHOCTH, B
JTAHHOM pa3zjielie JJIsl 3TOU eI pacCMaTPUBAIOTCsL OMHAPHBIE ACPEBbS.

[IpencraBnenrie OWHApPHBIX JEPEBbEB OCHOBAHO Ha  OMNPEIEICHUU
PEKYpPCUBHOM CTPYKTYpPBI TaHHBIX, UCIIOJIb3YIOIICH GyHKImio Tuma tree (Top, Left,
Right) wmu tree (Left, Top, Right), rne Top - BepmmnHa nepesa, Left u Right -
COOTBETCTBEHHO JIEBOE U MpaBoe mojjepeBo. IlycTtoe aepeBo 0003HaAUUM TEPMOM
nil. O0BABUTH OMHAPHOE IEPEBO MOXKHO CIICAYIOIIMM 00pa3oM:

Ilpumep 66:

domains

treetypel=tree(symbol, treetypel, treetypel);nil

treetype2=tree(treetype2, symbol, treetype2);nil

Ilpumep 67:
[TycTh gaHo AepeBo CIEAYIOMETro BUIA:

d/b<&\

Takoe iepeBo MOXKET OBITh 33JIaHO CIEAYIOIIUM 00pa3oM:

1. nesoe noooepeso: tree (b, tree (d, nil, nil), tree (e, nil, nil)).

2. npasoe noodepeso: tree (c, nil, nil).

3. 6ce oepeso: tree (a, tree (b, tree (d, nil, nil), tree (e, nil, nil)), tree (c, nil,

nil)).
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Ilpumep 69: Hanucams npocpammy NpoBepKU NPUHAOIEHCHOCHIU BEPUIUHBL
OuHapHomy oepesy.

domains

treetype = tree(symbol, treetype, treetype);nil()

predicates

in(symbol, treetype)

clauses

in(X, tree(X,_, ).

in(X, tree(_,L, ):-in(X, L).

in(X, tree(_,_,R):-in(X, R).

goal

in(d,tree(a, tree(b, tree(d, nil, nil),

tree(e, nil, nil)),
tree(c, nil, nil))).

ITouck BCPIIWHBI B HCYIIOPAAOYCHHOM JICPCBC TAKIKC H€3(1)(1)CKTI/IBCH, KaK "
IMOMCK dJIeMEHTa B CIIMCKe. Eciu BBeCTH OTHOIICHHUE YHOPAOAOUCHUSA MCKIY
QJICMCHTAMH MHOJKXCCTBA, TO IIpoOcaypa IMIOMCKaA 3JICMCHTA CTAHOBHUTCA Iopa3nao
sbdextuBHee. MOXKHO BBECTH OTHOIICHUE YHOPAOOUEHUs Clleed HANpPAgo
nenycmozo oepesa tree(X, Left, Right) ciexyromnum o6pazom:

1. Bce y31bI B teBoM nojepese Left menbiie X.
2. Bce y3nb1 B mpaBoM nogzepese Right 6osbrie X.
3. Oba moxnepeBa TakKe SBJSIOTCS YIIOPSIOUCHHBIMH.

[Ipeumy1iiecTBOM yHOPSAAOYMBAHUS SIBISETCS TO, YTO JJIA MOMCKA JHOOO0ro
y3Jia B JIepeBe JOCTATOUHO MPOBECTH MOUCK HE Oojiee, ueM B OJJHOM nojiiepese. B
pe3ynpTaTe CPAaBHEHUS y3J1a U KOPHS JIEPEBA U3 PACCMOTPEHHUS UCKIIFOYAETCS OJHO
N3 IOAACPCBLECB.

Ilpumep 70: nanucams npocpammy nposepKu NPUHAOIEHCHOCU BEPUIUHBL
VNOPAOOUEHHOMY Cle8d HANpaso OUHAPHOM) Oepesy.

domains

treetype = tree(byte, treetype, treetype);nil()

predicates

in(byte, treetype)

clauses

in(X, tree(X,_, ).

in(X, tree(Root,L,R):-Root>X,in(X, L).

in(X, tree(Root,L,R):-Root<X,in(X, R).

goal

in(6,tree(4, tree(2, nil, tree(3, nil, nil)),

tree(5,tree(1,nil,nil),nil)),tree(8,tree(7,nil,nil),tree(9,nil,tree(10,nil,nil)
).

Ilpumep T1: nanucamv npocpammy newamu eepuiuH OUHAPHO20 Oepesd,
HAYUHAsl OM KOPHEBOUL U Cledysi NPABUIY 1e8020 00x00a depeaa.

domains

treetype = tree(symbol, treetype, treetype);nil()

predicates
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print_all_elements(treetype)

clauses

print_all_elements(nil).

print_all_elements(tree(X, Y, 2)) :-

write(X), nl, print_all_elements(Y),
print_all_elements(2).
goal
print_all_elements(tree(a, tree(b, tree(d, nil, nil),
tree(e, nil, nil)),
tree(c, nil, nil))).

Ilpumep 72: mnanucamv npocpammy npOBepKU UZOMOPGHOCMU  O08YX
OUHAPHBIX 0epesbes.

domains

treetype = tree(symbol, treetype, treetype);nil

predicates

isotree (treetype, treetype)

clauses

isotree (T, T).

isotree (tree (X, L1, R1), tree (X, L2, R2)):- isotree (L1, L2), isotree (R1,
R2).

isotree (tree (X, L1, R1), tree (X, L2, R2)):- isotree (L1, R2), isotree (L2,
R1).

Ilpumep 73: Hanucamov npeduxamsl co30anus OUHAPHO2O depesa U3 0OHO20
y3aa u ecmaeKku 001020 0epeea 6 Kadvecmee Jiesoco Uiu npaeoco noddepe@a 6
opy2oe 0epeao.

domains

treetype = tree(symbol, treetype, treetype);nil

predicates

create_tree(symbol, tree)

insert_left(tree, tree, tree)

insert_rigth(tree, tree, tree)

clauses

create_tree(N, tree(N,nil,nil)).

insert_left(X, tree(A,_,B), tree(A,X,B)).

insert_rigth(X,tree(A,B,_), tree(A,B,X)).

goal

create_tree(a, T1)), insert_left(tree(b, nil, nil), tree(c, nil, nil), T2),

insert_rigth(tree(d, nil, nil), tree(e, nil, nil), T3).

B pesynomame: T1=tree(a, nil, nil), T2=tree(c, tree(b, nil, nil), nil),
T3=tree(d, nil, tree(e, nil, nil)).

3.2.25 [Ipeacrasnenwne rpados B s3bike [Iposor

Jlnst npeactaBieHus rpadgoB B s3bIKe [Iposior MOXKHO HCIOJIB30BaTh TPHU
cocoda:
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1.  Hcnonw3oBanme dakta s3pika [Iposnor mist omucanus myr win pédep
rpada.

2.  Hcnonp3oBaHMe cHCKa WM CTPYKTYPHl JaHHBIX 71 OOBEAMHECHUS
JIBYX CITMCKOB: CIIFICKa BEPIIIMH U CIIHCKa pEdep.

3. Hcmonp3oBaHMe CMHCKa CIHCKOB: KaXIBIH MOJICITUCOK B Ka4eCTBE

TOJIOBBI COJEP)KUT BEpIIMHY Tpada, a B KadyeCTBE XBOCTa - CIHUCOK CMEKHBIX
BEPIIUH.
JIBe camble pacmpoCTpaHEHHBIE OMNEpallid, KOTOPHIC BBIMOJIHSAIOTCS Ha
rpadamu:
o [louck myTu MeXIy ABYMS BEPIIHHAMU;
e [louck B Tpade moarpada, KOTOpHIH 0OJATACT HEKOTOPHIMHU
3aJlaHHBIMHA CBOMCTBaMH.
Ipumep 74:
Onpedenumsv Hanuyue 83U MeHcoy 8epuuHamu epaga, npedcmasieHHo20
Ha PUCYHKe:

T T [
c @ d 0 o 0 g e

Hee sepuunvt epaga cesazanvl, eciu cywecmayem noCie008aAmMenbHOCHb
pebep, sedywas u3z nepeoi sepuiulvbl 60 emopyilo. Hcnonvzyem 0as onucawus
cmpykmypul epaga ghaxmer szvika Iponoe.

domains

top=symbol

predicates

edge (top, top)

I* apeymenmul 0603nauarom umena sepuiun */

path( top,top)

/*IIpeouxam  connected(symbol, symbol) onpeoensem  omnowenue
ceszanHocmu gepuiun.™/

clauses

edge (a, b).

edge (c, d).

edge (a, ¢).

edge (d, e).

edge (b, d).

edge (f, 9).

path (X, X).

path (X, Y):- edge (X, Z), path (Z,Y).

Ilpumep 75:

Pewumo 3a0auy uz npumepa 14, ucnonvsys cnucounvie cmpykmypvl Ojis
npeocmaenenus epagpa. I'pag 3adaemcs 08yms cRUCKAMU. CHUCKOM BePUIUH U
cnuckom pebep. Pebpo npeocmasneno npu nomowu cmpykmypot edge.



76

domains

edge= e(symbol, symbol)

list=edge*

predicates

path(list, symbol, symbol)

member(list,edge)

[*npeouxam  path(graf, symbol, symbol) onpeodersiem omnowenue
cesizHocmu geputun.*/

clauses

member([H[_],H).

member([_|T],X):-member(T,X).

%path ([],_,_ ):-fail.

path(L,X,Y):-member(L,e(X,Y)),!.

path(L,X,Y):-member(L,e(X,2)),path(L,Z,Y).

goal

path ([e(a, b),e(b, c),e(a, f),e(c, d),e(f,d)], a, d).

%path ([e(a, b),e(c, d),e(a, c),e(d, e),e(b, d),e(f, 9)], b, 9).

Ilpumep 76:

Pewwumov 3a0auy uz npumepa 74, ucnonv3ys cnucounvle CMpyKmypwvl OJis
npeocmaenenus epagha. I pag 3aoaemcs cnuckom CnuUCKo8. 8 KaicOOM NOOCNUCKe
2071064 AenAemcH 6epmuH0ﬁ, a xeocm — CNUCKOM CMEINCHBIX BEPULUH.

domains

edge= e(symbol, symbol)

I* apeymenmul 0o603nauarom umena sepuiun */

listl=symbol*

list2=edge*

graf = g(list1, list2)

predicates

path(graf, symbol, symbol)

/*IIpeouxam  path(graf, symbol, symbol) onpeodersiem omnowenue
C85A3aHHOCMU 8epuiuH 8 epaghe. ™/

clauses

path (a(0.0)._.).

path (9([X|_1.[e(X,Y)|_1).X.Y).
Y%path (9([X|T].[e(X,)[T1]).X,Y):-
%path (9([X|T],T1),X,Y).

path (9([X|T].[e(X,2)[T1]),X,Y):-
path (g(T,T1),Z)Y).

path (9([Z|T],T1),X,Y):-Z<>X,
path (g(T,T1),X.Y).

path (9([X|T].[eC.,)IT1]).X)Y):-
path (g([X|T],T1),X,Y).

goal

path (g([a, b, c, d],[e(a, b),e(b, ¢),e(a, d),e(c, e)]), b, e).
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3.2.26 [Touck myTu Ha rpade.

[Iporpammel moucka MyTH Ha rpade OTHOCATCS K KJIAcCy TaK Ha3bIBAEMbIX
HEJICTEPMUHUPOBAHHBIX MPOTPaMM C HEM3BECTHBIM BBIOOPOM albTEPHATHUBBI, TO
€CTh B TaKUX MporpaMMmax HEHM3BECTHO, KAaKO€ W3 HECKOJIbKUX PEKYPCHUBHBIX
npaBui OyJEeT BBINOJHEHO /I JOKa3aTelbCTBa JI0 TOTO MOMEHTa, KOTJa
BbIUMCIICHHE OyJeT ycmnemHo 3aBepuieHo. [lo cytu pena Takue mporpammbl
MPEACTABIAIOT COO0M crienu@UKaAIUIO alrOpUTMa MOUCKA B TIIyOUHY JJI pelIeHUs
onpeneneHHon 3anaun. [Iporpamma mpoBepku H30MOP(PHOCTH ABYX OWHAPHBIX
JIEpEBbEB, IPUBEACHHAA B IIpUMepe 56 OTHOCHUTCSA K 3a/1ayaM JIaHHOTO Kiacca.

Ilpumep 74:

Onpedenums nymov mexcoy epuuHamu 2epagha, npeocmasieHHo20 Ha
PpUcyHKe:

A- nepemennas oboznayarowas Hawano nymu

B- sepwuna 6 xomopyro nyscno nonacmo

P -ayuxnuueckuti nymo Ha epaghe (ayuxiuyeckuil nymov- 3mMO HYymMb He
UMerwul NOBMOPAIOUUX BEPULUH).

a b
C P
® ¢
domains
top=symbol
listtop=top*
predicates

edge (top, top)

I* apeymenmol 0o603nauarom umena sepuiun */

path (top, top, listtop)

/*IIpeouxam path( top, top, listtop) cozoaem cnucox u3z eepuwiun,
cocmasnawux nyms. */

clauses

edge (a, b).

edge (b, ).

edge (c, a).

edge (b, d).

edge (d, e).

path (A, A, [AD.

path (A, B, [A\P]):-edge(A, N), path(N, B, P).

C ToMOIIBbIO IOWCKAa B TIIYOMHY OCYIIECTBIISCTCS KOPPEKTHBIH 00X0.
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Jr000r0 KOHEYHOTO JepeBa WM OPHUEHTUPOBAHHOTO AalMKJIMYECKOTo rpada.
Opnako, BcTpeyaroTcsi 3ajauM, Tle Tpedyercss Mpou3BOAUTH 00xoa Tpada c
nukiamMd. B mpoliecce BbhIUMCICHUN MOXKET o0O0pa3oBaThbcs OECKOHEUHBIN
POTrPaMMHBIN LMK 110 OJTHOMY M3 ITUKIIOB Tpada.

HenpusiTHocTe#l ¢ 3alUKIMBaAaHUEM MOKHO M30€XaTh JIBYMs CHocoOamu:
OTpaHMYCHHEM Ha TIyOMHY MOMCKAa WM HAKOIUICHHEM IPOWICHHBIX BEpIIUH.
[Tocnennuii cnoco6 MOXKHO peam30BaTh MPHU MOMOIIUA MOJIU(PUKAIIMN OTHOIICHHUS
path. K aprymeHram oTHOmIEHHsI J00aBISETCS JOTOJHUTEIBHBIA apryMeHT,
UCITOJIB3YEMBbIA 111 HAKOIUIEHUS YK€ MPOMAEHHBIX NPU O0X0J€ BEpUIMH, IS
VCKIIFOYEHHST TMOBTOPHOIO MCIOJB30BaHUSI OJHOIO M TOTO K€ COCTOSHHS
PUMEHSETCS MTPOBEPKA.

Ilpumep 15: nanucams npocpammy 006xo00a KOHEYHO20 OPUEHMUPOBAHHO20
epaga, npedcmasnenHo2o Ha pUcyHKe.

a b
c ® P
® ¢
domains
top=symbol
listtop=top*
predicates
edge(top,top)

path (top,top,listtop,listtop)
path (top,top)

member (top,listtop)
reverse(listtop, listtop, listtop)
clauses

edge(a,b).

edge(b,c).

edge(c,a).

edge(b,d).

edge(d,e).

member(A,[A]_]):-!.
member(A,[_|T]):-member(A,T).
reverse([],T2,T2).
reverse([H|T],T1,T2):-reverse(T,[H|T1],T2).
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path(A,B,P,[B|P]):-edge(A,B).

path(A,B,P,P2):-edge(A,N),not(member(N,P)),
P1=[N]|P], path (N,B,P1,P2).

path(A,B):-path(A,B,[A],P),reverse(P,[],Res),write(Res).

goal
path(a,e).
3.2.27 Meton “o0pa3oBaTh U IPOBEPUTH
Meton “o0pa3oBaTh M MPOBEPUTH” — OOMIMI MPHUEM, HCIOIB3YyEMbIH IpU

IMPOCKTUPOBAHUHU AJITOPUTMOB U IIPOTpPaAMM. CYTB €ro CoCrouT B TOM, 4TO OAHH
MPOLIECC WM MPOrpaMMa TEHEPUPYET MHOMKECTBO IMPEANOJAraeMbIX PEIIEHUN
3a7a4u, a JAPYrod MpoUecC WIM NporpaMma IPOBEPSET ITH NPEAIOIAracMble
peuiCcHus, IIbITasACh HaiTu Te U3 HHUX, KOTOPBIC I[efICTBHTeJILHO ABJIAKOTCA
peIIeHUEM 3aJavH.

I/ICHOJIB?;y}I BBIYUCIUTCIIBHYTO MOJICIIb Hponora, JICTKO cOo31aBaThb
JIOTUYECKUE TPOrPaMMBbl, peaJu3yIolue MeToJ “‘00pa3oBaTh U IPOBEPUTH .
OOBIYHO TaKHe IIporpaMmhbl  COACPIKAT KOHBIOHKIHWIO OBYX ueﬂeﬁ, OJHa U3
KOTOPBIX HeﬁCTByeT KaK TICHCpaATOop IIPCAIIoIaracMbIX pemeHm"I, a4 BTOpad
IIPOBCPACT, ABJLAKOTCA JIK O9TH PCHICHUA IIPUCMIICMbBIMU. B Hponore METO/,
“06p2130BaTI> )41 HpOBepI/ITB” pacCMaTpuBacTCA KaK MCTOA HCACTCPMHUHHUPOBAHHOI'O
[IPOrpaMMHpPOBaHus. B Takol HEAETEPMHUHUPOBAHHOM IPOrpaMMe IE€HEPATOp
BHOCUT HPCAIIOJIOKCHUC O HCKOTOPOM JJICMCHTC M3 00JIacTH BO3MO’KHBIX
pEIICHUH, a 3aT€M MPOCTO MPOBEPSETCS, KOPPEKTHO JU AAHHOE IMPEINOIOKECHNUE
reHeparopa.

Jlns HanmucaHus pOrpamMM HEAETEPMHUHHPOBAHHOTO BBIOOpAa KOHKPETHOIO
DJIEMEHTA M3 HEKOTOPOIro CIMCKa B Ka4yeCTBE TeHeparopa OOBIYHO HCIOJIL3YIOT
npeaukar member u3 mpumepa 36, TOPOKMAOIMUN MHOXKECTBO petieHuid. [Ipu
saganun  tenu  member (X, [1,2,3,4]) Oyayr omamel B TpeOyemoi
mocjea0BaTeIbHOCTH pemmeHus X=1, X=2, X=3, X=4.

Ilpumep 76: nposepums cyuecmeosarue 8 08yX CHUCKAX 0OHO20 U MO20 Jice
ajlemernma.

domains

list=integer*

predicates

member (integer, list)

intersect(list,list)

clauses

member (Head, [Head |_1]).

member (Head, [ | Tail ]):- member (Head, Tail).

intersect (L1, L2):- member(X, L1), member(X, L2).

goal

intersect ([1, 4, 3, 2], [2, 5,6]).

[TepBas moauens member B mpenukare iNtersect reHepupyeT 3JIEMEHTHI U3
IICPBOI0 CIIMCKA, a C IIOMOIIbIO BTOpOﬁ moancjain member IIPOBCPACTCA, BXOIAT JIU
TU DBJIEMEHThl BO BTOpPOl chnucok. OmnuceiBas [aHHYI0 MPOrpaMmy Kak
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HEJICTEpPMUHUPOBAHHYIO, MOXHO TOBOPHTH, UTO TepBas Ielb JeJaeT
MPEIOJIOKEHNE O TOM, 9TO X COAEepX)UTCs B criicke L1, a BTopast mens mpoBepsier,
ABIsIeTCs M X JIEMEHTOM crircka L2,

Crnenyrolee ompeaelieHue mnpeaukara Member ¢ ucnosjb3oBaHHEM
npeaukara append:

member(X, L):- append(L1, [X|L2], L) camo mo cCymiecTBy SsBISETCS
IpOrpaMMoOi, B KOTOPOW peann30BaH NPHUHIHUII «0Opa3oBaTh WU TIPOBEPHUTHY.
OpHako, B JaHHOM cjydae, JiBa Iara METOoAa CIWBAIOTCS B OJWH B IpOIIECCE
yaudukanua. C momomplo npeaukara append mpow3BOAWUTCSA pacileIICHHE
CIIUCKAa M TYT K€ BBITIOJIHICTCS TMPOBEPKA, SBISCTCS JU X MEPBBIM 3JIEMEHTOM
BTOPOTO CITHCKA.

Eme omuH mpumep mpewMyIIecTBa COCAUHEHUS TEHEPAIMy W IPOBEPKH
JTaeT mporpamma s pemeHus 3agadn 00 N deps3sax: tpedyercs pasmectuth N
dbep3eit Ha KBagpatHoW Jqocke pasmepoM NXN Tak, 4YToOBI Ha Kaxkaou
TOPU30HTAJIBHOM, BEPTUKAJIBLHON WM JUArOHAIBHOW JIMHUM OBUIO HE OOJbIIe
onHOM Qurypsl. B nmepBoHauanpHON (OpMyIHMpPOBKE peub IIa O pa3MelleHuu 8
dep3eli Ha mIAXMaTHOW JOCKE TaKUM 00pa3oM, 4TOObl OHM HE YIpOXKaiu APYT
npyry. OTcro/ia nmomnuio Ha3BaHue 3a7a4u o Ghep3ax.

Orta 3amaya xopoio u3ydena B marematuke. s N=2 u N=3 pemienus e
CYIIIECTBYET; JBA CUMMETPUYHBIX perieHus: npu N=4 moka3aHbl Ha pucyHke. [[is
N=8 cymectByeT 88 (a ¢ yueToM CHUMMETPUUYHBIX — 92) peleHnii STON 3a1auH.

Q

Q

[IpuBenennas B npumepe (1 nporpamMma MNpeACcTaBiIseT peUuIeHre 3aa4n 00
N ¢epssax. Pemenue 3agaun NpencTaBisieTCsl B BUAE HEKOTOPOH IMEPECTaHOBKU



81

cnucka oT / 0o N. ITopsiakoBbIii HOMEP 31EMEHTA 3TOTO CIKCKA OMPEAEIISIET HOMED
BEePTHKAIM, a CaM JJIEMEHT — HOMEp TOPU30HTANHM, Ha TMEPECEUYCHUH KOTOPBIX
crout ¢ep3b. Tak pemenue [2, 4, 1, 3] 3agaun o yeTbipex Pep3siXx COOTBETCTBYET
IICPBOMY PEIICHHUIO, IPEACTAaBICHHOMY Ha pUCyHKe, a pemenue [3, 1, 4, 2]-
BTOpOMY perieHno. [lonobHoe omucanne peneHnii U mporpaMMa UX TeHepaIuu
HESIBHO MPEAINOJaralT, 4TO B JIIOOOM pelIeHHH 3aladu O (ep3saX Ha Kaxmaon
TOPU30HTAIHN M HA KaXI0H BEPTUKAIIN OYyAET HAXOUTHCS 10 OHOMY (ep3io.

Ilpumep 77: npoepamma pewenus 3aoaqu 06 N ep3zsx.

domains

list=integer*

predicates

range (integer, integer, list)

I* mpeduxam nopooicoaem cnucok, cooeprcawuti Hucia 6 3a0aAHHOM
unmepeaine™/

queens (list, list, list)

I* npeouxam popmupyem pewenue 3aoauu o N ¢hepzsx 6 euoe cnucka
peutenutl, npu 3MoM Nepsvlll CNUCOK — MeKYWUll 8apUanm CNUCKA Pa3MeueHusl
Qep3eil, 6mMOpol CHUCOK NPOMEICYMOUHOe peuleHue, mpemull CHRUCOK -
pe3ynomam™/

select (integer, list, list)

[*npeouxam yoansiem uz cnucka 00Ho éxodxcoenue snemenma™/

attack (integer, list)

[*npeouxam npeobpaszyem attack, umobwr ssecmu nauarvhoe npuceausanue
pasHocmu 8 Homepax copuzonmarent */

attack (integer, integer, list)

[*npeouxam npoeepsiem ycnosue amaxu ¢hepzs Opyeumu hepsamu  u3
cnucka, 08a ghep3sa Haxoo0samces Ha 0OHOU U MOl Jice Ouazouanu, Ha paccmosnuu M
gepmuKkanel opye om opyaa, eciu Homep 2opu3oHmanu 00Ho2o ¢hepzsi na M
bonvute unu Ha M menvue nomepa copuzonmanu opy2o2o gepzs*/

fqueens (integer, list)

clauses

range (M, N, [M|T]):- M<N, M1=M+1, range (M1, N, T).

range (N, N, [N]):-!.

select(X,[X|T1],T1).

select (X, [Y|T1], [Y|T2]):-select (X, T1, T2).

attackl (X, L):- attack(X, 1, L).

attack( X, N, [Y|T2]):-N=X-Y; N=Y-X.

attack( X, N, [Y|T2]):-N1=N+1, attack (X, N1, T2).

queens (L1, L2, L3):-select (X, L1, L11),

not (attackl (X,L2)),
queens (L11, [X|L2], L3).

queens ([1, L, L).

fqueens(N,L):-range (1, N, L1),

queens(L1,[],L).

goal
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fqueens (4,L),write(L).

Ilpu maxom 3adanuu yenu, OyOem 8bI0AHO B6MOpPOe  peuleHue,
npeocmaesieHHoe Ha PUCyHKe, eclid 3a0amv GHEeUHIOW yelb, mo O0yOoym 6vl0aHbl
oba peueHus.

B oannou npoepamme peanuzosan npuHyun «oopaz0eeamsv u npoGepuUmby,
MaxK Kaxk cHa4ana ¢ nomowpio npeduxama Yange eenepupyemcss CHUCOK,
cooepoicawuti yuciaa om 1 0o N. Ilpeouxam select nepebupaem sce snemenmol u3z
HONYYEeHHO20 Chnucka Ol  pasmeujenus ouepeono2o ¢hep3s, npu  dmom
KOPPEeKMHOCMb pasmeweHusi nposepsiemcsi npu nomowu npeouxama attack. Taxum
obpaszom, cenepamopom sasisiemcs npeouxam Select, a nposepxa peanuzyemcs npu
nomowu ompuyanusi npeouxkama attack. Ymoobwvl nposepumov, 6 6Gezonacrom
HONOJHCEHUU HAXOOUMCSL HO8bIU ¢hep3b, HeobXo0UMO 3HamMb NO3UYUU pauee
pasmeujenHvlx ¢hepseu. B Oamnom cayuae Ona XxpameHus NpPOMeEHCYMOUHbIX
Pe3VIbmamos UCHOIb3Yemcsi 6mopoil napamemp npeduxama QUEENS, max Kax
peutenue 3a0auu  HAXOOUMCS HA NPAMOM X00e peKypcuu, Ol 3aKpenjieHus
Ppe3VIbmama npu 8bIxo0e U3 PpeKypcuu UCHOIb3Yemcs mpemuil napamemp.

4 OcHoBHbIe cTpaTerun pemeHusi 3aga4d. Ilouck pemenusi B

NMPOCTPAHCTBE COCTOSIHUM
4.1 IlonsiTHE NMPOCTPAHCTBA COCTOSTHUS

[TpocTpaHcTBO COCTOSHUNA — 3TO rpad, BEPIIMHBI KOTOPOIO COOTBETCTBYIOT
CUTyallUsiM, BCTPEUAIOLIUMCSl B 3a7aue («IpoOJEeMHBIE CUTyallUW»), a pELICHHUE
3aJjauM CBOJUTCS K IIOUCKY IyTeH Ha 3ToM rpade. Ha camom nene, 3agaua noucka
nytd Ha Ttpade u 3amaya o N depssx - 970 3agaun, UCHONB3YIOMIME OJHY M3
cTpaTeruii mnepedopa albTepHATUB B MPOCTPAHCTBE COCTOSIHMM, a MMEHHO —
CTpaTEeruio MOUCKa B TIyOuHY.

PaccMmoTpum apyrue 3agaud, Juisl pelIeHUsT KOTOPBIX MOKHO UCIOJIb30BaTh
B KauecTBe 00IIEH cXeMbl pelIeHusl TPOCTPAHCTBO COCTOSHUM.

K takum 3amayam OTHOCATCA CAEAYIOIINE 3a1a4u:

® 33/1a4a 0 BOCbMH (ep3sx;

® 1epeynopsAoYeHHe KyOMKOB, MOCTaBJICHHBIX ApPYr Ha Jpyra B BHJE
CTOJIOUKOB;
rOJIOBOJIOMKA «UI'PA B BOCEMBY;

T'OJIOBOJIOMKA O «XaHOMCKOM OaIirHe»;

3aJlaya O MepPEeBO3KE Yepe3 peKy BOJIKA, KO3bI U KaIyCThl;

3aJlaya O JByX KyBIIHMHAX;

3aJ1aya O KOMMHBOSIKEPE;

JIpYrUe ONTUMHU3AUOHHBIC 3a/1a4u.

Co BceMH 3a/lauaMu TaKOTO POJia CBSI3aHO JIBa THUIIA MOHSATUM:

® TpOOJIEMHBIE CUTYAIINH;

® pa3pelIeHHbIE XOIbl WIH ASHCTBUS, IpeoOpa3yrolre 01HN NMPoOIeMHbIE
CUTYallUH B JIpyTHE.

[IpoOnemMHbIe CcUTyallud BMECTE€ C BO3MOXHBIMH XOJIaMU 00pa3yroT
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HaNpaBlIEHHBIN rpad), HA3bIBAEMbIA NPOCMPAHCIBOM COCMOAHUU.

[IpocTpaHCTBO COCTOSIHUI HEKOTOPOM 3a/1auu OTIPEIEIISIET «IIpaBuia UTPhD»:
BEPIINHBI IPOCTPAHCTBA COCTOSIHUI COOTBETCTBYIOT CUTYAIIUsIM, & IyTH —
pa3pelieHHbIM X0/1aM WK JEHCTBUSAM, WJIH 11araM peiieHus 3aaaun. KonkpetHas
3aJlaya OTnpeesieTcs:

® [IPOCTPAHCTBOM COCTOSIHHIA;

® CTApTOBOU BEPIIMHOW;

® IICJIEBBIM YCIIOBHEM WIH LIEJIEBON BEPLINHOM.

Kaxnomy paspemieHHOMY XOAy WM JACUCTBUI0O MOXHO TMPUIIHUCATH €ro
ctroumocth. Hampumep, B 3amadye 0 KOMMHMBOSDKEpE XOJbl COOTBETCTBYIOT
nepee3ziaM U3 ropoja B ropojl, SICHO, YTO CTOUMOCTh X0/1a B IAaHHOM CIIydae — 3TO
pacCTOsTHUE MEXITY COOTBETCTBYIOIIUMH TOPOJaMHu.

B Tex ciyuasix, Korja xoJl UMEET CTOMMOCTh, MPOTPAMMUCT 3aUHTEPECOBAH
B OTBICKAHMM PEIICHUS MUHUMAJIbHOW CTOMMOCTH. CTOMMOCTH pEUIEHUS — 3TO
CyMMa CTOMMOCTEH IYyT, U3 KOTOPBIX COCTOUT «PEIIAIOIIMA IyTh» — MyTh W3
CTapTOBOM BEpPIIMHBI B IENEBYI0. [laXke eciii CTOMMOCTH HE 3aJaHbl, BCE PaBHO
MOKET BO3HUKHYTh ONTHUMM3AaLMOHHAs 3ajada: TpeOyeTcs HalTH Kpardauuiee
pelIeHue.

B npencrasinennoit B npumepe (1 nporpamme o N dep3sax mpoOiemHas
CUTyalus (BEpILIMHA B IPOCTPAHCTBE COCTOSIHUI) ONMUCHIBAETCS B BUJE CIMCKA U3
N X-koopauHaT Qep3eil, a mepexo] U3 OJHON BEPLIMHBI B JIPYT'YIO T€HEPUPYET
npeaukar qUEENS, mpuyeM HaudajabHasi CUTyallsl TeHEpUpYyeTCs MpearuKaToM range,
a LeJIeBasi CUTYaIlHs ONIPEIeISIeTCs TIPU MTOMOIIY IperKara attack.

4.2(OcHOBHbBIE CTPATErMU MOMCKA PeleHni

4.2.1 Tlouck B rmyOuHy

[Iporpamma pemenust 3amauu 0 N Qep3six peaimzyer CTpaTeruio rmoucka B
riyouny. [lox TepMuHOM «B TIIyOWMHY» UMEETCS B BUIY TOT MOPSIOK, B KOTOPOM
paccMaTpUBAKOTCA AJIbTEPHATUBBI B NPOCTPAHCTBE COCTOsSIHUM. Bcerma, korma
QITOPUTMY TOUCKA B TIYOMHY HAJJICKUT BHIOPATh U3 HECKOJIBKUX BEPIIMH TY, B
KOTOPYIO CIIEIyeT NEPEUTH I MPOJOJDKEHUS NOMCKA, OH IPEANIOYUTAET CAMYIO
«ry0okyto» u3 HuxX. Camas TiyOoKasi BEepIIMHA — 3TO BEPIIMHA, PACIIOJIOKEHHAS
Janplllie JPYyruxX OT CTapTOBOM BepuiMHbL. Ha crhepyromem puCyHKE MNOKa3aH
pUMep, KOTOPBIH WLIIOCTpUPYET paboTy ajlropuTMa IMOUcKa B TIyOWHY. DTOT
MOPSAJIOK B TOYHOCTH COOTBETCTBYET pE3yJIbTATy TPACCUPOBKU IIpoIecca
BBIYUCJICHU MPHU TTOUCKE PELICHHUS.
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[Topsimok 00xo0Ja BEPIINH yKa3aH MYHKTUPHBIMU CTpEJIKaMH, a — HadaJibHasl
BepIIuHa, | ¥ T — 11e/1eBbIe BEpIIUHBIL.

[Touck B rIyOuHy Hauboyiee aJEKBaTe€H PEKYPCUBHOMY  CTHIIIO
IporpaMmmupoBanusi, npuHsaTomy B [Iposore. [IpuunHa 3TOr0 COCTOUT B TOM, YTO
oOpabateiBast 1enu, [Iposor cam mnpocmaTpuBaeT ajJbTEpPHATUBBI HMEHHO B
[IIyOUHY.

Ha IIposore mepexon oT OAHON MPOOJIEMHOM CHUTyalMd K JPYroll MOXKET
OBITH TIpeAcTaBiieH mpu momoinu npenukara after (X, Y, C), koTopelii HCTHHEH
TOTJla, KOIJa B MPOCTPAHCTBE COCTOSIHUM CYIIECTBYET PA3PELICHHBIA XOJ W3
BepIIMHBI X B BepiiuHy Y, CTOUMOCTh KoToporo paBHa C. [Ipenukar after moxer
OBITh 3a/1aH B IPOrpaMMe SIBHBIM 00pa3oM B BUE (PaKTOB, OJHAKO TaKON MPHUHIIMI
OKa3bIBAC€TCAd HENPAKTUYHBIM, €CJIM IPOCTPAHCTBO COCTOSIHMM  SBIISIETCS
JIOCTaTOYHO CIOXHBIM. [lo3TOMy OTHOIIeHHE ciefoBaHus after oObruHO
OIPENENSETCS HESBHO, IPU MOMOIIY NPABWII BBIYMCIIEHUS BEPLIMH, CIEIYIOIIUX 32
HEKOTOPOU 3a/IaHHOM BEPILIMHOM.

Hpyroii mpobGieMoil mpu OMUCAHUU TPOCTPAHCTBA COCTOSIHUM SIBIISICTCS
coco0 MpeICTaBICHHs CAMUX BEPILIUH, TO €CTh CAMUX COCTOSIHUH.

B kaudecTBe nepBoro npuMepa penieHus Takux 3a/1ad pacCMOTPHUM 3a/ady O
xaHOMckuX OamHsIx. ECTh Tpu cTepkHs U HAOOp JUCKOB pa3HOro auamerpa. B
Hayayie Urpbl BCE AMCKU HAJEThl HA JIEBBIA cTepKeHb. Llenb urpbl 3aKkirovaercs B
NEePeHOCce BCEX AMCKOB Ha MPaBbId CTEPKEHb MO OJIHOMY CTEPXHIO 3a pa3, MpH
HTOM HEJb3sl CTaBUTh JUCK OOJBIIEro JUaMeTpa Ha JMCK MEHBILIEro JHaMeTpa.
Jl71s1 5TON UIpBI €CTh IPOCTask CTPATETUSA:

1. Ogun auck nepeMelaeTcs HemoCPeACTBEHHO;

2. N quCKOB IIEpeHOCATCS B 3 JTara:

e Ilepenectu N-1 quck Ha CpeIHHI CTEPIKEHD;

e [lepeHecTu nmocneHUM AUCK HA MPABBIM CTEPIKEHBD;

e [lepenectu N-1 nuck co cpeHero Ha NpaBblii CTEPIKEHbD.

B nporpamme Ha a3bike [Iponor ects 3 npeaukara:

e hanoi — 3amyckaronuii perKaT, yKa3blBaeT CKOJBKO JMCKOB HAJO
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® [NOVE — ONMMCHIBACT IIpaBUjia IICPEMEIICHUA TUCKOB C OJHOI'0O CTEPKHS

Ha JIPYIrowu;

e inform— YKa3bIBACT HA I[CﬁCTBI/IC C KOHKPCTHBIM JUCKOM.

Ilpumep 78: pewenue 3a0auu 0 XaHoUCKUx OAUIHSX.

domains

loc=right;middle;left

% onucvieaem cocmostue cmepofCHed

predicates
hanoi(integert)

% onpeoensem pasmepHoCmb 3a0ayu

move(integer,loc,loc,loc)

% onpedensem nepexoo U3 0OHOU BEPUIUHbL NPOCMPAHCINEA COCMOSAHUSL 8
opyeyro, mo ecmb ONUCHIBAem NPasula nepexiacbl8anus OUCKO8

inform(loc,loc)

% pacneuamvleaem Oelicmausi ¢ OuCKamu

clauses

hanoi(N):-move(N,left,middle,right).
move(1,A, ,C):-inform(A,C),!.
move(N,A,B,C):-N1=N-1, move(N1,A,C,B),
inform(A,C), move(N1,B,A,C).
inform(Locl,Loc2):-nl, write( “Move a disk from “,Locl,” to *, Loc2).

goal
hanoi(3).

B kauecTBe BTOpOro mpuMepa peuIeHUs] TAKUX 3aady PaCCMOTPHUM 3aJiady

HAXOXXJEHUSl TUIaHAa TEPEYINOpsA0YMBaHUS KYOUKOB,

CJICYFOIIIEM PHCYHKE.

B

MPEJICTABJICHHYK0 Ha

A
ﬁ B
C

|

Ha kaxxnom 1miare paspemniaeTcsi IepecTaBiIsTh TOJbKO OAUH KyOuk. KyOuk
MOJKHO B35ITh TOJIBKO TOT/Ia, KOTJa €ro BEpXHss MOBEPXHOCTh cBOOOHA. KyOuk
MOKHO TOCTaBUTh JHOO Ha CTOJ, JIMOO Ha apyrod KyOuk. s TOro, 4toObl
MOJy4UuTh TpeOymMoe COCTOSIHHE, HEOOXOIUMO TOJYYUTh MOCIEI0BATEIHLHOCTD
XOJIOB, pealM3yIlyl0 TaHHYI0 TpaHchopMmaruio. B kadectBe mpumepa Oyner
paccMOTpeH oOIM ciydail TaHHOW 3a/aud, KOTJa UMEETCs MPOU3BOJIBHOE YUCIIO
KyOHKOB B cTONIOMKax. YMCIIO CTONOMKOB OTpaHNYEHO HEKOTOPHIM MaKCUMAaJIbHBIM
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3HAYEHUEM.

[TpoGsiieMHyI0 cHUTyallMI0 MOXHO MPEACTaBUTh KaK CIMCOK CTOJOMKOB.
Kaxnaplii cTOJIOMK, B CBOIO Ou€pelb, IMPEACTABISAETCS CHUCKOM KyOHMKOB, W3
KOTOpBIX OH cocTaBiieH. KyOuku ynopsaodyeHsl B CHUCKE TakMM oOpa3oMm, 4uTo
caMblii BEpXHUH KyOMK HaxoauTcs B rojoBe crucka. «llycTeie» cTonOuku
M300paXxaroTCsl KaK MycTble CHOUCKU. TakuM 00pa3oM, UCXOAHYIO CHUTYyallMIO Ha
PHUCYHKE MOXHO 3amucaTh Kak TepM [[C, a, b], [1, [1].

IleneBast cuTyauus- 3T0 Jro0as KOHQHUrypanus KyOHMKOB, coOJepKarias
CTOJIOMK, COCTABJICHHBIN M3 MMEIOMIMXCS KYOMKOB B yKazaHHOM mopsjake. Takux
CUTyalu TPU:

[[a, b, c]. [I. OI;

[[. [a, b, c], [I;

[[. 0. [a, b, c]].

Ipumep 79: pewenue 3a0auu o nepemewjerHuu KyouKoa.

domains

list=symbol*

% onucvleaem cocmosiHue 00H020 CMOJIOUKA KYOUK08

sit=list*

% onucwvieaem cocmosiHue 6cex CmMonbuKos

sits=sit*

% onucwvigaem nymos u3 HAYaIbHOU 6EPULUHDL 8 Ye1Ee6)I0 6EPULURY

predicates

after(sit,sit)

% onpedensem nepexoo U3z 0OHOU GepUIUHbl NPOCMPAHCINEA COCMOSAHUSL 8
apyeyro, mo ecmbs onucovleaem 6Ce 603MOIHCHbLIE Npasula nepemadbzeaHuﬂ Ky6uk‘06’

solve (sit, sit, sits, sits)

% onpedensem nyms 0Jisl peuleHust 3a0a4u

member (list, sit)

% nepeblﬁ npe()ukam uwent CnUCOK 6 CnUCKe Cnuckoes

memberl1(sit, sits)

% BI’I’IOPOZZ npe()ukam uwient CnNUCOK CNUCKoO8 6 CNUCKe CNUCKo8 CnuckKoe

writesp(sits)

%pacneuambleaem nymo

clauses

member(X, [X]_]):-!.

member(X,[_|T]):-member(X,T).

member1(X, [X|_]):-!.

memberl(X,[_|T]):-memberl(X,T).

after([St11,5t12,5t13],S):-St13=[H3|T3],S=[St11,[H3|St12],T3].

after([St11,St12,St13],S):-St13=[H3|T3],S=[[H3|St11],St12,T3].

after([St11,St12,St13],S):-St12=[H2|T2],S=[[H2|St11],T2,St13].

after([St11,St12,St13],S):-St12=[H2|T2],S=[St11,T2,[H2|St13]].

after([St11,St12,St13],S):-St11=[H1|T1],S=[T1,[H1|St12],St13].

after([St11,St12,St13],S):-St11=[H1|T1],S=[T1,St12,[H1|St13]].

solve(S,S1,Sp,[S1|Sp]):-after(S,S1), member([a,b,c],S1).



87

solve(S,S2,5p,Sp2):-after(S,S1), not(member([a,b,c],S1)),
not(member1(S1,Sp)),solve(S1,S2,[S1|Sp],Sp2).

writesp([]).

writesp([H|T]):-writesp(T),write(H),nl.

goal

solve([[c,a,b].[1.[1].S.[[c.a,b].[1.[11.Sp),writesp(Sp).

(BctaBuTh apyryto nporpamMmy nepeynopsioueHus KyOuKoB).

B nmanHOM mpumepe peann3oBaH yCOBEPUICHCTBOBAHHBIM AJITOPUTM IOMCKA
B IIyOMHY, B KOTOpPOM J00aBJICH alTOPUTM OOHapyKeHHs IUKIOB. [Ipemmkar
solve BxiroUaeT OYEpENHYIO BEPIIMHY B PEIIAIONIAN MyTh TOJIHKO B TOM Ciydae,
CCJIM OHa C€1IC HC BCTpCUAJIACh paHbIIC.

4.2.2 Tlouck B IMPUHY

B npoTHBOMOJIOKHOCTh MOUCKY B INIYOMHY CTpaTerus MOUCKa B IIUPUHY
npeaycMaTpuBaeT MEepexoj] B MEpPBYI0 OdYepelb K BEpIIMHAM, OJMKAMIIUM K
HayaJbHOW BepmuHe. Ha crepyromeM pHCyHKE IOKa3aH IpUMEp, KOTOPBIA
WUTIOCTPUPYET padOTy aIrOpUTMa MOUCKA B IIUPUHY.

OONONO

[Touck B mupHHY MPOrpaMMUPYETCS] HE TaK JErKo, Kak MOMUCK B TITyOuHY.
[IppyunHa COCTOMT B TOM, YTO NPUXOAUTCA COXPAHITh BCE MHOXKECTBO
aNbTEPHATUBHBIX BEPIIMH-KaHAUAATOB, 4 HE TOJBKO OJHY BEPIIMHY KakK IIpU
noucke B rmyouny. bosnee Toro, ecinu npu moMouy npouecca noucka HeooXoaAUMO
MOJYYUT PEMAIOMNNA MyTh, TO CIEAYET XPAHUTh HE MHOXECTBO BEPIIMH-
KaHAUAATOB, & MHOXKECTBO ITyTEH-KaHAUIATOB. [[ns mpencraBieHuss MHOXKECTBA
nyTel-KaHIUAaTOB OOBIYHO HCHOJB3YIOT CHUCKH, OJHAKO IPHU TAaKOM CIIOCO0E
OJIMHAKOBBIE YYaCTKM IyTeH XpaHATCS B HECKOJBKHUX O3K3eMIULIpax. M30exars
1noJI0OHOM CUTyallMM MOKHO, €CJIH MPEICTaBUTh MHOXKECTBO MyTeW-KaHAWJATOB B
BUJIE JIEpeBa, B KOTOPOM OOIIME YYaCTKU MTyTel XpaHATCS B €ro BepXHel yactu 0e3
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ny6mupoBanus. [lpu peanuzanuu cTpaTerul MOMCKA B IIMPHUHY PEILAONIUe MyTH
MOPO’KIAIOTCSL OJTUH 3a IPYTUM B MOPSIIKE YBEIMUEHUS MX JJIMH, CIIEA0BaTEIbHO,
CTpaTerus MOWCKa B INMUPUHY TapaHTUPYET IMOIYYCHHE KpaTUYAUIIEro perieHHs
TIEPBBIM.

[IpencraBicHHBIE BBIIE CTPATETHH MOUCKA B TITYOMHY M MMOUCKA B IIUPUHY
HE YYUTHIBAIOT CTOMMOCTH, MPHUITMCAHHON AyraM B TPOCTPAHCTBE COCTOSIHHIA.
Ecnu kpuTepreM ONTHMAIbHOCTH SBJISCTCS MUHUMAIbHAsT CTOUMOCTD ITyTH, a HE
ero JUIMHA, TO B JaHHOM Cllydyae MOWCK B IIMPHUHY HE pelIaeT MOCTaBICHHYIO
3amady.

Eme onna mpo6Giema, BO3HUKAIOMIAs MPHU PEIICHUU 3aJa4d MOMCKA — 3TO
npobiieMa KOMOUHAMOPHOU CA0dHCHOCMU. ISl CIOXKHBIX TPEIMETHBIX oOjacTen
YHUCIIO albTEPHATUB CTOJIb BEJIMKO, YTO MpoOJieMa CIOKHOCTH YacTO MPUHUMAET
KPUTHYECKHUI XapakTep, Tak KaK JUIMHA PelIalouiero myTu (Tem Oosee, eciu HX
MHOKECTBO, KakK TMpU pealu3aldd IOUCKA B IIMPUHY) MOXKET IPUBECTH K
9KCNOHEHYUAIbHOMY POCMY OJIUHbL 8 3A8UCUMOCIU OM PAZMEPHOCMU 3A0ayl, YTO
OPUBOAUT K CHUTYallMM, HAa3bIBAEMOU KomOunamopHvim 63pvieom. CTpaTteruu
MOWCKa B TIYyOMHY M B IIUPUHY HEJOCTATOYHO «YMHBI» HJisi OOPHOBI C Takoi
CUTYallMeH, TaK KaK BCE IMyTHU PacCMaTPUBAIOTCS KaK OJIMHAKOBO MEPCIIEKTUBHBIE.

[To-BuanMoMy, MOpoOUEAYphl IMOUCKA JOJKHBI HKCIIOIB30BaTh KaKyrO-IHOO0
uH(pOpMAIUIO, OTpaXKAIONIYI0 crenuduky mgaHHOW 3amadyu, C TeM, YTOObI Ha
KOKIOW CTaIuX MOMCKA MPUHUMATh PEIICHUS 0 HanOoJee TEPCIeKTUBHBIX My TIX
noucka. B pesynbrarte mpoiecc OyneT MpoaBUTaThCs K IIEJIEBOI BEPIIMHE, 00X01s
oecniosie3nble myTu. MubopManus, oTHOCAIIasACS K KOHKPETHOM perraeMoi 3a1ade
¥ UCTIOJIb3yeMast IJisl yIpaBJICHHs TIOMCKOM, Ha3bIBACTCS 28PUCTUKOU. ATTOPUTMBI
MIOUCKA, UCNONb3YIOUUE IEPUCTIUKU, HAZBIBAIOT 38PUCMUYECKUMU ANOPUMMAMU.

OmHMM U3 IBPUCTHYECKHUX AJITOPUTMOB PELICHUS 3a/1a4 SBISETCS alTOPUTM
A*, KOTOPBIN SIBJISIETCS YCOBEPIICHCTBOBAHHBIM AJITOPUTMOM TIOWCKA B ITUPHUHY.
D70, Tak Ha3bIBAEMBbIH, AJITOPUTM TOMCKA MO 33JaHHOMY KpUTepuro. JJis KaXK0ro
BO3MOXKHOT'O TIEpEX0/ia 3a OJUH Ilar ONpeesseTcs] SBpUCTHYUECKAs OLCHKA U IS
MIPOJIOJKEHHUS TIOUCKA PEIIAIOIIETO MyTH BEIOMPAETCS HAMITydIllas B COOTBETCTBUU
C JAHHOW OLICHKOW BEpILIHHA.

[Tpenmnonaraercs, 4yTo JyIst BCEX IyT B MPOCTPAHCTBE COCTOSIHUM OIpeieeHa
GyHKIHUST CTOMMOCTH TEPEMENICHUSI OT BEPIIMHBI K BEPIIMHAM-TIPEEMHHKAM.
JlormycTum, JUTsl BPUCTUYECKOW OICHKU npuMeHsercs (pynkuus f(n) takas, drto
JUTST KQXKIOW BEPIIMHBI N OHA CIY>KUT ISl OLIEHKH «CIIOKHOCTU JTOCTHDKEHHUS N).
CooTBeTCTBEHHO HamboJee MEPCIEeKTUBHON SIBISIETCS Ta BEPIIMHA, JJISI KOTOPOi
3HaueHue ¢yHkiuu f(n) siBiseTcss MUHUMAaNBHBIM. PaccMoTpum anroputm A* Ha
IpUMEpE PEIICHHS 3a/1a4l «UTPa B BOCEMB).

Ha cnenmyromeM pucyHke MpeicTaBlieHa 3aqada «Urpa B BOCEMb» B BHJE
3aJja4uM MOMCKa IyTH B MPOCTPAHCTBE COCTOSHUI. B rosoBojioMke MCHONIB3yeTCS
BOCEMb NIEpPEeMENIaeMbIX (PUIICK, MPOHYMEPOBaHHBIX U(Ppamu oT 1 10 8. Oumiku
pacrnoyiaraloTcs B JIEBITH sSUeiikax, oOpasyrommx marpuity 3x3. OmHa U3 sUeex
BCerJa MycTa, Jro0as CMEeXHasl ¢ Hell (uIlka MOXKET OBbITh MEPeBUHYTa B 3Ty
sueriky. KoHeuHas cuTyanusi — 3To HEKOTOpasi 3apaHee 3ajlaHHas KOH(UTypaius
¢urex.
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716 |5 716 |5
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[Ipu 3TOM MOKHO BBIACITUTH YETHIPE OCHOBHBIX OIEpaTopa:
1. Tlepememienue mycTol (PUIIKH BHU3;
2. llepemerienue mycToi (GUIIKU BBEPX;
3. Ilepemermenue mycToi (UIITKKA BIIEBO;
4. TlepemerieHue mycToi (PUIIIKK BIIPABO.

Ouenounas ¢yukuus f(n) dopmupyercs kak CTOMMOCTH ONTHMAIBLHOTO
IYTH K IeJT1 U3 HAYaJIbHOTO COCTOSIHHS Yepe3 N BepIIMH AepeBa MOUCcKa. 3HauYCHHe
OLICHOYHOW (yHKIMU ausi BepmuHbel N paHo: f(n)=g(n)+h(n), rme g(n) -
CTOMMOCTh ONTHMAJIBHOTO MyTH OT Ha4YalbHOW BEepIIMHBI 10 N-oi, a h(n) —
CTOMMOCTh ONTHMAJIBHOTO MyTH OT N-OW BEpUINHEI 110 1eneBoi. [TonsTHo, uyto h(n)
9TO IBPUCTHUYECKAsS TUIIOTE3a, OCHOBAHHAS HA MMEIOIICHCS nH(POpMAIMK O TaHHON
KOHKPETHOM 3a7aye.

[lpu stom @(N) npuHUMAeTCs paBHOW IIyOWHE NPOWICHHOTO IYTH Ha
JiepeBe MOKMCKa OT HAYaJIbHOM BEpIIMHBI 0 N-0if, a h(n) — paccrosiHre XemMMuHTa
OT N-0if BepHIMHBI JO IENeBOW (B MAHHOM Cllydyae OHO PAaBHO YWCIY (HIIEK,
CTOSIIUX HE Ha cBoux MecTax). CymectByer Moaudukarus airoputMa A*, B
KOTOPOH MpPEICTaBIIIET CyMMY MaHXJTTCHOBCKUX PACCTOSHUN (CUHMTaeTCs Kak
CyMMa pacCTOSHHA B TOPHU30HTAIFHOM M BEPTHKAIGHOM HAMPABJICHUSAX) OT
KaXI0i QuIIky 10 €€ «IeNIeBOM KIIETKW» IUIIOC YTPOSHHOE 3HAu€HHE «OLIEHKU
yrnopsimoueHHOCTH».  OlleHKa  yINOpSJOYEHHOCTH  OMpENAessieT  CTETeHb



90

YIOPSIOUYEHHOCTH (PUIIEK TEKYIIEH MO3UIMH 110 OTHOMICHUIO K I[EJIEBOM ITO3UITUH
Y BBICUUTHIBACTCS IO CIICAYIOIINM MPABUIIAM:
e @wika B IEHTPE UMEET OLICHKY 1;
o Oumka B Apyrod mno3unuu umeeT oneHky (0, ecnmu 3a Hel B
HAIIPABJIICHUM 110 4aCOBOM CTPEJKE CIEAYET COOTBETCTBYIOIIUN €U
IIPECMHUK;
e @Qumka B JApyrol MNO3WIMU HMMEET OLEHKY 2, €ClM 3a HEU B
HaIPaBIICHUH 10 YaCOBOM CTPEJIKE HE CIEAYyeT COOTBETCTBYIOIIHMNA eit
IPEEMHUK.
Crparerust BeIOOpa CIEAYIONIEH BEpPIIMHBI B MPOCTPAHCTBE COCTOSHUN —
MUHUMAaJIBHOE 3HAYCHHUE OTICHOYHON (YHKITUH.
dopMyIHpOBKA aNTOPUTMA:
1. PaccmatpuBaeM Bce BapHaHTHI IEPEMENICHHUS ITyCTON (QUIIKY 3a OJIUH IIIar U
BHIOMpaEM BapUaHT ¢ MUHUMAJIbHOH orieHkoi h(n).
[Iepexonum B HOBOE COCTOSTHHUE.
Co31aéM BEpIIMHBI CIICIYIOIIETO YPOBHS UEPAPXUH.
BriOupaem cocTosiHEe ¢ MUHUMAIBHOM orieHkoi h(n).
[ToBTOpSsieM /10 TeX MOp, MOKa HE JOCTUTHEM IICIIH.
[lens He OyAeT MOCTUTHYTA IO TE€X TOP, MOKA YKCIIO MEePEMEIICHUI MEHBIIIE
qrciia GUIICK, HaXOSIINXCS HE Ha CBOMX MECTaX.
Jliis 3amaun, n300pakEHHON Ha PUCYHKE, aJITOPUTM HAXOIUT pEIICHHE 3a
nBa mara. OT HaYaJbHOW BEPIIMHBI BO3MOXKCH IEPEXOJl B JIBA COCTOSIHHS C
OILICHOYHOM CTOUMOCTBIO f(1)=n+h(1)=1+4+3*(1+2)=14 u
f(2)=1+3+3*(1+2+2)=19. BriOupacM MHUHUMAJIbHYIO CTOMMOCTb W IEPEXOJUM B
cocrosiuue 1. Jlamee reHepupyeMm BepliMHBI 3 U 4 ¢ OIGHOYHBIMU CTOMMOCTSIMU
cootBeTcTBeHHO f(3)=2+2+3*(1+2+2)=19 u f(4)=2+0=2. IlocnenHss BepIIHHA
SABJISIETCS LIEJIEBOM.
B coorBercTBHM ¢ MOAM(HUIMPOBAHHBIM  AJITOPUTMOM  OILICHOYHBIE
CTOMMOCTH BepIvH Ha niepBoM mare paBuel f(1)=n+h(1)=1+2=3 u f(2)=1+3=4

abswn

4.3Caenenne 3a1aun Kk noazagayam u UW/NJIU rpadsi.

JIJ1st HEKOTOPBIX KaTeropui 3ajgad 0oJjiee eCTECTBEHHBIM PEIIEHUEM SIBIISIETCS
pa3zOueHue 3a1aun Ha noA3anaun. Pazouenue Ha moa3aaadu JaeT NpeuMyIIEecTBO B
TOM Cllydae, KOrja IoA3aJayd B3anMHO HE3aBUCHMBI, U, CIIEIOBATENIbHO, PEIIaTh
UX MOYKHO HE€3aBUCHMO Apyr oT apyra. [IpowmmoctpupyeM 3TO Ha mpumepe
pelIeHust 3a/1aur MOUCKa Ha KapTe JOPOT MapiipyTa MEXy 3aJaHHBIMU FOPOIaMHU
KaK [MOKa3aHO Ha PUCYHKE.

AN
@ : @ peuxa
m/ W

1
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Bepmmuamu a,b,c,d,f,h,z — mnpencraBinensl ropoma. PaccrosiHme MexIy
ropojaamMu 0003HaYEHO BECOM JIyTH U3 OJTHOM BepmnHbI Tpada B 1pyryro. Ha kapte
ecTh peka. JlomycTum, 9TO TepenpaBUTHCS Yepe3 PEeKy MOXKHO TOJIBKO IO JBYM
MOCTaM: OJWH Haxomutcs B ropojae f, a Bropoit — B ropome d. OueBHgHO, YTO
MCKOMBIN MapuipyT oOs3aTEIbHO JOJDKEH MPOXOAWTHh Yepe3 OJUH U3 MOCTOB, a
3HAYHUT JO/DKEH MpoXoauTh jubo uepes f, mubo depes d. Takum oOpa3oM, MbI
UMEEM JIBE TVIaBHBIC alIbTEPHATHBEI:

® IyTh U3 & B Z, IpOoXoasiuii yepes f;

® IyTh U3 & B Z, IPOXOAsIIHiA yepes d.

3ateM, KaXKIyl0 W3 OTHUX JABYX albTEPHATHUBHBIX 3a1a4 MOYKHO, B CBOIO
ouepelib, pa3OUTh CIEIYIONIUM 00pPa30M:

1. nns TOrO, YTOOBI HAMTH IMyTh U3 A B Z yepes f, HeoOxoaumo:

HaiTh nyTh M3 a B f u

HaiT myTh U3 f B Z.

JUTSL TOTO, YTOOBI HAWTH MyTh U3 & B Z yepe3 d, HeoOXOAMMO:
Haiiti nyTh u3 aB d 1

HaiTH yTh U3 d B Z.

TakuMm oOpa3om, B IBYX aJbTepHATHBAX MBI IMOTYYHINA YETHIPE MOI3a/1a4H,
KOTOpPbIE MOXKHO peliaTh He3aBUCUMO Apyr oT npyra. [lomydenHoe pazbueHue
UCXOJHOM 3amauyu  MOXHO u300pasuth B ¢dopme W/MIIM — rpada,
MPEICTABICHHOTO HA PUCYHKE.

..!’\)OO

“
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*
e i

pyl“HbIe Ay = Ha Fpa(] 4 a3bIBa 4 [a OTHOULICHI 3 MCIKOY
RATAYAMr1. va a9 6\1.11\.«\.« AdN3KO0Iro ypOBnn na3bIBAKOTCA
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W/WJINA- rpad- »5>T0 HampaBieHHBIA rpad, BEpUIMHBI KOTOPOTO
COOTBETCTBYIOT 33Jja4aM, a JyTrd — OTHOLICHUSM MEXK]y 3a/lauaMH.

Mexay Tyramu Takke CyIIECTBYIOT CBOM OTHOIIEHUSI — 3TO OTHOWEeHus U u
NJIN, B 3aBUCUMOCTH OT TOTO, JOJDKHBI JIW MBI PELINTHh TOJIBKO OJIHY M3 3a/1ay-
MIPEEMHHUKOB WJIM K€ HECKOJbKO M3 HHMX. B mNpuHIMIE HU3 BEPIIMHBI MOTYT
BBIXOJINTh JYTH, HAXOAAIIHNECS B OTHOIIEHUHU M BMecTe ¢ nyraMu, HaXOJAIIAMUCS
B otHomenuu MJIN. Tem He meHee, OyaeM npeamnoararb, 4YTo Kakjaas BeplyuHA
uMeeT oo Tonbko M-mpeemMHukoB, nu60 Toimpko MJIM-peeMHUKOB, Tak Kak B
Takyto (GopMy MoxkHO mpeodpaszoBath o060t M/UJIN- rpad, BBOAS B HETOo mpu
HeoOxoaumocTu  BeroMoratenbubie  WJIM-Bepuuabl.  Bepimny, w3  KOTOpoi
BBIXOJAT TONbKO M- nyru HaseiBaroTcs M- epwumnon; BEPUIMHY, U3 KOTOPOU
BBIXOIAT TOJIbKO WJIN- nyru,- UJ/IH- eéepuunou.

Pemenuem 3amaum, mnpenctaBieHHor B Bume W/MIIU- rtpada sBusercs
pelaolee AepeBo, TaK Kak pelleHue JOKHO BKIIIOYaTh B ce0s Bee noazanayuu M-
BEPIIUH.

Pemaromiee nepeBo T onpenensiercs ciaeayonM 00pa3oM:

e ucxojaHas 3a1aya P — 3T0 KopeHb aepesa T,

e ceciu P aBaserca NJIN-BepmmHoOii, TO B T cOAEp>KUTCA TOJIBKO OAUH U3 €€
npeeMunkoB (u3 W/WJIM-rpada) Bmecte coc CBOMM COOCTBEHHBIM
penarouM JepeBoM;

e eciu P — sto U-BepmmHa, To Bce ee npeemMuHuku (u3 W/MJIM-rpada)
BMECTE CO CBOMMH PELIAIOIINMU JAEPEBbSIMU COIEpKaTCA B T.

Ha npencrasnennom Beiie U/WJIN- rpade npencraBieHbl TpU peliarommux
JepeBa, 0003HAYCHHBIX IITUX-MYHKTUPHOM, MYHKTUPHON M CIUIOIIHON JIMHUSMHU.
COOTBETCTBEHHO, CTOMMOCTH JIaHHBIX JE€PEBLEB COCTaBIsAOT 7, 12, 7. B nanHHOM
clly4ae CTOMMOCTH OMpeJIeTIeHbl KaK CYMMBbI CTOMMOCTEN Bcex Ayr Aepena. MHoraa
CTOMMOCTh PEIIAIONIET0 JIepeBa ONPENENsIeTCs CYMOM CTOMMOCTEH BCEX €ro
BepIIMH. B COOTBETCTBUU C 3aJJaHHBIM KPUTEPUEM, U3 BCEX PEIIAIOIIUX JI€PEBHEB
BBIOMPAETCS ONTUMAJIBHOE.

4.4Pemienue urpoBbix 3aga4 B repmunax U/NJIN- rpaga

Takue Urpel, KaK MaxMarbl WIA IIAINIKA, €CTECTBEHHO PacCMaTpuBaTh Kak
3anauyu, npeactaBieHHsie W/MJIN- rpadamu. Wrpel Takoro poja Ha3bIBarOTCA
UrpaMH JByX JUI C TOJHOM uHpopmauueil. byneM cuuTaTh, YTO CYHIECTBYET
TOJIBKO JIBa BO3MOXHBIX UCXOJa UTPHI:

® BBHIUTPHIII;

® IIPOUIPHILI.

Wrpel ¢ TpeMst BO3MOKHBIMA HMCXOJAaMU MOYKHO CBECTH K UIpaM C AByMs
MCXOIAMH, CUUTAs, YTO €CTh: GblUCPbIUL U HEBBIUSDBILU.

Tak Kak y4YaCTHUKM MIPBl XOIAT IO OYEpEeau, TO BBIACIMM JBa BHUAA
MO3UIINHI, B 3aBUCUMOCTH OT TOTO, YEN XOI:

® [I03ULMS UTPOKA;

® [I03ULMA IPOTUBHUKA.

HonyctuMm, 4Tto HayaidbHas nmo3unus P — 3To mo3unus urpoka. Kaxabrit
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BAPUAHT XOJAa WIPOKA B OTOM IMO3ULUMH NPUBOJUAT K OJAHOM U3 NO3ULUHU
npotuBHuka Gi, G,, Gz u tak nanee. Kaxaplii BapuaHT XoJa MNPOTHUBHUKA B
no3uuyy Gj IpUBOAMT K OZHOW M3 MO3ULMK UTpokKa Pj;.

B W/WJIN- nepeBe, moka3aHHOM Ha PHUCYHKE, BEPIIMHBI COOTBETCTBYIOT
MO3ULIMSAM, & YT — BO3MOYKHBIM XOJIaM. Y POBHHU IMO3UIIMI UTPOKA YEPEAYIOTCS B
JIepeBe C YPOBHIMH MO3UIIMN NMPOTUBHUKA. ITpoK BHIMTPHIBAET B no3uluu P, eciu
oH BeIUTphIBacT B G, G, G3u tak nanee. CnenoBarenbHo, P — ato NJIM-BepiinHa.
[Tozummu G — 3TO TO3WIMK TPOTHUBHUKA, MOATOMY €CIM B 3TOW TO3UITUU
BBIUTPBIBAET HIPOK, TO OH BBIMIPHIBAET M IIOCIE Ka)XXIOr0 BapWaHTa XoOJa
MIPOTUBHUKA, TO €CTh WTPOK BHIMTPHIBAaeT B Gj, €CIM OH BHEIUTPHIBACT BO BCEX
nosunusax Pj. Takum o00pa3oM, Bce MO3MLIMU NPOTUBHUKA — 3TO M-BepHIMHEIL
[{eneBbIE MO3UIMU — 3TO MO3WULHH, BBIMTPAHHBIE COTJIACHO IMpaBwiaM Urpbl. Jis
TOTO, YTOOBI PEIINTh WUTPOBYIO 3a7ady, MBI JIOJDKHBI ITOCTPOUTH PEIIAIoIee
JIEpEeBO, TapaHTUpYIOIlee Mo0eqy UTPOKa HE3aBUCUMO OT OTBETOB NMPOTHUBHHUKA.
Takoe nepeBo 3a1aeT MOJIHYI0 CTPATETUI0 JOCTHMKEHUS BBIMIPBILIA: IS KaXI0TO
BO3MOYKHOTO MPOJIOJKEHHUSI, BHIOPAHHOTO MPOTUBHUKOM, B JIEPEBE CTPATETHH €CTh
OTBETHBIN XO/JI, TPUBOJAIINN K MOOEE.

[To3uiusa urpoka

[To3uun
G, HNPOTUBHUKA

PaccMmoTpum pelienre mogo0HBIX 3a71a4 Ha PUMEPE UTPHI B «2 JTYHKH.
HUrpok umu ero mpoTUBHUK MOXKET B3ATh W3 OJHOM Jt0OOH JIyHKH JTt000€
KOJIMYECTBO KaMelKoB. [I[pourpsiBaet ToT, KTO O€peT MOCIETHUN KaMelleK.

- Io3unud NMPOTUBHUKA

- BBIUT'PBIII UTPOKaA

]
. ——
AN
V

- IPOUTPHIIT UTPOKA

JlepeBo peleHni 3TOU UTPhI IIPEICTABICHO HA PUCYHKE.
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[TyHKTHpHOM IMHUEH 0003HAYEHA ONTUMAaJIbHAS CTPATErUsl UTPOKA, KOTOpast
MPUBEICT K BHIUTPHIIILY.

4.5 MUHUMAKCHBII NPUHIUAN MOUCKA pelieHuH

Anroputmbel mnoucka nyta Ha W/WMIIMA- rpadax Moryt HCHoian30BaTh
CTpaTeTuu MOUCKa B TTyOWHY W IIUPUHY, OJHAKO, JUIsl OOJIBIIUHCTBA UTP, JEPEBO
UTPBI UMEET OOJIBIIIOE KOJMYECTBO TMO3HIINI, YTO MPUBOJAUT K KOMOUHATOPHOMY
B3PBIBY IPU peaIU3allMi IPOCMOTPA BCEX BEPILHH JI€PEBa PEIICHUMN.

OCHOBHOM TIOAXOJ K OpraHu3alMy IOWCKAa Ha WrPOBBIX JEPEBBAX
UCIIOJB3YeT oIlleHOYHbIe (yHKIuU. OueHouyHas (QYHKIUS HWCMIOIB3YeTCS s
BBIYUCJICHUS OLIEHKU TEKYIIETO COCTOSIHUS UTPBHI.

Jlnst BBIOOpA CIEAYIONMIEro X0Aa UCOIb3YETCS TPOCTOM alrOPUTM:

® HAalTM BCEBO3MOXXHBIE COCTOSIHUSI WIPbI, KOTOpbIE MOTYT OBITh

JIOCTUTHYTHI 32 OJIUH XOJI;

® UCIOJIb3YS OLICHOYHYIO (DYHKITHIO, BBIYMCIIUTH OIEHKH COCTOSTHUM;

® BBIOPATH XOJI, BEIYIINHA K TO3UIUU C HAMBBICIICH OI[CHKOM.

Ecnu onenounass @yHkius Obuia Obl COBEPILIEHHOW, TO €CTh €€ 3HAYCHUE
OoTpakajio Obl Kakve MO3UIMHM BEAyT K Mmolele, a Kakhue — K MOPaKEeHHUIo, TO
JIOCTATOYHO ObLIO ObI TIpocMoTpa Breped Ha oauH mmar. OObBIYHO COBEpIICHHAs
ollcHOYHAas (PYHKIMSI HEU3BECTHA, MOATOMY CTpaTerusi BhIOOpa XoJa Ha OCHOBE
MpOCMOTpa HAa OAWH IIar BIEpell HE AAaeT XOPOIIEro pe3ylibTara, MO3TOMY
UCIIOJIB3YETCS CTPATErusi IPOCMOTPA HAa HECKOJIBKO IIAaroB BIEpE.

CranmapTHBIA METOJl OMNpEACICHUSI OLEHKU TMO3MIIMH, OCHOBAaHHBIA Ha
MPOCMOTPE BIIEpE]l HECKOJbKUX CJIOEB WIPOBOTO JIEpEBa, HAa3bIBBIAETCS
MUHUMAKCHBIM aJITOPUTMOM.

MUHHMaKCHBIM aaropuT™M MPEANoaraeT, 4YTo MPOTHUBHUK U3 HECKOJIbKHUX
BO3MOXXHBIX XOJIOB CJ€JaeT BHIOOp, JIydIIud st ce0s , TO eCTh XYAIIMM s
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urpoka. [loaromy 1enpi0 Urpoka siBisieTcss BBIOOP TAaKOro X0ja, KOTOPBIM JacT
MaKCUMAaJIbHYIO OLEHKY MO3UIMH, BO3MOKHON TOCIIE JIYUILIETO0 X0/1a MPOTUBHUKA,
TO €CTh MUHUMHU3HUPYIOIIETO OLEHKY MO3UIMU MpoTUBHUKA. OTCIO/Ia Ha3BaHUE —
MUHUMAKCHBIN anroputM. Yucso cioeB UrpoBOro JAepeBa, MPOCMATPUBAEMBIX MIPU
MOKMCKE, 3aBUCHUT OT JOCTYNHBIX pecypcoB. Ha mocienneM cioe ucnosb3yercs
OlIeHOYHAas! (yHKIIUS.

B npeanonoxxenuu, 4to oneHoYHasi GyHKIUS BbIOpaHA pa3yMHO, aJTOpPUTM
OyZAeT naBaTh TeM JyUIlIHe Pe3yJbTaThl, UeM OOJIBIIE CIIOEB MPOCMATPUBACTCS MIPH
MIOMCKE.

[TycTh MBI IMEEM CIIEAYIOIIEE IEPEBO UTPHI:

a
max UTPOK

b Cc
(1)
HpOTI/IBHI/IK
d e f g
oo

1@/2 @/ % 5 % . t&@

3amana Hekas oneHouHas ¢Gyakius @(Py), rae Py- Hekotopas urposas
CUTYaLHsL.

[Ipeanonoxum, 4TO0 UrPOK MAKCHUMH3UPYET CBOM BBIMIPBINI, & MPOTUBHUK
MUHUMHU3UPYET CBOM  mpourpbiil. BapuwanT  pemieHusi, oOpa30BaHHBIN
MUHUMAKCHOM CTpaTeruel JBHXKEHUsS 10 JEpeBy WIpbl, OyaeM Ha3bIBaTh
OCHOBHBIM BAPUAHTOM PEILIEHUSI.

Ecnu cymectByeT oueHovHas (DyHKIMS, TO MOXHO BBECTH BHYTPEHHIOIO
dynknuto ¢(Py) Takyto, 4To:

max ¢(py) — Py —Max eepuiuna

o(p)= min ¢(py) = py — Min eepumna
@(Py) = Py — mepmunanbras  eepuuuna

Ilpumep 78:
trace

domains

pozic = symbol
Spoz = pozic*
database

xod (pozic, spoz)
xod_min (pozic)
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xod_max (pozic)
predicates

minmax (pozic, pozic, integer)
best (spoz, pozic, integer)
oc_term(pozic, integer)
vibor(pozic, integer, pozic, integer, pozic, integer)
clauses

xod (a, [b,c]).

xod (b, [d,e]).

xod (c, [f,a]).

xod (d, [t1,t2]).

xod (e, [t3,t4]).

xod (f, [t5,t6]).

xod (g, [t7,t8]).
xod_max (a).

xod_max (d).

xod_max (e).

xod_max (f).

xod_max (g).

xod_min (b).

xod_min (c).

xod_min (t1).

xod_min (t2).

xod_min (t3).

xod_min (t4).

xod_min (t5).

xod_min (t6).

xod_min (7).

xod_min (t8).

oc_term (a,4).

oc_term (b,4).

oc_term (c,1).

oc_term (d,4).

oc_term (e,6).

oc_term (f,2).

oc_term (g,1).

oc_term (t1,1).
oc_term (t2,4).
oc_term (t3,5).
oc_term (t4,6).
oc_term (t5,2).
oc_term (16,1).
oc_term (t7,1).
oc_term (18,1).
minmax (Poz, BestPoz, Oc):-



xod (Poz, SpPoz),!,

best(SpPoz, BestPoz, Oc);
oc_term(Poz, Oc).
best ([Poz], Poz, Oc):- minmax (Poz, _, Oc), !.
best ([Pozl| T], BestPoz, BestOc):-
minmax (Poz1, , Ocl),
best (T, Poz2, Oc2),
vibor(Poz1,0c1,Poz2,0c2,BestPoz,BestOc).
vibor(Poz0, Oc0, Pozl, Ocl, Poz0, Oc0):-
xod_min (Poz0), Oc0>0cl,!;
xod_max (Poz0), Oc0<Ocl,!.
vibor(Poz0, Oc0, Pozl, Ocl, Pozl, Ocl).

goal

minmax(a,BestPoz,Oc),write(BestPoz),write(Oc).

minmax (Poz, BestPoz, Oc)

xod (Poz, SpPoz) @ best(SpPoz, BestPoz, Oc)

1

oc_term (Poz,0c)

best ([Poz], Poz, Oc) 4{ minmax (Poz, Oc) @ vibor(Poz1,0c1,Poz2,0c2,BestPoz,BestOc)

best([Poz|T],BestPoz,BestOc)

A

minmax (Poz1,_Ocl) _< best (T,P0z2,0c2)

vibor (P0,Q0,P1,Q1,P0,Q0)

xod_min (P0)

OV

vibor(P0,Q0,P1,Q1,P1,Q1)

) §

xod_max (P0)
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5 BBejieHue B 3KCNEPTHBIE CHCTEMbI
5.1 OcHOBHBbIC TOHATHUSA

OkcneptHble cucteMbl (DC) Kak CcaMOCTOSITENIbHOE HAlpaBlICHUE B
uckycctBeHHoM wuHTeiekre (M) chopmupoanocs B konue 1970-x romos.
Hctopus OC Havanach ¢ COOOIIEHUS SITOHCKOIO KOMHUTETa IO pa3padborke OBM
IATOrO0 IIOKOJICHHS, B KOTOPOM OCHOBHOE€ BHHMMAHHE VYAEISIOCh Pa3BUTHIO
«UHTEJIEKTYaJIbHBIX CIIOCOOHOCTEW» KOMITBIOTEPOB C TEM, YTOOBI OHH MOTJIH
OIEpUPOBATh HE TOJIBKO JAHHBIMU, HO M 3HAHUSIMU.

Oo6unactpb uccinenoBanus JC HA3BIBACTCS UHICEHepUel 3HaHUli. DTOT TEPMUH
obu1 BBenéH E. @DeiirenbayMOM M B €ro TPaKTOBKE O3HAYAET «IPUBHECEHUE
INPUHIMIIOB ¥ HWHCTPYMEHTapusi M3 OOJACTH HCKYCCTBEHHOIO MHTEIJIEKTa B
pelIeHre TPYIHBIX MPHUKIAJHBIX MpoOJjeM, TPeOYIIMX 3HaHUK 3KcrepToB. He
KOKIYI0 CHCTEMY, OCHOBAaHHYK0 Ha 3HAHHAX, MOXKHO pacCMaTpuBaTh Kak
HKCIEPTHYIO. ODKCIEpPTHAas CUCTEMa JOJDKHA ObITh CIOcOOHAa B ONpelelIEHHON
CTENCHU OOBSCHSITH CBOE TIOBE/ICHHIE U CBOM PELICHUS MoJIb30Bareto [1].

Takum o0O0Opa3oM, SKCIEPTHBIE CHUCTEMbI IpEAHA3HAUYEHBbl Ui PEIICHUs
He(OopMaIM30BaHHBIX 337ad, TO €CTh 3ajay, PelIaeMbIX C MOMOIIBI0 HETOYHBIX
3HAHUW, KOTOPbIE SBISIFOTCS PE3YyJIbTaTOM OOOOLIEHUS MHOTOJETHETO OIbITa
pabOThl U UHTYULIMU CIIELIUATIICTOB.

HedopmanuzoBanubie 3HAHUS 00BIYHO MPEJICTABIISIOT coboii
ABPUCTUYECKHUE MpUeMbl U npaBuia. DC 001aaloT ClIeAyIOIUMHA 0COOEHHOCTIMU
(BceMu cpasy WM 4acTH4HO) [2]:

® 33/1a4d HE MOT'YT OBITh MPEJICTABIIEHBI B YUCIOBOU opMe;

® UCXOJHbIE JaHHbIE W 3HAHMUIA O TMPEAMETHOM oOxacTu o00iagaoT

HEOJIHO3HAYHOCTBI0, HETOYHOCTBIO, IPOTUBOPEYNBOCTHIO;

® 1[CJIM HEJIb3 BBIPA3UTH C IOMOIINBIO YETKO OINPEACIEHHON IEIICBOM

dyHKumy;

® HE CYIIECTBYET OJIHO3HAYHOIO aJITOPUTMUUECKOTO PEIICHUs 3a/1a4u;

® AITOPUTMHUYECKOE PEUIEHUE CYIIECTBYET, HO €ro HEeJb3sl MCHOJIb30BATh

MO0 TMpUYUHE OOJBIION Pa3sMEPHOCTH TPOCTPAHCTBA PEIICHUNA U
OTPaHUYEHUN HA PECYPCHI.

OC oxBaThIBalOT CaMble pa3Hble MpPEIMETHBIE 00JIaCTH, CpPEeIu KOTOPBIX
npeobyagaloT MeAUlMHA, OM3HEC, MPOU3BOJICTBO, MPOCKTUPOBAHUE U CHCTEMBI
YIPABJICHHUS.

Jns knaccudukanuu IC UCTIONB3YIOTCS CAEAYIOIINE MPU3HAKU:

e cnoco0 (opMUPOBAHUSI PEILICHHUS;

e crnoco0 yuyéra BpEMEHHOI'O MTPU3HAKA;

® B/l UCIIOJI3YEMBIX JAHHBIX U 3HAHUI;

® YKCJIO UCIOJIb3YEMbIX HCTOUHUKOB 3HAHUU.

[lo cnocoby opmuposanus pewenuss IC MOXKHO pa3AeiuTh Ha
aHAIM3UPYIOIINE U CUHTE3Upytoume. B cucrtemax mnepBoro Tumna OCylleCTBISIETCS
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BBIOOp pEIIEHUS U3 MHOXXECTBA M3BECTHBIX PEIICHHUI HA OCHOBE aHAJIM3a 3HAHUH,
B CHCTE€MAax BTOPOIrO THUIIA PEIICHUE CHUHTE3UPYETCS U3 OTAENbHBIX (PparMeHTOB
3HAHUU.

B 3aBucumocTtu ot cnocoba yuéma epemennozo npuznaka IC AensTCs Ha
cratnueckue u auHamuueckue. Cratnueckue DC NpeaHa3HAYEHbI IS PEIICHUS
3alad C HEW3MEHSIEMBIMH B MPOLECCE PEUICHUS JaHHBIMU W 3HAHUSMH, a
nuHamuueckne JC IO0MyCKaroT TAKUE N3MEHEHHS.

[lo e6udam wucnonvzyemuvix Oauubix u 3Hauuu pazauyaior IC C
JE€TEPMUHUPOBAHHBIMU u HEONpeaeIEHHBIMU 3HAHUSIMH. ITon
HEOIPEICIEHHOCThI0 3HAHUM IMOHUMAKOTCAd WX HEMOJIHOTa, HEHAAEKHOCTD,
HEYETKOCTb.

OC MOryT co3JaBaThCsi C HCMHOJb30BAHUEM OJHOTO MM HECKOJIbKUX
UCMOYHUKOB 3HAHULL.

B cooTBeTCTBHM C IEPEUUCIECHHBIMU MTPU3HAKAMHU MOKHO BBIAECIHUTH YETHIPE
OCHOBHBIX KJiacca 2C: Kiaccuduimpyromnue, JOOTIPEIEIAIONINE,
TpaHCc(hHOPMUPYIOIIKE ¥ MyJIbTHAreHTHBIC [2].

Knaccugpuyupyrowue OC pemaroT 3ajayu  paclo3HABaHUS CHUTYaIIH.
OCHOBHBIM METOJIOM (POPMHUPOBAHUSI PEHICHUN B HHUX SBISICTCS JEAYKTHUBHBIM
JIOTUYECKUI BBIBO/I.

Hoonpeoenarowue IC UCTIONB3YIOTCS I PEIICHUS 337a4 C HE TOJIHOCTHIO
ONpPEACICHHBIMU JaHHBIMU W 3HaHUsIMU. B Takux OC BO3HHMKAIOT 3aJayu
WHTEpIIpeTallu HEUYETKUX 3HAHUN M BbIOOpA ajdbTEPHATHUBHBIX HaIMpaBJICHUN
MOMCKa B MPOCTPAHCTBE BO3MOXKHBIX pelieHuil. B kauecTBe MeTO0B 00pabOTKH
HEOMpEACICHHBIX 3HAHUW MOTYT UCIOJIb30BaThCs 0alleCOBCKUN BEPOSTHOCTHBIN
noaxo, Ko3PUIMEeHThl YBEPEHHOCTH, HEUETKAasl JIOTHKA.

Tpaucghopmupyrowue IC OTHOCATCS K CHUHTEIUPYIOIIUM JUHAMUYECKUM
OC, KOTOpBIE pealn3yrT MOBTOPSIONIEECS MpeoOpa3oBaHUe 3HAHWUN B IMPOIIECCE
pemenus 3amaun. B OC maHHOro Kjacca HUCHOJIB3YHOTCS Pa3iU4HbIC CIIOCOOBI
00pabOTKM 3HAHUM:

e reHepalus U NpoBepKa TMIOTES;
® JIOTHKA MPEIONIOKEHUN U YMOTYaHUM;
® ICMOJIb30BAHUE METa3HAHUM JJIsI YCTpPaHEHUS HEOMpPEJCICHHOCTH B

CUTyalUsX.

Mynomuacenmnvie cucmemvl — 310 nuHamuyeckue IC, OCHOBaHHBIE Ha
WHTErPallUd Pa3sHOPOJHBIX MCTOUYHUKOB 3HAHHM, KOTOPbIe OOMEHHMBAIOTCA MEXIY
co0Ol TIONyYeHHBIMU pE3yJbTaTaMH B TIpoliecce pemieHust 3amad. CUCTEMBI
JTAHHOT'O KJ1acca UMEIOT CJIEAYIOIINE BO3MOXHOCTH:

e peanuzalusl ajlbTEPHATUBHBIX PACCYKICHHI Ha OCHOBE HCIOJIb30BaHUS

Pa3IMYHBIX UCTOYHUKOB 3HAHUM M MEXaHU3Ma YCTPAHEHUS TPOTUBOPEUNIA;

e pacrmpenen€HHOe peIIeHWE 3ajad, pa3JeisieMbIX Ha  MapajjieibHO
peraeMble MoA3aauu ¢ CAMOCTOSATEIbHBIMA HCTOUHUKAMHU 3HAHUI;

® IPUMEHEHUE PA3IMYHBIX CTpAaTErui BbIBOJA 3aKJIIOYEHUN B 3aBUCUMOCTH
OT THUIA PEIIAEMON 3a1a4Hu;

e 00paboTka 60JBIIMX MaccUBOB MH(pOpMaluu U3 0a3bl JaHHBIX (B]1);
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® ICMOJIb30BAHUE MATEMATHUYECKUX MOJIENIEd M BHEIIHUX MPOUEAyp MJIs

MMUTALMY Pa3BUTHS CUTYalIUM.

Hnst dbopmupoBanus mnonHolieHHOM OC HeoO0X0IMMO, Kak MpaBuio,
peann3oBath B Hel cieayronne QyHKINY:

e (QYHKIMM pElIeHHs 3a/lay, IO3BOJSIONIME HCIOJIb30BaTh CIEIUAIbHBIC

3HaHUsA B TMpoOJieMHOM o00macTH (NMpU HATOM MOMKET MOTPEOOBATHCA

o0OecreunuTh paboTy B YCIOBHUSX HEOIPEACIEHHOCTH WM HEMOJHOTHI WITU

HEJIOCTOBEPHOCTHU 3HAHUN);

e (QYHKIMM B3aUMOJCHCTBUS C TIOJH30BAaTEIIEM, KOTOPBIE, B HYACTHOCTH,

MO3BOJISIIOT OOBSICHUTH HAMEPEHUS U BBIBOJIBI CUCTEMBI B MPOIECCE PEIICHHUS

3a/1a4y U 10 3aBEPIICHUH 3TOTO Ipolecca.

5.2 IIpoekTHpOBaHUE IKCIEPTHBHIX CHCTEM

[TepBoie DC ObLIM cTaTHYecKoro Tumna. TunuyHas cratudeckas IC momKHA
BKJIIOYATh CJICAYIOIIME KOMIIOHEHTHI [2]:
e 0a3y 3HaHnuii (b3);
0a3y aHHbIX (pabouyI0 MaMsITh);
pemiarelb (MHTEPIPETATOP);
CUCTEMY OOBSICHEHUI;
KOMITOHEHTHI TPUOOPETEHUS 3HAHUI;
UHTEpQENC C T0JIb30BATEIIEM.
b3 OC npepgnazHadueHa U1 XpaHEHUs  JOJTOCPOYHBIX  JIAHHBIX,
OMHUCBHIBAIOIINX  paccMaTpUBaeMyr0 00JlacTh, U  TPaBWI, OINUCHIBAIOIIUX
1enecoodpasHbie MpeoOpa3oBaHus JaHHBIX 3TOW 001acTH.
b/] OC ciyxuT 1151 XpaHeHUs TEKYIUX JaHHBIX pelIaeMou 3a1auH.
Pewameny dopmupyer mocienoBaTenbHOCT, MPUMEHEHUS TMPaBWI U

OCYIIECTBIISIET UX 00pabOTKY, UCIIOJIb3YA JIaHHbIE U3 paboueil MaMaTH U 3HAHUS U3
B3.

Cucmema 00vscHenuli TIOKa3bIBaeT, KaKMM 00pa3oM CHUCTEMa TMOJIy4HIia
pellieHue 3aJayd, U Kakhe 3HaHUS MIPU 3TOM HCIOJIb30BAINCH. DTO OOJerdyaer
TECTUPOBAHUE CHCTEMBI M IOBBIIIAECT JOBEPUE IIOJB30BATEN K IOJYYEHHOMY
pe3ynbTary.

Komnonenmur npuobpemenusi 3uanuu HeoOXonuMbl it 3anonHeHus OC
3HAHMSIMU B JIMAJIOre C MOJIb30BATEIEM-3KCIIEPTOM, a TakKe JUIsl JA00aBIEHUS U
MOAM(PUKALINU 3aJT0KEHHBIX B CUCTEMY 3HAHUU.

K pa3zpabotke DC mnpuBIEKAIOTCS CHEHHUAIUCTBI U3 Pa3HBIX MPEAMETHBIX
o0acTey, a UMEHHO:

® OKCIEPThl TOM MPOOJIEMHOM 00JACTH, K KOTOPOH OTHOCATCSA 3ajadd,
pemaemMbie OC;
® UH)XEHEPHl IO 3HAHUAM, SBISIIONIMECS CIEHUAINCTaMu 1O pa3paboTke
MHTEJUIEKTYalbHbIX HH(popManmoHHbIX cuctem (MHUC);
® IIPOrPAMMMUCTBHI, OCYLIECTBIISIOINE peanu3anuto JC.

JIrobas OC gomkHa UMETh, 10 KpailHel Mepe, JiBa pexuMa padoThl:
® PEXHUM MPUOOPETEHUS 3HAHUM;
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® PEXUM KOHCYJIbTALUM.

B peocume npuobpemenus smanuti dxcnepT HanoiHser OC 3HaAHUAMH,
KOTOpbIe 1T03BOJIAT DC B JaNbHEUIIEM PEIIaTh KOHKPETHBIE 3aa4 U3 ONMCAHHOU
npoOieMHON o00macTu. DKCHEpPT OIMUChIBAET NPOOJIEMHYIO 00JacTh B BHUJE
COBOKYMHOCTU JAHHBIX 00 O0BEKTaX M MPABUII, OMPEACISIONINX B3aUMHBIE CBSI3H
MEXIy JaHHBIMH, H CTIOCOOBI MAHUITYJIMPOBAHUS JAHHBIMH.

B pescume xoncynomayuii monn3oBatens IC  cooOmiaer cucreme
KOHKPETHBIE JTAHHBIE O PElIaeMOM 3aJa4e U CTPEMUTCS MOJYUYHUTh C €€ MOMOILBIO
pe3ynbrar. [Ipy 3TOM BXOJHBIE JaHHBIE O 33/a4€ MOCTYIMAIOT B padOUYyr0 NaMsTh.
Pemarens Ha ocHOBe maHHBIX U3 b/ 1 mpaBun u3 b3 dopmupyeT perenue.

Huuamuueckue DC, Hapany ¢ KOMIOHEHTaMu cTaTudeckux JC, HOJKHBI
COJIEpKaTh:

® [I0JICUCTEMY MOJICTUPOBAHNS BHEITHETO MUPA;
® [I0JICUCTEMY CBSI3U C BHEIIHUM OKPYKEHHUEM.

[Toacucrema MoaenMpoBaHrs HEOOXOAMMA JJIs TPOTHO3UPOBAHUS, aHAIIU3a
M AaJCKBAaTHOM OLEHKM COCTOSIHUS BHEIIHEN cpeabl. V3MEHEHMs OKpYyKEHUS
periaeMon 3aauu TpeOyroT U3MEHEHUs XpaHUMbIX B DC 3HaHUMU, I TOTO YTOOBI
OTPa3UTh BPEMEHHYIO JIOTUKY MPOUCXOSIIUX B PEATbHOM MUPE COOBITUM.

5.3 Tunbl pemaeMbIX 3a1a4

OC MOryT pemaTh clieAyronue 3a1aun [2]:

e aHajgW3a W CHUHTE3a. B 3amade awanuza 3agaHa MOMAEIb CYITHOCTH M
TpeOyeTCs OIpeNeuTh HEM3BECTHBIE XapaKTEPUCTHKH Mojenu. B 3amaue
cunmesa  3aJalOTCS  YCIOBHS, KOTOPBIM  JIOJDKHBI  YAOBJICTBOPSITH
XapaKTEPUCTHKU «HEU3BECTHON» MOJIEIHN CYIIHOCTH, TPEOYEeTCs MOCTPOUTH
MOJIEJIb 3TOU CYIIHOCTH;

e cratuyeckue unu auHamudeckue. Ecnmu OC sgBHO HE y4yuThIBaeT (hakTop
BpEMEHH W / WIM HE WU3MEHSIET B TPOIIECCE pEIIeHUs 3HaHUus 00
okpyxatomeM mupe, To DC pemaer cmamuyeckue 3aaadd, B MPOTHBHOM
ciyyae — ouHamuyeckue (paboTarouiue B peajbHOM MaciiTade BPEMEHH).
OOBIYHO  BBIACISIIOT ~ CIEAYIOIIME CHUCTEMBl  pEajbHOTO  BPEMCHH:
ncesoopeanbHo20 BPEMEHH, «MACKO20» PEANbHOTO BPEMEHHU U «ICECTKO20»
peanpHOTO BpeMeHH. CHCTEMBI IICEBJAOPEATHHOTO BPEMEHH IOJIYYAOT M
00pabaThIBalOT JaHHBIE, MOCTYIAONIME U3 BHEITHUX UCTOYHUKOB.

OC MoryT pemaTh CIAeAyIONIUE TUIIbI 33/1a4:
® uHmepnpemayuu OAHHLIX — TMPOIECCA OMPECICHHS CMBICIIA TAHHBIX;
® OJuaeHocmuxku — TIPOIECCa COOTHECEHHUS OOBEKTa C HEKOTOPBHIM KJIIACCOM
OOBEKTOB U / WM OOHAPYKEHUS HEUCTIPABHOCTEH;
® MOHUMOpUHea — HENPEPHIBHON HWHTEPNPETAMH JaHHBIX B PEaJbHOM
MaciTabe BpeMEHH B KOHTPOJIE JOTyCKa MX MapaMeTpOB;
® NPOEeKMUpPOB8aHus — CO3JaHUSI paHee HE CYIIECTBOBABIIETO OOBEKTa M
MOATOTOBKM  crenuduKanuii Ha  Cco3laHHMe OOBEKTOB C  3apaHee
ONPEICIEHHBIMU CBOMCTBAMU;
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® 1POCHO3UPOBAHUS — TIPENICKA3aHUS TIOCIEACTBUN HEKOTOPBIX COOBITHI WIIH

SBJICHUN Ha OCHOBE aHAJIN3a UMEIOIIMXCS TaHHbBIX;

® nianuposanusi — TOCTPOCHUS IUIAHOB JACHCTBUH OOBEKTOB, CIOCOOHBIX

BEITIOJTHATHh HEKOTOPBIC (DYHKITHH;

® 00yueHuss KAKUM-JIMOO AUCUUILIMHAM WIH MPEIMETaM;

® ynpasieHus — TIONJCPKKHA OMNPEACIEHHOTO peXUMa JEATCIbHOCTH

CHUCTEMBI,;

® 11000€pPIAHCKU NPUHAMUSL PeULEeHUII.

3amaun WHTEpIPETAIIUN JAaHHBIX, IWArHOCTHKH, TOAMCPKKA TPUHSATHUS

pEIICHU OTHOCATCS K 3a7a4aM aHajau3a, 3a7a9d IPOSKTHPOBAHUS, TUIAHUPOBAHUS
W yOpaBJCHHUS — K 3ajladaM CHUHTE3a, OCTAJbHBIE 33a/ladd — KOMOMHHPOBAHHOTO
THIIA.

5.4 UHcTpyMeHTAJIbHBIE CPeICTBAa Pa3padOTKM IKCIEPTHBIX CHCTEM

Knaccudukanuss MHCTpyMEHTAIBHBIX CpeACTB pa3padotku DC 0OBIYHO
TIPOM3BOIUTCSI IO CIICTYIOIIUM Mapamerpam [2]:
® YPOBEHH HCIIOIB3YyEMOTO SI3bIKA;
napagurMbl IPOTPaMMHUPOBAHUS U MEXAHU3MBI peaTn3allii;
CHOCc00 MpeacTaBICHUs 3HAHU;
MEXaHU3MBbI BBIBO/IA U MOJICIIUPOBAHUE;
CpeACTBa MPUOOPETCHUS 3HAHUM;
TEXHOJIOTUU Pa3pabOTKH.
YPOBEHb UCIIOJIB3YEMOTO SI3bIKA!
® TpPaJMIIMOHHBIE (B TOM 4YHCIIE U OOBEKTHO-OPUEHTUPOBAHHBIC) S3BIKU
IPOrpaMMHUPOBAHUS;
e cnenuanbHbie 13b6ikH porpammupoBanus (LISP, PROLOG, PEDAJ);
® UHCTPYMEHTAIbHBIE CPEICTBA, COAEpXAllhe dYacTh KOMIOHEHTOB OC
(mpemnazHadeHsl s pazpadborunkoB IC);
e cpeabl pa3pabOTKH OOLIEr0 Ha3HA4YeHHsI, COJAEprKallle BCE KOMIIOHEHTHI
OC, HO HE UMEIOIITUE OMTMCAHUS KOHKPETHBIX TPOOJEMHBIX CPEI;
¢ pOOJEMHO-OPUEHTUPOBAHHBIE  Cpelbl  Pa3pabOTKU (I pelIeHHs
OTNpenenEéHHOro Kiacca 3a/1ad WM UMEIOIINe 3HAHHUS O THIAaX MPEeIMETHBIX
obacTeit).
Ilapaouemsl npoepammuposanust’
poLeAypHOE TPOrpaMMUPOBAHNE;
MpOTrpaMMUPOBAHHUE, OPUCHTUPOBAHHOE HA JAHHBIC;
IporpaMMHUpPOBaHNE, OPUCHTHPOBAHHOE Ha MPABUJIA;
00BEKTHO-OPUEHTUPOBAHHOE MMPOTPAMMHPOBAHHE;
JIOTUYECKOE MPOrpaMMHUPOBAHHUE.
Crnioco6 (Moienn) peacTaBIICHUS 3HAHUI
® TIPOIYKIIMOHHBIC MMPABUIIA;
e (peiitmbl (OOBEKTHI);
e joruyeckue GopmyIibr;
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® CEMAaHTUYECKUE CETH;
® HEUPOHHBIC CETH.

MexaHu3Mbl BBIBOJIA U MOJCIIUPOBAHUS:

1. MonenupoBaHHie NPOLECCa TOJTYUYECHHS PELICHUS:

® TIOCTPOCHHUE JIepeBa BHIBOJIAa Ha OCHOBE O0ydYarolieil BBHIOOPKH U BBIOOP
MapLIpyTa Ha IEpeBE BbIBOJA B PEXKUME PELICHUS 3a1a4H;

® KOMOWIALMA CETH BbIBOJA M3 CHEUU(PUUECKUX TMpPaBUI B PEKUME
npUOOpeTeHUs] 3HAHUM U TOUCK PEUICHHs HAa CETU B PEXHUME pPEILICHUs
3a/1a4u;

® I'CHEpAlMs CETH BBIBOJA M IIOMCK PEIICHHS B PEKHUME pPEUICHUS 3aJayH,
IPU 3TOM IE€HEpauusi CETH BBIBOJA OCYIIECTBISETCS B XOJE BBITOJIHEHUS
COIOCTABJICHUS, OMPEIECIAIOMEN Napbl «IPABHUIO-COBOKYIHOCTb JAaHHBIXY,
Ha KOTOPBIX YCJIOBUS 3TOTO MPAaBWIIA YAOBJIETBOPSAIOTCS;

e B pexume pemeHusa 3agaun OC  OCYHIECTBISIET  BBIPAOOTKY

IpaBAONOJOOHBIX  MPEANOJIOKEHUH (IpU  OTCYTCTBUM  JIOCTAaTOYHOM

uHbOpMaIlMU JJIsl PEUICHMsI), BBIINOJIHEHNUE PACCYKJIEHUN 10 000CHOBAaHUIO

IPEANOIOKEHNN, TEHEpallo aJbTEPHATUBHBIX CETEM BBIBOAA, IOUCK

pELIEHUs B CETAX BBIBOJA;

® [IOCTPOEHUE CETU BBIBOJA HA OCHOBE OOYy4Yaroleil BHIOOPKM U TOUCK
pelIeHus Ha BbIXOAaX CETU B PEXKUME PELICHUS 3a/1a4u;

2. MexaHU3Mbl IOUCKA PEIICHUS:

e JByHAlpaBJICHHBIMA MOUCK, MOUCK OT JAHHBIX K LIEJISIM, IMOUCK OT LIeJel K

JAHHBIM;

® (IOHUCK B HIUPUHY», KITOUCK B TIIyOUHY».

3. MexaHu3Mbl TeHEpaliy MPEAnoI0KeHUI U CETH BBIBOJIA:

e TreHEepalus B pPEXKUME NPUOOPETeHUs] 3HAHMM, TEeHepauus B pPEXUME
pELIeHHUs 3a/1a4u;

e Onepalnus COMOCTABICHUS MPUMEHSETCS] KO BCEM IMpaBUiaM M BCEM THUIIAM

CYIIHOCTEH B Ka)JI0M LIMKJIE MEXaHU3Ma BBIBOJIA, UCIIOJIB3YOTCS pa3InuHbIC

CpEICTBa COKpAIICHUs MTPaBUJI W/ WM CYIIHOCTEH.

MexaHnu3M BbIBOJA I JIHHAMHYECKUX CpPEJl IONOJHUTEIBHO COJIEPHKHUT
IUIAHUPOBIIUK, YOPAaBIAIONMN  AesITenbHOCTEI0O OC B COOTBETCTBHM €
IPUOPUTETAMHU; CPEACTBA IMOJYYEHUS ONTHUMAIbHOTO PEIIEHUS B YCIOBHUAX
OTPaHMYEHHOCTH PECYpCOB; CHCTEMY TMOJACpPKAaHUA MCTUHHOCTU 3HAYCHH
NEePEMEHHBIX, U3MEHSIOIINXCSI BO BPEMEHHU.

CpeacTBa npruoOpeTeHHs 3HAHUM:

1. YpoBens npuoOpeTeHus 3HaHUM:

¢ (hopMaJIbHBIN SI3BIK;

® OIPAaHUYCHHBIA €CTECTBEHHBIN S3BIK;

® S3BIK MUKTOTPaMM U U300paKeHUI;

® C©CTECTBEHHBIH S3bIK U S3bIK U300PAKEHUI;
2. Tun npuoOpeTaeMbIX 3HAHUM:
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® JaHHBIC B BHUJC TAOJIMII, COMASPIKAIMWUX 3HAYCHHSI BXOIHBIX U BBIXOJIHBIX
aTpuOyTOB, IO KOTOPHIM HHIYKTUBHBIMH METOJaMHU CTPOHUTCS JEPEBO
BBIBO/IA;

® CHeIHUaTM3UPOBAHHBIC MPABUJIA,

e 00ImMe U CrieIuaIN3uPOBAHHBIC TPABUJIA;

® JaHHBIC B BHUJC TAOJIMII, COMASPIKAIWX 3HAYCHHSI BXOJHBIX U BBIXOJHBIX
BEKTOPOB, TI0 KOTOPBIM CTPOUTCS CETh BHIBOJIA.

3. Tun nmpuobpeTraemMbIX JaHHBIX:

e aTpuOyTHI U 3HAYCHUS;

® OOBEKTHI;

® KJIACCHl CTPYKTYPHUPOBAHHBIX OOBEKTOB M HMX IK3EMIUIPHI, MOTYJAFOIIHIEC
3HAYEHUS aTpUOYTOB MMyTEM HACIIEIOBAHUS.

5.5 HeuéTkue 3HaAHNS B IKCIEPTHBIX CHCTEMAX

[Ipu pazpaborke MMC 3HaHUA O KOHKPETHON MpeaMeTHOW o0sacTu, AJis
KOTOpOM CcO37aéTcsi CUCTEeMa, pPEIKo OBIBAIOT TOJHBIMU UM aOCOJIOTHO
JIOCTOBEPHBIMU. 3HaHUSA, KOTOPBIMU 3anonHsaoTca OC, MOoMydaroTcs B pe3yJbTaTe
OIpoca 3IKCIEPTOB, MHEHUS KOTOPBIX CYOBEKTHBHBI. Jla’ke 4MCIIOBBIE IaHHBIE,
IOJIy4YCHHBIE B  XOJI€ DKCIIEPUMEHTOB, WMEIOT CTaTUCTUYECKUE OLICHKHU
JIOCTOBEPHOCTH, HAIEXKHOCTH, 3HAYMMOCTH U TaK Jlajee.

CwMmbIca TepMHHA HeuémKkocms MHOro3HadeH. OCHOBHBIMM KOMIIOHEHTAMMU
HEUETKUX 3HAHUI MOYKHO CUMTATh CICIYIONINE TOHITUs[2]:

® HEJICTEPMUHUPOBAHHOCTH BBIBOJIOB;

MHOT'O3Ha4YHOCTb;

HCHaAEKHOCTB;

HEIOJIHOTA,;

HETOYHOCTb.
Heoemepmunuposannocms 66160006 - 3T0O XapaKTepHas yepTa OOJIbIIMHCTBA
cucrem WM. HenerepMMHUPOBAaHHOCTH O3HAYa€T, YTO 3apaHEE IIyTh PELICHUS
KOHKPETHON 3a/laud B NPOCTPAHCTBE €€ COCTOSHUM ONpeNeIuTh HEBO3MOXKHO.
[ToaToMy MeTO/I0M TPOO U OMKMOOK BHIOMPAETCS HEKOTOPAs IMEMOoYKa JOTUYECKUX
3aKJIIOUEHUH, a B ClTyyae e€CjM OHa HE MPUBOAMT K yCIEXy, OpraHusyeTcs nepedop
C BO3BpaToM /Jisi NOMCKa Jpyrod uenouku. Jlyisg pemieHuss MOJ0OHBIX 3ajad
PEI0AKEHO MHOKECTBO 3BPUCTUUECKHUX AITOPUTMOB, HAIIPUMED, alTOPUTM A*.

Mmnozosnaunocms  unmepnpemayuu — OOBIYHOE SIBJICHHE B 3ajadyax
pacrno3HaBaHus Tpapudyeckux oOpa3oB, TOHHMAaHHUS €CTECTBEHHOTO SI3bIKA.
VYcerpaneHue MHOTO3HAQYHOCTH JIOCTUTAETCS C MOMOINBIO HUKIMYECKUX Olepanui
bunbTpayu.

Henaoéscnocmv  3Hamuii u 86160006 03HAYAET, 4YTO JUIsI OLIEHKH UX
JIOCTOBEPHOCTH HEJb3s MPUMEHUTh JByXOauibHyro Mmikany (1 — abcomoTHO
noctoBepHble; 0 — HemocTtoBepHble 3HaHMs). [l Oojee TOHKOW OILICHKHU
IIPUMEHSETCS BEPOSITHOCTHBIM IIOJXOJ, OCHOBaHHBIM Ha Teopeme baiieca,
UCIIOJb30BaHNE KOA(D(UIIMEHTOB YBEPEHHOCTH, HCMOJb30BAHUE HEYETKUX
BBIBOJIOB Ha 0a3e HEUETKOM JIOTUKH.
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Henonnoma 3nanuit u nemonomonnas noeuxa. Illpu noOGaBieHNM 3HAHUN B
b3 BO3HMKaeT OMAacHOCTH MOJYYEHUS] MPOTUBOPEUMBBIX BBIBOJIOB, €CIM CHUCTEMA
3HaHUU He sBisieTcsl ToHOW. Kak m3BecTHO, hopMasibHas JIOrHYecKas CUCTEMa,
OCHOBAaHHAas Ha JIOTMKE MPEAUKATOB IEPBOT0 MOPSAKA, SIBJISIETCA HOJIHOU, TIPYA STOM
HOBBbIE (PaKThl HE HApPYIIAIOT HCTUHHOCTb paHee IOJIYYEHHBIX BBIBOJIOB. ITO
CBOMCTBO JIOTHYECKUX BBIBOJOB HAa3bIBACTCS MoHOmoHHOocmblo. K coxalieHuto,
peanbHbie 3HaHUsS B OC peaKo OBIBAIOT MOJHBIMH, TO3TOMY B KaueCTBE CPEJICTB
00pabOTKM HEMOJHBIX 3HAHWUW, JUIsI KOTOPBIX HEOOXOAWMBI HEMOHOTOHHBIC
BBIBOJIBI, pa3pabaThIBAIOTCS  METOIBl  HEeMOHOMOHHOU  jao2uku. VI3BecTHa
HEMOHOTOHHas Joruka Maknepmorra u Jloyna, noruka ymonuanus Pelrepa,
HEMOHOTOHHas Jjoruka Makkaptu. JlJis opraHu3anuu JIOTUYECKUX BBIBOJOB B
WHTEJJIEKTYaJIbHBIX CHUCTEMaxX C HEMOJHBIMU 3HAHUSIMA BMECTO TPATUIIMOHHON
JEIyKIUU  TpUMEHSIeTCsl  abo0ykyus.  AOAyKUueW  Ha3bIBaeTcsl  MPOIEce
dbopmupoBaHUs OOBICHSIONIEH TUIOTE3bl Ha OCHOBE 3aJlaHHOM TEOpUU W
UMEIOITUXCSl HaO 0 IeHHH ((paKTOB).

Hemoynocmov 3nanuti. YncnoBbie JNaHHbIE MOTYT OBITh HETOYHBIMHU, MPH
TOM CYIIECTBYIOT OILIEHKH TaKOW HETOYHOCTH (JIOBEpUTEIbHBIM WHTEPBAI,
YPOBEHb 3HAYMMOCTH, CTENEHb AJCKBATHOCTU M Tak nainee). JIMHrBUCTHYECKHE
3HAHMS TOXE MOTYT ObITh HETOYHBIMH. {1151 yd€Ta HETOYHOCTH JTUHTBUCTUYECKUX
3HAHUW MUCIOJIB3YIOTCS HEUETKAsl JIOTUKA M HEYETKUE BBIBOJbI, OCHOBAaHHbBIC Ha
TEOPUH HEYETKUX MHOXKECTB, IpetoxkeHnon JI.3ane B 1965 rony.

5.6 IIpoaykiuoHHbIE MPABUJIA JIJIA PEACTABIEHUSA 3HAHUIA.

PaccmMoTpuM mpuMep cO3laHUSl IKCHEPTHOM CHCTEMBI Ha OCHOBE
UCIIOJIb30BaHUs MPOAYKIMOHHBIX IIpaBuil. [IpaBuia Tuna «eciu-To», Ha3bIBaeMbIe
OPOAYKUMSIMH, SIBJISIOTCS OJHUM M3 HamOojee NOMyJIsIpHBIX (HOpMaTu3MOB
npencTaBieHus 3HaHuM. Kaxxnoe Takoe MpaBUIIO €CTh YCIOBHOE YTBEPXKJICHUE,
OJIHAKO, CYIIECTBYIOT Pa3JINYHbIE BAPUAHTHI UX UHTEPIPETALINH:

1) ECJIN <ycnosue P> TO <zakmouenue C>;

2)  ECJIA <curyarus S> TO <nelictBue A>;

3) ECJIN <semonastores ycnoBuss Cl u C2> TO <He BBINOJTHIETCS
ycinoBue C3>.

[Tponykuuu 0651a7at0T CAEAYIOMUMH CBOWCTBAMM:

e MoaynpHOCTh: Ka)K[A0€ TMPaBUJIO OIKCHIBAET HEOONbIION, OTHOCUTEIHHO
HE3aBUCUMBIN ()parMeHT 3HAHUI;

e B03MOXHOCTh MHKPEMEHTHOI'O HapalluBaHMs: J00aBJICHHE HOBBIX MPaBUJ B
0a3y 3HaHUN HE3aBUCUMO OT CYILIECTBYIOIINX ITPaBUI;

e VYno0cTtBO MoauduKaiuu (CleICTBUE MOIYJIBHOCTH): CTapble MpaBHUiia MOXKHO
U3MEHATH U 3aMEHSTh Ha HOBBIE HE3aBUCUMO OT JPYTHX PaBUIT;

e [Ipo3payHOCTh CHCTEMBI KaK CJIEICTBUE MPUMEHEHUS TPaBUIL.

[Tocnennee CBOMCTBO - 3TO CIIOCOOHOCTH CUCTEMBI K OOBSICHEHUIO MPUHSATHIX
pelleHni M TOJY4YeHHBIX pe3ynbTaToB. llpuMeHeHue «eciu - TO» MpaBUII
o0Jjieryaer moyiyueHrue OTBETOB Ha BOIIPOCHI TUIIA: «KaK?» U «IOoYeMy?».

«Ecnu - To»- mpaBuiia 4acTO MNPUMEHSIIOT ISl ONpPENeTeHUs JIOTUYECKUX
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OTHOILIIEHUH MEXIy MOHATHSIMH TpenMeTHoi obnactu. [Ipo umcto noruyeckue
OTHOIIEHUSI MOKHO CKa3aTb, 4YTO OHHU MPUHAIEKAT K «KATETOPUYECKUM
3HAHUSIM», TO €CTh COOTBETCTBYIOLIME UM OTHOIIEHUS aOCOIIOTHO BepHBI. OIHAKO,
B HEKOTOPBIX MPEIMETHBIX OO0JACTAX MPeoOsagatoT BEPOSITHOCTHBIC («MSTKHUEY)
3HaHMS. DTU 3HAHUS SBIAIOTCS «MATKHUMI» B TOM CMBICIIE, YTO TOBOPUTH 00 MX
MPUMEHUMOCTH K JIIOOBIM TMPAKTUYECKUM CHUTYyallusM MOXHO TOJBKO JI0
HEKOTOpO# cTeneHu. B Takux ciiydasx HCHOJB3YIOT MOJAU(DHUIIMPOBAHHBIC «ECIH -
TO» — TNpaBWIA, JOMNOJHSIS HX JOTHYECKYK) HWHTEPHPETALMUIO BEPOSATHOCTHOMN
OLICHKOM WJIY UCTO0JIb30BaTh HEUETKUE MTPOAYKIIMOHHBIE ITPaBUIIA.
Hanpuwmep, eciu ycnoue A, mo 3akmouenue B ¢ seposmnocmoio F.
[IponmrocTpupyeM HCHOJB30BAHUE MPABUII TUNA «ECIW - TO» HA MpPUMEpE
«UTPYIICYHOI» 0a3bl 3HAHU, MOMOTAIONIEH UACHTU(UIIUPOBATH KUBOTHBIX 1O UX
OCHOBHBIM TIpH3HAaKaM B TMPEANOJIOKCHUH, UYTO 3a7ada HIACHTU(DUKAITIN
OTpaHUYeHA TOJILKO HEOOJIBIIIMM YMCIIOM PA3HBIX JKUBOTHBIX.
IpaBuio 1: eciu
JKuBOTHOE «MMEET» IEPCTh
IR0
JKHBOTHOE «KOPMUT JETEHBINIEI» MOJIOKOM
mo
JKHBOTHOE - MIIEKOITUTAIOIIIEE.
IpaBuio 2: eciu
JKuBOoTHOE «MMEET» MEPHS
158105
JKuBOTHOE «JI€TAET » U
JKMBOTHOE «OTKJIAAbIBACT SIALIA»
mo
J’KusoTtHOE - nmTUna.
IpaBuio 3: eciu
7KMBOTHOE 3TO MIIEKONIUTAOLIEE U
JKuBOTHOE «eCcT» MACO
mo
JKMBOTHOE - XUIIHUK.
IIpaBuo 4: eciu
JKuBOTHOE 3TO XUIITHUK U
JKMBOTHOE «MMEET» «PBIKUN LBET» U
JKMBOTHOE «MMEET» «TEMHBIE TISATHA
mo
JKuBoTHOE - «remapm.
IpaBuio 5: eciu
JKuBOTHOE 3TO XMITHUK U
JKMBOTHOE «MIMEET» «PBHIKUN I[[BET»
u
JKMBOTHOE «MMEET» «YEPHBIE MTOJOCHI)
mo
JKuBOTHOE - «TUTPY.
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IIpaBuio 6: eciu
JKuBoTHOE 3TO NTHLIA U
JKMBOTHOE «HE MOKET) <JIETATH
"
JKuBOTHOE «TLIIaBaeT»
mo
JKUBOTHOE - «ITUHTBUHY.
IpaBuio 7: ecau
J’KuBOoTHOE 3TO NTHLIA U
JKuBoTHOE «JeTaeT»
mo
KuBoTHOE - «anpdaTpocy.
®akt: X 3TO XUBOTHOE: - mpuHamIexuT (X, [remapnm, TUrp, NMUHTBHH,
anpoarpoc]).
MOHO_crnpocuTh (JKuBOTHOE, «KKOPMUT JE€TEHBIIICH», Uem).
MOHO_crpocuTh (JKUBOTHOE, «OTKJIaABIBACT SMUIIAY).
MOHO _crnpocuth (JKuBoTtHoe, «ecT», UTo).
MOHO_crnpocuth (JKuBoTHoe, «HE MOXkeT», UTo nenats ).
MOHO_crnpocuTh (JKuBOTHOE, «I1aBaeT).
MOHO_crpocuTb (JKuBOTHOE, «iIeTaeT»).
Ecnu nmepenmcaTh JaHHBIE TpaBUia B BUAE HACTOAIIMX IPOJIOTOBCKHUX
MpaBWJI, TO OHU PUMYT BUJ;
JKuBoTHOE 3TO MileKONUTAOMIEE - JKUBOTHOE «HUMEET» «IIEPCTHY,
JKMBOTHOE «KOPMUT JIETEHBIIIEN» «MOJIOKOM).
JKuBOTHOE 3TO XMIIHUK :- JKMBOTHOE 3TO MJICKOIIUTAIOIIEE,
JKMBOTHOE «€CT» «MSICO».
JKMBOTHOE 3TO TUTp:- KUBOTHOE 3TO XUIIHUK, KUBOTHOE «HUMEET» «PBLKUI
LBET», )KUBOTHOE «UMEET» «UEPHBIE MOJIOCHD.
Jlo6aBuM HEKOTOpBIE (PAKTHI:
«ITy110k» UMEET «IIepCThY.
«ITymox» neHus.
«ITymox» nMmeer «pbLKUN LBETY.
«ITy1ok» UMeeT «4epHbIE MOTOCHD».
«ITymok» ect «Msco».
?-«[lymox» 310 TUrp.
Yes.
?-«Ily1ok» 3To remap.
No.
Hanumem Ha si3bike [Iposior Hamry 6a3y 3HaHUIA:
domains
list=string*
predicates
arcusomuoe(String)
JHCUBOMHOE _MAeKonumaroujee(string)
oHcusomHoe_nmuya(string)
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HCUBOMHOE XUUWHUK(STring)

JHCUBOMHOE _2enapo(string)

JIcUBOmMHOe _muep(string)

JHCUBOMHOE NUHCBUH(SITING)

JHCUBOMHOE _abbampoc(string)
JHCUBOMHOE KOPpMUM_Oeménvluleli(string, string)
aorcusomuoe_umeem(string, string)
arcusomuoe_ecm(string, string)
HCUBOMHOE JICHUB(String)

JHCUBOMHOE _OmKIaobleaem_Aauya(string)
JHcUBOmMHOE Jlemaem(string)

JHCUBOMHOE _NNasaem(string)
npunaonexcum(string, list)

clauses

orcusomnoe _nemaem("anvbampoc”).

orcusomuoe _nnasaem("nuneeun”).

aorcusomnoe _ecm("muep”, "msco”).

orcusomnoe _ecm("eenapo”, "msco").

aorcusomnoe _ecm("anvoampoc”, "poioy”).

orcusomnoe _ecm("nuneeun”, "po16y”).

aorcugomnoe _ecm("lywox", "msaco").

orcusomuoe _omraaovieaem_suya( 'nuneeun’).

aorcusomuoe _omraaovieaem_suya("'arvoampoc”).

orcugomuoe kopmum_oeménviweti("muep", "monoxkom").

orcugomuoe _kopmum_oeménviueti("2enapo”, "monoxom").

orcusomuoe _kopmum_oeménviueti("[lywox", "monokom").

orcusomuoe _umeem("eenapo”, "wepcms").

orcusomnoe_umeem("2enapo”, "pwiocuii yeem").

orcusomuoe_umeem("eenapo”, "mémnvie namua").

orcusomuoe _umeem("muep”, "wepcmsv").

aorcusomuoe _umeem("muep”, "poiocuii ysem").

orcusomuoe_umeem("muep”, "uépnvie nonocwi”).

aorcusomuoe _umeem("nuneeun”, "nepos”).

aorcusomuoe _umeem("anvoampoc”, "nepvs”).

orcusomuoe _umeem("llywoxk"”, "wepcmsv").

aorcusomnoe _umeem("lywox", "poiorcuti ysem").

orcusomuoe _umeem("lIlywox", "uépnvie nonocwi”).

orcusomnoe nenus("llywox").

arcusomnoe(X).-npunaonexcum(X, [ "nuneeun”, "anvboampoc”, "muep",
"nepwvs”,"Ilyuwok"]).

aorcugomnoe _maekonumaroujee(X):-ocueomuoe(X),ocusomuoe_umeem(X,
"wepcmy"),

orcueomuoe_kopmum_oeménviuiei (X, "monokom").
aorcueomruoe_nmuya(X).-sorcusomuoe(X),ocusomrnoe_umeem(X, "nepos”),
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arcueomuoe_omraaovieaem_sauya(X).
orcugomuoe xuwnuk(X).-ocusomnoe _miaexonumaroujee(X),
aorcugomnoe _ecm(X, "wmsaco"),
orcusomuoe _umeem(X, "wepcms”).
orcugomuoe _2enapo(X):-orcusomuoe XumyHur(X), arcusomuoe_umeem(X,
"poiorcuti yeem"),
arcusomuoe _umeem(X, "mémnvie namua').
aorcugomnoe _muep(X):-orcusomnoe xuugHuk(X), aorcugomuoe_umeem(X,
"poiorcuti yeem"),
arcusomuoe _umeem(X, "uépuvie nonocwt”).
orcugomuoe _nuneeun(X):- orcueomnoe nmuya(X), srcusomuoe ninasaem(X),
aorcusomnoe _ecm(X, "puioy”),
not(ocusomnoe_nemaem(X)).
orcusomuoe_anvoampoc(X).- arcusomnoe_nmuya(X),
aorcusomnoe _nemaem(X), soicusommuoe_ecm(X, "poioy"”).
npunaonexcum(A,[A| ]).
npunaonexcum(A,[ |T]):-npunaonexcum(A,T).

goal
Yoorcusommnoe_xopmum_oeméuviuen(X, Y).
Yoorcusomnoe_omxnaovieaem_suiya(X).
Yoorcusomnoe_ecm(X, Y).
Yoorcueomuoe _nemaem(X).
Yoorcusomnoe_naasaem(X).
Yoorcueomuoe _muep("Ilywox").
aorcugomnoe _2enapo("llywox").
Hama mposnor-cucremMa oTBeYaeT Ha BOIMPOCHI, UCMOJIB3Ys 0a3y 3HAHUM,
OJIHAKO, HEJb3sl CKa3aTh, YTO €€ IMOBEJCHUE BIIOJHE COOTBETCTBYET IOBEIICHUIO
AKCIIEPTa. ITO MPOUCXOTUT MO IBYM IIPUUUHAM:
e Cucrtema He MOXET OOBSICHUTH CBOM OTBET: KaKk OHA yCTaHOBHJIA, YTO
«ITymox» Turp, a He renapn,

e B cucremy HeoOXOIMMO BBECTH BCIO HEOOXOIWMYIO HH(POpPMAILMIO B
Bujae (aKTOB, TPH OTOM BO3MOXKECH BBOJ JIMIIHEH WHGOPMAIHH
(«Ilymok» neHuB) WK noTepsi HE0OXO0AMMON NH(GOPMALIIH.

Jli1st TOoro, 9TOOBI UCTIPABUTH ATH JIBa HEJOCTATKA, B CUCTEME JIOJKEH ObITh
peanu3oBaH 0oJiee COBEPIICHHBIN CITOCO0 B3aUMOACHCTBUS MEXKY MOIB30BaTEIIEM
¥ CHCTEMOM BO BPEMs U TOCJE 3aBEPIICHUS PACCYXICHHUM, TO €CTh HEOOXOIUMO
CO3JaTh CBOE CPEACTBO HMHTEPHPETAMA B BHUJIC CHCHUAIBHONW HAACTPOMKH HAJ
IIPOJIOT-CUCTEMOM.

Cucrema f0KHaA B3aUMOJCHCTBOBATH C MOJIb30BATEIEM B PEXKUME JUAIOTa
CJIETYIONTUM 00pa3oM:

LHoocanyucma, cnpawusatime:

«Ilymox» 310 TUIp?

Imo npasoa: «Ilywox» umeem wepcms?

Ha.
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Imo npaegoa: «Ilywox» ecm msaco?

Ha.

«Ilywok» smo muep.

Xomume y3namo, kax?

«llywox» 5mo xuwHux

8b18EOEHO U3

«Ilywox» smo mrexonumaiowee

8b16€0€HO U3

«lhywok» umeem wepcms

ObLIO CKA3aHO

u

«Iywoky ecm msco

ObLIO CKAa3amo.

Kak BugHO W3 [uanmora, cuUcTeMa 3aJaeT IOJb30BATENI0 BOIPOCHI,
Kacaromuecs: «IMpUMUTUBHOW» UHGOpMAIINH, HaIpUMED:

Omo npasoa: «llywox» ecm msaco?

Ha nono6HbIe BOIIPOCH MOJIB30BATENh MOXKET OTBEUATh JIBYMS CITOCOOAMU:

® COOOIIMB CHCTEME B KadyecTBE OTBETAa HA BOIPOC HEOOXOIUMYIO

UH(pOpMaIHIO;

® CIPOCUB CUCTEMY, noueMy 3Ta HHpopMalus HeoOXouMa.

[TocneqHsis BO3MOXHOCTH IO3BOJISIET TI0JIb30BATEINIO 3arjsiHyTh BHYTPb
CUCTEMBl U YBUJETh €€ HamepeHus. M3 oObSICHEeHHI CHCTEMBl MOJIb30BATENb
noiimMeT, crToutr JM UWHPOPMAIMSA, KOTOPYIO 3alpaliiBaeT CHUCTEeMa, TexX
JOTIOTHUTENBHBIX ~ YCHJIMH, KOTOpble HEOOXOAMMO TNPWIOXKHTH IS €€
npuoOpeTeHus. [ Toro, 4ToObl 3ariisiHyTh BHYTPb CHCTEMBI, CIEAYyeT CO31aTh
CHEIUATbHYIO HAJICTPOUKY HaJ MPOJIOT - CHCTEMOMW, KoTopas OyAeT BKJIOYaTh B
ce0s1 cpeaicTBa B3aUMOJICUCTBHS C MOJTB30BATEIIEM.

Takast HajcTpoiika OyIeT MPUHUMATh BOIIPOC U UCKATh HA HEro OTBET. SI3bIK
MPaBUJI JIOMTYCKAeT, YTOOBI B YCIOBHOM yacTu npasuia Obuta M/MJIM komOunamus
ycioBui. Bonpoc Taxke MoxkeT ObITh TipeacTaBiieH B Bugae /I komOunauit
noaBomnpocoB. IlosToMy mporecc moucka OTBETOB Ha ATH BOMPOCHl OyaeT
aHajoruue npoieccy noucka B I/UJIN — rpadax.

OTBeT Ha 3aJaHHBIM BOMPOC MOXHO HANTH HECKOJBKMMH CIoco0aMu B
COOTBETCTBHHU CO CIEAYIOUTUMH MPUHITUTIAMH:

e eciu B HalineHn B 0a3e 3HaHuil B Buue (akrta, To Ome — smo «B smo

npasoay;

e eciu B 0asze 3HAHUH CYyIIECTBYET MPABUIIO BUA «eClu Ycnogue To By, TO

JUTs moay4deHus otBeta Ome paccMoTpute Ycenosue;

® eCJIM BOIIPOC B MOXHO 3a/1aBaTh MOJIb30BATENI0, CIIPOCUTE MOJIb30BATEIS
00 UCTUHHOCTH B,

e cciu B umeer Buag Bl u B2, 1O paccmorpute BI, a 3arew,
ecnu Bl noxHO, TO mosoxure Ome paBHBIM «B smo 710dcvby, B
OPOTUBHOM ciy4dae paccmotrpute B2 u  nomyuute Ome Kak
COOTBETCTBYIOIYIO KOMOWHAIIMIO OTBETOB HA BOIIPOCHl B/ u B2,
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e eciu B umeer Bua Bl wmm B2, 1o paccmotrputre BI, a 3atewm,
ecin Bl uctuHHO, TO mnojnoxute Ome paBHBIM «B smo npasda», B
IPOTUBHOM ciy4dae paccmorpure B2 u  mnomyuute Ome Kak
COOTBETCTBYIOILYI0 KOMOMHALIMIO OTBETOB Ha Bonpockl Bl u B2.

5.7 ®opMUpOBaHMeE OTBETA HA BOINPOC «IMOYEMY)

OOBbsiICHEHHE JKCIEPTHOM CHCTEMBI B 3TOM Cily4yae JOJKHO BBITJISACTD
IPUMEPHO TaK:

HOMOMY, YUMo

A moey ucnonwvzosamo a,

umoobwl nposepums no npasuy 1, umo b, u

A moey ucnonvzogams b,

YmooObL NPOePUMb NO RPAGUJLY 2, 4mo C, U

A moey ucnonwvzosamo C,

ymobwl nposepums no npasuy 3, umo d, u

A mozy ucnonvzosams 'y,

umo0Obl NPosepPUMb NO RPAGUJIY N, YUMo Z, U

Z — smo Baw ucxoonwiii gonpoc.

OObsicHEeHHe — 93TO JAEMOHCTpalus TOro, Kak CHCTeMa HaMepeHa
UCIOJIb30BaTh MH(OPMAINIO, KOTOPYI0 OHa XOYeT MOJYYUTh OT IOJIb30BaTEIs.
Hamepenust cuctembl JEMOHCTPUPYIOTCSI B BHJE LENOYKH IPABWI M LEJIEH,
COEUHSIONIE 3Ty HH(GOPMALMI0O € HUCXOAHBIM BompocoM. Takas Lenodka
HasblBaeTCs mpaccou. TpacCy MOXKHO NPEACTaBUTh KakK LENOYKY IPaBHII,
coequnsitonytro B M/MJIN — nepeBe BONMPOCOB TEKYIIYIO IEb C ILEJIbIO CaMOTO
BEPXHETr0 YPOBHS TaK, Kak 3TO NOKa3aHO Ha puUcCyHke. Takum oOpazom, s
(dbopMHpOBaHUs OTBETAa Ha BOIPOC «IIOYEMY» HY>KHO JBUTAThCS B MPOCTPAHCTBE
IIOMCKa OT TEKYIIEW LEeNW BBEPX BIUIOTH JO CaMOW BEpXHeW wemu. [ns Toro,
YTOOBI CYyMETh 3TO C/EJIaTh, HAM NPHUJIETCA B MPOLIECCE PACCYXKACHUI COXPaHAThH
Tpaccy B SBHOM BUJE.
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[{esp BEpXHETO ypOBHS
(BOmpoOC MOJIB30BATEIs)

IIpaswuio 1

IIpaswnio 2

IIpaswuio 3

Tekyiias uesnb

5.8 ®opmMupoBaHUEe 0TBETA HA BOMPOC KKAK

OamH W3 W3BECTHBIX CIOCOOOB OTBETUThH Ha BOMPOC «KaK» — 3TO
MPEACTaBUTh JOKA3aTelbCTBO, TO €CTh T€ TMpaBWJa W TOMANETH, KOTOPHIE
UCIIOJIB30BAICh  JUIL  JIOCTMDKCHHS — TMOJYYEHHOTO  3aKIIOUCHUS.  JTO
nokazarenbcTBo umeeT Bua pemawomero W/HWMJIIM — nepesa. I[losTomy Haiia
MaligHa JIOTHYECKOTO0 BBIBOJA OyJeT HE TMPOCTO OTBeYaTh Ha BOTMPOC,
COOTBETCTBYIOIIHN IIEJTM CAMOT'O BEPXHETO YPOBHS, a Oy/IeT BbIIaBaTh B KAUECTBE
otBeTa pemarotee M/NJIN — nepeBo, cocTaBieHHOE U3 UMEH MPABWII U TIOILIEIICH.
3aTeM »HTO JIepeBO MOXKHO OTOOpa3UTh Ha BBIXOJIE CHUCTEMBl B KayeCTBE
oObsicHeHUus THma «Kaky. QOOBSICHEHUI0O MOXKHO TPUIATh YAOOHYIO JUIs
BOCIIpUATHUS (HOPMY, HATTPUMED:

«Ilywoky amo xuwHux

ObLIO 8bIBEOEHO NO NPABUNY 3 U3
«Ilywoky amo maexonumaroujee
ObL110 8b18e0eHO no npasuny 1 us
«Iywoxy umeem wepcmo
ObLIO CKA3AHO
u «llhywoxy ecm msaco
ObLIO CKA3AHO.
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5.9 PaboTa ¢ HeonpeaeJIeHHOCTHI0

OmnucanHas BbIIe 000J0YKa SKCIIEPTHOW CHCTEMBI MOKET paboTaTh TOJIBKO
C TaKMMH BONPOCaMH (YTBEPKACHHUSAMH), KOTOPbIE MO0 WCTUHHBI, JTUOO JIOKHBI.
[IpaBuia 0a3bl 3HAHWHA - «KATETOPUYECKHUE WMILTUKAIMKY), OJHAKO MHOTHE
00JacTh 3KCHEPTHBIX 3HAHUN HE SBISAIOTCS KaTeropuueckuMmu. [losTomy, Kak
JTAHHBIE, OTHOCAIIMECS K KOHKPETHOM 3a/iaye, TaK U UMIUIMKALUH, COAEpKAIIUECs
B IpaBUjIaX, MOTYT ObITh HE BIOJHE onpeAeeHHbIMU. HeonpeneneHHOCTh MOKHO
IIPOJIEMOHCTPUPOBATD, IIPUIIMCHIBAS YTBEPKICHHUSIM HEKOTOPBIE XapaKTEPUCTUKH,
OTIIMYHBIE OT «UCMUHAY U «JI0JCby». XAPAKTEPUCTUKN MOTYT UMETH CBOE BHEIIHEE
BbIpaX€HUE B (OpMEe JECKPUITOPOB, TaKUX KaK, HAIpUMEp, 6epHO, 6ecbMd
8EPOSIMHO, ~ BEPOSIMHO,  MAN0BEPOSIMHO,  Hego3mModicHo.  Jlpyroil  cnoco0
OpPEJCTaBICHUST — CTENEHb BEPOATHOCTH MOXET BbIpaXKaTbCsi B (opme
JNEHUCTBUTEIBHOTO YHUCIA, 3aKJIIOYEHHOIO B HEKOTOPOM HHTEpBAJEe, HAIpUMEp
Mexay O u 1 nimm mexay —5 u +5. Takyro XapakTepUCTUKY Ha3bIBAIOT MO-PAa3HOMY-
«KO3(QOUUMEHT  ONpPENEICHHOCTH», «CTENE€Hb JOBEpUA», «CYOBEKTHUBHA
YBEPEHHOCTH». bojiee ecTeCTBEHHBIM ObUIO OBl HCIIOIB30BaTh BEPOSITHOCTH B
MaTE€MaTUYECKOM CMBICIIE CJIOBA, HO IMOMNBITKM NPUMEHHUTh WX HA MPaKTHUKE
OPUBOJST K TPYAHOCTSAM [0 CIEAYIOIIUM IPUUHHAM:

e HKclepTaM HEYJOOHO MBICIUTh B TEPMUHAX BeposiTHOCTEW. WX oleHKH
OpaBronogoOuss HE  BIOJHE COOTBETCTBYIOT  MaT€MaTUYECKOMY
OIPEIEIICHUIO BEPOSITHOCTH;

e paboTa c BEPOSATHOCTSAMHU, KOPPEKTHAs C TOUKHM 3PEHUS MATEMaTHUKH,
noTpedoBana Obl KaKMX-TUMOO YIPOIIAIOIIMUX TOMYLIEHUH, HE BIIOJIHE
OIPAaBJIAaHHBIX C TOUYKHU 3PEHUS TPAKTUYECKOTO PHUIIOKEHHUS.

[ToaToMy, naxe eciau BbIOpaHHAsE Mepa MpaBAONoOA00uUs JIEKUT B MHTEpPBAJIE
or 0 nmo 1, Oonee mpaBWIBHBIM OyIeT Ha3blBaTh €€ «CYOBEKTHUBHOM
YBEPEHHOCTbIO», TMOAYEPKHBAs ATUM, UYTO HMMEETCS B BUIY OLEHKA, JaHHas
JKCIIEpTOM. BplunciaeHuss HaJA TaKMMU OLEHKAaMHU MOTYT OTJIMYaThCs  OT
BBIYMCIICHUA TEOPHHM BEPOSTHOCTEH, OJHAKO, OHM MOIYT CIYKWATb BIIOJIHE
aJIcKBaTHOM MOJENIBI0 TOr0, KakK 4YEJIOBEK OLEHMBAET JOCTOBEPHOCTh CBOMX
BBIBOJIOB.

Jliis pa®oThl B yCIIOBUSIX HEONPEAEIEHHOCTH OBLIO MPUIYMAaHO MHOXKECTBO
pPa3IUYHBIX MEXaHWU3MOB, Mbl PACCMOTPUM OJHY IPOCTYK0 MOJEIb, KOTOpas HE
JUILEHAa HEIOCTaTKOB, HO Oblla HCHOJIb30BaHAa Ha MPAKTUKE B HKCHEPTHHIX
CUCTEMaX MUHEPAJIOTUYECKON Pa3BEIIKU U JIOKAJIU3alUU HEUCTIPABHOCTEH.

B nanHOI cucTteMe AOCTOBEPHOCTHh COOBITUN MOJEIMPYETCS C MOMOILBIO
JNEWCTBUTEIBHBIX YHUCEJ, 3aKIIOYEHHbIX B uHTepBase oT 0 mo 1. OTHomeHus
MEXIY COOBITUSIMM MOXXHO NMPEACTaBUTh rpapUUECKd B BUJIE «CETH BHIBOAA», HA
KOTOPOM COOBITUS M300PAKAIOTCS MPSAMOYTOJIbHUKAMHU, a OTHOILUEHUS MEXIY
HUMHU cTpenkamu. OBanamu n3oOpakensl komOunauuu coovrtuit (U, MJIN, HE).
OTHOLIECHUS] MEXKIY COOBITUSIMU SBIISIOTCS «MSATKUMHU UMILTUKALASIMI.

[Tycte umerorcst nBa cobbituss E u H, u mycts undopmanus o Tom, 4TO
UMEJOo MecTo coObITHe E, OKa3bIBaeT BiMSHHE HA Hally YBEPEHHOCTh B TOM, YTO
npousonuio coOsitie H. J[aHHOMY OTHOILIEHHIO MOYKHO MPHUIIMCATh HEKOTOPYIO
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«CHITY», C KOTOPO# OHO JICHCTBYET:
eciu E, mo H ¢ cunou S.
B maHHO# cucTeMe criia MOACIUPYETCS TPH ITOMOIIN JBYX ITapaMeTPOB:
N =<ko3¢durmeHT HeoOX0IUMOCTH>;
S=<k03QGHUIHEHT TOCTaTOUHOCTH>.
B cetn BBIBOa 3TO N300paKaeTCs Tak:

A 4

(N, S)

Po (E) Po(H), po — anpuopnas eeposmuocmo,

p(E) P(H|E), p — anocmepuopnas eeposimuocmo.

JIBa cOOBITHSI, yU4aCTBYIOIIME B OTHOIICHWU, YAaCTO HA3BIBAIOT “‘hakToM’ M
“runore3oii”. Toraga, HeoOXoauMoO HaTH Takod ¢akt E, koTopeiii MoOr Obl
MOATBEPJIUTh WUIM OMPOBEPTHYTH rurote3y H. S mokaspiBaeT, B KaKOW CTENEHU
docmamouno ¢axma E nns noarBepxkaenus eunomesvt H, N — Hackoiabko
Heobxooum (dakt E nns monreepxkaenust runore3sl H. Ecnu dakt E umen mecto,
TO 4eM Ooubiiie S, TeM Oosbiiie yBepeHHOcTH B H. C Apyroil CTOpOHBI, €CIM HE
BEpPHO, 4TO uMesn Mmecto (akT E, To yem Oonbiie N, TeM MeHee BEpOATHO, YTO
runore3a H BepHa.

Jnst kaxmoro coOeiTisi H ceTw BbIBOJA CYHIECTBYET —alpHOpHAas
BEPOATHOCTH Po (H)- Oe3ycimoBHas BepoOSTHOCTH coObITHS H B cocTOsSHUU, KOrnma
HEW3BECTHO HHU OJHOTO TOJOXKUTEILHOTO WM OTpuiareasbHoro (akra. Ecnm
CTAaHOBUTCSI M3BECTHBIM KakoW-HHOyAb (QakT E, To BepostHOCcTh H MeHseT cBoe
3HaueHue ¢ Po (H) Ha p(H|E). Bennunna n3MeHEeHUs 3aBUCUT OT «CHJIbDY CTPEIIKH,
Benyuei u3 E ¢ H.

Takum 00pa3om, MpOBEpPKa THIOTE3 HAYUHACTCS, WCXONS W3 alpPHOPHBIX
BeposiITHOCTEH. B manmpHeleM MpouCcXOAUT HaKoIUieHne uH(opMaiuu o ¢dakrax,
YTO HAaXOJUT CBOE OTPAKEHHE B M3MEHEHHHM BEPOATHOCTEH COOBITHH CeTH. DTH
U3MEHEHHSI PACTIPOCTPAHSAIOTCS IO CETH COOBITHII B COOTBETCTBUU CO CBSI3SIMU
MeXIay coObITusiMU. Jlornyeckne KOMOWHAIIMKM OTHOIIEHUN MOXKHO H300pa3uTh
CJICTYIOIIUM 00pa3oMm:

E (e )
N

v

p 1-p
P El \
El u E2 u E3
p. Ex /:C_I:I/\ >
ps Es p= max (p)
pr Es I

Eiunu By unu B,
P2 Eo \:/J_H/I\ >
" p=nin@)

ps Es i
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Ha cnenyromeM pUCYHKE TPEICTaBIICH IPUMEP TPEJACTABICHUS CETH
COOBITHH.

0.001 0.001 0.001

CoOpiTHE 7 CoOrITHER CoOpITHE 9

(0.001,2000)

(0.001,1000) f 0.001,400)

0.005 0.005
CoOrITHE 5 CoOpITHE 6
(0.05,400) 0.001,10000) (0.5,200) 0.001, 800)
0.01 0.005 0.001 0.01
CoOrITHE 1 CoOpITHE 2 CoOsITHE 3 CoOpITHE 4

Th ATO U30BITOUYHASI HH(POPMAILIUS.
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IpeauciioBue

S3pik TIponor ObLT CO3/MAaH KakK SI3BIK MPOTPAMMHUPOBAHUS JUISL PEIICHUS
3a7]a4 UCKYCCTBEHHOTO MHTEJUIEKTa. S13biKy [Iposior mocBsmaimcy MHOTHE KHUTH
U CTaThbM B JKypHAJIax, OJHAKO BCE OHHM OIKCHIBAIIM pa3HbIC BEPCUM SI3bIKA, U
TOJILKO OJHa MoHorpadus Oblia mocBsmeHa s3biky Visual Prolog- xamra A.H.
Anamenko n A.M.KyuykoBa «Jloruueckoe nporpammupoBanue u Visual Prolog» -
Beiuia B 2003 roay u B HacTosiiee BpeMs crtaia Oudarorpadguyeckoil peqKocThio.

3a mocieaHue TOAbl B CTAaHAAPThl MHOTUX CIEIMAIbHOCTEH U HaNpaBICHUN
TOATOTOBKM 0akallaBpOB W MarkcTpPOB, CBSI3aHHBIX C HH()OPMAIMOHHBIMU
TEXHOJIOTUSMH, BBEICHBI KYPCHI, OCBOCHHUE KOTOPBIX IMPEIIOJIaraeT IMOTyYCHUE
HaBBIKOB JIOTHYECKOTO TPOrpaMMHpOBaHusA. I CTyIEeHTOB, H3Y4YalOIuX
JIOTUYECKOe MPOTPaMMHUPOBAHUE, U MPEIHA3HAYCHO JaHHOE Y4eOHOe mocooue.

B mocobum comepKuTCs KpaTKOe ONKMCAHWE MAaTeMaTHYeCKUX OCHOB
JIOTHYECKOTO MPOTPAaMMHPOBAHUs, BBEJCHHE B sI3BIK IporpammupoBanus Visual
Prolog u wm3noxenue HamOOIee HM3BECTHBIX METOJOB M QITOPHUTMOB PEIICHUS
WHTEIUICKTYalIbHBIX 3a/ad. B mocoOMHM TNPHBEIEHO MHOXKECTBO IPHMEPOB
nporpamm Ha si3bike Visual Prolog, wmmocTpupyrommx onuceiBaeMbie METOJIBI U
AIITOPUTMBI.

1 Jloruyeckoe MPOorpaMMHUPOBAHNE U AKCHOMATHYECKHE CHCTEMbI
1.1 O01uMe moJI0KeHUs

Teopus GopMalbHBIX CHCTEM M, B YaCTHOCTH, MaTeMaTHYecKas JIOTHKa
SABJISIOTCS (hopMalih3aIluell YeTOBEYECKOTO MBIIIJICHUSI M MPEICTABICHUS HaIIUX
3HaHUU. Eciau mpeanosioknuTs, 4TO MOXKHO aKCMOMATHU3UPOBATh HAIW 3HAHUS U
MOYKHO IIOCTPOUTH AJITOPUTM, IMO3BOJSIIOIIMKA PEan30BaTh MPOLIECC BBIBOJAA
OTBETOB Ha 3allpoC U3 3HAHWUM, TO B PE3YyJbTATE MOXHO MOIYYUTH (POpPMaTIbHBIM
METOJI JJIsl MOJIy4eHUsI HeOPMATbHBIX PE3YIbTATOB.

Jlormueckoe nmporpaMMupOBaHUE BO3HUKIO B 3py OBM Kkak ecTecTBEeHHOE
JKE€JIAHUE aBTOMATH3UPOBATh IMPOLECC JOTHMYECKOTO BBIBOJA, MOITOMY OHO
SIBJISIETCS BETBBIO TEOPUU (POPMaATBHBIX CUCTEM.

Jlornueckoe mnporpaMMupoBaHue (B IIMUPOKOM CMBICJIE) MPEICTABISET
co0Oll CeMEeWCTBO TaKMX METOJIOB pEUIEHUs 3a/Jad, B KOTOPBIX HCHOJb3YIOTCS
INpUEMbl  JIOTUUECKOTO  BBIBOJA  JJII  MAHUIYJIUPOBAHUS  3HAHUSIMU,
npe/CTaBICHHBIME B AekiapatuBHoi popme [1]. Kak mucan xopmk PoduHcoH B
1984 roxy, B OCHOBE HJEH JIOTHUYECKOTO MPOTrpaMMHPOBAHUS JISKHUT OINUCAHHE
3aJladydl COBOKYITHOCTHIO YTBEPXKJICHUN Ha HEKOTOPOM (HhOPMAILHOM JIOTUYECKOM
S3BIKE W TIOJIYYCHHE PEIICHHUS C MOMOIIBI0 BBIBOJA B HEKOTOPOU (hopManbHOU
(akcmoMarmyeckoi) cucreme. Takoil aKCHOMATHYECKOW CHCTEMOMN SBISIOTCA
VICUHCIICHUE MPEAUKATOB IEPBOT0 MOPSIAKA, TOITOMY B Y3KOM CMBICJIE JJOTHUYECKOE
MIPOrPaMMHUPOBAHUE TMOHUMAETCS KAK HCIOJb30BAHUE HCUYUCICHUS TPEIUKATOB



MIEPBOTO TOPSIIKA B KAYECTBE OCHOBBI [IJISi OMHCAHUS MPEAMETHOW 00JacTH M
OCYUIECTBJICHUS PE30JIIOLIMOHHOTO JIOTUYECKOTO BHIBOIA.

Axcuomamuueckoti cucmemotrl Ha3bIBaeTCs CIOco0 3aJaHus MHOXKECTBa
MyTeM yKa3aHHs MCXOJIHBIX JIEMEHTOB (AaKCHOM HMCUMCIICHUS) U MPaBUI BBIBOJA,
KKJI0€ U3 KOTOPBIX OINMCHIBAET, KaK CTPOUTH HOBBIE DJIEMEHTHI M3 HCXOIHBIX
AIIEMEHTOB.

Jlrobasi akcuoMaTuyeckas CUCTEMa JOJDKHA YAOBIETBOPSTH CIEIYIOIIUM
TpeOOBaHUSIM:

1. HempoTHBOPEYMBOCTh: HEBO3MOXXHOCTH BBIBOJA OTPHUIAHHUS  yXKE

JIOKa3aHHOTO BBIPAXKEHUS (KOTOPOE CUUTAETCS OOIIE3HAUUMBIM);

2. HezaBucuMoOCTh (MMHMMAJbHOCTB): CHUCTEMa HE JOJDKHA COJAEpKaThb
OeCroNe3HbIX aKCHMOM H TPaBWJI BBIBOJA. HeEkoTopoe BhIpakeHUE
He3a8UCUMO OT aKCUOMATHYECKOW CHCTEMBI, €CITH €TO HEJIb3s1 BBIBECTH C
MOMOIIIbIO ATOM CUCTeMbl. B MUHHMMAaJIbHOM cHUCTeME Ka)kaas akCHoMa
HE3aBUCUMA OT OCTAJILHOW CUCTEMBI, TO €CTh, HE BBHIBOAMMA U3 JAPYTHX
aKCHOM.

3. IlonHoTa (B3aMMHOCTH aJ€KBATHOCTH): JIt0OAsi TABTOJIOTHUSI BRIBOJIUMA U3
CUCTEMBI aKCHOM. B ajekBaTHOIl cucTeMe akcuoM Jiro0as BBIBOJIUMAS
dbopmyna ecTb TaBTOJOTHS, TO €CTh BEPHO, YTO [ P> £ P
COOTBETCTBEHHO B NOJIHOU CUCHEME BEPHO. EP— [-P.

HcuucnenusiMu  Ha3bIBalOT HamOoJiee BaXKHbIE W3 aKCHUOMATHYECKUX
JIOTUYECKUX CHUCTEM — HMCYHCIICHHE BBICKA3bIBAHUN M HCUUCICHHUE TMPEIUKATOB.
Hcuucnenne BbICKa3bIBAHUW UM HCUYUCICHUE TMPEIUKATOB TIEPBOTO IMOPSIKA
SBIIFOTCS. HOJIHBIMU AKCUOMAMUYECKUMU CUCTEMAMU.

[Mon axcuomamuueckum memooom [1] TMOHMMAIOT CIOCOO IMOCTPOCHHMS
HAyYHOW TEOPHH, TIPH KOTOPOM 3a €€ OCHOBY OEpETCs PsiI OCHOBOTIOJIATAtOIINX, HE
TPeOYIOMUX A0KA3aTEILCTB MOJOXKEHUN dTOW TEOPHH, Ha3bIBAEMBIMH aKCHOMaMU
WM TIOCTYJIaTaMH.

AKCHOMAaTHYECKUI METOJA 3apoJuiicsi B paboTax JIPEBHErPEUECKHUX
reoMmeTpoB. BrmioTs 10 Hayana XIX Beka eIMHCTBEHHBIM 00pa3loM MPUMEHEHUS
ATOrO MeToja Oblia reomeTpusi EBkiuaa.

B nauanme XIX Beka H.U.Jlo6aueBckuit 1 A.bombsii, He3aBUCHMO JIPYyr OT
Jpyra, OTKPBLIN HOBYIO HEEBKIHUIOBY T€OMETPHIO, 3aMEHUB MATBHIM MOCTYNAT O
napajyiebHBIX TPSAMBIX Ha €ro orpuiianue. VX OTKphITHE CTano OTIPaBHOMN
TOYKOM /ISl pa3BUTHUSI aKCHOMATUYECKOTO METO/1a, KOTOPHIH JIer B OCHOBY TEOPUHU
(hopMaTbHBIX CUCTEM.

dopManbHas TEOpPUS CTPOUTCA KaK YETKO OIPEACIICHHBIH  Kjacc
BBIPOKCHHIA, (POPMYJ, B KOTOPOM HEKOTOPHIM TOYHBIM CIIOCOOOM BBIIEIISCTCS
nojKjIacc TeopeM JaHHOM ¢opmaibHOM cucteMbl. [lpu »3TOoM  QopMyibl
dbopMalbHON  CHCTEMBI HETIOCPEACTBEHHO HE HeCyT B cebe HHKaKoro
COJICPKATCIIBHOTO CMBICJIA, OHHM CTPOSTCS W3 TPOW3BOJIGHBIX 3HAKOB WIIH
CHUMBOJIOB, UCXO/s JIMIIIh U3 COOOpaXKEHUH y100CTBA.

Dopmanvuas meopus (cucmema), 3anaéres yerpepkoit Buga M = <T, S, A,
B>. MuoxectBo T ecTh MHOXECTBO 0A308blX 3jleMeHmMO8, HAIPUMEP CIIOB W3
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HEKOTOPOTO CJIOBAps, WM JAeTalied M3 HeKkoToporo Habopa. Jlis mMHOkecTBa T
CYLIECTBYET  HEKOTOPBIM  CrocoO0  OmpeiesieHus  MPUHAIJICKHOCTH  WJIU
HEMPUHAIJICKHOCTH  MPOU3BOJIBHOTO  3JEMEHTAa K JAHHOMY  MHOKECTBY.
[Ipouienypa Takoit MpoOBEPKU MOXKET OBITH JIFOOOI, HO OHA JIOJKHA JJaBaTh OTBET Ha
BOIPOC, SIBIIAETCA JIM X AJIEMEHTOM MHOXECTBAa | 3a KOHEYHOE YHCIJIO IIaros.
O0o03HaunM 31y npoueaypy P(T).

MHOXecTBO S ecTh MHOXKECTBO CHHTaKCHU4YeCKHX mpaBuil. C UX MOMOIIbIO
U3 DJIEMEHTOB | 00pa3ylOT CHHTAKCHUYECKH IMPaBUJILHBIE COBOKYITHOCTH.
Hampumep, u3 cloB cioBapsi CTPOATCS CHHTAKCUYECKH MPAaBWIbHBIE (Ppa3bl, a U3
neTanel coouparorcs koHcTpyknuu. CymecTByeT HekoTopas mporemypa P(S), ¢
MOMOII[BI0 KOTOPOM 32 KOHEUHOE YUCIIO I1ar0B MOKHO MOJYYUTh OTBET HA BOIPOC,
SBJISIETCS JT COBOKYITHOCTh X CUHTAKCUYECKH MPABUIBHOM.

Bo MHOXeCTBE CHMHTAaKCUYECKHU MPABHIIBHBIX COBOKYIHOCTEU BBIJIECISETCS
HEKOTOpoe MoAMHOKecTBO A. DnemeHTsl A Ha3bIBaloTcs akcuoMamu. Kak u asis
JPYTUX COCTaBIAIONIMX (DOPMaANTBHONM CUCTEMBI, JOJIKHA CYIIECTBOBATH MPOIIEIypa
P(A), ¢ mOMOIIBIO KOTOPOM i JIt0OOOW CHHTAKCHYECKH TPABUIIbHOM
COBOKYITHOCTH MOKHO IOJYYUTh OTBET Ha BOIPOC O MPUHAMICKHOCTH €€ K
MHOKeECTBY A.

MuoxectBo B ecTp MHOXeCTBO mpaBwsl BbIBojaa. l[lpumensss ux K
neMeHTaM A, MOXHO TIOJydaTb HOBBIE CHHTAKCUYECKH TPABHIIbHbBIC
COBOKYITHOCTH, K KOTOPhIM CHOBa MOXHO NpUMEHsTh mpaBwia u3 B. Tak
dbopMUpyeTCST MHOXXECTBO BBIBOAUMBIX B JaHHOW (OpMalIbHON CHUCTEME
coBokynHocteld. Ecim umeercs mporenypa P(B), ¢ momomipio KOTOpoi MOXKHO
OMPENENUTh JIsl JIIOOOM CUHTAKCUYECKU MPABUIBLHON COBOKYITHOCTH, SIBIISIETCS JIU
OHa BBIBOAUMOM, TO COOTBETCTByOIAs (QopMayibHas CHUCTeMa Ha3bIBACTCS
paspewumoui. ITO TOKA3bIBACT, YTO UMEHHO TMPaBUJIa BBIBOJA SIBJISIIOTCS Haubosiee
CJIOHOM COCTaBIISOMNIEH (POpMaTBHOM CUCTEMBI.

Hcuncnenrie  BBICKAa3bIBAaHUN  SIBISETCS  pas3peuiumol  (opManbHol
cucmemol, a WCUHCICHUE TMPEIUKATOB IMEPBOr0 IMOPSAKA — Hepazpeuumou
dopmanvroll cucmemoil.

C HakoOIUJICHMEM OIbITa MOCTPOCHUS (HOPMATBHBIX TEOPHM W TIOMBITKAMHU
akcuoMatuzanuu apudmetuku, npeanpuasaTeiMu Jx. [leano, Bo3HUKIA meopus
Oookazamenvcmg. Teopusi JOKa3aTenbCTB — 3TO  pasliel  COBPEMEHHOMU
MaTeMaTU4YECKOU JIOTUKU U MPEAIIECTBEHHUIIA JJOTUYECKOTO MTPOrpaMMHUPOBaHUS.

1.2 ABTOMAaTH3aIus 10KA3aTEeIbCTBA B JIOTHKE NMPEINKATOB.
1.2.1 Ucropus Bompoca

[Touck oO1eii paszpemaromiei mporeaypsl Iisl TPOBEPKU OOIIE3HAYUMOCTH
dbopmyn Obu1  Hauar JleOnumem B XVII Beke. 3arem wuccienoBaHus
npoaokuiInch B XX Beke, a B 1936 rony Uepu v TbroOpuHT HE3aBUCUMO APYT OT
Jpyra JI0Ka3ajid, 9TO HE CYIIECTBYET HUKAKOW OOIIEH pa3peraromieil mporemaypsl,
HUKAKOTO aJroOpuTMa, TMPOBEPSIONIETO OOIIE3HAYUMOCTh (OPMYNT B JIOTHKE
MPEAUKATOB MEPBOTO MOPSIIKA.



Tem He MeHee, CyLIECTBYIOT aJlTOPUTMBI MIOUCKA JA0KAa3aTeIbCTBA, KOTOPHIE
MOTYT MOATBEPAUTH, 4TO (opmyna oOlIe3HaYMMa, €Cii OHa Ha CaMOM Jielie
oOmie3HauynMa (Jij1s1 HeoOIe3HaYuMbIX (hOPMYJT 3TH aJTOPUTMBI, BOOOIIE TOBOPS,
HE 3aKaHYMBAIOT CBOIO PadoTYy).

OdeHb BaXXHBIM MOJXOJ] K aBTOMATHYECKOMY JI0Ka3aTENbCTBY TEOpEM ObLI
naH Opbpanom B 1930 rony. Ilo ompeaenenuto obuie3Haunmasi GpopmMmynia ecThb
dbopmyrna, KOTOpas UCTMHHA MPU BCEX HMHTepIpeTanusx. OpOpaH pazpaboran
AJITOPUTM HAXOXJICHUS UHTEPIPETAIMU, KOTOpask OMPOBEPraeT JaHHYI0 (GOpMYyILy.
Onnako, ecnu faHHas (opmyrna JCHCTBUTENHHO OOIIE3HAYMMA, TO HHUKAKOM
MHTEPIIPETAllMd HE CYIIECTBYET M alTOPUTM 3aKaHYMBaeT paboTy 3a KOHEYHOE
9yuciIo maroB. Meton IpOpaHa CIy>KHT OCHOBOM JIJIsi OOJIBIIIMHCTBA COBPEMEHHBIX
aBTOMATUYECKUX AJITOPUTMOB MTOMCKA JJOKA3aTeIbCTBA.

['mnmop B 1959 roay oaHUM U3 MEPBBIX peain30Ball Mpoueaypy DpOpaHa.
Ero mporpamMma Oblna mnpeaHazHayeHa Il OOHApYKEHUS MPOTUBOPEUUBOCTHU
OTpUllaHUA JaHHOW (opmylbl, Tak Kak (opmysia oOlIe3HaYMMa TOTJA U TOJBKO
TOrJa, KOIrJa €€ OTpullaHue mnpotuBopeunBo. OpHako mnporpamma ['miamopa
okazanack HedhdexTuBHOM u B 1960 romy meron ['mimmopa ObLT yiydilleH
HeBucom u IlatHemoM. Ho ux ymydiieHue oka3anoch HEIOCTAaTOYHBIM, TaK Kak
MHOTHE OOIle3HaUYnMbIe (POPMYJIbI JIOTUKHU MPEAUKATOB BCE €Ille HE MOTJIM OBbITh
nokazaHbl HAa OBM 3a pazymHoe BpeMs.

['maBHbIi mar Bnepen caenan PoOuHcon B 1965 roay, KOTOphIM BBEN Tak
Ha3bIBAEMBI METOJI PE30JIIOLMMA, KOTOPBIM OKa3ajics MHOTO 3(QQeKTHUBHEH, YeM
mobasi onvcaHHas paHee nporenypa. Ilociae BBeaeHUs MeToAa pe30aIOLUd ObLI
NPEeMIOKEH P CTpaTeruid g yBenudeHus ero 3ddexrtuBHocTH. Takumu
CTPATETUSIMU SIBIISIIOTCA CeMAaHmuyeckas pe3ontoyus, N0K-pe30ioyusl, JUHEUHAas
pe3onoyus, cmpame2usi NpeoOnoymeHus eOUHUYHbIX U cmpameust N0OOOEPIHCKU.

1.2.2 CkyJieMOBCcKHe CTAHIAPTHBIE (DOPMBI.

[Iponieaypbl noKazatenbcTBa MO ODpOpaHy WM METOAY PE3OJIONUN Ha
caMOM JieJe SIBJIAIOTCA TMPOIEAypaMHu ONPOBEPKEHHS, TO €CTh BMECTO
JI0Ka3aTeIbCTBa OOIIE3HAYMMOCTH (DOPMYIIBI JIOKA3bIBACTCS, UTO €€ OTPHUIlaHUE
npoTuBopeurBo. Kpome TOro, 3Tv mporueaypbl ONPOBEPKEHUS MPUMEHSIOTCS K
HEKOTOpO# cTtanmaptHou dopme, kotopas Oblia BBeaeHa [leBucom u IlaTHemom.
[To cyiiecTBy OHM UCIIOJIB30BAIIN CIEIYIOLINE UJIEU:

1. ®opmyna JOTUKH MPEAUKATOB MOXKET ObITh cBeneHa K [IH®D, B koTopoi
MaTpulla HE COJCPKUT HHUKAKMX KBAHTOPOB, a mpedurc ecTh
MOCJIEA0BATEILHOCTh KBAHTOPOB.

2. Tlockonpky MaTpuila He COJAEPKUT KBAHTOPOB, OHA MOXKET OBITh CBEJICHA
K KOHBIOHKTHUBHOM HOPMAaJIbHOU (hopMe.

3. Coxpansii TPOTUBOPEUUBOCTH (HOPMYJBI, B HEH MOXKHO HCKIIOYHTH
KBAaHTOPhI CYILIECTBOBAHUSI TYTEM HCIOJb30BAHUS CKYJIEMOBCKUX

GyHKUIHHA.



Anaroputm mnpeoOpazoBanus Gopmynsl B [ITH® wuzsecren. [lpu momoriu
3aKOHOB 3KBUBAJIEHTHBIX NMPE0OPA30BAHUM JIOTUKU BbICKA3bIBAHUI MOKHO CBECTH
Matpuity kK KH®.

Aneopumm npeoopazosanus hopmyn 6 JJH® u KHD.

Illaz 1. cionb3yeM 3aKOHBI SKBUBAJICHTHBIX MPEOOPa30BAHUM UCUUCIICHUS
BBICKA3bIBAaHUH [JIS1 TOTO, YTOOBI MCKIIIOUUTDH JIOTHUYECKUE CBSI3KM MMILTUKALIMKA U
HKBUBAJICHTHOCTHU.

llaz 2. MHOrOKpaTHO MCHOJIB3YEM 3aKOH JBOMHOTO OTPULAHMS, U 3aKOHBI
ne Moprana, 4ToObl BHECTH 3HAK OTPULIAHUS BHYTPb (DOPMYIIBI.

llaz 3. Heckonbko pa3 HMCHOJb3YEM NHCTPUOYTHBHBIE 3aKOHBI M APYTHE
3aKOHBI, YTOOBI MOTYy4uTh HOD.

Anroputm mnpeoOpazoBanus Gopmynbl (KiXy)...(KX,) (M), rme xaxmoe
(Kixiy), i = 1,...,n, ectb wmn (V%) mwmm (), 1 M ectb KH® B CKYJIEMOBCKYIO
HOpMalibHYIO (popmy (CHD) npuBeneH Huxe.

Aneopumm npeoopazosanus [IH® ¢ CCD.

llae 1. TlpeacraBum dopmyny B [THD® (Kixy)...(KX,) (M), tme M ectb
KH®. Tlyctp K; ectp kBanTOp cymectBoBaHus B mnpedurce (KiXy)...(KiXn),
1<=r<=n.

[llaz 2. Ecniu HUKaKO# KBAHTOP BCEOOIIHOCTH HE CTOUT JeBee K, — BbiOepeM
HOBYIO KOHCTAHTY C, OTJIMYHYIO OT JPYI'MX KOHCTaHT, BXOIAIIMX B M, 3ameHHM
Bce Xr B M Ha C u BeruepkHem KX, u3 mpedukca. Ecnu Ky, ...Kj — criucok Bcex
KBaHTOPOB BCEOOINHOCTH, BcTpevamomuxcs B M neee K,, 1<  i<r, BeiOepem
HOBBI | —MeCTHBIH (YHKIMOHAIBHBIA CHUMBOJI f, OTIIMYHBIA OT Jpyrux
(bYHKIIHOHATBHBIX CHMBOJIOB, 3aMeHUM Bce X, B M Ha f(Xy, Xo,...x;) U BbIUepKHEM
KX 13 pedukca.

Illae 3. ITpumennM miar 2 71l BCEX KBAHTOPOB CYIIECTBOBAHUS B ITpeQHUKCE.
[Tocneausiss U3 MONYYCHHBIX (POPMYI €CTh CKYIEMOBCKA CMAHOApmMHuas gopma
dopmyibl. KOHCTaHTBI M (YHKIMH, HCIOJIb3yeMbIC IS 3aMEHBI IEPEMCEHHBIX
KBaHTOPA CYIIECTBOBAHUS, HA3BIBAIOTCS CKYIeMOSCKUMU HYHKITUIMHU.

Ipumep 1. [onyuume CCD ons gpopmynwt (K)(Vy)(vz2)(Fu)( ) (Fw) (P(X, Y,
Z, U, Vv, w).

B smoti ¢hopmyne nesee (Ix) Hem HUKAKUX KBAHMOPOB 8CEOOWHOCMU, legee
(Fu) cmosm (Vy) u (Vz), a nesee (Fw) cmosm (), (V) u (W).
CneoosamenvHo, Mbl 3aMEHUM NEPEMEHHYIO X HA KOHCMAHMY d, NepeMeHHYIO
U - Ha osyxmecmuyro f(V, z), nepemenHylo w - Ha MpexmecmHyo (QYHKYUo
g, z, v). Takum obpazom, mMbl noryuaem ciedyruyo cmaHoapmuyo opmy
HAanUCaHHou vlule PopmMybl:

() (v2) (W) (P(a, y, z, f(y, 2), 9(y, , V)).

Onpeodenenue 1. Jluzvionkmom Hazvigaemcs OU3BLIOHKYUS JUMEPATO8.
Husvionkm, cooeporcawuii v IUMEpanos, HA3bIBAEMCsA  F-  IUMEPATIbHLIM
ouzvionkmom.  OOHOIUMEPANbHBIL ~ OU3BIOHKM — HA3bIGAEMCA  eOUHUYHBIM
Ouzvionkmom. Ecnu Ouzvionkm He coldepicum HUKAKUX JTUMepanos, mo OH
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Ha3vleaemcs nycmvlM OusvloHkmom- [/ . Tak kax nycmotl OU3bIOHKM He
cooepoicum JUmMepanos, Komopvle Mo2iu Ovl OblMb UCMUHHLIMU NPU JH0ObIX
UHmMepnpemayusx, mo nycmotl OU3bIOHKM 6ce20a JI0HCEH.

Onpeoenenue 2. MHooxcecmeo OuzvioHKmog8 S ecmb KOHBIOHKYUs 6Cex
OU3bIOHKMo8 u3 S , 20e Kaxcoas nepemeHHass 6 S cuumaemcsi ynpasisiemou
K8AHMOPOM 8CE0OUHOCMIU.

Bcenencteue mocnennero ompenenenus, CCO moxeT ObITh MpencTaBieHa
MHOKECTBOM JTU3BIOHKTOB.

Ipumep 2. [lonyuums cKynemo8cKyr0 cmanoapmmuyo opmy opmyivl

(V) (PX) A (W)(= (Y2)QX, ¥)— (WR(U, x, y))) u npeocmasumo eé 6
8U0e MHOIHCECBA OUZBIOHKMNOS.

1. Uckmouum cea3ku umniuxayuu.

(V%) (P(x) A (V9)(= =(72)Q(x, y) v (U)R(u, X, ))).

2. Yoanum becnonesnvie keanmopuwi.

(V%) (P(X) A (PY)(= —Q(x, y)v (FU)R(u, X, ¥))).

3. Ilpumenum npasuno 080UHO2O0 OMPUYAHU.

(v%) (P(x) A (VH)(Q(x, y) v (U)R(u, X, ¥))).

4. [lepemecmum K8AHMOPbL 8 HAYALO POPMYIbL:

(V) () () (P(X) A (Q(X, y) vR(u, X, ¥))),

Honyuyum [TH.

(V) (W) (P(X) A (Q(X, Y) v R(u, x, ¥))), y Komopot mampuya Haxooumcsi
6 KH®.

H30asumcss om k6anmopos cyujecmsoganus 8 npegukce:

Tax kax neped (Fu) ecmov (VX),(Vy) mo nepemennas u 3amensemcs
osyxmecmuou ¢yukyueu f(x, y). Taxum obpazom, mvl nonyuaem Ccieoyiouyo
CMAaHOApmMHYI0 hopmy:

(V)(H)(P(X) A (QX, y) VR(E(X, y), X, ¥))).

Honywum CCO.

Omoépocum Keawmopsvl 6Ce0OWHOCIU U  3AMEHUM KOHBLIOHKYUIO Ha
nepevucieHue:

{P(), (Q(x, y) vR(f(x, y), x, y))}-

THonyuum mHoocecmseo uz 08yx OU3LIOHKMOS.

Hpumep 3. [onyuums cKynemo8cKy0 cmanoapmmuyo opmy opmy.isl

(V(H)(Z)(( = P(x, y) 2 Q(X, 2)) vR(X, Yy, 2) A (= Q(X, 2) A P(X, y))).

Crauana ceedem mampuyy kK KH®:

(=P, y) vR(X, Y, 2 )2 (Q(X, 2) vR(X, Y, 2)) A (= Q(X, 2) A P(X, y))).

3amem usbasumcs om K6AHMOPO8 CyujecCmeo8anus 8 npegukce:

Tax xax nepeo (H)(FE) ecmwv (Vx), mo nepemennvie y, z 3amMeHsIOMCS
COOMBEMCMBEHHO OOHOMecCmHbIMU DyHKyusmu f(x), g(x). Taxum obpazom, mvl
noyuaem ciedyruyyio CmaHoapmHuyio oopmy:

(7)(((= P(x, f(x)) vR(x, f(x), 9(x))) (Q(x, 9(x)) v R(x, f(x), g(x)) » (=Q(x,
g(x)) 2 P(x, £(x)))).

IIpeocmasum nonyuennyro CCD 6 uoe MHoMCeCmea OU3bIOHKIMOE:



{=P(x, 1)) v R(x, (x), 9(x)), Q(x, 9(x)) v R(x, f(x), g(x)), =Q(x, g(x)) » P(x,
fO))}-

Teopema 1. Ilyemv S — MHOJMCECMB0  OU3BLIOHKMOS,  KOMOpbIE
npeocmasnsiom CCD gopmynvl F. Toeoa F npomusopeuusa 6 mom u mojibko 8
mom cayuae, Kko20a S npomusopeduso.

Teopema 2. Ilycmv oanvt ghopmynwt Fyi, Fo, ..., Fy u gopmyna G. G ecmo
noeuyeckoe cieocmsue Fi, Fo, ..., Fy mozoa u moavko moeoa, xoeoa ¢opmyna ((Fy
A Fo A F)—>G) obwesnauuma.

Teopema 3. Ilycmv oanvlt ghopmynvl Fy, Fo, ..., Fy u gopmyna G. G ecmo
noeudeckoe cneocmasue Fy, F, ..., Fy mozoa u monvko mozoa, kocoa ¢opmyna (F;
A Fo Ao FyA=G) npomusopeuusa.

3ameuanue.

Ina  moco umobwvl Ookazamv, umMoO OaHHAs opMyra  AGAAEMCS
masmooaueli, 00CMAMOYHO O00KA3amb, UMO ee Oompuyauvue sA6JIAemcs
NPOMUBOpe UeM:

—((F1 A F2 Ao FR)—G)=

—(—(F1 AFo A Fp) vE)=

(F1 A FoAcon Fp) A =G).

Ha ocnosanuu meopem 1 u 3 moorcno coenamsv 6v1i600, umo gopmyna G
aensiemca 1o2udeckum cireocmeuem gopmynvt F moeoda, koeda npomusopeuusa
KOHBIOHKYUSL MHOdcecmaa S u gopmynvt —G, mo ecmov npomusopeuusa Gopmyna
St A S A LS A =G Takum obpaszom, ecau 6 muoxcecmso S 0obasums
HecamusHvll aumepan —G U 0okazame, UYMO NOJNYYEHHOE MHONCECHBO
NPOMUBOPEUUBD, MO MeM CAMBIM MOMCHO 00Kazame 8vigooumocms G u3
MHOdHCcecmea S.

1.2.3 MeTo/ pe30JII01Hii B HCUMCJIEHUH BbICKA3bIBAHHUIA.

OcHOBHasi uaes METOJa PE3O0JIIOIHUI COCTOUT B TOM, YTOOBI MPOBEPUTH,
COJICPKUT JIN MHOKECTBO TU3BIOHKTOB IYCTOM NU3BIOHKT. Eciu MHOXKECTBO
COJICPKUT IYCTOW NU3BIOHKT, TO OHO TMPOTHUBOPEUYMBO (HEBBIMOIHUMO). Ecnm
MHOKECTBO HE COJIEPKUT MYCTOM TU3BIOHKT, TO MPOBEPSAETCS CICTYIONINil (HaKT:
MOKET JIM MyCTOW JU3BIOHKT OBITh MOJYYeH U3 JAHHOTO MHOKECTBA. MHOXECTBO
COJICPKUT MYCTOM U3BIOHKT, TOTJIa M TOJBKO TOT/a, Korjga oHo myctoe. Ecnm
MHOKECTBO MOYXHO CBECTH K ITyCTOMY, TO T€M CaMbIM MOXXHO J0OKa3aTh €ro
MPOTUBOPEUYUBOCT. B 3TOM M COCTOMT METOJ PEe30JIIOIUNA, KOTOPBIM YacTo
paccMaTpUBalOT Kak CIEHHATIbHOE TPaBWIO BBIBOJAA, HCIIOIB3yeMOe JUIs
TTOPOXKICHHS HOBBIX IM3BIOHKTOB M3 JJAHHOTO MHOYKECTBA.

Onpeoenenue 3:Eciu A amom, mo aumepanvt A u —A KoumpapHwvl Opye
opyey, u muodcecmeo { A, —A } nazvleaemcs KOHMpPApHOU NAPou.

Ommemum, YmMo OU3BIOHKM eCMb MAGMON02US, €eCIU OH COO0epIHCUM
KOHMPApPHYIO napy.

Onpeoenenue 4: Ilpasuno pezonoyuti cocmoum 8 cieoyiouem.
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s nrodvix 08yx ouszvtonkmos Cy u C,, eciu cywecmeyem aumepan Ly 6 Cy,
Komopuwiii koumpapen aumepany L, ¢ C, mo eviuepknys Ly u L, uz C; u C,
COOMBEMCMBEHHO U NOCMPOUB OUZBIOHKYUIO OCMABUIUXCSA OUZBIOHKINOS, NOLYUUM
pezontoyuio (pesonveermy) Cy u C,.

Ipumep 4: paccmompum credyouue OU3bIOHKMbL!

Ci: PvR,

C,. —P \/Q.

HHuzvionkm Cy umeem numepan P, komopuiil konmpapen aumepany —P 6 C,.
Cnedosamenvho, sviuepkusas P u —P uz C; u C, coomeemcmeeHno, nocmpoum
OU3BIOHKYUIO ocmasuiuxcs ousvioHkmos R u Q u noayuum pesonveenmy Rv Q.

Ba)xHBIM CBOMCTBOM pPE30JIbBEHTHI SBJISETCSA TO, YTO JIK0OAask pe30JIbBEHTA
nByx nu3btoHKTOB C; m C, ecthb normueckoe cueacteue C; m C,. Ot0
yCTaHaBJIMBAETCS B CICAYIONICH Teopeme.

Teopema 4. Ilycmv oanvt 06a ousvionkma Cy u C, Toeoa pezonveenma C
ouswionkmos Ci u C, ecmo nocuueckoe cieocmeue Ci u Cs.

Ecnu ecTs nBa €IWHUYHBIX NU3BIOHKTA, TO UX PE30JIbBEHTA, €CIU OHa
CYILIECTBYET, €CTh MycTOM Iu3bOHKT [J. bBonee cymectBeHHO, 4YTO st
HEBBITIOJITHUIMOTO MHOKECTBA JU3BIOHKTOB MHOTOKPATHBIM ITPUMEHEHHUEM IPaBHIIA
PE30IIOUI MOXKHO OPOAUTS [,

Onpedenenue 5: Ilycmv S — mHOMCECMB0 OU3bIOHKMOSG. PezontomusHulil
gvico0 C uz S ecmv maxas koneynas nocireoosamenvocmos Ci, C,, ..., Cy
Oou3vioHKkmos, umo kaxcowvii Ci unu npunaonexcum S unu s6isaemcs pe301b8eHmou
ousvionkmos, npeowecmeyrouux Ci, u C=C. Bwieoo [ uz S wnasvieaemcs
onpogepceHuem (U 00Ka3amenbCmeom HegblNOIHUMOCU ) S.

Ilpumep 5. Paccmompum muodcecmao S:

1. -PvQ,

2. =Q,

3. P.

U3 1 u 2 nonyyum pezonveenmy

4. —P.

U3 4 u 3 nonyuum pesonveenmy

5.0

Tax xax [J nomyyaemcs us S npumeHeHusMu NPAGUIA Pe30aYUl, MO

coenacrho meopeme 4 [/ ecmv nocuneckoe cieocmeue S, cie008amenbHo, S

HeGbINOIHUMO.

Meton pesomtonmii  siBIsieTcs  Hambonee A(OPEKTUBHBIM B Ciydae
MIPUMEHEHUS €r0 K MHOXXECTBY XOPHOBCKHUX JTU3BbIOHKTOB.

Onpeoenenue 6. @pa3zoil Hazvieaemcs OU3bIOHKM, ) KOMOPO2O He2amugHble
JIUMePansvl pasmewaromcest nocjie NO3UMUGHbIX TUMeEPAlos 8 KOHYe OU3bIOHKMA.

Ilpumep 6: Py VP, v...Py v =Ny v =N,... v =N

Onpeoenenue 28: ®paza Xopua smo ¢ppaza, codepicawjas moaibko 0OUH
NO3UMUBHBIU TUMEPAIL.

IIpumep T1: npeobpazosams ¢paszy Xopna 6 06pamuyio umMniukayuio.
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P v —=N;v—=N5. v-N,

=Ny v =Na...v =N == (N; A Ny A...ANp)

P« (N; ANy A...ANR)

P« Nl, N2, .. Npm

[Tpu mpeacTaBIeHUN ITU3BIOHKTOB ()pazaMu XOpHA HETATHBHBIC JINTEPAJIBI

COOTBETCTBYIOT THIIOTE3aM, a MO3WTHUBHBIA JTUTEpa MPEACTABISACT 3aKIIFOUCHUE.
ENVHUYHBIA MMO3WTHBHBIA JW3BIOHKT IPEACTABISICT HEKOTOPHIH (PaKT, TO €CTh
3aKJIIOUYEHNE, HE 3aBHUCAIIEE HU OT KakKuxX rumore3. YacTo 3amaua COCTOUT B TOM,
YTO HAJ0 TMPOBEPUTH HEKOTOPYIO (GOpPMYITy, HA3bIBAEMYIO IICNIBIO, JIOTHYCCKH
BBIBEJICHHYIO M3 MHOXXECTBA MpaBWI M (HaKTOB. Pe30Ionus SBISCTCS METOJIOM
JI0OKa3aTelIbCTBa OT MPOTHUBHOIO: UCXOA M3 (PAKTOB, MPaBUI U OTPHUIAHUS IICIIH,
IMPUXOIUM K MTPOTUBOPEUHIO (ITyCTOMY JTH3BIOHKTY).

1.2.4 llpaBwio yHu(pUKALMHU B JIOTHKE NMPEANKATOB.

[IpaBusno pe3onronuil mpeanoiaraeT HaXoXACHUE B JIU3BIOHKTE JIUTEpaa,
KOHTPApHOTO JIUTEpally B JIPyroM JAU3BIOHKTE. [ JAU3BIOHKTOB JIOTUKHU
BBICKA3bIBAaHUM 3TO OUEHb MPOCTO. JJIs TU3BIOHKTOB JIOTUKU MPEIUKATOB MPOIIECC
YCIIOKHSIETCA, TaK KaK JU3BIOHKTBI MOTYT COJEpKaTh (PYHKIUHU, TIEPEMEHHbIE U
KOHCTAHTHI.

Ilpumep 8. Paccmompum Ou3voHKmul.

Ci: P(Y)vQ(Y),

Co: =P (f(x)) v R(X).

He cywecmsyem nukaxozco numepanra 6 Ci, KOHMPAPHO2O KAKOMY-TUOO
aumepany 8 C,. Oouarxo, eciu noocmasums f(a) emecmo 'y ¢ Cy u a emecmo x 6 Cs,
MO UCXOOHbLE OUSLIOHKMbL NPUMYI U0

Cy : P(f(a)) v Q(f(a)),

C,: —P(f(a)) v R(a).

Tax kak P(f(a)) koumpapen —P(f(a)), mo modxcHo noyuums pe3obeeHny

Cs: Q(f(a)) vR(a).

B obwem cnyuae, noocmasus f(x) emecmo 'y 6 Cy, nonyyum

Cy  P(f(x)) v Q(f(x)).

Jumepan P(f(x)) e C. «xoumpapen aumepary —P(f(x)) & C..
CrnedosamenbHo, MONCHO NOJYUUMb PE30bBEHNY

Cs: Q(f(x)) v R(X).

Takum oOpa3oMm, e€ciM TOJCTaBIATh MOAXOISIINE TEPMBI BMECTO
MEPEMEHHBIX B WCXOJIHBIE TU3BIOHKTHI, MOKHO TIOPOXKJIaTh HOBBIC NU3IBIOHKTHI.
OtmetuM, 4YTOo nu3blOHKT Cz w3 mpumepa & sBisieTcss Hambosjee oOmuM
JTU3BIOHKTOM B TOM CMBICIIE, YTO BCE JAPYTHE€ ITU3BIOHKTHI, TMOPOKICHHBIC
MIPABUIIOM PE30TIOIMN OYIyT YACTHBIM CIIy9aeM JIaHHOTO JU3BIOHKTA.

Onpeoenenue [: Iloocmanoska G- 5mo KOHeuHOe MHOMCECMBO BUOA
{tilvy, ...t} 20e kaorcoas vi — nepemennas, kaxicowlil t; — mepm, OMAULHBIIL OM Vi,
8ce Vi paziuuHbl.
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Onpeodenenue 8: Iloocmanoska 6 wnazvieaemcs yHuguxamopom OJis

muoocecmea {E, ..., Ey} mozdoa u moavko moeda, xozcoa E,0=E,0=... E0.
Mmnoocecmseo {E,..., Ey yuuguyupyemo, eciu 0ns Heeo cywecmsyem
VHUGUKamop.

[Ipexxne 4eM MpPUMEHUTH MPABUIIO PE3OIIONUU B HUCUUCICHUM MPEAUKATOB
NepeMEHHBIE B JIUTEpalIax HEOOXOIUMO YHU(PUIIUPOBATD.
YHudukanus npou3BOAUTCS MPU CASAYIOMIMUX YCIOBUMIX:

1. Ecinu Tepmbl KOHCTaHTBI, TO OHU YHUDUIHMPYEMBI TOTAA U TOJBKO
TOT]1a, KOT/1a OHU COBITA/Iaf0T.
2. Eciu B mepBoM [AM3BIOHKTE TEepM TEpPEeMEHHas, a BO BTOPOM

KOHCTaHTa, TO OHH YHU(PHUIHPYEMbI, MPH STOM BMECTO MEPEMEHHOU
ITOZCTABIIAECTCS] KOHCTAHTA.

3. Ecnn TepM B mnepBOM JU3BIOHKTE IIEPEMEHHAs W BO BTOPOM
JTU3BIOHKTE TEPM TOXKE NIEPEMEHHAS, TO OHU YHUDHUIIUPYEMBI.
4. Ecnn B mepBOM IU3BIOHKTE TEPM NEPEMEHHAs, & BO BTOPOM -

ynotpedsneHre (QyHKUUU, TO OHU YHU(DUIHUPYEMBI, MPU 3TOM BMECTO
MIEPEMEHHOM MOACTABIISACTCS YIIOTpeOIeHre QYHKIINH.

5. YHUDUIUPYIOTCS MEXTy COOOH TEepMbI, CTOSIIME Ha OIMHAKOBBIX
MECTaX B OJIMHAKOBBIX MPEIUKaTaX.

Ilpumep 9. Paccmompum Ou3vroHKmul.

1. O(a, b, ¢c) u Q(a, d, l). /lusvronkmol He yHUpuyupyemoi.

2. O(a, b, ¢) u Qx, y, z). Auzvionkmer ynuguyupyemsoi. Ynuguxamop - Q(a,

b, ).

Onpeoenenue 9: Ynuguxamop o ons mmuoocecmsa {Ei,..., Ey} 6yoem
Haubonee oOWUM VHUDUKAMOPOM MO020a U MOJbKO mo20d, Ko2oa OJisl KAHCO020
VHugukamopa 6 05 3mo2o MHOICECMBA cyujecmsyem maxkas nooCmaHoséxka A,
ymo G=co ° A, mo ecmo O sa613emcs Komno3uyuel NOOCMAHOBOK O U A.

Onpeodenenue 10: Komnosuyueu noocmanogox o u A ecmv @yukyus o ° A,
onpeoensiemas cieoyrowum oopazom (o ° A) [t|=ol A/t]], 20e t — mepm, cu A -
noocmanoexu, a A[t] — mepm, xomopwiti noayuaemcs uz t nymem npumeHeHusi K
HeMy NOOCMAHOBKU A.

Onpedenenue 11: Muoowcecmso paccoenacosanuti Henycmoz20 MHO*CECMBA
ousvionkmos {Ei, ..., Ey} nonyuaemces nymem 6visgiieHus nepeoil (cieea) nozuyuu,
Ha KOmopou He 0/ 8cex OU3bOHKmMo8 u3 E cmoum o0un u mom dice cUMBO, U
BLINUCLIBAHUSL U3 KAHCO020 OU3LIOHKMA MepMa, KOMOpblli HAYUHAemcs ¢ CUMBOIA,
3anumaroujeco O0amHyio nozuyuto. MHodCecmeo mepmo8 u ecmob MHOHICECEO
paccoanacosanuti 8 E.

Ipumep 10. Paccmompum ouzvionkmoi.:

{P(x, f(y, 2)), P(x, @), P(x, g(h(k(x))))}.

MHnooicecmeo  paccoenacoéanuil  cocmoum U3 mepmos,  KOmopwvie
HAYUHAIOMCS ¢ NAMOU NO3uyuu U npeocmasisem cobou muoxcecmeo {f(x, y), a,
g(h(k(x)))}-

Aneopumm yruguxkayuu 01 Haxodxicoenus: Hauboee obue2o yHugpuxkamopa.
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[Tycts E — MHOXECTBO AM3BIOHKTOB, D — MHOKECTBO paccoriacoBanmid, k —
HOMEp UTepaluu, ok Haubosiee oonui yHudukarop Ha k-oi urepanuu.

Ulae 1. lTpucoum k=0, oy =e (mycroit yaudukarop), Ex=E.

Llaz 2. Eciun nis Ex He cylecTByeT MHOKECTBA paccoriacoBaHuid Dy, To
OCTaHOBKa: Oy — Haubosee oomui ynuduxatop 1 E. Mnaue HalimeM MHOXKECTBO
paccornacoBaHuii Dy.

llaz 3. Eciu CymECTBYIOT TakKHE OJJEMEHThl Vg U tx B Dy, 4TrO Vi
NepeMeHHasi, He BXOIIasi B TEPM ty, TO niepeiigeM K mary 4. B mpoTuBHOM ciiydae
octanoBka: E He yHuuupyemo.

Illaz 4. ITyctb 6y1=0k { tk / Vk}, 3aMeHUM BO Beex Mnu3bIOHKTaX Ey ty Ha vy.

Llae5. K=k+1. IlepeiiTu k miary 2.

Ipumep 11. Paccmompum OuzvioHkmol.:

E={P(f(a), 9(x)). P(y. Y)}-

1. Eo=E, k=0, ap=¢e.
DOZ{f(a)’y}1 Vo=Y, t0:f(a)'
or=={f(a)ly}, E2={P(f(a), 9(x)), P(f(a), f(a))}.
D;={g(x).f(a)}.
Hem nepemennoti 6 mnoowcecmee paccoenacosanuii D;.
Cﬂedoeameﬂbﬁo aneopumm yuHugpukayuu 3asepuiaemcs, mMHoxcecmeo E —

He YHUuguyupyemo.
1.2.5 MeToa pe3o.iiouuii B HCYMCIEHUH NPEIUKATOB

U N

C momotpo YHU(GHUKAIIMA MOXKHO PACIIPOCTPAHUTH MPABUIIO PE3OJTIONNN HA
UCYHCIICHUE TpeaukaTtoB. IIpu yHH(HKAIMKM BO3HHKAET OJHA TPYIHOCTH: €CIH
OJIMH W3 TEPMOB €CTh IMEPEMCHHAS X, a JIPYTrOM TEPM COACPKHUT X, HO HE CBOIUTCS
K X, yHU(UKaus HeBo3MokHa. [IpoOiema pemiacTcss myTeM IepeHMEHOBAHUS
MIEPEMEHHBIX TaKUM 00pa3oM, 4TOObI YHUDHUIIUPYEMbIC TU3BIOHKTHI HE COJICPIKAIIH
OJIMHAKOBBIX TICPEMEHHBIX.

Onpeoenenue 12: Ecau 0éa uiu b6onee aumepana (¢ 0OUHUKOBbIM 3HAKOM)
ousvionkma C umerom Haubonee oowuil yuuguxamop o, mo Co - Hazvléaemcs
cknetrot C.

Ilpumep 12. Paccmompum Ou3vroHKMblL:

Ilycmo C= P(x) v P(f(y)) v —=Q(X).

Toeoa 1 u 2 numepanst umeiom naubonee oowui ynuguxamop o = {f(y)/x}.
Cneoosamenvno, Co=P(f(y))v —=Q(f(y)) ecmv cknetixa C.

Onpeodenenue 13: Ilycms Cy u C, — 06a OuzvioHKma, KOmopwvle He UMEerom
HUkaxkux obwux nepemennvix. Ilycmv Ly u L, - 0ea aumepara ¢ Cy u C,
coomeemcmaenno. Eciu Ly u —L, umerom naubonee oowuii ynuguxamop o, mo
ouzwvionkm (Cio - Lio) U (Cyo - Lyo) naswieaemes pezonvsenmoii Cy u C,.

Ipumep 13. I[Tycmo C1=P(X)v O(x) u C,= —P(a) v R(x). Tax xak x éxooum 6
Cy u C,, mo mot 3amenum nepemennyio 6 C, u nycmo C,= —P (@) v R(y). Boioupaem
Li= P(x) u L,=—P(a). Ly u L, umerom nauboree obowuii ynugpuxamop o={alx}.
Cnedosamenvro, Q(a) v R(y) — pezonvsenma Cy u C,.
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Ilpumep 14. Jloxazams, umo ¢hopmyna R(a, Z) evisoouma u3 mHoxNCecmsa
ouzwvionkmos S={—P(X, f(x)) v R(X, f(x), g(x)), Q(x, 9(x)) v R(x, f(x), g(x)), —Q(X,
9(x)) A P(x, 1(x))}.

Iyems C1=—P(x, f(x)) v R(x, f(x), Co= Q(x, g(x)) v R(x, f(x), C3=—Q(X, g(x))
v P(X, 1(X)). Jobasum k mnoscecmey S eounuunwiii ousvrionkm C4=—R(a, z).

Tax kax 6 ousvronkmax Cy, C,, C3 ecmb oounaxosas nepemenuas X, mo
samenum eé 8 Co na 'y, a 6 C3 na U. Takum obpazom, peuieHue uUCXooHou 3a0a4du
CBO0UMCSL K O0KA3AMENbCMEY NPOMUBOPEHUBOCTNU  CLEOVIOUIe20 MHONCECMBa
OU3BIOHKINOB:

Ci=—P(x, f(x)) vR(x, f(x);

Co= Q(y, 9(y)) vR(y, f(y);

Ca=—Q(u, g(u)) v P(u, f(u));

Cs=-R(a, 2).

Haiioém pezonveenmy Cs ouzvionkmos Cy1u C3u 0obasum eé Kk MHOdMCECmay
OU3BIOHKINOE, O/ Ye20 Npousee0ém YHUukayuro nepemerHHvlx X u U, maxum
obpazom, umo U samenum Ha X, u noaryyum Cs= R(X, f(xX)) v =Q(X, g(x)).

Haiioém pezonveenmy Cg ouzvionkmos Cy u Csu 00basum eé Kk MHodICECm8y
OU3BIOHKMOE, O 4e20 Npou3Be0eéMm YHUDUKAYUIO NepeMeHHbIX Y u X, makum
obpazom, umo Y zamenum na X, u noayyum Cg= R(X, f(x)) v R(X, f(X))= R(X, f(x)).

Haiioém pezonveenmy C; ouzvionkmos Cy u Cgu 006a6um eé Kk MHOdMCeCcmasy
OUZBIOHKMO8, OJIs1 Ye20 NPOU3Be0éM 3aMeHy NnepeMeHHOU X Ha KOHCmawmy a, d
nepemennyio 7 3amenum na ynxyuio f(a), maxum obpazom nonyuum C;= [, mo
ecmb nycmou OU3bIOHKM.

Aneopumm memooa pe3onroyui.

llaz 1. Ecnu 6 S ecmb nycmou OU3bIOHKM, MO MHONCECMBO HEBbINOJHUMO,
uHade nepeumu K waey 2.

Llaz 2. Hatimu 8 ucxoOHom mHodcecmee S maxue OU3bIOHKMbL UL CKIeUKU
ousvionkmos Cy u C,, komopwie codepacam yhuguyupyemole aumepanvt Ly € Cy u
L, € C,. Eciu makux Ou3vlOHKmMO8 Hem, Mo UCXOOHOEe MHONCECMBO GbINOJHUMO,
uUHave nepeumu K wazy 3.

Ilae 3. Bviuuciums pezonveenmy Cy u C, u 0obasums ee 8 MHOMCECMBO S.
Ilepeumu x waey 1.
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2 BBenenue B si3bIK JIOTH4Yeckoro nporpamvuposanus [IPOJIOT .
2.1 O0mue MoJI0KEeHUs!

SA3bik [Tposior o0beIMHSIET ABA OAXO0A: JJOTHUSCKUH U TTPOLICTYPHBIH.

I[Io wmuenmio JIkx. PoOuHCOHa, B OCHOBE HIEH JIOTHYECKOIO
MPOrPaMMHUPOBAHUS  JICKUT TPUHIMI  ONUCAHUSA 3aJayd IIpU  TTOMOILHU
COBOKYITHOCTH YTBEP)KICHUNM HA HEKOTOPOM (hOPMAILHOM JIOTHYECKOM SI3BIKE H
MOJIYYCHHUE PEIICHUsS] TIPU MOMOIIM BHIBOAA B HEKOTOPOW (hopManbHOU cHUcTEME.
OcHoBoli s3bika [Iponor sBisieTcst J0TUKa TPEANKATOB MEPBOTO MOPSIIKA.

[Iporpamma Ha I[lpoisiore BkJIOYaeT B ceOsl MOCTAHOBKY 3aJayd B BUJC
MHOkecTBa (pa3 Xopua (pasgen clauses) m omumcanwme memu (pasmen goal), -
(GbOpMYIIUPOBKY TEOPEMBI, KOTOPYIO HYXHO J0Ka3aTh, HUCXOAs M3 MHOXKECTBA
MpaBWI U (PaKTOB, COACPIKAIIMXCS B ATOM MIOCTAHOBKE.

[Ipoiecc mowmcka AoKa3aTelbCTBA OCHOBAaH HAa METOAE JIMHEHMHOU
pe30JIIOIUU  (TU3BIOHKTHI TIOJAOUPAIOTCS B TOPSAKE HMX CIICIOBAHHS B TEKCTE
MIPOTPaAMMBI).

[IpounmtocTpupyeM MNPUHIUI  JIOTUYECKOTO IPOrpaMMUpPOBaHUS  Ha
MPOCTOM TPUMEpPE: 3allUIleM HW3BECTHBIM METOJI BBIYMCIICHUS HaHWOOJBIIETO
oOIIero JaenuTeNs JBYX HaTypallbHBIX YHCENn — airoput™ EBkiauga B BHIE
XOpHOBCKUX NHU3BIOHKTOB. [lpu »ToM mpumeM HOBYIO (opMy 3amucu ¢pasbl
XopHa, Hanpumep Sv—Pv—Qv—R Oynem 3amuceiBaTh Kak S«— PA QA R. Torma
anroput™ EBKInIa MOXKHO 3amucarh B BUjie Tpex ¢paz XopHa:

1. NOD (X, X, X)«—.

2. NOD (x, Yy, z)< B (x,¥) ANOD (f (x,¥),V, 2).

3. NOD (X, y, 2)<-B (y, X) A NOD (x, f (y, x), 2).

[Ipenukar NOD — omnpenenser HauOOJbIIUN OOIIMK JENUTENb Z JUIS

HATypaJdbHBIX YMCENl X U Y, mpeaukat B — ompenenser OTHOIICHHE «OOJBIIE),
¢byukuus f — onpenenser onepanuto Beruntanus. Eciiv Mbl 3aMeHuM npeaukar B u
¢dyHkmuto f 0OOBIYHBIMU CHMBOJIAMH, TO (hpa3bl IPUMYT BUJL:

1. NOD (x, X, X): -.
2. NOD (x, Y, 2): - x>y, u=(x-y), NOD (u, y, 2).
3. NOD (x, Y, z): -y>X, u=(y- x), NOD (x, u, z).

Jlnst BbIYMCHEHUS HAWOONBIIET0 OOIIEero JeNuTeNs ABYX HaTypajlbHBIX
yucen, Harpumep 4 u 6, 100aBUM K ONMKMCAHUIO aITOPUTMAa YETBEPTHIN TU3bIOHKT:

4. /.- NOD (4, 6, 2).

[Tocneauuii U3BIOHKT — 3TO 1LEJb, KOTOPYIO MbI Oy/I€M MBITAThCS BBIBECTH
13 MEPBBIX TPEX IU3BIOHKTOB.

2.2 OcHoBBI si3bIKa porpammupoBanus [lposor

[Iporpamma Ha s3bike IIponmor He SBIAETCA MOCIEIOBATEIBHOCTHIO
JIEUCTBUN — OHA TIPEACTABISIET cOO0M HAOOP (PakTOB M TpaBumi, 00ECIIEUNBAIOIINX
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MOJIYYCHUE JIOTUYECKMX 3aKIIO4YeHn W3 JaHHbIX (akToB. [lostomy Ilpomor

CUMTAETCA JEKJIAPATUBHBIM SI3bIKOM ITPOrPAMMHUPOBAHUSI.

[Iposnor Oazupyercss Ha ¢ppazax (npeonosxcenusx) Xopua, SIBIASIOMIMXCS
IIOJIMHOXECTBOM (DOpPMaIbHON CHCTEMBI, Ha3bIBACMOM J102uKoll npeduxamos [2].

[Iponor wucCHonB3yeT  YHOPOIICHHYKD BEPCHI0 CHHTAaKCHCA  JIOTUKH
MPEAUKATOB, OH MPOCT JJIs IOHUMAaHUS U OY€Hb OJIM30K K €CTECTBEHHOMY S3BIKY.

OpnnHoit U3 BaxkHeWIMX ocobenHocrel [Iposora sBiseTcss TO, YTO OH HIIET
HE TOJBKO OTBET Ha TIOCTAaBJICHHBIA BOMNPOC, HO U BCE BO3MOXKHBIC
anbTEpHATUBHBIE pelleHus. BwmecTto 0O0bIYHON paboOTHl MpOrpaMmbl  Ha
MPOLIETYPHOM SI3BIKE OT HAadaJla U JI0 KOHIA, [Iposor Moxer Bo3BpamaTeCs Ha3aa
U IIPOCMATPUBATH BCE OCTAIbHBIE YT MPU PEIICHUH BCEX YacTEH 3a/1auu.

[Tporpammuct Ha Ilposnore omuchiBaeT OOBEKTHI M OTHOIICHUS, a TaKkKe
MpaBUJIa, IPU KOTOPBIX 3TU OTHOIICHUS SBJISIIOTCSI ICTUHHBIMU.

OO0bexThl  paccyxnaenuss B [lposore  HaspIBaloTcs — mepmamu  —

CUHTaKCUYECKUMH 00BEKTaMU OJHOU U3 CIEAYIOIIMX KaTeTOPHIA:

® KOHCTaHTHI,

® [IEpPEMEHHEIE,

e (yHKIMM (COCTaBHBIE TEPMbI HJIM CTPYKTYPbI), COCTOAILIME U3 UMEHH (QYHKIIHH
U COUCKa apryMEHTOB-TEPMOB, MMEHA (PYHKIMM HAYMHAIOTCA CO CTPOUYHOMU
OYKBBI.

Koncmanma B llponore ciayxuT ajis 0003HAYeHHS] UMEH COOCTBEHHBIX H

HAYMHACTCS CO CIMPOYHOU OYKEHL.

Ilepemennas B Ilponiore ciyXuT i1 0003HAYCHHUS] 00BEKTa PaCCYX IACHUS, Ha

KOTOPBIN HENb3s COCTATHCS 1O UMEHU.

Ilepemennvie ¢ Ilponoze unuyuanusupyomcsa npu COnOCMAGIAEHUU C
KOHCmanmamu 6 (hakmax u npasuiax.

Jo wuHMIManu3aluu TepeMeHHas CBOOOJHA, TOCJI€ TMPUCBOCHUS ei
3HAYEHHS] OHA CTAHOBUTCS CBsA3aHHOW. [lepeMeHHas ocTtaeTcs CBSI3aHHOW TOJBKO
TO BpeMs, KOTOPOE HEOOXOAMMO MJIS MOJYUYEHHS PEIICHHUS MO 3ampocy, 3aTeM
[Iposior ocBOOOKIAET €€ U UILET APYroe pelieHue.

[Tepemennsie B [Iposiore mpeaHa3HaueHbI JIJIs1 YCTAHOBJICHUSI COOTBETCTBUS
MEXJy TepMaMHu TMPEIUKATOB, JCHCTBYIOIIMX B TpeAenax oOJHOW (dpasbl
(mpenyioXkeHus), a HE MECTOM MaMsATH ISl XpaHeHHWs JaHHbIX. [lepeMenHas
HAYMHAETCS C MPONMUCHON OYKBBI UM 3HAKOB MOYCPKUBAHUA.

B [IlIposore mnporpamMmmuct cBOOOJIGH B BBHIOOpE UMEH KOHCTaHT,
NMEepeMEHHBIX,  (QYHKIMA W  [OpeaukartoB.  VCKItoueHHWs  COCTaBIISIIOT
pE3EpBUPOBAHHBIE MMEHA M YHUCIOBBIE KOHCTaHTHI. IlepeMeHHbIE OT KOHCTaHT
OTIMYAIOTCS TEePBOI OYKBOW MMEHM: Y KOHCTAHT OHA CTPOYHAsI, Y IEPEMEHHBIX —
3arjlaBHasi OyKBa WJIM CUMBOJI MO TYEPKUBAHUSI.

OO6nacTh ACHUCTBUS UMEHU TPEACTABIACT CO00M YacTh MPOrpaMMBbl, TJI€ TO
UMsI UMEET OJIMH U TOT YK€ CMBICII:

® JUIsl TIEPEMEHHOW O00JIacThIO JACUCTBUS sABIAETCS NpenoxkeHue ((hakr,

MPABUJIO WM 1IENTb), COJIEpKAIIEe JaHHYIO IEPEMEHHYIO;
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® ISl OCTAJIbHBIX MMEH (KOHCTaHT, (PYHKIIMH WM TPEIUKATOB) — BCS
nporpamma.

CrienuanbHBIM 3HAKOM «_» 0003HayaeTcs aHOHMMHas MEePEMEHHasl, KoTopas
UCIIOJIB3YETCS TOT/a, KOT/la KOHKPETHOE 3HAYCHHE MEPEMEHHOW HE CYIIECTBEHHO
JUISL JTaHHOTO TIPEJJIOKEHUsS. AHOHUMHBIE TEPEMEHHbIE HE OTJIMYAIOTCS OT
OOBIYHBIX TIPU TIOMCKE COOTBETCTBUH, HO HE TNPUHUMAIOT 3HAYCHUN W HE
NOSIBJISIFOTCS. B OTBETaX. Paziuunvie 6X0x4cO0eHus 3HaKa noo04epKusanusi 03Ha4arom
Dpasnuunble AHOHUMHbLE NepeMeHHbLe.

OtHomieHnss Mexay oOwektamu B [Ipomore HaspiBaroTcs (akrtamu. Daxt
COOTBETCTBYET (paze XOpHa, COCTOSIICH U3 OAHOTO MOJOKUTEIBHOTO JIUTEpaa.

@akT — 3TO NpOCTENIIAst pa3HOBUIHOCTH NpeioxeHus [Iponora.

JIr060i1 QakT uMeeT COOTBETCTBYIOIIEE 3HAUEHHE UCTUHHOCTU U OIpEAeIIsIeT
OTHOIIEHUE MEX]Ty TePMaMH.

®dakT SBISETCA MPOCTBHIM TNPEIUKATOM, KOTOPBINH 3allMChIBAE€TCS B BHUJIE
(GYHKIMOHATBLHOTO TEpMa, COCTOSIIEr0 W3 HMMEHU OTHOIICHHUS U OOBEKTOB,
3aKJIIOYEHHBIX B KPYTJIble CKOOKH, HAIIPUMED:

MaTh( Mapus, aHHA).

oterl( MBaH, aHHA).

Touka, crosias Mocie npeaukara, yka3plBaeT Ha TO, YTO paccMaTpUBaeMoe
BBIPAKEHHE SIBIISIETCS (PAKTOM.

Bropem tunom npennoxenuu [Iponora ssnserca Bonpoc Win yens. Llens —
3TO CPEeACTBO (HOPMYJIMPOBKU 3aJlayd, KOTOPYIO JOJDKHA pellaTh MporpaMma.
[Ipoctoii Bompoc (Leb) CHHTAKCUYECKH SBISETCS Pa3sHOBUAHOCTHIO (pakxTa,
HarpuMmep:

[enn: maTh (Mapusi, 10IIU).

B nmaHHOM ciydae mporpaMme 3aJlaH BOIIPOC, SBJISIETCA JU MapHusi MaTEpbIO
tonuu. Ecnu HeoOXoauMo 3a7aTh BONPOC, KTO SIBISETCS MAaTEpPhIO IOJUU, TO 1€
OyJeT UMETh CIEeNYIONUN BU/T:

[ens: mate( X, romus).

CrnoxxHble TeNMU TPEACTABISIOT COO0OM KOHBIOHKIUIO TPOCTHIX Ieled |
HMMEIOT CICAYIOUINNA BU/I:

Lenv: Oy, Qa,...,0n 20e 3anamas obo3nauaem onepayuio KoHwvoHKYuu, a Qi,
Q,, ...,On — nooyenu enasmoil yenu.

Konsbronkius B [Iponore HCTUHHA TOJIBKO MPU UCTUHHOCTU BCEX KOMIIOHEHT,
OJIHAKO, B OTJIMYME OT JOrMKd, B Ilposiore y4yuTBHIBaeTCS nOpsAO0OK OYEeHKU
ucmuHHoCcmu KomnoHenm (CieBa HaIpaBo).

Ilpumep 15.

Ilycmv 3a0ana cemetinaa BJ[ npu nomowu nepeuucienusi pooumenbCKux
OMHOWEeHUIL 8 8UOe CNUCKA (DaKMO8:

mamuv( Mapus, aHHa).

mamv(mMapusi, aus).

mamw( auHa, nemp).

omeuy( U8aH, AHHa).

omey( usau, 10.1us).
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Tocoa eonpoc, sensemcs au u8an 0e0OM Nempa, MONCHO 3a0amb 8 Guoe
creoyrowetl yeu:

Llenv: omey( usan, X), mamo(X, nemp).

Ha camom nene BJI Ilposiora BkitouaeT He TOJIBKO (aKThl, HO W IpaBHIIA.
®daxThl ¥ MpaBuiia MPEACTABISIIOT COO0N HE MHOKECTBO, a CIIUCOK. J[J1s1 mosrydeHus
orBeTa b/] mpocmaTpuBaeTcs 1Mo MOPSAKY, TO €CTh B MOPAJIKE Clea0BaHUs (HaKTOB
U TIPEIUKATOB B TEKCTE MPOTPAMMBI.

Llens mocturnyta, ecnu B bJl ynanoch HailTH QakT WM MpaBUIIO, KOTOPHIA
(KOTOpOE) YIOBIETBOPSET MPEIUKATY IIEIH, TO €CTh MPEBPAIIAET €r0 B UCTUHHOE
BBICKa3bIBaHUE. B Hamem mnpumMepe NEPBYIO MOLETh YIOBICTBOPSIOT (haKThI
omey( ueaw, anuna). u omey( usaw, oaus). Bropyro moamnens ynoBaeTBopseT pakt
mamu( anna, nemp). CreoBaTenbHO, TJIaBHAS 1Eb YIOBIECTBOPEHA, IepeMeHHas
X CBSI3bIBAETCS C KOHCTAHTOU GHHA.

TperbuM THUNOM TNpEJIOKEHUs sIBIsieTcss npasuno. IlpaBuno mo3BoJsIET
BbIBeCTU OJuH (akT u3 apyrux ¢daktoB. MHBIMU cloBamu, MpaBUJIO — 3TO
3aKJIIOYEHUE, JJI1 KOTOPOTO H3BECTHO, YTO OHO WCTHHHO, €CIU OJHO WU
HECKOJIbKO APYTUX HAWJECHHBIX 3aKII0YCHUHN WK (DAKTOB SBISIOTCS UCTUHHBIMU.

Ilpasuna — smo npeonodicenus 6uoa

H: - Pl, Pz,..., P,.

CHUMBOJII «: -» YUTAETCS KaK «eciam», npeaukat H Ha3pIBaeTcs 3aKiItOYeHUEM,
a TOCJEeAOBaTeIbHOCTh mpeaukaToB Pj;, P,,..., P, Ha3bpBacTCsS TMOCHUIKAMHU.
[IpuBeneHHOE MPABUIIO SIBISIETCS aHAJIOTOM XOPHOBCKOrO JM3bIOHKTa HVv —Piv—
Py, ..., v—P,. 3akiiodueHne MCTUHHO, €ClM MCTHUHHBI BCE MOCBHUIKH. B mockuikax
MIEPEMEHHBIC CBS3aHBI KBAHTOPOM CYIIICCTBOBAHUS, 4 B 3aKIFOYCHUH - KBAHTOPOM
BCEOOIIIHOCTH.

Ilpumep 16.

Jlobasum 6 B/ npumepa 15 npasuna, 3adarowue omHouleHue «0eoy:

mamu( Mapus, aHHa).

mMamov(mapusi, 1aus).

mamo( anua, nemp).

omey( U8aH, AHHa).

omeuy( u8am, 101U).

0eo (X, Y): - omey(X, Z), mamv(Z, Y).

0eo (X, Y): - omey(X, Z), omey(Z, Y).

Tozoa eompoc, sensemcs au uBaH 0e0OM Nempda, MOINCHO 3a0amb 6 Uoe
creoyrower yeuu.

Lenv: 0eo( usan, nemp).

[IpaBuna - cambie oOmue mpemioxenus IIposora, gakt ABISETCS YaCTHBIM
cilydaeM IpaBusia 06e3 mpaBoi 4acTH, a 1ejIb — IPaBujIo 0€3 JIEBOM YacTH.

Bce mpemmoxenus s OJHOTO TMpeauKaTa CBS3aHBI MEXAY CoOOH
OTHOIICHUEM «HITH».

Oudenn yacto npaBmia B [Iposore sBisitoTCs pekypcuBHBIMUA. Hampumep, s
Hauie ceMertHou b/l mpeaukar «penok» onpeaenseTcs peKypCuBHO:

npedox(x, y): - mamo(x, ).
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npeook(x, y): - omey(x, y).

npeook(x, y): - mams(X, z), NpeookK(z, ).

npeodok(x, y). - omey (X, z), npeook(z, ).

PekypcuBHOE ormpenencHue Mpeankara o0s3aTenbHO JODKHO COACpXKaTh
HEPEKYPCUBHYIO YacTh, HHAYE OHO OyJIET JOTMYECKH HEKOPPEKTHBIM U TIporpaMma
3anuKIUTCSA. UTOOBI M30exkaTh 3aIlMKIMBAHMS, CICAYyeT TakKe M03a00THUTHCS O
TIOPSZIKE BBIMOJTHEHUS MPEIIOKEHUH, ITOATOMY MPAKTUYSCKHU TOJIE3HO, a TIOPOU 1
HEOOXOJMMO  TPUICPKUBATBCA  NPUHLUIA:  «CHAYANA ~ HEpeKYPCUBHbIE
BLIPANHCEHUAY.

[Iporpamma Ha I[Iposiore - 3T0 KOHEUHOE MHOKECTBO MPEIIOKEHUM.

2.3 Ucnob30BaHue AU BIOHKIUUA U OTPUIIAHUSL.

UYucterii Ilponor paspemraer NpUMEHSATh B MpaBWIaX W IENAX TOJBKO
KOHBIOHKIIMIO, OJHAKO, s3BbIK, HCIIOJIb3YeMbI Ha MpaKTUKE, JOIyCKaeT
NPUMCHCHHE JW3BIOHKIMKA W OTPHUIAHHWS B Tellax MNpaBWwia MW memax. Jlis
JOCTIXKEHUS LEu, COJAEpXKalerh Iu3bIoHKIMI, I[Iponor—cucrema cHavana
MIBITACTCS YIOBJICTBOPUTH JIEBYIO YaCTh MU3BIOHKIIMH, a €CJIM 3TO HE yAAaeTCs, TO
NIEPEXOJIUT K IMOUCKY PEIICHMS JJI MPaBOW YacTH JU3BIOHKIIUH. AHaJIOTHYHBIC
JNCHCTBUS TPOW3BOIATCS TPH  BBINOJHCHWH Tejda TPaBHJ, COJEPIKaIINX
TU3BIOHKINIO. /{7151 0003HaUEHUS TU3BIOHKITUN UCITONIB3YETCSI CUMBOI « ; ».

B Ilponore oTpuiianue UMeeT UMS «not» W ISl IPEICTaBICHUAS OTPHUIIAHUS
Kakoro-1u0o npenukara P ucnonbdyercs 3anuck not(P). Llens not(P) oocmusicuma
moeoa u mojbkKo mozoa, Ko2oa He yoosiemeopsiemcs npeoukam (yeav) P. Ilpu
3TOM TIEPEeMCHHBIM 3HAYCHHUsS HE TpHUCBaWBarOTCI. B camom jeme, ecim
nocturaercss P, To He mocturaercs NOt(P), 3HauMT HAmO CTEpeTh BCE
NIPUCBaWBaHMs, MPUBOJAAIIME K JIaHHOMY pe3yiabtaTy. Haobopor, ecim P He
JIOCTUTACTCS, TO IEPEMECHHBIE HE TPUHUMAIOT HUKaKWUX 3HAUYCHUH.

2.4 Yuuduxanus B IlpoJiore.

OOmmii NpUHLUIN  BBIMOJIHEHUS mporpamMm Ha [lpomore  mpoct:
MIPOU3BOIMUTCS TTOMCK OTBETA Ha BOMPOCHI, 3a/1aBaembie b]l, cocrosieit u3 pakton
M [paBWll, TO €CThb IPOBEPSETCS COOTBETCTBHE IIPEAMKATOB  BOIPOCA
npeoxkeHusM u3 bJI. 3To yacTHBIN cirydail MeToAa pe30TIOLHA.

OtmeruMm, yto B IIponore He NPOBOAUTCS CHHTAKCHYECKOTO Pa3IUUMS
MEXIy TMpeaukaToM U (QyHKIUEH (COCTaBHBIM TEPMOM), a TaKXKe MEXIY
HEYMCIIOBOM KOHCTAaHTOM W (yHKuued Oe3 aprymeHToB. (CiemoBaresibHO, CYTh
JEUCTBUSL COCTOMT B TOM, YTO HIIETCS MOMapHOE COOTBETCTBUE MEXKIY TEPMaMH,
OJIUH U3 KOTOPBIX SBIIETCS LIEJbIO, 4 IPYrod NpUHALICKUT B/,

VYcraHOBIEHUE COOTBETCTBUS MEXKIY TEpMaMu SIBJISETCS OCHOBHOM
ornepauuend npy BeIYUCICHUH 1eau. OHa OCYIIECTBISECTCS CIEIYIOUUM 00pa3oM:
HAa KaXJOM IIare BbpIOMpaeTcs  OuYepeHOM TepM U OTBICKMBAETCS
cooTBeTCTBYIOIIEE BbIpakeHue B bJ/[. Ilpm 3TOM mnepeMeHHble MOIy4aroT WA
TEPSIOT 3HAYEHHUS. DTOT NPOLECC MOXKHO OIMCAaTh B TEPMHUHAX TEKCTYaJbHBIX
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MOJICTAHOBOK: «IOJACTaBUTh TepM t BMecTO mepeMeHHON Y». CB0OOOTHBIMU
nepemMeHHbIMU B [Iposore Ha3bIBalOTCS MEPEMEHHbBIE, KOTOPbIM HE ObLIU
MIPUCBOCHBI 3HAYEHUSA, & BCE OCTAJbHBIE NEPEMEHHBIE HA3BIBAIOTCS CBA3aHHBIMU
nepeMeHHbIMU. llepeMeHHass CTaHOBUTCA CBSI3aHHOM TOJIBKO BO  BpeEMs
yHU(UKAIIMU, MEepEMEHHAs BHOBb CTAaHOBHUTCS CBOOOJHOM, Korja yHUDUKaus
OKa3bIBAa€TCA HEYCHEHIHOM WM LEJIb OKa3bIBAETCS YCIIEIIHO BBIYMCIEHHON. B
[Iponore mnpucBaMBaHWE 3HAYECHHN NIEPEMEHHBIM BBINOJIHIETCS BHYTPEHHUMU
noJnporpaMMaMu  yHU(pUKauu. llepeMeHHbIE CTAHOBSTCS CBOOOJHBIMH, Kak
TOJIKO JIJIsl BHYTPEHHUX MOJNpPOrpaMM YHU(PHUKALUU OTHalaeT HE0OXOIUMOCTh
CBA3BIBaTh HEKOTOPOE 3HAUEHHUE C MEPEMEHHOM /I BBIIIOJIHEHHS 10KA3aTEIbCTBA
MO LENH.
IIpasuna ynugurxayuu.

1. Ecnmu X W y-KOHCTAaHTBI, TO OHU YHU(PUIUPYEMBI, TOJBKO €CIIHU OHHU
PAaBHBL.

2. Ecim x- xoHcTaHTa winM QYyHKIHS, a Y-TMEepeMeHHas, TO OHHU
YHU(PULIHAPYEMBIL, TPH 3TOM Y NPUHUMAET 3HAYEHHE X .

3. Eciu x u y -QyHKIMH, TO OHU YHUDUIIUPYEMBI TOT/Ia U TOJBKO TOT/A,
KOI/Ia Y HUX OJIMHAKOBBbIE MMEHAa (DyHKUMH ((PyHKTOpBI) U HAOOpP apryMeHTOB U
Ka)KJas rapa apryMeHTOB (PyHKIUN YHUPUIUPYEMBI.

Ecth o0coOblii mpemukar «=», KOTOpBIM wucmnosib3dyercs B Ilpormore s
OTOXKJECTBJICHUA IBYX TEepMOB. M cIonb30BaHuE OlepaTopa «=» MOMOXKET JIy4lle
IIOHATH IpolLecc O3HayuBaHusA IepeMeHHoi. B IlIposnore oneparop «=»
MHTEPHPETUPYETCS KAaK OlepaTop IPUCBAMBAHMS WIIM KAK ONEPaTop MPOBEPKU Ha
pPaBEHCTBO B 3aBUCUMOCTHU OT TOTO, SIBJIAIOTCS JIM 3HAUEHUS] TEPMOB CBOOOHBIMU
WIM CBSI3AHHBIMH.

Ilpumep 17: X=Y, eciu X u Y — cea3anmnvie nepementwvle, mo npouzeoo0umcsi
npoeepka Ha paseHcmeo, Hanpumep: eciu X=5 u Y=5, mo pezyromam J[{A
(ucmuna); eciu X=6 a Y=5, mo pezyromam HET(noxcw). Ecau oona u3
nepemennvix X unu Y — c60000Has, mo eu Oyoem Npuc8oeHo 3HaueHue Opyeou
nepemennou, ons Ilponoza HecywecmeeHHO cresa Ui cCnpasa oOm 3HAKA «=»
CMOoUm C8:A3aHHAsL NePeMEeHHAS.

Omneparop «=» BeAeT cels TOYHO TakK, KaK BHYTPEHHHUE MOJNPOTPaMMBbI
yHU(UKAIIUY TPU COTIOCTABIICHUU TIEJIeH WK ToAteniel ¢ ¢pakTaMu U MpaBUIaMu
IIPOTPAMMBL.

2.5 Beruuciaenue nejan. MexaHu3sM Bo3Bpara.

Kanonudeckas gopma nenu (Bompoca) sBJISIETCS KOHBIOHKIIMEH aTOMapHbBIX
MPEIUKATOB, TO €CTh MOCJIEIOBATEILHOCTHIO TOAIEICH, pa3AeeHHbIX 3alsThIMU
[1]:

Q=Q1, Qz...., On.

[Iposor mbITaeTCS BBIYUCIUTH I1€db MPU TOMOIIM YHU(DHUKAIIMK TEPMOB
MIPEIUKATOB TOJIIIEIIEH C COOTBETCTBYIOIIMMH JIEMEHTaMH B (DaKTaxX M 3arojIoBKax
npaBui. [lorck oTBeTa Ha BOMPOC HATOMUHAET MOWCK IyTH B JIAOUPHUHTE: CIEAYyET
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MOBOPAYMBATh HAJICBO B KAXKIOW pa3BWIKE JaOWpUHTA JO TeX MOp, TMOKa HE
nonajaeTre B Tynuk. B 3ToMm ciiydae cienyeT BepHYThCS K MOCIETHEN pa3BUIIKE U
MOBEPHYTh HAMPABO, MOCJIE YEro OINATh CIIeyeT MOBEPHYTh HAJIEBO U TaK JaJiee.
YHudukanys BbITIOIHIETCS ClieBa HAMPABO, KaK U MOUCK ITyTH B JTJAOUPUHTE.

Hekoropble mnonauenu npu yHUPUKAUKU C HEKOTOPHIMU (aKTaMH WU
npaBujaMd MOTYT OKa3aThCsl HeEychnemHbiMU, mnodtomy Ilposory TtpeOyercs
Croco0 3allOMMHAHMS TOYEK OTKara, B KOTOPbIX OH MOXKET MPOAOHKUTh
aTbTEPHATUBHBIC TIOMCKU pemieHus. [Ipexxae ueM peanu3oBath OJWH U3
BO3MOXKHBIX ITyT€H BBIYUCICHHS Tonmend, [Iposor ¢akTthyeckn momMeniaetT B
porpamMMmy yKazaTeilb, KOTOPBIH OIpenessieT TOYKY, B KOTOPYIO MOXET OBITh
BBITIOJTHCH BO3BPAT, €CJIM TEKYIas IMOIBITKA MTOUCKA 1IN OyAeT HeYJaqHOM.

Ecnmn HekoTtopas mnoauens OKa3bIBaeTcs HeycnemHou, To IIporor
BO3BpaIlaeTcs BJIEBO K Onwmxaifmedl Touke Bo3Bpara. C 3Toil Touku [Ipomor
HAYMHAET MOMBITKY HAWTH Jpyroe perieHue i HeycnenrHou nenu. Jlo tex mop,
MoKa cieayromas 1eilb Ha JaHHOM YpoBHE He Oyaer ycmnemiHoi, [Ipomor Oyner
MOBTOPATHh BO3BpAT K OJM>Kaiileld TOYke BO3BpaTa. DTH MOMBITKU BBITIOJIHSIIOTCS
BHYTPEHHUMHU MOJMIPOrpaMMaMu YHU(DUKAITUIN 1 MEXaHU3MOM BO3BpaTa.

3ameuanue: €EOUHCHEEHHBIM CHOCOOOM 0C60000UMb NEPEMEHHYIO,
C6A3AHHYI0 8 NPEONOHCEHUU ABIACHICA OMKAM NPU NOUCKE C 6038PDANIOM.

ANTOPUTM BBIYMCICHUS II€JIM — YACTHBIM Clly4aill MpaBuiia Pe30JIOIUU
NPUMEHUTENBHO K AM3bIOHKTaM XopHa. Bompoc Q sBusercs mpaBuioMm 0e3
3aroyioBka, aHajoroMm BeIpaxkeHus —Q. Ilycte D — 0a3a mgaHHBIX (MHOXXECTBO
nu3bloHKTOB). Ha Bompoc Q, cieayer HaTH Takylo MOACTAHOBKY O, JIJISi KOTOPOM
MHOXkecTBO o[ D(A(—Q)] nHeBbmonamMo. Crparerus BbIOOpa OYEPEIHOW TMaphI
JU3BIOHKTOB NJIi PE3OJIONMU 3/IeCh OYEHb MPOCTA: TMOIEIH U TMPEIOKEHUS
MIPOCMATPUBAIOTCS B TEKCTYAJIbHOM MOPSIKE.

Ilpumep 18: nycmo ecmov BJ[ cembs:
mams( mMapusi, aHHa).
mams(mMapusi, aus).
mamo( anua, nemp).
omeuy( U8aH, AHHa).
omey( usau, 10.1us).
0eo (X, Y): - omey(X, Z), mamo(Z, Y).
0eo (X, Y): - omey(X, Z), omey(Z, Y).
oabka (X, Y): - mame(X, Z), mamo(Z, Y).
oaoka (X, Y).: - mams(X, Z), omey(Z, Y).

3aoadum cnodcHyro yeib:

01, Q2 = omey(X, Y), mamv(mapus, Y).

Ilooyenv Q1= omey(X,Y) coomeemcmeyem wemseepmomy npeonodxcenuro bJ[
‘omey (usam,anna). Omo daem NOOCMAHOBKY
o1={X=uean, Y=anna)}. 3amem navioennas noocmanoexa npumensiemcs k o1[Q2]=
mamov(mapus, avna). Omoti nooyenu coomeemcmeyem 1 npeonosxcenue B/, umo
daem nycmyro nooyeib no Npasuny pe3onioyuu, cle008ameibHO 0meem HAtOeH:
X= usan, Y= anua.

oCoNOOR~ODE
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Jna nonyuenus noeoco omeema 6 BJ] uwemcsa Hosas ymuguxayus o o
1[Q2/. Tax xax 6 B/ nem coomeemcmeyroweco npeoiodceHus, mo GblYUCIeHUs]
NpeKpawaomcs, cucmema 6Ho8b paccmampusaem nociedogamenvrocms Q1, Qo u
ons QO uwemces Hosas yuuguxayus 6 B[, nauunas ¢ namoeo npeonodicenus. Imo
u ecms o3spam. llamoe npeodnodiceHue cpaszy e oaem dHcenaemyo YHUGUKayuro
¢ noocmanoskou ocy={X=uean,Y=ronus}. Buoev mnaidennas noocmanosxa
npumensiemcss Kk o1[Qy/= mamv(mapus, wonus). dmoi nooyeru coomseemcmeyem
emopoe npeonoxcenue BJ[. /lanee yxazannas npoyedypa nogmopsemcs u 6 umoze
umeeMm:

Lenv: omey(X, Y), mamo(mapus, Y).

2 pewenus: X=uean, Y=anuna

X=uean, Y=ronus.

Omo onucanue odvsacuaem, kax pabomaem ymuruma TestGoal ¢ Visual
Prolog.

[Ipu peanuzanuu MexaHru3Ma BO3BpaTa BBITOJHSIIOTCS CIEIYIONIUE TIPaBUIIA:

1. Tloauenu BEIYUCIAIOTCS ClIeBa-HAMPaBO.

2. llpenynoxenuss TpU  BBIUKUCICHWW  TOMAIECIM  MPOBEPSIOTCS B
TEKCTyaJIbHOM MOPSIIKE, TO €CTh CBEPXY-BHHU3.

3. Ecam moamens comocTaBuMa C 3aroJIOBKOM MPaBHIIA, TO TOJDKHO OBITh
BBIYUCJIEHO TEJIO 3TOr0 MpaBWiia, MPU 3TOM TEJO MpaBuia odpasyer
HOBOE MOJAMHOKECTBO MOALIECH /JIsI BRBIYUCIICHHUS.

4. Ileap  cuuTaercss YCHEIIHO  BBIYMCICHHOW, KOTJa  HaiiaeH
COOTBETCTBYIOIIMH (haKT AJIsI KaXK0M TOIICIIH.

Ecnu 6 Visual Prolog cozoamv npozpammy 011 aemoHOMHO20
ucnoiHenus (mo ecmov cozoamsv c6oiul project-paiin 0na pazpadamovieaemou
npozpammel), Mo HOUCK WeIU 6 Hell Oyoem 6eCmuUch max ce, Kaxk 0/
enympenneit yeau ¢ PDC Prolog, mo ecmb 00 nepeozo ycneuinozo peuienus.

2.6 YnpaBiieHre NOUCKOM pelleHus.

Bcerpoennsiii B [Iposor MexaHu3Mm moucka ¢ BO3BPaTOM MOJKET MPUBECTH K
MOMCKY HEHYXXHBIX PEIICHHI, B pe3yibTaTe 4ero cHumxkaercs 3((OEKTHBHOCTH
IIPOrpaMMBbI B CITydae, €CITd HaJI0 HAWTH TOJILKO OJTHO pelieHre. B apyrux cirydasx
OBIBaET HEOOXOAMMO TPOJIOJKUTE TIOUCK, JTaXKe €CITH PEIICHNEe HalIeHO.

[Tponor obOecrneunBaeT JBa BCTPOCHHBIX TMPEIUKATa, KOTOPHIC JArOT
BO3MOJKHOCTh YIPABIIATh MEXaHH3MOM IIOHMCKa ¢ Bo3BpaToMm: mpemukar fail —
UCTIONB3YETCS JJIsl MHUIMATN3AIH TIOUCKA C BO3BPATOM U MPEIUKAT omceyeHus |
— UCIIOJIB3YETCs JUIS 3alpeTa BO3Bpara.

Ilpeoukam fail ececoa umeem noscnoe 3nauenue!

Otceuenue Tak ke, kak u fail momerraercs B Teno npaswia. Qonako, 6
omauuue om fail npeouxam omceuenusn umeem ecezoa ucmunnoe 3nauenue.

[Ipu 5TOM BBIMOJIHSAETCS OOpAIICHUE K APYTUM MPEAUKATaM B TeJie TIPaBUiIa,
creayonmM 3a otrcedeHueM. ClieyeT HUMETh B BHJIY, YTO HEBO3MOXKHO
NPOM3BECTH BO3BPAT K TMpPEAMKATaM, PACIIOJIOKEHHBIM B TeJe TpaBuia Tepen
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OTCCUCHHMCM, a TaKiKC HCBO3MOXCH BO3BpaT K AOPYIruM IIpaBUJIaM JdaHHOTI'O

npcaruKara.

CYHIGCTBYCT TOJIBKO ABa CIydas IPUMCHCHUA IIPCANKATa OTCCUCHUA!

1.

Ecnun 3dapaHCC H3BCCTHO, 4YTO OIPCACICHHBLIC ITOCBIJIKM HHKOI'J[a HC
MNpUBEAYT K OCMBICICHHBIM PCIICHUAM — 3TO TadK HA3BIBACMOC
«BCJICHOC OTCCUCHHUCH.

Ecau orceuenus Tp€6y€T caMa JIOTHKa IIPpOorpaMMbl JJIA UCKIIFOYCHUA
AJIbTCPHATHBHBIX HOHHCHCﬁ — OTO TaK Ha3bIBACMOC «KpPaCHOC
OTCCUCHUC).

Ipumep 19: Ucnonvzosanue npeouxamos ! u fail. /[ns npumepa 16 moorcno
0obasums npasuia 0 neyamu 8cex nap «Mamov-pedéHoKy, komopwvie ecmo 8 b/{:
1.newamo 1(X)Y):-mamo(X)Y), write(X, ” ecmo mams ”,Y),nl.

goal

neuamo_1(X,Y).

B pezynemame 6yoem evioano 3 peuierusi:

X=mapus, Y= anna.

X=mapus, Y= ronus.

X=anuna, Y= nemp.

2.nevams_2:-mams(X,Y), write(X, ” ecmo mams ”,Y),nl fail.

goal

nevamp_2.

B pezynemame 6yoem evi0ano 3 peuieHusi:

X=mapus, Y= anna.

X=mapus, Y= onus.

X=anuna, Y= nemp.

3.neuamo_3(X,Y):-mams(X,Y), write(X, ” ecmov mams ", Y),nl,1.

goal

neuams_3(X,Y).
B pezynomame 6yoem svioano 1 pewenue:
X=mapus, Y= anna.

2.7 Ilpouenypuocts Ilposora.

[Tposor — nmeknapaTuBHBIN s3bIK. ONUCKHIBAs 3a/7ady B TepMUHAX (aKTOB U
paBuJl, IPOrpaMMHUCT TipenocTasisieT [Iposnory camoMmy uckaTh crioco0 peieHusl.
B mponeaypHbeIX s3bIKaX MNPOTPAMMHCT JIOJDKEH CaM MHCAaTh MPOIEAYpPHl |
GyHKIIUHA, KOTOpBIE MOAPOOHO «OOBSCHSIOT» KOMITBIOTEPY, KaKhe IIard HaJlo
CeNaTh JIsl PEIICHUS 3a/1a4u.

Tem He wmenee, paccMoTpuM IIposior ¢ TOYKH 3peHUS TPOIETYPHOTO
IPOTrPaMMHUPOBAHHS:

1.

2.

@akThl W TpaBWIa MOXHO paccMaTpUBaTh Kak ONPEACICHUS
IPOLEAYP.

Hcnonp30BaHne mnOpaBui JUisl YCIOBHOTO BETBJIEHUS IPOTPAMMBL.
[IpaBuiio, B OTIIMYKE OT MPOLEAYPHI, TO3BOJISIET 3a1aBaTh MHOXKECTBO
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aIbTEPHATUBHBIX ONPEACICHUNM OJHOM M TOW K€ IPOLEAYPSI.
[IoaTOMYy, mpaBWJIO MOYKHO CUMTATh AHAJIOIOM oOllepaTopa Case B
[Tackaie.
3. B mpaBuiie MokeT OBbITh BBIIOJHEHO CPAaBHEHME, KaK B YCIOBHBIX
OIIepaTopax.
OTtcedyeHre MOKHO CUATATh aHajaorom go to.
Bo3Bpar BBIYMCIEHHOIO 3HA4Y€HUS IPOU3BOAMUTCS AHAJIOTMYHO
npouenypam. B Ilpomore 5310 genaercss mnyTeM  CBA3BIBAHUA
CBOOOJHBIX IEPEMEHHBIX NPHU COIMOCTABJIECHUU LEIU C (PaKkTaMu H
IIPAaBUJIAMH.

o b

2.8 Ctpykrypa nporpamm IIpoJora.

[Iporpamma, HammcanHas Ha IIposore, COCTOMT W3 MIECTH OCHOBHBIX
pa3IeNioB: pasneN ONMuUcaHWs JIOMEHOB, pasjien 0a3bl NaHHBIX, pa3jiell OIMHCAHUS
NPEUKATOB, pa3lell OINUCAHHWS NPEUIOKEHUH W pas3len ONUCAHWS IENH.
Kimrouessie ciioBa domains, constants, facts (database), predicates, clauses u goal
OTMEYAIOT Hayalla COOTBETCTBYIONIMX pa3jeiioB. Ha3HaueHWe JTHX pa3/iesioB
TaKOBO:

e pazaen domains coaepKUT OOBABICHHUS JOMEHOB, KOTOPBIC ONMKMCHIBAIOT
pa3IUYHBIC THITBI JIAaHHBIX, WCIONB3yeMBIX B MpOrpamMMme, €Clu B
nporpaMme He TpeOyeTcsi OOBSBICHUS JOMEHOB, TO 3TOT Pa3/ell MOXKET
OBITH OITYIIICH;

e pazmen constants wucmomb3yercs IS OOBSBICHUS CHMBOJUYECCKHIX
KOHCTAHT, WCIOJb3yeMBIX B IIpOrpaMMe, €ClId B TporpaMme He
TpeOyeTcss OOBSABIEHUS CHUMBOJMYECKMX KOHCTAHT, TO JTOT pa3lel
MOXET OBITh OIMYIIIEH;

e pasnen facts (database) comepxur ommcanusi nmpenukaTtoB BHyTpeHHEH
0a3pl nmanHbIX [Iponora, ecnu mporpamma Takol 0as3bl JaHHBIX HE
TpeOyeT, TO ATOT pa3aesl MOKET ObITh OMYIIEH;

e pasmen predicates cayKuT IS ONUCAaHHWS  NPEAWKATOB, HE
NPHHAUICKAIMX BHYTpEHHEH Oa3e JaHHBIX, €CIIM B IMPOrpaMMme He
TpeOyeTcsi OOBSBICHUS MPEIUKATOB, TO OTOT pa3liesl MOXKET ObITh
OITyIIIEH,

e B paszen clauses 3anocsrcst hakThl ¥ MpaBUIIa CAMOM MPOTPaMMBI, €CJIU B
porpaMMe HCIOJIB3YIOTCS TOJBKO BCTPOCHHBIC IMPEAUKATHI, TO STOT
paszzien MOXKET ObITh OMYIIEH;

e B pasmene goal Ha sswike Ilposor dQopmynupyercss Ha3HaYCHHE
CO3/IaBaeMOi TPOTpaMMbl. /JaHHblil pazden npozpammol AAAEMCA
ooa3amenvHpim. COCTaBHBIMU YaCTSAMHU MPU 3TOM MOTYT SIBJIITHCSI HEKUE
TIOJILIEIH, U3 KOTOPBIX (POPMHUPYETCS CIMHAS 11E/Ib MPOrPaMMBI.

B Visual Prolog paspemaer o0bsBieHue paszneno domains, facts,

predicates, clauses kak ri100aJIbHBIX pa3felioB, TO €CTh C KIIOYEBHIM CIIOBOM

global.
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[Iponor umeer cienyromuye BCTPOCHHBIE TUIIBI JOMEHOB:

Tun naHHbIX KuaroueBoe | /[mana3on 3HAYeHUH IIpumepsi
CJIOBO HCIO0JIL30BaHNSA
CuMBOJIBI char Bce Bo3MoXKHEIE ‘a’,’b’, ‘#’, ‘B’,
CHMBOJIBI ‘%’
Ilenbie uncna integer Ot -32768 no 32767 -63, 84, 2349
byte Ot 0 mo 255
word Ot 0 10 65535
dword Ot 0 10
JleiictBuTensubie | real Ot +1E-307 no +1E308 | 360, - 8324,
aucia short 16 GUTOB CO 3HAKOM 1.25E23, 5.15E-9
ushort 16 ouToB O€3 3HaKa
long 32 6uTa co 3HaKOM
ulong 32 Owura Oe3 3HaKa
unsigned 16 nm 32 Outa Oe3
3HaKa
Crpoku string ITocnenoBaTeIbHOCTD «today», «123»,
cuMBOJIOB (He Oosee 250) | «school day»
CumBosnueckue | Symbol 1 .ITocnenosarensuocts | flower,
uMeHa OykB, up, CHMBOJIOB school_day
IOAYEPKUBAHUS; [IEPBBIN
CHMBOJI — CTPOYHAs
OyKkBa.
2. IlocnenoBaTtenbHOCTh | «string and
JTHOOBIX CUMBOJIOB, symbol»
3aKJIFOYCHHAS B KABBIYKH.
Ccputounsiii Tun | ref
daiinbl file Homycrumoe B DOS ums | mail.txt,
daiina LAB.PRO

Ecnu B mporpamme HE0OXOIUMO HCIOIB30BATh HOBBIC JOMEHBI JAHHBIX, TO
OHH JOJKHBI OBITH OIIKCAHBI B pa3aeae domains.

Ilpumep 20:

domains

number=integer
name, person=symbol.
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Pasmuume mexmy Symbol wm string - B MammHHOM TpEICTaBICHUU |
BBITOJIHCHUH, CHHTAKCUYCCKH OHH HE Pa3IMYUMBbI.

Visual Prolog BBINONHSET aBTOMAaTHYECKOE MPEOOPAa30BaHUE THIIOB MEXKITY
noMeHamu  String m symbol. Opnako, 1O NPHUHATOMY COTJIANICHHIO,
CHUMBOJIMYECKYIO CTPOKY B JIBOMHBIX KaBbIYKaX HY)KHO pacCMaTpUBaTh Kak String, a
0e3 kaBbIuek — kak Symbol:

Symbol - wumeHa, HauMHaroUmMecs C CUMBOJA HUXKHETO pErucTpa u
COZIEpPIKAIIE TOIBLKO CUMBOJIBL, IIU(PBI, U CHMBOJIBI ITOTYCPKUBAHUSL.

String — B JBOWHBIX KaBBIYKAX MOTYT COJEPKATh JIFOOYI0O KOMOHWHAIIUIO
CUMBOJIOB, KpoMe #(, KOTOpbI OTMEUAET KOHEI] CTPOKH.

Visual Prolog mommepkuBaer u Apyrue THUNBI CTaHAAPTHBIX JIOMEHOB
JIAHHBIX, HATIPUMED, JUIs pab0oThI ¢ BHEMHUMH b/ min oobekTamu.

[penukatel omuckiBatoTcst B pasznmene predicates. [Ipemukart mpepcrasisier
cOOOH CTPOKY CHMBOJIOB, TEPBBIM M3 KOTOPBIX SIBJISIETCS CTpouYHas OyKBa.
[IpenukaThl MOTYT HE MMETh apryMEHTOB, HAalpuUMep «go» Win «repeaty. Ecnm
IPEIMKAThl UMEIOT apTYMEHTBI, TO OHU OTIPEICIISIOTCS P OMIMCAHUU MPEIUKATOB
B pasnene predicates:

Ipumep 21:

predicates

mother (symbol, symbol)

father (symbol, symbol).

dakThl ¥ MpaBUIIa ONIPENENSIFOTCS B paszeiie Clauses, a Bompoc K mporpaMme
3ajaercs B paszeine goal — B 3ToM cirydae 1enb Ha3pIBaeTCsl BHYTPEHHEH 1ieblo. B
Visual Prolog pa3aen goal B TekcTe nmporpamMmsl siBJIsIeTCsl 00s13aTeNIbHBIM. Pa3Huia
B PEXKHMMaX WCIIOJIHECHUS MPOTPaMMBbI COCTOUT B Pa3HOM HCIOJIb30BAHUU YTHIUTHI
Test Goal. Ecnu ytunura co3maercst uist 3ammycka JIro00i mporpaMMBl, TO TPH STOM
WIIYTCS BCE PEIICHUS, €CIM YTHJIMTA CO3/AeTCs JUIi aBTOHOMHOTO 3aIycka
IPOTPaMMBI — TO HILETCS OJTHO PEIICHHE.
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2.9 Ucnoab30BaHue COCTABHBIX TEPMOB

B Ilponore ¢pyHKIMOHANBHBINA TEPM HIM MPEAUKAT MOXHO paccMaTpUBaTh
KaK CTPYKTYpy JaHHBIX, TOJ00HY0 3amucu B s3bike Ilackams. Tepwm,
NPECTABISIONINNA COBOKYITHOCTh TEPMOB, HA3BIBACTCS COCTABHBIM TEPMOM WIIH
cTpykTypoid. CocTaBHbIE CTPYKTYpPHI 1aHHBIX B IIposore oOBABIAIOTCSA B pa3jele
domains. Ecii TepMBI CTPYKTYPBI OTHOCSATCS K OJTHOMY ¥ TOMY € THITY JOMCHOB,
TO 3TOT OOBEKT HA3bIBACTCS OMAHOJAOMEHHOW CTPYKTYpOM NaHHBIX. Eciam TepMbl
CTPYKTYPBI OTHOCATCS K Pa3HbIM THUIIaM JOMEHOB, TO Takas CTPYKTypa IaHHBIX
HA3bIBACTCS MHOTOJOMEHHOW CTPYKTYypO#l HaHHBIX. VICIOb30BaHME JIOMEHHOMN
CTPYKTYPHBI YIPOIIAET CTPYKTYPY MpEeANKaTa.

ApryMeHTaMH COCTaBHOTO TepMa JaHHBIX MOTYT OBITH MPOCTHIC THIIBI
JaHHBIX, COCTABHBIC TEPMBI HITH CITHCKH.

CHHTaKCUYECKH COCTAaBHOW TEpPM BBITIIAIUT TaK JK€, KaK W TMpEAuKaT: y
TepMa ecTh (DYHKTOP U CIIHUCOK apTyMEHTOB, 3aKITFOUEHHBIX B KPYTJIbIE CKOOKH.

CocTtaBHOU TepM MOXKET ObITh YHU(PHUIIMPOBAH C MPOCTON MEPEMEHHON WM
COCTaBHBIM OOBEKTOM (IPU ITOM IEPEMEHHBIE MOTYT OBITH HCIIOJIB30BaHBI KaK
YacTh BHYTPEHHEH CTPYKTYpbl Tepma). DTO O03HA4YaeT, YTO COCTABHOW OOBEKT
MOJKHO WCIIOJIB30BaTh JJIsI TOTO, YTOOBI IMepenaBaTh Ieblii HaObop 3HAYCHHH, KaK
C/IMHBIN 00BEKT, a 3aTeM IPUMEHATh YHH(DHUKAIUIO JIJI UX pa3zciiCHUs.

Ipumep 22: Heobxooumo cozoams B/, cooepaicawyro ceedenus o KnHueax u3s
auunou oubauomexu. 3adadum cocmasnou mepm ¢ umernem personal_library,
umerowum caeoyiowyro cmpykmypy. personal_library=book (title, author,
publisher, year), u npeouxam collection (collector, personal_library). Tepm book
Hazvieaemcs  (YHKmopom — cmpykmypul — OaHuwlx. Ilpumep  npocpammei,
UCNONL3YIOWel COCMAasHble mepmbl 0l ONUCAHUSL TUYHOU OUOIUOMEKU U NOUCKA
ungopmayuu o kHueax, Haneuamauuwix nocie 1990 cooa, eviensoum ciredyrouum
obpazom:

domains

collector, title, author, publisher = symbol

year = integer

book = book (title, author, publisher, year)

predicates

collection (collector, book)

ql(title, year)

g2(book)

clauses

collection (irina, book («Using Turbo Prology, «Yin with Solomony,
«Moscow, Worldy, 1993)).

collection (petr, book («The art of Prolog», «Sterling with Shapiroy,
»Moscow, Worldy, 1990)).

collection (anna, book («Jlocuueckoe npoepammuposanue u Visual Prology,
«Aoamenxo A.H., Kyuykoe A.M.», «CI16.. BXB-Ilemepbype», 2003)).

q1(N, Y):- collection (_, book( N,_, _,Y)),Y>1990.
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q2(Z):- collection (_, Z), Z=book( _, , ,Y),Y>1990.

goal

Jliis epBoOro 3ampoca Ieiib OyAeT BBINISACTh cieayromum odopazom: 1(N,
Y). B nannom ciyuae nepemennbie N 1 Y HCIONB3YIOTCS IS YHU(DUKALMN YaCTH
cocraBHOr0 TepMma book.

J171s BTOpOTO 3ampoca Leib Hajo 3a1ath B Buje: §2(Z).

[IpocTas nepeMeHHass Z yHUPHUIMPYETCS ¢ COCTaBHBIM TepMoM DOOK.

B TIlponore CTpyKTypel MOTYT HWMETh apryMEHTHI B BHJE CIHCKOB.
MoaudunupyeM OpeaplIyliuii TpUMep TaKuM 00pa3oM, 4TOOBI BMECTO Toja
U3JIaHus B CTpYKType DOOK OBLI 3a/1aH CITUCOK JIST TIepEen3IaHUil KHUTH.

Ipumep 23: Mooughuyuposanmwiii npumep 22.

domains

collector, title, author, publisher = symbol

year = integer

list year=year*

book = book (title, author, publisher, list_year)

predicates

collection (collector, book)
ql(year)

search(title, year, list_year)
clauses

collection (irina, book («Using Turbo Prolog», «Yin with Solomony,
«Moscow, Worldy, [1993,1995])).

collection (petr, book («The art of Prology», «Sterling with Shapiroy,
»Moscow, Worldy, [1990,1998])).

collection (anna, book («Jlocuueckoe npoepammuposanue u Visual Prology,
«Aoamenxo A.H., Kyuykoe A.M.», «CI16.. BXB-Ilemepbypey, [2003])).

q1(Y):- collection (_, book(N,_, , L)),search(N,Y,L), fail.

search(_, ,[D.

search(N,Y,[H|T]):-H>Y, write(N,” H), nl, search(N,Y,T).

search(N,Y,[H|T]):-H<=Y, search(N,Y,T).

goal

q1(1990).

2.10 Ucnosib30BaHUe CIIUCKOB

Cnucok sIBIsIETCSI COCTABHOM PEKYPCUBHOM CTPYKTYpPOU JAAHHBIX, XOTS SIBHO
U HE OOBSABISAETCS KaK peKypcuBHasi CTpykTypa. CIHCOK — 3TO YHOPSI0YEHHBIN
Ha0Op 0OBEKTOB OJJTHOTO M TOTO K€ TUMA. DIEMEHTaMHU CITUCKA MOTYT OBITh LEJble
Yyucia, JEUCTBUTENIBHBIE YHUCIA, CHUMBOJIBI, CTPOKH, CHMBOJINYECKHE HMEHA M
CTPYKTYpBIL. IIOpsiioK pacrosioKeHus: S3IEMEHTOB B CIIMCKE UIPAET BAXKHYIO POJIb:
T€ K€ CaMbl€ JIEMEHThI CIIUCKA, YIOPAIOUYEHHbIE HHBIM CIIOCOOOM, MPEACTABISIOT
YK€ COBCEM JIPYro crucok [4].

COBOKYITHOCTh 3JIEMEHTOB CIIUCKA 3aKJIK0YaeTcsl B KBaJpaTHble ckoOku ([]),
AJIIEMEHTBI JPYr OT Jpyra OTAENSIOTCA 3ansaThiMU. CHHCOK MOXKET COJAepk aTh
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MPOU3BOJIBHOE YHCIIO 3JIEMEHTOB, €AMHCTBEHHBIM OIPAaHUYECHUEM SIBISIETCS 00bEM
onepaTtuBHOM naMsTH. KoJIMYecTBO 3JIEMEHTOB B CIIMCKE HA3bIBAETCS €r0 JAJIMHOM.
Cnucok MOXET CcoJepKaThb OJIMH DJIEMEHT M JaXKe HE COJepkaThb HU OJHOTO
anemeHTa. CHHUCOK, HE CoOJepkKalllMii AJIEeMEHTOB, Ha3bIBACTCS IYCThIM WIIU
HYJIEBBIM CITHUCKOM.

HemycToii criucok MOXKHO paccMaTpuUBaTh Kak CIUCOK, COCTOSIIIUN U3 IBYX
4yacTeil: ToJIOBBI — TEPBOTO SJEMEHTA CIHCKA; M XBOCTA — OCTAJIbHOW YacTh
cnucka. ['onoBa sBiseTCS 3IEMEHTOM CIIMCKA, XBOCT SIBJSIETCSl CHCKOM. ['omoBa
CIHCKAa — OJTO HEACIMMOE 3HAuY€HHE, XBOCT TMPEACTABIAECT CO0O0H CIHCOK,
COCTaBJICHHBI M3 TOT0, YTO OCTaJOCh OT MCXOJHOTO CIHUCKAa B pe3yJbTaTe
«OTAENEHUS TOJOBBD. DTOT HOBBIA CIHUCOK OOBIYHO MOXKHO ACIUTh W JaJblIIe.
Ecnu cnucok coCcTOUT U3 OAHOTO 3JIEMEHTa, TO €r0 MOKHO pa3feliuTh Ha TOJIOBY,
KOTOPOI OYJIET 3TOT CaMblil 3JIEMEHT, U XBOCT, SBJISIOIIUNACS MYCTHIM CITIUCKOM.

Ilycmoiui cnucok nenv3sa pazoeaums Ha 207108y u xeocm!

Omnepanus AeIeHUs CIIUCKAa Ha TOJIOBY U XBOCT 0003HAYaeTCsl MpU MOMOIIU
BEPTUKAJIILHOMN 4epTHI (|):

[Head | Tail].

T'onosa cnucka ececoa umeem mun 31eMeHMA CRUCKA, X60CM CRUCKA —
mun cnucka!

Head 3necs sBisiercss mepeMeHHOW i 0OO3HAYEHUS] TOJIOBBI CIIHCKA,
nepemenHast Tail 0603HayaeT XBOCT clMCKa (IJIsI UMEH T'OJIOBBI M XBOCTA CIIMCKA
IIPUTOTHBI JIT00BIE AommycTuMble [Iponorom nmena).

JlanHast omepaiusi TakXke MPHUCOSAUHICT JJIEMEHT B HAuyalo CIHCKa,
HampuMep, Ui TOTO, YTOOBI MPUCOEAWHUTH X K CIHUCKY S cleayeT HamucaTh
[X|S].

B xoHImenTyanbHOM IIaHe, CIHUCOK UMEET CTPYKTYpY JepeBa, Kak U JApyrue
cocTaBHbIe TepMbl. Tak, Hampumep, crnucok [a,b,C] MoxHO mpencraBuTh B BUE

CTPYKTYpBI:

CITMCOK

a CITMCOK

b CITUCOK

OTIUUUTENbHOM OCOOCHHOCTBIO OIMMCAHMS CIIMCKOB SBIISICTCS HaJW4HE
3BE3JI0YKH (*) IIOCiIe MMEHU JJOMEHA JIEMEHTOB.
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prwep 24: o0bvssneHue CNnUCKO8, cocmoAawmux us JIEMEHRMO6
CMAHOAPMHBIX MUNO8 OOMEHO08 UIU MUNA CIMPYKMYPBI.

domains

listl=integer*

list2=char*

list3=string*

list4=real*

list5=symbol*

personal _library = book (title, author, publisher, year)

list6= personal_library*

list7=list1*

list8=list5*

B nepesvlx  namu 00bABNCHUSAX CNUCKO8 6 Kadecmee  I1eMEeHMO8
UCnoJib3yromc: cmaHOapMHbze OOMeHbL aaHHblx, 6 uecmom mune cnucka e
Kawecmee 31eMEeHma UCNOb3yemcss O0omMeH cmpykmypol personal library, 6
CeObMOM U 60CbMOM MUNE CHUCKA 68 Kadecmee deMeHnmd ucnoJjbsyenicsa paHee
00bA6NIEHHBII CNUCOK.

Ipumep 25: demoncmpayus pazoeneHus CnuUcKo8 Ha 20108y U X80CHI.

Cnucok Tonosa Xeocm
[1,2,3,4,5] 1 [2, 3,4, 5]
[6.9, 4.3] 6.9 [4.3]

[cat, dog, horse] Cat [dog, horse]
[S, ‘K, Y] ‘S’ [K’, Y]
[«PIG»] «PIG» [1

[1 He onpedenena He onpeodenen

Visual Prolog nonmyckaeT 0ObsIBICHHE W UCITOJIb3BAHUE COCTABHBIX CITUCKOB.
CocTaBHOH CIHUCOK — 3TO CIHCOK, B KOTPOM HCIOJIb3yeTcs Oojee 4eM OJMH THI
aneMmeHTa. [ co3MaHMs TaKOro CIHMCKa, HEOOXOIMMO MCIIOJIB30BaTh CTPYKTYPHI,
TaK Kak JOMCH MOJKET cojepkaTh 00jee OJHOrO THIMAa JAHHBIX TOJIBKO IS
CTPYKTYPBL.

Ilpumep 26: obwsesienue cnucka, KOMopbwlil MONCEN COOePHCAMb CUMBOJIbL,
yenvle YUCIa Ui CMmpoKu.

domains
llist=i(integer);c(char);s(string)
list=Ilistl*

2.11 IllpumMeHeHHUE CTUCKOB B MPOrpaMMax

Jlnst mpuMeHeHus CIUMCKOB B Tmporpammax Ha [Iposore HeoOxommmo
omucaTh JOMEH CchoHMcka B paszgene domains, mpeaukatsl, pabOTaOIIUE CO
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CHMCKaMHU HeoOX0MMO ormucath B pazzaeine predicates, 3agaTh caM CIIMCOK MOYKHO
1100 B pasneie clauses nubo B pasaene goal.

Han criuckamu MOXKHO peajn30BaTh pa3IMuHbIC ONEPALUM: ITIOUCK DJIEMEHTA
B CIIMCKE, Pa3/IeJICHUE CIIMCKA Ha JIBa CIIMCKA, MPUCOCIUHEHUE OJHOTO CIIMCKa K
JIPyrOMy, YIAAJE€HHUE 3JIEMEHTOB M3 CIHCKA, COPTUPOBKY CIIUCKA, CO3/1aHUE CIMCKA
u3 conepxkumoro b/l u tak nanee.

2.11.1 ITouck dJIeMEHTA B CIIHCKEe

ITonck sjeMeHTa B COUCKE SIBISCTCS OYCHBb paCHpOCTpaHGHHOﬁ onepauneﬁ.
[Touck MnpeacTaBJsICT coOoi MpoCMOTp CIIMCKa Ha MOpCAMCT BBIABJICHUA
COOTBCTCTBUA MCIKIOY O0OBEKTOM IIOMCKAa M DJIEMEHTOM chucka. Ecim Takoe
COOTBCTCTBHUC HaﬁﬂeHO, TO IIOUCK 3aKAHYMUBACTCA YCIICXOM, B IIPOTHBHOM CJIydac
ITOUCK 3dKAHYHUBACTCA HCYCIICXOM. CTpaTeFPI}I IMTOUCKa IIpU 3TOM 6y,H€T COCTOATH B
PCKYPCUBHOM BBIACIICHHUHA I'OJIOBLI CIIMCKA U CPABHCHHUHU €C C 00BEKTOM ITOMCKA.

Ilpumep 27: nouck snemenma 8 cnucke.

domains

list=integer*

predicates

member (integer, list)

clauses

member (Head, [Head |_]).

member (Head, [ | Tail ]):- member (Head, Tail).

goal

member (3, [1, 4, 3, 2]).

[IpaBuno moucka MOXKET CpPaBHUTH OOBEKT IMOWCKA U TOJIOBY TEKYIIETO
CIIUCKa, 3Ta OTepalnus 3amnucana B Buje gakra npeaukara member. DTOT BapuaHT
npcaIojaaraCt HaAJIXYHUC COOTBCTCTBHUA MCKIAY 06T>€KTOM IIOUCKAa W TOJIOBOU
CIINCKAa. OTMGTI/IM, 4dTO XBOCT CIIMCKA B JAHHOM CJIY4da€ HC BaKCH, IIO3TOMY XBOCT
CIUCKA MPUCBAMBAETCS aHOHMMHOM TepeMeHHOM. Eciin 00beKT moucka u rojona
CIIMCKa pa3jindHbl, TO B PE3YyJILTATC HCIIOJHCHUA IICPBOTIO INPCATIOKCHUSA 6YI[€T
HeycneX, MPOUCXOAUT BO3BPAT U MOUCK APYroro nNpaBuiia Win (pakTa, ¢ KOTOPbIMU
MOKHO TIOTBITaThCSI HAWTH COOTBETCTBHE. J[JII ATOM WEIM CIYKUT BTOPOE
MMPECIIOKCHUEC, KOTOPOC BLIACIIACT U3 CIIMCKA CH@I[YIOHIHﬁ I10 MOPAAKY IJIEMCHT, TO
€CThb BBIACIIACT T'OJIOBY TCKYILICTO XBOCTAa, IIO3TOMY TeKYHII/Iﬁ XBOCT
NpeacTaBLACTCA Kak HOBBIN CIIMCOK, TOJIOBY KOTOpPOro MOKHO CpaBHUTb C
00BEeKTOM TMoOuCKa. B ciyyae UCMONHEHHS BTOPOTO TMPEJIOKEHUS, TOJOBA
TCKYHICTO CIIMCKAa CTABHUTCA B COOTBCTCTBUC aHOHUMHOM HepeMeHHOﬁ, TaK KakK
3HAYCHHUC T'OJIOBBI C ITMCKA B JTAHHOM CJIy4ac HC UIrpacT HUKaKOU poJiun.

Hpouecc IMOBTOPACTCA 1O TCX IIOP, ITOKA IICPBOC NMPCAJIOKCHUC NACT YCIICX,
B CJlIydac YCTAHOBJICHHA COOTBCTCTBUII, J'II/I6O HCYCIICX, B CJIydac HCUCPIIAHWA
cnucka. B mpencraBienHom mpumepe npeaukat find HaXoauT Bce COBIMAICHUS
00BEKTa MOKCKA C JIEMEHTaMH crucka. J[jig Toro, 4roObl HAUTH TOJBKO MEPBOE
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COBIIAJICHUC CJICAYCT MOI[I/ICI)I/IHI/IpOBaTB IIEpBOC IMPCIIIOKCHHUC CICAYIOIINM
obOpazom:

member (Head, [Head | _]):- !

OtceueHne OTMEHSIET IlGﬁCTBI/IG MCXaHH3Ma BO3BpaTad, II0OTOMY IIOHCK
AJIbTCPHATUBHLIX YCIICIITHBIX pemeHHﬁ PCAIIM30BaAH HC 6yI[eT.

2.11.2 O0bennHeHne AByX CIIUCKOB

ChustHUe NBYX CIHCKOB W TIOMydeHHUE, TaKUM 00pa3oM, TPEThETO CIHUCKA
NPUHAUICKUT K YHCITy HanOoJee MOIe3HBIX MPU padoTe CO CIUCKAMH OTepaIni.
O0o03HaunM niepBbIi crincok L1, a Bropoii crincok - L2. Tlycts L1 =[1, 2, 3], a L2
= [4, 5]. Ilpeaukar append npucoeaunsier L2 x L1 u co3maeT BEIXOIHOW CITUCOK
L3, B KOTOpBIM OH JODKEH mepeciath Bce aeMeHThl L1 um L2. Beck mpornecc
MOJKHO MPEACTABUTH CICAYIONINM 00pa3oM:

1. Cnucoxk L3 BHavase mycr.

2. Dnementsl ciimcka L1 mepeceinatores B L3, Temeps 3HaueHuem L3 Oyaer

[1,2,3].
3. DnemenTsl cnucka L2 mepecbutaoress B L3, B pe3ynmpTaTe 4ero TOT
npuHUMaeT 3Hadyenwue [1, 2, 3, 4, 5].

Tornma nporpamma Ha s3bike [Iponor umeer crnenyromuii BUA:

Ilpumep 28: o6vedunenue 08yx CnucKkos.

domains

list=integer*

predicates

append (list, list, list)

clauses

append ( [], L2, L2).

append ([H|T1], L2, [H|T3]):- append (T1, L2, T3).

goal

append ( [1, 2, 3], [4, 5], L3).

OCHOBHOE HCIOJIb30BaHUE MpearKaTa apPend coCTOUT B 00bETUHCHHUH JIBYX
CIIMCKOB, UTO JIeJIacTCsl TIpU oMoy 3aaanus nenu suaa append ([1, 2, 3], [4, 5],
L3). Ilouck orBera Ha Bompoc tuma: append (L1, [3, 4, 5], [1, 2, 3, 4, 5]) —
CBOJIUTCS K TIOMCKY Takoro crucka L1=[1, 2], koTopslii IpH CIUSIHUHA CO CITUCKOM
L2 =[3, 4, 5] nact cniucok L3 = [1, 2, 3, 4, 5]. [Ipu obpadoTku yeau append (L1,
L2, [1, 2, 3, 4, 5]) umyrcsa takue comcku L1 u L2, yTo ux oObeguHEHHME AACT
ciimcok L3 =[1, 2, 3, 4, 5].

2.11.3 OnpenesieHue AJMHBI CIUCKA

Yuco 3IEMEHTOB B CIMCKE MOYKHO TOACYUTATD IIPH TOMOIIM PEKYPCHBHBIX
npeaukaroB count_list/ u count_list2. ITpeaukar count_listl BeaéT moacuér yucna
9JIEMEHTOB B CITUCKE Ha MPSIMOM XOJI¢ PEKYPCHUHU, HAuWHAas OT TOJIOBBI CITUCKA, TIPU
9TOM MEPBbIM mMapamerp Tuma byte sBisercs TEKyIIUM CYETYMKOM, a BTOPOH -
HEOOXOIUM ISl BO3BpAIlCHHUs Pe3yibTaTa MPH BbIXOJAE M3 pekypcuu. [Ipemukar
count_list2 Bemér momc4€r umcaa SJIEMEHTOB B CIHMCKE Ha OOpaTHOM XOJ€
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pPEeKypCHH, HadyWHAas C TOCJIETHEr0 JJIEMEHTa, MpH 3TOM mapameTp Tuma byte
ABJIIACTCA TCKYIIHUM CYETUHMKOM H PE3yJabTaTOM OJHOBPECMCHHO. I[Ba BapHaHTa
pelieHus 3aJ1a4u IPUBOATCS B ipumepe 29.

Ilpumep 29: onpedenenue onunwvl cnucka.

domains

list=integer*

predicates

count_list1(list,byte,byte)

count_list2(list,byte)

clauses

count_list1([],N,N).

count_list1([_|T],N,M):- N1=N+1, count_list1(T,N1,M).

count_list2([],0).

count_list1([_|T],N):- count_list1(T,N1), N=N1+1.

goal

count_list1([0,-1,2,6,-9],0,N), count_list2([4,3,-8],K).

2.11.4 ITouck MAKCHUMAJIBLHOT0 1 MUHUMAJIHLHOIO 3JIEMEHTA B CIIUCKE

Haittn mMakcuManbHBIA WM MUHUMAJbHBIM 3JIEMEHT B CHMCKE MOXHO IpHU
MIOMOIIK PEKYpPCUBHBIX MpeaukaroB max_list u min_list. [Tpexukat max_list umer
MaKCUMAaJIbHBIA DSJEMEHT B CIIMCKE Ha MPSIMOM XOJI€ PEKypCHH, HAuuHAas OT
TOJIOBBI CIHMCKA, MIPU 3TOM IEPBBIA MapaMeTp Tuma INteger sBIIIeTcs TEKYIUM
MaKCUMYMOM, a BTOPOU - HEOOXOJUM JIJIsi BO3BpAILEHUs pe3ysibTaTa MpPU BBIXOJIE
u3 pekypcun. Ilpemukatr min_list uier MUHUMAaIbHBIA 3JIEMEHT B CIHMCKE Ha
oOpaTHOM XOJIe PeKypCUU, HAUMHAS C TIOCIIETHErO AJIEMEHTA, TIPU STOM MapaMeTp
Tuna integer sBiseTcss TeKYIMM MHHUMYMOM U PE3yJIbTaTOM OJHOBpEeMEHHO. /[Ba
BapHaHTa pelIeHus 3aa4u mpuBoasaTcs B mpumepe 30.

Ipumep 30: nouck maxcumanrbHo20 U MUHUMATLHO2O IIEMEHMA 8 CRUCKE.

domains

list=integer*

predicates

max_list(list, integer, integer)

min_list(list, integer)

clauses

max_list ([],M,M).

max_list ([H|T],N,M):- H>N, max_list(T,H,M).

max_list ([H|T],N,M):- H<=N, max_list(T,N,M).

min_list ([H|[1].H).

min_list ([H|T],M):- min_list(T,M1), H<=M1, M=H.

min_list ([H|T],M):- min_list(T,M1), H>M1, M=M1.

goal
L=[1,5,3,-6,8,-4],L=[H|T],max_list(T,H,Max), min_list([4,3,-8,6],Min).

34



2.11.5 CopTHpOBKa CIMCKOB

CopTupoBKa MpeCTaBisieT cOO0M MepeynopsIOYEHUE SJIEMEHTOB CIHUCKA
onpefeneHHbIM 00pa3oM. Ha3zHaueHueM COPTUPOBKH SIBISIETCS  YNPOIIECHHUE
A0CTYyIIa K HY’KHBIM 2JICMCHTAM. I[JDI COPTHUPOBKHU CITMCKOB O6BI‘IHO IMPUMCHSAIOTCA
TpHU METOA:

¢ MCTOJ IICPCCTAHOBKM,

® MCTOJ BCTaBKMH,

® MCTOI BBI60pKI/I.

Taxxe MOKHO UCIIOJIB30BaTh KOM6I/IHaHI/II/I YKa3aHHBIX MCTOIOB.

[lepBblli METOX COPTUPOBKMU 3aKIIOYACTCS B IIEPECTAHOBKE DJIEMEHTOB
CIIMCKa JI0 TeX Mop, MoKa OH He OyaeT ynopsjaodeH. Bropoit Meron
OCyHICCTBJACTCA IIPHU ITOMOIIH HGOI[HOKpElTHOfI BCTaBKH J3JICMCHTOB B CIIMCOK OO0
TE€X TMOp, MoKa OH He Oyner ymopsgoueH. Tperuil MeToJ BKIIOYAaeT B cels
MHOTI'OKpPAaTHYIO BI)I60pKy U IICPCMCIICHUC 3JICMCHTOB CIIHMCKa.

BTOpOﬁ n3 METOA0B, MECTO, BCTaABKHU, 0COOEHHO yz:o6eH HJI pealin3allii Ha
IIpomore.

Ipumep 31: copmuposka cnuckoe memooom nepecmanosku (Ny3vipoKa,).

domains

list=integer*

predicates

puz(list,list)

perest(list,list)

clauses

puz(L1,L2):-perest(L1,L3),!,puz(L3,L2).

puz(L1,L1).

perest([X,Y|T],[Y.X|T]):-X>Y.

perest([Z|T],[Z|T1]):-perest(T,T1).

goal

puz([1,3,4,5,2],L).]

Ipumep 32: copmuposrxa cnuckos memooom 6CmasKu.

domains

list=integer*

predicates

insert_sort (list, list)

insert (integer, list, list)

asc_order (integer, integer)

clauses

insert_sort ([], [D.

insert_sort ([H1|T1], L2):- insert_sort (T1, T2),

insert(H1, T2, L2).
insert (X, [H1| T1], [H1]| T2]) :- asc_order (X, H1), !,
insert (X, T1, T2).
insert (X, L1, [X] L1]).
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asc_order (X, Y):- X>Y.

goal

insert_sort ([4, 7, 3, 9], L).

Jlns  yIOBJICTBOPEHMsI TEPBOro IpaBwia o0a CIHCKAa JODKHBI OBITh
nycThIMU. J[j1s1 TOro, 4TOOBI MOCTUYH 3TOTO COCTOSIHHUSA, 10 BTOPOMY MPABUIY
IPOMCXOUT PEKYPCHUBHBIM BBI30B IMpeaukata INSert_sort, mpu 3ToM 3HaYCHHUSIMH
H1 mocnenoBaTelbHO CTAHOBATCSA BCE 3JCMEHTBI HMCXOJHOTO CIHUCKA, KOTOPBIC
3aTeM IOMEIIA0TCS B CTEK. B pe3yabTaTe UCXOMHBIN CIIMCOK CTAHOBUTCS ITyCTHIM
¥ TI0 TISPBOMY MPABUIITY BBIXOJHOHN CITHCOK TaK)KE CTAHOBUTCS ITYCTBIM.

[Tocne Toro, Kak MPOM3OILIO YCIICNTHOE 3aBEpIICHHE IEPBOTO TpaBUIIa,
[Tposor mbITacTcs BBHIIOIHUTH BTOPOH MpeaWKaT INSert, BBI3OB KOTOPOTO
coliepKUTcsl B Tene BToporo npaswia. [lepemennoit H1 cHauana npucBamBaetcs
IIepBOE B3STOE U3 CTeKa 3HaueHue 9, a mpeaukar npuauMaet By insert (9, [1, [9]).

Tak kak Temeppb YAOBIECTBOPEHO BCE BTOPOE MPABUIIO, TO IPOUCXOIWT
BO3BpAT Ha OJIMH IIar PeKypcuH B mpeaukare insert_sort. M3 creka n3pnexaeTcs 3
U 0 TPEThEMY IMPaBUIIy BBI3BIBACTCS MPEIUKaT asC_Order, To ecTb MPOMCXOIUT
MOTBITKA yJIOBJICTBOPEHMsI MsATOro mpasmia asc_order (3, 9):- 3>9. Tak kak
JaHHOE TIPABWJIO 3aKAaHYMBACTCS HEYCIIEIIHO, TO HEYCICNTHO 3aKaHYMBACTCS H
TPEThE TMPABWIO, CJIEAOBATEIBHO, YIOBICTBOPSICTCIYETBEPTOC MPaBUIO U 3
BCTABJIIETCS B BBIXOAHO# criucok ciesa ot 9: insert (3, [9], [3, 9]).

Jlajiee IPOUCXOAMT BO3BpAT K Mpeaukary iNsert _sort, KoTopelii MpHHUMAET
cienyromuid BuA: insert_sort ([3, 9], [3, 9]).

Ha cnemyromeM miare peKypcuu M3 CTEKa M3BJIEKAETCS 7 U 1O TPEThEMY
IIPaBHITY BBI3BIBAETCS IpeauKkar asc_order B Buye asc_order (7, 3):- 7>3. Tak kak
JaHHOE TIPAaBUJIO 3aKaHYMBAETCS YCIEIIHO, TO JJIEMEHT 3 yOupaercs B CTEK U
Insert BeI3BaeTCs PEKyPCUBHO €IIle pa3, HO yKe ¢ XBocToM criucka — [9]: insert (7,
[9], ). Tak xak mpaBumo asc_order (7, 9):- 7>9 3akaH4yMBaeTCs HEYCIIECIIHO, TO
BBITIOJTHACTCSI Y€TBEPTOC MPABUIIO, MPOUCXOIAUT BO3BpAT HA MPEABIAYIIUE IIard
peKypcuu cHauaina insert, sarem insert_sort.

B pesynbrate 7 momeriaercss B BEIXOAHON CIHCOK MEXKIY JJIEMEHTaMU 3 |
9:insert (7, [3,9],[3, 7, 9]).

[Tpu BO3BpaTe elie Ha OJMH IIIar PEKypCHU M3 CTEeKa W3BJIEKaeTcs 4 W 10
TpeTheMy IpaBHIy BbI3bIBacTCs mpeaukar asc_order B Bume asc_order (4, 3):-
4>3. Tak Kak JaHHOE TPABHUJIO 3aKaHYMBACTCS YCIEIIHO, TO AJIEMEHT 3 yOupaeTcs
B CTCK U INSert BbI3BaeTCS PEKYPCHBHO €IIE pa3, HO y)Ke C XBOCTOM CIUCKa — [7,
9]: insert (4, [7, 9], _). Tak kak mpaBuiio asc_order (4, 7):- 4>7 3akaHuuBacTCs
HEYCITCIITHO, TO BBIMOJHACTCS YETBEPTOE IPABHIIO, IMPOUCXOJUT BO3BpAaT Ha
IpeIbIIYyINKE IIard peKypCcHH cHavaia insert, 3arem insert_sort.

B pesynbrate 4 momeinaercs B BHIXOAHON CIMCOK MEXKIY dJIEMEHTaMU 3 W
7

insert (4, [3,7,9],[3,4,7,9)]).

insert_sort [4,7,3,9],[3,4,7,9)].
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2.11.6 KoMnnoHOBKA JaHHBIX B CIIUCOK

NHornga mpu mIpOrpaMMHUPOBAHUM  OINPEAECICHHBIX 3a4ad  BO3HUKACT
HE0OXOAMMOCTh coOpaTh naHHbIe u3 (akToB b/l B cimcok mis mociemyromen ux
obpabotku. [Ipornor cogepxut Bctpoernslit npenukar findall, kotopsrit mo3Bossier
BBITIOJHUTHh JIaHHYIO omepanuio. Onmcanne npenukara findall  Bemrmsaur
CJIEAYIOIIMM 00pa3oMm:

Findall (Var , Predicate , List ), ec0e Var_obo3nauaem ums Ons mepma
npeouxkama Predicate , 6 coomeemcmeuu ¢ munom Komopozo ¢opmupyromcs
anemenmul cnucka List .

Ipumep 33: ucnonvzosanue npeouxama findall.

domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0)

decimal (1)

decimal (2)

decimal (3)

decimal (4)

decimal (5)

decimal (6)

decimal (7)

decimal (8)

decimal (9)

write_decimal:- findall(C, decimal (C), L), write (L).

goal

write_decimal.

Ilpumep 34: wucnonvzosanue npeduxama findall ona npeouxama c
HECKONbKUMU napamempdaml.

domains

name, address=string

age, sum=word

lista=age*

listn=name*

predicates

person(name, address, age)

sumlist( lista, byte, sum)

clauses

sumlist( [],0, 0).

sumlist( [H|T],N, Sum):- sumlist( T, N1 Sum1), Sum=H+Sum1, N=N1+1.
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person(“Usanos [1émp”, “Mockosckoe uiocce, 34", 20).
person(“Cuoopos Usan”, “yauya I'as, 43", 22).

»

person(“Ilempos Cuoop”’, “‘vauya Bpybens, 157, 20).

goal
findall(Age, person( _, ,Age), List), sumlist( List, N, Sum),
Ave=Sum/N,

findall(Who, person( Who, ,20), L).

2.12 lloBTOpenue u pexypcus B IIpoJiore

OdeHp 4YacTo B mMporpaMMax HEOOXOAMMO BBIOJHUTH OJHY M Ty XK€
omepalnio HECKOJIbKO pa3. B nmporpammax Ha [Iposiore moBTopstommecs onepamnuu
OOBIYHO BBITIOJHSAIOTCS TPH TMOMOIIY TMPaBUJ, KOTOPbIE HCIOJIL3YIOT BO3BpaT U
pekypcuio [3]. CyrmiectByeT YeThipe crocoba IMOCTPOCHHUS HTCPATHUBHBIX U
PEKYPCUBHBIX MPABUII:

MEXaHHU3M BO3BPATA;
METO/]T BO3BpaTa Mociie HeyJauH;

IIPABUJIO TIOBTOPA, UCTIONb3YIOIIEee OECKOHEUHBIN [IUKIT;

000011IeHHOE PEKYPCUBHOE TTPABUIIO.

[IpaBmiia TOBTOPEHHM W PEKYpCHM JOJDKHBI COJEpXkKaTb CpPEACTBA
yIpaBicHUs MX BbINoJHeHUEM. BcTpoennble npenukatsl [Iposora fail n cut (1)
UCTIONB3YIOTCS  JUIsl  YIIpaBJICHHS BO3BpAaTaMy, a YCIOBUS  3aBEPIICHUS
WCIIONB3YIOTCA Ui YIpaBlIeHUs peKypcuen. IlpaBwiia  BRINOJIHSIOIINE
MOBTOPEHMSI, WCIONB3YIOT BO3BpaT, a MPaBHUJA, BBHINOIHSIONINE PEKYPCHIO,
UCIIOJIB3YIOT CAMOBBI30B.

2.12.1 MexaHu3Mm Bo3BpaTa

Bo3Bpar sBisieTcsi aBTOMAaTUYECKH WHULMUPYEMBIM CHUCTEMOM MPOLIECCOM,
€CIM HE MWCHOJB3YIOTCS CHelualdbHble CpeAcTBa ymnpaBieHuss uM. Eciau B
npeauKaTe LEeNH ecThb XOTS Obl oAHa CcBOOOAHAs NEpeMEHHas, TO MEXaHU3M
BO3BpaTa nepedeper Bce BO3MOKHBIE CITOCOOBI CBSI3bIBAHUSA 3TOUW MEPEMEHHOM, TO
€CTh pEAIN3yeT UTEPATUBHBIN LIUKII.

Ipumep 34: pacnewamams 6ce decsimuutvle YuQppol.
domains
d=integer
predicates
decimal (d)
write_decimal (d)
clauses
decimal (0).
decimal (1).
decimal (2).
decimal (3).
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decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

write_decimal (C):- decimal (C), write (C), nl.
goal

write_decimal (C).

2.12.2 MeTtoa BO3BpaTa nocJjie Heyaauu

MeTon Bo3Bpara mocie HeyJauu MOKET ObITh UCTIONB30BaH /ISl YIIPaBICHHUS
BBIYMCJICHHEM BHYTPEHHEH IEJIH MTPH MOMCKE BCEX BO3MOKHBIX pelieHUH. [laHHbIH
METOJ JTMOO HCIONIb3YeT BHyTpeHHUE mpenukar Ilposora fail, mubo ycnoswue,
KOTOPOE TTOPOKIaeT JOKHOE 3HAUCHUE.

Ilpumep 35: pacneyamams 6ce decsimuunvie yuppol.

domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0)

decimal (1).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

write_decimal:- decimal (C), write (C), nl, fail.

goal

write_decimal.

B npoepamme ecmv 10 npeduxamos, Kaxcowili uz KOMOPHIX AGAAEMCS
albMepHamuHuIM  npeonodceruem 0as npeouxama decimal (C). Bo epems
HONBIMKU BbIYUCIUMb Yellb BHYMPEHHUE NOONPOSPMMbl YHUDUKAYUU CEA3bIBAION
nepemennyto C ¢ mepmom nepeoco npeonodicenus, mo ecms ¢ yugpou 0. Tax kax
cywecmgyem  credyrowee NpeonodiceHue, Komopoe Modcem — obecnedums
sviuucnenue nooyeau decimal (C), mo nomewaemcs ykazamenb 60368pamd,
snHauenue (0 evigooumcs Ha skpan. lIpeduxam fail — evizvieaem HeycneuiHoe
3aeepuieHue Npasuia, GHYmMpeHHUue NoONPoOSPAMMbl YHUDUKAYUU BbINOJHIOM
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6038pam U npoyecc NOBMopsiemcs 00 mex nop, noka He Oydem o00pabOmMamo
nocieonee npeodlodiceHue.

Ipumep 36.: noocuumamo 3HaueHUs: KBAOPAMOB8 8CeX OECAMUYHBIX YUPDP.

domains

d =integer

predicates

decimal (d)

s (d, d)

cikl

clauses

decimal (0).

decimal (1).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

s( X, Z):- Z=X*X.

cikl:-decimal (1), s(I , S), write (S), nl, fail.

goal

not(cikl).

Ilpumep 37: HeobXoOumo evidameb  Oecamuunvle yugpor 0o 5
GKJIIOYUMETIbHO.

domains

d=integer

predicates

decimal (d)

write_decimal.

make_cut (d)

clauses

decimal (0).

decimal (1).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (7).

decimal (8).

decimal (9).

write_decimal:- decimal (C), write (C), nl, make_cut (C),!.
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make_cut (C):-C=5.

goal

write_decimal.

Ilpeouxam | ucnonvsyemcs 0na mozo, 4modvl GbINOJIHUMb OMCeUeHUe 8
yKazannom mecme. Heycnewnoe evinonnenue npeouxkama make cut noposxcoaem
npeouxkam fail, komopulil ucnoavb3yemcs 0 86038pama u 00CmMyna K yugpam 0o
mex nop, noka yugpa e 6yoem pasHa 3.

Ipumep 38: neobxooumo eévioamo uz b/ nepsyro yugpy, pasuyio S.

domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0).

decimal (5).

decimal (2).

decimal (3).

decimal (4).

decimal (5).

decimal (6).

decimal (5).

decimal (8).

decimal (9).

write_decimal:- decimal (C), C=5, write (C), nl, 1.

goal

write_decimal.

Ecnu uz mena npasuna yopame npeouxam !, mo 6yoym naiioenvl 6ce mpu
yughpvl 5, umo sAensemca pe3yibmamom NPUMEHEeHUsT Memood 60368pama nocje
Heyoauu. Ilpu enecenuu omceuenus 6yoem evloana eOUHCmMeeHHas yugpa 5.

2.12.3 MeToJ1 MOBTOPA, HCHOJIL3YIOIINHA 0eCKOHEYHbII UK

Bun npaBuia noBTOpeHUs, HOPOXKAAIOIIEr0 OECKOHEUHbIN LUK

repeat.

repeat:- repeat.

[epBsiit repeat sBisieTcst npeiokeHneM, oOBABISIONIUM IIpeauKar repeat
UCTUHHBIM. OJIHAaKO, IOCKOJBKY HMMEETCS €Ile OAWH BapuaHT s JaHHOTO
IIPEUIOKEHNsI, TO YyKa3aTellb BO3BpaTa yCTAaHABIMBAeTCs Ha NepBblM repeat.
Bropoii repeat — 3To mpaBuiio, KOTOPOE UCMOJIB3YET CaMO Ce0sl KaKk KOMIIOHEHTY
(Tpetnii repeat). Btopoii repeat BbI3bIBaeT TpeTwil repeat, W 3TOT BBHI3OB
BBIUMCIIAETCS YCIENIHO, TaK KAaK IEpPBbIMA Iepeat ynoBieTBOpsAeT noAuean repeat.
[Ipenukat repeat OyaeT BHIYUCIATHCS YCNEIIHO MPU KaK/10H HOBOW MOMBITKE €ro
BbI3BaTh nocjie Bo3Bpara. MakT OyJeT HCHOJb30BAaThCS MJisi BBINOJHEHHUS BCEX
noaueneid. Takum oOpa3om, repeat 3To peKypCuBHOE MPaBUIIO, KOTOPOE HUKOTIA
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He ObIBaeT HeycmemHbIM. [Ipenukar repeat mMmMpOKO HCHOIB3YETCS B KauyeCTBE
KOMIIOHEHTa JAPYTUX MPaBUJl, KOTOPHIH BBI3BIBAET MOBTOPHOE BBHIMOJIHEHHE BCEX
CJICTYIOIINX 332 HUIM KOMITOHEHTOB.

Ipumep 39: 6secmu ¢ Krasuamypul yeivle YUCIA U 8bIBECU UX HA IKPAH.
IIpoepamma 3asepuiaemcs npu 66ode ducaa 0.

domains

d=integer

predicates

repeat

write_decimal

do_echo

check (d)

clauses

repeat.

repeat:- repeat.

write_decimal:-nl, write( «Beeoume, nosxcanyiicma, yughpwoi), nl,

write(«/{ns ocmanosa, ésedoume 0»), nl.

do_echo:- repeat, readln (D), write(D), nl, check (D), 1.

check (0):- nl, write («-OK!»).

check( ):- fail.

goal

write_decimal, do_echo.

[IpaBuino do_echo — 3To KOHEYHOE TPaBUIIO MTOBTOPA, O1aroaps TOMy, 4TO
npeaukaT repeat  sBISETCS €ro KOMIIOHGHTOM U BBI3BIBAET TIOBTOPEHHUE
npeauKkaTtoB readln, write, u check. Tlpenukar check onuceiBaeTcs aByms
npemtoxkeHusIMu. [lepBoe npeioxkenne OyaeT yCIeIHbIM, €CTH BBOANMAs Iudpa
0, mpu 3TOM KypcOp CIBUTAETCS Ha Hayajao CJEAYIOIEeH CTPOKH M Ha JKpaHe
nosiBsieTcs: cooOmieHne «OK!/» u mporecc MOBTOPEHHUS 3aBEpIIAeTCs, TaK Kak
nocie npeaukata Check B Teje mpaBwia clieayeT NMpeaudkarT orcedeHus. Ecim
BBEJICHHOE 3HadeHue oTmuyaercs oT 0, TO pe3yJabTaTOM BBIIOJTHEHUS MpeauKaTa
check 6yner fail B cooTBeTcTBHU CO BTOpPBIM TpeJiOKeHHEM. B aTtom ciydae
MPOU30MIET BO3BpaT K IpeaukaTy repeat. Repeat moBTopsieT MOCBUIKH B MpPaBOn
YacTH TIpaBWIa, HaXOJIIIMecs TpaBee repeal u JsieBee YCJIOBHsI BBIXOAAa U3
OECKOHEUHOTO IHKJIA.

2.13 MeToabl OpraHu3aluu PeKypCcUuu

Pexypcusnas npoyedypa — 310 niponiearypa, KoTopasi BeI3bIBacT cama ceosi. B
PEKYPCHBHON MpoIeaype HET MpoOJieMbl 3allOMHHAHHS PE3yJIbTaTOB €€
BBIMOJIHEHHUS TTIOTOMY, YTO JIFOObIC BBIUMCIICHHBIC 3HAYCHHSI MOYKHO TepeIaBaTh U3
OJTHOTO BBI30Ba B IPYIOi, KaKk apryMEHThl pEKYPCHUBHOTO TIPEIHKATA.

Hampumep, B NpHBEIEHHONW HUXKE MPOrpaMMe BBIUMCIEHHUS (haKTophaia
(mpumep 48), mpHUBEICH IPUMEP HAMCAHUS PEKYPCHUBHOTO mpeankara. [Ipu sTom
[Tposor co3maer HOByio Komuio mpeawkarta factorial Takum oOpaszom, 4uro oH
CTaHOBHUTCSI CIIOCOOHBIM BBI3BATh CaM Ce0s1 KaKk CaMOCTOSTEIILHYIO TPOLIEAYPY.
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Ilpu 3mom mne npoucxooum KORUPOGAHUA KOOA BbINOJIHEHUA, HO 6Ce
apeymeHmul U NPOMENHCYMOUHbIE NEPEMEHHbIe KORUPYIOMCA 6 CHeK, KOmOpblil
co30aemca Kaxcowlil paz npu évl306e PeKypCueHo2o npasud.

Kornma BeIONIHEHWE TMpaBWjia 3aBepIIacTCs, 3aHATas CTEKOM TaMsTh
OCBOOOYKIAETCS 1 BHIMOJIHEHHUE MTPOJIOHKACTCS B CTEKE TIPABHIIA-POIUTEIIS.

Ipumep 40: nanucamo npoepammy eviuucieHus paxmopuana.

predicates

factorial (byte, word)

clauses

factorial (0, 1).

factorial (1, 1):-!.

factorial (N, R):- N1=N-1, factorial (N1, R1), R=N*R1.

goal

f (7, Result).

Jnst  BbluucieHus — (pakTopuana  HMCMIOJB3YETCS  MOCIE0BATEIbHOE
BBIYKCIICHUE TPOM3BENeHUs psfa uucen. Ero 3HadeHue oOpasyercss mocie
W3BJICUCHUS 3HAYEHUN COOTBETCTBYIOIIMX MEPEMEHHBIX U3 CTEKa, UCIOJIb3YyEMBbIX
KaK CIHMCOK TMapaMeTpoB [UJIsi TOCIETHEro MpeAuKaTta B Teje MpaBWwia. ITOT
MOCJICTHUHN TIPEIUKAT BBI3BIBACTCS MIOCIIE 3aBEPILICHUS PEKYPCHH.

Ilpumep 41: nanucame npoepammy, eenepupyrowyio yucia Pudbonavuu 0o
3a0aHHO20 3HAYEHUSL.

predicates

f (byte, word)

clauses

f(1,1).

f(2,1).

f(N, F):- N1=N-1, f (N1, F1), N2=N1-1, f (N2,F2), F=F1+F2.
goal

f (10, Fib).

VY pexypcuu €cTb TpU OCHOBHBIX IPEUMYILIECTBA:
® JIOTMYECKas MMPOCTOTA IO CPABHEHUIO C UTEPALIUEH;
® [IMPOKOE MPUMEHEHUE PHU 00pabOTKE CIUCKOB;
® BO3MOXKHOCTh MOJICJIMPOBAHUSl  AJITOPUTMOB, KOTOpBIE HEIb3s
G ()EKTUBHO BBIPA3UTh HUKAKUM JPYTUM CIOCOOOM (Hampumep,
OIKCaHUs 3a]a4, COJIEpKalINX B ceOe MM0/A3a1a4u TAKOTO Ke THUIIA).

VY pexkypcuu ectb OUH OOJBIION HEJOCTATOK — UCMHOJIb30BaHUE OOJBIIOTO
o0bema mamsATH. Beskuit pa3, korga ojaHa Mpolenypa BBI3BIBACT JAPYTYIO,
uHGOpMaIMs O BBHIIOJHEHUH BBI3BIBAIOIIEH MPOLEAYpPHl JOKHA OBITH COXpaHEHa
JUTSL TOTO, YTOOBI BBI3BIBAIOLIAS TIPOLIEAYpa MOTJIa, TIOCIE 3aBepIIECHUs] BbI3BAHHON
pOLIEeTypbl, BO30OHOBUTH BBIIIOJHEHHE HA TOM MECTE, IJIe¢ OCTAHOBUJIACH.

PaccMoTpuM crienManbHbIN cilydaid, KOra npoleaypa MOKET BbI3BATh ce0s
0e3 coxpaHeHus: UHPOPMAITUU O CBOEM COCTOSTHUMU.

[Ipeanonoxxum, 4To NMpoIeaypa BbI3bIBAETCS MOCIEIHUN pa3, TO €CTh MOCTe
BBI3BAaHHOM KOIMHU, BBI3bIBAIOIAS IMPOLIEypa HE BO30OHOBUT CBOIO padoTy, MpHU
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3TOM CTEK BBI3BIBAIOIICH MPOIEAYpPbl JODKEH ObITh 3aMEHEH CTEKOM BBI3BAaHHOMN
xonnu. Torga aprymMeHTam npoueaypsl IpoCcTO NPUCBAUBAIOTCS HOBBIE 3HAYEHUS,
Y BBIIOJHEHHE BO3BpAIlaeTCd Ha Hadajao BbI3bIBarouiel mnpouenypel. C
OpOLUEAYPHOH TOYKM 3pEHUs 3TOT NPOLECC HANOMHMHAET OOHOBJICHHUE
YIPABJISIFOLIUX IEPEMEHHBIX B LIUKIIE.
Oma onepayus ¢ Visual Prolog nazsieaemca onmumuszayueii xeocmosoit
PEKypcuu unu Onmumusayueni nocjieOHezo 6bi306d.
Co3znianne XBOCTOBOM peKypcuu B mporpamme Ha [Iposiore o3Hauaer, 4ro:
® BBI30OB pPEKYpPCHUBHOM IPOLEAYpPHI SBIAETCS CaMOW IIOCIIEIHEU
ITOCBUIKOM B ITPABOW YaCTH MPABUIIA,
® 10 BBI30BA PEKYpCHBHOW MpOLEIYypbl B MPAaBOM 4YacTU NpaBWIIA HE
OBLIO TOYEK OTKATA.
[IpuBeneM npuMepsl XBOCTOBOM PEKYPCHH.
Ilpumep 42: pexypcusHvlll cuemuyux ¢ ONMUMUSUPOBAHHOU XE80CHOBOU
pexypcueil.
count(100).
count(N):-write(N),nl,N1=N+1,count(N1).
goal
nl, count(0).
Moouguyupyem osmom npumep max, umobbl X80CMOBOU pEKYPCUU He
cmarno.
Ipumep 43: pekypcusHwlii cuemyux 6e3 Xx860CmMogot peKypCuu.

count1(100).

countl(N):-write(N),N1=N+1,count1(N1),nl.

goal

nl, count1(0).

M3-3a BhI3OBa mpeaukara Nl mocie BbI30Ba PEKYPCHMBHOIO TMpeaMKaTa
AOJDKCH COXPaHATHCA CTCK.

Ilpumep 44: pexypcusnbiil cuemuyux 6e3 X60CmMoB8oU PeKypCul.

count2(100).

count2(N):-write(N),nl,N1=N+1,count2(N1).

count2(N):-N<0, write(“N — ompuyamenvroe uucio ).

goal

nl, count2(0).

31ech €CTh HENPOBEPEHHAas AQJIbTEPHATHBA JI0 BBI30BA PEKYPCUBHOIO
npeaukara (TpeThe MPABUIIO), KOTOPOE MOJKHO MPOBEPATHCS, €CIU BTOPOE
MIPaBUJIO 3aBEPIIUTCS HEYAAYHO. TakuM 00pa3oM, CTEK JOHKEH ObITh COXPAHEH.

Ilpumep 45: pexypcusHvlll cuemuuk 6e3 X860CMOBOU PeKypCUl.

count3(100).

count3(N):-write(N),nl,N1=N+1,check(N1),count3(N1).

check(2):-Z>=0.

check(Z):-Z<0.

goal

nl, count3(0).
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3mech TOKE eCTh HEMPOBEpPEHHAs aIbTEPHATHUBA JIO BBHI30BA PEKYPCHBHOTO
npeaukara (nmpeaukar check). Ciydan B npumepax 44 u 45 xyxe, 4ueM B mpumepe
42, Tak KaKk OHU T€HEPUPYIOT TOUKU BO3BpATA.

OdeHb NPOCTO clieNaTh PEKYPCUBHBIA BBI3OB IMOCJIEIHUM B MPABOM YacTH
npaBuia, HO Kak u30exkaTh anbrepHaTuB? [[1s 3TOro cieayeT HUCIOJIb30BaTh
NpeauKaT OTCEUEHHUs, KOTOpPbIM MpeloTBpallaeT BO3BpaThl B TOYKH, JIEBEE
npeaukara orcedeHus. Momudunupyem 44 u 45 npumepbl Tak, 4yTOOBI OblLia
XBOCTOBAs pEKypCHSI.

Ilpumep 46: pexypcusnulii cuemuux uz npumepa 41 c xeocmoesoti pexypcuetl.

count4(100).

count4(N):-N>0,!,write(N),N1=N+1,count4(N1).

countd(N):- write(“N — ompuyamenvroe uucio “).

goal

nl, count4(0).

Ipumep 47 pexypcusnbiil cuemuux uz npumepa 42 ¢ x60cmoeoii pexkypcueil.

count5(100).

count5(N):-write(N),N1=N+1 check(N1),!, count5(N1).

check(2):-Z>=0.

check(2):-Z<0.

goal

nl, count5(0).

2.14 Co3panue TMHAMHUYECKHX 0a3 TAHHBIX

B Ilposiore cymecTBYIOT CHEHHAIbHBIE CpPEACTBA [JIi OpraHU3aluu
BHYTPEHHUX M BHEIIHUX 0a3 JIaHHBIX. JTU CPEACTBA pacCUUTaHbl Ha PabOTy C
pEISIIIMOHHBIMU  0a3aMu  JaHHBIX. BHyTpeHHHE moAnporpaMMbl yHUDHUKAIIUN
OCYIIECTBJISIIOT ~ aBTOMATHYECKYH0  BBIOOpPKY  (akTOB W3  BHYTPECHHEH
(nuHaMuyeckoil) 0a3bl JaHHBIX C HYKHBIMU 3HAYCHUSMH MU3BECTHBIX MapaMeTpPOB
Y TIPUCBAMBAIOT 3HAUYCHUS HEONIPEACICHHBIM TapaMeTpam.

Pasnmen mporpammer facts B Visual Prolog npennasnaden st onmucaHwus
NpEeIUKaTOB JMHAMHYECKOW (BHyTpeHHe#H) O0a3bl JaHHbIX. baza gaHHBIX
Ha3bIBAETCSA JUMHAMUUYECKOM, TaK KaK BO BpeMsi pabOThl TPOrpaMMbl U3 HEE MOKHO
yAQISITh JiI00ble (akThl, a Takke J00aBysSITh HOBbIE ¢akThl. B 3TOM coctout ee
OTIIMYME OT CTAaTUYECKHX 0a3 MaHHbIX, TNe (aKThl SBISIOTCS YacThlO KoOja
POrpaMMbl U HE MOTYT ObITh U3BMEHEHBI BO BPEMS MCIIOJTHCHHUSI.

WNuornma ObIBaeT MOJE3HO UMETh 4acTh MH(pOpMaIuu 0as3bl TaHHBIX B BUJE
dakTtoB cratmueckoil b/ - aTM maHHbIe 3aHOCATCS B auHamuueckyto bJl cpasy
MOCJIe aKTUBU3AIMHU TIporpamMmbl. B obmieM ciydae, npeaukatsl ctaTudeckoil b/
UMEIOT JPYroe MMs, HO Ty XK€ caMyio (OopMy MPEACTABICHHS IAaHHBIX, YTO U
npenukatel guHamudeckod bJI. JloGaBnenwe natuHckol OykBbI d K WMEHHU
npeaukata cratudeckod bBJ[ - oObUHBIA cnoco0 paszniMyaTh MpeIrKaThl
JUHAMUYECKOM M cTaTudeckon b/].

CienyeT OTMETHUTh J1Ba OTPaHHYCHUS, OOBSBIICHHBIC B pa3zeie facts :
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e B AMHAMHYECKO# 0a3e maHHBIX [Ipomora MoOryT comepaThCsi TOJIBKO
(bhaKThI;
e (baxThl 0a3bl JAaHHBIX HE MOTYT COJEP>KAaTh CBOOOIHBIE IEPEMEHHBIE.

JlomyckaeTcsi HaJlM4Me HECKOJbKUX paszzaenoB facts , Torma B ommcanwum
Kaxmaoro pasgena facts HyxHO sBHO yka3zaTh ero uMms, Hampumep facts —
mydatabase. B 1aByx pasmuuHBIX pasjenax facts HeIb3sS  HCIOJIb30BaTh
OJIMHAKOBBIC NMEHA MPeUKaToB. Takke HeNlb3sl UCTIOIb30BaTh OJJUHAKOBBIC NMEHA
npeaukatoB B pasaenax facts wm predicates. Ecam wms 0a3pl JTaHHBIX HE
yKa3bIBaeTCs, TO e mpucBamBaercs craHmaptHoe mms dbasedom. Ilporpamma
MOKET CoJiepKaTh JIOKaJIbHbIe O€3bIMSIHHBIE pa3jielibl (DAKTOB, €CIM OHA COCTOUT
U3 €JUHCTBEHHOI'O MOJYJIsI, KOTOPbIH HE OOBSIBIEH Kak 4dacTh mpoekra. Cpena
pa3pabOTKH KOMMWJIMPYET MPOrpaMMHBIA (Gaiid Kak €IWHCTBEHHBIA MOJYJIb
TOJILKO TPH HCIOJIBb30BaHUU yTHIUTBI TestGoal. Muaue Oe3bIMSHHBIN pasjien
(akTOB JODKEH OBITh 0OBSBIICH TTI00ABHBIM, TO ecTh Kak global facts.

B Ilposiore ectb crenuanbHble BCTPOEHHBIC MPEAUKATHI JJIsI palbOThI C
ITUHAMUYECKON 0a30l JaHHBIX:

e assert;
asserta;
assertz;
retract;
retractall,
Save,

e consult.

[IpenukaTer assert, asserta, assertz, - mo3BossitoT 3aHectd ¢akT B BJI, a
npeaukatel retract, retractall - ynanute u3 Hee yxxe umeromuiicst akr.

[Ipenukar assert 3aHocuT HOBBIM ¢akt B BJ[ B mpousBosbHOE MecTo,
npeaukaT asserta goOaBiseT HOBBIM (DaKT Tepea BCEMU YK€ BHECEHHBIMU
(dakTamMu JaHHOTO MpeAuKara, assertz nodasiser HOBBINM (hakT mocie Bcex (PakToB
JTAaHHOTO TIpeIuKara.

[Ipenukar retract ynanser u3 b/l nepBbiii pakT, KOTOPBIN CONOCTABISIETCS C
3agaHHbIM (pakTom, mpenukar retractall ymanser u3 BJ] Bce daxThl, KOTOpBIC
COTIOCTABIISIIOTCS C 3aJaHHBIM (PaKTOM.

[IpenukaTr Save 3amucbiBaeT Bce (akThl auHaMuueckor bJl B TeKCTOBBII
daiin Ha JUCK, MPUYEM B KaXIyl0 CTpOKy (aitna 3aHocutcs onuH (axt. Ecnm
Gaiin ¢ 3aJaHHBIM UMEHEM YXKe CYIIECTBYET, TO CTaphlid (haiin OyneT 3aTepr.

[Ipenukat consult 3amuceiBaeT B AuHaMU4ecKyio b/l ¢akThl, cuutanHbie U3
TEKCTOBOTO (haitia, mpu 3ToM (akThl U3 (aiaa JOMUCHIBAIOTCS B uMerontyrocs b/l
®akThl, coaepKanmecs B TEKCTOBOM (aiifie TOKHBI OBITH OMKCAHBI B pasese
domains.

Ilpumep 48: Hanucamv npocpammy, 2eeHepupyiowyro MHOMICECmeo 4-
PAa3psAOHBIX 08OUUHBIX YUCET U 3ANUCHIBAIOUUX UX 8 OuHaMuyeckyio B/].

facts

dbin (byte, byte, byte, byte)

predicates
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cifra (byte)

bin (byte, byte, byte, byte)
clauses

cifra (0).

cifra (1).

bin (A, B, C, D):- cifra (A), cifra (B), cifra (C), cifra (D),

assert (bin (A, B, C, D)).

goal
bin (A, B, C, D).

Ipumep 49: Hanucamo npocpammy, nooCuumuléarouyio 4ucio oopaujeHui

K npozpamme.
facts
dcount (word)
predicates
modcount
clauses
dcount (0).

modcount:- dcount (N), M=N+1, retract (dcount (N)),asserta (dcount (M)).

goal

modcount.

Ilpumep 50: Hanucamo
OMHOULEHUAL.

facts

dsisters(symbol,symbol)

dbrothers(symbol,symbol)

predicates

parents(symbol,symbol)

pol(symbol,symbol)

sisters(symbol,symbol)

brothers(symbol,symbol)

clauses

parents (anna, olga).

parents (petr, olga).

parents (anna, irina).

parents (petr, irina).

parents (anna, ivan).

parents (petr, ivan).

pol(olga, w).

pol(anna ,w).

pol(petr, m).

pol(irina, w).

pol(ivan, m).

npocpammy,

Onpeoensiowyro  poOCmeEeHHble

sisters (X, Y):-dsisters(X, Y).
sisters (X, Y):- parents (Z, X), parents (Z,Y),pol(X,w),
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pol(Y,w),not(X=Y),not(dsisters(X,Y)),

asserta(dsisters(X, Y)).

brothers (X ,Y):-dbrothers(X, Y).

brothers (X, Y):- parents (Z,X), parents 1(Z,Y),pol(X,m),

pol(Y,m),not(X=Y),not(dbrothers(X,Y)),

asserta(dbrothers(X,Y)).

goal

sisters (X, Y), save (“mybase.txt”).

Ilpumep S1: J[ns 6a3vl OanHblx, codepicaueli c6edeHUsi 0 KHU2ax u3 udHou
oubauomeku, co30a0umM GHYMpPeHHIOW 0a3y OAHHbIX, KyOa OydeM 3anucvléamo
pe3yibmamol 3anpocos:.

domains

collector, title, author, publisher = symbol

year = integer

personal_library = book (title, author, publisher, year)

predicates

collection (collector, personal_library)

gl(collector, title, year)

g2(year)

facts

dgl(collector, title, year)

count(year,byte)

clauses

collection (irina, book («Using Turbo Prolog», «Yin with Solomony,
«Moscow, Worldy, 1993)).

collection (irina, book («The art of Prology, «Sterling with Shapiroy,
»Moscow, Worldy, 1990)).

collection (petr, book («The art of Prolog», «Sterling with Shapiroy,
»Moscow, Worldy, 1990)).

collection (petr, book («Prolog: a relation language and its applicationsy,
«John Malpasy», »Moscow, Science», 1990)).

collection (anna, book («Prolog: a relation language and its applicationsy,
«John Malpasy», »Moscow, Science», 1990)).

ql(C,T,Y):-dql(C,T,Y), write(;*’,C,” T,” *,Y),nl, fail.

gl(C,T,Y):- not(dgl(C,T,)),collection (C, book( T, , _, 1990)),
assert(dql(C,T,Y)), write(C,” . 7,” “Y),nl.

count(2100,0).

g2(Y):-collection (_, book(_, _, _, Y)), count(Yold,Nold), N=Nold+1,
assert(count(Y,N)), write(Y,” ,N),nl, fail.

goal

q1(C,T,1990);92(1990);count(Y,N).
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2.15 Ucnoan3oBanue cTpok B [Iposore.

Crtpoka — 310 Habop cumBojoB. Ilpu mporpammupoBanuu Ha Ilponore
CUMBOJIBI MOTYT OBITh «3alMCAaHBD» TIPU TMOMOIIH ajahaBUTHO-ITU(YPOBOTO
npencrapnerns win npu nomomu ux ASCll-xodos. O6partubiii crow (\), 3a
KoTopbiM HernocpenctBeHHo cieayeT ASClI-xoo (N) cuMBoia, HHTEpIIPETUPYETCS
Kak CUMBOJ. J[Jisi mpencTaBiieHUs] OMMHOYHOTO CHMBOJIA BhIpakeHHe \N JOIKHO
ObITh 3aKitoueHo B amocTpodsl (\N’). [lns mpeacTaBiieHHs CTPOKH CHUMBOJIOB
ASCII-xo0br TOMeIIaroTes Ipyr 3a APYroM M BCS CTPOKa 3aKJIF0YACTCS] B KaBBIUKH

((\N\N\IV»).
Omneparuu, OOBIYHO BBHITIOJHICMBIC HAJl CTPOKAMH, BKITFOUAIOT:

e 00BEIMHEHWE CTPOK /Il 00pa30BaHMsI HOBOUW CTPOKH,
® pa3jiclicHUEC CTPOKH JUJIS CO3JIaHUS JIBYX HOBBIX CTPOK, KaXkmas U3
KOTOPBIX COJCPIKUT HEKOTOPHIC M3 HCXOIHBIX CHMBOJIOB,;
® TIOHMCK CHMBOJIa WJIU IMOJCTPOKU BHYTPH JTAHHOM CTPOKH.
Jliis ynobGceTBa paboThl co cTpokamu [Iposor mMeeT HECKOJIBKO BCTPOCHHBIX
PEINKATOB, MAHUITYJIUPYIOIINUX CO CTPOKAMHU:
e str_len — npeaukaT IS HAXOXKICHHS JUTMHBI CTPOKH;
concat — mpeaukaT JuIsl 00bEIUHEHUS JIBYX CTPOK;
frontstr — mpeaukaT 11 pas3ieeHus CTPOKH Ha JBE MOJACTPOKH;
frontchar — npenukart 11s paszeneHusi CTPOKU Ha MEPBBIN CHMBOJI M OCTATOK;
fronttoken — npenukar 11 pa3escHus CTPOKH Ha JIEKCEMY U OCTaTOK.
CunTakcuc npeaukara Str_len:
str_len (Str_value, Srt_length), roe mepBwiii Tepm wmmeer Tun String, a
BTOPOI TepM MMeeT THIl integer.
Ilpumep 52:
str_len («Todayy, L)- 6 oannom crnyuae nepmennasn L nonyuum 3navenue 5;
str_len («Today», 5) — 6 Oannom cnyuae OyOem BbINOJHEHO CPABHEHUE
onunsbl cmpoxu «Today» u 5. Tax xax oHu cosnanu, mo npeouxam 6vINOJHUMCS
ycnewHo, ecau Ovl OIUHA CMPOKU He Oblld pasHa 5, mo npeoukam vlIOHUNLCSA Obl
HeyCneuHo.
CunTakcuc npeaukara concat:
concat (Strl, Str2, Str3), 20e 6ce mepmul umeiom mun string.
Ilpumep 53:
concat («Today», «Tomorrowy, S3)- 6 OanHom cayuae nepmenuas S3
noayuum 3uavenue « TodayTomorrowy,
concat (S1, «Tomorrowy, « TodayTomorrowy) — 6 daunom ciyuae S1 6yoem
npuceoero snavenue « Todayy»,
concat («Today», S2, «TodayTomorrow») — 6 oannom cayuae S2 6yoem
npuceoeno 3navenue « Tomorrowy,
concat («Today», «Tomorrowy, «TodayTomorrowy)- 6ydem nposepeHa
803modcHocmb  ckaetiku  cmpox  «Today» u  «Tomorrowy 6  cmpoky
«TodayTomorrowy.
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CunTtakcuc npeaukara frontstr:

frontstr (Number, Strl, Str2, Str3), rae Tepm Number umeer tum integer, a
ocTayibHbie TepMbl mMetoT Tum String. Tepm Number 3amgaer yuciio CMMBOJIOB,
KOTOpPBIE€ JOJKHBI OBITh CKOIUPOBAHBI U3 CTPOKU Strl B cTpoky Str2, ocraibHbIe
CHUMBOJIBI OYTyT CKOITUPOBAHBI B CTPOKY Str3.

Ipumep 54:

frontstr (6,«Expert systems», S2, S3)- 6 Odannom cayuae nepmenuas S2
noxyuum 3Hadenue «Experty, a S3 nonyuum snauenue ,« systemsy.

Cunrakcuc npenukara frontchar:

frontchar (Strl, Char_, Str2), rme Tepm Char_ mmeer tun char, a ocranbHabie
TEPMBI UMEIOT THIT String.

Ilpumep 55:

frontchar («Today », C, S2)- 6 oannom cayuae nepmennas C noayuum
snauenue «T», a 82 nonyuum snauenue ,«odayy,

frontchar («Today », ‘T’, S2) — 6 Oannom ciayuae S2 6yoem npuceoeuo
3HayeHue «odayy,

frontchar («Today», C, «oday») — 6 oannom cayuae C 6ydem npuceoewo
3navenue «1T»;

frontchar (S1, «T», «oday») — 6 OamHom cnyuae S1 6yoem npuceoeno
sHauenue « Todayy,

frontchar («Today», «T», «oday»)- 6yoem nposepena 603MOIHCHOCHb
cknelxku cmpok « T» u «oday» 6 cmpoky « Today».

Cunrakcuc npeaukara fronttoken:

fronttoken (Strl, Lex, Str2), rue Bce TepMbl uMeroT tun String. B tepm Lex
KOMMPYeTCsl TepBas JieKkceMa CTpokd Strl, ocTaJbHBIE CHMBOJBI OyayT
CKOITUPOBaHBI B CTPOKY Str2. JIekcemMa — 3TO UMs B COOTBETCTBHH C CHHTAKCHCOM
s3pika [Iposior wiam CTpOYHOE TPENCTaBICHHUE YHCIA WU OTACIbHBIA CHUMBOII
(kpome mipoberna).

Ilpumep 56:

fronttoken («Expert systems», Lex, S2)- 6 oannom cayuae nepmennas Lex
noayuum 3Hadenue «Experty, a S2 nonyuum 3nauenue ,« systemsy.

fronttoken («$Expert», Lex, S2)- 6 oannom ciayuae nepmennas Lex nonyuum
3Hauenue «$», a S2 nonyuum 3nauenue ,« Experty.

fronttoken («Expert systemsy», Lex, « systems»)- 6 OaHHOM clyuae
nepmennas Lex nonyuum 3uauenue « Experty;

fronttoken («Expert systemsy, «Expert», S2)- 6 0anHom ciyuae nepmeHHas
S2 nonyuum 3nauenue « systemsy,

fronttoken (S1, «Experty, « systems»)- 6 Ooannom ciayuae nepmenHas Sl
noayuum 3Hadenue «Expert systemsy;

fronttoken («Expert systemsy», «Expert», « systems»)- 6 OanHOM clyyae
OyOem npogepena 803MOIHCHOCMb CKIEUKU JleKcemMbl U OCmamka 6 cmpoky «Expert
systemsy.

50



2.16 IIpeodpa3oBanue 1anubIX B [Iposore

Jlns mpeoOpa3zoBaHusl JaHHBIX W3 OJHOro THMa B npyroiul Ilpomor mmeer
CJHEAYIOIINE BCTPOCHHBIE MTPEINKATHI:

upper_lower;

str_char;

str_int;

str_real;

char_int.

Bce mnpenukarel mnpeoOpa3oBaHMsl JaHHBIX HUMEIOT JiBa Tepma. Bce
MpeIUKaThl UMEIOT JBa HAMPAaBJICHUS MPeoOpa3oBaHus JaHHBIX B 3aBUCUMOCTH OT
TOT0, KAaKOW T€PM SIBJISICTCSI CBOOOHOM MIIM CBSI3aHHON ITEPEMEHHOM.

Ilpumep 57:

upper lower («(STARS», S2).

upper lower (S1,«starsy).

str_char («T», C).

str_char (S, 'T’).

str_int («123», N).

str_int (S, 123).

str_real («12.3», R).

str_real (S, 12.3).

char_int (‘A’, N).

char_int (C, 61).

B Ilponmore HeT BCTPOGHHBIX NPEIUKATOB A MpeoOpa3oBaHUs
JIENCTBUTENLHBIX YMCEN B II€JIbIE U Ha00OOpOT, WK CTPOK B cUMBOJIBL. Ha camom
Jiene, MpaBuiia MpeoOpa3oBaHUS JIaHHBIX THUIIOB OYEHB MPOCTHI U MOTYT OBITh
3aJ1aHbl B IPOrpaMMe CaMUMHU [POTPAMMUCTOM.

Ilpumep 58:

predicates

conv_real_int (real, integer)

conv_int_real (integer, real)

conv_str_symb (string, symbol)

clauses

conv_real _int (R, N):- R=N.

conv_int_real (N, R):- N=R.

conv_str_symb (S, Sb):- S=Sh.

goal

conv_real_int (5432.765, N). (N= 5432).

conv_int_real (1234, R). (R=1234).

conv_str_symb («Visual Prology, Sb). (Sb=Visual Prolog).

Ilpumep 59: npeobpazosarnue cmpoxu 8 CHUCOK CUMBOJI08 C UCNOIb308AHUEM
npeouxkama frontchar.

domains

list=char*
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predicates

convert (string, list)

clauses

convert («», []).

convert (Str, [H\T]):- frontchar(Str, H, Strl),
convert(Strl, T).

2.17 IlpeacraBiieHne OUHAPHBIX /IEPeBbEB

OpHoii u3 oOnacTell TPUMEHEHUsI CIMCKOB SBJSIETCSA MpPEACTaBICHHE
MHOKeCTBa 00BEKTOB. HegocTaTkoMm mpejcTaBiIeHUs] MHOKECTBA B BUJE CIIHCKA
apigercss Hed(hdexkTuBHAs TMpoleaypa MPOBEPKU MNPUHAIICKHOCTH DIIEMEHTa
MHOXeCTBY. MCronb3yeMBblit sl 3TO 1eNn Tpeaukat member HeaddexTuBeH npu
UCITIOJIb30BAHUU OOJIBIITNX CIHUCKOB.

Jns mpeAcTaBliEHHsT MHOXKECTB MOTYT HCIOJIB30BAThCSA  Pa3JIMYHbIE
JIPEBOBUJIHBIC CTPYKTYPBI, KOTOpble oOecreunBaloT 0Oosnee AHPEeKTUBHYIO
peanu3aliio MPOBEPKU MPUHAIICKHOCTH 3JIEMEHTa MHOXXECTBY, B YaCTHOCTH, B
JTAHHOM pa3jielie JjIsl 3TOU eI pacCMaTPUBAIOTCSL OMHAPHBIE ACPEBbA.

[IpencraBnenrie OWHApPHBIX JEPEBbEB OCHOBAHO Ha  OMNPEJEICHUU
PEKYpPCUBHOM CTPYKTYpPHBI IaHHBIX, UCIOJIB3YIONIeH GyHKIimio Tuma tree (Top, Left,
Right) wau tree (Left, Top, Right), rne Top - BepmmnHa aepesa, Left u Right -
COOTBETCTBEHHO JIEBOE U IMpaBoe nozjaepeno. Ilycroe nepeBo 0603HaYUM TEpMOM
nil. O0BABUTH OMHAPHOE IEPEBO MOXKHO CIICAYIOIIMM 00pa3oM:

Ipumep 60:

domains

treetypel=tree(symbol, treetypel, treetypel);nil

treetype2=tree(treetype2, symbol, treetype2);nil

Ilpumep 61:
[TycTh gaHo AepeBo CIEAYIOMIETo BUIA:

a
a

Takoe nepeBo MOKET ObITh 337]aHO CIEAYIOIIUM 00pa3oM:

1. nesoe noooepeso: tree (b, tree (d, nil, nil), tree (e, nil, nil)).

2. npasoe noodepeso: tree (c, nil, nil).

3. sce oepeso: tree (a, tree (b, tree (d, nil, nil), tree (e, nil, nil)), tree (c, nil,
nil)).

Ilpumep 62: Hanucame npocpammy nNposepKuU NPUHAOTIEHCHOCIU BEPUIUHDBI
OUHApHOMY Oepes).

domains

treetype = tree(symbol, treetype, treetype);nil()

predicates
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in(symbol, treetype)

clauses

in(X, tree(X,_, ).

in(X, tree(_,L, ):-in(X, L).

in(X, tree(_,_,R):-in(X, R).

goal

in(d,tree(a, tree(b, tree(d, nil, nil),

tree(e, nil, nil)),
tree(c, nil, nil))).

[Touck BepUIMHBI B HEYHNOPSAIOUYECHHOM JepeBe Takxke Hed(h(HEeKTUBEH, Kak U
IIONCK DJJIEMEHTa B cIMcke. Eciam BBeCTH OTHOIIIEHHUE YHOPAJOUCHHA MCKIAY
9JICMCHTAMMU MHOJKCCTBA, TO IIpoHcAypa IIOHMCKa 3JICMCHTAa CTAHOBHUTCA 1opas3ao
abdextuBHEE. MOXXHO BBECTH OTHOIICHUE VYHOPSAOOYEHUS CleBd HANPABO
nenycmozo oepesa tree(X, Left, Right) cienyromnum o6pazom:

1. Bce y3mb1 B ieBoM nojzepene Left mensire X.
2. Bce y3ib1 B mpaBom nozepese Right 6ombmie X.
3. Ob6a moaacpeBa TakKiKC ABJLAIOTCA YIIOPATOYCHHBIMU.

Hpel/IMYHIGCTBOM YHopsaaouuBaHUusg ABJEACTCSA TO, YTO OJIA ITOHMCKaA JIF000T0
y3J1a B ACPCBC JOCTATOYHO IIPOBCCTH ITIOUCK HC 6OJ'I€€, 4€M B OJHOM IIOIACPCBC. B
PE3YIBTATC CPABHCHUA Yy3JIa 1 KOPHA ICPCBA U3 PACCMOTPCHUA UCKIIOYACTCA OAHO
N3 IIOJACPCBLCB.

Ilpumep 63: Hanucamov npocpammy nposepKu NPUHAOTEHCHOCIU BEPUIUHDBI
YNOPAOOUEHHOMY Cle8a HANpaso OUHAPHOM) Oepes).

domains

treetype = tree(byte, treetype, treetype);nil()

predicates

in(byte, treetype)

clauses

in(X, tree(X,_, ).

in(X, tree(Root,L,R):-Root>X,in(X, L).

in(X, tree(Root,L,R):-Root<X,in(X, R).

goal

in(6,tree(4, tree(2, nil, tree(3, nil, nil)),

tree(5,tree(1,nil,nil),nil)),tree(8,tree(7,nil,nil),tree(9,nil,tree(10,nil,nil)
).

Ilpumep 64: nanucamev npocpammy newamu GepuiuH OUHAPHO20 Oepeaa,
HAYUHAasi Om KOPHEBOU U Cledys NPasuiy i1e6o2o 00xoda oepesa.

domains

treetype = tree(symbol, treetype, treetype);nil()

predicates

print_all_elements(treetype)

clauses

print_all_elements(nil).

print_all_elements(tree(X, Y, Z)) :-
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write(X), nl, print_all_elements(Y),
print_all_elements(2).
goal
print_all_elements(tree(a, tree(b, tree(d, nil, nil),
tree(e, nil, nil)),
tree(c, nil, nil))).
Ilpumep 65: wnanucamv npocpammy npoepku uU30MoppHHocmu 08yx

OUHAPHBIX 0epesbes.

R2).

R1).

domains

treetype = tree(symbol, treetype, treetype);nil

predicates

isotree (treetype, treetype)

clauses

isotree (T, T).

isotree (tree (X, L1, R1), tree (X, L2, R2)):- isotree (L1, L2), isotree (R1,

isotree (tree (X, L1, R1), tree (X, L2, R2)):- isotree (L1, R2), isotree (L2,

Ilpumep 66: Hanucamv npeduxamol co30anusi OUHAPHO2O Oepesa U3 0OHO20

V314 U 6CMABKU 00HO20 0epeda 8 Kayecmee JleG020 UL Npasozo noooepesa 6
opy2oe 0epeao.

domains

treetype = tree(symbol, treetype, treetype);nil
predicates

create_tree(symbol, tree)

insert_left(tree, tree, tree)

insert_rigth(tree, tree, tree)

clauses

create_tree(N, tree(N,nil,nil)).

insert_left(X, tree(A,_,B), tree(A,X,B)).

insert_rigth(X,tree(A,B, ), tree(A,B,X)).

goal

create tree(a, T1)), insert_left(tree(b, nil, nil), tree(c, nil, nil), T2),
insert_rigth(tree(d, nil, nil), tree(e, nil, nil), T3).

B pezynomame: T1=tree(a, nil, nil), T2=tree(c, tree(b, nil, nil), nil),

T3=tree(d, nil, tree(e, nil, nil)).

2.18 llpeacrasienue rpagos B s3bike [Iposor

st ipeactaBienus rpagoB B s3bike [Iposor MOXKHO HWCIHOJIB30BaTh TPHU

criocoba:

1. Hcnons3oBanue ¢akta s3pika [Iposor majis onucanus Ayr win pedep
rpada.

2. Hcnonb3oBanue crircka pédep.
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3.  Hcnonp3oBaHWE CMHCKAa CIHCKOB: KAXKIBIM TOJCIHCOK B KAa4eCTBE
rOJIOBBI COJIEPKUT BEpUIMHY rpada, a B KauyeCTBE XBOCTa - CIUCOK CMEXHBIX
BEPIIMH.

JIBe camble pacrpocCTpaHEHHBIE Olepaluu, KOTOPBIE BBIMOIHIIOTCS HaJ
rpadamMu:

e [louck mytu Mexay AByMs BEpIIMHAMMU;
e [louck B Trpade monarpada, KOTOPBIA 0O0JIATa€T HEKOTOPHIMU
3aJJaHHBIMU CBOVICTBAMM.

Ilpumep 67:

Onpedenumsv Hanuyue 883U MeHcoy 8epuuHamu 2paga, npedcmasieHHo2o
Ha PUCYHKe:

a .l ] ’.l f I
c e d _,e e ,0 g °

Hee sepuunvt cpaga ceszanvl, eciu cywecmsyem nocieo008amenlbHOCb
pebep, sedywas uz nepeoi sepuiuibl 60 emopyio. Hcnonavzyem 0as onucawus
cmpykmypul epaga gpaxmer szvika Iponoe.

domains

top=symbol

predicates

edge (top, top)

I* apeymenmul 0603nauarom umena sepuiun */

path( top,top)

/*[lpeouxam  connected(symbol, symbol) onpedensiem omuoweHnue
C8A3AHHOCMU GepUIUH. ¥/

clauses

edge (a, b).

edge (c, d).

edge (a, c).

edge (d, e).

edge (b, d).

edge (f, 9).

path (X, X).

path (X, Y):- edge (X, Z2), path (Z,Y).

goal

path (a, d).

Ilpumep 68:

Pewumo 3a0auy uz npumepa 67, ucnonwvsys cnucoumvie cmpykmypvl 0
npeocmaenenus epaga. Ipag 3adaemcs cnuckom pebep. Pebpo npedcmasneno
npU noMowu cmpykmypbi edge.
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domains

edge= e(symbol, symbol)

list=edge*

predicates

path(list, symbol, symbol)

member(list,edge)

[*npeouxam  path(graf, symbol, symbol) onpeodersiem omnowenue
cesizHocmu geputun.*/

clauses

member([H[_],H).

member([_|T],X):-member(T,X).

%path ([],_,_):-fail.

path(L,X,Y):-member(L,e(X,Y)),!.

path(L,X,Y):-member(L,e(X,2)),path(L,Z,Y).

goal

path ([e(a, b),e(b, c),e(a, f),e(c, d),e(f,d)], a, d).

%path ([e(a, b),e(c, d),e(a, c),e(d, e),e(b, d),e(f, 9)], b, 9).

Ipumep 69:

Pewumov 3a0auy uz npumepa 67, ucnonwvsys cnucounvie Cmpykmypvl Os
npeocmaenenus epaga. 1 pagh zadaemcs cnuckom CRUCKO8: 8 KAHCOOM NOOCNUCKe
2071064 AenAemcH 6epmuH0ﬁ, a xeocm — CNUCKOM CMEINCHBIX BEPULUH.

domains

list=symbol*

top=list*

graf=top*

predicates

path(graf, symbol, symbol)

member(symbol,list)

/*[lpeouxam  path(graf, symbol, symbol) onpedersem omuowenue
C85A3aHHOCMU 8epuiuH 8 epaghe. ™/

clauses

path ([],_, ):-fail.

path ([[X1|T1]|_1.X,Y):-X1=[X], T1=[T|[1],member(Y,T).

path ([[X1|T1]|T2],X,Y):-X1=[X], T1=[T|[1],not(member(Y,T)),

T=[H]|_],path(T2,H,Y).

path ([[Z]_]IT1].X,Y):-Z=[X1|[1].X<>X1,

path (T1,X.Y).

member(H,[H[_]):-!.

member(X,[_|T]):-member(X,T).

goal

path ([[[a].[b.c]1.[[b].[d]].[[c].[d]].[[d].[e]].[[f].[911]. &, c).
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2.19 Mouck myTH Ha rpade.

[Iporpammel oncka MyTH Ha Tpade OTHOCATCS K KJIACCy TaK Ha3hIBAEMBIX
HEJICTEPMUHUPOBAHHBIX TPOTPaMM C HEH3BECTHBIM BBIOOPOM aJIbTEPHATHBBI, TO
€CTh B TaKWX IporpaMMax HEHW3BECTHO, KaKO€ W3 HECKOJBKHUX PEKYpPCHBHBIX
npaBusl OyJeT BBIIOJHEHO [UJIsl JIOKa3aTeabCTBa JO TOTO MOMEHTa, KOrjaa
BBEIYHCIICHHE OyJeT ycmemHo 3aBepiieHo. [lo cytm pema Takue mporpaMMbl
MPEJICTABIISIFOT CO00M CIeM(UKAIMIO AITOPUTMA ITOUCKA B TIIYOMHY /ISl PEIICHUS
onpeneneHHon 3amaun. [Iporpamma mpoBepku H30MOP(HOCTH NBYX OWHAPHBIX
JIepeBhEB, IPUBEACHHAS B IpUMepe 65 OTHOCHUTCS K 3a/1a4aM JTaHHOTO KJiacca.

Ipumep 70:

Onpedenums nymov mexcoy eepuluHamu epagha, npeocmasieHHo020 Hda
pUcyHKe:

A- nepemennas 0603HauaOWAs HAYAIO NYMU

B- gepuwuna 6 komopyro nyscno nonacmeo

P -ayuxnuueckuii nymv Ha epaghe (ayukiuyveckuii nymov- 3mMo Nyme He
UMeIoWULl NOBMOPAIOWUX BEPUUUH).

a b
C » d
A ) e
domains
top=symbol
listtop=top*
predicates

edge (top, top)

I* apeymenmuol 0603nauarom umena sepuiun */

path (top, top, listtop)

/*[lpeouxam path( top, top, listtop) coz0aem cnucox u3 6epuiun,
cocmasnaiowux nymo. */

clauses

edge (a, b).

edge (b, ¢).

edge (c, a).

edge (b, d).

edge (d, e).

path (A, A, [A]).
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path (A, B, [A\P]):-edge(A, N), path(N, B, P).

C momouipio MOMCKAa B INIYOWHY OCYIIECTBIISIETCS KOPPEKTHBIA 00X0[
A1000T0 KOHEYHOrO JiepeBa MM OPUEHTUPOBAHHOTO AaIMKINYECKOro rpada.
OnHako, BCTpedaroTcs 3ajaudd, /e TpeOyeTcss Mpou3BOAUTH 00xon rpada c
UKIaMd. B mpomecce BBIYHCICHMA MOXET 00pa3oBaTbcs OECKOHEUHBIH
IPOTPaMMHBIN IUKJI IO OJHOMY M3 IIUKJIOB rpada.

HenpusiTHOCTEH € 3alMKIMBAaHUEM MOXHO H30€XaTh OBYMS CIOCOOAMH:
OTpaHUYEHUEM Ha TIYOMHY TOMCKAa WM HAKOIUJICHHEM NPONACHHBIX BEpPILIUH.
[Tocneauuii cioco® MOXKHO peaar30BaTh MPHU MOMOIIM MOIU(GUKALIUNA OTHOILIECHUS
path. K aprymentam oTHOIIEHHs A00aBIAETCS MOMOJHUTEIBHBIA apryMEHT,
UCTIONB3YEMBIN [IJIsl HAKOIUICHUS YK€ MPOWJIEHHBIX MpH 00XO0Je BEpIIWH, I
UCKJIIOYCHHSI TIOBTOPHOTO HCIIONB30BaHHUSI OJHOTO H TOTO K€ COCTOSHHS
IPUMEHSETCS MTPOBEPKA.

Ipumep T1: nanucamv npoepammy 06x00a KOHEUHO20 OPUEHMUPOBAHHO2O0
epagha, npedcmagieHHo20 Ha PUCYHKe.

a b
c ® » d
A ) e
domains
top=symbol
listtop=top*
predicates
edge(top,top)

path (top,top,listtop,listtop)

path (top,top)
member(top,listtop)
reverse(listtop,listtop,listtop)
clauses

edge(a,b).

edge(b,c).

edge(c,a).

edge(b,d).

edge(d,e).

member(A,[A]_]):-!.
member(A,[_|T]):-member(A,T).
reverse([],T2,T2).
reverse([H|T],T1,T2):-reverse(T,[H|T1],T2).
path(A,B,P,[B|P]):-edge(A,B).
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path(A,B,P,P2):-edge(A,N),not(member(N,P)),
P1=[N|P], path (N,B,P1,P2).

path(A,B):-path(A,B,[A],P),reverse(P,[],Res),write(Res).

goal

path(a,e).

2.20 MeTtoa “o0pa3oBaTh U NPOBEPUTH”

Meton “o0pa3oBaTh M MPOBEPUTH” — OOLIWNA MPHEM, HCIOIB3YEMbIH MpPH
MIPOEKTUPOBAHUMN AJIITOPUTMOB U mporpamm. CyTb €ro COCTOUT B TOM, YTO OJUH
MPOIIECC WM IpOorpaMMa TEHEPUPYET MHOMKECTBO MPEAIOIAraéMblX pEHICHUN
3aJa4n, a JAPYroMl Mpouecc WM IporpaMMa MpPOBEPSAET 3TU MPEANOJIaracMble
pElLIEHHUs], TbITAsICh HAWUTU TE€ U3 HHUX, KOTOPBIE JIEUCTBUTEIBHO SIBIISIIOTCA
pELIEHUEM 3a]1auu.

Hcnonb3yss BBIYMCIAUTENBHYIO Monenb IIposora, nerko co3ngaBaTh
JIOTUYECKHE TPOrpaMMbl, peaTU3yIOIIUME METOJ “‘00pa3oBaTh M MPOBEPUTH .
OOBIYHO TakKue MNPOrPaMMBbI COJIEPKAT KOHBIOHKIMIO JBYX II€JIEH, OJHA U3
KOTOPBIX JICUCTBYET KaK TEHEepaTop MpearojaraéMbeiX pelIeHul, a BTopas
MpPOBEPSICT, SIBISIOTCS JU OTU peuieHus npuemieMbiMu. B Ilponore meton
“00pa3oBaTh U MPOBEPUTH paACCMATPUBACTCA KaK METO]l HEIETCPMUHUPOBAHHOTO
IPOTpaMMHUpPOBaHusA. B Takoll HEIETEPMHUHMPOBAHHOM IIPOTpaMMe T€HEpPaTop
BHOCUT TMPEAMNOJOKEHHE O HEKOTOPOM JJIEMEHTE U3 00JIaCTH BO3MOKHBIX
pELIEHUIA, a 3aTeM MPOCTO MPOBEPSAETCS, KOPPEKTHO JU IAHHOE MPEIAIOIOKEHHE
reHepaTopa.

Jlist HamucaHusl IporpaMM HEJASTEPMUHUPOBAHHOTO BBHIOOpPAa KOHKPETHOTO
AJIEeMEHTa W3 HEKOTOPOro CIHCKa B KAa4eCTBE IeHepaTopa OOBIYHO HCIOJIb3YIOT
npeaukar member u3 mpumepa 27, MOPOXKAAMONMIMN MHOXKECTBO perneHuid. [Tpu
saganun  tenmn  member (X, [1,2,3,4]) Oyayr omaHmel B TpeOyemoi
MoCJIeIOBaTEILHOCTH pereHus X=1, X=2, X=3, X=4.

Ipumep 12: npogepumsv cyuwecmgosanue 8 08yX CNUCKAX 0OHO20 U MO20 Hce
a71emMeHma.

domains

list=integer*

predicates

member (integer, list)

intersect(list,list)

clauses

member (Head, [Head |_]).

member (Head, [ | Tail ]):- member (Head, Tail).

intersect (L1, L2):- member(X, L1), member(X, L2).

goal

intersect ([1, 4, 3, 2], [2, 5,6]).

[lepBas moauens member B mpeaukare INtersect reHepupyer IJIeMEHTHI U3
IIEPBOIO CIIHMCKA, a C IOMOIIBI0 BTOPOU MOALETd Member mpoBepseTcs, BXOIAT JIH
TH DOJEMEHThl BO BTOpOM cmnucok. OmnuckiBasg MaHHYK MpPOrpamMMmy Kak
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HEJICTEPMUHUPOBAHHYIO, MOXHO TOBOPHUTH, UTO TepBas Ieib JIeJaeT
MIPEAIOJIOKEHNE O TOM, 4TO X COJepKUTCS B criucke L1, a BTopas 1eib mpoBepser,
SBJISIETCS JIM X 3JIEMEHTOM crnucka L2.

Crnenyromee ompeaelieHue Tmpeaukara Mmember ¢ wucnosb30BaHHEM
npeaukara append:

member(X, L):- append(L1, [X|L2], L) camo mo cymiecTBy SsBIsSeTCS
IpOrpaMMOi, B KOTOPOW peann30BaH NPHUHIHUI «00pa3oBaTh WU TPOBEPHUTHY.
OnHako, B JaHHOM cllydae, JIBa Illara METO/la CIIMBAIOTCS B OJUH B MpOIECCE
yandukanuu. C moMomplo mpeaukaTa append mnpou3BOIUTCS pacIleIUICHUE
CIIUCKAa M TYT € BBITIOJHICTCS MPOBEPKA, SIBISICTCS JTU X TIEPBBIM JJIEMEHTOM
BTOPOTO CITHCKA.

Eme omuH mpumep mpewMyIecTBa COCTUHEHHWS TeHEpallid U IPOBEPKHU
JaeT mporpamma i pemeHus 3agadd o0 N ¢epsax: tpeOyerca pasmecTuTs N
dbep3eit Ha KBagpatHoW Jqocke pasmepoM NXN Tak, YT0OBI Ha Kakaou
TOPU30HTAJIBLHOM, BEPTUKAIBHON WM JMArOHAIBHOW JIMHUM OBUIO HE OOJIbIIe
onHOM Qurypsl. B nepBoHauansHOl (OpMYyIHPOBKE pedb IUIA O pa3MelIeHuu 8
dep3eli Ha mIAXMaTHOM JOCKE TaKMM 00pa3oM, YTOOBI OHM HE YIPOXaldu JPyT
npyry. OTcro/ia momnuio Ha3BaHue 3a7a4u o Ghep3ax.

Orta 3aymaya xopoio u3ydeHa B maremaruke. s N=2 u N=3 pemeHus e
CYIIIECTBYET; JBAa CUMMETPUYHBIX pereHus: mpu N=4 moka3aHbl Ha pucCyHKe. [[7s
N=8 cymectByeT 88 (a ¢ yueToM CHUMMETpUYHBIX — 92) peleHmit STON 3a1auH.

Q
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[TpuBenennas B npumepe 73 mporpamma MpeacTaBiseT pelleHue 3a1aqu 00
N ¢hepszax. Pemenne 3agaun MpeacTaBisSeTCs B BUAEC HEKOTOPOW IMEPECTaHOBKU
ciucka oT / do N. ITopskoBEIi HOMEp 3JIEMEHTa ATOTO CITUCKA OTpeAeIIsieT HOMep
BEePTHKAIM, a CaM DJIEMEHT — HOMEp TOPU30HTAIH, Ha IMEPECCUCHUH KOTOPBIX
crout ¢ep3b. Tak pemenue [2, 4, 1, 3] 3agaun o yeTbipex Pep3siXx COOTBETCTBYET
IICPBOMY PEIICHHUIO, IIPEACTAaBICHHOMY Ha pUCYHKe, a pemenue [3, 1, 4, 2]-
BTOpOMY perieHno. [lomobHoe ommcanne penieHnid U mporpamMma UX TeHepaluu
HESBHO MPEANOJararoT, 4TO B JIOOOM peImIeHWH 3amadu o (ep3sx Ha Kaxaou
TOPU30HTAIIM M Ha KKIOW BEPTHKAIM OyJET HAXOIUTHCS IO OTHOMY (hep3io.

Ilpumep 73: npoepamma pewtenus 3aoaqu 06 N ¢ep3sx.

domains

list=integer*

predicates

range (integer, integer, list)

/* mpeduxam nopodcoaem CHUCOK, COOepHCawjuli yucia 8 3a0AHHOM
unmepsane™/

queens (list, list, list)

/* npeouxam gopmupyem peuwieHue 3a0auu o N ¢hep3ax 6 euode cnucka
peutenull, npu 3MoMm Nepsvlll CNUCOK — MeKYWULl 8apUanHm CNUCKA PA3MeueHsl
Qep3eil, 6mMoOpol CHUCOK NPOMENCYMOUHOe peudeHue, Mmpemuti CHUCOK -
pezynomam*/

select (integer, list, list)

/*npeduxam yoansiem u3z CNUcka 00HO 8xodcoeHue diemenma’™/

attack (integer, list)

/*npeduxam npeobpazyem attack, umoovl 6gecmu HauaIbHOE NPUCBAUBAHUE
PA3HOCMU 8 HOMepax 2opuzoHmanei */

attack (integer, integer, list)

/*npeduxam npoeepsem yciosue amaxu ¢hepszsi Opyeumu hep3amu  u3
cnucka, 08a gepssn Haxo0samces Ha 0OHOL U MOU Jice OUA2OHANU, HA paccmosnuu M
eepmukanell opye om opyaa, eciu HoOMep 20pUu3oHmaiu o0onozo ¢epzan na M
bonvute unu Ha M menvue Homepa copuzonmanu Opy2oco gepsn™/

fqueens (integer, list)

clauses

range (M, N, [M|T]):- M<N, M1=M+1, range (M1, N, T).

range (N, N, [N]):-!.

select(X,[X|T1],T1).

select (X, [Y|T1], [Y|T2]):-select (X, T1, T2).

attackl (X, L):- attack(X, 1, L).

attack( X, N, [Y|T2]):-N=X-Y; N=Y-X.

attack( X, N, [Y|T2]):-N1=N+1, attack (X, N1, T2).

queens (L1, L2, L3):-select (X, L1, L11),

not (attackl (X,L2)),
queens (L11, [X|L2], L3).

queens ([1, L, L).
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fqueens(N,L):-range (1, N, L1),

queens(L1,[],L).

goal

fqueens (4,L),write(L).

Ilpu maxom 3adanuu yenu, Oydem 8bIOAHO B6MOpPOe  peuleHue,
npeocmaesieHHoe Ha PUCYHKe, el 3a0amv GHEeWHIOW Uejlb, mo 0yoym 6vlOaHbl
oba peueHus.

B oannoii npoepamme peanuzosan npunyun «o6pazoeeamsv u npoGepuUmb,
MaxK Kaxk cHa4ana ¢ noMowblo npeouxama range 2eHepupyemcs Cnucok,
cooeporcawuti yucaa om 1 0o N. Ilpeouxam select nepebupaem 6ce snemenmol u3
HONYYEeHHO20 ChnUcKka Ol  pasmeujenus ouepeoHoco ¢hepss, npu  dmom
KOPPEKMHOCMb pa3mMeujeHusi nposepsemcs npu nomowu npeouxama attack. Taxum
obpazom, eenepamopom asisiemcs npeduxkam select, a nposepka peanusyemcs npu
nomowu ompuyanus npeouxama attack. Ymoobwvl nposepumv, 6 bOezonacHom
NONOJNHCEHUU HAXOOUMCSL HO8bIU (hep3b, HeobX00UMO 3HAMb NO3UYUU paHee
pasmeujenHvlx ¢hepsell. B Oamnom ciayuae O0ns XpameHus NPOME’CYMOUYHLIX
Pe3VIbmamos UCHOIb3Yemcs 8MOpoU napamemp npeouxKama queens, maxk Kax
peutenue 3a0auu  HAXOOUMCS HA NPAMOM X00e peKypcuu, Ol 3aKpenjeHus
Ppe3yIbmama npu 8bIxo0e U3 PpeKypcuu UCNOIb3Yemcs mpemuil napamemp.

3 OcHoOBHBIE crparerum peumecHusa 3aaadv. ITouck pelieHust B

NMPOCTPAHCTBE COCTOAHUM
3.1 IloHsiTHE MPOCTPAHCTBA COCTOSIHUS

[TpocTpaHCcTBO COCTOSIHMIA — 3TO rpad, BEPIIMHBI KOTOPOIO COOTBETCTBYIOT
CUTyallMsiM, BCTPEYAIONIMMCS B 3a/aue («IpoOieMHbIC CUTYyalluny»), a perieHue
3aJlayu CBOJUTCS K MOUCKY IyTel Ha 3ToM rpade. Ha camom gene, 3agaua novcka
nyTd Ha rpade u 3agaya o N dep3sax - 3TO 3amauu, UCHOIL3YIOIIME OJIHY M3
CTparteruii mnepedopa aJbT€pHATUB B MPOCTPAHCTBE COCTOSHHUM, a WUMEHHO —
CTPATETHUIO MOUCKA B IITyOUHY.

PaccMmoTpum apyrue 3agaud, JUisl pelIeHUs KOTOPBIX MOKHO MCIOJIb30BaTh
B KauecTBe 00IIEH cXeMbl pelIeHusl TPOCTPAHCTBO COCTOSHUM.

K Ttakum 3agagam OTHOCATCS CIAEAYIOIINE 3a/1a4u:

3aJilaya 0 BOCbMH (Pep3sX;

nepeynopsiioueHne KyOMKOB, TIOCTABJICHHBIX JPYyr Ha Jpyra B BHUJE
CTOJIOUKOB;

TOJIOBOJIOMKA «UTPa B BOCEMbY;

TOJI0OBOJIOMKA O «XaHOMCKOM OallTHEY;

3aJ1aya O MEePEBO3KE Yepe3 pEKy BOJIKA, KO3bI U KaITyCThI;

3aJlaya O IByX KYyBIIIMHAX;

3aJlaya 0 KOMMHUBOSIKEPE;

JIPYrUe ONTUMHU3ALUOHHBIE 3a/1a4U.

Co BceMH 3a/1auaMy TaKOTO POJia CBSI3aHO JIBa THUIIA MOHSATUM:
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npo0OJIeMHbIE CUTYAlIUH;

paspellieHHble XOJbl WM JIEHCTBUS, MpeoOpasyrolue OJHU IPOOJIEMHBIE
CUTYallM B IpyTHE.

[TpoGsiieMHBIE cHUTyallUM BMECTE C BO3MOXHBIMU XOJaMU OOpas3yroT
HalpaBJICHHBIN Ipad), Ha3bIBAEMbIN IPOCTPAHCTBOM COCTOSIHUM.

[IpocTpaHCTBO COCTOSHMI HEKOTOPOM 3a1a4M ONPEIEISIET «IIPABUIIA UTPBD»:
BEpPUIMHBI IIPOCTPAHCTBA COCTOSIHMM COOTBETCTBYIOT CHUTyalMsM, a JIyTH —
pa3penieHHbIM X0J1aM WM JIEMCTBHSIM, WJIM IIaraM pelieHus 3agaun. KoHkpeTHas
3aJ1aya ONpeaesieTcs:

MIPOCTPAHCTBOM COCTOSIHUU;

CTapTOBOM BEPIINHOM;

L[EJIEBBIM YCIIOBUEM MJIM LIEJIEBOU BEPIIMHOM.

Kaxxnomy paspemieHHOMYy XOAYy WM JACHCTBUIO MOYKHO NpPHUIKCATh €ro
crouMmocTb. Hampumep, B 3agadye 0 KOMMHBOSIKEPE XOIbl COOTBETCTBYIOT
nepeesiaM U3 ropojaa B ropoJ, SICHO, YTO CTOMMOCTb XO/1a B JAaHHOM CJIy4ae — 3TO
PacCTOSTHUE MEXTY COOTBETCTBYIOIIUMH rOPOJaMHu.

B Tex cimywasix, Korjga Xox UMeeT CTOMMOCTB, IPOTPAMMHUCT 3aWHTEPECOBAH
B OTBICKAHMM PELICHUS MUHUMAJIbHOW CTOMMOCTH. CTOMMOCTBH PELIEHUS — 3TO
CyMMa CTOMMOCTEH IYyT, U3 KOTOPBIX COCTOHUT «PEIIAIOIIMKA IyTb» — IyTh W3
CTapTOBOM BEPIUMHBI B LEJNEBYO. [laXke eciii CTOMMOCTH HE 3aJaHbl, BCE PaBHO
MOKET BO3HUKHYTh ONTHMM3aLMOHHAs 3ajaya: TpeOyeTcs HalTh Kpardyaiiee
pelIeHue.

B npencraBnennoit B npumepe 73 mporpamme o N dep3sax mpoOremHas
cuTyauus (BepuIMHa B MPOCTPAHCTBE COCTOSIHUM) ONUCHIBAETCSA B BUJIE CIIMCKA U3
N X-xoopauHaT ¢ep3eid, a nmepexoj U3 OAHOW BEPIIMHBI B JPYTYIH0 T€HEpUPYET
npeaukaT qUEENS, MpuYeM HadallbHas CUTyalusi TEHEPUPYETCS MPEeAUKAaTOM range,
a LeJIeBasi CUTYaIlHs ONPEICISICTCs IPU MOMOIIY npearkara attack.

3.2 QOcHOBHBIE CTpaTerMd TMOHMCKA pelleHHii B MPOCTPAHCTBE

COCTOSTHU M

3.2.1 [louck B riiyOuHy

[Iporpamma pemenus 3amauu 0 N ep3six peasm3yeT CTpaTeruio Mmoucka B
riyouny. [lox TepMuHOM «B TIIyOHMHY» UMEETCS B BUIY TOT MOPSIOK, B KOTOPOM
paccMaTpUBalOTCA aJIbTEPHATUBBI B MPOCTPAHCTBE cocTOsiHMM. Bcerma, korpa
QITOPUTMY TOWCKA B TUIYOMHY HAJJICKUT BHIOpATh M3 HECKOJBKUX BEPIIUH TY, B
KOTOPYIO CIIeyeT NEPEUTH Il NPOJOJDKEHUS NOMCKA, OH IPEANIOYUTAECT CaMYO
«ry0okyto» u3 Hux. Camas riryOoKasi BEepIIMHA — 3TO BEpIIMHA, PACIOIOKEHHAS
JalblIe APYrMX OT CTapTOBOM BEpIIMHBL. Ha cremyronmiem pHUCyHKE NOKa3aH
puMep, KOTOPBIH WLIIOCTPUPYET paboTy ajlropuTMa IMOUCKa B TIyOMHY. DTOT
MOPAZAOK B TOYHOCTM COOTBETCTBYET pPE3yJbTaTy TPACCUPOBKU IIpolecca
BBIUHCJICHUH IPU TTOUCKE PELICHUS.
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[Topsimok 00xo0/1a BEpIIMH yKa3aH MyHKTUPHBIMHU CTPEJIKaMU, a — HadaibHas
BEpIINHA, ] U f — LIeTIeBbIe BEPIIHUHBI.

[louck B ryOuHy Haubojiee aJIeKBaTe€H PEKYPCUBHOMY  CTHIIIO
nporpaMmmupoBanus, npuHaTomy B IIponore. IlpuynHa 3TOro COCTOUT B TOM, UTO
oOpabarbiBasi uenu, Ilposor cam mnpocmaTpuBaeT ajdbTEPHATUBBI HMMEHHO B
[IIyOUHY.

Ha IIposore mepexon OoT OAHOM NPOOJEMHOW CUTyaluu K JPYrol MOXKET
ObITh TpeacTaBieH mnpu momoinu npeaukara after (X, Y, C), kortopelii ucTrHEH
TOTJ1a, KOIJa B IPOCTPAHCTBE COCTOSIHUM CYIIECTBYET PA3PELICHHBIA XOJ U3
BepIIKHBI X B BepiinHy Y, CTOUMOCTh KoToporo paBHa C. [Ipemukar after moxer
OBITh 3a/1aH B IPOTPaMMe SIBHBIM 00pa3oM B BHji€ (PaKTOB, OJTHAKO TAKOUW MPUHIIMIT
OKa3bIBAC€TCAd HENPAKTUYHBIM, €CJIM IPOCTPAHCTBO COCTOSIHMM  SIBJISIETCS
JIOCTaTOYHO CIOXHBIM. [lo3TOMy OTHOIIeHWE ciefoBaHus after oObryHO
OTpeeNsIieTCs] HESIBHO, TP MOMOIIM MPABUII BBIYUCICHUS BEPIINH, CICTYIONINX 32
HEKOTOPOM 33JTaHHOW BEPILIMHOM.

Hpyroii mpoOieMoil mpU ONUCAHUU MPOCTPAHCTBA COCTOSIHMM SIBISIETCS
CHoco0 MPEeICTaBIICHUsI CAMUX BEPIIHH, TO €CTh CAMUX COCTOSIHHIA.

B kauectBe mepBOro npuMepa peuieHusl Takux 3ajady pacCMOTPUM 3a/layy o
XaHOUCKUX OamHsaX. ECTh Tpu cTepxkHsS U HAOOp JUCKOB pa3HOro auamerpa. B
Hayayie Urpbl BCe AUCKU HAJEThl HA JIEBBIM cTepkeHb. Llenb urpbl 3akirodaercs B
NIEPEHOCE BCEX AMCKOB HA MPABBIA CTEPKEHb 10 OJHOMY CTEPXKHIO 3a pas, MpHU
TOM HeNb3s CTAaBUTh AMCK OOJBILEro JUamMeTpa Ha JAMCK MEHbBILIEro JuaMeTpa.
JI71s1 3TOM UIPBI €CTh IPOCTAsA CTPATETUS:

1. OnuH nucK nepeMeniaeTcsl HEMOCPEACTBEHHO;

2. N quCKOB mepeHOCSTCS B 3 dTara:

e Ilepenectu N-1 quck Ha cpeiHHI CTEPIKEHD;

e [lepeHecTu mociaeHUM AUCK HA MIPABBIN CTEPIKEHB;
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e Ilepenectu N-1 nuck co cpeaHero Ha NpaBblii CTEPIKEHb.

B nporpamme Ha si3bike [Iponor ects 3 mpenukara:

e hanoi — 3anycr<a10nmﬁ MNpeauKarT, YKa3blBaCT CKOJBbKO JHCKOB HAIO0

IIEPEMECTHTD;

® MOVE — ONMCHIBACT IIpaBUjIa NCPEMCIICHUS JUCKOB C OTHOI'O CTCPXKHS

Ha JIpyrou;

e inform - YKa3bIBACT HA I[CﬁCTBI/IC C KOHKPCTHBIM JUCKOM.

Ilpumep 74: pewenue 3a0auu 0 XaHOUCKUX OAUIHSIX.

domains
loc=right;middle;left

% onucwvieaem cocmosinue cmemeHeﬁ

predicates
hanoi(integert)

% onpedensiem pazmeprocms 3a0aqu

move(integer,loc,loc,loc)

% onpedensem nepexoo U3z 0OHOU GepUiUHbl NPOCMPAHCINGA COCMOAHUSL 8
opyayio, mo ecmb ONuUcvl8aem npasuila nepexiaobléanus OUCKO8

inform(loc,loc)

% pacneuamvleaem Oeticmausi ¢ OUCKamu

clauses

hanoi(N):-move(N,left,middle,right).
move(1,A, ,C):-inform(A,C),L.
move(N,A,B,C):-N1=N-1, move(N1,A,C,B),
inform(A,C), move(N1,B,A,C).
inform(Locl,Loc2):-nl, write( “Move a disk from “,Locl,” to “, Loc2).

goal
hanoi(3).

B kauecTBe BTOpOro mpuMepa peleHus TakuX 3aJad pacCMOTPUM 3aaady

HaxXOXXJEHUsl TUIaHA TMEpPeyNnopsAOYMBAHUS KYOUKOB,

CJICYFOIIIEM PUCYHKE.

C

B
|

nNpcACTaBJICHHYIO Ha

A
ﬁ B
C

|

Ha kaxaoMm 1miare paspemniaercsi epecTaBisaTh TONbKO oAuH KyOouk. KyOuk
MOJKHO B35ITh TOJIBKO TOT/Ia, KOTJa €ro BEPXHssA MOBEPXHOCTh cBoOOomHA. KyOuk
MOKHO TOCTaBUTh JMOO Ha CTOJ, JUOO Ha Apyrol KyOuk. [[nst Toro, 4ToObI
HOJy4UTh TpeOymMoOe COCTOSIHHE, HEOOXOAUMO MOJYYUTh MOCIEA0BATEIbHOCTh
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XOJIOB, peaM3ymONIyI0 AaHHYI TpaHchopmanmio. B kadecTtBe mpumepa Oyner
PACCMOTPECH 06HII/Iﬁ cnyqaﬁ ,HaHHOﬁ 3aaa4r, Korga UMECTCs IIPOU3BOJIbHOC YHUCIIO
Ky6PIKOB B cTOoIOMKax. Yucio cToI0uKoB OI'PaHUYICHO HCKOTOPBIM MaKCUMAJIbHBIM
3HAYCHHUCM.

HpO6J'ICMHy10 CUTyallUIO MOKXHO IIPCACTABHTHL KaK CIIMCOK CTOJIOMKOB.
KEDKI[LIFI CTOJ'I6HK, B CBOIO 0OUYCpCIAb, MNPCACTABILICTCA CIIMCKOM Ky6I/IKOB, n3
KOTOPBIX OH COCTABJICH. Ky6I/IKI/I YHnopsaao4d4CHbl B CIIMCKC TAaKHUM 06p8,30M, qTo
caMblii BEpXHUU KyOWK HaxXoguTcsi B TojioBe crmucka. «IlycTeie» cTomOukm
U300pakaroTcsl KaK MycThle CHOUCKU. TakuM 00pa3oM, UCXOAHYIO CHUTYalMI0 Ha
pHUCYHKE MOXKHO 3amucarh Kak TepM [[c, a, b], [], [1].

[leneBast cuTyauus- 3T0 Jro0as KOHQUrypanus KyOHWKOB, coAepKarias
CTOJIOMK, COCTaBJIEHHBIN M3 UMEIOIINUXCSA KyOUKOB B yKa3aHHOM mopsake. Takux
CUTyalHi TPU:

[[a, b, c]. [, OI;

[0, [a b, cl. OI;

[0. 0. [a b, c]].

Ilpumep 75: pewenue 3a0auu o nepemeweruu kyouxos. OFbACHUTD!
domains
list = char*
predicates
inverse(list, list,list);
perest(list,list,list, list,integer)
start(list,list)
clauses
inverse([],L,L).
inverse([H1|T1],P,L) :- inverse(T1,[H1|P],L).
perest([1.[]._,_,0):-!.
perest(T1,[H2],T3,[H4|T4],0):-H2=H4,write("\n2-3"),perest(T1,[],[H2|T3],T4,0).
perest([H1|T1],T2,T3,[H4|T4],0):- H1=H4,write("\n1->3"),

perest(T1,T2,[H1|T3],T4,0).
perest(T1,[H2],T3,[H4|T4],0):-H2<>H4,write("\n2->3"),
perest(T1,[],[H2|T3],[H4|T4],1).
perest([H1,H2|T1],[],T3,[H4|T4],0) :- H2=H4 write("\n1->2"),write("\n1->3"),
perest(T1,[H1],[H2|T3],T4,0).
perest([H1|T1],[]1,T3,[H4|T4],X):-H1<>H4,write("\n1->3"),
X1=X+1,perest(T1,[],[H1|T3],[H4|T4],X1).
perest([H1|T1],[],T3,[H4|T4],X):-%H1=H4,
write("\n1->2"),perest(T1,[H1],T3,[H4|T4],X).
perest(T1,[H1],[H3|T3],T4,X):-H1=H4,write("\n3->1"),X1=X-1,
perest([H3|T1],[H1],T3,T4,X1).
start(L1,L2) :- inverse(L2,[],L3),perest(L1,[],[],L3,0).

goal
start(['a’,'b','c’,'d"], ['a’,'b",'c’,'d"]).
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% start(['a’,'b','c"], ['b",'c",'a"]).
% start(['a’,'b','c','d"], ['a’,'d",'c",'b"]).

3.2.2 Ilonck B INMPHUHY

B npoTuBOMONIOKHOCTh MOUCKY B IIYOMHY CTpaTervs MOHUCKa B IIUPUHY
npeaycMaTpuBaeT IMEpexo] B MEPBYI0 OdYepelb K BEpIIMHAM, OMMKaNIIMM K
HayaibHOM BepmuHe. Ha cregyromeM puCyHKEe MOKa3aH MpUMeEp, KOTOPbIN
WUTIOCTPUPYET padOTy aITOPUTMA ITOMCKA B IIUPUHY.

OONRONO

[Touck B mupHHY IpOrpaMMHUpPYETCSl HE TaK JIETKO, KaK IMOUCK B TIyOuHY.
[IppyunHa COCTOMT B TOM, YTO INPUXOAUTCA COXPAHATH BCE MHOXECTBO
aJbTEPHATUBHBIX BEPIIMH-KAHIWIATOB, @ HE TOJBKO OJIHY BEPIIMHY KakK IIpU
noucke B riyOuHy. bosee Toro, ecinu mpu nomoruy mporecca Noucka HeoOXouMo
MOJIyYUT pPELAUA IyTh, TO CIEAYyeT XPAaHUTb HE MHOXECTBO BEpIINH-
KaHAUJATOB, & MHOXKECTBO IIyTeH-KaHAUAATOB. [l mpencraBieHUs MHOXKECTBA
nyTel-KaHIUAaTOB OOBIYHO HCHOJB3YIOT CHUCKH, OJHAKO IPHU TaKOM CIIOCO0e
OJIMHAKOBBIE YYACTKM IYyTEH XpaHATCA B HECKOJBKUX HK3eMIuisipax. M30exaTh
NMOJ00HOM CUTyalluu MOKHO, €CJIM MPEJICTABUTh MHOXECTBO MyTeH-KaHAUAATOB B
BUJIE JIEpPEBA, B KOTOPOM OOIIME YYaCTKU MyTeil XpaHATCSA B €ro BepXHel yacTu 0e3
nyonupoBanus. [Ipu peanuzanuu cTpaTeruu MOMCKa B MIMPUHY PEIIAIOINe MyTH
MOPOYKIAKOTCS OJMH 3a APYTMM B MOPSAJKE YBEJIUYEHUS UX JJIMH, CIEOOBATEIBHO,
CTpaTerusi MOMCKa B IIMPUHY TAPAHTUPYET MOJYyYECHHUE KpPaTYaWIIEro PpELICHHS
IIEPBBIM.

[IpencraBieHHbIE BBIIE CTPATETUH MOUCKA B TIIyOMHY U MOUCKA B IIUPUHY
HE YYWTHIBAIOT CTOMMOCTH, NPUIIMCAHHOW AyraM B IIPOCTPAHCTBE COCTOSHHM.
Ecnu kpureprieM ONTUMAIBHOCTH SIBISETCSI MUHMMAalbHAsl CTOUMOCTB ITyTH, a HE
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ero JIMHA, TO B JAHHOM Cllyyae MOMCK B IIMPUHY HE PEIIAeT IMOCTABICHHYIO
3ajauy.

Eme onna mpo0iema, BO3HUKAOIIAs IPU PEIICHUU 3aJaud MOMCKa — 3TO
npobsieMa KomMOuHamopHou ciodxcrocmu. JIJisl CIOXKHBIX MPEIMETHBIX oOJacTen
YHCJIO albTEPHATUB CTOJIb BEJIMKO, YTO MpoOJieMa CI0KHOCTH YacTO MPUHUMAET
KPUTHUYECKUM XapakTep, Tak KaK JUIMHA PELIAlouIero myTH (Tem Oosee, eciiu MX
MHOJKECTBO, KaK IpU peanus3aly IOMCKAa B IIMPHUHY) MOXKET IPUBECTH K
9KCNOHEHYUAbHOMY POCMY ONUHbL 8 3A6UCUMOCTU OM PA3MEPHOCMU 3A0a4U, YTO
OPUBOJUT K CHUTyallMH, Ha3bIBAEMON KomoOunamopHuim 63pvieom. CTpaTeruu
noucka B TIIyOMHY U B IIMPUHY HEIOCTATOYHO «YyMHBD» ISl OOpBOBI C Takoi
CUTYyaIuel, Tak KaK BCE MyTH pacCMaTPUBAIOTCS KaK OJIMHAKOBO MEPCIEKTUBHEIE.

[To-BunuMoMy, mpolenypbl MOMCKA IOJDKHBI HCIOJIB30BaTh KaKyO-IHOO
uHGOpPMAIIMIO, OTPAXKAIONIYI0 Clenu(UKy TaHHOW 3a7add, C TEM, 4YTOOBI Ha
Ka)XIO0W CTaJvy MOUCKA NMPUHUMATh PEIICHUs 0 HanOoJjiee NMEePCHeKTUBHBIX MYyTAX
noucka. B pesynprate npouecc OyneT MpoJBUraThbCs K LI€JIEBOM BEpIINHE, 00X01s
Oecrione3nble MyTH. MIHPopMmalus, oTHOCsIAsACA K KOHKPETHON pertaeMoi 3a1aye
Y UCTOJIb3yeMast ISl yIIpaBJICHUsI IOMCKOM, Ha3bIBAECTCS 98PUCUKOU. ATITOPUTMBI
NIOUCKA, UCHONb3YIOWUE I8PUCTIUKU, HAZBIBAIOT I8PUCHUYECKUMU AN2OPUMMAMU.

OHUM U3 3BPUCTHUYECKHUX AJITOPUTMOB PELICHUS 3a/1a4 SBJISETCS aJrOpPUTM
A*, KOTOpBIN SIBJISIETCA YCOBEPIIEHCTBOBAHHBIM AJTOPUTMOM IOMCKA B IIMPHUHY.
DTO, TaK HA3bIBAEMBIN, AITOPUTM MOUCKA MO 3aJaHHOMY KpUTEpHIO. s Kaxka0oro
BO3MOXKHOTO TIEpEX0/ia 33 OJIMH IIar OMpeaessieTCs] IBpUCTHYECKAsi OICHKA U IS
MPOAOHKEHUS MOMCKA PEIIAIOIIETO MyTH BRIOMpaeTCs HAUyyIasi B COOTBETCTBUU
C JAHHOW OLICHKOW BEpIIHHA.

[Ipenmonaraercs, 4To UIst BCEX IyT B MPOCTPAHCTBE COCTOSIHHM OIpeeeHa
(GYHKIUS CTOMMOCTH TEPEMEIICHUs OT BEPIIMHBI K BEPUIMHAM-TIPEEMHUKAM.
JlonycTtum, JUTsl 9BPUCTUYECKON OlleHKH mpuMensieTcs ynkius f(n) takas, dro
JUISL KaXI0M BEPIIMHBI N OHA CIYKUT JUIsl OLIEHKH «CJIOKHOCTH JOCTHIKEHUS Ny.
CooTBETCTBEHHO HambOoJjee NMEPCIEeKTUBHOM SIBISIETCS Ta BEPIIMHA, JJIsI KOTOPOil
sHadueHue ¢QyHkiuu f(n) siBiseTcss MUHMMAIbHBIM. PaccMoTpum anroputMm A* Ha
IpUMepe pelIeHUs 3a/1a4ll «Urpa B BOCEMb.

Ha cnenyromeM pucCyHKe NpeicCTaBlieHa 3ajadya «urpa B BOCEMb» B BHUJIE
3aJ]a4M MOUCKA IMYTH B MPOCTPAHCTBE COCTOSHUI. B roioBojloMKe MCIOJIB3yeTCs
BOCEMb NEPEMENIAEMBIX (PUIIEK, MPOHYMEPOBAHHBIX LUPpamu oT 1 a0 8. Oumiku
pacrnoJiaratoTcs B JIE€BATH sueiikax, oOpasyrommx marpuny 3x3. OnHa U3 sueex
BCerja mycra, Jro0as CMeXHasl ¢ Hel (uIlKka MOXKET ObIThb MEepe/lBUHYTa B 3Ty
sueiiky. KoHeuHast cuTyanus — 3TO HEKOTOpasi 3apaHee 3aJaHHass KOH(PHUTypaus
¢urexk.
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[Ipu 3TOM MO’KHO BBIAECTUTH YETHIPE OCHOBHBIX OIEpaTopa:
1. Tlepememienne mycTol (PUIIKH BHU3;
2. llepemerienue mycToi (pUIIKU BBEPX;
3. Ilepemernenue myctoi (HUIITKK BIICBO;
4. TlepemerieHue mycToi (PUIIIKU BIIPABO.

Ouenounas ¢ynkius f(n) dbopmupyercs Kak CTOMMOCTh ONTHMAILHOTO
MYTH K IeJT1 U3 HAYaJIbHOTO COCTOSIHHS Yepe3 N BepIIMH AepeBa MOMCKa. 3HauYCHHE
OLICHOYHOM ¢yHKIMK s Bepmmubl N paBuHo: f(n)=g(n)+h(n), rme g(n) -
CTOMMOCTh ONTHMAJIBHOTO MyTH OT Ha4YaJlbHOW BEpHIMHBI A0 N-oir, a h(n) —
CTOMMOCTh ONTHMAJIBHOTO MyTH OT N-OW BEPIIUHBI 10 1eieBoi. [TonsTHo, uyTo h(n)
9TO IBPUCTHUECKAsS TUTIOTE3a, OCHOBAHHAS Ha MMEIOIICHCS nH(GOPMAIHK O TaHHON
KOHKPETHOMW 3a/1aye.

[lpu stom @(N) mpuHUMAeTCs pPaBHOW IIyOWHE NPOWICHHOTO IyTH Ha
JiepeBe MOKMCKa OT HavaIbHOM BEPIIUHBI 10 N-0i, a h(N) — paccrosHue XeMMuHTa
OT N-0if BEpIIMHBI JO IENeBOW (B NaHHOM Cllydae OHO PAaBHO YHUCITY (HIIEK,
CTOSIMUX HEe Ha cBoux Mectax). CymectByer Moaudukaius airoputMa A*, B
KoTopoit h(N) npeacraBiasieT cyMMy MaHX3TTEHOBCKUX PACCTOSIHUMN (CUUTAETCS Kak
CyMMa pAacCTOSHUH B TOPHU30HTAJIHPHOM U BEPTHKAJIBHOM HANPaBICHUSIX) OT
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KaXA0OH (UIIKKA 0 € «IeNeBOM KIETKW» IUTI0C YTPOSCHHOE 3HAYEHUE «OICHKHU
ynopsao4eHHocTH».  OLeHKa  yHopsAIOYEHHOCTH  OMNpeJeNsieT  CTeNeHb
YHOPSATOYEHHOCTH (PUIIEK TEKYIEH MO3UIIMK MO OTHOLIECHUIO K IIEJIEBOM MO3UIIUU
Y BBICUMTHIBAETCS I10 CJIEIYIOUIUM MTpaBUiaMm:
e @uika B LIEHTPE UMEET OLICHKY 1;
e @umka B Jpyro mno3uuuu wumeer OuneHky 0, ecnum 3a HEW B
HAIIPaBJIICHUM 110 YaCOBOM CTPEJKE CIEAYyET COOTBETCTBYIOIIUN €U
MIPEEMHUK;
e @umka B Jpyro MO3ULIHM HMEET OLEHKY 2, €CIM 3a HEU B
HaIlpaBJICHUH 10 YaCOBOM CTpeEJIKE HE CIEAYyeT COOTBETCTBYIOIIMMA e
IPEEeMHHUK.

Crpaterust BpIOOpa cieayrolleld BEpUIMHBI B MPOCTPAHCTBE COCTOSHUM —
MUHUMAaJIbHOE 3HaYEHUE OLICHOYHOUW (PYHKIUH.

@opMyIMpOBKa ANTOPUTMA:

1. PaccMmarpuBaeM Bce BapHaHTBI IEPEMEIICHHS MYCTON (PMIIKU 3a OJUH IIar U
BHIOMpaEM BapuaHT ¢ MUHUMaJIbHOM orieHkoi h(n).
[Iepexonum B HOBOE COCTOSTHHUE.
Co3naéM BeplIMHBI CAEAYIOIIETO YPOBHS UEPAPXUH.
BriOupaem cocTosiHEe ¢ MUHUMAITBHOM orieHkoi h(n).
[ToBTOpsiEM 110 TEX MOP, TOKA HE JOCTUTHEM LENH.
Ilenb He OyAeT TOCTUTHYTA 10 TE€X IMOp, MOKA YUCIIO NEPEMELICHUI MEHbIIIE
yucia (puilek, HaXOASIIUXCS HE HA CBOMX MECTax.

Jnst 3agaun, u300paKEHHOM HA PHUCYHKE, WCXOIHBIM aJrOpuT™M H
MOAU(PUITUPOBAHHBINA AITOPUTMBI HAXOIAT PEIICHHUE 3a JBa I11ara.

Jns UCXOQHOTO aJIropuTMa OLICHOYHBIE CTOMMOCTH BEPIIMH Ha MEPBOM
mare paBubl f(1)=n+h(1)=1+1=2 u f(2)=1+3=4, a Ha BTOPOM COOTBECTBEHHO:
f(3)=2+2=4 u {(4)=2+0=2. [Tocieauss BeplINHA SBJISICTCS HICICBOM.

B cootBeTcTBUM € MOAUM(GUUHUPOBAHHBIM AJITOPUTMOM, OT HA4YaJIbHON
BEpPIIMHBI BO3MOKEH NEPEXOJ B JIBa COCTOSIHUS C OLEHOYHOW CTOMMOCTBIO
f(1)=n+h(1)=1+4+3*(1+2)=14 u f(2)=1+3+3*(1+2+2)=19. BriOupaem
MHHUMQJIBHYIO CTOMMOCTh W MEpeXoauMm B coctosiHue 1. Jlanee reHepupyem
BepuiiHBl 3 W 4 ¢ OLCHOYHBIMM  CTOUMOCTSMH  COOTBETCTBEHHO
f(3)=2+2+3*(1+2+2)=19 u f(4)=2+0=2. [TocaemHss BEpIIHHA ABISICTCS I[CIICBOM.

SRR N

3.3 Cenenue 3a1a4u k noazaaayam u UW/UJINU rpadwi.

JIns HEKOTOpBIX KaTeropuii 3amad 0ojiee €CTECTBEHHBIM PEIICHHEM
ABJIIEeTCSl pa3OMeHMe 3aJayd Ha nona3afaud. Pa3OueHue Ha mMoj3ajadyul J1aeT
MPEUMYIIIECTBO B TOM CJydae, KOrjJa IoA3aJayd B3auMHO HE3aBUCHUMBI, W,
cleloBaTebHO, pelaTh WX  MOXHO  HE3aBUCMMO  Jpyr OT  JApyra.
[TponmtocTpupyeM 3TO Ha MPUMEpPE PELICHUS 3aJayd MOUCKAa Ha KapTe J0por
MapuIpyTa MeXay 3aIaHHBIMU TOPOJaMU KaK MOKAa3aHO HA PUCYHKE.
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Bepmmnamu a,b,c,d,f,h,z — mnpencraBnensl ropoma. PaccrosiHue Mexmay
ropojiaMu 0003Ha4€HO BECOM JyTW U3 OJHOM BepinHbI rpada B apyryro. Ha kapte
ecTh peka. JlomycTum, 4TO MepenpaBUTHCS Yepe3 PEeKy MOXKHO TOJIBKO IO JABYM
MOCTaM: OJMH HaxoauTcs B ropojae f, a Bropoit — B ropogae d. O4eBuaHO, YTO
MCKOMBIN MapuipyT 00s3aTeJIbHO JOJDKEH MPOXOJHWTh Yepe3 OJUH U3 MOCTOB, a
3HAUUT JIOJDKEH MpOXoauTh nubo uepes f, nmubo yepes d. Takum oOGpazom, MbI
MMEEeM JIBE TJIaBHbIC aJIbTEPHATHUBBI:

® IyTh U3 & B Z, mpoxoasmuii yepes f;

® IyTh U3 & B Z, IPOXOAsIIHiA yepes d.
3ateM, KaXIyl W3 ITHX JBYX albTEPHATHUBHBIX 3a7a4 MOKHO, B CBOIO
ouepeib, pa3OUTh CICAYIONIUM 00pa3oM:

1.

..!’\)..

ISl TOTO, YTOOBI HAWTH MyTh U3 & B Z uepe3 f, HeoOxomumo:
HaiT nyTh M3 a B f u
Haiit myTh U3 f B Z.

JUTSL TOTO, YTOOBI HAWTH MyTh U3 & B Z yepe3 d, HEOOXOAMMO:

HaiiTi myTh W3 aB d 1
HaiTH yTh U3 d B Z.

Taxum oOpa3om, B JBYX albT€pHATHUBAX MbI MOJIYYHJIM YETHIPE MO/A3a/1a4H,
KOTOpBbIE MOYKHO pEIlaTh HE3aBUCUMO Apyr oT apyra. llomyueHHoe pasOueHue
UCXOJHOM 3a7auyu  MOXHO u300pasuth B (dopme W/MNIIN
IIPEJICTaBICHHOIO HA PUCYHKE.

rpada,
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Kpyrneie nyru Ha rpade ykaspiBaloT Ha oTHomieHue MW wmexnay
COOTBETCTBYIOIIMMHU TMOJ33a/1ayaMu. 3aiadn 0oJjiee HU3KOTO YPOBHSI HAa3bIBAIOTCS
3aa4aMU-IIPEEMHUKAMMU.

N/NJIN- rpad- 310 HanpaBlieHHbIH Tpad, BEpUIMHBI KOTOPOTO COOTBETCTBYIOT
3a7a4aM, a Iyr'u — OTHOIIEHUSIM MEXY 3aJja4aMH.

Mexny ayramu Takxe CyIIECTBYIOT CBOM OTHOIIEHUS — 3TO OTHOWIEeHUs U u
NJIN, B 3aBUCHUMOCTH OT TOTO, JOJIKHBI JIM Mbl PELIUTh TOJIbKO OJHY W3 33/1a4-
MIPEEMHUKOB WJIM JK€ HECKOJbKO W3 HHUX. B mNpuUHIUIE W3 BEPIIUHBI MOTYT
BBIXOJUTH AYTH, HAXOJAIIMECA B OTHOIIEHUH W BMecTe ¢ iyraMu, HaXOdAIIUMUCS
B otHoueHun MJIN. Tem He MeHee, OyaeM mpenanojaraTh, YTO Kaxk/as BeplIuHa
uMeeT Jubo Toiabko M-npeeMHUKOB, 1100 Toibko MJIM-ipeeMHHUKOB, Tak Kak B
Takyto (GopMmy MoxkHO mpeodpaszoBath obdor U/MNJIU- rpad, BBoAsS B HEro mpu
HeoOxoaumoctu BcromorartenbHeie  WJIM-Bepmmnbl. Bepmwmny, w3  KoTtopou
BBIXOJAT TOJNLKO M- nyrum HaseiBaroTcs - BeplmIMHOW; BEPIIMHY, U3 KOTOPOU
BbIXOZAT TOJIbKO WJIN- nyru,- NJIN- BepumHON.

Pemenuem 3amaum, mnpencrtaBieHHoi B Buime W/MIIU- rpada sBusercs
peraroree 1epeBo, Tak KaK PEelIeHne TOJDKHO BKIIIOYATh B cebOst Bce moa3aaaun U-
BEPILIMH.

Pemraromiee aepero T onpenensiercs ciieayromum o0pa3om:

yucxoaHas 3anada P —31o kopens nepesa T,

ecau P asnsgerca MJIM-BepuimHON, TO B T COAEPKUTCS TOJIBKO OAUH U3 €€
npeeMunkoB (u3 W/MJIU-rpada) BMecTe cO CBOMM COOCTBEHHBIM PEIIAOITUM
JIEPEBOM;

eciit P — ato U-Bepmmna, To Bce ee npeemunku (u3 UW/HJIM-rpada) Bmecte
CO CBOMMHU PEMIAIIIMMU AEPEBbSIMU conepkarcs B T.
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Ha npeacrasnennom Boitie U/WNJIM- rpade mpenctaBieHbl TpU peEIIAIOIIAX
nepeBa, 0003HAUEHHBIX IITUX-MYHKTUPHON, MYHKTUPHON M CIUIOIIHOM JMHUSMHU.
CoOTBETCTBEHHO, CTOMMOCTH JIaHHBIX JEPEBbEB COCTaBIsAOT 7, 12, 7. B nanHOM
cllyyae CTOMMOCTH ONpeAeNICHbl Kak CyMMbI CTOMMOCTEH BcexX Iyr nepesa. MHorna
CTOMMOCTh PEIIAIONIEr0 JIepeBa OIpeNeNsIeTcsi CyMOHW CTOMMOCTEH BCEX €ro
BepIIMH. B COOTBETCTBUM € 33JaHHBIM KPUTEPHUEM, U3 BCEX PEIIAIOIINX JICPEBHEB
BBIOMPAETCS ONTHMAJILHOE.

3.4 Pemienue urpoBbIx 3a1a4 B Tepmunax UW/HNJIU- rpaga

Takue Urpel, KaK MIAXMaThl WIM IIAIIKH, €ECTECTBEHHO PAacCMAaTpUBAaTh Kak
3amaun, mpeactasieHnele W/WMJIM- rpadamu. Urpel Takoro popa Ha3bIBalOTCS
UrpaMH JIByX JIMIl ¢ ToJHOM uHpopmanueil. byneM cuuTaTh, 4TO CYHIECTBYET
TOJBKO JJBA BO3MOXHBIX UCXOJa UTPBHI:

® BBIUTPHII;

® [IPOUTPHIIIL.

Urper ¢ TpeMsi BO3MOXHBIMU HUCXOAAMH MOXHO CBECTH K WUIpPaM C JABYMS
MCXOJaMH, CUUTAsl, YTO €CTh: BBIUTPHILI U HEBBIUTPHILLI.

Tak Kak y4YaCTHHKHA WIPbl XOLAT IO OYEpPEaH, TO BBIICIAM JBA BUIA
ITO3ULIAN, B 3aBUCUMOCTH OT TOT'O, YEN XOJ:

ITO3ULIKS UTPOKA;

IO3ULKSI TPOTUBHUKA.

HonyctuMm, 4to HayanbHasg no3uuus P — 3To mo3unus urpoka. Kaxibri
BAPUAHT XOJa WrpPOKa B OTOM IMO3ULUMH NPUBOJUAT K OJHOW W3 TO3ULHUN
npotuBHuka G, wm B G, mwmm B Gz m Tak pamee. Kaxnaplii BapwadT Xoja
NPOTUBHUKA B NO3ULMHU Gj IPUBOIUT K OJHOW U3 NMO3ULIMN UTpoka Pj;.

B W/WJIA- nepeBe, MokazaHHOM Ha PHUCYHKE, BEPIIMHBI COOTBETCTBYIOT
MO3ULUSIM, a TIYTM — BO3MOXHBIM XOJIaM. Y POBHU TO3ULIAN UTPOKA YEPEAYIOTCA B
JIEPEBE C YPOBHSMM MO3ULIAN TPOTUBHUKA. TPOK BBIMTPHIBAECT B MO3UIMHU P, eciin
oH BeMrpeiBacT B Gy, G, Gz m tak mamee. CnemomarenbHo, P — sro WMJIU-
BepimnHa. [lozunmn Gj — 3TO MO3UMLMK NPOTUBHUKA, MO3TOMY €CIHM B 3TOU
IO3ULIAHA BBIUTPBIBAET UTPOK, TO OH BBIMIPBHIBACT IIOCJE KaXKJIOI0 BapUaHTA XOJa
MPOTUBHUKA, TO €CTh UTPOK BBIUTPBIBAET B (Gj, €CIM OH BBIUTPHIBAET BO BCEX
nosuuusax Pj. Takum oOpa3zoM, Bce MO3MLUM IMPOTHBHUKA — 3TO M-BepHIMHBL
[{esieBbIE MO3UIIMU — 3TO MO3ULIKH, BBIMTPAHHBIE COTJIACHO IpaBwiiaM Urphl. Jiis
TOTO, 4YTOOBI PEIIMTh WUTPOBYIO 3a7ady, Mbl JIOJDKHBI TOCTPOUTH PEIIAIoIee
JIepEBO, rapaHTUpylollee MoOeay MIrpoka HE3aBUCHUMO OT OTBETOB IMPOTHUBHHKA.
Takoe nepeBo 3aaeT MOJIHYI0 CTPATETUIO JOCTHUKEHUS BBIMTPBINIA: IS KaXI0TO
BO3MOXKHOTO MPOAOJKEHUSI, BHIOPAHHOTO MPOTUBHUKOM, B JIEPEBE CTPATETUH €CTh
OTBETHBIN XO/JI, TPUBOAIINI K moOeIe.

73



[To3unus urpoka

THo3unuu
G, MPOTUBHUKA

PaccMmoTpum peleHne nogo0HbIX 33124 Ha IPUMEPE UTPHI B «2 JTYHKH.
WUrpok uim ero mpoTUBHUK MOXKET B3ATh W3 OJHOM JIFOOOHM JIYHKH Jt000€
KOJIMYECTBO KaMeIlKoB. [IpourpeiBaet ToT, KTO OEpeT MOoCIeHUI KaMelIeK.

- IO3UIMA NPOTUBHUKA
- [IO3UIUA UTPOKaA

- BBIMIPBIII UTPOKA

>0L

- IPOUTPBILI UTPOKA

JlepeBo pereHuit 3Toi Urpbl IPEACTABIEHO HA PUCYHKE.

0

<
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[TynkTupHOi TuHKEN 0003HAUeHA ONTUMAaJIbHAS CTPATEr sl UTPOKa, KOTOpast
IIPUBEACT K BBIMTPBIIY.

3.5 MUHMMAaKCHBIN MPUHIUN MOUCKA pelleHuii

Anroputmbel moucka mytd Ha W/MJIMA- rpadax MOryT HCIOIB30BaTh
CTpaTerny MoucKa B MIyOMHY W HIUPUHY, OJHAKO, JJIs1 OOJIBIIMHCTBA UTP, AEPEBO
UTPBI UMEET OOJIBIIOE KOJIWYECTBO MO3MIMMA, YTO MPUBOJUT K KOMOWHATOPHOMY
B3PBIBY IIPH PEaIU3aMU IPOCMOTPA BCEX BEPILHH JIEPEBa PEIICHUM.

OCHOBHOM TOAXOJ K OpraHu3alMy IIOUCKAa Ha WIPOBBIX JEPEBBAX
UCIIOJIb3YeT OlleHOYHble (GyHKIMH. OneHouHass (QYHKIHMS HCMIONb3YyeTCs IS
BBIYMCJIEHUS OLIEHKU TEKYILETO COCTOSIHUS UTPBI.

Jl1st BBIOOpA CHEAYIOMIET0 X0Aa UCTIOIB3YETCS TPOCTON alrOPUTM:

HaWTH BCEBO3MOJKHBIE COCTOSIHUSI UTPhI, KOTOPbIE MOTYT OBITh JOCTUTHYTHI
32 OJUH XOJ;

UCIIOJIb3YsI OLEHOYHYIO (DYHKIMIO, BBIYMCIUTH OLEHKH COCTOSTHUM;

BBIOPATH XOJI, BEAYIINI K MO3UIMU C HAUBBICIIEH OIIEHKOM.

Ecnu onenounass GyHkius Obuia Obl COBEPILIEHHOW, TO €CTh €€ 3HAYCHUE
oTpaxayno Obl Kakuhe MO3WLMU BEeAyT K MoOene, a Kakue — K MOPAKEHUIO, TO
JIOCTATOYHO ObUIO ObI TpocMoTpa BrHepea Ha oauH mmar. OObIYHO COBEpIICHHAs
OLICHOYHasi (PYHKIMS HEU3BECTHA, MOATOMY CTpaTervs BbIOOpa X0/la Ha OCHOBE
IIPOCMOTpa Ha OJMH WIar BIEpEe] HE JAacT XOpOILIEro pe3yibTara, MO3TOMY
VCITOJIB3YETCsI CTPATErusl IPOCMOTPA Ha HECKOJIBKO IIaroB BIIEPE.

CranmapTHbIA METOJl ONpPEACICHUS OLEHKU IO3MIIMH, OCHOBAaHHBIA Ha
IIPOCMOTPE  BIIEPEA HECKOJIBKHX CJIOEB HWIPOBOTO JEPEBa, HA3bIBBIACTCS
MHUHUMAKCHBIM aJITOPUTMOM.

MUHHMaKCHBIM aaropuTM MPEAIOoNaraeT, YTo MPOTUBHUK M3 HECKOJIbKUX
BO3MOXKHBIX XOJIOB CII€TIaeT BBIOOp, JIyUIIWi Uisi ce0si , TO €CTh XYIIIUM st
urpoka. Iloaromy nenbro Urpoka sBISIETCS BBIOOP TAaKOro X0Ja, KOTOPBIA J1acT
MaKCUMaJIbHYI0 OLICHKY CBOEM TMO3MIMH, BO3MOXXHOW IIOCJIE JIYYIIEero Xoja
MPOTUBHUKA, TO €CTh MUHUMH3UPYIOIIETO OLUEHKY MO3UIMU NMPOTHUBHUKA. OTCI01a
HAa3BaHWE€ — MHUHHUMAKCHBIA alrOopuT™M. YHCIO CJIIOEB WIPOBOrO JAEPEBA,
IPOCMATPUBAEMBIX TP MOMCKE, 3aBUCUT OT JIOCTYMHBIX pecypcoB. Ha nmocneanem
CJIO€ UCIOJIb3YETCS OLIEHOUYHAS (PYHKIHS.

B npeanonosxkenun, 4to oneHoYHass GyHKIHS BBIOpaHa pa3yMHO, aJTOPUTM
OyZeT JaBaTh TEM JIYUIIIUE PE3yIbTaThl, YeM OOJIBIIIE CIIOEB MPOCMATPUBAETCS MIPU
IIOMCKE.

[IycTh MBI UMEEM CIIEIYIONIEE AEPEBO UTPHI:
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max HFpOK

mln
HpOTHBHHK
g
max <:::> HFpOK
t4 t8
IIPOTUBHMK
Noh

3amana Hekas oneHouHas QyHkuus @(Py), rae Py- Hekoropas urposas
CUTyalusl.

[Ipennonokum, 4T0 UTPOK MAKCHUMHU3HUPYET CBOM BBIMIPBIII, a IPOTHUBHUK
MUHUMH3UPYET CBOM  mOpourpblll. BapuanT  pemenusi, oOpa30BaHHBIN
MUHUMAKCHOM CTpaTeruel JBH)KEHHS 10 JEpeBYy WIpbl, OyleM Ha3bIBaTh
OCHOBHBIM BAPUAHTOM PELICHUS.

Ecnu cymectByer oueHo4yHass (yHKIUS, TO MOXXHO BBECTHM BHYTPEHHIOIO
dyukuto @(Py) Takyto, 4To:

max ¢(py) — Py — MaX eepuwuna

olpi)= min o(py) = py —Min sepuuna
@(Py) = Py — mepmuranvhas eepuuna

Ilpumep 76:

trace
domains
pozic = symbol
Spoz = pozic*
facts
xod (pozic, spoz)
xod_min (pozic)
xod_max (pozic)
predicates
minmax (pozic, pozic, integer)
best (spoz, pozic, integer)
oc_term(pozic, integer)
vibor(pozic, integer, pozic, integer, pozic, integer)
clauses
xod (a, [b,c]).
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xod (b, [d,e]).

xod (c, [f,a]).

xod (d, [t1,t2]).

xod (e, [t3,t4]).

xod (f, [t5,16]).

xod (g, [t7,t8]).

xod_max (a).

xod_max (d).

xod_max (e).

xod_max (f).

xod_max (g).

xod_min (b).

xod_min (c).

xod_min (t1).

xod_min (t2).

xod_min (t3).

xod_min (t4).

xod_min (t5).

xod_min (t6).

xod_min (7).

xod_min (t8).

oc_term (a,4).

oc_term (b,4).

oc_term (c,1).

oc_term (d,4).

oc_term (e,6).

oc_term (f,2).

oc_term (g,1).

oc_term (t1,1).

oc_term (t2,4).

oc_term (t3,5).

oc_term (t4,6).

oc_term (15,2).

oc_term (t6,1).

oc_term (t7,1).

oc_term (t8,1).

minmax (Poz, BestPoz, Oc):-
xod (Poz, SpPoz),!,
best(SpPoz, BestPoz, Oc);
oc_term(Poz, Oc).

best ([Poz], Poz, Oc):- minmax (Poz, _, Oc), !.

best ([Pozl| T], BestPoz, BestOc):-
minmax (Pozl, , Ocl),
best (T, Poz2, Oc2),
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vibor(Poz1,0c1,Poz2,0c2,BestPoz,BestOc).

vibor(Poz0, Oc0, Poz1, Ocl, Poz0, Oc0):-
xod_min (Poz0), Oc0>0cl,!;
xod_max (Poz0), Oc0<Ocl,!.

vibor(Poz0, Oc0, Poz1, Ocl, Pozl, Ocl).

goal

minmax(a,BestPoz,Oc),write(BestPoz),write(Oc).
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1.0cHOBHBI€ M0JIOKEHUS sI3bIKA porpaMmupoBanus IlpoJor

1.1 OcHOBBI JIOTHYECKOT0 POTPAMMUPOBAHMS

S3pik nporpammupoBanus [Ipogor (PROgramming LOGic) npeanomnaraer
MOJYYEHHE PEIICHUS 3aJa4d [Py IOMOIIM JIOTMYECKOrO BBIBOJA W3 paHee
u3BecTHhIX  ¢aktoB. Ilporpamma Ha s3pike [Ipomor He  sBisieTcs
MOCJIEIOBATEIBLHOCTBIO JICUCTBUI — OHa MpeacTaBisieT coOoi Habop (akToB u
MpaBWi, OOECINEYUBAIOIIUX TOJYYECHUE JIOTMUYECKUX 3aKIIOUCHUN W3 JaHHBIX
¢bakToB. [TosTomy [Tponor CUHMTAETCA 0eKNapamueHbim SA3BIKOM
MpOrpaMMHUPOBAHUSL.

[Ipomor Gasupyercs Ha ¢ppazax (npeonosicenusx) Xopua, SBISIOMIAXCS
MOJIMHOXKECTBOM (DOPMATBHON CUCTEMBI, Ha3bIBAEMOMU JI02UKOU NPEOUKAMO8.

[Iposior wucHoiab3yeT  YHOPOIICHHYID BEPCHUI0 CHHTaKCcHca  JIOTUKHU
MPEAUKATOB, OH MPOCT /JII IOHUMaHUS U 0YeHb OJIM30K K €CTECTBEHHOMY SI3BIKY.

[Iposnor umeeT MexaHuU3M BBIBOJA, KOTOPBIM OCHOBAH Ha COMNOCTAaBJICHUU
obOpasuioB. C moMomipl0 Moa0opa OTBETOB Ha 3ampockl [Iposor wu3Biekaer
Xpassiytocs uapopmanuto. [Iposnor neiTaeTcs OTBETUTh HA 3aIpoC, 3arparinBas
uH(dOpMaIUIO, O KOTOPOU YK€ U3BECTHO, UTO OHA CTHUHHA.

OpHoii U3 BakHeHuX ocobeHHoctel [Iponora siBisieTcs TO, 4TO OH UIIET
HE TOJBKO OTBET HA IIOCTaBJICHHbIH BOMNPOC, HO H© BCE BO3MOYKHBIE
albTEpHATUBHBIC pelleHus. BwmecTto 00bIYHON pabOTHl MpPOrpamMMbl  Ha
MPOIEAYPHOM SI3BIKE OT Hauajia U /10 KoHla, [Iposor MoxkeT Bo3BpallaThCsl Ha3ajl
U IIPOCMATPUBATH BCE OCTAIbHBIE TyTH MPU PEIICHUH BCEX YacTel 3a/1auu.

[Tporpammuct Ha Ilposiore onuchIBaeT 0Ovexmsvl U OMHOULeHUs, a TaKKe
npasuia, TPU KOTOPBIX 3TU OTHOIICHUS SBJISIIOTCS ICTUHHBIMU.

OObekThl  paccyxaenuss B Ilposnore  HaspBalOTCI — mepmamu - —

CUHTAKCUYECKUMHU 0OBbEKTaMH OJTHON U3 CJIEIYIOIMNX KaTErOPUA:

® KOHCTaHTHI,

® [IEPEMEHHEIE,

e (yHKIMM (COCTABHBIE TEPMbI UJIM CTPYKTYPHI), COCTOSAIIME U3 UMEHHU (QYHKLIUU
U CIOUCKA apryMEHTOB-TEPMOB, MMeHa (PYHKIHMN HAYMHAIOTCA CO CTPOYHOM
OYKBBI.

Koncmanma B Tlponore ciayxuT mjis 0003HAYeHHS] UMEH COOCTBEHHBIX H

HAYMHACTCS CO CIMPOYHOU OYKEHL.

Ilepemennas B Ilpomore ciyxut mis 0003HA4YeHHS OOBEKTa HA KOTOPBIM

HEJIb3s1 COCJIAThCS N0 UMEHU.

[Iposior HE UMeeT ornepaTopa NpUCBaUBaHUS.

Ilepemennvie 6 Ilponoce uHUYUAIUIUPYIOMCA NPU  CONOCMBAEHUU C
KOHCMAHmMamu 8 pakmax u npasuiax.

Jo uHMIMaTM3auu TepeMeHHas CBOOOJHA, TIOCJIE€ TMPUCBOCHUS €l
3HAYECHUs OHA CTAHOBUTCS CBs3aHHOW. [lepemeHHass ocTaercs CBA3aHHOM TOJIBKO
TO BpeMs, KOTOpOe HEOOXOAMMO IS TMOJYyUYCHHS PEIICHHUS IO 3ampocy, 3aTeM
[Iposior ocBOOOXKAAET €€ U UIIET IPYTrO€ peLIECHUE.



4

[Iepemennsie B IIponore nmpenHa3sHaueHbl Uil YCTAHOBJIEHHUS COOTBETCTBHS
MEX1y TEpMaMH [PEAMKATOB, JEHCTBYIOIIMX B TMpeaenax OJHOW (pasbl
(mpeaJiokeHus1), a HE MECTOM NaMsATH i1 XpaHeHHUs JAaHHbIX. [lepemeHHas
HA4YMHAETCS C MPONMCHON OYKBBI WJIM 3HAKOB [TOIYEPKUBAHUS.

B IIponore mnporpammuct cBoOOJEH B BBIOOpE MMEH KOHCTaHT,
NEPEMEHHbIX,  (QyHKuMA u  nOpeaukatoB.  MckiarodeHuss — COCTaBIAIOT
pPE3epBUPOBAHHBIE MMEHA M YHUCIIOBBIE KOHCTAHTHI. [lepeMEHHBIE OT KOHCTAHT
OTJIMYAIOTCA MEPBOM OYKBOW MMEHHU: Y KOHCTAHT OHA CTPOYHAs, Y MIEPEMEHHBIX —
3arjaBHas OyKBa WM CUMBOJI TOAYEPKUBAHUSI.

OO0usacTh NENUCTBUA UMEHHU MPEACTABISIET COOOW YacTh MPOTPAMMBI, A€ 3TO
UM UMEET OJMH U TOT 7K€ CMBICIT:

® I NEPEeMEHHON O0NacThi0 NEHCTBHUS SBISETCS NpemioxkeHue ((hakr,

IIPABUJIO UJIH 11EJIb), COAEpIKalllee JAHHYIO IEPEMEHHYIO;

® Ui OCTalbHBIX MMEH (KOHCTAHT, (DYHKUMHA WJIM NPEAUKAaTOB) — BCA

porpamma.

CrienManbHBIM 3HAKOM «_» 0003HAa4yaeTcss aHOHUMHAs MepEeMEHHas, KoTopas
UCIIOJIB3YETCS TOTAA, KOT/la KOHKPETHOE 3HAYEHHE MEPEMEHHOM HE CYIIECTBEHHO
JUISL JTAaHHOTO TPEIJIOKEHUsS. AHOHUMHBIE TIEPEMEHHBIE HE OTJIMYAIOTCS OT
OOBIYHBIX MPU IOUCKE COOTBETCTBUI, HO HE NPUHUMAIOT 3HAYEHUH H HE
NOSIBJISIFOTCS. B OTBETaX. Pasiuynvie 6X0x#COeHUsl 3HaKa NoOYepKUBAHUST O3HAYAIOM
PasiuyHble AHOHUMHbLE NEPEeMEHHbIe.

OtHomenust Mexnay oobekramu B Ilponore HasbiBaroTcst (akramu. Dakt
COOTBETCTBYET (paze XOpHa, COCTAIIEH U3 OJHOTO MOJIOKUTEIBLHOTO JTUTEpaa.

@axT — 3T0 nmpocTeias pa3sHOBUAHOCTD ITpeoxkenus [Iposora.

JIro60# (akT uMEeT COOTBETCTBYIOIIEE 3HAUEHNUE UCTUHHOCTH U OIpEAEsieT
OTHOUIEHUE MEXY TEPMAMH.

@dakT SBIAETCA NPOCTBHIM NPEIUKATOM, KOTOPBIA 3aIlMCHIBAETCS B BHJE
(YHKIIMOHAJIBHOTO TEpMa, COCTOSILEr0 M3 HMEHU OTHOIIEHHS MU OOBEKTOB,
3aKJIIOYEHHBIX B KPYyTJible CKOOKH, HApUMED:

mamo( Mapus, aHHa).

omey( U8aH, AHHa).

Touka, crosias Mnocie Npeaukara, yka3plBaeT Ha TO, YTO paccCMaTpUBAEMOE
BBIPAKEHHE SIBISIETCS (PAKTOM.

Bropeim tunom npennoxenui [Iponora ssnserca Bonpoc win yens. Llens —
3TO CPEACTBO (HOPMYJIHUPOBKU 33Jaud, KOTOPYIO JOJDKHA peniarh MporpaMmma.
[Tpoctoii Bompoc (1ies1b) CHHTAKCUYECKH SBIISETCS PA3HOBUIAHOCTHIO (hakTa,
HaIpumep:

Lenv: mams (mapus, onus).

B nanHOM ciydae mporpaMme 3aJaH BOIIPOC, SIBISIETCS JIM Mapusi MaTepbiO
foaun. Ecian HeoOxonauMo 3afaTh BOMPOC, KTO SIBJISIETCSI MATEPhIO IOJIUH, TO 1IEJb
OyAeT UMeTh CIETYIOIUN BUI;:

Lenv: mamo( X, 1onus).

CnoxxHble IeJH MPEeACTABISIIOT COOOM KOHBIOHKLHMIO TPOCTHIX MLeJed u
MMEIOT CIICAYIOIIUN BUL:
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Lenv: Oy, Qy,...,0n 20e 3anamasn obo3Havaem onepayuio KOHvIOHKYUU, a Q1,
Qa, ...,On — nooyenu enasmoii yenu.

Konpronknus B [Iposiore ncTuHHA TOJIBKO MPH KCTHHHOCTH BCEX KOMITOHEHT,
OJTHAKO, B OTJIMYHE OT JIOTMKH, B [Ipoiore y4YuTBIBaeTCSA nOpPAOOK OYEeHKU
ucmuHHocmu Komnonenm (CiieBa HaIpaBo).

Ilpumep 1.

Ilycmov 3a0ana cemeiinas 6asa oannvix (B/]) npu nomowu nepeuucnenus
POOUMENbCKUX OMHOWEHULL 8 8UOe CNUCKA (haKmos:

mamo( Mapus, auHa).

Mamov(mapusi, 10aus).

mamo( anua, nemp).

omey( U8aH, AHHa).

omey( usa, 101us).

Toz0a eompoc, sensemcs au u8an 0e0oM nempda, MONCHO 3A0amb 8 GUOoe
creoyrowetl yeu:

Llenv: omey( usan, X), mamo(X, nemp).

Ha camom pene BJ[ I[lponora BkitoyaeT He TOJMBKO (DAKThl, HO W MpPaBHIIA.
®daxThl ¥ MpaBUJIa MPEACTABISIIOT COO0I HE MHOXKECTBO, a CIIUCOK. {7151 mosrydenust
orBeTa b/] mpocmaTpuBaeTcs Mo MOpsAKY, TO €CTh B MOPSIIKE caea0BaHus (HAKTOB
U TIPEIUKATOB B TEKCTE MPOTPAMMBI.

ens nocturnyta, ecnu B b/l ynamocs HallTh (pakT WM MPaBHIIO, KOTOPBIA
(KOTOpOE) YAOBIECTBOPSET MPEAUKATY IEIH, TO €CTh MPEBPAIAET €r0 B UCTHUHHOE
BBICKa3bIBaHUE. B Hamem mnpumMepe TEpBYIO MOIETh YIOBICTBOPSIOT (HaKThI
omey( usan, anna). u omey( usau, roaus). Bropyro noauenb yJoBIeTBOPIET PakT
mams( anna, nemp). CnenoBaTellbHO, TJIaBHAS 1IC]Tb YAOBJICTBOPEHA, TICPEMCHHAS
X CBSI3bIBAETCS C KOHCTAHTOU aHHA.

TperbuM THUNOM TPENJIOKEHUS sIBIsieTcs npasuno. IlpaBuno mo3BoSET
BbIBeCTU OJuH (akT u3 apyrux ¢daktoB. MHBIMH cloBamMu, TpaBUIO — 3TO
3aKJIIOYEHUE, I KOTOPOTO HW3BECTHO, YTO OHO WMCTHHHO, €CJIU OJIHO WJIH
HECKOJIbKO APYTUX HAWJECHHBIX 3aKITIOYCHUHN WK (DAKTOB SBISIOTCS UCTUHHBIMU.

IIpasuna — smo npeonosicenus uoa

H: - Pl, Pz,..., P,.

CHUMBOJII «: -» YUTAETCS KaK «eciam», npeaukat H Ha3piBaeTcs 3aKiIrOYeHUEM,
a TOCIENOBAaTeNbHOCTh mpeaukatoB Pji, P,,..., P, Ha3bBacTCsS TMOCHUIKAMHU.
[IpuBeneHHOE TPABWIO SBISECTCS AHAIOTOM XOPHOBCKOTO IHM3BIOHKTA —Piv—
P, ..., v—P, VvH. 3aki1rouenne HCTUHHO, €CJIM UCTUHHBI BCE ITOCHIIKHA. B ITOCBIIKaxX
IIEPEMEHHBIC CBSA3aHBI KBAHTOPOM CYIIICCTBOBAHUS, a B 3aKIFOYCHUHU - KBAHTOPOM
BCEOOIIHOCTH.

Ilpumep 2.

Jlobasum 6 B/ npumepa 18 npasuna, 3adarouue omHouleHue «0eoy:

mamo( Mapus, aHHa).

mMamov(mapusi, 10aus).

mamwv( auHa, nemp).

omeuy( U8aH, AHHA).

omeuy( usau, 101Us).



0eo (X, Y): - omey(X, Z), mamo(Z, Y).

0eo (X, Y): - omey(X, Z), omey(Z, Y).

Tozoa eompoc, saensemcs au uUBAH 0e0OM Nempa, MOINCHO 3a0amv 8 Uoe
creoyrowetl yeu:

Lenv: 0eo( usan, nemp).

[TpaBmia - camplie oOmume mpeiokenus lIponora, ¢akT sBISETCS YaCTHBIM
cllydaeM TpaBmiia 6e3 MpaBoil 4acTH, a 11eJb — MPaBHIIO 0€3 JICBOW YaCTH.

Bce mpemmoxenus s OJHOTO TMpEaWKaTa CBS3aHBI MEXTYy CcoOoi
OTHOIICHUEM «HLTY.

Ouens yacto npaBmia B [Iposore sBisitoTcss peKypcuBHbBIMU. Hammpumep, st
Haiie ceMeriHou b/l mpeaukar «penok» onpeaensaeTcs peKypCuBHO:

npeookK(x, y): - mams(X, y).

npeook(x, y): - omey(x, y).

npeook(x, y): - mams(X, z), npeookK(z, y).

npeodok(x, y): - omey (X, z), npeook(z, ).

PekypcuBHOEe ormpejeneHne MpeauKara o0sA3aTeNbHO JOHKHO COIEpPKaTh
HEPEKYPCUBHYIO YacTh, HHA4Y€ OHO OYJIET JOTUYECKU HEKOPPEKTHBIM U Mporpamma
3aiuKAUTC. YToOBI M30ekaTh 3allMKIUBAHUS, CIEIYEeT TaKXKe M03a00TUTHCA O
MOPSIJIKE BBIMOJHEHUS MIPEATIOKEHHM, TIOATOMY MPAKTUYECKU TOJIE3HO, a MTOPON U
HEOOXOAMMO  TPHUACPKUBATBHCS  MPUHIMIA:  «CHAYALA  HepeKypCUBHbvle
BLIPAACEHUAY.

[Iporpamma Ha I[Iposiore - 3T0 KOHEUHOE MHOKECTBO MPEIIOKEHUN.

K xommenTapuro Ha [Iposore oTHOCHTCS BCE, 4TO HAXOAUTCS MEXKTy 3HaKaMHU
[*u *.

[* D10 KOMMeHTapuii. */

JInbGo MOKHO IMOCTAaBUTh B Havasie CTPOKH 3HAK % W TOTJa BCS CTPOKa OyaeT
CUMTATHCSI KOMMEHTAPHUEM.

% U 5T0 TOKE KOMMEHTApPHIA.

1.2 Ucnosib30BaHMe TU3BIOHKIIMU M OTPUIIAHMSI.

Hucrteii [Iponor paspemaer npuMEHSATh B IpaBWiIaX M LEIAX TOJBKO
KOHBIOHKIIMIO, OJIHAKO, $3bIK, MCIOJI3YEMbIH Ha MPaKTUKE, JOIMYCKaeT
NPUMEHEHUE JU3bIOHKIMKW M OTPUIIAHUS B Telax mpaBwil u uensax. s
JOCTIXKEHUS LM, COJAEpXKaleh au3bloHKIu, I[Iponor—cucrema cHavana
MBITAETCS YJIOBJIETBOPUTH JICBYIO YacTh JU3IBIOHKIIMM, a €CJIU 3TO HE yIaeTcs, TO
MEePEeXOIUT K TMOMCKY PEIICHUS IS MPaBON 4YacTU JU3BIOHKIHUHU. AHAJOTUYHBIC
JNEUCTBUS TPOU3BOJATCS TMPU  BHIOJIHEHWU Tejda TMPaBWI, COACPKAIIUX
TU3BIOHKINIO. J[J11 0003HaueHUs TU3BIOHKIIMKY UCIIOJIB3YETCS CUMBOJ « ; ».

B IIponore otpunianue UMeeT UMs «not» U IJs NMPEACTABICHUS OTPULIAHUS
Kakoro-nmbo npeaukara P ucnons3yercs 3anuck not(P). [lens not(P) oocmuoicuma
mo20a u MojbKo moeoda, Ko20a He yoosiemeopsemcs npeouxam (yeav) P. Tlpu
ATOM T[EPEMEHHBIM 3HAUYEHUsI HE MpHUcBaWBaroTcsi. B camoMm gnene, eciu
nocturaercss P, To He mocturaercs nNot(P), 3HauMT HAmO CTEpeTh BCE
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NPUCBAaWBAHMS, NPHUBOIAIIME K JaHHOMY pe3yibTaTy. HaoOopor, ecaim P He
JIOCTUTAETCs, TO IIEPEMEHHBIC HE IPUHUMAIOT HUKAKUX 3HAYEHUH.

1.3 YnpasJ/ieHue NoMcKOM pelieHusl.

Berpoennsiit B [Iposior MexaHH3M MOMCKa ¢ BO3BPATOM MOJKET MPHUBECTH K
IIOMCKY HEHYXXHBIX PCIICHHH, B pe3yjbTaTe 4Yero cHmxkaercs 3(QeKTHBHOCTH
IpOTrpaMMBbI B cliydae, €CJIM HaJI0 HalTH TOJILKO OJHO perieHue. B mpyrux ciydasx
OBIBaET HEOOXOAMMO MPOIOIKUTH IOUCK, JaXKE €CII PEIICHUE HANIEHO.

[Tposor oOecrmeynBaeT JBa BCTPOCHHBIX IIPEIUKaTa, KOTOPHIC AT
BO3MOYKHOCTh YIIPABIISATh MEXaHW3MOM TIOMCKa C Bo3BpartoMm: mnpenukar fail —
UCIIOJIB3YETCS JUI MHUIIHATU3AIliN ITOMCKA ¢ BO3BPATOM W MPEANKAT omceuenus !
— UCIOJIB3yETCs JUIS 3arpeTa Bo3Bpara.

IIpeouxam fail ececoa umeem nooxrcnoe 3nauenue!

Ilpumep 3. Hcnonvsosanue npeouxama fail. [na npumepa 1 moowcno
00basume npasuio OJisl neyamu 6cex mamepeii, Komopuwie ecmv 6 bJ[:

neuamo_mamepetl:-mams(X,Y), write(X, ” ecmo mams ”,Y),nl fail.

goal

newamos_mamepell.

B pezynomame 6yoem evioano 3 pewenus:

X=mapus, Y= anua.

X=mapus, Y= ronus.

X=anuna, Y= nemp.

Otceuenue Tak ke, kak u fail momemaercs B Temo npaswina. Oouako, 6
omauyue om fail npeouxam omceuenus umeem ececoa ucmunnoe 3nauenue.

[Tpu 3TOM BBINOJIHSETCS OOpAIllCHHE K IPYTUM MpeIuKaTaM B TeJe MpaBuIia,
clienylomuM 3a orcedeHueM. CiemnyeT HWMeTh B BHAY, YTO HEBO3MOXKHO
IPOM3BECTH BO3BpAT K MpeAWKaTaM, PACIOJIOKCHHBIM B Telie MpaBuja Iepes
OTCEUCHHEM, a TakKK€ HEBO3MOXXCH BO3BpPAT K JAPYTMM TMpaBWIaM JIaHHOTO
peIuKara.

CyImecTByeT TOJIBKO JIBa CIIydasi IPUMEHCHHS ITPEINKATa OTCCUCHUS:

1. Ecnu 3apaHee WM3BECTHO, YTO OIPENCICHHBIC MOCHUIKM HHUKOT/IA HE
NPHUBEIYT K OCMBICIICHHBIM PEIICHUSM — 3TO TaK Ha3bBAEMOE
«3EJIEHOC OTCCUCHUELY.

2. Ecim otrceuenus TpeOyeT cama JIOTHKA MPOrPaMMBI JIJIST HCKITFOUSHUS
aIbTEPHATHBHBIX TMOAILEICH — 3TO TaK Ha3bIBAEMOE «KpacHOE
OTCEUCHUECY.

1.4 Tlpouenypuocts IlpoJiora.

[Tposor — mekyapaTUBHBIN s3bIK. OTIUCHIBas 3a/7ady B TepPMUHAX (DAKTOB U
TpaBuJI, IPOTPaMMHUCT TpenocTaBiseT [Iposory camoMy HcKaTh CITOCO0 perieHusI.
B mponeaypHbeIX s3bIKaX MNPOTPAMMHCT JOJDKEH CaM MHCATh MPOIEAYPHl H
GyHKIIUHA, KOTOpBIE MOAPOOHO «OOBACHSIOT» KOMITBIOTEPY, KaKWe IIard HaJlo
cAenaTh I peIIeHUs 3a1a4u.
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Tem He MeHee, paccmoTpuM [Iposor ¢ TOUKHM 3peHHs TPOUETYPHOTO

MPOrpaMMHUPOBAHHS:

1. ®dakTel W TpaBWIa MOXHO paccMaTpuBaTh KaK OIpeeiIcHuUs
Mpoueayp.

2. Vcnonp3oBaHWe TMpaBWI IS YCIOBHOTO BETBJICHHUS MPOTrPaMMBI.
[IpaBuio, B OTIMYKE OT MPOLEAYPHI, TO3BOJISET 33/1aBaTh MHOKECTBO
aJbTCPHATUBHBIX OMNPEACICHUA OJHOM M TOH K€ MPOILECAYPHI.
[TosTOMy, MpPaBUIIO MOXKHO CYWATATh AHAJIONOM OIlleparopa Case B
ITackare.

3. B mpaBumiie MOXET OBITh BBITOJHEHO CpPaBHEHHE, KaK B YCIIOBHBIX

omneparopax.

OTtcedyeHre MOXKHO CUMTATh aHajgorom go to.

5. Bo3BpaT BBIYMCIEHHOTO 3HAYEHUS MPOU3BOJUTCA AHAJIOTUYHO
npoueaypam. B Ilposore »5To0 jgemaeTcs IyTeM  CBA3bIBAHUS
CBOOOJIHBIX TEPEMEHHBIX IIPH COIMOCTABICHWHM €U ¢ ¢dakTaMu |
MIPABUIAMHU.

&

2.CtpykTtypa nporpammbl Ha si3bike IlpoJior.

[TporpamMma, HamucaHHas Ha [Ipoyiore, COCTOMT M3 IIATH OCHOBHBIX
pa3zesioB: pa3ziesl ONMUCAHWs JTOMECHOB, pasiesl 0a3bl JAaHHBIX, Pa3/ied OMUCAHUS
NPEUKATOB, pa3lell OINUCAHWS NPEUIOKEHUN W pas3leNn ONUCAHWS —IENH.
KiroueBbie ciioBa domains, constants, database (facts), predicates, clauses u goal
OTMEYAIOT Hayajia COOTBETCTBYIOIIMX pa3zeiioB. HasHaueHue STUX pa3/ieiioB
TaKOBO:

e pasaen domains coaep KUT OMpeIeACHHS TOMEHOB, KOTOPbIC OMMCHIBAIOT

pa3IUYHbIC THITBI JAHHBIX, HCITOJIB3YEMbIX B TPOrpPaMMe;

e pazzien constants wucnonb3yercss AJisi OOBSBICHUS CHUMBOJIUYECKHUX
KOHCTAHT, UCIIOJIb3YEMBIX B IIPOTPaMMe;

e pasnen database (facts) comepkut ommcaHusI MPEIUKATOB BHYTPCHHEH
0a3pl nmanHbIX [Ipomora, ecnu mporpamma Takoll 0as3bl JaHHBIX HE
TpeOyeT, TO ATOT pa3aesl MOKET ObITh OMYIIEH;

e pasmen predicates  CcayKuUT JUIA  ONMCaHHWS  NPEAMKATOB, HE
NPUHAJICKAIMX BHYTPEHHEH 0a3e TaHHbBIX;

e B paszzen clauses 3aHocsaTcs GakThl ¥ MPaBHIIa CAMOU MTPOTPAMMBI;

e B pasmene Qgoal Ha s3wike Ilpomor QopmynupyeTcsi Ha3HAYCHUE
co3maBaeMoii mporpamMmbl. COCTaBHBIMH YacTSMHU TIPU OTOM MOTYT
SBIIATHCS HEKUE TOMIEIH, W3 KOTOPHIX (OPMHUPYETCS eauHas Ieib
POTPaMMBI.

B Visual Prolog paspemaer oObsBieHue paszzaeiaoB domains, facts,

predicates, clauses kak T1I00albHBIX pa3eiioB, TO €CTh C KIIOYEBBIM CIIOBOM
global.

HpOJ'IOI‘ HMCCT CICAYIOIHNEC BCTPOCHHBLIC THUIILI JOMCHOB!



Tun naHHbIX KuaroueBoe | JluanmazoH 3HaYeHUil IIpumepsi
CJIOBO HCIO0JIb30BAHUS
CuMBOJIBI char Bce Bo3MoXkHEIE ‘a’,’b’, ‘#’, ‘B’,
CHMBOJIBI %’
Ilenbie uncna integer Ot -32768 no 32767 -63, 84, 2349
byte Ot 0 mo 255
word Ot 0 10 65535
dword Ot 0 o 2%
JleiictBuTensubie | real Ot +1E-307 no +1E308 | 360, - 8324,
yucia short 16 OUTOB CO 3HAKOM 1.25E23, 5.15E-9
ushort 16 6uToB 0O€3 3HaKa
long 32 OuTa Co 3HAKOM
ulong 32 Outa Oe3 3HaKa
unsigned 16 v 32 Oura 6e3
3HaKa
Crpoku string ITocnenoBaTenbHOCTD «today», «123»,
cuMBOJIOB (He Oosiee 250) | «school day»
CumBosnueckue | Symbol 1 .ITocnenosarensuocts | flower,
uMeHa OykB, up, CHMBOJIOB school_day
IO TYCPKUBAHMS; TICPBBIH
CHUMBOJI — CTPOYHAs
OyKkBa.
2. [locnenoBarenbHOCTh | «string and
JTHOOBIX CUMBOJIOB, symbol»
3aKJIFOYCHHAS B KaBBIYKH.
Ccputounsiii Tun | ref
daiinbl file Homycrumoe B DOS ums | mail.txt,
datina LAB.PRO

Ecau B IIporpamMme HGO6XOI[I/IMO HCIIOJBb30BAaTh HOBBIC NJOMCHBI JAaHHBIX, TO

OHH J0JKHBI OBITH OIKCAHBI B pa3aeae domains.

Ilpumep 4

domains
number=integer
name, person=symbol.

Paznuune mexmy Symbol u string - B MallMHHOM TIpPEACTaBICHUU W
BBITOJIHCHUH, CHHTAKCUYCCKH OHHM HE Pa3JINUNMBI.

Visual Prolog BbinonHseT aBTOMaTH4YeCKOE MPeoOpa30BaAHUE TUIIOB MEXKIY
noMmeHamu  String  wm  symbol. Opnako, TO NPUHITOMY COTJIAIICHUIO,
CHMBOJTUYECKYIO CTPOKY B JBOMHBIX KaBbIYKAaX HYXKHO paccMaTpuBaTh Kak String,
a 0e3 KaBbIueK — Kak Symbol:

Symbol - wuMeHa, HauMHalOIIMECSd C CHMBOJIA HIDKHETO pErucTpa u
COZIepIKAIIE TOIBKO CUMBOJIBL, IIU(PBI, 1 CUMBOJIBI ITOTYCPKUBAHUS.
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String — B JBOWHBIX KaBBIYKAX MOTYT COJEPXKATh JIIOOYH0 KOMOHWHAIIUIO
CUMBOJIOB, KpoMe #0, KOTOpbIl OTMEYAET KOHEI[ CTPOKH.

Visual Prolog momaepxuBaer W Apyrue THUIBI CTAHIAPTHBIX JOMEHOB
JAHHBIX, HATIPUMED, ISl paboThl ¢ BHEIIHUMU bJl min o6bekTamu.

[penukaTel onuchBalOTCsS B pasaenc predicates. Ilpenukar mpeacrapiser
co0Oll CTPOKY CHMBOJIOB, IEpPBBIM M3 KOTOPBIX SBISETCA CTpOYHAs OyKBa.
[IpeaukaTel MOTYT HE UMETh apryMEHTOB, HallpuMep «go» wiu «repeaty. Eciu
MPEIUKATHI HIMEIOT apTYMEHTHI, TO OHU OIPEACIIIOTCS MPU OMMCAHUH TTPEIUKATOB
B pazfene predicates:

Ilpumep 5:

predicates

mother (symbol, symbol)

father (symbol, symbol).

dakThl ¥ MpaBKiIa ONMPEICIIAIOTCS B pasjeie clauses, a Bonpoc Kk mporpaMme
3ajaeTcs B paszene goal — B 3ToOM citydae 1ielib Ha3bIBACTCS GHYMPEHHEl Yelblo.
[Tporpamma Ha Typ6o-IIposore MoxeT He coaepkath pazuen goal, B atom ciydae
1eJIb 33J]aeTCsl B MpoIiecce pabOThl MPOTpaMMBbl U SIBISIETCS 6HeuwiHell yenbto. Jlis
3ajlaHus BHelIHed 1enu B okHe Dialog Oyaer BeiBemeno mpuriarienue Goal.
[Tocne ynmoBieTBOpeHMsI BHEIIHEH I1enu mnporpamma Ha Typ6o-Ilponore He
3aKaHYMBAET CBOIO PabOTy, a MPOCUT BBECTU CIEAYIONIYIO II€JIb, TAKUM 00pa3zoM
MO>KHO 3a7aTh IPOTrPaMMe HECKOJIBKO pasIudHBIX eieil. Ecnm nenp B mporpamme
SBJIICTCSI BHYTPEHHEH IIEbI0, TO TPOIECC BBIYMCICHHS OCTAHOBUTCS IIOCIIC
TIEPBOTO €€ YCIICITHOTO BRIYUCIICHU. Eciu 11e1h B IporpaMme SIBIISICTCS BHEITHEH
€TI0, TO MPOIIECC BBIYMCIICHHS 1IN MOBTOPSIETCS IO TEX IMOp, MoKa He OyayT
HalJICHBI BCE YCIEITHBIC CIIOCOOBI BEIYUCIICHUS 1ICITH.

B Visual Prolog pa3nen goal B TekcTe mporpaMMsl SIBISIETCS 00sI3aTSIIBHBIM.
PazHuna B pexumax UCIOJHEHUS MPOTPAMMBI COCTOUT B Pa3HOM HCIOJIb30BaHUH
yruuthbl Test Goal. Eciau yrunuTa co3maetes uist 3amycka Jr00i mporpaMMsl, TO
Py ATOM HIIYTCA BCE PEUICHUS, €CIU YTWINTA CO3JAeTCs Il aBTOHOMHOTO
3aImycKa MpoTrpaMMBbl — TO HINETCS OHO PEIICHHE.

3.Ucnoan3oBanue cnuckoB B IIposore

Cnucok — 3TO YHOpsA04YeHHBIN HA0Op OOBEKTOB OJHOTO M TOTO K€ THIIA.
DJleMEHTaMU CIIUCKAa MOTYT OBITh II€JIbIe YHCla, JEHCTBUTEIBHBIE YHCIA,
CUMBOJIbI, CTPOKH, CHUMBOJINYECKHME UMEHA U CTPYKTYpHI. [IopsAIoK pacnonokeHus
AJIEMEHTOB B CIHCKE WIPaeT BaXHYIO POJIb: T€ K€ CaMble JJIEMEHTHI CIIMCKA,
YIOPSATOYCHHBIE UHBIM CTIOCOOOM, TIPEICTABIISIOT YK€ COBCEM APYTOM CIHUCOK.

COBOKYITHOCTh 2JIEMEHTOB CIHMCKa 3aKJIIOYAETCs] B KBaJpaTHbIe CKOOKH ([]),
AJIEMEHTHl JIPYT OT Apyra OTIENATCA 3amsThiMU. CIUCOK MOXET COJIepkKaTh
MIPOU3BOJIBHOE YHCIIO DJIEMEHTOB, €IMHCTBEHHBIM OTPAHUYCHHUEM SIBIISIETCS 00BEM
ornepaTUBHOM mamsaTH. KonuecTBO 2JIeMEHTOB B CIHUCKE HA3bIBACTCS €ro JIJIMHOM.
CnucoK MOXET COJAepKaTh OJWH DJEMEHT U JaXe HE COAepkKaTh HU OJHOTO
sanemeHnTa. CHOUCOK, HE COJAEp)KAIIMM DJIEMEHTOB, HA3bIBA€TCS MYCTHIM WJIU
HYJIEBBIM CITHUCKOM.
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Hemycrol crincok MOKHO pacCMaTpuBaTh KaK CHUCOK, COCTOSIIIMN U3 JABYX
YyacTel: TOJIOBBI — IIEPBOr0 3JIEMEHTA CIUCKA; M XBOCTA — OCTAJIBHOM YacTu
cnucka. ['oyioBa sIBIISIETCSL 3JIEMEHTOM CIIMCKA, XBOCT SIBJISIETCS CHMCKOM. ['0J0Ba
CIUCKa — OJTO HEIETUMOE 3Hay€HUEe, XBOCT TMPEACTaBIsET COOOH CIHUCOK,
COCTAaBJIEHHBI M3 TOTO, YTO OCTaJIOCh OT MCXOJHOIO CIIMUCKAa B PE3yJbTare
«OTIEJICHHS TOJOBBDY. DTOT HOBBIM CIHUCOK OOBIYHO MOXHO JENIUTh W JaJIblIe.
Ecau cnucok cOCTOMT M3 OJHOTO 3JIEMEHTA, TO €r0 MOYKHO Pa3[eluTh Ha TOJIOBY,
KOTOPOH OYZET 3TOT CaMblid AJIEMEHT, U XBOCT, SBJISIOIIHICS MYCTHIM CITHCKOM.
[IycTo# CriucoK Henb3s pa3AesIuTh Ha TOJIOBY U XBOCT.

Omneparusi AeIEHUS CIIKUCKA HA TOJIOBY U XBOCT 0003HAYAETCS MPHU MTOMOIIN
BEPTUKAILHOHN 4epTHI (|):

[Head | Tail].

Head 3pech sBisieTcss mepeMeHHON it 00O3HAYEHHUSI TOJIOBBI CIIHICKA,
nepemenHasi Tail o603HayaeT XBOCT cHCKa (AJis1 UMEH TOJIOBBI M XBOCTa CIIHMCKA
OpUTOAHBI JH0OBIe gomycTtuMble I[Iponorom umMena). JlaHHas omeparusi Takxke
MPUCOCIUHACT JJIEMEHT B Hadalo CIHCKa, Hampumep, i TOTO , YTOOBI
MPUCOCTUHUTD X K CIIUCKY S cleayeT Hamucath [X | S].

OTIMYUTENTHFHON OCOOCHHOCTHIO ONHUCAHUSI CIIUCKOB SBISIETCS HalW4He
3BE3JI0YKH (*) IIOCiie MMEHU JJOMEHA JIEMEHTOB.

Ilpumep 6: 06vABNEHUE CNUCKOB, COCMOAWUX U3 IIEMEHMO8 CMAHOAPMHBIX
MUNo8 0OMeH08 Ul MUna CmpyKmypol.

domains

listl=integer*

list2=char*

list3=string*

listd=real*

list5=symbol*

personal_library = book (title, author, publisher, year)

list6= personal_library*

list7=list1*

list8=list5*

B nepsvix namu 00vAGNEHUAX CHNUCKO8 6 Kauecmee IIeMEeHMO8
UCNONIL3YIOMC CMAHOApMHble OOMeHbl OAHHbIX, 6 UWlecmom mune CHUCKA 8
Kauecmee sneMeHma UCnoiv3yemcs O0omeH cmpykmypwl personal library, 6
Cce0bMOM U B0CbMOM MUNE CHUCKA 8 Kauecmee 2J1eMeHma UCHOAb3Yemcs paHee
00b518/1eHHbIL CHUCOK.

Ilpumep 1: Oemoncmpayus pazoenenusi CRUCKO8 HA 20108 U X80CHI.

Cnucox Tonosa Xeocm
[1,2,3,4,5] 1 [2, 3,4, 5]
[6.9, 4.3] 6.9 [4.3]

[cat, dog, horse] Cat [dog, horse]
[S’, K, Y] ‘S’ [K’, Y]
[«PIGy»] «PIG» [

(1 He onpeoenena He onpeoenen
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4, [IpuMeHeHNe CIMCKOB B NMporpamMmax
4.1 TToucCK BJIEMEHTA B CIIUCKE

Jlns mpuMeHeHus CIUCKOB B mporpammax Ha I[lposore HeoOxomumo
omucaTh JIOMEH Cchnucka B paszzgene domains, mpemukaThl, paboTarolIke CO
CIHCKaMU He0OXOMMO omucaTh B paszeine predicates, 3a1ath caM CIIMCOK MOYXKHO
1100 B pasneie clauses nubo B pasaene goal.

Han cnirckamu MOXHO peaan3oBaTh pa3jIMYHbIE ONEpaluu: MOUCK dIIEMEHTA
B CIIMCKE, Pa3/ICJICHUE CIIMCKA Ha JIBA CIIMCKA, MPUCOCIUHEHUE OJHOTO CITHCKA K
JIPYyrOMy, YIAAJECHHUE 3JIEMEHTOB U3 CIIHCKA, COPTUPOBKY CIIUCKA, CO3/IaHUE CIIMCKA
u3 conepxumoro b/l u Tak nanee.

[Tonck 3neMeHTa B CIIMCKE SIBIIIETCA OYEHb PACHPOCTPAHEHHOW OIEpPAUCH.
[Touck mpexacrtaBisieT coOOM MOPOCMOTP CIHUCKA Ha TMPEAMET BbISBICHUSA
COOTBETCTBUSI MEXIYy OOBEKTOM IIOMCKAa W JJIEMEHTOM crucka. Ecim Takoe
COOTBETCTBHE HAWJEHO, TO MOUCK 3aKaHYMBAETCS YCIEXOM, B IPOTUBHOM CITydae
MOKCK 3aKaH4YMBaeTcsl HeycnexoM. CTparerus moucka rmpu 3ToM OyJIeT COCTOSITh B
PEKYPCUBHOM BBIJICJICHUU TOJIOBBI CIIUCKA U CPABHEHUH €€ C 00BEKTOM TOUCKA.

IIpumep 8: nouck snemenma 6 cnucke.

domains

list=integer*

predicates

member (integer, list)

clauses

member (Head, [Head | _]).

member (Head, [_ | Tail ]):- member (Head, Tail).

goal

member (3, [1, 4, 3, 2]).

[IpaBuno moucka MOXET CpPaBHUTH OOBEKT MOUCKA W TOJIOBY TEKYIIETO
CIIUCKa, 3Ta OTepalus 3amnucana B Buje gakra npearkara member. DTOT BapuaHT
MpeanojaraeT Hajlu4he COOTBETCTBUS MEXIYy OOBEKTOM IIOMCKAa U TOJIOBOM
cnucka. OTMETUM, 4TO XBOCT CIIHCKA B IAHHOM CITy4ae HE BAJKEH, TOATOMY XBOCT
CIIUCKA TMPUCBANBAETCS aHOHUMHOM TepeMeHHOM. Eciii 00BheKT Mmoucka u rojosa
CIUCKA PA3JIMYHbI, TO B pe3yJbTaTe WCIIOJHEHHS TEPBOTO MPEIOKEHUsT OyaeTr
HEyCIeX, MPOUCXOIUT BO3BPAT U MTOUCK JAPYTroro mpaBuiia win ¢akTa, ¢ KOTOPhIMU
MOKHO TIOIIBITATBCS HAWTH COOTBETCTBUE. JJIsI 3TOM LEMU CIY)KUT BTOPOE
MPETIOKEHNE, KOTOPOE BBIJESAET U3 CIUCKA CIEAYIOMINH 10 MOPSAJKY 3JIEMEHT, TO
€CTh BBIJACISIET TOJIOBY TEKYIIEro XBOCTa, I[O3TOMY TEKYIIMH XBOCT
MPECTABIACTCS KaK HOBBIM CIUCOK, TOJOBY KOTOPOTO MOKHO CpPaBHUTh C
00OBEKTOM TOMCKa. B ciyuae HCHOJHEHUS BTOPOrO NPEIJIOKEHHUS, TOJ0Ba
TEKYIIIEr0 CHUCKAa CTaBUTCS B COOTBETCTBHE AHOHMMHOW TMEPEMEHHOM, TaK Kak
3HAYE€HUE TOJIOBBI C MUCKA B JAHHOM CJIy4ae HE UTPAET HUKAKOU POJIH.

[Iponiecc moBTOpsieTCA 4O TE€X MOP, MOKA MEPBOE MPEIOKEHHUE JACT yCIEX,
B CJIy4a€ YCTAHOBJICHHMsI COOTBETCTBHS, JUOO HEYCIEX, B CIIydae HCUEPIaHUs
cnucka. B mpeacraBieHHoM mpumepe npeaukar find HaxoauT Bce COBMAiCHHS
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00BEKTa MOMCKA C dJEMEHTaMU crlHcka. J[is Toro, 4ToObl HAWTH TOJIBKO MEPBOE
COBIIaACHUEC CJIICOYCT MO,ZII/I(bI/IIII/IpOBaTB IEpBOC MPCIIONKECHHUE CICAYIOIUM
obpazom:

member (Head, [Head | _]):- !

OtceueHne OTMEHSIET Ilef/iCTBI/Ie MCXaHHU3Ma BO3BpaTad, II0O93TOMY IIOHCK
AJIbTCPHATUBHLIX YCIICIITHBIX pemeHHﬁ PCAIIM30BaH HC 6y,Z[eT.

4.2 O0bennHeHMne ABYX CIIUCKOB

CnusiHue JIBYX CIHCKOB M TMOJYYEHHE, TAaKUM 00pa3oM, TPETHErO CIHCKa
MPUHAICKUT K YUCITY HanOoJiee MOJIC3HBIX MPH pabOTe CO CIUCKAMH OIepaIuii.
O603HaunM nepBbIi criucok L1, a Bropoit cniucok - L2. Ilycts L1 =11, 2, 3], a L2
= [4, 5]. llpenukat append nmpucoemunsier L2 k L1 u co3maeT BBIXOTHOW CIIHCOK
L3, B xoTopslid OH NOJKEH IepecnaTh Bce anmemeHThl L1 m L2. Beck mponecc
MOXHO MPEACTABUTH CIACTYIOIIUM 00pa3oM:

1. Coucoxk L3 BHauase mycr.

2. Dnementsl criucka L1 nepeceinatores B L3, Teneps 3HaueHuem L3 Oyaet

[1, 2, 3].
3. Dnementsl crnucka L2 mepecwutaroress B L3, B pesynbrare 4ero TOT
npuHUMaeT 3Hadenue [1, 2, 3, 4, 5].

Tornma nporpamma Ha si3bike [Iponor umeer crnenyromuii BUa:

Ilpumep 9: 0ob6vedunenue 08yx cnUCKos.

domains

list=integer*

predicates

append (list, list, list)

clauses

append ([1, L2, L2).

append ([H|T1], L2, [H|T3 ]):- append (T1, L2, T3).

goal

append ( [1, 2, 3], [4, 5], L3).

OCHOBHOE UCIOJIb30BaHUE MpeanKaTa append coCTOUT B 00bEAMHEHUH IBYX
CIIMCKOB, YTO JeJacTcs Ipu momoIny 3amanus ueian suga append ([1, 2, 3], [4, 5],
L3). ITouck orBera Ha Bompoc tuma: append (L1, [3, 4, 5], [1, 2, 3, 4, 5]) -
CBOJIUTCS K TIOMCKY Takoro crucka L1=[1, 2], koTopslii P CIUSHUU CO CITUCKOM
L2 =[3, 4, 5] mact criucok L3 = [1, 2, 3, 4, 5]. IIpu odpadotku yeau append (L1,
L2, [1, 2, 3, 4, 5]) umyrcsa Takue cnmcku L1 u L2, yTo Mx oObeauHEHHME AacT
cnucok L3 =[1, 2, 3, 4, 5].

4.3 CopTMpPOBKA CIIUCKOB

CopTHpoBKa MpeACTaBiIseT cOO0OM MepeymnopsoueHUe AIEMEHTOB CIHCKa
OTpejieieHHbIM 00pa3oM. Ha3HaueHueM COPTUPOBKM SIBISIETCS  YIPOIICHHE
JIOCTYTIA K HY)KHBIM 3JIeMEeHTaM. J[J11 COPTUPOBKHU CITUCKOB OOBIYHO MPUMEHSIOTCS
TPU METOJA!

® METOJ ITIEPECTAaHOBKHU,
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® METOJ BCTaBKH,
® METO]I BHIOOPKH.

Takke MOXHO HCITOJIb30BaTh KOMOWHAITUN YKA3aHHBIX METOIOB.

[IepBbIii METOA COPTUPOBKM 3aAKJIIOYACTCS B IIEPECTAHOBKE SJIEMEHTOB
CIIMCKa JI0 TeX Mop, IMOKa OH He Oyaer ynopsjaoudeH. Bropoit wmeron
OCYILECTBIISIETCA MPU NMOMOIIYA HEOJHOKPATHOM BCTABKH 3JIEMEHTOB B CIHCOK JO
TeX MOp, MOKa OH He OyneT ymopsmoueH. TpeTwii MeTon BKIIOYaeT B ceOs
MHOTOKPATHYIO BEIOOPKY U TIEPEMEIIICHHUE SJICMEHTOB CTIHCKA.

Bropoii u3 MeTo0B, METO BCTaBKH, 0COOEHHO yIOOEH NIJIsl peau3aluy Ha
IIpouore.

Ipumep 10: copmuposrxa cnuckos memooom 6CmasKu.

domains

list=integer*

predicates

insert_sort (list, list)

insert (integer, list, list)

asc_order (integer, integer)

clauses

insert_sort ([], [1)-

insert_sort ([H1|T1], L2):- insert_sort (T1, T2),

insert(H1, T2, L2).
insert (X, [H1| T1], [H1]| T2]) :- asc_order (X, H1), !,
insert (X, T1, T2).

insert (X, L1, [X] L1]).

asc_order (X, Y):- X>Y.

goal

insert_sort ([4, 7, 3, 9], L).

st ynoBIETBOPEHHS TEpPBOTO TMpaBuja 00a CHOUCKA JODKHBI OBITh
nycThIMU. [l TOrO, 4TOOBI JOCTUYL 3TOTO COCTOSIHUS, TIO BTOPOMY IMPaBIITY
MIPOUCXOAUT PEKYPCUBHBIM BBI30B IpeauKkara insert sort, mpu 3ToM 3HAYCHUSIMHU
H1 nocnenoBatenbHO CTaHOBATCS BCE DJIEMEHTHI MCXOJHOIO CIMCKA, KOTOPBIC
3aTEM MOMENIAIOTCS B CTEK. B pe3ynbTraTte MCXOAHBIN CIMCOK CTAHOBUTCA ITyCTHIM
Y 110 TIEPBOMY IIPABWITY BBIXOJIHOM CIIMCOK TaK)KE€ CTAHOBUTCS ITyCTHIM.

[locne TOro, Kak NPOM3OIUIO YCIECIIHOE 3aBEpPLICHUE MEPBOTO IPaBUIIA,
[Iposor mbITaeTCA BBIOJHUTL BTOPOM Mpeaukar INSert, BBI3OB KOTOPOTO
cozepkutcsl B Tene Broporo npaswia. [lepemennoit H1 cHauana mpuicBauBaetcs
nepBOE B3ATOE M3 CTeKa 3HadyeHue 9, a mpeaukat npuaumMaet Bux insert (9, [, [9]).

Tak kKak Tenepp YIOBIETBOPEHO BCE BTOPOE MPABWIO, TO MPOUCXOIUT
BO3BpAT Ha OJIMH IIar PeKypcuH B mpeaukare insert_sort. M3 creka n3Biekaercs 3
U [0 TPEThEMY MPaBUIIy BBbI3BIBACTCS MPEIUKaT asC_Order, To ecTb MPOMCXOIUT
MOMBITKA yIOBJIETBOPEHMsI MATOro mpasuia asc_order (3, 9):- 3>9. Tak kak
JJAHHOE TPAaBUJIO 3aKAHYMBACTCS HEYCIECIIHO, TO HEYCICIIHO 3aKaHUYMBAETCS U
TpEThe TMPABUIIO, CIEI0BATEIbHO, YAOBJICTBOPSIETCAYETBEPTOE MPaBWIO U 3
BCTABJIIETCS B BBIXOAHOM crimcok ciesa ot 9: insert (3, [9], [3, 9]).
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Jlanee mMpoMCXOAUT BO3BPAT K MpeAuKary insert_sort, KoTopelii MpHHUMAET
crenyromuii BuA: insert_sort ([3, 9], [3, 9]).

Ha cnenyromieM miare peKypcuu M3 CTEKa M3BJICKACTCS 7 U 1O TPEThEMY
IIPaBHITy BBI3bIBAaeTCs Ipeaukar asc_order B Bume asc_order (7, 3):- 7>3. Tak kak
JTAHHOC TPABUJIO 3aKAHYMBACTCS YCIICIIHO, TO 3JIEMEHT 3 yOHWpaeTcs B CTEK H
Insert BbI3BaeTCsA PEKYPCUBHO €Il pa3, HO yke ¢ XxBocToM crmcka — [9]: insert (7,
[9], ). Tak xak mpaBuio asc_order (7, 9):- 7>9 3akaH4MBacTCs HEYCIECIIHO, TO
BBIMOJIHSACTCS YE€TBEPTOE MPABUIIO, MPOUCXOAUT BO3BpAT HA MPEABIAYIIHE IIArd
peKypcuu cHadana insert, sarem insert_sort.

B pesysibrare 7 moMeniaeTcs B BBIXOJHON CIHMCOK MEKIY dJIEMEHTaMU 3 H
9:insert (7, [3, 9], [3, 7, 9)).

[Ipu Bo3Bpate ellle HA OJUMH IIAr PSKYPCUU M3 CTEKa M3BICKAeTCs 4 U 1O
TPEThbeMy IPABIIIy BBI3bIBACTCS MpeaukaT asc_order B Bujae asc_order (4, 3):-
4>3. Tak Kak JaHHOE MMPABHJIO 3aKAaHUYMUBACTCS YCIICIIHO, TO DJIEMEHT 3 yOupaeTcs
B CTEK U INSert BrI3BaeTCsA PEKYPCHUBHO €IlIe pa3, HO y)Ke C XBOCTOM CIHCKa — [7,
9]: insert (4, [7, 9], ). Tak kak mpaBwmiio asc_order (4, 7):- 4>7 3akaHuuBaeTCA
HCYCICIIHO, TO BBIMOJHACTCS YETBEPTOE MPABUIIO, MPOUCXOJUT BO3BpaT Ha
npebIAYIINe IIarkd PeKypcHr cHadaia insert, 3atem insert_sort.

B pesysbrare 4 moMeniaeTcss B BBIXOJHON CIMCOK MEXIY dJIEMEHTaAMH 3 H
7

insert (4, [3,7,9],[3,4,7,9]).

insert_sort [4,7,3,9],[3,4,7,9]).

4.4 KoMIIOHOBKA JAHHBIX B CIIUCOK

WMHorga mpu MporpaMMHpPOBAHUM — ONPEJCICHHBIX 33aJa4  BO3HHUKACT
HEO0OXOIMMOCTh coOpaTh JaHHble U3 (akToB B/l B criucok s mocneayronen ux
obpabotku. [Iposnor coaepxut BctpoeHnsli npenukart findall, kotopsrit mo3possier
BBIIIOJHUTh JaHHYyI0 omnepanuto. Omnucanue mnpeaukata findall  Berasiaut
CIICTYIOIINM 00pa3oMm:

Findall (Var , Predicate , List ), e0e Var_obo3nauaem ums 01 mepma
npeouxkama Predicate , 6 coomeemcmeuu ¢ munom Komopoco Hopmupyiomcs
anemenmol cnucka List .

Ipumep 11: ucnonvzosarnue npeouxama findall.

domains

d=integer

predicates

decimal (d)

write_decimal

clauses

decimal (0)

decimal (1)

decimal (2)

decimal (3)

decimal (4)
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decimal (5)

decimal (6)

decimal (7)

decimal (8)

decimal (9)

write_decimal:- findall(C, decimal (C), L), write (L).
goal

write_decimal.

5.Ucnob30BaHuEe COCTABHBIX TEPMOB

B Ilposiore ¢pyHKIMOHATBHBINA TEPM I MPEAUKAT MOXKHO pacCMaTpHUBATh
KaK CTPYKTYpy JaHHBIX, TOJOO0HY0 3amucu B s3bike Ilackams. Tepwm,
MPECTABISIIONINIA  COBOKYITHOCTh TEPMOB, HAa3bIBA€TCA COCTABHBIM TEPMOM.
[Ipenukathbl, 3amMcaHHbIE B BHJE COCTAaBHOTO TEpMa, HAa3bIBAIOTCS COCTABHOMN
CTpyKTypoi JaHHbIX. CocTaBHbIE CTPYKTypbl JaHHbIXx B TypO6o-IIponore
00BsiBISIIOTCS B pasaene domains. Eciiu TepMbl CTPYKTYpBI OTHOCSTCSI K OTHOMY U
TOMY K€ TUIy JJOMEHOB, TO 3TOT OOBEKT HA3bIBAECTCS 0OHOOOMEHHOU CMPYKMYpPOU
Oannvix. ECIIM TEpMBI CTPYKTYPBI OTHOCSTCS K Pa3HbIM THIIaM JIOMEHOB, TO TaKas
CTPYKTypa JaHHBIX HA3BIBACTCSA MHOC00OMEHHOU  CMPYKMYPOU  OAHHbIX.
Mcnonp30BaHne JOMEHHONW CTPYKTYPHI YIIPOIIACT CTPYKTYPY HpeIuKaTa.

Ilpumep 12: Heobxooumo cozoamv B/, cooeporcawyyro ceedenus o Knueax u3z
auunout oubauomexu. 3adadum cocmasnou mepm ¢ umernem personal_library,
umerowum creoyowyro cmpykmypy. personal_library=book (title, author,
publisher, year), u npeouxam collection (collector, personal_library). Tepm book
Hazvieaemcs  (yHKmopom — cmpykmypol — OaHuwix. Ilpumep  npozpammbi,
UCNOIL3YIOWel COCMAasHble MepMbl 0l ONUCAHUSL TUYHOU OUOIUOMEKU U NOUCKA
ungopmayuu o xnueax, Hanewamauuwvix 6 1990 200y, ewiensoum caedyruum
obpazom:

domains

collector, title, author, publisher = symbol

year = integer

personal _library = book (title, author, publisher, year)

predicates

collection (collector, personal_library)

clauses

collection (irina, book («Using Turbo Prology, «Yin with Solomony,
»Moscow, Worldy, 1993)).

collection (petr, book («The art of Prolog», «Sterling with Shapiroy,
»Moscow, Worldy, 1990)).

collection (anna, book («Prolog: a relation language and its applicationsy,
«John Malpasy», »Moscow, Sciencey, 1990)).

goal

collection (X, book(Y,_, , 1990)

[TpencraBieHre MaHHBIX 4YacTO TPeOyeT HaIM4YUsA OOJIBIIOrO YHCIIa
cTpyktyp. B Ilposore 3T CTPYKTypbl AOKHBI OBITH oOmucaHbl. Jlms Ooiiee
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KOMITAKTHOTO ~ OMHWCaHUA CTPYKTyp MAaHHBIXx B [lpomore mpemmaraercs
UCTIOJIb30BaHUE AIbTEPHATUBHBIX OMMCAHUIA JJOMEHOB.

Ilpumep 13: Heobxooumo cozoamv B/, cooeporcawyro céedenus o KHueax u
ayouUo3anucsx u3z IUYHoOU oubIUomexu.

domains

person, title, author, artist, aloum, type = symbol

thing = book (title, author); record (artist, aloum, type)

predicates

owns (person, thing)

clauses

owns (irina, book («Using Turbo Prology, «Yin with Solomony)).

owns (petr, book («The art of Prology, «Sterling with Shapiro»)).

owns (anna, book («Prolog: a relation language and its applicationsy,
«John Malpas»)).

owns (irina, record («Elton Johny, «Ice Fairy, «populary)).

owns (petr, record («Benny Goodmany, «The King of Swingy», »jazz»)).

owns (anna record («Madonnay, «Madonnay, «populary»)).

goal

owns (X, record( , , «jazzy)

Ilpumep 14:

Cozoamb 6a3y OaHHbLIX O 3A0AHHOU NPeOMemHoUu obracmu 8 6uoe
MHodcecmea pakmos sazvika llponoe (ne menee 5 axmos). Unpopmayuro o
Kaxcoom komnoneume bBJ[ npedcmasumv 6 eude cmpykmypwi. Pazpabomamoe
Habop npeouxamos, ocyujeCmeiawux e3aumooeiicmeue c¢ bJl, npu nomowu
KOMOPbIX MOJNCHO peanu308ams 6ce Munvl 3anpocos, npueedeHHvie 8 8apuanme
3a0aHus.

Ilpeomemunas obnacmes — 6aza OAHHLIX MOBAPOE MeDEIbHO20 Ma2A3UHA.
Kaoicovriit macazun mooxcem Ovimv onucan cmpyKmypou: HA36aHUe Mda2a3uHd,
aopec, hamunus Oupekmopa, CHUCOK umerlowuxcs mosapos. Kaoicowiii mosap
Modicem  Oblmb  ONUCAH CMPYKMYPOU: HA36AHUE Mo8apa, YeHda, CMmpaHa-
npoU3800UmMeNb, CHUCOK UMEIOWUXCS PACYBEMOK.

Peanuzosamu credyrowue 3anpocwt.

1. Haiimu adpec mazasuna, y Komopo2o Oupexmopom s6Jsemcs 4elo6ex
¢ 3a0aHHOU hamunueri.

2. Haiimu nazeanus 6cex mazazuros, npooaowux 3a0aHHbli mosap.

3. Haumu Hazeanue mogapa, umeroujeco MaKkCuUMAaibHy0 YyeHy.

B npuBeneHHOM HUXE TIPUMEPE UCITOIB3YIOTCS CACAYIOIINE TOMCHBI:

list_ colours - cmmcok pacuserok, list products - cnmcoxk HMEHOIIMXCS
TOBapoB, Name_shop - Ha3Banume Marazuna, address —aagpec marasuna, chief, -
damumus aupektopa, nName_product — Ha3BaHue TOBapa, COUNtry - crpaHa-
IPOM3BOIUTEIb, PriCe — IeHa.

shop — mpenukar, ONMUCHIBAMONINI 3aaHHYIO TPEAMETHYIO o0acth, (1,02,
g3 — TmpeauKaThl, peaM3YIOIHUe TEPBBIA, BTOPOM W TPETHUH 3ampoc
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COOTBETCTBEHHO, (21, g31-BcroMorareiabHble TPEIUKATHI 711 BTOPOTO U TPETHETO
3aIIpOCOB, max — ,Z[PIH&MI/I‘I@CKI/IfI NpCanuKar, H€O6XO,III/IMI>Iﬁ JIs TPETBET'O 3aIIpoca.
domains
list_colours = symbol*
list_products = product*
name_shop, address, chief, name_product, country = symbol
price =real
product = prod (name_product, price, country, list_colours)
facts
max(name_product, price)
predicates
shop (name_shop, address, chief, list_products)
q1(chief)
g2(name_product)
g21(name_product, list_products)
g3
q31(list_products)
clauses
shop("Companyl","Debenko_5","lvanov",[prod(table,3000,"Italy",[white,
red, black]),prod(chair,4000,"Japan”,[brown, grey])]).
shop("Company2","S.Lazo_4","Petrov",[prod(sofa,9000,"China",[brown,
black]),prod(chair,5000,"England”,[red, grey])]).
shop(""Company3","Sadovaya 3","Sidorov",[prod(sofa,19000,"Mexico",
[black, white])]).
shop(""Company4","Dachnaya_2","Orlov",[prod(bookcase,7000,"Russia",
[brown, black]),prod(table,6000,"Spain",[red,grey])]).
shop("Company5","Pobeda_1","Galkin",[prod(bed,5000,"China",[brown,
black]),prod(arm_chair,21000,"Japan™,[red, grey])]).

% nepewlil 3anpoc. oopawaemcs k npeduxamy Shop, npoesepsiem, coenadaem
U pamunus oupekmopa OaHHO020 MA2a3uHa ¢ 3A0aHHOU amunuel, OJisi IMo2o
ucnonvzyemcss 00Ha u ma e nepemennas F, 6 ciyuae cosenadenus neuamaem

aopec mazazuna A.
q1(F):-shop (_,A,F, ),write(A),nl.

% emopotl 3anpoc. obpawaemcs k npeouxamy ShOp, uzerexkaem Hassanue
mazcazuna N u cnucox umerowuxcsa mosapog L, evizvieaem ecnomozamenvhbiii
npeoukam 21, komopomy nepedaem Hazsanue 3adanHoco mosapa P u cnucok
umerowuxcsi mosapos L, 21 6ydem ucmunen, eciu 3a0aHHblil mMoeap ecmv 8
CHUCKE UMEIOWUXCS Mmo8apos, 8 d2MOM clyyae 6bleOOUM HA IKPAH HA3BAHUE
Ma2a3una.

q2(P):-shop(N,_,_,L),g21(P,L),write(N),nl,fail.

q21(H,[H1|_]):-H1=prod(H, , , ).

q21(H,LITD):-a21(H,T).
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% mpemuii 3anpoc: 3anucviéaem 6 OuHaMuyecKuil npeouxam mMax Joboe
HazeéaHue mosapa, Hanpumep, a u e2o yeny (0, max Kax Mol uujem HA38aHue
moeapa, umenwe20 MAKCUMAIbHYIO YeHY, COOMEEeMCMBEeHHO NePEOHAYANIbHAS
yeHa OO0NCHA OblMb MAleHbKAs, YMmoObl 00s3amenvHo Obll mosap ¢ 0Oonee
8bICOKOU YeHoU, obpawaemcs k npeouxamy Shop, uzerexaem cnucok umerowuxcs
mosapos L, evizvieaem scnomocamenvhwiii npeouxam (31, komopomy nepedaem
cnucox umerowuxcs mosapos L, Q31 nposepsiem, umeem u ouepeonou mosap u3
CRUCKA UMEIOUWUXCS MO8ApPO8 YeHy, 0onee BblCOKYI0, YeM YeHd, 3anucaHHdas 6
npeouxkame Max, ¢ amom ciyuae npeouxamom retract yoansem cmapuie nasganue
moeapa u yeHy, npeduxamom asSert zanucvigaem Hooe Ha36aHUe MOBAPa U YeHy,
UHaue npocmo nepexooum K ciedyioujemy mogapy.

max(a,0).
q3:-shop(_,_, ,L),q31(L),fail.
q31([).
q31([H1|T]):-H1=prod(H,P, , ), max(A,B), P>B, retract(max(A,B)),
assert(max(H,P)), q31(T).
q31([H1|T]):-H1=prod(_,P,_, ),max(_,B),P<=B,q31(T).
goal
% 6vI3bIBACM KANHCOBLIU 3aNPOC NO 0YePeOl.
ql("Petrov").
%q2(table).
%q3;max(A,B).

Ilpumep 15: pewuums npedvioywyro 3a0ayy ¢ UCHONb30BAHUEM BHYMPEHHEl
0asvl dannwvlx. Haiioennvie peuenus 3anucams 8 ude pakxmos eHympenHel 6a3vl
oannvix Ilponoea. Ilpedycmompemov nposepky axma, a61110uie2ocs 0meemom Ha
sanpoc 6 BJ[. Eciu makoii ¢hakm cywecmseyem, mo 6vl0amv e20 8 Kauecmee
omeema Ha 3anpoc. Eciu maxozo haxma ne cywecmseyem 60 eHympenmell baze
0aHHblx, mo 3anycmunib 3anpoc Ha 6blNOJIHEHUe U 3dNUcantb pesyibmant 6 E,ZZ.

domains

list_colours = symbol*
list_products = product*
name_shop,address,chief,name_product,country = symbol
price =real
product = prod (hame_product,price,country,list_colours)
facts
max(name_product,price)
% Ounamuveckue npeduxamsl OJisk BMOPO20 U MPEmbe2o 3anpoca
dgl(address)
dg2(name_shop)
predicates
shop (name_shop,address,chief,list_products)
ql(chief)
g2(name_product)
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g21(name_product,list_products)

g3

g31(list_products)
clauses
shop("Companyl","Debenko_5","lIvanov",[prod(table,3000,"Italy",[white,
red,black]),prod(chair,4000,"Japan",[brown,grey])]).
shop("Company2","S.Lazo_4","Petrov",[prod(sofa,9000,"China",[brown,
black]),prod(chair,5000,"England”,[red,grey])]).
shop("Company3","Sadovaya_3","Sidorov",[prod(sofa,19000,"Mexico",
[black,white])]).
shop("Company4","Dachnaya_2","Orlov",[prod(bookcase,7000,"Russia",
[brown,black]),prod(table,6000,"Spain",[red,grey])]).
shop("Company5","Pobeda_1","Galkin",[prod(bed,5000,"China",[brown,
black]),prod(arm_chair,21000,"Japan”,[red,grey])]).

% npoeepsem Hanuuue ¢haxma, A6nAOUE20CS 0meemom Ha 3anpoc 6 bJ],
eciu maxou ghpaxm cyujecmsyem, mo 8bloaém e20 8 Kayecmee omeema Ha 3anpoc,
neuamaem nepeo Hum "*".

ql():-dg1(A), write("*",A),nl.

% Ecau makoeo pakxma e cywecmayem 60 6HympeHHell 6aze OaHHbIX, MO
3anycrKaem 3anpoc Ha 8bINOJIHEeHUe U 3anucviéaem pezyivmam 8 b/J.

g1(F):-not(dgl( )), shop (_,A,F, ),write(A),nl,assert(dql(A)).

g2():-dg2(A), write("*",A),nl fail.

q2(P):-not(dg2()), shop(N,_,_,L),q21(P,L),write(N),nl,assert(dg2(N)),fail.
q21(H,[H1]_]):-H1=prod(H,_, ,).

q21(H,[_|T]D:-921(H,T).

max(a,0).

q3:-shop(_,_, ,L),q31(L),fail.

q31([).

q31([H1[T]):-

H1l=prod(H,P, , ),max(A,B),P>B,retract(max(A,B)),assert(max(H,P)),q31(T).
q31([H1|T]):-H1=prod(_,P,_, ),max(_,B),P<=B,q31(T).

goal

% 3anyckaem xascowlil 3anpoc HA UCNOIHeHUe 08a Pa3da - NepPevlll pa3
npocpamMma Haxooum omeem Ha 3anpoc, a Mopoll pa3 evloaem Oomeem u3
bJi.

ql("Petrov"),q1("Petrov").

%q2(table);g2(table).

%q3;max(A,B).

Ilpumep 16: Pewums no2uyeckyio 20108010MKY. B namu odomax,
OKpPAUIEeHHbIX 6 pA3HblE Yeemd, obumarom MYIAHCHUUHBL PA3HBLX HauMOHaJZbHOCmeﬁ.
Onu depofcam PA3HBIX JICUBONHDLIX, npeénoqumaiom PA3H”blE HAnNUMKU U KypAam
cuecapenivl PA3HbIX MAPOK. H38€Cl’l’1H0, Umo AaHeJIUYaHUur Jrcueem 6 KpaCHom OOMe,' y
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ucnaunya ecms cobaka, Koghe nolom 8 3el1eHOM 0oMe, YKpauHey nvem yat, 3eleHblil
00M — nepsvlll N0 Npagylo PyKy om 00Ma Yeema CIOHOBOU KOCMU, KYPULbUUK
«Yuncmonay oeporcum ynumox; cueapemvr «Kyn» Kypam 6 océnmom oome;
MOJIOKO Nblom 8 CpeOHeM 0oMe, HOp@edicey Jicugem 8 KpatHeM clesd O0oMme;
Myxcyuna, Kypawui «Hecmepgunoy, owcusem 6 oOome, coceOHem C OOMOM
MYAHCUUHDL, ) KOMOPO2O eCcmb auca, cueapemovl «Kyiy xypam 6 dome, coceonem c
0oMOM, 20e UMeemcs I0waAdb, MYANCUUHA, npeonoyumarowull «Jlaku cmpaixy,
nbém anenbCcUuHOBbLL COK; ANOHey Kypum cueapemvl «llapramenmy, Hopeedcely
Jrcugem 8 oome psi0omM ¢ 20ay0biM OOMOM, Y OOHO20 U3 MYIHCHUH eCmb 3e0pa, 0OUH
U3 myscuun nbem 600y. Kmo 6 xakom oome ocugem, KaKoe H#HUBOMHOE OeprHCUM,
umo nvém u Kypum?

domains
%onucanue ooma - yeeni OOMCZ, HAYUOHAIbHOCNb JfcusyuLeco mam
MYIUCUUHRDBL, €20 HCUBOMHOE, HANUMOK U MApKa cucapenti.
house=h(colour,nationality,pet,drink,cigarette)
houses=house*
colour,nationality,pet,drink,cigarette=symbol
predicates
colour(house, colour)
nationality(house, nationality)
pet(house, pet)
drink(house, drink)
cigarette(house, cigarette)
first(house,houses)
middle(house,houses)
solve
neighbourhood(house, house,houses)
neighbourhoodright(house, house,houses)
clauses
% 6 onucanuu ooma yeem 00Ma HAXOOUMCA HA nepeom mecme
colour(h(C,_,_, , ),C).
% 6 onucanuu ooma HAYUOHAJIbHOCNIb Jlcusyuieco mam MYdHCHUHbL
HAXo0umcs Ha 6Mopom mecme
nationality(h(_,N,_, , ),N).
% 6 onucanuu ooma dHcusomHoe HaxoOUmcs Ha mpenbvem mecme
pet(h(_,_,P,_,),P).
% 6 onucanuu ooma HANUMOK HAXOOUMCSL HA uemeepmom mecme
drink (h(_,_, ,D, ),D).
% 6 onucanuu ooma cucapemol HAXOOAMCSL HA NAMOM Mecme
cigarette(h(_, , , ,S),S).
%000UH U3 0OMOB - KPAUHUL Clesa
firstOIX D).
% 00UH U3 0OMO8 HAXOOUMCSL 8 CepeouHe

middle(Y,[ .Y, ]).
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% nepebop 8cex 803MONHCHBIX COCEOHUX OOMO8

neighbourhood(A,B,[A,B, , ., ]).

neighbourhood(A,B,[B,A, , . ]).

neighbourhood(A,B,[ ,AB, ., ]).

neighbourhood(A,B,[ ,BA, . ]).

neighbourhood(A,B,[ , ,A,B,_]).

neighbourhood(A,B,[ , ,B,A,_]).

neighbourhood(A,B,[ , ,_, A,B]).

neighbourhood(A,B,[_, ,_, B,A]).

% nepebop 8cex 803MOAUCHBIX COCEOHUX 00MO8, U3 KOmopsix dom B no
npasyio pyky om ooma A

neighbourhoodright (A,B,[AB, ,_, D).

neighbourhoodright (A,B,[ ,A,B,_, ]).

neighbourhoodright (A,B,[ ,_,A,B, ]).

neighbourhoodright (A,B,[ ,_,_, A,B]).
% aneruuanun dcueem 6 KpAacHOM oome

solve:- neighbourhood(H1, ,Houses), nationality(H1,englishman),

colour(H1,red),

%; v ucnamya ecmo cobaxa

neighbourhood(H2, ,Houses), nationality(H2, spaniard), pet(H2,dog),

% xoghe nvtom 6 3enenom dome

neighbourhood(H3, ,Houses), colour(H3,green), drink(H3, coffee),

% yxkpauney nvem yau

neighbourhood(H4, ,Houses), nationality(H4, ukrainian),

drink(H4, tea),

% 3enenvlii dom — nepewviii NO NPABYIO PYKy om 00Ma Yeema CJIO0HOBOMU
Kocmu

neighbourhoodright(H5,H6,Houses), colour(H6,green),

colour(H5, ivory),

Yoxypunvuuk « Yuncmonay oepacum yaumox

neighbourhood(H7,_,Houses), cigarette(H7,winston), pet(H7, snail),

% cueapemut «Kyny Kypam 6 scénmom oome;

neighbourhood(H8, ,Houses), cigarette(H8,cool), colour(H8, yellow),

% Mmosn0k0 nbtom 6 cpedHem dome

middle(H9,Houses), drink(H9, milk),

% Hopeedicey orcusem 6 Kpatinem ciesa oome;

first(H10, Houses), nationality(H10, norwegian),

% myorcuuna, kypawut « Hecmepgunoy, sxcueem 6 oome, cOCeOHeM ¢

00MOM MYIHCUHUHDBL, Y KOMOPOco eCmb Juca

neighbourhood(H11,H12,Houses),

cigarette(H11,chesterfild),pet(H12,fox),

%, cueapemwvt «Kyn» kypsam é dome, coceOnem ¢ 00MOM, 20e UMeemcs

J10UWA0b

neighbourhood(H13,H14,Houses),

cigarette(H13,cool),pet(H14,horse),
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%  myorcuuna, npeonouumarowui  «Jlaku  cmpatiky,  nvém
anenbCUuHOBblU COK

neighbourhood(H15, ,Houses),cigarette(H15,lakestrike),
drink(H15,0range),

% sanoney xypum cueapemsi «llapramenmy
neighbourhood(H16, ,Houses),nationality(H16,japanese),
cigarette(H16,parlament),

% Hopsedicey dcusem 8 dome psiOoM € 20aY0bIM OOMOM
neighbourhood(H17,H18,Houses),nationality(H17,norwegian),
colour(H18,blue),

% y 00HO20 U3 MydHCUUH ecib 3ebpa

neighbourhood(H19, ,Houses), pet(H19,zebra),

% 00ur uz mysicuun noem 800y

neighbourhood(H20, ,Houses), drink(H20,water),
write(Houses).

goal
solve.

6.0cHoBbI padoTsl B Visual Prolog.

6.1. Co3nanue TestGoal —mpoexTa 1151 BHINOJIHEHHSI POTrPaMM

Jlnst mucnonmb3oBaHuss  yTwiauThl TestGoal st BBIMOTHEHUS TPOTpamMm
TpeOyeTCsl ONpeAeIUTh HEKOTOpbIe onuuu komnwistopa Visual Prolog. Jlns atoro
HEOOXOMMO BBITIOJTHUTH CIEAYIOIINE TCHCTBHS:

1. 3amycrute cpeny Bu3yansHoU paspadbotku Visual Prolog.

2. Co3maiiTe HOBBIM TPOEKT: BblIOepuTe komanay Project | New Project,

aKTUBU3HMpYeETCs auaiioroBoe okuo Application Expert.

3. Ompenenute 0a30BBIA KaTaJIOT M MUMSI MPOEKTa, PEKOMEHAYETCS UMs B
none Base Directory 3amate 10  crieayromieMy — o0Opasily:
C:\student\641\ivanov\TestGoal, a ums B mosie Project Name cienyer
ompenenuth kak TestGoal. [lamee crmemayeT ycTaHOBHUTH (HIakoK
Multiprogrammer Mode u 1meaKHYTh MBIIIBI0 BHYTpH mosieii Name
of. VPR File u Name of.PRJ File. Onpenenure 1ens mpoekra: Ha
BKJIaike Target pekoMeHIyeTcs BBIOpATh CICAYIOIINE IapamMeTphI:
Windows32, Easywin, exe, Prolog.

4. YcraHoBuTe TpeOyeMbIe OMIMKM KOMITHISATOpa Jjis co3aannoro TestGoal-
MPOeKTa, I 3TOTO CJAEAYeT aKTHBU3MPOBATH JIHAIIOIOBOC OKHO
Compiler Options npu oMoty koman el Options | Project | Compiler
Options. Hamee otkporte Bikiaangky Warnings ©  BBIOJIHHUTE
CIIEIYIOLINUE JECUCTBUSA:

° YcranoBuTe nepekmodareas Nondeterm. 3To Hy»KHO I TOTO,
9TOOBl KOMOWISATOP NPHHUMAT IO YMOJIYaHUIO, YTO BCE
oTIpe/IeIICHHBIC MI0JIb30BATEIEM peIUKaThI —
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HEJCTEpPMUHUPOBAaHHBIE (MOTYT TOpPOAUTH OO0Jee OAHOrO
peleHus);

o Cuumure ¢naxkun Non Quoted Symbols, Strong Type
Conversion Check, Check Type of Predicates.

] Haxxmute kHomky OK, 4TOOBI COXpaHHWTh YCTAaHOBKH OIIIIMIMA
KOMITHJIATOPA.

6.2. 3amyck U TECTUPOBAHUE MPOrPAMMBI.

Jlis TpoBEpKH MPaBHIIBHOCTH HACTPOMKU CHUCTEMBI, CO3JaJUM MPOCTYIO
TECTOBYIO mporpammy. JlJis co3maHusi HOBOTO OKHA PEJaKTUPOBAHUS MOYKHO
UCToNb30BaTh KoMmaHay MeHio File | New. Penmakrop cpeasl BusyalibHOU
pa3paboTKu — CTaHAAPTHBIA TEKCTOBBIA PEIAKTOP.

BBenuTe B OKHE peIaKTHPOBAHUS CIICIYIOIINN TEKCT:

Goal write (“Hello world!”),nl.

OTo pa3fen Iend TporpaMMbl M JIJII TOTO, 4YTOOBI OHA MOTJa OBITh
BBINOJIHEHA, CIICAYeT aKTHBHU3MPOBaTh kKoMauay Project | Test Goal wim Haxatsb
koMOuHanmo knasui <Ctrl> + <G>.

Pesynbprar BBIOTHEHHWS] MPOTpaMMbl OyAET pAacloloXeH BBEPXY B
OTJEIBHOM OKHE, KOTOpPO€ HEOOXOAMMO 3aKpBITh MEpe] TeM, KaK TECTHpPOBATh
apyryro Goal.

Vrumura Test Goal uarepnpernpyer Goal kak crenuanbHy0 TpOrpaMmy,
KOTOpasi KOMIMIMPYETCs, TeHEepHpyeTcs B HCHoyiHseMbld ¢aiin u Test Goal
3aIlyCKaeT €ro Ha BBIMOJIHCHHE. JTa YTUIUTA BHYTPCHHE paCIIUPSET 3aJaHHBIN
kox Goal, uyToOBI creHepupoBaHHas MPOrpaMMa HaXOIWIa BCE BO3MOXKHBIC
peIIeHNs ¥ TIOKa3bIBaJla 3HAYCHHSI BCEX MCTIOIB3YEMbIX IIEPEMEHHBIX.

3amevanue: yruiaura Test Goal koMmuiaupyeTr TOJBKO TOT KOJ, KOTOPBIH
OIpEe/IeIeH B aKTUBHOM OKHE peJaKkTopa.
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7.3ananus AJs1 Ja0OpPaTOPHBIX padoT.
7.1 3axanus nuis 1adopaTopHOM padoThl HA TeMy: pad0oTa CO CIUCKAMU

Bapuant Nel
Hanucate nporpamMmmy BBIYMCIICHUS HOMEPA 3JIEMEHTA B CITUCKE.
Bapuant Ne2
Hamnucare mporpamMmy 3aMeHbl BCEX BXOXKJEHUM AJIEMEHTa B CIUCOK Ha
3aJIaHHYIO KOHCTAHTY.
Bapuant Ne3
Hanucate nporpammy 3ameHbl N-ro sjgemMeHTa B CHUCKE Ha 3aJaHHYIO
KOHCTaHTY.
Bapuant Ne4
Hanucate nporpammy yaanenus: N-ro 3jieMeHTa B CIIHCKE.
Bapuant Ne5
Hanucate nporpammy ynanenus M aieMeHTOB U3 crivcka, HaunHas ¢ N-oi
HO3ULIUN.
Bapuant Ne6
Hamnucare nporpamMmy 0ObEIMHEHHUS JIBYX CIIMCKOB B TPETHHl TakK, YTOOBI
HEYETHbIE (110 HOMEpY) 3JEMEHTbl ObLIM U3 IMEpPBOrO CIUCKA, a YETHbIE - U3
BTOPOTO.
Bapuant Ne7
Hanucate nporpaMMy pa3ieneHus CIUCKa Ha JiBa Tak, YTOObI HEYETHBIE (110
HOMEDPY) 3JIEMEHTHI ObUIH B IEPBOM CITHCKE, a YETHBIE - BO BTOPOM.
Bapuant Ne8
Hanucate mporpammy pasjieneHus CIOUCKa Ha JBa Tak, YTOObI B MEPBOM
Criicke ObUIN 371eMeHTHI ¢ TiepBoro 10 N-ro, a Bo BTOpoMm - ¢ N+1 10 mocnemgnero.
Bapuant Ne9
Hamucare mporpammy pasjefieHus CIUCKa Ha JBa TakK, 4TOObI B IMEPBOM
CHHMCKE OBUIM 3JIEMEHTHI C IMEpPBOro A0 3aJaHHOTO 3HAUEHHUs 3JEMEHTa, a BO
BTOPOM - OCTaJIbHBIE.
BapuanT Nel0
Hamucate mporpamMmy BCTaBKM 3aJJaHHOTO JJIEMEHTa B CIUCOK Ha N-yro
NO3ULIUIO.
BapuanTt Nel 1
Hanucate nporpaMmy 3aMeHbI 3JIEMEHTOB CIIUCKA, HOMEPa KOTOPBIX 3a/1aHbl
JPYTUM CITUCKOM, Ha MPOU3BOJIbHYIO KOHCTAHTY.
BapuanT Nel2
Hanucate mporpammy ypaajieHHs U3 CHHCKa BCEX BXOXKICHUM 3aJaHHOTO
AIIEMEHTA.
BapuanTt Nel3
Hanucate nporpamMmy yJajaeHUsl 3JIEMEHTOB M3 CIHCKa, HOMEpPa KOTOPBIX
3a/1aHbl IPYTUM CIIUCKOM.
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Bapuant Nel4
Hanucare nporpamMMmy 0oObEIMHEHHUS NIBYX CIIMCKOB B TPETHIl Tak, YTOOBI
OJINHAKOBBIE 3JIEMEHTHI U3 Pa3HBIX CIUCKOB HE MTOBTOPSIIUCH.
Bapuant Nel5
Hanucate nporpamMMy HHBEPTHUPOBAHUS CIIHCKA.
Bapuant Nel6
Hanucate mporpammy BCTaBKU B CIUCOK JPYroro cnucka, HaunHas ¢ N-oi
MO3ULINH.
BapuanT Nel7
Hanucates nporpamMmmy omnpeiesieHus HoMepa MO3UIUU B CIIUCKE, C KOTOPOTO
HAYMHAETCS 3aJJaHHbIN MOJCITUCOK.
Bapuant Nel8
Hanwucate mporpaMmy 3amMeHbl M 3JEMEHTOB cCrHucka, HauuHas ¢ N-oi
MO3UIINH, HA TPOU3BOJIBHYIO KOHCTAHTY.
Bapuant Nel9
Hanucate nporpamMmy mnojcueTra KOJHWYECTBA BXOXKICHHM BJIEMEHTA B
CITUCOK.
BapuanT Ne20
Hanucate mnporpaMMmy BBIYKCICHHS YHCJIA D3JIEMEHTOB CIIMCKA, IIOCIE
3aIaHHOTO.
BapuanT Ne2 1
HamnucaTte nporpamMmy BBIYUCIEHHUS YHCIIa JIEMEHTOB criucka, mocie N-oi
MO3ULINH.
Bapuant No22
Hanwucate mporpamMmy 3aMeHbl BCEX YETHBIX (IO HOMEPY) DJIEMEHTOB
CIIMCKA, HA TPOU3BOJIbHYIO KOHCTAHTY.
Bapuant Ne23
Hamnucate mporpammy 3aMeHbl BCEX HEUYETHBIX (II0 HOMEpY) 3JIEMEHTOB
cniucka, HauuHas ¢ N-oii mo3uiuu, Ha TPOU3BOJIbHYIO KOHCTAHTY.
BapuanT Ne24
HamnwucaTte nmporpaMmy BCTaBKM M pa3 B CHUCOK MPOU3BOJIBHOW KOHCTAHTHI,
HaynHas ¢ N-oif mo3unumu.
Bapuant Ne25
HamnucaTes nporpamMmy co3jaHust HOBOTO CITUCKA, TyTeM TyOJIMPOBAHUS BCEX
AJIEMEHTOB UCXOIHOTO CITHCKA.
BapuanT Ne26
HanucaTte nporpammy pasiesieHus ICXOHOTO crucka nmo N-My sjieMeHTy u
COCJIMHEHUS TOJIYYEHHBIX YacTel B HOBBIN CIIMCOK TaKUM O0Opa3oM, 4TOOBI IepBast
4acTh CTajia BTOPOi, a BTOpas - MEPBOA.
Bapuant Ne27
Hanucate mporpammy pasiesieHusi UCXOJHOIO CIMCKa Ha TPU YacTH: C
nepBoro 1o N-biif a5iemeHT, ¢ N+1 o M-p1ii u ¢ M+1 snemenTa 10 KOHIIa CIKCKA.
Bapuant Ne28
Hanwucate mporpammy ypaaneHuss u3 ucxojgHoro cnucka N si1eMeHTOB ¢
KOHIIA CIIUCKA.
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Bapuant Ne29
Hanucate nporpamMmy 3amMeHbl Ha 3aJaHHYyI0 KOHCTaHTy N 31eMeHTOB
HCXOJTHOTO CITUCKA, CYUTAs C KOHIIA CITUCKA.
Bapuant Ne30
Hanucate nporpaMmy JonuchiBaHUsI 337aHHOM KOHCTaHTHI N pa3 B KOHeI[
CITUCKaA.

7.2 3ananus 1Jis Ja00paTOPHOM padoThl HA TEMY: MOJIy4YeHHe

CTPYKTYPHUPOBAHHOM HH(OpMaLMH U3 0a3bl JAHHBIX.

Texcm 3a0anusi.

1.  Coz0amv 6a3y OamHblXx O 3a0aAHHOU NpeOMemHOU obaracmu 8 8uoe

MHodcecmaa paxkmog sazvika Ilponoe (ne menee 5 ¢hakmos). Unghopmayuio

0 Kascoom komnonenume bJ[ npedocmasums 6 6ude cmpyKkmypbi.

2.  Paszpabomamo Habop npeouKkamos, OCYUeCMBAAIOUUX

83aumooeticmsue ¢ B[, npu nomowu KOmMopwvix MOMCHO peanu306ams 8ce

Munvl 3anpocos, npueeoenHvle 8 sapuarme 3adanus. Haiioennvie pewenus

3anucamo 6 ude axmos sHympeHuet 6aszvl oanHvix llponoeaa.

3. Ilpedycmompemv npogepky ¢axkma, AGNAIOWE20CS OMBEMOM HA

sanpoc 6 bJ[. Ecnu maxou ¢paxm cywecmayem, mo bl0ams €20 8 Kauecmee

omeema Ha 3anpoc. Ecnu makozo ¢paxma ne cywecmeyem 6 6aze OaHHbIX,

MO 3anyCmums 3anpoc Ha 8bINOJHEeHUe U 3anucams pesyiomam 6 bJ[.

Bapuant Nel.

[IpeameTHast oOnacth — cembsa. Kaxmas cembs MOXET OBITH oOMHcaHa
CTPYKTYpPOM W3 TPEX KOMIIOHEHT: MYXa, *XE€Hbl M JAeTer. Kaxapli 4ieH ceMbU
MOKET OBITh OIMHKCAaH CTPYKTYPOU: MM, OTYECTBO, (PamMuImsi, TOJ POKICHHUS, TIOJI,
eXKEeMECSIUHBIN moxon. JlIs nereiil 1o0aBUTh I0JIe «OIU3HEID.

Peanu3zoBath cliieyroiiyue TUIbI 3aIIPOCOB:

1. TIlposepurts, cymectByet a4 B b/] 3anannsblii uenosek (o ®HO);
2. Haiiti Bcex paboTaromux 1eTei;
3. Haiitu Bcex paboTarmux MyKel, 4eil 10X01 OO0JIbIIEe YeM Y JKCHBI;
4. Haiitu Bcex JOA€H, KOTopble HE palbOTalOT W POAWINCH 10
YKa3aHHOTO Io/ia;
5. Haiitu yncno cemeit, y KOTOPBIX €CTh OJIM3HEIIBI.
Bapuant Ne2.

IIpenmernas obmacth — ceMbs. Kaxkmas ceMbss MOXKET OBITH OIIMCaHA
CTPYKTYPOM M3 TPEX KOMIIOHEHT: MYXKa, >KEHbl W JeTed. Kaxaplii 4jeH ceMbu
MOET OBITh ONHKCAaH CTPYKTYPOU: MM, OTYECTBO, (pamMuiIusi, TO1 POKIACHUS, TIOJ,
eXKEeMECSIUHBIN moxo. JIs nereii 100aBUTh I10JIe «OIHU3HEID.

Peann3zoBath cliielyroiine TUMbI 3aIIPOCOB:

Haiitn Bcex Onm3HEIOB;

Hawitu Bcex aereu, poAMBIIMXCA B 3aJaHHOM T'OJTY;

Haiitu Bcex paboTaromux KeH, 4ei 10X0/1 00JIbIle 3aJaHHON CyMMBI;
Haiitu hamuinum aroaei, y KOTOPhIX €CTh 3aJaHHOE YUCIIO JAETEH.
Haiitu camoro crapiero pedenka B b/I.

RO E
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Bapuant Ne3.

[Ipenmetnas oOnacth — ceMbsi. Kaxkmas ceMbss MOXET OBITh OIHMCaHa
CTPYKTYpPOH W3 TPeX KOMIIOHCHT: MYKa, >KE€Hbl M jaeTed. Kaxaplil 4iieH ceMbU
MOXET OBITh ONMHUCAH CTPYKTYPOH: UMsI, OTYECTBO, (DaMuUIMs, TOJ POKIASHHUS, MOJ,
eXKeMeCsIUHBIN moxo. Jis neTeii m00aBUTh I0JIe «OIU3HEID.

PeanuzoBath ciieAyronye TUIBI 3alPOCOB:

1. Haiitu Bcex aroel, 4el J0XO0 MEHBIIIE 3aJaHHOIO;
2. Haiitu Bcex aeteit, Miasiie 3aJaHHOTO BO3PacTa;
3. Haiftm Bcex HepaboTalOmUX KEH, KOTOPHIE POIUIUCH ITO3XKE
3aJIaHHOTO T'0/1a;
4. Haiitu Bcex nered, y KOTOPBIX pa3HHIIA B BO3pacTe pPOIUTENEH
MPEBBIIACT 3aIaHHYIO BEJIMUUHY;
5. IloacuuTaTh KOJMYECTBO CEMEH, Y KOTOPBIX HET OJIM3HELOB.
Bapuant Ne4.

[IpenmerHas obmacth — OubaMOTeKa. Kaxkmas KHUra MOKeT OBbITh OIHCaHa
CTPYKTYpOM: Ha3BaHHWE, aBTOp, CHMCOK W3JIaHUN, YHCIIO SK3EMIUIAPOB. ABTOp
MOXET OBITh OIKMCAaH CTPYKTYpOH: uMs, (pamuius, roa poxaeHus. M3nanue Mmoxer
OBITh OINKMCAHO CTPYKTYpOW: H3IaTeIbCTBO, HOMEpP W3JaHUs, TOj H3JIaHHS,
KOJIMYECTBO CTPAHMII, IICHA.

PeanuzoBath ciieAyrOIM€e TUIBI 3aPOCOB:

1. Haiitu aBTOpa, y KOTOPOTr0 KHUTAa UMEET CaMblil paHHUW TOJl U3/IaHNUS;

2. Haiitm Bce kHUWTH, HW3AaHHBIE Oojiee OMHOTO pasa (MpoBepKa IO

HOMEPY U3JIaHusA);

3. Haiitu Bce KHUTH, U3JaHHBIE B 3aJJaHHOM M3aTENLCTBE 3a MTOCJIEIHNE

JIECATH JIET;

4. HaiiTi Bce KHUTH 3aJJaHHOTO aBTOPA;

5. Haiitu Bce KHHUTH, IIEHa KOTOPBIX MPEBBIIIACT 3aJJaHHYI0 CYMMY.
BapuaHTt Ne5.

IIpenmernas obmacth — OubaMoTeKa. Kakmas KHUra MOKeT OBITh OIHCaHa
CTPYKTYpOM: Ha3BaHHWE, aBTOP, CHMCOK W3JIaHUM, YHCIIO SK3EMIUIIPOB. ABTOp
MOXET OBITh OIMCAH CTPYKTYpOM: uMs, (pamuius, roa poxaeHus. M3nanue Mmoxer
OBITh ONHCAHO CTPYKTYpOW: H3IaTEIbCTBO, HOMEp W3JaHUs, TOJ H3JIaHHS,
KOJIMYECTBO CTPAHMII, IICHA.

PeanuzoBats cienyronye TUIbI 3aPOCOB:

1.  Haiitu KHUTY, Y KOTOPOW MUHHUMAaJIbHAS LIEHA;
2.  Haiitu Bce KHMIHU, U3IaHHBIE TOJBKO OJHMH pa3 (IMPOBEpKa M0 HOMEPY
U3/1aHus);

3. HaiiTu Bcex aBTOpOB, pOAMBIIMXCS MMO3KE YKA3aHHOTO r0/1a;

4.  HaliTu Bce M3/1aTeIbCTBA, B KOTOPHIX ObLTa M3/1aHa YKa3aHHAs KHUTA;

5. HaiiTu Bce KHHMTH, KOJMYECTBO CTPAHHUIl B KOTOPHIX HE IPEBBIIIACT

3aJJaHHOT0 3HAYCHMS.

Bapuant Ne6.

IIpenmernas oOmacTh — OubaMoTeKa. Kakmas KHMra MOKeT OBbITh OIMCaHa
CTPYKTYpOUi: Ha3BaHWE, aBTOpP, CIMCOK HW3JIaHUMA, YHUCIIO HK3EMIULIPOB. ABTOD
MOKET OBITh ONTUCAH CTPYKTYPOl: uMs, pamuusi, roa poxacHus. M3nanue Mmoxer
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OBITH ONMHCAHO CTPYKTYpOM: H3JATEIbCTBO, HOMEpP W3JaHUs, TOJ U3JaHUS,
KOJINYECTBO CTPAHMIL, LICHA.
Peanu3oBats cienyronye TUIIbI 3aIpOCOB:

1. HaiiTu kHUTY, Y KOTOPOI MakCHMaIbHOE YHCIIO CTPAHULL;
2. HaiiTu Bce KHUTHY, U3aHHbBIE B 3aJJaHHOM U3JaTEJIbCTBE;
3. HaiiTn Bcex aBTOpOB, KHUTU KOTOPBIX UMEIOT LIEHY, HAXOJAIIYIOCS B
3aJJaHHOM JIMana3oHe;
4, HaiiTn Bce KHUTH, KOTOPbIE UMEIOTCSI B HECKOJIBKUX 3K3EMILTAPAX;
S. HaliTn Bce M31aTenbcTBa, BBITYCKABIIME KHHUTU IOCIE YKa3aHHOIO
roja.
Bapuant Ne7.

[IpeameTHas o0nacTe — crpanbl Mupa. Kaxknas ctpana MoxkeT ObITh ONHMCAaHA
CTPYKTYpO#l: Ha3BaHME, IUIOLIA/b, IeorpapuuecKoe I0JIOKEHHE, HaceleHHe.
['eorpaguyeckoe MosoKEHUE MOXKET OBITh OMHCAHA CTPYKTYpOM: 4acThb CBETa,
MaTepUK, OKeaHbl, MOps, ropHble xpeOThl. HaceneHue MoOXkeT OBITH OMHMCAHO
CTPYKTYPOW: YHCIEHHOCTb, TOCYJAPCTBEHHBIN S3bIK, HAlMOHAJIBHBIA COCTaB.
HanuoHanbHbli cOCTaB MOXKET OBITh ONHMCAH CTPYKTYpOM: HAIMOHAJIbHOCTH,
YUCJIIEHHOCTD, IPOLIEHT OT BCETO HACEJICHHUS.

Peanu3oBarth cieayromume TUIIBI 3aIIPOCOB:

1. Haiitu cTpaHy, y KOTOpOW MakCUMaJlbHasi YUCIEHHOCTh HACEIICHHUS;

2. Haittu Bce cTpaHbl, HaxoOsIIMECs Ha YKa3aHHOM MAaTEpUKE C

HaceJeHUEM OOJIbIIe 3aJaHHON BEJINYUHBI,

3. Haiitn Bce cTpaHbl, y KOTOPBIX OJHOPOJHBIM HAlMOHAJIBHBIA COCTAaB

(4MCIEHHOCTh OCHOBHOM HallMOHANBHOCTU 00jiee 90%);

4, HaiiTu Bce cTpaHbl, MMEIOIINE BBIXO K YKa3aHHOMY MOPIO;

S. Haiit Bce cTpaHbl C yKa3aHHBIM TOCYJAPCTBEHHBIM SI3BIKOM.
BapuanT Ne§.

[IpeameTHas obmacTh — cTpanbl Mupa. Kaxknas ctpana MokeT ObITh ONKcaHa
CTPYKTYpOUi: Ha3BaHHe, IUIOIAalb, reorpaduueckoe IMOJI0KEHNUEe, HaceJIeHue.
['eorpadguueckoe MOTOKEHHE MOXKET OBITh OINKCAaHA CTPYKTYpPOM: YacTh CBETa,
MaTepuK, OKeaHbl, MOps, TOpHbIe XpeOThl. Hacemenune MoXeT OBITH OMHCAHO
CTPYKTYpPOH: YMCICHHOCTb, TOCYHAPCTBCHHBIA S3bIK, HAIMOHAJIBHBIA COCTaB.
HannonanbHbIl CcOCTaB MOXET OBITh OMUCAH CTPYKTYPOM: HAIMOHAIBHOCTD,
YHCIIEHHOCTD, MPOLIEHT OT BCETO HACEJICHUS.

PeanuzoBath cienyronye TUIbI 3aPOCOB:

1. HaiiTu cTpaHy, KOTOpYIO OMBIBAE€T OO0JIbIIIE BCETO MOPEH;

2. Haittu Bce cTpaHbl, HA TEPPUTOPUUA KOTOPBIX HAXOIUTCS YKa3aHHBIN
TOPHBIN XpebeT;

3. Haittu Bce cTpaHbl, y KOTOPBIX YUCIO HALMOHAIBHOCTEW MPEBBIIIACT
3a1aHHYIO0 BEJINYMHY;

4, Haiitu Bce ropHbie XpeOThl, HAXOSAIINECS Ha TEPPUTOPUN YKa3aHHOMN
CTpaHbI;

S. Haiitu Bce cTpaHbl, Y KOTOPBIX YHCJIECHHOCTb HACEJICHHWS MEHBIIE

3aJITaHHOM BEJIUYMHEIL.
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Bapuant Ne9.

[IpenmertHas oGnacTs — cTpanbl Mupa. Kaxknas ctpana MokeT OBbITh OonrcaHa
CTPYKTYpO#l: Ha3BaHME, IUIOWA/b, Teorpaduyeckoe TMOJOXKEHHEe, HaceJIeHHUE.
['eorpaduueckoe moJOKEHHE MOKET OBITH ONMHCaHA CTPYKTYpOMl: 4acTh CBETa,
MaTepUK, OKeaHbl, MOps, TropHble XpeOThl. Hacenenune MokeT OBITH ONUCAHO
CTPYKTYpO#l: YHMCICHHOCTb, TOCYJAapPCTBEHHBIA S3bIK, HAIIMOHAJBHBIN COCTaB.
HanmonaneHbIi COCTaB MOXKET OBITh OMHMCAaH CTPYKTYpOH: HAIMOHAIBHOCTD,
YHUCJICHHOCTb, IIPOLIEHT OT BCETO HACEJICHMUS.

Peanu3oBaTh cienyromue TUIIbI 3alIPOCOB:

1. Haiitu cTpany, y KOTOpOW MakCHMaJlbHas IJIOTHOCTh HACEJIEHUS,

2. Haiitu Bce MoOps, KOTOpBIE OMBIBAIOT TEPPUTOPUIO YKa3aHHOM
CTpaHbI;

3. Haiitu ctpany, y KOTOpPOM YMCIEHHOCTb HH OJHOM W3
HalMoHabHOCTEN He npeBplmaet 50%;

4. Haiitu Bce cTpaHbl, UMEIOIIKE BBIXO K YKA3aHHOMY OKEaHy;

5. Haiitu Bce cTpaHbl, y KOTOpPBIX Ha3BaHWE YacCTU CBETA COBIIAZAECT C

Ha3BaHUEM MaTEPHKA.
BapuanTt NelO.

[Ipenmernas obmacte — Oupka Tpyna. Kaxnmas BakaHCHsT MOXKET OBITh
ONMCAaHA CTPYKTYpOIl: HA3BaHHE MPEATPUATHS, JOJDKHOCTD, €XKEMECSIUYHBIN JT0XO/,
TpeOOBaHUSI K COMCKATEINI0, CIUCOK couckaTtesned. Kaxapiii couckareib MOMKET
OBITh OMHCAH CTPYKTYpOM: (haMHIIUsA, UMSI OTUYECTBO, COOTBETCTBHE TPEOOBAHUSIM.
TpeOoBaHUs K COMCKATENI0 U COOTBETCTBHE TPEOOBAHMUSIM MOTYT OBITh ONHUCAHBI
OJIHOM CTPYKTYpO#: 00pa3oBaHHE, BO3pACT, MOJI, BJIAJICHUE WHOCTPAHHBIMU
sa3pIKaMu, yMeHue padorats Ha [1K, craxk paboThl MO CrieNUaIbHOCTH.

PeanuzoBarhb creyromiye TUIIbI 3alIPOCOB:

1. Haittu nomKHOCTB, 1711 KOTOPOW CYILIECTBYET MAKCUMAJIBHOE YMCIIO
COMCKATEIeH;
2. Haiitu Bce MOKHOCTH [IJIi MY>KUYWH, C BBICIIUM OOpa3oBaHUEM U
CBOOOJTHO BJIAJICIOIIUX UHOCTPAHHBIM SI3BIKOM;
3. Haiitn Bce mpeanpusTsi, Npejaratolye J10X0/ BBIIIE YKa3aHHOTO
YPOBHS;
4, Haiiti Bcex comckareneit, ymeronux padorats Ha [IK, m mmeromumx
cTax paboThl OoJiee 5 JeT;
S. Haiitu npennpusitusi, y KOTOPBIX €CTh 3a/laHHasi BAKAHCHUSI.

Bapuant Nel 1.

[Ipenmetnas obmacte — Oupxka Tpyna. Kaxkmas BakaHcHUsT MOXET OBbITh
ONMCaHa CTPYKTYpPOM: Ha3BaHHE MPEATPUITHS, TOJPKHOCTD, €KEMECSIHBIN T0XO],
TpeOOBaHMS K COMCKATENI0, CIIMCOK couckareneid. Kaxaplli coMcKaTeab MOMKET
OBITH OMHCAH CTPYKTYpPOH: (haMUITusi, UMsI OTUYECTBO, COOTBETCTBHE TPEOOBAHUSIM.
TpeOoBaHUS K COMCKATEII0 U COOTBETCTBHE TPEOOBAHUSIM MOTYT OBITh OMUCAHBI
OJTHOM CTPYKTYypoOii: oOpa3oBaHWe, BO3paCT, TOJ, BJIAJCHHE HWHOCTPAHHBIMHU
s3bIKaMU, yMeHue padotath Ha [1K, craxk paboThl MO CrienuaaIbHOCTH.

PeanuzoBath creayronime TUTIBI 3aIIPOCOB:
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1. Haiit Bcex comckaTeneil, KoTopble COOTBETCTBYIOT TPEOOBAHUSM 10
3aJJaHHOM JIOJDKHOCTH,

2. IlogcunTare  KOJIMYECTBO  COMCKATeJIeH, HMEIOIIMX  BBICIIIES
0o0pa3oBaHuUE;

3. Haiitu Bce HOMKHOCTH J1s COMCKATEIIEN, YKa3aHHOM CIIEUATIBHOCTH;
4, Haiitu Bce MOKHOCTH ISl MY>KYMH C €KEMECSYHBIM JJOXOJIOM BBIIIIE
YKa3aHHOTO 3HAYCHUS,

5. HaiiTu Bce MOMKHOCTH, MJII KOTOPBIX HE TpeOyeTcsl BBICIIETO
o0pa3oBaHus.

Bapuant Nel2.

[IpeameTHas obOnacteh — Oupka Tpynma. Kaxkmas BakaHCUS MOXET OBIThH
OmnMcaHa CTPYKTYpOW: Ha3BaHUE MPEANPUITHUS, JOJKHOCTb, €KEMECSUHBIA TOXO/I,
TpeOOBaHMsSI K COMCKATENI0, CIIMCOK couckareneid. Kaxaplli cOMCKaTeIh MOXKET
OBITH OMHCAH CTPYKTYpOH: (haMUIIvs, UMsI OTUYECTBO, COOTBETCTBHE TPEOOBAHUSIM.
TpeOoBaHUS K COMCKATEII0 U COOTBETCTBHE TPEOOBAHUSIM MOTYT OBITh OIMHUCAHBI
OJIHOM CTPYKTYypoOii: oOpa3oBaHuE€, BO3pacCT, TIOJ, BIAJCHUE WHOCTPAHHBIMU
s3pIKaMu, yMeHue padotats Ha [1K, craxk paboThl MO CrienuaaIbHOCTH.

Peann3zoBath cliielyroline TUIbI 3aIIPOCOB:

1. Haittu 10/mKHOCTD, Y KOTOPOM MUHUMAJIBHBIN €KEMECSIUYHBIN JOXO;
2. Haiitu BCce MNODKHOCTHM JJIsI MYXYWH, C YKa3aHHbIM ypPOBHEM
00pa3oBaHuUsl, BIAJCIOIUX XOTS Obl OTHUM HHOCTPAHHBIM SI3bIKOM;

3. Haiitu npennpusts, 1jisi BAKAHCUNA KOTOPBIX HET COUCKATENEN;

4, Haittu Bce MOKHOCTM UL JKEHIIWMH, HE CTaplie YKa3aHHOIO
BO3pAacTa;

S. HaiitTu Bce JODKHOCTH, JJIi KOTOPBIX TpeOyeTrcss 3HaHUE

MHOCTPAHHOTO SI3bIKA.
Bapuant Nel 3.

[IpeameTHas o6yacth — city06a 3HaKOMCTB. KakJblil KIIMEHT MOXET OBIThH
ONMHMCAH CTPYKTYpoOil: ¢aMuiausi, HMs, OTYECTBO, XapaKTEPUCTHKA KIIUCHTA,
TpeOOBaHMsI K TMapTHEPY, CIUCOK BO3MOXHBIX MapTHEPOB. XapaKTEPUCTHKA
KJIMEHTa W TpeOOBaHMsI K TMApTHEPY MOTYT OBITH OMHMCAHBI OJHON CTPYKTYpOil:
BO3pacT, 00pa3oBaHUE, HALIMOHAIBHOCTb, €XEMECSIUHbIN 10X0/, BIaJCHUE KUION
IUIOIAAbI0, HAJIMYME JETE€M, OTCYTCTBHE BPEOHBIX IIPUBBIYEK. BO3MOXKHBIN
napTHEP MOKET ObITh ONMUCAH CIEAYIOIIEH CTPYKTYpoid: (haMuiusi, UMsi, OTUYECTBO,
XapaKTEpPUCTHKA MapTHEpa. XapaKTepUuCTHKa NapTHEpa MOXKET ObITh OIKCaHa
CTPYKTYPOH, OJMHAKOBOU CO CTPYKTYPOU XapaKTEPUCTUKHU KIIMEHTA.

Peanm3oBats ciieyroniye TUMbI 3aIIPOCOB:

1. TlomcumTarh KOJIMYSCTBO KIMEHTOB B B/I;

2. HaliTu Bcex KIMEHTOB, C YKa3aHHBIM ypOBHEM oOpa3oBaHUs,
MMEIOIINX KITYIO TIJIOIIA b, 0€3 BPEIHBIX PUBBIUEK;
Haittn Bcex BO3MOXHBIX TAPTHEPOB C YKA3aHHOM HAIIMOHAJIBHOCTHIO;
Haiitn Bcex KIMEHTOB, KOTOPHIM HEOOXOJMM TMapTHEP, HE CTapIie
YKa3aHHOT'O BO3pacTa U He UMEIOINN JIETEH;
5. Haiitu xnmenra, KOTOpoMy TpeOyeTcsi caMblii MOJIOJION MapTHED.

B~ w
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Bapuant Nel4.

IIpenmerHas o61acTh — ciyx0a 3HaKOMCTB. Kax/aplil KIIMEHT MOKET ObITh
ONKCaH CTPYKTypou: ¢aMuius, HUMs, OTYECTBO, XapaKTEPUCTHKA KIIMEHTA,
TpeOOBaHUSI K MapTHEPY, CIUCOK BO3MOXHBIX MApTHEPOB. XapaKTEpUCTHKA
KJIMEHTa U TpeOOBaHUS K MApTHEPY MOTYT OBbIThb OMMCAHbI OJHON CTPYKTYpOM:
BO3pacT, 00pa30BaHUE, HALIMOHAIBHOCTh, €KEMECSUHBIN 10XO0/, BJIAJCHUE KUION
IUIOIIAJbI0, HAJU4ME JETEH, OTCYTCTBHE BPEIHBIX IPUBBIYEK. BO3MOXKHBIM
napTHEP MOXKET OBITh OMHUCAH CIEIYIOIIeH CTPYKTYpOil: haMuius, UMsi, OTIYECTBO,
XapaKTepUCTHKa TapTHEpa. XapakTEepUCTUKA MapTHEpa MOXKET ObITh OIMHCaHa
CTPYKTYpPOU, OAMHAKOBOU CO CTPYKTYPOU XapaKTEPUCTUKH KIUEHTA.

Peanu3oBarth cieyromue TUIIBI 3aIIPOCOB:

1. HaifTu Bcex KIHMEHTOB, Ui KOTOPBIX TpeOOBaHUS K MapTHEPY

COBIIAJIAIOT C XapAaKTEPUCTUKOU MapTHEPA;

2. HaiiTu Bcex mapTHEpOB yKa3aHHOTO KJIMEHTA, Y KOTOPBIX €CTh JETH;

3. HaiiTu Bcex KJIMEHTOB C 33JaHHBIM YPOBHEM J0XOJa W MIIaJlIe
YKa3aHHOI'0 BO3pacTa;
HaiiTi camoro craporo KiMeHTa ci1y>kObl 3HAKOMCTB;
Haiitu Bcex KIMEHTOB, y KOTOPBIX HET JKWIOW IUIOIIAAM U €CTh
BpEIHBIC IPUBBIYKHU.

o B

Bapuant Nels.

[IpenmeTtHas o6nacTh — ciyxk0a 3HaKOMCTB. Kaxaplii KIMEHT MOXET ObITh
ONMHMCAH CTPYKTYpOil: (aMuiaus, HMs, OTYECTBO, XapAKTEPUCTHKA KJIUEHTA,
TpeOOBaHMS K MapTHEPY, CIUCOK BO3MOXHBIX NapTHEPOB. XapaKTEPHCTHKA
KJIMEHTa W TPeOOBAaHMSI K MAapTHEPY MOTYT OBITh OMHMCAHBI OJHON CTPYKTYpOil:
BO3pacT, 00pa3oBaHue, HAIMOHAJIBHOCTD, €XKEMECIYHBINA TOXO/I, BIAJCHUE JKUIJION
IUIOIIA/IbI0, HAJIMYME JI€T€W, OTCYTCTBUE BpEOHBIX NPUBBIYEK. BO3MOXKHBIN
napTHEP MOXKET ObITh OMUCAH CIEAYIOIIEeH CTPYKTYpOid: (haMuius, UMsi, OTUYECTBO,
XapaKTEePUCTHKA TMapTHepa. XapaKTepucThKa TNapTHEpa MOXKET ObITh ONMucaHa
CTPYKTYPOH, OJMHAKOBOU CO CTPYKTYPOUN XapaKTEPUCTUKHU KIUEHTA.

Peanm3oBats ciieyromue TUIbI 3aIIPOCOB:

1. Haiit camoro Moyiofioro BO3MOKHOTO napTHepa B b/1;
2. Haiitu xiMeHTa, y KOTOPOTo HET BO3MO>KHBIX MTapTHEPOB;
3. HaifTm Bcex KIMEHTOB YKa3aHHOM HAIMOHAIBHOCTH, HE CTaplie
YKa3aHHOTO BO3pacTa;
4. HaiiTu Bcex MapTHEPOB YKa3aHHOT'O KJIMEHTa 0€3 BPEAHBIX PUBBIYEK;
5. Haiitu Bcex KIMEHTOB, y KOTOPBIX HET JE€Tel, U KOTOPBIM MOJXOIUT
MapTHEP, UMEIOLINMN JETEM.
Bapuant Nel 6.

[IpeameTHas 06sacTh — CIOPTUBHBIE cOpeBHOBaHMs. Kaxkoe copeBHOBaHME
MOXET OBITh OINHUCAHO CTPYKTYpOW: paHT COPEBHOBAHWW, BHJA CIOpPTa, TOJ
IPOBEJICHUSA, CTPaHAa MPOBEACHUs, CIIMCOK KOMaHI - y4acTHUKOB. KomaHnawl -
YYaCTHUKH MOTYT OBITh OINUCAHBI CIEAYIOIICH CTPYKTYypOH: Ha3BaHUE KOMAaHJbI,
CTpaHa, pPe3ylbTaThl COPEBHOBaHWM. Pe3ynbTaThl COpEBHOBaHWN MOTYT OBITH
ONMCAaHbl CIMCKOM CTPYKTYp: HAa3BaHUME KOMAaHIbl — COIEPHUKA, CTpaHa, THII
pe3yabTara (BBIUTPHIILLL, TPOUTPHII, HUYbS).
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Peanmm3oBats ciieyromue TUIbI 3a1IPOCOB:

1. Haiitu paHr copeBHOBaHHS, B KOTOPOM y4acTBOBaJO MHHHMMAJIbHOE YHCIIO

KOMaH/I, B 33JJaHHOM T'OJly U B 3aIaHHOM BH/JIE CIIOPTA;

2. HailiTu Bce KOMaH/Ibl yKa3aHHOTO paHra COPEBHOBAHUI M TOfa IPOBEICHMUS,

y KOTOpPBIX HE ObUIO HU OAHOI'O IIPOUTPHIILIA;

3. HaliTu Bcex cONepHUKOB yKa3aHHOM KOMaH[bl B COPEBHOBAaHUSAX 33JaHHOTO
paHra B 3aJJaHHOM TOAY;
4. Haittu BUJ criopTa, B KOTOPOM MPOBOJMIMCH COPEBHOBAaHUSA B 3aJlaHHOM
rouy;
5. Haiitn Bce kOMaH/bl YKa3aHHOM CTpPaHbl, y4aCTBOBABIIHE B COPEBHOBAHUAX
3aIaHHOTO paHra.
Bapuant Nel7.
[IpenmeTrHast 06JIacTh — CIOPTUBHBIE COpeBHOBaHUs. Kaxknoe copeBHOBaHNE
MOKET OBITb ONHUCAHO CTPYKTYpPOH: paHI COPEBHOBAHWUW, BUJ CIOpPTa, TIOA
IIPOBENICHUSI, CTPAaHA NPOBEICHUSA, CIIMCOK KOMAHJ - Y4YaCTHUKOB. Komanzasl -
YYaCTHUKHA MOTYT OBITh OINHKCAHBI CIENYIOIIEH CTPYKTYypOil: Ha3BaHHME KOMaHJIbI,
CTpaHa, pe3yJibTaThl COpPEBHOBaHMWU. Pe3ynbTaThl COpeBHOBaHUN MOTYT OBIThH
OIMCAHbl CIUCKOM CTPYKTYp: Ha3BaHME KOMAaHIbl — COIECPHHUKA, CTpaHa, TUII
pe3ynbraTa (BBIUTPHILL, TPOUTPHILI, HUYBS).
Peanm3oBats ciie1yrolue TUIIbI 3aIIPOCOB:
1. HaiiTu Bux cnopra, B KOTOPOM Y4YaCTBOBAJIO MAaKCHUMAJIbHOE YHCIIO
KOMaHJ, B 3aJaHHOM 'Oy U B 3aJJaHHOM PaHre COPEBHOBAHW;

2. HaiiTu Bce cTpaHsl, TJ€ TPOBOAMINCH YEMITHOHATHI MUPA TI0 YKa3aHHOMY
BHJIy CIIOPTA.

3. HaliTh Bcex CONEpHUMKOB YKa3aHHOW KOMAaHIbI B COPEBHOBAHHIX
ONPENIEIICHHOTO PAaHra B 3aJaHHOM T'O1Y;

4. Haiitu Bce COpeBHOBaHMUS, IPOBOIUBIIKECS B 3aJJaHHOM TOJ1Y;

5. Haiitu Bce koMaHIbl, y KOTOPBIX ObUTH HUYBU.

Bapuant Nel 8.

[IpenmeTrHas 061acTh — CHOPTUBHBIE COpeBHOBaHUs. Kaxkoe copeBHOBaHME
MOKET OBITb ONUCAHO CTPYKTYpOW: paHI COPEBHOBAHWUW, BUJ CIOpPTa, TIOA
IIPOBEJCHUsI, CTpaHa IIPOBEICHMS, CIIMCOK KOMaHJ - y4acTHUKOB. Komanzawl -
YYaCTHUKHA MOTYT OBITh OINHKCAHBI CIENYIOIIEH CTPYKTYypOil: Ha3BaHHME KOMaHJIb,
CTpaHa, pe3yJibTaThl COpPEBHOBaHUMW. Pe3ynbTaThl COPEBHOBaHUNA MOTYT OBITh
ONMMCAHbl CIUCKOM CTPYKTYp: Ha3BaHME KOMAaHIbl — CONEPHUKA, CTpPaHa, THII
pe3ynbTaTa (BBIUTPHILI, IPOUTPHIILL, HUYbS).

Peanm3oBats ciieyroniye TUMbI 3aIIPOCOB:

1. HaiiTu ron, B KOTOpHI y4acTBOBAJIO MaKCHUMaJIbHOE YUCIO KOMaHI, B

3aIaHHOM BHJIE CIIOPTa U B 3aIaHHOM PAaHT€ COPEBHOBAHUM;

2. Haiitu Bua criopTa, B KOTOPOM BBICTYMAET 3aJaHHast KOMaH/Ia;

3. Haiitu Bce KOMaH/bI, KOTOPBIC y4acTBOBAIH B ONMMMIUNCKUX WUTPaxX IO

ONPEEIICHHOMY BUY CIIOPTA;

4. HailTu Bce KOMaHJbl, YYaCTBOBAaBIIHE B COPEBHOBAHMIX B 3aJaHHOM

rouy;
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5. HaliTu Bce KOMaHIbl ONPENEICHHON CTpaHbl, Y KOTOPBIX ObUIH
BBIUTPBILLIH.
Bapuant Nel9.

[IpeameTHas obnacte — BUaeoTeka. Kaxgas BHIleOKacceTa MOXKET OBITh
OlMCaHa CTPYKTYpOil: Ha3BaHUE (DUIIbMA, TOJ CO3/1aHUs, KUHOCTYAMS, aTpUOYThI
bunbma. ATpuOyThl (UIBEMa MOTYT OBITH OMUCAHBI CTPYKTYPOIl: aBTOp CIleHapus,
pexuccep, CIUCOK (pamMuiInii MCIIONHUTENEH TIaBHBIX pojel, npemuu. [Ipemun
MOTYT OBITH OMUCAHBI CIIMCKOM M3 CIEAYIOLIUX CTPYKTyp: Ha3BaHUE (ecTUBaIs,
roJl IPOBEICHHUS.

Peanu3oBarhb cieayromme TUIIbI 3aIIPOCOB:

1. Haiitu ¢unpM, MOTYIUBIIHIA OOJIBIIE BCETO MPEMHUIL;

2. Iloacumrath ynciao PUIBMOB YKa3aHHOTO PEKUCCEPa;

3. Haiitu Bcex pexuccepoB, (UIBMBI KOTOPBIX CO3/aBajlCh Ha
3a/IaHHON KMHOCTY/IMH;

4. Haiitu Bce (punbMbl, ONPENEICHHOTO aKkTepa 3a YKa3aHHBIA MEpPUOJ
BPEMEHU;

5. Haiitu Bcex creHapuctoB, B (uIbMax KOTOPBIX CHUMAJCS
ONPEIECICHHBINA aKTeP.

Bapuant Ne20.

[Ipenmernas obnacth — BuAeoTeka. Kaxpas Buaeokaccera MOXET OBITh
omucaHa CTPYKTYpOW: Ha3BaHWe (UIbMA, TOJl CO3/IaHUs, KHHOCTYAUS, aTpUOyThI
¢unpMma. ATpuOyThl (PUIBEMa MOTYT OBITh OMMCAHBI CTPYKTYPOIl: aBTOp CLEHApHs,
pexuccep, COUCOK (pamMuiIMii UCHOJIHUTENEH TIaBHBIX pojeil, npemuu. [Ipemun
MOTYT OBITh OIMCAaHbl CIIUCKOM W3 CIEAYIOIIUX CTPYKTYp: Ha3BaHUE (PeCTUBAII,
roJl IPOBEJICHUS.

PeanuzoBarhb creyromiye TUIIbI 3alIPOCOB:

1. Haiitu cuenapucrta, B (QuibMe KOTOPOTO CHSUIOCH MHUHUMAJIBHOE
YHCJIO aKTEPOB,;
2. Haiitu pexxuccepoB W CIEHAPUCTOB, y KOTOPBIX €CTh (PHIbMBI,
NOJIYYHMBIINE IPEMHUH;
3. Haittu Bce ¢QuabMbl yKa3aHHOTO pEXHCCEpa, CHITOIO Ha
ONPEAEIECHHOW KUHOCTY/INH;
Haiitu Bcex ucnoyiHUTENEH TJIABHBIX POJICH yKa3aHHOTO (QUIIbMa;
HaiitTu Bce KHHOCTYIuHM, KOTOpble paldoTalid C YyKa3aHHBIM
PEKUCCEPOM.

oa &

Bapuant Ne21.

[Ipenmetnas o6macth — BuAcoTeka. Kaxkmas BuaeokacceTa MOXET OBbITh
OMKCaHa CTPYKTYpOil: Ha3BaHHE (DUIIbMA, TOJ CO3/1aHUs, KUHOCTYAMS, aTpUOYThI
¢bunbma. ATpuOyThl GUIBEMa MOTYT OBITh OMMCAHBI CTPYKTYpPOI: aBTOp CLEHApHs,
pexuccep, COUCOK (hammimii MCTIONHUTENEH TJIaBHBIX posiei, mpemun. [Ipemun
MOTYT OBITh OIMHUCAHBbI CIIMUCKOM W3 CIEAYIOIUX CTPYKTYp: Ha3BaHUE (eCcTUBAI,
roJl IPOBEICHHUS.

Peanmm3oBats ciieyromuye TUIbI 3aIIPOCOB:

1. Haiitu pexwuccepa, y KOTOpOro (uiIbM TMOTYyYHUT MaKCHMaJIbHOE
YHUCIIO TPEMUM;
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2. Haiitu Bce (uiibMbl, MOTYyYMBINHAE MPEMUHU, B KOTOPBIX CHUMAJCS
yKa3aHHBIN aKTep;

3. Haiitu Bce QuibMbl ONpPENENEHHOTO CIIEHApUCTa, CHATHIE B
yKa3aHHOM ToJ1y.

4. HailTu KOJIMYECTBO AaKTEPOB, CHUMABIIMUXCA HA OIPEIACICHHON
KUHOCTY/IUH;

5. Haiftu Bcex akTepoB, CHHUMABIIMXCA B (QUIbMaxX OMPEAEICHHOTO
CLIEHApHCTA.

Bapuant Ne22.

[IpeameTHas oOmacte — ydeOHas rpynmna (akymprera. Kaxmas ydeOnas
rpynmna MOXeT ObIThb ONHCaHa CTPYKTypoil: Ha3BaHue (aKylIbTeTa, KOJI
CHEMATFHOCTA, HOMEp TPYIIbI, cocTaB rpynmbl. CocTaB IpyHmbl MOXKET OBITH
OTKCAaH CIIUCKOM CTPYKTYp, ONMUCHIBAIONINX OTAEIBHOTO CTy/ACHTA: (paMuius, ums,
OTYEeCTBO, OOyueHHE Ha BOEHHOM Kadeape, cBoAHas BenoMocTb. (CBoaHas
BEJJOMOCTb MOXKET OBbITh OIUCAaHa CIHCKOM U3 CIEAYIOIIMX CTPYKTYp: MpPEIMET,
OLICHKA.

Peanu3zoBath cieayrouiye TUIIbI 3apOCOB:

1. TlomcuuTaTh YKCIO TPYII ONPEACICHHON CIIEIUAIbHOCTH;

2. Haiitu onieHKy onpeieIeHHOTO CTYEHTA M0 3aJJaHHOMY TIPEIMETY;

3. Haiitu rpymiy, koTopas caana 60Jibliie BCEro MpeMeToB B CECCHUIO;

4. HaliTu BceX CTYJICHTOB, UMEIOIIUX 3a/10JKEHHOCTH;

5. Tloxcuurtats 4KMCIIO CTYACHTOB, OOyYaIOIMUXCS HA BOCHHOH Kadeape.
Bapuant Ne23.

[Ipenmetnas obnacte — ydeOHasi rpynna ¢akynbrera. Kaxnmas ydyeOHas
rpynna MOXET ObITh OINHCAaHa CTPYKTYypOM: Ha3BaHuEe (HaKynbTeTa, KOJ
CHEMATLHOCTA, HOMEp TPYIIBI, cocTaB Tpynmbl. CocTaB TPyHIbl MOXKET OBITH
OIMHMCAaH CIUCKOM CTPYKTYP, OTHCHIBAIOIINX OTACIBHOIO CTYAEHTa: (haMuiIus, UMs,
OT4YeCTBO, OOyueHHe Ha BOEHHOH Kadenpe, cBoaHas BenomocTb. CBoaHas
BEJJOMOCTb MOXKET OBbITh ONUCaHa CIIUCKOM U3 CIEAYIOUIMX CTPYKTYp: MpEIMET,
OLICHKA.

Peanu3zoBath cieayrouiye TUIIbI 3apOCOB:

1. TloacunTatk 00IIIEE YKCIIO CTYIEHTOB HA YKa3aHHOM (DaKyJIbTETe;

2. Haiitu rpyminy, y KOTOpO# OOJIbIIE BCETO OTIMYHUKOB;

3. Haiitm Bce mpeaMeTsl, KOTOPBIC U3ydasia OnpeaeiieHHas TpyIa;

4. HaliTu BceX CTYJICHTOB, HE 00y4JarolIMXCcsi Ha BOGHHOU kadeape;

5. Haiitu Bce rpymnmbl, U3y4aBIlIle OMpPeAeSICHHbIN MpeIMeT.
Bapuant Ne24.

[Ipenmetnas oGnacte — ydeOHas rpynmna dakynbrera. Kaxmas ydeOHas
rpynna MOXeT ObITh OINKMCAaHa CTPYKTYypOM: Ha3BaHue (HakynapTeTa, KO
CIEIUATBHOCTH, HOMEP TPYIIbI, cocTaB Tpymmbl. COCTaB Tpymmbl MOXET OBITH
OIMHMCaH CIUCKOM CTPYKTYP, OTMCHIBAIOIINX OTACIBHOTO CTYJEHTA: (DaMIIIns, UMs,
OT4YecTBO, oOOyueHHe Ha BOEHHOM Kadenpe, cBoaHass BeaoMocTb. CBoaHas
BEJJOMOCTb MOXKET OBbITh OMUCaHa CIHUCKOM U3 CIEAYIOIIMX CTPYKTYp: MpEIMET,
OLICHKA.

PeanuzoBath cieayromiie TUIIbI 3apOCOB:



36

=

[ToxpcunTtath cpeaHmii 6T ceccur MO yKa3aHHOW TPYIITIE;
Haiitu rpynny, B KOTOpOl MUHUMAJIbHOE YUCJIO CTYIAEHTOB;
3. Haiitu Bce mpeameThl B yKa3aHHOW Trpylie, M0 KOTOPbIM CIaBajcs
HK3aMEH,;
4, HaiiTu KOJ CeIMaIbHOCTH YKa3aHHOW TPYIIIHL;
5. Haiitu Bcex cTyneHTOB, 00yJaronuxcsi Ha BOGHHOU Kadeape.
Bapuant Ne25.

[IpeameTHass oOmactb — 0a3a JAaHHBIX MPOJAXW aBTOMOOWIeH. Kaxxaplii
aBTOMOOWJIL MOXET OBITh OMHCaHa CTPYKTYpPOM: Mapka aBTOMOOWJS, CTpaHa
(UpPMBI-U3rOTOBUTENS, CIIUCOK (pupM-TipoaaBioB. Oupma-npoaBer; MOKET ObITh
ONKCaHa CTPYKTYpOW: Ha3BaHHWE (UPMBI, CTpaHa, CIIUCOK MMEIOIIUXCS MOJEINEH.
Mopenb MOXKeT ObITh ONKcaHa CTPYKTYpPOil: HANMEHOBAaHUE MOJIETH, IIEHA, CIIUCOK
MMEIOIINXCS PACIIBETOK.

Peann3zoBath cliielyroline TUIbI 3aIIPOCOB:

1. Haiitu Mmapky aBTOMOOUJISI, KOTOPYIO IIPOJIAET OOJbIIe BCEro Gupm;
2. Ilogcuntarh 4YMUCIO CTpaH, B KOTOPBIX IMPOJIAIOTCS aBTOMOOWIIH
3aJaHHON MapKH;
3. Haiitu Bce ¢pupmbl, mpojjaroime aBTOMOOUIIN 3aJJaHHON MapKu;
4. Haiitu Bce MoJienTu aBTOMOOUJIEH, IIeHa KOTOPBIX HUXKE 3aJJaHHOM;
5. Haiftu Bce ¢Qupmbl, KOTOpBIE MPOJAIOT ABTOMOOWIIM 3aJlaHHOM
MOJIEIIH.

no

Bapuant Ne26.

[Ipenmetnas oGnacTh — 0a3za JaHHBIX NpoAaxu aBTomMoOwmien. Kaxnmbii
aBTOMOOUJIb MOXKET OBITh OIKCaHA CTPYKTYpOM: Mapka aBTOMOOWIIS, CTpaHa
(UPMBI-U3TOTOBUTENS, CIUCOK (PUpM-TIpoAaBLOB. Pupma-nipogaBel] MOKET ObITh
OMHCaHa CTPYKTYpOM: Ha3BaHWE (QPUPMBI, CTpaHA, COUCOK MMEIOLIUXCS MOJETeH.
Mopnenb MOXeT OBITh OMMCaHa CTPYKTYPOIl: HAMMEHOBAHUE MOJIEIH, IIeHa, CIICOK
VUMEIOIINXCS PACIIBETOK.

Peanu3oBarh cieayromme THIIBI 3aIIPOCOB:

1. Haiitu MmapKy u MOJielb aBTOMOOWJIS, Y KOTOPOM MUHUMAJbHAS 1IEHA;

2. IlopcunTath 4YKMCIIO PACIBETOK aBTOMOOWIS 3alaHHONW MOJEIH Y

OIPENEIIEHHOTO MPOIABLA;

3. Haiitu Bce CTpaHBI-U3rOTOBUTENS, BBITYCKAIOIIME aBTOMOOUIH
3aJJaHHOW MapKu;
Haiitu Bce Mapku aBTOMOOMIICH, POIAIOIIUECS B 3aJJaHHON CTpaHe;
Haiitu Bce ¢upMbl, KOTOpbIe NPOJAIOT aBTOMOOWIIM 3aJaHHOM
pacUBETKH.

o b

Bapuant Ne27.

[Ipenmetnas oGnacTe — 0a3za JaHHBIX NpoAaxu aBTomMoOwmien. Kaxmpii
aBTOMOOWJIb MOXET OBITh OMHMCaHa CTPYKTYpPOM: Mapka aBTOMOOWJIS, CTpaHa
(UPMBI-U3TOTOBUTENSI, CIUCOK (GUPM-TIpoAaBIioB. Dupma-TipoaBell MOKET ObITh
ONMHCaHa CTPYKTYpO#: Ha3BaHHWE (PUPMBI, CTpaHA, CIUCOK MMEIOIIUXCS MOJIETIEH.
Mopnenb MOXeT OBITh OMMCaHa CTPYKTYPOIl: HAMMEHOBAHUE MOJIEIH, TIeHa, CIICOK
UMEIOIINUXCS PACIIBETOK.

PeanuzoBath creayronime TUTIBI 3aIIPOCOB:



37

1. Haiftu mapky u MoJeib aBTOMOOWISA, Y KOTOPOH MaKCHUMAaJbHOE
YHUCJIO PACLUBETOK;
2. llogcuutars uyncino ¢GupM, B KOTOPBIX MPOJAIOTCS aBTOMOOUIHU
3aJJaHHON MapKH;
Haiitu Bce pupmbl, npoaaroniye aBTOMOOWIH B 3aJJaHHOM CTpaHE;
4, HaWitTu Bce MapKku aBTOMOOWMJICH, BBITyCKAIOIIUECS B 3aJlaHHOM
CTpaHe;
5. Haiitu Bce ¢hupMbl, KOTOpBIE IPOAAIOT AaBTOMOOWIIN 3aIaHHOM 1ICHBI.
Bapuant Ne28.

[IpenmetHas o0nacTh — pacnucaHue ABMXKEHHS camoiieToB. Kaxawiil peric
MOKET OBITh ONMCAH CTPYKTYpOW: Ha3BaHWE aBUAKOMIIAHWH, HOMEpP peica, IMyHKT
OTJIETAa, IIYHKT NPWIETa, BpEeMsA OTJIETA, BpEMS IPUIIETA, CIHACOK IYHKTOB
IPOMEXYTOUHBIX TOCaaOK, crnucok Tapudos. Tapud Moxxer OBITH oONUCaH
CTPYKTYPOM: TUII KJIacCa CaJIOHA, LICHA.

Peanm3oBath ciieyrolue TUIIbI 3aIIPOCOB:

1. HaiiTu aBHakoMnaHuIo, y KOTOPO MakCHUMaJlbHasi CTOMMOCTb OujeTa

10 33JJTaHHOMY MapIIPYTY;

2. Ilopcuntarh 4YMCIO aBHAKOMIAHUM, CaMOJIETHI KOTOPBIX JIETAIOT B
3a/IaHHBIN TOPOJI (BKIIIOYAs MPOMEKYTOUHBIE TTOCA/IKH);
Haittu Bce HOMepa pencoB, yIeTamuX 10 YKa3aHHOTO BPEMEHU;
Haittu Bce aBHMakOMIaHWM, CaMOJIETBl KOTOPBIX JIETAIOT W3
YKa3aHHOTO TOpOJia;

5. Haiitu Bce pelichbl, Ha KOTOpbIE €CTh OMIJIETHI IKOHOM KJacca.

Bapuant Ne29.

[IpenmetHas o0nacTh — pacnucaHue ABWXKEHUsS camoiieToB. Kaxawiii peric
MOKET OBITh ONMUCAH CTPYKTYPOW: Ha3BaHWE aBUAKOMIIAHUH, HOMEDP peica, MyHKT
OTJIETA, ITYHKT IIpUJIETa, BpPEMs OTJIETA, BpEeMs IMPUIIETA, CIIUCOK ITYHKTOB
MPOMEKYTOUHBIX TMOCAJ0K, chucok TapudoB. Tapud wmoxker OBITH oOmUcaH
CTPYKTYPOM: TUII KJIacCa CaJIOHA, LICHA.

Peanm3oBats ciieyromue TUIbI 3aIIPOCOB:

1. Haiitu ABUAKOMIIAHHUIO, y KOTOPOW MHUHUMAaJIbHas
MPOAOJKUTEIBHOCTD NOJIETA 10 3aJaHHOMY MapIIpyTy;
2. Tlogcuurath 4YHCIO PEHCOB, COBEPIIAIOIIMX IMPOMEKYTOUHYIO
MTOCAJKY B 3aJJaHHOM ITYHKTE;
HaiiTu Bce aBuakoMmnaHuu, y KOTOPbIX €CTh OMJIeThl OM3HEC KIlacca;
4. Haiitu Bce peiichl, MpUJIETAIONIUE B YKA3aHHBIA MyHKT A0 3aIaHHOTO
BPEMEHU;
5. HaiiTu Bce peiichl, JeTaroue no 3aJaHHOMY MapIipyTy.
Bapuant Ne30.

[IpeameTHas 001acTh — paclUCaHUE JIBUKEHUS CaMOJIETOB. Kablil peiic
MOKET OBITh OMUCAH CTPYKTYPOU: Ha3BaHWE aBUAKOMITAHWH, HOMEpP peiica, MyHKT
OTJIETA, ITyHKT IIpUJIETa, BpPEMs OTJIETA, BpEMs IMPUIIETA, CIIUCOK ITYHKTOB
MPOMEKYTOUHBIX TOCAJ0K, chucok TapudoB. Tapud wmoxker OBITH omucaH
CTPYKTYPOM: THI KJIacca CaJiOHa, LICHA.

Peanm3oBats ciieyromuye TUIbI 3aIIPOCOB:

w

B> W

w
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1. HaiftTu aBHaKoMmaHuio, y KOTOpOil MaKCHUMajabHOE YUCIO Tapu(oB HA
3aIaHHBIN MapIIPyT;

2. Ilogcuutarh 4MCIO PEHCOB, YIETAIOIMIUX W3 33JaHHOTO TOpoja 0

YKa3aHHOTO BPEMEHU;

HaiiTu Bce aBuakoMnaHuu, y KOTOPbIX €CTh OUJIETHI KJ1acca JIFOKC;

Haiitu Bce peiichl, y KOTOPBIX 1IeHa OMieTa HIKE 3aJJaHHOM;

HaiitTu Bce aBMAaKOMIaHWUW, Yy KOTOPBIX BpEMS TMOJ€Ta MEHBIIE

3aIaHHOTO.

ok w

7.3 3amanus 1iis Jad0paTOpHOM padoThl HA TEMY: pellleHUe JIOTHYeCKNX

roJoBoJIOMOK

Bapuant Nel
Tpu napyra 3aHsiaM 1nepBoe, BTOPOE M TPETbE MECTa Ha IMIKOJBHOU
osmMmnuaze. Jpy3bs ydarcs B pa3HbIX KilaccaxX, 30ByT MX IO-pa3sHOMY, U OHU
YY4aCTBOBAJIM B OJUMIIMAAAX [0 PA3HBIM IIpeAMETaM. AJIEKCEHW y4acTBOBAI B
OJIUMIIMAZE TIO XHMHMHM, M OH BBICTYNIWJ JIy4ll€, YeM JEBATHKIACCHUK.
CemuknaccHuk Cepreid BBICTYNWJ Jy4lI€ YYACTHHKA OJUMIIMAIBI 1O (DU3HKE.
VY4acTHHUK OJMMIIMAABI IO MATEMATUKE 3aHsUI IepBoe MecTo. KTo U3 HUX B KakoM
KJIACCE YYUTC, U KTO, B KAKOM OJIMMIHUAJE Y4aCTBOBAN?
Bapuant Ne2
Tpoe XUIHUKOB — BOJIK, MEABEb U JUCa IOIUIA HA OXOTY. Y HHUX Pa3HbIU
BO3pacT U OHM OXOTWJIHNCh Ha pa3Hylo Iuub. MezaBeab JOOUT pbiOy, U moimai
a4y OoJiplle, YeM TOT, KoMy 2 roja. TpexijeTHuil BoJK moimain OoJjblle, 4eM
mo0uTens 3aines. ToT, KTo JIOOUT Kyp, moimMan 6osbiie Bcex. OqHomy u3 HUX 4
rojga. Onpenenure, y KOro Kakoi BO3pacT U KTO KaKyr0 JWYb IPEAINIOYUTAET.
Bapuant Ne3
Tpu npyra — Usan, Imutpuii u Crenan npenoaaroT OMosIoruio, GU3NKy U
xumuto B mkosiax Mocksbl, Cankr-IlerepOypra u Kuea. IBan — He B Mockae,
Hmutpuii — He B Cankt-IletepOypre. MockBud He npenoaaér ¢usuky. Tot, KTO
#uB€r B Caunkr-IlerepOypre, npenoga€r xumuio. JMuTpuil He mnpenoaaér
ouosioruto. KTo, B Kakom Topojie >KUBET U 4TO MPenogacT?
Bapuant Ne4
Tpu yuennka — Koira, Muma u AHIpei cuasr B Kilacce 3a apTaMy MeEpPBOro
psna. Y HUX pa3HbIA [BET BOJOC W OHU JIFOOST pa3Hble MpeaMeThl. Mulia Jo0uT
bU3NKYy U cUIUT ONMMXKe K KIACCHOM Jocke, yem pbikuil. brnonaun Komst cumut
OMmKe K KIACCHOM JIOCKE, YeM JIOOWTENb JUTeparypbl. TOT, KTO JIOOUT
MaTeMaTHKy, CUJIUT 3a TepBoil mapTtoil. OnuH u3 Hux OproHer. Ompexnenure, y
KOT'0 KaKOM LIBET BOJIOC, U KTO KAKOM IIPEAMET IPEANIOUYNTAET.
BapuanTt Ne5
Tpu papyra 3aHsiaM nepBOoe, BTOPOE U TPEThE MECTA B COPEBHOBAHUAX
yHUBepcuaabl. Jpy3bs pazHOW HAIIMOHATBHOCTH, 30BYT MX MO-Pa3HOMY, U JIIOOST
OHHM pa3HbIe BUBI criopTa. Maiiki npeanouyntaetr 0ackeTO0 U UrpaeT Jydlle, 4em
amepukanel. M3paunbTssHnH CallMOH UrpaeT Jydlle TEHHUCHCTA. ITpOK B KpUKET
3aHsA1 nepBoe Mecto. KTo n3 Hux aBcrpanuen? Kakum BUAOM CIOpTa yBJIEKAETCS
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Puuapn?
Bapuant Ne6
Konpgpatees, laBbiioB u @ENOPOB KUBYT HA OAHOHN yiuie. OJUH U3 HUX -
CTOJISIp, IPYTroi — MaJsip, TPETUH — BOJOMPOBOTUHUK. Y CTOJISIpa caMblil OOJIBIION
JIOM U3 TPOUX M y HEro HeT aBTOMOOWIs. DeaopoBy HpPABUTCS MalllMHA
KonzmpateeBa u ero AoM MeHblIE, 4eM Yy wansgpa. Ompenenure, KTO YeM
3aHUMAETCs, Y KOO €CTh MAaIlIMHA.
Bapuant Ne7
bpayn, I'pud¢ur, Knemenc u I'pun - 4eTBepo CTyIEHTOB YHHUBEPCHUTETOB
pa3HBIX CTPaH MpHUEXaTu Ha MEXAYHAPOAHBIN (hecTUBAIL MOJOIEKHU U CTYJCHTOB.
OauH W3 HHUX — KaHaJel, BTOPOW — aMepUKaHell, TPETUH — AaHIVIMYaHUH,
4yeTBEPTHIA — aBcTpanuel. bpayn u KiemeHc ObUlM Ha KOHLEPTE, B KOTOPOM
MPUHUMAJ Y4aCTHE WX 3HAKOMBIA aHIMYaHuH. ['puddut u aBcTpanuel 3HaKOMBI,
TaK KakK Mead Jy3TOM II0J AKKOMIAHEMEHT HX 3HAKOMOI0 aMEpHUKaHIA.
ABcTpasiver] mpuriacui kK cede B rocTd CBOEro 3Hakomoro I'puHa u coOupaercs
IIPUTIIACUTH CBOETO 3HAKOMOro bpayHa. Onpezaennre HalMOHAIBHOCTH CTYICHTOB.
Bapuant Ne8
B oagnom Tteatpe pabotatoT uerbipe aktépa: CmupHoB, CHeroB, MopeB u
Hukutnna. OnvH u3 HUX urpaet poiabs Ortenno, apyrod — kopods Jlupa, Tpetuid —
Pomeo, ueTBEpThIil — ["amnera. CmupHOB — HE OTemio u He ["amnetr. MopeB — He
Pomeo n we Oremno. Hukntun — He 'amier, He Otemto. CHErOB HE UTpaeT HU
I'amnera, au Pomeo. Ecinu Mopes urpaet ['amiiera, To CMUPHOB HE UTpaeT KOpOJIA
JInpa. KTo u3 akt€poB koro urpaer?
Bapuant Ne9
[Ton, I>xon u JIxopx — Tpu My3bikaHTa. OAUH U3 HUX — TUTAPUCT, IPYTron
— YIApHUK, TpeTUH — nMuaHuCT. Kaxaplii U3 HUX BBICTYIIA€T B COCTABE OAHOM W3
pok-rpyni - «Pomamkay, «Bacunék» unn «Konokonpunk». ToT, KTO BBICTYIIaeT B
cocraBe «Pomamikuy», He ruTapucT. [[KOH BBICTyIIaeT B cocTaBe He «Bacuibkay.
[Ton — BeICTYHIAaeT B cocTtaBe He «POMaIIKW». Y JapHUK BBICTYIIAET B COCTABE POK-
rpynnsl «Bacuné€k». JKoH He nuanuct. Ha kKakoM MHCTpYMEHTE UIpaeT KasKIbIi
U3 TPEX MY3bIKAHTOB, U B COCTAaBE KAKOM POK-TPYIIIIbI BBICTYIIAET?
Bapuant Nel0
Jlena, Koms, Mapuna u Cama paboTaloT Ha OJHOM MPEANPUITHH
KOHCTPYKTOPOM, TEXHOJOTOM, HPKOHOMHUCTOM W Au3aiiHepoM. Jlena m Mapuna
YUIIKCh BMeCTe ¢ AKoHOMUCTOM. Ko u nu3aiinep B 00€I€HHBIN MEpephIB 4acTO
UTPAlOT B TEHHUC C TEXHOJOTOM. J[M3aifHep MOCTOSIHHO CTaJKUBAETCs MO padboTe ¢
Jlenoit u unornaa ¢ Cameid. Kto kem pabotaet?
BapuanTt Nel 1
Tpoe manbunkoB Kocts, ®oma u Mapar apyxuim ¢ TpeMs J€BOYKaMU —
Keneii, Ceroit 1 Mapunoii. Ho Bckope koMnaHus pa3ieiniiach Ha Maphl, IOTOMY
YTO OKa3zajoch, yTo CBeTa HEHAaBHIWUT XOJWUTh Ha jbbpKax. Kocts, Kenun Opar,
YacTO KaTaeTCs CO CBOCH MOJPYKKOM Ha JbDKax. A doma OSKHUT HA CBUAAHHUE K
Koctunoii cectpe. C kem e npoBoauT Bpemsi Mapat?
Bapuant Nel?2
B xomHarte >keHCKOTO OOLIEKUTHS KUBYT YeThlpe AeBylIKH: Mupa, MoHa,
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Mon u Mapu. Kak-1o pa3 onu coOpanuchk Bce BMECTe, MPUUEM KaxKasi 3aHUMaIach
cBouM nenoM. OnHa Jenalia MaHUKIOp, Apyras — pacu€chblBajia BOJIOCHI, TPEThS —
MIPUXOpAIIBAIACh NIEPE] 3€PKATIOM, a YETBEPTAs — YhTaNa. TOYHO O HUX U3BECTHO
cienyromiee: Mupa He Jieflaja MaHUKIOp U HE uhTalia. MoJ He MpUXOopallnBaiach
nepes 3€pKajoM MU HE Jejaja MaHMKIop. Mppu He udTalla U HE 3aHHMalach
MaHHKIOpOM. MOHa He 4YWTalla U HE NPUXOpallMBAIACh Iepel 3epkajoMm. Eciu
Mop uutana, To Mbspu npuxopammBaiach nepen 3epkanom. Kto w3 aeBymiek
Jenajla MaHHMKIOp, KTO pacuéchlBaja BOJIOCHI, KTO IPUXOpalIMBajach Nepen
3epKajoM, a KTo unTana’?
Bapuant Nel3
«nnamo», «Topnego» n «Cnaprak» - KOMaHIbl-yYaCTHHKH PO3BITPHIIIA
Kyoka mo ¢yroony u3z Yensbuncka, Kpacnomapa m Camapsl. Komanna wus
YemssOuacka 3a0mia MEHbIIE Beex Msuel. «J/{mHamoy 3a0mna Msdeit 0oblie, deM
xoMaHga u3 Kpacnonmapa, a «Topneno» mensiie «Cnapraka». 3a Kakue ropoja
BBICTYIIAIOT HA3BaHHbIE KOMAHIbI?
Bapuant Nel4
B onHOM Kkyme moe3na exand TpU Inaccaxupa — mucrep JkoHc, mucrep
Cmut u mucrep PoOuncoH. OguH U3 HUX XUTenb Yukaro, Apyroil >kuBET B
Herpoiite, Tpetnii — B OKiIeH€. 3a pa3sroBOpamMu BBIICHUIOCH, YTO MUCTEp [[KOHC
n3 Yukaro crapiie, 4eM TOT, y Koro Het jaereil. JKurens [leTpoiita caMblii cTapblid.
Muctep CMmuT, y KOTOPOTO IBOE AETEH, CTaplle, 4yeM kuteib Okinenaa. Y 0JHOro
U3 HUX TOJBKO OJUH pebeHok. Ompenenute, KTO M3 KaKOro ropoja U y KOro
CKOJIBKO JIETEH.
BapuanTt Nel5
bum, JIxon n Puuapn urparot B on1HOM opkectpe. OHM BIIAACIOT pa3HbIMU
MY3bIKaJbHBIMU MHCTPYMEHTAMH M BBICTYNAlOT B KOCTIOMAax pa3HbIX IBETOB.
JIkKoH urpaer Ha cakcoOHE M HaxoOuTCs OJKe K AUPUKEPY, YEM TOT, KTO
BbICTyIIaeT B 0€J0M KocTioMe. briut Ha KOHIIepT o/ieBaeT YEPHBIA KOCTIOM U CUJIUT
Oonmmke K TUPUKEPY, 4eM (IEHTUCT. ANBTUCT CUAWT K JUPIKEPY ONMXKE BCEX.
OnuH W3 apy3ed TpUXOJAUT Ha KOHLEPT B KOCTIOME CHHEro IiBeTa. Omnpenenure,
KTO KAKUMHU MHCTPYMEHTAMH BJIAJICET, U B KAKOM KOCTIOME BBICTYIIAET.
Bapuant Nel6
[TerpoB, Cem&éHOB 1 ApOy30B — MWIOT, IITypMaH U OopTurxkeHep. OauH u3
Hux JyeraeT Ha camoniére TY-134, npyron na AH-24, tpetuit na NJI-76. Tot, KTO
neraeT Ha TY-134, He mrypman. Cem€noB padboraer He Ha AH-24. [lerpoB — He Ha
TVY-134. boprunxenep neraet Ha AH-24. CeME€HOB He NHUIOT. Y KOro Kakas
npodeccusi, 1 Kakoi camoJeT?
BapuanT Nel7
AHngnpeeB, boprcoB 1 HukonaeB — mo3T, KOMIO3UTOP M XYJOKHHUK. Y 103Ta
HEeT O0pobl, U OH 3apadaThIBaeT MEHbILIE BceX. AHIpeeB cuuTaeT, uto HukomnaeBy
oueHb uaeT 6opoaa. AnapeeB 3apadaThiBaeT 00JbIne KoMmmo3uTopa. Onpenenure,
KTO SIBJISIETCSI IO3TOM, KTO KOMIIO3UTOPOM, KTO XYJOXKHUKOM M y KOIO €CTh
oopona.
Bapuant Nel8
3a cTonukoM B Kae MO3HAKOMUJIUCH TpHU AeBymKu: AnéHa, CBeTiiaHa u
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Mapuanna. OgHa U3 HUX padotaeT napukmaxepoM B CalloHEe KpacoThl, Apyras —
MozaensepoM B Jlome Moa, Tperbd — MEICECTpOM B CaHaTOpuu. Takxke
BBISICHWIOCH, UTO MapuKMaxep — camas MoJojJas U3 Tpoux, MapuaHHa crapiie
Mozenbepa, a Cernana muaame Anéasl. Onpeaenure npodeccuu eByIIeK.
Bapuant Nel9
B onnoMm uHCcTHTYTE ydarcs Tpu apyra — JlumatoB, KonapaTeeB u 3aiiues.
Opun u3 HUX Oyayuui (GU3MK, BTOPOH — MaTEMaTUK, TPETUH — MPOrpaMMHUCT. Y
¢usuka HeT HU OparheB, HU cecTép. OH camblil MIamIMA U3 Apy3eil. 3aiieBy
HpaBUTCS cecTpa JlumartoBa, U OH cTapuie Marematuka. Omnpexnenutre Oyayiiue
npodeccuu apyseil.
BapuanT Ne20
Y Bacu, Banun, CnaBel u BoBbl &uUBYT goma co0aka, KOIITKa, MOpPCKas
CBUHKA U monyrail. Bacs u CnaBa 3HaKOMBI C XO3SMHOM KOIIKH. BaHs U X03s1MH
CcO0aKM 4acTO XOAST B KMHO C XO3SIMHOM MoIyras. X03sSUH COOaKH MOCTOSHHO
BCTpeuaeTcs B 1Kose ¢ Baceit u unorga ¢ BoBoil. Y koro kakoe KUBOTHOE?
BapuanT Ne2 1
Tpoe komner — Koctsi, Mutst u ApTeM Nouuid B pecTOpaH. Y HUX pa3HOE
CeMEHHOE TIOJIOKEHHE M OHM JIIOOST pasHbie Omona. Muts mao0uT phiOy U
noyiygaet Ooiipllie, 4yeM TOT, KTO Xosioctoil. Pa3Benmenubiii Kocts momywaet
OoJpllle, YeM JOOUTeNb TeabMeHer. ToT, KTO JIFOOUT IUIOB, MOJy4aceT OOJIbIIE
Bcex. OnuH U3 HUX keHaT. Onpenenure, y KOro Kakoe CEMEMHOE IOJO0KEHUE, U
KTO KaKoe OJII0J10 MPEeIOYnTaET.
BapuanT Ne22
B xHwxHBIM MarazuH npunuid yetbipe noapyru: CokxosioBa, SctpeboBa,
OpnoBa u T'onyOeBa. Ogna u3 Hux uckana kHury «lloromiue B TEpHOBHHKEY,
npyras — «®unaHcucTa», TpeTbd — «OXOTy Ha OBEI», YETBEpTAs — «3aBOAHOU
anenbcun». CokonoBa He nckana KHUru «lloromue B TEpHOBHUKE» U «3aBOJIHOM
anenbcun». OpyoBa — He wHckana kHUrM «Oxora Ha oBeu» u «lloromue B
TepHOBHHKEe». ['0oiy0eBa He MCKajga KHUTH «3aBOJHOM amenbcuH» U «lloromme B
TepHOBHUKE». Ecnmu SlctpeboBa uckana kuury «llororue B TEpHOBHHUKE», TO
['onyGeBa uckana kaury «®dunancuct». ScrtpeboBa He MCKana KHUTU «3aBOAHOU
anenbcul» U «Oxorta Ha oBely. Kakas neBynika, Kakyro KHUTY UcKana?
BapuanT Ne23
bo6, Jlxxek n Ponanpa wacto xonar B kMHO. OHHU JIIOOAT pas3HbIE JKaHPBI U
MPEANOYNTAIOT pa3sHble KUHOTEATphl. [[KeKk JIOOUT KOMEIUU U caauTcs OJuxKe,
4eM TOT, KTO XOJUT B KMHOTeaTp «3Be3aa». bod xoaut B kunorearp «Camapa» u
CUIUT OJIMKE, YyeM JIIOOUTENIb TPUJUIEpOB. TOT, KTO JHOOUT OOEBUKH, CHAUT K
sKpany Onumxe Bcex. OauH u3 apyseit xogut B kuHoteatp «Oronex». Onpeaenure,
KTO KaKOM KaHp JIOOUT, U B KAKOW KUHOTEATpP MPEANOUYNUTAET XOAUTh.
Bapuant Ne24
Kykymkunna, IleryxoBa u ['anknHa — Mozensep, MEHEIKEP U CTPAxXOBOMU
areat. OnHa U3 HUX BOAUT GOPI, Apyras peHo, TpeThs ayau. TOT, KTO €3AUT Ha
dopne, ne menemxkep. [letyxoBa e3nut He Ha peHo. KykymknHa — He Ha dop/e.
CrpaxoBoii areHT e3auT Ha peHo. lleTyxoBa He Monenbep. Y KOro Kakas
npodeccHsi, 1 KaKol aBTOMOOMITH?



42

Bapuant Ne25
Tpu cemelinbie napeli— MiBanoBbl, [leTpoBbl 1 CUIOPOBBI KyNUJIN MYTEBKH 3a
20008, 3000$ u 5000% B Typrwuro, Utanmuio u Mcnanuto. FIBaHOBBI TIOEXalu HE B
Typuwmro, IlerpoBsl — He B Utanuio. Te, kTo moexamu B Typuuto, HE IJIATHIN 3a
nyteBky 5000$. Te, ko moexamu B Wramuto, 3ammatuau 3000$. IleTpoBbl He
wiatuan 3a myTeBky 2000$. Kto B kakoil cTpaHe OTABIXall U KTO CKOJBKO
3aIUIaTHII 38 TyTEBKY?
Bapuant Ne26
«Tporika» nymaer, uro «Ty3» He B cBoEM yme. «HeTBEpka» AyMaeT, 4To
«Tpoiika» u «/[Boiika» 06e He MOTYT ObITh HE B CBOEM yMme. «Ilarépka» mymaer,
yto «Ty3» u «YerBépka» nmmbo oba He B cBOEM yme, nTuOO 006a B CBOEM yMe.
«Ilectépka» mymaer, yto «Ty3» m «JIBoiika» o00a B cBoéM yme. «CemEpkay
nymaert, uto «llarépka» He B cBOEM yme. «Bamer» aymaert, uro «lllectépka» u
«Cemépka» o0e He MOT'YT ObITh HE B CBOEM yMe. B cBoéM 1 yme «Baner»?
BapuanT Ne27
Kopoiip 1ymaer, 4To KOposeBa JyMaeT, YTO OHA HE B CBOEM yMe. B cBoém
JY yME KOPOJIb?
Bapuant Ne28
AHTOH, Makcum u [luma ydaTcs B XyHdOKECTBEHHOW mikosie. Kaxabii
YYECHHMK XYJOKECTBEHHOW IIKOJIBI PUCYET WM IOPTPETHI, WU NEH3aXu, WIN
HATIOPMOPTHl M Y KaXJOr0 Y4YE€HHKa OJWH JIIOOMMBIA XylnoxHUK - W.Penun,
N.Iumkud win A.Py6néB. AHTOH pHCYeT MOPTPETHl U YYUTCA JIydlle, YEM TOT,
ko ooutr M.Pennna. Makcum moout W.IumkuHa U y4uTCs JIydlle, 4eM TOT,
KTO pUCYET Men3axu. TOT, KTO pUCYyeT HATIOPMOPTHI, YUUTCSA Jydiie Bcex. OauH
U3 yueHUKoB Jmo0uT A.Py6nésa. Onpenenure, KTO U3 YYEHUKOB XY 0KECTBEHHOU
IIKOJIBI, UYTO PUCYET U Y KOI0 KaKOH JIFOOMMBINA XYT0KHHUK.
BapuanT Ne29
Ha skckypcuio B OpMuTax npuexanu Tpoe TypuctoB — Ky3Henos, CMUpPHOB
u [TonoB. Onun u3 Hux u3 Kazanu, npyroin — u3z Camapsl, TpeTuid — u3 MOCKBBI.
Bosicaunocs, uro skurenb Kazanu kynuia OuiieT camblM MEPBBIM M3 TPOMX.
Ky3nenoB u3 Camapbl Kynui OWieT paHbllle, YeM TOT, KTO KUBET B TOCTHHMIIE
Nel. CmupHOB, xuBymuii B rocTuHuile Ne2, Kynui OUJIET paHbllie, 4eM MOCKBHY.
OnuH U3 HUX )KUBET B rocTUHULIE No3.
Onpenenure, KTO U3 KaKOTO ropojia, U KTO B KAKOW TOCTUHULIE KUBET.
BapuanT Ne30
Tonu, Maiikn u JlxoH — cnoptcmeHbl. OAuMH W3 HUX OOKCep, BTOpPOU
bytOonucT, Tpetuit — mioBel. OQUH U3 HUX JIIOOUT CHET, BTOPOM JTHOOUT J0XKb,
TPETUIl JTIOOUT COJNIHEUHYIO moroay. ToT, KTO JIOOUT COJHEYHYIO MOroay, He
ookcep. Tonum He moOUT cHer. Mailka — He JIOOUT COJHEYHYIO TOroay.
®yTroomuct aro6ut cHer. ToHM He mioBel. Y KOro Kakas JitoOuMasi oroja u KTo
KaKUM CITOPTOM 3aHUMAETCS?
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Bonipochbl K 3K3aMeHy 10 KypcCy

«CucreMbl HCKYCCTBCHHOI'O HHTCJIJICKTA».

1. Knaccudukanus cuUCTeM HCKYCCTBEHHOTO HHTeIekTa. CHCTeMBbI ¢
WUHTEJUIEKTYaJIbHBIM uHTEpdeicom, DKCIEPTHBIE CUCTEMBI,
caMoOOy4aroIIHecs: CUCTEMbI, aJaITUBHBIE CUCTEMBI.

2. XapaKTepuCTUKH 3HaHuM. Jlornueckue, cereBble, MPOAYKIIMOHHBIC U
b peitMoBbIe MOIENIH MTPEACTABICHUS 3HAHUM.

3. Ucuucnenue BbICKa3bIBaHU. AJ(aBUT U TMpaBujia MOCTPOCHHUS
¢opmyn. IlpaBuna BbIBOJAa B MCUUCIEHWU BbICKasbiBaHui. [lonstue
aKCMOMaTU4YeCKOM cucteMbl. CBOMCTBA aKCHOMAaTUYECKUX CUCTEM.

4. Unrepnperamuss  GopMyal B HCUMCICHMM  BBICKA3bIBAaHUM.
OOmie3nauumple W MpOTUBOpeuuBhIE (opmynbl.  OmnpeneneHue
JOTUYECKOTO  chneAcTBUsA. (OCHOBHBIE TEOPEMBI JOKA3aTeIbCTBA
JIOTUYECKOTO CIIEICTBUS.

5. Hcuncnenue mnpenukaroB mnepBoro nopsaka. Andasut. [lonsrue
tepma. Omnpenenenue npenukara. CBOOOAHBIE U CBSI3aHHBIE
nepeMmenHble. [IpaBuina mnoctpoeHuss ¢opMya B HMCUUCICHUU
IPEIUKATOB.

6. Wutepnperauust ¢popmMya B JIOTUKE MNPEIUKATOB IEPBOrO MOPSIKA.
OOuie3HayuMple ¥ MPOTUBOPEUUBBIE (HOPMYJIBI B  HCUUCICHUU
npenukaToB. CHCTEMBI aKCHOM JIOTUKM IpeaukaToB. [IpaBuiia BeiBOa
B MCYUCJIEHUH MPETUKATOB.

7. IlpeHnekcHble HOpMajbHble (OpPMBL. AJTOpUTM MpeoOpa30BaHUS
dopmyn B ITH®. CkynemoBckue craHgapTHbie (OpMBL. AJITOPUTM
npeoOpazoBanus [IHO B CCD.

8. OmpenencHue pe30NbBEHTH. METOA PE30JIONUI B HCYUCICHHUH
BbICKa3piBaHUM. ®pa3zoBas ¢Gopma NpenCTaBlICHUS AU3IBIOHKTOB.
®pa3el XopHa.

9. Vuudukanus B yoruke mnpeaukatoB. Omnpenenenue yHUUKATOpPA.
AnropuTM HaxoxaeHus HauOosiee oOmiero yHudukaropa. Ilonsrue
PE30JIBBEHTHl B MCUMCIECHUU NPENUKATOB. AJITOPUTM MeEToAa
PE30JTFOLIHM.

10.Teopetnueckne OCHOBHI si3bIka nmporpamMmmupoBanus [Iposor. [lonsTue
tepMa B [Ipomore. Maunuanuzanus nepeMeHHbIX. O01acTh TEHUCTBUS
uMmeH. [londatue anoHnmMHOM niepemeHHou. [Ipumepsl.

11.Tunel npennoxxkenuid B s3bike [lposor: ¢akTel, Lenu, NpaBuUia.
Hcnonb3oBanue nU3bIOHKIMU U oTpullanus B [Iposiore. [Ipumepsr.

12. Vuuduxanus mnepemenusix B Ilponore. IlpaBuna yHudpukanum.
Brruucnenue nemnu. Mexanusm Bo3spara. [Ipumepsr.

13.VopaBnenne mnouckoM pemenud. Ilpumepsl. IlpouenypHocTtb
[Ipoora.

14.Ctpykrypa mnporpamm B  s3blke [Ipomor. Tumbl  maHHBIX.
Hcnons3oBanue coctaBHbIX TEpMOB B IIpostore. Onpenenenue crnrcka



B IIponore. Onepaunn Hax crnuckamu. IIpumepsl mpeaukaToB IS
paboTHI CO CITUCKAMU.

15.I1oBTopenne u pekypcus B Ilposore. Hcnonb3oBaHue MexaHU3Ma
Bo3Bpara. Meron Bo3Bpara mnocie Heypauu. [IpaBuimo mnoBTOpa,
UCIIOJIb3YIoIIee OecKOoHeuHbIN nuki. [IpumMepsl.

16.Metoasl  opranuzauuu  pekypcu. OnTUMH3anmusi  XBOCTOBOM
pexypcuu. [Ipumepsi.

17.Co3nanne nuHamMudeckux 0a3 JaHHBIX. BCTpoeHHbIe mpeaukaThl AJis
paboThI ¢ TMHaMUYecKUMU 0a3zamu. [Tpumepsi.

18.PexypcuBHble CTPYKTYphl JaHHbIX. [IpencrtaBieHune OMHApPHBIX
nepeBbeB B si3bike [Iposyor. OrmpeneneHue OHMHApHOTO JepeBa.
[Iporpamma 00xo/1a GUHAPHOTO JEpeBa.

19.1lpencraBnenne tpadoB B s3bike [Iposor. Ilowck mytum Ha Tpade.
[Ipumep nporpaMmMbl OUCKa MyTH Ha rpade.

20.0cHoBHBIE cTpaTeruu pemeHuss 3amad B [Ipomore. Meron
«o0pa3oBaTh U IpoBEepUTHY. [IprmMepsl.

21.TTouck perieHnit B MPOCTpaHCTBE cOCTOSIHUN. Anroputm A*. Tlpumep.

22.W/MJIN — rpadsi. Pemenne urpoBbix 3amau B TepmuHax W/MJIN-
rpada. [Ipumep pemeHus 3agaun. MUHUMaAKCHBIM NPUHIUI OUCKA
PELICHUMN.

23.I1poexkTrpoBaHNE FKCIIEPTHBIX CUCTEM. THUIIBI pelIaeMbIX 3a/au.

24 IncTpyMeHTalIbHBIE cpeAcTBa pa3paboTku. Heuérkue 3HaHusA B
DKCIIEPTHBIX CHUCTEMAX.

25.11pogyknyioHHBIE  TpaBWia A7 TPEACTAaBICHUS  3HAHHM.
®opMUpOBaHUE OTBETA HA BOIPOC «moyeMy». @opMUpOBaHUE OTBETA
Ha BOIIPOC «KaK».



Tecmut 0151 KOHMPOA 3HAHUU



,Zlucuunﬂuna «Cucmemul UCKYCCME6EHHO020 UHmMe/lleKma))

Cmyoenm epynna oama IK3amena
Bapuanm Nel
Ne Bonpoc BapuanTbl oTBeTa OtBe | baan
T
1 I'uneprexcToBBIE CUCTEMBI OTHOCSTCS K 1. DkcmepTHEIX cHcTeM.

KIaccy: 2. Cam000y4aromuXxcsi CUCTEM.
3. CucreM C UHTEIUICKTYaIbHBIM
uHTepdeiicom.
4. AnanTHBHBIX CHCTEM.
2 Ynopsmouute mo Bo3pactanuto npuopureto | 1.  Orpunanue.
CIIEYIOUIYIO TIOCIIeI0BATEIEHOCTh 2. Vmmmkanus.
JIOTUYECKUX ONepaluii: 3.  KoHbBroHKIHS.
4.  JIM3BbIOHKIIHS.
3 3amanHas TabanIa HCTUHHOCTHU 1. Ju3bIOHKIHUH.
COOTBETCTBYET OTCPAITHH: 2. VMrmkanuu.
X Y ? 3.  DOKBUBAJICHTHOCTH.
" u u 4. HUcxmouaromemy WUJIN.
" J1 JI 5.  Koubronknuu.
JI )41 JI
JI JI JI
4 Oobmie3Haunmas popmyma - 3T0: 1. ®Dopmyna, ICTHHHASA BO BCEX
HHTCPIPETALNAX.
2. ®opwmyna, TOKHAS BO BCEX
HHTCPIPETALNAK.
3. ®opmyna, HCTUHHASI XOTs ObI B OTHOU
UHTEPIPETALIUH.
4. ®dopmyna, JI0)KHAsE XOTs ObI B OHOU
HUHTEPIPETALINH.
Clelale VcTHHHOCTHBIMH 3HaYSHUSAMH (HOPMYJIIBI 1JI1213.1M4.J15.71
—(P—Q)<«>P npu 3a1aHHOM MHOKECTBE M J a1 unmu
sHavyenuii P u Q: J Jd J n J
nn nu Jjag u n J
ni
In
JIJI - sBnsttores:
6 CBOHCTBO HENIPOTUBOPEYUBOCTH 1. Hwuxakas akcmoMma He BBIBOJMMA U3
AKCHOMATHYECKOW CHCTEMBI O3HAYAET: JIPYTUX aKCHOM.
2. HeB03MOXXHO BBIBECTH OTPHUIIAHUE
TaBTOJIOTHU.
3. JIrobast TaBTOIOTUs BBIBOAMMA U3
CHCTEMBI aKCHOM.
4. JIrobas BeiBoguMast hopMysia ecTh
TaBTOJIOTHS.
7 OC pemaroT 3a/1a4u pacrno3HaBaHU Bcerasuth HazBanue tumna IC.
CUTYaInH.
8* 03HAYACT, YTO KaXKaas HH()OpMAaI[HOHHAS BceTaBuTh Ha3BaHUE XaPAKTECPUCTHKH
€/IMHUIIA JOJDKHA UMETh YHUKAIBHOE HMS, 10 | 3HAHWH.
KOTOPOMY CHCTEMa HaXOMHT €€, a TAKIKE
OTBEYACT Ha 3aMpPOCHI, B KOTOPBIX 3TO UMS
YIIOMSHYTO.
9*** | dopmyna vxF (P(x,a) »Q(f(y))) B 3anannoin | 1. Hctunna.
00JaCcTH HHTEPIIPETAIIHH 2. Jloxwna.
D={0,1}.Ouenka mis a: a=1. Ouenku ms f:
f(0)=1; f(1)=0. Ouenxkwu aust P u Q:
P(0,1)=M;P(1,1)=1;Q(0)=1;Q(1)=JT; - ...
10 Cnenyromas ppasa sa3bika: «Bee nensle uncna | 1. vk C(x) =3 R(X).

SIBJISIFOTCS PAMOHAIBHBIMU YUCIaMU», IJIE
C(x) - mpeauKar «X — eCTh IO YUCIION,

2. HKCX)—> WX R(X).




R(X) - mpemuKkat «X — eCTh palHOHAIBHOC 3. K (C(X)—=R(x)).
YHCII0» COOTBETCTBYET (hOopMyIIe: 4. X (C(X)—=R(X)).

11*** | [IpeHekcHas HOpMasbHast popma GopMyIbl 1. w3y (P(X)v—Q(x)).

—( 7% P(X)— 7% Q(X)) — ato: 2. Y (P(X)AQ(X)).
3. wxF (PX)A—Q(Y)).
4. vy (PO)v—Q(Y)).
5. W&F (PX)v=Q(Y)).

12*** | CkyneMoOBCKas CTaHIapTHas Gopma 1. vz (=P(ay,a)A—Q(z,9(y.2).f(ay))).
bopmyrsr 2. vyvz(=P(by,a)A—Q(z.9(y.2).f(b.y))).
vy vz I—(P(xy,a)vQ(zWf(x.y))).- ato: 3. wy vz (-Py.a)a-Q(zf(y.2)f(b.y))).

4. wyvz (-P(by,a)A-Q(z.c.f(b.y))).
5. wyvz (=P(b.y,a)A—Q(z.c.f(x.y))).
13 KoncranTs! yanpumupyrores B cootserctBu | 1. YHuUIUPYIOTCA TONBKO TOTIa, KOT/AA
CO CIIEIYIOIINM TIPABUIIOM: OHH COBIIA/IAIOT.
2.  YHupUIHpYOTCS BCETAa, © BMECTO
OJTHOM KOHCTAHTHI ITOJCTABIIACTCS
Jpyras.
3. He yHuduuupyorcs HUKOTIa.
14* Jns mr00b1x 1ByX mu3bloHKTOB Cy u Cy, ecit | BeTaBUTH MpOMyIIeHHOE CIIOBO.
cymectByeT autepan Ly B Cy, KOTOpPBIHL. .....
nmutepany L, B C,, To BeruepkHyB L; u L, u3
C; u C; COOTBETCTBEHHO U MMOCTPOUB
JU3BIOHKIIMIO OCTaBIINXCS JU3BIOHKTOB,
nostyauM pezoatonuto Cy u C,.
15* Meton pe3oaronuii B HICUUCICHHN BcraBuTh HazBaHUE (POPMEL.
MIPEANKATOB MOKET OBITh IPIMEHHUM K
(dbopmyIe peacTaBICHHOM B...(hopMe
16*** Crnenyroliee MHOXKECTBO AU3bIOHKTOB! 1. TporuBopeunso.
1. P(a). 2. Henpotusopeuuso.
2. =D(y)vL(@y).
3. P v—(y) v—LKXY).
4. D(b).
5. Q(b).
17* O0acTbIO AEUCTBHUS IEPEMEHHON B SI3bIKE BcraButs Tekcr.
IIposor siBasteTes. ...
18* Pasnen nporpammsi ... Ha s3bike Visual BceraBuTh Ha3BaHHE pasjena.
Prolog COJIEPKUT OOBABICHUS PA3TUIHBIX
TUIIOB JJAHHBIX, HCIIOJBb3YEMBIX B IIPOTPaMMe.
19 Crenyromuii hparMeHT IporpaMMbI 1. Hcnonp3oBaHUS MEXaHW3Ma BO3BpATa.
WITIOCTPUPYET METOA. . . 2. BosBpara nocne Heyznauu.
clauses 3. TloBropa, ncnosp3yomero
decimal (0). OECKOHEUHYIO PEKYPCHIO.
decimal (1). 4. 006001IeHHOE PEKYPCHUBHOE TIPABHJIO.
write_decimal:-decimal(C), write(C), nl, fail.
goal
write_decimal.
20 Crenyromuuii mpeaukar Ha si3pike IIposor 1. OObenuHEeHHE IBYX CIHCKOB

NPOU3BOJIHUT:

predicates

pl (integer, list)

clauses

pl (Head, [Head|_1]):-!..

pl (Head, [_ |Tail]):- p1 (Head, Tail).

2. OmpenerneHue MEPBOro BXOKIACHUS
DJIEMEHTA B CIIHCOK.

3. OmpeneneHue BceX BXOKICHUI
SJIEMEHTA B CIIUCOK.

4, VYnajleHue BceX BXOXKIEHUN dJIEMEHTA U3
CIIHCKA.

5.  VYnaneHue nepBOro BXOXICHUS
DJIEMEHTA W3 CIIHCKA.




21 BHyTpenHIo10 (qMHaMHYeCKy0) 06a3y JaHHBIX [IpenukaTe! B Buze Gakros,
s3bIKa [Iposor 06pasyror: o0bsBIIeHHBIE B paszee predicates.
[penykaTsl B BHIE IpaBull,
oOBsBICHHBIE B paszene predicates.
[Npenukats! B BHAE (aKkToB,
o0bsiBIIeHHBIE B pa3zesne facts.
[NpenukaTsl B BHIE IpaBull,
o0BsiBICHHBIC B pazzene facts.
22%* Y CTaHOBUTH COOTBETCTBHE YETBIPEX count1(50).
NPUBEIEHHBIX IPUMEPOB C ABYMS count1(N):-
TIOHSTHSMHU: write(N),nI,N1=N+1,count1(N1).
a) ONTHUMHU3MPOBAHHAS XBOCTOBAS PEKYPCHSL; goal
6) HEOITHMHU3UPOBAHHAS XBOCTOBASI nl, count1(0).
peKypcusi. count2(50).
count2(N):-
N=>0,!,write(N),N1=N+1,count2(N1).
count2(N):- write(““N — ompuyamenvroe
yucno “).
goal
nl, count2(0).
count3(50).
count3(N):-
write(N),N1=N+1,count3(N1),nl.
goal
count3(0).
count4(50).
count4(N):-
write(N),nl,N1=N+1,count4(N1).
count4(N):-N<0, write(“N —
ompuyamenbHoe 4ucio ).
goal
nl, count4(0).
23*** | Haiitn HauOonee oOmuii yHupukarop (eciu
OH CYIIECTBYET) CIIEIyIOUIer0 MHOMKECTBa
JIM3BIOHKTOB:
{Q(a.x.f(x).u), Q(a.y.f(g(2)).b)}.
24*** | [lpuBecTH K CKYJIEMOBCKOW CTaHIApTHON
¢dopme popmymy:
X AP (X,Y) HF2Q(2) = V2G(2)).
25*** | HanucaTh NporpaMmy 3aMEHBI BCEX
BXOJXJICHUH 3aJaHHOTO 3JIEMEHTA B CIIMCKE Ha
JpYroe 3HauCHHE.
HUTOT'O
IIpumeuanue:
1. Bomnpocsl, 0TMe4eHHBIe ¥ TPeOYIOT BCTABKH 0TBETa B TEKCT BOMPOCa,

2. Bompocsl, oTMedeHHBIE ** MpeANMOJIaraloT pasaejieHue 0TBETOB Ha IBa YKa3aHHBIX Kjacca,
3. Bomnpocskl, oTMeYeHHBIE *** TPeGyIOT NPUII0KEHH K TECTY pellleHHsi puMepa.
Oobmree yncsio 6a710B 3a Tect: 40. O011ee yncsio 6217108 3a J1adopaTopHbie padoTni:40.

HTorosas oneHka

TecThbl paccMOTPEHBbI H YTBeP:KIeHbI Ha 3aceqannu kadenpsn 23.10.2012 r.
3asenyrommii kageapoii UCT,
A.T.H., Ipogeccop
CocraBureib, K.T.H.,

aoueHt kageapsr UCT

C.A.ITPOXOPOB

N.B. JE3UHA




,Zlucuunﬂuna «Cucmemul UCKYCCME6EHHO020 UHmMe/lleKma))

Cmyoenm epynna oama IK3amena
Bapuanm Ne2
Ne Bonpoc Bapuanrtsl oTBeTa Oteer | Baaa
1 MynbpTHATeHTHBIE CHCTeMBI oTHOCATCs | 1. CucTeM ¢ WHTEIUIeKTyalIbHBIM HHTepheiicoM.
K KJIaccy: 2. CaM000yJarouIuxcsi CHCTEM.
3. AJanTHBHBIX CHCTEM.
4. DKCHEepPTHBIX CUCTEM.
2 YHopsgouuTe mo BO3pacTaHHIO 1. Orpunanue.
MIPUOPUTETOB CIICTYIOIIYIO 2.  JIu3BIOHKIHS.
MIOCTIEIOBATENEHOCTD JIOTHIECKAX 3. KoubroHKIHA.
onepanui: 4. DKBHUBaJICHTHOCTD.
3 3amanHas TabanIa HCTUHHOCTH 1. HmMmmkanun.
COOTBETCTBYET OTEPAITIH: 2. DOKBUBAJICHTHOCTH.
X Y ? 3.  KoubproHkiun.
)51 u u 4. JIM3BIOHKIUN.
u J1 J1 5. HUcxmouaromemy UJIN.
JI )41 u
JI JI 41
4 Heo6meznaunmas gpopmyna - 370: 1. ®opmyra, T0KHAS BO BCEX MHTEPIIPETAIHIX.
2. ®dopmyna, ICTHHHASA BO BCEX
HHTEPIPETALHUIX.
3. ®opwmyna, uCTHHHAS XOTs OBl B OHOU
HHTEPIPETANNN
4. ®dopmyna, 10KHaS XOTs OBl B OAHOM
HHTEPIPETAINH.
Sx** VICTHHHOCTHBIMY 3HAYCHHUSMU IL.M2M13.14.J15.J1
dopmyisr —(P<>Q)—P npu 3amanHOM n n nu n
MHOecTBe 3HaueHui P u Q: JJd J1 Hu
nu J 1 1 u
ni
I1n
JIJI - sBnsiroTCst:
6 CBOICTBO HE3aBUCUMOCTH 1. Jlrobas BeBOgEMAas poOpMyIIa eCTh
aKCHOMATHYECKOW CHCTEMBI O3HAYAET: TaBTOJOTHL.
2. JIrobas TaBTONOTHS BEIBOIUMA H3 CUCTEMBI
AKCHOM.
3. Hukaxkas akcnoMa He BEIBOJMMA U3 APYTHX
aKCHOM.
4. HeBO3MOXHO BBIBECTH OTPHUIAHUE
TABTOJIOTHIH.
™| OC UCTIONB3YIOTCS IS pEIISHHSI Bcraputh HazBanue tumna OC.
3a/1a4 ¢ HE TIOJTHOCTHIO
OTIPE/ICIICHHBIMU TaHHBIMH U
3HAHUSIMH.
8* | ... 03HAYaeT, 4T0 HH(POPMAIIMOHHEIE | BCTaBUTh Ha3BaHWE XapaKTEPUCTUKU 3HAHUI.
€/IMHUIIBI TIOJDKHBI COOTBETCTBOBATh
«IPUHIUITY MaTPEIIKW», TO €CTh
PEKYPCHBHO# BIIOKCHHOCTH OJTHIX
WH(POPMAIMOHHBIX STUHHMII B IPYTHE
grx* ®opmyna X F(P(a,y) »Q(f(x))) B 1. WcrunHa.
3aJJaHHOM 001aCTH HHTEPIIPETAIIHH 2. Jloxna.
D ={0,1}.Ouenka mis a: a=1. OueHkn
st f: £(0)=0; f(1)=1.
Onenxu st P u Q:
P(1,0)=M;P(1,)=TLQ(0)=LQ(1)=JL;:
10 Crenyromas ¢pasa s3pIKa: 1. W (R(x)— 3 C(x)).
«CyIecTByeT Takoe palioHaILHOE 2. WX R(x) — K C(x)_




YKCJI0, KOTOPOE SIBJISIETCS LIEIBIM 3. K (RX)—=C(x)).
yuciiomy, Tae C(X) - mpeaukar «X — 4. FKR(X)— x C(X).
€CTh 1es10e rcio», R(X) - mpeamkat «X
— €CTh PAIIOHAIBHOE YUCIION,
COOTBETCTBYET (POpMyIIe:
11*** | IIpeHekcHas HOpManbHas popMa 1. &xFy (PX)v—=Q(y)).
dopmynsl — (3K P(X)—=> V& Q(X)) —ato: | 2. K (P(X)A—Q(X)).
3. vk (P(X)v—R(Y)).
4. vxry (P()A=Q(Y)).
5. XF (PX)A=Q(Y)).
12*** | CkyneMoBCKas cTaHnapTHas popMa 1. wyvz (=P(ay,a)A—Q(zb,f(ay))).
opmyusr 2. Wz (—P(by,a)A—Q(zb.f(ay))).
K VY vz—(P(x,y,a) vQ(z,w,f(x,y))- 3. vy vz—(P(b,y,a)vQ(zc,f(b.y))).
3TO: 4. Wyvz (—P(by,a)A—=Q(z.c,f(b,y))).
5. vyvz—(P(b.y.a)vQ(z.h(y.2)f(b.y))).
13 [epeMenHbIC YHUDUITUPYIOTCS B 1. Yuudunmpyrorcs Bceraa.
COOTBETCTBHUH CO CJETYIOLIM 2.  YHUQUUUPYIOTCS TOJBKO TOT/AA, KOTJa OHU
IIPAaBUIIOM: COBIIAJAIOT.
3. He yHundunupyoorcst HUKOra.
14* Juist mo0sIx 1ByX nmu3bioHKTOB C; 1 Cy, | BeraBUTH mpomyImieHHOE CIIOBO.
ecnu cymecTtByet aurepan Ly B Cy,
KOTOpPBIN KOHTpapeH nutepainy L, B Cy,
1O BeIuepkHYB Ly u Ly u3 C; u C,
COOTBETCTBEHHO U ITOCTPOUB
JU3BIOHKIIMIO OCTABIINXCS
JTU3BIOHKTOB, TTOJYYHUM...... CiuC.,.
15* dopmyna F, Haxonutes B ... popme, BcraBuTh Ha3BaHue HOPMBI.
€CIIM OHa UMeeT BUJ:
(KiXy)... (KiXq) (M), tae kaxmoe (Kix), i
=1,...,n, ects win ( V) wau (3X;), u M
ecTh opMyIa, He coliepiKalas
KBAHTOPOB.
16%** Crenyromiee MHOXKeCTBO Tu3bI0HKTOB. | 1. IIpoTmBopeuuso.
1. P(a)v—L(x.y). 2. HempotuBopeuugo.
2. -Dy)vL@y).
4. D(b).
5. Q(b).
17* AHOHUMHAs NIEpeMEHHAs B SI3bIKE BceraButh ycioBue UCNONBb30BaHUSI aHOHUMHOU
IIposor ucnons3yercs, ecnu eé IEPEMEHHOM.
3HAUCHHE...:
18* Pasyen mporpammsl ... Ha s3bike Visual | BeraButh Ha3BaHHe pasnena.
Prolog comepxut o06bsiBIIcHHS
MIPEANKATOB, UCTIONb3YEMBIX B BH/IE
HEM3MEHSEMBIX (DaKTOB U TPABUIL.
19 Crenyrommii ¢pparMeHT porpaMMBbl 1. Hcnonb3oBaHus MEXaHU3Ma BO3BpATa.
WUTIOCTPUPYET METOA. .. 2. Bo3sBpara nocne Heyaauu.
clauses 3. TloBTopa, HCHONB3YIOLIETO OECKOHEYHYIO
fact (0, 1). pEKypCHro.
fact (1, 1):-1. 4. O000IIeHHOE PEKYPCHUBHOE PABUIIO.
fact (N, R):- N1=N-1, fact(N1, R1),
R=N*R1.
goal
fact (5, F).
20 Crnenyromuii npeauKkaT Ha s3bIKe 1. OmnpenencHue NEPBOTO BXOXKICHIS AIEMEHTA
[Tposnor nmpou3BoOANT: B CIIUCOK.
predicates 2. OmnpeneneHue Bcex BXOXK/ICHUH 3JIEMEHTA B




p2(list, list, list) CIIHCOK.
clauses 3.  VYiamenume BcexX BXOXKIECHHUN DJIIEMEHTA U3
p2([1, L2, L2). CIIHCKA.
p2 ([H|T1], L2, [H|T3]):- p2(T1, L2, 4. VIHBepTHPOBAHME CITHCKA.
T3). 5. OObenuHEeHHE NBYX CIHCKOB.
21 Mexanusm Bo3spara IIpoiora 1. Ha maganmo mporpaMMel.
OCYIIECTBIISICT BO3BPAT: 2. Ha nagamo mpemiosxeHus.

3. B Ommxaiimryro cieBa TOUKY, K KOTOPOH
OBLIO HAWAEGHO YCIEUIHOE PEIICHHE.

4. K npensiaymeit noaueny.

22%* Y CTaHOBUTH COOTBETCTBHE YETBIPEX 1. countl(50).
NIPUBEIEHHBIX IPUMEPOB C ABYMS count1(N):-
TIOHSATHSMMU: write(N),nl,N1=N+1,check(N1),count1(N1).
a) ONITUMHU3UPOBAHHAS XBOCTOBAs check(z):-z>=0.
pekypcus; check(Z):-Z<O0.
0) HEONTUMHU3NPOBAHHASI XBOCTOBAs goal
peKypcusi. nl, count1(0).

2. count2(50).
count2(N):-write(N),nl,N1=N+1,count2(N1).
goal
nl, count2(0).

3. count3(50).
count3(N):-write(N),N1=N+1,check(N1),!,
count3(N1).
check(Z):-2>=0.
check(2):-Z<0.
goal
nl, count3(0).

4. count4(50).
count4(N):-write(N),nl,N1=N+1,count4(N1).
count4(N):-N<0, write(“N — ompuyamenvroe
uyucno ).
goal
nl, count4(0).

23%*x* Haiitu HambGonee oOmmmii yHUPHKATOD
(ecmu OH CyYIIECTBYET) CIEAYIOLIETO
MHOXKECTBa JIN3bIOHKTOB:
{Q(a.y.f(y)), Qu,h(u,b) f(c)}.
24%** ITpusectu K CKYyJIEMOBCKOM
cTa"gapTHOH Gopme dhopmyiry:
X (= PP (x,y)) HHR(Y)AT2Q(2)).
25%** Hanwmcats nporpammy ¢popMupoBaHus
U3 CIHCKA ABYX JPYTUX TAKUM
00pa3oM, 9TOOBI B IEPBOM CIFICKE
obL1u semenTsl ¢ M-ro 10 N-ro, a Bo
BTopoM - ¢ N+1 1o nocreanero.
HUTOI'o
IIpumeuanue:

1. Bomnpocsl, 0TMeYeHHbIe ¥ TPeOYIOT BCTABKH 0TBeTa B TEKCT BOMPOCa,
2. Bomnpocskl, oTMeYeHHBIE ** peanoJiaraloT pasjejieHue OTBETOB Ha /Ba YKa3aHHBIX KJacca,
3. Bomnpocskl, oTMeYeHHBIE *** TPeGyIOT NPUII0KEHH K TECTY pellleHHsi puMepa.

Ooburee yncsio 6a1710B 3a Tect: 40. Oduiee yncsio 6a/1710B 3a J1aGopaTopHble padoThI:4(0.

HTorosas oneHka

TecThbl paccMOTPeHbI M YTBep:KIeHbI Ha 3acefanuu kadeapsi 23.10.2012 r.
3asenyrommuii kagenpoii UCT,
A.T.H., Ipogeccop
CocraBureib, K.T.H.,

poueHt kageapsr UCT

C.A. TPOXOPOB

N.B. JE3UHA




,Zlucuunﬂuna «Cucmemul UCKYCCME6EHHO020 UHmMe/lleKma))

Cmyoenm epynna oama IK3amena
Bapuanm Ne3
Ne Bonpoc BapuanTsl oTBeTa Oter | Baaa
1 WnanyktuBHbIe cucTeMbl oTHOcsiTest | 1. CucTeM ¢ MHTEIUIEKTyalbHBIM

K KJIaccy:

uHTEpdEHCcOM.

2. CaMO000yJaroIIiXcsi CHCTEM.
3. AJanTHUBHBIX CHCTEM.
4. DKCHEepPTHBIX CUCTEM.
2 Ynopsmouure mo yObIBaHUIO 1. Orpunanue.
MIPHOPUTETOB CIIETYIONIYIO 2. KoubroHKIHS.
MOCJIEI0BATEILHOCTD JJOTHYCCKHIX 3. JIM3BIOHKIUA.
onepanuii. 4. VMmmkanus.
3 3amanHas TabaMIa HCTUHHOCTHU 1. KoHbOHKIINM.
COOTBETCTBYET OTCPAITHH: 2. JIM3BIOHKIIUY.
X Y ? 3. Hmmukanuu.
nu " n 4. DKBUBaJIICHTHOCTH.
u J1 )71 5.  HUckmrouaromemy UJIN.
JI ) u
JI JI JI
4 HenpotuBopeunBas popmyna - 3to: | 1.  Dopmya, HCTHHHAS BO BCeX
HHTEPIPETALUSIX.
2. ®dopmyrna, HICTUHHAL XOTS OB B OJTHOH
WMHTEPIPETAINH.
3. ®opmyna, T0XKHAs BO BCEX HHTEPIPETALUIX.
4. ®opmyia, I0XKHas XOTs OBl B OTHOM
WHTEPIPETAIH.
HF** VICTUHHOCTHBIMY 3HAUCHUSIMU 1.U2N3J14J151
dopmyisr —=(PAQ)<«>P tpu nJjignlJqu
3aJJaHHOM MHOYKECTBE 3HaUeHMM P 1 n unnJjg n i
Q: J 1 1 1 J
nun
nia
JIn
JI JI — sBistioTCst:
6 CBOICTBO MUHHMAJIbHOCTH 1. Hwukakas akcuoMa He BBIBOJNMA 3 IPYTUX
aKCHOMATHYECKOM CHCTEMBI aKCHOM.
03HAYaeT: 2. HeB03MOXXHO BBIBECTH OTPHUIIAHUE
TaBTOJIOTHH.
3. Jlwobast BeIBOmMMAast OpMYyJia eCTh
TaBTOJIOTHSI.
4. JIro0ast TaBTOJIOTHS BEIBOJUMA U3 CUCTEMBI
aKCHOM.
™| IC peanu3yoT BcraButh HazBanue tumna OC.
npeoOpa3oBaHue 3HAHUN B
MIPOLIECCE PELICHMs 3a/1a4u.
8* | ... 03HA4aeT, 4YTO MEKY BceTaButh Ha3BaHUE XapaKTEPUCTUKU 3HAHUH.
WH(POPMAIMOHHBIMHU SINHUIIAMUA
JIOJDKHA OBITH MPEyCMOTPEHA
BO3MOHOCTh YCTAHOBJICHUSI CBS3EH
Pa3IUYHOTO THIIA,
XapaKTePU3YIONINX OTHOIICHUS
MEeXIy UHPOPMAITMOHHBIMHU
CUHUIIAMH.
95| dopuyna vk (Pa)oQ(Y) s | L. Mcmumma,

3aJaHHOM 00J1aCTH MHTEPIPETAIIH:
D={0,1}.Ouenka mis a: a=0.
Ouenxu s f: £(0)=0; f(1)=1.
Ornenxu it P u Q: P(0,0)=JI;

2. JloxHa.




P(1,0)=M;Q(0)=JL,Q(D)=JL;

10 Cnenyromas ¢pasa ssbika: «<HeBce | 1. — WX (=R(X)—>C(X)).
pannoHaJIbHBIC YHCIA SIBISIOTCS 2. =X (R(X) —)C(X)).
LENBIMH guciaammy, rae C(X) - 3. WX (R(X)>—C(X)).
MIPEANKAT «X — €CTh LIEJIOE YUCIION, 4. V& (—=R(X)— C(X)).
R(X) - mpemukat «X — ecTb
pannoHaIbHOE YHCIION»
COOTBETCTBYET (popMyIIe:
11*** | IIpeHekcHas HOpManbHas popMa 1. v (PX)A-Q(Y)).
dopmymsr —=(HKP(X) »>HKQ(X))- 3To: | 2. FK Y (P(X)v—=Q(X)).
3. vk (P(X)v—Q(X)).
4. X3y (P(X)A—Q(Y)).
5. KW (PX)A=Q(Y)).
12*** | CkynemoBckas crangaptHas dopma | 1. Wy vz (=P(g(2),y,a)2r—Q(z,h(2)).f(9(2).y))).
bopmyrs1 2. vz (-P(f(2).y.a)1—Q(z.9(2) f(f(2).y)))-
vz —(P(xy,a)\Qw.f(x.y))) |3. vy vz (-P(@(2).y.a)2—Q(z.9(2).f(9().y))).
—oto: 4. vyvz—P(9(2).y.a) v Q(z,9(2)).f(9(2).y)))-
5. vy vz—P(9(2).y,8)\Q(z,h(2)).f(9(2).y))).
13 IlepemeHHas U KOHCTaHTa 1. Yuuduuupyrorcs Bceraa, BMECTO
YHUDHULIUPYIOTCS IO CIIEAYIOIEMY MepEeMEHHOM NO/ICTABISETCSl KOHCTAHTA.
TIPaBUITY: 2.  VHuQUIUPYIOTCS BCETAa, BMECTO
KOHCTAHTBHI ITOJICTABIISICTCS TIEPEMEHHAsL.
3. He yHn¢umnmpyroTcs HUKOTIA.
14* JIrobast pe3onbBeHTa IBYX BceTaButh npomnyieHHbIE cI0Ba.
nn3br0HKTOB Cq 1 CoecTh ....... Ciu
C,.
15* ®opmyna F, Haxomures B ... Gopme, | BeraButs HazBaHME GOPMBL
€CIIM OHAa MMEET BHII:
Fi AF A A Fy n>=1, roe kaxmas
n3 Fy, Fy, ..., F,, €CTb TU3BIOHKILINS
JIUTEPAJIOB.
16*** Crnenyroliee MHOKECTBO 1. TIIpoTtuBOpe4HBO.
JM3BIOHKTOB! 2. HempotuBope4uso.
1. P(xf(x),b).
2. =S(X)v=S(y) v—P(xf(y),2) v
S(2).
3. S(a).
4. S(b).
17* IIpaBuiio — 3TO MpeIoKEHUE sI3bIKa | BCTaBUTH TEKCT, ONPEAEIAIOIUN CTPYKTYPY
Iposor, K0OTOpOE UMEET. .. IpaBHJIa.
18* Pasnen nporpaMMel ... Ha sI3bIKe BceraButh Ha3BaHue pazaena.
Visual Prolog conepsxur
00BSIBICHUS IPEANKATOB
BHYTPCHHEH (IMHAMUYECKO) 0a3bl
JIAHHBIX:
19 Crnenyroumit gparment nporpammsl | 1. TloBTOpa, MCTIONB3YyIOMIETO OECKOHEUHYO
WITIOCTPUPYET METOS. ... PEKYPCHIO.
clauses 2. OO0600IIeHHOE PEKYPCHBHOE ITPABHUIIO.
dec(0). dec(1). dec(2). dec (3). 3. Bosspara nocie Heymaun.
w_dec(C):- dec(C), C=2, write (C), |4. Vcnomp30BaHWs MEXaHH3Ma BO3BpATa.
nl.
goal
w_dec (C).
20 Crenyrouuii npeuKaT Ha si3bIKe 1. Ompenenenue nepBOro BXOX/JICHUS IEMEHTa
[Tposor mpou3BoANT: B CITUCOK.
predicates 2. Ompenenenne Bcex BXOXK/ICHUN 3JIEMEHTaA B
p3(integer, list, list) CIIHCOK.
clauses 3. VYnaneHue Bcex BXOXKACHHI 3JIEeMEHTA 13
p3(X,[X|T1],T1):-1. CIHCKA.
p3(X, [Y[T1], [YIT2]):-p3(X, T1, 4. VYjaneHue MepBOTO BXOXKICHUS JIEMEHTA U3

T2).

CIIMCKa.




OOBbeIMHEHHE IBYX CIIMCKOB.
21 Crparerus moncka pemeHus 3aJadn [IpocroTy nporpaMmMupoBaHus U
«B TIyOnHY» Ha s13b1Ke [Ipomor MHUHUMAJIbHBIE 3aTPATHI TTAMSTH.
obecrieunBacT: [NomyueHre epBEIM PEIIAONIETO My TH,
MHUHAMAaJIbHOW JJIMHBI.
[TomyueHne IepBEIM PEIIAIONIETO IIYTH,
MHUHUMAaJIBHOW JAJMHBI U IPOCTOTY
POrpaMMHPOBAHUSL.
22%* Y CTaHOBUTH COOTBETCTBHE YETBIPEX count1(50).
NIPUBEIEHHBIX IPUMEPOB C ABYMS count(N):-write(N),N1=N+1,check(N1),!,
TIOHSATHSMMU: count1(N1).
a) ONITUMHU3UPOBAHHAS XBOCTOBAs check(z):-z>=0.
pekypcus; check(Z):-Z<O0.
0) HCONTHUMU3NPOBAHHASI XBOCTOBAS goal
peKypcusi. nl, count1(0).
count2(50).
count2(N):-write(N),N1=N+1,count2(N1),nl.
goal
count2(0).
count3(50).
coun3(N):-
write(N),nl,N1=N+1,check(N1),count3(N1).
check(Z):-2>=0.
check(2):-Z<0.
goal
nl, count3(0).
count4(50).
count4(N):-
N>0,!,write(N),N1=N+1,count4(N1).
count4(N):- write(“N — ompuyamenvroe
qucno ).
goal
nl, count4(0).
23*** Haiitu Haunbosee o0mmii
yauukatop (eciau OH CYyIIECTBYET)
CJIEYIOIIETO MHOYECTBa
JU3BIOHKTOB:
{P(x.9(x).k(b).y), P(a,g(u).k(u).v)}.
247> IIpusectn K CKYJIEMOBCKOH
cTaHgapTHOH Gopme hopmyry:
—TP(2)A(FYQ(Y) ¢ PXG(X)).
25%** HamnucaTe nporpammy BbIYHUCTIEHUS
HOMEpa MaKCHMAJILHOTO 3JIEMEHTA B
CHHCKE.
nTOro
IIpumeuanue:

1. Bomnpocsl, 0TMeYeHHbIe ¥ TPeOYIOT BCTABKH 0TBeTa B TEKCT BOMPOCa,

2. Bompocsl, 0TMeYeHHbIE ** MPEANOoIaraoT pa3ie/ieHie 0TBETOB HA IBAa YKa3aHHBIX KJiacca,

3. Bomnpockl, 0TMeYeHHbIE *** TPeOYIOT NPUJIOKEHH s K TECTY pellieHusl MpuMepa.
Oobmree yncsio 6a710B 3a Tect: 40. O0u1ee yncsio 6as1J10B 3a J1abopaTopHbie padoThi:40.

HTorosas oneHka

TecThl paccMOTPeHbI M YTBep:KIeHbI Ha 3aceganuu kadeapsi 23.10.2012 r.
3asenyrommii kagenpoii UCT,
A.T.H., Ipogeccop
CocraBureib, K.T.H.,

aoueHt kageapot UCT

C.A. TPOXOPOB

N.B. JE3UHA




,Zlucuunﬂuna «Cucmemul UCKYCCME6EHHO020 UHmMe/lleKma))

Cmyoenm 2pynna oama IK3ameHna
Bapuanm Ned
Ne Bonpoc BapuanTsl oTBeTa OtBer | baaa
1 HeliponHbie ceTu OTHOCATCS K 1. Cucrem ¢ HHTEIIEKTyaIbHBIM HHTEPPEHCOM.
KJIaccy: 2. CaMO000yJarouIuxcsi CHCTEM.
3.  AJanTHBHBIX CHCTEM.
4. DKCHEepPTHBIX CUCTEM.
2 Yropsimounte no yobIBaHUIO 1. Orpunanue.
MPUOPUTETOB CJICTYIONIYIO 2. JIM3BIOHKITHU.
ITOCJIEI0BATEILHOCTD JIOTHYCCKHUX 3. KoHBIOHKIHUA.
orepanui. 4. DKBUBAJECHTHOCTb.
3 3amanHas TabaMIa HCTUHHOCTH 1. JIM3bIOHKIIWH.
COOTBETCTBYET ONICPAITHH: 2. Hmnnukanuu.
X Y ? 3. DKBHUBaJICHTHOCTH.
u u " 4. Hcxmouaromemy UJIN.
u J1 J1 5. KoHBIOHKIIHH.
JI u JI
JI JI u
4 IIporuBopeunBas Gopmyna - 3T0: 1. ®dopmymna, HICTHHHASA BO BCEX
HHTEPIPETALUIX.
2. ®dopmyrna, ICTUHHAL XOTS OBI B OJTHON
HHTEPIPETALNH.
3. ®opmyna, T0XKHAS BO BCEX HHTEPIPETALUIX.
4. ®opwmyia, 10XKHas XOTs OBl B OTHON
HHTEPIPETAINH.
HF** VICTHHHOCTHBIMH 3HAYCHUSIMU 1.U2N3J14J151
dopmyisr PvQ<>—P nipu 3aaHHOM n nJiqgnm i
MHOeCTBE 3HaueHui P u Q: JJd 1 J J
nn J 1N JdJ n J
NIl
Jan
JIJI — sBistoTcs:
6 CBOMICTBO MOJIHOTEI 1. Jlrobas BeiBogMMAas GOpMyIIa eCTb
aKCHOMAaTHYECKOH CUCTEMBI TaBTOJIOTHSI.
03HAYaeT: 2. JIro0ast TABTOJIOTHMS BHIBOJKMMA U3 CHUCTEMBI
aKCHOM.
3. Hukakas akcnoMa He BEIBOIMMA U3 APYTHX
aKCHOM.
4. HeBO3MOXHO BBIBECTH OTPHUIAHUE
TaBTOJIOTHH.
7* .....— 3T0 nuHamuyeckue DC, BcraButh Ha3zBanue tvna OC.
OCHOBAHHBIC HA UHTETPALUU
Pa3HOPOIHBIX HCTOUHHUKOB 3HAHUIA,
KOTOpbI€ 0OMEHUBAIOTCS MEXKIY
c000¥ TOTYy4EHHBIMHU PE3yIbTaTaMU
B IIPOIIECCE PEIICHUS 3a]1ay.
8* .....03HA4aeT, 4YTO MEKIY BceTaButh Ha3BaHUE XapaKTEPUCTUKU 3HAHUH.
HHPOPMAIMOHHBIMU STUHUIIAMHU
3aJ]af0T OTHOIICHUS PEJICBAHTHOCTH,
KOTOPBIC XapaKTePU3YIOT
CUTYaIlMOHHYIO OJIN30CTh
HH(POPMALMOHHBIX €IHHHUII, TO €CTh
CUJTy aCCOLIMATUBHOM CBS3U MEXLY
WH(POPMAIMOHHBIMHU €TUHHUIIAMH.
95| Dopuyna 3 (P(xy)—Q(f(x).a) 8 | 1. Hommmma,
3aJJaHHOW MHTEPIIPETalNu: 2. JloxHa.
D={0,1}.Ouenka ays a: a=1. OueHku
st f: £(0)=0; f(1)=1.




Onenku 1iis P u Q:
P(0,0)=1;P(0,1)=1;P(1,0)=1;P(1,1)
=JL,Q(0,1)=JLQ(1, 1)=H;

10 Cnenyromas ¢pasa a3sika: «HeBce | 1. — vk (—C(X) »R(x)).
LIEJIBIE YUCJIa ABJIAIOTCA 2. WX (—.C(X) ﬁR(X))_
paumonanbabvu ancamm»,rae C(X) | 3. — & (C(X) >—R(X)).
- IPETUKAT «X — €CTh LENOE TUCIO», | 4 _( 1X)(C(X)—>R(X)).
R(X) - mpexukar «X — ectb
panroHaIbHOE YUCIIO»
COOTBETCTBYET (hopMmyIie:
11*** | IIpenekcHas HopManbHas Gopma 1. & (P(Xx)A=Q(x)).
dopmynsr —( VXP(X) >KQ(X)) -at0. | 2. kT (P(X) v—Q(Y)).
3. &by (PX)v—Q(Y)).
4. K P)IA—=Q(X)).
5. WX (PX)A—Q(X)).
12*** | CkynemoBckas cTanaaptHas popma | 1. vy vz (—P(9(2),y,a)A—Q(z,h(z.y)).f(g(2).y))).
(bopaynbt 2. vyvz —~(P(9(2)y,2)Q(z.9(zY).H(9(2).y))-
vz K Ay (P (xy,a)vQZw,f(xy))) [3. vz (—P(f(2)y,a)1—Q(zf@)f(f).y))).
— ot 4. vy vz +(P(f(2).y,a)\Q(z.f(2).f(f(2).y)).
S. W vz (—rP(b,y,a)/\—rQ(Z,C,f(b,y))).

13 [epemennas u QyHKIHS 1. YaudunupyroTcs Bcerna, © BMECTO
YHAGHUIUPYIOTCS TI0 CIIEAYIOMIEMY MepeMEHHON NOACTaBIsAeTCS (PyHKIMSL.
MPaBIITY: 2.  VHuQUUIUPYIOTCS BCETAa, M BMECTO (QYHKINN

MOZICTaBIISIETCS IEPEMEHHAS.
3. He yHndunupyrorcs HUKoOrna.
4. YHupuuupyroTcs, eciii epeMeHHas He
SBJISIETCS TEPMOM (DYHKIIMH, TOT1a BMECTO
nepeMeHHOM noacTasisiercsi QyHKuus.
14* ITycts nansl ABa au3bloHKTa C; 1 C,p. | BeTaBUTH MPOIyIIEHHOE CIIOBO.
Tornma ..... C qu3ptonkroB Cq u C,
ectb jJornyeckoe cieacreue C, u C,.
15* ®opmyna F HaxoauTes B ... popme, | BeraButh HazBaHue GoOpMBI.
€CII OHA UMEET BH;
Fiv F,v..vF,n>=1 rne
Kaxxnas us Fq, Fy, ..., Fj, ecTb
KOHBIOHKIIUS JINTEPAJIOB.
16*** | Cnenyrolee MHOXKECTBA 1. TIporuBopeduBo.
JM3BIOHKTOB: 2. Hempotuopeunso.
1. P(xf(x),b).
2. =S(X)v =P (x,f(y),2) V5(2).
3. S(a).
4. S(b).
17* @DaKT — 3TO NPEAJIOKEHHE A3bIKA BceTaButh TEKCT, onpeAensomuil CTpyKTypy
IIponor, koTopoe UMeeT. ... (hakra.
18* Paznen nporpamMmel ... Ha sI3bIKe BcraButh Ha3BaHue paznena.
Visual Prolog comepxur 3ampoc k
porpaMMe:

19 Crnenyromuit pparmeHT nporpammbl | 1. OG0O0IIEHHOE peKYPCUBHOE TTPABHIIO.
WUTIOCTPUPYET METOA. ... 2. IloBtopa, HCrIONB3yIONIEro OECKOHEYHYTO
clauses PEKypCHIO.
repeat. 3. Hcnonp3oBaHus MexaHn3Ma BO3BpaTa.
repeat:- repeat. 4. BosBpara nocne Heyaauu.
do_echo:- repeat, readchar (D),
write(D), nl, char_int (D,13).
goal
do_echo.

20 Crneayromuil mpearKaT Ha S3bIKe 1. Onpenenenne BceX BXOXKISHUHN dJIEMEHTA B




[IpoJsor npou3BOIMT: CITUCOK.
predicates V naneHue Bcex BXOKICHHUN 2JIEMEHTA U3
p4(list, list) CIIHCKA.
p4(list, list, list) YV naneHue epBOro BXOKICHUS dJIEMEHTA U3
clauses CITHCKA.
p4(L1,L2):-p4(L1,[],L2). OOGbeIMHEHNE IBYX CITHCKOB
p4([Head|Tail],L,L2):- HHBepTHPOBaHHE CIHCKA.
p4(Tail,[Head|L],L2).
pA(I.L.L).
21 Crparerus MOKCKa PEIICHUs 3aaul [TpocToTy mporpaMMHUPOBAHUS U
«B HMIUPUHY» Ha s13bIKe [Iposior MHUHHMAJIbHBIE 3aTPATHI TAMSITH.
obecreunBaeT: [MonyveHre MepBbIM PEIIAOIIETO MYTH,
MHUHHAMAJIHOM JJTHHBIL.
[MonyveHre MepBbIM PEIIAOIIETO MYTH,
MHUHHAMAJIbHOM JJIMHBI M IPOCTOTY
MPOTrPaMMHUPOBAHUSL.
22** Y CTaHOBUTH COOTBETCTBHE YETHIPEX count1(50).
TPUBEAEHHBIX TIPUMEPOB C IBYMSI countl(N):-write(N),nl,N1=N+1,count1(N1).
MOHSATHSIMH: goal
a) ONTHUMU3UPOBAHHAS XBOCTOBAs nl, count1(0).
peKypcus; count2(50).
0) HEONITUMHU3UPOBAaHHASI XBOCTOBAs count2(N):-write(N),N1=N+1,count2(N1),nl.
peKypcHsL. goal
count2(0).
count3(50).
count3(N):-
N>0,!,write(N),N1=N+1,count3(N1).
count3(N):- write(“N — ompuyamenvnoe
yucno “).
goal
nl, count3(0).
count4(50).
count4(N):-
write(N),nl,N1=N+1,check(N1),count4(N1).
check(Z):-2>=0.
check(Z):-Z<0.
goal
nl, count4(0).
23*** | Haiitu Hauboee oOmmit
yHH(UKAaTOp (€CTU OH CYIIECTBYET)
CJIE/TYOIIETO MHOXECTBa
JIM3BIOHKTOB:
{Q(axf(x).c), Q(a,b,f(y).y)}.
24*** | TlpuBectu K CKYJIEMOBCKOH
cTaHIapTHOH popme dpopmyy:
vzP (2) PX(7YQ(X.y) > HQ(X,V)).
25*** | Hanucate nporpaMmy yJaJeHUs U3
ucxoanoro crnucka N 21eMeHTOB,
HauuHas ¢ M-ro 35iemMeHTa cIucka.
HUTOrO0
IIpumeyanue:

1. Bomnpocsl, 0TMedYeHHbIEe * TPeOYIOT BCTABKHM O0TBeTa B TEKCT BOMpPOca,

2. Bompocsl, 0TMeYeHHbIE ** MPEANOoIaraoT pa3ie/ieHie 0TBETOB HA IBa YKa3aHHBIX KJiacca,

3. Bomnpockl, 0TMeYeHHbIE *** TPeOYIOT NPUJIOKEHH s K TECTY pellieHusl mpuMepa.
Ooburee yncsio 6a1710B 3a Tect: 40. Odmiee yncsio0 6a/1710B 3a J1aGopaTopHbie padoThI:4(.

HTorosasi oneHkKa

TecTbl paccMOTPEHBI H YTBep:KIeHbI Ha 3acefannu kadeaps! 23.10.2012 r.
3asenyrommii kagenpoii UCT,
A.T.H., Ipogeccop
CocraBureb, K.T.H.,

aoueHt kadenpsr UCT

C.A. TIPOXOPOB

N.B. JE3UHA




[Ipumepsl 3a1aHUi 111 TPOBEIECHUSA KOJJIOKBUYMOB



CAMAPCKHUH I'OCYJJAPCTBEHHBIN ADPOKOCMHUYECKHUM
YHUBEPCUTET umenn akanemuka C.I1. KOPOJIEBA

BUWJIET JUIAA KOJIVIOKBUYMA Ne 1

ITo nucuunimune CUHCTEMBI HCKYCCTBEHHOI'O HHTEJUIEKTA

Cemectp 8 daxkyiapTeT 6 Hanpasaenue 230100.62

1. XapakrepucTuku 3HaHWH. Jlormdyeckue, ceTeBble, MPOIYKIIMOHHBIE U
(dbpeliMoBBIe MOJIETTU TTPEACTABICHUS 3HAHUM.

2. Ouenuts 3HaueHue hopmyibl VXIY(Q(X,f(a))vP(f(X),y)) ncuucnenus
NPEIUKATOB TIEPBOTO TOPSAKA B 33JaHHOW 00JIaCTH MHTEPIIPETAIIHH.
O6nacte: D={1, 2}.
Omnenka s a: a=1.
Ouenku ms f: f(2)=2, f(1)=1.
Ouenku mist P u Q:

P(1,1) [P(1,2) |P(2,1) [P(2,2) |Q(,1) Q(2,1)
/4 J J J /4 J

3. Hammcarp mporpaMMmy 3aMeHBI 2JIEMEHTOB CITHCKA Ha 33JJaHHYI0 KOHCTAHTY
¢ N+1-o¥ mo3umyu 1 0 KOHIA CIIHCKA.

bunietr paccMoTpeH u yTBepIKIeH Ha 3acenanuu kadenpel . 2012 T.
3aenyromuii kageapoiit UCT C.A. ITPOXOPOB

CocraBureib, foueHt kapeapst UCT
O.11. COJIJATOBA



CAMAPCKHUH I'OCYJJAPCTBEHHBIN ADPOKOCMHUYECKHUM
YHUBEPCUTET umenn akanemuka C.I1. KOPOJIEBA

BWJIET JJIAA KOJVIOKBUYMA Ne 2
ITo nucuunimune CUHCTEMBI HCKYCCTBEHHOI'O HHTEJUIEKTA

Cemectp 8 daxkyiapTeT 6 Hanpasaenue 230100.62

1.

Hcuncnenne BbICKa3biBaHUU. AJpaBUT M TMpaBwia IOCTPOCHUS (DOPMYIIL.
[IpaBuna BhIBOJA B MCUUCICHUM BbICKAa3bIBaHUU. [loHSATHE akCcMOMAaTH4ECKOU
cucteMbl. CBOMCTBA aKCUOMATHYECKHUX CUCTEM.

[IpuBecTu K MPEHEKCHOMN HOPMAaJIbHOMN dbopme bopmyny:
X HP(x,y) >(72Q(2) —» V2G(2)).
Hamucate mnporpammy 3amensl N-ro sjnemMeHTa B CIHCKE Ha 3aJIaHHYIO

KOHCTAHTY.

buner paccmoTpen u yTBepxkAeH Ha 3aceganuu kadenpsr . 2012 1.

3aBenyromuii kageapoii UCT C.A. ITPOXOPOB

CocraBureisb, foueHt kapeapst UCT

O.I1. COJIJATOBA



CAMAPCKHUH I'OCYJJAPCTBEHHBIN ADPOKOCMHUYECKHUM
YHUBEPCUTET umenn akanemuka C.I1. KOPOJIEBA

BWJIET JJIA KOJIVIOKBUYMA Ne3
ITo nucuunimune CUHCTEMBI HCKYCCTBEHHOI'O HHTEJUIEKTA

Cemectp 8 daxkyiapTeT 6 Hanpasaenue 230100.62

1. Unrepnperanus (GopMyn B HCUYUCICHWW BbICKa3biBaHWK. OOIIE3HAYUMBIC U
npotuBopedrBbie  (Gopmynbl.  OmnpeneneHwe  JOTUYECKOTO  CIIEICTBHSL.
OCHOBHBIE TEOPEMBI I0Ka3aTEIHCTBA JIOTUYECKOTO CIIEACTBHS.

2. TlpuBectn K CKYJIEMOBCKOM CTaHJIapTHOM dhopme dbopmyiy:

v&(=YYP(XY)) HTQ(2)AFHR(Y))).

3. Hammcatp [nporpamMmy yadaJICHHU:A IICPBOI'O BXOXKIACHUA 3JICMCHTA B CIIMCKC.

buner paccmoTpen u yTBepxkAeH Ha 3acenanuu kadenpsr . 2012 1.
3aBenyromuii kageapoii UCT C.A. ITPOXOPOB

CocraBureib, 1oueHTt kapenapslt UCT
O.I1. COJTJATOBA



CAMAPCKHUH I'OCYJJAPCTBEHHBIN ADPOKOCMHUYECKHUM
YHUBEPCUTET umenn akanemuka C.I1. KOPOJIEBA

BUWJIET JJIAA KOJVIOKBUYMA Ne 4
ITo nucuunimune CUHCTEMBI HCKYCCTBEHHOI'O HHTEJUIEKTA

Cemectp 8 daxkyiapTeT 6 Hanpasaenue 230100.62

1. Ucuucnenne mnpeaukatoB mepBoro mnopsnaka. Amndasut. Ilonarue Ttepma.
Omnpenenenue npenukata. CBoOOIHBIE M CBsi3aHHbIE NepemeHHble. [IpaBuia
nocTpoeHus (opMyJl B UCUUCICHUH MTPETUKATOB.

2. IIpoBepuTh HEBBITOJIHUMOCTD CIAEAYIOIIETO MHOXKECTBA TU3BIOHKTOB,
MCMOJIb3YS MPABUIIO PE3OJIFOLIHIM:

P(x,y,w)v —=P(x, z,v)v—=P(a, b, c).
—P(a, b, ¢).

P(c, X, X).

P(X, X, c).

3. Hamucatp mporpaMMmy 3amMeHBl BCEX BXOXKACHHW DJIIEMEHTa CIIMCKAa Ha
3aJIaHHYIO KOHCTAHTY.

buner paccmoTpen u yTBepxkAeH Ha 3acenanuu kadenpsr . 2012 1.
3aBeayromuii kageapoit UCT C.A. ITPOXOPOB

CocraBureiib, 1oueHt Kadeapst UCT
O.1I1. COJIJATOBA



CAMAPCKHUH I'OCYJJAPCTBEHHBIN ADPOKOCMHUYECKHUM
YHUBEPCUTET umenn akanemuka C.I1. KOPOJIEBA

BUWJIET JJIAA KOJVIOKBUYMA Ne S
ITo nucuunimune CUHCTEMBI HCKYCCTBEHHOI'O HHTEJUIEKTA

Cemectp 8 daxkyiapTeT 6 Hanpasaenue 230100.62

1.

Wurepnperanmst  ¢opMyn B JIOTMKE TMPEIUKATOB TIEPBOTO  MOPSJIKA.
OOmie3HaunMbIe ¥ TIPOTHBOPEUYMBBIC (HDOPMYJIBI B HMCUHUCICHUU TPEIUKATOB.
CuctemMpl aKCHOM JIOTHMKH TIpeAWKaToB. [IpaBuia BeIBOJa B HMCYHCICHUU
MIPEIUKATOB.

Haiitu Haubosee o6muii yHudukaTop (€ciiv OH CyIIECTBYET) CIEAYIOIIETO
MHOKECTBA JTU3BIOHKTOB:

{Q(x.h(ay),z), Q(u,h(v,b).c).

Hamucate mporpaMMy cO37aHHS HOBOTO CIHCKA, ITyTEM IMEPEIUCHIBAHUS BCEX
AJIEMEHTOB MUCXO/IHOTO CIUCKa, HaunHas ¢ N-oi MO3UIINH.

buner paccmoTpen u yTBepxkAeH Ha 3aceganuu kadenpsr . 2012 1.

3aBenyromuii kageapoii UCT C.A. ITPOXOPOB

CocraBureiib, 1oueHt kadpeapst UCT

O.I1. COJIIATOBA



MUHUCTEPCTBO OBPA3OBAHNS 1 HAYKH POCCUKMCKOM OEJNEPALIMN
denepalibHOE TOCYAAPCTBEHHOE OI0/IKETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BBICIIETO MPO(EeCCHOHAIBHOTO 00pa30BaHUs
«Camapckuii rocyJapCTBEHHbBINA a3pOKOCMUYECKUM
yHuBepcuteT umenu akagemuka C.I1. Koponésa
(HalIMOHAJILHBIN MCCIEeI0BATENbCKUI YHUBEPCUTET))

7SV
COI'JIACOBAHO YTBEPXKJIAIO
VYnpaeneHue 00pa3oBaTeIbHBIX TPOTPAMM [IpopekTop o yueOHoM padboTe
/ A.B. lopouruH / / ®.B. I'peunnkos /
" " 20 . " " 20 T
PABOYAS ITPOT'PAMMA

HanmenoBanue Moayiist (IUCIMIIIMHEI)

Cucremsl HCKYCCTBCHHOI'O MHTCIIJICKTA

[{mk1, B paMKax KOTOPOTO IMTPOUCXOJIAT O6menpodeccnoHanbHbIC TUCITUTUIHHBI
OCBOCHHE MOJYJISI (JIUCITUTLTMHBI)

YacTtb MUKIa BapuatuBHas yacth
Koy yuebHoro nnana
230100.262-2011-O-I1-4r00m

daKkyabTET Nnudopmaruku

Kadempa WH}. cucTteM 1 TeXHOIOTUH
Kypc 4

Cemectp 8

Jlexuum (CJI) 36

Cemunapckue u npaktudeckue 3ausatus (CII) 0

JIaboparopusie 3ansatus (CJIP) 48 DK3aMeH 8
Kontpons camacrositenbHOM padoThel (KCP) 0 3aueT
CamocTtostensHas padora (CPC) 24

Bcero 108



HaumenoBanme crangapra, Ha OCHOBAaHUM KOTOPOr'0 COCTaBJieHa pabouasi mporpamMmma:

230100 "UudopmaTrka 1 BBIYUCIUTEIbHAS TEXHUKA"

CootBercTBUE CoNlepkaHus pabouel mporpaMMBbl, YCIIOBUH €€ pean3alui,
MaTepuaIbHO-TEXHUYECKON U yUeOHO-METOIUYECKONH 00€CIIEYeHHOCTH Y4eOHOTro
npoliecca Mo AUCLHUILIMHE BCEM TPEeOOBaHUSM TOCYAapCTBEHHBIX CTaHAAPTOB
NOJITBEPKIAEM.

CocTaBurenu:

ConpnaroBa Onbra IleTpoBHa, 1011., K.T.H.

(moanuce)
3aBeayronui kadeapoi:
[TpoxopoB Cepreii AHTOHOBHUY, MPOQd.,
JI.T.H. (momucs)

Pabouas nporpamMmma o0Cy K/ieHa Ha 3aceIaHuy Kadeaphl

Hud. cucteM u TeXHOJIOTHI

[Ipotokon Ne ot " " 20 r.

Hannane ocHOBHOM nuTepaTypsl B GoHIAX HaydHO-TeXxHU4YecKor ondnuotexku (HTH)
MOATBEPKAAEM:

Hupextop HTh / /
(moamuce) (pacmmpoBKa MOATIICH )

CornacoBaHo:

Jexan / /

(moamucs) (pacmudpoBKa MOJMUCH)



1 Hean u 3a1a4yn MoayJisl (IUCHUIIIMHBI),
TPpeOOBaHMS K YPOBHIO OCBOCHUS CONEPKAHUSA

1.1 IlepeyeHb pa3zBUBaeMbIX KOMIIETEHIIM I

OK-1, OK-2, OK-6, OK-10, OK-11, OK-12, OK-13
[1K-2, ITK-3, I1K-4, IIK-5

1.2 lleu u 3agaum U3yYeHUs MOAYJIsl (IUCUMILIUHBI)

[{enbro AUCITUTIIIMHEI SBIISIETCS IPUOOPETEHHE CTYICHTAaMU TEOPETUUYECKUX 3HAHUH B
obsactu pa3paboOTKH CUCTEM UCKYCCTBEHHOTO MHTEJUIEKTA U MPAKTUYECKUX HABBIKOB
JIOTUYECKOTO MPOrpaMMHUPOBAHMS C HCTOJIb30BaHUEM si3bIKa Prolog.

1.3 TpeGoBaHUs K YPOBHIO IOATOTOBKHU CTY/AEHTA,
3aBepIINBIIETr0 U3y4YeHHe JAHHOTO MOXYJIS (IMCIUNINHBI)

CryaeHTsl, 3aBEPIIMBILINE U3YYEHUE TAHHON JUCLHUIUIMHBI, JOJHKHBI

3HaTh: OCHOBHbIE MOJIEJIN IPECTABICHNS 3HAHUH, OCHOBHBIE CTPATEIMH PEIICHUS
3aJ1a4, MPUEMBbI JIOTHYECKOT0 MPOrpaMMHUPOBAaHUS U OCHOBHBIE IPUHIIUIIBI,
KOHCTPYKILUH H JIEKCUKY si3bIka Prolog;

CryzaeHTsl, 3aBEpIUIMBIINE U3YYEHUE JTAHHON JUCLUIUIMHBI, JOJDKHBI 3HATh: OCHOBHBIE
MOJIEJIH MIPEICTABICHUS 3HAHUM, OCHOBHBIE CTPATETUH PELICHUS 3a/1a4, [IPUEMBI
JIOTUYECKOTO MPOrpaMMHUPOBAHUS U OCHOBHbBIE IPUHIIUIIBI, KOHCTPYKIUU U JIEKCUKY
s3bika Prolog;ymeTs: MpUMEHSITh TEOPETUYECKUE 3HAHUS B 00JIACTH JTIOTHYECKOTO
IpOrpaMMHUpPOBaHUA Ha si3bIke Prolog k periennio KOHKPETHBIX HHXEHEPHBIX U
UCCIIEIOBATEIbCKUX 3a/1a4.

1.4 CBs3b ¢ npeAmIecTBYIONIUMHU MOAYJIAMU (JUCHUIIINHAMHU)

JI71s1 ycnenHoro yCBoeHus MaTepuaina JUCIUIUIMHBI CTYI€HTBI JOJKHBI 00J1a1aTh
3HAHUSAMHU U HaBbIKAMH, ITOJTYYEHHBIMU B XOJI€ U3YUYCHUS CIEAYIOIMX JTUCIUTIINH: -
nHpopMaTHKa;- TMCKpPETHAs MaTeMaTHKa;- MaTeMaTHUeCKas JIOTUKA U TeOpHs
aJITOPUTMOB;- IIPOrPaMMHUPOBAHKE Ha SI3bIKE BEICOKOT'O YPOBHSL.

1.5 CBs3b ¢ nocaeayrOImuMu MOAYJISAMH (JUCUUIIJINHAMEU)

JlucrumuirHa siBisieTcs: 6a30BOM 71 M3ydeHUs Kypca « MHTeIeKTyalIbHbIe CUCTEMBI»
MarucTpaTyphbl, a TAKXKE SBISETCS OCHOBOM 7Sl pa3pabOTKU MPOTPAMMHBIX CHCTEM B
XO0/JI€ BBIIMTOJHEHHS KYPCOBBIX IMMPOEKTOB M Ha ATAIe BHITTOJTHEHUS BBIITYCKHOM
KBATM(DUKAIIMOHHOM paObOTHI OaKajaBpa.

2 Coaep:xanue padoueid mporpaMmMbl (MOIYJIs1)

Cemectp 1
CJ10,3333
36 yacoB | AxtuBHbIE 0
0,9999 3ET
NurtepakTuBHbIE 0




Tpaguunonusie 1

Hctopus pa3BUTHS UCKYCCTBEHHOTO
unTesuiekta. Knaccudukanus cucrem
MCKYCCTBEHHOT'O UHTEJICKTA.

XapakTepUCTUKU 3HAHHUM, OCHOBHBIE MOJIEIIN
MpEACTaBICHUS 3HAHUU.

Hcuncnenue MMPpCAUKATOB IICPBOTO MMOPAAKA KaK
JOrn4yccCKasda CucremMa 1npCacTaBJIICHUA 3HAHUH.

ABTOMaTI/I3aHI/I$I JA0Ka3aTrcjibCTBa TCOPEM B
JIOTUKC IIPCOAUKATOB.

OCHOBBI SI3bIKa JJOTHYECKOTO
nporpammupoBanus Prolog.

Yuudukarnus B Prolog. Beruucienue nenu u
MEXaHHU3M BO3BpaTa. YPaBJICHUE TOUCKOM
pELIEHUN.

CrtpykTypa nporpammsbl Ha si3eike Prolog.
Hcnonb3oBaHre COCTaBHBIX TEPMOB U CITHCKOB.

[ToBTOpenue u pexypcus B Prolog.
Ontumuzanust XBOCTOBOM PEKYPCHUU.

Hcnonp3oBanue cTpok B Prolog.
[IpeoOpa3zoBaHue JaHHBIX.

[IpencraBnenre OMHAPHBIX JEPEBHEB HA S3BIKE
Prolog.

[Ipeacrasnenue rpadoB Ha s3b1ke Prolog.

OcHoBHBIE cTpaTeruu pemenus 3anad. Ilouck
pelIeHus: B IPOCTPAHCTBE COCTOSIHUIMA.
Anroputm A*.

Pemenue urpoBbix 3aaau B repmunax M/MJIN-
rpadoB. MUHUMAaKCHBIN MPUHITATI TTOUCKA
peleHus.

OcHOBBI 00BEKTHO-OPHUEHTUPOBAHHOTO
nporpammupoBanus B cpene Visual Prolog.

OCHOBBI BU3YQIBHOTO IPOrPaMMHUPOBAHHUS B
cpeae Visual Prolog.

CIT0

0 gacoB AxtusHEBIE 0

03ET
NurepaktuBHbie 0
Tpagunmonnsie 0

CJIP 0,4444 N3ydenue mexaHu3Ma BBIUYHUCIIEHUS LIEIIH,

48 wacoB | AktuBHbIe 0,75 MEXaHHM3Ma BO3BpaTa, peKypcuu U padoTa co

1,3332 3ET CHUCKaMU

Penienne 10oruyeckom rojioBOJIOMKH.




N3yuenue cocTaBHBIX TEPMOB U CO3/IaHUE
POCTHIX 0a3 TAHHBIX.

Peanuzanus npocThIX 3apocoB K 0a3e JaHHBIX.

Peanuzanus 3arrpocoB ¢ UCIOJIb30BAHUEM
MEXaHU3Ma BHYTPEHHEN JUHAMUYECKON 0a3bl
JAHHBIX.

N3yuyeHne MeTo10B MpEeACTaBICHUS OMHAPHBIX
nepeBbeB U rpadoB Ha s3bike Prolog u
QJITOPUTMOB ITIOMCKA PELICHU.

Pemenue 3amay ¢ HCOIB30BaHNEM OMHAPHBIX
JIepeBbEB WK TpadoB.

H3ydeHne 0CHOB 00bEKTHO-OPHEHTHPOBAHHOTO
nporpammupoBanus B cpene Visual Prolog.

N3yyeHnne 0CHOB BU3YaJIbHOTO
nporpammupoBanus B cpene Visual Prolog.

Nurepaktusnsbie 0,25

N3yuenue cTpyKTypsl iporpammel Ha Prolog u
OCHOBHBIX KOHCTPYKLIHUH SI3bIKA.

Komnokxsuywm 1.

Komnoksuym 2.

Tpaguunonusie

KCP 0
0 gacoB AxtuBHbIC 0
03ET
NurepaxktuBHbIC O
Tpagumonusie 0
CPC 0,2222
24 gacoB | AxrtuBnbIe 0,75 IToaroroBka k JIP 1.
0,6666 3ET

I[Toaroroska x JIP 2.

Iloaroroska k JIP 3.

I[Toaroroska x JIP 4.

Iloaroroska k JIP 5.

ITonroroska k JIP 6.

[Toaroroska x JIP 8.

Iloaroroska k JIP 9.

IToaroroska x JIP 10.

I[Toaroroska x JIP 11.

NurtepakTuBHbIE

[ToaroroBka K KOJIOKBUYyMY 1.

[ToaroToBka K KOJJIOKBUYMY 2.

Iloaroroska Kk cmaue >x3aMeHa.

Tpagumonnsie 0,25




3 HNHHOBaNIMOHHBIE METOABI Oﬁy‘leHI/IH

1. Mconp30BaHKe MyJIBTUMEIUHHOTO 000PYI0OBaHMS TIPH MPOBEACHUH JICKIIMOHHBIX
3aHSITUU.

2. Mcnonb30BaHuE MPU CaMOCTOATEIBHOM MOJATOTOBKE JIEKTPOHHBIX CPEICTB
KOMMYHUKAIIMH, B TOM YUCJI€ CIEIUATM3UPOBAHHBIX CAaliTOB U (hOPYMOB.

3. BeimosHeHME 1ab0paTOPHBIX PAOOT € MMOMOIIBIO COBPEMEHHOI'O IMPOIPAMMHOTIO
obecricueHusI.

4. cnionib30BaHUE TECTUPOBAHMS JIJIs1 OLICHKHU 3HAHUM CTYJICHTOB.

5. ITpumeHeHrne peUTUHTOBOM CUCTEMBI OIIEHKH 3HAHUM CTYJICHTOB.

4 TexHuvyeckue cpeCTBAa U MaTepPUAIbHOE O0ecIieYeHne
yueOHOro npouecca

1. Ilpe3eHTaliMOHHBIE MaTEPHAIIBI JIEKIIMI B BUJI€ MYJbTUMEANA IPE3CHTALINH.

2. MynbTUMEIUNUHBIN TPOCKTOP ISl JEMOHCTPALUK MPE3CHTALIH.

3. KoMnbroTepHblii KJlacc, UCMOJIb3yEeMbIH JJIsl MPOBEEHUS Ja00PATOPHBIX 3aHATUH.
4. IlporpamMmMHOe o0OecrieyeHune, UCIoJIb3yeMOe MTPU MPOBEIECHUHN 1a00paTOPHBIX
3aHATHUH.

5 Y4yeOHO-MeTOAMUECKOE O0ecnmeueHue

5.1 OcHoBHas JuTEpPaTypa

1. Anamenko, Anaronuii Hukonaesuu. Jloruueckoe nporpammupoBanue u Visual
Prolog [Texcr] : [mHaubonee monH. pyk.] / A. H. Anamenko, A. Kyuykos. - CII6. :
BXB-Iletepoypr, 2003. - 990 c. + 1 a11. ont. quck (CD-ROM). - (B nomyiunnuke). -
ISBN 5-94157-156-9 : 258.63

p.- 2 3K3.

2. bpatko, BaH. Alroput™Mbl ucKyccTBeHHOTro nHTeiuiekTa Ha si3bike PROLOG [Tekcer]
: [mep. c anri.] / UBan bpatko ; ®ak. komnbroTep. HayK ¥ HHGOpMaTUKHU JIFOOISH.
yH-Ta, UH-T Hoxeda IlItedana. - M. [m mp.] : Bunbamc, 2004. - 637 c. - ISBN
5-8459-0664-4 : 538.36 p.- 3

3. Jrorep, xopax @.VIcKyCCTBEHHBI UHTEIJIEKT: CTPATETMH U METObI PELICHUS
CIOXHBIX TIpoOseM [TekcT] : [mep. ¢ anrn.] / Jxopmxk @. Jlrorep. - 4-¢ uzn. - M. [u 1p.] :
Bunbsmc, 2005. - 863 c. - ISBN 5-8459-0437-4 : 746.09 p.- 15 k3.

5.2 lonosiHUTEILHAS JIUTEPATYPA

1. AuapeitunkoB, Anekcanap BanentunoBuu. MHTennekryaabubie ”HPOPMaLMOHHBIE
cuctemsl [ Tekcr] : [yue0. nis By30B 1o cnenuanbHocty "lpukiaanas uHpopMaTuka B
skoHoMuke"] / A. B. AanperiunkoB, O. H. AugpeitunkoBa. - M. : ®UHAHCH 1
cratuctuka, 2006. - 423 ¢. - ISBN

5-279-02568-2 : 253.63 p., 233.00 p.- 5 3k3.

2. IIporpammupoBanue Ha si3pike [TPOJIOL [Teker] : [MeTo. yka3zaHus K J1a0. paboTam |
/ O.I1. ConnaroBa, U. B. Jleauna ; @exnep. areHTCTBO 110 00pa3zoBanuio, Camap. roc.
aspokocMm. YH-T uM. C. I1. Koponesa. - Camapa : U3n-so CI'AY, 2008. - 51 c. - 122.50
p.- 45 7K3.



5.3 D1eKTPOHHBbIE HCTOYHUKH U MHTEPHET PecypChl

1. Connmarosa O.I1., JIésuna U.B. Jloruueckoe nporpammupoBanue. YueOHoe mocodue
[OnexkTpoHHBIN pecypc]. —
http://www.ssau.ru/files/resources/sotrudniki/soldatova_lezina.pdf.

2.Jlormdeckoe nporpammupoBanue u Visual Prolog [DnexTpoHHBIi pecypc.
MmmakT-auck]/ A. H. Anamenko, A. Kyaykog. - CII6. : BXB-ITetepOypr, 2003. - 1
CD-ROM. Iudp 004/A 28

3. DnextpoHHsIil ananor. [IporpammupoBanue Ha a3bike [TPOJIOL : [MeToa. yka3zaHus K
na6. padoram] / O. I1. Conpmarona, U. B. Jlesuna. - Camapa : U3a-so CI'AY, 2008
on-line (IIudp CI'AY:004/11 784-784587)

5.4 Meroauyeckne YKa3aHUA U PeKOMEH 1A UU

Tekymmii KOHTPOJIb 3HAHUU CTYJICHTOB B CEMECTPE MPOBOAUTCS B BUAE KOJJIOKBUYMOB U
OTUY€TOB TI0 TA0OPATOPHBIM paboTaM. Pe3ynbTaToM TEKYIEro KOHTPOJIS SBIISAETCS
JOMYCK MJIM HEJOMYCK CTYAEHTA K 3K3aMeHY MO TucHUIUIMHE. OCHOBAHUEM U1l IOITyCKa
K 9K3aMEHY SIBJII€TCS BBITIOJIHEHUE U OTUET CTYJIEHTA [0 BCEM JIaOOpaTOPHBIM
pabotam.[IpomMexxyTOUHBIN KOHTPOJIb 3HAHUI CTYJEHTOB MPOBOIAT B CEMECTPE B BUJIC
AK3aMeHa. JK3aM€EH MPOBOJIUTCS COTJIACHO MOJIOKEHUIO O TEKYIIEM U MTPOMEKYTOUHOM
KOHTPOJIE 3HAHUI CTYJIEHTOB, YTBEPKICHHOMY PEKTOPOM YHUBEPCUTETA.
DK3aMEHaIlMOHHAs OLIEHKA CTABUTCS HA OCHOBAHUU MMHUCbMEHHOTO U YCTHOTO OTBETOB
CTYJCHTA I10 3K3aMEHAIMOHHOMY OMIIETY.
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