[puHory n3BMHEHUs 3a (BO3MOXKHO HEOOOCHOBAHHOE) MCIONb30BaHue Hipudra Symbol.
4. IIporpaMmmbl KaK TeOpHUH.

Ymo orce kacaemces aneopummos, mo HaoieHcano ITutlb OMKpPblMs
Maxyro epynny 4y008ul, 3aMKHYmMyI0 C4emHuyto no02pynny
KOMOpOU cocmaegnsana bvl coOCMEEeHHO NOTUYUSL.

Cranucnas Jlem "Kubepuana"
«IBpPHUCTHYECKAS MAITHHA.

[Ipu 00yueHnn ocHOBaM MpPOrpaMMHPOBAHUS T0BOJIBHO MoMyJisipHa Metadopa Mcnonuurens -
3/1aKOr0 TYHOBATOr0, HO IYHKTYaJIbHOI'O M HEYyTOMUMOTO CO3/aHUs CIIOCOOHOTO BBIOJIHSATD
HEKOTOPBI HaOOp KOMaH]I, ¥ 9TO OCOOCHHO BaYKHO TOIA0IIETocs 00ydeHu0. J{Jist TOro 4To0B!
o0yuuth VicnoaHuTenss HOBOM KOMaH/e, HE0OXOIUMO COCTaBUTh HHCTPYKIIMIO IO €€
UCIIOJTHEHUIO (TIPOrpaMMy ), TO €CTh OMKMCATh ITY KOMaHAy B TEpPMUHAX yKe U3BECTHHIX. B
IIPOLIECCE BBINIOJIHEHUS IPOrpaMMbl VICIIOJIHUTENb MOXKET JaBaTh KOMAH/Ibl JPYTHM
UCIIOJTHUTEISIM, UHOT/Ia Ja)Ke NMEETCS] BO3MOKHOCTh KIIOHUPOBAHUS M YACTUUYHOTO
nepeoOyueHus ucnoiaureneit. [To mepe popmanuzannu McnonHuTens HECKOIBKO TEPSET CBOM
KOJIOPUT M TIpeBpamaeTcs B abCTpaKTHYIO MalllMHY, a TAM U BOBCE B HA0Op omneparuii Ha
MIPOCTPAHCTBE COCTOSTHUM.

Jlig onrcanust [EKIapaTUBHOTO MPOrpaMMHUPOBaHUS YI00HO HCTIONB30BaTh APYryto MeTadopy -
IBPHUCTUYECKYIO MaluHy (DBM) Uil pelieHrs HHKCHEPHBIX, HAYYHBIX, COIIHOTOTHYECKUX U
WHBIX MPo0JIeM. DTO TeHHAIbHOE TBOPEHHE DJienbBelica 3axapoBruya Marmkusa® COIEPKUT
BHYTpE aHAJIM3ATOP U AyMaTelb, OJiaroapsi 4eMy MOKET UCIIONB30BaThCS AJIsi OTBEUaHUs Ha
mto0bie Bonpockl. K coxkanenuto, COBpeMEHHBIN ypOBEHb Pa3BUTHUS HAYKH U TEXHUKH HE
MO3BOJISIET TIOKA TPOU3BOIUTH YCTPONUCTBA, HEMOCPEICTBEHHO 00OpaIlaloife MaTepHIo BOIIpoca
B CUHEKJ0XY oTBe4aHus. [103ToMy MBI pacCMOTPUM BO3MOXHOCTH CO3/1aHUS HE CTOJIb
COBEPILEHHOMU, HO BCE €IIE ITOJIE3HON MalINHBI, KOTOPYIO HA30BEM IICEBI0IBPUCTUYECKON
MamuHo# (II9BM). Ota MamuHa OyieT oTInyaThes OT IBM psimom yrpoineHnii. Bo-mepBoix,
BMECTO €CTECTBEHHOT'O YEJIOBEUECKOT0 SA3bIKa, HAIpUMeEp pycckoro i obmenus ¢ [I98M
OyJZIeT UCIOJIB30BATHCS MEHEE MOTYUN (DOPMATM30BAHHBIN S3BIK. DTO MO3BOJIUT PE3KO
YIPOCTUTh KOHCTPYKLHUIO aHAJIU3aTOpa. BO-BTOPHIX, BBICOKOUHTEIUIEKTYaJIbHBIN MPOLIECC
JyMaHbsI 3aMEHHUM IIPOLIECCOM JIOTHYECKOTO BBIBOJA MM MOAOOHBIM ITpOLieccoM (hOPMaTBEHOTO
MaHUIYJIUPOBAHUSI CUMBOJILHBIME BhIpaKeHUsIMU. HakoHeI He HaiesiCh Ha CaMOOOYy4YeHHE
MaIlTuHBI, MBI OYJIeM MTPEAOCTABIIATh €1 BCIO HEOOXOAMMYIO HH(POPMAIIHIO, TO €CTh OyIeM SIBHO
OINMCHIBATh BCE, YTO UMEET OTHOILIEHUE K MHTEPECYIOIIEeH Hac mpodieme.

OueBUIHO, YTO A3BIK [T 00meHus ¢ [I9BM nomkeH copepkaTh, 10 KpaiiHel Mepe, /1Be
KaTE€ropuy BhIPaKEHUIN: BOIPOCH! JJIs CIIPALLIMBAHUS U OTBETHI JUIsl OTBEYaHUs. MexX 1y 3TUMU
KJIacCaMU CYILECTBYET TeCHasi B3aUMOCBs3b. JI1000 BOIpoc MoApa3yMeBaeT OMpeaesIeHHY O
¢dopmy otBeta. Hanpumep, Beipaxenue "2*2" MoKeT HHTEPIPETUPOBATHCA KaK BONPOC "ueMy
paBHO 2*27?". Ha Takoii BOpOC ecCTeCTBEHHO 0XkHAaTh orBeta "2*2 = 4" unu npocro "4". B T0
ke Bpems "2*2 = 5" Tak:ke MOKHO CUYUTATh OTBETOM, XOTSI M HEPABWJIbHBIM, a BOT
npemioxenue "2*2 = 2+2", XoTsa ¥ BepHOE, OTBETOM He siBisiercs. Jpyroit Bua Bompoca

"2*2 = 4" noapazymeBaeT /Ba BapuaHTa oTBeTa "na" mim "Her". Mtak, ¢ 01HOM CTOPOHBI
HEOOXOJIMMO YCTaHOBUTh, KAKHE BBIPAXKEHUS B CUITy CBOEH CUHTAaKCHYECKOM CTPYKTYphI
ABIIAIOTCA OTBETaMM (HE00s3aTeIbHO MPaBUIIbHBIMHI ) Ha IOCTABJIECHHBIN BOMNPOC, a C IPYToi -
OIpEAEINTh IIOHATHE IIPABUIILHOTO OTBETA".



Nmeercs oueBuaHas ananorus mexy [198BM u TpaaunnonHoi abctpakTHoi MamuHOU. Taxk,
BOIIPOCaM COOTBETCTBYET BBOJI, OTBETAM - BBIBOJI, IPUYEM BBIBOJI 3aBUCHUT KaK OT BBOJA, TaK U
0T MHPOPMALIMU UMEIOLIEHCS Y MAIIMHBI, TO €CTh OT POrpaMMBbl. PazHulia mpossisiercs,
npexe Bcero, B popme mporpamm. B II9BM nporpamma npencrabiser co60ii COBOKYITHOCTh
YTBEPAUTENBHBIX MPEATIOKEHUN, OMUCHIBAIOIINX NTPEIMETHYIO 00JIaCTh.

Jns Havana, mpeanoaoKuM, YTO rpaMMaTHKA S3bIKa YKe 3a1aeT MpaBUiia MOCTPOCHUS
npemtoxeHnii. Takum ob6pazom, onpeneneHo (Kak MpaBuiio, 0ECKOHEYHOE) MHOYKECTBO BCEX
MPEI0KEHUH S3BIKA, TO ECTh BCEX OCMBICIICHHBIX BbICKa3bIBaHUii. [Ipon3BosabHOE
MTOJIMHOKECTBO ATOTO MHOKECTBA HA3bIBAETCS meopueti. VIHTyUTUBHO: TEOPUS - MHOKECTBO
"NCTUHHBIX" TIPEJIOKEHUN UITH, IPYTUMH CJIOBaAMH, TEOPHUS YETO-TO - BCE, UTO MBI MOXKEM
CKa3aTh N0 JaHHOMY TOBOJY.

Cawmpblii TpoCTO CrOco0 OMPENETUTh TEOPHUIO - TPOCTO MEPEUUCIUTD BCE COCTABIISIONINE €€
npenioxeHus. [IoHITHO, 4TO TakKUM 00pa30M MOKHO OIPEIETUTh TOJIBKO COBCEM TPUBUATHHbBIE
teopur. B MmaTemaTuke (a B MEHbIIICH CTETICHH U B IPYTUX HayKaX) MOMYJISIPEH
AKCHOMATHUYECKUN METOJ TOCTPOeHUs Teopuil. DOpMyIHUPYIOTCS HEKOTOPhIE OCHOBHBIE
MOJIOKEHUS (AKCMOMBI WJIH TTOCTYJIAThI) U BCE YTBEPKIACHUS JaHHOU TEOPHUH MOTYydarOTCs

" e AyKTUBHBIM METOJ0M", TO €CTh ITyTEM JIOTHYECKOTO BBIBOJA.

OnucaHHbIe METOJIBI TTO CBOEH CYTH YHCTO CUHTakcuyeckue. OHM OMpeensoT Teopuro 0e3
y4€Ta CMBICTIOBOTO COJIEp KaHUs TIpeiokeHuit. [[puHIUNManbHO HHOM coco0 ONpeAeIUTh
TEOPHIO - CEMAHTUYECKUI, OCHOBAHHBIN Ha CBSI3U SI3bIKA C IEHCTBUTEIBHOCTHIO (MU HAILIUM
MIPE/ICTABJICHUEM O Hel). BbIpakeHHsIM si3bIKa MPUITUCHIBACTCS OTPEICIICHHBIN CMBICIT B
TEPMHHAX OMKCHIBAEMON UM MPEIMETHON 001acTh - Modenu. Takoe MpUMHMCHIBAHUE HA3bIBACTCS
unmepnpemayueu s3bika. [IpeioKeHnsIM S3bIKa CTABATCS B COOTBETCTBUE YTBEPKIACHUS 00
00BEKTaX MOJAEIH, KOTOPbIE MOTYT OBITh KaK UCTUHHBIMHU, TaK U JIO)KHBIMH. MHOKECTBO BCEX
MPEI0KEHHUH, KOTOPBIM COOTBETCTBYIOT UCTUHHBIE BHICKA3bIBAHUS, U 00pa3yeT TEOPHUIO TaHHOU
npeIMEeTHOM 00IacTH.

AKCHOMaTHYECKH OIpPEJIeTICHHbIE TEOPUU Tropa3io yaooHee it (popManbHBIX MAaHUIYJISIUI, B
TOM YHUCJIC U JJI aBTOMAaTU4YECKOW 00padboTku. [ToaTomMy /Uit MaTeMaTHKH XapaKTEePEeH Mpo1ecc
aKCHOMAaTH3aIMH - KaK TOJIKO CBOMCTBA HEKOTOPON MaTeMaTUYECKON CTPYKTYpPhl JOCTATOYHO
XOpOILLIO U3YUYEHBI, X MBITAIOTCA BBIPA3UTh B HEOOJIBIIOM HAaOOPE AKCHOM.

OTOT Npouecc akCHOMaTH3al[Mi BO MHOTOM aHAJIOTUYEH ITPOLECCY TPOrPaMMUPOBAHMS.
Co3maHue mporpaMMbl HAUMHAETCS C U3YUCHHUS TIPOOIEMBI, KOTOPYIO TpEOyeTCs pelnTh U
dopmanuzauu e€ B BUJe aOCTpakTHON Mojenu. OnucaHue MOJIeNu B TEPMUHAX s3bIKa
IPOrpaMMUPOBAHHUS 3a/1a€T UHTEPIPETALUIO s3bIKa. OCHOBBIBAsACH HA ATOM MHTEPIPETALIUHY,
co3/1aéTcst HabOp aKCUOM, OIUCHIBAIOIIMN TEOPUIO MOJIENIH, KOTOPBIA M COCTABIISET JOTMUECKUI
KOMITOHEHT nIporpammsel. KOHEUHO, Ha MPAaKTHKE MOJAEIb U HHTEPIPETALUS PEIKO
BBIIIMCBIBAIOTCS B IBHOM BHJIE, HO B IIPUHIIMIIE 3TO BCErAA MOYKHO CHIEJIATh.

Tenepb MOXXHO pacIIMPUTh A3bIK, J00ABUB K IMIPEUIOKEHUSIM BOIPOCH! U OTBETHL. OOBIYHO
pa3IuyaoT JBa THIA BOIIPOCOB: YTOUHAIOIMKE (Takue kKak "EcTb 11 xu3Hp Ha Mapce?") u
BocnostHstrotue ("Uro y eit BHyTpe?"). JItobomy npemnoxenuto P si3bika ecTecTBeHHBIM
00pa3oM CTaBUTCS B COOTBETCTBUE YTOUHSIOMMUI BOIIPOC "AeicTBUTENbHO i P?"
Mpeanoararonifi a1sa BapruanTa orseta "na" uium "Het". [IpaBuiasHBIM 0TBETOM Oynet "ma",
eciu P mpuHauiexxuT Teopun U "HeT" B IPOTUBHOM cily4ae. BocnonHstomuil Bonpoc Mo>XHO
HOCTPOMTH, 3aMEHHB B IIPEUI0KEHUH HEKOTOPbIE WIEHBI CIIELIUATbHBIMUA 3aMECTUTENISMH,
0OBIYHO Ha3bIBAEMBIMU HEU3BECTHBIMU WJIM TIEPEMEHHBIMU (B JAHHOM CITy4ae MepBbIil TEpMUH
Ooiee COOTBETCTBYET CyTH Jeina). Torna npeanoxkenuto P conepxaiieMy HEM3BECTHBIE X|,...Xn



COOTBETCTBYET BONPOC "Il KAKUX Xi,...Xy BeINONHsETCA P?" OTBETaMU MOTYT CITy>KUTh BCE
NPEeJIOKEHHS, TOTYYaroIuecs PH MOJICTAHOBKE BMECTO HEU3BECTHBIX JOITYCTUMBIX
BBIPA)KEHUH, a PaBMIIBHBIMU OYAyT T€ M3 HUX, KOTOPBIE BXOIAT B Teoputo. Ha ciryuaii ecim
TaKOBBIX HE OKaXETCs Ha/lo MPeyCMOTPETh CIeIMaIbHbIN BUJ OTBeTa. Bripouem, 3a4acTyio
ynoOHee B KaueCTBE OTBETA MCIIOJIb30BaTh CaMU MOAICTaHOBKH. OCTaOTCs POOIEMBI C
npuMepamu Buza "2*2". Do BeIpaK€HHE MOYKHO CUNTATh COKPAIIEHHON 3allUChIO BOIIPOCA
"2%*2 =x". SIcHO, 4TO Teopus LENbIX YUCEI COJEPKUT OECKOHEYHOE MHOKECTBO MPEAIOKEHUN
MOTYIIHMX CIY>KUTh OTBETaMH Ha 3TOT BOIPOC, B TO BPEMs KaK HAC HHTEPECYEeT TOJIBKO OJHH.
CrnenoBarenbHO, HEOOXOAMMO KaK-TO OTPaHUYMUTh BUJl OTBETOB, BBIOPATh U3 HUX 'camble
npocteie”. Crenars 3T0 B 001IEM BUJIE HEJIETKO, HO IPU pa3paboTKe KOHKPETHBIX SI3bIKOB
omnpenensiercs "HopManbHas (popma" BeIpaXKEHUHN JOIMYCTUMBIX B KAYECTBE OTBETOB.

Jlornyeckue si3bIKH M MX CEMAHTHKA.

Pa3zHooOpasue perraeMbIx 3a/1a4 Ype3BbIYafHO BEIMKO M CO3AaTh YHUBEPCAIbHBIN fA3bIK,
IPUTOIHBIN JIsl OonUcaHus 1000 U3 HUX MPAaKTUYECKU HEBO3MOKHO. KoHEYHO, MOKHO
pa3pabaThIBaTh CHELUATU3UPOBAHHBIE A3bIKHU JUISl OTJIEJIbHBIX KJIACCOB 33Ja4, U B HEKOTOPBIX
cilydasix 9To 1enecooOpasHo. Ho Mbl noiiiem Ha XUTPOCTh U YIIPOCTHM 3aJady, CO3/1aB S3bIK JUIs
OIMCaHMs MaTeMAaTUUECKUX Mojiesel 3aadu. Tem caMbIM Mbl BO3JI0KMM Ha Yy>KUE 1Y TPY
10 COCTABJICHUIO TaKOM MOJIENN, BOCIIOIb30BaBIIMCH MOMYJSpHBIM B chepe T npunnunom
"CMXHYTh paboTy Ha ro3epa'. 320/1HO MPUMEHUM U NPUHIUI "TIOBTOPHOI'O MCIIOJIb30BaHUA",
BOCIIOJIb30BaBLINCH OIIBITOM, HAKOIIJIEHHBIM 0OJI€€ YEM 3a JIBa ThICSIUEIETHsI pa3BUTHS JIOTUKU U
MaTEMaTHKHU. DTOT OIBIT MOACKA3bIBAET, YTO JI1 MOAEIUPOBAHUS CTOJIb YTOJHO CIOXKHBIX
B3aMMOCBSI3€H JOCTATOYHO JIBYX MOHATHIA - pyHKIMHN 1 oTHOmEHHA. Ha camoMm gene moctaTogHo
¥ OZIHOTO U3 HUX, HO MBI HE OyJIeM CIIMIIKOM SKOHOMHBIMHU.

Kak yxe roBopuiocs, 31o 0yaet ghopmanuzo8antulii A3viK, TO €CTh SI3bIK CO CTPOTO
OTpeIeIEHHBIMU MTPaBHJIaMU TOCTPOCHUS 8bIpAdCeHULl - OOBIYHO LIETIOYEK CHMBOJIOB U3
HEKOTOpOro angasuma. [IpaBuna mOCTPOSHUS BBIPAKEHUN OMPECNAIOTCS 3a1aHueM
dbopManbHON TpaMMATHKH, TMOO APYTHM CIIOCOOOM, TIO3BOJISIONIUM BBISICHUTD, SIBIISIETCS JI
JaHHAs [IEeT0YKa "TIPaBWIHbHONU" (M BO3MOYKHO ONIPENEIUTh €€ TPaMMaTHUECKYI0 KaTeTOPHUIO).
TOYHBIM ONMCAaHUEM S3BIKOB 3aHUMAETCS TEOPHs (POPMaIBHBIX S3bIKOB. MBI jk€ OrpaHUYIUMCS
a0CTpaKTHBIM CUHTAaKCHUCOM si3bIKa. TO ecTh OyJieM MPUHUMATh BO BHUMAaHUE TOJIBKO
IrpaMMaTUYECKUE KATETOPUM BBIPAKEHUN U CTPYKTYPY UX BIIOKEHHOCTH, OTBJIEKAsACH OT
JIEKCUKHU W TIPaBUJI 3aMIMCH BBIPAXKEHU B BUJIE TIOCIIEI0BATEIbHOCTH CUMBOJIOB. Hanpumep, Tpu
OECIIOYKHU CUMBOJIOB:

1. p(a) A q(a,b)
2. Kpaqab

3. (and(pa)(qab))

MO’KHO PaccMaTpHBaTh KaK Pa3INUHbIC TEKCTOBBIC MTPECTABICHHS OTHOTO M TOTO XK€
"abcTpakTHOro" BeIpaskeHus. [IpencraBnenne He 0043aTeNbHO TOMHKHO OBITH TEKCTOBBIM. DTO
K€ BBHIPAKEHHE MOTIIO ObI BBITTISICTD H TAK

— 71— pla

. a@b

OnwceIBast MPeIMETHYIO 00JIACTh, MBI TOBOPUM, TIPEXKIE BCETO, O HEKOTOPBIX CYUYHOCHIAX,
KOTOpBIEe OyJIeM Ha3bIBaTh TAKXKE MPEeaIMETaMH U 00bekmamu (HEB3Upasi Ha MOMBITKH
y3ypHupoBaTh 3TOT TepMUH cO cTopoHBl OOII). DTH cymHOCTH 00pa3yOT MHOXKECTBO,



MMEHYEeMOe YHHBEPCYMOM paccMoTpeHHs. Ha 3ToM MHOXKECTBE ONPENEISIIOTCs pYyHKyuu 1
npeduxamul (CBONCTBA M OTHOIICHUS ), BRIP)KAIOIINE B3aMMOCBS3H MEX/Ty CyITHOCTMU. Ha
BCSIKWH CITy4ail yTOYHHUM, YTO TEPMUHOM (YHKIUS MBI 0003Ha4aeM He To Oe300pasue, KOTopoe
Ha3bIBAIOT 3TUM CJIOBOM B CH, a MaTeMaTHUECKOE MOHATHE, BEIpAXKAIOLIee UICI0 OJHO3HAYHOTO
COOTBETCTBHUSL.

UT0oOBI UMETH BO3MOXKHOCTH (DOPMHUPOBATH YTBEPKICHHS BBEAECM B SI3BIK CUMBOJIBI - UIMEHA IS
00bekTOB, PyHKIMH U ipenukaToB. COOCTBEHHBIE MMEHA OOBEKTOB HA3BIBAIOT MIPEIMETHBIMU
KOHCTaHTaMH, a (YHKIIMA U OTHOIIICHUI COOTBETCTBEHHO (DYHKIIMOHAILHBIMH U MTPEIUKATHBIMU
(penstmoHHBIMM ) KOHCTaHTaMH. Kaxx o (pyHKITMOHAIBHON U PENIAIIMOHHON KOHCTAaHTE
MPUITHCAHO YMCIIO HAa3bIBAEMOE €€ apHOocmbio (2 TaKKe MECTHOCTBIO HIIM paHrom). YacTto
peIMeTHbIe KOHCTaHTHI YJOOHO paccMaTpuBaTh Kak HyJbapHble (pyHKIHOHANIbHBIE. U3
MPEeIMETHBIX ¥ (PYHKIIMOHAIBHBIX KOHCTaHTa (POPMHUPYIOTCS CIIOKHBIE IMEHA 0OBEKTOB -
mepmol. TepMm onpenensieTcs: Kak Beipakenue suaa f(ty,...,t,), rae f - n-apras GyHKIHoOHaIbHAS
KOHCTaHTA, a ty,...,t,-TEPMBI U 0003HAaYaET OOBEKT, OTyYaeMblii IpruMeHeHneM (yHKuuu f K
00BeKTaM ty,...,tn. Dnemenmaproe npednoxcenue - BeIpakeHue Buaa r(ty,...,t,), TIe T - n-apHas
peNsIMOHHAs KOHCTAHTA, a ti,...,t,-TE€PMBL. ITO MPEATIOKEHNE BBIPAKAECT MBICIIb, YTO OOHEKTHI
ti,...,tp HAXOZIATCS B OTHOIICHUU T, a B ciIydae n = 1 - 4To 00beKT 001a1aeT CBOICTBOM T.
HynbMecTHbIC pensainoOHHbBIE KOHCTAHTHI (IIPOMO3UIIMOHANEHBIC KOHCTAHTHI) MPEACTABIISIOT
aTOMapHbIe BbICKa3bIBaHUS, TO €CTh TAKHE BBHICKA3bIBAHUS, BHYTPEHHSISI CTPYKTYpa KOTOPBIX
HeCyIIeCTBEHHA. boiee CI0XKHbIe MPEI0KEHUS CTPOATCS C IPUMEHEHUEM JI02UUECKUX CBA3OK:
oTputianus (—), KOHBIOHKINHU (A), TU3BIOHKINHA (V), IMIUTHKAIUHU (=), SKBUBAJICHTHOCTH (<&>).

OrnucaHHbBIN S3BIK TTO3BOJISIET AENATh TOIHKO BEChMa KOHKPETHBIC YTBEPKACHUS OTHOCUTEIIBHO
OTAEIBHBIX 00BEKTOB. UTOOBI TOOUTEHCSA OOIBIIEN OOIIHOCTHA BBEAEM CIIEIIMAIBHBIE CHUMBOJILI -
nepemeHHble, KOTOPhIe MOKHO TOJICTABIIATh BMECTO UMEH OOBEKTOB M TAKHM 00pa3oM
MpeBpallaTh MPeI0KEHUS B BbICKa3bIBaTeIbHbIE (GOpMBI (hopmyawt). Takas hopmyna yxe He
BBIPAXKAeT OMPEICIICHHON MBICIIH, HO €€ CHOBA MOXHO MIPEBPATUTH B MPEIOKECHHE, CBSI3AB
nepeMeHHble kgaHmopamuy. TpaaulIMOHHO B JIOTHKE YIIOTPEOIIAeTCs ABa BUIa KBAHTOPOB:
BceoOmHocTH (V) u cymectBoBanus (3). Ecnu F nexkoropast popmyna, conepxaras
€MHCTBEHHYIO TIepeMeHHY10 X, To (VX: F) - mpemoskenue yreepkaatomiee, uto F BEIIoTHSETCS
JUTSL BCEX paccMaTprUBaeMbIX 0OBEKTOB, a (IX: F) - mo kpaitHeit mepe, 71 OTHOTO W3 HUX. Takum
00pa3oMm, MOSBISIETCS BO3MOXKHOCTh OMKCHIBATH B3aUMOCBSI3U MEX 1y Ipeaukatamu. Hanpumep,
JieNaTh TaKue 3HaMEHUThIE YTBEPKACHUS, KaK

(VX : uenoBek(X) = cMepTeH(X))
WIN
(Vx: Vy: ynpaBaom(x) A uenoBek(y) = npyr(x,y) ).

JI0BOJIBHO 4acTO KBAaHTU(UKALMS IEPEMEHHBIX TPOU3BOAUTCS HEABHO. 3HAKOMAs! CO IIKOJIBI
dopmyna (x + y)2 =x>+ 2xy + y2 YTBEpKJIaeT UCTUHHOCTh PAaBEHCTBA ISl JIIOOBIX 3HAUCHHH X U
y U C TOYKH 3peHHs (HPOPMaJIbHOM JTOTMKH JJOJKHA 3aIMChIBATHCS C UCIIOJIb30BAaHUEM KBAaHTOPOB
BceoOmHocTH. Ho 1o o0menpuHsThIM corameHusM cBOOOIHbIC BXOXKICHHS TEPEMEHHBIX
TPAKTYIOTCSI KaK yKa3aHUE Ha BCEOOIHOCTh. TO ecTh NpuBeIeHHAast (OpMyJia CUUTAETCS
coxpautenneM mrs (VX:Vy: (x +y)* =x" + 2xy + y°).

[Tomy4yeHHBI S3bIK OOBIYHO HA3BIBAIOT S36IKOM NEPBO2O NOPSOKA, A TEOPUH, UM OITUCHIBAEMbIE
meopuamu nepo2o nopsaoka. OH MO3BOJSET OMHUCHIBATH ONPEIEICHHBIN KIacc MoJeneil -
anreOpanvecKkrue CUCTEMBI. JTO OJ[HA U3 HanboJiee OOIMX MaTEMaTUYECKUX CTPYKTYP -
3HAYUTCIIbHAA 4aCTh MaTEMAaTHUKHU ITOCBAIIICHA UCCIICI0OBAHUIO UX pa3HOBHHHOCTCﬁ.



Aneebpauueckas cucmema TPEICTABISIET COO0 MHOKECTBO C ONPECIICHHBIMHI HA HEM
(GYHKIUSAMU ¥ OTHOIICHHUSIMH (TIpeiuKaTtamMu). Eciii cuctema coepHUT TOJIBKO OTHOIIEHHSI, TO
€€ Ha3bIBAIOT PelAyUOHHOU cucmemoli (MM MOJIENBIO, HO 3TOT TEPMHH U TaK NMEPErpykeH), a
€CJIM TOJILKO OTICPAINH - (VHUBEPCANbHOU) aleeOpOU.

NuTepnperanny s3bIKa OMPENENISIOTCS MyTEM COMTOCTABICHNUS UIMEH ¢ 00bEKTaMH CHCTEMBI.
[IpenmeTHBIE KOHCTAHTBI OTOOPAXKAIOTCS HA 3JIEMEHTHI, (YHKIMOHAJbHbBIE HA (DYHKIINH,
pESAIMOHHBIC Ha OTHOIIEHHS. TakuM 00pa3om, Kax10e MpeIoKEeHHE TPEBPAIacTCs B
YTBEPKJIEHHE OTHOCUTEIIBHO OOBEKTOB CUCTEMBI I UMEET CMBICII TOBOPUTH O €0 HICTUHHOCTH
i JoxHOCTH . TOT (akT, uto mpemtoxkerne P ucruano B M 3amucsiBaror kak (M)|= P. Bee
UCTUHHBIC TIPEATIOKEHHSI 00pa3yoT TEOPUIO JTaHHOM cucTeMbl. MoXKHO aaxe GpopMaibHO
OIIPEICIUTh

Th(M) = {P : (M)|= P}.

OO6patHo, 151 1000 TEOPHH MOKHO OTIPENIEIIUTH KJIACC BCEX €€ MOJIENEH, TO €CTh TAKHX
MHTEPIIPETALNN, IPU KOTOPBIX BCE MPEI0KEHHS TEOPUN UCTUHHBI

Mod(T)={M:VP.PeT= (M)=P}

OT0 JaeT HaM OCHOBAHMS BBECTH OTHOIICHUE 102UUECK020 C1e008aHusl. MHOXKECTBO
npemnoxenuit T, (morudeckn) cnemyet u3 MHOkecTBa npemnoxkenuit T (T [=T,),ecnu mrobas
Mojelb T sBagercss MOACHILIO U 11 T5.

(T] |= Tz) = MOd(Tz) c MOd(Tl)

B ciyuae eciu T, cOCTOUT U3 OAHOTO MIPEIUIOKEHMS, 3TO ONPEAECICHUE IPUHUMAET BUJ:
npeioxxenue P cieqyer uz Mmuoxkectsa npemioxxkenuit T (T |= P) ecniu P uctunHO B o060
monenu T.

Hekotopsie npennoxxenusi, OyayT HICTUHHBIMU NIPH JII000M HHTEpnpeTanuu. Takue
HPEJIOKEHHSI HA3bIBAIOTCS MOACOECMBEEHHO UCIMUHHBIMU, WIIA Masmoao2uamu. Y TBEpKIeHHE
"P - TaBTONOTHA", KPATKO 3aITUCHIBAIOT KaK |[= P, 4To MOXHO moHMMaTh Kak & |= P.

MHOKeCTBO BCEX TaBTOJIOTHH, 00pa3yeT TEOPHIO0. DTa TEOPHUsl HA3BIBACTCS JI02UKOU NEPBO2O
nopsoka. IHoTa ee Ha3bIBAIOT U J102UKOU NPeOuKamos, Ho, Kak MPaBUIIo, MMOCIETHUN TEPMHUH
OTHOCHUTCSI K TEOPHSIM PENSIIIMOHHBIX CHCTEM, TO €CTh K TEOPHSIM, SI3bIK KOTOPBIX HE COJCPIKUT
(GYHKIIMOHATBHBIX KOHCTAHT. C APYToii CTOPOHBI, MOYKHO MOTIBITATHECST OOOUTHUCH O€3
PENSIIIMOHHBIX KOHCTAHT. [IOHATHO, 4TO cCOBCeM 0e3 HUX Helb3s, Beh HEOOXOAUMO KaK-TO
dbopmupoBath npeioxeHus. Ho moctatodno Bcero ogHoM, 00baHO 0003HavaeMoit "=" u
UHTEPIPETUPYEMOI KaK OTHOIICHHUE PABeHCmEd, TO €CTh UICHTHYHOCTH ABYX O0OBEKTOB. DTO
OTHOIICHHUE HACTOJIHKO BaXKHO M IOJIE3HO, YTO YACTO €r0 BKIIFOYAIOT B TIOHATHE JIOTHKHU TIEPBOTO
TIOPSI/IKA, XOTSI BCE YK€ TOJIE3HO PA3NENATh "YMCTYI0" JIOTHKY TIEPBOTO MOPSAKA U JI02UKY NEPBOCO
nopsioxa ¢ pasencmeom. ECIv ke Bce MPEIITI0KEHUS JIOTHKY TPECTABIIIOT COO0H paBeHCTBA,
TO €€ HAa3BIBAIOT IKEAYUOHANLHOLL IOSUKOTL.

JI0BOJIBHO 4acTO COBOKYIHOCTh pacCMaTpUBAEMbIX MPEIMETOB €CTECTBEHHBIM 00pa3oM
pa3zbuBaeTcs Ha KJIacChl, IPUUYEM PA3JIMYHbIE OTHOIIEHUS UMEIOT CMBICI TOJIBKO JUIsl 0ObEKTOB
OTIpeIeNIeHHBIX KJIacCoB. TakuM 00pa3oM BO3ZHUKAIOT MHO20COpMHbLE aleedpauyecKue cucmembl
U COOTBETCTBEHHO MHO20copmHble no2uky. C Kax 10l NpeAMETHON KOHCTaHTON U EpEeMEHHOMN
CBSI3bIBAETCS OINPENEIICHHBIN copm UK mun, a ¢ PyHKIMOHAIBHON U PEISILIMOHHOM -
cueHamypa, T0 e€CTh HabOp TUTIOB apryMeHTOB. CHHTaKCHUYECKH MPABIILHBIMU CUUTAIOTCS



TOJILKO T€ ()OPMYIIBI, B KOTOPBIX COOIIOIaeTCs COOTBETCTBUE TUTIOB. [Ipy mHTEpIIpeTanuu
Ka)XZIOMY THUITy CTaBUTCS B COOTBETCTBUE ONPEACIEHHOE MHOKECTBO OOBEKTOB - OOMeH THUTIA.
['maBHOE TOCTOMHCTBO MHOT'OCOPTHBIX JIOTHK - BO3MOYKHOCTh YHCTO CHHTAKCUYECKH ONPEIEIIATh
0eCcCMBICIIEHHOCTh HEKOTOPBIX BhIpaxkeHUI. Kpome Toro, mosiBisieTcs BO3MOKHOCTb
YHUPUITUPOBATH TOHATHS (YHKIIUU ¥ OTHOIICHWUS. [[JIsI 3TOT0 TOCTaTOYHO BBIICIIUTH
oTpeieNIeHHbIN "ITOruYecKuil" TUII, MPECTABIAIONINNA MHOXKECTBO {JI0Kb, UCTUHA} U
UICHTU(QHUIMPOBATH OTHOMICHUS C (PyHKIUAMHE Jormdeckoro Tuma. K coxaneHnto, BMecTe ¢
3aBeIOMO OECCMBICICHHBIMU BBIPAKESHHUSIMH IO/ 3aPETOM OKa3bIBAIOTCS U BIIOJIHE Pa3yMHBIE.
Tak, TepsieTcsi BOSMOKHOCTB OIPENENATh 00Ire QYHKINU 1 OTHOMmEHHs. OTpeieIeHHOTO
KOMIIPOMHUCCA yIaeTcsi JOOUTHCS, YCIOKHSS CUCTEMY THIIOB, HAIIPUMEP, BBOJIS OTHOIICHUE

nopsaKka MExXay TUIlaMU, KOTOPOMY COOTBETCTBYET OTHOIICHUC BKIIIOYCHHA MCKAY JOMCHAMMU.

TepMuH "noruka nepBoro nopsjka’" HaBOJUT HA MBICIIb, YTO BO3MOJKHA JIOTHKA ""HE TIEPBOTO
nopsinka'. JleficTBUTENbHO, M PYHKIIMH U OTHOIIECHUSI MOKHO pacCMaTPUBATh KaK CYIIHOCTH,
KOTOpbIE CAMH MOTYT OBITh apryMeHTaMH (PYHKIIUH U OTHOLIECHUNA. MO>KHO BBECTH NMPEAUKATHBIC
Wwin QYHKIMOHAJIbHBIE IEPEMEHHBIE M KBAHTOPBI 110 TUM IepeMeHHbIM. Emé oHa naTepecHas
BO3MOXHOCTb - (POPMHPOBAHUE a0CTPAKIUIL 110 BEIPAXKEHUSAM, HaIIpuMep "00bEKT, 00Iagaromuit
cBoiicTBOM p" (TX : p(X)), MJIM MHOXKECTBO TaKUX OOBEKTOB {X : P(X)}.

Taxoro posa Teopur HOCAT 0O1Iee HAa3bIBaHKUE "JIOTHKH BBICIIEro nopsaka”. Mix MHoroodpasue
ype3BbIYaitHo Besmko. CoOCTBEHHO, enié cuctema dpere gomyckana GyHKIIMOHATBHbBIE
IepEeMEHHbIE U KBAaHTOPHI 110 HUM, (TO €CTh ObljIa IOTHKOW BTOPOTO MOPSIIKA) YTO MO3BOJISIIO
MPEJICTaBIISITh YTBEPKICHHUS HEBBIPA3UMBIE B A3BIKAX MEPBOT0O MOPsIKA, HAPUMED, JaTh
OIpe/ieNIeHNE PaBEHCTBA:

x=y=(Vp:p(Xx) = py))

OpHako Mpy MOCTPOSHUH TaKUX CUCTEM BO3HHMKAIOT 3HAUUTEIbHbIE TPYAHOCTH. Tak cucrema
®pere okazaiach MPOTUBOPEUNBOMA, KAK K MHOTHE APyTHE MOI00HBIE TOTUKHA. UTOOBI H30aBUTCS
OT MIPOTUBOPEUUI MPUXOJUTHCS HAKJIaJbIBATh OTPAaHUYEHHUS Ha SI3bIK 3TUX Teopuil. Haubomee
IUIOJOTBOPHBIM M3 HUX 0Ka3aJ0Ch BBEICHUE TUMM3ALMH, I03TOMY MHOTHE JIOTUKHU BBICILIETO
Mopsi/iKa TOJMyYrSId Ha3BaHue "Teopuu TUNOB". [lepBas moaHOCTHIO (hOopMaITM30BaHHAS JIOTHKA
BBICILIETO NOpsJKA - "mpocTas Teopust TUNoB" Yepua nopoausa MHOXKECTBO Bapuanuil. OqHy u3
HHX MBI PACCMOTPHM’.

SI3BIK TEOPHUH CONEPIKUT IBE KATETOPHH BBIPAYKEHUH TUITBI U TEPMBI, IPHYEM KKIOMY TEPMY
cooTBeTcTBYeT TuN. Kaxkaplil TUI A SIBIISIETCS IMEHEM HEKOTOPOTro MHOXkecTBa Dy - momena
tuna. [Ipu nocTpoeHnn Teopun UCXOIAT U3 6a30BOr0 CEMEHCTBA TUTIOB, KOTOPHIE BKIIIOUYCHEI B
andaBuT A3bIKA.

MHOX€ECTBO BCEX THUIIOB ONPEIEISACTCS UHIYKTUBHO Ha OCHOBE 0a30BBIX THUIIOB C
UCOOJIL30BAHHEM CUMBOJIOB "—'" 1 "x".

1. Ecimu A u B - tunsl, To A x B - Tun, npencrapisiomuil 1eKapToBO IPOU3BEICHUE
COOTBETCTBYIOIIUX JOMEHOB Dax Dp.

2. Ecmu A u B - tunsl, To A— B - Tun. CooTBETCTBYIOIINNA €My TOMEH - MHOXECTBO
otoOpaxenwuii u3 Da B Dp

Kpome THros, angaBur s3bIKa COACPKUT KOHCTAHTHI U TIEPEMEHHBIC, C KOKIOH M3 KOTOPBIX
CBs3aH TUIL. TepMbI CTPOATC 10 CIEAYIOLINM IIPaBUIIaM:

1. KoncrtaHTa uiu nepemMeHHas Tuna A - Tepm Tumna A.



2. Ecmuawub - Tepmbl Tuna A u B cooTBeTcTBeHHO, TO <a,b> - TepMm THma AxXB.
Tepwm <a,<b,c>> yca0BUMCS 3aMMCHIBATh Kak <a,b,c>. AHAJTOTUYHO JIs JTFOOBIX 4, ...,
3ammch <aj,...a,> OyJeT o3HavaTh <a;,<ap,...ap>...>.

3. Ecmu f - repm Tuma A— B u a - Tepm tuma A, to f(a) - repm tuna B.
Tepwm f(<ay,... a,>) Oynem 3anuceiBath B BujE f (ay,... a,). Takum oOpa3om, X0Ts Bce
(GYHKITUN OJJHOMECTHBI, MOKHO HCIIOJIB30BATh MIPUBBIYHBIA CHHTAKCUC MHOTOMECTHBIX
GyHKIHA.

4. Ecnut- tepMm THna B u x - nepemenHast Tuna A, 1o (A x.t) - repm tHna A—B.

[TocnemHee mMpaBHUIIO IO3BOJISIET BBOAUTH CIOXKHBIE HMEHA (DYHKIIUH, TO €CTh ONPEACTISATh
(dyHKLIMH, HE 1aBast UM SIBHBIX MMeH’, I'oBopsT, 4TO NIEpEMEHHAS X C643aHA, €CIIA OHA
BCTpEYaeTCs BHYTPH BhIpakeHUs BUna (A x.t) u c60600Ha B IpyTUX BRIpAXKEHUAX. TepM, He
COJep KAl CBOOOTHBIX TIEPEMEHHBIX, HA3bIBACTCS 3AMKHYMbIM, WM OCHOGHbIM. TOIBKO
OCHOBHBIM TCpMaM MOKHO ITPUITHCATh OHpe)IeJ'ICHHBII\/JI CMBICJI U ICJIBKO BBCACHU A HepeMeHHOI\/JI
SIBIISICTCS €€ MOCIeayoliee cBsi3biBanne. Hampumep, BeipakeHue (A X . X*X ) ONUCHIBACT
¢yHKUMIO BO3BeIeHUS B KBaApar. I1o cyTu, OHO y»e He COAECP)KUT MEPEMEHHBIX U MOXKET OBbITh

NIPENCTABIIEHO B BUIE:
e x 8 D{:}@*
[ U

AndaBuT sI3bIKa COACPIKUT MIPEAOIPEACIICHHBIN TUTT B, TOMEHOM KOTOPOTO SIBISIETCS
ABYX3JICMCHTHOC MHOXKCCTBO HCTUHHOCTHBIX 3HA4YCHUU {.HO)KB, I/ICTI/IHa} " CTaHOApPTHBIC
JIOTUYECKHE KOHCTaHTHI:

e T uF tuna B.
e —Ttnmma B— B.
e AVv,=>, & 1A (B x B) »> B.

KpOMe TOTO, JJId KaXXJ0I'0 THUIIa A, HMCIOTCH CIICAYIOIUC KOHCTAHTHI.

e =, 1uma (AxA) — B - oTHOmIeHHe paBeHCTBa HAa Da.
o XpulljTima (A—B) > B.

Tepmsl Tra B Ha3wpiBatoTCst GOpMyIaMu, a 3aMKHYTBIE POPMYJIIBI - TTpeaoxeHussMu. OyHkrwst f
tuna (A— B) sBnsieTcs npeaukaToM Ha A U BeIpakaeT HEKOTOPOE CBOMCTBO OOBEKTOB THIIA A.
Torna I1(f), o3navaet uto f Bcrogy npuHumaet 3HadeHue T, To €CTh YTO 3TO CBOMCTBO
BBITIOJTHSETCS 1151 BceX 00bekToB Tuna A. X(f) o3Hauaet uro f npuaumaet 3nadenue T, o
KpaifHeil Mepe, B OJHOM CiIydae, TO €CTh CYIIECTBYET XOTs Obl OJJUH O0BEKT, 00JIaAAIOIINIA STUM
cBoiictBoM. Tepmbl Buza X(Ax.t) u [1(Ax.t) MmoxkHO 3anuchiBaTh Kak (Ix: t) u (Vx: t) MOCKOJIBKY
OHHM BBIPAXKAIOT UMEHHO 3TOT cMbIci. OnpeaeneHne MO TEOPUU U OTHOLICHHSI IOTHYECKOTO
CJIEIOBaHMS BBIIIOJIHAETCS TaK )K€ Kak JJIsl JIOTMKH IepBOro nopsaka. Mimeercs, onqHako, ogHa
TOHKOCTh. YacTo paccMaTpuBaIOT Hecmanoapmmbvie MOJENH, B KOTOPhIX A—B
UHTEPIIPETUPYETCA HE KaK MHOXKECTBO BcexX (pyHKIui u3 A B B, a kak MHOKECTBO (PEKYpPCHUBHO)
BBIYUCIUMBIX (DYHKITHIA.

DopMaibHbIe CUCTEMBI.
Br1OpaB onpezieeHHy0 JIOTUKY, MBI MOKEM OIUCATh MHTEPECYIOILYI0 HAC MPOOIEMHYIO

obsacTh HabOpoM yTBepkaeHNUN. OTHOIICHHE JIOTUUECKOTO CIICIOBAHUS ONIPEIETIsET, KaKue
npeioxKeHus OyayT BEPHBIMH CIEACTBUSIME 3TUX yTBEpKIAeHHH. OJHAKO BEIb MBI



IperoiaraeM, 9To MalllnHa HIYEeTo He 3HaeT 00 MHTEPIPETalusIX U MOACTAX. 37ech Ha
MIOMOILb NTPUXOJUT AKCUOMAaTHYECKUM METOI, 3aMEHSIOLIUN CONECPKATEIbHBIE PACCYKICHUS
9iCcTO (pOpMaTBHBIM MAaHUITYIMPOBAHUEM BBIpaXeHUIMHU. Dopmann3aius akCHOMaTHIECKOTO
METO/1a IPUBOIUT K HOHATUIO POPMANLHOU CUCHeMbl WU UCUUCTIEHUSL.

dopmasbHas cucTeMa COCTOUT U3 (POPMAIM30BAHHOTI'O SI3bIKA U MEXaHU3Ma BBIBOJA.
ITocnennuii, B CBOIO 04epeb, COCTOUT U3 NPAGUTI 6616004, KOTOPBIE IO3BOJISIOT U3 OJHUX
IPEeJIOKEHUH MOTyyaTh JpyTrue U HEKOTOPOTr0 MHOKECTBA MTPEUI0KEHUH, Ha3bIBAEMBIX
axcuomamu. ITocien0BaTeNbHOCTh MPEATOKEHUN, KaXKJ0€ U3 KOTOPBIX JINOO SIBIISAETCS
aKCUOMOM, JTMOO MOITYYEHO U3 MPEIbIIYLINX OCPEICTBOM OAHOTO U3 NIPABUJI HA3bIBACTCS
@opmansHbIM 6b16000M U 00KA3AMENLCMBEOM, A TIPEIUIOKEHHUS, TI0JydaeMble B IIPOLIECCE
BBIBOJIA - meopemamu. YTBepxaenue "P - Teopema" 3anuceiBaercs kak |- P.

3ameTnMm, 4To (popMabHas cCUCTeMa - JIOBOJIBHO MKpPOKoe nmoHsTue. Hanpumep, hopmansHbie
rpaMMaTHKU IPEJCTaBISAIOT cO00M pa3sHOBUIHOCTh HCUUCIIEHUH ('"TeopeMamMu" TpaMMaTHKU
OyIyT LEeNOYKH €10 opoxaemMele). Takoe onpesesieHne HECKOJIbKO IPOTUBOPEUUT
UHTYUTUBHOMY IIOHUMaHHIO cioBa "Teopus". Hac OyyT uHTEpecoBaTh CUCTEMBI TIOCTPOECHHbBIE
Ha OCHOBE JIOTHYECKHUX SI3BIKOB U, IPEXKJIE€ BCETO T€X, KOTOPhIE Mbl PACCMOTPEIH.

JloGaBiss k akcnomaM (opMalIbHOM CUCTEMbI HOBbIE aKCHOMBI, MbI TTOJIyYMM HOBBIE TEOPEMBI.
Taxum 00pa3oM ycTaHaBIMBaeTCs OTHOILIEHHE BEIBOAUMOCTH. Ipeanoxenue P evi600umo u3
mHOXxecTBa npeatokennid T (T |- P), ecriu oHO CTaHOBUTCS TEOPEMOit IPH JOOABIEHUH K
MHOXECTBY aKCUOM IOCBLIOK T.

BecbMma jxenaTenbHO YTOOBI HCUMCIICHHE TTO3BOJISUIO BEIBOUTH BCE HCTHHHBIC YTBEPIKIACHUS.
3T0 CBOMCTBO Ha3bIBaeTcs nornomou ucuucienus. Emeé 6onee BaxkHa koppekmHuocmy -
BBIBOJIMMBIMH JOJDKHBI OBITh TOJIBKO HCTHHHBIC YTBEpKACHUS. Eciu ncuncnenne KOppeKTHO 1
MoJIHO, TO OTHOMIeHHs Torndeckoro cinenoBanus (T |= P) u seiBogumoctu (T |- P)
SKBUBAJICHTHBI. HECKOIBKO XOPOIIIO N3BECTHBIX aKCHOMAaTHYECKUX CUCTEM JUIS JIOTUKH MIEPBOTO
nopsiika 001a1at0T 000MMH STHMHU CBOWCTBAMH. XYK€ 0OCTOUT /110 C JIOTHKAMH BBICIITNX
nopskoB. Berenctare Teopembl ['eienist 0 HEMOTHOTE" 9TH JTIOTHKH HE MOTYT GBITh BIIOITHE
akcuoMaTH3upoBaHbl. Ho eciu mpu mOCTpoeHnU MOAENeH OrpaHUYUTCS TOIBKO BEIYUCIUMBIMU
(GYHKIHMSMU, TOJTHOE NCYUCICHUE MOKHO TIOCTPOUTD U JUIS HUX.

Hamnune hopManbHBIX paBUII BEIBOA MO3BOJISET aBTOMAaTHIECKU TIPOBEPSTH MPABHILHOCTh
JI0Ka3aTeNbCTB, HO HE JaeT METO/1a HaXOIUTh 3TH JJoKa3aTeiabcTBa. TakuM o0pa3oM, ocTaeTcs
HESICHO KaK MCKaTh OTBET Ha MOCTABJICHHBIN BOMPOC. M teabHBIM pereHreM ObLTo Obl HaTnane
paspewiaroujeti npoyedypsl - ANITOPUTMA ONPEAEIAIOIIEr0 IPUHAICKUT JIU MPeI0KEHNE
naHHoi Teopun. K coxaneHuio, N3BECTHbIE pa3peliuMble HCUUCIIEHUS - JIOTUKA BHICKA3bIBAHUI
U JIOTHKA KJIacCOB (TO €CTh JIOTHKA OJTHOMECTHBIX MIPEUKATOB) OKA3bIBAIOTCS OUYEHb
OTpaHUYEHHBIMU B BBIPA3UTEIbHBIX BO3MOKHOCTSIX, @ CKOJIbKO-HUOY1b HHTEPECHBIE TEOPUN
NPUHIUIHAIBHO Hepa3pemMbl. Bripouem, 3TOT pakT He T0mKeH Hac CMyLIaTh - JTr00as Teopus
KOTOpas criocoOHas onucath padoTy, CKa)keM, MalliHbl ThlopuHra OyAeT Hepa3peluMOn.
Jlyudiee, 4TO MOXKET TapaHTUPOBATh JH000I METO/, €CIIM pelIeHHe CYLIECTBYET, TO OHO OyAeT
HanaeHo. HauBHBINM MOAX0 K peanu3aluy pa3pearonie Ipoueaypsl - HCXOAs1 U3 aKCHOM U
II0JIb3YSICh IPABUJIAMU BBIBOJIA TI0JIy4YaTh BCE HOBBIE U HOBBIE CIIEJICTBUS, [I0KA HE NOJIy4YUM
UHTEpecylomee Hac npeiokenue. HeaddexkrnBrocTh Takoro metona oueBuana. ['opasmo
Oosble obeniaeT 0OpaTHBIN METOJI: B3ATh MHTEPECYIOIee HAC NPEJIOKEHHE U BBIICHUTD U3
KaKHX MOCBUIOK OHO MOKET OBbITh MOIYYEHO, 3aTEM MPOaHATIM3UPOBATh 3TU MOCBUIKU U T. 1.,
II0Ka He NpuAeM K akcuoMaM. OIHaKko, ¥ Ha 3TOM ITyTH HAcC MOJCTEPEratoT TPy IHOCTH B BUJIE
TaK Ha3bIBAEMBIX "KOMOWHAIIMOHHBIX B3PHIBOB" - HEKOHTPOJIUPYEMOTO POCcTa 00BEMOB
BBIYMCIICHH.



OrpaHuyeHusi peajJbHbIX I3bIKOB.
[Tpu pa3paboTKe peabHBIX SI3BIKOB MPOTPAMMHUPOBAHUS IPUXOIUTHCS UATH HA KOMIPOMHUCC U
JKEPTBOBATH MOJIHOTOM, @ MHOT/Ia U KOPPEKTHOCTHIO. (XOTS ToclieIHee KpaliHe HeXKeIaTeIbHO 1
00bI4HO HetenecoobpasHo. Kak mokazana ucropus pa3sutus Jlucma, Beaymiee K
HEKOPPEKTHOCTU JUHAMHUYECKOE CBSI3bIBAHUE MEPEMEHHBIX OKa3aJI0Ch U MeHee AP (EKTUBHBIM,
XOTS MOHavaly Mpeamnoaraiocs oopataoe.) Kpome Toro, n3BecTHble B HACTOAIIEE BPEMs
METO/Ibl peasin3allui TPeOYIOT CYIIECTBEHHBIX OTPaHUYEHUN KaK JUIsl OpMYJI, KOTOPBIE 3a4at0T
TEOPUIO, TaK U 7151 GOPMYJI UCHIOIB3YIOUINXCS B 3aIIPOCaAX.
BoABIIMHCTBO JIOTUYECKUX A3LIKOB nporpaMMupOBaHud OCHOBAHbI Ha IMMOJAMHOXKCCTBAX JIOTUKEC
nepBoro nopska. B IIponore ncnonb3yeTcst TOruKka XOpPHOBCKUX MPEUIOKEHUN. DTH

npeIoxKeHHs (Ha3bIBa€MbIe TaK)Ke OMPEACTUTEILHBIME MPEINI0KESHUSIMU UIH XOPHOBCKMU
JTU3BIOHKTAMH ) UMEIOT BU:

GiAn.AGy,=H
i, 6oJee CTporo
(VX1...Xm: GiA...A Gy = H),
YTO SKBHBAJICHTHO
(VX1..XK: (FXks1...Xm: GiA..A Gy) = H),

rae H u G,...G, - anemenTapabie GOPMYIIBL, X|...Xy, - IEPEMEHHBIE, BXOAIINE B (HOPMYIIHI,
MPUYEM Xj...Xx BXOIAT B H, a Xy+1...Xp, -"'IOKaNbHBIE" IepeMenHbie, Bxoasmue B Gi...Gy.

UToOBbI cTaJIO MOHATHEE, PACCMOTPHUM IOIYJISAPHBIN IPUMEpP U3 00J1aCTH CeMEUHBIX OTHOIICHUH.

Ecnu cymecTByeT HEKOTOPBIN Z, TAKOM, YTO X - ChIH Z , @ Z - ChIH Y, TO X - BHYK Y. @opMaibHO
ATO MOYKHO 3aIMCaTh B BUJIC

(Vx:Vy: (3z: cpiH(X,Z) A CBIH(Z,y) = BHYK(X,Y))
WJIH, MOKET ObITh MEHEE €CTECTBEHHO,

(Vx: Vy: Vz: cbIH(X,Z) A CBIH(Z,y) = BHYK(X,Y))
OITyCKasi KBAaHTOPbI, OJTy4aeM

CBIH(X,Z) A CBIH(Z,Y) = BHYK(X,Y)
yto Ha [Iposiore 3anuceiBaeTcs Kak

BHYK(X,Y) :- CBIH(X,Z) , CBIH(Z,Y).
Habop Takux npennoxeHuil ¢ OAHUM U TEM K€ PENSIUOHHBIM CUMBOJIOM B 3ar0JIOBKE
paccMaTpuBaeTCs Kak OnpeziesieHHe OTHOMIEHHsI, 0003HaYaeMoro 3TuM cuMBoiioM. B Ilposore u
CXOIHBIX C HUM SI3bIKaX MIMEHHO OTHOILICHUS OMPEAEISIOT BEIYUCICHHS (3TO U AaeT OCHOBaHUS
Ha3bIBATh MX PEISIIIMOHHBIMH SI36IKaMH ), B TO BpeMsl KaK ()yHKIIMOHAJIBHBIE CHMBOJIBI CITyKaT

JUISL OTIMCAHUS TaHHBIX. XOTS XOPHOBCKUC MPECATIOKCHUA JOBOJIBHO CUJIBHO OI'PAHUYCHBI,
IMOKa3aHO, YTO HUMHU MOXXHO OIIPCACINTD JII000€ BBIUKMCIIMMOE OTHOIIICHHE.



3ampocsl K torndeckoit mporpamme uMetot BUA "GiA...AG,". Eciu Takas hopmysa He COTEPKUT
MIePEMEHHBIX, TO OHA SBIIACTCS MPEIOKEHUEM U OTBETOM MOKeT ObITh "1a" nium "Het". Ecnm ke
dopMyra COOEpKHUT NEPEMEHHBIE X|,...Xm, TO OHA HHTEPIIPETUPYETCS KaK 3a/laHie HANTH TaKue
3HAYEHUS TS X,...Xm, KOTOPbIE IPEBPATAT (POPMYJTy B ICTUHHHOE BbICKAa3bIBAaHHE, @ OTBETAMU
OyyT HaOOpPBI ATUX 3HAYEHUH (WK "HET", eClIu TAKUX OTBETOB HE CYILECTBYET).

B undopmaruke ects emé ogHa 0061acTh, CBSI3aHHAS C OTHOUICHHUSIMH - TEOPUS PEIISIIMOHHBIX
0a3 maHHBIX. PensiinonHy0 0a3y JaHHBIX MOJKHO pacCMaTpPUBATh KAK MHOXKECTBO
3JIEMEHTAPHBIX MPEATIOKEHUHN JTIOTHKHU MPEIUKATOB, TO €CTh BhIpaxkeHui Buaa P(cy,...,c,), rae P -
N-MECTHBIN MPETUKAT, a C|...Ch- KOHCTaHThL. Kaxkioe Takoe mpenioskeHne yTBepkKIAaeT, uTo
00BEKTBI C UMEHAMH C|...C, HaXoaTcs B oTHoIeHuH P. (Crienmuanuctsl mo 6a3aM JTaHHBIX
MPEANOYUTAIOT TOBOPUTD, YTO KOPTEXK <Ci,...,Cn> MPUHAAJICIKUT OTHOIIEHHUIO P, HO cyTH nena
9TO HE MEHSET.) 3anpockl K 6a3e TaHHBIX UMEIOT BU "7 KaKUX Xj,...,X, BbIIOdHsIeTcs F?", a
OTBETaMU CIIy>KaT HaOOpbI 3HAYCHUH IS X1,...,Xn, JCTAONINE F UICTUHHBIM BBICKA3bIBAHHEM.
[Tockonbky dhopMyIibl, onpeaensomue 6a3zy JaHHBIX UMEIOT OYeHb MPOCTOM BHJI, OTPAHUYUBATH
dbopmy 3ampocoB He TpeOyeTcs U, Kak MpaBwUIIo, B KauecTBe F momyckaroTcst mpou3BOJIbHbIE
(bOpMyIIBI TIOTUKH MIPEIUKATOB.

Teopust persIMOHHBIX 06a3 TaHHBIX pa3padaThiBajach COBEPILIEHHO HE3aBUCHUMO OT Pa3BUTHUS
[Iponora u noruueckoro nmporpaMMupoBanusi. TeM He MeHee, UX OJIM3Kas B3aUMOCBS3b
MPUBJIEKJIa BHUMAHHUE CIIELUAINCTOB, YTO MPUBEJIO K CO3JaHHIO MPOJIOT000PA3HOTO SI3bIKa
3arpocoB Datalog. B aToMm s13pike popma 3anpocoB orpaHudeHa KOHBIOHKIIUSAMHE JIEMEHTapHBIX
dbopMyI1, HO AOIMyCKAETCs ONpPeNesaTh TOMOIHUTEIbHbBIE OTHOIIEHHS TIOCPECTBOM XOPHOBCKUX
NPEeUIOKEHH, 4TO, IO MHEHHIO aBTOPOB S3bIKA, TO3BOJISIET 00JIee €CTECTBEHHO BBIPAXKaTh
CMBICT CIIO’KHBIX 3aIPOCOB.

B ocHOBe A3bIKOB (DyHKIIMOHAIBHOTO IPOrPaMMHUPOBAHNUS JIEKAT HKBALIMOHAIBHBIE JIOTUKH.
31ech TakKe MPUXOIUTHCS OTPAHUYMBATE (OPMY YpaBHEHHUH, ONPEACTAIOMNX Teoputo. OOBIYHO
ypaBHeHMs UMeroT BUJ f(Xj,...,Xn) = E, T11€ X;...Xy - IEpEMEHHbIE WM TEPMBI CHIELIMATBHOTO BHJIA
(oOpasipl), a E - BeIpaxkeHre BO3MOXKHO BKItouatoiee f, Xi,...,X,. Bce mepeMeHHbIe CYUTAI0TCS
YHHMBEPCAJIbHO KBAaHTU(PHIIMPOBAHHBIMU M YPAaBHEHHE WM CHCTEMa YPaBHEHU onpeaesser
yHKIHMIO f, ABISIONIYIOCS PELICHAEM 3TOTO ypaBHEHHS (CHCTEMBI) . B (bYHKIHOHATBHBIX
SI3BIKAX, B OTJIIMYME OT JJOTMUECKUX (DYHKIIUHU CITy>KaT JUIS OTIMCAHMS KaK aJTOPUTMOB, TaK U
CTPYKTYp JaHHbIX. TakuM 00pa3om, Bce GyHKIMOHATIbHBIE CHMBOJIBI Pa30MBaIOTCS HA JBa
KJIacca: BEIYUCISAEMBIX (DYHKIMHA 1 "BBIYMCIUTENIEHO HHEPTHBIX" KOHCTPYKTOPOB, XOTSI C YHACTO
JIOTMYECKON TOUKH 3PEHUs pa3HULIbl MEKAYy HUMHU U HeT. HeKoTopble A3bIKH UMEIOT
(buKCHpOBaHHBI HA0OP KOHCTPYKTOPOB, JPYTHE TTO3BOJISIOT ONPENENATH HOBbIE KOHCTPYKTOPEI.
WNHorna pazaeneHue Ha /1Ba Kjacca BBIITOJIHACTCS HESIBHO: BBIUUCIIIEMBIMU CUUTAIOTCS Te€
(GyHKIMH, Ul KOTOPBIX 3aJaHbl OIIPEICIICHUS.

3anpockl ¥ OTBETHI B QYHKIIMOHAIBHBIX S3BIKAX MPEACTABIISIOT COO0H MPOCTO 3aMKHYThIC
TepMbl. [IpudeM OTBETHI JOIKHBI OBITh KOPPEKTHBI, TO €CTh IOJIKHO COOJIOAATHCS PABEHCTBO
taonp= tors. UTOOBI M30€XkKAaTh TPUBHAIBHBIX OTBETOB BUJA 242 = 2+2, Ha HOpMy OTBETOB
HAKJIa/IbIBAIOTCS JOTMOJIHUTENbHBIE orpaHnyeHus. OHU JOJKHBI ObITh B HOPMalbHOU popme, TO
€CTh HE JOJDKHBI COJICPIKATh BBIYUCIISIEMBIX (DYHKIIHH.

@OyHKIMOHATBHO-JIOTHUECKHUE SI3BIKA O0BETUHSIOT (PYHKIIMOHAIBHYIO (GOPMY OIpeIeeHHs
TEOPUH C JIOTHYECKUM CTHIIEM BOIIPOCOB M OTBETOB. B KayecTBe 3apOCOB NCIOIB3YIOTCS
TEPMBI, HO YK€ He 0053aTeJIbHO OCHOBHBIE. ECin TepM COAEpIKUT MepeMeHHbIe, TO OTBETAMHU
OyayT pa3iaMyHbIe 3HAUEHHSI 3TOr0 TepMa BMECTE CO 3HAUCHUSIMU NIEPEMEHHBIX.



Koneuno, MHOrooOpasue BbIpa3UTEIbHBIX CPEJCTB 3TUM HE HcuepnbiBaeTcs. Bo MHOrHx
(GYHKIHMOHATIBHBIX SA3bIKAX JJIs ONpeesIeHUs] PYHKIUI UCIOIb3YI0TCS YCIOBHbIE paBeHcTBa. C
JPYTO# CTOPOHBI, HEKOTOPBIE JIOTHYECKUE S3BIKH MTO3BOJISIOT ONPEIEIATh (PYHKIIUH, OTIATH K
HOCPEJICTBOM YCJIOBHBIX paBeHCTB. [IpakTuuecku Bo Bcex A3bIKaX B TOW WIIM MHOM CTENeHU
HPUCYTCTBYIOT KOHCTPYKLIUH BBICIINX MOPSIKOB.

HagepHoe, CTOUT JUIIHUI pa3 OTMETUTH, YTO Pa3HOOOPA3HbIE OTPAHUYCHUS HEOOXOTUMBI JIJIS
aghghexmuenoii peaan3anuu MOMCKa OTBETOB, IOCKOJIBKY pedb UJIET O SA3bIKaX U CHUCTEMaX
npoepammuposarus. Eciu ke 1eNb JOCTHKEHUS BBICOKOM 3((PEKTUBHOCTH HE CTaBUTCS, KaK,
HaIlpuMep, B CUCTEMAaX JI0Ka3aTeNIbCTBA TEOPEM MIIM B DKCIIEPTHBIX CUCTEMAX, TO MOXKHO
UCIIOJIb30BaTh M 00Jiee NMOJHBIE BEPCUU JIOTHYECKUX S3BIKOB.

CrpaTeruu BoIYUCICHUI.

Tenepb, yCTaHOBUB MOIXO/IAIINE OTPAHUYCHHUS, MBI MOYKEM pa3padaThiBaTh CTPATETHIO ITOMCKA
OTBETA, yCTAHABIIMBAS TEM CAMBIM B3aHMOCBSI3b MEKIY IIPOrPaMMOii, 3aIpOCOM U
MOPOKIAEMBIM HUMU TPOIIECCOM BBIUMCICHHA. DTy B3aUMOCBSI3b HA3bIBAIOT 0NEPaAYUOHHO
(npoyedypHoil) ceMaHmMuKou sI3pIKa MPOTPAMMUPOBAHUSA. 31€Ch 0OCOOCHHO SPKO MPOSIBISAETCS
KOHTPACT MEXY JACKIapaTUBHBIM M UMIIEPATUBHBIM IpOrpaMMupoBanueM. Eciu s
UMIICPATUBHBIX S3BIKOB OTICPAIMOHHAS CEMaHTHKA O0Jice-MeHee OYSBUIHA, B TO BpeMs KaK
OTMCaHHAS BBIIIIE MOJICIbHAS WM JICHOTAIMOHHAS CEMAaHTHKA JJOCTATOYHO CJIOXHA, TO B
JICKJIapaTUBHBIX SI3bIKAX KapTUHA OOpaTHasl.

OnepaloHHy0 CEMaHTHUKY MOKHO OIMCHIBATh Ha Pa3IMYHBIX YPOBHAX, HAUMHAS OT 00IIeH
cnenugpuKanuy 1 3aKaH4uBast JIeTalbHbBIM ONMKMCAHUEM aOCTPaKTHOM MalIMHbL. MBI pacCMOTpUM
TOJIBKO OCHOBHBIE IPUHIIMIIBI OPTaHNU3alMH BBIYUCIIEHH, OIIMCHIBAsl aITOPUTMBI B TEPMUHAX
MaHUIYJTUPOBAHUS a0CTPAKTHBIMU BBIPAKEHUSIMHU.

[lycts dyHKIMOHATBHAS TpOrpamMMa 3aJaHa HabopoM paBeHCTB Buaa f(Xi,...,X,) = E. Kaxxmnoe
TaKOE€ PaBEHCTBO ONPEAEIIET MPABUIIO MEPENUCHIBaHUS, KOTOpOe, Oy Iydr NPUMEHEHO K TepMY
f(ty,...,t,) 3amensiet ero TepmoM E[t)/Xy,...,ta/Xs], TO €cTh TepMOM E B KOTOPOM BCe BXOXKICHHUS
mapaMeTpoB Xi,...,X, 3aMEHEHBI Ha ti,...,t,.

JInst BBIYMCIICHNS 3HAYCHHUS BBIPAXKEHUS BOCTIONB3YEMCS TEM K€ METOJIOM, KAKHM BBIYHCIISIOT
CJIO’KHBIE BBIP)KEHUS IIKOJILHUKHU: BHIOEPEM HEKOTOPOE MOABBIPAXKEHNUE U 3aMEHUM €T0 PABHBIM
eMy, Ho Oosiee MpocThIM. B kauecTBe mpaBmit 3aMeHbI OyeM HCIIOIb30BaTh PABEHCTBA,
cocTaBisoMe mporpammy. Ecim Beipaxkenue coaepxut tepm Buna f(ty,...,tn), a mporpamma -
HOAXOJSIIee ypaBHEHHE, TO K ’TOMY TEPMY MOYKHO IPHUMEHHUTH MPAaBWIIO nepenucbiBanus. C
NOJYYECHHBIM BBIPQ)KEHUEM MOCTYIIAEM TaK K€ U T.J. TIOKa He MMOJyYUM BBIpaKECHHE B
HOpMaJIbHOH (opMe. DTOT Mpolece NEePEeNUCHIBaHNS TEPMOB HA3bIBACTCS NpusedeHuem iln
peoykyuetl. [loaBeIpaskeHus1, KOTOPbIE MOTYT OBITh IEPETUCaHbl, HA3bIBAIOTCS peiekcaMu (redex
- reducible expressions npuBoAMMOE BhIpaXkeHHe). Eciii BeIpakeHHE HE COAEPKUT HUA OJHOTO
penekca, To OHO He MOXKET OBbITh OoJiee YIPOIIEHO U, CIIEI0BaTEIbHO, HAXOAUTCS B HOPMAJIbHON

dopme.

AJ'Il"OpI/ITM MMPpUBCACHUSA MOHO OIIUCATh CIICAYHOIIUM O6p330M

[IOKa BEIPAXEeHME COIOEePXUT pPeleKCHl
BEIOPATE peIeKC
IIPMMEHNMTE K HEMY IIOOCTaHOBKY
3aMEHUTb pPeleKC pesyJbTaTOM IIOACTAaHOBKMU



OTOT aJTOPUTM COJIEP>KUT HEKOTOPYIO CTENEHb HEOIPEIEIEHHOCTH. Bo-n1epBbIX, BEIpaKEHUE
MOJKET COJEPKATh HECKOJIBKO PEIEKCOB, BO-BTOPBIX, AJIS JAHHOTO PEAEKCA MOKET
CYILIECTBOBAaTh HECKOJIBKO JIOMMYCTUMBIX MOJCTAaHOBOK. BTOpoil ciyuaii B QyHKIIMOHATBHBIX
A3bIKaX OOBIYHO 3aIpelIéH: ONpeieieHne (PYHKIUHU TOJKHO ObITh 1€TEPMUHUPOBAHHBIM. Takum
00pa3oMm, MopsAI0K MPUBEIECHUS 3aBUCUT OT CTpaTErnuu BbIOOpa peaekca. B HeKoTopom cMbIciie
BBIOOp CTpaTernuy HECYIIECTBEHEH, IIOCKOJIbKY OH HE BIMSET Ha Pe3yJIbTaT B CUILY CIIEAYIOLIeH
BOKHOUM TEOPEMBI.

Ecnu BIpakeHHe IPUBEACHO IBYMs Pa3IMYHBIMU CIOCO0OAMH K IByM
HOpPMaJIbHBIM (pOpMaM, TO 3TH HOpMaJibHbIE (POPMBI OyIyT COBNAATS.

OpnHaxo BBIOOP CTpaTEruu BIMSIET HA BO3MOXKHOCTbD IOJTYYEHHsI pe3ysIbTara, B UeM HETPYAHO
ybenutbcst Ha mpumMepax. [lycts 3aganbl onpeaeneHus GyHKIUNA

[TombITaeMcs BBIYUCIUTD PA3IUYHBIMUA CIIOCOOAMH 3HAUCHUS BBIPAKECHHUH (MTOTYEPKHY THI
peayuupyeMble BHIPAKEHUS)

f(g(l)) > 6 + 4 -> 10
NIn
f(g(l)) -> £(1/0) -> ommbBra: meseHue Ha 0

f(h(l)) > 6 + 4 -> 10

nin
f(h(l)) -> £(h(1)+1) -> £(h(1)+1+1) -> £(h(1)+1+1+1))

Ecnu anroput™m npuBeieHNs BCeTia BEIOMpAeT caMblii BHYTPEHHHH pefieke (He CoaepIKariuit
BHYTPU Ce0sI IPYTHX PEIEKCOB), TO TOBOPST, YTO OH MPUMEHSIET anNIUKAMUEHbLL TTIOPSTIOK
penykuuu. Ecnu ske BBIOMpaeTcst camMblii BHEIITHUMA peIeKC (TOT, KOTOPBIA HE COACPIKUTCS
BHYTPH JIPYTUX PEIEKCOB), TO TOBOPST, UTO AJITOPUTM MIPUMEHSET HOPMALbHBIL TIOPSJIOK
peaykuuu. J[pyruMu cioBaMu, Mpu anrIMKaTUBHOM CTpaTeruy BCe 3HAYEHHS apIyMEHTOB
(YHKIMU BBIYUCIISIIOTCS MIEPE]] €€ BBI30BOM, U €CJIM BHIYMCIICHUE apTyMEHTa PUBOJUT K aBapUU
WM OECKOHEYHOMY IUKITY, TO BHIYMCIICHUE BHIPAXKEHUS TPUBOJUT K TOMY K€, XOTS , BO3MOXKHO,
3TOT apryMEHT M He TpeOoBaJICs I MOJTyueHHs pe3yibTara. [Ipyn HopManbHOM CTpaTeruu
apTyMEHTHI TiepeatoTcsl GyHKINH "KaK €CTh" W BBIYUCIISIIOTCS TOJIBKO TPH HEOOXOIUMOCTH.
BaxxHOCTh HOPMAJIBHOM CTPATETHH ONPEAEIACTCS CIAEAYIOIENH TEOPEMOM.

Ecnu BeIpakeHHE MOXHO MPUBECTH K HOPMAIbHOHI (opMe JTH0ObIM cI1ocoboM, TO
3TO MOXHO CJIe/1aTh, IPUMEHSS HOPMAJIbHYIO CTPATETHIO.

Ho ecnu HOpManpHast cTpaTerus Tak XOpoIa, CIpalInBaeTcs, 3a4eM 00CyKIaTh 4YTo-TO enie?
['naBHas mpobiema: HopMalibHasi CTpaTerus, Booo1e ropops, TpedyeT 00JbIIero Yucia Iaros,
yeMm anmuinkatuBHas. Hanpumep, Berancianm 3nadenue f(1 + 2 + 3) qns pynkuun £
ONPEAEIECHHOMN KaK

f(x) = x + x + X

CHadaJla UCIIOJIb3Y s alllNIMKATHUBHYIO CTPATCTHUIO



f(1 + 2 + 3)
-> £(3 + 3)
-> f(6)

-> 6 + 6+6
-> 12+6

-> 18

a 3aTeM HOPMAaJIbHYIO:

f(1+ 2 + 3)

> (1 +2+3) + (1L +2+3) + (1L+2+ 3)
-=> (3 +3) + (1 +2+3) + (1L +2+ 3)

-> 6+ (1 + 2+ 3) + (1L +2 + 3)

-> 6+ (3 +3) + (L +2+ 3)

-> 6+ 6 + (1 + 2 + 3)

-> 6 + 6 + (3 + 3)

-> 6 + 6 + 6

-> 12 + 6

-> 18.

[TockonbKy apryMeHThI epeaatoTcst PyHKIMU HE BRIYMCICHHBIMH, OHU JIOJIKHBI
MEePEBBIYUCIIATHCS BCAKHUM pa3, Kak MOSBIISIOTCS B TeJE (PyHKIIUU.

BrionHe pa3yMHO BBIMHCISATH apTyMEHTHI TOJIBKO KOTIa OHU ToTpedytores. Ho cTomnb ke
Pa3yMHO BBIYHCIISITH PTYMEHT TOJIBKO OJMH pa3, JaKe €CJIA OH MOTPeOyeTcsl OOJIbIINe YeM
OJTHAXIbI. DTO MOKET OBITh IOCTUTHYTO onTuMu3anuen. Beipaxenue f(1+ 2 + 3) mormio Ob1
BBIYHCIIATHCS KaK-HUOYIb TaK:

f(1 + 2 + 3

)
> X+ x +x {x=1+4+ 2+ 3}
-> x + x +x { x =3+ 3}
-> x + x + x { x = 6}
-> 6 + 6 + 6
-> 12 + 6
-> 18

OTOT npueM "BbIHECEHHUS 3a CKOOKU'" MOBTOPHBIX BBIYHUCICHUM apryMEHTOB Ha3bIBAETCS
JIEHUBLIMU GblYUCTeHUAMU. JIeHUBBIE BBIYMCIIEHUS - TOCTATOYHO 3()(PEKTUBHBINA METOA
peanu3aniy HOpMaJlbHOU CTpaTeruy. B nelcTBUTENLHOCTH, HOpMallbHAasl cTpaTerus 6e3
JICHUBBIX BBIYUCIICHUN IPAKTUYECKH HE TIPUMEHSAETCS, TAK YTO 3TU TEPMUHBI CTAJIH
CUHOHHMMAaMH, ¥ YaCTO IIPOTUBOIOCTABIIAIOT "eHUBbIE" U "akTuBHbIE" WK "3HEprUyYHbIE"
BbIuMcIeHNs. OHAKO J1a’Ke C TAKOM ONTUMH3ALMEN HOpMalbHas CTPATETUsI MEHEe

3 peKTHBHA, YeM aNInKaTuBHAs. [IpudyeM oHa HE TOJIBKO TpeOyeT OOJBIIEr0o BpeMEHH, HO
UCIIOJIb3YeT HAMHOTO OOJIbIIE NaMATH, HOTOMY YTO HEOOXOAUMO XpaHUTh BCE
"HenoBBIYHCIICHHBIE" BhIpakeHHs. [loaTOMY, OueHb akTyanpHast mpodiiema - aHaJIu3 CTPOTOCTH
apryMeHToB QyHKUMH. Ecnu ynaetcs onpenenuTts, 4TO JAHHBIA apryMeHT TOHAaJ00UTCs IpU
JTFOOBIX OOCTOSTENBCTBAX, TO €M0 UMEET CMBICII BEIYUCIUTH IEPE]] BBI30BOM (DYHKITHH.
TUNWYHBIN IPUMED - YCIOBHOE BhIpaXKeHHUE "if C then T else F" CTPOro IO C U HECTPOTO IO
OCTaJIbHBIM apryMEHTaM.

Hakonetr, MbI BeZib BOBCE HE 00s13aHBI CTPOTO OMPEIETATh MOCIEI0BATEILHOCTh peayKinid. B
caMoM Jielie, B JOCTAaTOYHO CJI0KHOM BBIPa)KEHUH BCET/Ia HAMIETCA HECKOJIBKO PEIEKCOB U €CIU
y HacC €CTh HECKOJIBKO MPOIIECCOPOB, MOYeMy ObI HE MPOBOANTH PEAYKIIMU NapauieasbHo? Jlaxe



€CJIM Pe3yJIbTaThl HEKOTOPBIX U3 3TUX BBIYUCICHUN HE MOHAA00SATCS U BpeMsl Ha HUX OKa)KeTCs
HOTPAYEHHBIM BITyCTYIO, B LI€JIOM JIOCTUTAETCs 3HAUYUTEIbHBIN BHIUTPHIII B
IIPOM3BOJUTENBHOCTU. Takas ""cBepXxakTUBHAs" cTpaTerus NoJdy4ynia Ha3BaHUE 'CIEKYJIATUBHBIE
Beluucienus". [IpaBaa, Ha TOM MyTH BCTpeyaroTcs TpPyAHOCTU. Henerko onpenenuTs, Kakue
PEAYKLMH MOKHO BBIIIOJIHATH OJTHOBPEMEHHO. MIpoHMsI cyAbObI: XOTSI UHTEpEC K
(YHKLIHMOHAJIBHBIM SI3bIKaM B CBOE BpeMs ObUI BbI3BaH UX JyYIled MPUCIIOCOOIEHHOCTBIO JUIs
napajuIeNIbHBIX BBIYACICHUH, OOJIBIIMHCTBO paOOT MOCBSIIEHO UX peaTn3annuy Ha
HoCJIe10BaTeNbHBIX KoMIIbloTepax. Korna-to ka3anoch, 4To pacnapauieIuBaHue IporpaMM
JIOCTUTaeTCs aBTOMAaTUYECKHU, HO 0Ka3aJI0Ch, YTO ATO JJAJIEKO HE TaK, U B IIOCJIEHEE BPEMSI
O’KUBWJINCH TOTBITKU 100aBUTH B SI3BIKM CPEACTBA YNPABIICHUS MMapauICIU3MOM.

ToT ’ke MeTo NepenrChIBaHUS MOJXOINUT U IJI peaiu3alliy JIOTHYECKHUX sI3bIKOB. Kaxkoe
yTBepKAcHHE Buaa A :- By,..,B, OyneM uHTepnpeTupoBaTh Kak MpaBUIIO MEPETHCHIBAHUS

A — By,...B,, a B cimyuae n=0 kak "nipaBuiio ctupanus” A — . JIedCTBUTENTBHO, 711 TOTO YTOOBI
JTaHHOE TpeIokKEeHHEe A OBLJIO BEIBOJUMBIM, HEOOXOIUMO YTOOBI OHO MPUCYTCTBOBAJIO B
porpaMMe SIBHO, THOO KaK CJIEJICTBHE OJHOTO U3 YTBepxkaAeHuH A :- By,..,B, u Takum o6pa3zom
JI0KA3aTeNIbCTBO A CBOJUTHCS K JI0KA3aTENbCTBY KaXAO0T0 MPEI0KEHUS U3 COBOKYITHOCTH
Bi,...,Bn. Eciii ypaetcs crepeTs UCX0IHOE TIPEATIOKEHHE (1I€TTh), TO €0 MOXHO CUHUTATh
JI0OKa3aHHbIM. /[onmOMHUTEIbHAS CIOKHOCTh CBA3aHa C TEM, UTO B IIPOLIECCE NMEPENUCHIBAHUS
MPOUCXOIUT NPUCBAUBAHUE 3HAYCHUM IEPEMEHHBIM.

[To anasoruu ¢ peayKkurei TepMOB MOKHO MPEJIOKHUTh aITOPUTM JIJI PELYKIIMHU LETIEH.

LueJyib := 3amnpoc
Ioka LeJjlb He cTepTa

BHIOpPATh pPenyLuMpyeMylo HOOLeJlb

ecJIM TaKMxX IOoOleJyiel HeT

HeyIada

BHIOpPATh MNOOXOOAllee MNPaBUJIO INOOCTAHOBKU

IIPVMMEHUTH [IPaBMUJIO NOOCTAHOBKU

3aMEHUTh IIOOleJlb Ppe3yJIbTaTOM IIONCTaHOBKU
yCcrex

B otninume ot npeapiayero, 3TOT aNropuT™ COAEPKUT ABOMHYIO HEONPEAEIEHHOCTb.
HepnerepMuHUpOBaHHBIM OKa3bIBA€TCsl HE TOJIBKO BBIOOP I1€NM, HO U BbIOOp mpaBuiia. M eciu
BbIOOD LIE€JIM HE BIUSET Ha PE3yJIbTaT, TO BIOOP MpaBuiia MOJACTAHOBKH BECbMA CYIIIECTBEHEH.
Jlnis mpaBUIIbHOM pabOThI JaHHBIM alrOPUTM JIOJKEH YIrablBaTh BEPHOE MPABUIIO MOACTAHOBKH.
Koneuno, npu peanuzanuu yraapiBaHue NpUIETCs 3aMEHUTh repedopoM. Eciu Obl y Hac
UMelach HeJIeTepMUHUPOBaHHAs MallliHa, OHA MOTJIa ObI CO3/1aBaTh HECKOJIBKO KOIHUM TEKYIETo
npoIriecca, 1Mo OJHOM I Ka)I0To MpaBwiia MoACTaHOBKH. Kak TOJIbKO KakOH-HUOY b 13
IIPOLIECCOB YCIEIIHO 3aBEPILAETCs, LIEb JOKa3aHa.

[Tpu peanuzanuu Ha OOBIYHOM JETEPMUHUPOBAHHOMN MalllMHE MPUIETCS XPAHUTH BCE BAPHAHTHI
LeJIel, KOTOPBIE MOTYT IPUBECTHU K ycnexy. /i 3TOro MOKHO 3aBECTH CIIMCOK LIEJIEH,
MOJIEXKAIIUX PEAYKIUH.

CIMCOK Lejiey := {3amnpoc}
nokKa (CHOMCOK LeJjied He MNycT) ¥ (HM OoOHa M3 LeJjiler He cTepTa)
onsa Bcex G m3 cOuckKa LeJyen
yOanuTh LeJib G M3 CIMucKa
BHIOPATh Nnonuesb S ueiau G
IOJid BCeX MNpPaBWJl NNIOONCTAHOBKM, IIPUMEHMMHX K S
IPMMEHUTE [NPaBMUIIO MNOOCTAHOBKU K S
3aMeHNTb B G HoAuesib S pesysIbTaTOM [NOOCTAaHOBKU



O00aBUTH IMOJYUEHHY leJib K CIOMCKY lieJjen

eCJIM CIMCOK LeJiell MNyCT
Heyzada

MHade
ycrex

OnucaHHbBIN aITOPUTM OOBIYHO HA3BIBAIOT CTpaTeruei morcka B mupuHy. [logqo0HO
HOPMAaJILHOM CTpaTeruu, OH 00J1a1aeT CBOMCTBOM IOTHOTHI - €CITU TIPEAJIOKEHHE MOXKET OBITh
JI0Ka3aHo, TO IOKA3aTENbCTBO MOKET ObITh HaliIEHO MOMCKOM B mupuHy. OJIHAKO, OH 001anaeT
¥ TIOJJOOHBIMH HEJIOCTATKAMU: TTOPOKIACT OOJIBIION 00BEM BBIUMCIICHHN U TPEeOyeT OYeHb
MHOT0 MaMATU. boliee pacrpocTpaHeHHbBII METO peanu3aliy JOTHIECKHUX S3BIKOB - Tepedop ¢
BO3BpAaTaMH WJIM TTOUCK B ITyOuHY. Miest 3Toro Merosa - BBITIOJIHATh PEAYKIIUN
MoCcNe0BaTENbHO, TaK, KaK OYTO MbI yraJlbIBaeéM HYKHOE MPABHIIO, HO 10 XOAY Aelia OTMEYaTh
Kakoe nmpaBuiio Obu1o npuMeHeHo. Eciu nponecce 3aBepiaeTcs Heyaauel, Bo3BpalaeMcs K
MOCIIEIHEMY MECTY BbIOOpa U MbITaEMCSl IPUMEHUTH APYTroe MpaBmio. Eciu jxe B 3ToM MecTe
BCE MMPaBUJIa UCUYEPIIaHbI, BO3BpAIIAEMCS K MPEANOCIeIHEMY U T.a. JJisi opranuszanuu
BBIUMCIICHUIM OOBIYHO CO3/1aETCsl CTEK TOUYEK BO3BpaTa, KaKIas U3 KOTOPBIX XPAHUT COCTOSTHUE
BBIYHMCIICHUI U OCTABIIIMECS MTpaBUiia MOICTaHOBKH. [Ipu oTKaTe oTMedaeTcst ouepeHoe
MPABUIIO, & €CJIM TAKOBBIX HE OCTAJIOCh TOYKA BO3BpATa yAANSETCS U3 CTeKa U ONepaus
MOBTOPSIETCS IS PEABLAYIIEH TOUKH.

IOKa LieJIb He CcTepTa
BEIOPATE MOXLEJIb
BHIOpPATh MNOOXOOAUlee NPaBUIIO MNOOCTAHOBKU
€CJIM TaKoe IMPaBMJIO eCThb
OTMETUTE TOUKY BO3BpaTa
IPMMEHUTE MNPAaBMJIO NOACTAHOBKMU
3aMEeHUTh II0ILEeJIb Pe3yJIbTaTOM IOOCTaHOBKU
MHade
eCJu OoIpeneJieHa Toduka BO3BpaTa
BEPHYTBCA K SBANOMHEHHOMY COCTOSAHMIO
MHa4de
Heynaya
ycnex

B IIposore u mpon3BOAHBIX OT €T0 A3bIKaX JOMOJHUTEIHHO YTOUHSIETCS OPSIOK BHIOOpa
nojueneil u npasui. Beerna BeiOupaercs camas nepasi o TEKCTY MPOTrpaMMBbl HOLENb U
NepBOE MPABHIIO. DTO TO3BOJISIET BOCIIPHHUMATH €T0 KaK HECKOJIBKO HEOOBIYHBIH MPOLIEAY PHBIH
SI3BIK IIPOrPaMMUPOBAHUS CO BCTPOCHHBIM MEXaHU3MOB OTKATA.

[Ipocreitmmii crioco6 peanu3anuu QyHKIIMOHATBHO-JIOTHYECKUX S3BIKOB - TPeoOpa3oBaTh
(YHKIMU B OTHOIICHUS M TAKUM 00pa30M MEPEUTH K JIOTHUECKOM Mmporpamme. ITOT HEXUTPBIN
meron "pacrmomuBanusa’ (flattening) mpuMeHsieTCsl BO MHOTHX SI3BIKaX, HO B MOCTEAHEE BPEMS
UHTEpEC CHEIHMAINCTOB COCPETOTOUCH Ha CIEIHATBHBIX aITOPUTMAX, O3BOJISIOIINX TOBBICUTD
3¢ PeKTUBHOCTD (PYHKITMOHAIBHO-JIOTHYECKUX TIporpamm. Hanbonee MHOTOOOCIIAIOIIIM
Ka)XeTCsl METO/1, TIOTYUYMBILINI Ha3BaHUeE cyxeHue (narrowing). OH npenacTaBiseT coooi
PEAYKIHMIO C TEM OTIMYHUEM, UYTO MPHU MOJCTAHOBKE JIOMYCKAIOTCS IPUCBAUBAHUS 3HAUCHUM
nepeMeHHbIM. KonyecTBO MpeiioKeHHBIX CTPATeruii U pacCIiupeHui Cy>KeHUs TOBOJIBHO
BEJTMKO H BCEM MM CIIE MPEACTOMT MPOITH MPAKTHYECKYIO IPOBEPKY .

Hcxonst u3 ckazaHHOTO, MOKHO CHENATh BBIBOJ, YTO (DYHKIIMOHAJbHAS (JIOTHYECKas ) TporpaMmma
IpeCcTaBiIsieT co00i MpocTo HAbOP MPaBUII MOACTAHOBKU. JTO JEHCTBUTENBHO Tak. Torna,
CITpAIIMBAETCS, K YEMY BCE 3TH Pa3roBOPHI 0 Teopusx u moaeisix? Ho cumna neximapaTuBHOTO



NOJIX0Ja KaK pa3 v 3aKI0YAeTCA B TOM, YTO MOKHO OTBJIEYbCS OT IIPOLIECCA UCTIOTHEHUS
IIPOrpaMMBbI U pacCyK1aTh TOJILKO B TEPMUHAX OIUCHIBAEMON MOJEIIN.

Lem: A. Crpyraukuii, b. Ctpyraukuii "Ckaska o Tpoiike".

% [IpoGreMe BOIIPOCOB M OTBETOB HE YAEMSIOCH JOMKHOTO BHUMAHMS. DTO 3HAYMTCIHHBIN
npo0es B TEOPHH, YYUTHIBASI YTO BO3MOXHOCTH SI3BIKOB ONIPECIISIOTCS HE TOJIBKO CPEJCTBAMU
OTMCAHUS TTPOOIIEM, HO JOITYCTUMBIMU (hOpMaMH 3aITpOCOB.

Cwm.: M. O'Donnell "Introduction: Logic and Logic Programming Languages".

3 [TepBas nemnoyka 3amnucaHa B OOMIETPUHATON MaTeMaTHIECKON HOTAIMH; BTOpas - B
6ecckobounoi cumBoimke SIHa JlykaceBuua, M3BECTHOM KaK "MOJIbCKAast 3aMUCh"; TPEThs
npeacTaBisieT co0oit 3anmuck Ha Jlucne. HakoHer, mocieHss 3amiuch COOTBETCTBYET HOTAITUH,
npumensiemoiit @pere B ero "Begriffsschrift" (mepeBoaunocs nox vazBanusamu "Lpudr
noHsTui" u "Mcuucnaenne noHsaTHit"). 3T0 UICTOPUUECKHU TTepBasi CUCTeMa 0003HAYCHUH IS
JIOTUKHY TIPEIUKaTOB. JIMHUSIMU 0003HAYAETCS UMIUTHKAIIHS, & YepTOUYKaMH - oTpuiianue. CTporo
TOBOPS, JTaHHBIM MPUMeEp CleayeT YuTaTh Kak "—(q(a,b) => —p(a))", Ho B cucteme dpere HET
Pa3HUIIBI MEXKIY dTHUM BBIPOXKEHHUEM U SKBUBAJICHTHHIM eMy "p(a) & q(a,b)".

4
~31€eCh 5 JIOBKO MPOCKOYNII HECKOJIBKO MHTYUTUBHO SICHBIX, HO JOBOJIBHO TOHKMX MOMEHTOB. 3a
NOJIPOOHOCTAMU MOKHO OOpaTUTHCS K JIF000MY y4eOHUKY MaTeMaTuyeckoi Joruku. Jlydmumu
OCTAIOTCSI KJIACCHUECKUE pabOThI

A. Yépu "BBenenue B MaTEMaTHUECKYIO JIOTHKY".

e C. Kiiunu "MaremaTuueckast joruka'.

X. Kappu "OcHoBaHusI MaTEMaTHYECKOH JIOTUKH .

O. Mengenscon "BBeaeHue B MaTEMAaTHUECKYIO JIOTHKY".

K coxanenuro, ceiiyac 3T KHUTH TPYAHOIOCTYIHBI. MOKHO TOPEKOMEHI0BATH

o B.A. Ileryxun "Kypc AMCKpeTHOM MaTeMaTUKu".

e V. Detlovs, K. Podnieks "Introduction to Mathematical Logic".
e Peter Suber, "Logical Systems".

e R.B. Jones "Factasia Logic".

CpaBHEHMIO €CTECTBEHHOIO SI3bIKA U SI3bIKA JIOTMKHU NocBsleHa ['aBa 6. "Jloruueckuit ananus
s3pika" MoHorpaduu B.®. Typunna "deHomeH Hayku", KOTOpasi CTOMT TOTO, YTOOBI €€
MOYUTATH B JIFOOOM CITydae.

> DKBAIHOHANBHBIC JIOTHKH HAC OYIyT HHTEPECOBATh B CBS3M ¢ (DYHKIIMOHAIBHBIM
nporpammupoBanueM. OTHaKO, HHTEPECHO OTMETUTH, YTO 3Ta 00JIACTh AKTUBHO
paszpabatbiBasiack (. Jeiikerpoii, . ['prcom u ap.) IpUMEHUTEIHHO K (OPMATIBLHBIM METO1aM
pa3pabOTKH MPOTPaMM.

Cwm.: D. Gries, F. Schneider "An introduction to teaching logic as a tool".

® Ilpyrue pasHOBUAHOCTH "TEOPHH TUIIOB" MOKHO HAMTH B PabOTax:

e J.W. Lloyd, "Higher-order computational logic" (.ps ~200k),
in Computational Logic: From Logic Programming into the Future, Springer-Verlag,
2002.



e D. McAllester "Higher Order Logic"(.ps ~100k)
o L.C. Paulson "A formulation of the simple theory of types (for Isabelle)" (.pdf ~200k),
In: COLOG-88: International Conf. in Computer Logic.Tallinn, Estonia (1988).

Cwm. taxoke crarbio . Musnepa "Logic, Higher-order" u3 "Dunuknoneauun MIA".

T Mcnonb30Banue rpedeckoii OyKeb "maM61a" He HECeT HUKAKOIO CMBICA. ITO 0003HAUCHHE
BO3HHKJIO B MPOIIECCE IBOJIIOIMHU U3 CUMBOJIA ITUpKyMbIiekca (*), KOTOpbIi cCHavajia CTaBUJICS
HaJ IEPEMEHHOM, 3aTeM Mepe Hell, U, HaKOHEIl, MpeBpaTuics B IssMOay. ['opazmo 6onee
BBIPA3UTEILHO 0003HaUeHUE (X —> t), BBenEHHOE bypOaku u momysipHOE Y €BPOMEHCKUX
MaTEMaTHKOB.

8 J10it 3ameuarenbHOlM TeopeMe, He UMEIOIIEH, BIPOYEM, TPSIMOTO OTHOILLICHUS K TEME,
nocssiiena kaura K.M. IMoguunexkca "Bokpyr Teopemsl I 'enens".

? HeckonbKko Golte crabbie orpaHudeHus Ha (OpMy ypaBHCHHU PUBOJAT K S3bIKAM
3KBALMOHAJIBHOTI'O MPOTPAMMHPOBAHHUS - UHTEPECHOM, HO MAJIOPACIIPOCTPAHEHHOM NapaurMbl,
€CTECTBEHHO 00001aroniel (yHKIIMOHATBLHOE IPOTrPaAMMHUPOBAHHE.

CMm.: M. O'Donnell "Equational Logic Programming".

19 AHamu3 pasIMUHBIX CTpATErnii s (yHKIMOHATBHO-TOTHYECKOTO IPOrPAMMUPOBAHHUS
MO>KHO HAalTH B CTAThE:

M. Hanus "A unified computation model for functional and logic programming" (.dvi) Paris,
1997.

O0630p 001IeH TEOpUU U MPUMEHEHHI CUCTEM TIepenuchiBaHus daH B cTathe: N. Dershowitz "A
Taste of Rewriting" (.ps). bonee noapoOHyto nHpOpMAILIHIO MOKHO MOTYUYHUTh Ha caiiTe
[IOCBAIEHHOM TaKUM cucTeMaM http://rewriting.loria.ft/.




