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OBIIAA XAPAKTEPUCTUKA PABOTEI

Tematuka M aKkTyaJbHOCTh  HcciaenoBaHusi.  COBpPEMEHHOE  COCTOSIHHE
UH(POPMAIIMOHHBIX ~ TEXHOJOTHH  XapaKTepHU3yeTcsi MHOTOYPOBHEBOW CTPYKTYpOH —
TEXHOJIOTUHM, TEXHOJOTMU MJI1 TEXHOJOTMd M Tak jganee. COOTBETCTBEHHO M IIpoLECC
IIPOrpaMMHMpPOBaHUSl  JAaBHO  IOJJEPKMUBAECTCA  COOCTBEHHBIMM  TEXHOJIOTMUECKHMHM
CpEJICTBaMHU, KOTOpBIE, B CBOK OUYEPE/lb, PEATU3YIOTCA B BUJIE CHELMAIBHBIX TPOrPAMMHBIX
cucrteM (cm. moHorpadpuu C.P.ITanmepa—/>x.M.®encunra, A.JI.dykcmana u ap.). O6beMsbl
U CJIOKHOCTh PEIIaeMbIX Ha JAaHHOM HalpaBJI€HUHU 3a7ad ObICTPO PacTyT, U €CTECTBEHHOU B
3TOM CBS3HM BBITVIAOUT MOTPEOHOCTH B aBTOMATH3allMU M TEPEHOCE KaK MOXKHO OOJbIeit
4acTH Ipolecca Npou3BOACTBa nporpamm Ha OBM. OpHako, 4eM ClIOXHEE IMpolecc, TEM
BBIIIE OTBETCTBEHHOCTh pPa3pabOTUMKOB, PUCKH OIIMOOK, CIEAYIOIUX 32 HUMHU
HEONMAronpusATHBIX CUTyallud M Pa3lU4HOTO poaa morepb. Ocoboe 3HaUeHHE OTMEUYEHHOE
OOCTOSATENbCTBO ~ WMEET i  HMH(OpMAaTH3alMK  OOBEKTOB  KPUTHUECKH  BaXKHBIX
uHppacTpyktyp (cM. MoHorpaduio B.A.Bacenmna u coaBTOpOB), TI/€ JOMYIICHHBIE
«TIPOMaxm» MOTYT MPUBECTH K UPE3BbIUAHHBIM CHUTYalUsIM, SKOJIOTMYECKUM KaTacTpodam,
MaTepUAIbHBIM W JPYTUM TOTEpSAM TOCYAapCTBEHHOro MacmrTaba. B pesynbrare
HAIIMOHAJIBHO 3HAYMMOW CTAaHOBUTCSA TNpodjemMa CO3JaHMs MaTeMaTH4YecKol 0asbl, C
MOMOIIBIO KOTOPOM MOKHO OBITIO OBl TEOPETHYECKH OOOCHOBBIBATH KOPPEKTHOCTH U
HAJEeKHOCTh IPOIrPAaMMHOIO OO€CHeuYeHus, a TaKXKe MOJAECpPKUBATh MPOLECCHl €ro
aBTOMAaTHYECKON ONTHUMH3ALUU.

D¢ dexkTuBHBIM CcpeAcTBOM (OPMAIBHOTO TOCTPOCHHUS M HCCIEIOBAHHUSA IPOTPaMM,
OCHOBAHHBIX Ha CaMBIX Pa3JIMYHbIX MapagurMax, SIBISIIOTCS anre0pandecKre CUCTEMBI (CM.
paborer P.M.IlomnoBuenko, A.B.3amynuna, C.A.Hurusna—C.A.ABeTucsiHa H JpYTrHX
aBTOPOB). OTO TMOJOXKEHUWE B IIOJHOM Mepe OTHOCUTCI M K JIOTHYECKOMY
IPOrpaMMHUPOBAHNIO. ANreOpanvyeckuM METOJaM IPEJICTaBICHUS 3HAHUN TOCBSIICHbI
paborer  F.J.Oles, J.F.Sowa, a Take ™moHorpadpun  A.Teiza—Il.I'pubomona,
E.M.bennamrHoBa. MaTteMaTu4ecKyr0 OCHOBY Il CO3JaHMSl M HCCIIEJOBAaHUS MOJEIIEH
3HAaHUH TpenocTaBisieT anreOpamdeckas yoruka. Ee Hauama ObuiM 3aj0XeHBI B paboTax
AJlungenbayma, A.Tapckoro, cucTtemMaruyeckoe HU3JIOKEHHE JaHO B MOHorpaduax
I1.Xanmoma u E.PacéBoii—P.Cukopckoro. Teopus Jlungen6ayma—Tapckoro paccMarpuBaeT
JIOTUKY HYJIEBOIO IMOpsIKa Kak yHUBEpPCAJbHYIO anreOpy, omnepauuu KOTOpOH
COOTBETCTBYIOT  JIOTMYECKUM  CBSI3KaM  IPOIMO3MLIMOHAIBHOIO  sA3blKa.  IIpumepsr
anreOpan3aluy MCYUCICHUS MPEIUKATOB MEPBOTO MOPSIKA MPEACTABISAIOT NOIHAINIECKIe
anreOpbl XanMoria W IIMHApHYecKne anrebpsl XeHkuHa—Tapckoro. O030p MeETOIO0B
anreOpan3annuyu KBAHTOPOB cofiepkutTcs B MoHorpaduu M. Hemern.

OpnHako o6mast anredpanyeckas JOTUKa, paciupsisi BO3SMOKHOCTH HCCIEIOBAaHHUS CaMUX
JIOTUYECKUX TEOPHi, CYLIECTBEHHO HE O0JEryaeT MX MpPaKTHYECKOro npuMmeHeHus. B cuiy
CBOEH YHHMBEpPCAJIbHOCTH OHA HE pEelIaeT psfa BaKHBIX YACTHBIX MPOOJIEM, CBA3AHHBIX C
LIMPOKO PaclpOCTPAHEHHBIMU Ha IPAKTUKE J02UYEeCKUMU CUCeMaMu NpoOYKYUOHHO20
muna. Ha stot akt ykaspBaetrcs B kaurax H.Huibcona u X.Yano—T.Kosimbl. K momo6HbIM
npobiemMaM MOTYT OBITh OTHECEHBI BOIPOCHI SKBUBAJIEHTHOCTH, HKBUBAJCHTHBIX
npeoOpa3oBaHuii, BepUPHUKAUKA  MPOAYKIMOHHBIX W  TMOJOOHBIX WM  CHUCTEM,
paccMaTpuBaBIIMeCs] YacTHBIMH MeTojamu B paborax R.Agarwal, S.Lee—R.M.O’Keefe,
N.K.Liu-T.Dillon u apyrux uccnegopareneit. O030pbsl MOAX0I0B K BepUPHUKAIUN 3HAHUN
conepxarcsi B paborax U.Gupta, a takxe ['.B.Priounoii—B.B.CmupnoBa. Ilepeuncnennbie
BOMPOCH UTPAIOT CYLIECTBEHHYIO pPOJb MPU CO3AaHUU U UCCIEJOBAHHUU (HOpMaIbHBIX



METOJI0B pabOTHI CO 3HAHMSAMH, @ TAKXKE OMPEACIAIOT IPUHIIUIIBI TOCTPOCHUS IPOTPAMMHBIX
CpPEZICTB aBTOMATH3aIMH yIPABICHNUS 3HAHUSIMHU.

Ocoboe MecTo B psily Ha3BaHHBIX MPOOJIEM 3aHMMAeT MHHHUMU3ALUS, MOCKOJBKY B
m000i mapagurMe MPOrpaMMHUPOBAaHUS JCMCTBYET 30JI0TO€ TMpaBWIIO — U30erath
HEOTPaBIaHHOTO AyOJMpPOBaHUS KOJa WJIM JaHHBIX. B oO0mieil mMaTtemMaTH4ecKOW JIOTHKE
MUHHMaJIbHAsi CUCTeMa aKCHOM Has3biBaeTcsi 6asucoM. [Ipobinemsbl cymecTBoBaHMs 06a3uCcOB
JOMYCTUMBIX TpPaBWJI JJIS Pa3IMYHBIX JIOTUK paccMaTpuBainch B.B.PpibakoBbIM 1 ero
nocnenoBaTensiMu. OIHAKO NPOMYKIIMOHHBIE CHUCTEMBI HMEIOT OCOOEHHOCTH, JAoIIfe
JOTOTHUTENbHBIE BO3MOKHOCTH MUHUMHU3ALINH.

OKBHBAJICHTHBIE MPEOOpa3OBaHMsI M MHUHUMHU3ALUS MHOXXECTBA VHUDUYUPOBAHHBIX
MPaBUJI MPOTYKIIMOHHBIX SKCIIEPTHBIX CUCTEM B HEKOTOPHIX paboTax M3ydaluch HAa OCHOBE
TIPOMO3UITMOHANLHBIX ~ XOPHOBBIX ~ (pymKimii  (mampumep, E.Boros—O.Cepek—A.Kogan,
P.L.Hammer—A.Kogan). B cratbe A.Ginsberg s uCKIOYeHHS H30BITOYHOCTH 3HAHUUN
UCTOJB3yeTCs JIoTuKa mepBoro nopsaka. B padore F.Glower—-H.J.Greenberg paccmoTrpeno
HECKOJIPKO YaCTHBIX CIIy4aeB YNPOIICHHS MHOXXECTBA MPABWUJI HAa OCHOBE TEOpUH Trpados.
Eme onuH myTe MUHMMH3AIMM TMPOIYKIMOHHBIX CHCTEM MOXET JaTh HCIOJIb30BaHHE
npencTasieHus npoaykuuii cetsimu Iletpu (R.Agarwal) u pemenne 3aaun peayKIun ceTei
[Terpu (IT.A.Anumes, G.Berthelot, L.H.Landveber—E.L.Robertson).

B nepeuncnenHbx paboTax HET CTPOro OOOCHOBAHHOTO AIredOpanveckoro IMoAxoja,
YHHBEPCAIBHOTO B paMKax IIMPOKOTO CIEKTpPa CHUCTEM MPOIYKIMOHHOTO THUIIA, KOTOPBIN
Mor Obl OBITh TPUMEHEH [UIsl peHIeHHs 3a/4a4 HKBUBAJICHTHBIX MPeoOpa3oBaHUA,
BepuUpUKAIMM ¥ MUHUMH3AIMH. FIMeromuecss Ha HacTosllee BpeMs anreOpandecKue
MCCIICZIOBAHUS TMOCBSIIEHBl YAaCTHBIM CIIy4asM MPOIYKIHMOHHBIX CHUCTEM JIMOO IPYTHM HX
acniektaM. B kadecTBe mpuMepa MOYKHO NPHUBECTH CBSI3AHHYIO C TEOpUEH OYEBUIAHOCTH
(G.Shafer) anrebpamueckyro teopuio «aemrmcrepounoB» (P.Hajek—J.V.Valdes). Omna
npeaHa3HaueHa JUIsl BBIUMCIIEHUN pe3yJbTaTOB BHIBOJA B MPOAYKLIMOHHBIX CHCTEMax C
bynkuusmu nosepus (J.Gordon—E.H.Shortliffe).

B pa6ore J.G.Shmolze-W.Snyder mnpoaykimoHHass cucTeMa CBOAMTCA K CHCTEME
nepenucbiBanuss TepmoB (CIIT). B cemanTuke mnocienHei mnpejiaraercs MNpoueaypa
oOHapy>keHUs N30BITOUHBIX MpaBmil. Kak 3TO NPUHSATO B cUCTEMax MepeniCchIBaHUS TEPMOB,
Tpedyercs «3aBepmiaemoctb» CIIT M, COOTBETCTBEHHO, HMCXOJHOTO MHOKECTBA IPaBHII,
MHaYe HET TapaHTUH 3aBEPUIAEMOCTH MPOIEypbl. DTOT UHTEPECHBIN METOJl HE OXBATHIBAET
NPOAYKIMOHHBIE CHCTEMbI, MHOXKECTBA MPABUJI KOTOPBIX COEPIKAT IIUKIIBI.

Bo3MokHocTn  anreOpandeckoro MCCIEAOBAHUS MPOAYKIHMOHHO-JTOTHUYECKUX CUCTEM
COAEPXKUT Teopust yiabpTpaoneparopoB A.B.Ueukuna. B npunokeHnn Kk MaTeMaTH4eCKOU
JIOTHKE OHAa MpejJiaraeT pacCMaTpHBaTh MUMIUIMKALWU B BUAE OTAEIBHOTO COOTBETCTBHUA.
OnHako B Me4yaTH HE TPEACTaBICHBI HMCCIEIOBAHMSA YIBTPAONEPAaTOPOB, CBA3AHHBIE CO
CBOWMCTBOM TPAaH3UTHUBHOCTH JIOTHYECKOTO BBIBOJIA.

Wutepecnas anreOpandeckas MOJelNb, MO3BOJIsAONMAs (OPMaNIU30BaTh UIMPOKUN KPYT
jJorudeckux 3amad, mnpemioxkeHa b.A.Kymukom. BpeneHnas um anreOpa KopTexen
IpeCTaBIIsIeT cOOO0M ele OHY anredpandecKyto HHTEPIPETAUI0 MATEMATUYECKON JIOTHKH.
B Monorpadgumn b.A.Kynnka onuceIBaloTCS TakKK€ BO3MOXXHOCTH MPUMEHEHUS M3T0KEHHOM
TEOPUH K MOJIEIIMPOBAHUIO KCIIEPTHHIX cucTeM. He BraBasch B mOApOOHOCTH, OTMETUM, YTO
OIyOJMKOBAaHHBIE JJIs1 aireOpsl KOPTEXEH pe3ynbTaThl HE CBA3aHBI C  pPEUICHUEM
NEPEYNCICHHBIX BBIIIE 33124 JJIs IPOAYKIUOHHBIX CUCTEM.

Beime Hapsay ¢ OpOAYKIMOHHBIMH CHCTEMaMU HENapoM ObUIM YHOMSHYTBI TaKxkKe
«1o100HbIE UM» CUCTeMBbl. MHOTHE Mojenu B HHPOPMATHKE HMEIOT MPOIyKIIMOHHBIN
XapakTep, a CTPYKTYpPBI PEACTaBICHHS HH()OPMAIIUU YaCTO SBISIOTCS HEPAPXHUUECKUMHU.



B nepByto odepeab B KOHTEKCTE HACTOSAIICH pabOThI UMEIOTCS B BUIY NMPOAYKIHMOHHBIC
SKCHepTHBIE cucTeMbl. OHU OCTAIOTCS AKTYaJIbHBIMH, YTO MOATBEPIKIACTCS 3HAUUTEIHHBIM
YUCIIOM  TMyONUKAlMi TMOCIeNIHUX JIeT, TOCBAIIEHHBIX KaK HX TEOPETHYECKUM
WCCIICZIOBAHUSAM, TaK M PEIICHUIO NMPHUKIAIHBIX 3a4a4. ba3a 3HaHUII pacnmpoCTpaHEHHOTO
KJ1acca MPOAYKIIMOHHBIX CUCTEM MPEACTaBIsIET COO0H COBOKYMHOCTH MPABUII BHJIA «ECTH ...,
TO ...», IJIe B NPEANOCBUIKE M 3aKIIOYEHHH (PUTYpUPYIOT MHOXKECTBA TaK HAa3bIBAEMBIX
(akTOB. DTH MHOXECTBA HE3aBHCUMO OT MPABHJI TAaKXKe 00Pa3yI0T HEPAPXUIO KAK FTEMEHTHI
Oyineana — MHOXKECTBa MOAMHOXecTB. [IpaBuiia pacimrpeHHON TPOAYKIMOHHON CUCTEMBI B
NPEINOChIKE W 3aKIIOYEHWH MOTYT COJEpKaTh MPOMO3ULIMOHAIBHBIE (OPMYIBl (CM.
R.Davis—J.King). Takue ¢opmynbl KpoMe NMpaBWiI CBS3aHBI €Ile U HEepapXHel B pamKax
anreOps! Jlunnen6ayma—Tapckoro. B mogo6HOM Bue XpaHATCS MaTeMaTHYECKUE 3HAHUS —
TEOpPEMBI 3aMHCHIBAIOTCS B BHUJE «IAHO ..., TpeOyeTcs JA0Ka3aTh ...», TJe MPEArnochulKa U
3aKJII0YCHHE SBISIOTCS MHTEPIPETAUAMH (DOPMYJT UCUNCIICHUS IPEIUKATOB.

[lupoko mnpuMeHseMble B TEOPUM NPOTPAMMHPOBAHUSA  YCIOBHBIE  CHCTEMBI
nepenucbiBanus TepmMoB (N.Dershowitz, J.W.Klop, C.I'.BopoOreB) Tak:ke OCHOBBIBAIOTCS Ha
IpaBHUiIaxX MPOIYKIIMOHHOTO BHU/IA, CBA3BIBAIOIINX MAaphl JIEMEHTOB U3 HEKOTOPOH MepapXuu
TepmoB. CylIecTBYIOT W Apyrue obimactu MH()OpPMATUKU, HA TEPBBIA B3TJISA JNAJCKHE OT
OPOAYKUMH, HO HMHTEPIPETHpPyeMble MMU. B dYacTHOCTH, 37IE€MEHTHl HEpapXuH THUIIOB
O00BEKTHO—OPUEHTUPOBAHHONW TMPOTPAMMHOM  CHUCTEMBI MOXXHO paccMaTpuBaTh Kak
MHOKECTBO, Ha KOTOPOM 33JaHO MPOIYKIIMOHHOE OTHOILIEHHWE arperupoBaHusi. Jlaxxe B
UMIEPAaTUBHBIX  MPOrpaMMax MNPOCMATPUBAIOTCS  MPOAYKIHMOHHBIE  CBSI3U  MEXIY
COCTOSIHUSIMU JAHHBIX JI0 H MOCJIE BBIMOJIHEHUS KAXKI0W OTepaliH.

C yyeToM H3JIOKEHHOTO BBIIIE MOXHO KOHCTaTUPOBATh, YTO AKTyaJIbHON HAay4YHOMH
npobseMoi SBISETCS CO3JJaHNe areOpandecKoil Teopuu, KoTopas Obl

® QJIeKBAaTHO OTpa)kaja BTOPHYHBIE MNPOAYKIHMOHHBIE CBSI3M B  Pa3IUYHBIX

UEPAPXUYECKUX CUCTEMaX HIMPOKOTO CIIEKTpa MPUMEHEHUS;
e 00OCHOBBIBaJIa aBTOMAaTHU3UPOBAHHBIE (POPMAJILHBIE MCCIIEIOBAHUS TAKUX CHCTEM B
IUTaHE UX SKBUBAJICHTHBIX TPE0Opa30BaHMii, BepHUPHUKAIIUN U OTITUMHU3AIINHY;

e jomyckana 3QPEeKTUBHYIO0 KOMITbIOTEPHYIO PEATH3AIHIO.

OcHoBHas1 HeJib JHcCCEepPTallid — pa3paboTKa TaKOW TEOpWH, a TaKKe ONHUCAHUE U
JIEMOHCTpAIHsl BO3MOXHOCTEH e€e MPUMEHEHHs Ha MpHMepax U3 PasIUyHbIX MPHUKIATHBIX
obnacreil.

Hcnonp3oBaHHble B pabOTE METOABI MCCJIeI0BAHUN OCHOBAHBI HAa TEOPUSX MHOMKECTB,
pENIeTOK, OMHAPHBIX OTHOIIEHUH, YHUBEPCATbHBIX anredp, anredpandecKkoi JOTUKH, TEOPUU
rpados. [Ipu onvcannu NpuIOKEHUN MPUMEHSIOTCS METO/bI aHAIN3a aITOPUTMOB, TEOPUH
U TEXHOJOTMHd mporpamMmupoBaHus. Mcmons3oBaHbl MeTOAbI OOOOMIECHHBIX (DYHKIH,
GYHKIIMOHAIBHOTO aHAIN3a, TceBA0 U HepEeHITUANTBHBIX OIIEPaTOPOB.

Hay4yHnasi HOBH3Ha TUCCEepTAIMU 3aKIIIOYACTCA B CIEIYIOMIUX MOJIOKEHUSX.

e [IpennosxeH HOBBIA TOAXOJM JJII aBTOMATU3UPOBAHHOW pa3pabOTKU M HMCCIICOBAHUS
CHCTEM TMPOIYKIIMOHHOTO THWIIA, BBIPAXKCHHBIH B CO3JaHMM OCHOBAaHHOM Ha peIIeTKax
anreOpanueckoit Teopun LP-ctpyktyp (Lattice-Production Structure). Ilpeamnomnaraercs, 4aro
uHbOpMaIHs 0 HEKOTOPOU MPEIMETHON 00JIACTH MOXKET ObITh (POpPMarIbHO MpECTaBICHA B
Buje pemieTkd. OnucaHue METOAO0B HCIOJIB30BAHUS PEIIETOK IS MPEACTaBICHUS 3HAHUM
MokHO Haitu B pabore F.J.Oles, monorpadusx J.F.Sowa, A.Teiza—Il.I'pubomona u ap.
OcHoBHas uaest Teopur LP-CTpyKTyp COCTOMT B MOAETMPOBAHUM MPOIYKIHOHHBIX CBS3EH
(COBOKYNTHOCTH TPaBUJI) JOMOJHUTEIbHBIM OWHApPHBIM OTHOIICHHWEM C 3aJaHHBIMH
cBoiicTBaMu (peIeKCUBHOCTD, TPAH3UTUBHOCTD U HEKOTOPBIE JPyTUE CBOMCTBA, 3aBUCSILNE
OT KOHKpeTHOM Mozenu). Ilpu 3TOM ompenenstomuii pemerky YacTUYHBIA IOPSIO0K



OTpa’kaeT YHUBEpCaJbHbIC TaBTOJOTHH U sBIseTCS (pukcupoBaHHbIM. BTOpoe oTHOmIeHHE
MOPOXKJIAETCS JIOTUYECKUMHU CBSI3IMM KOHKPETHOM IpPEAMETHOM 00JIACTU U MOXKET
MI0/IBEPraThCsl S3KBUBAJIIEHTHBIM IPE00pPa30BaHUSIM.

e BmepBrie BBeneHO U O0O0OCHOBAHO TMOHSATHE OSKBHBAJIEHTHOCTH MPOAYKIHOHHO-
JIOTUYECKUX CHCTEM Ha OCHOBE MX JIOTMYECKOro 3aMblKaHUA. JlOKa3aHbl BO3MOKHOCTH
aBTOMATUYECKUX JIOKAJIbBHO-DKBUBAJIEHTHBIX peoOpa3oBaHMi LP-cTpykTyp u
COOTBETCTBEHHO MOJCIMPYEMBIX MU NPOLYKIIMOHHBIX CUCTEM.

e BBeneHo moHsTHE MPOTYKIIMOHHO-TOTHYECKOTO ypaBHEHHsI M1 00OCHOBAH COCO0 ero
pelIeHusl, YT0O B NMPUMEHEHUH COOTBETCTBYET noHOMY OOpaTHOMY BbIBOAY. Konuemius
ypaBHEHUI MOXKET ObITh Tak)Ke MpUMEHEeHa /7S Bepudukanuu 3HaHui. VHTepecHbIe KI1acchl
JIOTUYECKUX YpaBHEHMI paccmarpuBanuch B paborax A.J[.3akpesckoro, C.H.Bacuibesa,
B.M.JleBuHa, ogHAKO NPEACTABICHHBIE B HHUX YPAaBHEHMS HMEIOT OTIMYHYIO OT CHCTEM
npoaykuuii mpuponay. Ha HedeTknx OMHApHBIX OTHOIIEHHUSX OCHOBAHBI PENIALMOHHBIC
ypaBHEHUs, paccMarpuBaBmiuecss B pabdorax B. De Baets u apyrux aBropoB. OcHOBHBIE
TPYIAHOCTH HCCIENOBAaHUSA 31€Ch IOPOKIAIOTCA HEYETKOCTHIO OTHOUIEHWH, W IIPOLecC
pelIeHUsI COOTBETCTBYET JIMIIb €AMHCTBEHHOMY 111ary BBIBOJA.

e Jloxa3zaHO CyIIeCTBOBAaHHE U MOIYy4eH 3(PHEKTUBHBIN CrIOCOO MOCTPOCHHSI JTOTHUECKOM
penykuun LP-ctpykTyp. B mnpuinokeHus X OH O3Ha4yaeT MUHUMM3ALUIO COOTBETCTBYIOLINX
0a3 3HAHWIA, TO €CTh IIOCTPOCHHE OKBUBAJICHTHOW TMPOMAYKIIMOHHOW CHUCTEMBI C
MUHUMAaJIbHBIM HA0OPOM MpaBuUIIL.

e HoBeiM sBisieTcs pacupoCTpaHEHHE E€IUHOTO anredpanvyeckoro IMoaxoja Ha
JNOCTATOYHO IIUPOKUM CIIEKTP PAa3jIU4YHBIX CHUCTEM: CTAHAAPTHBIE M PACIIAPEHHBIE
MPOAYKIMOHHBIE 3KCIEPTHBIE CHCTEMBI; (pOpMasbHbIE CUCTEMbl MAaTEMaTHUYECKHUX 3HAHUIA;
YCIOBHBIE CHCTEMbl IEPENUCHIBAHHUA TEPMOB; HUEPAPXMM TUIIOB B  OOBEKTHO-
OPUEHTUPOBAHHOM IIPOrPaMMHUPOBAaHUU. B YacTHOCTH, HOBBIM SBISETCS BBEACHHBIA U
WCIIOJIb30BAHHBIA B JUCCEPTALMU TE3UC O MPOMYKIMOHHOM CEMAaHTHKE MUEPAPXUU THUIIOB C
OTHOLIEHHEM arperupoBanusi. B pesynbrare Ha 0aze LP-cTpykTyp 000CHOBaHBI
aBTOMATU3WPOBAHHBIC PEIICHUS HEKOTOPhIX BAXKHBIX 3adad BepU(UKALUU TUIOB U
pedaxTopunra. Ilokazana BO3MOXHOCTh IPUMEHEHUS IPOAYKIIMOHHO-IOTHYECKUX CTPYKTYP
K HOBBIM HCCJIEJOBAHUSIM CBOMCTB UMIIEPATUBHBIX AJITOPUTMOB.

e B xauecTBe npumMepa s WUTIOCTpanuu npuwioxenus LP-ctpykryp nepsBoro nopsiika B
JMCCEPTALMN HM3JI0KEHbI 3JIEMEHThl TEOPUH HEKIACCHYECKHX TceBaoanddepeHInambHbIX
oreparopoB. OHH cozepKaT HOBbIE Pe3yJIbTaThl aBTOPA B COOTBETCTBYIOLIECH 00IACTH.

e CdopmynupoBaHa HOBasg KOHIEMIHS TPEXMEPHOW CTPYKTYphl pacIIUpIEMOil
IIPOTPaMMHOM CUCTEMBI, KOTOpasi B JONOJHEHHE K aKTyaJlbHOM paHee JBYMEPHOM MOJIEIU
(AJI.®ykeman, M.M.I'opOynoB-IlocanoB) comepxuT HaOOp B3aMMOCBA3aHHBIX YPOBHEU
IIPOrPaMMHUPOBAHUSL OT CUCTEMHOI'O 10 IOJIb30BATENIBCKOIO, 3aBEPIIAIOIIMICA HAa BEPXHEM
YPOBHE MPOIYKIIMOHHON SKCIIEPTHOM CUCTEMOM.

e Pa3pa0oTaHbl U peann30BaHbl OPUTHHATIBHBIE YPPEKTUBHBIE METOBI KOMITBIOTEPHOTO
MPEICTaBIICHUS] OCHOBAHHBIX Ha PElIeTKax alreOpandecKux CTPyKTyp.

e [IpeanoxeHbl U pearn30BaHbl HOBBIE METOJIbI OOPATHOTO BHIBOJA M BepUPUKALIUHU IS
CHCTEM MPOJYKIMOHHOTO THUMA, Oa3upyIOIIMecs Ha PEIICHHH JIOTUYECKHX YpaBHEHHM.
Konnenmus LP-BbIBOJA HallpaBiieHa HA MUHUMH3ALUIO KOJIMYECTBA 3alPOCOB K BHEIIHEMY
MCTOYHMKY. 3arpocChl MO BO3MOXXHOCTH OTHPABISIOTCS TOJBKO IS Te€X (PAKTOB, KOTOPHIE
HEOOXOAMMBI NTPH BhIBOJIC. OTPULIATEIIbHBIN OTBET HAa €MHCTBEHHBIN 3aIIPOC UCKITIOUAET BCE
MoCJeNyIoImue 3ampockl 00 3eMeHTax meaoro MHoxkectBa. Kpome toro, mpu LP-BeiBOzE
NPEINOYTeHUE OTJACTCA TECTUPOBAHUIO MHOKECTBA ()aKTOB MUHUMAIBHON MOITHOCTH.



JlaHHBIE HJEU HE IEpPECEKAloTCd C HM3BECTHBIMM METOJaMU OBICTPOrO BBIBOJAA, a
nononHstoT uX. Bo-mepbix, anroputmbl RETE (C.L.Forgy) u TREAT (D.Miranker),
0a3upyromuecs: Ha CIEeHaTbHBIX CETEBBIX MPEICTaBICHUAX MHOXKECTB PABUJI, N3HAYAIEHO
pa3pabaTbIBaNUCh JJIi CTPATETUH MPAMO20 BBIBOJA W UCIOIB30BAIUCH B MPOTYKIIMOHHBIX
cucTemax ¢ npsiMbIM BeiBoJIoM (Hanpumep, OPSS, CLIPS). Anroputm LEAPS (D.Miranker,
D.Brant) ocymecTtBiasieT KOMOWISAUUIO B s3blk C  MHOXECTBa MpaBWJI TOW Ke
npoaykiuoHHo# cucremsl OPSS. B nocnenyroomux ucciieqoBaHUsAX HanboJsiee MOIyJIsIpHbII
anroput™ RETE agantupoBancs st cMemaHHoro (AByHanpasiaeHHoro) BoiBoja (Y.H.Lee—
S.I.Yoo, P.V.Homeier-T.C.Le). U3noxxenHast B HacTosimei paboTe KOHLENIHUS ypaBHEHHH
npeaHa3HaueHa Uil MCKIIOYUTENBbHO 00pamHo20 BBIBOAA M HE TpeOyeT aisi CBOeH
peayM3al TPOMO3JAKUX JAMHAMHYECKHX CTPYKTYp, CBONCTBEHHBIX YKAa3aHHBIM BBIIIE
ITOPUTMaM, B CIydasiX, KOTJa HET HUKAKOW MOTPEOHOCTH B MPSMOM (M COOTBETCTBEHHO
CMEIIAHHOM) BbIBOJI€. BO-BTOPBIX, HUUTO HE MEIIAET aJalTUPOBATh MMEIOIIHUECS OBICTpBIE
aJITOPUTMBI 0OPATHOTO BBIBOJIA JIJISI HAXO0XKICHUSI PACCMOTPEHHBIX B JUCCEPTALMU PEIICHUN
MPOAYKIIMOHHO-JIOTHYECKUX YpPaBHEHMH. OTOT MOJAXOJ MOMKET O0Ka3aTbCsl HMHTEPECHBIM
HaMpaBJICHUEM PAa3BUTHS PE3yIbTaTOB HACTOALICH pabOTHI.

e Peanm3oBaHa MHTErpupOBaHHas cpefa pa3pabOTKH M BBIMOJIHEHUS MPOAYKIMOHHO-
JIOTHYECKUX CHCTEM, oOJanaroniasi HOBBIMH BO3MOXKHOCTSIMHU MCCIIEOBAHUS U ONITUMU3ALINN
0a3 3HaHUM.

HoBas Teopust LP-cTpykryp 3aHumaer COOCTBEHHYIO HHIIY, OJHAKO MpPHU 3TOM OHA
COIPUKACAETCSA C HEKOTOPBIMU JIPYTUMU UCCIIEIOBAHUSMU.

Ormerum B yacTHOCTH, uTo Oumpemerku (M.Ginsberg) Taxxke mpeamonararoT Haludue
JBYX OTHOIICHHWH Ha OOIIEeM MHOKECTBE, OJHAKO B MPOYMX acmekrax teopus LP-ctpykryp
UMEEeT C HUMH Majio OOIIEero, Kak C TOYKH 3peHUs (HOPMAIbHOTO OIpENeNeHUs, TaKk M
BO3MOJKHBIX NpUMeHEeHud. B psge padot (cm. cratbio J.Czelakowski m Oubnuorpaduio B
HEil) paccMaTpUBaIOTCA OOLIETEOPETUUECKHE BOMPOCH O CBOMCTBAX OMHAPHBIX OTHOIICHHIM
Ha YAaCTUYHO YIHOPSAJOYEHHBIX MHOXXECTBaX (B TOM YHCIE M pelIeTKax), TaKhe Kak
MOHOTOHHOCTb, HENOJBM)XHBIC (pe(IIEKCUBHBIE) TOYKH, pexkypcun. OJHaKO 3TU
MCCIICZIOBAHUS HE YUUTHIBAIOT CTIEHU(UKHA MOJIENIel TPOAYKIIMOHHBIX CUCTEM.

3ajaya JOrM4eckoro BbIBoja Ha LP-cTpykTypax mnepekiMkaercss ¢ MpoOiaemMoit
HaXOXKJICHUS (YHKIMOHAIBHBIX 3aBUCUMOCTEH B pENIALMOHHBIX 0a3ax HOaHHBIX  (CM.,
HaInpumep, MOHOTpaduIo I'.I""Monunsi-/1.Ynemana—/[. Yugom). IIpn BBIBOJIE
(YHKIIMOHAJIBHBIX 3aBHUCUMOCTEH B 0a3e JaHHBIX HCHOJB3YIOTCS JEAYKTHBHBIE INpaBUIIa
ApMCTpOHIa, NpUMEHsAEMblE K djemMeHTaM OyneaHa. OpHako B JTOW TEOpUHM U3
«PEIIETOYHBIX» OIEpalii UCIONB3YEeTCsS JHUIIb ONepanus oObeIUHEHHs, a Habop MpaBHI
ApMCTpOHTa CyIIECTBEHHO OeHee MHOKECTBa MpaBuil BbiBoJa B LP-ctpykTypax. Brosnne
BO3MOXHO, YTO HMCCIJIEJOBAaHUE PEISLUMOHHBIX 0a3 NAaHHBIX MOYKET CTaThb OJHOM M3 HOBBIX
obmacreit npumeHerus teopun LP-ctpykryp. MIMeroTcs Takxke orpeieseHHble MepCIeKTHBBI
UCTIOJIB30BaHUA MOA0OHBIX LP-cTpykTypam anreOpanuecKux CHCTEM IJIsi MOJEIMPOBAHUSA
HEKOTOPBIX KJIACCOB MOJYCTPYKTYPUPOBAHHBIX JAaHHBIX (CM., Hampumep, pabOTHI
B.A.Bacennna, C.A.AdoHuHA) C IETBI0 UCCTEAOBAHNUS U ONTUMHU3AIINN 3aIIPOCOB.

bruskum k Teopun LP-ctpykTyp moxeT cuntarbest FCA — ananu3 popManbHBIX TTOHSITHIA
(R.Wille-B.Ganter, C.O.Ky3HenoB), wumeromuid MHPOKYy 00JacTh NPUMEHEHUS B
UCCIIEIOBAHUSAX JBYMEPHBIX JaHHBIX C CEMAHTHKOM «OOBEKThI-IIpU3HAKW». OH TaKxke
OCHOBaH Ha peEIIeTKaX M paccMaTrpuBaeT OWHApHbIE OTHOILIEHUS MEXIy MHOKECTBaMHU.
Opnnako LP-ctpykrypsl u FCA umerot cyniectBeHHble oTianuus. Kak BUIHO U3 myOauKaiuii,
OOIIMX MPUJIIOKEHUN Y 3TUX JABYX TEOPHH MPAaKTHUUYECKU HET, HECMOTPS HAa MHOT/Ia MIOXO0XKHE
GopMYyTUpPOBKM pelIaeMblX B HMX paMkKax 3ajad. Hampumep, MUHUMAaNbHbBIN 0Oa3uc



nmiuukaui B FCA nepekiukaetcst ¢ jorndecko penykuueit LP-ctpykrypsl. C momolibio
ATUX MOAXOJOB CTABSATCS W PELIAIOTCS 3aJa4l, COOTBETCTBYIOUIUE PA3IMYHBIM MOJEISM B
uHpopmartuke. B dYacTHOCTH, MaHHBI (aKT TOATBEPKIAIOT MPEACTABICHHBIC Jajnee
BO3MOKHOCTH MIPUMEHEHHUS LP-cTpykTyp B 00BEKTHO-OPUEHTHPOBAHHOM
MPOrpaMMUPOBAHHUU.

Teoperuyeckass ¥ TpaKkTHYecKass 3HAYUMOCTb. PaboTta HOCHT B OCHOBHOM
TeOpeTHYeCKuil xapakrtep. Ee monoxxeHus mpeacTaBisiOT co00il HaydyHO OOOCHOBAHHBIE
TEXHOJIOTUYECKUE PEIICHUs ISl TIOCTPOCHUS HOBOTO KIlacca alreOpamdecKux CTPYKTYp,
MO3BOJISIIONINX (DOPMYITHPOBATH W YCIICITHO pPeliaTh 3a7auyd MCCIEIOBAHUS M ONTUMU3AINH
JIOTUYECKUX CHUCTEM TMPOAYKIMOHHOTO THUNa. Q@opMynupys cChelHalbHble CBOWCTBA
OWHApHBIX OTHOIIEHWH Ha LP-cTpykTypax, MOXHO aHAJIOTMYHBIMH METOJIAMHU MOJIyYaTh
aJICKBaTHBIC aNreOpanyecKue MOJIENH Pa3INYHbIX NPEIMETHBIX O0JacTeld MpPUMEHEHUS
WHDOPMATUKH, B TOM YHCIIE UM TaKWX, KOTOPBIC SIBISIOTCS HAIMOHAIBHO 3HAYUMBIMHU H
OCTAJIUCh 32 paMKaMU UCCJIE0BAHUI HACTOSIIECH paOOTHI.

[leHHOCTh AWICCEPTAIMOHHONW pPaOOTHI JOIMOJNHSIETCS BO3MOXKHOCTBIO TPAKTHYECKOTO
MPUMEHEHMS] YCTAaHOBJICHHBIX B HEH TeopeTHueckux pe3ynbTaToB. Kaxnas wu3
MPEICTABIICHHBIX B JHMCCEPTAIIMH BO3MOXKHOCTEW mpuMeHeHus LP-cTpykTyp MoXXeT OBITH
JIOBEJICHAa 10 TPAKTUYECKOW pealn3anui, a UMEHHO — 3(P(EKTHBHOTO pEIICHHs 3aaad
aBTOMATH3AIlMUd TpPeoO0pa3oBaHMii, BepUPHUKAMM W MUHUMHU3ANUHA MPOAYKIIMOHHO-
JOTUYECKUX CHCTeM. Takoil BBIBOJ, OTHOCHUTCS K CTaHAAPTHBIM, OCCKOHEYHBIM U
pacCUIMPEHHBIM TMPOAYKIMOHHBIM 3KCHEPTHBIM CHCTEMaM, CHUCTEMaM KOMIIBIOTEPHOMU
anreOpbl, aBTOMATUYECKOTO JOKA3aTeIhCTBA TEOPEM, CHCTEMaM aBTOMAaTHU3HPOBAHHOTO
pedakTopuHra, CHCTeMaM aBTOMATH3AI[UU MPOTPAMMUPOBAHUS U IPYTHM UM MTOA00HBIM.

[TpakTrueckass 3HAYUMOCTH PaOOTHI MOJATBEP)KAACTCS OMHCAHHON B 3aKIIOUUTEIBHOU
rJlaBe KOMIIBIOTEpHOM peann3anueil ctanaapTHoil Teopun LP-cTpykTyp B Buae OOBEKTHO-
opueHTHpoBaHHOro Kiacca LPStructure. DToT Kimacc ObUT NMpUMEHEH MpH pa3paboTKe
MHTETPUPOBAHHOM cpenbl Jorudeckoro mnporpammupoBanuss LPExpert. B pesynberare
MOJIy4eH TaKeT MporpaMM ¢ HOBBIMH J(PGEKTUBHBIMH BO3MOXXHOCTSMU CO3/IaHUS U
UCCIIEIOBAHUSA MPOIYKIIMOHHBIX AKCTIEPTHBIX CUCTEM. Ee MpEeuMyIIecTBa
MPOJIEMOHCTPUPOBAHBl  AKCIEPUMEHTAILHO HA KOHKPETHhIX mpumepax. Eimie oaHum
MOATBEPKACHUEM MNPUMEHUMOCTH Teopuu LP-CTpyKkTyp sABisieTCs oOmucaHHass B pabote
dbopmanuzanus MaTeMaTudeckux 3HaHui LP-cTpykTypoil mepBoro nopsuka.

JloCTOBEPHOCTH ~ NMPEJICTABJIEHHBIX  Pe3yJabTATOB  O0OECIEYHMBACTCS  CTPOTUMHU
MaTeMaTUYECKUMU (OPMYJIMPOBKAMH M JIOKA3aTE€IbCTBAMU, a TAKXKE NPUBEICHHBIMU
pe3yabTaTaMu 3KCIIEPUMEHTOB.

AnpoGanusi. Pe3ynbrarthl AMCCepTALlMU JIOKIAJbIBAJIUCh HA CIEAYIOIUX HAyYHbIX
KOH(EPEeHIUAX M CEeMHUHApaX: COBMECTHOM 3acemannu cemuHapa uMm. W.I'. IletpoBckoro u
MockoBckoro maremarudeckoro obmectBa (MockBa, MI'Y umenn M.B. JlomoHocOBa,
1986); IX koHdepeniun Mosoablx ydeHblx H crnenuanuctoB YJH wum. I1. JlymymOb
(Mocksa, 1986); XIII Bcecoro3Hoil mikoje MO TEOPUH OMEPATOPOB B (DYHKIIMOHATHHBIX
npocrpanctBax (Kyiiosimes, 1988); XIV Bcecorws3Hoii mikoiie o TEOPUU OINEpPaToOpoB B
bynkimoHanbHbIX npocTpancTtBax (Hosropoa, 1989); XV Bcecoro3Hoii mKkoie mo Teopun
orepaTopoB B (PYHKIIMOHATBHBIX MpocTpaHCTBax (YibsHOBCK, 1990); mexmyHapoIHOM
cemuHape «JluddepeHnuanbaple ypaBHeHHs W ux npuioxeHus» (Camapa, 1995);
MexayHapoHOM KoHpepeHun «O0pa3oBaHue, HayKa, MPOU3BOJICTBO U ympaBieHue B XXI
Beke» (C.Ockom, 2004); 7-it mexmayHaponaHou koHdpepenuun «Mubopmaruka: mpoOiemsl,
metonosorusi, TexHonorun» (Boponex, BI'Y, despans 2007); MexayHApOIHOW IMIKOJIE-
cemuHape «CoBpeMeHHbIE MPOOJIeMbl MEXAHUKHU U MPUKIAIHONW MaTeMaTuku» (BopoHex,



BI'Y, cenrsbppy 2007); cemuuape «TeopeTmueckue mpoOIeMbl NPOTPaMMHUPOBAHUS
kadenper Matemarnyeckoir kuOepHetnkn MIY umenn M.B. JlomonocoBa, pyk. P.W.
[TonnmoBuenko, B.A.3axapoB (HosiOps 2007); 00beTMHEHHOM CEMUHApE MO KOMITBIOTEPHOM
anredpe ¢-ra BMK n HUUN sigepuoii ¢usuku MI'Y umenn M.B. JlomonocoBa, pyk. C.A.
Ab6pamoB (saBapp 2008, wmapt 2009); Hay4YHO-HCCIENOBAaTENLCKOM CEMHHApE IO
aBTOMAaTHU3allMU TMPOTPaMMHUPOBAaHUS KadeApbl CUCTEMHOro mporpammupoBanus MIY
umenn M.B. JlomonocoBa, pyk. M.P. Illypa-bypa (deBpans 2008); XLIV Bcepoccuiickoit
KOH(epeHIuH 1o npodiemMam mMaTeMaTtuku, nHdopmatuku, ¢puszuku B PYJIH (anpens 2008);
Ha XII MexayHapoaHoOi HAay4YHO-TIPAKTUYECKOW KOH(EPEHIUH-BBHICTABKE «AKTyalbHbIC
npobsemMbl HHPOPMATUKHA U UH(OPMAITMOHHBIX TexHoJorui» (Tam60B, centsaops 2008); IX
Bcepoccuiickom cuMIio3nyMe 1o NpuKIagHoN U MpoMbllIeHHOM MaTeMaTuke (KucnoBoack,
Mmaii 2008; Bomxckuii, okTsa0ps 2008); X BcepoccuiickoM cumno3nyme mo NpUKIagHOU U
npombinuieHHOW Marematuke (Cankt-IletepOypr, maii 2009); OO1IEMOCKOBCKOM Hay4YHOM
cemuHape «lIpoOGrembl wuckyccTBeHHOro wuHTeIieKTa» (uioHb 2009); MexmayHApOIHOM
KOH(pEepeHIIUN «AKTyallbHble NpPOOJIeMbl MNPHUKIAJHOW MaTEeMaTHKH, HH)OPMATUKH U
mexanukn» (Boporex, BI'Y, utonp 2009); mexmynaponnoit kordepennnn Mathematical
Modeling and Computational Physics (Dubna, July 7-11, 2009); wmexayHapoaHoit
koHpepeniun «ManbueBckue urenus» (Hosocubupck, UM CO PAH, asryct 2009);
HAyYHOM CEMHUHape OTJAeNla CHUCTeM MareMarudeckoro obecredyenus BL[ umenu A.A.
HoponuunpsiHa PAH, pyk. B.A. CepeOpsikoB (MockBa, okTs16ps 2009); HAydHOM ceMHHape
«I[IpoGneMbl  COBPEMEHHBIX BBIUMCIHUTENBHBIX CHCTEM» MEXaHHMKO-MAaTeMaTHYECKOTO
¢dakynereta MI'Y umenn M.B. JlomonocoBa, pyk. B.A. Bacenun (oxtsa6ps 2009); III
Bcepoccuiickoii HayuHoi kKoH(epeHuun «Mertonsl U cpenctBa o0paboTku MH(OpMALIUN»
(MockBa, MI'Y wumenu M.B. JlomonocoBa, okxTa0psr 2009); HayyHOM ceMUHape
«Teopernueckoe nporpammupoBanue» Mucturyra cucrem uadopmaruku uMm. A.Il. Epmosa
CO PAH, pyk. H.B. [uno (oxtsi6pp 2009); II Bcepoccuiickoii koHpepeHIuu ¢
MEXIYyHApOaHbIM yuacTueMm «3HaHusg — Onronoruu — Teopun» (3OHT-09) (MM CO PAH,
okTsi0ph 2009); a Takke Hay4dHBIX ceccusix Boponexckoro rocynuBepcutera (1987-2009).
NmeroTcst 2 akTa 0 BHEPEHUU PE3YIbTATOB PaOOTHI.

My6auxamun. [To Teme nucceprammum omyoiaukoBaHo 49 HaydHBIX paboT, B TOM yucie 1
moHorpadust u 18 pabot, coorBercTByronmx Ilepeunio BAK P®. OmyGmikoBanHbie pabOTHI
OTpa)karoT cojJiepkaHue Jucceprauuu. IlomydeHsl 2 CBHIETENBCTBA O PETUCTPALMU
KOMITBIOTEPHBIX TPOIPAMM.

JInyHbli BKJIaL aBTOpa. B quccepranuy U3a0KeHbI PE3yIbTaThl, TOJIYUYEHHBIE JIMYHO
aBTOpPOM, BKJIOYas HCCIEAOBaHHWE NPOOJIeMaTHUKH, MOCTAHOBKU 3aJay, METOJABl HX
pelIeHus, allTOPUTMBl U NIPOrpaMMHBbIE pealn3anuu. M3 coBMECTHO OIyOJIMKOBaHHBIX
paboT B JUCCEPTALMIO BOLIIN TOJBKO pe3yJbTaThl aBTOPA.

Crpykrypa u 00bemM padoThl. /{uccepraiiysi COCTOMT U3 BBEACHHUS, IIIECTH IJ1aB, 3aKITIOUCHUS,
JBYyX TIPWIOKEHHHA W crnucka Jmreparypbl. OOmmii o0bem auccepraimu  S552c., CIHCOK
JIUTEPATypbl COAECPKUT 213 HauMeHOBaHUIl.

OCHOBHOE COJAEPXAHUWE PABOTBI

[Tockonpky B aBTOpedepare MPUBOIMTCS JIMIIL YacTh JOKa3aHHBIX B paboOTe Teopem,
HENPEPBIBHOCTh HyMepaluu (GopMyTUPYEMBIX 3[I6Ch MATEMAaTHYECKUX yTBEPKICHUI MOKET
HE COOI0IaThes.

Bo BBeaeHum coneprxarcst o0l 0630p TEMaTHKU MCCIEIOBAaHUM U €€ PeTPOCIIEKTUBA,
MOKa3aHa aKTyaJbHOCTh pabOThI, MPEJCTABICHBI LENU W 3a7ayd HCCIEAOBAaHUM, OMUCAHBI



METOJbl pemeHust 3a7ad, chOpPMYIUPOBAHBI TOJyYEHHBIE B paboOTe HOBHIC Hay4YHBIC
pe3yNbTaThl, MIOKa3aHO HAYYHOE U MPAKTHUYECKOE 3HAaYCHHE PaOOTHI.

I'maBa 1 HocuT BBOAHBIM XapakTep. B Hell mepeuMcnsrorcs 3aJaud U3 Pa3IMYHBIX
obmacteii WH(POPMATUKH, OMUCAHME KOTOPHIX MOXET OBITh CBEIGHO K CHCTEeMaM
MPOAYKIIMOHHOTO THIA, MojaenupyeMbiM LP-cTtpykrypamu. OqHa u3 neneil JaHHOW IiaaBbl —
caenatb Oojee SCHBIMM KaK TNPOMCXOXAeHHEe Teopun LP-cTpykTyp, Tak u oOmme
BO3MOKHOCTH €€ IPUMEHECHHUS.

HavanbHbIil pa3zen riaBel MOCBSALIEH OOCYXJEHHUIO HOBOM KOHILIETILIMM TPEXMEPHOU
CTPYKTYpbI pacIIUpsieMON MPOrpaMMHON CUCTEMbI. JTa KOHUENIUSA Pa3BUBAET JIBYMEPHYIO
MoJienb, onucanHyio B paborax A.Jl.dykcmana u M.M.I'opbynosa-Ilocamosa. Cormacuo
ABYMEPHOM MOJENH, KaXJI0€ paciupeHne (YHKIMOHAIBHOCTH MPOTpaMMBbl  MOKHO
paccMaTpuBaTh Kak J0OaBIIEHHE OMNPEIENCHHOIO0 KOMIIOHEHTa (BEPTUKAIBHOTO CJIOA),
OTHOCSIIETOCS K HEKOTOPBIM paHee CPOPMHPOBAHHBIM 00pa30oBaHUAM (TOPU3OHTAIBHBIM
ciosiM). M3baTre BEpTUKAIBHOTO CIIOS HE MIPUBOAUT K «KaTacTPOYUIECKUM» MOCIEACTBUAM
IUIS IPOTPaMMBI, a JIMIIb O0eAHSEeT €€ (PYHKIMOHATBbHOCTh. KaxIIplii ke TOPU30HTAIbHBIN
CJIOW NTPOTPAaMMBI SIBJISIETCS €€ HEOTHEMIIEMOM YaCThIO.

AHanmm3 OCOOCHHOCTEH COBPEMEHHBIX MPOTPAMMHBIX CHUCTEM MPUBOIUT K HAEE O
11e71€cO00pa3HOCTH BBOJA B MOJIEIb ONHUCAHUS CTPYKTYphl NPOrpaMM €€ TPEThEro
U3MEpEHHUs, COJIepKalllero mnapajuielbHble YpoBHM pa3paborku. CoriacHo JaHHON
KOHIICTIIIMY, MporpaMMHas cucTeMa  paspalbaTblBaeTcsi cpady Ha  HECKOJBKUX
B3aMMOCBSI3aHHBIX YPOBHSX, OT HHMJKHETO CHUCTEMHOIO 10 BEPXHETO I0JIb30BAaTENIbCKOIO.
[Tpu 3ToM camblii BepXHUI ypOBEHb Pa3pabOTKU CONEPKUT MHTEIUIEKTYaIbHYIO YacTh JJIs
MOAJEP/KKH T0JIb30BATENBCKOTO MPOrpaMMHUPOBaHUs («HACTPOKKa» MpPOrpaMMbl), KOTOpas
MOJKET OBITh MpPEACTaBICHA B BHJE CIEUUAIBHON MPOAYKIMOHHON cucTeMbl. V3moskeHHas
KOHLIETIIUS U3HAYAJIBHO CTajla OJHOM U3 OTIIPABHBIX MOCBUIOK I BBeneHus LP-cTpykryp.

Hanee B rnaBe 1 BBOAWTCS OCHOBHAs TEPMHUHOJIOIHUS, CBSI3aHHAs C OWHAPHBIMU
OTHOLLIEHUAMH, peleTkaMu, LP-cTpykTypaMu U pogyKIMOHHBIMU CUCTEMAMH.

OtHomeHne R Ha MPOW3BOJBLHOM MHOXECTBE F Ha3bIBaeTcs Pe(IeKCUBHBIM, €CIU IS
mo0oro aeF copaBemuBO (a,a)€ R; TPAH3UTHUBHBIM, €CIHH I JOOBIX a,b,ce F u3
(a,b),(b,c)eR cnenyer (a,c) € R. CylecTByeT 3aMbIKaHHE R IIPOM3BOJIHLHOTO OTHOIICHUS
R OTHOCUTEIIBHO CBOWCTB pPe(ICKCUBHOCTH M  TPAH3UTHUBHOCTH (pedrieKCHBHO-
TpaH3UTUBHOE 3amblkaHue). [lapa anemMeHTOB a,b € F' Ha3bIBae€TCA TPAH3UTHBHOW B R, eciiu
(a,b)e R/, rie R — TpaH3UTHUBHOE 3aMBIKAHHE OTHOIICHHUS R, = R\{(a,b)} .

OOpaTtHas 3amaya — HAXOXXJICHHE TPAH3UTUBHOM PEIYKIMU: HIIETCS MUHUMAIbHOE
OTHOWIEHHE R TAKOE, YTO €ro TPAaH3UTUBHOE 3aMBIKAHUE COBMANAET C TPAH3UTUBHBIM
3aMBIKAHUEM HMCXOJHOTO R . 371€Chb MUHHUMAJIbHOCTh MOJPAa3yMEBAETCS B CMBICIIE YACTUYHO
YHOPSOYEHHBIX MHOXKECTB, TO €CTh PA3IMYAIOTCS MOHATUS MUHUMAJIBHOTO 3JeMEHTa (IS
HEro HET MEHBIIETO JIEMEHTA) U HAUMEHBIIIETO 3JIEMEHTA (OH MEHbIIIE BCEX).

Pemerkoit F Ha3bpIBaeTCsS MHOMKECTBO C YAaCTUYHBIM THOPSAKOM < («HE OOIbIIe),
«COZIEPIKUTCS»), HA KOTOPOM IS JTFOOOH Maphl 3J1€MEHTOB a,b € F onpeeneHs! onepanuu A
(«mepecedenuen) U V («oObeauHeHUe»). DIEMEHT a Ab — TOYHAsi HHKHSS TPaHb 2JIEMEHTOB
a,b B CMBbICIIE OTHOLIEHHUS <, aVbh — TOYHAs BEpXHAA rpanb a,b. [Ipumep pemerkn —
MHOX€ECTBO A(F') BCEX KOHEYHBIX MOJAMHOXECTB HEKOTOPOI'O YHUBEpCyMa F .

Pemrerka F Ha3biBaeTCs

® OIpaHUYECHHOM, ECJIM OHA COAEPKUT OOIIME HUKHIOI M BEPXHIOK I'PaHU, 3 UMEHHO —

Takue aBa daemMeHTa 0,7, 9yto O <a <[ nng moodoro aelF;

® T[IOJIHOM, €CJIM KaXJ0€ €€ MOAMHOXXECTBO UMeeT B [ 00e TouHbIe TpaHH.
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[IpuMep MOJIHO# OrpaHUdYEHHON pemeTkh — Oyiean 2”7 . B mosHoi pemerke s J1060ro
MOJMHOXKECTBA  DJIEMEHTOB (KOHEYHOTO WM OECKOHEYHOT0) MOXKHO  OINPEACTUTH
(MHOTOMECTHBIE) IepeceveHrne U 00beTMHEHHE.

Pemerka Ha3piBaeTCsl IUCTPUOYTUBHOM, €CIM B HEW NpH JOOBIX a,b,c BBIIOIHSIIOTCS

paBeHnctBa aA(bVc)=(aAb)V(aNc); aV(bAc)=(aVb)A(aVc). [lomoTHEHHEM 3JIEMEHTa

a B OIpaHUYEHHON perieTke F Ha3bIBAKOT 2JIeMEHT a € F TakoW, 4to aAa =0 u aVa =1 .
Pemerka, B KoTOpoW I000W 3JIEMEHT HMEET JONOJHEHHE, Ha3bIBAETCS PEIIETKON C
nonosHeHUsIMH. JlucTpruOyTHBHAS pelIeTKa C TOTIOJIHEHUSIMU Ha3bIBaeTCs OYIIEeBOM.

ITon  LP-crpykrypoii OyaeMm moapasyMeBaTh  ajire0pamyeckyr CHCTeMY,
NMPeACTABJSIIOIIYI0O PelleTKY, HA KOTOPOil 3a1aH0 OMHApPHOe OTHOLIEeHHe, 00J1ajaolee
NPOAYKUHMOHHO-JIOTHYeCKMMH cBolictBaMmu. K HHM OTHOCSATCS  pedIeKCHBHOCTD,
TPAH3UTUBHOCTb U JPYTUMe€ CBOMCTBA, ONPEAEISIEMbIE KOHKPETHON MOJEIIBIO.

OmHO W3 TakMX CBOMCTB — JUCTpuOyTHBHOCTH. HedopmanbHO 0HO O3Ha4aer
BO3MO’KHOCTB JIOTHYECKOT'O BBIBOJA IO YACTAM M OOBEAMHEHUS €r0 Pe3ylIbTaTOB Ha OCHOBE
«pEILIETOUHBIX» omepanuii A u V. 3aJaHHOE Ha aOCTPAKTHOM pelIeTKe OTHOLICHHE R
Ha3bpIBaeTcsa: A -AUCTPUOYTUBHBIM, eciu U3 (a,b),(a,b,)e R cnenyer (a,b Ab)eR, V-

IUCTpUOyTUBHBIM, ecau w3 (a,,b),(a,,b)e R cnenyer (a,Va,,b)e R. OTHOMmEHNE

HA3bIBACTCS JUCTPUOYTUBHBIM IIPU HATWYMU OOOWX YyKa3aHHBIX CBOMCTB. Ha momHOMN
pemieTke (MMosiHasi) AUCTPUOYTHBHOCTH OTHOIICHUS OIPENENSIeTCs aHaJOTHYHO, OJHAKO C
UCTIOJIb30BAaHUEM OECKOHEYHOMECTHBIX OTEpalii epecedeHns u 00beTNHEHHS.

B HekoTOphIX  paszmenax  AMCCEepTallMM B KadyecTBe  OCHOBbI  LP-cTpykrtyp
paccMaTpUBAIOTCSl PELIETKH C CEMAaHTHKON moAMHO)KecTB. (COOTBETCTBEHHO BMECTO
CUMBOJIOB <, >, A U \V HCHOJIb3YIOTCS 3HaKH TEOPETUKO-MHOKECTBEHHBIX ollepauui <, O,
(1 u U, a 3ieMeHThl penieTku 00o3HavaroTes OonpmumMu OykBamu. B aTux crmydasx Oyaem
UMETh B BUJY JIMIIb BTOPOE M3 JBYX YKa3aHHBIX BBIIIE CBOMCTB. B Takoit Hotammm U -
IUCTPUOYTUBHOCTh TPAKTYeTCs B CIEAyIOMIeM cMmbicie: u3 (4,B)),(4,B,)e R cuexyet

(4,B,UB,) € R. OT0 CBOUCTBO Oy/AeM Ha3bIBaTh AUCTPUOYTUBHOCTBHIO.

[Tono6HO TPaH3UTUBHOMY 3aMBIKAHUIO U PEILYKIIUU OTHOLIEHUS HA OOBIYHOM MHOKECTBE,
B Teopun LP-cTpykryp pemarorcst Oojiee ClOXKHBIE 3aJadd HAXOXKJIEHUS JIOTHYECKOTO
3aMBIKaHHUA U JIOTUYECKOM pPENYKIMM OTHOIICHHM Ha HEPapXUYECKUX MHOXKECTBAX —
pemierkax. JIOrM4ecKuM 3aMBIKaHMEM 3aJaHHOIO Ha PEIIETKE OTHOLICHUS R Ha3bIBAETCS
HauMEHbIICE MIPOAYKIMOHHO-IOTHYECKOE OTHOUICHHME, coiepkamiee R. JIBa OTHOLICHHS
R, R, SKBUBAJIEHTHBI, €CIIU UX JIOTHUECKUE 3aMbIKaHUs COBMAJal0T (0003Hauaercs R ~R)).

DOKBHBAJICHTHBIM TPe0oOpa30BaHMEM OTHOLICHHUS HA3bIBACTCS 3aMEHA €ro IMOJMHOXKECTBa,
IIPUBOJAIIAs K DKBUBAJCHTHOMY OTHOLICHHIO. JIOrM4yeckon penyKuuend OTHOILICHUS
Ha3bIBACTCSI MUHUMAJIBHOE DKBUBAJICHTHOE €My OTHOILICHHUE.

[Tocnenyromue pasneisl IJaBbl NOCBALEHBI BO3MOXKHBIM IIPUMEHEHUsIM LP-cTpykTyp K
CUCTEMaM IMpPOAYKIMOHHOIO THUma. B CBA3M € OTUM BBOAWUTCS TAaKXKE OCHOBHAs
TEPMHUHOJIOTHSA, CBA3aHHAs C DJKCHEPTHBIMM IPOAYKLIMOHHBIMM CHUCTEMaMH. YKa3aHHbIC
CHUCTEMBbl MAHHUITyJUPYIOT MHOXKECTBaMH (akToB U TpaBua (mponykuwii). Paxkm
NpeaCTaBiseT cO0OM eNMHUILY NeKIapaTHBHONW HH(GOPMAIMH — HEKOTOPOE CYXKIEHHE O
BHEIIHEM MHUPE WM COCTOSHUM cucTeMbl. CTaHIapTHBIM MpeJCTaBIeHUEM (paKkTa SBISETCS
TPUILJIET BHJA «OOBEKT.aTpUOYT = 3HA4YCHHE» (HapHUMEp, «TEPMOMETp.TeMIleparypa =
BbICOKasi»). B Hekoropeix pabortax (mampumep, kuure B.Sowyer—D.Foster) tpumuer
penynupyercss K IMape «rmapaMeTp = 3HadeHHe». JTO O3HayaeT, YTO OOBEKT U aTpudyT
UHTETPUPYIOTCS B €IMHBIA mapamerp. B 1aHHOW CBs3M «TEpMOMETp.TEMIIEpaTypa» u



«TEePMOMETP.U3TOTOBUTENb» CUUTAIOTCA Pa3HbIMU IapaMerpaMu. B HEKOTOphIX pasaenax
TaHHOW PabOTHI TOWAEM Janbllle, UHTETPUPYS B (DAKT mapamMeTp U €ro 3HayeHHe, CuuTas
(bakT He3aBUCUMBIM SJIEMEHTOM OOIIEro MHOXKECTBA ()aKTOB. YIIPOIIEHUE JETAETCs TaM, T
HEOOXOAMMO OOJBIIE COCPETOTOYUTHCA Ha OCHOBHBIX Miesx mpumeneHus LP-ctpykryp. B
JAIBHEWIIIEM MOXHO peanu3oBaTh H  0Oojee CIOXHYH KOHCTPYKIHIO  (DaKToB,
CKOPPEKTHPOBAB COOTBETCTBYIOIIMM 00pa3oM onucanue LP-cTpyKTypsl.

[TpoaykumoHHas cucTemMa COACPKUT TaK HA3BIBAEMYIO pabouyto namsams. ITO HEKOTOPOE
MOJIMHOKECTBO  ()aKTOB, KOTOpble Ha TEKYIIMA MOMEHT BpPEMEHH CYHUTAIOTCS
BBITIOJTHEHHBIMH.

IIpasuno (npodykyus) COCTOUT U3 MPEANOCHUIKN U 3aKitoueHus. [Ipeonocviika 0ObIMHO
MpeiCTaBlsieT Cco00W BbIpakeHWE HaA ¢akramu (HAIpUMEpP, HUX KOHBIOHKIMIO WM
IU3BIOHKINIO). [Ipennochuika MOKeT ObITh BBITOJTHEHHOW (MCTUHHOW) WITM HEBBITIOIHEHHOM
(7TO’KHOI) TpHU TEKYIIeM COCTOSHUM paboueil mamsaTH. Eciam mpeamoceuika BepHA, TO
IpPaBWJIO MOXET OBITh NPUMEHEHO. 3akxniouenue — 3TO JEHCTBUE, KOTOPOE MOXKHO
OCYIIECTBUTh, €CIM BEPHA MPEANOChUIKA (Hampumep, A00aBUTh K pabodell maMmsTe
HEKOTOpBI HOBBIA (GakTt). [lpumenenue npasuia COCTOUT B BBHIMIOJHEHUH JEHCTBUS
3aKioueHus. B KoHTekcTe HacTosleld padoThl pacCMaTPUBAIOTCS MPUIIOKEHHUS, B KOTOPBIX
3aKJIIOUEHUE, KaK W TPENOoChUIKa, SBISETCS BBIpaXeHHEM Haa  (aktamu, U
COOTBETCTBYIOILIEE 3aKIIOUEHUIO JCHCTBUE HHTEPIPETUPYETCS KAK «CUUTATh HWCTUHHBIMY.
Takum oOpa3oM, B JaHHOM cllydya€ NPUMEHEHHE [paBUia O3HAYaeT HEKOTOPYIO
MouuKauio padouel mamatu. OOBIYHO — 3TO 3aMUCh B Hee TeX (PAKTOB, CIIPABEIIMBOCTh
KOTOPBIX BBITEKAET M3 MCTUHHOCTH BBIPAXKEHHUS B 3aK/IIOUeHHM MpaBuia. COBOKYIMHOCTh
npaBWI Ha3bIBaeTcs 6azou 3nanuil (b3).

Ilpsambvim  6b16000M HaA3BIBAE€TCAd IMPOLIECC LUKIMYECKOTO NPUMEHEHMsI MpaBHI K
coJlepkuMoMy paboueld mamsTH (€ro HCXOIHOE COCTOSHUE 3aJaHO B Hadaye paboThl), U
COOTBETCTBEHHO TOJy4Y€HHUE B pe3yJbTaTeé HOBBIX (PAKTOB, KOTOPHIE CUHUTAIOTCS
crupaBeyIUBbIMU. [IpsiMOil BBIBOJ MOXKET MPOU3BOAUTHCSA A0 TEX IMOpP, KOIJAa MOJyYeHUE
HOBBIX (JAKTOB CTaHET HEBO3MOXXHBIM. OOpamubiii 661600 — MPOTHBOTOJIOKHBIN TIporiecc. B
HEM I10 HEKOTOpOMY Habopy pe3yabTHPYIONNX (HAKTOB — cunomese, MyTEM aHAIN3a MPABUI
B HaINpaBIICHUH OT 3aKJIIOYEHHUS K MPEANOChUIKE, MOATBEP)KIAETCS WU ONPOBEpPraeTcs
CIPaBEeIJIUBOCTh THIIOTE3bI MPU 33JaHHOM HCXOJHOM COJEPKUMOM pabouel mamsatu. B
nporiecce 0OpaTHOTO BBIBOJA COACPIKUMOE paboUeii MaMsITH TaKKe MEHSIETCS.

Hanee B rmaBe 1 B KkauecTBE BO3MOXKHBIX MpUIIOKEeHUI LP-cTpykTyp paccmaTpuBaroTCs
HECKOJIPKO BHJIOB CHCTEM IMPOIYKIIMOHHOTO TUTA, PA3IMYAIONIUXCS UCIOIB3yeMoil Gopmoit
MpaBujia, TOYHEE — BBIPAXKEHUN JJIs €ro MPEeANOChUIKA U 3aKiIo4YeHus. B kaxaom ciiyuyae
MPOIYKIIMOHHYIO CHUCTEMY MOXHO (OpMaIbHO TMpeAcTaBUTh LP-CTpykTypoil Ha OCHOBE
PELIETKU, JIEMEHTAMHU KOTOPOU SIBJIIOTCS MPEANOCHUIKY U 3aKIIOUEHUS PAaBUII.

B cmanoapmnoti mponyKIMOHHOW cHCTEME IMpaBWJa B KadyeCTBE MPEANOCBUIKH U
3aKJIFOUEHUST MOTYT COJIepKaTh HAOOpBI djemMeHTapHbIX (akrtoB ({a}, {a,b}, {a,b,c}, ...).

OOwmit BUI MPOAYKUMU B JaHHOM CIIy4ae TaKoB: {a,...a,}—>{b,...b,}, TIe a, u b, —
¢axTbl. CMBICT TOAOOHOTO IPAaBUJIA COCTOUT B CIEAYIOLIEM: €CIM BEPHBI BCE 4,0 =1,...,n, TO
BCpPHBI U BCe b,,j=1,..,m. B sroni mMozmenn ocHOBO¥ LP-CTpyKTyphI SBISIETCS peIIeTKa

KOHEYHBIX MOAMHOXKECTB [F =A(F), TIe F — UCXOJJHOE MHOKECTBO aTOMapHBIX (PaKToOB.

TeopeTndeck BO3MOXHBI TPOAYKIIMOHHBIE CHCTEMBI ¢ OSCKOHEUYHBIMH MHOXECTBAMU
npaBwi. OHU MOTYT OBITh OMHCAHBI MPABUJIAMHU C WCIIOJIB30BAHHEM B HHUX TEPEMEHHBIX,
uMeromux  (GopMambHO — OSCKOHEYHbIE  O0JacTH  ONpeiAeNieHHs.  ODKBUBAJICHTHBIC
peoOpa3oBaHMs TAKKX CHUCTEM MPHUBOIAT K MPABHIIaM C OECKOHEYHBIMU MPEINOCHUIKAMU H
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3akmoueHusIMU.  CTaHAapTHas NPOAYKIMOHHAs CUCTEMA C OeCKOHeYHbIMU Npasuiamu
MOJIEJIUPYETCS Ha OCHOBE Oyieana F =2" — NoJIHOM OrpaHUYEHHOM PENIETKH.

B nmpaBunax pacwupennoti TPOIYKIUOHHOM CHCTEMBl MOTYT IPUCYTCTBOBAaTh
MPONO3UIMOHANBHEIE (opMybl (0€3 UMIUIMKAIWUN, KOTOPbIE MOYHO HCKIIOUHUTH C
WCIIOJIb30BAHMEM JU3BIOHKIMU W OTpuUaHusA). JlaHHyr0 cHCTeMy MOXHO Ha3BaTh
MPOAYKIIMOHHON cucteMoil HyzneBoro mnopsaka. CoorBercTByromyro ei LP-ctpykTypy
MOKHO OIHKCaTh Ha OCHOBe OyneBoil pemerkn JlnnaeHOayma—Tapckoro, sneMeHTamMu
KOTOPOH SIBISIOTCS (POPMYJIIBI IPOMO3UIIMOHAIBHOTO HCUUCIIEHUS. JIOTHYecKM omnepanusm
KOHBIOHKIIMM, JM3BIOHKIMUW W OTpULIaHUA OyIyT COOTBETCTBOBATH OIpPEICICHHBIE Ha
OyneBoil pemieTke anredpanyeckue omnepauu A, V u '. s m00bx 1Byx dopmyn a,beF

CHPaBeNIUBO a < b, €CIIM U3 UCTHHHOCTH (POPMYJIBI a CIEAYET UCTUHHOCTH (POPMYJIBI b .

[IpoayKIMOHHAs cUCTEMa nep8o2o nopsoka B KayeCTBE JIEMEHTOB IPABWII JOIYCKAET
(bopMynBl HCUHMCICHHS TNPEIUKATOB. Takas CHUCTeMa MOXeT (POpMaabHO MPEenCTaBIATh
MareMaTudeckue 3HaHus. JJis mocTpoeHus: cooTBeTCcTBYomIel el LP-cTpykTyphl TpedyeTcs
anredpandecKoe OMNHMCAHHME JIOTHYECKUX KBAHTOPOB, KOTOPOE JOMOJHIIO Obl OyJeBy
pemeTky. M0oXKHO BOCTIONIb30BaThCs anredpan3anueil kBantopos u3 MoHorpaguu E.PaceBoit
u P.Cuxopckoro. CormacHo 53Toii paboTe, KBaHTOPHI OOLIHOCTH M CYIIECTBOBAaHUS
COOTBETCTBEHHO MOJICIUPYIOTCS B O0mIEeM ciay4yae OECKOHEYHOMECTHBIMH OIEpalusIMU
nepecevyeHus U 00beJMHEHNS Ha TIOJTHON OyJIeBOH perieTke.

Eme ogunM HampaBieHneM npuMeHeHHs] LP-CTpyKTyp SBISIOTCS HEKOTOpPbIE MPOOIEMbI
9KBALIMOHAIBHBIX TEOpUH U cucteM nepenucbiBanusa TepmoB (CIIT). OTu cuctemsl ciayxat
MaTEMaTU4YECKOM OCHOBOW MHOTMX HCCIIEIOBAaHMM B pPa3jIMYHBIX OOJACTAX TEOPHUH
nporpaMMupoBaHusi. Baxkueimu 3agadamu, cBa3aHHbIMU ¢ CIIT, ABIAIOTCS SKBUBaJICHTHBIE
npeoOpa3oBaHUs U ONTHMM3AIMS UX MHOXKECTB MpaBui. B To Bpems kak anst 00braubix CIIT
no100HBIe TIPOOTIEMBI YXKe pemanuch B psae padbot (Hanpumep, Y.Toyama), st yCIOBHBIX
CIIT onu eme ocratorcsa oTkpbIThIMU. [Ipu onpenenennn CIIT oTnipaBHOM TOUKOM ABIISETCS
9KBAllMOHAJbHAS TEOpHUsS, MHOXKECTBO IpaBUJI KOTOPOW COCTOUT W3 paBeHCTB. Ilockombky
OOBIYHO MMEHHO 3KBAI[MOHAIbHAS TEOPHsl SBISETCS KPUTEPHEM SKBUBAJICHTHOCTH CHUCTEM
NEpEeNKChIBaHUsA, UCclenoBaHue B 3ToM IutaHe YyciaoBHeIX CIIT MoxHO Hayath c
paccMOTpEeHUs IKBUBAJIEHTHOCTH YCJIOBHBIX 3KBAallMOHAIBHBIX TEOPHM.

OKBalMOHAJIbHAs TEOPUS MOXKET COoAep,aTb HaOOp MO3UTHBHO-YCIIOBHBIX IPAaBWI BUIA
S, =t,...,5,=t :s=t. CMBICI TaKoro IpaBuja B CIEAYIOLIEM: €CIM HMEIT MECTO BCE

paBeHCTBa TEPMOB s, =t,i=1,..,n, TO BBIIOJHEHO M s=t¢. EcaM BMecCTO TEpMOB

paccMaTpUBaTh HE3aBUCUMBIE RJIEMEHTHI, TO YIPOIIEHHE MHOXXECTBA MPaBUJ MOXKET OBITh
CBEJICHO K JIOTMYECKOM penyKuuu LP-CTpyKTypbl, KOTOpass COOTBETCTBYET CTAaHIAPTHOMN
MPOIYKIIMOHHOM CUCTEME. DTOT € METOJl IPUMEHUM U B CIy4ae paBeHCTB MEXy TepMaMH,
OJIHAKO ONTHMM3ALHU IIPU OTOM MOXKET OKa3aThCs JIMIIb YACTUYHOM.

Takum 00pa3oM, MOXXHO BBECTH HOBYIO LP-CTpykTypy — anreOpamyeckyio MoOJelb
YCJIIOBHOM SKBallMOHAJbHOM Teopuu. MHOKECTBO IpaBUI MOKHO 33JaTh Kak OWHapHOE
OTHOILIECHHE Ha pEIIeTKe — KOHEYHBIX Habopax paBeHCTB BHAa {s, =t}. Ha aToii pemerke

HEOOXOAMMO BBECTH JIONOJHUTENbHBIC  OMEpaliH, OTPAKAIOIIUE HCIOJIb30BAaHHUE
(YHKIIMOHAJIBHBIX CHMBOJIOB U MOJICTAHOBOK B TepMax. Takast MOJENb JaCT TEOPETUUECKYIO
OCHOBY JUI aBTOMATHYECKOTO IMpPeoOpa3oBaHUsl M MHHHMHU3ALUK MHOXECTBA IPaBHII
YCJIIOBHOM 3KBALIMOHAJIBHOW TEOPHH.

Ilepeuncnenneple  BbIIE BO3MOXKHOCTH IpuMeHeHHUs LP-CTpykTyp orpaHudeHsl
CUCTEMAaMU C MOHOMOHHbIM BbIBOIOM. OIHAKO, CYLIECTBYIOT IPAKTHYECKHE 3a/1a4, MOJEIHU
KOTOPBIX TOJOOHBIM CBOWCTBOM He o0Onagaior. OjHa W3 TaKOBBIX OCHOBaHa Ha
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WCTIOJIb30BAHUU pEIIeTKH THIOB. CTPYKTypa TUIIOB OOBEKTHO-OPUEHTHPOBAHHON CHUCTEMBbI
oOpa3yeT MareMaTHYecKylo pemeTky. [Ipm 3TOM dYacTHUHBIA MOPAJOK <  3aJaeTcs
CIIEIYIOUIMM 00pa3oM: €Cl THUM b SBISIETCS HACIEIHUKOM da, TO b<a. Jlnga nAByX THIOB
OOBEMHEHUEM CUYUTACTCS WX ONmKalmmii OOmUH THUM-TIPEAOK, IePECECUCHUEeM —
OmKalmmii o0 TUM-MOTOMOK. JIJii OTpaHWYEHHOCTH IOJYYEHHOW PEIIeTKH MOKHO
100aBUTHh K HEH J1Ba CHEUMAIbHBIX dJIEMEHTa: | — YHUBEpCaJbHBIN TUI (00U MpEoK,
UMeeTcs BO MHOTHX COBPEMEHHBIX CUCTeMax) U O — (PUKTHBHBII TOTOMOK BCEX THIIOB.

Ha rtakoii pemierke paccMaTpuBaeTCs OTHOIIEHHWE R, COOTBETCTBYIOIIEE arperamnuu
TUIIOB: €CJI OOBEKT TUMA a B KadyecTBe aTpuOyTa coaepkutcs B THre b, To (b,a) e R. Oba
oTHOmIeHHs (< W R) UMEIOT OOIIYI0 CEMAHTHKY: B KaKIOM ciydae, b<a wi (b,a)eR,
TUN b TONy4aeT BO3MOXKHOCTU THUNIA ¢ B BUJAE JOCTyHa K ero arpuOyram. CemMaHTHYECKU
SICHO, YTO JaHHOE o0Iee OTHOIIEHHE «00IagaHuss HA0OPOM BO3MOKHOCTE» 00s3aHO OBITH
pedIIeKCUBHBIM W TpaH3UTHBHBIM. B muccepranmmy mokasaHo, YTO 3TO MPOIYKIMOHHO-
JIOTHYECKOE OTHOIICHHE e1lle 00IaaeT OrpaHMYEeHHBIM CBOMCTBOM TUCTPUOYTHBHOCTH. OHO
COJICPKHUT CEMAaHTHKY aBTOMATUYECKOTO PEIICHHS 3a/1a4H «IOJHATHSD OOMIMX aTpHOyTOB 110

UepapXuu THUIIOB — OJHOM U3 3amauy pedakTopuHra B OOBEKTHO-OPHEHTUPOBAHHOM
nporpammupoBanuu (OOIT).
ITocTpoennas TaKUM obpazom LP-cTpykTypa [IO3BOJIUT [IPOU3BOAUTH

aBTOMATHU3WPOBAHHBIE HCCIEJOBAHMUA HEpPapXWil TUIOB, BKIIOYas HKBHUBAJICHTHBIC
npeobpa3zoBanus, Bepuukanuio U MUHUMH3AIHIO. OHAa MOXET CIY>KUTh OCHOBOHM st
MPAKTHYECKON peanu3alui Wi MOJACPHU3AIHU TUIIOB.

K HEeMOHOTOHHBIM MPOAYKIMOHHBIM CHCTEMaM B IHCCEPTALMU CBOJHUTCA €IIe OJHA
npeaIMeTHas o0JacTh — aHalu3 HUMIEPAaTHBHBIX alropuTMoB. Bo Bpemst ux paboTb
uHOpMaIHs HE TOJBKO HAaKaIIMBaeTCs, HO W 3amernaercs. Vcnomap3yemble B mporpamme
3HAYeHHUsS TEPEMEHHBIX MOXKHO cuuTaTh (akramMu Oa3pl 3HaHUi. MHUNmMamm3amus
MEPEMEHHOW MOXET paccMaTpUBaThCsA Kak Jo0aBieHHe HOBOro (axkrta K 0a3e 3HaHUM.
[IpucBoeHne ke TEPEMEHHONH HOBOTO 3HAYEHHUS MOXHO MHTEPIPETHPOBATh Kak
Moaudukanuio nMeroterocs Qaxra.

Krnaccuueckoe NOHSATHE pEIIETKH OKa3bIBAETCSl HEJOCTATOYHO BBIPA3UTEIBHBIM TS
MOJICIMPOBAHUS HEMOHOTOHHOTO MPOIYKIIMOHHO-JIOTMYECKOTO BBIBOAA. B CBS3M C 3TUM
00CTOATENbCTBOM  OyIyT BBEACHBI HEKOMMYTAaTHBHBIE pEIIETKM Kak 0000ieHue
KJIACCHYECKUX pemeToK. B HOBBIX pemeTkax omnepanusi 0ObeIWHEHHs BBITOIHSAETCS C
YaCTUYHBIM 3aMELICHUEM OJHOI0 u3 omepa”aos. /s moctpoenus coorsercrByromux LP-
CTPYKTYpP pacCMaTPUBAIOTCS JIOTHYECKUE OWHAPHbBIE OTHOLICHHUS Ha 3THX PEUIETKaX, a TaAKXKe
OIMCHIBAIOTCS BO3MOXKHOCTH TNPUMEHEHHUS 3TOM MoJenud K (POpMaTbHOMY HCCIEJOBAHUIO
JIOTHYECKUX CBOMCTB UMIIEPATHBHBIX aJTOPUTMOB.

I'maBa 2 conepxxut ommcanue obmedt Teopuu LP-ctpykryp. Teopuss Ha3BaHa oOrieid,
MOCKOJIBKY Pe3yJIbTaThl MOCIEAYIOMNX IJ1aB pabOoThl OCHOBBIBAIOTCS HA TEX )K€ MOJIOKEHUSX,
pa3BUBas UX B TOM WJIM UHOM CIIEIIHAIIbHOM HalpaBICHHUH.

[IpenBapurensHo B pasgeie 2.1 ¢opmynupyercs dYacTHas KOHEUHAsh TEOPETUKO-
MHOKECTBEHHAsl MOJEIb MPOAYKIIMOHHON CHCTEMBI, 0€3 NCIIOIb30BaHMSI alapara pemeToK.
BBoautcs psiin MaTeMaTudecKuX MOHITHN, 0a30BBIM CPEAH KOTOPHIX SBISETCS MUHUMAIIBHOE
MOPOKAAIOIIEe MHOKECTBO. 3aTeM MOKa3bIBAETCS, KaK 3Ta TEOPHsI MOXKET ObITh MPUMEHEHa
U1 WCCIIEOBAHUSA CBOMCTB MPOAYKLUMOHHBIX CHCTEM M Pa3pabOTKU CBSA3aHHBIX C HUMH
anropuTMoB. Vcnonp3oBanue mpeaaraeMoro moaxo/1a mo3BOJIsIeT:

® MaTeMaTH4YeCKH 0OOCHOBBIBATh BO3MOXXHOCTH SKBHBAJIEHTHBIX NpeoOpa3oBanmii b3;

® ONTUMHU3UPOBATH U HCCIIEN0BATh AITOPUTMBI OOPATHOTO BHIBOAA;
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e cTporo QopMmynIHpoBaTh KpuTepuu KoppekTtHoctH b3, a Takxke paszpabaTbiBaTh
METOJIbI X BEPUPHUKAIIH.
O06o00m1IeHre TON MOJIENN U CBSI3aHHBIX C HEW Pe3yJbTaTOB MPHUBOJUT B JAJIbHEUIIEM K
teopun LP-cTpykryp, koTopas wu3naraercs B paznenax 2.2-2.6. B riaBe 2 B KauecTBe
OCHOBBI LP-cTpykTyp paccMaTpuBarOTCs pPEIIETKH C CEMaHTHKOM MHOXecTBa A(F). B

pa3nesie 2.2 BBOJSTCS €II€ HEKOTOPBIE TEPMHHBI, KOTOpPbHIE MOHAA00ATCSA B JajbHEUIIEM
U3JI0’)KEHNH, a TAKXKE JOKAa3bIBAIOTCA HEKOTOPBIE BCIIOMOTATEIbHbIE YTBEPKACHUS U3 00LIei
TEOPUH PEUIETOK Y OTHOLICHU.

Toukoll orpaHndeHHON (CHM3y) pewmieTkH [ Ha3bplBaeTCs MHHHMMAJIBHBIN 3JIEMEHT €€
noamHoxkecTBa F\{O}. Touku 0ObYHO 0003HAYAIOTCS MaJICHEKMMH OykBamu. Pernerka

Ha3bIBAETCS TOUYEYHOM, €CIU KaXAbl €€ AJIEMEHT IMpPEACTABISIETCS OOBEANHEHUEM TOYEK.
Hanpuwmep, B Oyneane TOUKaMH SIBISIOTCS BCE TOAMHOXKECTBA, COCTOSIINE POBHO U3 OAHOTO
aJieMeHTa yHuBepcyMa. Jljii TOYKM @ 3JIeMEeHTa 4 HHOIZa UCHOJb3yeTcss 0003HaueHue
acA (Hapany ¢ ac A). B ToueuHO#l pemieTke, eciii OHA MO ONPEACIICHUIO HE SIBISAETCA
MIOJIHOM, KaX/IbI{ AJIEMEHT 0JIaraeTcsl COCTOSIMM M3 KOHEYHOTO YUCIIA TOYEK, TOCKOJIBKY B
TaKO# pemeTke 0€CKOHEYHOMECTHBIE ONEPAlliy HE ONPE/ICIICHBI.

B pasgene 2.3 BBoautrcs monsTtue LP-cTpykTyphl, KOTOpoe 0000mIaeT TEeopeTHuKo-
MHO>KECTBEHHYIO MOJIEJIb IIPOAYKIIMOHHON CUCTEMBI paszaena 2.1 u BBIBOAUT €€ Ha Oolee
abCTpaKTHBIN YPOBEHb. DTO JOCTHUTACTCS UCIIOIb30BAHUEM PEIIECTKH KOHEUHBIX MHOYKECTB B
KayecTBEe OCHOBBI alireOpanyeckoil cucteMbl. Ha pemieTke BBOASTCS OMHApHBIE OTHOIICHUS,
CoJlepKallMe  CEMaHTHKy  IPOAYKLHOHHO-JIOTMYECKOTO  BbIBOJA.  JlokaspIBaercs
CYLIECTBOBAHUE JIOTUYECKOTO 3aMbIKaHUS IPOU3BOJIBHOTO OTHouleHus. CoryacHo
paccMaTpuBaeMOll B JIaHHOM TIJaB€ MOJENM, OTHOUIEHHME Ha pELIETKE Ha3bIBAETCs
MPOAYKLIMOHHO-IOTUYECKHM, €CJI OHO COACPKHUT D, TUCTPUOYTHBHO M TPAH3UTHBHO.

Teopema 2.3.1. Jlng mpou3BOJBHOIO OTHOLIEHHS R Ha pemierke [ CylecTByeT
JIOTHYECKOE 3aMbIKaHHE —=— .

Teopema 2.3.1 mo3BOJs€T BBECTH MOHATHE 3KBHUBAJIEHTHBIX OTHOIIEHWH, YTO CIIYKHT
OCHOBOH (hOpMaIbHBIX TPEOOPA30BAHUN U ONITUMHU3AINH MTPOIYKIMOHHBIX b3.

Pa3nen 2.4 nocssiien 000CHOBaHUIO SKBUBAJICHTHBIX MpeoOpa3oBanuii LP-cTtpykTyp.

Teopema 2.4.1. Ilycte R,R,,R,,R, — otHOomeHus Ha F. Ecim npu 3toM R ~R, H#
R,~R,, 70 R UR,~R,UR,.

Ona 000CHOBBIBa€T MPUHILUN JIOKAITBHOCTH 3KBUBAJICHTHBIX MPeoOpa3oBaHUM: 3aMEHSSA
HEKOTOpPOE IOJAMHOXECTBO JAaHHOTO OTHOIIEHHWS Ha 3KBHUBAJIEHTHOE MHOYECTBO, MBI
MOJTy4aeM SKBUBAJIEHTHOE 00I1Iee OTHOIICHHUE.

Teopema 2.4.2. Eciiu B oTHOomeHun R Ha peuietke F kaxayro mapy Buga (4,B), rae

B=UB, — xoHe4uHOe OOBbeIuMHEHUE 3i1eMeHTOB B eF (1<i<n), 3aMEHUTb IapaMu
{(4,B,),...,(4,B,)}, TO IOJIy4eHHOE OTHOLIEHHE R’ OyJeT 3KBUBAJIEHTHO UCXOJIHOMY R .

Teopembr 2.4.1-2.4.2 wmoryT OBITh TNPUMEHEHBI S TPHUBEIEHUS OTHOIICHUH K
KaHOHMYECKOMYy BuAy. HekotopeiMu wuccienoBatensiMu  (Hampumep, R.Agarwal)
paccMaTpUBaOTC MHOXKECTBA XOPHOBBIX IpaBUil. B NMaHHON nuccepranvy TakOW CUCTEME
COOTBETCTBYET KaHOHMUYECKOe OTHolleHue. OTHomeHue R Ha TOoueyHOW pemerke I
HAa3bIBACTCS KAHOHUYECKHUM, €CIIM OHO 3aJJaHO MHOXKECTBOM map Buna (4,a),rane A€k, a —
touka IF. M3 Teopemsl 2.4.2 cienyer, 4To A J1I0OOTO OTHOIICHHUS HA TOUEYHOM PEIIETKE
CYILLIECTBYET 3KBUBAJIEHTHOE €My KAHOHMUYECKOE OTHOLIEHHE.

Pasnen 2.5 nocssimied munumuzanuu LP-cTpykryp. BHavane paccmaTpuBaeTcst BOIpocC o
TOM, SIBJII€TCSA JIM JIOTUYECKOE 3aMBIKAHWE OTHOIIEHMS R TPaH3UTUBHBIM 3aMbIKAaHUEM
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HEKOTOPOTO JPYroro OTHOHIEHHS R D R. TI0JOXMTENbHBIA OTBET Ha HETO TOJE3EH IS
pa3paboTKU aJIFOPUTMOB MOCTPOCHHUS JIOTUUECKOTO 3aMbIKaHUS U peayKuuu. OH M03BOJISIET
CBECTU MHCCIJICZIOBAHME BOIPOCOB O HAXOXKJICHHUU JIOTMUECKOTO 3aMbIKaHMUS M PEeIyKLUH
OTHOILLIEHUH K PACCMOTPEHHUIO COOTBETCTBYIOIINUX CBOMCTB TPAH3UTUBHBIX OTHOLICHUH.
Jlns  oTHomeHus R Ha pemeTke F  BBOAMTCA OTHOIMIEHHE R, TOCTPOEHHOE
MOCTIeI0BATENbHBIM BBITIOJTHEHUEM CIIEIYIOUINX [I1aroB:
e n006aButh K R Bce mapel Bumga (A4,A4), rne AeF (pednekcuBHble mapul), U
0003Ha4YNTh HOBOE OTHOIIECHUE R, ;
e 1100aBUTH K R, BCEBO3MOXKHBIE Napbl (4, B) ¢ anemenramu Buga A=U4,, B=UB,, rae
Bce (4,,B,) (i=1,...,n) npuHauIeKAT R, ;
e 00bBeAUHUTH NOTYUEHHOE OTHOLIEHNE C OTHOILICHUEM BKJIIOUEHHUS D.

Teopema 2.5.1. Jlns orHomieHuss R Ha penietke F jiormdyeckoe 3aMblKaHHE ——>
TpecTaBaseT co0oi TPAH3UTUBHOE 3aMBIKAHHE R’ COOTBETCTBYIOIIETO OTHOIIEHHUS R .

Hanee paccmarpuBaeTcs BOIPOC O CYLIECTBOBAHUU JIOTUYECKON PEAYKIIMU OTHOILICHHM.
JInss  oTHOWIEHMS R BBOAUTCSA OTHOUIEHHWE R, MOCTPOCHHOE IIOCIJIEIOBATEIbHBIM

BBINIOJIHEHUEM 111aT0B, OOPATHBIX MOCTPOEHUIO R, @ UMEHHO:
® HCKIIOUUTh U3 R cojepKalluecs B HEM Mapbl BUJa 4 DB U 0003HAUUTh HOBOE
OTHOILICHHUE R |;

® HCKIIOYUTh U3 R | Bce maphl (4, B) c anementamu Buna A=U4, B=UB,, rae (4,,B,)
(i=1,..,n) IpUHAJIEKAT R , U HE COBNAAAIOT C (A4, B);

® JCKJIIOYUTH U3 TOJYYCHHOTO OTHOILICHHS BCE PE(IIEKCUBHBIC MAPHI.

AHANOTMYHBIA MOJAXO0A K TOCTPOCHUIO mpaH3umueHou pedykyuu («yJaduTb BCE
TpPaH3UTHUBHBIC NApbI») ObUT ObI OMMO0YHBIM. [IpryrHA B TOM, YTO B HEKOTOPBIX CHTYaIHIX
(HanmM4YMe IUKJIOB) TPAH3UTHBHASA PEAYKIUS HE €IWHCTBEHHA, U OJHOBPEMEHHOE yalleHUE
BCEX TPAH3UTHBHBIX Map MOXKET NMPUBECTU K mMoTepe cBa3eil. OHaKo, MOCKOJIBKY pelIeTKa
alMKJINYHA, y1aJeHUe OTMEUCHHBIX BbIIIE «OOBEIMHEHHBIX» Nap (4, B) MPUBOIUT K OJHOMY
U TOMY € pe3ylbTaTy HE3aBUCUMO OT TMOpsAIKa yJnaleHus. B CBA3M ¢ JaHHBIM
00CTOSATENILCTBOM MOYXHO TOBOPUTH 00 OJJHOBPEMEHHOM YAAJICHUH BCEX TAKHUX Map.

Crnenyromass TeopemMa YKas3bplBa€T JOCTATOYHOE YCIOBUE CYLIECTBOBAHUS U CIOCOO
MOCTPOEHMS JIOTUYECKON pETyKIMU JAHHOIO OTHOILLIEHUSI.

Teopema 2.5.2. IlycTb 171 OTHONIEHHS R TOCTPOEHO COOTBETCTBYIOIIEE OTHOIIEHUE R .
Torna, ecnu st R cymiecTByeT TpaH3UTUBHAS pedyKuus R°, T cOOTBeTCTByIomee eif R’
MPEICTABIISET COOOM JTOTMYECKYIO PEAYKIIUIO UCXOHOTO OTHOUICHHUS R .

3aMeTHM, YTO TpeGOBaHME CYIIECTBOBAHMS TPAH3UTUBHON PEIyKIMH OTHONIECHHS R
MOJKET OKa3aThCsl M30BITOYHBIM JUISI CYLIECTBOBAHMS JIOTUYECKOW PEIyKIIMH HCXOJIHOTO
otHomeHus: R. Ilpy xkoHeYHOM R W3 HETrO BCErJa MOXKHO YJAIUTh <JIMIIHUE» Maphbl,
MOJIyYMB B pe3yibTaTe JIOTMYECKYH peaykuutoo. OJgHako eciu NpU 3TOM pelleTKa
OeCKOHEYHa U MMEET COOTBETCTBYIOIIYIO CTPYKTYpPY, TO, OOBEIUHsSI R C OTHOLICHHEM D,
MO3KHO TIOCTPOHMThH HE MMeIollee TPAH3UTHBHOM pelykiuy oTHomenne R . Takum o6pasoM,
BO3HUKAET BOMPOC 00 ycuieHHH TeopeMsbl 2.5.2. OQHO U3 BO3MOXKHBIX HAIlPaBJIEHUH TaKOTO
YCUJICHUS] — MHCIIOJIb30BaHHE BMECTO O OTHOILICHHS BHUAA D,, COJAEPKAIEro JHIIb
HEOOXOAMMOE IS TOTYYCHHUS JIOTUYECKON peayKIMU R TOAMHOXECTBO . B aToMm cirydae
YTBEPXKJACHUS W JIOKa3aTeabCcTBa OyAyT Oosiee TPOMO3JKHMH, OJHAKO HPUHIUMHAIBHBIX

HOBHICCTB HC INPUHCCYT. IIo »rtoi NPpUYNUHC JaHHBIC HJICHW OCTABJICHBI JIMIIb B Ka4CCTBC
PEKOMCHAAIINU TJI1 KOHKPCTHBIX HpHJ’IO)KGHHfI.
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CrelyeT TakKe OTMETUTh, YTO HA TIPAKTHKE HPU MOCTPOEHHH R He 0013aTeTbHO
¢usnyeckn 00aBIATH yKa3zaHHbIe maphl. JlocTarouno peanusoBaTh 3(PEeKTHBHBIN
MEXaHU3M MPOBEPKHU TOTO, OTHOCUTCS JIM 3aJjaHHas Napa K TEOPETHUECKU JT00ABIISIEMBIM.

B pasgese 2.6 BBoaMTCS M M3ydyaeTcs CBsA3aHHbIA ¢ LP-cTpykTypamu crnenuanbHBbIHI
KJIacC ypaBHEHMI. PaccMmarpuBaroTcs BOIPOCH! O Pa3peIIMMOCTH M KOJIMYECTBE PELICHUN
JTUX YPAaBHEHUH, a TAK)KE METOAbI UX PELICHUS.

ITycts 1aHO HEKOTOpOE OTHOIICHHE R Ha penietke F u umeer mecto 4—-— B. Torna
B HasbiBaeTcsi 00pasoM A, a 4 — mpoobpasom B mnpu OTHOmIeHMH —2— . Kaxmblii
aneMeHT 3 F MokeT uMeTh MHOTO 00pa3oB u mpooOpa3os. bosee Toro, B 1aHHOM citydae B
CHJIy OIpeNeIeHNs] JIOTHYECKOTO OTHOIIEHHUsS 000 B, — B saBmsercs oOpazoM A4 H
Kaxablii A4, > A sBingercs npoobpazom B. Ilo 3Toil mpuumHe mpu u3ydeHUH oOpa3oB H
npooOpa30B JOrMYECKUX OTHOIIEHUH HEOOXOIMMO YTOUHEHHE PacCMaTpPUBAEMbIX MOHSATHI.
Jliist anemenTa B € F MUHUMAJIBHBIM [IPOOOPa30M MPH OTHOIICHUH ——> Ha3bIBAETCS TAKON
sneMeHT AelF, uto A—%>B u A SBIAETCA MUHMMAIBHBIM, TO €CTh HE COJIECPIKUT
HHUKAKOTo Jpyroro 4, € F, mist koroporo 4, —%— B . B ocraBuieiics 9acTu JaHHOTO pasjelia

paccMaTpUBAIOTCS JIMIIb TOUEYHBIE PEILIETKH.

Omnpenenenune 2.6.1. Touka x pemeTku F Ha3pIBaeTCs Ha4aJbHOM MpU OTHOUIEHUH R,
€CJIM B R HET HU OJHOU Takou napsel (A4,B), 4TO x COLEPKUTCSA B B U HE COLCPKUTCI B A .
OnemeHT X TOue4yHOM peuieTku F Ha3bIBaeTCs HayalbHBIM, €CJIM BCE €r0 TOUKH SIBISIOTCS
HavaJgbHBIMU (Ipu oTHOmeHUH R ). [logmuoxxectBo F, (R) (o6o3nauaercs F,, eciu 3TO He
BBI3bIBAET HEOJHO3HAYHOCTEH) TOUeyHOW pemeTku [F, cocrosiee M3 BCEX HAaYaIbHBIX
aneMeHTOB [, Ha3bIBaeTCsA HayaJIbHBIM MHOKECTBOM pelIeTKH [ (pu OTHOIIEHUH R ).

PaccmarpuBaercs ypaBHeHHE

R(X)=B, (2.6.1)
rae B e F — 3agaHHbIN dj1eMeHT, X € F — HEeU3BECTHBIM.

Onpenenenne 2.6.2. YactHpiM pemenneM X ypaBHeHus (2.6.1) Ha3piBaeTcst 11000
MUHUMAaJBHBIA MpooOpa3 snemeHta B, copepxammiics B F,. IIpubnnxeHHbIM (4acTHBIM)
pemiennem X  ypaBHenust (2.6.1) HaszpiBaeTcs Jo0oi  mpooOpa3  dnmeMeHTa B,
conepxamuiics B F, . O0mmM pemenreM ypaBHeHus (2.6.1) Ha3pIBaeTCS COBOKYITHOCTh BCEX

€r0 YaCTHBIX pelIeHui {X }, s€S.

Hccnenyercs Bompoc O TOM, KaKk MEHSIOTCA pelieHus ypaBHeHMH Buaa (2.6.1) mpu
00BbeTMHEHNH UX MpaBbIX yacTei. C 3TOU 1eNbI0 BBOAUTCS TAKXKE YPaBHEHUE

R(X)=B,UB, (2.6.2)

Teopema 2.6.1. Ilycts {X,}, s €S, — obmiee pemenne ypaBHeHnust Buaa (2.6.1) ¢ mpaBoii
4acTeio B, a {Y,}, p € S, — o0Iee peleHre ypaBHEHUs TOTO XK€ BHJa C IIPABOH YacThiO B, .

Torma obmiee pemenne ypaBHeHus (2.6.2) npeactaBisieT co00i MHOKECTBO BCEX DJIEMEHTOB
Buga X, UY ,» A3 KOTOPOTO MCKJIIOYEHBI JJIEMEHTBI, COAEPKAIINE APYTHE DIEMEHTBI 3TOr0

K€ MHOXKECTBA.

PaccMarpuBaroTcs MeTOJbl pelleHus ypaBHEeHUM. B ocraBmieiics uyactu pasnena 2.6
MIPEANOIIAraeTcs, YTO R SABJISICTCS KAHOHUYECKUM OTHOLIEHHEM Ha TOYEYHOM pemerke F, He
COJIp KAIllUM Tap OTHOLIEHUS D, a mpaBas 4acTh B ypaBHeHwus (2.6.1) npeacrasnseT coboit
KOHEUHOe o0bequHeHne Touek. BBoauTcs moustue paccioeHus {R, |te7} oTHOumEHHUS R.

OHO ympomaer u3y4eHWe OTHOIICHUS ——> ¥ TOCTPOCHHE AITOPUTMOB PEIICHUS
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ypaBHeHuil. C 3TOH 1enbio BHAYale R pa30MBaeTCs Ha HEMEPECEKAIOIMECs MOJIMHOKECTBA
R”,p € P, 00pa3oBaHHbIe napamu Buja (4,x,) ¢ OOIIMM 3JIEMEHTOM X,,.

Onpepenenne 2.6.3. CnoeM R, B OTHOIIEHWHM R Ha3bIBA€TCS MOIMHOXKECTBO R,

00pa30BaHHOE YMOPANOYEHHBIMUA TapaMH, B3ATBIMU IO OJHOM W3 KaXIAOTO HEMyCTOro
R”, pe P. Pemenue X ypauenus (2.6.1) nopoxaaercs coeM R, ecii X ——> B

Teopema 2.6.2. Jlns naxoxiaeHus oOmiero peuieHus ypaBHeHHs (2.6.1) mocTaTtodHo
HalTU YacTHOE pelleHHe X, B KaXJOM CJIO€ R,, €CIM OHO CYLIECTBYET, IOCJIE YEro M3

t
MIOJIy4YEHHOT'O MHO’KECTBA PEIICHUN UCKIIOYUTH 3JIEMEHTBI, COAEpIKALLUE APYTHUE JIEMEHTHI
ATOTO K€ MHOYKECTBA.
CaeacrBue 2.6.3. KonnyecTBO 4acTHBIX pelleHMd ypaBHeHus (2.6.1) oueHuBaercs

CBEpPXYy BBIpaXEHUEM N :HN ,» e N, — KapAuHaJIbHOE YHUCJIO MOJMHOXECTBA Iap

OTHOIIEHHS R C MPaBOW YacThiO X,.

Teopema 2.6.2 no3BoJISIET CBECTH pelIeHHE ypaBHEHMS (2.6.1) K HAX0XKJIEHUIO YaCTHOIO
pEILIeHHs ypaBHEHUS

R(X)=B, (2.6.3)
rie B — HEHa4YaJIbHBIN JIEMEHT PeIIeTKU ', R, — IPOU3BOJIBHBIN CIOU B R .

UccnenoBanusa pazaena 2.6 MNOKa3bIBalOT, YTO [JIsl pelieHust ypaBHeHUs (2.6.3)
JOCTATOYHO PELINTH YPABHEHUE C KAXJIOW TOUKOM 3JIEMEHTAa B B KayeCTBE IpaBOW 4acTu. B
CBS3M C JaHHBIM OOCTOSITEIbCTBOM pPAacCMATPUBACTCS 3a/lada HAXOXKICHHSI YaCTHOTO
PELICHUS CIEIYIOIETr0 YPaBHEHUSA

R(X)=b, (2.6.4)
rie b — HeHayalbHas TOYKa peleTku F, R, — NPOU3BOJIBHBIN CIOU B R .

Jloka3pIBaeTCsl, 4YTO OHAa OKBUBAJEHTHAa 3a/Jaue Ha OPUCHTHPOBAHHOM Tpade
NIEPEYNCIIEHUS BXOIHBIX BEPIINH, U3 KOTOPHIX TOCTHKUMA JaHHas BepiinHa. Kaxaoi Touke
pemetkn F, yyacTByIomIel B OTHOIIEHUH R, COMOCTaBisieTcs BepiunHa rpada. [amee s
KaKI0W mapsl (A4,a) paccMaTpUBAaeMoOro cjaos R, MPOBOJATCSA AYTH, BEAYIIME W3 KaKJOH

BEPIINHBI, COOTBETCTBYIOIEH TOYKE A, B BEPIIMHY, COOTBETCTBYIOIIYIO AaHHOW a. A
KpPaTKOCTH TOYKU F ¥ COOTBETCTBYIOIIME UM BEPIIUHBI B rpad)e OTOXIECTBIISIOTCS.
B mnonydennom rpade G, BbiOMpaercs BepmuHa b. PaccmarpuBaercs monrpad

Gy , = Gy , CcOmepiKalInii BCE BEPIIMHBI, U3 KOTOPHIX JOCTHXKAMA BEpUIMHA b (BKIFOYas

camy b ), ¥ BCE IyTH, COCIUHSIONINE TAKUE BEPIIHHEI.
Teopema 2.6.3. Ypasuenue (2.6.4) umeer ue 6onee oanoro peenus. Ecim rpad G, , He

COIEPKUT LHKIOB, TO €AVUHCTBEHHOE pELICHUE YPAaBHEHHUS COCTOMT U3 BCEX TOYEK,
COOTBETCTBYIOIIUX BXOAHBIM BepiinHaM rpada. Eciu G, , conepkut XoTs Obl OJMH LIUKII,

TO YpPaBHEHUE PEIICHUN HE UMEET.

JlanHasi Teopema 3aBepliaeT 00OCHOBaHHE IOLIArOBOIO MPOIECCa PEIICHUs HCXOHOTO
JOTM4ecKoro ypaBHeHus (2.6.1).

B rnase 3 ompegensiorcss LP-cTpykTypsl Ha pemietkax, 00JagarolidX CBOMCTBOM
IIOJIHOTHI. BBOZATCS OTHOILIEHHsA, COIAEpXKAIIME CEMAHTHUKY NPOAYKIMOHHO-JIOTMYECKOTO
BBIBOJIa CO CBOMCTBOM HETEPOBOCTHU, TO €CTh TPAH3UTHUBHOM 3aBEPIIAEMOCTH. 3aMETHM, YTO
ycioBHe  HeTepoBocTH  LP-cTpykTypel cnabee  aHaJOTMYHOTO  CBOMCTBA  CHCTEM
IIEPENUChIBAHNUS TEPMOB, TaK KaKk B OTIMYME OT HMX JOIyCKaeT LUKIbL. lIpuBomurcs
000CHOBaHHE HEOOXOAMMOCTH BBEJCHHUS B MOJIEIb OTPAHUYCHH, COOTBETCTBYIOIINX STOMY
cBoiicTBy. J/laHHbIe Mccie0BaHus 0000Mma0T MaTepral riiaBbl 2. OHU MpeIHAa3HAYEeHBI [T
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MOJIETUPOBAaHUS  MPOAYKUHMOHHBIX CHCTEM, [paBHUia KOTOPBIX MOTLYT COAEpXk aTh
OeckoHeuHble MHOXKecTBa ¢aktoB. Hekoropsie ompexnenerus 1o (Gopme BBITISAAT
MOJI0OHBIMU COOTBETCTBYIOIIMM ONPEJIEICHUSAM TIJIaBbl 2, OJHAKO TENEpPb UX COACpKAHHE
CBSI3aHO C MOJHbIMU PEUIETKAMU, W 3TO OOCTOSATENBCTBO YCIOXKHSET KaK CMBICI JaHHBIX
MOHATHH, TaK M JOKA3aTeNbCTBO MX CBOWCTB. IlomyuyeHbl pe3yiabTaThl, COOTBETCTBYIOIINE
U3JI0O)KEHHBIM B pazfenax 2.3-2.6, HO OTHOCSIIMECS K HPOIyKIHMOHHO-JIOIMYECKUM
OTHOIIECHMSIM Ha MOJHBIX pElIETKaX.

BaxHoii oO0mieii OCOOCHHOCTBIO TJaB 2—3 SBJSETCS HEPEKYPCUBHBIA MOIXOJ TIPH
OIpE/ICIIEHNN TOHATUN MPOAYKIIMOHHO-IOTUYECKUX CBA3EH M J10Ka3aTelIbCTBE UX CBOMCTB.
OTOT NOAXOJ YCJIOXKHAET MaTeMaTU4YeCKUE BBIKIAAKH, HO MPEAOCTaBIseT OoJblIe
BO3MOXHOCTEH IS UCIIOJIb30BAaHUS MapaJljIesIbHbIX BblunciaeHui. [lapamiensHpiM MeTo1amMm
B TPOAYKIMOHHBIX CHCTEMax IIOCBAIICHBI, Hampumep, padotel A.Gupta, D.E.Neiman,
J.G.Schmolze. Onucannupie B HUX METOABI MOTYT OBITh IPUMEHEHBI Ha Oosiee a0CTPaKTHOM
YPOBHE IIPY KOMIIBIOTEPHOU peanusanuu LP-cTpyKkTyp.

I'maBa 4 guccepranuu nocBslieHa pa3BUTHIO Teopun LP-CTpykTyp NpUMEHUTENBHO K
HEKOTOpPBIM pPacIIMPEHHBIM MOJEISAM NPOAYKIUOHHBIX CHUCTEM. BBHIYy yCIIOXKHEHHS
MEXaHU3MOB BBIBOJIA TPU ONPEAEIECHUU COOTBETCTBYIOIIMX MOHATHI M JOKA3aTEIbCTBE UX
CBOMCTB B JAHHOW IJIaBE HCIIOIb3YETCS PEKYPCHUBHBIM MOIXOJX, aHAJOTMYHBIA IIPUHATOMY
MOAXOY B MPOMO3ULIMOHANILHOM HcuuciaeHuu (Hanpumep, C.Knunu, U.Yens—P.JIn).

B paspene 4.1 uccnenyercs LP-cTpykTypa, Jormka KOTOpOM paciiupeHa a0 Habopa
CBSI30K IPOIMO3UIMOHANIBHOIO s3blka. OTcrona mpoucxoaut HaszBaHue — «LP-cTpykrypa
HYJIEBOTO MOpsiAKa». B kauecTBe ee OCHOBBI MCHOJNB3YETCs OyieBa pemierka. M3ydeHbl
CJIEYIOIIIME OCHOBHBIE BOIIPOCHI: cyllecTBOBaHWE LP-3amblkaHUs, €ro apXWTeKTypa,
SKBHMBAJIEHTHbIE IIpeoOpa3oBaHusA. J[lokazaHa TeopeMa O CYLIECTBOBAaHMHU JIOTMYECKOU
PEAYKLHH MPOU3BOJIBHOIO OTHOLIEHUS M ONMCAaH MPOLECC €€ MOCTPOEHUs, OJAUH U3 3TaIlOB
KOTOPOTO CBSI3aH C HAXOKJAEHUEM TPAH3UTUBHOW PEAYKIIMA OTHOLIEHUSI.

B pa3nedne 4.2 onpenenstorcs LP-cTpykTypsl Ha noJaHBIX OyJieBbIX peleTkax. B qaHHbIx
anreOpanyecKux CHCTeMax OmpeiesieHbl OECKOHEYHO-MECTHBIE OIEpalu MEepPEeceueHus: U
O0BbEIMHEHNS, KOTOpbIE M MOJEIH NPOAYKUMOHHOM JIOTMKH PpEalu3yloT KBaHTOPHI
oOImHOCTH U cymiecTBoBaHMs. Kak u B rmaBe 3, mepexoJl K MOJIHBIM pELIeTKaM MPHUBEN K
HEOOXOAMMOCTH BBEJEHHS JOIMOJHUTEIBHOTO OTPaHWYEHHUs] MOJEIM B BHJE CBOICTBa
HETEPOBOCTH.

PaccMarpuBaroTcs BONPOCHI, CBSI3aHHBIE C CYIECTBOBAHUEM JIOTUYECKOTO 3aMBIKAHMS,
€ro apXWUTEKTypOH, SKBUBAJIEHTHBIMU IpeoOpa3oBaHusAMU. [[0ka3aHbl HOBBIE TEOPEMBI 00
ApPXUTEKTYypE JIOTMYECKOIO 3aMBbIKaHUS M O CYLIECTBOBAHWU JIOTMYECKOM pPEAYKLHH
paccmarpuBaeMor LP-cTtpykrypsl. IlonmydeHHbIE pe3ysbTaThl MOJHOCTBIO COOTBETCTBYIOT
paszeny 4.1, oqHaKO OTHOCATCS K NPOAYKIMOHHO-JIOTMYECKHMM OTHOLIEHUSIM Ha IOJHBIX
OyJeBBIX pelIeTKaX.

Pasnen 4.3 mnocesameH Mojenu SKBaUMOHaNbHBIX LP-cTpykTyp. OHa BO3HHKaeT B
KauecTBE aIreOpanvdecKkol HWHTEPHpPETalid YCIOBHOW HKBAIIMOHATBHOW TEOPUU W
COOTBETCTBYIOLIEHN YCIOBHOM CUCTEMBI IEPENUCHIBAHUS TEpMOB. Ompeeinsercs OCHOBaHHAs
Ha pEeLIeTKax MOJEeNb YCJIOBHOW ASKBAIlMOHAJBHOM TEOPHM, YUMTBHIBAIOIIAS CBA3U MEXIY
TE€pPMaMH, KOTOpbIe OOYCJIOBJICHBI MPUMEHEHUSMHU (YHKIUI U MOACTAaHOBOK. McxomHas
TEOpUsI COCTOUT U3 YCIOBHBIX COOTHOLIEHUH S, =1,,...,5, =1, (U =V,,....,u, =V («ECIU UMEIOT

MECTO PaBE€HCTBA TEPMOB s, =1, i =1,...,n, TO BBIIIOJHEHBI U BCE u,=v,, Jj =1,...,m»). Takue

COOTHOILIEHUSI Ha3bIBAOTCS (YCIOBHBIMM) 3KBallMOHAIBHBIMU MpaBUiIaMu. B npennoxeHHoOM
MOJIETIM YCJIOBHBIE SKBAIlMOHAJIbHBIE MpaBUila PEATM3YIOTCS OMHAPHBIM OTHOLIEHHMEM R Ha
peueTKe, MOPOKICHHON MHOKECTBAMU PABEHCTB {s, =1} .
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B nauvaine pa3zzaena npuBoasATCS CBSI3aHHbBIE C TepMaMK 0a30BbIe onpenenenus. [lycts X —
andaBuT, MPEACTABIAIOMNNA 00beTMHEHNE HETICPECEKAIOIIUXCS MHOXKECTB: ¥/ — MHOXECTBO
nepeMeHHsx; % , n=0,1,... — MHOXecTBa n-apHbIX (QyHKIMHA. CTaHTApTHBIM 00pazoM
ompezensercs MHOXecTBO TepMoB T7(X) (J.W. Klop). Orobpaxenue o:V —>T(X)
Ha3bIBAETCS MOACTAHOBKOW. DTO MOHATHE paclpocTpaHsieTcsi Ha Bce t € T'(X).

DKBallMOHAJILHOM Teopueil HaspIBaeTcs mapa (X,E), rae X — andaBuT, COCTOSIIMNA U3
CUYETHOTO MHOXKECTBA TIEPEMEHHBIX W HEITYCTOTO MHOXKECTBA ()YHKITMOHAILHBIX CUMBOJIOB, a
EcT(X)xT(X) — MHOXECTBO paBEHCTB Buaa s=t (s,t€T(X)). Jud naHHOro MHOKECTBA
PaBEHCTB E pacCcMaTpUBACTCS MHOKECTBO KOHEUHBIX IIOJAMHOXKECTB A(E). B HeM 3amaHbl
OTHONICHMSI BKJIIOYCHHUS C, D, a TaKKe «penieTodHbie» omnepamuu (| U J — TEOpEeTHKO-
MHO)KECTBCHHBIE TIepeceueHue u oO0benuHeHue. KpoMme HUX 3a7af0Tcsl €Ile ABE TPYIIIbBI
oreparuii, CBI3aHHBIX COOTBETCTBEHHO ¢ (DYHKIIUSIMHU U TTOJICTAHOBKAMH TEPMOB:

1) ecmu a={s,=t, |i=1,.,n} u f€X ,10 f(a)={f(5,-S,)=f(t,s,)};

2) ecnu a={s,=t,|j=1..,mj, 710 O(a)={o(s)=0o()|j=1,...,m; gna mOOOH

MOJICTAHOBKH O .

Omnpenenenune 4.3.1. Ilycts 3amana s3kBalMoHanbHast Teopus (X,E). DKBalMOHAIBHOU
pPELICTKOM Ha3bIBACTCS pEILIETKA, IMOJydeHHas IIONOJHEHHEM A(E) OTHOCUTEIBHO
OIpE/IeNIEHHBIX BhIIIE onepauuii 1)-2).

Kak roBopuiioce Bblllle, B JAHHOW MOJEIIA PACCMATPUBAETCS YCIOBHAs 3KBalMOHAJIbHAS
TEOpHs C MpaBWJIAMHU BUIA s, =1,,...,S, =1 U= V,,...,u, =V, . TakuM 00pazoM, MpeANOChIIKA U
3aKJIFOUECHUE MPABUJIA ABJISIOTCS AJIEMEHTAMU 3KBALIMOHAIBHON PELIETKH.

[To anamormm c¢ wu3BecTHbIMH pabGotamu (J.W.Klop), BBOmATCS akcMOMBI M TpaBHIIa
YCJIOBHOM JKBAIlMOHAJIBHOW JEIyKUHUHU. AKCHOMBI TOPOXKIAIOTCS MpaBUIaMU BbIBOJA
paBeHCTB: a: f(a) st MOOBIX a={s,=t,..,s,=t} U fe€X ; a:o(a) g MoObX acF u
MOJACTAaHOBKH o . Takue yCIOBHbIE ITpaBWJIA MOXHO Ha3BaTh TaBTOJIOTHMAMU. Emie ogHou
OYEBUJIHOW TABTOJIOTHEN SABIISIETCA NMPaBuio a:b, a,beF npu a ob.

IIpaBuna BbIBOJA B yCIIOBHOM DKBAllMOHAJIBLHOM JIOTUKE TAKOBBI:

e a:btFo(a):o(b)(a,belF) nnsa moboit moacranoBku o (ciemys J.W.Klop);

e a:b,a:cta:bUc (a,b,c)eF (BO3MOXHOCTH BBIBOJIA 11O YACTSIM);

o a:bb:cka:c(ab,c)eF (TpaH3UTUBHOCTD).

Jlanee BBOAMTCS TOHATHE MPOAYKIMOHHO-JIOTMYECKOTO  OTHOILIEHUS, KOTOpOE
COOTBETCTBYET YCJIOBHOM 3KBAllMOHAIIBHOW JIOTHMKE. BO-NEPBBIX, TIOrMYECKOE OTHOUIEHUE R
JIOJKHO COJIEPKATh BCE TaBTOJOTUU. J1Jis TaBTONOTHIA BBOAUTCS 001Iee 0003HAYCHHE: a = b,
ecit a>b, b=o(a) wmm b= f(a). Takum o0pazom, sl JOTUYECKOTO OTHOIICHUS R
CIIpaBeNINBO »=C R. Jlpyrue CBOWMCTBAa JIOTMYECKOTO OTHOLICHUS BBITEKAIOT M3 IPABUII
IeayKnuu. B 4yacTHOCTH, OTHOIIEHWE R Ha3bIBACTCS MPUMEHUMBIM, €CIH JJsl JIF000H
IOJICTAHOBKU o U3 (a,b) € R cienyer (o(a),o(b))eR.

buHapHOe OTHOHIEHHME HaA SKBAlMOHAJIBLHOW pPEIIETKE HA3bIBAETCA MNPOIYKIMOHHO-
JIOTUYECKUM, €CJIIH OHO COJCPKUT TAaBTOJIOTHH, a TaKXKe SBISCTCA NPUMEHUMBIM, -
TUCTPUOYTUBHBIM U TPAH3UTHBHBIM.

Kpome moctpoeHHONM MoOmenu, Marepuaibl pas3fena  COJAepXkKaT  HMCCIEAO0BAHUE
CTaHJIAPTHOTO I HACTOSAIIEN JUCCEPTAlMU Kpyra BOIPOCOB: CYIIECTBOBAHHUE JIOTUYECKOTO
3aMBbIKaHUsl, BO3MOXXHOCTH JIOKaJIbHO-3KBUBAJICHTHBIX MpeoOpa3oBaHU, HUCCIEAOBaHUE
APXUTEKTYpPbl JIOTUYECKOIO0 3aMbIKAHHS, CYLIECTBOBAHHE U IIOCTPOEHUE JIOTMYECKOU
peAyKIuu OMHAPHOTO OTHOIICHUSI.
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IIpuMeHeHne pacCMOTpPEHHBIX BbIlIe Monened LP-CTpykTyp orpaHudeHo cucremamu ¢
MOHOMOHHBIM BBIBOJJOM, TO €CTh TAKUX CUCTEM MPOAYKIIMOHHOTO THUIIA, JIOTHUECKHH BBIBOJ
B KOTOpBIX O3HAa4aeT MOHOTOHHOE HAaKOIUIEHHE 3HaHWi. OJHAKO CYLIECTBYIOT CHCTEMBI,
Mpeanoaraonre He TOJIbKO HAaKOIUIEHHE, HO M MOAU(DUKAIINIO 3HAHUH.

B rnaBe 5 paccmarpuBaroTcst 1Be NMpeiMeTHbIE 00J1aCTH, CCIeI0BaHIE KOTOPBIX MOXKET
OBITH OCYIIECTBIIEHO HA OCHOBE LP-CTPYKTYp ¢ HEMOHOTOHHBIM BBIBOJIOM.

Mognens pasgena S.1 comepXUT CEMAHTHKY MNPOAYKIIMOHHO-JIOTMYECKOTO BBIBOJA Ha
MepapXuM THUIOB B 00bEKTHO-OPUEHTUPOBAHHON CUCTEME C TOTIOJHUTEIBHBIM OTHOLLIEHUEM.
AHanuzupyercs CTaHIapTHBIA HAOOp CBOMCTB TAKUX CTPYKTYpP, @ UMEHHO — 3aMKHYTOCTb,
HKBUBAJICHTHBIE MPEOOpPa30BaHus, CYIIECTBOBAHUE JIOTMUYEeCKON peaykmuu. [Tokazano, kak
U3JI0KEHHAsA TEOpHsl MOXKET ObITh NpPUMEHEeHa s BepuUKamud U aBTOMATHYECKOM
ONTUMU3AIMN HUEPAPXUH THUINOB, B YAaCTHOCTH, MpPH pedaKTOpPUHTe — MOACPHHU3AINH
ycTtapeBiiero kojaa. OJHUM W3 Ba)XKHbIX HAIPaBJIEHUI B 3TOM IUIAHE SIBJISIETCS yCTPAaHEHUE
AyOnmupoBaHUS KOJa «IOJBEMOM» OOIMX aTpuOyTOB MO MEepapXuu THUMOB. Takas 3agada
penaeTcss aBTOMaTUYECKHU IIPU IOCTPOEHUH JIOTUYECKOU peyKuuu LP-cTpyKkTypsl.

Pemenune poactBeHHbix 3amad metomamu FCA mpemnmaraercss B cratbe R.Godin—
P.Valtchev. B »To0ii pabore si1emMeHTaM MHOKECTBa KJIAaccOB TpeOyeTcs B OIpeaeICHHOM
CMBICJIE ONTUMAIBHBIM 00pa30M Ha3HAYUTh HAOOPBHI aTPpUOYTOB — DJIEMEHTOB JAPYrOro
HE3aBUCUMOTO0 MHOXECTBAa. B COOTBETCTBUU ¢ BHIOpPAaHHBIMU Ha3HAYCHHUSIMH (HOPMUPYETCS
uepapxusi kimaccoB. B mocranoBke pasaena 5.1 atpuOyThl caMu OTHOCSITCSI K HMCCIIETyEMOM
uepapxuu. ITO OOCTOATENHCTBO YCIOXKHSET pEIIeHHE 3aJa4d W BpsSA JIH OCTaBIseT
BO3MOXHOCTb IpuMeHeHust FCA.

PaccmarpuBaercs HekoTopas uepapxus tTunoB [F B cMmbicie OOIL. Mexny napamu THIIOB
MOTYT CYLIECTBOBAaTh /IBa BHMJla CBA3E€Hl — HaclieqoBaHWE (TUI HacleqyeT aTpuOyThl TUIa-
npeaka) U arperanus (THI COACPKUT B KauecTBE aTpuOyTa MPEACTABUTEINS APYroro THIIA).
Ha MHOxecTBe F BBOAWTCS OTHOLIEHWE YACTHMYHOIO NOpPSAJKA, & UMEHHO — €CIIM THUIl b
SIBJISIETCSI HACJIGTHUKOM a (COOTBETCTBEHHO a — MPENKOM b ), To b<a . JInsa nio0bix a,beF

OTIpEJICNICHbI JIBE Olepalui: TepeceueHue a/Ab — HauOombImuil oOmUi TOTOMOK U
o0benmMHeHHe aVb — HaUMEHBIIMA oOOmMi mnpeaok a,b. Jns orpanuuenHoctu F

T00aBIISAIOTCS /IBAa CHEUMATIBHBIX dJIEMEHTa: | — yHMBEpCAJIbHBIM THN (00U npeaok) u O
— (PMKTUBHBINA TOTOMOK BCEX THIIOB.

Ha pemerke F paccmarpuBaeTcsi BTOpoe (COOTBETCTBYIOIIEE arperanui) OTHOLICHHE R :
eciu OOBEKT THUIA a¢ B KadecTBe aTpuOyTta coaepxkurcs B tune b, Tto (h,a)e R. OOGa

oTHomeHUS (< W R) UMEIOT OO0IIyI0 ceMaHTHKy. OHa COCTOMT B TOM, YTO B Ka)XJIOM W3
ciaydaeB, b<a W (b,a)e R, TUIl b TIOJy4YaeT BO3MOKHOCTH THUIIA @ B BUAE JOCTYyIIA K €ro

arpubytam. D10 00IIee OTHOIIEHHE <—— 00513aHO OBITH PEPICKCUBHBIM U TPAH3UTHBHBIM.
PaccMarpuBaeTcs eme OJHO CBOMCTBO BBEIACHHBIX OTHOIICHMW. Ilycte mnd a,b,b, € F

cupaBeyiuBO b, <a, b,<a. Torma B COOTBETCTBHUU C OIIPEIACICHUEM PEIIETKH HMEEM
bVb,<a. DTO €CTECTBEHHOE [ OTHOIIEHMs < CBOWCTBO HasblBaeTrca V-

IUCTPUOYTHUBHOCTBIO.
[lycts Temepp b «——a u b,<L—a, TO ecTb Kaxmpli THO b W b, obmamaer

BO3MOKHOCTSMHM THIA a. TOraa, €Ciay MPEANoNOokKUTh \ -IUCTPUOYTHBHOCTh OTHOLIEHHS
<% crnpaBeuBo b, Vb, «L—a . DTOT (akT 03HaYaeT, UTO THN b Vb, TaKKe 00JIaTaET

BO3MOKHOCTSIMU ¢ . C TOUKH 3peHUs MPOSKTUPOBAHMS TUIIOB 3TO HE 00s13aTenbHO. OIHAKO B
ciydae, ecnu Oosiee OJHOrO HacineAHuka (b, U b,) colaep’KaT OAMHAKOBBIE aTPUOYTHI, IO

IpUHLIMIAM pedaKTOpUHTa HY)KHO «IIOJHATH» OOIIMe aTpUOYThI, TO €CTh MOMECTUTh OJUH
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aTpuOyT B 00U TUII-TIPENOK b, VV b, . B pe3ynbrare Kaxaplil b, U b, MOIYYUT BO3MOKHOCTH

a B TOPSIIKE HAClCIOBaHUSA. B MaHHOM ciydae \ -AUCTPUOYTUBHOCTH OTHOIICHUS <——
OmpeelIsieT pelieHre OHOM U3 3a1a4 pehakKTOPHHTa — YCTpaHEeHHE Ty OIMpoBaHus KOJIa.

OrHomieHne <X%—, o0magas CBOMCTBOM TPAH3UTUBHOCTH BHE 3aBHCHMOCTH OT
KOHTEKCTa, HE MOKET aHAJOTMYHO BO BCEX CHTyallWsX YJIOBJIETBOPATH V-
JUCTPUOYTUBHOCTH, HHAYE DTO MPUBEAET K HEKOPPEKTHBIM pe3yJsibTaTaM. J[iis HiumocTpauu
MOXKHO TpHBECTH mpumep b<«~*—a u a<Lt—a. Tlpu aUCTPUOYTHBHOCTH <——
BBIITOJIHSUIOCH ObI bV a<«—~—a. ITo npeonorun OOII Tun bV a HHAYEro HE 3HAET O CBOMX
HacyenHukax. [1o 310l mpuunHe bV a, SBISACH OOIIMM MPEIKOM THIIOB ¢ W b, MOXET
00J1a1aTh BO3MOXKHOCTSMH THIIA ¢ JIMIIb B CIy4ae, €ciid OH coBmamaer ¢ a (hb<a). B
JPYTUX BapUAHTAX COOTHOIICHUE bV a<——a OyneT HEKOPPEKTHBIM.

CyIIecTBYIOT CHTYAIlMH, KOT/Ia BBIOJHCHUE \ -TUCTPHOYTUBHOCTH OTHOIICHHS <—X—
TEOPETUYCCKU BO3MOKHO, HO HEIIEIECO00pPa3HO C TOUKH 3pEHMs KauecTBa Koma. IlycTh mpu
b «t—a,b,<"t—a odnemeHTsl b Vb, W a HWMCIOT HEMYCTOE IEPECEUCHUE:

(bVb)Na=d+#0O, npuueM d<b Vb, m d<a. Ecimm B [NaHHOM ciy4ae IOIyCTUTh
(b, Vb,,a) € R, TO OKaXETCS, YTO TUN d 00Ja7aeT BO3MOXKHOCTSIMH THUIA @ OJHOBPEMEHHO
II0 JIByM JIMHHSM, @ UMEHHO — KaK €ro HAacJeIHUK M KaK HACIECIHHUK TUNA b, \Vb,, Takke
MMEIOIIET0 BO3MOXKHOCTH a . J[pyras momoOHas cuTyauusi — Haauuue KoH(uukra. Ilycth
uMmeer mecro (b,a),(b,,a),(b,,a)e R, npuuem b Vb, #b,Vb,. Torna mnapel (b,a),(b,,a)
«KOH(MIUKTYIOT» C mapamu (b,,a),(b,,a). DTO 03HAYaeT, 4TO €CIM B OOOMX CIy4asx
«TIOIHATHY» aTpUOYTHI, TO THI b, yHACIEeNyeT aTpuOyT THMA a OT ABYX PA3JIMYHBIX NMPEIKOB
— b Vb, u b,Vb,, uro Taxxke yxyamuuT koa. [Ipunaras B pabore cTpaTerus mnpenmnojaraert
OTKa3 OT «IOAHATHS» OOmMHUX arpuOyTOB TMpPH HATUYUKW TOJOOHBIX CHUTyalui
(HeBBIIOJHEHNUE \ -AUCTPUOYTUBHOCTH). B nanpHeiimeM BO3MOXHBI Jpyrue IOIXO/bI,
TOHBIIIE YYUTHIBAIOIINE OCOOCHHOCTH KOHKPETHOM CHCTEMBI.

W3 npuBeAeHHBIX COOOpaXCHUU MdaeTcsi ONpeAeNiCHHE JIOTMYECKOro OTHOUICHHWS Ha
OrpaHM4YeHHON pemeTke. Jlormyeckoe 3aMbBIKAaHME IPOU3BOJIBHOIO OTHOILIEHHA R Ha
pewmerke [ npenocrasiser Bce Takue napel (b,a), 4TO B TUIE b AOCTYIHBI BO3MOXKHOCTHU
TANAa a. Jlormdeckas penyKuuss CTPOUT HMEPAPXUI0 C MUHHUMAJIBHBIM DKBUBAJICHTHBIM
HaOOPOM CBsI3€il U B ONPECIIEHHOM CMBICIIE MUHUMAJIBHBIM Ty OIMPOBaHUEM KOJA.

QOopMyIUPYIOTCS ONPEACIICHUS U YCIOBUs, CBA3aHHBIC C OrPAaHUYCHUEM CBOMCTBA V -
IUCTPUOYTUBHOCTH TPOAYKIIMOHHO-JIOTMYECKUX OTHomeHui. Ilapa (b,a) d1eMeHTOB
OTpaHUYEHHOM peleTKu F Ha3bIBaeTCs NPOCTOM, €CM a Ab =0 — HUKHSAS rpanb F.

Onpenenenune 5.1.1.1. [Tyctb R — oTHOLIEHUE Ha orpaHnyeHHON pemeTke F. J/IBe mapel
Buaa (b,,a), (b,,a)€ R Ha3bIBalOTCA \ -COBMECTUMBIMM B R, €CIIH CYIIECTBYIOT TAaKUE
¢,c, €, uto b Vb,<c Vc,, npuueM mnapa (c Vc,,a) npocrasd, a mapsl (c,a),(c,,a)eR
HeTpan3utuBHel B RU<. Ilpu srom Habop snementoB C =(b,,b,,c,,c,,a) Ha3bIBACTCS V -
IUCTPUOYTUBHBIM KOpTexeM, a T =(c¢,,¢,,a) — \V -TUCTPpUOYTUBHOM TPOUKOH (B R ).

[TycTth uMeroTest V -aucTpubyTuBHas Tpoiika T = (c,,c,,a), a Takxke Tpoiika T =(c,,c,,a),
IIpoBepsieMasl Ha aHAJIOrM4YHOEe CBOMCTBO. Tpoiiky 7' OyJieM Ha3bIBaTh HEUTPAIMU3YIOIIEH TS
T' (o6o3nauaercst T < T ), €CJIM BBIIOJHEHO OJIHO M3 CIEAYIOMINX YCIOBHM:

1) a=a,c Ve, #¢ Ve, U CIPaBEIMBO XOTS OBl OJJHO M3 HEPABEHCTB ¢, < ¢,V c, ;

2) a<a,c Ve, #c Ve, M BBIIOIHEHO XOTS ObI O/THO M3 HEPABEHCTB ¢, < ¢, V¢, ;
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3) a<a,¢Ve,=¢Ve,.

C mo3uiun HeOpMambHOW ITH YCIIOBUSI OIMKCBHIBAIOT CHUTYalldH, KOTJA MPUCYTCTBHUE
HelTpanusyromeii Tpoiku T «yrpoXkaeT» CBOMCTBY \ -JMCTPUOYTUBHOCTH TPOMKH T .
Tpoiika T =(c,,c,,a ) Ha3bIBAETCS HEKOH(IMKTHOMN, €CIIK ISl HEE HE CYIIECTBYET HU OJHOM

HENTpanu3yromei V -IucTpuOyTUBHOU TPOUKH.

[lousATHs, BBENEHHBIC BbIIe Ui Tpoek Buma T =(c,c,,a) U T =(c,c,,a),
aBTOMATUYECKU PACHPOCTPAHSAIOTCA U HA CBA3aHHBIE ¢ HUMHU Koprexu C =(b,,b,,c,,c,,a) U
C =(b,b,,c,,c,,a). [IBe V-coBMecTumble mapbl (b,a), (b,,a) Ha3bIBAKOTCS HEKOH(IUKTHO

\V -COBMECTHUMBIMH, €CIIM JUIsI HHUX CYIIECTBYET HEKOH(DIUKTHBIA V -AUCTPUOYTHUBHBIN
koprex (b,b,,c,c,,a). OTHOomEHME R Ha pEIIETKE Ha3bIBAETCSI OrPAHUYEHHO V-
IUCTPUOYTUBHBIM, €CITU IS JTIOOBIX HEKOH(IIMKTHO V -COBMECTUMBIX B R map (b,,a), (b,,a)
crpaBeyuBo (b, Vb,,a)eR.

OtHomeHne Ha3bIBACTCA MPOAYKIMOHHO-IOTHYECKMM C OTpaHWYeHHEM OOBbEeIWHEHUH,
€CIIi OHO COJEPKUT <, TPAH3UTUBHO M OTPAHUYEHHO V -AUCTPUOYTHBHO. Jlormyeckum
3aMBIKAHUEM OTHOLICHUS R  HA3bIBACTCS HAMMEHBILEE JIOTMYECKOE OTHOIICHHUE,
cozepxaiiee R ¥ ero MHOXKECTBO HEKOH(IIMKTHO COBMECTHUMBIX Tap.

B HOBOM MoOzenum paccMaTpuBarOTCA CTaHaapTHele 1 LP-cTpykTyp BOIpOCHI:
CyLIECTBOBAHUE JIOTMYECKOIO 3aMBIKAHMS, BO3MOXXHOCTH JIOKAJIBHO-DKBUBAJIECHTHBIX
npeoOpa3oBaHUl, AapXUTEKTypa JIOTMYECKOTO 3aMbIKAaHHs, IOCTPOCHUE JIOTUYECKOMN
pEenyKIMK OMHAPHOTO OTHOLICHHS. YCTAHOBJCHBI AHAJIOTUYHBIC PE3yJbTaThl, 3a OJHUM
uckitoueHueM. Ero cyTb B TOM, 4TO B JAAHHON MOJEIM 3KBHUBAJIEHTHOE IpPEeoOpa3oBaHME
YacTH HCXOJHOTO MHOXKECTBA IMap HE BCErJa MPUBOIUT K HKBHUBAJCHTHOMY OOIIEMY
otHomeHN0. OTHAKO UMEET MECTO KBUBAJICHTHOCTH Psijia peoOpa3oBaHU.

Teopema 5.1.3.2. [lycth R — oTHOLIEHHE Ha orpaHnyeHHON pemetke F. Torna xaxnas
U3 CJIEIYIOUUX ONepalyii Hal R IPUBOAUT K SKBUBAJICHTHOMY OTHOILECHHUIO:

e n00aBJIEHUE WIN UCKItOUeHue napsl (b,a), ecinu b<a;

e nob6aBneHue mapel (¢ Vec,,a), eciu Tpoiika T =(c,c,,a) V-IACTpUOYTUBHA H

HEKOH(JIMKTHA B R ;
e no0aBieHHE WA HCKIIFOUYECHHE apsl (c,a) pu HAJINYUU map
(¢,b),(b,a)e (RUSL),c#b,b#a.

3aKIHOYUTENBHBIN MOAPA3/ie MOCBSIIEH OLUEHKAM CJIOKHOCTH IOCTPOEHUsS JJOTUYECKOTO
3aMBbIKaHUs M JIOTMYECKOW peaykuuu LP-ctpykryp Ha pemerkax tumnos. Pemerka Turos
OOBIYHO HE SBJIAETCS AUCTPUOYTUBHOM, U YHCIIO €€ DJIEMEHTOB HE TaK BEITUKO 110 CPABHEHUIO
C IpyruMu MojaensaMu (Harmpumep, OyneanoMm win pemerkor Jlungenbayma—Tapckoro). 1o
3TOM MPUYHMHE B JJAHHOM CJIy4ae B KauyeCTBE OCHOBBI aHAM3a CIOKHOCTH MOXXHO BBIOpATh
o0miee 4YHCIO DJEMEHTOB pELIETKH, a TaKKe XpaHUTh CaMy peIeTKy H OWHapHbIe
OTHOILEHHUs Ha HEH B BUJIE MATPULl CMEKHOCTH.

Teopema 5.1.5.1. 3amaunM HaxO0XJEHHUS JIOTUYECKOTO 3aMbIKAHUA U JIOTUYECKOU
penykuun LP-CTpyKTypbl Ha pemIeTKe THUIIOB PELIalOTCA 3a IOJMHOMHUAIBLHOE BpEMs, HE
npesbimaromee O(N°), rae N — o0liiee YiCio 3JEMEHTOB PEIIETKH.

CymecTBy1oT 001acT MHPOPMATUKH, MPEANOiaraioye He TOJbKO HAKOIJICHHE, HO U
momudukamuio 3HaHui. B pabore kK HUM [no0aBieHa emie OJHA — aHallu3 CBOWCTB U
npeobpa3zoBaHus ~ UMIEpaTuBHbIX  anroputMmoB.  CoorBerctByromas  LP-ctpykrypa
uccieayercss B M. 5.2. Kak o00oOmeHne KiIacCHYECKHUX PEUIETOK ONPeAesIOTCs
HEKOMMYTATHBHBIE pelIeTKH. B HekomMmyTaTuBHOW pemietke F, omepaiusi oObeaMHEHUS
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UX BBIITOJIHACTCA € YaCTHUYHBIM 3aMCHICHUCM OJHOT'O M3 OICPAH/IOB. Ha Takux pemeTKax

BBOJSATCS INPOLYKIMOHHO-JIOTHYECKUE OTHOWIEeHUs. Onpenensercss MOHATHE JIOTHYECKON
LUENOYKU F,, =(B,,...,B,), CBA3BIBAIOLIECH Iapy d51eMeHTOB (A4,B). [lokazaHa teopema O

CYyILIECTBOBAHUH JIOTHYECKOTO 3aMbIKAHUS OTHOLIEHUM HA HEKOMMYTATUBHBIX PEIICTKAX.

B 3akmrouenue paccMmarpuBaeTcs IIpUMEp NPUIIOKEHUS TEOPUU HEKOMMYTaTHBHBIX LP-
CTPYKTYp K HCCJIECIOBAaHUIO JIOTUYECKUX CBOWCTB MMIIEPAaTUBHBIX AITOPUTMOB —
COIOCTABJISIIOTCS BO3MOYKHOCTH UMIIEPATUBHOTO U JIOTHYECKOTO IIPOrPaMMHUPOBAHUS.

Jlornueckas uemnouka 7, =(B,,...,B,) Ha3bIBA€TCS NO/IHOU, €CIH NPU J0OABIECHUH K HEW B

TM00YF0 TIO3UITMIO HOBOTO DJIEMEHTa B

m+l1

e [F,, HE COBIAAIONIETO C COCEHUMHU DJIEMEHTAMU,
OHa TepecTaeT OBITh IEMOYKOM, JIOTUYECKH CBsA3bIBatoliel mapy (4,B). Jlormueckas
LenoyKa 7, Ha3bIBACTCS MEPMUHAILHOU, €CIM OHAa HE MOYET OBIThb IPOJOJIKEHA: HE
cymectByeT Takoro sneMeHra Cel,, uro mapa (4,C) norudecku cBg3aHa, C#B U
LIETIOYKA 7,, COACPIKUTCSA B HaYajie LEMOYKH 7,

Onpenenenune 5.2.4.1. Jlocuuecxoti npocpammori Ha peuietke [, Ha3pIBaeTCsl TpoHKa
By =(Fy, Fye,nR), THE  Fi, Frpo
Ha3bIBAEMbIE COOTBETCTBEHHO MHOXECTBOM HAYQNbHbIX 3J1€MEHMOE W MHOXKECTBOM
pesynibmamos, R — HekoTopoe OmHapHOe OTHOouleHue Ha F, . Beinonnenuem TOTUYECKON

7Ba (PUKCHPOBAHHBIX MOJMHOXKECTBa pemerku [, ,

es?

IpOrpaMMbl P, C JaHHBIM HA4YaJdbHBIM DJIEMEHTOM A, € [ Ha3bIBACTCA HAXOXKICHHUE

COBOKYIIHOCTH BCEX TaKMX MAaKCUMAaJbHBIX OJJIEMEHTOB A, € F, , 4ro mapa (4, 4)

JIOTUYECKH CBSA3aHA MOJHOW TEPMHUHAJIBbHOW LEno4ykod B R . [lomydeHHass COBOKYIHOCTH
JJIEMEHTOB {A,} Ha3BIBACTCSA pe3yabmamamu MPOrpaMmsl P,, COOTBETCTBYIOLIUMHU JAHHOMY

HayalbHOMY dneMeHTy A, (t€T7). Ecam T COCTOMT U3 €QUHCTBEHHOI'O DJIEMEHTA, TO
pe3yJIbTaT JOTUYECKOH IPOrpaMMBbl HA3bIBACTCS OOHOZHAUHBIM.

Jlajiee yCTaHaBIMBAETCS CBA3b JOTUYECKUX IIPOrPAMM C UMIIEPATUBHBIMH aJITOPUTMAMHM.
JlJ1g 5TOr0 paccMaTpUBaETCs MOJAKIACC — IETEPMUHUPOBAHHBIEC JIOTUYECKUE IIPOIPAMMBI Ha
pelIeTKax. Jlornyeckas nporpaMmma P, =(F,, Fy.,»R) Ha F, Ha3bIBACTCS
oemepMuHupo8anHot Npu JaHHOM A, €F

X
eF

Res

ecinu i J1000ro A, € F, NpU HaydyalbHOM

anemente A,U, 4,, ee pesynbrar A OJHO3HAYEH WM JOCTUTaeTCs €IUHCTBEHHOH (C

Res
TOYHOCTBIO JI0 MOPSIKA SJIEMEHTOB B MOJLIETIOYKAX) JIOTUYECKOHN IIEMOYKOM B R .
JUtst Takux HOporpaMM MOKHO BBIJEIUTbH €II€ OJHO IIOJAMHOXKECTBO peumieTka [,

MHOKCCTBO Ynpaeiiaroyux 371eMerRnos FM ,

He nepecekaromieecs ¢ F, u F, . Ux poub
COCTOUT B 00€CIEYEHUH JAETEPMHUHUPOBAHHOCTH JACHCTBHIA. TaKOBBIM SIBISIETCS YKa3aHHBIH

BBIILIE YIPABISAIONINI HAa4aabHBIA JIEMEHT 4,, € F,,. B cBA3H ¢ 9TUM 00CTOATEIBCTBOM IS
J€TePMUHUPOBAHHBIX IIPOTPAMM TAK)KE€ UCIIONb3yeTcsl 0003Hauenue P, ,, =(F,,,F,,Fy. ., R).

[IpoBoauTcs dopmanu3anus UMIOEPATUBHOTO aNrOpUTMa B TEPMUHAX OTHOIICHUH Ha
pemrerkax. OHa onupaercss Ha CTPYKTYpHYIO TeopeMy JleHKCcTphl, COriIacHO KOTOPO# JH000H
JIITOPUTM MOXKET OBITh MPeoOpa3oBaH B HKBUBAJICHTHBIM, COMAEp)KAIIWN JUIIb JEHCTBUS,
YIOpaBIIIEMbIE CTPYKTYpaMH TPEX BHJIOB: Yenoukou, aibmepHamuou W yukiom while. B
KauecTBe (MMIIEPATUBHBIX) 91eMeHmMapHulX Oeticmeuti Ha pewmetke F, paccMaTpuBaroTCs

NPUMEHEHHs] OIlepall HEKOMMYTAaTUBHOTO oOOBeAWHEHUs. B dacTHOCTH, pe3yiabTaTom
JeMCTBUS HAJ HEKOTOPBIM 35ieMeHTOM A € F, moxHo cuutate C=A4U, B, e BeF, .

JIns BBINOJHEHUS HMIIEPAaTUBHOW IpOrpaMMbl HEOOXOAMMBI MCXOAHBIE JlaHHbIE —
COBOKYIIHOCTb HAuajbHBIX DJeMeHTOB F; pemerku [F,. IIpu BbIOIHEHMH AEUCTBUM
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(onmepanuit U, ) HavyanmpHBIA 3JIEMEHT A4, € F, TOCIEIOBaTeIbHO TpaHchopMUpyercss B

HEKOTOPBIM HOBBIM. Ha 3akimrounTenbHOM dTane IoJIy4aeTcss pe3yibTaT INPOrpaMMbl —

pe3ynbTUPYIOIIUN  3NeMEeHT 4, € F,, cF,. Cnenys U3I0XKEHHBIM COOOpPaKEHUSIM,

0003HauUuUM 4, TEPEMEHHYIO CO 3HAUCHMAMHU TEKYIIEro 3JEMEHTa, KOTOPbI MMeeTcsl Ha
HEKOTOPOM IIIare IOCJ€ BBIITOJHEHUSA BCEX NPEABIAYIIMX OIEpalUil mporpaMmsbl. Takum
00pa3oM, /10 BBIIOJIHEHUsSI IPOrpaMMsbl 4., = A,, tocne — A, = A
Janee He0OX0MMO (OpPMaNIN30BaTh MOHATHUS YIIPABIAIOMINX CTPYKTYD.
Hmnepamusnoii yenoukou NauHBI m OyneM Ha3bIBaTh MPOU3BOJIBHBIN yIOPSIOUECHHBINA
Habop [ =(B.,..,B!) omemeHtoB pemerkd F,. WHAEKC «C» 03HA4aeT BO3MOXKHYIO

Res *

3aBUCHMOCTb KaXIOI'0 JJIEMEHTA LEMOYKM OT TEKyLIero 3HadyeHus 4., . Pesyinbratrom
MIOCJIEIOBATEILHOTO MPUMEHEHHsT WMIIEPATUBHON 1eno4ku [ =(B.,...,Bl) K HCXOIHOMY
3HaYeHUIo A, HazoBeM snemeHt 4. U, B.U, ..U, B/ —HOBoe 3HaueHHE A4, .

Jlnst  ompeneneHus anbTEpHATHBBI M LUKIA HEOOXOOUMO IOHATHE  VCIOBUA.
[Ipeanonaraercs, 4YTO BBIYMCICHHE JIOTHUECKUX BBIPDAKCHUNH HE BBI3BIBAET MOOOYHBIX
apdexToB. B paccmarpuBaeMoil MOJIENN YCIOBUE 3KBUBAJCHTHO NPHHAJICKHOCTU OJJHOTO
U3 3a/laHHBIX DJIEMEHTOB pPEUIeTKU {4, |t€T} Tekyumemy siaeMeHTy A, . CumBoiaamu

0.
{4, |teT} obo3HauaeTcsi HAGOP SJIEMEHTOB, COOTBETCTBYIOIIMX OTPUIAHMIO YCIOBHS C
alteT}.

Anemepnamuegotl Ha3zbIBaeTcs BblpaxkeHue Buaa if {4,

0.

JNIEMEHTaMHU {A,.

0.

.} then B/ else B}. Pesymprar
aJbTEPHATHBBI — HOBOE 3HAYCHWE A, , BbAUCIsseMoe mo dopmyie 4., U, B., ecnu mpu

HEKOTOpOM t e T crpaBemmBo A, , < A.,., 4 A, U, B, — B IpOTUBHOM city4ae. L{ukiom

urr 2
Ha3blBaeTcsd KoHCTpykumsa while {4;,,} do B.. Ee BbilogHeHne 3akirodaeTcs B

PEKYPPEHTHOM BBIUYMCIIEHUM HOBOTO 3HauYeHUs A, = A, U, B., TIOKa CyIIECTBYET TaKOE

Curr
teT,dto Al,; < Acyr -

BBezneHHble omnpenenieHus] pacIIUpSIOTCS MPEANONIOKEHHEM O TOM, YTO YIpaBIISAIOLINE
KOHCTPYKIMM MOTYT OBITh BJIOXEHHBIMU. OTOT (DaKT O3HA4aeT, YTO B KauecTBe HX

conepxkumoro ( B, B.,..., B/, B.) MOTYT (UTypHPOBATh HE TOJIBKO JIEMEHTHI PELIETKH, HO H,

B CBOIO OdYepelb, Jpyrue I[ernodka, albTepHATHBA WIM UK. J[1s mepedncieHHbIX
KOHCTPYKIIMI UCIIONB3YeTCs 0011ee Ha3BaHUE — UMNEPATNUBHAS CIPYKMYPA.
Onpenenenue 5.2.4.2. Hunepamusnot npocpammoll Ha HEKOMMYTaTUBHOM peuietke F,

1), tne F,F

Res — JBa (PMKCHUPOBAHHBIX ITOJMHOXECTBA

Ha3bIBaeTCsA Tpouka P, =(F,,F;

es?

AJIEMEHTOB pemeTku F, (MHOXKECTBA HAYANbHBIX INeMEHMO8 U pe3yibmamos), a I — modas
MMIIEpaTUBHAs CTPyKTypa Ha I, . Buinoinenuem AMIIEPAaTUBHOW IIPOrpaMMbl P, ¢ JaHHBIM
HAYAbHbIM 2JleMeHmoM A, € F, Ha3bIBaeTCs NPUMEHEHUE KOHCTPYKIUHA [ K DIIEMEHTY A4, .
eF

[Tosry4aeMbIi 1IOCIIE 3TOTO DIEMEHT A Res

Res Ha3BIBACTCS pe3ybmamom MporpaMMsl P,

COOTBCTCTBYIOIIUM JaHHOMY HAYaJIbHOMY AO .

CpaBHUBas NpEICTABICHHbBIE OINPEIEIICHNS JIOTUYECKUX U UMIEPATUBHBIX MPOrPaMM,
HETPYIHO 3aMETUTh, YTO KaXIbIM M3 3TUX BUJOB MPOrpPaMM II0 HCXOJHOMY DJIEMEHTY
pEIIeTKN BBIYMCISET HEKOTOPBI pe3yiabTHpyromuid. Takum o0pa3oMm, mpaBoOMepHa
IIOCTAHOBKA BOIIPOCA O CPABHEHUH UX BBIPA3UTEIIBHBIX BO3ZMOXKXHOCTEM.

Teopema 5.2.4.1. J{ns nr060i1 uMmnepatuBHOM nporpammsl P, =(F,, F,. ,I) Ha pemierke

es?

[F, MOXHO NOCTPOUTH ICTCPMUHUPOBAHHYIO JIOTHYECKYIO TporpamMmy b, \, = (F,,, F, Fy, , R),

23



KOTOpasi MpH JIIOOOM HayalbHOM MIEMEHTE A, € F, U pe3ynbrate A, € Fy,, NporpaMMmsl P,

BBIJIA€T JUI CBOETO HA4YaJIbHOIO AJleMeHTa Buaa 4, U, 4,, TOT e pe3ysbTaT 4, , COXpaHss

es 2

IIPU 3TOM IOPAJIOK U COAECPIKaHUE NEUCTBUUN P, .

OcHoBHas 1enb riaaBbl 6 — IPOJEMOHCTPUPOBATH BO3MOYKHOCTH NPHUMEHEHHUS TEOPHUH
LP-cTtpykTyp Ha mnpaktuke. OmnuchIBaeTCcsi CO3JaHHAsh aBTOPOM HWHTETrPUPOBAHHAS Cpela
pa3paboTKU MPOMYKIMOHHBIX AYKCIIEPTHBIX CHUCTEM, a TAKXKE aHAIM3UPYIOTCS pean3aiis u
npumenenne LP-ctpykrypsl mis Bepudukanmm u ontumusauuu b3. B 3akmrounTenbHOM
YacTU TJaBbl JAEMOHCTPUpPYETCS NMpUMeHeHue Teopun LP-cTpykryp s anrebpamdeckoit
dbopManuzanuu MaTeMaTHIECKUX 3HAHHM.

[IpenBapuTenbHO MPUBOIATCS HEKOTOpBIE OOIIME MPHHIMIIBI PEaTU3alUN MOJOKEHUI
n.m.2.3-2.6, He CTOAb 3HAUYUMbIE [JII TEOPETHYECKOTO HCCIEAOBaHUSA, OJHAKO
CyLIECTBEHHbIE Ha MpakTUKe. [lamee paccMaTpuBarOTCs BOIPOCH, KOTOPBIE NPHU3BAHbI
MPOAEMOHCTPUPOBATH BO3MOKHOCTH HCHOJIb30BaHUS TEOPETUYECKUX MOJIOKEeHH LP-
CTPYKTYP JUISl PEIIEHUS] aKTyaJIbHBIX 3a7a4.

Hcxonst n3 crienuuky pemerox, Npu X KOAUPOBAHUK HEOOXOIMMO B MIEPBYIO OUYepeIb
3a00TUTHCS 00 SKOHOMHM TaMsiTH. B pe3ynpraTe BbIOpan cmoco0 komupoBanus LP-
CTPYKTYp, OIMPAIONIIMICS Ha M3BECTHBIH METOJ IMPEACTABICHUS PEIIETOK OHTOBBIMU
BEKTOpaMHU. BUTOBBII BEKTOp XpaHHUTCS B BHUAEC HAOOpa CMEXHBIX KIACTEPOB, pa3Mep
KOTOPBIX MOXKET HACTPaMBaTHCS HCXOJIS U3 IOTPEOHOCTEH MONb30BaTesl.

B memsix SKOHOMMM NHaMATH aBTOPOM TAaKKE€ NPUHATO PEUICHHE O MNPEACTABICHUU
OTHOIIEHUH JUHAMUYECKUMU MHOXECTBAMHU I1ap, B IPOTUBOBEC MaTpULIaM CMEXHOCTH. Kak
M3BECTHO, 3()(PEKTUBHOCTH OmNEpanuii JOCTyNna K MHOXKECTBY Ha NMpakTUKE 00ecrednBaeTcs
BO3MOXHOCTBIO €r0 XpaHEHHs B BHUAE COAJAHCMPOBAHHOIO OWHApPHOIO JepeBa C
YHUKaJIbHBIMU KIIFOYaMH B y3iax. Kirod mo BO3MOXHOCTH JIOJKEH IOMENIATHCS B CJIOBE
(MM TBOMHOM CJIOBE) KOMIIBIOTEPA, TOT/Ia IPH JOCTYIE K MHOXKECTBY ONEpalus CPAaBHEHHUS
KITII04Yel OyJeT BBIMONHATHCA 32 KOHCTaHTHOE Bpems. TakuMm oOpa3om, peanu3oBaHa HIes
XpaHEHUs Taphl JIEMEHTOB PEIIETKHA KaK Maphbl CCHUIOK Ha COOTBETCTBYIONINE UM OUTOBBIC
BEKTOPBl. DTH CCBUIKM COJEP/KATCS B CMEKHBIX YaCTAX JBOMHOIO LIEJIOTO YUCIA, U JAHHOE
YHUCJIO MOXKET UCIIOJIB30BAaTHCS B KAUECTBE YIIOMSHYTOI'O BBIILIE KIIIOYA.

JUiss XpaHeHusl KaHOHuuyeckux OTHOUICHUM HAa PEIIETKax IpU pean3aluu  psaaa
IITOPUTMOB B pabOTe MPUMEHSETCS elle OJHO HOBOE MPEACTaBICHHE — B BHUJE BEKTOPA
MHOXeCTB. HalloMHUM, 4TO KaHOHMYECKOE OTHOILIEHHE HA TOYEYHOM PEIIETKE COCTOUT M3
nap «XOpHOBCKOro» tuma. [IpaBast yacTh Takoi mapbl NPe/ICTaBISIET COOOM TOUKY PELIETKH,
a neBasi — oObeqMHEeHNEe To4eK. J[Js JaHHOTO OTHOIIEHHSI CTPOUTCS CHENHAaIbHBIA MAacCHB.
WNHpekcoM MaccuBa CIIy’KAT HOMEP TOYKH PELIETKH, COACPKUMBIM KOMIIOHEHTBI MacCHUBa —
MHOXECTBO 3JIEMEHTOB PELIETKH, COCTABJISIONIMX C AAHHOW TOYKOW Iapbl B Ka4eCTBE HX
JeBBIX dacTeil. YKa3zaHHOE MpeACTaBlieHHE BechbMa AI(PQPEKTUBHO KaK C TOUYKHU 3PEHUS
WCIIOb30BAHUS MaMSATU — XPaAHATCS JIMIIb JIEBbIE YacTU Map, TaKk U OBICTPOACHCTBUA —
JOCTYNl K HUM OCYIIECTBIISIETCSA MO MHIEKCY B MaccHBe. DTOT CHOcOo0 MpHUMEHseTCs s
peanuzanuu B LP-CTpyKType aaropuTMoB 0OpaTHOrO BBIBOJA.

Jlanee B rnaBe 6 onmceiBaeTcsa uHTEepderic kimacca LPStructure, pazpaboTaHHOro aBTOpOM
U peanu3oBaHHOTrO Ha si3bike C++ ¢ ucnonb3oBanuem oudmmoreku STL. Kmacc LPStructure
MHKANCyJIUpyeT HanuOojiee BaKHbIE CBOMCTBA M METObl ONKMCAHHBIX B IJ1aBe 2 CTaHAAPTHBIX
LP-cTpykTyp, BKIIOUas HAXO0KACHUE JOTMYECKOW PEAYyKLHMH U PEIIEHUE MPOLYKIIHMOHHO-
JIOTUYECKUX YPAaBHEHMM.

B nocnenyromem noapasnaene 00CyXIal0TCs apXUTEKTypa U (PYHKIMOHAIBHOCTh MaKeTa
nporpamm LPExpert, mpegHaznadeHHOTo AJisi pa3paO0TKU U SKCIUTyaTaIluU PO TyKITMOHHBIX
sKcrepTHBIX cucteM. OH comepxutr uHTepdeiic kmacca LPStructure, 4to 3HaYUTENBHO
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pacimpsieT BO3MOXKHOCTH co3ziaHusi b3. K OCHOBHBIM IpeuMMyIEeCcTBaM JJTaHHOM CHCTEMBI
JIOTUYECKOT0 MPOrpPaMMHUPOBAHUS MOYXXHO OTHECTH CJIEAYIOLINE BO3MOKHOCTH:

® HCYEPIIbIBAIOIIEE BHISBICHUE N30BITOUHBIX TTpaBui B b3;

® [poBepKa HeMpoTHUBOpeunBocTU b3;

® HOBBIE METOJIBI OOPATHOTO JIOTMYECKOTO BBIBOJA (PENEBAaHTHBI W KIIACTEPHO-

peneBaHTHbINA LP-BBIBOBI);
e jyccrenoBaHue 00pazoB M MPOOOPa30B MOAMHOXKECTB (DaKTOB.
LP-BbIBO OCYyIIECTBISIETCS MyTEM MOCTPOEHUS MUHUMAIIbHBIX HAYaJbHBIX MPOOOPa30B
3HauUeHUH OOBEKTa HSKCHEPTHU3bl W TMOCIEAYIONIETO WX HCCIeNoBaHus. B mocTpoeHHOM
MHOXECTBE JIOCTATOYHO HAWTHU TOT MpPooOpa3, KOTOPBIM COAEPKUT JIMUIb BBIMOJHEHHBIE
(dakThI, TOTAA Cpa3y MOXKHO CJIelaTh 3aKIIOUEHHE O COOTBETCTBYIOIIEM 3HAUYCHHUU OOBEKTa
sKcnepTusbl. B mpeacraBneHHoM mnoaxone wu30paH A(PQGEKTUBHBIM METOA, KOTOPBIH
3aKJIFOYAeTCs B MPHOPUTETHOM TIPOCMOTPE MPOOOPa3oB, COAEPKAMMUX  3HAYCHUS
«pENEeBaHTHBIX» OOBEKTOB. TaKOBHIMH B TIEPBYIO OUYEpEJb CUUTAIOTCS OOBEKTHI, YbH
3HAQUYEeHUS] MPUCYTCTBYIOT B MaKCUMaJIbHOM KOJIMYECTBE MpooOpa3oB. Torga e JMHCTBEHHbBIN
OTpPULIATENIbHBIA OTBET MOJIb30BATENSl HA 3aJaHHBIM BOMPOC HUCKIIOYAET W3 PACCMOTPEHHS
cpazy OOJbIIOE KOJIMYECTBO MpooOpa3oB. BTopoit (akTop peneBaHTHOCTH — MPUCYTCTBHE
o0BeKkTa B MpooOpazax ¢ MHHHMAIBHON MOIIHOCTBIO. Takum oOpa3om, MpeArnoYTeHHE
OTHAeTCsl PEUICHUsIM, KOTOpble TPeOyIOT MEHBILIEr0 KOJMWYECTBA BHEIIHUX 3ampocoB. B
pe3ysbTaTe CYMIECTBEHHO CHIDKACTCS KOJMYECTBO OOpaieHuil 3a (pakTtamMu K BHEIIHEMY
UCTOYHMKY. Eme oaHuM BaxkHBIM CBOWCTBOM penesanmnozo LP-BpiBoga sBisiercs
noJrydeHune 0oJsiee MOJHBIX Pe3yJbTATOB 10 CPABHEHUIO C OOBIYHBIM BBIBOJIOM MPU HATTUYHH
npotuBopeunii B b3.
DKCTHepUMEHTHI TIOKa3aiu, 4To mpu Oosbmux obbeMax b3 mporecc moctpoeHus scex
MUHUMAJIBHBIX TIPOOOpPa30B MOXKET MOTpeOoOBaTh YpEe3MEPHOTO 00BEeMa pPecypcoB
KOMITbIOTEpa. B CBS3M ¢ MaHHBIM OOCTOSATEIHLCTBOM METOH pejieBaHTHOTrO LP-BbIBoma ObLn
MoauduuupoBaH. Kiacmepno-penesanmusiti LP-BBIBOA TIpeanoaracT IoOCJIeI0BaTeIbHOE
MIOCTPOEHHE KJIACTEPOB HAYAIbHBIX MPOOOPa30B (MOJIMHOXKECTB OrPaHUYEHHON MOILIHOCTH)
C UX JUHAMHUYECKUM PEJICBAHTHBIM HccienoBaHueM. MoauduipoBannbiii LP-BeIBO maet
10cTaTouHO 3P PEKTUBHBIC PE3YIBTATHI JJIsl MPOMBIIUICHHBIX b3 GonbImx pazmMepos.
B 1.6.4.5 onuceiBaroTcsi (PyHKIIMOHAIBHBIE BO3MOXKHOCTH W HHTEp(hENC MOIb30BaTENs
naketa LPExpert. B 11.6.4.6. ero BO3MOXXHOCTH 3KCHEPUMEHTAIBHO JIEMOHCTPUPYIOTCS Ha
psizie TecTOBBIX mpuMepoB. [lepBriii U3 HUX — 0a3a 3HaHUN «310pOBbE» U3 KHUTH B.Sowyer—
D.Foster. Ber6op manHOTO npuMepa caefiaH B CHIIY €ro MOMyJISSPHOCTH B HEKOTOPBIX JIPYTUX
uccinenoBanusix (Hampumep, pabora C.G.Giraud-Carrier u T.R Martinez). [nst recroBoit b3
MOJIyYEHBI CIIETYIOLME HOBbIE PE3YJIbTAThI:
® BBISIBIICHO TpU M30bITOUHBIX TMpaBmwia (B padore C.G.Giraud-Carrier u T.R Martinez
OTMEYEHO JIUIIb OJIHO TAKOBOE);

® 1OKa3aHo, 4To LP-BbIBOA TO CpaBHEHHIO C OOBIYHBIM OOpPATHBIM BBIBOJIOM JAET
aHAJIOTUYHBIE PE3yJIbTAThl, HO IIPU 3TOM IOJIb30BATEIIO 33/Ia€TCS MEHBIIE BOIIPOCOB
(B TecToBoO# sKcniepTr3e — Ha 20%);

e Jl0Ka3aHa  NPOTUBOPEYUBOCTh  AaHHOM B3, 4YTO  CBHUIETENBCTBYET O
HEIEeIeco00pa3HOCTH €€ MPAKTUYECKOTO IPUMEHEHHUS.

Jlanee B paboTe paccMaTpuUBArOTCSl €II€ JIBE TECTOBbIE 0a3bl 3HAHWN. Pe3ynbTarhl
MIPOBEACHHBIX SKCIEPUMEHTOB TAKXKE CBHUACTEIBCTBYIOT O IMPEUMYLIECTBAX MPUMEHEHUS
teopuu LP-cTpyKkTyp /UIsl Mccne0BaHMsI, ONTUMU3ALNN U BepuuKauu 0a3 3HAaHHM.

B 3akmrounTenbHOM pasjene riaBbl 6 JAEMOHCTPUPYETCA €€ OJHO MOATBEPIKICHHE
npuUMEeHUMOCTH Teopunu LP-cTpykryp — anrebpamdeckas popmanmzanusi MaTeMaTHIECKUX
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3Hanuil LP-cTpykTypoii nmepBoro mopsiaka. B kadectBe mpumepa BblOpaHa pa3paOoTaHHas
aBTOPOM TeOpHsl BeCOBBIX rceBaoauddepennuanbupix oneparopos (I1710). IToctpoena LP-
CTPYKTypa IE€pBOr0 IIOpsAKAa — DJIEMEHTHl COOTBETCTBYIOLIEH IIOJHOM  PEIIETKH
Jluanen6ayma—Tapckoro U mapbl 3JIEMEHTOB JIOTMYECKOTO OTHOIIEHHS, KOTOpPBIE B BHJIE
3aMMCaHHbBIX MMPOIYKIIMOHHBIX MPaBMII (POPMATHU3YIOT yKa3aHHbIE MATEMAaTHYECKHE 3HAHUS.

IIpunoxkenne A muccepTanvy COIEPKUT TEKCTHI TPEX JEMOHCTPALMOHHBIX 0a3 3HAHUM.

B Ilpunosxkenun B mpuBeneHsl 3rmeMeHTH pa3pabOTaHHON aBTOPOM TEOPHH BECOBBIX
[T10O. KpoMe HOBBIX pe3yJIbTaTOB, OTHOCSIIIUXCS K 00JIACTH HEKJIACCUYECKUX YPABHEHHH C
YaCTHBIMHU IIPOU3BOJHBIMH, OHO MIUIIOCTPUPYET BO3MOXKHOCTH npuMmeHeHus LP-ctpykryp k
MOJCJIIMPOBAHUIO MAaTEMAaTHYECKUX 3HAHUM.

PaccmatpuBatorces cnernuanbibie kinaccsl [1/10, He oTHOcAIIMECsS K TJIaBHOMY THUITY. OTH
OIepaTopbl UMEIOT MHOKECTBO BBIPOXKICHUSI HEHYJICBOW MEpPbI, 00YCIOBICHHOE HATMYHUEM B
UX CHUMBOJAX BECOBOrO MHOXWTens o . Ilpennmaraemelii  MeTon — UCCleNOBaHUS
Boipoxaaromuxcs 1710 ocHoBan Ha mx cpaBHeHuu ¢ apyrumu I1JIO, mocTpoeHHBIMH 11O
BBeieHHOMY B.IL.I'mymko BecoBomy npeoOpazoBanuto dypbe F, . i MOCTpoeHUs 3TOU

TEOopHUH TPeOYIOTCS TaKkke BecoBbie MpocTpaHcTBa Tuna CodoneBa—Crodoaenkoro.
OCHOBHBIE PE3VYJIbTATBI AJUCCEPTALIUU U ITEPCIIEKTHBBI

Jluccepranusi TOCBSIIEHA CO3JAHUIO MaTeMaTHYeCcKoW 0a3bl, 00OCHOBBIBAIOIICH
KOPPEKTHOCTh ¥ HAJECKHOCTh CUCTEM NMPOAYKLHUOHHOTO THIIA, @ TAKKE UX aBTOMATUYECKYIO
ontumu3anuio. B pabote mpezicraBieHa co3aHHas aBTOPOM Ha OCHOBE BBITIOJHEHHBIX UM
uccienoBanuii teopusi LP-cTpykryp, omuceiBaromasi HOBbIe 3()(PEKTHBHBIE METOIBI JUIS
IIOCTPOCHMs IIUPOKOIO CIEKTpa MOJAEJIEH 3HAHUM NPOLYKUMOHHOro tuna. Teopus LP-
CTPYKTYp JaeT oOIIyl0 METOJOJOTHIO aHajh3a MPOAYKIMOHHBIX CHUCTEM B IUIaHE
HKBUBAJICHTHOCTH, YKBUBAJICHTHBIX TPEOOPA30BaHMiA, BEpU(PHUKAIIMY U OTITUMHU3AIIH.

Paccmorpenne ocobeHHOCTEH NPOAYKIMOHHBIX CHUCTEM IPHBEIIO K MX HOBOW 0OIIei
anrebpandeckoit moienu. Ee n3yuenue mokasaio, 4To aHAJIOTUYHOW CEMAHTHKOW 00JIa1at0T
W JIpyrue CUCTeMbl B HMH(OpPMATHKE, KOTOpbIe paHee HHUKOTJa HE OTHOCHIIUCH
HEINOCPEACTBEHHO K NMPOAYKIMOHHBIM. B pesynbrare mocrpoeHa mareMaThyeckas Teopus,
UMEIOMIAs IIMPOKYIO0 00J1aCTh MPHIIOKEHUH B HH(OpPMATHKE.

B nensax mpaktudeckoro nmpumeHeHus teopusi LP-cTpykTyp pasBura 10 3QQPEeKTUBHBIX
croco00OB KOMIBIOTEPHBIX MPEJICTaBICHNN OMHAPHBIX OTHOIIEHUI Ha pemeTkax. Ha ocHoBe
3TOM Teopuu pa3paboTaHbl HOBbIE METOIbI OOpaTHOro BbIBOAA. IlpencraBieHHas B
JMCCePTaLMU MPOTPaMMHAs peann3anus HHTETPUPOBAHHON CPeIbl pa3pabOTKU SKCIEPTHBIX
CHCTEM, CO3JaHHbIE C €€ MOMOILIbI0 0a3bl 3HAHUM, pe3ynbTaThl HX BepuUKAMU U
ONITUMU3AIUHN JIEMOHCTPUPYIOT paboTocnocobHocTh Teopuu LP-ctpykryp. PeanmmzoBana
spdexTuBHAsS cHCTeMa JIOTMYECKOrO MPOTrpaMMHPOBaHUsS, OOJNajgaromas HOBBIMHU
aBTOMAaTHU3UPOBAHHBIMU BO3MOYKHOCTSIMH.

B KpaTkoM WU3JI0KEHUU OCHOBHBIE TEOPETUYECKUE PpEe3YyJbTAaThl AUCCEPTALMOHHOIO
HCCIIEOBAHUS COCTABIIAIOT CIEAYIOIINE MTOJI0KECHHUS.

1. BBeneHO ¥ OOOCHOBAaHO MOHATHE HKBUBAJEHTHOCTH MPOTYKIIMOHHO-IOTHYECKUX
CHUCTEM Ha OCHOBE UX JIOTUYECKOTO 3aMbIKAHUS.

2. Jloka3aHsl BO3MOKHOCTHU aBTOMAaTHYECKUX JIOKaJIbHO-3KBUBAJICHTHBIX
npeoOpa3oBaHUN CUCTEM MPOAYKIIMOHHOTO THIIA.

3. PaccMoTpeHBl MpOAYKIIMOHHO-JIOTHYECKUE YPaBHEHHS W TMPEIJIOKEHBI CIOCOOBI MX
pelIeH s, YTO B TPUMEHEHHH COOTBETCTBYET MOJTHOMY OOPaTHOMY BBIBOILY.
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4. Jloka3zaHO CyIIECTBOBaHHE U MOTYy4YeH YPPEKTUBHBINA CIIOCOO MOCTPOCHHS JIOTHUECKOM
penykuun LP-CTpyKTyp, 4TO B NPUIIOKEHUAX O3HAYAeT MUHUMH3ALUIO COOTBETCTBYIOIIUX
0a3 3HaHuM.

5. HccnenoBan HOBBIM TE3UC O NPOAYKIMOHHOW CEMAaHTHKE HWEpPapXWHU THUIIOB C
OTHOILIEHUEM arperupoBaHusi; 000OCHOBAaHBl aBTOMATH3MPOBAHHBIC PEIICHHS BAXKHBIX 3a/1a4
BepHU(HKAIH TUTIOB U pePaKTOPHHTA.

6. IlokazaHa BO3MOYKHOCTb IPUMEHEHHUS MPOAYKUHOHHO-JIOTHYECKUX CTPYKTYp K
HCCIIEJOBAaHUSAM HOBBIX CBOMCTB MMIIEPATUBHBIX AJITOPUTMOB.

7. IlpennoxeHa HOBas KOHLENIUS TPEXMEPHOM APXUTEKTYphl  paCIIUPSEMOU
IIPOrPaMMHOM CUCTEMBI, Pa3BUBAIOLIAS UCIIOJIB3YEMYIO PAHEE IBYMEPHYIO MOJECIIb.

8. Pa3paboranbpl u peamnu30BaHbl OPHTHUHAIBHBIE KOMIBIOTEPHBIE MPEICTaBICHUS
OCHOBAHHBIX Ha PEHIeTKaxX anre0pandecKux CTPyKTYp.

9. IlpemnmoxxeHsl u peanu3oBaHbl APQPEKTUBHBIE METOABI OOpPaTHOrO BBHIBOAA U
BepU(PUKAIMK I CUCTEM NPOAYKIMOHHOTO THIIA, OCHOBAHHBIE HA PEIICHUHU JIOTUYECKHX
YPaBHCHUM.

10. Jnsa wwuiroctpauuu npuMeHeHuss LP-cTpykTyp mnepBoro mnopsiaika H3JI0KEHBI
AIIEMEHTHl TEOPUU HEKJIACCHYECKUX TCeBAOAN(PQPEepeHIINATbHBIX OIEepaTopoB, B CBOIO
ouepeb CoIepPIKaIe HOBBIE PE3YyIbTaThl B COOTBETCTBYIOIIEH 00IacTH.

K uncny npakTudeckux pe3ynbTaToOB AUCCEPTALMU OTHOCSITCS CIIEAYIOLIHNE.

11. IlpencraBneHa KOMIIbIOTEpHas peanu3auus Teopun LP-cTpykTyp; npoBencHHbIE
HKCIEPUMEHTHI TIOKa3alIn ee paboToCIOCOOHOCTh U 3 (HEKTUBHOCTD.

12. Pa3paborana u peain3oBaHa HMHTETPUPOBAHHAS Cpeda M MPOAYKIIMOHHO-
normdyeckux cuctem LPExpert, oGnamaromasi HOBBIMH BO3MOKHOCTSIMH HCCII€IOBAHUS,
ONITUMU3AIUH U BepUPUKAITUN 3HAHUM.

13. IlpakTnueckoe HCHOIB30BaHUE TEOpUM LP-CTpykTyp M €€ KOMIBIOTEpHOU
peanu3anyy MOATBEPKIACTCA BBIIOJHEHHBIMM aBTOPOM Ha MX OCHOBE HCCIENOBAaHUSMMU
psina 6a3 3HaHUM, B TOM YHUCIIE€ TPOMBIIUIEHHOTO YPOBHS, a TAK)K€ UMEIOIIUMUCS TaTeHTaMHU
Y aKTaM{ BHEJIPEHUS.

C yderoM WH3J0KEHHOIO €CThb BCE OCHOBaHHUs IOJIaraTh, 4TO CO3/JaHHas B paMKax
IUCCepTallMOHHONW pPaboTel Teopusi LP-CTpyKTyp BHOCHUT BeCOMBIM BKIIAJl B pEUICHHUE
KPYITHOM, HAIIMOHAIBHOTO YPOBHSI HAYYHOU MPOOJIEMbI CO3aHMs MaTeMaTHIeCKOi 0a3bl 1y
BepU(UKAIIMKM, OICHKM HAJAEKHOCTH U ONTUMHU3AIMH TMPOTPAMMHOTO OOecreueHus.
TexHonornueckue pemeHusi Ha €€ OCHOBE 00Jagal0T HECOMHEHHBIMH HHHOBAI[MOHHBIMU
MIEPCIEKTUBAMHU U NPAKTUYECKON 3HAYUMOCTBIO 111 SKOHOMHUKHU CTPAaHBI.

Teopuss LP-cTpykTyp MMeeT BO3MOXKHOCTH NAJIBHEWILIETO Pa3BUTHS, a €€ IMPUMECHEHUS
MOTYT OXBaTUTh Oosiee MMpOKHe oOsacTu WHPOpPMATHKH. B 3TOM miaHe MOXHO Ha3BaTh
CJIEAYIOIHE HAIPABJICHUS.

Ycnoorcnenue mooeneu. 1o, B 4aCTHOCTH, OTHOCUTCS K LP-cTpykTypaM Ha pemieTrkax
TUMOB. B paboTe mpuHsTa CTpaTerusi 0TKa3a OT «IOJbeMa» O0IIero aTpulyTa Npyu HATUYUU
KOH(IIUKTA, OJJHAKO BO3MOXEH 00Jiee TOHKHHA y4eT OCOOCHHOCTEH KOHKPETHBIX UEPAPXHI
TUNOB. Tak)Ke MPHU HCIOJIb30BAHUU B JAHHBIX CTPYKTypax CBOMCTBa A -TUCTPUOYTUBHOCTH
OK@XETCSl JIOCTYHHBIM MOJETUPOBAaHUE JIPYTHMX METOAOB pedaKkTopuHra. Y CIOKHISI
JKBalMOHaIbHblE LP-cucTeMbl, MOXHO BBECTH JONOJHHUTEIBHBIE OIEpaliU, KOTOPBIE
MO3BOJISIT YYUTHIBATH CTPYKTYpYy TepMOB B paBeHcTBax. Kimacc LPStructure moxer ObITH
peopraHu3oBaH B aOCTpaKTHBIA KJIacC M NMPUMEHEH B KayeCTBE OCHOBBI MEPAPXUU THIIOB,
OXBaTBHIBAKOIIUX TEOPUIO LP-CTpyKTyp Lemmkom.

Ilocmpoenue nogvix modeneu. Hampumep, GyHKIMOHANIBHBIE 3aBHCHUMOCTH B
pEeNIMOHHBIX 0a3ax JaHHBIX MOXHO omucath LP-cTpykTypoil ¢ NpoOayKIMOHHO-
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JIOTUYECKUMU CBOMCTBAMHM OTHOIIEHWW, OCHOBAaHHBIMM HAa NpaBWIaX ApMCTpOHra.
[IpencTaBnsitoTCs BO3MOXXHBIMH MTOCTPOCHUSI aHAJIOTMYHBIX MOJENIECH AJII MYyJIbTHAr€HTHBIX
CUCTEM, HEKOTOPBIX KJIACCOB MOMYCTPYKTYPUPOBAHHBIX JAHHBIX U TAK JaJiee.

Hcnonvsosanue s¢hgpexmusnvix aneopummos. Ilpun kommberoTepHoit peanusamuu LP-
CTPYKTYp MOTYT OBITh NPUMEHEHBI OBICTPHIC AJITOPUTMBI TMOCTPOSHUS TPAH3UTHUBHOTO
3aMBIKaHUS U PEIYKIIUHA OTHOIIEHUH, a TAK)KE CIIeIUATbHBIC aJTOPUTMBI UX OOHOBIICHUSI.

Junamuueckue  LP-cmpyxmypor.  JlaHHass  ujaes  CcBsi3aHa C  BO3MOXHOCTSMU
JTMHAMHYECKOTO TPeoOpa3oBaHMs CaMOM PEIIeTKH, B TO BPEMs KaK B MOJIEISIX HACTOSIICH
paboThl MOXKET H3MEHSTHCS JIMIIb BTOPUYHOE OTHOIIEHHWE Ha Hed. Takum oOpaszom,
HaMpuMep, MOKHO OoJIee IMOTHO Peain30BaTh METOABI pe(paKkTOPUHTA B HEPAPXUSIX THUIIOB.

Heuemxue LP-cmpyxmypul. DOTO HampaBjieHHE CIOCOOHO CYIIECTBEHHO pPaCIIUPUTh
o0yacT MpuMEHEHUs Pa3pabOTaHHBIX B AUCCEPTAIIUU METOJIOB.
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