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CIIMCOK UCIOJIb3YEMbBIX COKPAIIIEHUI

ER Entity-Relationship (CywHocTb-cBA3b)

IT NHbopMaLMOHHbIe TEXHONOTMN

MVC Model-View-Controller

UML Unified Modelling Language

Arc ABCTpaKTHbIM rpad cMHTaKcKca

AlT Anrebpanyeckue rpacdosble TpaHchopmaumm
rr padoBan rpammaTmKa

217 MCKyCCTBEHHBIN NHTENNEKT

nro MpocTpaHCTBEHHbIN rpad OTHOLWEHMUI

no MporpammHoe obecneyeHune

PKT PakeTHO-KOCMUYECKaA TeEXHMKA

PMoO Pa3paboTka nporpammHoro obecneyeHuns
cno CneupnanbHoe nporpammHoe obecrneyeHne

TC TexHu4yeckoe cocTtoAaHme



BBEJAEHHUE

AKTyajgbHOCTh. B coBpemenHon — IT-uHgycTpum  mOBCEMECTHO
MPUMEHSIOTCST pa3HOOOPA3HOTO POJia MAIMHHBIE SI3bIKH, MpEIHAa3HAUYCHHbIE IS
BOCIPUSATHUSI KOMIIBIOTEPOM, a HE YesioBekoM. Hanboiiee M3BECTHBIM KJIAaCCOM TaKUX
S3BIKOB  SIBJSIIOTCS  TEKCTOBBIC  SI3BIKM  MPOTPAMMHUPOBAHUSA, JJISI  KOTOPBIX
CYIIIECTBYET XOPOIIO pa3BUTasi TEOPHsi, O3BOJISIONIAS CO3/1aBaTh TPAHCISITOPHI B
MalmMHHBIe KoMmaHnel [1,2]. B mocnemnee BpeMs IUisl pelieHus: pazHOOOpa3HBIX
3a/1a4 JOCTaTOYHO MTUPOKO MPUMEHSIOTCS TAaK)KE€ W BU3YAIbHBIC S3BIKH, HATIPUMED,
Takue, Kak s3blk MoaenupoBanuss UML [3], s3blkm Ha OCHOBE auarpamm
«CYIIHOCTB-CBS3b» [55], s3b1km MoaemupoBanust Simulink [25] u LabView [48], a
TaK)Ke JIPYrue BU3yaJbHbIC S3bIKU.

Cuuraercs, 4YTO BU3yaJIbHbIC S3BIKM HAMHOTO HarJIsiIHEE W yJO00Hee s
BOCTIPUATHSL  YEJIOBEKOM, HEXKEIM TEeKCTOBble. B  4acTHOCTH, HeIaBHee
UCCJIEIOBAHNUE C TPUMEHEHUEM MAarHUTHO-PE30HAHCHON TOMOTpaduu MOKa3bIBaET,
YTO TIOCTAHOBKA 3a7a4 C HCIOJb30BAaHHEM TpaQHUuecKux CXeM MPUBOAHUT K
3HAYUTEIIPHOMY YCKOPEHHIO B TIOJTy4eHUHU oTBeTa [232].

BBugy BbIIECKAa3aHHOTO, BU3yaJIbHBIE SI3BIKM BHENPSIOTCS] MOBCEMECTHO
KaK B 3aJadax pa3pabOTKM M MPOEKTUPOBAHUS HMHPOPMALMUOHHBIX CHUCTEM
pa3NUYHBIX HAa3HAYCHHM, TaK M B 3aJadyax BU3yajdu3aluu JaHHBIX. HHTEpec k
BU3YQJIbHBIM $I3bIKAM KpaliHe BBICOK. JlOCTaTOYHO cKa3aTh, YTO CYIIECTBYIOT
eXKETOIHBIC MEXKTYHAPOIHBIE KOH(PEPECHIINH, TTOCBAIIEHHBIC BU3yaJIbHBIM SI3bIKaM U
BU3yaJIbHOMY TporpamMmmupoBanuio, Hampumep, IEEE Symposium on Visual
Languages and Human-Centric Computing (VL/HCC) wmmu The International
Conference on the Theory and Application of Diagrams.

[IpumenuTenbHO K CpeAcTBaM pakeTHo-kocMuueckoil texuuku (PKT),
TaKUM KaK pPakeThl KOCMHYECKOTO Ha3HAYCHUs, PAa3TOHHBIE OJIOKH, KOCMHUYECKHE
ammapartbl, AJIEMEHThl HAa3eMHON KOCMHUYECKOW WH(PPACTPYKTYphI, BU3YyaJIbHBIC

A3BIKKW  HMCIIOJIB3YIOTCA  HC  TOJIBKO Inpu IMPOCKTUPOBAHUHU  IIPUKIAJHOI'O
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POrpaMMHOr0 0OECIeUeHHUsI, HO TAK)K€ U MPHU BBIMOJIHEHUH MPOIEAYP MO OLEHKE
ux texaudeckoro coctosaus (TC) [56]. TIpu 3ToM OHM TPHUMEHSIOTCS Ha BCEX
stanax >ku3HeHHoro 1ukia PKT. Mcnonb3yemble B HacToslllee BpeMsl Cpe/iCTBA
JAJIeKh OT COBEPILIEHCTBA W HE O0ECnedyuBaloT B TOJHON Mepe 3(h(HEKTUBHOTO
pelieHusi Ha3BaHHBIX 3a7ad. JlocTaTouHO aKTyalbHOM Takke SIBISETCS 3aaava
pa3pabOTKH U COMPOBOKIEHUS CIIEIIMAIBHOTO porpaMMHoro odecrneuenus (CI10),
Ha JIOJIF0 KOTOPOTO MPUXOIUTCS OOJIbINAs YaCTh BO3HUKAIOIIMX MPHU MPOBEACHUU
oneanBanuss TC ommOOK, HETOYHOCTEH W TMp., YTO 3HAYUTEIHHO CHHUKACT
Pe3yAbTAaTUBHOCTh PACCMATPUBAEMBIX MPOIIECCOB, YaCTO MPUBOAUT K Pa3IUYHBIM
no Macmrabam aBapusM U Jaxe KaracTpoam U B IIEJIOM HE OOeCrednBacT
JOCTAaTOYHOTO YpoBHA 3¢ ¢exktuBHocTn nmpuMeHeHus cpeacts PKT [20]. Kpome
TOTO, B CBETE€ MPUHITOrO MPaBUTEIbCTBOM Poccuiickoit denepanuu Kypca Ha
UMIIOPTO3aMeIleHNe, B TOM YHUCJIE MPOTrPaMMHOTO OOecredyeHus, KpaiHe Ba)XKHO
co37laBaTh OTEUYECTBEHHBIC AHAJIOTU CPEACTB BU3YaAJILHOTO IMPOCKTUPOBAHUS U
pa3paboTku, ucnoibdyembix B PKT.

Heobxoaumo OTMETUTH, YTO KpYr 3a7ad, pellaeMblX C MOMOIIBIO
BU3YalIbHBIX $I3BIKOB, HE OrpaHMYMBaeTCs 3ajadamu mpoektupoBanus [10O.
Bu3yanbHbIe S3BIKH UCTIOJIB3YIOTCS B MY3bIKE, MEAUIIMHE, TCHETHKE, 00pa30BaHNH,
B TOM 4YHuClIe s oOydeHus jgereii (B ToM uucine W uepe3 MHTepHeT), B
M300pa3uTeIHLHOM HCKYCCTBE, a TAKKE MOJICTHPOBAHIH TPEXMEPHBIX CIICH, TIOUCKE,
pacno3HaBaHUH u o0paboTke U300paKEHUM, TIOUCKE HH(POpMaLUH,
UHTE/UIEKTyaJIbHOM  aHanmu3e jgaHHeix  (data  mining), uHTepmperaryu
MaTEeMaTHYECKUX BhIPAKCHUN U TEOPHUH, TEICKOMMYHUKAIIHIX, OTIMCAHHUSIX OU3HEC-
MPOILIECCOB U AJTOPUTMOB, MPOCKTUPOBAHUH YCTPOMCTB U MPOTPaMMHOTO
oOecrieueHus1, MPOrpaMMUPOBAHUH YCTPOUCTB HAa HU3KOM YPOBHE, ITU(MPOBBIX CXEM,
BCJICHUW apXWBOB MYJbTUMEIWA, BeO-Tu3aifHe, YIpaBlIeHWH pPOOOTaMH,
apXUTEKType, OAHKOBCKOW NEATETLHOCTH, 00pa0OTKE TEKCTOB HAa €CTECTBEHHBIX
S3bIKaX, yMpPaBICHUH OE30MAaCHOCThIO W JaXe JJIs co3daHus MHTep(deiicoB Tuma
“koMaHaHas CTpoka”. MOXXHO OTMETUTBH SI3BIKH ISl MPOTPAaMMHUPOBAHUS BeO-

npuioxkeanii 1 SOA, a Takke OO0JBIIOE KOTUISCTBO IPpaUUSCKUX TMOIXOJI0B K



pabote ¢ 0a3amMu JaHHBIX, PAaBHO KaK M pa3HOOOpa3HbIX pacumupeHuit si3pika UML.

Bce ot mpunokeHuss TpeOyrOT pa3paOOTKH COOTBETCTBYIOIIMX —CPEICTB

peaKkTUpoBaHusl W MpeoOpa3oBaHUs AuarpaMM. Bce 3TO TOBOPUT O TOM, 4YTO

UMeeTcs KpallHe aKTyalibHas 3a/ladya OIMCAaHUS CUHTAaKCHCa W CEMaHTHKU

MIPOU3BOJIHBIX BU3YAJIbHBIX SI3BIKOB.

BBuay Hanmuuusi O0JBIIOrO0 KOJMYECTBA XOPOIIO M3BECTHBIX MOAXOJ0B K
paboTe C TEKCTOBBIMHU f3BIKAMH HauOoOJiee OYEBHIHBIM CIOCOOOM OMpECICHUS
BU3YaJIbHOTO SI3bIKa SIBJSIETCSl afanTamus (OpMaM3MOB TEKCTOBBIX S3BIKOB. U
JEUCTBUTENHLHO, IOMUHUPYIOIIMM TIOJIX0JIOM B JAHHOE BPEMS ABIIAETCS MOJIX0]T HA
OCHOBE TaK Ha3bIBaeMbIX IpadoBbIX Tpammatuk [214, 215], To ecth hopmanmsm, o
AHAJIOTHH C TEKCTOBBIMU si3bIKaMu[1,2], MCTIONB3YIONIHIA TIpaBUIa CBEPTKH TpadoB
B HEKOTOPBIA HaudaidbHBIM Trpad MO0 CHUHTE3 IUarpaMMbl M3 ATOTO HAYAJIBHOTO
rpada. OpaHako, MaHHBIA MOJXOJ TMPUBOJAUT K crenuduyeckum mnpodiaemMam,
KOTOPBIE OTCYTCTBYIOT Y TEKCTOBBIX SI3bIKOB, B YACTHOCTH:

— B OTJIMYME OT TEKCTa, y Tpaduyeckoro mpeAcTaBieHUus (U300pakeHus,
qyarpaMMbl) OOBIMHO HET Hauyaja M KOHLA, TOYKAa Hayaja aHajlu3a He
OIIPEJIENICHA;

— B OTJIWMYUE OT TEKCTa, KOTOPbIA B OOJBIIMHCTBE CJIy4yaeB MOXET ObITh
IIPEICTaBICH B BUJE MOCIEIOBATEIBHOCTA CUMBOJIOB Ha OECKOHEYHOMW JIEHTE,
JMarpaMMbl U U300payKEHUS BCET/Ia HE MEHEE, YeM JIBYMEPHHBI;

— DBJEMEHThl HM300paKeHHUsI MOTYT coAepKaTb B cebe Jpyrue Hu300paxeHus,
CUHTAKCUYECKH WJIM CEMaHTHUYECKU CBSI3aHHBIE C OCHOBHBIM; BO3MOKHO
HAJIMYKE CIIOKHON UEpapXUu U300paKEHUH.

— U300pakeHus MOTYT ObITh TUHAMUYECKUMHU.

HecMoTpst Ha mepeurcieHHble MpoOJIeMbl, TOJIX0I Ha OCHOBE TpadoBBIX
rpaMMaTHK MIMPOKO MPUMEHSETCS; CYIIECTBYET aJanTUpOoBaHHas Kiaccupukaims
BU3YaIIbHBIX SI3BIKOB MO XoMmckoMy [94,234] u amanTUpOBaHHBIC K BHU3YyallbHBIM
s3bIKaM aJITOPUTMBI TpPaHCIALNKU, B ToM uncie anroputMmbl LALR [208], Dpnes

[105, 122] u Koka-Sarepa-Kacamu (CYK) [218]. Takum oOpa3om, rpadoBbic
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rpaMMaTHK{, KaKk MUHUMYM, [PUMEHHUMBI K JIFOOBIM KOHTEKCTHO-CBOOOJHBIM
BU3YaJIbHBIM si3bIkaM [102].

B TO BpeMs Kak OCHOBHBIM NpeHMYyIIECTBOM (opmanu3zMa rpadoBbIX
rpaMMaTHK SIBJISIETCSl OoJiblllasi BbIpa3UTENbHAs MOIIHOCTh U TMPOpadOTaHHBIC
aJITOPUTMBI, B3SIThIE U3 TEOPUU TEKCTOBBIX SI3BIKOB, OCHOBHBIM HX HEJOCTaTKOM
ABJISIETCA BBICOKAsI CIIOKHOCTh. JI€MCTBUTENIBHO, Ja)K€ IJIs1 TEKCTOBBIX SI3bIKOB,
MHOTHE TOMYJIAPHbIE KOMIWISITOPHI HE HUCIIONB3YIOT (hOPMAIU3MbI TPAMMATHK 10
MPUYUHE CJIMIIKOM BBICOKON CIIOXKHOCTH. [[JI1 BU3yaJIbHBIX SI3BIKOB CJIOXKHOCTH
MOCTPOEHUSI TPAMMATHKHU €I1I€ BBIIIE M3-3a TIEPEUMCICHHBIX paHee Crenu(UIHbIX
npo0JieM, TO3TOMY JIPYTUM MOMYJISIPHBIM TTOAXO0I0M K 33/1au€ MOCTPOCHHUSI CPEACTBA
MOJJICP)KKA BU3YalIbHOTO sI3bIKA SIBIISIETCS OINMMUCAaHUE €ro 4Yepe3 OOBEKThI
MPENOIPENCIIEHHOTO TOBeeHNA. BepodarHo, Hanbosiee H3BECTHBIM CPEICTBOM
takoro poja seisiercs Microsoft Visio [26], kpaiiHe mpocToe s MOJIb30BaTeIs,
OIHAKO U TMOJAECPKUBAIOIICE TOJBKO OYEHb OTPAHUYCHHBICE CHHTAKCHC U
CEMaHTHKY.

Takum oOpazoM, HaJIWIO NPOTUBOPeYMBAsi cUTyauuss — JHOO
UCIIOJIb3yeMble (POpMaTU3Mbl YHUBEPCATbHBI, HO OY€Hb CJIIOKHBI, YTO OTPAHUYNBACT
WX MPUMEHUMOCTD JJIsI pelIeHUs MPUKIAJHBIX 3aja4, MO0 MPOCThI, HO 00JIaAaI0T
HEJIOCTATOYHBIMM  BBIPA3UTENBHBIMU  CPEACTBAMM. Pazpemienne  3toro
MIPOTHUBOPEUHS SIBIIICTCS CYIIIHOCTHIO PEIIAEMON MPHUKJIAJTHOM 3a1a4U - CO3JaHUS
MOJIEJIE U METOJIOB OIPEEIICHUSI BU3YaJbHOTO SI3bIKA M MOAJACPKUBAIOIIETO UX
MPOTrPaMMHOTO  CPEJICTBA, O0O0JIAAONIEr0 MPOCTOTOM JJis TOJb30BaTes W,
OJTHOBPEMEHHO, BBIPA3UTEIbHBIMU CBOMCTBAMM, CPAaBHUMBIMHU C (opMan3zMoM
rpadoBBIX TpaMMaTHK, a TaKXe TMpPOBEpKa NPUMEHUMOCTH pa3pabOTaHHBIX
MOJeel, METOAOB U MPOTPAMMHBIX CPENICTB K pemieHuto 3agad koutposst TC PKT
B YCJIOBHUSX MMIIOPTO3aMEIICHUS.

Jlist  permieHWss JaHHOW 3a7aydl B JIaHHOW paboTe MpeaiaraeTcs
OPUTHMHAJIBHBINA MOJIXO/ K ONMHUCAHUIO0 BU3YAJIBHBIX S3bIKOB, KOTOPHINA COBMeEIa Obl
B ce0e YHUBEPCAIbHOCTh U THOKOCTH I'pad)OBBIX I'PaMMATHK C MPOCTOTON TaKHUX

cucreM, Kak Visio [26].
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Crenennb pa3padoTaHHOCTH TeMbl. COBPEMEHHOE COCTOSIHUE MPEIMETHOM
00JacTh UCCIEIOBaHMs BHU3YaJbHBIX CPEJICTB MOXKHO OXapaKTEepH30BaTh Kak
HEKOTOpPOE HACBIIICHHE, B KOTOPOM HOBbIE (POopMainu3Mbl IpadoBBIX I'paMMaTHK
MPaKTUYECKU HE CO3/JAIOTCS, 3aTO MCCIEAYIOTCS CBOMCTBA M NPUMEHHMOCTH
cymectByromux. @OyHIaMEHTalIbHBIN BKJIaJ B MPEAMETHYIO 00JacTb BHECIH
BBIJIAIONIMECS] OTEYECTBEHHBIE U 3apyOe)KHbIEe yU€Hble, B YaCTHOCTH, AX0 A. u
Vieman JIx.[1,2], Bupt H.[4], I'nmagkuit A.B. [5], I'oponenkuii B.I.[7], Epmios
A.I1.[9,10], Koror B.E. [16,17,18], JIsnynoB A.A. [19], Maiiepc b.[171,189],
HeneiiBoga H.H.[22], Tepexos A.H. [46,47], Teiyry 3.X.[49,50,51,52], Dxpur X.
[121], Xomckuii H.[53,94], Anos FKO.M.[57,58], wu npyrue, pa3BuBinne 6a30BbIC
AJIEMEHThl TEOPHUM aBTOMATOB, TEOPUM AJITOPUTMOB, TEOPHUH HCKYCCTBEHHOTO
WHTEJIEKTa, MATEMAaTUYeCKOU JIOTUKU, TEOPUHU (POPMAIIBHBIX SA3BIKOB M TPAMMAaTHK.

Hyxnpl wHIyCTpHH, TOSBICHWE W BHEIPEHUE B MPAKTUKY IapaJrrMbI
“uudpoBoro obmecTBa” NPUBEIUM K PA3BUTHIO PA3HOOOPA3HBIX NPUKIATHBIX
TEOpHUH, PEIIAIONINX 3314l CO3aHNUS YHUBEPCAIBHBIX BU3yaJbHBIX PEIaKTOPOB H
(opMann3MOB, CTpeId KOTOPBIX, B YACTHOCTH, MOYKHO OTMETHUTD
— CXEMBbI MPEACTABICHUS aJTOPUTMOB aHanu3a nHGopMalu Ha ocHoBe G-ceTeit,

HayyHas mkoja npod. Oxtuwiera M.IO. u npod. Coxonosa b.B., CIITMUPAH,
Poccus [23,24];

— MHOTOAareHTHhle, uepapxuyeckue, P2P  momenn, Hayuynas  mikosia
I'opoxaenkoro B.U., CITMUPAH, Poccus [7];

— (QopManusM alropuTMUYECKHUX CeTel, Hay4dHas 1koJa npod. MBanumesa B.B.,
npod. Mopo3sosa B.I1. u npod. Mapaest B.E; CIIMUPAH, Poccus [11,12];

— texnonoruto REAL u reneparop rpaduueckux penakropoB QReal, Hayunas
mkona mnpod. TepexoBa A.H., Caukr-IlerepOyprckuii I'ocynapcTBEHHBIM
VYuusepcurer [46,47];

— (QopManus3M pacIIMPEHHBIX MO3UIMOHHBIX TPAMMATHK, Hay4dHas IIKoJia mpod.

JIx. Kocrarnuonsl, yauepcutet Canepro, Mramus [101,102,103,104,105,106];
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— QopManu3M rpamMMaTHK YHOPSIOYMBAHUSA H300paXeHHH, pa3paOOTaHHBIA B
Yuusepcurere bpayna, Pox Aitnenn, CIIA [143,144,145,146];

— ¢dopmanusm rpaduyeckux ¢yHkumoHanpHeix rpammatuk K. Komxumber u b.
Maiiepca, Yausepcuret J»xona Monama, ABctpanus [171];

— paznuyHble  pemieHus — npomsBoautenedr  cpeactB CASE um RAD,
MpeIHAa3HAYCHHBIC U1 PACHIUPEHHS BO3MOXKHOCTEH WX TpadudecKux
PEIaKTOPOB IOJIb30BaTeaeM, B yacTHocTH, Eclipse GMF u Microsoft DSL Tool;

— U MHOTHE JIpyTHe.

Hcxonst w3 BCEro BBINMIECKA3aHHOTO, HEJIbI0 JTUCCEPTAIMOHHONW padoThI
SBJIIETCSI COKPAIIICHHE CPOKOB M TPYJAOEMKOCTH TPOEKTHUPOBAHUS MPOTPAMMHBIX
CPEIICTB HArJISAHOTO OTOOpa)KEHUsT W OIICHUBAHUS TEXHUYECKOTO COCTOSHHUS
CIIOXHBIX  TEXHHYECKHX  OOBEKTOB C  HCIOJB30BAHUEM  BHU3YAIBHBIX
S3BIKOBBIX MOJIEJICH MTPEAMETHOM 00JIacTH.

O0beKxTOM HcC/IeI0BAHUSA B JAHHOM paboTe SIBISIOTCS BU3YaJIbHBIC SA3bIKH,
WCITOJIB3yEeMbIC MPH MTPOCKTUPOBAHUH MPpUKIaTHOTO [1O HarnsgHOTro 0TOOpaKeHUS
u onieauBanus TC CTO, npeameTom HCCae0BAHUN SIBIISIIOTCS MOJIEIIN, METOJIBI U
QITOPUTMBI, a TaKXe pa3pabOTaHHBIC HAa WX OCHOBE IMPOTPAMMHEIE CPEICTBA,
npeaHa3HadyeHHble Ui Busyanuzauuu W oneHuBanus TC CTO u moaaepXku
YKU3HEHHOT0 KA npukiagHoro I10.

Ha ocHoBaHWMM pe3ynbTaTOB aHalW3a CYIISCTBYIONIUX TEXHOJIOTHI
MPEICTABIICHUS U IPUMEHEHHS BU3YAJIIbHBIX METOJIOB B TUCCEPTAIMOHHON paboTe
HEOOXOMMO PEIINTH CIACAYIOINE OCHOBHBIE 3a1aUM.

1) mpoBecTH aHANIM3 MPOOJIEMHBIX aCIEKTOB CYIISCTBYIOIINUX MOJEICH U METOI0B
dbopmanuzaim BU3yaibHbIX S3bIKOB;

2) pa3paboTaTh MOJEIH M aJITOPUTMBI, 0OCCIICUNBAIOIINE MOIEPIKKY CHHTAKCHCa
¥ CEMaHTUKH BU3YAJIBHBIX SI3BIKOB, TOCTYITHBIE IIIUPOKOMY KPYTY JIHII;

3) pa3paboTaTh YyHHBEpPCAIbHBIA KOMIUIEKC IIPOTPAMM, PEATH3YIOMINI OTMEUYEHHBIC
QIITOPUTMBI U MOJICTIH;

4) uccienoBaTh MPUMEHUMOCTh MOJEJCH, aarOpUTMOB U pa3pabOTaHHOTO

KOMILIEKCa TIPOrpaMM CpeJICTB pa3paboTku nmporpammHoro odecnedenus (I10)
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JUTS 33729 MMPOCKTUPOBAHUS U BU3YATIBHOTO KOHTPOJIS TEXHUYECKOTO COCTOSTHUS
CTO.

HayuyHasi HOBH3HA JMCCEPTAIMOHHON padOTHI COCTOUT B CIICIYIOMIEM:
pa3paboTaH TOAXOJ K CO3JaHUIO PEIAKTOPOB JHArpaMM, HCIIOIb3YEMBIX B
3ajadyaXx pa3pabOTKM W KOHTPOJS TEXHHUYECKOTO COCTOSHHUS — CJIOXKHBIX
TEXHUYCCKUX OOBCKTOB, OCHOBAHHBIM Ha OINHMCAaHUU BHU3YaJbHOTO S3bIKA
II0JIb30BATEJIEM, OTIMYAIONIMICS OT AaHAJOTMYHBIX IIOAXOJO0B TEM, YTO
OOBEAUHSET OMUCAaHWE TPEIMETHON 00JIACTH M ONMUCAaHWE BU3YATU3AINH B
CIMHYI0 MAaTEMaTHYCCKYIO MOJICIIb;
pa3paboTaHbl MOJICTTH M AJITOPUTMBI, 00ECTICYHBAIOIINE TIOIICPIKKY CHHTAKCUCa
U CEMaHTUKH BH3YaJIbHBIX S3BIKOB, JOCTYMHBIC IITUPOKOMY KpPYyTy JIHII,
OTJIMYAIOIIIUECS TEM, YTO 32 OCHOBY OIMCAHHUS CHHTAKCHCA BU3YaJIbHOIO SI3bIKA
B35Ta BRIYUCIUTEIbHAS MOJIETb ThIyTY;
pa3paboTaH MPOrpaMMHBIN KOMIUIEKC - YHHUBEPCAJIBHBIH PEIAKTOpP JUarpamMm,
JUTsI pabOTHI C BBITIICONMMCAHHBIMUA MOJCIISIMA M QJITOPUTMAMH, OTIHYAIOIIIANACS
WCIIOJB30BAaHUEM  JUII  ONHCAaHWS  CHHTAaKCHCAa  BHU3YaJIbHOTO  SI3bIKA
BBIYMCIIUTEILHBIX MOJCIICH;

JUISL AI3bIKA JTMarpaMM ‘‘CyIIHOCTb-CBSI3b~ pa3pab0OTaHO OMHMCAaHUE CUHTAKCHCa,
OTJIMYAIOIIICECS TEM, UYTO 32 OCHOBY OIMCAHMS B3sITa BBIUUCIUTEIIbHAS MOJICIIb,
¥ TIPOJIEMOHCTPHPOBAHA BO3MOKHOCTh CO3JIaHUS TUarpaMM M UX TPAHCIISAIUU B
CIICHApHH CO3JaHMSA CXeM 0a3 JaHHBIX, a TaKKe JJII MHEMOCXEMBI TpaKTa
HaJyBa TOIUIMBHBIX OakoB pakerbl “Coro3-2”, pa3paboTaHO OIHMCaHHE,
OTIIMYAIOIIEECS TEM, YTO 32 OCHOBY OIMCAHUS B35Ta BBIYUCIUTEIIBHAS MOJICIb,
U NPOASMOHCTPHUPOBAHA  BO3MOXXHOCTh  HCIIOJIb30BAaHUS  IOJTYYECHHOMU

MHCMOCXCMBI ITPH KOHTPOJIC TCXHUYCCKOI'O COCTOAHUSA CUCTCMBI.

MCTO)]O.]'IOFI/IS[ H METOAbI HCCJICA0OBAHMUA. HpI/I BBIITOJIHCHHUHN JUCCCPTAIMMOHHBIX

I/ICCJIeI[OBaHI/If/'I HCIIOJIB30BAJIMCh 3JICMCHTBI TCOPHUU MCKYCCTBCHHOI'O HHTCJIJICKTA,

TEOPUH MHOXXECTB, TEOpUU TpadoB, TEOPUU KATETOPHil, TECOPUU AITreOpandeCcKUX

rpadoBblx TpaHcpopMauuid U TeOpUH (OPMAIBbHBIX S3BIKOB, a TaKXKe

MaTEMATUUYECKOM JIOTUKH.
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TeopeTuyeckass 3HAYMMOCTH TIOTYYCHHBIX B JHCCEPTAIMOHHOW padoTe

pPE3YNbTATOB 3aKIIOYACTCS B TMONYYCHUH EIUHOW MaTEeMaTHYCHCKON MOIeNn

ornucaHusi (YHKIIMOHHPOBAHHS ¥ Tpaduueckoro MPEICTaBICHHUS CIOKHOTO

TEXHUUYECKOTO OOBEKTa, TIPU STOM HMMEETCS BO3MOKHOCTH OTPEICIICHHUS IMPaBUII

BU3yallM3allil  OTPAHWUYCHHBIM  MAaTEMAaTHUYECKHUM  amnmaparoM, a  Takke

BO3MOXKHOCTH MpeoOpa30oBaHusl B pa3IUIHbIC apTeHaKThI.

IIpakTHyeckasi 3HAYMMOCTb TOJTYYEHHBIX PE3YJIbTATOB COCTOUT B BO3MOKHOCTHU

BHeIpeHus B Moienb CTO mpaBui ee BU3yalin3aiiui, YTO MPUBOIUT K BOZMOKHOCTH

ee WCIOIh30BaHMs HE MPOPECCHOHATHHBIMU MPOrPAMMHUCTaMH, a JKCIIEPTaMH B

obOsactTu KOHTpoys KadectBa M dkcrutyaranmu CTO. 3a cuer 3TOro CTOMMOCTh

paszpabotku 10 aBTOMaTH3MpoBaHHBIX cucTeM olleHKu kadecTBa CTO cHmkaercs

Ha 20-30%, a BpeMs pa3zpabotku Ha 10-15%.

B 1miemom, Bce momydeHHBIE B pabOTe PE3yNbTaThl HANPaBiICHBI HAa (HOPMHPOBAHUE

€IMHOTO0 CUCTEMHOTO MOAX0/a K pa3paboTKe CUCTEM BU3yalu3aluu WH(opMaIuu,

XapaKTEPHBIX JJIS TEIEMETPUUSCKUX CHUCTEM TIepenadu, mprueMa, mpeoopa3oBaHus

1 00paboTKN HHPOPMAIIUH.

OcHOBHBIE 0JI0KEHUSI, BBIHOCHUMbIE HA 3alIUTY:

1) PacmmpeHHasi BBIYMCIUTEIBHAS MOJEIb BU3YAIBHOTO SI3bIKA IS TOJICPIKKH
YeJIOBEKO-MAaIlIMHHBIX UHTEP(HENCOB.

2) ANropuTMBbI pacyeTa BBIUMCIMTEIBLHOW MOJEIM BHU3YaJIbHOTO s3bIKa |
MIPUBEICHUS €€ K CTAllHOHAPHOMY BHU]TY.

3) Merox TpaHCHIALMU JUarpamMM, 3aJaHHBIX B BBIUYHCIUTEILHOW MOJIEIH
BHU3YaJIbHOTO S13bIKa, B IIPOTPAMMBI Ha JAPYTHUX S3bIKAX.

4) Metoax TIOCTPOCHHS BH3YyalbHbIX HMHTEp(EHCOB auarpamm, 3aJaHHBIX B
BBIYHMCIIUTELHON MOJIENId BU3YAJIBHOTO $3bIKA, MO3BOJISIFOIINI, B YAaCTHOCTH,
MIOCTPOCHHE JTMATIOTOB C TIOJB30BATEIEM M COMPSIKEHHE C TEIeMETPHYECKON
uHpopmaIuen.

Peanu3amusi. OCHOBHBIC TEOPETHUCCKHE ITOJIOKEHUS M TMPAKTHYECKHEC
pe3yibTaThl padOTHl OBLIM HWCITOJIB30BAHBI TPU BBITOJTHCHUM PabOT 1O TPaHTy

POOU 00-07-90344 “Pazpaborka meTamojenei, METOOB, MHCTPYMEHTAIbHBIX
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CPEIICTB U TEXHOJOTMU KOHBEpPTALMM MPOEKTOB HMHPOPMALMOHHBIX CHUCTEM,

CO3JaHHBIX B COOTBETCTBUU C PA3IMYHBIMH METOAOJOTUAMH B pa3zinuuHbix CASE-

cuctemax’”’, mpu npoektupoBanuu [10 aBTOMaTU3UPOBAHHON CUCTEMBI YIIPABJICHHUS

MOATOTOBKHU K IycKy pakeTei-HocuTens Coro3-2 B AO “PKII IIporpecc”, AO “CKb

OpuoHn”, a Takxke B yueOHOM mporiecce B CankT-IleTepOyprckom ['ocynapcTBeHHOM

YHUBEPCUTETE a’POKOCMUYECKOTO MPUOOPOCTPOEHUS, MPU YTEHHH KYpPCOB I10

TEOPUH HCKYCCTBEHHOIO HHTEIUIEKTa W (PYHKUHOHAJIBHOMY M JIOTHYECKOMY

IPOrPaMMUPOBAHMUIO.

CreneHb [J0CTOBEPHOCTH M anpodamus pe3yJbTaToB PpadoThI.
JlocToBepHOCTH C(hOPMYTUPOBAHHBIX HAYYHBIX MOJOKEHHI, OCHOBHBIX BBIBOJIOB U
pe3ysIbTaTOB  AMCCEpTallMM OOECHeuMBaeTCs 3a CYET aHajdu3a COCTOSHUSA
UCCIIEJIOBAaHUI B JaHHOM O0JIaCTH, COIJIACOBAHHOCTU TEOPETUYECKUX BBIBOJIOB C
pe3yNbTaTaMy KCIEPUMEHTAIBHON MPOBEPKU Pa3padOTAHHBIX AITOPUTMOB B X0OJI€
VCIIBITAHUM M IITATHOM 3KCIUTyaTalliy CEMENCTBA pakeT-HocuTesen tumna «Coros-
2».  OcCHOBHBIE pE3yJbTaThl JMCCEPTALMOHHON paldOThl JOKIAABIBAIUCH U
00CYXKaIUCh.

1) Ha mIeCTO MEXIyHapOJHAs HAYYHO-TEXHHUYECKass KOH(QEPEHIIUs CTYACHTOB H
acnupaHToB ‘‘PagmoTexHuKa, 3JIEKTpoHUMKAa W 3Hepretuka’ (Mocka, MOU.
1999) [27];

2) Ha 8  MEXAYHApOIHOW  CTYACHYECKOW  IKoje-cemuHape “Homwie
uHpopMalmoHHble TexHosorun” (Mocksa, MITMDM. 2000) [28];

3) Ha 3eii HayuHoU ceccuu acnpaHToB ['YAII (Cankr-IletepoOypr, I'YAII, 2000)
[29];

4) na nstort Cankt-ITeTepOyprekoii AccamOiiee MOJIOIBIX YUEHBIX U CIICITHAINCTOB
(Cankr-ITetepOypr, CIIOI'Y, 2000) [30];

5) Ha cepbMON MEKIYHAPOJIHON HAyYHO-TEXHUYECKON KOH(DEPEHIIMU CTYICHTOB U
acnipaHToB ‘‘PammorexHuKa, 3JeKTpoHHMKAa M dHepretnka” (MockBa, MDU,
2000). [31];

6) Ha 191 Hayunoit ceccun ['Y AIT (CankTt-IletepOypr, ['YAIL 2016) [32].

7) Ha 201 Hayunoit ceccuu ['Y AIT (Canxt-IletepOypr, I'VAIL, 2017) [37,38];
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8) ma 19it wmexayHaponHoit koHbpepenuun “TIpoOiieMbl  ymnpaBieHHS U
MozenupoBaHus B ciioxHbIX cuctemax” UITYCC PAH (Camapa, UTTYCC PAH,
2017) [36];

9) na Bocemoit Bceepoccuiickoit HaydHO-IPAaKTHYCCKAH KOH(EPCHIIMH 10
UMUTAIIMOHHOMY MOJICTUPOBAHUIO M €ro NPUMEHEHHI0O B HayKe U TEXHHUKE
“UmurarimonHoe MoenupoBanue. Teopus u npaktuka” (MMMO/I-2017) [39].

Myb6aukanuu. OCHOBHBIE Pe3yabTaThl U TOJOKEHUS JUCCEPTALIMOHHOU

paboTsl onyonukoBanbl B 18 nevatHbix padorax. M3 Hux omyOiauMKoBaHO 6 craTeil B

pEICH3UPYEMBIX HaydHBIX KypHanax u3 Ilepeuns BAK [33,34,35,40,41,42] u 9

JIOKJIaJIOB B MaTepuagax HayqHO-TEXHUYECKUX KOH(PEPEHIIUN Pa3InyHOrO YPOBHS,

B TOM 4MCIE€ MEXAyHapoAHbIX M Bcepoccuiickux. Kpome Ttoro, momyueHo 3

CBHJICTEIILCTBA O TOCYAaPCTBEHHOM perucTpaiuu mporpamm it OBM [43,44,45].

Crpykrypa u 00beM padoThI
PaGora cocroMT W3 BBENEHUS, UEThIpEX pa3elioB, 3aKIIOYECHMUS,
oubnmorpaduueckoro crnucka u3 274 HaMMEHOBAaHUW WM IIECTH TMPUIIOKEHUH.

O0beM ocHOBHOM "acTu paboThl coctaBigeT 110 cTpaHuI MAIIMHONUCHOTO TEKCTA.

Bo BBeneHunnm 000CHOBaHA AaKTyaJbHOCTh IPOBOJUMBIX HCCIIEIOBaHMM,

OTIpe/IeNIeHBI LIeJN paboThl, OCHOBHBIC 3a/1a4ll MCCIEAOBAHUSA, OTpaXKeHa HaydHAs

HOBU3HA M TPAKTHUYECKas 3HAYUMOCTh PalOThI, CHOPMYITUPOBAHBI PE3YNIHTATHI,

BBIHOCHMBIE Ha 3aIUTY.

B nepBoii rnaBe naercs 000CHOBaHHME MPEUMYLIECTB BU3YaIbHBIX S3bIKOB

HaJ TEKCTOBBIMHU, AaHAJU3UPYIOTCA M CUCTEMATH3UPYIOTCA CYLIECTBYIOLIUE

croco0bl POpMaIbHBIX OMUCAHUN BU3YaJbHBIX A3BIKOB, MPOBOAUTCS (hOpMalibHAS

MIOCTAHOBKA 3a]1a4 UCCJIEI0BaHUSI.

Bo BTOpOI#i raBe BBOAUTCS BBIYUCIUTEIbHAS MOJIETh BU3YAIBHOTO SI3bIKA,

MOKA3bIBACTCS €€ MPUMEHUMOCTh K 3ajJadyaM BHU3yallU3allid JUarpaMM, BBOISATCS

QITOPUTMBI JJIS1 BEIYUCIICHUS MOJICTTU U TIPUBEACHUS MOJICIIH B CTAIIHOHAPHBIN BU/,

JACMOHCTPUPYCTCA METOA OITMCAHUS BU3YAJIbHOI'O SA3bIKa HA OCHOBC MOJICJIN.



15

B Tperheil riaBe [maercs OMHMCAaHWE ~TPHUKIATHOW  pean3aiyu
BBIYHCIIUTEILHON MOJIETTH BU3YaJIbHOTO SI3bIKa M TIPOTPAMMHOTO CPEJICTBA JIJIS €€
TIOJIICPIKKH.

B derBepTOli I1aBe MPUBOAMTCS OINMMCAHUE TPHUKIATHBIX PE3yJIbTaTOB, a
UMEHHO pa3paboTaHHOTO penakropa ER-mumarpamm, KOTOpBIE MOXET OBITh
UCTIONb30BaH IS TPOCKTUPOBaHWs 0a3 MaHHBIX, M CPEACTBA BHU3yalH3alluu
TeJIeMETPUIECKOM MHPOPMAIIHH TTOICUCTEMBI HAJ[TyBa TOTUIMBHBIX 0AKOB PaKEThI-

"Hocureias Cors-2.
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1. Moaenu onpeae/sieHUdA BU3yaJIbHbIX A3bIKOB

B manHOM paszmene pacCMaTpUBAIOTCS OCHOBHBIE 3aJa4d, CTOSIIUE IEPEX
BU3YQJIbHBIMU S3bIKAMH, IIPH OLICHUBAHMM TEXHUYECKOTO COCTOSIHUS PAKETHO-
KOCMUYECKON TEXHUKHU; aHAIU3ZUPYIOTCA U CUCTEMATU3UPYIOTCS CYILIECTBYIOLIUE
ciocoObl  (OpMaANbHBIX OMUCAHUM BHU3yalbHBIX SI3BIKOB; JIEMOHCTPUPYIOTCS
HEJOCTaTKU CYLIECTBYIOIMX MOJENEW W NpoBOAUTCA (hOpMajbHas MOCTAaHOBKA

3aJad UCCIICIOBaHMI.

1.1. 3adauu, cmosawue neped 8uU3yaabHbIMU A3bIKAMU NPU
npedcmasieHUU pe3y/1bmamos 06pa6omkKu 0aHHbIX Npu
oyeHuseaHuu TC PKT

3amaya OICHWBAHUS TEXHUUYECKOTO COCTOSIHHS PaKETHO-KOCMHYECKOM
TEXHUKHA B OOIIEM ciydae 3aKII0YaeTCs B CPaBHEHUU M3MEPCHHBIX W ATAJOHHBIX
XapaKTEPUCTUK OIICHMBAEMOTo 00bekTa. [Ipu 3TOM olleHMBaeMbIii OOBEKT MOMKET
OBITh KaK MaTEeMaTHYECKOW MOJENBI0 y3JIa WM arperara (Ha HadajJbHOM JTarle
pa3paboTKu), TaK U HEMOCPEJICTBEHHO 3TUM Y3JIOM WJIM arperaTtoMm (Ha MO3JHEM
sTane pa3paboTku). Takas oleHKa NPOU3BOAUTCA B OOJBIIMHCTBE CIIy4acB

ABTOMATHYECKU Ha OCHOBAHHU UMEIOIIEHCs 0a3bl 3HaHUH 1 pacueToB (puc. 1.1).

OueHnBaemblit 06beKT

4 L

TenemeTpuyeckasn
nHpopmauyma

MaTemaTnyeckune AL

monenn ysnos u
arperatos

UHTerpanbHble

— [
E—

Moaynb oueHnBaHmA
OueHKun

eaANHUYHbIX
napameTpos

HakonneHHasn
6a3a 3HaHui

Puc.1.1. Cxema nporecca onennBanus TC oobexta PKT
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B kaudecTBe cpeicTBa NMpeACTaBICHUS MOJIb30BATENI0 OIIEHKH TEXHUYECKOrO
COCTOSIHUSI, KakK TNPaBUJIO, UCIOIB3YIOTCSI MHEMOCXEMHBI. Muemocxembl
NPEACTABIAIOT COOOM TIpaduyecKkue cxeMaTUYecKue H300pakeHusi y3JI0B U
arperaToB, Ha KOTOPBIX T€M WJIM UHBIM 00pa3oM (OOBIYHO IIBETOM HJIM TEKCTOM)
MPEACTABIACTCS TEKYIas OLIEHKA TEXHUYECKOTO COCTOSTHUS OIIEHUBAEMOTO ObEKTA.
Takum oOpazoM, uacTbio 3agaud oueHuBaHuss TC sBiseTcss pa3paboTka
COOTBETCTBYIOIICH OIICHMBAEMOMY OOBEKTY MHEMOCXEMBI [JIi BBIMOJTHEHUS
BU3yaJIbHOTO KOHTPOJSI TEXHUYECKOIO COCTOSIHUSI PA3IUYHBIX MOJACUCTEM H
oowekToB PKT [23].

MHeMocXeMbl TIPEACTABIAIOT COOOM CXeMaTUUeCKue U300paxeHus aeTanen
U y3JI0B KOCMHUYECKHX CPEJCTB, pPAKETBI-HOCUTENE M TMp, HAa KOTOPBIX
HETOCPEJACTBEHHO oToOpaxkaeTcs uHbopManus 00 ux cocrosHud. I1omoOHBIM
MOAXOJ] UMEET JA0CTATOYHO IITyOOKHE UCTOPUYECKHE KOPHU, B YACTHOCTH, HA 3ape
Pa3BUTHSI KHOEPHETHKHU YEJIOBEKO-MaIlIMHHBIE HHTEP(ENChI 3a4acTyIO0 BBIMOIHSIIH
B BHUJIE allllapaTHbIX MHEMOCXEM (MHIUKATOPHBIX JIaMII, M300paKEHUM JIOTUYECKUX
CBSI3€H M YCTPOMCTB Ha (PpOHTANBHBIX MaHesX U mp.). C pa3BUTHEM HUHAYCTPUU
MPOrpaMMHOTO OOECMEUYEHUsI CTajd0 BO3MOKHBIM HCIOJIb30BaTh MHEMOCXEMBbI
MPOU3BOJILHOM  CIIOKHOCTH HA JKpaHE KOMIIbIOTE€pA, YTO IOBCEMECTHO
UCIIOJIB3YETCSl TIPU  YEJIOBEKO-MAIIMHHOM  B3aUMOJICUCTBUHM TP KOHTPOJIE
TEXHHYECKOTO COCTOSIHHSI 00BEKTOB KOCMUYCCKOM TeXHHUKH [14,24].

Jpyroii BaxHOHN 001aCThIO0 NPUMEHEHHS BU3YAJIbHBIX SI3bIKOB B 3aj1auax PKT
ABJIIETCST pa3paboTKa MPOTPAMMHOIO OOECTICUEeHHs, B paMKax KOTOPOH IIMPOKO
WCMOJIB3YIOTCS JAMarpaMMbl CYIIHOCTb-CBA3b, CXeMbl anroputma, UML. B
HACTOSIIEE BpEeMsl MPOTPAMMHBIE CpPEICTBA, MOIACPKHUBAIOIINE YKAa3aHHbBIC
BU3yallbHbIC HOTAIlMH, B OCHOBHOM IPOM3BOAATCS 3a pyoexxom (Power Designer
komnanun Sybase, Rational Rose xkommanuu IBM wu gp.), mostomy
11E€JIECO00Pa3HBIM SBJISIETCS UX UMIIOpTO3aMelieHrne. Takum o0pa3oM, BOSHUKAIOT
JIB€ CBSI3aHHBIC 3aJauyd — TMOJJEpKKAa CTaHJApPTHBIX JAMarpaMM B IEJSIX
MMITOPTO3aMEIICHUS U MOJJEP)KKa HACTPAUBAEMBIX MTOJIH30BATENIEM MPOU3BOJIHHBIX

JyarpamM Jijisl TeCTUpOBaHus U ynydiieHus: kauectsa CIIO.
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[ToMuMO npenMyIIeCTB BBICOKON HArjasiAHOCTH PE3yJIbTaTa U BO3MOKHOCTU
OBICTPOrO0 BMEIIATEIbCTBA NPH HEKOPPEKTHOW paboTe OLIEHMBAEMOr0 OOBEKTa
CUCTEMBI rpapuuecKoi BU3yalln3allMy Takke 00J1aJaloT U He0CTaTKaMu, II1aBHBIM
U3 KOTOPBIX SIBJISIETCS HEOOXOIUMOCTD TPAAULIMOHHOTO IPOrpaMMUPOBAHNUS IIPU X
pa3pabOTKe WM W3MEHEHHUU. JTa TMpoOJieMa MOXKET OBITh B KaKOW-TO CTEIICHH
yCTpaHEHa IyTeM CO3AaHHUs OUOJIMOTEK CTaHIAPTHBIX IPaBUJI BU3yAIU3ALNH,
HAIpUMeEp, B ClIydae PaKETHO-KOCMHUYECKOW TEXHUKU B TaKyl0 OMOIHMOTEKY MOTYT
BXOJUTh TOIUTUBHBIE M BO3AYILIHbIE Oaku, TPyOOMpPOBOIbI, BEHTHJIM U JPYTHE
aneMeHTsl PKT. OpHako, NOsBIEHHWE HOBOIO NpaBWJa BHU3YyalU3alUU WIH
YTOYHEHUE YK€ CYLIECTBYIOUIEIO HEMEJICHHO CTaBUT 3aJady nepepadoTKu
IPOrpaMMHOTr0 KO/a, OTBEYAIOIIETO 3a €r0 pealu3aluio. YUuThiBas TOT QakT, 4YTo
KOHTPOJIEM TEXHUYECKOTO COCTOSIHMS 3a4acTyl0 3aHUMAIOTCS HWHXKEHEpHI,
UMEIOIINE IPYTYIO CHEIHAN3AIINIO, HEXeIn IpOrpaMMHUpPOBAHNE,
BBIIICONMCAHHBI ~ HEJOCTATOK  MNPUBOJAUT K  HEOOXOAMMOCTHM  HaiiMa
JOTIOJTHUTENBHOTO TEpPCOHANIa JIMOO HAaxXOXIEHUs CyONoApsAIYUKOB, TOTOBBIX
HOJIIEPKUBATh COOTBETCTBYIOIIEE IPOrpaMMHOE cpelncTBo. Takum o0pasom,
BO3HMKAET 3ajjaya yxoJa OT TPaJUIUOHHOTO MPOTrpaMMHPOBAHUS IpHU
BU3YaIM3aI[MH TEXHUYECKOTO COCTOSHUS OLIEHNBAEMOTO O0BEKTA.

PemenrieM BBIILICONMCAHHON 3a7]aul MOXKET SIBIATHCS 00BEAMHEHNE MOCTN
(GyHKUIHOHUPOBaHUS 00BEKTA U MOJIETU €r0 BU3YyaJIbHOIO npeacTaBiaeHus. Onucas
IpaBUia BU3YyAIH3AIMH 00bEKTa TEM K€ MaTEeMaTHYECKHM alllapaTroM, 4TO U €ro
MOJI€Jb, MOXHO JIOOUTHCS CYIIECTBEHHOTO YIPOIIEHUS MOAU(DHUKAIMN TpPaBUI
BU3YyaJIM3alMU OLIEHUBAEMOI'0 00BbEKTa U NU30aBUTHCSI OT HEOOXOAUMOCTH HATMYMS
niTata nporpaMMHcToB. bosee Toro, Ha OCHOBE TOTO K€ CaMOro MOJX0Aa MOTYT
ObITh peaJnu30BaHbl MHOTHE BH3YyajbHbl€ WHCTPYMEHTBI, HCIOJb3yeMblEe MpPH
NPOSKTUPOBAHUM TIPOTPAMMHBIX CHUCTeM. Takum 00pa3oMm, BO3HHKAeT 3aaaua
BbIOOPA MaTEMaTUYECKOTO arnmapaTa, IO3BOJISIONIET0 ONUCATh Kak MaTeMaTHUECKHe
MOJIETI JTAJOHHOTO (DYHKIIMOHHPOBAHHS OIICHUBAEMBIX OOBEKTOB, TaK M HX

BHU3YaJIbHOC IIPCACTABJICHHAC.



19

1.2. CucmemHb1il aHAIU3 cyuwjecma8yiouux mamemamu4ecKux
ModeJiell 8U3yYa/IbHbIX A3bIK08

HeobxoauMo OTMETHTh, YTO KpPyr 3adad, pemaeMbIX C IOMOIIBIO
BU3YaJIbHBIX SI3bIKOB, HE OTPaHWYMBAETCS 3ajadamMu mpoekTupoBanus I10. Ouu
HAXOJIAT CBOE IMIPUMEHEHHE B CAMBIX Pa3IUYHBIX cepax AesITeIbHOCTH, TAKUX KaK
pacrno3HaBaHue n3o0pakenuii [61] u ux obpadotka [70], 00paboTka MyIbTHMEIHA
nanaeix [112, 113, 114, 115, 116], B Tom uucie, B peadbHoM BpemeHu [98],
oInMcaHue HHTEP(EHCOB MOIb30BaTENA B PA3IMYHBIX IPEAMETHBIX 001aCTIX, TAKUX
Kak MeauiHa [66, 68, 163, 199, 200, 220], xumus [180], punance [67] u padota ¢
kommbroTepoM [134, 210], mporpammupoBaHue MUKPOIIpOIieccopoB [64], onmcanue
SIIEKTPHUCCKUX Hiener [242, 243] u TpexMepHBbIX ciieH [248], TenekoMMyHHUKAIMH
[255], unTemnekTyanbHblid aHamu3 gaHHbIX [69, 92], mouck uabopmaruu [206], B
ToM uyucie B cern Muartepumer [196, 241], ymnpaBicHHUE KOMITBIOTEPHOM
0e3omacHocThio [88] m mporeccamu comecTHOU aestenbHOocTH [104, 142, 252],
ynpasienue podoramu [110, 216, 217], BeO-mu3zaiin [157], ommcanue cuctem
JToKyMeHTooOopota [166], apXUTCKTYpHBIA gu3aiin  [224], o0o0paboTka
ecTecTBeHHBIX s3bIKOB [230]. B Buay Toro, 4ro B IeJOM BH3yallbHbIC S3BIKH
CUMTAIOTCS 00JIee MPOCTHIMU K TMOHMMAaHUIO JIoJbMH (cM. mpuiioxkeHue [11) onu
HAIITU IUPOKOE MpuMeHeHue B oOyuenuu [78, 84, 117, 148, 158, 169, 202, 207,
245, 256], B Tom uucie npu onucanuu anropurmos [80, 81, 122, 138, 175, 193], a
TaKkXke Tpu pazpaboTke ydeOHbIX KypcoB [65]. Bce 3tm mpumeneHus: TpeOyroT
pa3pabOTKH COOTBETCTBYIOIIUX CPEJACTB PEIAKTUPOBAHHMS W IPEOOpa3OBaHHUS
auarpaMM. Bce 3TO TOBOPUT O TOM, YTO MMEETCS KpaiiHe aKTyajbHas 3aaada
OIMCAHMs CHHTAKCHCa U CEMAHTUKHU MPOU3BOJIBHBIX BU3YaJIbHBIX A3BIKOB, YaCTHIO
KOTOPOH M sIBISICTCS 3a/1a4a, MOCTAaBJICHHAS B IPEBIAYIIIEM pa3Jierie.

Brlmeykasanayro 3amady ObUIo OBl IIPOINE BCETO PEIIMTh HAa OCHOBE
CYIIECTBYIOIIUX MAaTEMAaTUYECKMX allllapaToB, OMKCHIBAIOIINX BH3YaIU3aIIHIO
00bekToB. IllMpokoe pacmpocTpaHEeHHE BU3YalbHBIX SI3BIKOB O00YCIIaBIMBAET
KPaiHIOI BOCTPEOOBAHHOCTh Pa3pabOTKM YHHBEPCAIBHOTO HHCTPYMEHTAIBLHOIO

CpelcTBa UX MOMIEPXKKHU. [[7s permenus: copMyInpoBaHHOM 3a1a4n HEOOXOIUMO
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NOCTPOUTH (OPMATIBHYIO MOJIENIb BU3YaJIbHOTO A3bIKa HA OCHOBE YK€ MMEIOLIErocs
dbopManu3ma, HCIONB3YEMOTO sl TPEACTaBleHUs HWH(GOPMAlMU O IITAaTHOM
GyHKIMOHUPOBaHUM OlleHMBaeMoro oobekTa. Kak mokazanHo B mpuiioxeHuu 112,
JUTSL CO3JIaHusl YHUBEPCAIBHOTO (hopMalin3Ma, ONKCHIBAIOIIETO BU3YAIbHBIC SI3bIKHU,
IPEANPUHUMAIIOCH OOJIBIIOE KOJIMYECTBO MONBITOK. IIpexie Bcero, ObUIO BBEAEHO

cojiepKaTeIbHOE ONpeieiicHre Auarpammsl [86].

Omnpenesienne 1.1. Jlnarpammoil Ha3pIBaeTCA CTPYKTYpPUPOBAaHHAs CHCTEMA

CBs3aHHBIX Fpa(bI/I‘IeCKI/IX OOBEKTOB.

Kak cinenyer U3 3T0ro onpenenaeHus, [uarpaMma COCTOUT U3 CYIITHOCTEN IBYX
BUJOB — Tpaduiyeckux OOBEKTOB M OTHOLIEHUN MEXIYy HUMH, YTO MOXKET OBITh
MaTEMaTHYECKH BBIPAKEHO CIEAYIOLIUM 00pa3oM:

Omnpenesienue 1.2. fluarpaMmoii Ha3bIBa€TCS MMapa MHOXKECTB

D = {I,R}, (1.1)

rae | — MHoxkecTBO rpaduuecknx 0ObEKTOB;

R — MHOECTBO OTHOIICHUI MEXTY STUMH U300paKECHUSIMU.

MHOXecTBO TrpapuuyecKux OOBEKTOB | moxer conepxarb B cele
MIPOU3BOJIbHBIE M300pa)KeHUs, B TO BpeMs Kak Uil OTHOIIEHWH R OCHOBHBIE
KaTerOpuM ONpEIEICHbl, a WMEHHO, OTHOIIEHHWS TO3UIIMOHHOTO CHHTAKCHUCa,
pa3MEpHOro CHHTAKCHCA, BPEMEHHOIO CHHTAKCHCa W CHHTakcuca mpaBui [235].
JIOTOTHUTENBHO BBOMASITCS TIOHSTHS CHHTAaKCHCAa B3aMMOJICHCTBUSI M CTPYKTYPHI,
npeaHa3HaYeHHbBIC I OMUCAaHUS B3aUMOACHCTBHSI IUAarpaMMBbl C TOJIh30BaTEIEM
yepe3 peaakrop. bonee moapoObHO Bompoc paccmoTpeH B npuioxkenuu [12. Takum

o0Opa3oM, MHOecTBO oTHomeHul R u3 (1.1) npeacrasnser coboit
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R = {R,, Ry R, R, R, RS}, (1.2)

rac Rp — OTHOLICHUS MO3UIMOHHOI'O CUHTAKCHUCA,

R ;- OTHOIIIEHUS Pa3MEPHOIO CUHTAKCHCA,;

R; — OTHOIIICHUSI BPEMEHHOT'O CHHTAKCHUCA;

R, - OTHOIIIEHMS CUHTaKCHUCa MPABUII;

R; - OTHOIIIEHUSI CHHTAKCHCa B3aUMOJICHCTBHS;

R, - OTHOIIEHUS] CHHTAKCHUCA CTPYKTYPHI.

Jlanee HEOOXOIMMO OMPENIETUTH MOHSITUE S3bIKA, HA KOTOPOM OMHUCHIBAIOTCS
quarpaMMbl (BU3yaJIbHOTO s3bIKa). ba3oBbIM coliepKaTelbHBIM OIpeeIeHuEeM

BHU3YaAJIbHOI'O fA3bIK4, I10 aHAJIOTHH C TCKCTOBLIM SA3bIKOM, ABJIACTCA CICOAYIOIICC!

Onpenenenue 1.3 BusyalbHbIM SI3bIKOM HA3bIBAE€TCS MHOXECTBO BCEX

AquarpamMmm, OJ0IIyCTUMBIX OJIAA 3TOI'O A3bIKaA.

Tak ke, Kak W JJI1 TEKCTOBBIX SI3BIKOB, JIJIsi a0OCOJIOTHOTO OOJIBIITMHCTBA
MPAKTUYECKUA HCITOB3YyEMBIX SI3BIKOB IMEPEUUCITHTH BCE THAarpaMMbl HEBO3MOXKHO.
Kpome Toro, crenuduaeckue acreKThl BU3YalIbHBIX SI3BIKOB, TAKHUE KaK HATMYUE
MO3UIIMOHHOTO CHUHTAKCHCa, JENAI0T OIMpEJeICHHe S3bIKa 4Yepe3 TNEepeUHCIICHHUE
IUarpaMM TPaKTUYECKH HEBO3MOXKHBIM. B CBsI3M ¢ 3TUM OBUIM TPEIJIOKCHBI
pa3HOOOpa3Hble MOJENW BU3YalbHBIX S3BIKOB, HAuMOOJEe CYIIECTBEHHbIE U3
KOTOPBIX OyAyT pacCCMOTPEHBI HIKE.

CymiecTByeT TATh OCHOBHBIX IOAXOJOB K (opMmanm3anyu: TMOIXOIbI Ha
ocHoBe rpadoBeix Tpammatuk (I'T), Teopum karteropwii, A-ucUMCIEHUS,
HCKYCCTBEHHOT'O MHTEJUICKTA U OOBEKTOB C MIa0JIOHAMU TIOBEICHMS.

A. I'pacdoBble rpAMMATHKH TIPEJCTABIAIOT CO00N 0000IIEHUE PA3BUTOIO
dbopman3mMa TpaMMaTHK TEKCTOBBIX S3BIKOB HA BU3YAIbHBIC SI3BIKH ITyTEM

MpeACTaBICHUs AUarpaMMbl B Buje rpada u onpeaeneHus andasuta (B KOTOPOM
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TEPMUHAJIBHBIC CUMBOJIBI IPCACTABJIAIOT BEPIIMHBI, d HCTCPMHUHAJIBHBIC CUMBOJIBI —

¢parmenTsl rpada) U TPOAYKIMOHHBIX MpaBWi, TpaHchopMupyromux rpad. IT1o

HamOoJIee KPYIHBIN Kilacc Mojiesiel, moApoOHO pacCMOTPEHHBIHN B Mpuioxenuu [12.

Omnpenesenue 1.4 I'padoBoii rpammaTtukoit VL Ha3bIBaeTCsI MHOKECTBO

VL = {VT,VN,VP, ¢} (1.3)

rae VT — MHOKeCTBO BU3yalIbHBIX TEPMUHAJIOB WJIM BU3YaJIbHBIN aji(aBUT

(MHOK€CTBO BCEX 3JIEMEHTAPHBIX U300PAKEHUN );

VN — MHO>KECTBO BCEX HETEPMHUHAJIOB,;

VP — MHO€CTBO MPOIYKIMOHHBIX MpaBuJl (MpaBuil IpeoOpa3oBaHus

rpados, cocraBiaeHHbIX U3 VT 1 VN);

& - HA4aJIbHBIN Tpad sA3bIKa.

Kax nokazano B mpuioxkenuu [12, mpu paccMoTpeHun CBONCTB rpadoBbIX

I'paMMaTUK BO3HHUKACT PAg CHCI_[I/ICI)I/I‘-IGCKI/IX, Mo CpPaBHCHHUIO C TCKCTOBBIMU

rpaMMaTuKaMu, HpO6JICM, a UMCHHO.

y AuarpamMM OOBIYHO OTCYTCTBYET Hauyajo U KOHEL, HeT €AMHON TOYKH ISt
Hayaja aHajau3a;

OOBIYHO MarpaMMa MHOTOMEpHA, B CBSI3U C 3TUM aJTOPUTMbI UMEIOT OOJIBLIYIO
BBIYHCIINTEIBHYIO CIIOKHOCTH;

PaCIOJIOKEHUE AJIEMEHTOB JUarpaMMbl B IMPOCTPAHCTBE WJIM MO OTHOIICHHIO
JPYT K IPYTY MOKET ObITh YaCThIO €r0 CEMaHTHKH,

OoObl4HO OonbIIasi 4YacTh JOMarpaMMbl TpeJHa3HadeHa JUIsl  CO3JIaHusd
JPYKECTBEHHOI'O M0JIb30BaTelNi0 nHTEepdelrica U He 00agaeT peeBaHTHOM IS
3aJla4yu CEMaHTUKOM, T03TOMY MHOTHE (hopmanm3mel [T pazpensroT nuarpammy
Ha aOctpaktHbii Tpad cunTakcuca (AI'C), comepxkamuit B cebe YacTh

TUarpaMMbl, OOJAJAIONIYI0 CEMaHTHUKOW, ¥ TMPOCTPAHCTBEHHBIM rpad
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orHomenuit (I11'O), comeprkamuii BU3yalibHbIE DJIEMEHTHI, MpPEIHA3HAUYCHHbBIC

JI1 9CJIOBCKA, € MOCIICAYIOIMUM NTHOPHUPOBAHUCM ITOCICAHCTO.

Bce »10 cymectBenHo ycnoxHsier (opmanusm [T mo cpaBHeHuio c
TEKCTOBBIMU si3bIkaMu. Kak moka3zaHo B npuioxkenuu 112, psan mccnepoBartenein
BBOJISIT CYILIECTBEHHbIC AOMyIIeHUS M orpanuueHus Ha [T mms Toro, 4ToObI
CIO0XHOCTh MOJICJIEM HE OKaszajach 4pe3MepHoul. TeM He MeHee, MOAXOAbl C
ucronb3zoBanueM [T uWMeOT B CBOEl OCHOBE XOpOWIO MPOpadOTaHHBIE

q)OpMaJ'II/IBMI)I H U1 HUX aAaIlITUPOBAHbI OCHOBHBIC aJITOPUTMBI.

b. Iloxxoa Ha ocHOBe TeOpUM KaTeropuii sBisieTcsi 00001IeHeM IpadoBBIX
rpaMMaTUK C THOMomIbio Oosiee o60melt Teopun. OCHOBHBIM NpPEICTaBUTEIIEM
ABIIAIOTCA ~ Teopus  anreOpamyeckux TrpadoBbix  Tpancopmauuii  (AI'T),
CYIIECTBYIOIIAs B IBYX BapUaHTaX — HA OCHOBE OJIMHAPHOTO KOJIEKapTOBA KBajipaTa
¥ JIBOWHOTO KojieKkapToBa kBajpara [121]. [puHiunuansHas pa3HuIia MeKIy ABYMs
MOJIXOJJaMH 3aKJIFOYAETCsl B TOM, UTO B IIEPBOM CIIy4ae MIPUMEHEHHE OJHOTO U TOrO
*e Mop(duzMa MOKET MOJIEIMPOBaTh KaK yAalieHue, Tak U J00aBJICHUE BEPIIUH B
rpad, B TO BpeMsi KaKk BO BTOPOM ciy4ae UIg KaXIOil omepanuu Tpelyercs
OTJICNIbHOE TMpUMEHEHHe Mopdu3Ma, TO €CTh OOJBIIMHCTBO MpeoOpa3oBaHUM
TpeOyeT NpUMEHEHUS ABYX MOP(PU3MOB.

[lonxom Ha OCHOBE TEOpPHHM KaTErOpHil sBIsETCSs HambOoyiee OOMMM U
YHUBEPCATbHBIM, TPUTOAHBIM MTPAKTUYECKHU IS JTFOOBIX s3bIKOB. KoMIieHcanueii 3a
YHUBEPCATbHOCTh SIBISIETCA €Tr0 KpaWHss CIOXKHOCTh — TMOAXOJ OIEpPHpPYyeT
rpadamu, B KOTOPBIX BO3MOXHBI IYTH HE TOJIBKO MEX]Ty BEPIIMHAMH, HO U MEXTY
npyrumu ayramu. [IpeoOpazoBaHre KOHKPETHBIX BU3YaIbHBIX S3BIKOB B TI0JI00HBIC

rpadsl SBIAETCS OTACIBHON MPOOIEMOM.

B. Iloaxox Ha ocHOBe A-mcumciaeHusi Tpaktyer nuarpammy (1.1) uepes
KOHCTpPYUpPOBaHUE rpada 13 HauaIbHOTO MyCTOro rpada myTeM MPUMEHEHHS K HEMY

y310B U pebep [122,123,124,125]. Haubosee mpopaOOTaHHBIM IpeICTaBUTEICM
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SBJISIETCSI MHIYKTUBHBIN rpad, nepBOHAYAIbHO MPEIHA3HAUYCHHBIN Il ONMUCAHUs
CHHTaKcHca Bu3yasbHoro s3b1ka VEX (ecMm. npunoxenue [12). dopmanmusm obnamaer
CEpbE3HBIMU  IPEUMYIINECTBAMU C TOYKH 3pEHUS MPUMEHEHUS TEOpUHU
BBIYMCIUMOCTH M (POpManbHBIX JI0KA3aTEIbCTB CBOMCTB BU3YaJIbHOTO SI3bIKA.
Capyroil CTOpOHBI, B BUIY TOTO, YTO TpadoBbie TpaHCHOPMAIMH MPEATIOIAraroT
TOJIbKO J100aBJICHUE HOBBIX Y3JIOB, BBIPA3UTEIbHBIE CBOMCTBA JAHHOTO MOJAX0Ja

BCCbMa OTpaHUYCHBLI.

I'. IToaxoabl HA 0CHOBE HCKYCCTBeHHOT0 uHTe IekTa (M) npennonaraot
oOyueHune rpayuuecKux peIaKTOPOB HA OCHOBE HEKOTOPHIX 11a0JIOHOB MOBEICHMUS,
BBIOpaHHBIX MPOTpaMMHUCTOM. I'padpuaeckue peakTopbl MPU 3TOM OPUEHTUPYIOTCS
Ha pa3HOOOpa3HBICE METOJIbI MCKYCCTBEHHOTO HMHTEJUIEKTa — HEUYETKYHO JIOTHKY,
TEHETUYECKUE aJTOPUTMBI, CEMAHTUYECKHE CETH U TIP. B IOMNBITKE CTEHECHUPOBATH
TaKoOW peaakTop, KOTOPBIM OyJeT yIOBIETBOPATH MOCTaBleHHOU 3amade. [loaxon
ABJISIETCA MPEUMYIIECTBEHHO UWHTEPMEHCHBIM W TIpUu OSTOM TpedyeT oT
MIPOTrpaMMHCTa MIOHUMAaHUs pabOThl HIKEIIEKAIIUX aJITOPUTMOB JJISl PABUIIBHOTO

BbIOOPA 11a010HOB A1 00yuenus cuctemsl [181,185,249,250,270].

/1. Iloxxox HA 0CHOBe 00BEKTOB € IA0JTOHHBIM MOBEIEHHEM UCIIOIb3YETCS
B IIPOCTHIX PEIAKTOPAX CXEM, TaKHX, Kak Visio[26]. [Ipu aTom moaxone co3maeTcs
Oorarasi 6ubMoTEeKa pa3HOO0OpPa3HBIX 00BEKTOB, 00IaAAIOIIUX MPEIONPEACTICHHBIM
MOBEJACHUEM, HO TMPHU ITOM OTCYTCTBYET WM KpaliHE OTpaHWYEH CUHTAKCHUC,
CBSI3aHHBIA C OTHONIICHUSMH MEXIy OObekTamu. CHIBHONH CTOPOHOM MMOJX0j1a
SBJISICTCS yI0OHAss BO3MOXKHOCTH CO3JaHHUS WJUTFOCTPATUBHOIO MaTepuaia, B TO
BpeMsl KaK TJaBHBIH HEJOCTATOK — OTCYTCTBHE IIPOBEPKH CHHTAKCHYCCKOMU
KOPPEKTHOCTH,  OrpaHWYEHHOE  B3aMMOJICUCTBHME C  IMOJb30BaTEIEM U

HCBO3MOXHOCTb TPAHCJIAIINHN.

Paccmotpennsie Boime Gopmanusmbl (A-JI) cBexensl B Tabmumy 1.1. s

KaXXJI0T0 M3 HUX YKa3aHbI JOCTOMHCTBA M HCIOCTATKH NPUMCHHUTCIIBHO K 3a/1a4C
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BU3YyallM3allMi W3MEpUTENIbHON HHpopManuu npu oueHuBaHuM TC 00BEKTOB

orneuku TC PKT.

Ta6J'II/IHa 1.1. MaTremaTuueckue MOACIIHU IIPEACTABIICHUA BU3YaAJIbHBIX SA3bIKOB

OcHoBa

oax01a

[Ipenmymecta

Henocratku

1

2

3

A TT

I'pynna xopomuo npopaboTaHHBIX
(dbopManu3MOB,  HCIOIB3YIOIIUX
Pa3BUTHIN MHCTPYMEHTApUU
TEKCTOBBIX S3bIKOB. POpMaIn3MBl

NOAACPIKNBAKOT BIIJIOTB

0
KOHTCKCTHO3aBUCUMBIX SA3BIKOB, K
HUM aJallTUPOBAaHbl OCHOBHBIC

AJIr'OPUTMBEIL.

Bricokast clI0KHOCTb, HEOOXOAMMOCTH
UITH Ha OTPaHUYEHMS BBIPA3UTEIbHBIX
CPEJICTB paJyl YIPOLICHUS MOJEIIH.

HrnopupoBanue KOHKPETHOTO
BU3YaJIbHOTO H300paKEHUS B TOJIb3Y

abcTpakTHOTrO Tpada CHHTaKCHCa.

b. AI'T

YHuBepcanbHbIi dbopmanuzm,
MIPUTOIHBIN 7151 OTTMCAHUS JIFOOBIX

BU3YaJIbHBIX SA3BIKOB

TpeOyer pa3paboTKu B3aUMHOTO

npeoOpa3oBaHMsl MPUKIATHBIX S3BIKOB B

rpagsl,

bopmanuzm

KOTOPBIMH ONEpUpYET

B.
A~

HCYHNCICHUC

®dopmanu3m xopouio paboTaer
IIPH JI0Ka3aTeNbCTBE (POPMaTIbHBIX
CBOMCTB MOJIEIIN.
Brruncnenue A-BbIpa)KeHUS,
oInuchIBaroLIero rpad, sBiseTcs
€CTECTBEHHOM peanu3anuen

TPAHCIALINH.

Knacc NMOAACPIKUBACMBIX SA3BIKOB

CYLIECTBEHHO OrpaHMYE€H, TaK Kak
Kaxkaasi TpaHcopmalys cBs3aHa TOJIbKO
C BHECEHMEM HOBBIX Y3JIOB U JIyT, HO HE C

HX YJAJICHHUEM.

I'. 11

dopmanu3m xopouio padboTaer Ha
IIPOCTHIX BU3YAJIbHBIX S3bIKaX, HE
CIIUIIKOM

OTINYAOIMINXCA oT

UMEIMXCcI B 0a3e 3HAHUU

CTCPCOTUIIOB.

dopmanus3M TpedyeT XOpOIIEero 3HAHUS

aJropuT™Ma nn JUIst BbIOOpa

ONTUMAJIBHBIX ITIA0JIOHOB /TSI 00YUYEHUSI.
dopManu3M B HaWOOJBIIEH CTEMEHU
npeaHa3HauYeH

JUTSL peanuzanuu

HHTCp(I)eﬁCOB, CCMAaHTHKa A3bIKa HEC

paccMmarpuBaeTcs.
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. Boratsie Bu3yanbHble Oubnuoreku | Cnadast i OTCYTCTBYIOIIAs MOACPIKKA
[IIaGmons | MPCIONPENCICHHBIX  OOBCKTOB, | CHHTAKCHCA M CEMAHTHKH,  (OKyc
THOKOCTD pu CO3JJaHUU | UCKITIOYUTEIBHO Ha BU3yaIbHOE
O00BEKTOB
JrarpaMmm NIpEe/ICTaBIICHHE.

[lognepxka CTaHIAPTHBIX OUArpaMM SIBISETCA 3adadeid, KOTopash MOXKET
OBITh pEIICHAa C IMOMOIIBID OJHOKpaTHOW HacTpoiiku. Takum oOpasom, Ui ee
pelIeHusT MOXHO HCIOJIb30BaTh JIOOYI0 U BBIIIEHEPEUUCICHHBIX XOPOIIO
dopmanuzoBannbix mogpenerd (I'T, AI'T). C agpyroii croponsl, TpeOOBaHHA K
TUarpaMMHBIM ~ si3bIKaM, TpuMeHsemMbiM st oueHku TC oOwvektoB PKT,
CYILECTBEHHO OoTian4yaroTcs. [Ipu BeImonHeHUMM MoxaennpoBaHus mapaMmerpoB PKT
MOET MOTPeOOBaThCA 3apaHee HEM3BECTHBIM HAOOpP BU3YalbHBIX 3JIEMEHTOB U
auarpamm, Ipu 3TOM HELeaeco00pa3Ho 0XKHUAATh, YTO MHKEHEPHI, BBIOIHSIOLINE
MOJICJIMPOBAHUE, BIIAJICIOT TeOpUEl (OpMaNbHBIX s3bIKOB. M3 Tabmuusl 1.1 cnexyer
BBIBOJI, YTO CylIeCcTByIMe QopManu3Mbl JUOO 001aal0T MIHUPOKUMHU
BBIPA3UTEIbHBIMHA CBOMCTBAMH, HO KPAHE CJIOXKHBI B IIPUKJIAJTHOM HUCIIOJIb30BAaHUH,
100 OYEHb MPOCTHI, HO HE 001a1aI0T HYKHON THOKOCTHIO.

Takum o00pa3ocMm, TPOBEACHHBIM CHUCTEMHBIA aHAIU3 JIEMOHCTPUPYET
CYLIECTBEHHOE IPOTHUBOPEUYME MEXKIY CYLIECTBYIOUIMMU MAaTeMaTHYECKUMU
anmnaparamM Uil ONMHMCAHMS BU3YaJlbHBIX SI3bIKOB W 3a/ladyedl OMHCAHMSI MOJEIH
(YHKIIMOHUPOBAHUS OLICHUBAEMOIO OO0BEKTa, a TaKKe 3asiBJICHHON LEJIbI0
o0ecreyuTh MPOCTOTY B YHU(PUIIMPOBAHHOCTh ONUCAHUS MPABUI BU3YaJIU3ALMU
OLICHUBAaEMbIX O0BEKTOB. Bce 3TO MNpUBOAUT K BBIBOAY O HEOOXOAUMOCTH
pa3pabOTKH MPOMEKYTOUHOTO hopManniMa, 00J1aaroIIero 0oIbIIei MpoOCTOTOM,
110 CPABHEHUIO C rPaPOBBIMHU T'PAMMATUKAMU, X OJJTHOBPEMEHHO MOIIEP>KUBAIOLLETO

CJIOKHBIU CUHTAKCHUC.

1.3. DopMaabHAS NOCMAHOB8KA 3a0a4U UCCA€008aHUS

EctecTBeHHBIM mponccComM puUCOBaHUA OOJBIIMHCTBA Auarpamm

IMMOJIB30BATCJICM ABJIICTCA 3aMBIKAHHUC PA3JIMYHBIX KOHTYPOB MU COIIOCTABJICHUC



27

touek. Hampumep, B ciyuyae nuarpammbl CymHoCTh-CBsI3b MOJIB30BATENb PUCYET
JIB€ CYIIHOCTH, IIOCJE€ YEro COEIMHSET MX CBA3bI0. [locie 3Toro momyyeHHas
cCUCTEMA IPH NIEPEMEIICHUH OJTHOM U3 CYITHOCTEH 00s3aHa XpaHUTh UHPOPMAIIUIO
O TOM, YTO OHA COEJIMHEHA CBA3BIO C JPYTOi CYIIHOCThIO. BUUTCS €CTECTBEHHBIM,
YTO CHUCTEMa, YNPABIAIONIAS JAHarpaMMaMi, JOJDKHA OIEpUPOBATh TEMH K€
CaMbIMHU TIOHSTHSIMU — HalpUMeEp, «HAdajJo CBS3M HAXOAMUTCS Ha NpaBoM pedpe
CYIIHOCTH 1», «KOHEIL CBSI3U HaXOJUTCA HA JIEBOM pedpe CYLIIHOCTH 2» U T.II., B TO
BpEMsI KaK B HACTOSIIEE BPEMS OCHOBHBIM CPEJICTBOM ONPENEIECHUS BU3YyaJIbHBIX
S3BIKOB  SIBJISIIOTCS MPOAYKIIMOHHBIE TmpaBuia. Kak ObUI0 TMOKa3aHO paHee,
cylecTByromue (GopMalIn3Mbl JUOO ONEPUPYIOT 3HAYUTEIBHO 00JIee CIOXKHBIMU

IIOHATHUAMU, b0 B HG,HOCTaTO‘lHOﬁ CTCIICHHU IIOAACPKUBAIOT CHHTAKCHC.

[lonb3oBaTenb, CO3AAIOUIMI DJIEMEHTHl BHU3YaJIbHOTO SI3bIKa OOBIYHO
OTIEPUPYET MOHATUAMH BUAA “O0BEKT MPEICTABISET COOOM KPYT, BHYTPH KOTOPOTO
pacnoyIOKeH TEKCT WM “O0BEKT MpeAcTaBiIsieT cOoO0M NPSIMOYTOJbHUK, Hal
KOTOPBIM PpACIIOJIOKEHO ero Ha3paHue”. Takum oOpa3zom, ObLIO Obl yn0OHO
OIMCHIBATh BU3YAJIbHBIN S3bIK B JAPYKECTBEHHBIX IOJIB30BATEII0 IPABWIAX BUIA
“00BEKT COCTOUT U3 Kpyra M TEKCTa, IpUYeM JJis LIEHTpa Kpyra, paguyca Kpyra u
pa3MepoB  TEKCTa  YCTAHABJIMBAKOTCA  ONPEIECICHHbIE  MAaTEMaTHUYECKHE
cooTHoIeHus . [TomoOHBII onKcaresb fuarpaMMbl Ha BU3yaJIbHOM SI3bIKE SIBISIETCS
CEMAHTUYECKOHN CEThI0, KOHIIENTaMU KOTOPOH SBJIAIOTCS MapaMeTpbl rpaduyecKux
U HerpapuyecKuX 3JIEMEHTOB, a TaKKEe MaTeMaTHYECKMX OTHOIICHUH MEXIy
KOHLIETITAMU; S3BIKOM OyNeT SIBISATHCS HAOOp MOJACETe M MpPaBWJI UX BCTAaBKHU B
OCHOBHYIO CE€Tb.

JUis  mpencTaBieHUs — 3HAHUM O WITaTHOM  (PYHKIIMOHUPOBAHUU
OLICHUBAaHUEMOTO OOBEKTa YAaCTO MCHOJB3YETCS BBIYMCIHUTENbHAA MOjAeNIb Thiyry
[49,50,51,52]. Drta Momenar  mpeacTaBiseT  coboil  (popMaTM30BaHHYIO
CEMaHTUYECKYI0 CE€Th, B Y3JIaXx KOTOpPOM HaXOASTCS MapaMeTpbl CHUCTEMBI U
bopMybl, a CBSI3U MPEACTABISIOT BXOIHBIE MApaMETPhl M BBIXOAHbIE 3HAUYECHMUS

dbopmyrn. Mojens B mepByIo 04epe/lb OPUCHTUPOBAHA HA BRIYUCITUTEIHHBIC 3a/1a4H,



28

OJIHaKO, OyIy4H JOIMOJIHEHA BU3YaJbHOUM COCTABIISIIONICH, MOKET ObITh IPUMEHEHA
K ONHUCAHWIO BU3YaJIbHOTO sI3bIKa. B 3TOM ciydae 3KcmepT, MOAUQPHUITUPYIOIINAN
IPOrpaMMHOE  CPEACTBO, MOJJEPKHUBAIONIEE BU3YAIM3ALUIO TEXHUYECKOTO
COCTOSIHUS OIIEHMBAEMOro OOBEKTa, MOXKET (OpPMYyIUpPOBaTh H3MEHEHUS B
MaTeMaTUYECKOW MOJIENIM MOBEICHUSI 00BbEKTa U B CPEICTBAAX €TI0 BU3yaIu3alluu
MOJIb3YSICh OJIHOM W TOM ke Mojenblo. TakuM 00pa3oM, BO3HUKAIOT MO/A337add
pacuIMpeHus MOJENIN BU3YaJbHOW COCTaBISIIONICH, pealu3aluyd TpaHCIATOpa
BXOJHOTO SI3bIKa MOJEJIM W peav3alldd CpPEICTBAa BU3yalu3alldd Ha OCHOBE
pacuIMpeHHON MOJIEIIH.

BrruucnurenbHas monaenb ThIyry B CBOEM OPUTMHAIBHOM OIpPEIEICHUU
ABJISIETCA HECTAIMOHAPHOM, YTO O3HAYAET, YTO BBIYMCIUTEIbHBIE TPOLIECCHI MOTYT
UJITH Pa3HBIMU T TSIMU U IOTEHIIMATIBHO JaBaTh Pa3HbIE PE3YJIbTAThl. ThIYTy cunTal
ATO CBOWCTBO MOJCIM €€ MPEUMYIIECTBOM W JIMOO pCCMATpUBaTh B KadyeCTBE
perieHus JIr000H MPOU3BOJIBHBIN MY Th, MO0 MHOYKECTBO BCEX MYTEH.

K coxanenuto, NpUMEHUTEIBLHO K JIIOOBIM CHUCTEMaM B3UMOJCHUTCTBUS C
YeJIOBEKOM, MOJOOHBIN HEJETEPMUHUPOBAHHBIN MOAXO0 ] IPUMEHSITHCS HE MOXKET —
OMepaTop MNPOrpaMMHOrO CpPEJACTBA HE OXHUAAET, YTO MPHU B3aUMOJECHUCTBUU C
JarpaMMoM OH MOXKET TMOJYYUTh MHOXECTBO JuarpamMm, U3 KOTOPBIX OyneT
HEOOXOJMMO BBIOpATh MPaBWIbHYIO. TakuMm o00pa3oM, BO3HHUKAET €IIe OJHa
noj3agaya — TMpUBEACHUS MOAUMUIIMPOBAHHON BBIUMCIUTEIBHOM MOJEIU K
CTal[MOHAPHOMY BHUY (B CBOEH BU3YyaJIbHOU YacTu).

Hakonen, emie oAHMM BaKHBIM BOIMPOCOM SIBJISIETCS TOJYYEHHE HOBBIX
apTedakTOB Ha OCHOBE B3aUMOJICHCTBUS CO CPEJCTBOM BU3yanu3zanuu. Hampumep,
UCIIOJIb3YsI CPENICTBA BU3YAIBHOTO MPOCKTHUPOBAHUS MPOTPAMMHOTO OO0ECTIeYeHUS
OTIepaToOp OKUJIACT MOJYYUTh Ha BBIXOJIE HEKOTOPBIC MIA0JIOHBI KOJa, MpU padoTe
COo cxeMaMmM 0a3 JJaHHBIX Ha BBIXOJE JOJDKEH OBITh CIIeHApUi 3arpy3ku 0as3bl Ha
s3pike SQL u tak mamee. OTCIo/1a BOZHUKAET €I1I¢ OJIHA MOA3aja4ya — TPAHCIISINHA
BBIYUCIUTEILHON Mojienu. HeobxoaumMo oOecreunTh, 4TOObI COCTOSTHUE MOJIEIIH,

IMOJIYYCHHOC B PC3YyJIbTaTec B3aMMOJICHCTBUS C IIOJB30BATCIIEM, MOXHO OBLIO
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oOpaboTaTh U mpeoOpa3oBaTh (TPAaHCIUPOBATH) B COOTBETCTBYIOIIUE MPEAMETHON
o0nactu apTeaxThl.
[TompITOXMBasi BBIMIECKa3aHHOE, CO3/JaHHME WIM MOAU(DHUKAINSI HOBOTO

BHU3YaAJIbBHOT'O CPCACTBA KOHTPOJIAA MOXKCT OBITH IMpCaACTaBJICHA CJ'IGIIYI-OHleﬁ CXEMOM:

JKcnepT OnucaHue CraunoHapHas lpaduryeckmm
npeamMeTHOM cpeacTs mogaenn Toblyry nHTepoeiic G
obnactu A1 Busyanmsauum | A2 s A3
MoAenbto
Tolyry S*

Puc. 1.2. CxeMma pelieHus 3a1a4uu.
I'ne A1 — cpeacTBa npeacTaBICHUs TPaBUJl BU3yaJIM3alliH,
S* - monensb TrIyry, amanTHpoBaHHAS IS BU3YAJIbHBIX S3BIKOB,

A2 — aJIr'OpUTM Hp606pa3OBaHI/I$I MOJACIIX B CTAIMOHAPHYIO MOACIIb

S’ — cranmumonapHas Monedb TeIyry, aganTHpOBaHHAs I BHU3YaJIbHBIX
SA3BIKOB
A; — anroput™m npeoOpa3zoBaHus MOAENU B TpaduuecKuil HHTepPeiic

(paccueTa mMoJiemn)

G —rpaduueckuit unrepdeiic, BU3yaIbHOE MPEACTABICHUE OIICHUBAEMOIO
00BEKTA.

B psne cmydaeB moxeT TpeGoBaThCs TOJMydeHHE apTe(aKTOB HAa OCHOBE
B3aMMOJeHcTBUsL ¢ TpaduueckuM uHTepdeiicom G, B Takoid cUTyanuu
HEOJOX0AUMO JO00AaBUTH €IlI€ /1B IIara:

A4 — anTOpPUTM TPAHCTSAIIUNA MOJCIIN

D — apredakt TpaHCIALMH.

Takum oOpazom, mjig pelieHus 3a7auu OOBEAMHEHUS 3HAHUM O IITAaTHOM
MOBEJICHUU OIICHHUBAEMOT0 OOBEKTa M TMPaBWI €ro BU3YyaIH3alUd HEOOXOIUMO
IOCIeIoBaTeIbHO onmucaTh Ay, S*, Ay, S°, A3, G, Ay u D.

B paznene 2 6yner nano onucanue dhopmanuzma u onpenenacHsr Ag, S*, Ay,
S’ u As. B pazgene 3 OyaeT naHO ONHMCaHUE HHCTPYMEHTAJIBHOTO CPEJICTRBA,

nojjepkuBatoiiero ¢popmanusm u peanusyromero G, As u D. B pazgene 4 6yner
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IIOKAa3aHO, KaK (I)OpMaJ'II/ISM IMPUMCHUM K A3bIKaM O6H1€I‘O Ha3HA4YCHUA M 3aJadaM

PKT.

Bwi80duwl no pazdeny 1.

1. CpencrBa BuU3yaM3allUM PE3YyJIbTATOB 00pabOTKM HHGOPMAIUU IIHPOKO
UCIIOJIB3YIOTCS. B JBYX O0OJIaCcTSX: MPOCKTUPOBaHHE U  pa3paboTka
IPOrpaMMHOTO OOECHEYeHUsT U BH3yalu3allks pPe3yJIbTaTOB IPOIECCOB
TEXHUYECKOTO COCTOSIHUS y3JI0B M arperaToB, B TOM YHUCJE KaK IIPU aHAIHU3e
TeJIeMETpUpyeMol  mHpoOpManmuu, TaK W TPH  HMHUTAIHMOHHOM
MOJICJIMPOBAHUHU.

2. BusyanbHble S3bIKA SIBISIIOTCA  OOOOIIEHHEM TEKCTOBBIX SA3BIKOB Ha
auarpaMMbl. BusyanbHBIMH Ha3bIBAIOT SI3BIKH, B KOTOPBHIX JaHHBIC MOTYT
MPEACTaBIAThCS B 0OoJjiee 4YeM OJIHOMEpPHOM Bujae. B Takux s3bIKax
AJIIEMEHTaMH CHHTAKCHCAM MOTYT SIBJIATHCS HAIIPABJICHHE, IIBET U 3BYK, KPOME
TOTO, OHM MOTYT OBITh NTWHAMHYCCKHUMHU. BH3yallbHBIC S3BIKH 00JIaTaroT
MPEUMYIIECTBOM HaJl TEKCTOBBIMH, TaK KaK B CHJIy TICUXOJOTUYECKUX WITU
(GyHKIIMOHATBHBIX (0CIa0JICHHOE 3pEHUE) MPUUUH TUarpaMMa MOKET JTydlle
BOCITPUHUMATHCS YUTATEIIEM, HEXKEITH TEKCT.

3. CymecTByeT 00JIbIIIOE KOJIUYECTBO PA3HOOOPA3HBIX METOJI0B (popMaTn3anuu
BU3YalIbHBIX SI3bIKOB. HamOomiee pacmpoCTpaHEHHBIH W3 HMX — CBEICHUE
dbopmanu3mMa BU3yalbHBIX SI3BIKOB K (POPMAM3My TEKCTOBBIX SI3BIKOB, TO
€CTh TpadoBbIC TPAMMATUKH. DTOT METOJ HE CBOOOACH OT CYIIECTBCHHBIX
HEJIOCTATKOB, MPUBOSIINX K CYIIECTBEHHOMY YCIOKHEHHUIO BCEX OCHOBHBIX
anroputMoB. [loaToMy juisi  BH3yalbHBIX  SI3BIKOB  TOJIBKO  OYEHb
orpaHnyYeHHoOe KoiauvecTBO BXxoauT B Kiacchl LL (1) m LR (1), umeromime
HauOOJIbIIIee 3HAUCHUE TSI TPAHCTISIINN, OOJBIITMHCTBO BU3YaTbHBIX S3bIKOB
TpeOyeT Jis TpaHCIAIUK aropuTMbl Jpin win Koka-Anrepa-Kacamu.

4. OnnuMm w3 Haubosjee  MpopabdOTaHHBIX  (OpPMANTM3MOB  SIBISIETCS
anreOpanueckas TpaHcopmaruss TpadoB, TOCTpOEHHAsT Ha TEOPHUH

KaTeropuid. IToT GopMain3M NPUTOJIEH JJII ONTUCAHUSI JTIOOBIX BU3YaIbHBIX
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S3BIKOB, HO ONEPHUPYET CIEUUATbHBIMU TIpadOBBIMU CTPYKTYpaMu, st
KOTOPBIX HEOOXOAMMO OTIENbHO pa3padaTbiBaTh METOJBI B3aUMHOTO
npeoOpa3oBaHus B LIEJIEBYIO TUArPAMMY.

CymectByloT u apyrue ¢GopMaliu3Mbl, HE CBsI3aHHbIE C TpadOBBIMU
rpaMMaTHKaMHU, B YaCTHOCTH, OMIMCAHNE BU3YaJbHBIX SI3BIKOB Uepe3 JIsIMO1a-
ucyHucieHne (Kak MpUMEHEHUE HEKOTOPBIX OMepalnii KOHCTPYMPOBAHUS K
UCXOAHOMY IyCTOMYy TIpady) a Takxke uepe3 CpeACcTBa HCKYCCTBEHHOTO
WHTEJJIEKTA.

Jnst xopoiio (GopMaan30BaHHBIX MOAXOJOB XapaKTEPHO WTHOPUPOBAHUE
BU3YaJIbHOM COCTAaBIIAIOIICH TMarpaMMbl IyTEM €€ JIeJIeHUsI Ha aOCTPaKTHBIN
rpad) CHHTaKcuca W MPOCTPaHCTBEHHbIM TIpad oTHoweHuil. [ns cmabo
(opManIM30BaHHBIX IMOAXO0JI0B, HA0OOPOT, OCHOBHOW SIBJISIETCSl BU3yaJlbHAs
cocraBisitonfas. Kpome TOro, crporue maTeMaTUdeckue (QopMaau3Mbl
OOBIYHO BEChbMa CJIOKHBI W HEIOCTYIHBI YEJOBEKYy O€3 CIennaIbHOro
o0pa3oBaHus, B TO BPEMs KaK KpPyT JIUL, KOTOPbIE MOTYT SBJISITHCS aBTOPAMHU
rpaduyeckux (popmMaanu3MoB, HE OrPaHUYEH.

[TpumenurenbHo k 3amayam  PKT HenenecooOpa3sHO o0XuaaTh, YTO
unxeHepsl, npopoasamue oueHky TC PKT, Bnaneror Teopueid hopmanbHbIX
S3BIKOB. JTO MPUBOJUT K HEOOXOAMMOCTHU pa3paboTKH HOBOTO (popmann3ma,
KOTOPbIN MO3BOJIUI Obl OOBEAMHUTH 3HAHUS O IITATHOM (DYHKIIMOHUPOBAHUU
OLICHMBAEMOT'0 0OBEKTA U O MPABWIIAX €TI0 BU3YaJIbHOTO MPECTABICHUS, B35B
3a OCHOBY (GopMaliu3M, YK€ HIUPOKO MPUMEHSIOUUNCS B MPEIMETHOU
o0JacTH.

Boeruncnurensubie Mojienu ThIyry mpecTaBisiioT co0oi (hopMann3oBaHHYIO
CEMAHTUYECKYI0 CE€Th, B KOHIENTaX KOTOPON HAaxoIATCS 3HAYEHUS M
Omepaluy HaJ HUMH, BBIYUCISEMBIE IO ONPEACIICHHBIM ITPABHUIIAM.
BusyasnbHble sI3bIKM MOTYT OBITh OTIMCAHbI Yepe3 HaOOop 3HAUEHUI KOOpIUHAT
U aTpuOyTOB OOBEKTOB, UX I'pauEeCKUX CBOMCTB U COOTHOLIEHUN MEXIY

OTHUMH 3HAYCHUSIMU. CDOpMaJ'H/ISOBaB 9TH OOBEKTHI U OTHOLICHHUA, a TAKKC
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npaBuiaa  MX ~ OOpaOOTKM,  MOXHO  MOJYYHUTh  aJalTUPOBAHHYIO
BBIYUCIUTEIBHYIO MOJIEIb JJISl JUATPAMM.

CxeMma penieHusi 3a7jaud COCTOUT W3 IOCJIEI0BATEIBLHOIO OIpPEACIICHUs U
ONMMCAHMS CIEAYIONIMX JJIEMEHTOB: CPEICTB NPEICTABICHUS IPaBUI
Bu3yanu3anuu Aj, mMozenu Telyry, aganTHPOBAHHOW [Jii BU3YaJbHBIX
A3BIKOB S*, anropuTMa npeoOpa3zoBaHUs MOJIETU B CTALIMOHAPHYIO MOJIETh
Ay, cranuoHapHod Mojenu TwIyry, amanTUpPOBaHHOW Jisl BU3YaJbHBIX
S3BIKOB S, aNTOpUTMa TPEeoOpa3oBaHus MOJEIH B Tpadudeckuii mHTEpdEic
(paccueta Moxenu) Asz, Tpaduueckoro wuHTepdeiica G, anropuTma

TpaHCISIIU MoJenu Az 1 apTedakra TpaHcisuuu D.
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2. Moaeb BU3yaJIbHOIO A3bIKA 414 3a4a4 PKT

2.1. BoviuucaumeavHas modeasb duazpammel

Kak Obuto ykazano B paszene 1, mocraBieHa 3ajada CO3JaHHUS METOAa
OMMCAHMS BU3YaJbHBIX SI3BIKOB U€pe3 HA0Op 3HAYEHUU KOOpPJIWHAT U aTpUOyTOB
O00BEKTOB, UX IpapUUECKUX CBOMCTB M COOTHOILIEHUN MEXIY ITUMH 3HAUYCHUSMHU.
Jns ee pelieHHs W CO3/aHMsS aJalTUPOBAHHOW BBIYMCIHUTEIBHON MOAENH IS
auarpaMm HeoO0XoauMo (HOpMamu30BaTh 3TH OOBEKTHl M OTHOIICHUS, a TaKkKe
npaBuia uX 00pabOTKH, MOKHO OyJleT MOJy4YuTh. B paMkax 3Toil 1enu, mpexie

BCET0, HEOOXOMMO BBECTH Psiji ONIPEICIICHUN:

Omnpenenenue 2.1. ATpuOyTom Ha3bIBaeTCA mapa
a = {n,v},

rnae

n - uMms aTpudyTa win @, eciu OHO HE 3a/1aHO;

V- 3HAa4YCHUC anH6YTa nIn (Z), CCJIX 3HAYCHHUC HC OIIPCACIICHO.

Omnpenenenue 2.2. BuzyalbHbIM IPUMUTHBOM Ha3bIBACTCS
v = {4 fo(A},
rae
A — MHOXeECTBO aTpuOyTOB IPUMHUTHUBA;
fg(A)- rpaduueckas Qynxuusa (PyHKuus, mpeoOpasyromas 3HAYCHHS

aTpuOyTOB B U300paXKe€HuUE).

Omnpenenenue 2.3. JluarpamMmMoii Ha3bIBa€TCS MHOKECTBO
D = {A,G,V,R}, (2.1)
rjae
A - MHOKECTBO aTpuOyTOB, Takoe, uto A = A, U A,,, npuuem A4, -
MHO>KECTBO HEBU3YAJIbHBIX aTPUOYTOB U A,, - MHOXECTBO BU3YaIbHBIX aTPUOYTOB,

TO €CTh CYIIECTBYET OJHO3HAYHOE OTOoOpaxkeHue u3 A,B V;
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G- anreOpanveckas cHCTeMa, 3aJaHHasi HA MHOYKECTBE aTpUOYTOB,

V — MHOKECTBO BU3yaJIbHBIX 3JIEMEHTOB TUarpaMmel, v € V v € Vg
(cuMBoIOM - 0003HaYACTCSI IOTUIECKOE CIICIOBAHKE, T.€. B JAHHOM IIPUMEpE U3
NPUHAJISKHOCTH V MHOXKECTBY V CIIeIyeT TaKkKe ero MPUHAUICHKHOCTh Vi), TIe
Vi — mpenomnpeneneHHOe MHOKECTBO H3BECTHBIX BU3YAIbHBIX AJIEMEHTOB, IS
KOTOPOro BepHO, UTO Va EV,VEV Fa€A,,Va€eEA, FaEevEV, Te.
MHO>KECTBO A, COCTOUT U3 T€X U TOJBKO T€X aTpUOYTOB, KOTOPHIC MPUHAIICKAT
BU3YaJIbHBIM 3JIEMEHTaM u3 V;

R — mHoxecTBO paBun Buaa cond(c;): a; = fj(A); a; € A. fj samano B
pamKkax anreopamdeckoit cucteMsl G, TJie C; — YCIOBHE, IPH HCTUHHOCTH KOTOPOTO
BBITIONIHAETCA NpUucBoeHue a; = fj(A) (111 KpaTKOCTHU B ClIydae, €ClIH YCIOBHE
BCer/a UCTUHHO, TPaBHWJIO 3aluchiBaeTcs Kak a; = fj(A)).

Mpumep 2.1. Paccmorpum crenyronryro curyamuto. [IycTte umerorcs nBa
00BbCKTa, COCAMHCHHBIX CBSA3bI0. [IpeANOIOKUM, 4YTO Ka)IbIH OOBEKT HMEET
cBoiicTBa X 1 Y, YKa3bIBAIOIIIHE KOOPIMHATHI €T0 JICBOI'O BEPXHETO yTIila U CBOHCTBA
mupyHa U BeicoTa. OTHOIICHHME MyCTh MMeeT cBoiicTBa (X1,Y1), yKa3pIBaoIee Ha
KoopauHaThl ero Hadana, u (Xz,Y2), yKasblBaroIIde Ha KOOPAWHATHI KOHIIA.

JonycTtum, AuarpamMma BeITJISIAUT Tak: (puc. 2.1).

O6bekTl

0O6beKT2

OtHowleHue 1

Puc. 2.1. TIpumep npocToi guarpaMMbl
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Jnarpamma Ha puc .2.1 mocTpoeHa u3 Tpex JIEMEHTOB, JIBa U3 KOTOPBIX

NPUHAJISKAT K THITy 00BEKTa, & OJJUH — K TUITy OTHOIIeHuE (puc. 2.2).

XY
(X, Y) (X1, Y1) ( )

O6bekKT 04 O61bekT 0,

OtHouleHne R

(X2, Y2)

(LUMPUWHA, BBICOTA) (LUMPMHA, BBICOTA)

Puc. 2.2 O6BeKThI NPOCTOM TUarpaMmbl

Kax BugHO Ha puc. 2.2, 371eMeHT U300paxeHus1, IPeICTaBISIONINNA “00bEeKT”’,
COJIEP)KUT YEThIpe aTpuOyTa — KOOPAMHATHI JIEBOTO BEPXHETO yrila, WUPHUHY H
BBICOTY. DJIEMEHT M300pa)KE€HUs, MPEICTABISIONIMNN “OTHOIICHHE, TaKKEe HMEET
4yeTbIpe aTpulyTa — KOOPAWHATHI Hayajla ¥ KOOPAUHATHI KOHIIA.

JUiss mpocTOTHl MNpUMepa NPUMEM CYIIECTBEHHOE JOIMYyIIEHUE, YTO B
BU3YaJIbHOM CJIOBape UMEIOTCS rpaduuecKre 371eMEeHThI, 3KBUBAJICHTHBIE CYIITHOCTH
U OTHOWEHHMIO. HazoBeM ux “IpsIMOYronbHUK” W “‘COCIMHUTENbHAS JIUHUA .
O4eBUIHO, ITU AJIEMEHTBHI MOTYT OBITh COOpaHbI U3 00Jiee MPOCTHIX HIEMEHTOB —
JIMHUM, HO 3TO CYLIECTBEHHO YBEJIWYUT CUCTEMY COOTHOLIEHUI W JIMIIUAT IPUMED

2.1 OpoCTOTHI U HATJISIAHOCTH.

Takum 0OpazoM, MbI MOYXKEM COCTABUTH CJICTYIONTYIO CUCTEMY COOTHOIIICHUH:

Ry.X; = 04.X + O,.1uupuHa (2.2)

0,.BbICOTA (2.3)
2

Ri.X, = 0,.X (2.4)

Rl'Yl ES 01Y +
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0,.BbICOTA (2.5)
2

[Ipu »TomM puarpamma u3 mpumepa 2.1 omnuchIBaeTcs CIEIYIOUUM
COOTHOILIEHUEM:

D = {A,G,V,R}, (2.6)

rie

A= {{Ol.X, sHayenue}, {0,.Y, 3nauenue}, {0,.mMpuHa, 3HaYeHHE},
{0,.BpIcOTa, 3Hauenue}, {0,.X, 3nauenue}, {0,.Y, 3uauenue}, {0,. mupHHa,
sHauyenue}, {0,.BoicoTa, 3HadyeHue}, {R,.X,, 3nauenne}, {R;.X,, 3HayeHHe},
{R,.Y;, snauenue}, {R;.Y,, 3HaquHe}};

G- anreOpanyeckasl cucTeMa, 3a/laHHasi HA MHOXECTBE aTpuOyTOB (BBUAY
OYEBHIHOCTH HEOOXOIMMOCTH W TPHUMEHEHHUS OCTaBJieHA 32 paMKaMH JaHHOTO
paccMOTpeHus);

V = {0,. npssMoyrosibHUK, O,. IPSIMOYTOJbHHUK,

Rl' COG,ZLI/IHI/ITeJ'IbHaH_fII/IHI/IH};

O1.BbICOTA

> ) Rl'XZ =

R = {Rl.Xl = 01.X+01.H.[HpI/IHa, Rl'Yl = 01Y+

Ry.Y, = 0,.Y + 2222}

EctectBeHHO, B peanpbHOW auMarpaMMe CHCTEMa COOTHOIICHHWH Oyner
3HAYUTENFHO CIIOXHEE, KpOME TOTO, CAMH UCXOAHbIE 00BEKTHI V MOTYT CTPOUTHCS
110 TOMY K€ MPUHIIUITY U3 CUMBOJIOB BU3YaJILHOTO ajipaBUTA.

OpHrM W3 TPEUMYIIECTB TMOJXOAA SBISETCS BO3MOXKHOCTH OTKaza OT
paszeneHusi auarpaMMmbl  Ha aOctpakTHbii  Tpad cuHTakcuca (AI'C) wu
npoctpaHcTBeHHbIN rpad otHomenuit (I1I'O), koTopble YacTO UCHOJIB3YIOTCS B
dbopmanm3max, cBs3aHHBIX C rpadoBbeiMu TpammaTukamu. AI'C mpexacraBiser
CHUHTAKCHYECKOE HAMOJIHEHNUE, UMEIOIIEe CMBICI JIJIsl TPAHCIIALUN AUArpaMMBbl, B TO
Bpems kak II['O onuceiBaeT wuHTEpdeiic momb3oBatens [227]. AI'C  mis

IPUBEIECHHOIO IpUMEpa OIpEeNesieT, 4YTo Yy Hac €cTb JBa O00BEKTa ¢
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COOTBETCTBYIOIIMMHU aTpUOyTaMH, COCTUHEHHBIE HEKOTOPHIM oTHOIIeHueM, [11'0O
COZIEPKUT MH(POPMAITUIO O TOM, KaK MMEHHO OHO M300pa’K€HO Ha dKpaHe. ITOT
MOJIXOJ] TIOSIBHJICS, TPEXKIE BCEro, M3-3a BBICOKOW CJIOXHOCTH (hopMai3MoB
rpadoBBIX TPaMMaTHK, B BUY KOTOPOUW OMUCHIBATH COOCTBEHHO M300Pa3UTEIIEHYIO
4acTh AUAarpaMMbl Ha Te€X K€ TpaMMaTHKaX, YTO U CUHTAKCUC, ObLIO OBl uepecuyp
TsDKEN0. BrrauciuTenbHass MOIETh TUarpaMMbl COBEPIIEHHO CBOOOAHA OT ATOTO
HEJOCTaTKa — KaK OIMUCaHWe, TaK W CMBICIOBOE HANOJHEHHE 3a/Jal0TCs B HE
IPaKTUYECKU €IUHOOOPA3HO.

Tem He MeHee, U3 IPUBEICHHOTO OTMIMCAHUS BO3HUKAET OOJIBIIIOE KOJTHMIECTBO
npo6sieM. [IpuBeneM 371ech OCHOBHBIE.

Bo-niepBbix, Tpebyercs ¢GopMaibHBIA aJIrOPUTM BBIYMCICHUS YKa3aHHON
CEMaHTUYECKOM CeTH IPU B3aUMOJECHCTBUAX € MOJIB30BATEIIEM.

Bo-BTOpHBIX, MONB30BaTENh HE IPUBBIK B3aUMOJICHCTBOBATH C AUAarpaMMaMu
Kak ¢ HabopoM 3JIeMeHTapHbIX 0J0KOB. BmMecTo 3TOr0 OH onepupyer o0beKTaMu U
OTHOIIICHHUSIMHU.

B-Tpetbux, He0OX0IMMBI YETKO (pOpMaIM30BaHHBIE MTpaBUIa J00ABIECHUS U
yJaJeHHs YacTell TuarpaMMsl IIpH peJaKTUPOBAHUU.

B-ueTtBepThIX, TpeOyeT HCCIeIOBaHUS BOMPOC KOHEYHOTO TpaduuecKoro
O0TOOpakeHUs AMarpaMMbl — HE3aBUCUMO OT YHHMBEPCAJIbHOCTH OW3HEC-JIOTHKH,
OTPaHUYEHHUS] MOTYT BO3HUKATh M3-3a OTCYTCTBHS MOAXOMASIINX BO3MOXHOCTEH
BU3YaJIbHOTO OTOOPAKEHHUS.

O1H npoOIeMbI OYIyT paCCMOTPEHBI IMOAPOOHEE B TTOCICAYIONIMX pa3aeiiax.

2.2. Aszopumm pacuema 8b14ucAUMENbHOU MOdeau 8U3YaAAbHO20
A3bIKA

B paGorax [49, 50, 51, 52] D.X. Tslyry NOpemIONKMI KOHICIIHIO
BBIYMCIIUTENBLHON Mozenu — (OpMau30BaHHOM CEMaHTHUYECKOM CeTH, B y3Jax
KOTOpOM HaxXOAsATCS TMEpEeMEHHbIEC, CBA3aHHBIE MEXIY COOOW OTHOILUEHUSMU —

MAaTCMAaTHYCCKUMHA OIICpallUAMMU. I[aHHaﬂ MOACIIb TaKXKC HNHOI'Ja HA3bIBACTCA

anreOpanyeckor CEeMaHTUYECKOM CEThIO.



38

JlaHHasi CeTh MPEICTABIISIET 3HAHUSA O BO3MOXKHOCTSX BbIUMCIECHUN. Te mumm
WHBIE OIEpPaTOpPbl JOJDKHBI BBINOJHATHCS B 3aBUCUMOCTHM OT OIPEAEIICHHBIX
YCJIOBUHM, & UMEHHO — W3BECTHBI 3HAYEHHUS UX NTAPAaMETPOB, U OHH BBIYUCIISIOT €IIIE
HEBBIYMCIICHHBIEC IEpEMEHHBIE. [[yTem ornpenenenus myTv B CETU OT LETU, KOTOPYIO
HEOOXOJMMO PAacCYUTaTh, A0 HAYaJIbHBIX Y3JIOB MOKHO BBISICHUTH, KAKOH MMEHHO
MOPSAOK ONEPAIUi JOJKEH IPU 3TOM BBITTOTHATHCS.

Kak Obuio mnokazaHo Teiyry, MmogoOHBIE MOJEIH XOPOIIO OIMUCHIBAIOT
IpOCThIE MaTeMaThdeckue U (U3NYECKUE CHCTEMbI, B KOTOPBIX 3ajJaHbl
COOTHOILIEHHSI BHYTPU MHOKECTB NEpEMEHHBIX. KpoMe TOro, B MpOCTHIX clIydasx
BBIYMCIIUTEIbHAS MOJENb [TO3BOJISIET OTBETUTHh HA BONPOC — pa3pelInMa JIM 3a/1a4a
BOOOIIIE, 1, €CJIU J1a, TO KAKOB MUHUMAJIbHBIIN aJrOpyUTM I ee paszpenienus. Kpome
TOTO, BBIYUCIUTEIBHBIE MOJIEIM JETKO KOMOWHHUPYIOTCS, B PE3yJIbTaTe€ Yero
YIPABJICHUE 3HAHUSMHU O IPEIMETHON 00JaCTH BECbMa YIPOUIAETCS.

OCHOBHBIM HEIOCTATKOM OPUTMHAJIBHOW MOJENIH SIBISETCS HEBO3MOXKHOCTb
CTPOUTH AJITOPUTMBI C BeTBICHHEM. /[l pemieHus 3Tod mnpoOnembl Thiyry
IPEJIOKWII TaKk HA3blBAEMbIC PACIIMPEHHBIE  BBIYMCIHATEIBHBIE  MOJEIH,
JOTIOJTHEHHBIE  YIPABJLSIIOIMMU  OTHOLICHUSIMH, A WMEHHO, KOHKaTE€Haluueu
(BBIUMCIIEHUSI BBIMOJHAIOTCS CTPOrO JPYr 3a JIPYroM), YCIOBHOE OTHOIICHHE —
BBIIIOJIHAIOIIECECS, TOJBKO €CJIM HEKOTOpas IepEMEHHas WCTHHHA, a TaKXke
OTHOILICHHMSI BBI30BA MO13a1a4H.

OCHOBHBIM NPEUMYIIECTBOM MOJIENHN SBIETCS TO, YTO OHA MPEKPACHO
NO3BOJISIET NPENCTABIIATh 3HAHHWA B TEX CIydasX, KOrga 3TO 3HAHUSA O
MaTE€MaTUYECKUX COOTHOUIEHUSX B pPaMKax HEKOTOPON NpeIMETHOM 00JacTu.
NMeHHO 3TO CBOMCTBO MoOjeied ThIyry MOCIYKWJIO MOTHMBAUMEW ISl CO3aHUs
BBIYUCIIUTEILHON MO BU3YaJIbHOTO si3blka. C JIPyroil CTOPOHBI, BaXKHEHITUM
HEJIOCTaTKOM  YKa3aHHOM MOJENH SBISETCA HENETEPMUHUPOBAHHOCTH €€
BBIYMCIICHHSI W TMOTEHUHMaJdbHas NpOoTUBOPeUnBOCTh (THIyTy mpeninoxkeH TepMUH
“HecraroHapHOCTh” [52]). JleHcTBUTENBHO, JAJIEKO HE 00sI3aTEeIBbHO CYIIECTBYET
TOJBKO OJWH IYTh BBIYHCIICHHS pE3yJibTaTa, KPOME TOrO, Pa3HbIE IyTU MOTYT

JaBaTh pa3Hble pe3yabTaThl. ThIyry mucai, uto “Beedenue mpebosanuii nOIHOMbI U
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Henpomueopeyugocmu 0Ovl10 Obl CUTbHBIM 02PAHUYEHUEeM NpU UCHONb308AHUU
MoOeneud 0l ONUCAHUSL CHOJCHLIX 00beKmo8 u seneHul. HMccaredosanue unu
NPOeKmMuposarue oO6veKma Yacmo HaA4uHaemcsi ¢ He3Ha4umenbHO20 KOIuuecmasd
ceedeHull, Komopwvle 6 npoyecce pabomvl UBMEHAIOMCSA U OONOJHAIOMCAL.
Buiuucnumenvnvie mooenu enoane nooxoosam Oas  NpeOCMABNeHusi MaKux
UBMEHAIOUUXCS, HeNOJIHbIX U, Oblmb Modcem, 0adxce NPoOmu8OPeyUBbIX CEeOeHUl,
KOMOPbIMU UCCTIe008ameilb WU NPOEeKMUposwuK pacnoiazaem. /lanee mpebosarnue
O0OHO3HAYHOCMU PeuleHUs 3a0a4u cmasumucs e 6yoem. OOHO3HAYHOCMb PeuleHUs
Modicem  obecneyugamuvcs, ¢ OOHOU CMOPOHbBI, COOEPAHCAHUEM OMHOUEHU,
o0opazylowux mMooeib, U ¢ Opyeoil — Henpomusopeuusocmvio camux zaoau'[52].
OpHako, TO, YTO XOPOMIO JJIsi OMUCAHHOW CUTyalluu, HE MOAXOAUT JJISi CHCTEM,
CBS3aHHBIX C B3aWMOJICHCTBHEM C TMOJH30BATENIEM, B OCOOCHHOCTH, €CIH 3TO
B3aMMOJICHCTBUE pacCMaTPUBAETCA KaK MOOOYHBIN 3(pPEKT BHIYUCICHHUS.

OpurunanpbHas MoJieidb ThIyIy CpPaBHHUTEIBHO XOpOIIO paboTaeT s
CIy4aceB, KOTJa BBIYMCICHHUS BCErIa HAYT B OJHY CTOPOHY, OT HEKOTOPBIX
NEePEMEHHBIX, 00Pa3yIOUUX BXOAHOU HHTEpdeENc MOIENU, K 3HaUCHUAM, KOTOPbhIE
SBJIAIOTCSL pE3yJbTaTOM BBIYUCICHUH. B cioyyae BBIUMCIUTENBHOW MOMAEIH
BU3YaJIbHOTO $3bIKA, 3aBUCHMOCTH HOCAT IUKIMYECKHH XapakTep, IMOITOMY
OpUTHHANbHAS MOJAENb ThIYIy HEXelaTeldbHa K HCIOJIb30BAHUIO BBUIY
HEJICTEPMUHUPOBAHHOCTH BBIUMCIACHUN — IS pPEAaKTOpa AuarpaMM ObIIO OBl
KpaiiHe Heyqo0HO, ecnu OBl TMOCie B3aUMOJICHCTBUS C IOJIb30BAaTENIEM OJIHA
JuarpaMMa IpeBpaiagach B HECKOJIBKO M TI0JIb30BaTENb JOHKEH ObLT ObI BEHIOMPATH
Ty, C KOTOpPOM OH XOYeT jAajee MpoJoJDKUTH padoTy. HeoOxoammo mpemsiokuThb
npaBuja BBHIYUCICHUS] CEMAaHTUYECKOW CETH TaKHe, YTOObl OHH IO3BOJISUIM TPHU
MpPaBUJIBHOM  TPOCKTUPOBAaHMM  (PArMEeHTOB  CETH  JCTCPMUHHPOBAHHBIE
BBIYHCIICHUS TUATPaMM.

Ilpumep 2.2. PaccMoTpuMm TUIOBOM mpuMep TPOCTOTO ¢parMeHTta
TUarpaMMbl, MMEIONIUH MECTO IS OOJIBITMHCTBA JHArPpaMMHBIX SI3BIKOB H
WUTIOCTpUpyronuid mpobsemy. Ilycts 3aaH IpsSAMOYTOIBHBIN OJIOK, HAJl KOTOPHIM

MOJKHO IIPOU3BOJHNTD CIICAYIOIIUC I[GflCTBHH — MCHATDB €TI0 pasMEp, repemMceias yrijbl
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Osioka. Takoil pparMeHT MOXKET OBbITh ONMUCAH CIICAYIONICH CEMAaHTUYECKONU CEThIO

(puc. 2.3):

(x1, y1) (x2, ¥2)

(x3, y3) (Xa, ya)

Puc.2.3. [lpumep THIOBO# GUTYpPHI

X1=X3 (2.7) y1=y2(2.11)  Xo=x1+width (2.15) ys=yi+height (2.21)
X3=X1(2.8) y2=y1(2.12)  x1=Xz-width (2.16) y1=ys-height (2.22)
X2=X4(2.9) Y3=Yy4(2.13)  Xsa=xs+width (2.17) y4=Yy2+height (2.23)
Xa=X2 (2.10) ya=y3(2.14)  Xz=Xxs-width (2.18) y2=ys-height (2.24)
width=x2-x1 (2.19) height=ys-y1 (2.25)
width=xs-X3 (2.20) height=ys-y> (2.26)

3nech width — mupuHa npsimoyronsHuKa, a height — BeicoTa.
[TocTpouM COOTBETCTBYIONIYI0 ATHUM IMpaBUJaM CEMAHTHUYECKYIO CETb,

(dbparMeHT KOTOpoil mpuBe/ieH Ha puc. 2.4.
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X1=X3

X3=X1

width=x2-X1

N

X1=X2-width X3=Xs4-Width

X4=x3+width

X2=x1+width

width=x4-X3

Xa=X2

Puc. 2.4. ®dparmeHT ceMaHTHYECKOM CETH, OMUCHIBAIOIIEH TUTIOBYIO QUTYPY.

Ha mnpuBeneHHOM pHCyHKE H300pakeHa 4YacTh CEMaHTUYECKOW CeTu,

cooTBeTCTBYOMIas npasmiaM ¢ (2.7) mo (2.10) u ¢ (2.15) no (2.20) u3 npumepa 2.2.
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V35bl, 0003HAYCHHBIC OKPY)KHOCTSMH, TMPEACTABISIFOT 3HAYCHHS MEPEMEHHBIX.
V3I1bl — NPSIMOYTOJILHUKH TPEICTABISIOT MaTEMATUUECKUE COOTHOIICHUs. CBsI3u
NPEJICTABIISAIOT YYaCTHE B MATEMAaTHUCCKUX COOTHOIICHHUSAX, IPUYEM CBSA3b MOXKET
COCJIMHATh TOJIKO Y3JIbl pa3Horo tuma (T.e. rpad IBYIOJIbHBIN); €CIIH CBS3b
BBIXOJIMT U3 MIEPEMEHHON ¥ BXOIUT B COOTHOIICHHUE, TO ATA MEPEMCHHAs BXOJIHAS,
eCclIi Hao0OpOT — TepeMeHHas BhIxoHas. OUYeBUIHO, U3 KAXKIOTO COOTHOIICHUS
MOXET BBIXOJIUTH TOJIBKO OJTHA CBSA3b.

[Ipenmonoxxum, I1ONB30BATENb IEPEABUHYJI JIEBBIM BEPXHUM  YIoOJl
npssMoyrojibHuka. Ha puc. 2.4. BHIHO, YTO CYHICCTBYIOT pa3JIUYHbIC ITyTH
repecueTa MOJICIH, MOTCHIIMAIBHO JAIOIINe Pa3IudHble pe3ysibTarthl. Hampumep,
BBIUMCIICHUEC MOXET B Havaje mouTu no mytu (2.19) 2 (2.17), a MoKeT MOWTH 1o
nytH (2.8) 2 (2.15). B nepBoM ciyyae purypa u3MEHHUT CBOM pa3mep, a BO BTOPOM
— HET.

Takum 06pa3oM, OUEBUIHO, YTO HEOOXOAUMBI IETEPMHUHUPOBAHHBIC TIPABUIIA
BBIYKMCIICHUS TTOJTyYHMBIIEIHCS CEMaHTHUYCCKOM CETH.

I[J'ISI ,Z[ElﬂbHGfIHIGI‘O HN3JI0KCHH BBCACM HCCKOJIBKO onpe,ueﬂeHHﬁ.

Onpenenenne 2.4. BosgeiictBuem na mmarpammy D = {A,G,V,R}
Ha3BIBACTCS TTOJAMHOMXECTBO MHOXKECTBA

A" = {aj, a3, ..ay},

rae s mroboro a; = {n;, v;} € A BepHo, uto a; = {n;, v;"}, 1.c. aTpuOyTHI

C COBIIaAarOMMMHN UMCHAMHU UMCIOT, BOSMOJKHO, PA3JIMYHBIC 3HAYCHU .

Co CMBICIIOBOM TOYKHM 3pEHUSI BO3JECUCTBUE — 3TO MHOKECTBO aTpUOYTOB C
HOBBIMHM 3HQUEHHUSIMH, KOTOPbIE TIOJAYYWJIM OTH 3HAYECHUS B Mpolecce
B3aUMOJICMCTBUSL C JuarpaMmoM. Temepp MOYHO [aTh ONMCAHUE AITOPUTMA,

BBIYHCJIAIOIIECTO anI/I6YTLI ArarpaMmsl IIpyU BO3HUKHOBCHHUHA BOSﬂCﬁCTBHH Ha HEC.

AaroputMm 2.1 (aJrTOpUTM BBIYKCIICHUS IUArpaMMbl TIPU BO3JCHCTBHH).

Breruucnenue cocTtout wu3 JABYX OJTallOB. Ha IICPBOM JTallC OCYHICCTBIIACTCA
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NEePBOHAYAILHOE M3MEHEHHE HEKOTOPhIX TMEPEMEHHBIX (B3aUMOJEHCTBUE C
Mozenbio). Ha BTOpoMm »Tame npuMEHSIOTCS MpaBuiaa A0 TeX MOp, MOKa He
OoOHapy>KHUBaeTCs, YTO OOJIBIIE HE OCTAIOCH MPUMEHUMBIX MpaBuil. JItoboe mpaBuiio
u3 MHOXecTBa R (cM. opmyiry 2.6) MokeT OBITh BBITOJTHEHO TPH COOJIOICHUN

CHEAYIOIINX YCIOBHIM:

1. V; eme He NOJy4HJIO HOBOE 3HAUYEHHE;

2. V...V, comepxar XoTs Obl OJHY MEPEMEHHYIO, MOJYYHUBIIYI0 HOBOE

3HAYCHUC,

3. Ycnosue cond UCTUHHO.

Onpez[e.nemle 2.5. HazoBem ACTCPMUHUPOBAHHBIM BBIYHCJIICHHC
AuarpaMmal, IIpU KOTOPOM aJITOPHUTM 2. 1, HC3aBHUCHUMO OT BOSI[GP'ICTBHH, I'CHCPpUPYCT

TOJIBKO OHY ITOCJICAOBATCIIbHOCTD ITPUMCHCHUSA IIPAaBUJIL.

Onpenenenune 2.6. HazoBem HEMPOTUBOPEUMBHIM BBIUUCIICHHE JHATPAMMBI,
P KOTOPOM aJropuT™ 2.1, HE3aBUCHUMO OT BO3JIEUCTBUS, IPUBOJUT K OJTHOMY H

TOMY K€ COCTOSAHHIO JUarpaMMBI.

Boluucienuss ceMaHTHYECKOM CETHM MPOUCXOAST B  OOIIEM  cliydae
HEJCTEePMUHUPOBAHO (HECTAIIMOHAPHO), YTO SABJSETCS MPOOJEMOMN, B YaCTHOCTH,
NPUBOJAIICH K KOMOMHATOPHOMY B3pBbIBY, a TakKe K HEMNpPEICKa3yeMOMY
MOBEJICHUIO BU3YaJIbHOW cocTaBisronieid. s Toro, 4roObl MOJENb IMOJydHIIa
MPUKIIAIHOE 3HAYEHUE, €€ HEOOXOAMMO MPUBECTH K JIETCPMUHUPOBAHHOMY WJIU
XO0TsI ObI HEMPOTUBOPEUNBOMY BHIY. CTaHAApTHBIE aJITOPUTMBI JIJIsi IPUBEICHUS K
JIETEPMUHUPOBAHHOMY BUy KOHEUHBIX aBTOMATOB [1] MPUMEHEHBI 3/1€Ch HE MOTYT
OBITh, TaK KaK UCXO/HBIC Y3JIbI MOTYT OBITh CBSI3aHbI C BU3YAIbHBIMU JJICMEHTAMH
U uxX TmpeoOpa3oBaHMsl Pa3OpBYT OTY CBs3b. B CBSI3W C 3THUM BO3HUKAET
HACTOSATEJIbHAsT HEOOXOAMMOCTh TPUMEHEHHS alroputMa 2.2, OIMcaHue KOTOPOro

IIPUBEINCHO HUXKE.
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Aaroputm 2.2 (aJNropuTM INpUBeJeHHs  BBIYUCIMTEJIBbHONM  MOJE/H
BH3YaJbHOI0 SI3bIKA K IeTEPMHUHMPOBAHHOMY BH]Y)

[Tycts nansl Tpu QyHKIUU:

P;(a), Bo3Bpamaromniasi ICTUHY, €CIH X MPUHAICKHUT BO3ICHCTBHUIO U JOXKb
B IIPOTUBHOM CJIy4ag;

P(a), Bo3Bpamaromnias UICTUHY, €CIIM X Y)K€ MOJIy4nsT HOBOE 3HaUCHHE MPH
BBIIIOJIHEHHUHU anropurma 2.1, v J10Kb - B IPOTUBHOM CJIy4dae 1

F(aq,ay, ...a;), BO3Bpamamomas il KaKIOTO BO3MOXKHOTO BO3/IECHCTBHUS
[; mocne10BaTeIbHOCTD BBIYUCICHUS y3II0B 1; = {anj,l, A ;25 anj,kj} eN,rne N -
MHOKECTBO BCEX MOCIIENOBATENLHOCTEH, Kj- JUIMHA MOCJIENOBATENLHOCTH T, &
A jm~ aTpuOyT, BBIUMCISAEMBIA Ha IIare m 3TOW MOcieAoBaTelbHOCTH. Jlis
OPOCTOTBI  MOXXHO  CUMTAaTh, 4YTO (QYHKIMUS  BO3BpAlllaeT  HUHACKC |
MOCJIEA0BATEILHOCTH U3 MHOXKecTBa N. OTa QyHKIUS MOKET ObITh TpeoOpa3oBaHa
B ¢pyukumo F'(aq,a,,...a;,j) = F(aq,a,,...a;) =j, a F' yxe BbIpakeHa uepes
P;(a) u P(a) a Takxke GyHKIIMA MaTEeMAaTHIECKON JIOTUKH.

[TycTh Takke 3aJaHO MHOXECTBO IpaBuia R’ = {rnj'm}, TJ€ T m - TIPABUIIO,
KOTOPOE€ JOJIKHO OBITh TPUMEHEHO [IJIs1 BBIUMCIICHUS aTpudyTa Qpjm Ha IIaTe M
TOCJIEI0BATENILHOCTH 1j B COOTBETCTBUH C YCIIOBUIMH ajropurma 2. 1.

JLiist Ka)K10T0 3HAYEHUS N BBIIIOJIHUM CIICIYFOLINE JICHCTBUS:

BBenem B quarpammy aTpuOyTHI a’nj,o, a’nj,l, a’nj,kj JIOTHYECKOTO TUTIA,

Kaxnoe npasuno 7, m : cond (an,m) Hpm = fnj'm(A) ; Gnm EAME
1..k; wmonuduuupyem B dopmy Tp.m * cond (an,m AF'(aq,a,,...a;,j) A
/\:1;1 P(a,nj,i) ) . anj,m = fnj,m(A); an]-,m €A mel. kj-

B pesymbrare BBIMONHEHHMS alropuT™Ma OyIeT IOJy4eHa HOBas

CCMaHTHYCCKasa CCThb, BBIYHCJICHHUC 110 KOTOpOﬁ 6yz[eT IMPOUCXOIUTH

JETEPMHUHUPOBAHHO.
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[IponemMoHCTpUpyeM HpHUBEACHUE MOJEIN K JI€TEPMUHUPOBAHHOMY BHUY.
Pemium mnpenpiaymuii npuMep, M300paxeHHbIM Ha puc.2.4, U onpeAcisIonnii
NPSIMOYTOJILHUK ¢ mepeMeniaeMbiMu yriiamu. @opmynsl (2.7) —(2.26) mocTpoeHsl
TaK, 4YTO MPU MEPEMEILEHUH yTiia GUrypsl B paMKax aaroputma 2.1 10mycTumMo Kak
MIPOM3BECTU MEPECcUeT OCTAIbHBIX YIJIOB, @ MOTOM IIMPUHBI U BBICOTHL, TaK U
MIPOU3BECTHU ATHU JIEHCTBUS B 00paTHOM mopsiike. B pesynbrate gurypa Moxxer kak
WU3MEHUTH pa3Mep, TaK U MEPEMECTUTHCS Ha IPyroe MecTo 0€3 M3MEHEHHUS pa3Mepa,
a100 M3MEHUTH pa3Mep MO OJAHOM OCH U MepeMecTUTbcsa Mo Jpyroi. [logoOHbIH
HEJICTEPMHUHU3M HEMpHUeMJIeM [JIsl mojb3oBarelis. [103ToMy HE0OXOaUMO YEeTKO
OTIPEAETUTh TOPSAOK, B KOTOPOM OYIYyT BBITIOJHSTHCS BBIUMCICHHS, HaIpPUMeED,

CJIETyIOITUM 00pa3oM:

X3 = Xq,
Y2 = Vi

height = y; — y,;

X4 = Xg,

Vi =Y
width = Xy — Xq,
height = y; — y,;

ny: Pi(x2) AP (y2) (2.28)

height = y; — y,;

Xy = Xy,

Y3 = Ya,
width = x, — x4;
height = y; — y,.

(2.30)

xl = X3,‘

Y4 = Y3,
na: P () AP (y3) F {Wl-dﬁ;‘_ M (2.29)
Nyt Pi(x)AP;(Vs) F {



46
B stom ciiydae dyukius F MoxkeT UMeTh ClaeAyIONIui BU:
F'(ay,az, . a;,j) = Pi(x AP ()N = 1V
Pi(x2)AP;(y2)Nj = 2 V Pi(x3)AP;(y3)Aj =3V (2.31)
Pi(xa)AP;(y )\ = 4

OnHako, U1 MPOCTOTHI M 6€3 OTEpH OOIITHOCTH ISl KaXKI0TO 1;MOKET OBITh

UCTIONIb30BaHa (QyHKITUS

Haxkomner, moctpoum MHOXeCTBO TipaBmiI R (cMm. popmyny 2.6)

Tnya ¢ cond(Pi(x)AP(y1) )ixs = x4 (2.33)

Tny2 ¢+ cond (Pi(x)AP;(y)AP(x3) ):y2 = y1 (2.34)

Ty ¢ cond(P;(x;)AP;(y1)AP(x3) AP(y,)): width = x; — x; (2.35)

Tuya * cond(P;(x)AP;(y1)AP (x3) AP(y,)AP(width)): height = y; — y, (2.36)
Ty ¢ Cond(Py(x2) AP (y2) )i xy = X, (2.37)

Ty ¢ CONd(Py(x2) AP (¥2)AP(x4) )i y1 = ¥ (2.38)

Tu,3 ¢ cond(P;(x) AP, () AP (x,) AP(y1)): width = x, — x; (2.39)

Tuya ¢ cond(P;(x2) AP;(y2)AP(x4) AP(y)AP(width)): height = y; — y, (2.40)
Tng1 ¢ cond(Py(x3)AP;i(y3) )i xy = x3 (2.41)

Tng2 ¢ cond(Py(x3)AP;(y3)AP(x1) ): ys = ¥3 (2.42)

Tuy 3+ cond(P;(x3)AP;(y3)AP(x;) AP(ys)): width = x; — x, (2.43)

Tuya * cond(P;(x3) AP;(y3)AP(x;) AP(y,)AP(width)): height = y3 — y, (2.44)
Tga ¢ cond(Pi(x3)AP;(y3) ):1x2 = x4 (2.45)

Tng2 + cond (P (xz) AP (y3)AP(x2) ): y3 = Y4 (2.46)

Tu,3 * cond(P;(x3)AP;(y3) AP (x;) AP(y3)): width = x; — x; (2.47)

Tga ¢ cond(P;(x3)AP;(y3) AP (x;) AP(y3)AP(width)): height = y3 — y, (2.48)

PesynbpTupyromias ceTb BRIUUCISAETCSA anropuTMoM 2.1 nerepMuHUpPOBAHHO.
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Ipumep 2.3. [Ins npuBeneHus aAuarpaMMbl K HEMPOTUBOPEYUBOMY BUIY
MOTYT UCIIOJIb30BAThCS 3HAUUTEIBHO OoJiee mpocThie peoOpa3zoBanus. Hanpumep,

paccMOTpUM MOIU(MUIIMPOBAHHBIN (parMeHT JuarpaMmel ¢ puc. 2.4.

X1=X3  Y1=Y2  P(width):X,=Xx;+width P(height):ys=yi1+height )
X3=X1 Y2=Yy1 P(width):x;=X,-width P(height):y;=ys-height
Xo=Xs4 Y3=Ya P(width):Xs=Xs+width P(height):y,=y,+height

X=Xz Yi=ys P(width):xs=x;-width  P(height):y,=y,-height ((2.49)
width=xp-x1 height=ys-y;
width=x4-X3 height=ys-y>

Mo>xHO yOeIHUTBhCS, YTO BCE BapUaHTHI IIepecueTa CeTH JaayT OIMHAKOBBIN
pe3yIIbTaT, T.€. TuarpaMMa HEeIPOTHBOPEUHBA.

Takum 00pazom, ObUTO JaHO (hOopMajdbHOE ONpEACICHUE BBIYUCIUTEIBHON
MOJICJIM JUarpaMMbl, BBEJCHBI aJITOPUTMBI pacyeTa dTOW MOJCIH W HPHUBEICHUS
MOJICTTM K JCTepMUHUpOBaHHOMY BHAy. CleayromuM HEOOXOIUMBIM IIaroM
SBIIACTCS ONPEJCIICHUE BH3yaJbHOTO CHHTAKCHCA JUarpaMMbl, 3aJaHHOH B
BBIYHCIIUTEILHON MOJEINH, T.€. HEMOCPEICTBEHHOTO CIO0c00a M300pakeHUs ee Ha

JKpaHe.

2.3. Bu3yabHbill cuHmakcuc ouazpammbl

B mnpeasiaymiem paszpene ObUIO MOKa3aHO, Kak IapaMmeTpbl, Ha OCHOBE
KOTOPBIX (hOpMUPYETCST N300pakeHrue AUarpaMmMbl, MOTYT OBITh MPeoOpa3oBaHbl B
BBIUHCIIUTENbHYIO MOJIENIb BU3YAJIbHOTO si3blka. CIEAYIOIUM 1IaroM HEO0X0AUMO
ONPENEIUTh CHOCO0 HM300paKE€HUs JMarpaMMbl Ha OCHOBE ATHUX MapaMeTpOB.
CoOcTBEeHHO M300pakeHUe auarpaMMbl  (QOpPMHUPYETCS 3a CUET HEKOTOPbIX
BU3YaJIbHBIX IPUMHUTHUBOB C IIPEOIPEIECTICHHBIM MOBEJCHUEM, UMEIOLINX aTPUOYTHI,

yKa3bIBalOIIUE, KaK UX PUCOBATh, U OMUCHIBAEMbIE ceMaHTHYecKoi ceTbio. Habop
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3TUX aTpUOyTOB 00pa3yeT BU3yalIbHbIN al(paBUT TUarpaMMbl, a B3aUMOJICHCTBUE C
OCTAJIbHOM CEMAaHTUYECKOMN CETBHIO — €€ BU3YyaJIbHbI CUHTAKCHUC.

BusyanpHblli NpUMUTUB  (PAKTUUECKH MPEACTaBISAETCS  (PparMEeHTOM
CEMAHTUYECKON CETH, KOTOPOMY COIIOCTaBJIEHBI HEKOTOPHIE 3HAHUSA O TOM, KaK OH
B3aMMOJICHCTBYET ¢ ToJib3oBareneM. Habop Takux NMpUMUTHBOB HE 005S3aTEIHHO
OTrPaHUYEH YUCTO TpapUUEeCKUMH JIEMEHTAaMU — B 3TOM POJIM MOTYT BBICTYIATh
OOBEKTHI, M3MAIOIINE 3BYK WJIM, HallpUMep, B3auMOCHCTBYyIomue C (aiioBoil
CUCTEMOM.

IIpumep 2.4. B kadyecTBe npumepa pacCMOTPUM IIPUMUTHB — OTPE30K
IPsIMOM, KOTOPBI XapaKTepU3yeTcs YEThIPbMs KOOPAMHATAMHM, BCTYNAOIIMMH B
OTHOILIEHUs1 ¢ arpulOyTramu Oojee oOmiel cemanTuyeckoil cetu. [IpsmMoyroiabHUK
CTPOUTCS M3 YETBIPEX TAaKUX NPUMUTUBOB M T. A. Ha puc. 2.5 mokazaHo, Kak
NPSIMOYTOJIBHUK CTPOUTCSI M3 YETHIPEX OOBEKTOB — OTPE3KOB, COEAMHEHHBIX

COOTHOHMICHUAMHU PABCHCTBA CBOUX KOOPAMWHAT.

= (XY) (XY) ‘\zA

(X,Y) (X,Y)

= <Y
XY == xv (X.Y)

Puc. 2.5. IIpumep noctpoenus rpadu4ecKoro JeMEeHTa U3 IPUMHUTHBOB

JlaHHBIN TIOAXO MPUBOJUT K TPEM KIIFOUEBBIM IpodieMam. [lepBoit U3 Hux
SBJIIETCSI BRIOOP MHOXECTBA BU3YaJIbHBIX MPUMUTHUBOB. OUYEBUIIHO, YTO CO3/1aTh
HCUYEpIBbIBAIOIIEe MHOKECTBO HEBO3MOXKHO. Takum 00pa3om, eciid peCcTaBICHUE
YacTH, CBSI3aHHOM C aOCTpaKTHBIX I'padOoM CHHTAKCHUCA, HE TpPeOyeT IJisi CBOETO

OIMMMCaHuA HHUYCTO, KPpOMC CTPYKTYP AAHHBIX, TO HGO6XOI[I/IMOCTI) BU3YAJIbHOTO
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0TOOpakeHMsI MPUBOAUT K BOMNPOCY O TOM, I'Zl€ YCTAHOBUTH YEPTY, 3a KOTOPOU
JanbHeilee HapaluBaHUe BU3YaJIbHOTO andasura CTAHOBUTCS
Helesnecooopa3HbIM. IHBIMU cl10BaMH, MOTEHIIMAIbHAsA BO3MOKHOCTh HapHCOBATh
JarpaMMy OTPaHUYMBAETCS KOJIMYECTBOM U XapaKTEPOM BU3YaJIbHBIX JJIEMEHTOB,
KOTOPBIE MOT'YT IPUCYTCTBOBATh B UHCTPYMEHTE, PUCYIOIIEM 3Ty AMArpaMMy, U UX
KOJIMYECTBO CUYETHO. Bo3Bpamasce K NnpuMepy C OTPE3KOM IIPSMOHM, B CaMOM
IIPOCTOM CJIydae OH MOXKET UMETh YeThIpe aTpulyTta. B Gosee crnoxHOM ciyyae Mbl
MO>KEM YUYUTBIBATh TOJILIWHY JIMHUH, LIBET U CTUJIb, HAIMYUE CTPEJIOK HA KOHIAX U
T.1. DPakTUYECKH, MOTEHIMAIBHOE KOJUYECTBO TPEOYIOIUXCS aTpUOYyTOB HE
OTrpaHUYEHHO.

B03MOXHO HECKOJIBKO OYEBHUIHBIX MMOAXOA0B K PEIICHHIO 3TOH 3aaadn. Bo-
NEPBBIX, ITO KIacCU(UKAIHSI U3BECTHBIX AUArpaMM IO TUIaM OOBEKTOB U MOTBITKA
BbIIeJIeHHs 0a30BOro Habopa BU3yalbHBIX TPUMUTUBOB. BO-BTOPBIX, 3TO MOAXOABI
Ha OCHOBE IIEpEYHs MPUMUTUBOB BU3YaJbHBIX penakTopoB. llonxox Ha ocHOBe
KJIacCU(PUKAaMM W3BECTHBIX JUarpaMM oOJaJaeT TEM MPEUMYIIECTBOM, YTO
rapaHTUPYET BO3MOKHOCTb M300paK€HUs TOTO MHOYKECTBA Juarpamm, KOTOpbIE
ObUIM MPOAaHAIU3UPOBAHBI, OJHAKO OCTABIISET BOIPOC OTHOCUTEIBHO JIUArpamw,
KOTOpbIE HE OBUIM PACCMOTPEHbI HA MOMEHT Kjiaccudukauu. C Apyroil CTOPOHBI,
ONMPAsACh HA BO3MOKHOCTH BU3YaJIbHBIX PENAKTOPOB MOKHO CUUTATh, YTO BCE, UTO
MOXET OBbITh HApUCOBAHO BHU3YaJbHBIM pPEIAKTOPOM, MOXKET OBITh TaKke
WCIIOJIb30BAHO KaK BHU3YyaJibHbIM andaBUT auarpammbl. Takum oOpa3zom, BTOpOH
HOJIXOJ], XOTSI ¥ COMNPSDKEH ¢ OOJBIIMMU TPYJHOCTAMHU (IIOTEHLUATBHO OTPOMHOE
KOJIMYECTBO aTpUOYTOB), SIBISETCS 00JI€€ YHUBEPCAIbHBIM.

Bropas BaxkxHas npoOiema, MOsSBISIOIAACS U3-3a CAMON MPUPOJIbI MOJEIH —
npuBsizka K TpaduyecKkuM ycTpoicTBaM, (DaKTHUUYECKH, JAearouias AuarpaMmy
3aBHCHMOKN OT oToOpaxkeHus (uto Hapymiaer madiion Model-View-Controller).
[Ipeamnonoxxum, 9T0 y HAC €CTh rpadUUuecKuil AIEMEHT “TeKCT’, ISl KOTOPOTO
3aJ1al0TCsl aTpUOYThl — KOOPAMHATHI JIEBOTO BEPXHETO yria, mpudT, COOCTBEHHO
TEKCT, a TakXKe JJIMHA W BBICOTA, BBIYMCIAEMbIE HAa OCHOBE MPEIbIIYIINX

[mapamMcCcTpOB. O]_IHaI(O I TOTrO, YTOOBI paccuuTatb JIMHY W BBICOTY TCKCTA,
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HEJOCTaTOYHO 3HaTh HIpU(T M caM TEKCT, HEOOXOIUM Takke rpapuuecKuit
KOHTEeKCT. Takum 00pa3oMm, B 3aBUCUMOCTH OT TOTO, Ha KAKOM yCTPOMCTBE pUCYETCS
auarpamma, OHa JI0JKHa IepecuuThIBaThes. BakHo mpoOiaemMoii, BO3HUKAOIIEH B
pe3ynbTaTe yKa3aHHOIO HENOCTATKa, SBJIIETCS HEBO3MOYKHOCTh OJHOBPEMEHHOIO
OTOOpPAKEHHUS TUarpaMMbl Ha JBYX Pa3IMYHBIX YCTPOMCTBAX.

[IpoGnema 3aBUCUMOCTH OT rpa)MuecKoro KOHTEKCTa MOXKET OBbITh pellieHa
OJIHAM M3 JIBYX crioco00B. [1epBbIil — 3TO cO3qaHME HEKOTOPOIO MPOMEKYTOYHOTO
abCTpakTHOrO Trpauueckoro KOHTEKCTa, KOTOpbIM Obl  MpeoOpa3oBBIBA
BU3YaJllbHYI0O MOJI€Jb B allapaTHO-HE3aBHUCHUMOE M300pak€HUE, KOTOpOE B
JanbHENIIEM yke, COOCTBEHHO, U M300pakajioch B KOHEYHOM yCTpoicTBe. JlaHHbBIN
coco0 TOCTaTOYHO MPOCT, HO HE YHUBEPCAJIEH, TaK KaK HE MO3BOJIET MEpe1aBaTh
Ha3aJ B MOJEJb JaHHBIE O HACTPOWKaX OKOHEYHOIO YCTPOMCTBA 4TO, B CBOIO
ouepeib, AeNaeT rpaduuecKoe NpeICTaBIeHNE HEOITUMAJIBHBIM J1J1s1 HaOJr01aTersl.

Orta ke npobdiieMa MOXKET OBbITh pelIeHa IyTEM CO3AaHUN KOTIUN rpaduueckux
AJIEMEHTOB JJIsi KaXJI0ro u3 Trpaduyeckux ycTpoicTtB. B TakoMm ciyuae
CEMaHTUYEeCKasi CeTh JIOJKHA OBbITh pa30MTa Ha JABE YacTHU M 3aIlpEIlEHbI JH0ObIe
(GYHKIMM, BBIYMCISAIONIME 3HAYEHHUsS aTpuUOyTOB W3 HEBHU3YaJbHOW 4YacTH IIO
aTpuOyTam U3 BU3yalbHOU (HO HE HA000poT). IIpenMyIIecTBOM Takoro pereHus
ABN€TCS  OOJbIIasl  YHHUBEPCAIbHOCTh, @ OYEBHMJIHBIM  HEIOCTAaTKOM -
UCKJIFOUUTEbHAS CJI0KHOCTb.

Hakonen, Tpetbsi mpoOsieMa 3aKiII04aeTcss B MOJJIEPKKE B3aMMOJICHCTBHUS
MEX Iy MOJIb30BaTENIEM U BU3yAJIbHBIM 3JIEMEHTOM. VIMEHHO BU3yallbHBIE DJIIEMEHTHI
SBJIAIOTCS JJI TOJIb30BATENsl TEMH CYIIHOCTSAMH, 4Y€pe3 KOTOPbIe BO3MOXKHO
OCYLIECTBUTH TO WM NHOE BO3JECHCTBUE HA UAarpaMMy — HaIlpuUMep, IepeMeIEeHUe
00BEKTa, €ro yJajieHue Uil BbI30B KOHTEKCTHOro MeHI0. HeoOxoauma noanepxka
B3aMMOJICUCTBHS C MOJIH30BATEIEM UMEHHO Ha 3TOM YPOBHE.

Jlisa pemeHust TpeTbel MpoOsieMbl MpeasiaraeTcs co3AaBaThb HEBUIUMbBIC
rpaduyeckue NPUMUTHUBBI, MpeIHA3HAYCHHBIE I O0paOOTKU OIpeeIeHHbIX

coObITuil mHTepdeiica. Takum o00pa3oM, BO3MOXHO COYETaTh MPOU3BOJILHOE
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BU3yaJIbHOE TIPEJICTABIICHUE C MMPOU3BOJIbHBIM COOBITUEM MHTEp(eiica. B kauecTre
TaKuX COOBITUN MOXHO pacCMaTpUBATh, HAIPUMED, HAXKATUE KHOIIKU MBIIIIH.
Takum oOpazom, ObIIO TTOKA3aHO, YTO BU3yaJIbHOE OTOOPaKEHHE TUArpaMMBbl
MOXeET ObITh 00eCIedeHo 3a cYeT Habopa BU3YaJIbHBIX MPUMHUTHBOB, CBSI3aHHBIX C
ee MOJIeTbIO uepe3 aTpuOyThL. [Ipy HCImop30BaHNN TAKOTO TTOIX0/1a BO3HUKAIOT TPH
npobsiemsl. [lepBas — BBIOOP MHOKECTBA I'paUUECKUX MPUMHUTHUBOB — MOXKET OBIThH
perieHa 1100 ¢ MOMOIIBI0 KITaCCH(PUKAIMH JSKOMITO3UIINNA BU3YaTbHBIX JJICMEHTOB
M3BECTHBIX JAWarpamm, JMOO C MOMOIIbIO CHHTE3a HAa OCHOBE BO3MOXHOCTEH
COBPEMEHHBIX TpauUeCKuX peaakTopoB. BTopas mpobiemMa — HEBO3MOXKHOCTH
OoTOOpaXeHUs AUarpaMMbl B OTPHIBE OT KOHKPETHOTO TpapuecKoro yCTpoucTBa —
MOXeT OBITh pelieHa JUOO ¢ MOMOIIBI0 BBEACHUS IPOMEKYTOUYHOTO YPOBHS —
a0CTPaKTHOTO IpaUIECKOro YCTPOMCTBA, TNOO ITyTeM pa3/ieeHUs CEMaHTHUYECKON
CETH HAa HEBU3YAIbHYIO U BU3YAJIbHYIO, CIIEHIU(PUYHYIO I KaXKJI0TO YCTPOMCTBA B
otnenbHOCTH. HakoHell, TpeThs mpobiieMa — B3aUMOJICHCTBUS C TI0JIb30BaTEIIEM —
pemaercs C TOMOIIbI0 BBEICHUS HEBUIAUMBIX TpapUUYECKUX MNPUMHUTUBOB,

npeaHa3HAYCHHBIX JJIs1 00paO0TKH COOTBETCTBYIOIINX COOBITHI MHTEpdelica.

2.4. Jlocuyeckue 06'seKkmoul duazpammbul

[Tonb30Barenb, onepupys ¢ AUarpaMMoi, IpUBBIK paboTaTh ¢ 0ObEKTaMH, a
HE C MX AJIEMEHTApHBIMU YacTsIMHU. B yacTHOCTH, 3a7a4a yaalieHus OObEKTOB AJIs
MOJIb30BATENs MPEACTABISETCS aTOMapHOM, 4YTO TpeOdyeT XpaHEHHs B MOJAEIHU
MH(pOpMAIUU O TOM, KaKU€ UIMEHHO €€ 4acTu 00pa3yroT ynainsieMblil 00beKkT. Takum
oOpa3zoM, HE0OXOIUMO O00ECTEeUUTh KOMIO3UIUIO TpadUUeCKUX NPUMHUTHBOB U
aTpuOyTOB CEMAaHTUYECKON ceTh B 0Oojiee KpyHHbIE 3JIEMEHThl — JIOTMYECKHE
O0OBEKTHI, KOTOPHIMH MOKHO ObLIO OBl ONIEPUPOBATH KAK €AMHBIM LIEIIBIM.

JuarpamMma MO>KeT ObITh MPEICTaBJICHA MOJIB30BATENI0 TPEMS Pa3INUHBIMU
crocob0amu, JiBa U3 KOTOPBIX Y€ ObLIM paccMOTpeHbl. Bo-mepBbIX, quarpamMma —
3TO u300pakeHue (BU3yalbHBIA YpOBEHb). BoO-BTOpBIX, AuarpamMma HMeEET
OIlpeieNieHHOe HMH(POPMAIMOHHOE HANOJHEHHEe, Ha OCHOBAHUU KOTOPOIO C

JUMarpaMMoid MOXHO B3aMMOJIEHCTBOBATh (YpPOBEHb IMOBEIACHUS WU OU3HEC-
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joruku). Hakonern, naisi pemieHUs MOCTABICHHOW 3aJaud — B3aUMOJCHCTBUS C

dbparMeHTaMu IUarpaMMmbl KaK C ©OUHBIM IE€JBIM — TIpeajiaracTcsi BBECTH

JOTIOJTHUTENIBHBINA JIOTUYECKUN YPOBEHB, COCTOSIIINMA U3 OOBEKTOB JUArPAMMBI.
PaccMmoTpuM yke TPUBOJMBIIYIOCS CHCTEMY M3 JBYX CYIIHOCTEH U CBS3U

MEXTy HUMH. JTa CUCTeMa MpeJICTaBUMa CIIeyroImuM oopa3om (puc. 2.6):

O6bekT 1

Ob6beKT 2

BusyanbHbIN
ypOBEHb

Jlornueckni
YPOBEHb

O6bekKT 2

1

1

1

1

1

1

1

1

1

|

1

' YpoBeHb
1

! Busnec
i JIOTUKMK
|

1

1

1

1

1

1

1

1

1

1

1

BbICOTa

Puc.2.6. YpoBHU npefcTaBiIeHUS AHArPAMMBI

YHNOMSHYTBIA TOAXOJ MOPOXKIAET Cpa3y HECKOIBKO 3aaad. Bo-nepsbIX,
HEO0OXOJIMMO 0OECIIEUUTh OJTHO3HAYHOE COOTBETCTBHUE MEXKIY BCEMHM DJIEMEHTaAMU
00BeKTa ¥ caMuM 00BEKTOM. B0o-BTOpBIX, HEOOXOAMMO OOECTICYUTH MPABMIHHYIO
00paboTKy pa3pbiBa OTHOIICHUN MEXTy OObEKTaMU MPH yIaJICHUH OJHOTO U3 HUX
(HampuMep, NpH yJIAJE€HUU CYHUTHOCTH B JUArpaMMe “‘CYIIHOCTh-CBSI3b~ JOJDKHBI

YAAIUTBCA U BCC CBA3H, BXOAAIINEC WM BbIXOIAIINC U3 Hee).
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Haunboniee oueBUIHBIM pElIEHUEM IEPBOM 3a7aud SBISETCS PacCMOTPEHHE
JIOTUYECKOTO O0OBEKTa KakK €II€ OJHOro y3Jia (KOHIENTa) CEMAaHTHUYECKOM CeTH
CHeIMaIbHOro THIIA, CBI3aHHOI'O OTHOIIICHUSIMHU BHUAA “BXOJUT B” WM “‘COCTOUT U3”
C JApyruMH Yy3iamu. Takum o0pa3oM, MO BHU3YaJIbHOMY »3JIEMEHTY MOXKHO
YCTAHOBHUTH, K KAKOMY UMEHHO JIOTUYECKOMY OOBEKTY OH OTHOCHUTCS, MOCIIE YETro
OTIPEJIEIIUTH BCE AJIEMEHTBI, U3 KOTOPBIX ATOT 00BEKT cOCTOUT. [Ipu HEOOX01uMOCTH
yAQJIEHUS 3TOT0 00bEKTa JOCTATOYHO MPOCTO YJAATUThH U3 CEMAHTUYECKON CETU BCE
KOHIICTITHI, BXOJSIINE B 3TOT OOBEKT (€CiaM OOBEKT HE CBS3aH OTHOIICHHUSIMHU C
Ipyrumu oObekTamu). HegoctatkoMm mojxoja sIBIASETCS HEKOTOPOE YCIOKHEHUE
MOJIEJIH.

bonee cnoxHoM siBIsieTCs 3ajadya pa3phiBa OTHOIICHUM MEXAY OOBEKTaMH
Ipy yAAJICHUM OJHOTO W3 HUX. Takas 3ajaya MOXKET TpeOoBaTh KacCKaIHOTO
yaaneHus: 00JIBIIOTO KOJIMYECTBA 00BEKTOB. TeM caMbIM, BO3HUKAET BOMPOC — KaK
UMEHHO crleayeT HWHGOPMHUPOBATH CEMAHTHYECKYI0 CE€Tb O T0J0OHBIX
B3aUMOCBs3sX. [IpoCThIM pelieHrueM 3Toil 3ajauu SBJISIETCS BBEJACHUE OIEpaluu
CBS3BIBAHUS Y3JIOB - JIOTHYECKUX OOBEKTOB OTHOUICHUSMU TPUHAJICKHOCTH.
Takum 00pa3om, HalIpuUMEP, B TUarpaMme “‘CyIIHOCTb-CBSI3b~ CYIIHOCTb, BCTyMas B
OTHOIIIEHHE CO CBSI3bI0, MOXKET YCTAaHABIMBATH OTHOIIICHUE MTPUHAJIJICAKHOCTH ITOMN
CBSI3M K CYIIHOCTH W TIPH yJIaJ€HUU CYIIHOCTHU CBSI3b TakKe OyNeT yIaasiThCA.
CnoxHble HepapXuu MPUHAIIICKHOCTU JIOTUYECKUX 00BEKTOB MOTYT MPUBOAUTH K
T000My KacKaJHOMY yJaJeHuI0, KoTopoe Heooxoaumo. [Ipu 3Tom cieayetr umeThb
B BUJly TOT HEJIOCTATOK PEIICHUS, YTO HEBO3MOXHO BBITIOJIHUTH YCIOBHOE YJaJICHUE
B 3aBUCHUMOCTH OT 3HAYEHUI KOHIIETITOB-aTPUOYTOB.

3amaua mpeoOpa3oBaHMsI CEMAHTUYECKOM CETH TPU BCTaBKE OOBEKTa B
TUarpaMMy M yaalieHuu oObeKTa U3 Hee SIBISICTCS KpaitHe BakHOU. [Ipu aToM 3TH
JeUCTBUS HE 00513aTENIBHO CBSI3aHbI HETIOCPEICTBEHHO C ICUCTBUSMMU I1OJIh30BaTENS.
TpeOoBanus TpeAMETHONW OOJACTH MOTYT OBITH TaKOBBI, YTO TIOJOOHBIC
npeoOpa3oBaHusi MOTYT BBINOJHATHCS B OTBET HE HAa COOBITHUS BCTAaBKH WJIU
yAaJIeHus, a Ha U3MEHEHHUE 3HAaYeHUsI HEKOTOpOoro KoHienTa. [IpocTeiM npuMepom

TaKOM IuarpaMMbl MOXKET OBITh UTpa “9KU3HB [15], mpesarnonaras, 4To oHa BeeTCs
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Ha OECKOHEYHOM ToJie U Kaxkjas suelka B HeWl peanu3oBaHa Kak 00bekT. C
GyHKIIHEH BpPEMEHH KOJMYECTBO OOBEKTOB HAa WIPOBOM IIOJI€ CYIIIECTBEHHO
MEHSETCS, OJIHAKO TMOJIb30BaTEIb HE YYAaCTBYET B ATOM IMPOIECCE HAIPSMYIO.
BmecTo 3TOr0 n3MeHeHue SBIsSIeTCsl YaCThI0 CHHTAKCHCa JUarpaMMBl.

Kak Oplmo yXe moka3zaHO paHee, OOBEKT IuarpaMMbl MPEACTABISICTCS
bparMeHTOM CEMaHTUYECKOM CEeTH, KOTOPBIM HEOO0XOJUMO MO OMNpe/eICHHBIM
MpaBUjIaM B 3Ty CE€Th BCTABUThH JTMOO KOTOPHIM HEOOXOAMMO U3 ITOU CETH U3BATh.
Taxkum 00pa3oM, JOTUYHBIM BUIUTCS, YTO H3MEHEHHE TOIMOJOTHH CEMaHTHIECKOM
CETH MOXET SIBJISITHCS TOOOYHBIM 3(PHEKTOM OT €€ BBIYUCICHUS TaKUM K€ 00pa3oM,
KaK 3TO MPOUCXOJUT B (PYHKIMOHAJIBHBIX S3bIKaX (YTO HEMEAJICHHO BBI3bIBACT
MPEANOJIOKEHHEe O TMPEANOYTUTETLHOCTH YUCTO (YHKIMOHAIBHOTO  CTHIIS
OTMCAHMSI TUATrPamMMm).

Takum oOpa3zoM, peasiaraeTcsi BBeCTd 0co00ro pojia (yHKIMHU, BBITIOJIHEHUE
KOTOPBIX MPUBOIAWIO Obl K M3MEHEHHIO TOIOJIOTHMHM Juarpammbl. BbI30oB 3THX
(GbyHKIUI MOT ObI TPOUCXOIUTH B MPOLIECCE NIEpecUYeTa uarpaMMbl U, Kak MOOOYHOE
JIEUCTBUE ITOTO MIepecyueTa, 100aBsATh B TUarpaMMy HOBbIE OOBEKTHI JINOO yIasATh
CYIIECTBYIOIME. DTO IMO3BOJUIO Obl MOJETUPOBAThH J0O0ABICHUE WUIIU yAalieHUE
00BEKTOB, HAIIPUMED, B OTBET Ha MEPEMEILICHUSI APYTUX OOBEKTOB JIMOO B OTBET Ha
BHEIIIHUE BO3JICMCTBUS WA BO3JECHCTBHS TariMepa.

Eme onHMM BaXHBIM acmeKTOM sIBJIsieTCS Jekommo3uius. Bo MHoOrux
JyarpaMMax —CyIIeCTBYIOT OOBEKTBI, COJepKallue BHYTpPU ce0sl Jpyryro
auarpaMMmy. B BBIUHMCIUTENIBHOM MOJIENIM BU3YaJbHOTO fA3bIKA 3Ta 3aJada TakkKe
UMEET ecTecTBeHHoe pemieHue. CemMaHTUUeCKas CE€Th, MPEACTABIAIONIAs
BHYTPEHHIOIO JUarpaMmy, o0OpasyeT €IuWHOE IIeJI0e C BHEIIHEH CeThlo, Oyayuu
CBSI3aHHOM C HEW uepe3 aTpuOyThI IEKOMITIO3UPYeMOT0 00bekTa. Takum o0pa3om, C
OJIHOW CTOpPOHBI, BHYTPEHHSSI YacTh CETH MOXKET MPEJCTaBIATh OTACIbHYIO
JUarpaMMy, C IPyrod CTOPOHBI, TAHHBIE 3TON JUarpaMMbl €CTECTBEHHBIM 00pa3oM
CBSI3aHbI C OCHOBHOM IMarpaMMON.

Nrak, ObUIO MOKa3aHO, YTO 3a CUET BBEACHHUS KOHIIENITOB HOBOT'O THIIA —

JIOTHYECKUX OOBEKTOB M OTHOIICHUI IMPUHAIJICKHOCTH MCKIAY HUMU U OPYTIHUMH
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KOHIIETITAMHU TOSBJISIETCS] BO3MOHOCTh ONEPUPOBATH CO CIOXKHBIMU (PparMeHTaMu
JIAArpaMMBbl KaK ¢ €IMHOM CUHTAaKCHUYeCKOW eauHuiei. [Ipu sTtom pemena 3agaya
pasphiBa CBsI3el MEXIy OOBEKTaMH NPU YIAJICHUH OJIHOTO M3 HUX M KacKaJHOTO
ynanenus. Kpome Toro, moka3zaHo, 4TO BCTaBKa M yAQJICHHE OOBEKTOB MOMKET
€CTECTBEHHBIM 00pa3oM MPOU3BOJUTHCS B XOJi€¢ OOBIYHOTO MepecueTa CeTH U He
00s13aTeNIbHO TPpeOOBATh NIEUCTBUS MMOJIb30BaTeNs. HakoHel, mpo1eMOHCTPUPOBAHO,
YTO JIEKOMITO3UIIUS JIOTUYECKOTO O0BEKTa TaK:KE€ UMEET €CTECTBEHHOE PEIICHUE B

paMKax BBIYMCJIMTECILHOM MOICIIN.

2.5. Humepdbelic 83aumodeiicmausi ¢ nosb308ameiem

B3aumoneiicTBue ¢ AauarpaMMol Ui TOJb30BaTENsl HE OrpaHUYMBAETCS
TOJIBKO 00pabOTKON COOBITHI OT MBIIIH, paCCMOTPEHHOU B pazzene 2.3. Boobie
rOBOpSl, HMCTOYHUK B3aUMOJCUCTBUS MOXET OBITh MPOU3BOJIBHBIM. MOXKHO

IIPHUBCCTH CHGIIYIOH_[I/Iﬁ CIIMCOK BO3MOKHbBIX BUJOB BSaHMOHeﬁCTBHHI

1. B3aummonaeicTBUs CO CTaHIAPTHBIMH METOJaMU BBOJIa OTICPAITMOHHON CHCTEMBI
(B OCHOBHOM, KJIaBHaTypa U MBIIIIb, a TAKXKE MOTECHIIUATbHO OKOHHBIE COOBITHSA).

2. B3anMopeiicTBue ¢ IMAJIOTOBBIMH OKHAMHU.

3. BzaumopeiictBue ¢ GyHKIIMEH BpeMEHH.

4. BzaumojelcTBHE CO CTOPOHHUMU IPOrpaMMaMH.

Tem He MeHee, 3T BHIBI B3aUMOJCHCTBUS TaKKe MOTYT OBIThH
MIPOMOJICITMPOBAHBI Yepe3 OIpeiesieHre BO3ICHCTBUA Ha JUarpaMMy U TPUMEHEHUE
anroputmMa 2.1. B dYacTHOCTHM, BOMPOCHI PpEAKIMM Ha B3aUMOJCUCTBUS
CTaHJAPTHBIMU METOJIaMU OTIEPAIIMOHHON CHCTEMBI MOTYT OBITH PEIICHBI IMyTEeM
n00aBJICHNS BU3yaJIbHBIX IPUMHUTHBOB - CITyIIATENEH, MOJACPKUBAIOIINX PEAKITUTO
Ha COOTBETCTBYIOIIUE BO3ACHCTBUA. Hampumep, it co3gaHus MPsSMOYTOIbHUKA,
KOTOPBI MOYKHO JBUTATh JIEBOW KHOMKOW MBIIIN ¥ BBIBOJUTH KOHTEKCTHOEC MEHIO
MPaBOM KHOIIKOM MBIIINA, HEOOXOIUMO JOOABUThH K TPAPUUIECKUM DJIEMEHTAMHU JBE

aKTUBHbBIE 00JIACTH, pEarupyrolne Ha COOTBETCTBYIOUIUE COOBITHS OT MBIIIIH.
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Baxxnolt 3amauedl sBIAETCS PpENAKTUPOBAHHME OOBEKTOB C IOMOIIBIO
JMAJIOTOBBIX OKOH. J[MamoroBoe OKHO JOHKHO M3MEHSTh 3HAYCHHSI HEKOTOPBIX
aTpuOyTOB TOYHO TEM K€ CIOCOOOM, YTO M OCTaJbHBIC BHJbI B3aHUMOJICHCTBUS,
MOCJIE Yero CeTh JOJKHA IEePEeCUUTHIBATHCS TaK K€, KaK IMpU JAPYyTrux BUAAX
B3auMoecTBUsA. VHBIMU cloBamMu, HEOOXOJMMO OIKCATh ECKPUIITOP OKHA,
CBSI3BIBAIOLINH (POpMAT OKHA C KOHI[ENITAMU TUarpaMMBbl (IPUYEM, ITOT IECKPUIITOP
MOTCHITMAIIBHO MOXET OpaTh CBOM JAaHHBIC M3 TOM )K€ CETH, CKaXKeM, PEIaKTOp
KOHIIETITA MOXXET OBITh BBIMOJHEH B BUJIC BBIMAJAIONIETO CIHUCKA, BO3MOKHBIE
3HAYCHUS JIJIS1 KOTOPOTO COJICPIKATCS B IPYTOM Y3JI€ CETH).

Kpome Toro, mmarpamMma MoOKeT OBITh AMHAMHUYECKOH, T.€. MEHATHCSA Kak
dbyHkuus BpeMeHU. [ permieHuss 5TOM 3ajaud mpejjiaraercs HMCIOJIb30BaTh
COOBITHSI  TailiMepa, CBsI3aHHbIE CO 3HAYEHHEM HEKOTOpPOTO  KOHIIEMTa.
COOTBETCTBEHHO, C TCUCHHEM BPEMEHHU 3HAUCHHE KOHIIENTa OyAeT M3MCHATHCSA U
quarpaMMa  repecuyuThiBaThcsi. Ha  ocHOBE 3TOro mojaxojga  BO3MOXKHO
JTEMOHCTPUPOBAThH JUHAMUYECCKHE N300paKEHUS BIUIOTH J0 BHJICO.

Hakonen, BaXHOW BO3MOXXHOCTBIO  SIBJISIETCSI  B3aMMOJICHCTBHE  CO
CTOPOHHUMH NporpamMmamiu. [Ipu HamTU4YMM HEKOTOPOTO OTKPBHITOro MHTEpdeiica,
TIO3BOJISIONIETO YCTAHABIMBATh 3HAYCHHS KOHIICTITOB, CTOPOHHHE MPHIIOKCHHUS
MOTYT CTPOUTH CBOM MHTEP(PEIC Ha OCHOBE CyIIeCTBYOMUX auarpamm. Hampumep,
W3BECTHBI MapaMeTphl JICTATEIBLHOTO ammapara, 3TH MapaMeTphl MEepeIaroTcs B
qUarpaMMmy, IOCJ€ 4Yero MO HW3BECTHBIM (pOpMysiaM BBIYHCISCTCS U PHCYETCS
CXeMaTH4eCKoe U300pakeHHE MOJI0KEHHUS arapara B IPOCTPAHCTBE.

Takum oOpa3om, Bce BHIIBI B3aUMOJCUCTBHS C JUArPaMMON €CTECTBEHHBIM
o0pa3oM peanu3yroTcsi ¢ MOMOIIbI0 M3MEHEHHsS 3HAauYe€HUW HEKoToporo Habopa
aTpuOyTOB BBIYMCIUTEIILHON MOJIeTH W MpuMeHeHus anroputma 2.1. [lomoOHbIN
MO/IXO/I MOKET HCIOJIb30BAThCS I BCEX BHJIOB B3aMMOJICHCTBHS JUArPaMM C
MOJIB30BATENIEM, & TAKXKE JIJISI CO3/IaHUST TUHAMUYECKUX JUarpaMM U BU3yalln3aIiuu

JaHHBIX CTOPOHHUX CHUCTCM.
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2.6. Hukauveckue 8bl4ucaeHus

[Ipu wucnonp3oBanuu anroput™Ma 2.1 BO3HUKAET MpPoOJieMa BBITTOJIHEHHUS
HUKINYECKUX BBIYUCICHUM. Tak Kak KaxIblil KOHIENT B paMKax OJIHOIO IIMKJa
BBIYHMCIICHUM MOKET OBITh BBIYMCIIEH TOJILKO OJWH pa3, TO Ha TEPBBIA B3TIIS
HanOoJIee MPSAMOJIIMHEWHBIM PEIICHUEM JIJIsi OpTaHU3al|K KA OyJIeT TPaKTOBaTh
TOT (haKT, 9TO TIEPEMEHHAs YK€ N3MEHWJIA 3HAYCHUE B paMKaXxX Tepecuera MOJICIH,
KaK HEKOTOPBIi npu3HaK (MPU3HAK BBIYMCICHHOCTH), KOTOPHIH MOXKET ObITh CHSAT B
MPOIIECCE BBIUUCIICHUS JPYTUX KOHIIENTOB. TeM caMbIM, B paMKax OJHOU uTepanuu,
B 3aBUCUMOCTH OT YCJIOBHS BbIXO/a U3 IIMKJIA, IPU3HAK MOKET CHUMATHCA (BO3BpaT
Ha WUTEpaIMIO0) WM YCTaHABIMBAThCS (BbIXOJ W3 Iukia). Hampumep, momobHas

CEMaHTHYECKas CETh, BEIUMCIISIIONIAs pakTopuai, n3o0paxeHa Ha puc.2.7.

EcaimT>0T10C=1wm
CHATb NPU3HAK
BbluMcneHHoctn c Y

Y=Y*T
CHATb NPU3HaK
BbluMC/ieHHOCTU C T

T=T-1
T=X CHATb NPU3HaK
v=1 BblyncneHHoctmn ¢ C

Puc.2.7. CemanTH4ecKas Ce€Th, BEIYUCISAIONIAS (aKTOpHAIT

Onnako moAoOHBINM MOAX0a 00JiaiaeT psAOM HemocTaTkoB. [Ipexae Bcero,
KaK MOYXHO YBHJETh, YK€ JJIsI CTOJIb MPOCTOTO aJropuTMa, Kak ¢hakTopuall,
TpeOyeTcss BEJACHUE HEKOTOPHIX HMCKYCCTBEHHBIX CEPBHCHBIX Y3JIOB, MOOOYHBIX

3(1)(1)CKTOM BBIYHCJICHUA KOTOPBIX ABJIAJIOCH OBl CHSITHE HYXHBIX ITPHU3HAKOB
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BBIYMCIICHHOCTH (B OIPEICICHHOM CMBICIE 3TH CEPBUCHBIC Y3IIbl 3aMEHSIOT
UTEPAaTOPOB I1MKJIA). BoO-BTOpHIX, Tak Kak pe3yibTaT SBISIETCA MOOOYHBIM
NEUCTBUEM, 3TO 3aTpyJHUIO Obl ABTOMATUYECKUN aHaIM3 U ONTUMHU3ALUIO
ajiroputMa (KOTopasi B OpUTMHAIbHOM MOJENH BO3MOKHA MO aHAJIOTMH C YUCTHIM
(GYyHKIIMOHATBHBIM TporpaMMupoBaHueM). TakuM oOpa3oM, MOAXOA uepes
IPU3HAKU BBIYMCIEHHOCTH NMPOOIEMATUYEH.

Haunbosiee yaadyHbIM MpEACTABISIETCS MOAXOJA YEpPEe3 PEKYPCHBHOE
oOpamienne k gparmentam auarpammbl. Kak ObuTo moka3zaHo B mojpaszene 2.4,
y37bl JHarpaMMbl MOTYT OOBEIUHATHCS B JIOTHYECKHME OOBEKThl. Bwinenus
uHTEepQeic Takoro o0beKTa U MMesl (PYHKLIHMIO BCTaBKU OOBEKTAa B JUATPAMMY,
MOKHO ONHCaTb PEKYPCUBHBIE aITOPUTMBI CHOCOOAMM, XapaKTEpPHBIMU MJIs
(YHKIIMOHAJIBHBIX SI3bIKOB, KaK, HAIlpUMEp, aJTOPUTM BBIYHCIEHUS (haKTOpHaa

f=x!, cxema koToporo nzoopaxena Ha puc.2.8.

N
G Q Echn A>1

C=A-1
Ecam A=1 BcTaBUTb HOBbIN OBBEKT U CBA3ATb €ro
B=1 nHtepoeiccCu D

Puc.2.8. PexypcuBHOe BbIUHcIeHHE QaKkTOpUaa
Takum oOpa3om, ceTb MEHSET TOINOJIOTMIO MO Mepe BBIYUCIECHUN (UTO
MoJIpa3yMeBaeT HeOOXOAUMOCTh YAAICHUSI HEHYKHBIX OOBEKTOB MOCIIE OKOHYAHHUS
BbIUKCIIEHMIT). B kauecTBe mpuMepa uCIoIb30BaHUsI MOXKHO IPUBECTU BBIYUCIICHUE

¢bakTopuaina, Hanpumep, uncna 2 (puc. 2.9).
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Puc. 2.9. Tlpumep pacmmpeHus ceTu Ui BeIYHCIeHUs dakTopraia yucia 2

Takum 06p8,30M, JdaHHasad MOZICJIb ITO3BOJIACT IIPOU3BOAUTH HMHUKINYCCKUC

BBIYHCJICHU .

2.7. OnucaHue 8U3ya/1bHO20 A3bIKA

JlIo cux TOp BBIYUCIWTENbHAS MOJETh paccMaTpuBajach  3/€Ch
IIPUMEHHUTENBHO K HEKOTOpOM auarpamme. OaHAKo, KOHEYHOM 3aJadyel JaHHOU
paboThI SIBISETCS MPEJIOKUTh MATEMATHYECKYI0 MOJENb JJIA OMHCAHUS s3bIKa
auarpaMM, a He KOHKPETHBIX JuarpaMm Ha JTHX s3bIkax. Takum oOpazowm,
HEOOXOMMO MPEAJIOKUTH CIIOCOO OMUCAHUS MPAaBWII, MO KOTOPHIM IOJIb30BATENb
CMOYKET CTPOUTH JUarpammy.

[Tonb3oBaTens B mpolecce padoThl ONepupyer OObEKTaMU M MPABHIAMHU
TpaHchOpMaINK JUarpaMmsbl (T.€., B HEKOTOPOM MPUOJIMKEHUH, POAYKITHOHHBIMU
npasmiaMu). [IpeacraBisercs JOTHYHBIM, YTO SI3BIK JOJDKEH OBITH OMHMCAH Ha
OCHOBE TiepeuHs OOBEKTOB H TpaBWiI TpaHcPopMaluu, 3aJaHHBIX B
BBIUYHCIIUTENILHON MOJEIH.

OOBEKT B BBIYUCIUTEIHHON MOJICIH SIBJISETCS COBOKYITHOCTHIO KOHIIETITOB-
aTpuOyTOB, KOHIENTOB — (PYHKIMH, KOHIIENITOB — TpadUUECKUX MPUMUTUBOB U
KOHIIENTOB - JPYIrUX OOBEKTOB. TakuM oO0pa3oM, OOBEKT caM SBISETCSA
auarpaMMmoi, KoTopas MOXeT OBITh omucaHa crmocoOOM, ONMUCAaHHBIM B

NpCAbIAYIINX ITOJpa3Jiciiax.
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C npyroit cTopoHbl, paBuiia TpaHchopmaiu GakTHUECKH COCTOAT U3 ABYX
yactel. Bo-mepBrIx, 3TO MpaBuiia COEIMHEHUSI KOHIIETITOB 00bEKTa C KOHIIENTaMU
auarpaMMbl.  Bo-BTOpBIX, 3TO HEKOTOpPOE TOBEACHHE, KOTOpOE JIOJDKHA
POJIEMOHCTPUPOBATH JUArpaMMa MOCie BKIIOYEHHUSI B HEE HOBOTO 00BEKTA.

[lepBas WacTh pemiaeTcsi OTHOCUTEIBHO JETKO. Y OOBEeKTa BBIICIACTCS
HEKOTOpbIM uHTepdeiic, nmpu A00aBIEHUU H3TOrO0 OOBEKTa B CYIIECTBYIOUIYIO
auarpaMMmy yKasbplBaeTcs, C KakKMMH M3 KOHLENTOB JTOW JMarpaMMbl OH
CBSI3BIBACTCS M KAKUMHU UMEHHO PyHKIMAMU. Takum 00pa3oM, /i perieHus IepBoi
3a/layd  HEOOXOJMMO OIpEeAeTUTh JUIsl KaXJoro OOBbEeKTa €ro BO3MOXKHbBIE
UHTEp(ENChI (TaK Ha3bIBAEMBbIE POJIH) a TAKXKE JJIS1 KaXKJOM pOJIU MEPEUYeHb APYTUX
YYacCTBYIOIIMX B OTHOIIEHUHU POJIEH W IMpaBWiIa YCTAaHOBJIEHUS (DYHKUIMOHAIBHBIX
3aBHCHUMOCTEN MEXIy HUMHU.

BTtopast gacTh sBIsIeTCS €CTECTBEHHBIM CIIEACTBHEM CTPYKTYpBI Moneiu. [lpu
noOaBieHUM OOBEKTa B JUarpaMMy €ro KOHLENTHI-aTpUOYTHI  SABIISIOTCS
HEBBIUMCICHHBIMH M B TPOILIECCE MX BBIYMCICHUS MOXET OBITh PEalM30BaHO
HeoOxoauMoe noseneHne. Kpome Toro, BO3MOXHO J0OABUTh CHEIUATBHBIN HAOOD
(YHKIMH, BHITOJHSIOLUIMXCS B OTBET Ha JOOABJICHHUE WM yAAJIEHUE O0bEKTA.

Taxum 006pa3om, onrcaHue sI3bIKa B BBIYUCIUTEIBHON MOJIENIM CTPOUTCS Ha
OCHOBE ONMCAHUSA (PPAarMEHTOB CEMaHTHUYECKOW CETH W MpaBWJI UX BCTaBKHU B
nuarpammy. [Ipu 7ToM BO3MOXKHO MO AepKATh KaK CHHTAKCHC CAaMHUX 0ObEKTOB, TaK

" CIICHHAJIbHOC ITOBCACHUC JUArpaMMbl B OTBET HA U3MCHCHUC €€ TOIIOJIOIMH.

2.8. TpaHcaayus duazpamm 8 8bIMUCAUMENbHOU Modeau

OueBuaHbiM OOpazoM, rpaduueckas cpeaa pPEAAKTUPOBAHMS —SIBIISIETCS
BaKHOU, HO HE €IMHCTBEHHOU (DYHKITHEH MOICPIKKH BU3YaITbHBIX S36IKOB. Jlpyroi
BXKHOM 3a/1aueil SIBISIETCS TpaHCHALMsA. MOXHO BBIAEIUTH JBE OCHOBHBIE 3a/1a4H,
CBSI3aHHBIC C TPAHCIISIMEN — TpeoOpa3zoBaHue JuarpamMM B Ko (IpruyeM Mo KOJI0M

MO>KHO TMOHUMATh KaK TEKCT, TaK W, HAIPUMEp, APyrue IuarpaMmbl) U 0OpaTHOE
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npeoOpa3oBaHue KojAa B jAuarpamMmy (peMH>XHMHUpPUHT). Bo3HuKaeT Bompoc
BO3MOYKHOCTH TPAHCJISAIUH JJIS TUATPaMM, 33 TaHHBIX BEIYUCITUTEIIHHOU MOJIEIBIO.

3amaya yHUBEpCAIbHOW TPAHCISAIUMU JUArpaMM B KOJ CYIIECTBYET €Ile C
HIECTUACCATHIX TOA0B [235]. MOXHO BBIIEIHTH [JIBa OCHOBHBIX ITOJXOJA,
UCIIOJIb3YeMBIX B YHUBEPCAIBHBIX JHAarpamMMmepax — NpUMEHeHHe TrpadoBbIX
rpaMMaTHK U CleHapHeB TpaHcsiuuu. ['padoBbie TpaMMaTUKU — CYTh 000011IeHNE
MEXaHU3Ma TPAHCIIIIUU TEKCTOBBIX SI3BIKOB Ha ciydaid rpadoB. [lo anamoruu c
TEKCTOBBIMU SI3bIKaMH, Tpadbl TMPEACTABIAIOTCS B BHUAC TEPMUHAIBHBIX U
HETEPMUHAIBHBIX Y3JI0B, MEXIY KOTOpbIMU 3amaHHbl pebpa. [IpoaykimoHHbIE
MpaBuWia MPEJCTaBISIIOT cO00M mpaBuia TpaHnchopmanuu GparMeHToB rpadoB B
npyrue gparmenThl. Takum 00pa3oM, UCTIONB3YS T€ Ke dIEMEHTApHBIC ONepallnu,
YTO U JJIS TEKCTOBBIX SI3bIKOB, MOKHO MOCTPOUTH TPAHCIIATOP BU3YAIBHOTO SI3bIKA.

K coxanenuto, rpadoBbie rpaMMaTHUKA O0JaJaI0T PSIOM CHEIU(DUUIECKUX
HEJIOCTATKOB, 3aTPYIHAIONINX UX puMeHeHue. [Ipex e Bcero, y nuarpamm 00bIYHO
OTCYTCTBYET TOHATHE Hadajlla W KOHIIA. MHOXECTBO TOCTATOYHO IOIMYJISIPHBIX
JmarpaMm, BooOIIIe TOBOPSI, BCE paBHO ¢ Kakoro Mecta HayaTh untath (ER-monens,
JuarpaMMa KiaccoB U Ip.). BBujy BblllieckazaHHOTO, K HanOoJiee BaXKHBIM IS
tpancisauu kiaccam LL(1) m LR(1) [1, 2] oTHOCHTCS cpaBHUTEIIBHO HEOOJIBIIOE
KOJIMYECTBO BU3YAJIBHBIX SI3BIKOB; HAMPOTHUB, 3a4aCTyI0 TPAHCIALMS BU3YaJIbHOTO
S3bIKa BO3MOXKHA ITYyTEM HCITOJIb30BAHUSA TOJBKO aJaNTHPOBAHHBIX aJTOPUTMOB
Opunes [105, 122] u Koka-Surepa-Kacamu [218].

Baxneiimmii anbTepHATUBHBIA METOJ| MPEACTABISIET COOOW OINucaHue
cueHapusi 00xoaa rpada M COOTBETCTBYIOLIEH €My MPOLEIypbl I'eHepaluu KoJa.
S3bIKM OMMCAHUSI TaKWX CIICHAPUEB OBIBAIOT JOCTATOYHO CJIOKHBI M COJEpKAT
OompIioe KonmuecTBO orepatopoB [164,244]. KpaTkast CyTh Takoro CIEHapHs
OOBIYHO 3aKjoyaeTcss B mepedope OOBEKTOB, YIOBIECTBOPSIOIIUM KPUTEPUIO
0TOOpa, OOHAPYIKEHUIO CBSI3EH MEXITYy 00BEKTAMU, CICOBAHUIO 3THM CBSI3IM TIPH
00xo0/1e 1 COOCTBEHHO T€HEpAIUU KO/Ia.

JItst cimydast TpaHCISAIUK B qUarpaMmy JIMOO PEeHMH)XHHHPHUHTA CYIIECTBYET

npobiema, cienupuaHas TOJIbKO I BU3YalbHBIX S3BIKOB. [Ipn aBTOMaTHueckoin
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reHepaluyd JMarpaMMbl MOXXHO BOCCTAaHOBHUTH €€ CMBICH (aOCTpakTHBIA rpad
CHUHTAKCHCAa), OJHAKO 0€3 MPOCTPAaHCTBEHHOTO rpada OTHOIICHWHA JUarpaMma He
MOKET OBbITh HApHUCOBaHA, CaM € MPOCTPAHCTBEHHBIM rpad) OTHONIEHUN MOXKET
OBITh BBIOpAaH OCCKOHEUHBIM KOJHUYECTBOM CIIOCOOOB. JTa mpobiieMa, W3BeCTHAas
KaK TpoOjeMa yHopsa0YMBaHUS, UMEET OOJIBIIOE KOJMYECTBO Pa3HOOOPA3HBIX
pelieHuil U 1o CI0XHOCTH, BOOOIIE TOBOPS, €Ba JIM HE MPEBBIIIAET COOCTBEHHO
3aauy TpaHCISIMU. B cury cBoeil caMOCTOATELHOCTH 3Ta TpodjiemMa B JaHHOU
paboTe He paccMaTpUBaeTCs.

Tak kak BeIYMCIUTEIbHAS MOJIENb ITPEICTaBUMa B BUJIE CEMAHTUYECKON CETH,
TO €CTh Tpada, TO Iuarpamma, 3aJaHHasl Yepe3 BBIYUCIUTEIBHYI0 MOICIb, MOKET
OBITh TPAaHCIMPOBaHA KakK C TOMOIIBIO CIIEHApUeB 00X0J/la, TaK M C TMOMOIIBIO
rpadoBbIX TpaMMaTUK. AOCTpakTHBIA Tpad CHHTAKCHUCAa TMPU PEUHKUHUPHUHTE
MOXET TakXe€ ObITh BOCCTAHOBJIEH C IOMOIIbI0 000ux wmeToaoB. Ilpu 3TOM
MPOCTPAHCTBEHHBIN Tpad OTHOIICHUH MOXKET OBbITh 3aMOJHEH HEKOTOPHIMU
3HAUCHUSAMH 110 YMOJYaHHWIO, B JaJbHEWIIEM MpeoOpa30BaHHBIMU JTHOO
OIIepaToOpoM, pabOTAIOMIMM C MPOrpaMMoOi, JTUOO C MOMOIIBIO KaKoro-inbo u3
aBTOMAaTHYEeCKUX MeToA0B. [Ipu crienndrueckom Bue TPAHCISAIUU — TPAHCISAIUN
U3 OJHOW HOTAlMM B JAPYTYIO — JJI8 BBIYMCIHMTEILHOH MOJEIN BO3MOKCH
cnenuuyeckuii MeTo ] MnpeoOpa3oBaHUs MyTEM 3aMEHbl TPadUUecKOro ypOBHS
00BEKTOB C COXpAaHEHUEM UX CEMaHTHYECKOTO CMBICIIA.

Tem He MeHee B JAaHHOW paboTe OyneT paccMaTpUBaThCS TPAHCIALUS Ha
OCHOBE HAaBUTAIIMOHHBIX CIICHApWEB, Kak HauOoJyiee MpocTast IJis BOCIPHUSTHUS
4yenoBekoM. Mes MeToga COCTOUT B TOM, YTO CYIIECTBYET HEKOTOPBIN S3BIK, Ha
KOTOPOM OTHCHIBACTCSI CIICHAPUIA, B COOTBETCTBUHU C KOTOPHIM BBIOMPAIOTCS T€ WU
WHBIC Y376l TUArPaMMBbl U TEHEPUPYETCSI HEKOTOPHIH KoJ1. B By BhIIIIECKa3aHHOTO
BO3HHMKAET TPU OCHOBHBIX BOTIPOCA, @ HMEHHO:

- KaKk WMEHHO  JOJDKHBI  BBITISAETh  CTPYKTYPHI  JIaHHBIX,
MOJITOTABIMBAEMBIC TMArPAMMEPOM, JJISI BHITTOJTHCHHS TPAHCIISAIINN;
- KaKUM MMEHHO 00pa3oM MOJKET BBITJISACTH ITOT SI3BIK JUIS THarpamw,

3aJaHHBIX B BBIYHUCJIUTEIILHON MOACIIN,
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- KakoBbI 001aCTH MPUMEHHUMOCTH ATOTO SI3bIKA.

EcTecTBEHHBIM MOJIXOIOM K PEIICHHWIO JaHHOM 3aJa4d  BBITJISIAUT
UCIIOJIb30BAaHUE HEKOTOPOro 0a30BOro s3blKa, PACIIUPEHHOTO BO3MOXHOCTSIMH,
HEOOXOAMMBIMM [IJIT JOCTyna K Moaenu. B Buay Toro, peanusyroiiee
BBIYHCIIUTEIBbHYIO MOJIEIb BU3YAJIBHOIO SI3bIKa IPOTPAMMHOE CPEICTBO, ONMCAHHOE
B pazjelie 3, BBIMOJIHEHO Ha s3bIKe Java, Han0oJiee eCTECTBEHHBIM 0a30BbIM SI3bIKOM
BeITAMT JavaScript (ma ©0a3e mpoekra “Nashorn’), tpaHciaTop KOTOPOTO
JOCTYTICH Yepe3 Mmaket javax.script. Nashorn Taxxe MoXXeT eCTECTBEHHBIM 00pa3oM
oOpamiarbcs K KOAy peAakTopa auarpamm, HanmMcaHHomy Ha Java. Mcnonb3oBanue
ATOrO SI3bIKa pemaer cpa3y OOJIbIIOE KOJIMYECTBO MpoOJeM — Xopoluas
JOKYMEHTUPOBAHHOCTh  513bIKa,  IIOHATHBIE  BO3MOXXHOCTH,  OTCYTCTBHE
HEOOXOJMMOCTH JIOKa3aTeNbCTBA THIOPUHI-TIONHOTEI M Hp. TakuMm o0pasom,
HEO0OXOIMMO PELIUTh TOJIBKO JIBE 33141 — ONPEIEIUTh MOJENb JAHHBIX, C KOTOPOU
Oyzaet paboTaTh TPaHCIATOP, U ONPEIEIUTh (PYHKIUHU JOCTYIA K HEH.

OueBuIHBIM 00pa30M, TaK KAK BHYTPEHHEE TPEXYpPOBHEBOE MIPEICTABICHUE,
OIKMCaHHOE B oJpa3zaene 2.4, ABIseTcs AJ0CTaTOYHBIM JIsl OTOOpaKeHUS TarpamMm,
OHO JOJDKHO OBITH JTOCTAaTOYHBIM U JUIsl UX TpaHcisiuuu. [lostomy mpeanaraercs
paccMaTpuBaTh CTPYKTYPY AaHHBIX KaK JI€pEBO, B KOPHE KOTOPOIO HAaXOJUTCA
00BEKT-TuarpaMma, U3 KOTOPOU BBIXOJAT OOBEKTHI ATOM TUArpaMMbl, KaXKIbIH U3
KOTOPBIX MOKET OBIThb JIMOO TEPMHUHAIBHBIM OOBEKTOM (JIUCTOM JepeBa) C
atpuOyTtamu, 1100 Toxe auarpammoil. IIpu »ToM cnemuduyeckue ornepaTopsl
A3bIKa OyAyT CBEJCHBI K ONEpaIUsM MOJIyYEeHUs TIOYEPHUX 0OBEKTOB JIJIsl JAHHOTO
00BEKTa, €ro CBOMCTB U aTpUOYTOB.

IIpumep 2.5. B kauecTBE€ WJUIIOCTpPALMU BBIIIECKA3aHHOTO PAacCMOTPUM
npumep ER-mumarpammel, nzoOpakeHHoi Ha puc. 2.1. BHyTpeHHssi cTpykTypa

JAHHBIX OyJeT BhITIAAETh Tak (puc. 2.10):
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Adunarpamma »| HasBaHue:
| O6BEKT:CYLWHOCTb » ATpUOGYTLI
> O6bEKT:CBA3b » ATpUBYTbI
» O6DBEKT:CYLHOCTb > ATpUbGYTLI
\ O6beKT:CcBA3b > ATpUOGYTbI
-
| OBBEKT:CyWHOCTL > ATPUBYTbI

Puc. 2.10. CtpykTypa TaHHBIX IUArPaMMBI JJIsl TPAHCISAIIUN

CoOTBETCTBEHHO, HEOOXOIUMBIE ONEpAIMK i1 00PaOOTKH 3TOW CTPYKTYPbI
CBOJATCS K OOBIYHBIM OIEpalUsAM MOJIYyYE€HHUs JOCTYyINa K 3JIEMEHTaM JIepeBa.

Takum 00pa3oMm, TpaHCHSALUS AUArpaMM, 3aJaHHBIX B BBIYUCIUTEIBHOU
MOJIEJIM BHU3YaJbHOTO f3bIKa, BO3MOXKHAa OOOMMM OCHOBHBIMH METOJIaMH,
OPUHATBIMU B MHJIYCTPUU — 4epe3 rpadoBble TpaMMaTHKU M CLIEHApUH 00X0ja.
Hcnonb3zoBanue rpadoBbIX TPaMMATHUK SBIISIETCS 00Jiee CIOXHBIM MeTOAOM. Tak
OJTHOM M3 OCHOBHBIX MOTHBAIIUS CO3JaHUS BBIYUCIMTEIBHON MOAEIIH BU3YaIbHOTO
A3bIKa SIBJIAETCS YNPOILIEHUE ONMUCAHUS BU3YaJIbHBIX PEIAKTOPOB MOJb30BATENIEM,
npeajiaraeTcsi B KauecTBE OCHOBHOI'O METOAA MCIOJIb30BaTh CIEHApHH 00X0j1a
JIEpEBa, MOCTPOCHHOIO HA OCHOBE CEMAHTHUYECKOW CETH, COOTBETCTBYIOIIECH
BBIYMCIIUTENBHON Moenu. TakuM 00pa3oM, BHIYUCIUTENIbHASI MOJEIIb BU3YaJIbHOTO
A3bIKA MOXET ONUCBHIBATh BHU3YAJIbHBIM SI3bIK, JMarpaMMmy Ha 3TOM S3bIKE H
UCIIOJIB30BAThCSA JUISl TPAHCISLUMU JUarpaMMbl B TEKCT, TO €CThb SIBISIETCS

3aKOHYEHHOM CUCTEMOU, PUTOAHOM JJIs1 OIUCAHUS PENAKTOPOB THATPAMM.

Bw1800duw1 no pazdeny 2.

1. B coBpeMeHHOW MHIYCTPUH HAUOOJIBIIEH MOMYJISIPHOCTHIO TIOJIB3YETCS TOIX0T

K OIIMCAaHWIO BU3YAJbHBIX A3LIKOB Ha OCHOBC Fpa(l)OBBIX rpaMMaTHK. HO)IXO)I
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SBJIIETCSI BECbMa CJOXKHBIM H TMPOBOLUPYET PpPa3sHOOOpPA3HbIE MOMBITKH
YIPOILEHUs, B YaCTHOCTH, Ha OCHOBE aOCTPAaKTHOTO rpada CHHTaKCHCa U
MPOCTPAHCTBEHHOTO rpad)a OTHOIICHU, MO3BOJISIIONIMX ONUCHIBATH CMBICT U
M300paKEeHHE TUarpaMMbl MO OTJAEIBHOCTH.

BreraucnurensHas MoieNb BU3YaIbHOTO SI3bIKA HA OCHOBE MOIU(DHUITMPOBAHHBIX
BBIYMCIIUTENbHBIX Mojened Tolyry MO3BOJISIET OMMCATh BU3YAIbHBIM SI3BIK
criocoboM, CBOOOJHBIM OT BBIIICYKa3aHHOTO HEAOCTaTKa M JPY>KECTBEHHBIM
MOJI30BATENIO 33 CYET aJanTaluy MIHUPOKO NPHUMEHSIOErocs sl OMHCAHUS
GYyHKUMOHUPOBAHUS ~ CUCTEM  MaTeMaTHYecKoro  ammapara.  Mojenb
(YyHKUHOHUPYET B COOTBETCTBHM C aITOPUTMOM Iepecuera (hopMalIn30BaHHOM
CEMaHTUYECKON CeTU MPU B3aUMOJCHCTBUU C HEW. BhIUUCIUTENBHYIO MOEIb
BCErJa MOKHO TMPUBECTH K BHUJY, KOTJA BBIYUCICHHS OyIyT MPUBOAUTH K
OJIHOMY W TOMY € pe3yibTaTy He3aBUCMMO OT nyTd. llpu 3TomM Momenb
OpurogHa Juisi IUKIWYECKUX BBIYUCICHUM TIPU  yCIOBUUM  BBEICHUS
JOTIOJTHUTENHHBIX PACIIUPEHUH.

['padrueckoe wu300pakeHHE aUArpaMMbl MOXET OBITH PEATM30BAHO ITyTEM
n00aBJICHUS B CEMAHTHUYECKYIO CETh KOHIIEMTOB 0CO00ro BUja — rpaduyecKkux
NPUMHUTUBOB. 3ajava JCICHHS TuarpaMMbl Ha OOBEKTHI TaKKE PpEIIaeTCs
no0aBiieHHEM OOBEKTOB — JIOTMYECKHX Y3JIOB, CBS3AaHHBIX HEPAPXUUECCKUMHU
OoTHOIIeHUsIMU. Takum 00pa3oM, ceMaHTHYEeCKass CETh TPAKTyeT BCE CBOU
COCTABJISIIOUIME €IMHOOOpPa3HO U OJHOBPEMEHHO MOXKET MPEJCTaBIATH CeOs
TpeMsi CIIOCOOaMU — CMBICJIIOBBIM HArOJHEHHWEM (JIaHHBIMH), TpadUIECKU U B
BUJIE B3aUMOJICUCTBYIOIUX OOBEKTOB. IlokazaHo, 4YTO TmOMO00HAsT CeTh
NoJJIeP)KUBAaET HHTEpdelc Kak C TMOoJb30BaTelIeM, TaKk M CO CTOPOHHUMU
npwioxkeHussMu. [Ipu sTom auarpaMMa UMeeT MEXaHU3MBbI I TMHAMHYECKOTO
U3MCHEHHUST 0€3 yd4acThs II0Jb30BaTeis, MPUYEM Ha BCEX YPOBHSIX
MPEICTABIICHUS, @ TaKKE MPOCTOE PEUICHUE NJIsi JTEKOMIIO3UIUU JIOTUYECKOTrO
00BbEKTa B JIPYTYIO TUArpaMMY.

Bu3syanbHBIN 361K MOKET OBITH OMPE/IEIICH Ha OCHOBE MHOKECTBA OOBEKTOB H

npaBui Tpanchopmaruu. [Ipu 3ToM Kaxablii 00BEKT, B CBOIO OYEPE]b, TAKKE
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SBIISIETCA AMarpaMMOM, a IpaBuia TpaHchOpMalMKd €CTeCTBEHHBIM 00pa3zoM
NPEJICTABISIOTCS B BUJIE KOHIIENTOB - (DYHKINI BRIYACIUTEITBHON MOJICIIH.

Tpancnsanus auarpamm, 3aJaHHBIX B BBIUYMCIUTEIBHOW MOJETH BHU3YaJbHOTO
s3bIKa, BO3MOXKHA Kak uepe3 rpadoBble TpaMMAaTUKU, TaK M 4Yepe3 ClEeHapuu
oboxona rpada. C 1enpl0 CHUKEHHS CIOXKHOCTH OMpEACNICHUS TUarpaMMHOTO
S3bIKa TIOJIb30BATENIeM TMpeajaraeTcss B KadyecTBE OCHOBHOTO METOAA
UCTIONB30BaTh  CIEHApUM 00XOJa JIepeBa, IMOCTPOSHHOTO Ha OCHOBE
BBIYMCIUTEILHON MoJenu. Takum  o00pa3oMm, TpeIOKEHHAs  MOJEIb
BU3YaJILHOTO SI3bIKa MOKET OMMCHIBATH COOCTBEHHO SI3BIK, TUArpaMMy Ha 5TOM
SI3BIKE U MCTIOJIb30BATHCS JUISI TPAHCIISAIIUY TUATPAMMBI B TEKCT, TO €CTh SIBIISETCSI

3aKOHUYCHHOU CHCTCMOﬁ, HpPII“OI[HOﬁ AJISL OIMKUCAaHUSA PCAAKTOPOB AUArpaMM.
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3. l'lpmcﬂa,zmaﬂ BbIYUC/IUTE/IbHAA MO €JIb BU3YA/IBHOI'O A3bIKA
A UHCTPYMEHTAJIbHOE CPEACTBO NNTOAAEPKKH MMPUKJ/TIAAHBIX
BU3YaJIbHBIX A3BIKOB

B cootBerctBUM cO chopmMymIHpoOBaHHOW TIIENBI0 PAOOTHI, PACCMOTPHUM
BO3MOKHOCTh TPUMEHEHMSI TOJYYEHHBIX M HU3JIOKCHHBIX paHee pe3yiIbTaTOB B
HHCTPYMEHTAJILHOM CpeJICTBE. BrrunciuTenbHas MoIelIb BU3YaIbHOTO SI3bIKa OblLIa
npuBe/ieHa B o01mieM Buzae. s peleHus 3aga4u CO3AaHUSI HHCTPYMEHTAIBLHOIO
CpelCTBa HEOOXOJUMO €€ OrpaHHYuTh 3a CYET BBIOOpa KOHKPETHBIX
MOJJEPAKUBAEMBIX ONEPALNM, TPU STOM MOJTYYUBIIECECS MPOrPAMMHOE CPEACTBO HE
JIOJDKHO HAKJIAaAbIBaTh CYIIECTBEHHBIE OTPAHWYEHHS HA BHU3YaJIbHbBIC S3BIKH,
MOJIJIEP)KKA KOTOPBIX SABJSAETCA YACThKO OPUTHMHAIBHOM 3aJaud, a WMEHHO
BU3YyaJIbHBIC SA3bIKU OOIIETO U CIEHMAIBHOTO Ha3HaueHus, ucnoias3yembie B PKT.
Takum 00pa3zom, HEOOXOIUMO OIPEAEIUTH:

— Habop noanep>kxuBaeMbIX TUIIOB JIaHHBIX;

— IlepedeHp MOANEPKUBAEMBIX MATEMATHUYECKUX OIECpALM M BCTPOCHHBIX
GyHKIUN, UCMONB3YEMbIX Ui YCTAHOBJICHUSI COOTHOIICHUM BHYTPH
CEMAHTUYECKOU CETH,

— IlepedeHb U CEMaHTUKY BU3YAJIbHBIX IPUMUTHUBOB.

B stoM paznmene Oymer paccMOTpeHO MporpammHoe cpeactBo Diagen,
HalMCaHHOE Ha S3bIKE Java, W peaausyrollee peAakTop auarpaMM Ha OCHOBE
BBIUHUCIIUTEIBHBIX MOJICJIEM M TPAHCIATOpP, a TAaKXKE MPHUKIAAHAs peaau3anus

BBIYMCIIMTEIbHOU MOACIN, UCIIOJIB30BAHHAA B 3TOM PCAAKTOPC.

3.1. Tunwl daHHbIX U Onepayuu HAQ HUMU

[TpuknagHas BRIUMCIUTENBHAS MOJIENb, WUCIIONB30BAHHAS B MPOTPAMMHOM
cpenctBe Diagen, umeer cialOyro Tunm3anuio. PemieHHe 0 KOHKPETHOM THIIE
JAHHBIX Pe3yJIbTaTa MPUHUMACTCS B MPOIIECCE BHIUMCICHUM.

Tunel TaHHBIX B IPUKJIAAHONW BEIYUCIUTEIIEHON MOJCIIA BU3YAIBHOTO SI3bIKA

MOT'YT OBITH TPpECX 0a30BBIX TUIIOB — dATOMApPHOT O, CIIMCKOBOI'O U CIICHHXAJIBHOI'O THUIIA
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“00bexT”’. Kpome TOro, Ha OCHOBE CIIMCKOBOT'O THUITA CTPOSITCSI CAHTETUYECKHUE THUTTBI
“MHOKECTBO”, “OTOOpaxkeHue”.
B kadecTBe aTOMapHbBIX THUIIOB JaHHBIX MPUKIAAHON BBIYUCIUTEIHLHOM
MOJICJIN BBIOpAHBI CIEAYIOITNE TUIIHI.
— norudeckuii (Boolean);
— CTPOKOBHIH (String);
— ygucnoBoit (Number) na 0a3e uncen ¢ HEOrpaHMYCHHOW TOYHOCTHIO
java.lang.BigDecimal.

JIns yucen ¢ HEOrpaHWYEHHOM TOYHOCTBHIO BBOJUTCS HacTpauBaemas
MOCTOSIHHAS BEJIMYMHA TOYHOCTH TIPH BBIMIOJIHEHUM TaKUX OINEpaliid, Kak JAeJIeHue.

Kpome artomapHbIX THIOB BBOAUTCS TUIl — CHOUCOK. CHHCOK —
YHOPSIIOUCHHBIA HAOOp Hyssl U Oojiee AJIEMEHTOB MPOM3BOJBLHOIO THMA. Takum
00pa3oMm, CITUCOK MOXKET COZepPKaTh B ce0e IPyrue CIUCKU U JIEMEHTBI Pa3InIHOTO
tumna. C MOMOIIbI0 OYEBUIHBIX HA0OPOB (PYHKIMI CIIUCOK MOKET OBITh paclIUpEH
JI0 CHHTETUYECKHUX TUTIOB “MHOXECTBO”, “OTOOpakeHue” .

JIOTOJIHUTEIBHO BBOAUTCS THUIl  JAHHBIX “00BEKT’, OCHOBHBIM
npeaHa3HaYeHUEM KOTOPOTO SIBJISICTCS YCTaHOBJICHUE OTHOITIICHUS
MPUHAJICKHOCTH MEXIy arpuOyTaMd W JIOTHYECKHM YpPOBHEM JIHarpaMMBl.
Heo6xomuMocTh 0OBEKTHOTO THIIA TTPOUCTEKAET U3 3a/laud yJAJICHUs JIOTUYECKU
CBSI3aHHBIX ()parMEHTOB U3 JUarpaMMbl — €CJIU MPU BCTABKE MOXKHO CUHMTaTh, UTO
OJIHA JMarpaMma J00aBjsieTcs B JAPYrylo, TO MPH yAAICHUH HEOOXOIUMO YMETh
OMpeNeNaTh TpaHUIlbl yrainsgemMor obsactu. OOBEKTHl CEMAaHTUYECKOW CeTH
YKa3bIBAIOT Ha HEpapXHi0 y3J0B, KOTOPbIE MM NPHHAIICIKAT, U MOTYT OBITh
yAaJICHBI U3 CETU KaK €IMHOE 1IEJIOE.

JInsi aTOMapHBIX THUIIOB JaHHBIX BBOJASTCA JBAa THUIIA OMNEPATOPOB —
apu(pMETHIECKHE U JJOTUIECKUE, a TaKKe Ha0op PpyHKIui. J[7s CIUCKOBBIX THUIIOB
JIOTIOJITHUTEJILHO BBOJSITCS CHEIUalIbHbIE CIUCKOBBIE omepaTopbl. Tum “o0bekT”
MOXET OBITh apryMEHTOM B  OIEparopax YCTAaHOBJICHHS  OTHOIICHUN

IMPHUHAIJIC)KHOCTH, a4 TAKXKC YIAJICHUA. Huxe 6yz[eT MNPpUBCACH IICPCUYCHL BCCX

AOIMTYCTHUMBIX OIICPATOPOB AJIA PA3JIUYHBIX TUIIOB JAHHBIX.
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YHapHbIE MATEMaTHYECKHUE ONIEPATOPHI

Ta0Omuma 3.1.

Omneparop

3HaueHne

PCSy.TIBTaT IIpH TUIIC anI/I6YTa BXOAHBIX JaHHBIX

Boolean

String

Number

Crmcoxk

OOBEKT

1

2

3

4

5

6

7

$initialEvent

IIpoBepka
BXOKJICHUS
atpubyra B

BO3J€HCTBUE

Boolean

Boolean

Boolean

Boolean

Boolean

Jlornueckoe

OTPHUL[AHHUC

Boolean

$Sdelete

Y nanenue
JIOTHYECKOI0
o0beKTa U
BCED
CBSI3aHHBIX C
HHUM

CyILIHOCTEN

bes
BO3BpaIllaeMoro

3HAa4YCHUA

abs

B3arue 1o

MOJTYJIO

Number

Cnenunanbueiii oneparop $initialEvent npeanasnaden s omnpemeaeHus,

SABJIACTCA JIM €€ apT'YMCHT 4aCTbIO BOSI[CﬁCTBPIH Ha JuarpaMmy. C ero IIOMOIIIBIO B

3aBUCHUMOCTHU OT BOSI[GI\/JICTBI/ISI CTPOATCA PA3JIMYHBIC ITYTHU BBIYKCJICHUM.

Crnenuaneabiii oneparop $delete mpeanasHauen s yganeHus U3 MOJACIH

aTpuOyTa Tumna “00bEKT’ CO BCEMH BXOJSIIHUMH B HETO aTpuOyTaMu, B TOM YHCIIE,

BO3MOYKHO, U IPYTUMHU aTpUOyTaMHu TOTO K€ THUIIA.
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Ta0Omuma 3.2.

bunHapHbIe U n-apHble MATEMATUYECKHE ONEPATOPHI

Onepanust | 3HaueHUe Tunuzanus
1 2 3
= [TpucBoeHue 3HaYeHUS 3HaueHue cjeBa  IOJy4aeT THII
3HAUYE€HMUsI CIpaBa, ONEpalus He
BO3BpAILlaeT Pe3yybTaT
== 3HaueHne cieBa paBHO 3HauveHUo | Cm. Tabmwmma 3.3
cipasa
> 3navyeHue cineBa Oompiie 3HayeHus | Cm. Tabmuna 3.3
crpaBa
< 3Hauenue cieBa Menblie 3HadeHus | Cm. Tabmumna 3.3
crpasa
>= 3Havenue cneBa Oosbie uiau paBHO | Cm. Tabmwuma 3.3
3HAYEHHIO CTpaBa
<= 3HaueHue cieBa MeHblie wid paBHO | Cm. Tabmwuma 3.3
3HAYCHHIO CIIpaBa
&& Jlornueckoe U OnpeneneH TOJBKO HAa apryMeHTax U
pesynbrate Tuna Boolean
I Jlornueckoe MJIN OmpeneneH TONBKO Ha apryMeHTax U
pesynbTaTe THna Boolean
A Jlornueckoe uckimoyaromiee MJIN OmnpeneneH TOIBKO HAa apryMEHTax M
pesynbTaTe THna Boolean
+ CyMMa 3Ha4YeHHH ClieBa U CIIpaBa Cwm. Tabnuma 3.4
- Pa3nocTh 3HaueHuit cieBa u crpaBa OmpesenieH TOJBKO Ha apryMeHTax H
pesyiabrare Trna Number
* [IpousBenenue 3HaueHud cneBa | | OnpeaeneH TOJBKO HAa apryMEHTax U
crpaBa pesynbrare Tua Number
/ YactHOoe OT neneHus 3HadueHMi ciesa | OnpeneneH TONbKO Ha apryMeHTax U
u cripaBa (C KOHCTAHTHOW TOYHOCTBIO) | pe3ysbrare Trma Number
$setchildof | Ycranosnenue otunomreHusa | Cm. Tabmwuia 3.5

NPUHAIIEKHOCTH aTpruOyTa 00BEKTY
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$list dopmupyer  cmucok  u3  cBoux | OnpexneneH Ha MIPOM3BOJIEHOM
apryMeHTOB HATypaJbHOM  YHCIIE  apryMEHTOB
JFOOBIX TUIIOB, PE3YJILTAT THIIA CIIUCOK
$append CoenuHseT 1Ba CIUCKA B OJIUH Ob6a aprymeHTa W pe3yibTaT THIIA
CITHCOK

$element [Tonygaer u3 cmmcka osinemeHT 110 | IlepBoiit apryment — Number, Bropoii
HOMEPY apryMEeHT — CHHCOK. Tun pe3ynbprara
NPOM3BOJIbHBINA, 3aBUCHT OT THIA

BO3BPAIIAEMOT0 JIEMEHTa CITUCKA
Crnenmanpablii  omeparop  $setchildof  ycranaBnmmBaer — oTHOIICHHE

MPUHAJJICKHOCTH OJHOrO0 arpudyra Tuma “o0beKT’ (JOYepHEro) Apyromy

(pomutensckomy). Ilociae ero mUpUMEHEHHS  yAAJICHHE  POAMTEIHCKOTO

aTpuOyTaonepaTopom $delete mpuBeaeT K yAaICHUIO TAKXKE U JOUSPHETO aTpUOyTa.

Ta6muma 3.3.
JlnHaMuyecKass TUU3auus Il JOTHYECKUX ONEPaTOPOB CPAaBHEHUSA
Tun neBoro Tun pe3ynbpTara npu TUIE OIPABOrO0 apryMEHTa
aprymenta | Boolean String Number | Crincok OOBekT
1 2 3 4 ) 6
Boolean Boolean He onpenenen | He He onpenenen | He onpenenen
ornpezeneH

String He Boolean He He onpenenen | He onpenenen
olpezeneH onpezaesneH

Number He He onpenenen | Boolean He onpenenen | He onpenenen
ornpezeneH

Cnucok He He onpenenen | He He onpenenen | He onpenenen
olpeeneH onpezaeneH

O0BeKT He He onpenenen | He He onpenenen | He onpenenen
orpezeneH ornpezeneH
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Ta0Omuma 3.4.
JlnHamMu4eckast THU3anus s oreparopa +
Tun Tum pe3ynpraTa IIpy TUIIE IPABOTO apryMEHTA
JICBOTO Boolean String Number Crucok | OOBEKT
aprymeHra
1 2 3 4 S) 6
Boolean He onpenenen | He onpenenen | He onpenenen | He He
OIIpesieieH | ONpeeseH
String String String String He He
(konkaTeHanus) | (koHKaTeHalus) | (KOHKATEHAIHs) | OMPEIEeH | ONpeaeseH
Number He onpenenen | He onpenenen Number He He
(cnoxenwue) oTpesiefieH | ompezeneH
Crmcox He onpenenen He onpenenen He onpenenen He He
olpesiesieH | OonpezesieH
O0OBEKT He onpenenen | He onpenenen | He onpenenen | He He
oTpezieNieH | ompezeseH
Tab6mua 3.5.
JluHamudeckas tunusaius 1 onepatopa SetChildOf
Tun Tum pe3ynbpTaTta Ipy TUIIE IPABOTO apTyMEHTA
JIEBOTO Boolean String Number Crmcok OOBeKT
aprymeH
Ta
1 2 3 4 5 6
Boolean | He ompenenen | He onpenenen | He onpenenen | He onpenenen | He onpenenen
String He onpenenen | He onpenenen | He onpenenen | He onpenenen | He onpenenen
Number | He onpenenen | He onpenenen | He onpenenen | He onpenenen | He onpenenen
Cnoucok | Heonpenenen | He onpenenen | He onpenenen | He onpenenen | He onpenenen
O0BeKT bes bes bes bes bes
BO3BpAIllaéMO | BO3BpAIlla€MO | BO3BpAIla€MO | BO3BPALAEMO | BO3BpAIlaeMO

T'0 3HAYCHUA

T'0 3HAYCHUA

T'0 3HAYCHUA

T'0 3HAYCHUA

T'0 3HAaYCHUA
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B paznene 4 npuBoasaTCs pe3yabTaThl IPUMEHEHUS BBIYUCIUTEILHON MOJIENN
BU3YaJIbHOTO SI3bIKa K HEKOTOPBIM Ba)KHBIM JIMarpaMMaM, UCTIOJIb3yEMbIM B 3a/1a4ax
PKT, u moka3piBaeTcs, 4YTO MpHUBeAEeHHBINH B Tabmumax 3.1 — 3.5 nmepedeHsr TUIIOB

JAaHHBIX U OIICPATOPOB AOCTATOYCH IAJIA pCAJIU3aINH PCAAKTOPOB 3TUX JHUAT'PAMM.

3.2. Bu3yasibHble npuMmumuebsl

Busyanbubiii andaBuT NPUKIATHOW BBHIYMCIUTENBHON MOJENHU COCTOUT M3
CIICMYIONNX BU3YaJbHBIX CHUMBOJIOB: Touka mpuema (Accept Point), aktuBHas
obmacth (Active Area), kpyr (Circle), smumanc (Ellipsis), muaus (Line), texct (Text).

Huxe 5T cUMBOJIBI OyIyT pacCMOTPEHBI OIPOOHEE

Tabmuna 3.6.
BuzyanpHble TPUMUATHBEI NPUKIATHON BEIYUCIUTEIIBHON MO
N300pakeHne 1 moBeeHuE ATpuOyT 3HaueHue aTpudyTa
1 2 3
Touka npuema (Accept Point)
[IpencraBnsier coboif obmacTe, HaxkaTHe B | X Koopaunara no ocu X
KOTOPYIO MBIIIBI0 B PEXUME YCTAHOBKH | Y Koopaunara no ocn Y

CBA3M MEXKIy OOBbEeKTaMM TIPUBOAMT K | connectionTokens | TokeH, onmUChIBAIOMIUA POIH

YCTAaHOBJICHUIO  HOBBIX  COOTHOLIEHUU B OTHOLICHHWH, B KOTOpBIE
MeX1y aTpuOyTaMu AUarpaMMal. MOXET BCTYIIAaTh 3Ta TOYKA
npuema

AxTHUBHAA 00J1aCTh

[IpssmoyronbHast o6nacTh (HeBuAuMas), | X Koopaunara JIEBOTO
KOTOPYIO MOXHO IEPEMEILATh MBILIBIO. BEPXHETO yIJia 1o ocu X
Y Koopaunara JIEBOTO

BEPXHEro yria 1o ocu Y

width Iupuna

height Bricora

Kpyr
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N300paxkeHne OKpyKHOCTH X Koopaunara nentpa no ocu
X
Y Koopaunara nenrpa no ocu
Y
radius panuyc
Dnunc
W3o0paxxenne  smmunca ¢ ocamy, | X Koopaunara JIEBOTO
HampaBJICHHBIMU TOPU30HTAIEHO u BEPXHETO yria Io ocu X
BEPTUKAJIBHO Y Koopaunara JIEBOI'O
BEPXHEro yIJa 1o ocu Y
radius lupunra (ropu3oHTAIBHAS
MOJIYOCh) DJUIHAIICA
radius2 BricoTa (BepTHKAIbHAS
M0JIYOCh) DJUIHAIICA
JInuus
N3o6paxenune oTpe3ka npsaMoit X1 Koopaunara Havana mo ocu
X
Y1 Koopannara Havana mo ocu
Y
X2 Koopaunnara konua no ocu X
Y2 Koopaunara konna mo ocu Y
Tekct
Tekcr, B 3aBHUcHMOCTH OT Tumna aTpubyra | X Koopaunara JIEBOTO
text nubo cTpoka, JuO0 Tabmuma ¢ BEPXHETO yria o ocu X
3aroJioBKOM, eciu  arpubyr text —|Y Koopaunara JIEBOTO
JIBYMEPHBIN CIIHCOK. BEPXHEro yria rno ocu Y
Width [luprHa NPSAMOYTOJIEHUKA,
B KOTOpBIA JOJDKEH OBITh
BITUCAH TEKCT
Height BricoTa npsimoyrosibHUKa, B

KOTOPBIA  JIOJDKEH  OBITH

BIIMCAaH TEKCT
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xMargin Paccrosinre oT  TpaHHIIBI
IPSMOYTOJIbHHKA hite}

COOCTBEHHO TEKCTA 10 OcH X

yMargin Paccrostare oT  TpaHUIIBI
MPSIMOYTOJIbHUKA hi ()

COOCTBEHHO TeKCTa 0 och Y

measuredHeight | Mi3mMepeHHas BbICOTA TEKCTA

measuredWidth W3mepenHas muprHa TEKCTa

Text CoOCTBEHHO TEKCT

Schema Cxema, OIMUCHIBAIOIIAS
3aroJIOBKM  CTOJIOLIOB B
clly4ae, €eClIM TEKCT 3TO

,Z[BYMepHHﬁ CIIMCOK

JlomycTuMoO pacmdpatrh HAOOp NPUMUTHUBOB MYTEM BBEJCHHUS HOBBIX,
MOJIb30BATENIbCKUX MPUMHUTUBOB, PEATU3YIOIINX OINPEICIECHHBIE B MPOrPaAMMHOM
cpeactBe uHtepdeiicel. B pazgene 4 B pamkax MOJEIUPOBAHUS MPUMEHEHUS
BBIYUCIIUTEIbHON MOJIENIA BU3YAJIBHOTO A3bIKAa K HEKOTOPBIM BAKHBIM JUArPAMMaM,
ucnons3yeMmbiM B 3amadax PKT, mpoaeMoOHCTpupoBaHO, YTO NPHUBEICHHBIA B
Tabnuie 3.6 mepeueHb BU3YAIbHBIX MPUMHUTHUBOB JIOCTATOYEH ISl peaiu3alluu

PENAKTOPOB ATUX AHArPaMM.

3.3. Mamemamuueckoe s10po pedaKkmopa duazpamm

MaremaTtuueckoe SApO  peAakTopa JauMarpaMM IpeJCTaBiIsieT  coOoM
MIPOrPAMMHYIO PEATIM3ALNIO ITPUKIATHON BBIUUCIUTEIBHOU MOJEIIH. SIIpO COCTOUT
U3 MHOXXECTBa aTpuOYTOB, TPAHCIATOPAa BBIPAKEHUN, rpada 3aBHUCHUMOCTEH,
OIKCHIBAIOIIETO CTPYKTYPY CETH, U BCTPOCHHOT'O HabOopa BU3yallbHBIX IPUMUTUBOB.

MHoxecTBO aTpuOyTOB (paKTHUUECKH MPEACTABISIET COOOW MHOXKECTBO Tap
BUJa “BHyTpeHHee uMs — 3HaueHue”. Kaxaplii atpubyT B MOJenM HMEET
YHUKaJIbHOE BHYTpeHHee wuMms. Ilpy mnomemenun B MOAEIb  HOBOIO

M0JIb30BATENBCKOTO o0OBbeKTa (MpeacTaBisIOIErO co0oit dparmMeHt
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BBIUUCIIUTEIILHOW MOJICIIH), COJCPIKAIIETO aTpUOyTHI, MPOUCXOIUT CICIUATLHOE
npeoOpa3oBaHue, B pe3yIbTaTe KOTOPOTO UMEHA aTpuOYTOB TIEPEHMEHOBBIBAIOTCS
B YHHUKaJbHbIE UJEHTU(DUKATOPHI. TakuM 00pa3oMm, Jaxe €ciiv MOJIb30BaTEIbCKUN
00BeKT OyIeT TOMEIIIEH B MOJICIIb JIBAXK/IbI, 3TO BHI30BET CO3/IaHKUE B MOJIENIU JIBYX
pa3HbIX OOBEKTOB C OJIMHAKOBOW BHYTPEHHEW CTPYKTYpOM, HO C YHUKAJIbHBIMU
uMeHaMHu aTpuOyToB. B BuAy dTOro mnpu NOMEMIEHHMH B MOJEIb HOBOTO
COOTHOIICHHSI MEXIY aTpuOyTaMu HEOOXOAMMO TAKXKE BBITOJHHUTH CIEIIUATIBLHOE
npeoOpa3oBaHue MUMEH, YTOOBI OTHOIICHHE OBLJIO YCTAHOBIIGHO MMEHHO Ha TEX
atpuOyTax, BHYTPEHHUM HMMEHaM KOTOPBIX COOTBETCTBYIOT  aTpUOYTHI,
WCIIOJI30BaHHBIE B OTHOIIICHUHU.

Ipumep 3.1. [losichum ckazanHoe Ha npumepe. [Ipennonoxum, y Hac ecTb
OMKCaHUE MOJIb30BaTEILCKOr0 00BEKTa C UMeHeM Entity, KOTOpOMY MPUHAJIEKAT
nBa arpubyra M ogHO cooTHounenue Entity: {A, B,B = 2A}. Ilpu BcTaBKe ABYX
HK3EMIUISIPOB  TAKOTO  IMOJIb30BATEIBCKOTO O0BEKTa B JuarpamMmy OyayT
CTCHEPUPOBAHbl ~ ABTOMATUYECKHUE  WMMEHA;  aTpuOyThl,  MPEICTABIISIONINE
H0JIb30BaTENLCKHE OOBEKTHI, HoiaydaT umeHna Buma $0.Entity m  $1.Entity,
UCXOJHBIE  aTpuOyThl  TOJIL30BATEIBCKUX OOBEKTOB  OYIyT  Ha3bIBaTHCA
$0. Entity. A, $0.Entity.B, $1.Entity.A, $1.Entity.B W 1Ba OTHOLICHHS,
COOTBETCTBEHHO, OyayT mpexacrtaBiensl kak $0. Entity.B = 2 * $0.Entity. A u
$1.Entity.B = 2 * $1.Entity. A.

AHAJIOTUYHBIN TOAXOJ, HCMOJB3YETCSl MPU YCTAHOBIECHUU CBA3EH MEXKAY
aTpuOyTaMu pa3HbIX MOJIb30BATEIBLCKUX OOBEKTOB. B 3TOM cilyyae B OTHOIICHUS
aTpuOyThl TMOCTYMAIOT B BUJIC TMCEBJOHUMOB, /JII KOTOPHIX H3BECTHO, KaKHe
BHYTPEHHHE UMEHA OHHM HAa CaMOM JI€JI€ MPEJICTABISIOT; PU YCTAHOBJIECHUU CBSI3U
MICEBJOHUMBI MPE0Opa3yloTCsl BO BHYTPEHHHE HMEHAa M COOTBETCTBYIOLIUE
OTHOIIIEHUS JOOABIISIOTCS B BEIYUCITUTEIHHYIO MOJICTTb.

Eme  ogHOii  OCOOCHHOCTHIO ~ MHOXECTBa  aTpuUOYTOB  SBIISETCSA
TPAH3aKIIMOHHOCTh. TpaH3aKius TMOAJACPKUBACT TpU ITama — TOATOTOBKA,
BHITIOJIHEHHE ¥ (uKcarus Jubo oTkar. Ha 3Tame moArotoBku Bce M3MEHEHHBIC

anI/I6YTLI CUHNTAKTCA HaCTBIO BOS)ICfICTBHSI. Bo BPEM: BBITTOJITHCHUS HCITIOJIBb3YCTCA
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anroput™ 2.1. Ecau OH 3aBeplIeH YCHEIIHO, TO BBIIOJHAETCS (PUKcalus 3HAaUEHUN
aTpuOyTOB, B NMPOTUBHOM CJIy4a€ MOXKET OBITh BBINOJIHEH OTKAaT (C MOMOIIbBIO
KypHaJla OTKaTa), B pe3yJbTaTe 4ero Mojeib OyAeT IMpPHUBEAECHA B COCTOSHUE, B
KOTOPOM OHa HaxOJWJIach 1O Hayajla TPaH3aKI1H.

TpaHcIATOp BBIpAXKEHUI ABIISIETCS MPOCTBIM MHTEPHPETATOPOM HA OCHOBE
LR(1) rpammaruxu. TpaHcasaTop pemaeT TpU OCHOBHBIE 3adaud. Bo-nepBbix, OH
BBIUUCISET (POPMYIIbI, 3a/1aHHbIE B OTHOIICHUSAX, U TPUCBAUBAET HOBBIC 3HAUCHUS
nepeMEHHBIM. BO-BTOpBIX, TPAaHCIATOP pa30upaeT BBIPAKEHHS Ha COCTABIISIOLINE U
CTPOUT OOpaTHbIE 3aBUCUMOCTH MEX]y aTpuOyTaMu. DTH OOpaTHbIE 3aBUCUMOCTH
B popMe “Tipy U3MEHEHUHU TepeMEeHHON X HE00X0IMMO NepecyuTars Y 1o popmyiie
F” nomemiatorcss B rpad 3aBucumocTeil. HakoHel, TpaHCIATOp OCYIIECTBIISIET
npeoOpa3oBaHrEe UMEH aTPUOYTOB B YHUKAIbHBIC UICHTU(UKATOPBI.

I'pad 3aBuCHUMOCTEM SABIISAETCS KIFOUEBBIM CPEJCTBOM MOICPKKH aIrOpUTMa
2.1. Ilo rpady MOXXHO YCTaHOBHUTH, KaKU€ UMEHHO aTpUOYyThl KaKUMHU HMEHHO
(YHKUMSIMA JTOJDKHBI OBITh BBIYMCIEHBI B paMKax ajropurma. Taxxke rpad
UCIOJIB3YETCS AJIs yAaJleHUus: 0ObEKTOB M3 AMarpamMmbl, TaK Kak B HEM XPaHUTCS

uHdOpMaIUs 0 MPUHAJJICKHOCTH aTpUOYyTOB U OOBEKTOB APYTUM OOBHEKTaM.

3.4. IIpeo6pa3zoeaHus 8bIMUCAUMENbHOI MOJeEAU 8U3YATbHO20
A3bIKa u uHmepdgeiic pedakmopa ouazpamm

BpruncnurenbHass MOAENb BU3YAJIbHOTO SI3bIKA SIBISIETCS CHCTEMOW C
JTUHAMHAYECKOU CTPYKTYpou. [Ipyu B3anMOAEHUCTBUN C TTOJIB30BATEIIEM B HEE MOTYT
BHOCHUTHCSI HOBBIE AJIEMEHTHI U COOTHOIICHUS MO0 ynanarbesi crapbie. [loaTtomy
IIPOIPAMMHOE  CPEJICTBO, MOAAEPKUBAIOLIECE MPUKIAJHYK) BBIYHCIUTEIBHYIO
MOJI€JNIb BU3YAJILHOTO SI3bIKA, IOJDKHO MOIEPKUBATH OCHOBHBIE OTIEpAIH paOOThI
C 3TOM MOJIEJIbIO, @ UMEHHO, J100aBJIEHUE U yAalleHHne 00bEKTOB, PEIAKTUPOBAHKE
WX CBOMCTB, 00pab0OTKa BU3yaJIbHBIX IPUMHUTHBOB, pa00Ta C KOHTEKCTHBIMHU MEHIO.
Hwuxe OyaeT naHo onucaHue pean3aluy MoIePKKU STUX JEeHCTBUH.

Onuncanue BHU3yalbHOTO fA3bIKA MOCTYINAeT B Auarpammep B Buae XML-

JIECKPUIITOpA, CXeMa KOTOporo mnpuBeneHa B mpwioxeHuu [13. [leckpurrop
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COJEP)KUT JIBa BHUIA IMOJH30BATEIBCKUX OOBEKTOB — OOBEKTHI-CYIIHOCTH U
O00BEKThI—OTHOIICHHUS. J{JI51 KaXI0T0 00bEKTa ONMUCHIBAIOTCS HECKOJIBKO Pa3/IesioB —
nepeueHb aTpuOyTOB, MEPEUCHb BU3YAIbHBIX MPUMHUTHBOB, MTEPEUEHb OTHOIICHUH
MEXIy aTpuOyTamH, TMEepeYeHb OTPAHMYUTEIBHBIX TIPaBHUJ, KOTOpBIC BCETIA
JOJDKHBI OBITh MUCTUHHBIMU W TIEpEYeHb KOMAaH]l WHHUIHATW3auu oObekta. [lpm
YTCHUU JECKPUNTOpPA  pPEJakTop  JIuarpaMM  CO3JaeT  IMyHKTHI ~ MEHIO,
COOTBETCTBYIOIIUE T00ABICHUIO KaXI0Tr0 onrcaHHoro oowekra. Kpome toro, mis
HEKOTOPBIX CHEIUATBHBIX BHU3YAJIbHBIX MPUMHUTHBOB YKa3bIBAIOTCS OIMCATEIN
KOHTEKCTHBIX MEHIO, POJIU /ISl yCTaHOBJICHUS CBS3EH U TIp.

B 3aBucHMMOCTH OT THMHa MOJIb30BATEIBCKOTO 00BEKTa ero Jo0aBicHHE B
TUarpaMMy — OCYIIECTBJISIETCSI  pa3lIMYHBIM  criocoOoM.  OOBEKT-CYITHOCTb
n00aBIIIeTCS B AUArpaMMy IyTeM KOMTUPOBAHUS CTPYKTYPhI B CEMAHTHUECKYIO CETh
BBEIYHMCIIUTEIILHON MOJENW W TPUCBOCHHUS BCEM €ro aTpuOyTaM W BH3yaJIbHBIM
MPUMHUTUBAM BHYTpeHHUX uMeH. [locie nobaBiaeHus BBIOIHACTCS TPAH3aKIUs, Ha
dTame MOATOTOBKHA KOTOPOW BBIMOJHAETCS paslel ASCKPUITOPA, OMUCHIBAIONTUI
WHULIMATU3aUI0 00bekTa. OOBEKT-CYITHOCTh MPHU J100aBJICHUU B UarpaMmy He
YCTaHABJIMBAET CBSI3U C JIPYTUMU OOBEKTAMH, HO MOKET yCTaHABJIMBATH CBSI3H C
TJI00QTBHBIMU aTPUOyTaMHU JUATPAMMBI, €CJIH TaKHE HMEIOTCS.

OOBEeKT-OTHOIIIEHUE TIPU J00ABJICHUM B TUArpaMMy MOKET YCTaHABIIMBAThH
CBSI3M C IPYTUMHU 00BEKTaMH. [[7151 3TOTO MCIONb3yeTcs poJieBas Moieb. Kakpii
00BEKT, ¢ KOTOPHIM MOKHO YCTAaHOBHTH OTHOIIICHHE, MMEET B CBOEM COCTaBe
CTeUATbHBIA BU3YyaJIbHBIA IPUMHUTHB — 00JIACTh YCTaHOBKHU CBsizu (AcCeptArea).
[IpuMUTHB COMEPKUT B ceOE MepeydeHb IKCIOPTUPYEMBIX aTPHUOYTOB OCHOBHOTO
00BEKTa C TICEBJOHMMAMHU M HUJICHTU(PHUKATOP, HA3BIBAEMBIH POJIBIO, C IMTOMOIIBIO
KOTOPOTO MOXHO BBIOMpATh TE€ 00JIACTU YCTAHOBKH CBSI3HM, KOTOPBIE JTOMYCTUMBI
JUISL TAaHHOTO OOBEKTa-OTHOIIEHUs. B ommcaHnm 00BEKTa-OTHOIICHUS YKa3aHo,
KaKue pOJIM €My HEOOXOMUMBI JIsi MOOABJIICHHS] B JUarpaMMmy, IOSTOMY TIpH
N00aBICHUH TAKOTO OOBEKTa AUarpammep MPOCHUT yKa3aTh T€ 00JacTH yCTaHOBKU
CBSI3H, KOTOPBIE MOJIH30BATENb XOUET JIJIsl 3TOT0 00BEKTa UCTIONB30BaTh. Jlajee Bce

OTHOIIEHUS, 3aJlaHHble Ha aTpuOyTax OOBEKTa-OTHOIICHHS, MPOBEPSIOTCS



79

TPAHCJISITOPOM K HMMEHA TICEBJOHMMOB 3aMEHSIOTCS Ha BHYTPEHHHE HMEHa
aTpuOyTOB, CBS3aHHBIX C YYAaCTBYIOIIMMH B YCTAHOBIICHUU CBSI3M OOBEKTOB.
[ToapoOHbIN TpUMEpP PACCMOTPEH B pazjere 4.

AGCoIII0THOE OOJIBITMHCTBO JEHCTBUN C 00BEKTAMU MOKET OBITh BHITIOJIHEHO
MyTEM BBIYUCICHUS HEKOTOPOU (DYHKIIMH MaTEeMaTHYECKUM sapoM. B dacTHOCTH,
TaKOW MOJXOJ UCTONB3YETCS I YAAJICHUS U PEIAKTUPOBAHUS CBOMCTB OOBEKTA.
VYianeHue sBISETCA OYCBHIHON omepanuedl Bbi3oBa (QyHkmum — $delete.
PenaktupoBanne — Oosiee CIOXKHBIA mporiecc. Jlmsi HEro HCmoab3yeTrcs
YHU(GULIUPOBAHHBIM  peaaKkTop, IporpaMMHUpyeMbI  uepes byHKUIMN
MatemaTtudeckoro sapa. [lognepxxuBarorcs cnenayronme Gyuknuu (Tadnumna 3.7).

Tabnuua 3.7

OYHKIUU JJI9 IPOTPAMMHUPOBAHUS YHUBEPCAIBHOTO PEAAKTOpa

OyHKIMA 3HavyeHue

1 2

SinitDialog Nunimanusanys guaiora

$stringValueToDialog | Jlo6aBuTh B quajor mojie peAakTupoOBaHus aTpruoyTa

tuna String

$numberValueToDialog | To6aBuTh B qHajIOr MOJIE€ PEIAKTHPOBAHKS aTpHOyTa

tuna Number

$booleanValueToDialog | Jlo6aBuTh B AMANIOT TI0JI€ PEAaKTUPOBAHUS aTpHOyTa

tuna Boolean

$stringTableToDialog | /Io6aButh B quasor Tabimity /s peIaKTUPOBAHMUS

JBYMEPHOTI'O CIIHCKa

$stringTableToDialog | Paspemurh i 3anpeTuTh peIaKTHPOBAHKE B

CTOJIOLIE ¢ COOTBETCTBYIOIIUM HOMEPOM

$setListColumn Jliist cTonb1a yCTaHOBUTh CITUCOK BBIOOpA 3HAUCHUIA

$setBooleanColumn | JIys cTonb1a ycTaHOBUTH BBIOOP 3HAYCHUS C

MIOMOIIIBIO YEKOOKCa

$showDialog(); BriBecTH muajor Ha 3KpaH
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PabGorta ¢ quanoroM OCyiiecTBISIETCS B COOTBETCTBUM C OOBIYHOW CXEMOU
TpaH3aKIMU MaTEMaTUYECKOTO siAApa. ATpUOYThI, U3MEHEHHBIE B TUAJIOTOBOM OKHE,
CUMTAIOTCS HayaJdbHBIM BO3JeHCTBUEM. [lamee HAa WX OCHOBE NMEPECUUTHIBAIOTCS
3HAUCHUS 3aBHUCSIINX OT HUX aTPHOYTOB W BBITIOJNHSCTCS (PUKCAIMs TpaH3aKIIWU.
Borpoc mojaep:Kku 3aBUCHUMOCTEH MEXIy aTpuOyTamMH HEMOCPEACTBEHHO B
JINAJIOTOBOM OKHE SIBJIIETCS JaJIbHEHUIITUM HaMpaBiIeHUEM PaOOTHI.

Hakonen, paboTa ¢ rpaduueckuMu MPUMUTHBAMH TTOCTPOEHA CIIEAYIOIIAM
oOpa3zoM. Penaktop xpaHut B ceOe MOJHBIM CHUCOK BCEX B JIaHHBIH MOMEHT
3apEeTUCTPUPOBAHHBIX B MOJICNIA TPUMUTHUBOB, MIPU 3TOM KK/l IPUMHUTUB MOMKET
HA OCHOBAHHUM KOOPAMHAT M THUIA NEUCTBUS MPOUHGOPMHUPOBATH JUATPAMMMED O
TOM, YTO OH MOXKET 3TO JeiicTBue oOpaboraTh. B ciyuae eciam moib3oBaresnb
BBITIOJTHSET JACHUCTBUS (HampUMEpP, KIMKHYJ MBIIIKOM), TUarpaMMep OmpaliuBaet
BCE BU3yaJbHbIE IPUMUTHUBBI B TOMCKAX TOTO, KOTOPBIA MOKET OTpearupoBaTh Ha
9TO JICUCTBUE.

Pez[aKTop MoAACPKUBACT I[GﬁCTBI/ISI, IICPCUYCHb KOTOPLBIX ITPHUBCICH B Ta6JIHIIC

3.8:
Tabnuua 3.8
JleficTBUS MOIB30BATENS, MOACPKUBAEMbIE TPAPUIECKUM PEIAKTOPOM
[evicTBue Busyanbubii JevictBue
MIPUMUTHUB
1 2 3
[I{emyoK J1€BOM KHOIIKOW MBIIIY B AKTHUBHas TOYKa, [lepemenienue
OOBIYHOM PEXHUME aKTUBHAs 00JacTh
[Ilen4ok mpaBoil KHOMKOW MBIIIN AKTHBHAas TOUKA, KonTekcTHOE MEHIO
B OOBIYHOM peXKUME aKTUBHAas 00JaCTh
[Ileuok eBoi KHOMKOM MbIK B | OOJacTh YCTAaHOBKHU Bri6op ponu aiis
pEKHUME YCTAHOBKHU COCAUHEHUS COEMHECHUS COEMHEHUS
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Takum 00pa3oM, TOJILKO TpU THUIA BU3YAIbHBIX NPUMHUTHBOB M3 BCEIrO
nepeyHsi MoryT oOpalaTeiBaTh JEHCTBUS moib3oBaTensd. [Ipu HeoOxomumocTu
00pabOTKH APpYruX JEHCTBUNA BO3MOKHO PACIIMPUTh BU3YaJIbHBIN CIOBAPh HOBBIMU

IIPpUMHUTHUBAMU, O6pa6aTI>IBaIOIHI/IMI/I OTH I[CﬁCTBI/IH.

3.5. Tpancasmop duazpamm

Onucanve BHU3yaJIbHOTO S3bIKa CPEJACTBAMHU, OTJIIMYHBIMU OT CpPEJCTB
dbopManIbHBIX TEOpPUH, ONEPUPYIOIIMX TMpaBUIAMHU BbIBOJA (TpaMMAaTHUK, TEOPUHU
KAaTeropuid, pa3NuYHbIX MUCYHMCICHUNA U T.I.), CTABUT BOMPOC O TOM, KaK MOXKHO
TPaHCIMPOBATh  JUarpaMmy, JJisi  KOTOPOM  OTCYTCTBYeT  HH(oOpMmarus,
MO3BOJISIONIAS €€ CUHTE3UPOBATh WM PA3JIOKUTh B IEPEBO NOCTpoeHusd. B nanHoM
paboTe mpenjaraeTcsi BBINOJHATH TPAHCIALMIO C TOMOIIBIO CIIEHApUEB 00X01a
CEMaHTHYECKOM CETH.

TpaHCAATOP COCTOMT M3 IBYX YACTEHM — MOZYJIA SKCIOPTA CEMAHTHUYECKOU
CETH B JIEPEBO JAAHHBIX U MOAYJS 00X0/a 3TOoro jaepeBa. Moayib 3KCopTa UMEEeT
OYEHb IMPOCTYIO CTPYKTYpYy: B COOTBETCTBUU CO CXEMOW, NIPUBEACHHOW B
npunioxkeHuu 114, oH skcnopTUpyeT Bce 0OBEKTHI, aTpUOyThl U 3HaueHuss B XML-
NOKyMeHT. [loyueHHbI TOKYMEHT COAEPKUT B ceOe MONHYI0 MH(OpMAIHIO, 10
KOTOPOH MO>KHO BOCCTAHOBUTH JUarpaMmy (HO HE A3bIK, IO3TOMY JHUarpaMMa He
Oyner momuepkuBaTh pPsAd (YHKIHMH, B YaCTHOCTH, M00aBJICHHWE W yAaJICHHUC
O0OBEKTOB).

Monyne 00xo1a mocTpoeH Ha ocHoBe mpoctoro LL(1) tpancisaTopa [1,2].
TpaHcngaTop noaaepKUBaAET MPOCTHIE ONEPATOPHI — NOJYUYEHHE CTUCKA OOBEKTOB MO
KPUTEPUIO, B35ITHE 3HAUCHUS aTpuOyTa, YCIOBHBIE OonepaTtopbl U BbIBOA. [lonHbIN

CIIUCOK OTIepaTOpOB MPHUBE/ICH B Tabnwuie 3.9.
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Taomuma 3.9
OmnepaTopbl BCTPOSHHOTO TPAHCIIATOpA JHarpaMm
Omneparop 3HayeHue
1 2
var OmnpeneneHue nepeMeHHoM
{} brok BeramMCIeHMIA
foreach () L{uKI 1O CHHCKY
selector [IceBmOHMM CITHCKA, TTO KOTOPOMY OCYIIECTBIISICTCS UTepalHs
B TeKymieM foreach
write BbIBOJ] TEKCTa B pe3yJibTatT
writeln BeIBox TekCTa B pe3ysbTat
If then Omneparop ycrnoBus
If then else Omneparop ycinoBus
getObjects() | [TomyueHue crucka 0ObEKTOB, COOTBETCTBYIOIIUX YCIOBUIO
getAttribute() | IToaydyenue 3HaueHus aTpuOyTa 00BEKTA IO UMEHHU
getListElement() | ITonyueHue 3neMeHTa CIIMCKA IO HOMEPY
hasNext() [Tpu3HaK TOTO, YTO B CIIMCKE €CTh HEITPOCMOTPEHHBIC
AJIEMEHTHI, UCTIOJIb3yeTCs coBMecTHO ¢ foreach

Kak Oynmer moka3zaHo B paszaene 4, nake CTOIb IMPOCTOH TPaHCIATOP

MO3BOJISIET MOJy4aTh paOOTOCIIOCOOHBIN KO /I HEKOTOPBIX SI3BIKOB.

OTKpBITBIMI/I OCTarOTCs BOIIPOCHI, CBA3AHHBLIC C TpaHCHHHHeﬁ JuarpaMm B

JUarpaMMbl U PEMH>)KUHUPUHTOM (BOCCTAHOBJICHHUIO JUATPAMM IO TEKCTaM).

Bw1800dbI no pazdeay 3.

1. HpI/IKJ'Ia)IHaH BBIYUCIUTECIIbHAA MOJACIIb BU3YAJIbHOI'O A3bIKd, MCIIOJB3YCMOM B

nporpaMMHOM cpezactBe “Diagen”, onpenensieTcst Kak BRIYHUCIATEIbHAS MOJETN

BHU3YAJIbHOTO A3bIKA, IJIA KOTOpOﬁ 3aJaHbl KOHCYHBIC Ha6op1,1 THUIIOB JAHHBIX U

onepaunﬁ HaJl HUMH, a TAKXKC IICPCUCHDb 0a30BBIX BU3YAJIbHBIX ITPUMHUTHUBOB.

YpoBeHb BBIPA3UTENBHONW MOIIM TPOTPAMMHOTO CPEJCTBA MOXKET OBITh
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YBEJIMYEH 3a CUET PACIIUPEHHS] TUNOB AAHHBIX CHUHTETUYECKHMMHU THUIIAMH H
byHKIHUSIMH Ha s3bIKe Javascript.

Co3pana mporpaMMHasi peanu3anus MaTeMaTHYECKOro SApa, Peau3yroLIEro
MPUKIIAIHYIO BBIYMCIUTEIBHYIO MOJIENIb BU3YAIIbHOTO SI3bIKA, U €0 OCHOBHBIC
byHKIIMA — IocTpoeHHE rpada 3aBUCUMOCTEH, MO IepKKa TpaH3aKITNi, ONMCaH
croco0 peanuzaiuu aaropurma 2.1.

[IpennoxeH u omucaH HOBBIA CIOCOO MHTEpGEHCHON peanu3alud OCHOBHBIX
3a/a4d mo paboTe ¢ AuarpaMMoil — J00aBlIeHUS W yJOaJIeHUS 0OBEKTOB, CBS3CH
MeXIy 00beKTaMu, paboTa ¢ KOHTEKCTHBIMU MEHIO, PEIaKTUPOBAHHUE CBOMCTB
JIOTUYECKOTO 00beKkTa Auarpammebl. [lokazaHo, 4TO NEUCTBUS MOJIL30BATENS C
TUuarpaMMon MOTYT 0o0pabaThIBaThCsl C MOMOIIBIO CIIEIUATBHBIX BU3yaJbHBIX
OPUMUTUBOB, TPEIHA3HAYCHHBIX MCKIIOYUTEIBHO JJII O00pabOTKH ATHX
JelcTBUM; M00aBJISITh HOBBIE OOpabaThIBaeMble JEHCTBUSI MOXKHO 3a CYET
CO3/IaHUSI HOBBIX CIIELIMAIN3UPOBAHHBIX TPUMHUTHBOB.

[Ipennoxkena u omnMcaHa CTPYKTypa W OCHOBHBIE aJITOPUTMBI PadOTHI
TpaHCJISITOpPa, MNPEeoOpa3yrolIero auarpaMMbl B TEKCT B COOTBETCTBHUU CO
CLUEHAPUSAMU TPAHCIISIUU.

JlokazaHo (myTeM MOJEIHUPOBAHUS HEKOTOPBIX BAXKHBIX KJIACCOB BU3YaJbHBIX
S3BIKOB B paszfienie 4), 4TO BBINICTIEPEUYUCICHHBIN TMepeYeHb BO3MOKHOCTEHN
IPOrpaMMHOr0 CpEACTBAa MOJOH M NPOrPaMMHOE CPEACTBO MO3BOJSET
peanu3oBaTh OCHOBHBIC BHU3YaJbHbIC SI3bIKM, MCIOJIB3yEMbIE B OTpaciu
WH(OPMAITMOHHBIX TEXHOJOTUH. B KauecTBe HENOCTATKOB CPEACTBA MOXKHO
OTMETUTH OTCYTCTBHE MPOPAOOTAHHBIX AITOPUTMOB PEMHKUHUPUHTA JUATPAMM
(B 4acTHOCTH, BOCCTAHOBJICHUSI JHUArpaMMbl MO CTEHEPUPOBAHHOMY KOIy) U
TPAHCISALMY IUarpaMM B JUArpamMMbl. ITU BOMPOCHI SBIISIIOTCS HAMPABICHUSIMHU

JanbHeie padoThl.
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4. Pe3ysibTaThl IPUMEHEHUSsI MOAE/IU B 3a4a4axX OlleHUBaHUS
coCTOAHUHN 00beKTOB PKT

B nannom pasnene Oyner omucaH OMNBIT NMPUMEHEHHUS BBIYMCIUTEIHHOM
MOJIEJIM BU3YaJbHOTO S3bIKa K peajbHbIM KJacCaM 3a/Jad M CJHIEJaHHBIE 110
pe3yibTaTaM BBIBOJBI O MPUMEHUMOCTH MOJIEIH, HEOOXOJUMBIX IOpadOTKax U
MEPCIEKTUBHBIX HAIpPaBJICHUSIX pa3BUTUs. B kauecTBe 3a/au OyyT pacCMOTPEHBI
JBE — 3a7a4a co3laHue penaktopa ER-muarpamMm, oTHocsmasica K 00€CIEYEHUIO
UMIIOPTO3aMEIIeHHs, W 3a/ladya CO3/IaHus MHEMOCXEM DJJIEMEHTOB pPaKETHO-
KOCMHUYECKOW TEXHUKU MPH KOHTPOJE MX cocTosiHusA. HecMmoTpst Ha To, uTOo 00€
3aJlayd OTHOCATCS K Pa3pabOTKe BU3YaJIbHBIX S3BIKOB, MEXKIY HUMH HMEIOTCS
CYIIIECTBEHHBIC PA3IN4Msl, 4 UMEHHO:

— oanemeHThl ER-muarpamMmsl 0071a7ai0T CYIIECTBEHHO 00Ji€€ CIIOKHBIM
BU3YaJbHBIM  TOBEJCHUEM, B TOM YHCIE B3aUMOJCHCTBYET C
MOJI30BATEJIEM 4Yepe3 JHAIOroBble OKHA, B TO BpeMs KaK BU3YyallbHOE
MOBEJICHNE MHEMOCXEMbI B OCHOBHOM OTPAaHUYECHO U3MEHEHUEM 3HAYCHUM
UHINKATOPOB;

— ER-nuarpamMma MoXXeT KOHCTPYMPOBAThCS TMOJB30BATENIEM, B TO BpeMs
KaK MHEMOCXeMa BCEr/la UMEET OJIMHAKOBYIO CTPYKTYPY;

— oneMeHThl ER-muarpamMmbl MMEIOT OYE€Hb MPOCTHIE KOHTYPHI (JIMHHM,
IPSIMOYTOJILHUKH), B TO BpeMs KaKk MHEMOCXEMa COCTOUT U3 DJIEMEHTOB
pazHooOpa3Hoii GopMbl  (OKPY>KHOCTH, TPEYTOJIbHUKH, 3aKpallieHHBIC
00J1acTH, 3MEEBHKH U TIP.);

— ER-amarpammy HEoOXoMMO TpaHCIUPOBATh;

— MHEMOCXEMa JIOJDKHA HWHTETPUPOBATHCS C BHEIIHUMHU IPOIIECCaAMU,
nepenarMMI TeIEMETPUYECKYI0 HH(OPMAIHIO.

Tem He wMeHee, HECMOTpPs Ha BBIIICONMCAHHBIC pa3IUuus, pa3zpaboTaHHAs
BBIYHMCIIUTENbHAS MOJIENb BU3YaJbHOTO $3bIKa MOKa3alla CBOIO MPUMEHHMOCTh K

obeum 3amauam. B nogpasnene 4.1 Oynyt npuBeneHsl pe3ynbTaTsl onucanus ER-
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JAuarpaMM, a B Ioapasaciic 4.2 — MHEMOCXEMBI TpaKTa HaadyBa 0akoB PAaKEThI-

rocurels “Cors-2".

4.1. PeweHue 3ada4u noddeprcku oo6ujeynompeoumesibHbIX
duazpamm 8 yc/i108usix umnopmoszameujeHusi 8 PKT Ha npumepe
ER-duazpamm

4.1.1. 0O60ocHoBaHue BbiIoOpa ER-Mo0€e/14 M NOCTaHOBKA 3aJ4a4M

B cdepe PIIO, B Tom umcie, csazanHoit ¢ PKT, ucnons3yercs Gosblioe
KOJIMYECTBO Pa3HOOOpa3HbIX BHU3YaNbHBIX S3BIKOB. B mepByro ouepenb cieayer
OTMETHTh TPH OCHOBHBIX T'PYIIBI TaKUX sI3bIKOB — 15 s3b1k0B HOoTarwu |IDEF [54],
12 si3p1koB HOoTarmu UML [3], a Takxke cxeMbl anroputMoB [6]. B 3aBucuMocTs ot
CUTYyalluM, MOTYT MCIOJb30BaTbCs M JPYrM€ BU3YaJbHbIE SA3BIKH, OIHAKO
NIEPEYNCIICHHBIE TUIIBI TOKPBIBAIOT OCHOBHYIO YaCTh HYK] TPOEKTUPOBILUKOB.

PaccmarpuBasi BBIIICONMMCAHHBIE AUArpamMMbl, MOXHO 3aMETHTh, YTO OHU
JIEJISITCS. Ha JIBA OCHOBHBIX KJIacca — OMUCaHue CTpyKTyphl (Hanpumep, IDEF1 wn
quarpaMMa  KJacCoB) U ONMCaHUE TOBEJEHUs (Hampumep, Juarpamma
MOCJIEIOBATENbHOCTEH, AuarpaMMa JeHMCcTBUM, cxema anroputma). Ilpum sTom
JMarpaMMbl, OIKCHIBAIOIINE CTPYKTYpY, a TakKe HEKOTOpbhIE AHarpaMMbl,
OMMMCHIBAIOIINE TOBEICHUE (HAlpUMEp, IuarpaMma BapHaHTOB HMCIOJIb30BaHUS)
OOBIYHO CTPOATCS MO €IUHOMY IIAOJIOHY — YCJIOBHBIE MPSMOYTOJIbHUKH,
COCIUMHEHHbIE CBS3SIMU. B naHHOM paszzgene Oyner NpuBeneHa peanu3anus
penaKkTopa Takol JuarpaMMbl CPEACTBAMH BBIYMCIUTEIBHON MOJIENIM HA MPUMEPE
JIrarpaMMbl CyImHOCTh-CBsI3b Wi ER-muarpammer (IDEF1). Jlannas auarpamma
aBisieTca KpaiiHe BakHOUM myst PITO, Tak kak SIBISIETCSI OCHOBHBIM CPEJICTBOM
MPOECKTUPOBAHUS CXEM 0a3 TaHHBIX.

[Tonmronennsit rpaduueckuii penaktop ER-mumarpamm, takoit xkak Power
Designer [8] win ER Win [21], siBisieTcst CIIOKHOW NPOrPaAaMMHOM CHCTEMOM,
MOMUMO COOCTBEHHO OTOOpaKE€HUs AUarpaMM, BBITTOJIHSIOIINI MHOKECTBO APYTHUX

byakuumii. s 1eMOHCTpari  MPUMEHUMOCTHA  BBIYMCIUTEIBLHON  MOJETH
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BU3YaJIbHOTO SI3bIKa JIOCTATOYHO PEAJIM30BaTh OCHOBHYIO (PYHKIIMOHAJIBHOCTD,
CBS3aHHYIO C PUCOBAaHMEM auarpamMm u TpaHcismueit B SQL-koxa. Pemakrop Oyner
peaan30BaH CO CICAYIOMMMU QYHKIIUSIMHU:
1 otoOpakeHue auarpaMmbl, J100aBJiICHUE, YAAJICHHUE, PEIAKTUPOBAHKE
CBOWCTB CYIIIHOCTEM;
2 CBSI3bIBaHWE CYIIHOCTEH W pa3pbhiB CBsI3€d, YCTAHOBKA BHEIIHUX
KJTIOUEH;
3 TpaHcasaus noydeHHou quarpamMmmbl B SQL ko B crangapte ANSI.
[Tonyuennslii pemakTop Oyaer o0jagaTh 0a30BbIM  (PYHKIIMOHAJIOM,
MO3BOJIAIONIMM CO3J]aBaTh JUarpaMMbl U TPAHCIMPOBATh HUX B KoJ. Bompocsl,
CBSI3aHHBIC C PEMHKUHUPUHTOM 0a3 JaHHBIX, HMCIIOJHEHHEM TMOJYyYeHHOIO KO/,
aHaJM30M Ha KOPPEKTHOCTb, T€HEpAIMENd TECTOBBIX JAHHBIX W TP. BBIXOIAT 3a
paMKH 3a/Jadd 3TOro paszjena M 3[ech paccMmaTpuBaThes He OynyT. Kpome Toro,
S3BIK OYJIET peain30BaH B BUE, MPUOIMKEHHOM K rpaduieckomy peaakropy Power

Designer (puc.4.1), Heckoipko oTmyaronmmcs ot IDEF1.

Gruppa

- 1D numeric{18) <pk=
Caonsists of Fak_id  numeric(18) <fic=

BR_NUM varchar{10)

Belongs to

Belong to

Student

1D numeric{18) =pk>=
Gru_|D numeric(18) <fix=

FIRSTNAME  varchar{100)
LASTNAME  varchar{100)
PARENTNAME varchar{100)
N_ZACH varchar{10)

Fakultet

id numeric{18) <pk= | contains
Fakult_Mum int
Fakult_Mame warchar{100)

Puc. 4.1. [Ipumep ER-nuarpammel, nzo0pakenHou cpeacrsamu Power Designer.
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4.1.2. Peasiu3anus BU3yaJIbHOM 4YaCTH 00bEKTA «CYLHIHOCTb»
CymHoCTh — OOBEKT JuarpaMMbl, MPEICTABISIONIMA  PESAIUOHHOE
OTHOILICHWE, WIIH, B MPUOIUKEHHOM IMPEJCTABICHUHU, TaONMIly Oa3bl JTaHHBIX.

COI[ep}KaTCJILHO OH COCTOUT M3 OIIMCAHUA UMCH, TUIIOB JAHHBIX U IPYTUX CBOMCTB
anI/I6YTOB PCILINUOHHOT'O OTHOLICHHUSA, 4 TAKKC IIPHU3HAKOB BHCIIHCIO KIIFOYA.

PaccmoTpuMm OTIIENIbHO BU3YaIbHYIO COCTABIISIONIYI0 00BEKTA “‘CYITHOCTD .
BusyanpHas 4acTh 00BEKTa “CyIIHOCTH  CTPOUTCS M3 CICAYIONUX YacTeu

(puc. 4.2):
KOHTYpbl GUrypbl 1 TeKCT
T
{ ¥ Tekctl
TekcTt2

Puc. 4.2. BuzyanbHas CTpyKTypa 00beKTa “CyIIHOCTh
Takum 00pa3oM, CYIIHOCTh COCTOUT M3 IIECTH YHPABISIONIUX SJIEMEHTOB,
KOTOPbIE OTOOPAXKAIOTCS HJIM HET B 3aBUCUMOCTH OT CUTYyAIUH, K CEMH JIEMEHTOB,
MIPEICTABIISIONINX COOCTBEHHO MH(pOpMaIio. B yrpaistomuye 31eMEeHThl BXOISAT
00J1aCTh YCTAaHOBKHM COCIMHCHHUS, MPeAHA3HAYCHHAS ISl YCTAHOBKHU CBSI3H MEXKITY
CYIITHOCTSIMHU; YEThIPE AKTUBHBIE TOYKH, C MOMOIIBI) KOTOPBIX OCYIIECTBISETCS
3a  KoTopyto urypa

aKTUBHAs 00JIaCTh,

U3MEHEHHEe pa3Mmepa (QUrypsi;
nepemMeniaeTcs. JJIEeMEHThl, OoToOpaxarolmue WHGOPMAIMIO, COCTOSAT M3 IMSTH
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OTPE3KOB MPSIMBIX, 00pa3ymOIIUX KOHTYp (QUIYpbl U JIBYX TEKCTOBBIX MOJEH —
BEpXHEE MPEICTaBIsCT Ha3BaHUE PEIISIIMOHHOTO OTHOIIICHUS, a HIDKHEE — TaOIuILy
aTpuOyTOB.

PaccmoTpuM cucTeMy YpaBHEHUH, ONMCHIBAIOIIYIO JaHHBIM OOBEKT.
OcToBOM Bcero n300pakeHus SBISIOTCA MATh YIPABISIIOMINX 00BEKTOB — YEThIpe
aKTHBHBIC TOYKU U aKTHUBHAs 00JacTh (M300pa)KeHbI B LEHTPAIBLHOW YacTH (pHLC.

4.2)). Paccmotpum moapoOHO 3T 00BeKTHI U UX aTpuOyTHI (prc.4.3).

)/ N

) (o

Puc. 4.3. OcToB 00BekTa “CymIHOCTD”

YeTwipe akTUBHBIC TOUKH 0003HavaroTcss nmeHamu A, B, C u D, a aktuBHas

obnacth — E. ¥V HUX nMeroTcs cnenyroume aTpuOyThl:

{X, y}:

{x,y};

{x,y}; (4.1)
{x,y};

x,y,w,h}.

OO W
I

t
I
’-A-\
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JIJisi aKTUBHBIX TOYEK aTpUOyThl 0003HAYAIOT MO3UIMI0 MX LIEHTpa, IS
aKTUBHOM 00siacT aTpuOyThl X 1 Y 3a7al0T KOOPJIMHATHI JIEBOIO BEPXHETO yTa, a
W u H — cooTBercTBeHHO, MUpUHY U BbicoTy. Clieayromnias cucteMa ypaBHEHUN

OITNCBIBACT OCTOB:

C.x = Ax; (4.2)
Ax = Cx; (4.3
A.x = E.x; (4.4)
E.x = A.x; (4.5)
B.x = D.x; (4.6)
D.x = B.x; (4.7)
cond(! $initialEvent(E.x))E.-w = B.x — E.x; (4.8)
cond($initialEvent(E.x))B.x = E.x + E.w; (4.9)
B.y = A.y; (4.10)
A.y = B.y; (4.11)
Ay = E.y; (4.12)
E.y = Ay; (4.13)
C.y =D.y; (4.14)
D.y =C.y; (4.15)
cond(! $initialEvent(E.y))E.h = C.y — E.y; (4.16)
cond($initialEvent(E.y))C.y = E.y + E.h. (4.17)

CeMaHTHYECKasi CETh COCTOUT U3 JBYX HECBSI3aHHBIX (parmMeHToB (4.2-4.9) n

(4.10-4.17). Dta cuctemMa B BHJIC CEMaHTHUCCKOM CeTH n300pakeHa Ha puc.4.4.



\ ‘Q a.10) —
\(4.12)
(4. 2) (4.3) (4.13)

(4.5) / (4.4) (4.9) . \

(4.7) (4.6)
N/ \
D.x
(4.8) (4.14) (4.15) E.h

/ \ D.y (4.16)
E.w

Puc. 4.4. CemanTrnueckas CeTh, ONMCHIBAIOIIAA OCTOB OOBEKTA “CYIIHOCTD

Cetb, u300paxkeHHasi Ha puc.4.4, npeacrasisieT coOOW ABYIOJbHBIA rpad,
y3JaMH KOTOPOTO SIBISIOTCS MO0 aTpuOyThl, 1100 QYHKIUH, UX BBIUUCIISIOIINE.
Hyra, BeIXOJs1Iast U3 arpuOyTa U BXoJsuast B (PYHKIIMIO, IPEACTABIISAET BXOJHOU
napaMmeTp (QYHKIUH, a Ayra, uaymas B oOpaTHOM HaIlpaBJICHUU — MPUCBOCHHE
pe3ynbTaTa. JlaHHass CTpyKTypa TMpakTUYECKH MJIEHTUYHA OMNHCAHHOMY B
noapasnene 3.3 rpady 3aBUCHMOCTEH.

C 1aHHOM CETPIO MOYKHO B3aUMOJCHCTBOBATh MSATHIO Pa3IMYHBIMU
ciocobamu — uyepe3 aktuBHbie TOYkd A.B.C.D u uepe3 aktuBHyr obOnacts E.
PaccMoTpuM pe3ynbTaT BBIOJHEHUS anropuTMa 2.1 it KaXI0ro U3 crnocoooB.

ITepBoe U3 U3MEHEHUI — ATO TIepEeMENIEHHUE yIiia A, TO €CTh 3aJlaHh€ HOBBIX
3HaueHuit Ay A.X u A.y. Bo3Hukaronye BO3MOKHbIE NOCIEA0BATEIbHOCTH (ITyTH
B Tpade Ha puc. 4.4) u3obpaxeHsl Ha puc.4.5. 3MeCh CTPEIKU YKa3bIBAIOT, KAKOW
aTpuOyT U3MEHSETCS TIOCe M3MEHEHHUs MPEeAbIAYIIEero aTpudyTa, a HaaMUCh HaJ

CTPEJIKOM yKa3bIBaeT (hOpMYITy, IO KOTOPOW OH BBIYUCIISETCS.
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(4.5) _ 48 Ew
oy E.x
(4.2
Ax 48 L, Ew

(4.5) C.x
\ E.X %’ C )
E.w

4.13) (4.16) E.h

( E.
(4.10) By—— y

Ay — @19, Eh

(4.10) B.y

(4.16) Eh

Puc.4.5. Bo3MoHBIE TOCIIEA0BATEILHOCTH BEIUMCICHUN MIPU MTEPEMEILIEHUU
BEPILIUHBI A.

Kak moxHO yBuaerh u3 puc. 4.5, BIUUCIECHUS IMPENCTABISAIOT co00il NBE
HECBSI3aHHBIE JIPYT C JAPYrOM IIOCIEI0BATEIBHOCTH — aOCHUCCHI BBIYMCISIOTCS
OTZEJIBHO OT OpAMHAT. Bce BO3MOXHBIE NOCIENOBATENBHOCTH IPUBOJSAT K TOMY,
4To nepemernarorcsa adcuucca yriaa C u opauHara yria B, To ectb 00BbEKT MEHSET
CBOM pa3Mep B COOTBETCTBUHU C NEPEMEILIEHUEM yTiia A; MPU 3TOM JIEBBIM BEPXHUU
yroJ aKkTUBHOU o0siactu E ycTaHaBiauBaeTcs B T€ € KOOPAUHATHI, UTO U yroa A, a
IIMPUHA W BBICOTA IIEPECUMTHIBAIOTCA KaK pasHULA MEXIYy KOOpAMHATaMHU
u3MeHuBLIerocs yrima A u noctosHHoro yriaa D. Takum oOpazom, mnpu
nepeMeneHn yria A oObEeKT MEHseT CBOW pa3Mep, a akTuBHas o0jacTh Io-
IpeKHEMY 3aHMMAET BCE IPOCTPAHCTBO OOBEKTA.

AHajornyHble U3MEHECHHS UMEIOT MECTO B IIpH NNCPpEMCIICHNH BEPIINH B, C

uD (puc. 4.6 —4.9).



(4.7
B.x
E.w —
(4.11) (4.13) E (4.16) E.h
. : y
B.y » Ay —
Puc. 4.6. Bo3aMOXHBbI€ IOCIEA0BATEILHOCTH BBIYUCICHUN TTPU
nepeMeleHNH BepUIHbI B.
(4.8)
(4.5) » E.w
Ax "2 —» ExX
(4.3
C.
* y /ﬂ-}f,),,» E.h
(4.15
(4.16) (415) o y

Puc. 4.7. Bo3aMOHbI€ TOCAEA0BATEIbHOCTH BBIYUCICHUN TTPU

nepeMenieHn BepinHbl C.

(4.6) (4.8)
Dx— —  Bx—— E.w
D.y (4.14) JCy_ 21 —>En

Puc.4.8. Bo3mokHBIEC TOCIIEAOBATEILHOCTH BBIUMCICHHUN MTPH TEPEMEIICHUN

BepinHbI D.
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(4.2)
/élL, D.x C.x
(4.4) oy —>Dx
(4.9) / (4 4)
E.x \[4\A——4)—> B.x (4 7 — »A.X 42) » C.x
(4.2) I .
A.x Cx (49 B.x (4.7) > D.x
(4.9) 5
(4.7) 42 C.x
Bx— DX
T—wa w1y,
(4.10) @1 D
/v B.y -y
(4.17) 4.15) y B.
/v \ D.y y
4.17) (15 (4.17 (4.10)
E.y \) Dy —A.y »B.y
Ay—(—)—>Cy§(%, (4.15) ~D.y
(4.10) 15)
- (4.10) B.y

D.y

B.Y\(% &»Dy

Puc. 4.9. Bo3MoxHbI€ TOCAEA0BATEIbHOCTH BBIYUCICHUN MTPU

nepeMeIeHnH BepIuuHsI E.

MOXHO JIeTKO YOEAUTBCS, YTO BHE 3aBUCUMOCTH OT BBIOPAHHOIO MYTH
BBIYMCIICHUN NIPU KaKJIOM M3MEHEHHH DPE3YyJIbTaT MOJydaeTcs OJMHAKOBBIM. JTO
JIOCTUIaeTCs TEM, YTO BCErJla COXPAHSAETCA ONpPEAESICHHbIN MOPAI0K MPUMEHEHUS
dopmyi, Hanpumep, Ha puc. 4.4 HM B KaKOW MOCJIEI0BATEIbHOCTH HEBO3MOXKHO
BBITIOTHUTS (4.8) panblie, yem (4.5).

OOBEKT “CYyIHOCTH”, KaK MOKa3aHO Ha puc. 4.2, KpOME OCTOBA, COJAEPKUT
eie 00JbIIOE KOJMUYECTBO IPYTHX BU3YAJIbHBIX 3JIEMEHTOB. ATPUOYTHI BCEX ITHX
AJIEMEHTOB MOTYT ObITh BHIYUCIIEHBI HETIOCPEACTBEHHO KaK (DYHKIMS OT OJHOTO U3
aTpuOyTOB OCTOBA, OTOMY MPaBUJIbHBINA MOPSAJOK BBIUMCICHUNA HUKAaKUM 00pa3oM

HE MOXET ObITh HapyLIEH.
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PaccMoTpum rpadudeckyro KOMIOHEHTY 00bekTa “cymiHocTh” (puc. 4.10.)

I Tekctl I|= K

G
Tekct2 ————————————— L
H

Puc. 4.10. I'paduyeckas koMrnoHeHTa 00beKTa “‘CyIHOCTD

['padpriueckas KOMIOHEHTA COCTOUT U3 TPEX TOPU3OHTAIbHBIX JuHUl G,H,J,

JIBYX BepTUKaIbHbIX | U L 1 qByX TekcToBbIX nojen K u M.

G = {x1,y1, %2, Y2 };
H = {x1,y1,%2,¥2};
J = {x1,¥1, %2, ¥2};
I'={x1,y1,%2,y2}; (4.18)

L ={x1,y1,%2, Y2}
K ={x,y,w,h,t};
M = {x,y,w, h,t}.

Jluauu comepxkaT 4eThIpe aTprOyTa, IOMAPHO MPEACTABIISIONINE KOOPIUHATHI
Ka)KI0r0 U3 KOHIIOB. TE€KCTOBBIE OIS COAEPIKAT CEMb aTPHOYTOB, M3 KOTOPHIX (X, V)
NPEJCTABIISIIOT COOOM KOOpJIWHATHI JIEBOIO BEpXHEro yria, (w,h) — mmpuHa U
BBICOTA U t - COOCTBEHHO TEKCT.

Koopaunatbl KOHTypa, COCTaBASCHHOTO U3 Tpa@uUIecKux dJICMEHTOB,

MOAYUHAIOTCA CICAYIOIINUM IMIPOCTBIM COOTHOIICHHUAM:

G.x; =A.x; G.y, = Ay, (4.19)
G.x, = B.x; G.y, = B.y; (4.20)
l.x; = A.x; L.y, =A.y; (4.22)

l.x, =C.x; l.y,=C.y; (4.22)
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J.x; =C.x; J.ys =C.y; (4.23)
J.x;, = D.x; J.y, =D.y; (4.24)
L.x; = B.x; L.y, =B.y; (4.25)
L.x, = D.x, L.y, =D.y. (4.26)

Kak MOXHO BHZIETBH, B BHIy TOIO, YTO BCE 3aBUCUMOCTH B IPABOM YacTH
UMEIOT OJMH U3 aTpuOyTOB OCTOBA, HET HUKAKOW BO3MOXKHOCTH TMOJYYHTh
pa3JIMUHbIE PE3YIbTATHI IPH JIFOOOM MOPSAJIKE BEIYUCICHUN aaropuT™MoM 2.1.

[Iyctb ¢ - HeKoTOpas KOHCTaHTa, yKa3bIBalollas Ha BBICOTY 00JIacTH
3arojioBKka. BpicoTa 3aroioBka cjaenaHa KOHCTAHTHOW, a HE Kak (yHKUus
OTHOCUTEJIBHO pa3MepoB HIpU(Ta, MO HECKOJIbKUM IpUYMHaM. Bo-mepBhIX, B
cllyyae IIyCTOrO 3arojloBKa BBICOTa JOJDKHAa OBITh HEHyJeBOH. Bo-BTophIX,
BBIYMCIICHHE BBICOTHI 3arojloBKa KakK (YHKIMU OT pa3MEpOB TEKCTAa CBSKET
BBIUHCIIUTENIBbHYIO MOJIENH C TapaMeTpaMu KOHKPETHOTO Ipa)uyecKoro ycTponcTaa
(0e3 KOTOpPOro BBICOTY TEKCTa BBIUHUCIUTH HEBO3MOXKHO), UYTO HPUBENET K
HapyweHuto narrepia MVC 1 HEeBO3MOKHOCTH M300pakeHUs] AUarpaMMbl 0ojee
YeM Ha OJHOM YCTPOMCTBE OJJHOBPEMEHHO.

OcraBmasics BHYTPEHHSISI BU3yaJIbHAasl CTPYKTYpPa OIUCHIBAETCS CIEAYIOIEH

CUCTEMOM COOTHOIIECHUMN

K.x = A.x; K.y =A.y, (4.27)
K.w=E.w; K.h =c; (4.28)
H.x; = A.x, Hy =Ay+c; (4.29)
H.x, = B.x; H.y, =H.yy, (4.30)
M.x; = H.xq; M.y, = H.yq; (4.31)
M.x, = H.xy; M.y, = H.y,; (4.32)
M.w=K.w; M.h=E.w—c. (4.33)

Pe3ynbraT BBIUMCICHHUS CHCTEMBl anroputMoM 2.1 He 3aBHCHT OT BhIOOpa
MOCJIEA0BATEILHOCTH BBIUMCIIEHUH B BUlY TOT'O, UTO B IIPABOM YaCTU COOTHOIICHUM

HaXOJUTCS HE OoJiee OTHOTO aTpulyTa OCTOBA.



96

O06acTh YCTAaHOBKH COCIMHEHUS 110 KOOPIMHATAM COBIAIaeT ¢ 00hEKTOM E
U TIOTOMY €€ peasii3alus OYEBU/IHA.

Takum o0pa3om, BBIUUCIUTENIbHAS MOJCIh BU3YaJbHOI'O SI3bIKA MO3BOJISET
onucaTh O0BEKT “CyIIHOCTH . {7151 3aBepIieHUs OMCaHUs JUarpaMMbl HEOOXO0IUMO

JIOMOJIHUTH ATO OIMMCAHUE ONMUCAHUEM 00BEKTA “‘CBA3L .

4.1.3. Peasin3anusa BU3yaJIbHOM YaCTH 00’ bEKTA «CBA3b»

CBsizb — OOBEKT JAMarpaMMbl, TMPEACTABISIIONMNA BHEIIHUE KIIOYH
PENSMUOHHOTO OTHOIIEHHSI. CEMaHTHUUECKH OH COCTOMUT U3 MEPEUYHsI COOTBETCTBUM
MEXK]ly IEPBUYHBIMU KJIFOYaMHU OJIHOTO PEISIIMOHHOIO OTHONIICHUS U aTpuOyTamMu
JPYroro peJsiMMOHHOTO OTHOWICHUS. Kpome Toro, st CBSI3U MOTYT BBIAEHATHCS
JIOTIOJTHUTEIIbHBIE CBOWCTBA, B YAaCTHOCTH, MMEHA POJIEU CBS3M IS KAKIOU
Tabnuibl. PaccMOTpUM OTIENBHO BU3YaNIbHYIO COCTABIISIONIYIO 00BEKTa “CBSI3b .

BusyanbHas yacTe 0OBEKTa ‘“‘CBSI3p” TPENCTABISIET COOOM CTPENKY C
M3JIOMAMH, C KaXJ0W U3 CTOPOH KOTOPOU HaxonATca nMeHa posen. [Ipumep cBszein
B cuHTakcuce Power Designer nzo0paxken Ha puc.4.1. B Bepcuu sToro pegakropa
CBSI3b MOJKET UMETh MPOU3BOIBHOE (MJIM OUYE€HB OOJIBIIIOE) KOJINYECTBO U3JIOMOB. C
TOYKA 3PEHUSI BBIUUCIUTEIIBHOW MOJIENM BHU3YaJIbHOI'O SI3bIKA KaXKIbI H3JIOM
00aBJISIET CYIIECTBEHHOE KOJMYECTBO JIOMOJHUTEIBHBIX COOTHOIICHHM, TOATOMY
OBUIO TMPUHATO pEIICHHEe UMETh HE 0oJiee TpeX H3JOMOB, YTO JIOJDKHO OBITh
JIOCTATOYHO JIJ1s1 OOBIIMHCTBA 3a]1a4.

OOBeKT “cBsA3B” sABISAETCA 00Jiee CIOXKHBIM, UeM 00BEKTa “‘CylIHOCTh . Ero

BHU3yaJlbHasl CTPYKTypa NpeAcTasieHa Ha puc.4.11.
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ponb ’ ’ ’ ’ ’ ’ ’ S

\I/

_________

Puc. 4.11. I'paduueckas cTpyKkTypa 00beKTa “CBS3B .

OOBEKT COCTOUT M3 IIECTH OTPE3KOB, KOTOPbIE MOTYT OBITH TOJIBKO CTPOTO
TOPU30HTAILHBIMHA WM BEPTHKAIBHBIMHU, 00Pa3yIOMUX COOCTBEHHO M3JIOMaHHYIO
JVHMIO, IBYX OTPE3KOB, N300paXKaroUINX CTPEJIKY U TPEX aKTUBHBIX TOUEK B MECTaxX
U3JI0MAa, a TAaKXKe JIByX TEKCTOBBIX MOJIEH Ha/l KOHIIaMH CBsI3U. B BUly oueBUIHOCTH
peanu3aluy CTpesKa U pojid paccMaTpuBaThes fajiee He 0yayT. OTpe3KoB 1IeCTb, a
HE YeThIpEe, BBUAY HEOOXOIMMOCTH pealn3aliy ABCHaIaTH BAPUAHTOB BXOXKICHUS
CBSI3M B CYIIHOCTb C KaXXJI0M U3 CTOPOH, KOTOphIE 00pa3yroTCsl B 3aBUCUMOCTHU OT
B3aUMHOTO PACIIOJIOKEHHS CYIIHOCTH ¥ OJFKaiield akTHBHON TOYKH (puc. 4.12).
OOpaboTka 3THUX JBEHAALIATH BAPUAHTOB COCTABISET OOJBIIYI0 YacTh JIOTUKU

OMMUCaHUA 00BEKTA “‘CBS3H .

W12 4 5 P
Y 7/
\\ ,/
N 4
\\ /’ 6
\\ //
AN 4 VY.’
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3
> 1
s A A N
10| . 7
/’ \\
/,, - - \\\
’ 9 7) g8

Puc. 4.12. JIBeHaanaTh BApUAHTOB BXOXKJICHUS CBSI3U B CYIITHOCTb.
Paccmotpum peanuzanuio rpaduueckoil joruku oObekTa “cBs3p’. [ns

YCTaHOBKH CBsI3 HEOOXOIMMO UMETh CCHUIKH Ha JiBa 00BEKTa “CYIIHOCTD”, MEXKIY



98

KOTOPBIMH 3Ta CBS3b YCTaHABIUBAETCA (IOTEHIIMAIBHO 3TO MOXKET OBITh OJIMH U TOT
e 00BeKT). Jlms AToM 1enu KaXIaplii O0BEKT “‘CYNTHOCTH  HKCIOPTHPYET CBOIO
akTuBHYI0 001acTh (E). Byaem o003Ha4aTh 3KCHOPTHUPYEMYIO aKTUBHYIO 00J1aCTh
CYIIHOCTH, U3 KOTOPOU BBIXOAUT CBA3b, KaK E;, a TOU, B KOTOPYIO CBSA3b BXOJAUT —
Kak E.

PaccmoTpuMm  BXojsiiee COEAMHEHUE CYIIHOCTHM UM CBsi3U. BbIOOp
KOHKPETHOTO crioco0a COeAMHEHNsI, KaK BUJIHO Ha puc. 4.12, 3aBUCUT OT B3aUMHOT'O
pacnoJIOKEHUs] aKTUBHOM Touku T u o0bekTa E,. JIns KpaTKOCTH paccMOTpUM

TOJIBKO OJHH U3 IBCHAAIATHU BAPUAHTOB — CBA3b BXOIUT B 00BEKT CIIpaBa HAJICBO

(puc.4.13).

Puc. 4.13. BapuaHT BXOXJICHHSI CBSI3H B CYIITHOCTh HOMED 1.

cond((T.x > E,.x+ E,. WwWA(T.y > E,.y)A(T.y < E,.y + Ez.h))

(4.34)
V.x; = E;.x+ E,.w;
Cond((T.x >E,x+ E, wANT.y > Ey)NT.y <E;y+ Ez'h)) (4.35)
V.y; =T.y;
cond((T.x > Ey. x + Ep WIAN(T.y > E. y)N(T.y < E2.y + E3. b)) (4.36)
V.x, =T.x;
cond((T.x > Ey. x + Ep WIA(T.y > E. y)N(T.y < E2.y + E3. b)) (4.37)
V.y, =T.y;
cond((T.x > Ey.x + Ep. wWA(T.y > E;.y)N(T.y < Ey.y + E;. h)) (4.38)
Ux, =E,.x+E, w;
cond((T.x > Ep. x + Ep.W)A(T.y > Ep. y)N(T.y < Ep.y + E;. h)) (4.39)

Uy, =T.y,
cond((T.x >Ey)x+E, WAT.y > E,y)N(T.y <E,.y+ Ez.h)) (4.40)
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Ux,=T.x;
cond((T.x > Eq.x + Ep. WA(T.y > E;.y)N(T.y < E;.y + E5. h))

(4.41)
Uy,=T.y.

Kak Mmo>xHO BUieTh, B BapuaHTe 1 (Tak ke, Kak B BapuaHTax 2, 3 1 4) 0O0BbeKThI
U u V HaknaapIiBaloTCs APYT Ha Apyra. [[Ba o0bekTa pUCyrOTCsl OJJUH BEPTUKAIBHO,
JPYTOi TOPU30HTAIILHO, TIPU BEIOOPE BapuaHTOB € 5 1o 12.

OcranbHas rpaduyeckas JIOruka 00beKTa “CBSI3b” OUEBHUIHA, IMOJHBINA TEKCT
onpeesieHus TpuBeeH B npuiioxkenuu I15.

Takum oOpa3om, OOBEKT “CBSI3B” MO CBOEH CTPYKType SBISETCS OoJjiee
MIPOCTBIM, XOTS U COACPKUT 3HAUUTEIBHO 00JIbIIIEE KOJIMYECTBO COOTHOLIEHUI. DTO
CBSI3aHO C peanu3aiiueil 00JIBIIOro KOJIMYECTBa BapUAHTOB B3aWMOPACIIOIOKEHUS

CYIITHOCTEH | CBSI3EH.

4.1.4. HeBu3yaJibHble aTPUGYTHI U CLLEHAPHUI TPAHCISALUN

Eme omHOM BaXKHOM 3ajadeil sIBJISETCS TpaHCIsIUWs auarpamm. B ciywae
MOJENIN “‘CYIIHOCTh-CBA3h~ JAHMAarpaMMa MOKET ObITh TpPAHCIMPOBAHA IIyTEM
MOCJIEIOBATEIBHOIO Mepedopa CYIIHOCTEN U CBA3€H, YTO BBITOJHO OTJIMYAET €€,
HaIrpuMep, OT CXeM alropuTMOB. {1 3TOM 11e7u 00BEKTHI “‘CYITHOCTh” U “‘CBSA3BL”
JOJDKHBI COZIEpKAaTh HEKOTOPbIE aTpuUOyThl, HE CBS3aHHBIC WM HE HAIMPSIMYIO
CBS3aHHBIC C WX BHM3yallbHBIM TpencTaBiieHueM. [Ipexmae Bcero, 3Tu arpuOyThi
KAacarloTCsl YCTAHOBJICHMS COOTBETCTBUSI MEXKJYy BHEIIHUMH W TEPBUYHBIMU
KIIFOYaMHU.

OcHOBHast CJHOXXHOCTb pealiM3alldd BHEIIHUX KJIIOUEW JuarpaMmbl
“CYIIIHOCTB-CBSI3b~ 3aKJIIOYAETCS] B HEOOXOIUMOCTH JEMOHCTpalud MoAupuUKaTopa
<fk> nysa BHemHMX Krouel. Tak Kak MO/ETh HE MMEET OTHOILICHHS arperaiuu, TO
HEBO3MOKHO YCTaHOBHUTH COOTHOILIEHHE MEXAY HEKOTOPHIM CIIMCKOM B OOBEKTE
“CyIIHOCTB’ M aTpuOyTaMu BCeX 0OBEKTOB “CBSI3b”, KOTOPBHIE CEMAHTUUYECKHU B HETO

BXOOAT. OTta Hp06neMa peuicHa IIyTeéM BBCACHUS IPCATIIOJIOKCHUA, 9YTO 34 OJHO
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U3MEHEHUE JuarpaMmbl HEBO3MOXKHO IMOMEHATh aTpuOyThl 0oJjiee YeM OJIHOTO
oOBekTa “cBs3p” (B clydae yIOaJeHHS HECKOJBKHX CYITHOCTEH WIJIM CBS3€H ATH
JEHCTBUS JOJKHBI BBIIOJIHATHCS CTPOrO MOCIIEI0BATENBHO, 10 OJHOMY). DyHKIINH,
pean30BaHHbIE Ha s3bIKe JavaScript, paccMaTpUBarOT OJMH U3 aTpUOYTOB 0OBEKTA
“CyIIHOCTH” CHUCKOBOI'O THUIA KaK OTOOpa)X€HHWE M MpPHU KaXIOM H3MEHEHUU
aTpuOyTOB HEKOTOPOI'O0 CEMAHTHYECKH BXOMSIIEIO0 B HEro 00BEKTa “‘CBSI3b”
NEPE3alMChIBAIOT B HEM 3JIEMEHTBI, OTHOCAIIMECS K 3TOMY OOBEKTYy “CBsi3b . B
JaNbHENIIEeM Ha OCHOBAHHH 3TOTO OTOOpaKEHHs M CIHMCKa aTpuOYTOB CYHTHOCTH
TeHEPUPYETCsl HAIMOJIHEHHE Uil TeKCToBoro moisi ¢ momeTkamu <fk>. Takum
oOpa3oM, OTHOIIEHHE arperauud MOJACIHPYETCS C IOMOIIbI  JAPYTHUX
COOTHOILEHHH.

HeBusyanbHast 1oruka o0beKTa “CBA3b~ 3aKIIOYACTCS B MOTYYEHHUH CIIMCKA
aTpuOyTOB M3 OOBEKTOB “CYIIHOCTH’, HA KOTOPHIX OHA YCTAHOBJICHA, BBIJCICHUU
KJIIOYEBBIX aTPUOYTOB B IPUEMHHUKE U CONOCTABIEHUHU UX CO CIIUCKOM aTpuOyTOB
UCTOYHHUKA. J[aHHAs JIOTMKA peaqu30BaHa B BUJIE PHIIBTPYIONINX CHUCKUA (PYHKIUN
Ha s3bike JavaScript. Takum oOpazom, Ul peaau3aluu TPaHCISIIUU B OOBEKTE
“CcBSI3p” MPEAYCMOTpPEH aTpUOyT, M0 KOTOPOMY MOKHO YCTaHOBUTH CBSA3b MEXIY
BHEIIHUMHU KJIIOYaMH OJHOM CYIIHOCTM W TEPBHUYHBIMU KIOUYaMH JApPYrou
CYIIIHOCTH.

PaccMmoTtpum creqyrommii anropuTM.

Aaroputm 4.1. TpaHcasuus AuarpaMmel CyIIIHOCTb-CBA3b B KOJ Ha SI3BIKE
SQL

[ar 1. OtkpsiTh UTEpaTOp 1 MO CymHOCTM;

[Iar 2. B34Th u3 ureparopa | HOBYIO CYIIHOCTD;

IITar 3. Beisectu B notok BeiBoAa TekcT “CREATE TABLE”;

[ITar 4. BsiBeCcTH B MOTOK BBIBOJIA UM TEKYIIEH CYIIIHOCTH;

Ilar 5. BeiBecTH B MOTOK BhIBOAA TeKCT “(”;

[ar 6. OTKpBITh UTEPATOP 2 MO CHUCKY aTPUOYTOB CYIIIHOCTH,

[ar 7. B3sTh HOBBII 3MEMEHT U3 UTEpaTopa 2 Kak TeKyIIHUid aTpuOyT

CYILLHOCTH;
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[ITar 8. BeiBecTH B MOTOK WUMsI IO, TUIM AAHHBIX U MOJU(PUKATOP W3
TEKYIIEro arpuoyTa CylmHOCTH B cuHTakcuce SQL;

[Ilar 9. Ecnu urepaTtop 2 HE MyCT, NEPEUTH HA 1Iar 7,

[Iar 10. BeiBecTH B MOTOK BBIBOZAA TEKCT )]

[IIar 11. BeiBecTH B MOTOK BBIBOJIA TEKCT “Q0”;

[lar 12. Ecnu urepatop 1 He mycT, nepelTH Ha mar 2,

[ar 13. OtkpsITh UTEpaTOp 1 M0 CymHoOCTAM;

[ar 14. B3ste u3 uteparopa 1 HOBYIO CyIIHOCTb;

ar 15. OTKpBITh UTEPATOP 2 MO CIHUCKY aTPUOYTOB CYIIHOCTH,
[Mar 15. O 2 o ;
ar 16. B3saTb HOBBIM dIE€MEHT U3 HTEpaTOpa 2 KaK TEKYIIUH aTpuOyT

[IIar 16. B 2 VI Oy

CYIIHOCTH,;
ar 17. Ecnu sneMeHT coAep KUT MIPU3HAK IEPBUYHOIO KJIF0Ya, 3aKPHITh

Ilar 17. E
ureparop 2 u nepertu Ha mar 20;

[Tar 18. Ecnau uteparop 2 He MycCT, NEpEerTH Ha war 16;

Har 19. Ilepetitu Ha mar 31;

[ITar 20. BeiBectu B motok BeiBoga TekeT “ALTER TABLE ”;

[IIar 21. BeiBeCcTH B ITOTOK BBIBOJIa UMS CYLIHOCTH,

[IIar 22. BeiBectu B motok BeiBojia TekeT “ADD CONSTRAINT PK

IITar 23. BeiBeCTH B MOTOK BLIBOJIA UMS CYIIIHOCTH,

y

[IIar 24. BeiBectu B noTok BeiBoja TekcT ©“ PRIMARY KEY (7

[ar 25. OTKpbITh UTEPATOP 2 O CHUCKY aTpUOYTOB CYIIHOCTH;

[Ilar 26. B3g9Tb HOBBII 3JIEMEHT U3 UTEpaTOpa 2 KaK TEKYIIUNA aTpUOyT

y y
CYIIIHOCTH;

[ar 27. Ecnu 31eMeHT COAEPKUT NPHU3HAK IEPBUYHOIO KJIKOYA, BEIBECTH
€ro uMs B TIOTOK BBIBOJA (IJIs1 BTOPOTO M Jajee KIUYEeBOro arpuoyTa
100aBUTH 3aIATYIO);

[Ilar 28. Ecau utepatop 2 He MyCT, HEPEHTH Ha 11ar 26;

YCT,
[Iar 29. BbIBecTH B MOTOK BBIBOZA TEKCT )”;
[ITar 30. BriBecTH B MOTOK BBIBOJIA TEKCT “Q0”;

[Iar 31. Ecnu uteparop 1 He nycT, nepeiTu Ha war 14;



102

[ar 32. OTKpeITh UTEPATOP 1 MO CBA3SAM;

[Tar 33. B34t u3 ureparopa | HOByIO CBs3b;

[ITar 34. BeiBectu B moTok BeiBoga TekcT “ALTER TABLE”;

[ITar 35. BeiBeCTH B MOTOK BBIBOAA UMS CYIITHOCTH, U3 KOTOPOU BBIXOAUT
CBSI3b;

[ITar 36. Briectu B motok BeiBoAa TekeT “ADD CONSTRAINT PK ™

IMTar 37. BeiBecTH B MOTOK BBIBOJA UMS CBSI3H,

[Iar 38. BeiBecTr B moTok BeiBoAa TekeT “ FOREIGN KEY (7

[Iar 39. OTKpBITE UTEPATOP 2 IO CIHCKY aTPUOYTOB CBSI3H;

[ar 40. B3sTh HOBBII 3IEMEHT W3 UTEpaTOpa 2 Kak TEKYIIH aTpuOyT
CBSI3H;

[Ilar 41. BeiBecTH B MOTOK BBIBOJA UMSI TEKYIIETO aTpuOyTa CBS3H, IS
BTOPOTO U Jjajiee 100aBUTh 3aISTYIO;

[ar 42. Ecnu utepatop 2 He MycT, nepeiTy Ha mar 40;

[Ilar 43. BeiBecTH B IOTOK BBIBOJA TEKCT “)”;

IITar 44. Beisectu B notok BeiBoa TekeT “ REFERENCES ”;

[ITar 45. BeiBecTr B MOTOK BBIBOJA UMSI CYLUIHOCTH, B KOTOPYIO BXOJUT
CBSI3b;

[Iar 46. BeiBecTH B MOTOK BBIBOAA TeKCT *“ (7

[ar 47. OTKpbITH UTEPATOP 2 MO CHUCKY aTPUOYTOB CBS3H,

[ar 48. B3sTh HOBBII 3EMEHT W3 UTEpaTopa 2 Kak TeKyIIHid aTpuOyT
CBSI3H;

[ITar 49. BeiBecT B MOTOK BBIBOJIA MMS BHEIIHErO KIOYA TEKYIIETO
aTpulyTa CBsI3H, JIJIs1 BTOPOTO U jajiee J00aBUTh 3aMsTYIO;

[ar 50. Ecnu uteparop 2 He mycT, nepeiT Ha mar 47,

[ar 51. BeiBecTH B MOTOK BBIBOZA TEKCT )”;

[ITar 52. BeiBecTH B IMOTOK BBIBOJIA TEKCT “Q0”;

[ar 53. Ecnu uteparop 1 He mycT, nepeiTy Ha mar 33;

[IIar 54. Konen anropurMma.
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TexHuuecku alropuTtM COCTOUT M3 Tpex vacred. Ilarm 1-12 ompenensror
kapkac Tabmun. [Harm 13-31 omwmceiBatoT nepBuuHble kKiatoun. [larm 30-53
ONKCHIBAIOT BHEIIHWE KIOYM. TakuMm 00pa3oMm, B pe3ysbTare BbIIOJHEHUS
anroputMa 4.1 mostydaercst onucaHue cxeMbl 0a3bl JaHHBIX Ha si3bike SQL.

[TonHbI TEKCT OMHUCAaHUS CYLUTHOCTH ¢ KoJaMu Ha JavaScript u cuieHapusiMu
JUAJIOTOBBIX OKOH PENaKTHpPOBaHMs aTpuOyTOB MpuUBEAEH B mpuioxeHun I15.
Bueunuii Bua quarpamMmsl ¢ puc. 4.1 1 pe3ysbTar ee TpaHCISILUU aIrOpuT™MoM 2.1

npuBesieH B puiioxkenuu 116.

4.2. PeweHue 3adavu epadhuueckozo npedcmaeseHus
mesieMempu4eckol uHgpopmayuu npu KOHMpoJie mexHU4ecKkoz2o
COCMOSIHUS 066€KM08 PAKemHO-KOCMU4eCKOoll meXHUKU

4.2.1. 060CcHOBaHHe BbIOOpA MO e/IMPYyeMOM MO CUCTEMbI M TIOCTAHOBKA
3aja4u

Kak yxe ObulOo cka3aHo B pazfene 1, mOMHUMO 3ajad4 HPOECKTUPOBAHHUS
IPOrpaMMHOr0 OOECIEYeHHs, PACCMOTPEHHBIX B MPEABIAYIIEM paszieie, IMpu
pa3paboTKe, HCHBITAHUSIX U OKCIUTyaTallid PAKETHO-KOCMHYECKOM TEXHUKH
BO3HHMKAIOT U Y3KOCIEUMAJbHBIE 33Ja4l, U OAHOW M3 HMX SIBJIAETCS pa3pabdoTKa
MHEMOCXEM [IJIsl BBINOJHEHUS KOHTPOJISI TEXHUYECKOTO COCTOSIHUSI PA3IMYHBIX
noacucrem [23]. Takum o0pa3om, BO3HHUKAET 3ajada MPOTPAMMUPOBAHUSA
MHEMOCXEM M OTOOpaXeHHUsSI Ha HUX TEJIEMETPUUYECKON MHPOpMalMK. YKa3zaHHas
3alaya TpedyeT MpOrpaMMHUPOBAHUS U, TaKUM 00pa3oMm, TpeOyeT OT HHXKEeHepa
Ipyrol  KBadU(UKALMK, HEXKEIM  KOHTPOJIb  TEXHUYECKOTO  COCTOSHUSA
KOCMUYECKOTO amnmnapaTta. ECTECTBEHHBIM CHEICTBUEM BBIIIECKA3aHHOTO SIBISETCS
HEOOXOJAUMOCTh OTIEIUTh MPOTPAMMHUPOBAHUE MHEMOCXEM M OTOOpPaKEHUE
TeJeMEeTpUuecKol HHGOPMALMK B OTICNbHYIO 3a/ladyy M, MO BO3MOXHOCTH,
UCIIOJB30BaTh  JJISI HHUX  YHUBEPCAIBbHBIA  MOCTPOUTENb. BO3MOXHOCTH
WCIIOJIB30BaHUs JIJIsl PEIIECHUS 3TOM 3a/1aud peJaKTOpa-KOHCTPYKTOpa JuarpaMM Ha

OCHOBE BBLIYMCIIMTEIILHOM MOJICJIM BU3YAJIbHOI'O A3bIKA4, OIMMCAHHOTO B pasfciic 3,
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OyZeT MpoJEeMOHCTPUPOBAaHA HA OCHOBE OJHOW W3 TMOJCUCTEM PAKEThI-HOCHUTES
“Coro3-2”, a UMEHHO MHEMOCXEMBI TPaKTa HaJTyBa TOTUTUBHBIX 0aKoB [23].
TpakT mnpencraBnsger coboil cucremy, OOECIEUUBAIONIIYI0O H30BITOYHOE
JaBJICHWE TOIUIMBA Ha BXOJ€ B Hacockl. OH COCTOMT W3 OOJBIIOIO YHCIA
pa3HOOOpa3HBIX JJIEMEHTOB, TAKUX Kak Oaku a30Ta M TMEPOKCHAA BOJIOPOA,
pacxoIHble MAarucTpaju, HACOCHI, KIaraHbl, UCTIAPUTEh, MATUCTPATIU C OOPATHBIMU
KJIanmaHaM#, THUIPABIWYECKUE PEAYKTOPbl JAaBieHUs u Ap. Jas KoHTpoms
TEXHUYECKOTO COCTOSIHUS CHUCTEMbI HCIIONb3YIOTCS IIECTh OCHOBHBIX MAapaMeTpOB,
NepeIaBaeMbIX B COCTABE TEJIEMETPUUECKOM MHGOPMAIMK, UMEIOIIUX CIEAYIOIINe
MHeMoHukH: BIIP (naBieHue Bo3ayxa mocie peaykTopa TOUHOM HacTpoiiku), BBP
(yroa moBopoTa MpuBOJIa UMITYJILCHOTO peryisropa ckopocth), JIBA (naBneHue B
Oaxe azota), [1I1P (naBnenue nepokcuaa Bogopoaa nocie peaykropa), THA (uucio
obopotoB TypOuHbI), ITO (maBieHHe a3oTa Ha BBIXOJE W3 TCIUIOOOMEHHUKA).

YucoBble 3HAUCHUS ITUX ImapaMCcTpOB AOJIZKHBI OTO6pa)KaTBC$I Ha MHCMOCXCMC.

4.2.2. Peaiu3anyss MHEMOCXEMbI TPaKTa HaAAyBa TOIUIMBHBIX 6AKOB

VY 0003HaueHHOM BBIIIE 33/1a4d peaInu3allid MHEMOCXEMBI TpakTa HaJayBa
TOTUTMBHBIX OAKOB, IO CPABHEHUIO C MPEIBLAYIIEH paccMaTpuBaeMon 3amadeit —
cozmanueM penakropa ER-Momeneil, MOXHO OTMETUTH CIEAYIOIIUE OCHOBHBIC

OTJINYHUA:

— TpakT HaJAyBa OaKOB COJEPKHUT CYIIECTBEHHO OOJiblllee pa3zHooOpasue
AJIEeMEHTOB, Hexkenn ER-auarpamma; 370 npuBOIUT K HEOOXOAMMOCTU OTIMCAHUS
OOJBIIIOT0 KOJMYECTBA BAPUAHTOB TOBEICHHUS TP B3aUMOJCHCTBUU C
TIOJIb30BATENIEM TSI K&KIOTO JIEMEHTA,;

— TpaKT HajAayBa 0aKOB 00JIa/Ia€T CTATUUECKON CTPYKTYPOH, T.€. OKUIAETCS, YTO
MHEMOCXeMa KaX/IbIi pa3 Mpu padoTe UMEET OJIMHAKOBYIO CTPYKTYpY. [Ipu aToM

NpCaACTaBIACTCA HCHCHCCOO6P33HBIM BBIIIOJIHATEL BEChb TPAKT B BHUAC OJHOIO
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06’I>CKTa, TaK KaK KCJIAaTCJIbHO COXPAaHUTL PAA BOBMOX(HOCTCﬁ, B 4aCTHOCTH,

BO3MOXHOCTB IIEPEMCIICHHA 3JICMCHTOB.

BBuny ynoMmsiHyThIX OCOOEHHOCTEW, AJIsi YHPOLIEHMs] OMHCAHUS CUCTEMBI
OBUIO MPUHSATO PEUICHHE HE MOAJEPKUBATH (PYHKIIMIO PUCOBAHUS TPaKTa HaJATyBa
0aKoB MOJIb30BATENIEM, & FEHEPUPOBATH €r0 CHEUAIBHBIM HA00OpOM KoMaH 1. bbuin
OTIpe/IeNICHbl OTIOMHUTEIbHBIE (DYHKIIUU, PACIIUPSIONIME OCHOBHON (DyHKIIMOHAI

s3bika. [lepeuens GyHKImil npeacTasieH B Tabmauie 4.1.

Ta0numa 4.1
Nwmst napaMeTpsl Bo3zspaiaemoe CemanTuka
3HaYCHUE
1 2 3 4
$define 1# mapamerp — ums | be3 BosBpamraemoro | OnpenencHue
orpenensieMon 3HAYCHMUSI MepeMEHHOM
MEPEMEHHOU MOJIEIU
(cTpoka). 2i1
napamMeTp — TN
OnpeAeIsieMOin
MIEPEMEHHOU
(cTpoka)
$insertObject 1i mapamerp — ums | 3HaUCHHE tuna | BcraBka
KJ1acca 00beKTa. Vertex (norumyeckuii | oObekTa B
21 mapameTp  — | y3en), MOJIETb
KOOpJIMHATA X | COOTBETCTBYIOLIIEE
BCTaBKH. BCTaBJICHHOMY
31 mapamerp — | OOBEKTY.
KOOpJHHATA Y
BCTaBKH
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$insertConnection | 1ii mapamerp — ums | be3 BosBpamaemoro | BcraBka
KJIACCa COCIMHEHUS | 3HAYCHHUS COCIMHEHUS B
[amee mnepemeHHOE MO/IEJIb
YUCJIO IapaMETPOB,
KpaTHOe TpeMm. li
rnapaMeTp B TpPOMKe
— 00BEKT. 2i1
rapaMeTp B TPOUKE
— WM aKTUBHOU
oOnacTu
COCUHEHMUS. 3it

napaMeTp B TpOUKe

— UMSI pOJIH

$deref lit mapamerp — | be3 Bo3Bpamaemoro | [IprcBanBaet
JIOTUYECKUH y3€ll 3HAYCHHUS aTpulyTy
211 mapameTp — uMs JIOTUYECKOTO
aTpuOyTa (CTpoKa) y371a HOBOE
31 napamerp - 3HAYCHUE

HOBOC 3HA4YCHHUC

[TocnenoBaTenbHOE BBINOJHEHUE CIIEHAPUEB HA OCHOBE JTHUX OIEPATOPOB
II03BOJIAET CO3/1aBaTh JUarpaMMbl [POU3BOJIBHOM CIIOKHOCTH C  3apaHee
ONPEIICICHHON CTPYKTypou. B pamkax mpuBEACHHOM 3aJayd CO3JaH CIECHApUH,
BBITIOJTHEHUE KOTOPOTO NPUBOAUT K CO3JAHUI0O MHEMOCXEMBI TPAKTa HaJIyBa
TOIUIMBHBIX 0akoB. B pe3ysnbTare MCMOib30BaHUS 3TUX KOMaHJ ObLIO BBISBIEHO,
YTO JECHCTBHUA, BBINOJHIEMbIC I0OJIb30BATEIbCKUM HHTEpdEcoM penakTopa
JMarpaMm, TaKke MOTYT ObITh OTMCAHBI HE C MTOMOUIBIO KAKUX-TTMOO0 IECKPUIITOPOB,
COZIEpIKAILMX MPEIOIPEACIEHHOE ITIOBENCHUE, a UCKIIFOYUTEIBHO KaK CLICHAPHUM Ha
BCTPOEHHOM si3bIke. [locTpoenue nnrepdeiica Kak 4aCTH BBIYUCIUTENIBHOW MOIEIN

ABJIACTCA I[ElJ'IBHCfIIHHM HaIIpaBJICHUCM HCCIICIOBAHUS].
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Jlnisg peanu3aliui MHEMOCXEMBI TpakTa HaJayBa TOIUIMBHBIX 0akoB OBLIO
onpeneneHo 12 00beKTOB pa3IuyHON CIO0KHOCTH. 11 mprmepa paccCMOTpUM JBa
13 HUX — OOBEKT MPOCTOM CTPYKTYPHI (0aKk C a30TOM) U OOBEKT CI0KHOU CTPYKTYPHI
(BEHTHUJIB).

[TpocToii a51eMeHT cxeMbl —0ak ¢ a30TOM MPUBEICH Ha puc. 4.14.

(D

Puc. 4.14. Cxematnueckoe 0003HadyeHne 0aKa ¢ a30TOM

CxeMatnyHo O0ak MOXKET COCTOSITbU3 JIByX OKPYKHOCTEH U JBYX
TOPU3OHTAJBHBIX JIMHUMA (11 TIPOCTOTHI TEKCTOBAas METKA HE pacCMaTpPUBAETCH).
Orta ¢urypa npUHIMIHAIBHO HUYEM HE OTJIMYAETCS OT (PUTYpP, PACCMOTPEHHBIX B
noapasnene 4.1. Paccmorpum pasneneHue Gurypbl Ha 3JI€MEHTHI BHU3YaJbHOTO

andasura (puc.4.15).

OTpe3ok npamon L1

Okpy»HOCTb O3

ﬁ Okpy»HocTb O >
]

OTtpesok npamoit L, if

Puc. 4.15. Cxema 0aka ¢ a30TOM, pa30uTasi Ha JIEMEHTHI BU3YaJIbHOTO

andapuTa
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Takum 006pazom, purypa cOCTOUT U3 YETHIPEX BU3yATbHBIX 3JIEMEHTOB: JIBYX
okpyxHocteit O1 u O2 , KaxkIas X KOTOPbIX UMeeT Tpu atpudyta — {X,y,I'} u 1ByX
npsambix Ly u Ly ¢ atpubyramu {X1,X2,¥1,Y2}. CucreMa onuchiBaeTCsi ypaBHEHUSIMU

(4.42) u (4.43);

Ly ={x1,y1,%2,¥2};
L, = {x1,y1,%2,¥2};
4.42
01 = {X, Y, 7‘},‘ ( )
0, ={x,y,r}
L1y2 == Ll'yl;
Ol'y = Ll'yl + 01.T;
01.X = Ll.xl;
Ll.xZ = Ozx,
0,.x = 04.x + lnvHa;

0,.y = 01.y;

4.43
0,.y = 01.y; (4.43)
Lz.xl = le,
02.7‘ == 017‘;

Ly.x, = 0,.x;
Ly y; = 0.y + 0q.7;
Ly.y2 = Ly.y1.

@parMeHT CEMaHTUYECKOW CETHU, COOTBETCTBYIOIIMN J3TOW CHUCTEME
ypaBHEHUH, n300pakeH Ha puc. 4.16. MN300pakeHHbIE HA HEM MPSAMOYTOJIbBHUKH CO
CIUIOIIHBIMU TPAHUIIAMU 0003HAYAIOT aTPUOYTHI, @ C MYHKTUPHBIMU — OTHOIIICHUSI.
CrtoniHple JUHUU CO CTpesIKaMu 0003HA4Yal0T OTHOIICHUS MPUHAIJICKHOCTH, a
MyHKTUPHBIE — BXOXKJICHUE aTpUOyTOB B OTHOIICHUS B Ka4€CTBE BXOJHBIX WJIU
BBIXOJIHBIX TTApaMeTpPOB (B 3aBUCHMOCTU OT HAIpaBIIEHUs CTPENIOK). BrineneHHbie
JKUPHBIM KOHTYpPOM aTpUOYTHl TpeaHAa3HA4YeHbl JI1 BO3ACHCTBHUS Ha (Urypy,
MPEXJIe BCETo, C LENbI0 NepeMenieHusl. AHaau3 rpada nokas3blBaeT, YTO pe3yabTaT
BBIYHCIICHUM HE 3aBUCUT OT MYTHU BBIYUCICHHS (TaKk Kak B Trpade HET Y3JIOB-
aTpuOyTOB, B KOTOPHIE BXOJUT 00JIe€ OJTHON MyHKTUPHOU JIMHUM, COOTBETCTBEHHO,
HEBO3MOHO MOJTYYUTh B3aUMHOIIPOTUBOPEUMBBIE MyTH BHIYUCIIEHUI ), T.€. MOJIEIIb,

B TepMuHax ThIyry, ABIsETCS “OpocToi”.
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OTpesoK L1
L1.X1 Liyr oo . »i Li.y2= L1.y1 E_ ______ > L1.y2 L1.x2
! P A . 4
:—————————————*——, i 01.y= L1.y1+ O1r | - ,ﬂ,lWIHa ____: ___________
i 01.X= Ll X1 :~\\ ‘ ---------- : """" ! ’,/’ 1 Ll-XZ = 02 X :
L _____________JI N 1 ,/ ———— ": :
T 0 e A | 0 e L L
/ X --Fp 02.X= 01.X+ID|I'IVIH3 :"'——' 2.X \
' // § Smmmmmmmmmmmmmmmeee- . N
OKpY}KHOCTb 01 |e¢—% Oy (. mmmmmmmoo . o O2Y ‘|  OKpyxHOCTb O;
. — A O2y=01y i \

\ our | ! Oar g
[ !"'| | \E\\\\ [ 1 ,,/’ \\\
r La.xg= O1.X i ! ! ‘: O2.r=0u1.r E’ 1, """""""" !
o : ! o v Laxa=02x

I . ER—

i i |_2.y1 = 01.y + O1.r | i

v v e . v

L2.x1 Loyt | >§ La.y2= La.y1 E_ ______ > L2.y2 L2.x2
OTpesok L,

Puc. 4.16. CemaHTHYECKasI CETh, IPEACTABIISIIONIAs Tpaduaeckoe

n3o0paxeHue 6aka c a30TOM

BaxabIM BomipocoM siBiIsieTcs criocod coefuHeHus (PUTyphI ¢ rpaduuecKuMu
dJIEMEHTaMH MarucTpaid. bak coeguHeH C Tpems MarucTpaisiMd, B3aHMHOC
TIOJIOKEHUE C KOTOPBIMH HEOOXOJMMO TOIEPKHBaTh. {711 3TOro KOOPIAMHATHI
TOYEK COCMHEHUS CBA3aHbI OTHOIIEHUSIMU C aTpubyTtamu L1.X1, L1.y; u Jlnuna, T.€.
KOOPJIMHATHI MAaruCTpaJie PacCUUTHIBAIOTCS OTHOCHTEIIBHO 3THX TapaMeTpPOB

MHeMocxeMbl Oaka. IlepemMelieHre OJHOW MHEMOCXEMBbI MarucCTpaJii BBI30BET
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HN3MCHCHHC OTHUX anI/I6YTOB, B pE3YJILTATC YCT'O IIEPEMECTUTCA MHEMOCXEMA Oaka u
OCTAJIbBHBIC ABC MAaruCTpalin.
B OcJaoM MHCEMOCXCMa 0aka ¢ a30ToOM mpome, HCXKCIN CYINHOCTL B ER-

nuarpamme. bosiee CII0KHBIM 3JIEMEHTOM SIBJIIETCSl BEHTUIb (puc. 4.17).

Puc. 4.17. MEeMmocxeMa BEHTHJIA

N3o0pakeHre BEHTWISI COCTOUT U3 JIByX TPEYrOJIbHUKOB, KOTOPHIE MOTYT
UMETh pa3JIMYHbIC IIBETA, MPSIMOYTOJbHUKA CJIEBA, CTPEJKH BBEPX M JIOMaHOU
munuu. [locnennue Tpu s7eMeHTa Ha HM300pPaKEHHH MOTYT OTCYTCTBOBaTh, YTO
BHOCHUT B 3aJ1a4y JIONOJHUTEIbHYIO CIIOXKHOCTb.

[Ipu wu300pakeHUM BEHTHIIA CPEICTBAMH DJIEMEHTAPHBIX TI'paPUUECKUX
AJIEMEHTOB, TAKUX KaK OTPE30K MPsIMOH, TpeOyeTCst MopsiiKa ABAAIATH BU3YAIbHBIX
anemeHToB. KpoMe Toro, paHee omnpenesieHHbIM HA0OPOM BU3YaJIbHBIX DJIEMEHTOB
HEBO3MOXKHO YMPABJISTH IIBETOM oOiacTeil. Takum oOpa3oM, ObUT CeIaH BBIBOJ O
HEOOXOJAMMOCTH PACIIMPEHUSI BU3yalbHOro ajaBuTa 00Jiee YHUBEPCATbHBIMU
dJIEMEHTaMHM, a WMEHHO — JIOMaHOW JMHHEH W 3aKpalleHHOW 00JIacThIo,
OTpaHUYCHHOW JIOMaHoW nuHUEeH (KoHTypoMm). Takum oOpazom, H300pakeHue

BEHTHJIS JICITUTCS HA BU3yaJIbHBIC COCTABJISIONIUE CIICAYIONIMM 00pa3oM (puc. 4.18):
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Kontyp C;

KoHtyp C,

OTpesok L1
JlomaHas L,

KoHTyp C3

Puc. 4.18. PEBI[CJ'IGHI/IC MHCEMOCXCMbI BCHTHUJISI Ha BU3YAJIbHBIC 3JICMCHTBI

['padmyeckuii sneMeHT “KOHTYp” COAEPKHUT JABa aTpubyTra — CIHCOK
KOOpAMHAT BEPIIMH IO abcuucce M OpAMHATE, a TaKkKe aTpudyT «IBETY,
YKa3bIBAIOUIUI Ha LIBET 00JACTH, OTpaHUYCHHONW KOHTYpoM. Eciu aTpulyT «uBeT»
HE 3a7aH, TO PUCYETCS TOJBKO CaM KOHTYp. AHaJOTMYHBIM O0Opa3oM BBINOJHEH
rpauUecKuil 3JIEMEHT «JIOMaHas JIMHUS», 32 UCKIIOYEHUEM TOrO, 4TO aTpudyTa
«UBET» y Hee HET, U OHa He TpedyeT Toro, yToObl OHa OblIa 3aMKHYTOH. Takum
o0pa3oM, 3a cueT BBEJEHHUS O3TUX IMPOCTHIX 3JIEMEHTOB, YHMCIO BH3YyaJbHBIX
COCTABJISIFOIIMX MHEMOCXEMBI BEHTUJIS YIIAJIO B YETBIPE pa3a.

PazmMep MHEMOCXEMBI pPACCUMTBIBAETCA HAa OCHOBAaHMWU Iapamerpa s,
ABJISIIOIIETOCs KOHCTaHTOW. [lapamerper X M Y yKa3bIBalOT, B KAKOM TOYKE
HAaXOJWUTCS JIEBBIM BEPXHUW YroJ “TIECOYHBIX 4YacoB’. MHeMocxeMa BEHTHIIA

OTHMCBIBACTCS CIICIYIOIMUM HAOOpOM ypaBHCHHIA:

C x—[x+i X+ X X+ o X455~ X +2%2 X+2*f]- (4.44)

1- - 3) 3; 61 21 6) 3) 3' .
S

Cl.y=[Y,Y—S,Y—S,Y—S*E,Y—S,Y—S,Y]; (4.45)

Cox=[X,X+sXX+s]; (4.46)

Cob,y=1Y,Y, Y +5%2,Y + 5% 2]; (4.47)
Cox=|x—3+2x-2x-2 x-3+2|, 4.48

3X—[ - *E; _E; _E) - *E]) ( )

S S

Coy =[Y +2, Y+, +3%-,Y +3 %], (4.49)
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Ll.xl = X, (4.50)
S
Lz.x=[X+S,X+2*S,X+5*§,X+3*S,X+4*S]; (4.54)
S S
Lz.y=[Y+S,Y+S,Y+§,Y+3*§,Y+s]. (4.55)

Ocraetcst Bonpoc, KakuM 0o0pa3oM CIIeyeT KOHTPOJUPOBATh OTCYTCTBUE
psaa 3JIEMEHTOB B PA3JIMYHBIX BapHaHTax BEHTWIL. DTa 3ajaya pelaercs MmyTem
BBEJICHUS B KaXK/IbIi 3JIEMEHT BU3yaJIbHOTO alpaBUTa TOMOJHUTEIBLHOTO aTpudyTa
visible, omnpezgenstoiniero, 10HKEH OH OTOOpa)KaThCsl HA dKpaHE WM HET. Takum
o0pa3oM, B 3aBUCHUMOCTH OT CUTyallMd Ta € caMasi CUCTeMa YpPaBHEHHH MOXKET

OITMCBIBATH HECKOJIBKO M300pakeHuit (puc. 4.19):

Il

Puc. 4.19. BapuaHTbl n300pakeHUS] BEHTHIICH

dparMeHT CEMaHTHYECKON CETH, COOTBETCTBYIOIINNA BEHTHIIIO, U300paKeH

Ha puc. 4.20.
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OTpesok L1
PTTmmmmTy PmTTmmmmTy
L1.x1 Li.xo |[«+ (4.52) i 1 (4.53) i—--> L1.y2 L1.y1
I | I - \_,7
3 AR ax >
\\ _________ ) \\ \\ ",' :________1’,’/
[ \ 11 1 (4.51) v
L (4.50) 1, NN /i  (451)
\\ 1l L
oo I>\ \\x\\\ \\\ l' " ”/I‘
\\ S \\ \\ ’, 'l ,’, ,'
Ci.x \\ \\‘\\ y H ',’ ’ ,,' Ca.x
\ 1 4 ’
X Nl v
N ’,\—\’ \ )’\‘ ’ > ’ \
AN o . \( b /1 (4.46)
N (4.44) . ) AN e !
KoHtyp C1 i [ i 1% KoHTtyp C;
————————— i [ 1 ’ |=——=—===-=-=
fm——————— -1 ‘l-—L__\\ 1 !
| i -t TR (4.47)
’\ A (445) e B "
SR el Ao \\\ 4 Gy
Cry e Y SRR
’/’/ ,//"/,' \\ \\ AN
e -7 I’ ] \ \ AN AN
Vi e ;! \ \ N N
f——=—= X __ //” V’ [N, A, !__ AN \\
1 ! L 1 ! AN ‘\, _________
| (4.54) & ! . 1 (4.49) &, ) '
I e T Pl N (459)
e A’ _________ 4 - —--- 1
3 Cs.x Csy .
Lo.x \ / L.y
KoHTyp C3
OTtpesok L,

Puc. 4.20. CemaHnTH4eckas ceTb, OMUCHIBAIOIIAS U300paKEHNE BEHTHIIS

Tak e, kKak ¥ Ha MPEABIIYIIeM H300paKECHUN BBIYMCIUTEILHOW MOJIEIH,
MPSIMOYTOJILBHUKU CO CIUIONIHBIMU TPaHHUIIAMU 0003HAYarOT y3JIbI-3HAYCHHS, a C
MYHKTUPHBIMH — y3JIbI-OTHOIIIEHUS. CIUIONTHBIC CTPEITKH YKa3bIBAIOT HAa OTHOIIIECHUS
MPUHAJICKHOCTH, B MyHKTUPHBIE CTPEJIKM — HA MOTOK BBIYUCICHHS. B 1eHTpe
n3o0paxkenuss Ha Puc. HaxomsTcs Tpu wuHTEepdeiicHbix atpudyra — X, Y
(koopaunaTtel) u S (pa3mep). Bce OTHOIICHHMS MEXAy aTpuOyTaMd HMEIOT B
KaueCTBE MCTOYHHMKA TOJIBKO JBA U3 ATUX TpeX arpuOyToB. [loaTomy nmomyuuBiasics
BBIYHCIIUTEIIbHAS MOJICIb SBJISETCS MPOCTOM. Takum 00pa3oM, KaKk MOYKHO BHJICTh

U3 MPUBEICHHON CUCTeMBI ypaBHeHH (4.44-4.55) u puc. 4.20, onvucaHue BEHTUIIS
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CpEICTBAMHU BBIUYMCIUTEIHHOW MOJETH BHU3YyaJIbHOTO S3bIKA MOXET OBITh
peaTnu30BaHo.
Ente omHUM 351eMEHTOM, H300payKeHUE KOTOPOTO HEOOXOAMMO PACCMOTPETH,

SBIIETCA O0aK ¢ Bo3ayxoMm (puc. 4.21).

Bo3ayx

Puc. 4.21. Muemocxema 6aka ¢ BO3yXOM

OCOOEHHOCTBIO ATOTO AJIEMEHTA SBJISICTCS HAIUYWE CKPYTJIIECHHBIX YIJIOB.
DIIeMEHT MOXET OBITh H300PaKEH C ITOMOIIBI0O BOCBbMHU MPUMHUTHBHBIX AJIEMEHTOB
BU3yaJIbHOTO aJIpaBUTA — YETHIPEX AYT M YETHIPEX OTPE3KOB IIPAMOM, OJTHAKO ITO HE
npeacTaBiseTcss A(QPEeKTUBHBIM. 3HAYUTEIBHO 0Oo0Jiee MPABUIBLHBIM SIBISIETCA
BBEJCHHE B Ha0Op BHU3YaJbHBIX MPUMHUTHBOB COOTBETCTBYIOIIEIO JJEMEHTA —
NPSIMOYTOJIbHUKA C BO3MOXHOCTBIO CKpyTJIeHHs yriioB. HemocpencTBeHHBIM
BBIBOJIOM M3 ATOTO, a TAaK)KE€ U3 paHEe W3JIOKEHHBIX IPUUYUH J0OABICHUS HOBBIX
AJIEMEHTOB SBJIACTCS TO, YTO HAOOP BU3yalbHBIX IPUMUTHUBOB SI3bIKA JOJIKEH
BKJIIOUYATh B C€0s1 BCE OCHOBHBIE TPUMUTHUBBI PUCOBAHUS rparuecKux OUOINOTEK.
DTO CBS3aHO, B TOM 4YHCJIE, U C TEM, YTO Pa3pabOTUYMKH BHU3YaAJIbHBIX SI3BIKOB
OPUCHTUPYIOTCS Ha 3TH OMOJMOTEKM KaK Ha CPEJCTBA peaiu3allud BU3YaJbHBIX

PEIaKTOPOB.

4.2.3. OToOpakeHH e TeJleMeTPUIeCKO HHPOpPMAL MM HA MHEMOCXeMe

Wznoxennsie B moapazaene 4.2.2 onucanus rpaduyecKux OOBEKTOB
MHEMOCXEMBbI TpaKTa HaJlTyBa TOIUIMBHBIX OAKOB IIEHHBI HE camu 1o cebe, a B
COBOKYITHOCTH C BO3MOXXHOCTBIO BBITMIOJIHEHHUSI MOHUTOPHUHIA TEXHUYECKOTO
COCTOSIHUS 3TOW CHCTEMBI IIyTEeM aHajn3a TereMeTpudeckoi nandopmarmu. Takum

o0pa3oM, BO3HHMKAeT 3ajaya 3arpy3uTh TEJIEMETPUYECKYI0 HH(POpPMALUIO U3
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3aJIaHHOTO MCTOYHMKA JUHHBIX U BU3yaJIM3UpOBaTh €e Ha MHemocxeme. [lpuem
TEIEMETPUUECKON HH(pOpMAIUU NOKEH ObITh 00€CledYeH B BHJIE, KOTOPBIA HE
3aBUCUT OT IUIaTGOPMbl M SI3bIKA MPOTPaMMHUPOBAHUS, 4YTOOBI TpaduuecKuit
peaakTop, 0TOOpaKaIIMi MHEMOCXEMY, MOT padoTaTh € JIIOOBIMH UCTOYHHKAMU
TenemeTpudeckoit nHpopmarmu. OToOpakeHue TeIeMETPUPYEMBIX ITapaMeTPOB Ha
MHEMOCXEME JIOJDKHO IMPOU3BOIUTHCS B COOTBETCTBUU C MPHUHATHIM Je-(pakTo
CTaHJApTOM — C TMOMOIIBIO0 TEKCTa (3HAUYCHUS MapamMeTpoB) U I1BeTa (OIECHKA
KoppekTHocTH). HeoOXoauMo OTMETUTh, YTO HET TEXHUUYECKHUX MPEMATCTBUMA IS
0oJyiee CIHOXKHBIX CIOCOOOB TIPEICTaBIICHUS TeJIeMETPUYECKON HH(opMaluu,
HaIpuMep, JUTsl THHAMHYECKUX MHEMOCXEM.

B kauectBe cpenctBa OOIIEHUS MEXIYy HCTOYHUKOM TEJIEMETPUU H
BU3YaJIbHBIM ~ PEJAaKTOPOM HCIIOJIb30BaHA TEXHOJOTUSA COKEeTOB. PemakTop
OTKpPBIBACT CEPBEPHBIA COKET, K KOTOPOMY MOTYT NPHCOCTUHUTHCS KIHUCHTHI,
nepenaronue uHbopmarmio. Kaxaplii KiIMeHT mnepenaer WHPOPMAIUIO B BUIE
UNICODE ctpok omnpeneneHHoro ¢opmara (map uMs MEPEMEHHOW M 3HAYCHUE
NEPEMEHHOM, pa3/iefieHHbIE JBOETOYMEM; COOCTBEHHO Mapbl Pa3eieHbl TOUKOM C
3amsiToit). [lodyyuB Takyro CTPOKY, PEIaKTOp paccCMaTpUBaeT €€ KaK ONMUCaHUe
BO3JICHCTBUSI HAa BBIYMCIHUTEIBHYIO MOJIeSIb M HAUYMHAET TPaH3aKIHMIO, B paMKax
KOTOPOW BBITIOJHSETCS TMepecyeT MOJeNH. TakuMm 00pa3oM, CHeIUaIbHOE
nporpaMMHoe oOecrieueHne, PyHKIMOHUPYIOIee Ha JTI0OOM KOMIBIOTEPE B CETH,
MOXET TEJIIEMETPUPOBAThH MapaMeTpbl B rpadUuecKuil peaakTop, UCTOJHSIOMIUN
MHEMOCXEMY, BHE 3aBUCHMOCTH OT SI3bIKa MIPOTPAMMHUPOBAHHUS U TIAT(HOPMBI.

Jlns neMoHCTpauMM JaHHBIX TeJIeMETpUUM Ha OHKpaHe ObUl J100aBlieH

crienuaNbHbIi rpadudeckuil 00beKT (puc. 4.22).
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HasBaHue napameTpa

3HayeHune

Puc.4.22. I'paduueckoe npecTapieHue napaMmerpa TeaeMeTpun

CxemaTnuecku rpaduuecKuii 00BEKT MPeICTaBIseT CO00M MPSIMOYTOJIBHUK U
00J1acTh, 3alIOJIHEHHYIO I[BETOM. B 3aBHCUMOCTH OT OOCTOSITENICTB LIBET MOXKET
MEHATHCS (OOBIYHO HA KpACHBIM, JKENITHIA WM 3€JEHBI — TaK Ha3bIBaEMbIN
“npuHIMI cBeTodopa”).

C TOuYkM 3peHus BU3YaJbHOTO al(aBUTa BBHIYUCIUTEILHON MOJEIH
BU3YaJIbHOTO $3bIKAa, OOBEKT COCTOUT M3 JABYX MPSIMOYTOJbHUKOB C HYJIEBBIM
CKpPYTJICHHEM YTJIOB U JIBYX IOJIEN TEKCTA — Ha3BaHUS NapaMerpa u 3HaueHus. [Ipu
ATOM JIEBBIA PAMOYTOJIBHUK UMEET aTpuOyT 1iBeTa. HazBaHue nmapameTpa siBasieTcs
CTaTUYECKUM, 3HAUYECHUE CBS3aHO OTHOLIEHUEM PaBEHCTBA C aTpUOyTOM MOJEIH,
IOPEJICTaBISIIOIIMM  TeleMEeTpupyemMblii  napamerp. Habop  oTHowmeHuit wu
CEMaHTUYECKask CETh 3/1€Ch HE MPUBOAATCS B BUy TPUBHAIBHOCTH.

YnopaBieHrue  aBTOMAaTHYECKOW  OIIEHKOM  TEXHHUYECKOTO  COCTOSTHMS
MIPOU3BOMUTCS MyTEM CBSI3BIBAHMS LIBETA JIEBOTO MPSIMOYTOJIbHUKA C aTpuOyTOM,
MPECTABISIONIMM TeJIeMETpUpyeMblid mapamerp. Hampumep, ciemyromas mapa
KOMaH/[ OTPEAeIsIeT, YTO MPSAMOYTOJbHUK (BHYTPeHHEE UMs eye) 3eneHbii (65280
= 0xX00FF00), ecnmu mapameTp Oosblie TUOO paBeH HYNO U KpacHbii (16711680 =

OxFF0000), eciiu mapametp $ABC Mmenbie Hyns. [Tpu sTom

cond($numberValue($ABC))<0) eye.color=16711680;
cond($numberValue($ABC))>=0) eye.color=65280.

PesynpTupyromass MHeEMOCXeMa TpakTa HaJjayBa O0OakoB C 3JIEMEHTAMHU

OTOOpaKEeHUS TeeMETPUUECKON HH(pOopMalluu MpeAcTaBieHa Ha puc. 4.23.
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Hapnnye bakop O M Mz Baka Oz Bakal
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JEHRN IOpgHpt B kamepe qrgp: (0]

Puc. 4.23. MHemocxeMa TpakTa HaJIyBa TOTUTUBHBIX OAKOB

4.3. TexHUKO - 3KOHOMUYecKasa IhekmueHoCcmMb

PaccmoTpenue mnpenmera ObIJIO Obl HEMOJHBIM 0€3 SKCHEPTHOM OLIEHKU
TEXHUKO-DKOHOMHYECKOW  A((DEKTUBHOCTH  MPEUIOKEHHOTO  CTCIHAIBHOTO
nporpammuoro obecnedyenus (CIIO). B srom mompaznene OyayT paccMOTPEHBI
3a/layy, pelIaeMble CIeIUaTbHBIM TPOTrPAMMHBIM OOECIICYCHUEM, OMMCAaHHBIM B
paszene 3, U TPHUBEICHBI pPacueThl IKOHOMHUYECKOTO 3¢ (dexTa, KOTOpble OHHU
MO3BOJISIIOT JOCTUYb.

CIIO mo3BonsieT pemiaTh JBE OCHOBHBIE 3aJaud. Bo-TiepBBIX, 3TO 3aMeHa
UMEIOINUXCS CPEACTB TMPOCKTUPOBAHUS B YCJIOBHUSX HMIIOpTO3aMmeleHus. Bo-
BTOPBIX, 3TO pa3pabOTKa CPEICTB KOHTPOJSI TEXHUYCCKOTO COCTOSHHS OOBEKTOB

PAaKETHO-KOCMUYECKON TEXHUKU. PaccMOTpUM JIBE 3TH 3a1a4M.
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NMmnopTo3amenieHne pelakTopoB AuarpaMM B TEPBYIO OYEpEeIb JOJIKHO
KacaTbCs cpelnctB penaktupoBanust ER-muarpamm u UML-guarpamm. Huke

npeacraBjicHa CTOUMOCTL OCHOBHBIX IIPOAYKTOB, HMCIOIIHNXCA HA PBIHKC, B

MUHHMaJIbHON KOMIUIEKTAIIUU (110 COCTOSTHUIO Ha STHBAPh 2018r.) [13]
(Tabnuia 4.2):
Tabmuma 4.2.
No | Ha3zBaHue nmpoaykra [lena Ha pabouee MecTo,
pyo.

1 SAP Power Designer 16.5 (rox texundeckoii | 150 000
MOJIJIEPHKKH )

2 All Fusion ER Win Data Modeller Navigator | 61 113

Edition 9.7 (roa TeXHUYECKOM MTOIEPIKKH)

3 IBM Rational Rose Modeller Authorized User | 110 000

License (roj TeXHUYCCKOM ITOIICPIKKH )

BrimenepeurciieHHble  MHCTPYMEHTHI SIBJISIFOTCS. MOIIHBIMH  CPEJICTBaAaMU
MOJICTTUPOBAHUS C MOAEPKKON OOJIBIIOr0 KOJIUYECTBA 0a3 JaHHBIX U MIUPOKUMU
BO3MOXXHOCTSMU. [Ipeanonioxus, 4To pemiaemas 3a1a4a COCTOUT UCKITFOUUTENIBHO B
MPOEKTUPOBAHUM CTPYKTYPbI 0a3bl JAaHHBIX, MOKHO CUMTaTh, YTO OOJbIIAs 4acTh
ATHUX BO3MOYKHOCTEMN HE HY)KHA.

Ouenka BpeMeHu pa3paboTku onucanus ER-nuarpammel u3 noapasjaena 4.1
COCTABJISICT, M0 MPEABAPUTEIBLHBIM U OPUEHTUPOBOUYHBIM OILIEHKAM, JIBE HEACNH, C
Y4€TOM BU3YaJbHON COCTaBISAIONICH W TpaHCchsanuu (6€3 peMHKUHUPUHTA) B OJHY
0a3y mansbix. Mcxoas U3 pacuera 3apmiatel nporpammucta 150 000 p. B mecs,
CTOMMOCTb pa3pabOTKu OJHOM quarpaMmmbl coctasisieT 75 000 p. Takum oOpazom,
OIICHOYHAsi CTOMMOCTH pPa3pabOTKH CPEACTB, MOJACPKUBAIONIUX TOMYJISIPHBIC

HOTAIlMU, MOXET COCTaBIIATH (CM. Tabyuiy 4.3):
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Ta0muma 4.3.
Horanms Yucno nuarpamm CroumMocTh
ER 1 75000
UML 12 900 000
IDEF 15 1125000

Takum oOpa3zom, sKoOHOMHYECKass S(PPEKTUBHOCTh HMIIOPTO3aMEILICHUS
CPEICTB MPOEKTUPOBAHUS 0a3 NaHHBIX JOCTUTAETCS YK€ MPU ABYX JIMLEH3UAX Ha
pabouee mecTo, cpeactB mpoektupoBanuss UML — mnpu JeBITH U CPENCTB
mozaenupoBanusi IDEF — mpu BocbMU. DTO JIOCTHTAaeTCss MyTEM CYXKEHUS
(YHKIIMOHATBHBIX BO3MOXKHOCTEH JO MUHUMAIBHO HEOOXONMBIX.

Bropas pemaemasi crienMaibHBIM MPOTPAaMMHBIM OOECIICUCHHEM 3ajlaya —
yIpoIleHne pa3paboTKu MHEMOCXEM ISl OLEHKH TEXHUUECKOTO COCTOSIHUS CPE/ICTB
paKeTHO-KOCMUYECKOU TeXHUKHU. VcToap30BaHme MOIX0I0B, OTIMCAHHBIX B pa3/ieie
4.2, IO3BOJIUT PEIIUTH LIEJIBIN PsiJl 3a/1a4, @ UMEHHO:

— J1aTh BO3MOKHOCTbH JIFOOOMY HMHXKEHEpPY pa3padaTbiBaTh MHEMOCXEMBI, TaK Kak
NOAXO0A He TpeldyeT CHeUMATbHBIX 3HAaHUKW W3 00JacTH MPOrpaMMHOU
WHKCHEPUH;

— JaTh BO3MOXKHOCTh OBICTPO BHOCHUTh HW3MEHEHHS B CpEACTBA aHaIM3a
TeJIeMETPUIECKON HH(OPMAIINH, TaK KaK BPEMS BHECEHUSI U3MEHEHUH — OpsIKa
MUHYTHI;

— JaTh BO3MOXXHOCTh HWHTETPUPOBATH pa3JIMYHbIE CTOPOHHHUE MPOTPaMMHbBIC
CPEICTBA C CUCTEMON BU3YAIN3AINH;, NCTOYHUK TEIIEMETPUPYEMBIX MTapaMeTPOB
MOKET OBITh PACIIOJIOKEH Ha IPYTOM KOMIIBIOTEPE B CETH U HAIMCAH Ha APYTOM
SA3BIKE.

[To omeHKaM HKCHEPTOB, 3a CUET BHEAPCHHUS BBIYUCIUTEIHLHOW MOACIH
BU3YaJIbHOTO S3bIKA CTOMMOCTH pa3paboTku [1O aBTOMATH3WPOBAHHBIX CHUCTEM

ouenku kauectBa CTO cumxkaercs Ha 20-30%, a Bpems pa3padotku Ha 10-15%.
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Bw180du1 no pazdeny 4.

Pazpaboran  pemaktop ~ amarpaMm’  CYIIHOCTB-CBSI3b~ ~ CpEICTBAMH
BBIYMCIUTEILHON MOJIENId BU3YAJIbHOTO f3bIKA, BKIJIIOYAasi TPAHCIALMUIO
uHdosornueckon Moaenu B 361K SQL.

BoruucnurenbHass MoJieNlb BU3yaJIbHOTO SI3bIKA MPUTOIHA JJISI UCTIOJIB30BAHMUS
IPpU  OIEHKE TEXHUYECKOTO COCTOSIHUSI PAKETHO-KOCMHUYECKON TEXHUKH,
peann3oBaHa COOTBETCTBYIOIIAs MHEMOCXEMa, MPEACTaBISAIomAs OAHY U3
MOJICKCTEM pakeThl-HocuTeNs “Coro3-2",

Tenemerpuueckass uHbopmalsi MOXKET OBITh MEpe/laHa B BBIYUCIUTEIBHYIO
MOJIeNIb uYepe3 M3MEHEHHEe ee¢ UHTep(delicHble aTpuOyTOB U SBIAETCS
€CTECTBEHHOM YaCThIO PTOU MOJIEIIH.

Haubonee ynoOHO BHU3yalUM3UpPOBATH TEIEMETPUUECKYI0 HMH(POPMAIIUIO
HCTIOJIB3Ys aTpUOyTHI IIBETA JIEMEHTOB MOJIeTi. BO3MOKHO 100aBlIeHHE 3BYKA.
bubnuoreka BHU3yalbHBIX NPUMHUTHUBOB TpeOyeT NEepecMOTpa B CTOPOHY
700aBIICHUS DJIEMEHTOB CJIIOKHOTO CHMHTAKCHCA, TaK Kak padoTa ¢ MPOCTHIMU
BU3yaJIbHBIMU MPUMUTHUBAMU MPUBOAUT K JOOABIECHUIO B MOJEIbL OOJIBIIOTO
KOJINYECTBA OTHOLLICHUH.

Hcnonp3oBanne pa3MepoB TEKCTa, BHIYUCIIEMBIX HA OCHOBE JJAHHBIX O MIpUQTE
U rpaduecKoM KOHTEKCTe, MPUBOIUT K HapymieHuto narrepHa MVC (mozaens-
NPE/ICTABIICHUE) W CTAHOBHUTCS HEBO3MOXXHBIM CBS3aTh OJIHY MOJEIb C
HECKOJIbKUMH TpapuuecKUMH yCTpOHCTBaMHU.

OTtcyTcTBHE B MOJIENIA OTHOIIIEHUS arperaliii HAKJIaAbIBAET JOMOJHUTEIbHbBIC
OTPaHUYCHHS HA pealu3yeMble auarpaMMsbl. B ciiyyae nuarpamMm’ CyIIHOCTb-
CBSI3b” OTCYTCTBHE OTHOIICHMS arperaivy MOXXHT OBITh PEIICHO 3a CYeT
JIOTTYIIIEHUSI, YTO HEBO3MOXKHO OJTHOBPEMEHHO U3MEHUTH aTpUOyTHI 0oJiee Yem
OMHOM CBsi3W. [l peanuzanu BU3YaJbHBIX SI3BIKOB IPOTrpaMMHUPOBAHUS
noI00HO€ MPEANOI0KEHUE HENPUEMIIEMO, CIEAOBATENIbHO, MOJIENb JO0JDKHA
OBITH pacIIMpeHa 3a CUeT OTHOIICHUS arperanuu. Anroput™ 2.1 ¢ BBeIeHHEM

OTHOLIEHUS arperaiuu Takxke TpeOyeT 10paboTKH.
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Eme oaHuMM CyHIECTBEHHBIM OIPAHMYEHHEM SBIIIETCS OTCYTCTBUE B
NPUKIATHON  BBIUMCIUTENFHOM  MOJENM  BU3YaJIbHOTO  si3bIKa  OoJiee
BBICOKOYPOBHEBBIX THUIIOB, 4YE€M CIHCKM — OTOOpaXEHMH M MHOYKECTB.
[lenecooOpa3Ho pacIIUpUTh MPUKIAJHYI0 BBIYUCIUTEIBHYIO MOJIEIb 3a CUET
BBEJICHUS 3THX TUIIOB.

IIoMHOCTBIO OTKA3aTbCA OT TPALULUOHHOIO IPOTPAMMHUPOBAHUSA B IIOJIB3Y
MaTe€MaTUYECKUX COOTHOUIEHWI HE YJaloch Jaxe Mg CTOdb MPOCTOM
JAUarpamMmbl, Kak ~CyIIHOCTb-CBsI3b ™. Peanu3arus nmotpedoBana co3ganus psaa
¢yHkuii Ha sa3pike  JavaScript, 3aMeHa KOTOpPBIX BCTPauBaE€MbIMU
MaTeMaTUYECKUMU ONepalusaMu Oblia IpU3HaHa Heleaecoo0pa3Hoil.
JlanpHelee yMEHbIIEHHE BPEMEHU Ha pa3padOTKy MHEMOCXEM MOKET ObITh
JOCTUTHYTO 3a CYET BBEJICHHUSI B BBIUNMCIUTENBHYIO MOJIEIb BU3YaJIBHOTO S3bIKA
OTHOLIEHUs HacienoBaHus. llepeucnonb3oBaHne Koga OOBEKTOB €
OPUMEHEHUEM MOJIUMOP(HU3Ma MO3BOIMIO Obl YHOPOCTUTh HUX JIOTUKY H
YMEHBUIUTH KOJIUYECTBO CTPOK OMUCAHMUS.

Emie oqHuM JanbHENIIMM HalpaBJICHUEM MCCIIEIOBAHUS SBIISIETCS] IOCTPOCHUE
UHTEp(DEelicOB BU3YalbHOIO PENAKTOpa KaK 4YacTH OOIEN BBIYMCIUTENIBHOM
MOJEJIN UCTIOJIHSIEMOTO UM BU3YaJIbHOTO SI3bIKA.

D¢} PexTUBHOCTh BHEIPEHMUS] METOAA B paMKaX HMMIIOPTO3aMEIIECHUsI CPE/ICTB
MIPOCKTUPOBAHMS JOCTUraeTcs yxe npu Haiuuuu 2- 10 pabouux MecT, B
3aBUCUMOCTH OT 3aMEIa€MOM TEXHOJOTHMU. JTO JOCTUTAETCS MyTEM CY>KEHHUS
BO3MOKHOCTEH CpPeICTB MPOEKTUPOBAHMSI 10 MUHUMAJIbHO HEOOXOIUMBIX.
TexHuko-3koHOMUYECKass 3(P(EKTUBHOCTh MNPHU BHEAPEHUU MOAXOAA s
aHaJIM3a TEXHUYECKOTO COCTOSIHUS CPEACTB PAKETHO-KOCMHYECKOW TEXHUKH
3aKJII0YAETCS B IPENOCTABICHUM BO3MOXKHOCTM CO3/IaHHS MHEMOCXEM
UHKEHEpaM, He UMEIoIIMM oO0pa3oBaHus B oomnactu IT, a Tak:ke B BO3MOXKHOCTH
MHTErPALMH CPEACTB BU3YyAIM3aLUA MHEMOCXEM CO CTOPOHHUMH HCTOYHUKAMHU
TEJIEeMETPUUECKOW HH(POpPMALMM, MOTEHUMAILHO HANUMCAaHHBIMU Ha JPYrUX
A3bIKAX W HAXOMSIIMUXCSA HAa APYTMX KOMIBIOTEpAX, YMEHBIICHUH KOJUYECTBA

OImUOOK U CHUKEHUHN cTouMocTu pazpabotku 1O nis konTpoms kauectsa TC.
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3aKJ/IloueHue

B muccepranmonHoit pabore chopMymmpoBaHa M pelIeHa aKTyalbHas
HAayYHO-TEXHHMUYECKas 3aJada ONpEICICHHUS YHHUBEPCAIBHOTO Tpaduueckoro
pelaKkTopa IuarpamMm, HCIIOJNB3YIOMIETO EAMHYI0 MaTeMaTHYECKYIH0 MOJEIb JUIS
OITMCAHUS MPEIMETHON 00IaCTH U MTPABHJI BU3yalu3auu. [IpeiioxkeHHoe pemeHne
OTJIMYAeTCs TMPOCTOTOM, YHWUBEPCAIBHOCTHIO M CBOOOJHO OT WCIIOJH30BAHHMS
CIIO)KHBIX (POPMATU3MOB, AHAJIOTHYHBIX (Qopmamu3mMaMm TpadoBBIX TpaMMATHUK.
AnpoOupoBaHue TPEIOKEHHOTO MMOAX0/1a TPOU3BEICHO MyTEM €TI0 MPUMEHEHUS
JUI TIOCTPOEHUSI TpaUYecKOro pelaKkTopa IuarpamMm, HCIOJB3YEMBIX B XOJE
UCTIIBITAHUHN M IITaTHOW SKCIUTyaTalluu ceMeicTBa paker-Hocutenei "Coro3-2". B
npoliecce BBHIMTOTHEHUS UCCIEIOBaHMN B paMKaxX AMCCEPTAMOHHON paboThl ObUIN

MOJIY4YEHBI CIEAYIOIIME HAYYHbIE PE3YJIbTAThI:

1) TlpemmokeHa MOJENb BHU3YalIbHOTO sI3bIKAa  (BBIUMCIUTENBHAS  MOJECTh
BU3YaJbHOTO $3bIKa) HA OCHOBE MOJU(PUIIMPOBAHHBIX BBIYMUCIUTEIBHBIX
Mojenedt Teiyry, mo3Bosisitomiasi 3PGEeKTUBHO CTPOUTH UYEJIOBEKO-MAaIIMHHbBIC
UHTEp(EHCHl HA OCHOBE UArPamM;

2) paspaboTaH aJrTOPUTM pacueTa MOJCIH IPH BO3ACHCTBUN Ha HHTEep(EIC U3BHE,
KaK TMO0JIb30BaTelIeM, TaK U BHEIIHUMHU MPUIIOKEHUSIMHU, a TAKXKE MPUBEIACHUS
MOJIENIM K CTallUOHAPHOMY (IETEPMUHHUPOBAHHOMY) BULY;

3) pa3paboTaH aJTOPUTM TPAHCISAIUU JUArPaMM, 3aJaHHBIX BBIYHCIUTCIBHBIMU
MOJIEITISIMUA BU3YaJIbHOTO SI3bIKA B TEKCTHI POTPaAMM;

4) Pa3paboTtaH METO[ MOCTPOCHUS HHTEP(HEHCOB MEKIY MOJAECIBIO U HCTOYHUKOM
JAHHBIX, TIO3BOJIIONIMN, B  4YacTHOCTH, JG(PEKTUBHO MOAACPKUBATH
B3aUMOJICUCTBUE C TMOJIb30BATEIEM W HCTOYHUKOM TEJIEMETPHUUYECKOMN
uH(popMaIu.

[Tpu 5TOM MOXHO cIIE€NaTh CIEAYIOIINE BHIBOABLI M PEKOMEHIALMHA:

A. B o6iactu TeOpeTUYECKHUX UCCIICTOBAHUIN:
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1. BeluncnurenbHas  MOAENb  BHU3YaJIbHOTO  SI3bIKa HA  OCHOBE
MOJU(UIMPOBAHHBIX BBIYUCIUTEIBHBIX MojeNeil ThIyry MO3BOJISIET OINKCATh
BU3YaJIbHBIN SA3BIK, TP ATOM JIOCTUTAETCS P MPEUMYLIECTB MO CPAaBHEHUIO C
rpadoBbIMU TpaMMaTUKaMH U JIPYTUMHU CpeACTBaMU (POPMaTIbHOTO OMHCAHUS
BU3YaJIbHBIX SI3BIKOB, a HWMEHHO: OTHOCHUTENIbHAsI MPOCTOTa PEIICHUS U
€MHOOOPa3HOCTh MAaTEMAaTUYECKOIr0 amnmapara ¢ HCHOJb3YEeMbIM JJIsi OMHUCAHMS
Mojiesiel 3TaTlOHHOTO (YHKIIMOHUPOBAHUS OIEHUBAEMbIX OOBEKTOB; KPOME TOTO,
Oonee He Tpebyercss BbIAETICHHE a0OCTpakTHOro Tpada CcHHTakcuca. Monenb
(GYHKIMOHUPYET B COOTBETCTBUU C TMPEUIOKEHHBIM aJIrOPUTMOM TepecyeTa
dbopManu30BaHHON CEMAHTHUYECKOM CEeTH TMpU B3aUMOJACHCTBUMM C  HEH.
BBIYMCIUTENBHYIO MOJIENb BCEIr/Ia MOKHO NMPHUBECTH K CTAllMOHAPHOMY BUIY, TO
€CTb K BUJy KOTJIa BBIYMCIIEHUS OyAyT IPUBOJUTH K OJJHOMY U TOMY XK€ PE3yJIbTaTy
HE3aBUCUMO OT IyTH.

2. JloGaBieHre B BBIYMCIUTENIBHYIO MOJENb Y3JIOB 0CO00Oro BuAa —
rpauuecKkux MPUMUTUBOB — TMO3BOJSIET  pPEaU30BBIBATH  IpaUuecKoe
U300paKEHHE auarpaMMbl. 3ajgada JeJeHUs AuarpaMMbl Ha OOBEKTBI TaKkKe
pemiaercs 100aBIEHUEM y3JI0B 0COOOT0 BUJA — JIOTMUECKUX OOBEKTOB, CBA3aHHbBIX
UEepapXUYeCKUMHU OTHOILIEHUsIMU. Takum 00pa3oM, BBIYMCIUTEIbHAS MOJEIb
TPAKTyeT BCE CBOM COCTAaBIISIIOIIME €JUHOOOpPAa3HO M OJHOBPEMEHHO MOXKET
OPEJCTaBIATh ce0sl TpeMs CocoOaMH — CMBICIOBBIM HAlOJIHEHUEM (JaHHBIMH),
rpaduyuecku U B BHUJIE B3aUMOACHCTBYIOIIMX 00beKTOB. [lokazano, 4To nmogoOHas
CeTh MOJJIEPKUBAET MHTep(delic Kak C IMOoJIb30BaTelIeM, TaK U CO CTOPOHHUMHU
npwioxkeHussMu. [Ipu 3ToM guarpaMma MMEET MEXaHU3Mbl ISl JUHAMUYECKOTO
M3MEHEHMs 0€3 yyacTus MOJb30BaTels, IPUYEM Ha BCEX YPOBHAX MPEICTaBICHUS,
a Tak)Ke MPOCTOE PEIICHUE ISl JEKOMIO3UIMH JOTHYECKOro 00bEeKTa B JAPYTYIO
JUarpaMmy.

3. Tpancnsiuyst nuarpaMm, 3aJaHHbIX B BBIYHCIHUTEIBHOW MOJIENHU
BU3yaJIbHOTO sI3bIKa, BO3MOXKHA Kak uyepe3 TmpeoOpa3oBaHue B rpad)oBbie
rpaMMaTHKH, TaK U 4epe3 cueHapuu 0oxoxaa rpada. Takum o6pazom, npeaokeHHas

MO/JICJIb BU3YaJIbHOT'O A3bIKa MOXKCT OIIMCHIBATDH COOCTBEHHO SA3BIK, JHAIrpaMMy Ha



124

OTOM SA3BIKE M HCIOJIB30BAaTHCA JUIsl TPAHCISIUUM IHUArpaMmbl B TEKCT, TO €CTh
ABJISICTCS 3aKOHYEHHOW CHUCTEMOM, MPUTOJHOW JUIsI OIKUCAHUA PENAKTOPOB
JUarpaMM.

4. Cy1iecTBEHHbBIE OIPAHUYEHHSI MOJIENb CBS3aHbl C OTCYTCTBHEM B HEHN
OTHOILLIEHMM arperanuu U HacienoBanus. [Ipu stom Anroputm 2.1 ¢ BBeneHunem

OTHOUIEHUS arperaiuu Takxke TpeOyeT CyIIeCTBEHHON J0pabOoTKH.

b. B obGnactu npukiIagHbIX UCCIEI0BAHUINA:

1. JlokazaHo (ImyTeM MOJIEIUPOBAHUS HEKOTOPHIX BaXKHBIX KIIACCOB
BU3YaJIbHBIX SI3BIKOB B pasjieie 4), 4TO pa3padOTaHHOE MPOrPAMMHOE CPEICTBO U
IPUKIaJAHAs  BBIYMCIUTEIbHAS MOJENIb  BHU3YaJIbHOIO  S3bIKA  IO3BOJISIFOT
peanu3oBaTh OCHOBHBIE BH3YaJbHbIE SI3bIKM, HCIIOJIB3yEMbIE B  OTpaciu
MH(POPMAILIMOHHBIX TEXHOJIOTHI.

2. BeluncnurenbHass MOJENb BU3YAJIBHOTO SI3bIKa MPUTOAHA IS
UCIIOJIb30BAaHUSI TIPU OIIEHKE TEXHHYECKOrO0 COCTOSHHS PAKETHO-KOCMHYECKOU
TEXHUKH, pEAIN30BaHa COOTBETCTBYIOLIAs MHEMOCXEMA, IIPEICTABIIIONIAS OAHY U3
noJicucTeM pakeTbi-Hocutens “Coro3-2”. [Ipu 3TOM OHa MO3BOJSET MOJydaTh Ha
BXO/JI TEJIEMETPUUECKYIO HH(POPMALIHIO.

3. bubnuoteka BU3yalIbHBIX TPUMUTHBOB TPEOYET MEPECMOTPA B CTOPOHY
N00aBJIEHHUS 3JEMEHTOB CIIO)KHOTO CHUHTaKCcHCa, TaKk Kak paboTa C MpOCTbIMU
BU3YaJIbHBIMU TMPUMHUTHBAMH HIPUBOAUT K J00aBIEHUIO B MOJIENb OOJBILIOTO
KOJINYE€CTBA OTHOILIICHUH.

4, [{enecooOpa3HO pacIMPUTh MPUKIATHYIO BBIUUCIUTEIBHYIO MOJIETh
3a CYET BBEJICHUS BBICOKOYPOBHEBBIX THIIOB JaHHBIX (MHOXKECTB, OTOOpaKEHHUIA).

S. Eme oaHuM [anbHEHIIMM  NepPCHeKTUBHBIM  HalNpaBJieHHEM
AajibHelIneil pa3paboTKH TeMbl SBIICTCS  IOCTPOCHHUE  HMHTEpQelicoB
BU3YaJIbHOTO peJdaKkTopa Kak dYacTH OOIIed BBIYUCIUTEIBHOW  MOJENH

HUCIIOJHACMOI'O UM BU3YaJIbHOI'O A3bIKA.
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6. TexHuko-skoHOMUYeckass 3()(PEKTUBHOCTh MPU BHEAPEHUH IOAX0JA
JUIS QHAJIA3a TEXHUYECKOTO COCTOSIHHS CPENCTB PAKETHO-KOCMHUYECKOM TEXHUKH
3aKJIF0YAETCS B IIPENOCTABICHUN BO3MOXXHOCTH CO3/IaHHUsI MHEMOCXEM HH)KEHEpaM,
HE uMerouM oOpa3oBanus B obsactu IT, a Takke B BO3MOXKHOCTH MHTErpalluu
CPEACTB  BM3yaJu3alluMd  MHEMOCXEM CO  CTOPOHHUMHM  HCTOYHHUKAMU
TEJIEeMETPUIECKON NH(OpMALNK, TOTEHIIMAIBHO HAIIMCAHHBIMU Ha JPYTHX s3bIKax
Y HaXOJSIIMXCS HA APYTUX KOMIIBIOTEpaX.

OcHoBHOM 3¢dekT OT HCHOIB30BAHMS MpeAIaraeMoro croco0a
3aKJIFOYAETCSl B YMEHBIIEHUN CPOKOB U TPYJOEMKOCTH pa3paOOTKHU HOBBIX CPE/ICTB
rpau4ecKoro pe1akTUpPOBAHMS THUArpaMM, HEOOXOIUMOCTh B KOTOPBIX BOZHUKAET
B paMKax [OJUTUKM HMIIOPTO3aMEIIECHUA, a TakkKe IIpU  PEUICHUU

Y3KOCIICOUAIU3UPOBAHHBIX 3a/1a4 B PAKCTOCTPOCHUU.

[TomydyeHHBIE pe3yabTATBHl COOTBETCTBYIOT II. 3 «MOJEIH, METOJIbI,
QITOPUTMBI, S3BIKK WM TPOrpaMMHBIE WHCTPYMEHTHI ISl  OpraHu3aIuu
B3aMMOJICUCTBHS MTPOTPaAMM H TIPOTPAMMHBIX CHCTEM» TI. / «4Y€JIOBEKO-MaIlIHHHBIC
uHTEepENChI; MOJIEIN, METO/IbI, aJITOPUTMBI M TIPOTPAMMHbBIE CPEJCTBA MAIIMHHOMN
rpaduky, BuU3yanu3aluu, oO0pabOTKM U300paKEHUM, CHUCTEM BUPTYaJIbHOUN
peasbHOCTH, MYJbTUMEAUNWHOIrO OOIeHUs» macrnopra crneruaibHoctu 05.13.11
«Marematrueckoe U TMPOTPAMMHOE OOECIEYEHUE BBIYHCIUTEIbHBIX MAIIUH,

KOMIIJICKCOB U KOMIIBIOTCPHBIX ceTeiy.
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NPUJI0KEHHME 111
O6o0cHOBaHME NPEUMYLLLECTB BM3Ya/ibHbIX A3bIKOB Nepes TeKCTOBbIMMU

BusyasbHbIE S3BIKM U CBA3aHHBIE C HUMU TEXHOJIOTHH SIBJISIFOTCS CPENCTBOM,
KOTOPO€ IPU3BAHO YJIYUYIINUTHh BOCIPHUATHE IMPOrPAMM, a YE€PE3 3TO YMEHBIIUTH
KOJIMYECTBO OMIMOOK M PACIIUPUTH KPYT JIOACH, CIIOCOOHBIX MPOTpaMMHUpPOBATH
[71]. CymecTByeT MHOXECTBO pPa0OT, MOCBSIICHHBIX IICUXOJOTHH BOCIIPHSATHS

BHU3YAJIbHBIX S3BIKOB, KOTOPBLIC MOTI'YT OBITH IMOABITOKCHBI CJICAYIOIINM o6pa30M

[240]:

a) M3o0pakeHus OoJjiee MOIIHBI, HEXKEIU CIIOBA, B IJIaHE TepeIayn WH(POPMAITUH.
OHM MOT'YT HECTH OOJIbIIIE CMBICIIA B MEHBIIIEM BBIPAKEHUU

b) M3o0pakeHus MOMOTAIOT TOHUMAHHIO U 3aTIOMUHAHHIO WH(OPMAIIHH.

OTU yTBEPXKIEHUS, CIIETaHHBIE C TOYKU 3PEHHUS TCUXOJIOTUH BOCTIPUSTHSI,
BBI3BIBAIOT HEMEJICHHBIE BOIMPOCHI TIPH peaju3allid B HWHCTPYMEHTAIbHBIX
cpencrtBax. Hampumep, B pabote [139] Ha ocHOBaHMM CPaBHUTEIBHOTO aHAIN3a
CYIIIECTBOBABIIMX HAa TO BPEMS SI3BIKOB, MPEIACTABJISIONIAX IMOTOKH BBIYMCICHUH,
MOKa3aHo, YTO MPU3HAK HAaUOO0JIee JIETKO BOCTIPUHUMAEMOTO SI3bIKa HE UMEET HUYETO
obmero ¢ ero (gopmManbHbIME cBoMicTBaMu. Psim pabot [140,174,233] craBut mon
COMHEHHE JIOCTOMHCTBA BU3YAJIBHBIX SI3IKOB, TIPEICTABIISIONINX TOTOKH JTAHHBIX B
psfe 3amad, TMOKa3biBasi, YTO OHM MOTYT BBI3BIBATH U OOpaTHBIA dPPexT —
HCTMIOHMMAaHHWE M YBEJIMUCHHE 4YHCiIa OMMOOK monb3oBatesiss. B paborte [72]
MIPOBEICHHBIC OJKCIEPUMEHTHI TIOKa3alld, YTO CHUMBOJHYECKHE H300paKeHUS
CJIOHBIX TPOIECCOB PabOThl BUPTYaJTbHON MAIIMHBI HE MMOMOTAIOT Jy4IIeMy UX
nonnmanuo. B [229] moka3aHo, YTO BH3yaJbHBIH S3bIK MOXET IPUBOJIUTH K
OOMBINIE TPYAOEMKOCTH TpW YyMpPaBICHUH KojaoM. Jlake cama KOHIICTIIIHS
CXEMaTH9IEeCKOTrO H300paKCHMSI (T.H. “KapTUHKH-Ha-BepeBoukax[178])
nojBeprajach pe3kond kputuke. B [225] mokazaHo, 4YTO BU3YaJIbHBIC SI3BIKU

HanOoJsee 3PPEKTUBHO BOCIIPUHUMAIOTCS, KOT[a OHU SABJISIOTCS aHATOroBhIMHU[147]
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U pabOTalOT C aHAJIOTOBBIMU IAHHBIMU, U TUCKPETHOCTH BBIYUCIUTEIbHON TEXHUKU
U OONBUIMHCTBA TOHATUNA TMPOTPAMMHUPOBAHUS  SIBISETCA  CYIIECTBEHHBIM
MPENSTCTBUEM Ha ITyTH WX BHEJIPEHHUS.

MHorue ucciieoBaTe HE OCTABIISUIA MOMBITOK YIYUYIIUTh NEPIEHTUBHBIC
KayecTBa BHU3yalbHBIX s3bIKOB. lllHaiimepman [238] oTMeuaer, 4TO OCHOBHOMU
ujeosiorue uHTepdeiica BU3yalbHOM CUCTEMBI JOJDKHA OBITH T.H. “MaHTpa’ —
“crepBa 00mMii 0030p, TOTOM MPUOIKEHUE W (UIBTPAIMs, 3aTeM JETaau 10
TpeboBanuio”. D¢ (HEeKTUBHOM, MO €ro MHEHHIO, MOKET OBITh TOJIBKO CHUCTEMA,
KOTOpasi TOJIEPKUBACT 3TH JTambl padOTHl MOJb30BaTeNs. B cBs3uM C ATUM
[[THannepmaH BBOOWUT CEMb OCHOBHBIX 337a4 BU3YaJbHOW CHUCTEMBI — IPOCMOTD,
npuOIMKEeHUe, PUIIbTpalysl, OJIy4eHUE AeTalel, IPOCMOTpP OTHOLIEHHH, BEICHUE
UCTOPUM M U3JE€UEHUE 1O 3ampocy. Takke NPUBOJUTCS KiacCUPUKAIUSA
a0CTPaKTHBIX CUCTEM MO CTENEHU MOAJIEPKKU ITUX PYHKIUH.

TanumoTo[257] BBICKa3bIBaCT HICKD O TOM, YTO IEPUEHTUBHBIC CBOWCTBA
A3bIKa 3aBUCAT OT TAKUX KAaTEropui, Kak TOYHOCTh IEPEIABAEMOr0 CMBICIA,
UHTYUTUBHOCTh IHUKTOIPAMM, COXpPAaHEHUWE KOHTEKCTa IpM HM3MEHEHHHM BHJA
IpPOCMOTpa JAHHBIX (MPUHLHUII “‘MUHUMAJIBHOTO pa3pylIeHUs),BO3MOKHOCTh
TPAHCJISIIIMM B €CTECTBEHHBIN S3bIK M MOJJEPKKA METasi3blka, HaA KOTOPOM JIFOJIU
MOTJIM Obl ONMCHIBATH JUArpaMMmy, MOJEPAKKa S3bIKOB ONHCAHUS CLIEHAPUEB U
IPOrpaMMUPOBAHMUS.

I'pynma wuccnenoBateneii[74] Ha OCHOBE TEOPETHYCCKUX 3HAHHH O
OPUTOTHOCTH TPOTPAMMHBIX CPEJCTB K HCIIOJNb30BaHUIO, pa3padorana psf
MOJIOXKEHUH, CJIEIOBAHUE KOTOPBIM CYIIECTBEHHO YJY4YIAeT BOCIPHUSTHE
[0JIb30BaTEJIEM, HAalpuMep: “BCe OAMHAKOBBIC MOHSATHS JOJKHBI OTOOpa)KaThCs
OJIMHAKOBO,”Ka)XJ0€ JEHUCTBUE TMOJb30BaTENsd JOJDKHO  MOJJIEPHKUBATHCS
BU3yaIbHBIM  OOBEKTOM”, “U3MEHEHHE COCTOSIHUSI OOBEKTa HE JOJDKHO
OPOUCXOAUTHh Yepe3 TMPOMEKYTOUHbIE OECCMBICICHHBIE COCTOSHUS , “TH00bIe
BO3JICHCTBUS HA JAMArpaMMy JOJIKHBI ObITb aTOMAapHBIMU WM HEKOTOPBIE JIpYyTHE.
NHTEepecHO OTMETHUTb, UYTO HApYyIIEHHE HEKOTOPhIX M3 3TUX [OJOXKEHUH B

COBPEMEHHOW WH(POPMAIIMOHHON WHIYCTPUU SIBISIETCS MOJIHBIM, HAIpUMeED,
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aHUMAIUs OTKPBITHS WM CBOPAYMBAHMS OKOH, MEHIO U Tp. MOXHO OTMETUTD TaKXKe
pa3paboTaHHyl0 (GOPMAIBHYI0 MOJETh “TIPUTOJHOCTH K HCIOJIb30BAHUIO”
BU3YaJIbHOTO sI3bIKa [ /5], KOTOpasi OOBSACHAET TO, KAKUM 00Opa30oM MOJIb30BaTEINb
BOCIIPUHUMAET IUarpaMMBbl.

Penep ormeuaer[223], 4TO BU3yaJIbHBIC S3BIKM HMMEIOT JBAa OCHOBHBIX
CBOMCTBAa, Ha KOTOpPbIX HEOOXOJAMMO COCPEIOTOUYHUTHCS  pa3padOTUYHKaM:
BBIPA3UTEIHHOCTDh B 3(PHEKTHBHOCTD. [IpenMyIiecTBaMu BU3YaIbHBIX S3BIKOB, 1O
€ro MHEHUIO, SIBIISETCS BO3MOXKHOCTBH IMPEACTaBICHHUS HEIUHEHHBIX CTPYKTYp H
MIPOILIECCOB, UCTIOIb30BaHUE (OpM H300paKEHUN KaK BHIPA3UTEIHLHOTO CPEACTBA, a
TaK)Ke TICUXOJIOTMYECKass OCOOEHHOCTh BOCHPHUATHS YEJIOBEKOM H300paKCHHIA,
KOTOpBIE 3allOMUHAIOTCA OOBIYHO Jyulle, yeM TekcT. Bmecre ¢ tem, Penep
OTMEYaeT, YTO HEOOXOAMMO OOpOThCSA C HENOCTATKaMM, TaKUMU KakK OOJIbLINE
BBIUMCIIUTENbHBIE  TPYJ03aTpaThl, OOJbIIEe HEOOXOAUMOE  H300paKEHUIO
KOJIMYECTBO TMPOCTPAHCTBA, OTCYTCTBHE €IUHBIX TMpaBUJ M300paXKeHUs U
UCIIONb30BaHUE KJIACCOB JAMAarpaMM B HE MPEAHA3HAUYEHHBIX IJISI 3TUX KJIACCOB
o0nacTsx.

OueBuaHBIM 00pa3oM, BC€ OSTU HEJOCTATKU MOTYT OBIThb YCTpaHEHBI.
Hanpumep, psa pabor [135,222] npennararor CcTaHIapTH3UPOBATH DJIEMEHTHI U
KOMaH/Ibl YTPaBJIEHUsI CIIOCOOOM, ONTUMAIBHBIM C TOUKH 3PEHUS YEJIOBEUECKOTO
BocTpuATHs. HexkoTopbeie paboThl CTpeMATCs HAUTH HOBBIE (DOPMBI MPECTABICHHUS
UH(OpMaIINK, TaKUe KaK opueHTanus B npoctpancTBe[213], crpykrypuzanus [170]
uiau TpexMmepHocTh [131,247,264]. PaccMarpuBaroTcs MOAXO0Abl K BU3yaIM3alllH,
ontuMaibHble TIO0 A dekTuBHOCTH Tpenactasienus [107] u uHTepdeiica
B3aMMOJICHCTBUS C ToJib3oBartesieM [95,226], 00001IeHHOT0 MPUHATHS PEIICHUIN O
JIOMyCTUMOCTH JIeHCTBUI ¢ auarpammort [263]. BBomsatcst creruduunbie IS
BU3YAIIbHBIX  s3bIKOB ~ MeTpuku [205,269]. TIpoBoastcs — kinaccupukanuu
BU3YallbHBIX  dleMeHToB  guarpamm  [179].  Pa3zpabareiBatorcst  MeTOABI
s pexkTBHOTO O0O0y4YeHUs BUBYaJbHBIM si3bikaM [141]. BwruucnurenbHbie

TPpyao3arparbl, B OCHOBHOM, CHATBI 3a CHCT Pa3BUTHA COBPEMCHHBIX KOMIIBIOTCPOB.
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Bomnpocekl Bu3yalbHOTO nW3aifHa, W, camMoOe€ TJaBHOE, COOTBETCTBHS  3ajauam,
OJTHAKO, MO-TIPEKHEMY SBJISIIOTCS KJIIOYSBBIMH.

K coxanenuto, 10 cux MMOp HE pa3paboTaHO YAOBICTBOPUTEIHHOTO
BU3YaJIbHOTO S3bIKAa OOINEro Ha3HAYeHHWs, XOTs Takas 3adada Oblia
chopMyIMpOBaHa emie Ba aecATuiaeTus Hazasn [136], 3aTo0 orpoMHOE KOJIMYECTBO
NPUMEHEHUH JIKHT B  y3KOCHEIMAIM3UPOBAHHBIX oOnactsax. Hampumep,
AKCIIEPUMEHTAIBHO MOATBEPKAEHO[ 253], UTO BU3yaJIbHBIC SI3BIKH JTyUIIe MOAXOAIT
JTIOASM, ¢1abo BIIACIONIMM AHTJIMICKUM, Ha KOTOPOM MOCTPOEHO OOJIBIITUHCTBO
OOBIYHBIX S3BIKOB MIPOTPAMMHUPOBaHUs. BU3yallbHBIC SI3BIKU TaKXKE CYIIECTBEHHO
yJIy4IIaloT TOHUMaHKUE AJITOPUTMOB PacTpeIelICHHBIX BhauciieHui [259].

HekoTtopple aBTOpBl OTCTaMBaIOT IPOTHBOIOJIOKHYIO TOYKY 3pEHUS.
Hampumep, uccnenoBanue [211] mnoxazano, 4TO BU3YaJIbHBIM S3BIK OOIIETO
HaszHadeHUs Form/3 [83] mokaspIBaeT Jydiue pe3yinbTaThl B KAUECTBE PEUICHHS
OOBIYHBIX 33724 TPOTPAMMHUPOBAHUS, HEKEIU TPAIUIIUOHHBIE S3bIKU, B YACTHOCTH,
Pascal.

Takum oOpa3oM, BH3yallbHbIE SI3BIKM MOTYT OOECIeYMBaTh JIydIllKe
pe3yabTaThl, HEKEU TPAAUIIMOHHBIE TEKCTOBBIE SI3BIKH, B psijie obnacteit. [Ipu aTom
BU3YaIbHBIC SI3BIKM HE SBISIOTCS YHUBEPCAIBHBIM CPEICTBOM  YIIyYILICHUS
MEPIENTUBHBIX KAa4eCTB CPEACTBA pEIICHUS 3aJa4d — TPU HENPaBHUIHBHOM
NPUMEHEHWH OHM MOTYT yXYIAIIUTh CUTYyallMio, a HE YyIy4lIuTh. TeM He MeHee,
CYIIECTBYET OOJbBIIOE KOJMYECTBO CIECNUAIU3UPOBAHHBIX 3ajad, MpPU PEUIICHUH

KOTOPBIX BU3YaJIbHbBIC S3BIKH TOKA3aJIH BBICOKYIO 9((EKTUBHOCTD.
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IMPU/I0KEHHE 112

0630p MO,Z[eJIefI npeacraBJI€HUA BU3YAJ/IBHBIX A3bIKOB

UccnenoBartento, 3aiaBlieMycs LEIbIO MOCTPOUTH (HOPMAIBbHYIO MOJENb
BU3YaJIbHOTO S3bIKA W JIMarpamMMbl, TPEkJe BCEro, HEOOXOIWMO OTBETUTH Ha
BOIIPOC, 4YTO € ATO Takoe. OOBMMHO AuarpaMMy ONPEIEISIOT  Kak
CTPYKTYPUPOBAaHHYIO CHCTEMY CBSI3aHHBIX M300pakeHu# (iconic system)[86]. Do
YIOPSAIOYCHHOES MHOKECTBO M300paKEHUU TPAKTYIOT KaK «TEKCT» WIIH, CKOpee,
«300pakeHne» Ha HEKOTOPOM «S3BIKE», B CBOIO OYEpenb Ha3bIBAEMbBIM
«BU3YAJIbHBIM SI3bIKOM». JJIsl BU3YallbHOTO SI3bIKA, TAKXKE KaK U JJII TEKCTOBOTO,
BBIJICIISIIOT CHUHTAKCUYECKMA W CEMAaHTHYECKUM aHaln3, MNEPBBIA M3 KOTOPBIX
OTBEYAET Ha BOMPOC KOPPEKTHOCTH MOCTPOCHHUS AUArpaMMBbl, a BTOPOH — CMBICIIA.
B oOmem cinydae, wuccienoBaTten OOBIYHO CCBHUIAIOTCS Ha ONpenesieHue
BHU3YaJILHOTO SI3bIKA KaK s3bIKA, “TPEICTABIIIONICTO CBOU TEKCTHI ABYX WM OOJiee
MEpHBIM criocobom”. Kpome TOro, K BBIPa3UTEIbHBIM CPEJCTBAM BU3YaTbHBIX
SI3BIKOB MHOTIA OTHOCST IBET (B OCOOCHHOCTH
JUISL  3a7a4  TOMCKAa  HM300paXeHWl 1o
coaepxumomy[257]) u 3Byk[82]. CyriecTByIoOT

cuctembl[177], B  KOTOpPBIX  BHU3yaJlbHOE

pOrpaMMHUPOBAHUE OCYILIECTBIISIETCS C

ITOMOIIBIO PEYU U PYYHOI'O MUChMA.

SN son SIS0 musoi

BI/ByaJIBHble SA3BIKW HCIIOJIB3YIOTCA B /

caMbIX pa3HbIX oOmactsax. [oBops 00
UHGOPMAITMOHHBIX TEXHOJIOTHSIX, 3TO, TPEXK/Ie
BCEro, 33/1a4n mpoekThupoBanus [10, B KOTOPIX

IIPOYHOC MECTO 3aBOCBAJIN TCXHOJIOTHNH

UML[3], IDEF[54] wu npyrue. OpnHako, Puc. 1 MogenunposaHue
nonynAunM KNeToK nevyeHu [136]

BU3YyaJIbHBIC S3BIKU HAXOIAT MPUMECHCHHE U B

o0JacTaX, He  00sA3aTeJIbHO  CBSI3aHHBIX

HalmpsAMyl0 €  NPOrpaMMHUPOBAaHHUEM, Tak,
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HanpuMep, B My3bike [98], meaunune [66,68, 163,199,200], reneruxe [180,220],
oOpazoBanuu [65, 81,138, 148,175,193,207], B Tom uuciue aereii[161,256,210] u
yepe3 HMHurepuer[84,169], wu3o0pasutenbHOM HCKyccTBe [245], a Takke
MOJICITUPOBaHUN TpeXMepHbIX ciieH [248], moucke [113,114,115], pacno3HaBanuu
[61] u oOpabotke [70] m300pakenuii, moucke mHpopmarmu [116,166,206,241],
n00bIuM JaHHBIX [69,92], wimocTpaiuu MaTeMaTHYeCKUX BBIPAKCHUN U TEOPUM
[78,117,158,202], teneckoMmmyHuKamusax[255], omnmcaHusX OW3HEC-TIPOIECCOB
[142,252] w anroputmoB [80,122], npoekTHpOBaHWH YCTpOHCTB [242] w
nporpammHoro ob6ecnedeHusi[104], mporpamMmMupoBaHUM YCTPOMCTB HA HU3KOM
ypoBHe [64], mudpoBbix cxem [243], BeaeHnn apxuBoB MynabTUMeana [112], Be6-
nuzaiine  [196], ympaenenun  poboramu[110,216,217], apxurekrype[224],
OAHKOBCKOU JesTeNbHOCTH [67],00pa00TKH TEKCTOB HA €CTECTBEHHBIX S3bIKAX
[230], ynpaBnenun 6e3omacHocThio [88] M gaske I co3aanus HHTEPEHCOB THITA
“rkomanHast ctpoka’[134]. M0XHO OTMETHUTH S3BIKH JJI POTPAMMHUPOBAHUS BEO-
npuioxenuii[157]. KonudectBo xe rpadudeckux MoaxojoB K paboTe ¢ 0azamu
JTAHHBIX, PABHO KaK W pa3HOOOpa3HbIX pacimpeHuid s3pika UML, He mommaercs
WCYHCIICHUIO — B KaXKJI0M M3 KaTErOpHil MOXKHO Ha3BaTh JIECATKH Pa3sHOOOPA3HBIX
paboT.

B Hacrosiiee BpeMst CyliecTByeT OTpOMHOE KOJIMYECTBO JUArPaMM U TaKOe
K€ KOJIMYECTBO BH3YaJTbHBIX S3BIKOB. J[7s TOro, 4ToOBI KakMM-TO 00pazoM
YIOPSIOYNTH X U MTPOU3BOANTH aHAIN3, CYIIECTBYET HACKOIBKO KiIacCU(DHUKAITUH,
HanboJiee U3BECTHBIMU U3 KOTOPBIX SBISIOTCS Kiaccudukannu Maitepca [189], Iy
[240] u Yanra [86].

Knaccudukanus Maiiepca pa3zenser Bce BU3yalIbHbIC S3bIKM HA TPU YaCTH B
3aBUCUMOCTH OT KJlacca 3ajad, KOTOpble OHU pemarT. Maiiepc BbIIEIsSET
BU3YallbHBIC SI3BIKH, IPEJHA3HAYeHHBbIC s mporpammupoBanus  (Visual
Programming), Bu3yaibHbIC S3bIKH, IPEIHA3HAYCHHBIC JJIs BU3yaTU3aIliH TaHHBIX
(Program Visualisation) u mabnoHHOe Bu3yalbHOE TporpamMupoBanue (Program
by Example). f3biku, npeaHasHavyeHHbIC IS BU3yallM3allMd JaHHBIX, SBIISIOTCS

HanOoJIee N3BECTHBIM KJIACCOM SI3bIKOB. OHM pC€ain30BaHbl B COBPCMCHHBIX Case —
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cpenctBax B Buae Hortaumii UML[3], IDEF[54] u muorux nmpyrux. Bce stu
TUarpaMMbl  M300paKalOT TpeAMETHbIE O00JacTH W OOBIYHO MOTYT OBITH
npeoOpa3oBaHbl B cieliU(pUUHbIC 711 3TUX 00JaCTel OMUCaHUsl, TAKHE KaK TEKCThI
IporpamMM UM KOMaH bl 0a3bl TaHHBIX. Takke 3a4acTyro Uil HUX MOJIEPKUBACTCS
oOpaTHOe npeoOpazoBanne (PCMHKCHUPUHT).

SI3b1KH BU3YaJIbHOT'O ITPOTPAMMUPOBAHMS, HAYAJI0 KOTOPBIM OBLIO MOJIOKEHO
emie B 60X romax [251], UMEIOT BaXHOE OTJIWYME OT NPEABIAYIIETO Kiacca.
JlnarpaMMbl Ha 3THX SI3bIKaX MOT'YT UCIIOJIHSTHCS TaK ke, KaK OObIYHBIE TEKCTOBBIC
nporpammbl. [1om00HBIE S3BIKH UMEIOT BEChMa IMIMPOKOE NMPUMEHEHNE, HApUMep,
JUTSL CUCTEM MOJCIMPOBAHUsS, KOTJa CHUCTEMa BHAadaje HW300pakaeTcsl B BHIEC
JMarpaMMbl, a MOTOM 3alycKaeTcsi Ha BbIModHEHHe. Eie ogHuUM MOMmyJsipHBIM
MIPUMEHEHUEM SIBJISICTCS OTIMCAHUE C TMTOMOIIBIO BH3YAIBHBIX S3BIKOB PEIAKTOPOB
JUarpaMm, T.€. BU3yaJIbHbIC METASI3bIKU.

HecMmoTpss Ha  BBICOKYIO  TOMYJSIPHOCTH  A3BIKOB  BU3YaJIbHOTO
MIPOTrPaAaMMHUPOBAHMS, MHOTHE M3 KOTOPBIX BIIOJHE BBIJIEPIKAIN IPOBEPKY BpEMEHEM
(QBE [274], UML[3], IDEF[54] u npyrue), ux npuMeHeHHE 00BIYHO OIPAaHUICHHO
y3KOCTICIMAIM3UPOBAHHBIMUA  oOnacTsaMu. Eme B BOCBMHIECSTBIC TOIBI  PSIJT
uccienosareneit [79, 190] BbIABUHYN MPEANONIOKEHHUE O HEPUMEHUMOCTH
BU3YaJIbHOTO TIOJIX0/Ia K PEIICHUI0 OOOOIIEHHBIX 3a1ady. JTa HEMPUMEHHUMOCTh
OOBSCHAETCS TE€M, YTO C TIOMOIIBI0 HM300paXKEHUH OYEHBb JIETKO ONHMCHIBATH
KOHKPETHBIE 00BEKTHI, HO MPOrpaMMHUPOBAaHUE TIO OOJIbIlIel YacTu adcTpakTHO. B
JEBSTHOCTHIE TOIbI [ 137] cka3bIBaIoCh MHEHHUE, YTO OCHOBHBIE 00J1aCTH TPUMEHEHUS
BU3YaJIbHBIX SI3bIKOB — MApaAJIJIEIbHOE MMPOTPaMMHUPOBAHUE, a TAKKE MYJIbTUMEIAA-
cucteMbl. HekoTopble uccienoBaTenu CUuTaiy, YTO OJJHA U3 OCHOBHBIX O0acTei
MIPUMEHEHUST BU3YaJIbHBIX S3BIKOB - IOMOIIH CTa00BHISAIINM JIIOIsIM. B pe3ynbrare
WCCJICIOBAHUM B TON 00JIACTH TOSIBUINCH, HATIPUMED, TAKUE CHUCTEMBI TIOJIIEPIKKHU
crmabopumsanmx Jnomed, kak  Minspeak [109,90] mam “sa3bIk  BU3yalbHOMN
tpancisiiun” VT [176], npeoOpasyrommii eCTECTBEHHBIM SI3bIK B HAOOPHI
M300pKEHU TI0O TPUHIMITY S3bIKAa >KeCTOB.  Jlpyrue wuccienoBaTenu He

NpeKpalaid MONbITKM CO3JaHusi Takoro s3bika. Hampumep, B [/3] Obuia
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npeaIoKeHa uaes MyibTunapaaurmentoro [151,271] pusyansHoro s3bika “Visual
ToolSet”, mo3Bossitomero pemarp OOIIME 3aJa4d 32 CUET pas3AciicHHs Ha TISTh
COCTABJISIIONIMX (TMapagurMm) — CPeACTBa OMpPEIeTICHUS TaHHbIX, B3AUMOJIEUCTBHM C
0azaMyd  JlaHHBIX,  (PYHKUUW, T[OTOKAa  BBIYUCICHHMM W 1IAOJIOHHOTO
IPOTrPaMMHUPOBAHMUS.

[[TabnoHHOE MPOTrpaMMHUPOBAHUE SIBIIAECTCS OTIAEIBHBIM BaXKHBIM KJIACCOM
MPOrPAMMHUPOBAHKS. JTO  TOMBITKA MOCTPOUTh C  TIOMOIIBI0  METOJOB
HUCKYCCTBEHHOTO WHTEJUIEKTa TeHepaTop, KOTOPhIM HAa OCHOBAHWHM HECKOJIBKHX
NPUMEPOB  UCTIOJIB30BAHUS IIEJIEBOM CHUCTEMBI TIOCTPOUT CaMy CHUCTEMY.
[IporpammMupoBaHUe C HCIOIH30BAHUEM TAaKHUX T€HEPATOPOB IMMO3BOJIIET YHUTH OT
TPaJAMIIMOHHOTO TPYy/Ia MPOrPaMMHUCTA, OJTHAKO K€ TpeOyeT U3BECTHOI'O UCKYCCTBA
U TIOHUMaHUST TEXHOJOTMHM TMpPHU  BHIOOPE TPUMEPOB  HUCIIOJIH30BAHUS.
[TpumeHuTENHHO K  BH3yaJlbHBIM  SI3BIKaM CHUCTEMBI 1abJIOHHOTO
POrpaMMHUPOBAHUS OOBIYHO MBITAIOTCS] CTPOUTH T'€HEPATOPHI IMarpaMM Ha OCHOBE
HECKOJBKMX TIPHUMEpPOB JAWarpaMM. BcTpedaroTcs W JOpyrue IpUMEHEHUS,
HampuMep,  MOCTpoeHue  uHTepdeiicoB  mporpamm  (Tak  Ha3bIBAEMBIX
“IIEeMOHCTPAIMOHHBIX WHTEPHENHCOB”, B KOTOPBIX JEHUCTBHS BBIMOJHSAIOTCS IIO
1mad10HaM, 3aJaHHbIM Mmojab3oBareneM) [96,191]. Tak ke ouyeHb YacTO K 3TOHU
TEXHOJIOTUH OTHOCST JIFOObIC BH/IbI MCIIOIb30BAHUS MaKPOCOB MoJib30BaTess [194].

Maiiepc paccMaTpuBaeT HECKOJBKO JPYTHX XapaKTEPUCTUK BU3YAJIBHBIX
s3bIKOB. Hambosiee Ba)kKHBIM SIBJISCTCS TUHAMWYECKHA WM CTAaTHYCCKUN BH
nuarpaMm. BoJBITMHCTBO M3BECTHBIX JMArPaMM SIBIISTFOTCSI CTATHYECKUMU (TaK Kak
W3HAYaJbHO OBUTM MpeJHa3HAayeHbl Ui pPHUCOBAHMS Ha Oymare), HO TakKxke
CYIIECTBYIOT JHAarpaMMbl, BHU3yaJIM3UPYIONIME JaHHbIC, W3MEHSIOIINECS CO
BpeMeHeM. Takas quarpaMma MOKEeT U3MEHSTHCA KaK Ha OCHOBAaHWUHU BUPTYaJIbHOTO
BpPEMEHH, ONPEICTAEMOT0 CUCTEMOM, TaK M Ha OCHOBAHHH JTAHHBIX, TTOCTYIAIOIINX
oT BHemHero wuHTepdeiica. Bo BTopoMm ciydae Takue CHUCTEMBI MPUMEHUMBI,
HaIpuMep, JUTS 3a71a9 MOHUTOPHHTA.

[Tocnennuii Bua kinaccudukanuu, BBeICHHbIA MaiiepcoM — nojpaszeneHue

IUarpaMM Ha WHTEpaKTHBHbIe M makeTHbie (batch) mo mpuHIMIy HCTONTHEHUS.
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WNHTepakTUBHBIE JUarpaMMbl PEarupyroT HEMOCPEICTBEHHO Ha BO3JEUCTBUS
MOJI30BATENs,, B TO BPEMsl Kak IIAKETHbIE PEArupyrT ACHHXPOHHO, MO Mepe
BO3MOXXHOCTH. THUNMYHBIM  TNPUMEPOM  TAKETHOM  JMarpaMmbl  SIBJISICTCS
rpaduueckuit unTepdeiic ¢ KHOMKaMU U MEHIO, KOTia BO3JIEUCTBUS MOJIb30BaTENs
dbopMupyroTca B ouepenb COOOIIEHHU, KOTopasi 3aTeM 00pabaThiBaeTcsi OKOHHOM
(byHKITHEH.

Knaccudpukanus Iy [239] oTtHOCHTCS, cKkOpee, K CHCTEMaM IOJICPIKKA
pPEIAKTUPOBAHUSA M MCIOJHEHUS AUArpaMM, U MpeiaraeT ux OLICHUBATh MO TPEM
HE3aBUCUMBIM TapaMeTpaM: BHAMUMOCTH (aJ€KBATHOCTU BHU3yaJM3alliH), YPOBHIO
A3bIKa (aJICKBaTHOCTH MPEJICTABJICHUS Mpoliecca) U MpejiesiaM s3biKa (aIeKBaTHOCTH
Ipe/ICTaBlIeHUsI 00BEKTOB JIJIs pa3HBIX MPEAMETHBIX 00J1acTel). Boipakasich mpoiiie,
B pacuer Oepercs TO, HACKOJBKO TOJYYEHHBbIC JHarpaMMbl BHU3YaJIbHO
COOTBETCTBYIOT TE€M, KOTOpPbIE HEOOXOIMMO TOJYyYHUThb, HACKOJBKO pabdoTa C
JMarpaMMoi OTpaXkaeT TO, KaK ¢ Hell He00X0IuMO paboTaTh U HACKOJIBKO IIUPOKUN
KJIacC MPUMEHEHHS CIIOCOOHO MOJAEpKUBATh AaHHOe cpeactso. Ly mpemaraer
KJacCU(UIIMPOBATh PEAAKTOPHI JMarpaMM IO 3THM MapaMeTpaM, Ioclie Yero
MPOU3BOJIUTH MOUCK MOJXOSIIET0 CPEACTBA ISl KaXKA0M KOHKPETHOW TUarpaMMbl
yTeM OTBETAa Ha TPHU YKa3aHHBIX BOIIPOCAa W BBIOOpA CPEJICTBA HA OCHOBE 3THUX
OTBETOB

Knaccudukanus Yanra [86] aenmut Bce BU3yalabHBIC SI3bIKK HA YSTHIPE THIIA.
[lepBblii THI BKJIIOYAET B ce0d S3BIKH, MOJJEPKUBAIOIINE BU3YaAJbHOE
B3aumozencreue. Ko Bropomy Tunmy YaHr OTHOCUT S3BIKM BU3YAJIBHOTO
nporpammupoBanusi. IlepBpie aBa THUma OOBIYHO pabOTAIOT € JIOTMYECKUMHU
00BEKTaMH, HMMEIONIMMHU BHU3yaJIbHOE NPEACTaBICHHUE. TpEeTHil TUM — S3bIKU
00paboOTKH BU3yaIbHOW WH(OOpPMAIMU M YETBEPTHIM TUIl — SI3bIKM 0OpabOTKHU
CXeMaTHU4eCKOW BHU3yaJlbHOM MHGOpMALMK HA000pOT, pabOTalOT C BU3YyalbHBIMU
00BEKTaMH, KOTOPbIE UMEIOT JOTHUECKYI0 HHTepnpeTaluio. [lepBolit TuI B 0011eM
MOBTOPSET COOTBETCTBYIOIIME THUIIbI Kiaccupukanuu Maitepca. Bropoi, TpeTtuii u
YETBEPTHI THUIIHI SBJISIOTCS B TOW WJIM MHOM CTENEHHW S3bIKAMH BHU3yaJbHOTO

MPOTrPAaMMHUPOBAHMS, OPUEHTUPOBAHHBIMH JUOO HA MPOTPAMMUPOBAHUE C
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MOMOIIbIO  JIOTUYECKUX TOHSATHH (BTOpOM THUI), JUMOO HEMOCPEICTBEHHO
BU3YaJIBHBIX 00pa30B (TpeTH M 4eTBepThIi). B cBoel padore [86] Yanr mpuBoauT
HECKOJIbKO IPUMEPOB SI3BIKOB, OTHOCSIINXCS K KaXKI0W KaTerOpHH.

CymiecTByeT HEKOTOpPOE KOJMYECTBO KIACCU(PUKALMOHHBIX MMOAXOIOB,
KOTOPBIE HCIIOJB3YIOTCS HMCCICAOBATEISIMU JUISI CBOMX YaCTHBIX HYXKI. Tak, B
pabote [155] mpuBoAMTCS pa3feieHUe TuarpaMM Ha aKTUBHbIE U maccuBHBIC. K
MIEPBBIM OTHOCATCS BCEBO3MOJKHBIE AUArPaMMBbI, CBS3aHHBIC C TTOTOKAMU JaHHBIX
(flowchart) [254], ko BTOpbIM — AHarpaMMBbl, IPH3BaHHBIC OTOOPAKATh CTATUYCCKHEC
cucTeMbl. MOXXHO Takke€ OTMETHUTH MOIYJISIPHOE Pa3eICHUE BU3YaJIbHBIX CHCTEM
Ha JMarpaMMHbBIC, B KOTOPBIX PUCYIOTCS COOCTBEHHO TUArpaMMbl, © MKOHHBIC, B
KOTOPBIX UCIIOJIB3YIOTCS CUMBOIMYECKUE N300pAXKEHUS M OTHOIICHUS MEKTy HUMU
[85]. B paGote [174] s3bIKM JEIATCS Ha 0003HAYAIONIME U AHAJIOTOBBIC (ITEPBBIC
JOJDKHBI  OTBEYATh Py CBOMCTB, TaKMX KaK HEMEPECEKAIONIUEeCs KIacChl
HKBUBAJICHTHOCTHU MOHATUHN, HEABYCMBICIEHHOCTH U 11p.). Kimaccudukanus Kokca u
Poman [108] paspenser s3bIKM 1O YPOBHIO aOCTPAKIUU TPEJCTaBICHUS
npeaMeTHOW  oOjacTh,  BBIIEISAS  MPsSMOE  OTOOpaKEHUE,  CTPYKTYpHOE
(oToOpaxkaeTcsi TOJILKO CTPYKTypa), CHHTE3UpOBaHHOE (700aBisieTcs HOBas
uH(popMaIus, MoTy4YeHHas: U3 UMEIOLIENCs), aHATUTUYECKOE (BBIAEISIOTCSA TOJIBKO
OCHOBHBIE YaCTH) U MOSICHAIOIIEE (100aBIseTCsl HOBasi MH(OpMaLus, yiaydliaronias
Bocripusitue crapoit). Kiaccudukanus Cracko u [larrepcona [246] paznmensier
SI3BIKY 110 MIPU3HAKY BHEIITHETO BHJIa, a0CTPAKTHOCTH (HACKOJIBKO CHIILHO BHEIITHUN
BUJl OTJIMYAeTCs OT BHAA TNPEAMETHOW 00JacTH), aHUMUPOBAHHOCTH U
aBTOMaTUYHOCTU (TpeOyeTcsi JIM W HACKOJIbKO CHJIBHOE BMEIIATEIbCTBO
MPOTpaMMUCTA JJIsI CO3JaHUsI HEOOXOAUMBIX MPEICTABIICHHUI).

Takum 006pazom, Kak ObUIO TTOKA3aHO B 9TOM pasfelie, BU3yalbHbIN S3bIK —
3TO 0000IIEHNE TOHITHS TEKCTOBOTO f3bIKa HA JuUarpamMmbl. J[Jis BU3yaiabHOTO
S3bIKA BBIICTSCTCS TOHSATHE CHHTAKCMCA W CEMAHTHUKHU, a TaKXe BO3MOKHO
WCITOJIb30BAaHUE AJANTHUPOBAHHBIX TEXHOJIOTHUH TPAHCISAIUUA TEKCTOBBIX S3BIKOB.
Tem He MeHee, I BU3YaJbHBIX S3BIKOB XapaKTEPHBI CBOWMCTBA, KOTOPHIE

OTCYTCTBYIOT Y TCKCTOBBLIX A3bIKOB, HAIIpUMCP, B KAUCCTBC CHMHTAKCHUYCCKUX U



166

CEMAHTHYECKUX BBIPA3UTEIIBHBIX CPEJICTB MOTYT HCIOJIb30BAThCS IIBET WJIH
HarnpaByieHue. CyliecTByeT OOJbIIOe KOJIUYECTBO BUJIOB W  KiacCU(pUKAIUN
BU3YAJIbHBIX SI3bIKOB, OCHOBHOW M3 KOTOPBIX SIBIISIETCS Kiaccudukaius Maiiepca,
BBIJICTISIIONIAS TP OCHOBHBIX KJlacca BU3YaJbHBIX SI3BIKOB - SI3BIKM BH3YaJIbHOTO
MIPOTPAMMHUPOBAHUS, SI3BIKA BU3yIM3aIlUU JAaHHBIX W SI3BIKM JUIS [Ta0JIOHHOTO
nporpaMMupoBaHus. B ciemyromem pasnerne OyaeT moka3aHo, KAKOBBI OCHOBHBIE

o0acTn IMPUMCHCHUS BU3YAJIbHBIX S3bIKOB 3THUX BHUJIOB.

Cunmakcuc 6U3YA/IbBHBLX A3BIKOG6

Cpasy e mociie Toro, Kak ObUIO BBEACHO MOHSTHE BU3YaJbHOIO S3bIKa,
NOSIBUJIACh HEOOXOIUMOCTh (hopMaIM3alui OIX0Ja K OMMCAHUIO €r0 CUHTaKCHca
n ceMaHTUMKHU. CyliecTByeT HECKOJBKO MCCIEAOBaHMU Ha 3Ty Temy. Hampumep,
uccnenoparenu Cenkep u Koen [235] mnpeanoxunu CleAayromyr0 MOIENIb s
OIMCAHMSI BU3YaJIbHOTO SI3bIKA.

BusyasbHbIll  SI3bIK  pacCMAaTPUBAETCS KAK TEXHOJIOTHS BH3yaJIbHOTO
npejactaBieHus uHQopMmanuu. B Hem Bbimensercss andaBuUT, COCTOALIMN U3
M300paXEHUM, CXEeMAaTUYECKUX N300paKEHUM («MKOHOK») U CUMBOJIOB (Harpumep,
cUMBOJIOB s3bika). K andaButy e OTHOCAT CBOMCTBAa MOBEPXHOCTEH (TEKCTypa,
IPagueHT, MPO3PAavyHOCTh U TP.) U THUIIBI PEHJEPUHTA HU300pakKeHUil (BEKTOPHI,
OWTOBBIE KapThl, 3JUIMIICOUJHAs Tpaduka U JAPyrue METOAbl BU3YaJIU3ALINH).
CuHTaKcuC si3pIka Ha OCHOBE Takoro ajndaBuTa pa3fefieH Ha YeThIpe KaTeropuu:
MO3UIIMOHHBIM, pPAa3MEpPHBIM, BPEMEHHOM W CHUHTakcuC mpaBwil. Kaxnas wus
KaTEeropHuii, B CBOIO 0YEPE/Ib, Pa3esieHa Ha HECKOJIbKO MEIKHUX

[To3UIIMOHHBIN  CHHTAaKCHC JIEIUTCSA HAa OTHOCUTEIbHBIM  (OOBEKTHI
PacoIoKEHbI MOCIIEIOBATENBHO, HA OMPENECIEHHOM PACCTOSHUU JIPYT OT JApYTa,
1I0J1 OTIPE/IETICHHBIM YTJIOM), COOTHOCUTEIbHBIN (0OBEKT BCTPOEH B IPYroil 0OBEKT,
O00BEKT MepeceKaeT IPyroil 00bEKT, 0OBEKT COMPUKACACTCS C IPYTUM OOBEKTOM) U
COOCTBEHHO MO3ULUOHHBIN (OOBEKT COEAMHEH C JIPYrUM OOBEKTOM, OOBEKT

MIOMEYEH METKOM). PazMmepHbIl CHHTakCUC OINpenensier, B OCHOBHOM,
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OTHOCHUTEJBHBIE pa3Mepbl 00bEKTa, UTO 3a4ACTYIO UCIIONB3YETCS ISl ONPEACIICHUS
MOpsAZIKa CHHTAaKCMYECKOro paszbopa aAuarpaMmbl. BpemMeHHOW CHHTaKcuc
OTpEENsIeT peakly JUHAMHYECKUX JuarpaMM Ha HW3MEHEHUE BHYTPEHHETO
BPEMEHHU JMarpaMMbl, a TakXe pa3 OOIIMX CBOMCTB OOBEKTOB JUArpPAMMBbl, KaK
HampuMep, Bu3yaJdbHble A(G(EKTbl, CBSI3aHHbIE C MHraHUEM H300paKEHUSI.
CUHTaKCUC TpaBWI ONpENeNsieT aIrOPUTMHUYECKH OIKMChIBAEMbIE BU3YaJbHBIC
OTHOIIICHUSI.

B nomonHeHne K yKa3aHHBIM KaTEroOpHsiM BBOAUTCSA JOTOJHUTEIHHbBIC
CUHTaKCUYECKHE MOHATUSI — CHHTAKCUC B3aUMOJICHCTBUS U CTPYKTYpbl. CHHTaKCHC
B3aMMOJICHCTBHS OTpEeNseT, KakuM HMEHHO o0pa3oM JuarpaMma MOXKET
B3aMMOJICIICTBOBATh C IIOJIb30BaTeleM. B HeM BBIIEISIOTCS TPU OCHOBHBIX
napaMerpa: peakuus (CTEeNeHb CHOCOOHOCTH JAMarpaMMbl pearupoBaTh Ha
BO3JICHICTBHS MOJIH30BATENS, AHATIOTUYHA JCIICHUIO JUarpaMM Ha HHTEPAKTUBHBIC U
nakeTHele Maiiepca), aOCTpakTHasE MHTEPAKTUBHOCTh (CIOCOOHOCTH AMArpamMMbl
pearupoBaTh Ha BO3JICHCTBUS MOJIH30BATENS B MPUHIIUIIE; HEKOTOPHIE JUArpaMMbl
SBIIAIOTCSA CTATUYECKUMHU U HE TIPEeIHA3HAYEHBI JJI1 BO3JCHCTBHS BOOOILE) U BpeMs
peakuuu, OIpeNessaionlee € Kakol CKOpPOCThIO JuarpamMma pearupyer Ha
BO3JICHCTBUS (HampuMep, AuarpaMMa peanbHoro BpeMeHu). [loa cTpyKTypHBIM
CHUHTAKCHCOM MOHUMAETCS] BO3MOXKHOCTh OOBbEIUHEHUS JUarpaMm B KOMIUIEKCHI,
kak Hampumep s36Ik UML cocTouT M3 HECKOMBKUX OTAEIBHBIX B3aWMOCBSI3aHHBIX
SI3BIKOB

BaxxapiM paccMoTpeHHBIM B padote [235] acrmekToM siBiseTcs “napagaurma
BBOJA”, a HMMEHHO CHOCOOBbl BO3JAEHCTBUA TI0JIb30BaTENId Ha JUarpaMmy.
HccnenoBatenu BbLACTWIN CIEAYIOIIME BUJIbI BO3ACHCTBUS: BBOJ C KJIaBUATYpHI,
KOTJla 3HAYCHHUs BBOJATCS B BHJE TEKCTa MJIM BbIOOpa m3 MmeHro; Point and Pick
(yka3zaHue 1 BBIOOD), KOT/Ia IPOM3BOIUTCS BBIOOP MaHUITYJIATOPOM M3 MeHto; Point
and Move (yka3aHue U MepeMeIieHne), KOria MaHUITyJIATOPOM 3aXBaThIBACTCSA U
nepemeraercst oobekt u Point and Draw (ykasaHue ¥ H300pa)KeHHE), KOTa
MaHUMYJISTOPOM  TPOU3BOAUTCS ~ PHCOBAaHWE  JUATPAMMBIL. OtnensHO

pacCMaTpuBacCTCA MHTCPIIPCTALINA I[BPI)KGHHﬁ, KOTOpasd TaKiKC MOXKCT HMCTb
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3HaY€HUE NIPU BBO/JIE, HATIPUMED, B 3aBUCUMOCTH OT CKOPOCTH MEePEMEIICHUS MBIIITU
JTuarpaMMa MOXET TI0 Pa3HOMY pearupoBaTh HA BBIIETIEPEUNCICHHBIC ISHCTBHSI.

Takum oOpa3om, padota [235] umeeT BakHOE 3HAYEHHE, KaK JTOCTATOYHO
MOJIHOE OMMCAHKE ACIIEKTOB CHHTAKCUCA TarpaMM. BoIbIIMHCTBO CYIIECTBYIOIIUX
MOAXO/M0B K (pOopMalu3aliyl BU3YAIBHBIX SI3BIKOB MOTYT OBITH PacCMOTPEHBI B
aCneKTe BO3MOXKHOCTH MOACP>KKH YKa3aHHBIX CUHTAKCUYECKUX JIEMEHTOB.

B pa6ore [91] Bu3yanbHBIH CHHTAaKCHUC paccMaTpUBACTCS dYepe3 MPU3MY
OTIEpaTOPOB, 33JJaHHBIX HA BU3YaJIbHBIX TOKEHAX. DTH ONEPATOPHI MOAPA3ACIITIOTCS
Ha ONepaTophl TOIMOJOTHYECKON KOMIIO3UIIMH, YIOPSI0UYUBAIOIINE OOBEKTHI
OTHOCHUTEJIBHO JIPYT APYTa; ONepaTophbl OTPAaHUYCHUS TUaMeTpa, OTPAaHIIHBAIOIIIHC
pasMmep; omepaTopbl HECBA3AHHOW KOMITO3HIIMH, YHIOPSAI0YUBAIONINE OOBEKTHI Ha
OCHOBE JIAaHHBIX, HE CBS3aHHBIX C APYTUMH 00BbeKkTamMHu. C MOMOIIBI0 MPUMHUTHBOB
U OTEepaTOpPOB CO3/AETCS TOMOJOTHYECKasT KOMITO3UIIHUS, TPEICTABISIONIAas COO0M
KOPTEX U3 MPUMUTUBHBIX CUMBOJIOB, COCTABHBIX CUMBOJIOB, JICKCEM U ONIEPATOPOB
ynopsimounBanusd. MHTepec mpeacraBiasieT TO, YTO I JAHHOW CUHTAKCHYECKOU
CUCTEMBI ~ pa3paboTaH  BU3YaJbHBI  Tapcep  JIEKCeM,  MO3BOJISIOIIHIMA
npeo0pa3oBbIBaTh H300PAKEHUS] C WM3BECTHBIMU BH3YaJbHBIMH CHUMBOJAMH B
dhopmanu3oBaHHBIE TUATPAMMBI.

Tem He MeHee, CYIIECTBYIOT aJbTepPHATUBHBIC paboThI, Hampumep [184],
KJIACCU(HUITUPYIOIIAsi CHHTAKCUYECKUE AJIEMEHTBI CETEeBBIX auarpamm, win [153],
TJIe OCHOBHYIO CMBICIIOBYIO HATPy3KY HECET HAJIOKEHUE DJIEMEHTOB IMarpaMMm ApPYyT
Ha gpyra. Taxxe B [100] mpuBoauTcs Kiaccupukanus Ha OCHOBE ITOBEIACHUS
AJIEMEHTAPHBIX OOBEKTOB.

C Toro MomeHTa, Kak ObUIO MPEAJIOKEHO TOHITHE ‘“‘BU3YyaJbHOTO SI3bIKA”,
MCCJIEIOBATENN HE OCTABIISIOT MOMBITOK €ro (hopmann3oBaTh. CyIIECTBYIOT caMbie
pasHbIe cI0CcO0BI (hopMaTU3aIMi: Ha OCHOBE TEKCTOBBIX U BU3YaJIbHBIX TPAMMATHK,
AsMOa-ucurcaeHus, mabsoHoB u mnp. Jlasee 3T METOabl OYAyT pacCMOTPEHBI

nojapoOHee.
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I'paghoevie cpammamuxu

I'padoBrie rpammarukm (I'T) — CyTh MONbITKa NPUMEHEHHS] XOPOILIO
pa3BUTOrO (popmasiu3Ma TEKCTOBBIX A3BIKOB A rpados. I'T' OblM mpensokeHsl
non Ha3Banuem «Web Grammar» (nmayTuHHbIE TpammaTHku) B 1968 roay
uccienosarensiMu Jxonom Ilpanuom u Aspuenom Pozendenbrom B ux padbore
[214]. Obmas unes « Web Grammary 3akiito4ajiach B TOM, 4TO K TpadaM IpUMEHUM
MOJIXOJI HAa OCHOBE I'paMMAaTHK, MPU 3TOM PaccMaTPHUBAJICS KJIACC KOHTEKCTHO-
3aBHCHMBIX TPaMMAaTHK, /U KOTOPBIX ObLIO IMOKa3aHO, YTO OHU MOTYT OIMCHIBATH
AIIMKINYECKHUE U «BBIMTYKIIBIEY Tpadbl.

[TombITKa MCMONB30BATH TEKCTOBBIM (hOpMaAIU3M HEMEIJIEHHO MOPOIniia
OYEBUHBIEC TPOOJIEMBI HECOOTBETCTBUS MpeaMETHBIX obnacteil. [Ipexe Bcero, B
OTJINYKE OT TEKCTa Y AMarpaMMmbl HET Hadaya, O3TOMY IpHu pazdope rpada, naxe
€CJIM Mbl UMEEM IIpaBWJia €ro BBIBOAA, Mbl HE 3HA€M C KaKOH €ro TOYKU HYXHO
HAauUMHATh MX MpUMEHATh. Takum oOpa3zoMm, (opMamu3M Mpeanosaraet
JEeTEPMUHUPOBAHHOCTh JIMIIb JJI  KpailHE y3KOro W TMPaKTHYECKH HE
BCTPEYAOLIETOCS B )KU3HM KJlacca sI3bIKOB.

Bropoii oueBuHOM MpoOIEMO SABISETCS MHOTOMEPHOCTH rpada. OOBIYHBIM
TEKCT Bcerga oaHoMepeH. HauOonee pacmnpocTpaneHHbd GopManuzM MarimHb
TeropuHra mnpeamnojaraéT HWHTEPHPETALHUI0 TEKCTa, 3alMCAHHOTO Ha JICHTE.
OpHoMepHbIi Tpad SABIASETCA MPOCTEUIIMM CIIy4aeM JAvarpaMMbl U B peajbHOU
XKU3HU BcTpedaercs KpaiiHe peako. OOBIYHO 3JIEMEHThl («TEepMHHAJIbHBIC
CUMBOJIbI» WIH «TEPMHUHAIBHBIC Y3JIbD») AUArpaMMbl BCTYNAIOT B OTHOIICHUS TUIA
«CIIEBAY, «CIPABA», KCBEPXY», KCHU3Y», KIIOJ YIIIOM X K» U Tak ganee. Kpome Toro,
B OOJIBLIMHCTBE AUArpaMM BO3MOKHBI [IUKINYECKHE 3aBUCUMOCTH, HE XapaKTepHbIE
JUTSI TEKCTOBBIX SI3BIKOB.

[Tocneaneit Ba>kHOM OCOOEHHOCTHIO AUArpamMm SIBJISE€TCS TO, YTO OHU HECYT
JIOCTATOYHOE KOJIMYECTBO HAarpy3kH, HE CBSI3aHHOM cO cMmbIciaoM. KoauuecTtBo
AIIEMEHTOB, ONPEAEIISIIONIMX CMBICI H300paXeHusi, 0OIYHO 3HAUYUTEIHLHO MEHBIIIE,

4CM KOJHMYCCTBO OJICMCHTOB, HAIIPABJICHHBIX Ha BOCIPHATHUC I10JIb30BATCIICM,
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OJTHAKO Ba)XKHBI M Te€, U JIpyrue. BmecTe ¢ TeM onucaHue BU3YyaJIbHON HArpy3KH C
oMot Gopmanusma [T mpeacTaBiseTcs: CymecTBeHHO W30BITOUYHBIM, TaK KaK
€ro He HaJI0 TPAHCIUPOBATh, 3aTO HA OMHCAHUE MMOTPEOyeTCS U3PSAHOE KOJTUIECTBO
TIPaBHII

Camoli paHHEWl W3 HM3BECTHBIX aBTOPY pabOT, CBA3aHHBIX C OMUCAHUEM
auarpamMMm  (OpMaNbHBIMU TEKCTOBBIMH SI3bIKaMH, sBisieTcss padorta Amjana Illo
(Shaw, 1970), Bemymennas B 1970 romy. Drta paboTa sBISUIACh pPa3BHTHEM
HaIpaBJICHUS HCCJIEIOBAHUI [119,120,165,203,204], CBSI3aHHBIX c
pacro3HaBaHHEM PYKOIMCHOTO TEKCTa C MOMOIIBI0 BU3YaIbHBIX S3bIKOB. B padote
[237] aBTOp TpemIOXKMII MPU PACIIO3HABAHWN PYKOIHMCHOTO TEKCTa BBIICIATH B
MOJIY4eHHOM M300paXKeHUH IMIa0JIOHBI  (KOTOpPhIE MOTYT HMMETh IMPOU3BOJIHHYIO
dbopmy, HO MpU ITOM 00s13aTEIHLHO COJEPKAT JABE TOUKH, Ha3bIBA€MbI€ TOJIOBOM U
XBOCTOM, C TIOMOIIBIO KOTOPBIX OHH MOTYT COEOUHATHCA APYT C APYroM) U
CBSI3bIBATh UX MPOCTPAHCTBEHHBIMHU OTHOIICHUAMHU [235]. Tlonmy4eHHbIl pe3yabTar
MOJKeT OBITh 3allMCaH B BHUJC TEKCTa Ha BBEACHHOM aBTOpoM si3bike PDL (Picture
Definition Language, si3bik omnucaHusi n300pakeHuit). CHHTAKCUC sI3bIKA aBTOP
OIKCHIBACT TaK:

S2>p|STS|(~S)|SL|(/SL)

SL->S'"|(SL@SL)|(=SL)|(/SL)

@ >+ | X|-|* (onmepanuu OTHOUICHHS NMPUMHUTHUBOB: TOJIOBA K XBOCTY,
COEIMHEHUE XBOCTAMH, COCTMHEHNE TOJIOBAMH, ITHKII)

P = IPUMUTUBHBIN KJ1acc

| > meTka

B pabore mokazaHo, YTO MCIIOJNB30BaHUE IMOJOOHON TEXHHKH ITO3BOJISET
npeo0pa3oBaTh H300PAKEHHS B IOCTATOYHO MPOCTOH S3BIK, KOTOPBINA 3aTEM MOKHO
UHTEPIPETHPOBATh, TPEAJIOKEHBl AITOPUTMBI  PACIO3HABAHUS W aHAJIN3a
NOJMYYeHHBIX TpadoB. MOXKHO OTMETUTh, YTO TOJIYYCHHBIH S3bIK SIBISETCS
UCKJTFOUUTENILHO MPOCTHIM U, KOHEYHO XK€, HE MPUCIOCOOICHHBIM IS IIUPOKOTO
Kjacca jauarpamMM. B nganmpHedImeM UEnbld  pag  MCCIENOBATENEN IBITAJCA

INPUMEHUTH TEKCTOBBIC S3bIKH K omucaHuio auarpamm [89,162,203,231]. Buaumo,
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OCHOBHOM MPUYMHOM TOJOOHOW MOMYJSPHOCTU  SABJSIETCS  BO3MOXHOCTD
NPUMEHEHHS K 3a/1a4e XOpoIIo (opMalM30BaHHOTO anapaTa TeKCTOBBIX S3BIKOB.

HecMoTpsi Ha BBINIEONMCAHHBIA aHAJIW3 CHUHTAKCHCa, Jis OOJIBIIMHCTBA
(dbopMalIbHBIX MTOAXO0/I0B K aHAIM3Y BU3YaJIbHBIX SI3bIKOB XapaKTEPHO PACCMOTPEHHE
nuarpamMm 0e3 ydeTa KOHKPETHBIX KOOpIHMHAT €€ 31eMEeHTOB. OIHHM M3 JIydIIuX
OIMCAHMK ATOr0 MOAX01a HAXOAATCA B [134,227,228]; moaxoa 3aKIIIOYaeTCsS B TOM,
YTO KaKJIas JuarpaMMa IpeICTaBIIsIeTCs B BUIE ABYX IpadoB: abcTpakTHOTO Tpada
cuntakcuca (AI'C) u mpoctpancTBeHHOro rpada oTHomeHud. HecMoTpst Ha cBoe
Ha3zBanue, AI'C HeceT, MpexJe BCEro CMBICIOBYIO HArpy3Ky, Tak KakK BBIJENSET
TOJIKO T€ OTHOIICHHUS MEXIY OOBEKTaMH JUarpaMMbl, KOTOPBIE HIMEIOT CMBICIT JJIsI
aHanu3a. [lpocTpaHCTBEHHBI  rpad)  OTHOIIEHHMH  HpeJHA3HA4YeH IS
BoccTaHoBieHUsI M0 AI'C coOcTtBeHHO u300pakeHusa. OH Takxke yKa3bIBaeT Ha
CHHTAKCHC JIMarpaMMBbI, HO yKe B TepMuHax [235], T.e. ¢ TOW WM WHOW CTETICHBIO
YIPOILEHUS TO3BOJIIET PUCOBATh KOHKPETHBIE TUArPAMMBI.

HecMoTpsi Ha BBICOKYIO CIIO)KHOCTh pa300pa BH3YaJbHBIX S3BIKOB IIO
CPaBHEHHIO C TEKCTOBBIMH, TIpadoBble TIpaMMaTHUKH OBICTPO 3aBOEBAJIH
nonyJasipHOCTb. O4EeBUAHO, MPEXKIE BCEro 3TO OBUIO OOYCIOBIEHO COOIA3HOM
UCTIONb30BaHUsl OTJIMYHO MpopaboTaHHOTO (OpMaIbHOIO ammapaTa TEeKCTOBBIX
A3BIKOB I AuarpamMM. ECTECTBEHHBIM 1IaroM Ha 3TOM IyTH SIBUJIOCH MOSIBJICHHE
anprepHatuBHOM [119] knaccudukaruu Xomckoro [94] mist BU3yanbHBIX S3BIKOB U
NOSIBJIGHWE  Pa3jIMYHOTO  poAa  KJIAcCOB  IpaMMaTuK U aJrOPUTMOB,
npeaHa3HAaYeHHBIX A WX pasdopa. Kak m A TEKCTOBBIX SI3BIKOB, aBTOPHI
IITOPUTMOB ~ OOBIYHO  CTAparOTCS  OTPAHUYUTHCS  KOHTEKCTHO-CBOOOIHBIMHU
A3bIKAMH, B KpaillHEM cilydae — MOJMHOKECTBOM KOHTEKCTHO-3aBUCUMBIX SI3bIKOB.
HekoTtopsie Kiacchl BHU3yallbHBIX TpaMMaTUK OyAyT pacCMOTPEHBI HIDKE

noapoOHee.
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I'paMMaTHKH ynopsiA04MBaHUA U300paKeHUH

I'pammatuku ynopsigounBanus uzobOpaxenuit (Picture Layout Grammars,
PLG) 6bum mpensioskensl B 1989 romy mccnepoBatensmu DpukoM ['oawmHOM U
CruBeHom Peiicom [143] u sBASIOTCS BapUaHTOM KOHTEKCTHO-CBOOOHBIX
rpammatuk [94]. PabGota sBnsieTCs pacIIMpeHUEM MO aTPUOYUPOBAHHBIX
MYyJIbTUMHOKECTBEHHBIX TrpamMMatuk (Attributed Multiset Grammar, AMG),
npemiokeHHbIx  JpukoM [omunom panee [144]. MynbTUMHOXECTBEHHAs
rpaMMaTtHka 0Ju3Ka K KOHTEKCTHO-CBOOOIHOM rpaMMaTHKe, 32 UCKIIOYEHUEM TOTO,
YTO B MPABOM YacTU MPaBUJ BBIBOJA COJAEPKATCA HEYNOPSAOYEHHBIE HAOOPHI
CUMBOJIOB. B pe3yibTaTe ¢ MOMONIBIO TaAKUX MPOIYKIIUNA MOXKET ObITh BBIBEJICHO
MHO>KECTBO MYJBTUMHOECTB (T.€. MHOXXECTB C BO3MOYXHO IOBTOPSIIOUIUMUCS
sJIEMEHTaMu ). ATpuOyrpoBaHHas rpamMmMaTika [167] - rpamMmmaTika, pacuimpeHHas
aTpuOyTamu, HeoOX0IUMbIMU sl pazdopa. Takum o6pazom, B AMG mnpoayKuus
npeacTasiseT coboit Haotop (R,S,C) rae

R — npoaykumronHoe npasuio Buga N=>M, riae N — HeTepMUHAIbHBIA CHMBOJT
1 M — MyJIbTUMHOECTBO CHMBOJIOB

S — MHOXECTBO CEMaHTUYECKUX (PYHKIIMHA, OTOOpa)KAIOIUX aTpUOyTHl U3
MPaBOM YacTH MPOIYKIIUU B aTPUOYTHI M3 JICBOM YaCTH MPOTYKIIUN

C — MHOXECTBO OIpaHMYEHHUH, 3aJ]aHHBIX HA aTpuOyTax B MPABOW YACTU
MPOAYKIIUH.

PLG, sBmssice pacmmpennem AMG, no0aBiseTr B Hee JTOMOJHHUTEIBHbBIE
CBOICTBa. B 3THX rpaMMarukax aTpuOyThl MPEACTABISIIOT cO00M MH(MOpPMAIUIO O
MPOCTPAHCTBEHHOM PACIIOJIOKEHUU 3JIEMEHTOB auarpaMmbl. Kaxknplii CHMBOJI
COJIEP>KUT B ceOe ueThipe aTrpuldyTa: 1x, by, rx u ty, onucheIBaronye npsMoyroibHyo
00J1acTh, 3aHUMaeMyr0 00beKkToM (IX — JIeBasi KoopAMHATa M0 X, IX — Mpaas, by —
HUXKHSA 110 Y, ty — BEPXHSISI 110 Y). JOTOTHUTENbHBIE aTpUOYTHI MOTYT OTPEIEISAThH
IBET, TOJIIWHY JIMHUM, TpaaueHT, cTwib u 1mp. lllecTHaanaTe pa3IuYHBIX
ceMaHTHYeCKUX (PyHKIUil (TOBEpX, clieBa, MPUIIETAeT, COJCPXKHUT U JpYTrHue),

UCIIOJIB3YsI ATY HH(GOPMAIIHIO, COSAUHSIOT CHMBOJIBI B € IMHBIA BU3YAIbHBIN OOBEKT.
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B kauectBe npumepa B [143] pasbupaercs auarpamma cocrosiauii [110].
['paMmartuka Juisi TOAJAEPKKU 3TOM aAuarpammel ¢ nomombio PLG cocrout u3 29
NPOAYKIMOHHBIX TpaBwi. [Ipumep nuarpamMmbl M JiepeBa pa3dopa C MOMOIIbIO

rpaMMaTHKHU puBezieH Ha Puc. 2.

(13} STATEOD — contains(rectangle STATE_INSIDE)
(14} STATE — STATEQ
STATE.pos =0
(15} STATE — touches L{LABELLED ARC STATE,) , £t
STATE.pos = hash{LABELLED_ARC) Al v A2 B
Where '
STATE: . pos < hash{LABELLED._ARC)
{168) LABELLED.ARC - points. to{LABELLED ARROW STATED)
(17) LABELLED.ARROW — labels{text arrow)

(18} DEFAULT — DEF.STATE
(19} DEFAULT — touches L{UNLBLD_ARC HIST DEF.STATE)
(20) DEF.STATE — touches L{UNLBLD ARC STATE,DEF SYMEBEO G“T
{21) DEFSYMBOL — contmins{circle text)
Where
text.gval == “D"

STATE
(22) HISTORY — contains{elrele text) d/sr E
Where
text.gval == “H™ "}"ELNSIDE

{31} UNLBLD ARCHIST — pu'luhl_ln{nrruw,HISTﬂRYh
(24) UNLELD.ARCSTATE — points_tofarrow, 3TATEQ)
(28) XORGROUF — S5TATE

XOR GROUP.defanll = &

sampla_chart

“sample_chart™ HOR_URON

XOR_GROUP. history = 0 LLpON HOR K
(26) XOR.GROUP — DEFAULT - o, [— STATE
XOR.GROUP.default = 1
XOR.GROUPhistary = 0 [
1) XOR.GROUP — HISTORY T LABELLED ASHOW TAJED
e XOR GROUP.default = 0 — Q FER* — N\\
XOR_GROUP histery = 1 3 cuenme - = B sraremsce
{28) XOR.GROUP — adjacent a{ XOR.GROUP, XOR.GROUP,) 1
XOR_GROUE default = XOR_GROUP, default
+ XOR.GROUFs default STATE mEiDE  RIGHTINSIDE a
XOR_GROUE history = XOR_GROUP, history \L Y N\
+ XOR.GROUP . history “M1*  yemrman  STATE MEIDE
Where ‘
XOR.GROUF; default + XORGROUF: default < 1 ' “n3"
XOR.GROUP, history + XOR_GROUP; histary < 1 i

Puc. 2 ®parmeHT rpaMMaTUKH, TPUMEP AUATPAMMEBI COCTOSTHUN U

COOTBETCTBYIOIIIEE UM JEepPeBO pa3dopa

ABTOPBI TO3UIIUOHUPYIOT UX PA0OTY KaK MAaTEMATUUYECKYIO OCHOBY CPEJICTBa
TeHepaluil BU3yaJbHBIX TPAHCISITOPOB, HAa OCHOBE KOTOPOM MMOCTPOCHO
MIPOMBITNIUIEHHOE TIporpammHoe cpeactBo [145]. Kpome Toro, nmeercsi 00beKTHOE

pacumpenue, it KOTOPOro peain30BaH reHepaTop KoMouisTopos [146].
PacmimpeHHbIe MO3UIMOHHbIE TPAMMAaTHKHU

Pacumpennsie nozunnonnsie rpammatuku (Extended Positional Grammars.
XPG) BuepBbie ObUTH MpeaaoxeHbl B padotax [101,103] u sBasioTCs pacuimpeHuem
Oonee paHHero ¢opManu3Ma IMO3WIMOHHBIX rpammatuk [129, 258]. B mannom

nmoaxoac avarpaMmMbl pPACCMATPUBAIOTCA KaK  BHU3YAJIbHBIC IIPCAJIOKCHHA,
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COCTOSILIIME M3 BU3YAIbHBIX CHUMBOJIOB. (OOO0OIEHHBIM BU3YyaJlbHbIM CHMBOJIOM
HaspIBaeTcs Takas Tpoiika <M,S,L> B kotopoii M yka3biBaeT Ha H300pakKeHUE
cuMBoJia (hopmy, LIBET, U T.I1.), S — Ha B3aUMOJICHCTBHUE C IPYTUMHU CUMBOJIaMu U L
— Ha ceMaHTuky. Hanmpumep, M MoOXeT mpeacTaBisTh cOOOM MPSAMOYTOIBHUK, S
COJIEp>KaTh CCHUIKM Ha BXOJSIINE U BBIXOJSIINE CBSI3U, a L yKka3wIBaTh, 4YTO 3TOT
NPSIMOYTOJILHUK SIBIISIETCS AJIEMEHTOM JUarpaMmbl cOCTOsHHM. OO000IeHHbIN
andaBUT SABIACTCI MHOXXECTBOM OOOOIICHHBIX CHUMBOJIOB. (000mIEeHHOE
OpeJIOKEHHE  SIBISIETCS  MHOXECTBOM  “MHCTAHIIUPOBAHHBIX  CHMBOJIOB,
npUHaAIeKAIMX O0000IMIeHHOMY andaBuTy, T.€. M KOTOPBIX IOJHOCTHIO
onpenaenensl S U L (B aTom mecte aBTopel XPG 10MycKatoT ABYCMBICIIEHHOCTb, TaK
KaKk  QopMajbHble  pa3IUUMs MEXIY  CHMBOJIAMH andaButa  H
“MHCTAaHIIMPOBAHHBIMU~ CUMBOJaMH andaBUTa HUTAE HE OrOBAapUBAIOTCH,
MPEOoIaraeTcs, YTO0 OHU UHTYUTUBHO TTOHSTHBI).

CornacHo XPG, npenioxeHus: Ha BU3yaJbHOM SI3bIKE€ (POPMUPYIOTCS IIyTEM
YCTaHOBJICHHSI OTHOIIIEHUI S MKy BU3yaJIbHBIMU CUMBOJIAaMU SI3bIKa. Pazmudaror
JIBa BHUJA OTHOIIECHUN: OTHOUIEHMsI COCAMHEHMs, YKa3bIBalOLIME Ha TO, YTO JBa
O0OBEKTa CONPHUKACAIOTCA KAaKUMHU-THOO 00JacTaMH, U TPOCTPAHCTBEHHbIE
OTHOIIIGHUS, 3aJalOIfe OTHOIIEHUS MEXIy KOOpAMHATaMu OOBEKTOB (BBHIIIE,
HUKE, TEePEKphIBAIOTCS W T.1.). PacmmpeHHas TMO3UIMOHHAS TpaMMaTHKa
onpenensiercs kak napa (G, PE), rae PE — “mo3ummonnsiii Berancnutens”, a G —
KOHTEKCTHO-CBOOOIHast arTpubynpoBanHas rpammaruka (N, TUPQOS, S,P), rae

N — KkoHeuHOE HCITYCTOC MHOKCCTBO HCTCPMHHAJIBHBIX CHMBOJIOB

T — KOHCYHOC HCITYCTOC MHOXKCCTBO TCPMHUHAJIbHBIX CHMBOJIOB,

Henepecekatorieecs ¢ N

POS — kxoHe4YHOE€ MHOKECTBO MJICHTU(PHUKATOPOB OWMHAPHBIX OTHOUICHUH, HE

nepecekatomieecss HU ¢ N, Hac T

S — HavaIBHBIA CUMBOJI TpaMMaTHKH, SEN
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P — KOHEUYHOE

% | l 1
HEIYCTOE€ MHOKECTBO O é @

IpOAYKIMH Buga A -
NODEI NODEIF NODEF
X1R1X1R2. . .xm-lRm-lxm
i

A tne AeN, Vi X € ()1 T_.-;

TUN, a Rk NODEG EDGE PLACEHOLD

IPEJICTABIAET COOOH {1} STDiagram — Graph
(2) Graph — NODEI

MHOXECTBO U3 BYX
By A: (Graph, = NODEI,)

TUIIOB  OTHOLIEHUH, (3) Graph — NODEIF

A:(Graphy = NODEIF,);
Bxomsammx B POS, (4) Graph — Graph' ((J_I).{T_3)) EDGE 2_I Node
BEAYIIUX u A: (Graph, = Graph', - EDGE,),

I | (PLACEHOLD; | Node = 1;
TECTUPYIOLINX. PLACEHOLD, = Node, - EDGE;)}

(5) Graph  — Graph' {{I_1).{1_2}) EDGE

Benymue oTHOICHNA A: (Graph, = (Graph'; - EDGE,) - EDGE,);

UCIIONB3YIOTCS  JIJIs (6) Graph — Graph' ((/_2){1_1)) EDGE I_I Node
A: (Graph, = Graph' - EDGE-),
CHHTAKCHHCCKOTO I': { (PLACEHOLD:; | Node, I>1;
aHaJIuz3a PLAEF.HDI.D1 = N{]-Lim - EDGE] H
{7y Graph — Graph' {any} PLACEHOLD
IIOJIy4YE€HHOT'O A: (Graph; = PLACEHOLD,);
(&) Mode — NODEG
MPEJIOKEHUS. A A: (Node, = NODEG);

{9} Node — NODEF

A: {Node, = NODEE, );
byHKIHIO, {10y Node — PLACEHOLD
A: (Node, = PLACEHOLD,);

MpeACTaBsieT cobOou

CUHTE3UPYIOIILYIO

Puc. 3 Onucanune koHeunoro apromara B XPG
atpuOyThl 1yt Au I’ —
mHoxecTBo Tpoek Buaa (N,Cond, A), rne N — repmuHaibHbIi cumBoi, Cond —
yCIIOBUE TIOMEIIEHUS €ro B TpeMIoKeHHe M A - TeHepaTop aTrpuOyTOB.
MuoxkectBo I’ TO3BOJSET NWHAMHYECKH O00ABISITH HOBBIE TEPMHUHAJIBHBIC
CHUMBOJTBI B IIpeToxkeHus. HakoHeI, TO3UITMOHHBIA BEIYHCIIUTETh — a0CTpaKIIHS,

ONMMCHIBAIONIAS TIpeoOpa3oBaTelh AuarpaMMbl B (QopMaimbHBIM BUJ (T.€.

BbIJIEJICHHE a0CTPaKTHOTO Tpada CUHTaKCcHUCa).
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Ha Puc. 3 mpuBeneH mpumep OMUCAHUS TUarpaMMbl, MPEACTaBISIONICH
KOHCUYHBIM aBTOMAT, B TepmuHax XPG. B cBomx pabGoTtax aBTOphI B OCHOBHOM
paccmarpuBaoT mpuMmeHeHne XPG g mpeacTaBiIeHHS pasIUYHOTO  poja
aBTOMATOB M THArpaMM COCTOSTHHIA.

BaxxHOl 0COOCHHOCTHIO TIO3WUITMOHHBIX TPAMMATHK SIBJISETCS WX XOPOIIIas
TeopeTHyeckas mpopabotka. B wactHOcTH, B pabore [99] paccmarpuBaroTCs
dbopmasibHBIE MeXaHW3MbI pazbopa TpadoB. HecoOMHEHHBIM MPEUMYIIIECTBOM
JAHHOTO  TOAXOJa  SBJISETCS BO3MOXKHOCTH — HCIIOJB30BaHHUS  TEHEpaTopa
KOMIIMJIATOPOB ~ YacC ©  MoauuIUpoBaHHOrO  ajaroputMa  Opies[118],
npogeMoHcTpupoBanHas B [105], a Tawke amroputm LALR pa3bopa,

npoaeMoHcTpupoBanHbii B [208].
F'paMMaTHKH rpad OB coeJUHEHU

B pabote [63] mpemiaraetcs Monmeib “TpaMMaTHKH rpadoB COeTUHEHUH”
(connection graph grammar) kak aOCTpakTHOM MOJENu i TapauieIbHBIX
BBIUHCIICHUN.

B kaudectBe TpeOoBaHMII K aOCTpaKTHOW MalIMHE, MPOU3BOMASAIICH
napayieIbHbIC BBIYUCICHUS, aBTOPOM
BBIJIBUHYTHI CIICAYIONINE TTOJIOKEHUS:

Monpens IOJDKHA

COOTBETCTBOBATH peabHOMY

obopynoBaHuio (T.e. TMOJJIEPKUBATH
TOJIKO T€ OIEpalnu, KOTOPbIE YMEET Puc. 4 Ilpumep rpada

BBITIOJIHATH peajibHOE 000PYI0BaHHKE). COCIMHEHUN - TPAH3UCTOP
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Mopenb 10/1KHA ObITh TPOCTOM.
Mopgenp nomKHa TOAAEPKUBATH

MPOCTYIO TPAHCISAIUIO B OOLIECTPUHSITHIC

connector ~

S3BIKH. 2 3 1

I'pad) coemuHeHwii BO MHOIOM Puc. 5 Ipumep

MOXO03K Ha 2JeKTpuueckylo uens (Puc. 4). MPONYKITMOHHOTO IpaBuiia

B Hem BbIAENAIOTCA Y35bI, KOTOpHIC

COZIEpKaT BXOJbl M BBIXOJbI (TEPMHHAJIBI), KOTOPhIE MOTYT OBITb COEAMHEHBI C
JIPYTUMH TEPMHUHAJIAMU JPYTUX Y3JI0B, MPUYEM KaXKIIbI TepMHUHAI JODKEH OBITH
COCMHEH B TOYHOCTHU C OJHUM TepMHHAIOM. KoOIMYecTBO TEpMHUHAIOB y y3ia
Ha3bIBACTCs “BaJIEHTHOCTHbIO”. THIl TepMHHaJIa HA3bIBAETCS €r0 METKOH. Y3Ibl €
TepMUHAJIaMH, IOMEUYEHHBIMU METKaMU, 00pa3yroT andaBuT sI3bIKA.

['pammaruka rpadoB coearHEHUN oOpa3yeTcsi C MOMOUIbIO TpadoBBIX
MPOIYKIIMOHHBIX TpaBWi, HazbiBaeMbix MeTojamu (Puc. 5). Kaxapiit merton
ONKCHIBACT, KaK MOXXHO 3aMEHUTh HEKOTOpBId (parMeHT rpada apyrum
¢parmenTom rpada. PaccmarpuBaeTcst Takke  BO3MOXKHOCTb — HAJIMUMS
HETEpPMUHAIbHBIX CHMBOJIOB B TaKOM S3bIKE, OJHAKO TOJbKO B KauecTBE
TIPEITOKCHHSL.

ABTOp TOKa3bIBa€T, YTO NOJOOHBIM S3BIK MOXET OMNHUCHIBATH TEKCThI
nporpaMM Ha 4YHCTOM si3bike Lisp [265]. McmomHeHwe Takux MporpaMm
3aKJII0YAETCsl B MOCIIE0BATEILHOM MPUMEHEHUH MpaBuil TpaHchopmanuu rpada.

Takum 00pazom, MpeIOKEHHBIN PopMaI3M UMEET MPUKIATHOE MOATBEPKICHNUE.

PesssuuoHHBbIE rpaMMaTHUKH

Pensiimonnsie rpammatuku  [111] sBAAIOTCS KOHTEKCTHO-CBOOOIHBIMU
rpaMMaTHKaMHi, KOTOpbIE CTPOSITCS HAa OCHOBE MYJIBTHUMHOXECTB OOBEKTOB,
COCIMHEHHBIX “peNIAIMOHHBIMU  cymHocTsiMu®  (relational instances). Ownu
SIBJISIIOTCS] Pa3BUTHEM UICH TpaMMaTUK 00paboTku n3odpaxkenuit Uanra [87]

Onpenenenue.
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[Ipennoxenue w, 3aganHOe Ha al(aBUTe TEPMUHAIBHBIX CUMBOJIOB VT u
MHOXECTBE pesiuuoHHbIX cuMBOoiIOoB VW sBnsgercs mapoud (T,RT) rme T —
MYJIbTUMHOXECTBO CUMBOJIOB U3 VT

T={+1, 42 42, #% 43, ¢9
a RT —MHOECTBO peJI}IIlI/IOHHBIX RT = {lefi(+!, #2), up(+2, ¢, left( o3, %), left(+*4, ¢7), up(ﬁ’. *

cymHocter n3 VW 3amannbix Ha T. Puc. 6 Ilpumep npeanoxerns

JUISL PEJSIMUOHHON TPaMMaTUKHU

Onpenenenue.

KoHTeKkCTHO-CBOOOIHOM PENSIIIMOHHON rpaMMaTUKON G Ha3bIBaeTCs KOPTEXK
G=(VN, VT,VR,S,P,R), rne VI — MHOXeCTBO Te€pMHUHAILHbIX CUMBOJOB, VN -
HETEPMHUHAIBHBIX CHUMBOJIOB, VR - MHOXECTBO pESIIMOHHBIX CHUMBOJIOB, IS
KOKJIOTO HMX KOTOPBIX YKA3aHO KOJWYECTBO MECT, S - HayaJbHBIM CHUMBOII
rpaMmaTukd P - KOHEYHOE MHOKECTBO mponykuuid B Buae A::=M, N, rme A —
HeTepMuHai, a N — orpaHuyeHue (aHaJIOTMYHO aTTPUOYHMPOBAHHOW T'paMMATHKE
[167]) 1 R — MHOXeCTBO TpaBWJI BBIYHCICHUS, UCTIOIB3YEMBIX i 00pabOTKH
OTpaHUYCHUM.

Takum 00pazoM, MOXKHO CJielaTh BBIBOJ, YTO JaHHAs rpaMMaTHKa SBIISETCS
HECKOJbKO  MOIU(HWIIMPOBAHHOW  TOJ  3aJa4dl  BH3YaJbHBIX  S3BIKOB
aTTpuOyHUpOBaHHON rpammaTikoit [167] . [{ns rpaMmmaruku pa3paboTaH aaropuTMm
pa3bopa [128] ¢ peamuzanueit Ha s361k€ [Iponor. [lo3aaee ObLT MpemIo)eH o0muriA
anroput™m pazoopa[268267] Ha ocHoBe anroputma Ipies[118], uro memaeT moaxon
MPUTOTHBIM JUTsI JTFOOBIX KOHTEKCTHO-CBOOOHBIX BU3YAIbHBIX TPAMMATHK, a TAKKE
nokaszano[102], uro 115 mocTpoeHus mapceepa s3bIlka MOYKHO UCTIOJIb30BaTh CUCTEMY
YACC. BaxnbIM pe3ylbTaToM SBISETCA IOKa3aHHas B [266] mpuMEeHMMOCTb
rpaMMaTHK K 33/lauaM WHTEPAKTUBHOTO JW3aiiHa, B YACTHOCTH, aBTOMATHYECKOTO
pa3MelieHnss 00bEKTOB U TPOBEPKH JOIMYCTUMOCTH TpaHCchopmanuii. Taxke s
HEKOTOPBIX TOAKIACCOB KOHTEKCTHO-CBOOOJHBIX PENSAIMOHHBIX TIPaMMAaTHK,
pa3paboTaH yIpoOIICHHBIN alropuT™ pazoopa [129].

Pa3ButeM naHHOTO (popMamuM3Ma SBJISIOTCS CHMBOJI - PEJISIIMOHHBIC

rpammatuikd  [130], B koTopeix andaBUT pasnenseTcs Ha TEePMHUHAIBI,



179

NpeaACTaBIAIOIINC OOBEKTHI U TEPMUHAJIBI, IPCACTABIAIOIINC OTHOLIICHUA WU,

COOTBCTCTBCHHO, 3TO Pa3JACJICHUC YUYNUTBIBACTCA B IIPOAYKIIMOHHBIX ITPpaBUJIAX.

I'padpuyeckue pyHKIMOHATbHbIE TPAMMATUKHU

Maiiepc, aBTOp wu3BecTHOM Kiaccuukamuu [189], saBnsgercs Ttaxke
coaBTOpoM Tpaduueckoro ¢dopmanu3ma, HM3BECTHOTO Kak Tpaduueckas
dbyukImoHanpHas rpammatuka [171]. B atom dopmanuszme aipaBUT COCTOUT HE U3
TEPMHUHAJIOB, a M3 (yHKUMNA, MapaMeTpaMud KOTOPBIX SIBISIOTCA 3HAYCHUS
atpuoyToB. Hanpumep, eciu cumBon andaButa 0003HAYaET OKPYKHOCTh, TO OH
MOKET MPEACTaBIATHCS (DYHKIMEH, PUCYIOIIEH OKPYXHOCTH, C MapaMeTpamu —
KOOpAMHATAMH IIEHTPA U painycoM. DTa ues Oblia MepBOHAYaIbHO BhICKa3aHa s
CCTECTBEHHBIX SA3bIKOB [212], 071HAKO HAILTa IPUMEHCHHE U JIJISl BU3YaJIbHBIX.

I'paduueckoit pynkiuenr B naHHOM (opmanu3Me Has3bIBaeTCs N-MECTHas
byHKuus, pucytomas rpapuueckoe uzodpaxenue. ['paduueckuii andaBur —
KOHEYHOE MHOXECTBO TIpaduyeckux (QyHkumid. I'paduueckoe mnpenioxKeHHe —
KOHEUHAs  MOCJEeA0BaTeIbHOCTh  rpaduueckux  GyHkuuid w3  andasura,
dbopManabHBIM TMMapamMeTpaM KOTOPBIX TPUCBOCHBI KOHKPETHBIC 3HAUCHUSI.
['paduueckas ¢dyHKIMOHATBHAS TpaMMaTHKa TMPEACTaBISET COOON KOPTEX W3
rpaduueckoro andasuta, HAOOpa HETEPMHUHAIOB, CTapPTOBOM (YHKLUHU U TPaBUII
BBIBO/IA, TIPU 3TOM TPaBUJIa BBIBOJIA COACPIKAT OTPAHUUYEHUSI B BUJE MPEAUKATOB
mepBoro  mopsaka. TakuM  oOpa3oM, JaHHas TpamMMaTHKa  SBISETCS
aTTpuOynpoBaHHOM [167].

K coxanenuto, naHHblii moaxos He cBoOoAeH oT npobiem. Ha nmpuBeaeHHOM
B [171] npumepe BUAHO, YTO IpaMMaTHKa YyBCTBUTENbHA K MOPSAKY rpaduuecKux
CHUMBOJIOB, JJa)K€ €CIIM cama JrarpaMma paccMaTpUBaeT UX KaK paBHO3HAYHbIE. JTa
npobiieMa pemaercss 3a CcYeT MpeoOpa3oBaHMil TIpaUUecKUX BbIPAKCHHIH.
['paMMaTHKH, KOTOpPHIE MOMYCKAIOT TaKWe TMEpPecTaHOBKH 03 W3MEHEHUs
pe3ynbTarta, Ha3bIBAIOTCS KOMMYHUKATHBHBIMH. lIpeoOpa3oBanume He Bcerna

ABJIACTCSA TpHBHaHBHOﬁ 3a)1aqel71, B 0COOEHHOCTH A1 A3BIKOB, B KOTOPBIX
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orepaTopsl MOTYT UMETh MoOouHbIe A dekThl. TeM He MeHee, JOKa3bIBaeTC s, UTO
JUISL TI000T0 Tpa)UuecKoro s3bIKa CYIIECTBYET “KOMMYHUKATUBHAS W TpaMMaTHKA.
Jns manHOTO (QopManm3Ma pa3padoTaH aJrOpUTM pa3dopa, AroIIHi
pemenre 3a O(N?) maros. Takum o6pazom, rpadudeckue (GpyHKIHOHAILHBIE
IrpaMMaTUKH SBJSIOTCS 3aKOHUEHHBIM (hOPMaTU3MOM IS TOJACPKKHA CUHTAKCHCa

BHU3YaJIbHOT'O SA3bIKA.

0606H.leHHbIe ABYMEPHbIE KOHTGKCTHO-CBOﬁO,E[HbIe rpaMMaTHKH

O00061IIeHHBIC TBYMEPHBIE KOHTEKCTHO-CBOOOIHBIC TpamMMaTtuku [218] (2D-
CFQ) sBnsroTcs pa3sBUTUEM MO3UIMOHHBIX IPAMMAaTUK M OTIMYAOTCSA TEM, YTO B
HUX IIPUCYTCTBYIOT TOJBKO J1BA MO3ULIMOHHBIX OTHOLIEHHUS — “‘BbIIIE” U “JIeBee” .

O606mennas 2D-CFG sBisercs koprexxeM G =(E, N, P, S), rne
C — MHOX€CTBO TEPMUHAIBHBIX CUMBOJIOB,
N — MHO’XKECTBO HETEPMHUHAJIBLHBIX CHMBOJIOB,

P — mHOXecTBO Tipoaykimii B popme n > r(a)rmen € N, r € R = {cnea,

cBepxy},na € (NuU E)*.

S € N - HauanbHBIN CUMBOJ TPAMMATHUKH.

st IrpaMMaTUKH BBIEIISIETCS
HopMasibHass ~ (opMa, B KOTOPOH  gen() N \L:
coOJIFOIaeTCsl MPABWIO, YTO TPOIYKIIHUS derived(T, Derived) & base_sel(T, Base),
{attr(L,[Genl_]),G=..[Gen,Derived,Base]}.

umeer popmy n =2 (nl rn2) wm n=> o ¢

bopmy ( ) derived(T, O) - + |\ E:objC, 0).
rnenl, n2 €e N, r e R, mwo € C. lua =
rpaMMaTuKi paspaborana Moaupukanus —baseselT, [00s]) — g \E:

obj(C, 0), !, & base_se(T, Os) .
- E.

Puc. 7 ®parmeHT onucaHmsa ER-
anarpammel ¢ nomoubio PCG

anroput™a Koka-Kasamu-Sarepa (CYK),  pae seur, 1)
YTO JeJaeT BO3MOXKHBIM paz0op Ir000ro
KOHTEKCTHO-CBOOOJHOTO SI3bIKa. TakuMm

oOpa3oM, TIPUMEHHMB CYIIECTBEHHBIE YIPOIICHUS IO OTHOIICHUIO K
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BO3MOKHOCTSM JHAI'PAMMBI, OBLT IMOJIYUCH YHI/IBepcaJIBHbIﬁ BHSY&HBHBIﬁ

dbopmanmzm.

I'paMMaTHKHU rpadpuyecKUux npeasioKeHun

['pammaruka rpaduueckux npemnoxenwuii (Pictorial Clause Grammars, PCG)
[188] siBisieTcst mepBbIM (opMabHBIM METaJHarpaMMHBIM SI3bIKOM. [Ipu HaHHOM
HO/IX0/Ie N300pAKEHUSI PACCMATPUBAIOTCS KAK CHMBOJIBI HEKOTOPOT'O JIOTHYECKOTO
s3pika. [10  Ompe/esieHHBIM TMpaBWiIaM MOXET MPOUCXOJUTh YHU(DHUKAIHS
U300paXXeHUI U CBs3bIBaHHE rpaduueckux nepeMeHHbIX. OTHOBPEMEHHO C ITUM,
3a/1aeTCsl BU3yasibHas (KOHTEKCTHO-CBOOOIHASI) TPAMMATHKa, B KOTOPOU B Ka4EeCTBE
TCPMHUHAJIBHBIX ~ CHMBOJIOB  BBICTYyMaroT  m300paxeHus. C  MOMOIIbIO
aTpuOyHMpOBaHUS TPAMMATHKH Ha YIOMSHYTOM BBIIIE SI3bIKE, JIOCTUTACTCS
BO3MOXXHOCTh HCIOJIHEHHS Tpauyeckux NporpaMM, OIMUCHIBAIOIIUX JIPYTUE

rpaduueckue s3bIKU.

F'uneprpadoBasi rpaMMaTHKA

['uneprpad sBnsiercs 0000IeHHBIM rpad)oM, B KOTOPOM CBA3b (TUIIEppedpo)
MOXET COCAWHATH IPOU3BOJIBHOE KOJHWYeCTBO BepmmH [197]. Dopmanusm
runeprpagoBbIX TPaMMATHK CTPOUTCA Ha OOBIYHBIX KOHTEKCTHO-CBOOOHBIX
BU3YQIbHBIX TpaMMaTHKaX, aTpUOYUPOBAHHBIX C TIOMOIIBI0 HEPABEHCTB.
['pammaTHKu cofeprkaT B cede TepMUHAJIbHBIE U HETEPMUHAJIbHBIE runeppedpa, a
TaK)K€ CIHCKH Y3J0B, K KOTOPHIM OHHM OTHOCSTCS. I[IpoMyKIIMOHHOE MpaBUIIO

CONIEPKUT B JIEBOM YacTU TUNEppeOpO U CIHCOK BEPIIMH, a B MPABOA —

P NsL

ax=ex cx=fx b [l d
da

a, s
Ps: sem=
g d 3

ax=bx cx=dx ax+c¢scx ay=cy ayzhy+e;
ay=cy by=dy ayzby+c, ax+eyshxsex-og

Puc. 8 Nvneprpadosas rpammaTtmka ansa Hotaummn Haccn-LLHenaepmaHa
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MPOU3BOJIbHBIN TUIIEprpad, BO3MOKHO, TAKXKE COAepk aluil B cebe rumeppedpa.
Onno u3 rumeppebep BbAENsAETCS B HaudaldbHBIA Tpad s3bika. HepaBeHcTBa, c
MOMOIIBIO KOTOPBIX AaTpUOyHpPOBaHbl MNPOAYKIIMOHHBIC TIPaBUJIA, OMMUCHIBAIOT
npaBuiia IPOCTPAHCTBEHHO YIOPSA0UYMBAHUS Y3JI0B U TUnieppedep. Takum oOpazom,
IPUHLUININATBHOE OTIUYHE OT APYTUX GOPMaTH3MOB 3aKIIIOUAETCS JIUIIb B METOJIE
aBTOMATUYECKOTO pAaCIoJOKeHUs OOBEKTOB Ha »KpaHe. Ha ocHOBe gaHHOTO

dbopManm3ma coszian reaeparop auarpammepoB DiaGen[195, 198].

I'paMMaTHKa yC/IOBHOM NOACTAHOBKU MHOXKECTB

Cucrema yCIOBHOM TOJICTAaHOBKM MHOXECTB Ul BH3YaJbHOTO S3bIKA
(Conditional Set Rewriting System, CSRS) npemioxxena B [201]. 'pammaTuka
npejacTaBisier co0oil HabOp NPOAYKLMOHHBIX MpaBWi, AaTTPUOYHMPOBAHHBIX
XOPHOBCKMMH YCJIOBUSIMU. Ba)KHBIM OTIMuYMEM JaHHOrO (opManu3Ma SIBISIETCS
BO3MOXHOCTb IPEACTABIICHUS B JIEBOM YaCTH MPOAYKLIMOHHBIX IIPaBUII
IIPOU3BOJIBHOIO KOJIMYECTBA TEPMHUHAIBHBIX M HETEPMUHAIBHBIX CHMBOJIOB. C
apyrou ctoponbl, CSRS BBOIUT ynopsaounBaHuE Uil MPOAYKIMOHHBIX ITPABHIL
['paMmMartuka nmpenHa3HavYeHa [ 33724 NpeoOpa3oBaHUs BU3yaJIbHbIX HOTALUNA U

TPaHCJSIIUHU TpadUIECKUX U300paKEHUN B TEKCT.

I'paMMaTHKHU yCJIOBHBIX My/IbTUMHOKECTB

['pamMmatnka yCIOBHBIX MYJBTUMHOXKECTB (constrained multiset grammar)
ObLIa BepBbie HeopMaabHO IpeaokeHa B [152] u mo3ke GpopManbHO onrcaHa B
[182]. Tlpu »>TOM mOAXOAE€ HETEPMUHAIBHBIM CHMBOJIAM T'paMMAaTHKH
MIPUCBANBAIOTCS aTpuOyThl. B KadecTBe aTpuOyTOB MPOIYKIIMOHHOTO IpaBHiIa
paccMaTpHUBAIOTCS YCIOBUS CYIIIECTBOBAHUE OIPEACIICHHBIX HETEPMUHAIBHBIX
CUMBOJIOB, aTpUOyTBI KOTOPBIX YAOBJICTBOPSIOT YCIOBHIO TPUMEHUMOCTH
MPOAYKIIMOHHOTO TpaBwia. Pe3ympratoM pa3dopa TrpamMMaTHKH — SIBISETCS
JIOTUYECKast MpoTrpaMMa, COCTaBJICHHAs U3 ATUX yciaoBuil. B manHoM (Qopmanmsme

B JIEBOM YAaCTU TAKXKE MOXKET CTOATh TOJBKO OJWH HeTepMuHal. JJIsi JaHHOM
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rpaMMaTUKU Moka3aHo [182], uto ee pa30op BHINOJHAETCS 32 MOJIMHOMHUAIBHOE
BpeMms. JlJis AaHHOro Kijlacca rpaMMAaTHK CYIIECTBYET I'€HEpaTop KOMIMJISTOPOB
[93].

[Tonxon Takke MHTEPECEH TEM, UTO JUIsl HEro pa3paboTaHa albTepHATUBHAS
XomckoMmy knaccugpukanusa rpamMmatuk [183] B 3aBHCHUMOCTH OT CIOKHOCTH

paz0bopa TaHHOM TPaMMATHKH.

I'paduyeckas ycjioBHasg rpaMMaTHKA

I'paduueckas ycinoHas rpammatuka (graphics constraint grammar) siBisieTcst
dbopma3mMoM, OCHOBAaHHOM Ha TEKCTOBOM mpecTtaBiieHnu rpador [132,133]. B
3TOM (opMan3Me NPOAYKIMOHHOE MPABUIO COCTOUT W3 JIEBOW YacCTH, MpPaBOM
yactu U “rena”. Teno MpoAyKLIMU MpeAcTaBiIsieT co0oi HabOp YCIOBH, B TOM
YHClIe TEOMETPUYECKUX OTHOIIECHUH MEXIy OOBeKTaMHu. DTH YCJIOBHS MOTYT
HAKJIQJbIBAThCSl HA IMIUPOKUN CHEKTP CBOMCTB rpaduueckux OOBEKTOB, BKIIIOYAs
KOOpIMHATHI, pa3MepHI U MP. a TaK K€ MOTYT 00paIaThCs K CBOWCTBAM MHOXKECTB
o0bekToB. Hanmpumep, npaBuio MoKeT TpeOoBaTh, YTOOBI Ipymnna 00BEKTOB OblIa
BBIPOBHEHA 10 TOpU30HTaIH. OCOOEHHOCTHIO (popMasin3Ma SIBISIETCs TO, YTO MpaBas
4acTh, (PAKTUYECKH, COACPKUT JIOTHUECKH HE CBSI3aHHOE MHOMXECTBO OOBEKTOB,
OTHOILIEHUSI MEXAY KOTOPhIMHU BBICTPAaUBAIOTCSl HA OCHOBE ycioBui. EcTecTBeHHoO,
YTO 32 CYET TAKOTO YIPOIIEHHUS CTPYKTYphI SI3bIKAa TOCTHTACTCS CYIIECTBEHHOE

YBEJIIMYEHUE CKOPOCTHU Pa300pa rpaMMaTUKH.

I'paMMaTHKH CMEKHOCTH
I'pammatukun  cmexnoctn (adjacency grammars) [161] pacmmpsroT

dbopmalii3mM rpaMMaTHK yHOPSAOYMBAHUS U300paKEHUH, PACCMOTPEHHBIX paHee.

OCHOBHBIM UX OTJIMUHMEM SIBISCTCS BUJ IIPOAYKINMH, HpC}ICTaBHMOﬁ B (bOpMe

oc— {By -+ P} if T (By -+ Bn) after A
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B sTOM npoykimoHHOM mpaBuiie aTpuOyT COCTOMUT U3 IBYX yacteil. CriepBa
BBITMIOJIHACTCST YacTh mocie after, mpeaHasHaueHHas 7S BBIYMCICHUS 3HAUYCHUUN
Opyrux aTtpuOyToB. 3aTeM BbIUMCISAETCS COOCTBEHHO ycioBue [. VYciosue
COJEPKUT B cebe “onmepaTropbl CMEKHOCTH , KOTOPBIE ONPEAEIAIOT OTHOIICHHUS, B
TOM YHCJIE KaK MPOCTPAaHCTBEHHBIE, TAK M CMBICTIOBBIC, MEXy TEPMUHATAMHU H/WIIN
HETepMUHaNaMHU. J[71si rpaMMaTHKU CYIIECTBYET aJIrOPUTM paz0opa co CII0KHOCThIO
O(n), KOTOpPBI, OJHAKO, IPUMEHUM HE KO BCEMY KJIACCy KOHTEKCTHO-CBOOOHBIX

A3BIKOB.

Pe3epBUpoBaHHbIE rpa¢oBble TPaMMAaTHKH

PesepBupoBannbie rpadoseie rpammatuku (Reserved Graph Grammars)
ABJIAFOTCS OJHMM W3 HEMHOTHMX INPEICTAaBUTENEd KOHTEKCTHO-3aBUCHUMBIX
rpaMmatuk. [272]. Otor dopmanu3m ObLT pa3paboTaH € IENbI0 YHPOIICHUS
WHKPEMEHTApHOTO pazbopa Juarpamm. B nmannom dopmanuzme rpad
IpeJCTaBIsIETCs B IBYXYPOBHEBOM BHJE. I'pad) cOCTOUT U3 y37I0B, COETMHEHHBIX
pedpamu. Kaxaplil y3eia colepKUT B ce0e BEPIIMHbBI, COETMHEHHbBIE JPYT C APYTOM
nyramu. Hekoropsle “BHENIHME” BEPIIMHBI, COACPKAINXCA B y3JI€, HA3BIBAKOTCS

“cymnepBeplIIMHaMu’ U TPEACTABISAIOT Y3el

JUIS  OTNEepanuid JIOTHYECKOTO COEIWHEHUSI. S!ﬁlm
&1
[lpoxykimoHHBIE ~ TpaBHJa B JTOM [L1] =
. Staternent | 2=
dbopmanu3mMe NpeacTaBisioT cOO0W mpaBuiIa [zB] =l
TpancdopManuy ogHOro Tpada B JIPYrOi. SI‘Z‘,—“I[;""

I'padp B neBoii wactu copepkuT y3ubl, Puc. 9 IIpoayKimoHHOE IPaBUIO
MTOMEYCHHBIC CreIuaTbHBIMH JUTSL pe3ePBHPOBAHHBIX
uaeHTU(UKATOPaAMH, KOTOpbIE rpaMMaTHK
UCIIOJIB3YIOTCSL TIPU  COMOCTABIIGHUU TIPHU

tpanchopmaryu rpados. [Ipu 3ToM NMPOAYKIIMOHHOE TPABUIO CUMMETPHUYHO, T.€.
MOXeET OBITh IPHUMEHEHO B 00e cTopoHbl. CorocraBieHue ¢pparMeHTOB rpada ¢

NPOAYKIIMOHHBIMHU IIpaBHUJIaMH OCYIOCCTBIIICTCA Ha OCHOBC MCTOK BCpIIMH,
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BXOJISIIIUX B €ro y3ibl. s manHoro gopmanu3ma pa3paboTaH aropuT™ paszdoopa
3a MOJMHOMHUAIBHOE BPEMS, YTO BBITOJHO OTJIMYAET €ro OT JAPYTrUX KOHTEKCTHO-
3aBUCUMBIX TpadoBbIX IpaMMaTHK. Takke aBTopamMu pa3paboTaH OOIIUH, T.C.
NPUTOHBIN U JUIS IPYTHX KJIACCOB IPAMMATHK, aJTOPUTM MPOBEPKH KOPPEKTHOCTH
IIPOCTPAHCTBEHHOTO PACIIOJIOKEHUS €O CI0KHOCThIO O(n4) [172]

Jlnsg  nmaHHOTO (popManmm3Ma pa3paboTaH BH3YaJIbHBIM aHAIOr Yacc —
VisPro[273].

PazButriem naHHOTO (hopMamu3Ma SIBISCTCS NMPOCTPAHCTBEHHAs TpadoBas
rpammatuka[221], koTopas COJCPXHT pACIIMPCHHUsS, MpeIHA3HAUYCHHBIC IS
TOJIICPXKKA MH(POPMAIMK O IPOCTPAHCTBEHHOM PaCIOJIOKCHUU Y3JI0B. JTa
uHpopMaliss  ObIBa€T TpPEeX BHIOB —  HalpaBJICHHWE, TOMOJOTUS U
B3auMopacmonoxeHrne. OCHOBHBIM MEXaHHM3MOM SIBIISIETCS MaTpHIla 3 Ha 3 ToJs,
NPEJICTABIISIONIAasl CTOPOHBI (CeBep, IOT, 3amaji, BOCTOK W TMPOMEKYTOUYHBIC),
COIIOCTABJICHHAs C CymnepBepinHON. lleHTpasbHOE TOJe TMPEACTaBIsET CcaMmy
CYIIEPBEPIINHY, COIIOCTABICHUE C KAKUM-JINOO M3 OCTABIINXCS MOJICH yKa3bIBACT Ha
OTHOCHTEIIFHOE PAaCIoOJIo’KeHHE OOBEKTOB. 3a CUET BCTYIUICHUS B OTHOIICHHS C
pPa3IMYHBIMH  3JIEMEHTAMH OTOW  MAaTPHIIBI MOXHO  yKa3aTh B3aUMHOE
pacrojoXeHue, epeKpbIBaHUE M HalpaBiieHue. [IpoayKIIMOHHBIE TpaBUjia TaKKe
MOTYT WCIOJIb30BaTh TpaHC(HOPMAIIMK 3TOH MATPHIIBI IS pear3allui ONepalni,

CBA3AHHBIX C IICPCMCIICHUCM 0OBEKTOB.

NCE - rpaMmMaTHKH

NCE (Neighborhood Controlled Embedding) — rpammaruku[59,60]
SBJISIOTCS (DOPMATU3MOM, PACCUUTAHHBIM Ha TMOJICPIKKY KOHTEKCTHO-3aBUCHUMBIX
rpamMaTtuk. OCHOBHBIM OTJIMYHMEM JaHHOTO (opManu3ma SIBISETCS BUI
NpOAYKIIMOHHBIX npaBui. OHu npeacrasisitores B Buae ((A;X) ::=(B; Y ); C), roe
A u B — nekoropsie rpadpl, a X 1 Y — COOTBETCTBEHHO, HEKOTOPHIE UX MOATPAdBI.
C — MHOXxecTBO oOTHoumeHUH coeauHenus. Yetsipe rpada A, X, B, u Y
ynosnetBopsitoT yciaoBuio A = X and B =Y mmbo cymectByer Takoit moarpad

K(na3piBaeMbiii koHTeKCTOM) uT0 K = A — X =B — Y. CMbIC]I IPOAYKITMOHHOTO
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IpaBWiia 3aKIoYaeTcs B HaxoaeHun B rpade noarpada B u mocnemyromeit
3ameHe noarpada X Ha nmoarpad Y ¢ oAHOBpEeMEHHON ycTaHOBKOW oTHomeHuH C.
Jns  nmanHOro (opmanm3Ma TOKa3aHa ero IMPUMEHUMOCTh K HECKOJIBKUM

BU3YaJIbHBIM SI3bIKaM, a TaK ke pa3zpaboran reHeparop nuarpammepoB GRAVIS.

DYHKYUOHATbHbIU N0OX00

BepostHo, nepBoit paboToii, B KOTOPOH JejaeTcs MOMbITKA MPEICTaBUTh rpad
KaK TPUMEHECHHE Omepamnuu T00aBJICHHUS y37a K CyIIeCTByIomeMy rpady,
apisieTcs pabora [219]. B aroit pabGore Obul mpemioxkeH s3bik  Graspe,
ABIAOmMMCS,  (pakTuuecku, OubamoTexkod  Lisp, ©  MO3BOJISIOIIMI
KOHCTpyUpOBaTh rpadsl ¢ nmomoibio GopManibHbIX omnepanuidl. Bee omnepanun
paszzeneHbl Ha TpPU THUIA: CCHhUIOYHBIE (BO3Bpallaolide 4YacTh rpada),
KOHCTpyHupytoue (qo0aBisiomue y3jibl U Ayrd B Tpad) U pazpyliaroiiue
(ynansiromue y3ael U ayru u3 rpada). Becero B pabote BBOAUTCS IIECTHAAIATH

CCBUIOYHBIX, OAUHHAAIATh PA3PYIIAOMIUX U IISITh KOHCTPYUPYIOIIHNX onepaum”l.

PaboTta Takke MHTEpEeCHA MOMBITKOW MNPEMJIOKHUTh (HOPMANBHYIO CEMAHTHKY

IMOJIYUYCHHOI'O A3bIKA. . I ;
input nput mnput

Hpyrum HCCJIE0BATEIIEM, mapping _Eg @:PE mappin
MPEIOKUBIIUM  OOpATHBIM
output output output

MOJXOJT —  BHU3YAIM3ALHUIO

Puc. 10 OcHOBHble KOHCTPYKUMM A3bIKa Viz
(YHKIIMOHATBHBIX  S3BIKOB,

F . |
! 611 Kpuc Xont [41,88]. B coeit
@: | - paboTe OH paccMaTpUBal S3bIK
if r * Viz, MpeIHA3HAYCHHBIN I
l—I factonal 1

- BHU3yaJIN3alNU IIMO1a-

factorial(n) = (1 if n=0) else n*factorialin-1).
BBIpaKEHUH. JIsamOna -

Puc. 11 BblumcneHne paktopuana Ha
A3blke Viz IIPUMEHEHUSI B  OTOM  A3BIKE
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MPEJICTABIISIFOTCS KaK MPSMOYTOJLHUKY, HABEPXY KOTOPBIX HAXOJIUTCS BXOIHOM
apryMEHT, BHU3Yy — PE3yJbTUPYIOIIEEe BhIpaKeHHE, a COOKY, 1100 COOCTBEHHO B
IPSIMOYTOJIBHUKE, TIPUMEHSEMOe OToOpakeHue. i mpaBUIIbHON OpHUEHTAINH
BBIPXEHUS B MPSIMOYTOJFHUKAX 0003HAUYCH BepX (3aKpalllcHHBIMU YTOJKAMU).
S3BIK TTOAIEPKUBAET TAKKE 3HAYUTEIILHO OO0JIee CIIOKHBIE BBIPAKEHUS, TAKUE
Kak ycnoBusl W IUKIBL [lpumep BeluMcieHus (akTopuaia Ha s3bIKe Viz

npuseaeH Ha Puc. 11.

dopMaTbHBIA METOJ| ONMHMCAHHS BU3YaJIbHBIX SI3BIKOB C TOMOIBIO JIIMOma —
ucuuciaeHuss npemioxked Maptudnom Opsurom [122,123,124]. DpBur BBOJIUT
MOHATHE WHAYKTUBHOTO Tpada. B aToMm cirydae rpad paccMarpuBaeTcs B CTHIIC
anreOpandecKuX THUIIOB JaHHBIX, 3aJaHHBIX Ha TaKWX s3bIKaxX, kak ML wim
Haskell: rpad MoxeT ObITh MyCTHIM, UM MOXKET OBITH CKOHCTPYHPOBaH U3 rpada
g€ W HOBOTO y3/Ia v, ¢ péOpaMu, COCAMHSIIONIUMH V C y3JIaMH U3 g. 31ech
paccMaTpuBaeTCs YHUCIO BHU3yaJbHBIA $I3bIK, TO €CTh $I3bIK, B KOTOPOM HE
UCIIOJIB3YIOTCS. METKH. TakuMm o0pa3oMm, Mbl MOXKEM OIpeAesiaTh rpadoBbie
BBEIPOKCHMsSI, WCTOJIB3ys omeparop Empty, T.e. mycroit rpad, m omeparop
nobasiienus y3na B rpad N (MCTOYHUKHM COEAMHEHUM, UACHTU(PUKATOP y37a,
NPUEMHUKHA COCTMHECHHH ), TJI€ UCTOYHUKH COSTUHEHUN — Y3IIbI, BEIXOIAIINE U3
KOTOPBIX AYTH COSTUHSIOT y3JIbI U3 V (HEKOTOPHBIH Ipad, K KOTOPOMY MTPUMEHSIOT
ATOT OmepaTop), MPUEMHUKNA COEAMHEHUN — Y3JIbl, B KOTOPBIC BXOJST IYTH,
BBIXOIATITUE U3 V, U HICHTU(PHUKATOP y371a — HEKOTOPBIN YHUKAILHBIN OMHUCATEb,
3a KOTOPBIM MOXKET CJeJ0BaTh MeTKa (Hampumep, d:(@). DTu Tpu mapamerpa
Ha3bIBAIOTCS TaKK€ KOHTEKCTOM y3na. B wactHoctu, cumBon [drfun, €] npu
0003HaYEeHNN KOHTEKCTA y3JIa YKa3bIBACT Ha CITMCOK U3 JBYX y3JIOB-UCTOYHHUKOB

d u e, npuuém pebdpo, BeIxosee u3 d, umeet MeTky fun, a pedpo, BeIXoasIIIEe



188

U3 €, MeTKu He uMmeeT. TouyHo Takxke [para, bodyra] o003HauaeT y3en-npuéMHUK

a, B KOTOPBIM BXOAT JIBa pa3HBIX pedpa.

B kauectBe wutrocTpanmu OpBUT HcmonbdyeT s3bik VEX. VEX [97,126]

A
(el
Jun arg ; Q

Jin arg

Iy a

g $ "L

pai <O>bmh b Uy par

Jun @

arg

Puc. 12 AbcTpakTHbIN rpad cMHTaKcmca a3bika VEX

ABJIIETCSI YHCTO BU3YAJIbHBIM SI3bIKOM — KaXAbld WACHTU(PUKATOP B HEM
IIPEICTABIIAECTCS B BUAE OKPYKHOCTH, KOTOPAsi COEAMHEHA IIPSIMOM JINHUEH € TaK
Ha3bIBa€MbIM KOPHEBBIM y370M. KoOpHeBoWM y3en sBisgercs emE OaHOU
OKPYHOCTBIO, KOTOpasi COEAMHEHa C OJHOW WM HECKOJbKUMHU JIMHUSAMH,
BEJYLIUMH KO BCEM HJIeHTU(UKAaTOpaM ¢ oAHUM uMeHeM. KopHeBoii y3en MoxkeT
ObITh BIUCAaH B JAPYTYIO OKPYKHOCTh, TEM CaMbIM, YKa3blBas Ha HapameTp
HEKOTOpOW aOCTpakiuu, B TMPOTUBHOM CIy4yae OH ONMCHIBAET CBOOOIHYIO
NEPEMEHHYI0. AOCTpaKIMsI MOKET UMETh TAK)KE BbIpaXXEHHE, OMUCHIBAIOIIEE €&
teno. [IpumeHenune BoipakeHus: N300pa)kaeTcst ABYMsI KacarolUMUCS APYT Apyra
OKPYHOCTSIMU CO CTPEJIKOW B TOUKE KacaHUs. OCTpHE CTPENIKH JIEKUT BHYTPU
aprymMeHTa, a XBOCT HaXxOJMUTCS BHYTpU MpUMeHseMoM adcTtpakuuu. Ilopsmok
IIPUMEHEHUS MOKET 3aJ1aBAThCSI ITyTEM IIOMETKH CTPEJIOK UX IPUOPUTETAMH, YTO

B HaIlIUX MpUMepax OyaeT JIsl IPOCTOTHl UTHOPUPOBATHCS.

Ha Pwuc. 12 npencraBien aOcTpakTHbIN rpad cuHTakcuca s3pika VEX, 3amaHHbIif

CJICAYIOIIUM BBIPAKCHUCM
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N ([], d:@, [fun>b, arg>c]) (N ([], ¢, []) (N ([], b:A, [parra, body»>a])
(N ([, a, [1) Empty)))

3nmech ab,c W d ABAAIOTCS MPOM3BOJIBHBIMU, TOMAPHO  Pa3IHMYHBIMU
uaeHTu(UKaTOpamMu y3/10B. B mpencTaBieHnH CHHTAKCHCA CONEPIKATCS TaKxkKe
HOHSATHUS IPUMEHEHUS, a0CTPaKINK U y3Ja-TIEPEMEHHOM, KOTOpble 0003HaUEHBI
cumBosiamMu (@, A u O. CumBonamu fun u arg Ha qgyrax 0003HaYeHbI IPUMEHEHHUS
GbYyHKIUI 1 apTyMEHTOB COOTBETCTBeHHO. CuMBosiaMu par u body 0603HaueHbI

napameTpbl U TeJlo abCTPaKIIUH.

B mponomxkenue OyaeM HMCHOJb30BaTh CIAEAYIOIIME JBa COKpalleHUs: Oyaem
UCKJIFOYaTh IYCThIE IOCIEI0BATEIbHOCTA, W CYNEPHO3ULIHUS HECKOJIbKMX N-
OIepaToOpoB MOXKET ObITh 3amMeHeHa Ha N* omepartop. Torga omucanue rpada

MOYHO YIIPOCTHUTB:

N* (d:@, [furb, argrc]) (c) (b:l, [para, body»>a]) (a) Empty

Kak oObI9HO mJ11 TOOOHBIX CHUCTEM, OJMH M TOT K€ Tpad MOTYT ONHCHIBATH
HECKOJBKO TPadoOBBIX BBIPAKCHHWHM, HAMpUMEp, CIEAYIONIEEe BBIPAKCHHE
HKBUBAJICHTHO TpPEAbIAyleMy (Tak KaK TMOIY4YeHO MPOCTO MyTEM H3MEHEHHUS

NopsiJika KOHCTpyupoBaHus rpada):

N* ([d>fun], b:1, [panra, body>a]) (d:@, [arg>c]) (c) (@) Empty

Jlanubie TpadoBble BBIPAKEHUS TMPEACTABISIOT COOOW IMOCIEN0BATEIbHBIC
NpPUMEHEHUsT  KOHCTpyupyoommx  ¢GopMmyn, 4YTO  CONMXKaeT HX C
(GYHKIMOHATBHBIME SI3bIKaMU. [103TOMY W oNHCaHWe auarpaMMm B pamMKax 3TOU

MOJIeNIM Ha3BaHO (PYHKIIMOHAIBHBIM. J{narpamma, 3aianHas onpesencHueM 2 (B
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TepMUHAX TMPEIJIOKEHHOW 37eCh MOJenu — ‘“‘MylnbTUrpad’) Bcerga uMeer

npe/ICTaBICHUE B BUJIE TPadOBBIX BRIPAXKEHUH, YTO (OPMAILHO J0Ka3aHo [125]

Ha ocHOBaHUU NpeIOKEHHOTO ONMMUCAHUA CO30AETCA U ONIMCAHNE CUHTAKCUCA U
ceMaHTUKH s3bika.  KoHcTpyupytonme  Gopmyibl  HCHONB3YIOTCS IS
HaXOKJEHUS 11a0JIOHOB BHYTPH Ipada, KOTOpbIE MOIYT pacCMaTpUBaThCS Kak

HCTCPMHUHAJIBI.

B cnyudae paccmoTrpeHHoro s3pika VEX MBI MOXEM OTOOPasuUTh KakIO0€
rpadoBoe BhIpakeHHE B HEKOTOPOE 3HAUCHHE U3 JoMeHa D, moaxonsmero amis
nsmOna-ucurcnenus [62]. Ilycts d siBIsieTCss mepeMeHHOM, IpeACTaBIISIONICH
3HaueHus: u3 D. OmnpenenuiM ceMaHTHUKY Kak HEKOTOpPOE JABUXKEHHE TI0
yIOpaBiIsieMOMYy TyTH B aOCTpakTHOM Tpade, TO €CThb, CEeMaHTHUKa 3aaaéTcs
OTHOCUTEIBHO KOHTEKCTOB HEKOTOpPHIX Vy3J0B Trpada, U B TEpPMHHAX
PEKYPCUBHBIX OIpEETICHUN CEMaHTUKH, HAITpUMEp, JUIs y3ja V, CEMaHTHYeCKast
byHKUUS S’ TPUMEHSIETCS K KOHTEKCTY Y3JI0B, UMEIOIINX BBIXOJslue pédpa,
3akaH4yMBaromuecs B v. TakuM o0pa3oM, S’ IprUHUMAET /1Ba mapaMeTpa — rpad u
y3€ll, ONPEAEISAIOMNN KOHTEKCT. [IpenMyecTBoM TaHHOTO MOAX0/1a SIBISETCS
TO, YTO MBI MOXEM Pa3J0KUTh Tpad B TEKCTOBOE MPEJCTABICHHUE HA OCHOBE
nsMOna-BeipaxkeHuid. Takum  00pa3zoM, [Jisi  aOCTPAKTHOM  CEMaHTUKH

BU3yaJIbHOTO sA3bIka VEX M0OKHO 3anucars:
S[v,N(vid)g]=d

S’[v, N (v:@, [fumf, argra]) g | =S’[f,g] (S’[a, g])
S’[ v, N* (v:A, [panp, body>b]) (r, p) g ] = Ad.S’[ b, N (r, p:d, [])g]

WNHpiMu coBamu, ceMaHTUYecKass (PyHKIUS, 3a/laHHAsl Ha y3Jie-“TIepeMEHHON”,
HE HUMEIOLIEH BBIXOASIIMX JAYI, €CThb COOCTBEHHO 3HAUY€HHUE JTOro Yy3ia.
CemanTuueckass (yHKUMS, 3aJaHHas Ha y3Je-“TIpUMEHEHUH , U3 KOTOpPOTO
BBIXOJSAT JyTU NpPUMEHEHUS (YHKIMM U apryMeHTa, €CTh CYINEpIO3ULIUs
CEeMaHTUYECKUX (YHKIUHN OT y3J1a, B KOTOPBIA BXOAAT Ayra (yHKIMH, U y3I1a, B

KOTOPbIN BXOAMT ayra aprymenta.CemanTuueckas pyHKIMS, 3a/laHHAs Ha y3J1e-
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abcTpakiuy, U3 KOTOPOTO BBIXOAST JyTU MapameTpa U Tena abCcTpakuuu, €CTh
dbyHKIIMOHaTBHOE 3HAaUeHUE (T71€ A CyTh aOCTpaKkTHasi CeMaHTUYeCKast PYHKIINSA),
oToOpaxaroniee J000e 3HaueHue d B a0CTpaKIMio, 3aJaHHY0 HEKOTOPBIM TEJIOM,

B TOM CJIy4dac, €CJIM Ayra-riapaMCTp 3alaHa KaK d.

Takum oOpa3oM, paccMOTPEHHBIM (opMamu3M MO3BOJIAET MPEeoOPa3OBHIBATH
HEKOTOpbIC rpadbl B TEKCTOBBI ~ BUA, MyTEM TMPEICTaBICHHS HX B BHUJIE

IPUMEHEHUS JSIMO1a-BRIPAXKEHUN K IPYTHM rpadam.

dopmalii3M Ha OCHOBE NPEIUKATOB IIEPBOrO IMOpsiika mpemioxkeHn B [159].
dopManu3M TpeaHa3HauYeH Uil MOAJIEPKKA CHHTAKCHCa aTTpUOYHPOBAHHOTO
rpada, T.e. OOBIKHOBEHHOTO Tpada, y3JiaM KOTOPOTrO COMOCTABIIEHbBI HEKOTOPHIC
aTpuOyThl. OnucaHue S3bIKA COCTOUT M3 JIBYX YacTeW — ONMCAHUE BHEIIHETO
BUJIa DJIEMEHTOB f3bIKAa W OINHWCAHWE TMPABHUI MPOBEPKU KOppeKTHOCTH. Jlis
nocineaHero rpad TpeACTaBIsIeTcs B BHAE TEKCTa B COOTBETCTBUU CO
cnerudukanueit GTDL (Graph Type Definition Language) [160] u ¢ momoiiibto
MPEIUKATOB Ha Tpad HAKIAABIBAIOTCS CHHTAKCUYCCKHWE OTrpaHwveHHs. J[ms
noaJiepkku  dopmaniuzmMa  pa3paboTaHO  MHCTPYMEHTAIbHOE  CPEACTBO
MOSES[127]. CunTakcuueckuii pa3oop nporpamm Ha MOSES ocymiectBisieTcs
C MOMOIIBI0 A0CTPAKTHOTO aBTOMATa, T.€. CEMAaHTHKA SIBISETCS ONEPallMOHHOM.
Takum 006pa3om, BOMPOC O TOM, KaKOTO Kjacca SI3bIKM MOTYT TMOACPKUBATHCS

TaAKNM CPpEACTBOM, OCTACTCA OTKPBITBIM.

I100x00b1 Ha 0CHOBe UCKYCCMBEHH020 UHMeA/1eKmda

OnHolt U3 mepBBIX pabOT, B KOTOPBIX OblIa MPEANPHUHATA MONBITKA CO3JaTh
napcep BH3YaJbHOTO SI3bIKa C MOMOUIbIO HCKYCCTBEHHOTO WHTEIJIEKTa, Oblia
pabora [270], B KOTOpOH ONMUCHIBAIICA KOMITUJISATOP, pabOTAIONIMI HA HEYETKON

JIOT'UKC.

OcHOBOI KOMIWIIATOPA SABIIAETCA OObIUHAs rpadoBas rpammaruka. OgHaKo, s
peuieHus: mpoOJeMbl HEIETEPMUHUPOBAHHOCTH pa3dopa rpada B rpamMmaTHKy

BBOJATCA  “‘HeUeTKHMe (YHKIIMM  WICHCTBA’, KOTOpbIE JUIA  KaXJO0Tro
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IpaMMaTHYECKOr0 IPAaBWJIA OINPENEISIIOT €r0 IPHUIOAHOCTh B KOHTEKCTE
npeaMeTHol obmactu. [lpexxne Bcero, sl KaXKIOro TepMUHANA (PYHKIHH
BO3BPAILAIOT 3HAYCHUS, PABHBIE KOJIMYECTBY €TI0 MHTEPIIPETALUl B KOHTEKCTE
npeaMeTHoW obOsactu. s CIOKHBIX HM300pa’K€HUM, CKOHCTPYHPOBAHHBIX C
MOMOIIbI0 TPAMMATUYECKUX TPaBWI, (QPYHKIMH HCHOJB3YIOT pa3IudYHbIE
KpUTEPUHU OLICHKM, TaKW€ KaK CHHTE3 Ha OCHOBE OLICHOK JJIEMEHTAapHBIX
n300pakeHNI WM OLIEHKAa Ha OCHOBE OLICHOK OIepaluil HaJ 3JeMeHTapHbIMU
n300pakeHUsIMU. Tak)ke aBTOpPHI IMpeajaraioT 0oJiee CII0KHBIE alITOPUTMBI,
TaKHE KaK OLICHKA Ha OCHOBE PACCTOSIHUM MEXAY Pa3IMYHBIMU JIEMEHTAPHBIMU
U300pKEHUSIMH, a TaKXKe “AoBepHe” rpaMMaTHYEeCKOMY MpaBuity. C mOMOIIbIO
TaKUX OLIEHOK BH3yalbHbIM THapcep BbIOMpaeT JepeBbs pazdopa He
IIPOU3BOJIBHBIM 00pPa30oM, a B COOTBETCTBUU CO 3HAYEHUSIMU OLIEHOK ATHX IyTEH.
Takum oOpa3oM, Ipu MPaBUILHOM TOA00PE GYHKIMM JOCTUTAETCS ONTUMU3ALIHS

paboThI M, COOTBETCTBEHHO, CYIIIECTBEHHOE YBEINUCHHUE CKOPOCTH pazdopa.

Azpik MERA[249] siBasieTcst pa3BuTHEM 3TOW UACH, OOOOICHHOW JJI 3a/1a4uu
aBTOMATUYECKOTO PACIOJIOKEHUS 3JeMEHTOB. (OCHOBHBIM OTJIMYHEM €rO
SBJIIETCSL TO, YTO JMArpPaMMHBIN SI3bIK OTHOCUTCS K KaKOMY-JIMOO CTEpPEOTHUIY,
JUIS  KOTOpPOTO 3apaHee 3aJaHbl HEKOTOphbIe MpaBWiIa HEUETKON JIOTHKH,
CBSI3aHHBIE C OTOOpaXEHHEM 3JIEMEHTOB (HaIllpUMEp, BCE JEPEBbSl PUCYIOTCS
IPUMEPHO OJTMHAKOBO, TIOITOMY MpaBUJIa WX PUCOBAHUS OJHU U T€ ke€). Takum
00pa3oM, C MOJIb30BaTENsl CHUMAETCS 3HAUMTENbHASI HArpy3Ka M0 CHeIH(pUKAIITT
NOBEIECHUS JuarpaMM. OTOT TMOAXOJ, [0 aHAJIOrMM C [Ia0JOHHBIM
IPOrpaMMHUPOBAHKUEM, TTOJIYYHJT Ha3BaHUE “1abJIOHHOro ynopsaaounBanus”. Ha
OCHOBE 3TOTO 5I3bIKa, B YaCTHOCTH, ObUTa pa3paboTaHa cuctema rpaduueckoro

npeCcTaBiacHHs TpeOOBaHUH K mporpaMMHoMy obecrieuenuto [250].

B pa6ote [181] mpennpuHsaTa MOMNbITKAa MCHOJB30BATh JJISl HYXKJI BU3yalbHbBIX
A3bIKOB TEHETUYECKHE aJTOPUTMbL. OTHU QITOPUTMBI MPUMEHSIIOTCS IS
nocTpoeHus: rpadoB, B KOTOPHIX MUHHUMHU3UPOBAHO KOJIMYECTBO MEPEKPHITUN U

nepecedeHuil. B paboTte mpuBOASTCS MpPUMEPHI JOCTATOUYHO CIOXKHBIX Ipados,
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OIITUMHU3HUPOBAHHBIX JAaHHBIM crmocobom. Bmecte ¢ TEM, ,HaHHBIﬁ IIoaxon,

€CTECTBEHHO, SBJIACTCS YHUCTO HHTEPHEHCHBIM.

A3zpik GALAPAGOS [185] Takske mpu3BaH peuIuTh IpoosieMy yHopsaouuBaHus
JTFOOBIX OPHEHTHPOBAHHBIX TPa)oOB 3a CUET TCHETUYCCKUX aJITOPUTMOB, KOTOPHIE
CIIOCOOHBI  yYWTHIBATh MPEANOYTCHUS TIOJb30BaTeNA. SI3BIK  HCIOJIB3YET
KpUTEPUH BUIA ““Havayio rpada J0HKHO OBITh BBINIE OKOHYAHUS (I1sI JICPEBbEB)”,

99 ¢¢

“paccTosiHEEe MEXKIY y3JaMH JIOJDKHO OBITh HE MEHBIIE N, ““dUCII0 TIepeceyeHHi
JIOJKHO OBITh MUHUMAJIBHBIM, “‘yTOJ MEXAY CBS3SIMH JJOJKEH OBITH O0JIbIIe m”
u 1pyrue. OCHOBHBIM IPEUMYILECTBOM ITOAXO0/A SIBJIIETCS €I0 YHUBEPCAIBHOCTD:
OyZy4u HalpaBJIEHHBIM HA YIOPSIOYMBAHUE IPOU3BOJIBHOIO Irpada, OH TOJUTCS

IIpOoYTH IJIA JTFOOBIX AquarpamMm.

Apyaue gpopmaabHbie N0OX00bl

CymectByer 0OJbIIOE  KOJIMYECTBO APYIMX TMOMBITOK  (pOpMaU3aliu
BHU3YaJIbHBIX S3bIKOB, HE MOMNAJAOIINX B BBIIIECIIPUBEICHHBIE KiIaccel. Huke oHM

OyayT paccMOTpEeHBI oapoOHee.

B pa6ote [149] nmpuBoautcs npumep GOpMaTBHOTO MOIX0a, OCHOBAaHHOTO Ha
YIOPSAI0YUBAHUN TPOU3BOJBHBIX H300pa)kKeHUU, aHaormdyHoMm s3biky TEX
[168]. IIpu sTOM mMOAXOIE MPOCTPAHCTBO pa3OMBACTCS HA MOANPOCTPAHCTBA,
BHYTPH KOTOPBIX 33Ja€TCd HEKOTOPBI aJrOpUTM IPOCTPAHCTBEHHOIO
YHOPSAAOYHMBaHUS. 3a CYET Pa3BUTOM CHCTEMBI AITOPUTMOB U B3aUMOJECHCTBHUS
MEXKIy  HOANPOCTPAHCTBAMM, CHUCTEMA MO3BOJSAET IMOJYy4YaTh JIOCTATOYHO
CJIO’KHBIE CXeMbl. JlaHHBIN MoaX0/, BOOOLIE TOBOPs, HE ABJIAETCSA (POpMalbHBIM
MOJXO/JOM K ONHMCAHUIO SI3bIKa, TaK KAaK OPHUEHTHPOBAH MCKIIOYUTENIBHO Ha
OTOOpa)K€HHE AuarpaMM, a HE Ha B3auMojelcTBUE ¢ HUMHU. [IpemmyiiecTBoM
JAHHOTO TOJXO0Ja SIBJIAETCA HU3KAasl BBIYMCIMUTENIBHAS CIO0XXHOCTH aJIrOpUTMa
YHOPSAI0YUBAHUS M300paKEHUI: rapaHTUPYETCs, YTO J1000il rpad MOKeT ObITh

HapucoBaH 3a O(n) maros.
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Pabora [154] nmocesiieHa co31aHuio GOpMaIbHOTO sI3bIKa ONUCAHUS TeHepaTopa
nuarpamm. SI3bIK, SBISIOIIUICS HAJACTPONKOM Haj Lisp, MO3BOisSeT co3naBaTh
HOBBIC BU3YaJIbHBIC S3BIKH TPOTPAMMHUPOBAHKS HA OCHOBE JIOCTATOYHO MPOCTHIX

TEKCTOBBIX ONHCAHUM.

Pabora [186] mnpeacraBiser coOOM MOMBITKY CO3JAHHSI CpPEObl OMUCAHUS
JTarpaMMepoOB Ha OCHOBE KJIaCCHU(UKAIIMU 3JIEMEHTOB, HEKOTOPBIX JOIMyIIEHUH
O TMpaBUIaX B3aUMOJCUCTBUSA C S3BIKOM M SI3bIKA OMUCAHUS CIEHAPUEB, a TAKXKE
00paboTKu mepenayn coodmenuil. Tak ke Kak U B MPeAbIAYIIEeM cllydae, cpea
HE OCHOBaHa Ha KakoM-1u00 gopmanm3me. B pesynpTaTe 3T0Or0 moaxoma Obina
co3gana OubOmmoreka kimaccoB Escalante [187], peammsyromas o0oOmeHHBIC
DIIEMEHTHl JMarpaMM ¥ TIO3BOJISIIOINAS pa3padaThiBaTh I0OJIb30BATEIbCKUE

JUarpaMMephl.

Azeikn VODL u EDL [260,261] sBRsitOTCS CpeICTBOM OMUCAHUS JUATPAMMEPOB
Ha TEKCTOBOM S3bIKE€, OTHOCHUTEIHHO KOTOPOTO aBTOPHI YTBEP)KIAIOT, YTO OH
CIIOCOOEH OMHUCHIBAaTh KOHTEKCTHO-CBOOOJIHBIC SI3BIKH. B KadecTBe 0asbl JyIs
CEMaHTUKHU UCIOJIb3yeTcsl anreOpandyeckuil ¢GopMaiu3M ONMUCAHUSL SI3BIKOB
ASF+SDF, xoTopslii npeacTaBisieT co0oil HaOOp BBIpaKECHHM, 3aJaHHBIX Ha
MEPEMEHHBIX, OMHCAHHBIX B CEKIIMU OMHMCAHWS CUHTaKcuca s3bika.  Jls

dopmanusma cyiiecTByeT nporpammusii mpotorun VASE [262].

WuTepecHsiii hpopmanusm npenioxkeH XonbroM [156]. On 3akmrodaercs B TOM,
YTO OOBEKTHI PACCMATPUBAIOTCS KaK CHMBOJIBI NCUHUCIICHUS, & OTHOILICHUS MEXKIY
HUMHU — KaK OTHOLICHHS MCUUCIICHUS, B YACTHOCTH, COIPUKOCHOBEHHE MOXKHO
paccMaTpuBaTh Kak BXOXKIEHUE, CMEKHOCTh — Kak MPUMEHEHHE, a pa3ieleHIe —
KaK cymneprno3uuuto. Jljis TaHHOTO MCYHMCIEHUS! ObUT MPEASIOKEH PSIl aKCHUOM U

OIICpaTopoOB, a TAKIKEC PACCMOTPCHBI OCHOBHBIC OTHOIMICHUA MCKIY 00BEKTaMHU.

dopMmanusM, MpeAsioKEeHHbI B pabote [/6], mpeamonaraer mnpeAcTaBiICHUE
JyarpamMmm Kak BU3yaJIbHBIX MPEI0KEHHUH, COCTABJICHHBIX U3 U300paKeHUI U UX
atpuOyToB. [Ipy 3TOM MpoCTpaHCTBEHHOE PACIIOIOKEHNE HE pacCMaTpUBAETCA.

Jlanublii popManu3M KMMEEeT 4YacTHOE NMPUMEHEHHE B MEIUIMHCKUX 3ajayax.
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HanpHelimum ero passutuem sisuics popmanusm “CARW?” (Visual Conditional
Attributed ReWriting System) [77], B koTopoM OH TpHBEIEH K BUIy, Ooliee

MOX0KEMY Ha rpadoBbie FPAMMATHKHU.

Eme onun unTepecHsiit popmanusm [173] npeuiaraer onuceiBaTh AMArpaMMbl
Ha ocHOBe nu-ucuucienus [209], maremaruyeckoro gpopmanusma Jjisi ONMMCaHUsS
JMHAMUYECKOTO ToBelIeHHs cereil. TeM camMblM JOCTUTaeTCsl HECKOJIBKO
NPEUMYIIECTB, HAPUMEP, BOZMOKHOCTh aHalu3a N30Mophu3Ma i Pa3InIHbIX
auarpaMM. Bwmecte ¢ TeM, KOHEYHOE BH3yalbHOE OTOOpaXKEHHE He

pacCMaTpuBaACTCA.
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IMPUJIOKEHHUE I13
XML CXEMA JIECKPUIITOPA BU3YAJIBHOTI'O SI3BIKA

<?xml version="1.0"?>
<xs:schema version="1.0"
xmlins:xs="http://www.w3.0rg/2001/XMLSchema"

elementFormDefault="qualified">

<xs:element name="definition">
<xs:complexType>
<xs:sequence>
<xs:element name="language">
<xs:complexType>
<xs:sequence>
<xs:element name="menus" minOccurs="0" maxOccurs="1"
type="MenultemType">
</xs:element>
<xs:element name="object" maxOccurs="unbounded">
<xs:complexType>
<xs:all>
<xs:element name="variables" type="VariablesType">
</xs:element>
<xs:element name="visuals" type="VisualsType">
</xs:element>
<xs:element name="clauses">
<xs:complexType>
<xs:sequence>
<xs:element name="clause" minOccurs="0"

maxOccurs="unbounded" type="xs:string">
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</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="constraints">
<xs:complexType>
<xs:sequence>
<xs:element name="constraint" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="init">
<xs:complexType>
<xs:sequence>
<xs:element name="clause" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>

</xs:sequence>

<xs:attribute name = "insert-at-x" type="xs:string"/>

<xs:attribute name = "insert-at-y" type="xs:string"/>

</xs:complexType>
</xs:element>

</xs:all>

<xs:attribute name="name" type="xs:string"></xs:attribute>

<xs:attribute name="insertion-type" >

<xs:simpleType >
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<xs:restriction base="xs:string">
<xs:enumeration value="Standalone"/>
<xs:enumeration value="Relational"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>
</xs:element>
<xs:element name="connection" minOccurs="0"
maxOccurs="unbounded">
<xs:complexType>
<xs:sequence>
<xs:element name="roles">
<xs:complexType>
<xs:sequence>
<xs:element name="role" minOccurs="1"
maxOccurs="unbounded" >
<xs:complexType>
<xs:attribute name="token"
type="xs:string"></xs:attribute>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="variables" type="VariablesType">
</xs:element>

<xs:element name="visuals" type="VisualsType">
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</xs:element>
<xs:element name="clauses">
<xs:complexType>
<xs:sequence>
<xs:element name="clause" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="constraints">
<xs:complexType>
<xs:sequence>
<xs:element name="constraint" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="init">
<xs:complexType>
<xs:sequence>
<xs:element name="clause" minOccurs="0"
maxOccurs="unbounded" type="xs:string">
</xs:element>
</xs:sequence>
<xs:attribute name = "insert-at-x" type="xs:string"/>

<xs:attribute name = "insert-at-y" type="xs:string"/>
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</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="name" type="xs:string"></xs:attribute>
</xs:complexType>
</xs:element>
<xs:element name="commands">
<xs:complexType>
<xs:sequence>
<xs:element name="command" minOccurs="0"
maxOccurs="unbounded" type="CommandElement">
</xs:element>

</xs:sequence>

</xs:complexType>
</xs:element>
<xs:element name="script">
<xs:complexType>
<xs:sequence>
<xs:element name="interface" minOccurs="0"
maxOccurs="unbounded" type="FunctionElement">
</xs:element>
<xs:element name="code" type="ScriptElement">
</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>
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</xs:sequence>
<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="fullname" type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>

</xs:element>

<!I-- User types-->

<xs:complexType name="VariablesType">
<xs:sequence>
<xs:element name="variable" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name= "name" type="xs:string"/>
<xs:attribute name= "type">
<xs:simpleType>
<xs:restriction base="xs:string">
<xs:enumeration value="string"/>
<xs:enumeration value="integer"/>
<xs:enumeration value="boolean"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>
</xs:element>

</xs:sequence>
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<xs:attribute name = "name" type="xs:string"/>

</xs:complexType>

<xs:complexType name="VisualsType">
<xs:sequence>
<xs:element name="visual" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:sequence>
<xs:element name = "role" maxOccurs="1" minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element name = "relationship" minOccurs="0"
maxOccurs="unbounded">
<xs:complexType>
<xs:sequence>
<xs:element name="match" minOccurs="0"
maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name = "name" type="xs:string"/>
<xs:attribute name = "value" type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name = "token" type="xs:string"/>
</xs:complexType>
</xs:element>

</xs:sequence>
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</xs:complexType>
</xs:element>
<xs:element name="popups" minOccurs="0" maxOccurs="1"
type="PopupsType">
</xs:element>
</xs:sequence>
<xs:attribute name="type" >
<xs:simpleType >
<xs:restriction base="xs:string">
<xs:enumeration value="ActivePoint"/>
<xs:enumeration value="Line"/>
<xs:enumeration value="ActiveArea"/>
<xs:enumeration value="AcceptPoint"/>
<xs:enumeration value="AcceptArea"/>
<xs:enumeration value="Text"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="name" type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name = "name" type="xs:string"/>

</xs:complexType>

<xs:complexType name="PopupsType">
<xs:sequence>

<xs:element name="popup" minOccurs="1" maxOccurs="unbounded">
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<xs:complexType>
<xs:sequence>
<xs:element name="clause" minOccurs="0" maxOccurs="1"
type="xs:string">
</xs:element>
</xs:sequence>
<xs:attribute name = "text" type="xs:string"/>
<xs:attribute name = "condition" type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:sequence>

</xs:complexType>

<xs:complexType name="MenultemType">
<xs:sequence>
<xs:element name="menuitem" minOccurs="1" maxOccurs="unbounded">
<xs:complexType>
<xs:sequence>
<xs:element name="clause" minOccurs="0" maxOccurs="1"
type="xs:string">
</xs:element>
</xs:sequence>
<xs:attribute name = "text" type="xs:string"/>
<xs:attribute name = "condition" type="xs:string"/>
</xs:complexType>
</xs:element>
</xs:sequence>

</xs:complexType>
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<xs:complexType name="CommandElement">
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="engine" type="xs:string"/>
</xs:extension>
</xs:simpleContent>

</xs:complexType>

<xs:complexType name="FunctionElement">
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="name" type="xs:string"/>
</xs:extension>
</xs:simpleContent>

</xs:complexType>

<xs:complexType name="ScriptElement">
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="engine" type="xs:string"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>

</xs:schema>
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IMPUJIO?KEHHE 114
XML CXEMA JIECKPUIITOPA JAHHBIX JUATPAMMBI

<?xml version="1.0"?>

<xs:schema version="1.0"
xmlins:xs="http://www.w3.0rg/2001/XMLSchema"

elementFormDefault="qualified">

<xs:element name="asg">
<xs:complexType>
<xs:sequence>
<xs:element name="object" maxOccurs="unbounded">
<xs:complexType>
<xs:all>
<xs:element name="attributes" type="AttributeListType">
</xs:element>
</xs:all>
<xs:attribute name="name" type="xs:string"></xs:attribute>
<xs:attribute name="type" type="xs:string"></xs:attribute>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="fullname" type="xs:string"/>
</xs:complexType>

</xs:element>
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<xs:complexType name="AttributeListType">
<xs:sequence>
<xs:element name="attribute" minOccurs="0" maxOccurs="unbounded"
type="AttributeType"/>
</xs:sequence>

</xs:complexType>

<xs:complexType name = "AttributeType">
<xs:all>
<xs:element name="listvalue" type="ListType"/>

</xs:all>

<xs:attribute name= "name" type="xs:string"/>
<xs:attribute name="internalname" type="xs:string"/>
<xs:attribute name= "value" type="xs:string"/>
<xs:attribute name="type">
<xs:simpleType>
<xs:restriction base="xs:string">
<xs:enumeration value="string"/>
<xs:enumeration value="integer"/>
<xs:enumeration value="boolean"/>
<xs:enumeration value="list"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>

</xs:complexType>
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<xs:complexType name="ListType">
<xs:sequence>
<xs:element name="value" minOccurs="0" maxOccurs="unbounded"
type="AttributeType"/>
</xs:sequence>

</xs:complexType>

</xs:schema>
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ITPUJIOKEHHME I15
ONUCAHUE ER-IUATPAMMBI CPEJICTBAMHU

BBIYMCJIUTEIBHON MOJEJM BU3YAJBLHOTO SI3BIKA
(PPATMEHT)

<?xml version="1.0" encoding="UTF-8"?>
<l--
Simple ER-Diagram definition

>

<definition xmlns:xsi="'http://www.w3.0rg/2001/XMLSchema-instance'

xsi:noNamespaceSchemalocation='http://stepanoff.info/diagen/LanguageDefiniti
on.xsd'>
<language name = "ERD" fullname="Entity-Relationship Diagram" >
<menus>

<menuitem text="-" condition="Strue"/>
<menuitem text="Toggle active points" condition="Strue">
<clause>Sdrawactivepoint=!Sdrawactivepoint;</clause>
</menuitem>
</menus>
<object name = "Entity" insertion-type="Standalone">
<variables>
<variable name = "attributes" type="string"></variable>
<variable name = "displayedattributes" type="string"></variable>
<variable name = "tableschema" type="string"></variable>

<variable name = "displayedtableschema" type="string"></variable>

<variable name = "foreignkeys" type="string"></variable>
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<variable name = "rawforeignkeys" type="string"></variable>
<variable name = "ansisqltypes" type="string"></variable>
<variable name = "sqlfieldoptions" type="string"></variable>
<variable name = "entitycaption" type="string"></variable>
<variable name = "captionmargin" type="string"></variable>
</variables>
<visuals>
<visual type = "Text" name = "caption"></visual>
<visual type = "Text" name = "itemlist"></visual>
<visual type = "ActivePoint" name = "topleftAP"></visual>
<visual type = "ActivePoint" name = "toprightAP"></visual>
<visual type = "ActivePoint" name = "bottomleftAP"></visual>
<visual type = "ActivePoint" name = "bottomrightAP"></visual>
<visual type = "ActiveArea" name = "area">
<popups>
<popup text="Delete object" condition="Strue">
<clause>Sdelete(this)</clause>
</popup>
<popup text="Object properties" condition="Strue">
<clause>SinitDialog("Object
properties");SstringValueToDialog("Caption",caption.text);SstringTableToDialog("
Attributes",attributes,tableschema);SsetBooleanColumn(0);SsetListColumn(2,ansi
sqltypes);SsetListColumn(3,sqlfieldoptions);SshowDialog();</clause>
</popup>
</popups>
</visual>
<visual type = "Line" name = "topborder"></visual>

<visual type = "Line" name = "bottomborder"></visual>
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<visual type = "Line" name = "leftborder"></visual>
<visual type = "Line" name = "rightborder"></visual>

<visual type = "Line" name = "captionborder"></visual>

<visual type = "AcceptArea" name = "accarea">
<role>
<relationship token = "source">
<match name="source" value="area"/>
<match name="sourceattributes" value="attributes"/>
<match name="destforeignkeys" value="rawforeignkeys"/>
<match name="this1" value="this"/>
</relationship>
<relationship token = "dest">
<match name="dest" value="area"/>
<match name="destattributes" value="attributes"/>
<match name="this2" value="this"/>
</relationship>
</role>
</visual>
</visuals>
<clauses>
<clause>entitycaption = caption.text</clause>
<clause>caption.text=entitycaption</clause>
<clause>topleftAP.x = bottomleftAP.x</clause>
<clause>bottomleftAP.x = topleftAP.x</clause>
<clause>topleftAP.x = area.x</clause>
<clause>area.x = topleftAP.x</clause>

<clause>toprightAP.x = bottomrightAP.x</clause>



212

<clause>bottomrightAP.x = toprightAP.x</clause>
<clause>cond(!SinitialEvent(area.x))area.width = toprightAP.x -
area.x</clause>
<clause>cond(SinitialEvent(area.x))toprightAP.x = area.x +
area.width</clause>
<clause>topleftAP.y = toprightAP.y</clause>
<clause>toprightAP.y = topleftAP.y</clause>
<clause>topleftAP.y = area.y</clause>
<clause>area.y = topleftAP.y</clause>
<clause>bottomleftAP.y=bottomrightAP.y</clause>
<clause>bottomrightAP.y=bottomleftAP.y</clause>
<clause>cond(!SinitialEvent(area.y))area.height = bottomleftAP.y -
area.y</clause>
<clause>cond(SinitialEvent(area.y))bottomleftAP.y = area.y +
area.height</clause>
<clause>topleftAP.y = topborder.yl</clause>
<clause>topborder.y1 = topleftAP.y</clause>
<clause>topleftAP.x = topborder.x1</clause>
<clause>topborder.x1 = topleftAP.x</clause>
<clause>captionborder.yl = topleftAP.y+captionmargin</clause>
<clause>captionborder.y2 = toprightAP.y+captionmargin</clause>
<clause>captionborder.x1 = topleftAP.x</clause>
<clause>captionborder.x2 = toprightAP.x</clause>
<clause>toprightAP.y = topborder.y2</clause>
<clause>topborder.y2 = toprightAP.y</clause>
<clause>toprightAP.x = topborder.x2</clause>
<clause>topborder.x2 = toprightAP.x</clause>

<clause>bottomleftAP.y = bottomborder.yl</clause>
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<clause>bottomborder.yl = bottomleftAP.y</clause>
<clause>bottomleftAP.x = bottomborder.x1</clause>
<clause>bottomborder.x1 = bottomleftAP.x</clause>
<clause>bottomrightAP.y = bottomborder.y2</clause>
<clause>bottomborder.y2 = bottomrightAP.y</clause>
<clause>bottomrightAP.x = bottomborder.x2</clause>
<clause>bottomborder.x2 = bottomrightAP.x</clause>
<clause>topleftAP.y = leftborder.yl</clause>
<clause>leftborder.y1 = topleftAP.y</clause>
<clause>topleftAP.x = leftborder.x1</clause>
<clause>leftborder.x1 = topleftAP.x</clause>
<clause>bottomleftAP.y = leftborder.y2</clause>
<clause>leftborder.y2 =bottomleftAP.y</clause>
<clause>bottomleftAP.x = leftborder.x2</clause>
<clause>leftborder.x2 =bottomleftAP.x</clause>
<clause>toprightAP.y = rightborder.yl</clause>
<clause>rightborder.y1 = toprightAP.y</clause>
<clause>toprightAP.x = rightborder.x1</clause>
<clause>rightborder.x1 = toprightAP.x</clause>
<clause>bottomrightAP.y = rightborder.y2</clause>
<clause>rightborder.y2 = bottomrightAP.y</clause>
<clause>bottomrightAP.x = rightborder.x2</clause>
<clause>rightborder.x2 = bottomrightAP.x</clause>
<clause>caption.x=area.x+(area.width-
caption.measuredWidth)/2</clause>
<clause>caption.y=topleftAP.y+captionmargin-
caption.measuredHeight/2</clause>

<clause>itemlist.x=area.x</clause>
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<clause>itemlist.y=topleftAP.y+captionmargin</clause>
<clause>itemlist.width=area.width</clause>
<clause>itemlist.height=area.height-captionmargin</clause>
<clause>itemlist.text=displayedattributes</clause>
<clause>displayedattributes=atributesToWidget(attributes,
plainList(plainList(rawforeignkeys)))</clause>
<clause>accarea.x=area.x</clause>
<clause>accarea.y=area.y+captionmargin</clause>
<clause>accarea.height=area.height-captionmargin</clause>
<clause>accarea.width=area.width</clause>
</clauses>

<init insert-at-x="x" insert-at-y="y">
<clause>area.x=x</clause>
<clause>area.y=y</clause>
<clause>area.width=180</clause>
<clause>area.height=250</clause>
<clause>caption.text="Entity"</clause>
<clause>entitycaption = caption.text</clause>
<clause>attributes=[[]]</clause>

<clause>displayedtableschema=["name", "type", "pk/fk"]</clause>

<clause>tableschema=["key", "name", "type", "can be null"]</clause>

<clause>ansisqltypes=["CHAR","VARCHAR","INTEGER","TINYTEXT","TEXT","BLOB"
,S"MEDIUMTEXT","LONGBLOB","TINYINT","SMALLINT","MEDIUMINT","INT","BIGIN
T""FLOAT","DOUBLE","DECIMAL","DATE","DATETIME","TIMESTAMP","TIME","YE

AR"]</clause>
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<clause>sqlfieldoptions=["NULL","NOT
NULL","UNIQUE","CHECK"]</clause>
<clause>captionmargin=30</clause>
<clause>foreignkeys=[]</clause>
<clause>rawforeignkeys=[]</clause>

</init>

<constraints>
<constraint>topleftAP.x > toprightAP.x</constraint>
<constraint>bottomleftAP.x > bottomrightAP.x</constraint>
<constraint>topleftAP.y > bottomleftAP.y</constraint>
<constraint>toprightAP.y > bottomrightAP.y</constraint>
</constraints>

</object>

<connection name="Relationship">

<roles>
<role token="source"></role>
<role token="dest"></role>

</roles>

<variables>
<variable name = "keys" type="string"></variable>
<variable name = "foreignkeys" type="string"></variable>
<variable name = "keymatches" type="string"></variable>
<variable name = "keysschema" type="string"></variable>
<variable name = "tableschema" type="string"></variable>
<variable name = "attributes" type="string"></variable>

<variable name = "tableschema" type="string"></variable>
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<variable name = "innerrole" type="string"></variable>

<variable name = "outerrole" type="string"></variable>

</variables>

<visuals>
<visual type = "Line" name = "sourcel"></visual>
<visual type = "Line" name = "source2"></visual>
<visual type = "Line" name = "sourcetomiddlehoriz"></visual>
<visual type = "Line" name = "sourcetomiddlevert"></visual>
<visual type = "Line" name = "middletodesthoriz"></visual>
<visual type = "Line" name = "middletodestvert"></visual>
<visual type = "Line" name = "dest1"></visual>
<visual type = "Line" name = "dest2"></visual>
<visual type = "Line" name = "arrow1"></visual>

<visual type = "Line" name = "arrow2"></visual>

<visual type = "Text" name = "innerroletext"></visual>

<visual type = "Text" name = "outerroletext"></visual>

<visual type = "ActivePoint" name = "sourceAP">
<popups>

<popup text="Delete object" condition="Strue">

<clause>destforeignkeys = mapRemove(destforeignkeys,
this);Sdelete(this)</clause>

</popup>

<popup text="Object properties" condition="Strue">
<clause>SinitDialog("Relation

properties");SstringValueToDialog("Inner
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role",innerrole);SstringValueToDialog("Outer
role",outerrole);SstringTableToDialog("Foreign keys", keys,keysschema,
Sfalse);SsetColumnEditable(0,Sfalse);SsetColumnEditable(1,Sfalse);SsetColumnEd
itable(2,5false);SsetListColumn(3,keymatches);SshowDialog();</clause>
</popup>
</popups>
</visual>
<visual type = "ActivePoint" name = "middleAP">
<popups>
<popup text="Delete object" condition="Strue">
<clause>destforeignkeys = mapRemove(destforeignkeys,
this);Sdelete(this)</clause>
</popup>
<popup text="Object properties" condition="Strue">
<clause>SinitDialog("Relation
properties");SstringValueToDialog("Inner
role",innerrole);SstringValueToDialog("Outer
role",outerrole);SstringTableToDialog("Foreign keys", keys,keysschema,
Sfalse);SsetColumnEditable(0,5false);SsetColumnEditable(1,5false);SsetColumnEd
itable(2,5false);SsetListColumn(3,keymatches);SshowDialog();</clause>
</popup>
</popups>
</visual>
<visual type = "ActivePoint" name = "destAP">
<popups>
<popup text="Delete object" condition="Strue">
<clause>destforeignkeys = mapRemove(destforeignkeys,

this);Sdelete(this)</clause>
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</popup>
<popup text="Object properties" condition="Strue">
<clause>SinitDialog("Relation
properties");SstringValueToDialog("Inner
role",innerrole);SstringValueToDialog("Outer
role",outerrole);SstringTableToDialog("Foreign keys" keys,keysschema,
Sfalse);SsetColumnEditable(0,5false);SsetColumnEditable(1,5false);SsetColumnEd
itable(2,5false);SsetListColumn(3,keymatches);SshowDialog();</clause>
</popup>
</popups>
</visual>
</visuals>
<l—¢pa3meHT Bbipe3aH-->
</connection>
<commands>
<command name="-"/>
<command name="Translate to SQL" engine="simplecompiler">
<|[CDATA[
foreach (X:getObjects(type=="Entity"))
{
write("create table ");
write(X.getAttribute("entitycaption"));
write("(");

writeln("");

var attribute = X.getAttribute("attributes");
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foreach(Y:attribute){
write(Y.getListElement(1));
write(" ");
write(Y.getListElement(2));
write(" ");
write(Y.getListElement(3));
if (selector.hasNext()){

writeln(",");

writeln(")");

writeln("go");

foreach (X:getObjects(type=="Entity"))
{

var attribute = X.getAttribute("attributes");

var hasPrimaryKey = false;

foreach(Y:attribute){

if (Y.getListElement(0))

hasPrimaryKey = true;

if (hasPrimaryKey){
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write("alter table ");
write(X.getAttribute("entitycaption"));
write("(");

writeln("");

var comma = false;

write("add primary key (");

foreach(Y:attribute){

if (Y.getListElement(0)){

if (comma){
write (",");

} else comma = true;

write(Y.getListElement(1));
}

writeln(")");

writeln("go");

foreach (X:getObjects(type=="connection"))
{

write("alter table ");



}
11>
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var toname = X.getAttribute("to");

var fromname = X.getAttribute("from");

var fkfield = X.getAttribute("fkfield");

writeln(toname);

write("add foreign key (");

foreach (Y:getObjects(name==toname))

{

var attribute = Y.getAttribute("content");
if (attribute)

foreach(Z:attribute){
var modifier = Z.getListElement(0);
if (modifier == "primary key"){

write(Z.getListElement(2));

Iy

}
}
writeln(")");

write ("references ");
write(fromname);
write ("(");
write(fkfield);
writeln (")");

writeln ("go");

</command>

</commands>

<script>
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<interface name="atributesToWidget"/>

<interface name="atributesToKeys"/>

<interface name="appendColumn"/>

<interface name="getColumn"/>

<interface name="plainList"/>

<interface name="mapGet"/>

<interface name="mapPut"/>

<interface name="mapRemove"/>

<code>

<I[CDATA]

var atributesToWidget = function(object, foreignKeys)

var ModelValue=Java.type('diagen.model.ModelValue');
var PropertyType=Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();
if (lobject.isVector())
return modelValue;
if (object.isEmptyList())
return modelValue;
if (object.getValueAt(0).isEmptyList())
return modelValue;
var iterator = object.iterator();
while (iterator.hasNext())
{
var line = iterator.next();

var lineValue = new ModelValue(PropertyType.LIST);
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lineValue.addValueTolist(line.getValueAt(1));

lineValue.addValueTolist(line.getValueAt(2));

if (line.getValueAt(0).getBooleanValue())

{
var pkValue = new ModelValue(PropertyType.STRING);
if (listContains(foreignKeys, line.getValueAt(1)))
pkValue.setStringValue("<pk> <fk>");
else pkValue.setStringValue("<pk>");
lineValue.addValueTolist(pkValue);

} else

{
var pkValue = new ModelValue(PropertyType.STRING);
if (listContains(foreignKeys, line.getValueAt(1)))
pkValue.setStringValue("<fk>");
else pkValue.setStringValue("");
lineValue.addValueTolList(pkValue);

Iy

modelValue.addValueTolist(lineValue);

}

return modelValue;

var atributesToKeys = function(object)

{
var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

modelValue.setEmptyListValue();
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if (lobject.isVector())
return modelValue;
if (object.isEmptyList())
return modelValue;
if (object.getValueAt(0).isEmptyList())
return modelValue;
var iterator = object.iterator();
while (iterator.hasNext())
{
var line = iterator.next();

if (line.getValueAt(0).getBooleanValue()) {

var lineValue = new ModelValue(PropertyType.LIST);
lineValue.addValueTolist(line.getValueAt(1));
lineValue.addValueTolist(line.getValueAt(2));
lineValue.addValueTolList(line.getValueAt(3));

modelValue.addValueTolist(lineValue);

}

return modelValue;

var appendColumn = function(list)

{
var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

modelValue.setEmptyListValue();
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var iterator = list.iterator();
while (iterator.hasNext())
{
var newline = new ModelValue(PropertyType.LIST);
newLine.setEmptyListValue();
var line = iterator.next();
var linelterator = line.iterator();
while (linelterator.hasNext())

newLine.addValueTolist(linelterator.next());

var matchValue = new ModelValue(PropertyType.STRING);
matchValue.setStringValue("<select column>");
newline.addValueTolList(matchValue);

modelValue.addValueTolist(newLine);

}

return modelValue;

var getColumn = function(list, column)

{
var ModelValue=Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

modelValue.setEmptyListValue();

var iterator = list.iterator();
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while (iterator.hasNext())
{
var line = iterator.next();
var linelterator = line.iterator();
var curColumn = 0;
while (linelterator.hasNext()){
if(curColumn++ == column.getNumberValue().intValue())
modelValue.addValueTolList(linelterator.next());
else linelterator.next();
}

print(modelValue);

}

return modelValue;

var mapGet = function(list,key)

{

var ModelValue=Java.type('diagen.model.ModelValue');
var PropertyType=Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

var result = null;

var iterator = list.iterator();

while (iterator.hasNext())

{

var pair = iterator.next();
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if (pair.getValueAt(0).equals(key))

return pair.getValueAt(1);

}

return null;

var mapPut = function(list,key, value)

{
var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType=Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

modelValue.setEmptyListValue();

var iterator = list.iterator();
while (iterator.hasNext())
{
var pair = iterator.next();
if (pair.getValueAt(0).equals(key)){
continue;

}

else modelValue.addValueTolList(pair);

var newPair = new ModelValue(PropertyType.LIST);
newPair.setEmptyListValue();
newPair.addValueTolist(key);

newPair.addValueTolList(value);
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modelValue.addValueTolist(newPair);
return modelValue;

Iy

var mapRemove = function(list,key)

{
var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType=Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

modelValue.setEmptyListValue();

var iterator = list.iterator();
while (iterator.hasNext())
{
var pair = iterator.next();
if (pair.getValueAt(0).equals(key)){
continue;
}
else modelValue.addValueTolList(pair);
L
return modelValue;
Iy
var listContains = function(list, value)
{
var ModelValue= Java.type('diagen.model.ModelValue');
var PropertyType= Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);

var result = null;
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var iterator = list.iterator();
while (iterator.hasNext())
{
var element = iterator.next();
if (element.equals(value))
return true;
}
return false;
Iy
var appendList = function(list1, list2)
{
var ModelValue=Java.type('diagen.model.ModelValue');
var PropertyType=Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();
var result = null;
var iteratorl = listl.iterator();
while (iteratorl.hasNext())
{
var element = iteratorl.next();

modelValue.addValueTolist(element);

var iterator2 = list2.iterator();

while (iterator2.hasNext())
{

var element = iterator2.next();
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modelValue.addValueTolist(element);

}

return modelValue;

var plainList = function(list)

{

var ModelValue=Java.type('diagen.model.ModelValue');
var PropertyType=Java.type('diagen.model.PropertyType');
var modelValue = new ModelValue(PropertyType.LIST);
modelValue.setEmptyListValue();
var result = null;
var iterator = list.iterator();
while (iterator.hasNext())
{
var value = iterator.next();
if (value.isVector())
modelValue = appendList(modelValue, value);
else modelValue.addValueTolList(value);

}

return modelValue;

11>

</code>

</script>

</language>

</definition>



231

IMPUJI0KEHHE 116
BHELIHUI BUJ U PE3YJIbTATbI TPAHCJISIUU ER-
JTAATPAMMBI

-2 oumericISh pk»
Consistsof  |Fakid  numancil) <fc
GA_NUM varchar{10)

Balongs to

Belong to

B oenaig i) gl
Geu_ID numanc(il) <o
FIRSTMAME  varchar{100)
LASTMAME  varchar{100)
PARENTHAME varchad(100)
H_ZACH varchar{ 10}

F ittt
i oumaiclif) Spio |, comaing
Faloult_Num  int
Faiult_Narme warchad{100)

Puc. 13 MNpumep anarpammel B cpeactse mogennposaHuna Power Designer
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| £ Diagen Editor - O

File Entity-Relationship Diagram Cepenc

Student
name trpe phific
D NUMERIC(18)  <pk=
Gru_ID NUMERIC(18)
FIRSTNAME  VARGHAR(100)
Belongs to
LASTNAME  VARCHAR(100)
PARENTHNAME VARCHAR(100)
N_ZACH VARCHAR(10)
GRP
name type pkik
ComelEls GRP_ID  NUMERIC(18) <pk-
GRP_NAME VARCHAR(100)
GRP_F_ID NUMERIC(18) <=
Belongs to
Fakultet
name  type bl

FID  NUMERIGHE) spk
F_NUM  INTEGER
F_NAME VARCHAR(10D)

Consists of

Puc. 14 lnarpamma c Puc. 13, peanmsoBaHHan cpeacTtBamMm Bbl4UCAUTE/IbHOM

moaenn Bn3yasibHoOro A3blikKa
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- o
IE]
| File Entity-Relationship Diagram Cepamc

!
Ebelend £ Relation properties X [E2]

GEDT fpe » Inner role (this.$58.innerrole) [Consists of Caption ($1.caption.text) [Student
L NUMERIC(18) < Outer role (this.$58.outerrole) [Belonas to key name type can be null
| oo NUMERIC(18) [v] D NUNERIC(18)
1 TETE [ type [ o [ reference Gru_D NUMERIC(18)

FIRSTHAME  VARCHAR(! 00) GRP_ID [NumERIC(18) | [=select column= Ol |RSTNAME VARCHAR(100)

LASTNAME VARCHAR(100)

BRI RSB N ARENTNAME __|VARCHAR(100)

PARENTNAME VARCHAR(100) O V_ZACH VARCHAR(

N_ZACH VARCHAR(10)
| Attributes

Foreign keys
1 on key Pl
{
q ok
i
i —
] tks
i
f
E
[asa newrow | |_Remove corentrow ]

F_MAME VARCHAR(! D0)

Puc. 15 lnanorosblie OKHa anAa auarpammsbl ¢ Puc. 13, peannsoBaHHble

cpeacrsamm BbI4MCANTE/IbHOM moaenn Bnu3yasibHOro A3bika

create table FAKULTET (
F_ID NUMERIC(18),

F NUM INTEGER,

F_ NAME VARCHAR(100))
go

create table STUDENT(

ID NUMERIC(18),

Gru_ID NUMERIC(18),
FIRSTNAME VARCHAR(100),
LASTNAME VARCHAR(100),
PARENTNAME VARCHAR(100),
N_ZACH VARCHAR(10))

go

create table GRP(

GRP_ID NUMERIC(18),
GRP_NAME VARCHAR(100),
GRP_F_ID NUMERIC(18))
go

alter table FAKULTET(

add primary key (F_ID)

go

alter table STUDENT(

add primary key (ID)
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go

alter table GRP(

add primary key (GRP_ID)

go

alter table STUDENT(

add foreign key (Gru_ID) references GRP(GRP_ID)

go

alter table GRP(

add foreign key (GRP_F_ID) references FAKULTET(F_ID)

g0



235

IMPUJ10KEHHUE 117
AKTBI PEAJIU3ALIUU

<9> ryan

MWHUCTEPCTBO HAYKU U BbICLLEFO OBPA30BAHUS POCCUIACKOM ®EAEPALLAN

cdepgepanbHoe rocyaapcT aBTC e 06p. TeNnbHOe yupeXAeHue Bbicliero o6pasosaxus
«CaHkT-eTepbyprckuii rocyfapcTBeHHbI YHUBEPCUTET a3POKOCMUYECKOrO NPGOPOCTPOEHHUS»
(CYAI)
N2

CaHkT-eTepbypr
VYTBEPXJIAIO
IMpopexTop mo. 06pa3oBaTEIbHEIM TEXHOIOTHIM
HHHOBAIHOHHOMN, AeSTeIbHOCTH
. 12 (XOIKHOCTE)

' Ilnmacos B.®.

AKT PEAJIM3AIINA
Pe3yJIbTaToOB TUCCEPTAMOHHBIX HCCIIEIOBAHMMN
Ha COMCKaHWE yYCHOM CTENCHU KaHuIaTa TEXHIIECKHAX HayK
Crenanogra ITaBna AekceeBruua

Kowmuccus B cocrase:

Tlpencenarens - IPOPEKTOp MO y4eOHOM AesTenbHOCTE Mathsam B.A., K.T.H., TOIEHT

YteHBI KOMUCCHH:

[Ipodeccop  kadenpsr KOMIDBIOTEDHBIX TEXHONOTWH ¥  NPOTPAMMHOM  WH)KEHEDHH
C.U.KonecHuKOBa, JI.T.H., JOLEHT,

JOUEHT Kadeapsl KOMITBIOTEPHBIX TEXHONOIHMH H IpOrpaMMHON HmkeHepuu A.A.Kmouapes,
K.T.H., JOIEHT

COCTaBHIIM HACTOSIIMM aKT O TOM, 9IO pe3ylabTaThl NUCCEPTALMOHHOM paborel «Mogend,
AIrOPUTMBI K IPOTrPaMMHEIE CPENCTBA OIPENENCHHSI BH3YaIbHBIX S3BIKOB HA OCHOBE
BBIYUCITUTENBHBIX MOJENEW», NPEJCTaBICHHON Ha COHCKAaHHE YdYEHOM CTENEHM KaHAWZATa
TEXHUYECKUX HAyK, & AMECHHO:

1) pacmmpeHHs BEMUCITUTEIFHONR MOJEITH IS TIOANEPXKKH YEIOBEKO-MAIMHHBIX HHTEp(EHCcoB

(“BBIMMCIHTENEHAS MOJIENh BU3YAIBHOIO S35IKa”);

2) anropuTMBI pacdeTa BEIMMCIMTEILHON MOJENH BH3YaIbHOTO SI3BIKA W NPHUBENCHHS €€ K
CTaIlMOHApHOMY BHLY;

3) METON TPaHCISIAH JUATPaMM, 3aJaHHEIX B BEYUCIUTENBHON MOJIETH BU3YAILHOTO SI35IKa, B
IIPOrpaMMBI Ha APYTHX S3bIKAX;

4) MeTOH IOCTPOCHHS BH3yalbHEIX MHTEP(EHUCOB AMATPAMM, 3aJAHHBIX B BEIYHCIATEIHHOMN
MOJEII BH3YaIbHOIO $3bIKa, IO3BOJLIOIMM, B YaCTHOCTH, IIOCTPOEHME [JHATOTOB C
IIONIB30BATEIIEM U CONPSDKEHHUE C TENEMETPHIECKON HHpOpMaImei

HCHOJB3YIOTCS B y4eOHOM mpomecce Kaheapbl KOMIBIOTEPHBIX TEXHOJIOTHN M IIPOrPaMMHOR

HEDKEHEpUH (eNeparbHOTO TOCYJapCTBEHHOIO aBTOHOMHOTO OGDa3OBATENHHOTO YUPEKICHHS

BEICITIETO obpazoBanms «Canxkr-IletepOyprexmit rOCYapCTBEHHBIN YHHUBEPCHUTET

aspoxkocmmaeckoro mpubopocrpoerus» (I'YAII) MunucTepcTBa HAyKH H - BBICIIETO

ofpaszosammst Poccmiickoii @enepanyy @Npd IOATOTOBKE 6aKamaBpOB IO CIEIMATBHOCTH
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09.03.04 “TIporpammuass uHXeHepus . OCHOBHBIE peE3yNbTaThl  IHUCCEPTALOHHOTO
HCCIICOBAaHHUS HCIONB3YIOTCS HpH O0OydeHHH IucHuiuidHaM “TexHomorumu paspaboTku
CepBepHBIX HH()OPMAMOHHEIX CHCTEM”’, YIIpaBieHHe KadeCTBOM IIPOrPaMMHOT0 00ecedeHus”
1 “OKCIEePTHEIE CHCTEMEL .

IIpencenarens KOMUCCHA
npopekTop I'VAII o yge6HO# nesTebHOCTH
KaHIUJaT TEXHUYECKUX HayK, JOLEHT B.A.Matesm

UneHbI KOMUCCHHU:
ITpodeccop xahenpbl KOMIBIOTEPHBIX TEXHOIOTHM OZ%Q{%
M IIPOrpaMMHOY WH)XEHEPHUH, I.T.H., IOIEHT, C.1.Konecuukosa

JIONEHT Kadbeaphl KOMITBIOTEPHBIX TEXHOIOTHH
¥ IPOrPaMMHOM WH)XEHEPHH, K.T.H., JOUEHT A.A Kmogapes
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AKUMOHEpHOE 06uiecTso 194044 C.-Netepbypr
Yn. Tobonbckan, A.12

Ten. (812) 640-02-02
s CKE . dakc (812) 335-05-91

mail@skborion.ru

i

YTBEPX/IAIO

["eHepanbHbIi AMpEKTOP,
(J1OJ1KHOCTB)

Bacunbes U.E.
((pamMmuans, “HULKATBI)

7 AL, (j'. s 2019 r.

Pe3yJIbTATOB AMCCEPTAIIMOHHBIX MCCIIEeI0BAHUI
Ha COMCKAHUE YYEHON CTeNeHH KaH/11/1aTa TeXHHYECKUX HayK
Crenanona [lasia AnexceeBuua

Komucenss B cocraBe: mpejcenarteis KOMHCCHM —  IJIABHOTO — CHEIHAlUCTa
YynpukoBa A.JO. M uieHOB KOMHCCHH: BEAYIIEr0 HHKEHEPa-MPOrpaMMHUCTa,  K.T.H.
Huuunoposuya O.I1., Beaymero wumxeHepa-nporpammucta PoccueBa A.IO. cocrasuia
HACTOSIIMI aKT O TOM. YTO Pe3y/IbTaThl AMCCepTalHoHHON paboTel Crenanosa [1.A. Ha Temy:
“Mojiesin, aaropuT™bl U HPOrPaAMMHBIE CPE/ICTBA OIPE/IC/ICHHs BU3YaIbHBIX S3bIKOB HA OCHOBE
BBIUHCIIUTENBHBIX MoJie/1el” ucnosb3oBanbl B AO «CKb «OpuoH» 11pH BBINOJIHEHHH COCTABHOM
4aCTH OMBITHO-KOHCTPYKTOPCKOH paboThl Ha TeMy «ABTOMATH3HPOBAHHAS CHCTEMA YIIPABIECHUS
MOJIrOTOBKOM H ITYCKOM pakeT Kocmuyeckoro HaszHauenus | 'K » B paMkax 3a1a4, MOCBAIIEHHBIX
KOHTPOJIIO TEXHHYECKOI0 COCTOSIHUS PAKETHO-KOCMHYECKOW TEXHHMKH. B YacTHOCTH. ObLIM
HCII0/Ib30BaHbI CIIEYIOIIHE Pe3yIbTaThl AUCCEPTALIMOHHOTIO HCC/IEJ0BAHMS:

— PacHIMPEHHs BLIYHCTUTEILHON MOJIEIH JUIsl MOIEPKKH YeI0BEKO-MAIINHHBIX HHTEp(EeHcoB
(“BBIYMCIIMTEIBHAS MOJI€JIb BU3YAIBHOTO sI3bIKA™);

— QITOPUTMbI pacyeTa BBIYUCIMTEILHOW MOJEIM BH3YAIBHOTO s3bIKA M TNPHBEICHUS €€ K
CTALlMOHAPHOMY BHIIY;

— METOJ TPAHC/ISLNK HArPaMM. 3a/laHHBIX B BBIUHCIINTEILHOM MOJIE/N BU3YAIILHOTO SI3bIKA, B
IPOrpaMMbl Ha JIPYTUX A3bIKAX:

— METOJ MOCTPOCHHs BH3YallbHbIX MHTEP(EHCOB aMAarpaMM, 3a1aHHBIX B BBIYHCINTEIbHOI
MOJIE/IM  BU3YalIbHOTO SI3bIKA, MO3BOJISIONIMN. B YaCTHOCTH, MHOCTPOCHHE IHAIOIOB C
TOJIb30BATE/IEM U CONPSIKEHUE C TeJIeMETPHUYECKOil HH(OpMalUeit.

Hcnonp3oBanne  Mojenel, airopuTtMOB M METOIOB. [PEUIOKEHHBIX B paboTe,
obecrieyrBaeT  yBeJMUYEHHE CKOPOCTH Pa3spabOTKH  COOTBETCTBYIONMIETO — MPOrPAMMHOIO
obecrieyenuss 10 10%. a Bpemsi ux paspaborkum g0 15%. Kpome Toro. ucrnonbzoanue
Pa3paboOTaHHOrO MPOrPAMMHOTO KOMILIEKCA [103BOJIMIO COKPATHThL KOIMYECTBO OMMGOK MU
ONMHUCAHUH MOJIEJIEN TEXHHYECKUX 00BEKTOB /10 20%.

[Ipencenarens KoMuccHu
(/ Yynpuxos A.1O.

YsieHbl KOMHCCHHA
Huuunoposuy O.I1.

V4 K/ﬂw{/g Poccues A.1O.
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PKU I MPOTPECC (AO «PKL] «ITPOI'PECC»)

yi1. 3emera, 1.18, r. Camapa, 443009, Tex. (846) 955-13-61, dakc (846) 992-65-18, E-mail: mail@samspace.ru
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YTBEPXJIAIO

[TepBbIii 3aMeCTHTEND
(10KHOCTB)
orgROHCTPYKTOPA, K.T.H.

W A.Jl. Cropox

(hamunus, MHULIAATIBI)

AKT PEAJIN3AIINHA
Pe3yJIbTaTOB TUCCEPTAMOHHBIX UCCIIEIOBAHUI
HA COMCKaHHEe YUEHOH CTeNeHH KaHIuaaTa TEXHHYECKUX HayK
Crenanosa [laBna AnexkceeBuua

Kowmuccus B cocraBe: mpejceiaTenss KOMUCCHH — 3aMECTHTEIsE TeHEPAIbHOrO KOHCTPYKTOpa,
ILT.H., mpod. B.A. KanuToHOBa 1 WICHOB KOMHCCHH: 3aMECTUTEs T€HEPATBHOTO KOHCTPYKTOPA, K.T.H.
M.B. Bopucosa, 3amectuTens HavanbHuKa oTjiena A.H. AGanakoBa cocTaBuiia HACTOSIIMI aKT O TOM,
YTO pe3ynbTaThl AuccepTalonHoi pabotel Crenmanosa [1.A. Ha Temy: “Moemnu, aJropuT™bl ¥ Ipo-
rpaMMHBIE CPEJICTBA ONPE/IeNICHUS] BH3YaTbHBIX S3BIKOB Ha OCHOBE BBIYMCIUTEIBHBIX MOJeNeil” uc-
nons3oBanbl B AO «PKI] «IIporpeccy npH BbIIOJIHEHUH paboT 10 pa3padoTKe aBTOMAaTH3UPOBAHHBIX
CHCTEM YIIPABJIECHHs CHEIMAIBHOTO Ha3HAYEHWs B YaCTH IPOEKTHPOBAHUS IpadHuecKoro MoJb30Ba-
TeJbCKOro MHTepdeiica u Mozeneil (aJIropuTMOB) OLICHUBAHHS TEXHHYECKOTO COCTOSIHUS KOCMHYE-
CKHMX CpEJICTB B pPaMKaxX OIBITHO-KOHCTPYKTOPCKOM paboThl MO CO3[MaHHIO KOMILIEKCA PaKeThi-
Hocutens «Coro3-2» (mmdp OKP «Pych»). B 4acTHOCTH, ObLIM HCIOIB30BAHBI CICAYIOIIHE Pe3yJIbTa-
TBI JINCCEPTALMOHHOTO HCCIIEIOBAHMS:

— pAaCIIMpPEHHs BBIYMCIMTETBHON MOJETM JUIA TOUIEPKKH YeIOBEKO-MAIIMHHBIX HHTepdeiicon
(“BpIYMCIMTENbHAS MOJIETh BU3YalIbHOTO S3bIKa”);

— QIropuTMBI pacyeTa BBIYMCIMTEIbHOH MOIENH BH3YIBHOIO s3bIKa M NPUBEIEHHS €€ K CTalluo-
HApHOMY BHJLY;

— METOJ TPAHC/IAIUHU JUarpaMm, 3aJlaHHbIX B BBIYHUCIIMTEILHOU MOJIETH BU3YAJIBHOTI'O s3bIKa, B IIPO-
'paMMBbl Ha JAPYTHUX A3bIKaX,

— METOJ NOCTPOCHHS BHU3YyalbHbIX HHTEP(EHCOB AnarpamMM, 3aJldHHbBIX B BBIUMCIMTEIBHON MOJIEIH
BU3YyaJIbHOTO S3bIKA, NO3BOJISIIOIIMH, B YACTHOCTH, OCTPOEHHUE JIMATIOTOB C TOJb30BATEIEM U CO-
NPsUKEHHE C TeJIeMEeTPHIECKON HH(pOpMAaIHeid.

Hcnonb3osanue Mojienel, alropuTMOB M METOJIOB, IIPE/UIOKEHHBIX B paboTe, obecreynBaeT
YBEJIMUYECHHE CKOPOCTH pa3pabOTKU COOTBETCTBYIONIETO porpaMMHoOro obecreyenns 10 10%, a Bpems
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ux paspaborku mo 15%. Kpome Toro, ucnonb3oBaHue pa3spabOTaHHOrO NMPOTPAMMHOIO KOMILICKCa
T03BOJTHIIO COKPATHTH KOJMYECTBO OLIMOOK IPY ONMCAHMH MOJENel TeXHUYECKHX 00heKTOB 110 20%.

[Tpencenarens KOMUCCHH =
A ——r B.A. Kanutonos

YneHbl KOMHCCHH / /

M.B. Bopucos

[ Cm 0/ A.H. AbanakoB



