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PaccmoTpeHO HOBOE HampaBlieHWE MHTEIUIEKTYaJIM3allid METOJIOB CHUCTEMHBIX HCCIIEOBAHUIl B
o0sacTi  00BEKTHO-OPHEHTHPOBAHHOIO IPOCKTUPOBAHUS W aHAJIM3a CIOXHBIX JUHAMHUYECKUX
CHCTEM C BEpOATHOCTHBIMH IapaMeTpaMu MX (DYHKIHMOHMpOBaHHA. B KauecTBe HIUIIOCTpaLUu
MIPeJIOKEeHA peati3alys METOAa U IIPOrPaMMHBIX CPEACTB aBTOMATH3ALUH IIPOIIECCa MPOSKTHOTO
MOJICTUPOBAHUS PALMOHATIBHOW CTPYKTYPBHl YIIPaBISIEMBIX IPOU3BOACTBEHHBIX CHCTEM, IPH
KOTOPOH OCYIIECTBIISIETCS pa3JielIeHHe Mpoliecca MPOEKTHPOBAaHMUSI OT METOIOB PEIICHHs 3aaad,
KOTOpBIE MOTYT OBITh BBIHECEHBI B COOTBETCTBYIOLIYIO 0a3y 3HaHHH.

Kniouegvie cnosa: aHanu3 (QyHKIMOHUPOBAHUS, BEPOSITHOCTHBIC I1apaMeTphl, NOTCHIUAILHO
ONaCHOE MPOM3BOJCTBO, CHHTE3 PAIMOHAIBHOW CTPYKTYPBI, YIpaBiIsgeMble IIPOU3BOACTBCHHBIC
CHCTEMBI, 00BEKTHO-OpPHEHTHPOBAHHOE IPOSKTHPOBAHHUE.

BBeaenue

IIposBidromascs B nocienHee BpeMs TEHAEHIMs K UCIOIb30BAHUIO HEKOTOPBIX OOILIECHCTEMHBIX
NPUHIUIIOB M METOIOB HCCIIENOBAHMH B Pa3NUYHBIX OONACTAX 3HAHWH MPUBOANT K YHH(UKAIIH
CHUCTEMHOI'0 IIOJX0/1a IIPU PEeLIeHUH KOHKPETHBIX 3a/1ad HayKd U NMPakTUKU. [laHHas TeHISHLUS naeT
OCHOBaHHUSI pAcCUMTHIBATh B JalbHEWIIEM Ha CcO3J4aHHe HEoO0XOoIuMoil 0a3bl, MO3BOJAIOLICH
HCCTIeIOBATENI0 PadOTaTh C CHUCTEMAaMU JIOOOW CTENeHH CIO0XKHOCTH, BHE 3aBUCHMOCTH OT ee
(U3MUECKO CYIIHOCTH WM OTPAaHMYCHHOCTH paMKaMH OIpeAeTIeHHON (popMaIn3ain.

CpencTBoM peanu3alui TaKUX BO3MOXHOCTEH SBJSIOTCS MaTeMaTHUECKHE MOJENIH CIIOXKHBIX
nuHamuueckux cucteM (CHAC) u MonmenupoBaHue mporecca ux (yHKIMOHHUpOBaHHA. B nmaHHOM
KOHTEKCTE K CIO)KHBIM JUHAMHUYECKHUM CHCTEMaM OTHOCATCS IPOU3BOICTBEHHBIE U SKOHOMHUYECKHUE
0OBEKTHI, BBIYUCIUTENBHBIE CETH, NPOrpaMMHOE OOECTeYeHHE CIOXHBIX CHCTEM YIpaBJIeHHS,
CHUCTEMBl 3HEprooOecrleyeHHus M Jpyrue CUCTEeMBbl, IpU3BaHHbIE oOecreyuBaTh O€301acHOCTb
KHU3HEAEATEIILHOCTH MTPOU3BOJICTBA.

[upoxoe pa3BUTHE IPU UCCICIOBAHIH U YIPABICHUU CIOXHBIMU IUHAMHYECKUMH CHCTEMaMU (a
TaKkKe IMPOTEKAIOIIMMH B HHX IIPOLIECCAMH) HAa OCHOBE pa3pabOTKH MPOTPaMMHBIX CPEACTB
aBTOMaTU3allMd B HACTofAllee BpeMs IMOJY4YWJIO HMHUTALMOHHOE MoOJeaupoBaHueM Ha OBM
[Bycnenko, 1977], [Makcumeir, 1988]. 3T0 00OCTOATENHCTBO OOYCIOBIEHO TEM, YTO Pa3MEPHOCTH
peliaeMblx 3ajad, a Takke HEBO3MOXKHOCTh (hOpMalu3alMi CJIOKHBIX CHUCTEM B paMKax
AQHAIMTUYECKUX METOJIOB MCCIENOBaHUN HE IMO3BOJISIOT MCIOJb30BaTh KIACCHUECKHE METOb
HCCIIEZIOBAHNS ONlepalvii, KJIacCHYeCcKre 1 KOHCTPYKTUBHBIE MeTO1bl onTuMu3auuu [I1lennon, 1978].

Y4uThIBas, YTO KPYT MPOOIIEM, PEIaeMbIX C HCIIOIb30BAHUEM UMHUTAIIIOHHOTO MOJICIUPOBAHHS BO
MHOTHX OO0JIaCTSAX YEIOBEUECKON AEATENIbHOCTH, JOCTATOYHO BaXCH M IIMPOK, BO3SHHUKAIOT BECKHE
OCHOBAHHUS JJIsl COBEPIIEHCTBOBAHMS 3TOTO METOJA MCCIENOBaHUIM Kak B 00JAacTH pa3BUTUSA €ro
TEOPETUYECKUX OCHOB, TaK M B 00JAcTH pa3pabOTKH COOTBETCTBYIOIIMX IIPOTPAMMHBIX CPEICTB
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(HampuMmep, U1 obecrieueHHs MOAEPKKU MPUHATHS OOOCHOBAHHBIX PEUICHUI C HMCMOJIb30BAaHHEM
AJIEKTPOHHO-BBIYUCITUTEIbHON TEXHHUKH).

Crenyer 3aMeTHTb, YTO XOTA B HAcTOsIIee BpeMs B MUpE pa3padOTaHO M HCIOJNB3yeTcs: Oojee
CEMHCOT A3bIK08 MOOeAUposanus, oONANAIOMNMI YIOOCTBOM M OBICTPOTOH MPOTpaMMHpPOBAHHS
(GPSS, Q-GERT, GASPIV, SIMULA 67, C++Sim u np.), oHH mpebyiom om noab308ameis.
OCHOBAMENLHBIX 3HAHULL S3bIKO8 NPOZPAMMUPOBAHUS U 00ECneyusaron MeHbviie 803MONICHOCHel TIO
CPaBHEHHIO C YHUBEPCAJIbHBIMH S3bIKaMH TporpammupoBanus. C APYrod CTOPOHBI, HCIOJIB30BaHUE
Opu  pa3pabOTKe WMHTAIMOHHBEIX MOJIENCH HpOOIeMHO-OPUEHUPOGAHHBIX CUCHEM U CDeOCHI8
MOOenupoeanus, KOTOPBIX HACUUTBHIBAETCS BCETO HECKOJBKO JecATKoB (Hampumep, DOSIMIS-3,
Process Charter 1.0.2 (kommanuu Scitor, Memnmno-Ilapk, mr. Kanupopuus), Powersm2.01 (dhupmor
Modell Data AS, Bepren, Hopserus), Extend+BRM (xomnanuu Imagine That!, Can-Xoce, mirt.
Kamudopuust), Arena (bupmer Systems Modeling) u ap.), He TpebyeT OT MOJIB30BATENs 3HAHUM
SI3BIKOB TIPOTPaMMHUPOBAHUS, OJHAKO 3TH CHUCTEMBI U CPEICTBA HO360/510M MOOEAUPOBAND UL
OMHOCUMENLHO Y3KUE KLACCl CIONCHBIX Ounamuydeckux cucmem [Knerinen, 1978], [[Ipuukep, 1987].

CymecTBytomee IMPOTHBOPEYNE  MEXKIY  YHHBEPCATBHOCTHIO  CPEACTB  WMHTAIMOHHOTO
MOJETTUPOBaHUs (wupoma Kiacca MoOoenupyemvlx cucmem) M THOKOCTBIO (1eckocmb Onucaus
KOHKpemHou cucmemsl) oOpaimaercss MpOTHB MONb30BaTeNs JHUOO0 BBICOKOH CTENEHBIO CIIOKHOCTH
SI3bIKa MOJICTUPOBAHUS, JUOO Y3KOM 00NIacThl0 MPUMEHHMMOCTH IaHHBIX CPEACTB (IpH HATUYUHU
OOJNBIIOTO YHCIIA OTPAHMYCHUH Ha YCIOBHS HpHMeHeHHs). Kpome Toro, cymiecTByIOIIHe CperncTBa
MOJICTTUPOBaHUs 00IaJaI0T OrPAaHUYCHHBIMH BO3MOXKHOCTSIMH MOJAEIHPOBAaHHS CHCTEM YIpPaBJICHUS,
KOTOpHIE SBISIOTCST HeoThemieMod dacteio CJIC, a Takke crmabo OpPHEHTHPOBAHBI Ha yUeT
«4eNoBeYeCKOro (hakTopay MpH MPUHSATHU KCIIEPTHBIX PELICHUI.

OTH W HEKOTOpBIE Ipyrue NpoOieMbl OOYCIOBWIM HOBYIO (a3y pa3BUTHSI HMHTAIIMOHHOTO
MOJICTUPOBAHUS, CBA3AHHYIO C IOCTPOCHHEM THOKHX M YHUBEPCAIBHBIX CUCTEM, MO360AI0WUX
UMUMUPOBAMb PE3YIbMAMbl YeN08Ee4eCKol 0essmeNbHOCY NPU NPUHAMUY peuleHut, TTOCKOIbKY B
CYILIECTBYIOIINX CPEACTBAaX MOJCTUPOBAHUS JIOTUKA CHCTEM YIpaBIICHHA 3aKiaablBajach JTHOO B
anroput™M umuTarmonnoi moxerau (GPSS, SLAM Il u ap.), 1160 orpaHMYMBaNach JOCTATOYHO
CKPOMHBIMH CPEIICTBaMH e¢ (opManu3aniy (TaKUME, HampuMep, Kak BEIOOp IIPUOPHUTETOB
(ITIOACUM (MI'TY, MockBa), GPSS), 3amonnenue tabmun pemenuii (DOSIMIS-3 (MargeOypr,
@®PT")) unm 3anpock! k oneparopy) [Emenssaos, 1998].

Takum o00pa3oM, HHTEIUIEKTyalu3alus Mpollecca MMUTALMOHHOTO MOJESIMPOBAHUS MpHU3BaHa
peUTh Ha3BaHHEIE BHIIIE MPOOIEMBI, CIIOCOOCTBOBATh PACIIMPEHHUIO HAYIHOW Ga3bl MOAEITHPOBAHHS
W clenaTb WMHTAMOHHOE MojaenupoBaHue 3()(eKTUBHBIM CPENCTBOM Uil HPOEKTHPOBIIUKOB,
CICIMAIACTOB-IKCIIEPTOB PA3INYHBIX MIPEIMETHEIX 001acTeil M CHCTEMHBIX aHATUTHKOB.

CHuCTEeMHBI TOAXOM, KaK H3BECTHO, IIONYYHJI ITIPAMCHEHHE B CHCTEMOTEXHHKE B CBS3H C
HEOOXOIUMOCTBIO HCCIICIOBAHUS OOJNBIINX PEeaNbHBIX CHCTEM, KOTAa CKa3ajack HEJOCTaTOYHOCTH, a
MHOTJA ONIMOOYHOCTh MPUHATHS KAaKUX-THOO YAaCTHBIX pemieHHH. Ha BO3HMKHOBCHHE CHCTEMHOTO
MOAX0/Aa TOBIMSUIM  YBEIMYHMBAIOUIEECS KOJMYECTBO HCXOIHBIX JAHHBIX TPH  pa3padoTKe,
HEOOXOJMMOCTD yUeTa CIOXKHBIX CTOXaCTHUECKHUX CBSI3€H B CUCTEME M BO3JCHCTBUI BHELIHEH Cpebl.
[IpryrHaMH €ro HMCMOJB30BAHUS SIBIINCH TPEOOBaHUS YHHUBEPCAILHOCTH MMHTAIIMOHHBIX MOZETei
OTHOCHUTENBHO Ki1accoB Moxenupyembix CJZIC, merkoctn MoauuKamuy MOJENICH, MOIEITUPOBAHHS
CIIO)KHBIX CHCTEM YIPAaBJICHHS COBMECTHO C YIPAaBIIEMBIM OOBEKTOM (BKIIOYAs HCIOJIB30BaHHUE
MMUTAAOHHONW MOJIEITH IIPU YIPABICHUH B peabHOM MacIITade BpeMEHH).

BmecTte ¢ Tem, kak MOKa3bIBaeT MPAaKTHKa MPOBOJMMBIX HAYYHBIX HCCIENOBaHUN B 00NacTH
MOZEIHPOBAHUS CIOXHBIX CHCTEM (M HMMHUTAIIOHHOTO B YAacCTHOCTH), MHOTOOOpaswe yCIOBHI
(YHKIMOHUPOBAHUS U YHHKATBHOCTH Kaxaoi CC mpuBoIuT K TOMY, 4TO pa3pabaThiBaeMble BCAKHN
pa3 cucrembl MmoxenupoBanus (CM) (cucremsr ympaieHus (CVY)) SBIAIOTCS yHHUKaJIbHBIMH,
HETUOKMMH W HETHPAXHUPYEMBIMH. DTO MPUBOAUT K OOJBUIMM IOTEPSIM BPEMEHH W CPEACTB IpH
npoektupoBanuu CJIC, Hu3Kko# 3(h(PpeKTHBHOCTH U OOJBIIIOMY KOJIHYECTBY OMIMOOK Ha BCEX CTAMSIX
MPOEKTUPOBAHUS U MX (DYHKIIMOHHPOBAHUS, UTO, B CBOIO OUYEpEllb, OMPEACIICTCS] HECOBEPIICHCTBOM
COOTBETCTBYIOIIMX MaTeMaTHUCCKUX MOJICIICH.

BBumy Toro, 4ro cuoKHasS CHCTEMa, B 3aBHCHMOCTH OT YypOBHS 3HAaHMH O HEH, menei
HCCTIeIOBAHUS U TOYKH 3PEHUS] aHATUTUKA, MOXKET OBITh OJHOBPEMEHHO M CIO0XXHOW W MPOCTOH, TO,
MPUHKUMAasT BO BHHUMaHHE MHOXXECTBO TPAKTOBOK IMPHU3HAKOB CIOXHBIX cucteM ([Bycnenko, 1973],
[Kactu, 1982] u apyrue), 3a4acTyr0 MPOTUBOPEUYUBBIX, B KayecTBE OOMIMX TpeOOBaHMN, KOTOPBHIM
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JIOJDKHBI yITOBIIETBOPATH CUCTEMBI MOJIENIMPOBaHUS M cucTeMsbl ynpapieHuss CAC, MOKHO BBIIECTUTD
cnenyromue [Kerocuak, 1991]:

1. EnuHCTBO MOAX0/a K PELICHHUIO 3a/1a4 YIIPABICHUS M MOJCTUPOBAHUS HA BCEX UX CTA/IUAX.

2. AnanTrpyeMocTh K M3MEHEHHUIO BHEIITHAX ¥ BHYTPEHHUX yCIoBHi ¢yHKImornposanus CLC.

3. OTKpPBITOCTH IO OTHOIICHHIO K HAPAIINBAHUIO (DYHKIMOHATEHBIX BO3MOKHOCTEH.

4. ITpocToTa ¥ NOHATHOCTb AJIS I10JIb30BATENS.

BrimonHeHne moJo0HBIX yCcIOBUH pa3pabOTKH CHUCTEM YNPaBICHUS W MOJETUPOBAaHUS Tpedyer
cobmozaenus psina npuHIUNoB [Tamm, 1987], Takux kak coBMecTHasi paboTa MPOEKTHPOBIIUKOB U
MOJIb30BATENEH CUCTEM, CTPYKTYPUPOBAHHOCTh MOAX0/1a, OPUEHTHPOBAHHOCTD OTIMCAHUS HA PElIeHHE
OTIpPEeNIeNICHHOr0 KJlacca 3ajay YIpaBICHHS WIM MOICTUPOBaHUS (MPUHIMI OPHEHTHPOBAHHOCTH),
€IMHCTBEHHOCTh CHUCTEMBI JUISl PelIeHHs BCEX 3ajad MPOoOJIEMHOH 00nacTu (IPUHLMN UHTETPALUH),
pasleneHne CUCTEMBI IPUHSITHS PEIleHni M HHQOPMAIIMOHHON 0a3bl ¢ BEIHECEHHEM B Hee TaHHBIX U
3HaHUH O IpeAMEeTHO obiacTu, nepeHeceHHe KOHKpeTHbIX Xapakrepuctuk CJIC mpu npuHATHH
peLICHH B COOTBETCTBYIOIINE 0a3bl JAHHBIX U 0a3bl 3HAHHH.

Kak HeTpyaHO 3aMeTWTh, Ha3BaHHblE M aHAJIOIMYHbIE TpeOOBaHMS BIIOJIHE YKJIAIBIBAIOTICA B
KOHIIETIINKA  OOBEKTHO-OPUEHTUPOBAHHOTO mporpammupoBanus [byd, 1994], wucnonb3oBaHue
KOTOPOTO HIMPOKO MOJAEPKUBACTCS B HACTOSIEEe BpeMs HalUuueM OOBEKTHO-OPHEHTHPOBAaHHBIX
SI3BIKOB IIPOrpaMMHUpPOBaHus (Takux, Hanpumep, kak C++, Object Pasca u ap.).

Ilpm 5TOM mMpOKOE paclpocTpaHEHHE HHTETPUPOBAHHBIX OOBEKTHO-OPHEHTHPOBAHHBIX CpEN
nporpammupoBanus (takux kak C++ Builder u Dephi Client-Server ) ecrectBenHbiM 06pa3zoM
oOecrieunBaeT Kak BO3MOXXHOCTH OOBEKTHO-OPUEHTHPOBAHHOIO aHalM3a, TaK M BO3MOXKHOCTH
00BEKTHO-OPHEHTUPOBAHHOTO MPOEKTUPOBAHUS CJIOKHBIX CUCTEM, YTO MOXKHO OBUIO OBl 0003HAYUTH
KaK OTHOCHTEJBbHO HOBOE HampasiieHne B cuctemosioruu [Kimp, 1990], moposkmeHHOe pa3BUTHEM
00BEKTHO-OPHEHTUPOBAHHOTO TMPOTPAMMUPOBAHHUA M TOSBJICHHEM SI3BIKOB MPOTrPaMMHPOBaHUS,
OpPHEHTUPOBAHHBIX Ha 00paboTKy coObithii (Hampumep, C++ u Object Pascd B cocrase
WHTETPUPOBAHHBIX CPE).

OnHUMM W3 HalpaBIEeHUI MHTEIEKTyalM3allid METOJOB CHCTEMHBIX HCCIENOBaHUI B 00jacTH
00BEKTHO-OPMEHTUPOBAHHOIO AaHaJIM3a W IPOEKTUPOBAHUS CIOXKHBIX JWHAMHYECKUX CHCTEM C
BEPOATHOCTHBIMU TapameTpamu ux ¢yukimonuposanus [Cmopoaunn, 2007a] sBisercs pa3paboTka
METOI0OB M CPEACTB MHTEJJIEKTYaJbHOTO MMUTALIMOHHOIO MOJEJIMPOBAHUSA BEPOSTHOCTHBIX
npousBoacTBeHHbIX cucteM (I1C) u cuctem ympasnenus [1C.

JlaHHOe HampaBiieHHe 00beUHSET B cede!

Kubepnemuueckuii n00X00 K aHANU3Y CJIOKHBIX TUHAMUYECKUX CUCTEM Ha OCHOBE MIMHUTAIIHOHHOTO
MOJIETUPOBAHUS, TO3BOJISIOINM HCCIEI0BATh UX CTPYKTYPHBIE XapaKTEPUCTHUKH;

00bEeKMHO-0PUEHMUPOBAHHYITE aHAIYU3 HA OCHOBE HCIIONB30BAHMS WHTETPHPOBAHHON OOBEKTHO-
OpPHEHTHPOBaHHO# cpensl mporpammuposanus Delphi 5.0 Client-Server;

00bEKMHO-0PUEHMUPOBAHHOE NPOEKMUpoganie CIOKHBIX TIPOIIECCOB M CHCTEM Ha 0ase
UHTETPUPOBAHHON  OOBEKTHO-OPUEHTHPOBAHHON cpembl  mporpammupoBanus C++ Builder B
coBOKYIHOCTH ¢ XML -TeXHOIOTHE.

Peanuzanus kubepHETHHECKOTO TOAXOJa CpPEACTBAMH HWMHTAlMK OOYCJIOBJIEHAa TEM, YTO
UMUTALOHHAs MOJENb IO3BOJISIET JAOCTATOYHO JIETKO OTpakaTb BCE BUIBI CBSI3HOCTH CHCTEMBI,
obecreynBaTh UCCIEIOBAHNE 3aKOHOMEpPHOCTEH ee (DyHKIMOHWPOBAHHSA, a TAKXKE BBISIBIATH HOBBIEC,
HenpensuaeHabie cporictBa C/C. Ilpm sTOM mMox CIOXKHOW TWHAMHYECKOW CHCTEMOW B paMKax
Ha3BaHHOTO HampasieHus monumarorcs CJIC, BKIoyaronye BCTpOeHHbIE U (MITH) BHEITHHE CUCTEMBI
yIpaBlIeH!sl, a TaKKe CHEIMaIUCTOB-3KCIEpTOB (ML, npuHUMaromux pemenus (JIIIP) B cocrase
YeNoBeKO-MalIMHHOTO kKoMIuiekca nmutaryu CJ1C).

[Tpumensiemblii 00beKTHO-OpueHTUpOBaHHbIH aHanu3 CHC ocHOBaH Ha OOBEKTHOM MOAXONE K
MPeAMETY HCCIEeNOBaHUS M MpEACTaBisAeT co0o0il MeToa MACHTH(UKALMHM B 3afadax HCCICAOBAHHS
B3aUMOJIEUCTBYIOIIMX OOBEKTOB MMUTAIIMOHHOW MOJENHM, KOTOpblEe SBIAIOTCS (U3UUECKUMU
kommoneHTaMH  C/IC W XapakTepu3ylOTCS  COOTBETCTBYIONMM  HabopoM  aTpuOyTOB
(IeTepMUHUPOBAHHBIX U BEPOATHOCTHHIX). OTHOLIEHHS MEXIy OOBEKTaMH IpPENCTaBISIIOT coOOoMH
pe3ynpraT pabOTHl MEXaHW3Ma, YIPaBILIONIETO M3MEHCHHEM COCTOSIHHS OOBEKTOB C TEUYCHHEM
BPEMEHH MOCPECTBOM KCIIONIb30BaHMs CHCTeMbl puHsaTHs petueHuii (SPRESH). B cootBercTBum ¢
OCHOBHBIMH  KOHUIENUMSIMH  OOBEKTHO-OPUEHTUPOBAHHOTO  IPOTPaMMHUPOBaHHA  (KIIACCHI,
WHKATCyIsAus, HacnenoBaHue U T.4.) [Byd, 1994] npu BeimonHeHHH 0O0BEKTHO-OPUEHTHPOBAHHOTO
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aHamuza CJIC peanu3oBaHbl  CIEAYIOLIME OCHOBHBIE KOMIIOHEHTBHl JaHHOTO  MOJXOJa:
abcTparupoBaHue, OrpaHUYEeHUE JOCTYIA, MOIAYJIBHOCTE M HepapXHsl.

Abcmpazuposanue npu ananuze CJC moanepkuBaeTcs cpeicTBaMU 00bEKTHO-OPHUEHTUPOBAHHOTO
nporpammupoBanus (OOIT) si3eikoB Object Pasca u C++: HanuymeM OmMCaHUs KIIACCOB OOBEKTOB,
9TO MO3BOJIIET OTAEINTH cymiecTBoBanne obbekta CJIC or ero mosemenus [Abelson, 1985] u, B
KOHEYHOM CYETe, OTACIUTh IMHUTAIIMOHHBIE MOJIEIH MIPEAMETa HCCIIeI0BaHus (a0CTpaKIHs CYIIHOCTH
00BEKTa) OT KOHKPETHBIX MaTeMaTHUECKUX METOJOB ero aHajm3a (a0CTpakius MOBEACHUS 00BEKTa).
Ha ypoBHe KOHKPETHKH HMMHTAIlMOHHOH MOJENH MOBeACHHE OOBEKTOB MOAENH o0ecTednBaeTCs
OIMHCaHHEM KJIacCOB OOBEKTOB, a JEHCTBUS HaJ HUMHU OOECIIEUMBAIOTCS MpPOLEIypaMH U METOIaMH
OMKCAHHBIX KJIACCOB Ha OCHOBE HCIOIB30BaHUS OOBEKTHO-OPHEHTHUPOBAHHOTO s3bika CH++
HHTErpUPOBaHHO# cpeabl mporpammupoBanus C++ Builder, uto mo3Bomimio, Hanmpumep, OCYIIECTBUT
00beKMHO-0PUSHMUPOBAHHOE NPOEKMUPOsaHie TMHAMUIECKOH CTPYKTYPHI TEXHOJIOTHIECKOTO IHKIIa
[PY HAJIWYUM 3JIEMEHTOB MOTeHIHaTbHON onacHocTu [Cmopoand, 2006], , [[onuapos u ap., 2008].
Oepanuuenue oocmyna k o0bekty (B OOIl «wmHKancymanus») W MoOyabHOCHb WMUTAIIMOHHON
MoOZeNnn 00eCIeYnBaIOT BO3MOXXHOCTh BHOCHTH W3MEHEHHS B MOJENH, COXPaHSIsI MpPH 3TOM HUX
Ha/IGKHOCTh 1 MUHHMU3UPYs BpEMEHHBIE 3aTPaThl Ha MPOIIECC BHECEHUS TAKUX U3MEHEHHH.

B kauecTBe WIIIOCTpalMU AaHHOTO MOAXOJa PACCMOTPUM peau3aliio METOAa U MPOTPaMMHBIX
CPeACTB AaBTOMATH3allMK TIpOLleCcCa TMPOEKTHOIO MOJACIHPOBAHHUA PALUOHAIBHOH CTPYKTYpBI
yIpaBiIseMbIX Tpou3BoACTBeHHBIX cucteM (YIIC) mpH Hammguy >JIEMEHTOB MOTCHIHAIBHOM
OIMaCHOCTH, TPU KOTOPOW OCYILECTBIISIETCS pa3felieHHe MPOSKTUPOBAHMS JTUHAMUYECKOW CTPYKTYPHI
TEXHOJIOTHYECKOTO I[UKJIA OT METOJOB pEIICHHS 33Jad INPOCKTHPOBAHHS, KOTOPBIE MOTYT OBITH
BBIHECEHBI B COOTBETCTBYIOILYO 0a3y 3HAHUU.

1. MeTtoa ucciief0BaHNs CTPYKTYPbI TEXHOJIOTHYECKOI0 IIUKJIA

Mertox  wWccieqoBaHUsS — YNPaBISeMbIX  MPOU3BOJICTBEHHBIX  CHCTEM C  MapajuieNibHO-
MOCIIeI0BaTeNIbHON OpraHu3alueil TEXHOIOTHYECKOr0 IMKJIA COCTOUT B MOJTAIHOM HCIOJIB30BaHUH
arperaTHO-TPOLIECCHOTO crmocoba (hopManu3aliy, CO3JaHNs U UCTBITaHHS MMUTAIMOHHBIX MOJAEIeH
BEPOSTHOCTHBIX CETEBHIX IpadukoB. B ocHOBe MeToma JICKUT HMCHONB30BaHUE TPOIECAYP CO3TaHUS
MoJieNiell, KOTOpble SABISIOTCA CpeICTBaMHM Majoil aBTOMAaTH3allMd MOJEIUPOBAaHUS U IO3BOJISIOT
00JIerYuTh peanu3aliio UIMUTALMOHHON MO/IEIN Ha OCHOBE OMOJIMOTEKH YHUBEPCAIbHBIX arperaTos.

s pa3paboTK1 UMUTALIMOHHBIX MOJIENE HCIIOIB3YIOTCS CIEAYIOINE POLEAYPHI:

1. JlekoMIO3UIMsl TEXHOJIOIMYECKOI0 LIUKJIA [0 YPOBHIM HMEpapXUU TEXHOJIOTHYECKUX Olepanuil
MIPU ACTATBHOM MPECTaBICHUU AITOPUTMA UMUTALIUK KOMIIOHEHTOB.

2. Vcnonb3oBaHne OMOIMOTEKH arperaTtoB, COCTOSIICH U3 OrPaHHYCHHOTO YHCIa THIIOB arperaTos,
C TIOMOIIBI0 KOTOPOH MpH H3MEHEHHUH COCTaBa MapaMeTPoOB arperaToB BO3MOXKHO MpeICTaBIEHHUE
100011 CTPYKTYpbI TEXHOIOIMYECKOTO LIUKIIA.

3. Ilapamerpuzanus MMUTALMOHHBIX MOJENEH, IO3BOJAIOMAS MPOEKTUPOBILUKY BBINOJIHATH
KOMIIOHOBKY MOJIEJIM U3 OIPaHWYEHHOI'0 COCTaBa arperaToB B Pa3jMUYHBIX BapHaHTaX OpraHU3aLlUU
TEXHOJIOIMYECKOro LIMKJIa. B coctaB mapamMeTpoB BXOIAT apaMeTphl HACTPOIKU Ha KOH(UTYpaLUIo U
mapameTpbl U TOCTAaHOBKU CEPUH UMUTALIMOHHBIX SKCIIEPUMEHTOB.

[Ipu onucanuy TUHAMUKU MPOEKTHPOBAHHUSA CTPYKTYPHI TEXHOJIOTMYECKOTO IHKJIA MCIIOIb3YeTCs
npeacraBienue YIIC B BuIe BepOATHOCTHOrO ceTeBoro rpaduka. s OPUHATHA MPOSKTHOTO
pemieHus B 0OIIEeM Cilydae HCCIIEIOBATENI0O HEOOXOOMMO OBUIO ITOCIENOBATENFHO BHIMOTHUTE 20
3TANoOB peanu3alii METoa, CXeMa KOTOporo mpeacTasieHa Ha pucyHke 1. [Ipu sToM uccnenosarens
JOJDKEH OBITH TpodeccroHaioM B 001aCTH MPOrpaMMHUPOBAHMS U IPUKIIATHON MaTeMaTHKe, a TaKKe
BJIaJIETh METOAMKON MMHUTAIIHIOHHOTO MOJIEIMPOBAaHMSA Ha OCHOBE arperaTHO-MPOIECCHOIO CIocoba
AMUTAIIAN CIOKHBIX cucTeM [Makcumeit, 2009].

B mpeminokeHHOM MOAXOJE MCHONB3yeTcs pa3pabdoTaHHAas B COCTaBE aBTOPCKOTO KOJUIEKTHBA
ob0bekTHO-opreHTHpoBanHas cpena GraphModel. IpoektHoe MopenupoBanue cTpykTypel YIIC
OCYILECTBIISIETCS. MHOTOKPAaTHO IO €AWHOW TEXHOJOTUH OJKCIEPTOM-TEXHOJNOroM. lcmone3ys
(YHKIIMOHAIBHBIE BO3MOXKHOCTH pa3paboTaHHOH OOBEKTHO-OPUEHTUPOBAHHOW CpeNbl, JKCIEePT-
TEXHOJIOI' COCTaBJIIET COJEp)KaTeIbHOEe ONUCaHHE TEXHOJOIMUYECKOro Ipoliecca MmpousBoicTsa. Kak
IIPaBUJIO, BBIMOJIHAETCS CIEAyolas MOCIeN0BaTeIbHOCTh ASHCTBUN: ONPENesIoTCs YIIPaBIAIolHe
IIEpEMEHHBIE, BBIOMPAECTCS COCTaB KOHTPOJHUPYEMBIX XapaKTEepUCTUK, HETANU3UPYETCH PEXUM
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(YHKIMOHUPOBAHUS TEXHOJOTMYECKOTO IIMKIIA, Omperensercs TexHojormdeckas cxema YIIC ¢
Y4ETOM ONMCAaHUS BHEIIHEH CPEbl.
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C wucrnosip30oBaHHEM OOBEKTHO-OpHEHTHpOBaHHON cpenst  GraphMode  (pucynox 2) B
ABTOMATHYECKOM PEXKUME COCTABIISIFOTCS TAOIUIBI KOMMYTAIMH OTIEPAIlHid U MTOCIEIOBATCIBHOCTh X
BBITIOJTHEHHSI.

T a

Exaviyis Gineos

|

Bnne

-8 8EE-5Eeg
N

S araapar e R
ORES g w e

-

| Bron

Pucynok 2 —Hutepdeiic mpuioxeHus s NIPOEKTHPOBaHUS CTPYKTYpsl YIIC

CIHCOK 3aIpPOCOB PECYPCOB JUIS BHIMTOIHEHHS KaX 0N TEXHOJIOTUYECKOHN onepanu GopMUpYeTcs
B Opolecce MOJCIUPOBAaHUS B HMHTEPAKTUBHOM pexXuMe W (QuKcHpyeTcs B 0ase JaHHBIX
WMHTAIMOHHBIX MOJICJIEeH M JanbHemeld o0paboTKu (pUCyHOK 3).
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Pucynok 3 — OKHO HacTpOHKHM apaMeTpoB JIEMEHTOB CTPYKTYPHI rpada
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2. MeToauka NpUHATHS MPOEKTHBIX pellleHuii Ha ocHoBe cpenbl GraphM odel

J1s IpuHATHSA TPOEKTHBIX PEeUIeHHe HE00X0IUMO, MIPEXK/Ie BCETO, ONMPEACIUTh LEeTIH UCCISI0BaHUS
yIpaBlsieMbIX MPOU3BOJICTBEHHBIX CHCTEM. Peanm3auusi »Toro mara TpeOyeT BBINOJIHEHHS
CIIEAYIONIUX NeUCTBUI:

orpeeNieHus KpUTEPHEB KauecTBa ()yHKIIMOHUPOBAHUS TEXHOJIOTUIECKOTO ITHKJIIA;

ompenenenus 3anad uccienopanus YIIC ¢ moMOIIBIO HMHTAIIMOHHBIX MOJIEIICH;

KOHKpETH3alusi OOOOMEHHOTO0 KpUTEpUs KadecTBa JUIS pEIICHHs MOCTABJICHHBIX 3al1ad
HCCIIeIOBaHUS.

Ha manHoM 3Tane pa3paboTKu MPOrpaMMHOTO MHCTPYMEHTApHs B KauecTBE 3a71ad MCCIICAOBAHUS
paccMaTpUBaIIUCh CIIEAYIOIINE:

BBIOOp PalMOHAILHOTO HAaOOpa TEXHOJIOTHYECKHX IMPOIECCOB W3 MHOMXECTBA BBIMOJIHICMBIX Ha
JAHHOM TPEANPUATHU 10 KPUTEPUSIM MHHUMAIBHON CTOMMOCTH MX pPEaH3alil U MaKCHMAlbHOM
CTOUMOCTH BBIITyCKaeMOW TPOTYKIIUH MPEIIPUATHS;

ompeneNieHHe MPOIMYCKHOW CHOCOOHOCTH — YIPABJIAEMON TPOU3BOACTBEHHOH CHCTEMBI JUISI
HCTIOJIE3YEMOTO cocTaBa 000pyI0BaHMsI, Habopa pecypcoB M CITUCKA UCTIONHUTENICH;

OIICHKa CHIDKEHHS TMPOMYCKHOW CHOCOOHOCTH OO0OpyMOBaHWS NPEANPHUITHS TPH 3aJaHHBIX
BEPOSITHOCTAX BBINIOJHEHU PEMOHTHBIX paboT, BO3HUKHOBEHMS aBapUHHBIX CHTyaludl wu3-3a
HEKauYeCTBEHHOT'O PEMOHTA TIPH MCITOJIB30BAHUH U3JICITHS ITOCTIE €T0 MPOBEICHMS;

HaXOXICHUE «y3KUX MECT» TEXHOJIOTHUECKOTO IIMKJIa MIPOM3BOJCTBA U3-3a CO0EB 000pyIOBaHUS U
JTOTIOJTHUTENBHBIX 3aTPAT Ha JIMKBUIAINIO OTKA30B 000PYI0BaHUS;

onpeneiicHue MaTeMaTHYeCKHX OKHJaHWH W JMCIEPCUl WHTETPATBHBIX OTKIMKOB pacxoja
PECypCOB, MaTEPUAIOB, KOMIDICKTYIOIINUX U 000pYTOBAaHUSI.

[Ipu npoekTHOM MOJENUPOBAHUH CTPYKTYpPHI TexHOornueckoro nuxia YIIC ucnomns3yercs MmeTon
SKCIEPTHHIX OLIEHOK. B mpolmecce MpoeKkTupoBaHHA BBOAATCA (QYHKIMU paclpelesieHHs 3ampocoB
pECYpcoB A KaXAOW TEXHONOTHYECKOW OIepalu, yCTaHABIMBAIOTCS JHANa30HbI H3MEHEHUS
3allPOCOB PECYPCOB M MapaMeTpoB MOAETHpoBaHUs. [Ipu 3TOM BBIOENSIOTCS TPU THIIA MEPEMEHHBIX:
(YHKIIMOHUPOBAHUS KOMIIOHEHTOB Mojienu YIIC, ucmosib3yeMbie B KauecTBe UCXOTHON HH(pOpMAIHn
JUIS  «3alATKA» MOJICNICH; OSTAJIOHBI IOBEICHUS BETBEH TEXHOJOTHYECKOTO TIPU BEpUPHKAINN
QITOPUTMOB MOJICTH; XapaKTEPUCTHKH CPAaBHEHHS TPOCKTHPYEMBIX CTPYKTYp TpPH TPOBEPKE
a/IeKBaTHOCTH MOJEJIH.

[epeBon popmarnpHoro omucanus YIIC B UMHUTAIIMOHHYIO MOJEIbh OCYIIECTBISACTCS Ha OCHOBE
(dhopMupyeMoli B MHTEPAaKTUBHOM pEXXHME 0a3bl JAHHBIX JIEMEHTOB MOJIENIA U OMOJIMOTEK arperaToB-
KOMITOHEHTOB MMHTAIIMOHHBIX Moaeei [Cmopoaus, 20070)].

Takum 00pa3oM, UCIOIb30BaHHE OOBEKTHOI-OpHeHTUpOBaHHOW cpeapt GraphModd npu
MPOCKTHOM MOJICJIMPOBAHNH ONTHMAIBHOW CTPYKTYPHl TEXHOJOTMYECKOTO ITHKJIA YIPaBJISIEMbIX
MIPOM3BOJICTBEHHBIX CHUCTEM MO3BOJISICT OTICIUTH 3aJladuy MPOCKTUPOBAHUS OT METOJIOB M CPEICTB
OTIpeNieNICHHS ONTUMAIILHBIX MapaMeTPOB TEXHOJOTHYECKOTO IMKJIA C TOCIEAYIONINM BBIHECEHHUEM
TaKAX METOJIOB B COOTBETCTBYIOIIYIO 0a3y 3HAHHI.

3akiIoueHne

JanHas pa3pa®oTKa BBIMOJHANIACH B PaMKax CIEIYIONIMX TOCYAapCTBEHHBIX MPOTPaMM Hay4HBIX
HCCTIeIOBaHUH, COOTBETCTBYIOIIMX MPHOPUTETHOMY HANPaBICHUIO (DYHAaMEHTABHBIX U TPUKIIaTHBIX
Hay4HBIX ucclenoBanuii PecrmyOnmku benapych «MeTonbl MOHUTOPHHTA OKpY’KAalOIIEH Cpembl,
IIPOTHO3UPOBAHMUS M NPEAYNPEKACHUS YPEe3BbIYAWHBIX CHUTyallUii TEXHOI'€HHOIO U IPHUPOAHOTO
XapakTepa», yTBep)KIeHHOMY mocTaHoBieHneM CoBera MunuctpoB PecnyOnuku benmapyce 17 mas
2005 roma Ne 512:

1. TocynapcTBeHHOH KOMILIEKCHOM MporpaMMbl Hay4yHbBIX HccienoBaHuid «HaydHbpie OCHOBBI
nHpopmanmoHHbIX TexHodorui u cucrem» (IKITHU «MudoTex») B 2009 —2010 rogax (I'omensckuii
roc. yH-T uM. @. Ckopunsl; pyk. Tembl B.C. Cmopoaun, I'P Ne 20090462; 3ananue «MuboTEX 54%);

2. TocynapcTBeHHOW KOMIUIEKCHOM MpPOTpaMMbl HAay4YHBIX HccieqoBaHui «Hay4yHble OCHOBBI
HHpOpMaIOHHBIX TexHOoorui U cuctem» (I'KITHU «Muporex») B 2006 — 2008 romax (I'omenbCckuii
roc. yi—T um. ®. Cxopunsl; pyk. Tembel M.B. Makcumeii, ['P Ne 20061846; 3ananue «MupoTex 44»);

3. TocymapcTBeHHON TporpaMMBI IPHKJIAJHBIX HAyYHBIX wHccienoBaHuid «Paspabotka
000CHOBaHHE CHUCTEMBI MEp Ul CHIDKCHHS PUCKOB M CMSTYEHHUS TMOCICICTBHN 4Ype3BBIYAHHBIX
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CUTyalluil MPUPOJHOTO M TEXHOT'eHHOro Xapakrepa B PecmyOnuke bemapycws» (I'TIIIN «CHuxenue
PHUCKOB upe3BbIYaiHBIX cuTyaluii») B 2006 — 2008 rogax (I'omenbckuit nmxenepHsli uH-T MUC PB;
pyk. Tembl B.C. Cmopoaun, I'P Ne 20061381; 3ananne «CPUC 16»);

4.T'ocynapCTBEHHOM  IporpaMMbl — OPUEHTHPOBAHHBIX  (DyHIAMEHTaJIbHBIX  HCCIEIOBaHUI
«IloBbIIIEHNE HAIEKHOCTH TEXHHUYECKUX CHCTEM M oOecledyeHHe 3KOJOTMUEcKOi 0e301acHOCTH
TEPPUTOPHI 1 HaceJdeHHs B Upe3BhIYaiHbIX cuTyarusix» (I'TIODPU «HanexHocTh 1 6€301MacHOCTEY) B
2004 — 2005 romax (Iomenbckuii nHxeHepHbI HH—T MUC PB; pyk. temer B.C. Cmoponaun, I'P Ne
20033706; 3amanne «Hamxe:XKHOCTH M 6€301TaCHOCTD 44%).

[Tpu BEITOTHEHUH pa3paOdOTKH UCTIOIB30BANIOCH CTAHJAPTHOE MPOTPAaMMHOE OOecIieueHue, a TAaKKe
crenualibHOe MporpaMMHOe obecrieueHne, paspaboTaHHOe Ha Kadelape MaTeMaTHUeCKUX Mpodiem
yOpaBleHHUs yupexaeHus oOpazoBaHui «[ OMENbCKUI TOCYJapCTBEHHBIH YHUBEPCHUTET WMEHH
@pannucka CKOPUHBDY B COCTaBe aBTOPCKOT'O KOJJIEKTHBA.
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