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BBEJEHHUE

CoBpeMeHHbIE CIEUANNUCTHI B 00slacTu MH(OpMATUKH, WH(GOPMAIIMOHHBIX
CUCTEM U TEXHOJOTUH, MATEMAaTUYECKOTO MOJICIIUPOBAHUS U KOMITBIOTEPHBIX HAyK
B paMKaX YHUBEPCHUTETCKOM MOJATOTOBKH MOJIYYalOT MOATOTOBKY MO HHPOPMATHKE
B IIUPOKOM €ro CMBbICIIe. DTa MOATOTOBKAa MpeaycMaTpuBaeT 0O0ydeHHe OCHOBaM
nporpaMMHpoBaHus Ha si3pikax Pascal, Fortran u ap., cpex mporpamMMupoBaHus
Delphi u rpymmer Visual Studio, coBpeMeHHBIM SI3bIKAM IIPOrPAMMHUPOBAHUS
(C++, JAVA), sa3pikaM 00bEKTHO-OPHEHTUPOBAHHOTO, TUCKPETHO-COOBITUHHOTO
nporpammupoBanusi, UML—-MonennpoBanuio, napamieabHOMY MPOrpaMMHpPOBa-
HUIO U JIp.

Tem He MeHee, ONBIT TTOKA3bIBAET, UTO OHU UMEIOT HEIOCTATOYHBIC 3HAHUS
M0 WHXKCHEPUW TTPOCKTUPOBAHMS M YIIPABJICHUS TMPOEKTaMH, Ka4eCTBY, KOH(PHUTY-
palliy ¥ COOTBETCTBYIOIIUM CTaHIapTaM.

B cBsi3u ¢ 3TUM mpenMeToM 00y4eHHS COBPEMEHHBIX CTYACHTOB, OYIyIIUX
pa3pabOTUYMKOB TPOrPAMMHOTO 00€CTICUeHNS, MEHEI)KEPOB MPOTrPAMMHBIX MPOEK-
TOB, TECTUPOBIIUKOB, BEPU(PUKATOPOB, KOHTPOJEPOB KadyecTBa W Jp. JOJHKHBI
CTaTh HE TOJBKO TEOPETUYECKHE W MPHUKIAIHBIE METOJbI MPOCKTUPOBAHUS, HO U
WHXCHEPHBIC METOJBI YIIPABJICHUS KOJUICKTUBOM, TUIAHUPOBAHUS W OIICHUBAHUS
KauecTBa BBIMOJHSAEMBIX paOOT M YKJIaJbIBaHUS B 3a/JlaHHBIC CPOKU U CTOMMOCTH
POEKTa.

KowmmbroTepasie Hayku BOOOIIE U MPOTpaMMHAst HHKEHEPUs] B YACTHOCTU —
OUYeHb TMOMYJSPHBIE W CTPEMUTEIHHO pa3BUBAIOILIMECS 00nacTh 3HaHuWil. B Ha-
cTosilIee BpeMs pa3paboTKOM MpOrpaMMHOT0O 00eCIIeUeH s 3aHUMat0TCs Kak Ipo-
¢dbeccroHaIbHBIC MPOTPAMMHUCTHI, TAK U CIICIIUATHMCTHI U3 CMEKHBIX 00JacTel 3Ha-
HuM (pusuku, maTemMaTuKu, HTHPOPMATUKHU U JIp.), @ UX UCIOJIb30BAHUE B CBOEH
npodeCCUOHANILHONW paboTe CTAHOBUTCS MAacCOBOM JeATelbHOCThI0. Heobxomau-
MOCTh MPOTPAMMHBIX Pa3pabOTOK B Pa3IMYHBIX 00JACTIX 3HAHUM, B POU3BOJICT-
BE€ U /ISl IOBCEAHEBHOM JKM3HM BO3pacTaeT. B CBs3M ¢ MOCTOSHHO BO3pacTarOII-
MU 00beMaMH TaKUX pPa3paboToOK TpedyeTcs TOTOBUTH KaIpPOBBIN MOTEHIUA, CIIO-
COOHBIN permaTh MPOOJIEMbI  CO3/IaHUS HOBBIX MPOTPAMMHBIX MPOAYKTOB Ha WH-
YKEHEPHOU MPpodeCCHOHATBHON OCHOBE, UCTIOB3Ysl HAKOIUICHHBIHN 3arac 3HaHUH B
o0acT MPOrpaMMUPOBAHMS M YIIpaBieHUs cucteMamMu. OCOOEHHO OCTPO CTOUT
npo0semMa TMOATOTOBKH CHEIUATUCTOB B OOJACTH MAaTEMAaTUYECKOTO U KOMITHIO-
TEPHOTO MOeNupoBaHus. KoMIbIOTEpHOE MOJECTUPOBAHUE HCIIOJIB3YETCS B IIIH-
POKOM CIEKTpe oTpaciiell HayKu, Ou3Heca, MPOU3BOJICTBA, cpepax MaccoBOro 00-
CIly’)KUBaHMs.  Pa3BUTHE CHUCTEM W CpPEICTB aBTOMATHU3AIMH MOCITHPOBAHHUS



CJIO’KHBIX CHCTEM, B YACTHOCTH UMHUTAIIMOHHOTO MOJICIIMPOBAHMS, TPEOYeT aHAIH-
3a CTpaTeruii, HampaBJICHUH U MOAXOA0B K pa3paboTKe KOMIBIOTEPHBIX MOJETCH
CJI0>KHBIX CUCTEM.

B pabote npencraBieHbl MOHATHSI 00 OCHOBHBIX TOCYAapPCTBEHHBIX U MEXKTY-
HapOJHBIX CTaHJapTax IO pa3pabOTKe MPOrpPaMMHOTO OOecCTedYeHHUs, CTaTuud U
3Tambl Pa3pad0TOK, OCHOBHBIC TEXHOJIOTMH KOHCTPYHUPOBAHHS IMPOTPAMMHBIX
MPOJYKTOB, NPUHIIUIIBI, HAMPABICHUS M TOXOIbI K pa3paboTKe KOMIBIOTEPHBIX
MOJIEJIEW U POTrpaMM MOJICIMPOBAHUSA HA COBPEMEHHOM IJTalle, a TAKKE HEKOTO-
pbIe CUCTEMBI Pa3pabOTKU KOMITBIOTEPHBIX MO/IEIeH CI0KHBIX CUCTEM.

OTH 3HAHHS MMO3BOJIAT CHOPMHUPOBATH KOMIIETEHTHOCTh MH)KEHEpPA 10 paspa-
00TKEe MpPOrpaMMHBIX MPOAYKTOB, B YaCTHOCTH IO pa3pabOTKe KOMIBIOTEPHBIX
MpOTrpaMM U CUCTEM JJII MAaTeMaTHYECKOTO0 MOJCIUPOBAHUS PEAIbHBIX OOBEKTOB,
MIPOLIECCOB U SIBJICHUU.

K HuUM MBI OTHOCHM:

— 3HaHUS B 00JIaCTH CUCTEMHOM MH)XCHEPHH,

— 3HAHMS TOCYTAPCTBEHHBIX U MEXKTYHAPOIHBIX CTaHIAPTOB,;

— YMEHUS MPOBOJIUTH CUCTEMHBIN aHAJIU3 B 00JaCTH MIpeaMeTa pa3padoTKH;

— yMeHUs pa3padbaThiBaTh TEXHUYECKOE 3aaHNUE;

— YMEHHUsI ONpeaesITh (PYHKIIMOHAIbHbBIE U He(YHKIIMOHAJIbHBIC TPeOOBaHUS
K pa3padaTbiBaeMOMY MPOrPAMMHOMY OOECIICUCHHIO U COTJIACOBAHMS MX C 3aKa3-
YUKOM,;

— 3HAHUS U YMEHUS MPOCKTUPOBAHUS AITOPUTMOB, CTPYKTYP IAHHBIX U MPO-
IPAMMHBIX CTPYKTYp NPOTPAMMHOI0 KOMILICKCA,;

— BJIQJICHUA HaBBIKAMM aJITOPUTMHU3ALMAM M KOJIUPOBAHUS NPOTPAMMHOIO
o0ecIeYeHuS;

— BJIAJICHUSA METOJAaMHU OTJIaIKu U TectupoBanus [10;

— 3HAHMUSI OCHOBHBIX TEXHOJIOTUI COMPOBOXKACHUA U dKcIutyaraiuu [10.

MareMaTu4eckoe U KOMIBIOTEPHOE MOJICIMPOBAHUE — PA3BUBAIOIIASCS OT-
paciib HAyKHU - SIBJISIETCSI OJJHUM W3 MOIIHBIX HHCTPYMEHTOB MO3HAHUS PEAIIBHOTO
mupa. [lo3ToMmy OCHOBHBIE TEHAECHUIMHU W TOAXOIbl PA3BUTHUSI MATEMATHUYECKOTO U
KOMITBIOTEPHOTO MOJEJIIMPOBAHUS TOMOTYT ONPEAEIUTHCS C HHCTPYMEHTAMU
KOMIIBIOTEPHOTO MOJICIMPOBAHMS U BHIOpATh ONTUMAJBHBIA MyTh K CO3JaHUIO
KOMITBIOTEPHBIX MOJCNIeH. B aTuX 1ensax HeoOX0quMO UMETh:

— 3HaHUSI OCHOBHBIX HAIpaBJeHUN pa3paOOTKH KOMITbIOTEPHBIX MOJICTIEH;

— 3HAHUSA OCHOBHBIX ITOJXOJIOB K pa3pa00TKe MMHUTAIIMOHHBIX KOMITBIOTE]-
HBIX MOJIEJICH CII0KHBIX CUCTEM;

— yMeHHue paboTaTh C CUCTEMaMH KOMITBIOTEPHON MAaTeMaTHKH, CXEMOTEXHHU-

YECKOIro 1 UMHUTAlITMOHHOT'O MOACIIMPOBAHUS.
7



B nepBoii rmaBe paccMaTpuBalOTCs pa3auvHble CTaHAPThl, CTPATErMU, METO-
JOJIOTHH IO pa3pabOTKe M MPOEKTUPOBAHHUIO IMPOTPAMMHOIO OOECHeUYeHUs], MPHU-
Mepbl TEXHUUECKUX 3a/laHui. 3/1€Ch M3JI0KEHBbI HEKOTOPBIE MOHATUS MPOTPaMM-
HOW wmHkeHepuu (Software engineering) B BUJE WX MPUMEHEHHS Ha TPOIECCax
MPOECKTUPOBAHUS, pa3pabOTKU, TECTUPOBAHUS U OLIEHKH KauyeCTBa MPOrPaMMHBIX
CUCTEM JIJIA 3a/1a4 MOJICITMPOBAHUS.

Bo BTOpoil rnaBe npuBeneHb OCHOBHBIC HANPABJICHHS HCCICIOBAHUN I10
pa3paboTKe KOMITBIOTEPHBIX MOJENEH TUHAMHUYECKUX CHUCTEM U MMUTALMOHHOTO
MOJICJIMPOBAHUS CIIOKHBIX CUCTEM. 3/1€Ch MPOBEJICH aHAJIU3 CUCTEM U CPEJICTB aB-
TOMATU3ALUHA AHATATUYECKOIO0 U UMHUTALMOHHOIO MOJEIUPOBAHUS U MPUBEICHBI
TEXHOJIOTHYECKHUE XapPAKTEPUCTUKN HEKOTOPBIX COBPEMEHHBIX CUCTEM MOJEIUPO-
BaHUSI.

B tpetbeil riaBe npuBeneH 0030p pazIUYHBIX MOAXOJI0B K pa3paboTke cuc-
TE€M U KOMITBIOTEPHBIX MOJIENIEH peallbHbIX 00BEKTOB. OCHOBHOM aKLIEHT B IAaHHON
rJIaBe JIeJaeTcsl Ha TEXHOJIOTHH Pa3pabOTKU KOMITBIOTEPHBIX UMHUTAIIMOHHBIX MO-
neneut cinoxHeix cucteM. IIpoBenena kinaccudukanus sI36IKOB U CUCTEM MPOTpaM-
MHUPOBaHUs, pACCMOTPEHbI OCHOBHBIE MOJXO/bI K Pa3pabOTKE CXEMOTEXHUUECKUX
Y UIMHUTALMOHHBIX MOJIENIEH CIO0KHBIX OOBEKTOB JIJISl IPOBEACHUS UCCIIEIOBAHMS U
aHaJu3a MPOLECCOB U SIBJICHUN, MPOUCXOASIINX B 3TUX CUCTEMAX.

YerBepTras ryiaBa MOCBSLIEHA MPUMEpPaM pa3padOTKU aHATUTUYECKUX KOM-
nel0TepHBIX Moaeneii B cuctemax MathCAD, MATLAB u MvStudium, mozaeneii
CHUCTEM MacCOBOTO OOCIY>KMBaHUSI B CPEJICTBAX UMUTALMOHHOTO MOJAEIUPOBAHUS
GPSS, Arena u HEKOTOPBIM BO3MOXKHOCTSM CO3JIlaHHUSI MOJCIECH B cpeje
AnyLogic.

B KoOHIIe Ka)XJ10¥ I1aBbl CTYAEHTaM MpPEAiaratoTcsi KOHTPOJIbHBIE BOIPOCHI U
WM 3a/IaHUsl TIO U3JIOKEHHOW Teme. B KoHIle mocoOust — peKkoMeHayeMas JIUTepa-
Typa, CIIMCOK COKPALIEHUU U TJIOCCApPUH.

JlanHoe mocoOue npeaHa3HayeHo ISl CTYAEHTOB, aCIMPAHTOB, MPErnojiaBa-
TeJel, THXEHEPOB, pa3padO0TYNKOB KOMIBIOTEPHBIX MOJIEJICH M HAYYHBIX paboT-
HUKOB. ABTOp HaJI€e€TCs, YTO U3JI0KEHHAsI MH(GOPMAIIUS TOMOXKET pa3padoTuuKam
KOMITBIOTEPHBIX MOJIEJIeH, HAYYHBIM CIICIHAINCTaM B 00JIACTH MAaTeMaTHYECKOTO
MOJICJIMPOBAHUS ONEPATUBHO BHIOPATh CUCTEMY MOJEIUPOBAHUS, IOCTPOUTDH aJle-
KBaTHBIC TMPUKIIATHBIE MOJIETH, CIHOCOOBI MX PEIICHHs, MEPEeUTH K MOJHOMAC-
mTaOHOMY MCCJIEIOBAaHUIO PEAbHOTO SIBJIEHUS WJIM Tpoliecca Ha MOJENH, Olle-
HUThH PELICHUs] MOJIENEH, NPEICTaBUTh U IPOTHO3UPOBATH MMOBEIECHUE U 3aKOHO-
MEpPHOCTH U3y4aeMoro 0ObeKTa.



[MABA 1. 3JIEMEHTbI MPOMPAMMHOW MHXEHEPWN

[Tportecc pa3pabOTKH MPOTPaMMHBIX CHCTEM TECHO CBSI3aH C O00JIACTBIO
YIPABJICHHS MMPOCKTaMH, MOTOMY YTO JIFOOOW MPOTrpaMMHBIN MPOIYKT SBISETCS
YHUKaJIBbHBIM pe3yibTaToM. OT opraHU3aliy 3TOTO MpoIecca HAMPSAMYIO 3aBUCST
OCHOBHBIC XapaKTEPUCTUKH BBHITIOJHEHUS TPOTPAMMHOTO MPOEKTa — CPOKH BHI-
TIOJTHEHU S, 3aTUIAHMPOBAHHBIHN OIOJKET, KAYeCTBO BBIITYCKAEMOTO MPOTYKTA.

Ho mpodeccuonanbHoe ymnpaBiieHHE MPOSKTAaMU caMoO MO ce0e HE MOXKET
00ECTIeUNTh OCTIKEHUSI YKA3aHHBIX XapaKTepUCTUK. HemanmoBakHyr poiib B
ATOM UTPAET apXUTEKTypa MPOTrPAMMHON CHCTEMBI, OTBIT M KBATH(PUKAIIAS yda-
CTHUKOB KOMaHJbl pa3pabOTKH, a TaKXe MPaBUIBLHOE JOKYMEHTHUPOBAHHME BCEX
MPOIIECCOB Pa3pabOTKU MPOrPaMMHOIO OOECIICUCHHS.

B naHHO# T71aBe paccMaTpHUBAIOTCS PA3IMYHBIE POCCUICKUE U MEXKIYyHAPOI-
HBIE CTaHIApPThI, PETIaMEHTHPYIONINE OPTraHM3alUI0 TpoIecca pa3paboTKu, I0-
KYMEHTHUPOBAHUE OTAEIbHBIX 3TANOB U MPETHA3HAYCHO ISl U3YUESHUS MTOCIIeI0Ba-
TEIBLHOCTH JICHCTBHIA MPOTPAMMHUCTA U UCCIEAOBATEINS JJIs Pa3pabOTKH M MPOCK-
TUPOBAHUSI KOMIBIOTEPHBIX MOJIENIed U MPOrpaMMHOI0 00€CTeueHus Jisi MOJe-
JUPOBAHKS PEANTHHBIX 00BEKTOB. B 1eMIX 03HAKOMIICHUS IPUBOIATCS PA3TUIHBIC
CTpaTeTuu pa3pabOTKU MPOTPAMMHOI0 oOecriedeHus: (MOJIEIH KU3HEHHOTO UK
MPOTrPaMMHOTO TIPOJyKTa). bojee MmMoapoOHO 3TH CTpaTeruu MPOSKTUPOBAHUS,

pa3pabOTKH M TECTHPOBAHMS IMPOIPAMMHOIO OOECIIEUCHHUS MOXKHO H3YYUThH II0
kauram [1-12, 27-29, 33,34, 36-49].

1.1. CtaHgapTbl, cTagun n aTanbl pa3paboTok
nporpamMmmMHoro obecneveHus

PaccmoTpum MexxmyHapoaHbIe U pa3IMYHbIC TOCYAAPCTBEHHBIC CTaHIAPTHI Ha
pa3paboTKy NPOrpaMMHOI0 00ECIIeYeHHs] UM aBTOMATU3UPOBAHHON CUCTEMBI, J0-
KyMECHTAIMK, HHPOPMAIIHOHHOTO, TEXHUYECKOro obecredenus u T.4. [14-26, 30-
32].

Cranpaptel koMmiuiekca ['OCT 19 mpencraBnsitor co00i BCEOOBEMITIOIIHI
KOMIUIEKC, KOTOPBIN YCTaHABJIMBAET 11€JIEBOE€ Ha3HAUYCHHUE, 00JIacTh pacmpocTpa-
HEHMsI, KJIacCH(HUKAIMIO U MpaBuia 0003HAYCHUS CTaHAAPTOB, BXOJSAIINX B KOM-
iekc Enunoit cuctemsl nporpamMmuoi noxkymenrtaruu (ECILT).

Enunas cucremMa mporpaMMHON JOKYMEHTAIlMM — KOMIUIEKC TOCYAapCTBEH-
HBIX CTaHJapTOB, YCTaHABJIMBAIOIIMX B3aWMMOYBS3aHHBIC MpaBUiia pa3pabOTKH,
oopMieHUST U OOpalleHus] MPOrpaMM W TPOTPAMMHON JOKyMEeHTaIruu. B craH-



naptax ECII/] yctanaBnuBaroT TpeOOBaHMsI, perJaMeHTUPYIOIINE pa3paboTKy, cO-
IIPOBOKJEHUE, U3TOTOBJIEHUE U IKCILTYaTaLUIO IPOTPAMM.

Cranpaptel komiuiekca ['OCT 34 Oblmu co3mgaHbl JUIs CTaHAAPTU3ALUA U
YBSI3KA MEKOTPACIIEBBIX TOKYMEHTOB B KOHIIE 80-X T010B. OOBbEKTaMU CTaHIAPTH-
3allMM SIBJIAIOTCS aBTOMATHU3UPOBAHHBIE CHCTEMbl PA3JIMYHBIX BUAOB, HE TOJIBKO
nporpaMMHoe obecriedeHne u 0a3a qaHHbIX. Hanbosee momyssipHBIMU CUYUTAIOTCS
cranaaptel [OCT 34.601-90 (ctamuu co3gaHusi aBTOMAaTU3UPOBAHHOW CHCTEMBbI),
['OCT 34.602-89 (TexHHMYecKoe 3aJaHUE Ha CO3[JaHUE aBTOMAaTU3HUPOBAHHOM CHC-
teMbl), [[OCT 34.603-92 (Buabl UCTIBITAHUI aBTOMATU3UPOBAHHBIX CHUCTEM) U Me€-
tonnyeckue ykazanus PJ[ 50-34.698-90 (TpeGoBaHusi K COJAEpKaHUIO TOKYMEH-
ToB). CTaHIapThl IPEAYCMATPUBAIOT CTAJNH U ITAIlbl BBHIIIOJIHEHHUS PpalOT MO CO3-
JTAHUIO0 aBTOMATH3WPOBAHHOW CHCTEMBI, HO HE MPEIYCMAaTPUBAIOT CKBO3HBIX IPO-
LIECCOB B SIBHOM BUJIE.

Kpome nepeuncnennsix cranmaptoB B Poccuiickonn ®enepaunu IeUCTBYET
cepusl CTaHJApPTOB B YaCTHU JOKYMEHTHPOBAHUA U OLIEHKH KadyecTBa MPOTPaMMHO-
To MPOAYKTa, pa3pabOTaHHBIX HA OCHOBE MPSIMOTO MPUMEHEHUS MEKTyHAPOIHBIX
crangaptoB 1SO 9000 — ISO 9004, tak nazpiBacmbie [[OCT P [19-26]. D10 cambie
HOBBIC CTaHIAPTHl. HeKOTOphle M3 HUX HANPSAMYIO aJpPECOBAHBI PYKOBOIUTEISIM
MPOEKTa WIIU JUPEKTOpaM UH(POPMAITMOHHBIX CITYXkO.

ba3oBbIM cTaHAAPTOM pETIAMEHTUPOBAHUS KadyecTBa IMPOTPAMMHOTO IPO-
IyKTa paHee sBisuica MexayHaponubiii cranmapt I1SO 9126: 1991 (I'OCT P
NCO/MBK 9126 — 93) «Mudopmanmonnas texHoiorus. ONeHKa MPOrpaMMHOTO
MPOyKTa. XapaKTEPUCTHUKN KauyeCTBa W PYKOBOJCTBO MO WX NMPUMEHECHHUIO». 3a
MoCJIeIHNE TOABI  paszpadborano psia cranmapto 1SO 9126-1, 1ISO 9126-2, ISO
9126-3, 1SO 9126-4, pernaMeHTUPYIOMIUX MPOIECCHl U MPOAYKTHI KU3HEHHOTO
IIUKJIa TIPOTPAMMHBIX MPOAYKTOB M 0a3 JTaHHBIX, KOTOPBIE MOTYT CIY>)KHTh OCHO-
BOU JIJI CUCTEM OOECTICUCHHsI Ka4eCTBA MTPOTrPAMMHBIX MTPOTYKTOB.

MesxnyHapoanbiii ctanmapt ISO/IEC 12207: 1995-08-01 siBisiercst 6a30BbIM
Ha TIPOIECCHI KU3HEHHOTO IHKJIa pa3pabOTKU Pa3IMYHBIX BHJIOB MPOTPAMMHOTO
oOecIieueHus U THITOB MPOSKTOB aBTOMATU3UPOBAHHBIX CUCTEM. B 3TOM cTaHmapre
HE TMPEAYCMOTPEHO KAKUX-THOO 3TaroB >KU3HEHHOTO IWKJIa HH(POPMAIMOHHON
CUCTEMBI. DTOT CTaHJAPT OMpENENAeT JUIIb PsJ MPOIECCOB: MPUOOpETEHUE, Mo-
craBKka, pa3paborka u T.1m. Coriacuo ISO/IEC 12207, xaxplii mporece moapase-
JE€TCS Ha P ACUCTBUM, KOXKI0€ JEUCTBUE — HA pAl 3aaad. CTaHaapT NpuHIUANU-
QJIBbHO HE COJICPKUT OMHUCAHUSI KOHKPETHBIX METOJOB JICHCTBUIA, a TeM OoJiee — 3a-
TOTOBOK PEIICHWA U JoKyMeHTarui. CTaHaapT He MPEANKUChIBaeT UMeHa, (hopma-
Thl WIM TOYHOE COJIEp KaHHe TOJydaeMon JIOKyMeHTanuu. Pemenue Takoro tumna

MMPUHUMAKOTCA CTOPOHAMH, NCIIOJIB3YIOIIUMU CTAHOAAPT. Crenenb 0053aTEIIBHOCTH
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paccMaTpuBaeMOro CTaHjapTa CIeayIolas: Mmocje pelieHrus OpraHu3aluu o Ipu-
meHeHnun 1SO 12207 B xauecTBe TOProOBBIX OTHOIICHUHN SIBIISIETCSI €€ OTBETCTBEH-
HOCTh 32 YKa3aHH€ MUHUMAJILHOTO Habopa TpeOyeMBbIX MPOLIECCOB U 3aj]1ad, KOTO-
pbie 00eCIeYnBAIOT COTJIACOBAHHOCTH C 3TUM CTaHIaPTOM.

Mexaynaponnsiii ctangapT SO 14598 nmocesiiien MeToM0I0TUM U CTaHIap-
TU3AIMU OIICHKH XapaKTEPUCTHUK KAa4eCTBA TOTOBBIX MPOTPAMMHBIX CPEICTB U UX
KOMITOHEHTOB Ha Pa3JIMYHBIX dTanax >KU3HEHHOTO 1HMKIIA.

MeTom0I0THYECKHUE U CHCTEMHBIC 33/1a4 OIEHKH KOMIUICKCHOW 3aIlUThl WH-
(dhopMaIlMOHHBIX CUCTEM OIpeiesieHbl B Tpex yacTsax cranaapra 1SO 15408: 1999-1
— 1SO 15408: 1999-3 «Metonb! u cpeactBa obecrieuenus OezonacHoctu. Kpure-
pHUU OLICHKH 0€301aCHOCTH MH(POPMAIIMOHHBIX TEXHOJIOTUID.

B 1987 rony amepukanckuii uacturyt Software Engineering Institute (SEI)
BBIITYCTHJI KpaTKUil 0030p mporieccoB pazpabotku [10 ¢ onucannem ux ypoBHEH
3peJIOCTH M OTPOCHUK, MPETHA3HAYCHHBIN IS BBISABICHUS TPOOIEM pa3paboTKu
[10. Ha ocHoBe 3Tux uccnepoanuii 1991 roxy Obut BeimyteH, a 1992 roay B Ho-
BOi Bepcum paspaboran cranmapt Capability Maturity Model for Software
(CMM). DT1oT craHmapT NPEACTaBiIsIeT HMHTEpPEC IS Pa3pabOTUMKOB, TaK Kak
3[1eCh MpEACTaBIIeHA IIKaja OICHKH 3peJoCTH mpoieccoB pazpabotku [10 B kom-
MaHUU U JJI1 U3MEPEHUS UX TTapaMeTpPOB.

Kpome BrITIIETIEpEUNCICHHBIX CTAaHAAPTOB CYIICCTBYIOT U APYTHE METOIUKH
pa3pabOTKH MPUKIATHBIX HHOOPMAIIHOHHBIX CHCTEM

Custom Development Method (meToauka Oracle) — TeXHOJOTHYECKUIT MaTe-
pua, JeTaTu3uPOBAHHBINA IO YPOBHS 3arOTOBOK MPOEKTHBIX JOKYMEHTOB, pac-
CUMTAHHBIX Ha MCTOJh30BaHNE B MpoeKkTax ¢ mpuMeHenneM Oracle. [Ipumensercs
CDM pns knaccudeckoit monenu XKL (mpeaycmMoTpensl Bce paboThl/3a1auu U
ATAaIlbl), a TaKXKe IS TeXHoJoruil "ObicTpoit pazpadbotku (Fast Track) mmm "00-
JIETYEHHOTO MOAX0/1a", pPeKOMEHIYEMBIX B CITy4ae MaJIbIX MPOECKTOB.

Rational Unified Process (RUP) npemiaraetr ntepatuBHYIO MOJIEb pa3pa-
OO0TKH, BKITIOYAIOIIYIO YeThIpe (ha3bl: HA4allo, HCCIIeOBAaHUE, TOCTPOCHHE U BHE-
npenne. Kaxnas gaza MmoxxeT ObITh pa30uTa Ha 3Tansl (MTEpAIK), B pe3yibTaTe
KOTOPBIX BBIITYCKAETCSI BEPCHSI I BHYTPEHHETO WJIM BHEIITHETO MCTIOIb30BAHMSI.
[TpoxoxaeHne yepes 4eThipe OCHOBHBIE (ha3bl HA3bIBACTCS IIUKIOM pa3paboTKH,
KaXXIbIM LIMKJ 3aBEPIIACTCS T€HEpaLMEN BEpCUU cUCTEMBI. Eciu mmociie 3Toro pa-
00Ta HaJl IPOEKTOM HE MPEKPAIAETCs, TO MOTYICHHBIN MPOIYKT MPOA0IKACT
pa3BUBATHCS U CHOBA MUHYET T€ ke (a3pl. CyTh padboTsl B pamkax RUP — 3t0
CO3/IaHUE U CONIPOBOKACHUE Moeneit Ha 6aze UML.

! http://it-claim.ru/Education/Course/ISDevelopment/Lecture_5.pdf
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Microsoft Solution Framework (MSF) cxonna ¢ RUP, Taxke BKIIroUaeT ue-
ThIpe (a3bl: aHATU3, TPOCKTUPOBAHKE, pa3pabOTKa, CTAOUIN3aIus, SIBISICTCS UTE-
PallMOHHOM, MPEANOaraeT UCroiIb30BaHUE 00bEKTHO-OPUEHTUPOBAHHOTO MOJIE-
aupoBanusi. MSF B cpaBuenuu ¢ RUP B Gounbliieit crenenn opueHTHpOBaHA HA
pa3paboTKy OM3HEC-TIPUIIOKECHUIA.

Extreme Programming (XP). DkcTpeManbHOE IporpaMMHUpOBaHUE (caMast
HOBAsi CPEe/IM pacCMaTPUBAEMbIX METO0JIOTHIA) chopmupoBanocs B 1996 rony. B
OCHOBE METOI0JIOTUU KOMaH IHasl paboTa, 3¢ (HeKTUBHASI KOMMYHHUKAIUS MEXTY
3aKa34YMKOM U HCIIOJIHUTENIEM B T€YEHHUE BCero mpoekTa no paspadorke MUC, a pasz-
paboTKa BeAeTCs ¢ UCIOIB30BaHUEM MOCIIEI0OBATENILHO 10padaThIBA€MbIX IPOTO-
THUIIOB.

Nudopmanuio 06 3THX CTaHAAPTaX U METOJOJIOTHUAX MOXHO HANTH B CETH
HNuTtepHer.

Pa3paboTka aBTOMaTH3MPOBAHHOW CHUCTEMBI M peaH3alis TEXHUYECKOTO,
IPOrpaMMHOr0 U MH(OPMAIIMOHHOTO OOECleyYeHUs Uil peleHUs MaTeMaThye-
CKOM MOJIEI UMEET CBOM ATAlbl U 0COOCHHOCTH. PaccMOTpHUM 3T 3Tambl ¢ TOUKH
3peHUs MOHATHSI )KU3HEHHOT'O LIMKJIa porpaMmsbl. [IporpaMMHBIN POAYKT co3/a-
eTCsl TPyNmoi pa3paboOTYMKOB, OHO UMEET BPEeMs XKU3HU, KOTOPOE 3aBHCUT OT
MHOTUX (PaKTOpOB W MIpoAJieBaeTcs B pe3yibTare Moaupuxanuil. XKu3HeHHBbIH
IIUKJT POTPaMM MOXHO TIPEJICTABUTh U3 IBYX OCHOBHBIX IEPHOJIOB:

- pa3paboTKu

- WCTOJB30BaHUS U COMPOBOXKICHUS.
[lepuon pa3pabOTKK COCTOUT U3 TPEX CTAIAMM:

- NPEONpPOEKTHOM,

- IPOEKTHUPOBAHUSA

- BHEJpEHUSI.

PaccMoTpuM  KU3HEHHBIM LMK aBTOMATU3MPOBAHHON WH(OpMAIMOHHON
cuctembl (mporpammuoro obecneuenus) cornmacHo 'OCT 34. CormacHo 3TOMy
I'OCTy pa3paboTka nHOOPMAITMOHHONW CHCTEMBI Pa30MBACTCS HA CTAJNH U dTa-
TIBI.

1. llpennpoekTHasi CTaAUA — TAK Ha3biBaemMasi cTaausi (POPMUPOBAHUS
TPe0OOBaHUI K aBTOMAaTHU3MPOBAHHOM CHCTEMe.

OcHOBHas LIeTb TPEANPOEKTHON CTaauu SBJsIETCSI 000OCHOBAaHUEM HE00XO-
JUMOCTH U IIeTIECOO0pPA3HOCTH CO3/IaHUs MPOTPAMMHBIX CHUCTeM. B pesynbrare
IIPEAIPOCKTHOTO O0CIeIOBaHUS OOBEKTA OMNPEIACSIOTCS MEIH pa3padoTKH, -
(GEKTUBHOCTh U HEOOXOAUMOCTH. [Ipy MpeanpoeKTHOM HCCIeIOBAaHUH OCYIIECTB-
JSIeTCSl M3YYEeHUE U aHaJU3 CYIIECTBYIOUIUX AHAJOTUYHBIX MPOTPAMMHBIX MPO-

IyKTOB. BhISIBISIOTCA 11€H, KpUTepuu 3PPEKTUBHOCTH, CYIIECTBYIOIINE OTPaHU-
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YeHus JUIsl pa3paboTKU MPOrpaMMHOTO MPOAYKTa B LIEJIOM U €€ MOAYJIEH, yTOUHs-
eTCsl IepeueHb MOJYJIEH, BBHIMIOJIHAEMbIE UMU (DYHKLIMHU, pelIaeMble 3amaun. JTa
CTausl MOJpa3eIsieTCs Ha PsAJl ATAIOB.
Oman pa3zpadomku KoHuenuuu aemoOMamu3upoéanHou cucmemst. Ha
ATOM 3Tarie MPOBOJATCA CIAEAYIOIIHNE PAOOTHI:
1. IlpenBapurenbHoe oOcnenOBaHUE, H3ydyeHUE OOBEKTa M OOOCHOBaHHE
HE0OXOMMOCTHU Pa3pabOTKN aBTOMATU3UPOBAHHOU CUCTEMBI;

2. TlpoBenenue HEOOXOIUMBIX HAYIHO UCCIEAOBATEILCKUX PadoT;

3. ®opmupoBaHue TpeOOBAHMM 3aKa3uMka M pa3padOTKa BapUAHTOB KOH-
LEMIUNA aBTOMAaTU3UPOBAHHOM CUCTEMBI YIOBIETBOPSIOLIEH 3aKa3YUKYy;

4. Pa3zpaboTka oT4eTa O MPOJENIAaHHON padoTe W 3aiBKU Ha pazpabOTKy
TEXHUYECKOTO 3a/IaHuS.

Jman pazpadbomku u ymeeprcoeHue mexHu4ecko2o 3a0aHus Ha pa3pa-
00mMKY agmomamu3upo6anHoll CUCHIEMDbL.

TexHuueckoe  3aJaHue MPEACTaBISET COOON YTBEPKACHHBIN B YCTAHOB-
JIEHHOM MOPSAKE TOKYMEHT, ONPEAEIISIIOINI 1€, TPEOOBAHNUSI U OCHOBHBIE M C-
XOJIHbIE JJaHHBIE, HEOOXOAUMBIC ISl Pa3pabOTKU CUCTEMBbI, U COJACPKAIIUI Mpei-
BApUTENIBHYIO OLIEHKY €€ SKOHOMUYECKON 3P (HEKTUBHOCTH.

Cymectyer nBa pa3Heix ['OCTa, mo3Bossitomux pa3padoTaTh TEXHUUECKOE 3a-
JaHKE:

[Tpu co3mannu MporpaMMHOTO MPOTYKTA WM €T0 KOMITOHEHTA UCTIONIB3YETCS
['OCT 19.201-78 «Ennnas cuctema mporpaMMHON JOKyMEHTAIMH. TeXHUYeCKoe
3ananue. TpeOoBaHUs K COMEPIKAHUIO M OPOPMIICHUIOY.

[Ipu pa3zpaboTke aBTOMaTU3UPOBAHHON UH(OPMAITMOHHOW CUCTEMBI UCIIOJIb-
syetcst [OCT 34.602-89 «udopmarmonnas rexunosnorusi. Komruieke ctanaapToB
Ha aBTOMAaTU3UPOBAHHBIE CUCTEMbI. TeXHUYECKOE 3a/laH€e Ha CO3JJaHuE aBTOMa-
TU3UPOBAHHOW CUCTEMBDY.

TexHuueckoe 3aJaHue omnpeaenseT TpeOoBaHUs K 3a7adyaM MPOrpaMMHOIO
o0ecriedyeHrss M0 KOMIbIOTEPHOMY MOJEIUPOBAHHIO, TEXHHUUECKOMY, MH(OpMa-
MOHHOMY M MaTeMaTH4YeCKOMY OOECIEUYEHHUI0 MPOrpaMMbl MOJEIUPOBAHUS U
pErJIaMEHTHPYET OPTaHU3aIUI0 Pa3paboTKH, 00bEMBbI PabOT U 3aTPaTHI.

[Tpu pa3zpaboTKe TEXHUYECKOTO 3aJaHMs YCTAaHABIUBAIOTCS O4YEepEau CO3/1a-
HUS ¥ OTNPENETSETCs MepeueHb MOAYJIeH W MaTeMaTUYEeCKUX 3a/ad, MPeayCMOT-
PEHHBIX B COCTaBE KAXK0I 0Uepe/iu.

Texaudeckoe 3amaHue — 3T0 OQUIMATBHBIA JOKYMEHT, OIPEACIISIOIIHIMA
TpeOOBaHMS K CO3/]aBA€MOM CUCTEME!
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® OCHOBaHHUE JJs1 pa3pabOTKU: MOCTAHOBJICHHE WM MPHUKA3 BBIIICCTOSIEH
OpraHH3allNH;
® OIMMCAHUS CPEJIbI UCITOJIb30BAHUS TPOTPAMMHOTO O0ECTIICUCHUS;
® COCTaB MOAYJEH M MaTeMaTHUECKHUX 3a/ad ¢ 0OOCHOBAHHBIM yKa3aHUEM
OUYEPETHOCTH WX pa3pabOTKU U BHEAPEHUS;
® YKpYIHEHHBIC CXEMBI AJTOPUTMOB PEIICHHUS MaTEMaTHYECKOH 3amadul U
3amayn pa3paboTku mMHTEepdeiica moap3oBaTes (OJIO0K-CXeMBI, MCEBIOKO-
TIbI, TUATPAMMBI U T.11.);
® TIepeyYCHb MPEABAPUTEIHHO BEIOPAHHBIX TEXHUUECKHUX CPEJICTB;
® HaMmedJaeMbIil pa3Mep 3aTpaT U YKPYIMHEHHBIH pacdeT SKOHOMHUYIECKOH d(h-
(EeKTUBHOCTH.
Jlist 3aj1ay MaTeMaTuyecKoro MOJICTUPOBAHUS HA 3TOM dTare MOTYT ObITh
MIPOBEJICHBI CIEIYIOINE PabOTHI:
— ompejeNieHne TIaTGopMbl UK TUIA OTMEPAMOHHON CHUCTEMBI ISl pas3pa-
ootku iporpammel (MS DOS, Windows, Unix, Mac);
— OLIEHKa HE0OXOJUMOCTH CETEBOT0 BapuaHTa MPOrpamMMmbl;
— ompejeienrne 0a30BbIX Cpel M s3BIKOB mporpammupoBanus Visual Studio
(Visual Basic, Visual C++, Visual C#), Pascal, Fortran u cpen paspaboTku
uHTepdeiica mporpammuoro mpoaykra Delphi, Dreamviewer, FrontPage u
Ap.;
— ompeneneHrue TpeOOBaHUM K CpelcTBaM 0O0pabOTKH pe3yiabTaTOB MOIEIH-
pPOBaHUS;
— ompejiesieHre TpeboBaHui K HHTEpQEHCy KOHEUHOTO MOJIh30BATEIIS.
[Tocne sxcrepTU3bl U KOPPEKTUPOBKH TEXHUYECKOE 3a/I1aHNEe YTBEPKAAIOT B
YCTaHOBJICHHOM TOPSKE.
2. CTaaus NpoeKTHPOBAHUS
[Tocne yTBep>KaeHUsT TEXHUUECKOTO 3a/IlaHus BBIICIAIOT CIICIUaTu3UpPOBaH-
HBIE TPYIIIbI, KaXAast U3 KOTOPBIX BEJAET Pa3pabOTKy OJHOW WM HECKOJIBKHUX MO-
nysen (MoacucTeM). DTH TPYMINbl YyTOYHSIOT MepeueHb 3a1a4d 1Mo (QyHKIHOHATb-
HBIM TIOJICUCTEMAaM, UX TIOCTAaHOBKY W aNTopUTMH3aIuio. [ pynmsl paboTaioT BMe-
cTe ¢ pa3paboT4MKaMH MPOrpaMMHOTO OOecredeHusl, TPOBOAsS B3aMMHOE COTJia-
COBAaHHE COCTaBa M XapaKTEPUCTUK BXOJIHBIX M BBIXOAHBIX CUTHANIOB. OTAEIbHBIC
IpYyMIbl CHEIMATMCTOB CO3/1al0T Pa3/Iesibl TEXHUYECKOTO MPOEKTa, OTHOCSIINECS K
TEXHUYECKUM CpPEACTBAM 3KOHOMUYECKON 3ppexkTuBHOCTU. Pe3ynbraTtoM paboThl
BCEX TPYMI SIBJISETCS TEXHUYESCKUI MPOEKT.
[TpoekTHas cTaaus MOAPA3AENICTCS Ha PSAJ ITAIOB.
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Oman pazpadomKu ICKU3HO20 NPOEKMA AGHMOMAMUZUPOCAHHOI CUCHIe-
Mbl. DCKH3HBI NPOEKT — JOKYMEHTUPOBAHHOE OINMCAaHUE IPEIaraeéMoro mnpo-
rpaMMHOro obOecreueHus. 3/1ech pa3paldaThIBalOT MpPEABAPUTEIbHbIE NPOECKTHHIE
peIlIeHusI IO BCEH CUCTEME M IO €€ YacCTsIM, OMPENESIOTCS CIePUKAIIUN, CO3-
JaroTcst (popmalibHble MOJIENH (IUarpaMMbl TOTOKOB JIAaHHBIX, «CYIIHOCTb-CBA3bY,
NEPEXO0JI0B COCTOSHUMN, (PYHKIIMOHANbHBIE qUarpammsbl). Ero moaroroBka mo3Bo-
JISIeT BBINIOJIHUTH HAa4YaJIbHBIC JTallbl IPOCKTUPOBAHMS, IIPEACTABUTh 3aKA3UUKY B
ynoOHON (opmMe HaMeuyaemble OCHOBHBIC MPOEKTHBIC pemieHus. Eciu mpunato
pelieHre o pa3paboTKe ICKU3HOTO MPOEKTa, OH JOJKEH OBITh COIJIaCOBaH U YT-
BEpXKJIECH 3aKa3uukoM. Ha craguu moAroTOBKH TEXHUYECKOIO MPOEKTa PELICHMS,
CoJIep KaIlMecs B 3CKU3HOM IIPOEKTE, KOPPEKTUPYIOT U ACTAIA3UPYIOT.

Jman pazpabomku mexHuuecko2o npoexkma. TEXHUYECKUU NPOEKT —
IPEJCTaBISIET COOOW YTBEP)KIEHHYIO B YCTAHOBJICHHOM MOPSJIKE TEXHUYECKYIO
JOKYMEHTAIUIO, COJAEPIKAILYI0 O0IIECHCTEMHbIE IPOEKTHBIE PEIIEHUs (ONTMCaHU,
CXEMBI, pacueThl, YSPTEIKHU, YUCIOBBIC TTOKA3ATESIH U T.J.), AITOPUTMbI PEIICHHS
3a/lay, a TakKe OLEHKY SKOHOMUYECKON 3((HEKTUBHOCTH CUCTEMBI M NEPEUEHb
MEPOIPUITHIA 10 TMOArOTOBKE 00BEKTa K BHEAPEHHIO. PazpaboTka TEXHUUYECKOTO
IIPOEKTa BEJETCS HA OCHOBAHMM YTBEP KJICHHOIO TEXHUYECKOIO 3a/JlaHHs B TaKOH
MOCJIEI0BATEIBHOCTU: OOUINI TEXHUUYECKUNA TPOEKT; TEXHUUECKUN MTPOEKT MEPBOM
ouepe/v; TEXHUUECKUI TPOEKT BTOpor ouepean. PazpaboTka TEXHMYECKOro Mpo-
€KTa BTOPOI OYepear MOKET IPOBOAUTHCS HE3ABUCHUMO OT CTEIIEHH 3aBEPLIEHHO-
CTH paboT 1o NepBOi ouepeau. B OTAeNbHBIX CIOXKHBIX CIIy4asX, KOIr/a HEBO3-
MO’KHO BBISIBUTH PAllMOHAJIbHBIE MPOEKTHBIE pelleHust 0e3 COMOCTABIEHUSI BapU-
aHTOB, HA CTAJIUM TEXHUYECKOTO MPOEKTa JOJIKHBI MPOpadaThIBAThCSA Pa3INUYHbIC
BapHaHTbI; OJIHAKO HEOOXOJMMOCTbh TaKOW MpPOpabOTKM HECKOJIbKMX BapUaHTOB
J0JKHA OBITh yKa3aHa B TEXHUYECKOM 3a/IaHUH Ha MPOTpaMMHOE 00ecrieyeHue.

Yame Bcero oOmMi TEXHUYECKUN MPOEKT COCTOUT M3 CICAYIOIMMX pa3fie-
JIOB.

® BEIOMOCTh TEXHHYECKOTO MPOEKTa, OOLIasi U MOsICHUTENbHAs UH(pOpMaLus
K TEXHUYECKOMY MPOEKTY;

® OINUCaHUE CHUCTEM KjaccCU(UKAIMU U KOJIUPOBAHNUS,

e 00Ias CTPyKTypa MpOrpaMMHOT0 OOECHeUeHHs] C yKa3aHUEM MOJIyJied U
o0LIMX MNPUHLMIIOB (PYHKIMOHUPOBAHMS CHCTEMBI, MEpEeYyHEM 3ajaad, pe-
[IaEMBIX B COCTABE Ka)JI0r0 MOAYJIS, U BBIXOJIHBIE MIApAMETPHI 3a1a4, CXe-
MBI CBSI3€M MEXKIY MOJIYJISIMHU;

e 00IIME MPUHLUIBI MATEMATUYECKOT0 00€CTeUeHUsl MPOrPaMMHOI0 MPOIAYK-
Ta, mepeyueHp nporpammuoro obdecreuenus u CYB/I;
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CTPYKTypa KOMILIEKCa TEXHUYECKUX CPEICTB, HEOOXOAMMOro aisi (yHK-
[IUOHHUPOBAHUS MPOTrPAMMHOI0 00ECTIEYEHHS] IPOrPpaMMBbl MOJIEJIMPOBAHUS,
[IEpEYEHb aIlapaTHbIX CPEACTB, Ha KOTOPBIX IUIAHUPYETCs paboTa MpoeK-
TUPYEMOTO NPOTPAMMHOI0 IIPOAYKTA,;

MEPONPUATHS IO MOATOTOBKE K BHEJIPEHUIO MPOIPaMMHOI0O 0OECIeueHUs,
oOyueHus N0JIb30BaTENEH;

IOPOEKTHAsl M JKCIEPTHAs OLEHKAa HaJEKHOCTU IMPOTrPAMMHOM CHUCTEMBI,
pacydeT 3KOHOMUYECKOM 3(h(HEKTUBHOCTH CHCTEMBI;

rpaduk pa3paboOTKu U BHEAPEHUS MPOTPAMMHOTO 00€CIICUEHUSI.

Cranuu m 3Tansl padoThI IO MPOEKTUPOBaHUIO onucaHbl B cranaapte ['OCT

34.601-90. Ctagust npOEKTUPOBAHUS MOXKET COCTOSTh U3 CIAEAYIOIINX ITANOB:

IIPOCKTUPOBAHHUE IMPOIPAMMHOI0 OOCCIICUCHHMS, TJI¢ ITPOBOJIUTCS pa3padoT-
Ka MPOCKTHBIX PEIICHHH 110 BCEH CHCTEME U IO €€ YaCTsIM;

IPOCKTUPOBaHKUE HHTEp(elica MOIb30BaTEIS IPOrPAMMHBIM IIPOTYKTOM;
pa3paboTKa JOKyMCHTAlldd Ha aBTOMAaTU3MPOBAHHYIO CHCTEMy H €¢
o opMIICHHE.

Oman npoekmuposanus npPpocpammHoO2o obecneueHus BKIIIOYACT ClIcayro-

ue padoTHI:

1)
2)

3)

(opmHpoBaHus TPeOOBAaHUM K MPOrPaMMHOMY IPOJIYKTY, KOPPEKTHO U TOYHO
OTPaKAIOLIETO LEJIN U 3a4a41 [POrpaMMbl MOJEIIMPOBAHMS;
yTouHeHue coctaBa 00bekToB 1O 1 cTpyKkTypa cBsi3el 0J10KOB MPOrPaMMHOIO
IIPOJYKTa WIM TaK Ha3bIBa€MblI€ IIPOIPAMMHBIE MOYJIH;
onpeaeneHrue HHPOPMALIMOHHBIX CUCTEM IMPOEKTUPOBAHUS, KOTOPbIE UCIIOJIb-
3yIOTCSL Ui pa3pabOTKU MOJIENe cocTaBa U CTPYKTYpPBI CBSA3EH MEXAY 00b-

CKTaMU IIPOTpaMMHOIO IIPOAYKTAa, METOAbI ITPOCKTUPOBAHUA, COTJIACHO KOTO-

PBIM pa3pabaThIBAIOTCS aITOPUTMBI 00pabOTKK MH(DOpMaIUY;

4) MpOeKTUPOBaHUE 3aBepIIaeTCs pa3pabOTKON TEXHHYECKOTO MPOESKTA.

Iman npoexmuposanus unmepgheiica MOIH30BATEIS BKIIOYALT CISAYIOIINE

BU/JIbI padoT:

1) pa3pabotka rpadudeckoro untepderica st kKompopTa IKCIUTyaTalUU TOJThb-

30BaTeJIEM MPOTPAMMHOTO MPOAYKTA. 37I€Ch Yallle BCETO UCTIOJIB3YIOT CPEIbI
nporpammupoBanusi Delphi, Dreamviewer, FrontPage u ap. I'padudeckuit
UHTEp(ENC MOIb30BATENS MPEICTABIAECTCS B BUJIE CUCTEMbI CITyCKAIOIINXCS

MCHIO IIpHU HCIIOJIb30BaHMHU CHCTCM BBOJA I/IHCI)OpMaL[I/II/II MBI U KJIaBUATYy-

pHI;
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2) pa3paboTKa PKpaHHBIX OKOH U (hopM, comepaimux OOBEKTHI yIpaBIICHUS,
MaHeI MHCTPYMEHTOB C MUKTOIPAMMAaMHM, BBIXOJHBIE MOAYIU. OTMETHM O
CTaHIApPTHBIX TPEOOBAHUAX K rpaduueckoMy UHTepdeicy:

— IIOCTOSIHHOE MECTOIOJIOKEHNE IPaPUUIECKUX OOBEKTOB Ha dKpaHe:

— NUHEHKa MCHIO BKIIIOYAET He OoubIne 6 MOHATHH (ITOAMEHIO), KaXI0€e U3

KOTOPBIX COACPKUT He Oosee 6 oIl (MPaBUIIO «ILIECTHY);
— MYHKTBI MEHIO JIOJDKHBI COJIEP)KAaTh MIPUBBIYHBIC U KPATKUE Ha3BAHUSI.
PabGoTta Hax mpoexkTupoBaHMEeM HHTepdelca Moab30BaATENs MPOTPAMMHOTO
o0ecrniedeHus s 3aa4 KOMIIBIOTEPHOTO MOJCIUPOBAHMUS YaIlle BCETO MPOBOIUT-
Csl B TOM cllydae, KOrjla MpOrpaMMHBIN MPOYKT TOTOBUTCS JJIs TIEpe/layu 3aKa3-
YUKy, THPAKUPOBAHUSA WM BHEIPEHHS B (POH alTOPUTMOB U TIPOTPaMM.

Aman peanuzayuu nPOPAMMHOZ0 00ecneueHus Uiu co30anue npozpamm-
H020 KoOa.

Ha stom atane ocyiecTBisieTcst co3gaHue IpOrpaMMHOTO 00eCIeYeHHs! Crc-
TEMBI, BBITIONHSIETCS pa3paboTKa MPOTPAMMHBIX MOIYyJEH — MpOrpaMMHUpPOBAHUE,
WHa4e rOBOPsl, CO3/1aHNUE ITPOrPaMMHOTI0 KOAA, KOTOPOE 3aKIH0YacTCs:

— B pa3paboTke 0J0Ka NporpaMm ynpasieHUs GyHKIHNOHUPOBAHUEM CHCTEMBI,
— B pa3paloTke OJI0Ka HporpammMm, peaqu3yoUIMX pacdeTHble (GOpMysbl U
(bYHKIIMOHATFHBIC ATOPUTMBI,
— B pa3paboTke 00ka 00pabOTKH pe3yabTaTOB MOJICTUPOBAHMS.
[TporpamMmucTel pa3zpabaThIBalOT MO CHUCTEMHBIM CHEMUPUKALNUAM CXEMBI
porpaMM M TpOrpaMMHbBIC CIIeNU(PHUKAIMY, 3aT€M MHIIYT U OTIAXKHUBAIOT IMPO-
IpaMMBbl; IPOBOJAT OTJIAJKY KOMILJIEKCOB IMPOTrpaMM MO MOJIYJISIM M 3a7a4aM.
B HacTosiiee Bpemsi 4aCTO MCIOIb3YIOTCSI TOTOBBIE MPOTPaMMHbBIE pEIIeHMUS,
B KOTOpBIX nporecc pa3padbotku [10 cBoguTcs k:
MOJyJIbHOW HACTPOMKE;
IMapaMeTPUIECKON HACTPOMKE;
pa3paboTKe KOMIOHEHTHBIX MPUIIOKEHUH.
Iman co30anus u ohopmiaenus OOKymMeHmayuu TEXHUIECKOro MPOEKTa.
3nech ocymecTBisieTcss 0oQOpMIICHHE JOKYMEHTAllud B BUJE BEAOMOCTH
TEXHUYECKOTO MPOEKTa U OOOCHOBAHMS MPOEKTHBIX PEIICHU M pa3padoTKa J0-
KyMEHTAIlMM Ha MPOrpaMMHOE o0ecriedeHne JIsl SKCIUTyaTallui, KOTopas B 11€JIOM
COCTOUT M3:
— OMMCAHUS PUMEHEHHSI, KOTOPast 1aeT OOIIYI0 XapaKTepUCTUKY MPOTrpaMM-
HOT'O MIPOJYKTA C yKa3aHUEM cepbl MPUMEHUMOCTH, TEXHUYECKUX TPeOo-
BaHMI K 6a30BOMY ITPOTPaMMHOMY 00ECTICUCHUH U XapakTepucTK DBM;
— PYKOBO/JICTBA MOJIB30BATENSA, KOTOPBIN MpeJHA3HAYEH JJIsl KOHEYHOTO MOJIb-
30BaTesIs JUIsl OCBOEHUS IPOrPAMMHOTIO ITPOJIYKTA;
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— PYKOBOJICTBA MTPOTPAMMHUCTa, B KOTOPOM YKa3bIBAIOTCS OCOOEHHOCTH YCTa-
HOBKH, COCTaB U Ha3HaueHUE OJOKOB, MpaBuja HKCIUTyaTal[id MPOrpaMMm-
HOTO MPOJYKTA.

[IpuBeneM HEKOTOpPHIE U3 aBTOMATHYECKH TEHEPUPYEMBIX IO MPOCKTY IOKY-
MEHTOB B COOTBETCTBUH C OTEUCCTBCHHBIMHU CTaHJAapTaMH Ha CO3/IaHUE aBTOMATH-
3MPOBAHHOMN CHCTEMBI (ITaKW TOKYMEHTOB, JIUCTHI YTBEPKIACHUS M COTIIACOBAHUS
OIYIIIEHBI C IIEJIbI0 YKOHOMHUH MecTa). JIoKyMeHTHpOBaHHE MPOTPaMMHOTO obec-
neuenus ocyuectsisiercss B coorBerctBuu ¢ ECII (I'OCT 19.XXX). I'OCT
19.101-77 conmep XUT BHJBI IPOTPAMMHBIX JOKYMEHTOB JIJI MPOTPpaMMHOTO obec-
MEYCHHS] PA3IMYHBIX THUIOB. [l0 Teopuu TOJHBIN MaKeT MOKyMEHTAIIMH MOXKET
BKJIIOYATH CJIEAYIONINE JOKYMEHTHI:

 Tloscautenshas 3anucka (PJ] 50-34.698-90);

* Cxema dyHknmonanbHoOM cTpykTypsl (PJ] 50-34.698-90);

e O6miee onucanue cucremsl (PJ1 50-34.698-90);

* Onucanue aBToMaTH3UpyMbIX pyHkIwi (PJ] 50-34.698-90);

* Omnmcanue MOCTAaHOBKHU 33J1a4H,

* Onucanue uadopmaimonHoro odecrnedenus (P/] 50-34.698-90);

» Onwucanue opranuzanuu uHpopmarronHoi 6a3er (P11 50-34.698-90);

 Ilepeuensn BXxoaHbIX curHanoB U gaHHbx (PJ] 50-34.698-90);

 TlepeueHsb BeIXOMHBIX curHaNOB/nokymenToB (PJ] 50-34.698-90);

* Omnucanue nporpamMmmuoro ooecrieuenus (P11 50-34.698-90);

» Texnnueckoe 3ananue Ha nporpammHuoe usgenue ('OCT 19.201-78) wiu
Ha aBToMatu3upoBanuyto cuctemy ('OCT 34.602-89);

* Ommucanue nporpammsel (IOCT 19.402-78);

 Tloscuurenphas 3anucka ('OCT 19.404-79);

- IIporpamma u meronuka ucnsitanuit (COCT 19.301-79 umm 'OCT 34.603-
92).

3. Craausi BHeApeHUS

Ota cTaaus COCTOMT U3 ITAMOB OMBITHOMN KCIUTyaTallid M BBOJA B DKCILTya-
TAI[MI0 W BBITONHIETCA Pa3paOOTYMKOM COBMECTHO C 3aKa3uMKOM. OJTa CTaaus
OOBIYHO OKAa3bIBACTCS PACTIPEICICHHON BO BPEMEHH, U HA OTOW CTaJUU MPOBOIUT-
Csl OTJIA/IKa TIPOTPAMMHBIX MOIyJIel Ha paboTOCIIOCOOHOCTh U TECTHPOBAHHUE TIPO-
IPaMMHOTO TIPOAyKTa. B mepuo 1 ombITHOM SKCIUTyaTalliu BBISBIISIOT U KOPPEKTHU-
PYIOT HEIOCTaTKH MPEIBIIYIINX 3TAoB pa3paOOTKH, BBIMOJIHSIIOT aBTOHOMHBIN
TECT KaXKJI0TO MOJIYJIsI, 3aTEM BECh KOMILUICKT MOJTYJICH MPOXOAUT CUCTEMHBINA TECT
— TECT BHYTPEHHEH MPUEMKH MPOAYKTa, TOKA3BIBAIOIIMA YPOBEHb €0 KauyecTBa.
Croma BXOIAT TeCThl (DYHKIIMOHAIBHOCTH W TECThI HAJEKHOCTU MPOTrPAMMHOTO
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npoaykra [33, 37, 40]. CucteMHOe TeCTUPOBAHHUE, BBIMOJHIEMOE pPa3pabOTUHKa-
MU B peaJbHBIX YCIOBUAX, Ha3bIBACTCA ajb(a-TeCTUPOBAHUEM.

[locnenHuii TECT MPOBEPKUM MPOrPAMMHOIO OOECIEUYEHUsT — HTO MPHUEMO-
CIaTOYHBIC HCTIBITAHHS CICIMATMCTAMH 3aKa3urKa. Takol TeCT mpeaycMaTpuBacT
MOKa3 MPOrpaMMHOT0 00eCleueHus 3aKa34MKy U JOJIKEH COIEepkKaTh IPYIITY KOH-
TPOJBHBIX TECTOB, MOJICIUPYIOIIUX pealbHbIE Mpolecchl. B KOHIIE OMBITHON JKC-
IUTyaTalud o0y4daroT MOJIb30BaTelNsl, OTIAKUBAIOT TEXHUYECKHUE CPEJICTBA U TIPO-
BEPSIOT BO3MOXKHOCTH PabOTHI MPOTpaMMHOT0 00ecriedeHHsl MPH MOJHON Harpys-
K€ B pealbHOM MacmTabe BpeMmeHH. [IpueMo-caaToyHble HMCHBITAHUS JOJIKHBI
pernamentupoBatbcst ['OCT 34.603-92. Dto0 wHOrma HaspiBalOT Oera-
TECTUPOBAHUEM.

B ciydae pa3zpaboTku makera mporpamm, UMEIOIIET0 YHUBEPCATbHBINA BOC-
TpeOOBAHHBIN XapaKTep, MPOU3BOAUTCS BHEIPEHUE TPOrPAMMHOTO MPOJIYKTA, T.€.
nepesaya CUCTEMbI KIIMEHTaM JIJIsl UCTIONB30BaHus B mpou3BoacTBe. Eciu npu nc-
M0JIb30BAaHUU MIPOIPaMMHOr0 o0ecredeHus: (IKCIUTyaTalii) U €ro CONpPOBOXIIE-
HUE OOHApy>KMBAEeTCs (BO3HUKAIOT) HOBBIE YCJIOBHS HE OCO3HAHHBIE pa3padOTUu-
KOM Ha paHHUX CTaJIUfAX, TO OCYIIECTBISETCS MEepPexo] K HOBOMY NEPHUOY pa3pa-
OOTKH.

4. Tloab30BaTENbCKUI MIEPUO/ UM CTATUA CONMPOBOKIACHUSA.

JXKuzHeHHbI UK pa3paboTaHHOTO MPOTPaAaMMHOIO MPOAYKTA JOJDKEH IO/I-
JEP>)KUBATHCS TIOCTOSIHHO, UCTIPABIIATHCS. Te€M caMbIM OTOJBUTAThH CTApEHUE TIPO-
rpaMMHOTO TipoAykTa. CTapeHue MporpaMMHOTO MPOJIYKTa MOXKET OBITh YK€ Ha
CTaINM TIPOEKTUPOBAHUS U3-3a CIOKHOCTH, JUIMTEIILHOCTH CPOKa pa3pabOTKU WU
HEJOCTAaTOYHOTO MOHMMAHUS 3HAYEHUS MPEANPOCKTHOU ctaauu. PazpaboranHas
cUCTEeMa JI0JIKHA ObITh THOKON, U 3TO CBOMCTBO JOJKHO MOJICPKUBATHCS B TeUe-
HUE KU3HEHHOTO IMKJIa MPOTPAMMHOTO MpoaykTa. Ha 3To# cTtagmm mpoBOIUTCS
BBHITIOJIHEHHE pa0OT B COOTBETCTBUU C TAPAHTUWHBIMU 0053aT€LCTBAMH U TIOCIIE-
rapanTuitHoe oocmykuBanue. [locnenusas craaust KXU3HEHHOTO ITMKJIA MpOTrpaM-
MBI XapaKTEPU3YETCsl TAKUMH MOTPEOUTEILCKUMU CBOMCTBAMH, KaK:

— (yHKIIMOHATBHAS TIOJTHOTA — ATO CTETICHb PeaIU3aliU MTPETYCMOTPEHHBIX K
aBTOMATH3aIIMH MPOIIECCOB 0OPAOOTKH JaHHBIX;

— BAJIUTHOCTD — MPOTpaMmMa JOJKHA PEIIaTh TOCTABICHHYIO 3a/1a4y;

— KOM(DOPT IKCIUTyaTalliu CBsi3aH C pa3pabOTKoN ymoOHoro wHTEp(eiica,
Nv3aiiHa, HaJM4Yus aBTOMATH3UPOBAHHOW OOydYaromiedl MmporpaMMmbl M CpPEICTBa
OKa3aHMsI TIOMOIIIY MPY HEMPABUIHHBIX JCUCTBUSX,

— 3(QdeKTUBHOCTh PAaOdOTHI MPOTPAMMbI — ONTUMHU3UPOBAHHBIE PECYpCHI Ma-

MATH, BPpECMCHHU PCHICHUA 3a/la4U, pa3MCPbl YCTAHOBOYHOT'O ITAKECTA,

19



— HaJIeKHOCTh — MPOrpaMMa JIOJKHA MPAaBUIILHO paboTaTh NMPU TECTOBBIX HC-
XOJIHBIX JIaHHBIX, BBIJIABATh PE3yJbTaThl MOJACIUPOBAHUS WU TUATHOCTUKY OIIH-
00K;

— U3MEHSIEMOCTh — BO3MOKHOCTh BHECEHUSI U3MEHEHUH, KaK BO BpeMsl pa3pa-
OOTKH MpOTpaMM, TaK W TMOCJIE BBIITYCKa MPOTrPaMMHON MPOAYKIIMU. DTO OOBIYHO
JIOCTUTAETCA  HUCIOJb30BAaHUEM  METOJOB  MOJYJBHOTO WM  OOBEKTHO-
OPUEHTUPOBAHHOTO MPOTPAMMUPOBAHNS;

— 9yuTabeIbHOCTh KOJIa MPOTPaMM, JIETKOCTh OTJIAJIKH ¥ TECTUPOBAHMSI OTIpE-
JeJSIeTCs KyJIbTYPOU pa3paboTKU MPOrpamMm, MPaBUILHOCTHIO OPraHU3alliy KOJIOB
Y HaJIMYUEM CPEJICTB OTIAJKU U KOHTPOJIBHBIX IPUMEPOB JJII TECTUPOBAHUS;

— MEPEHOCUMOCTh — 3TO BO3MOKHOCTh IIEPEHOCA MPOTPAMMHOTIO CPE/ICTBA U3
OJIHOTO THUIMA BBIYUCIUTEIBHON Cpelibl B APYTYIO: C OJHOTO KOMIIBIOTEpA HA JIPY-
roif; C OJIHOM OMNEPaIMOHHOW CHCTEMBI B JPYTYH0; C OJHOM KOH(MUTrypanuu Ha
APYTYIO.

OTU NOTPEOUTENLCKIE CBOMCTBA XapaKTEPHBI JIJIsi MPOTPAMMHBIX MPOIYKTOB,
OPUEHTUPOBAHHBIX Ha HAYYHO-BBIYMCIHUTEIBHBIN AKCIIEPUMEHT, C IPYrod CTOPO-
Hbl 3T CBOWCTBAa MOXHO ONPENENIUTh KaK KPUTEPUHM KayecTBa MPOTrPaMMHOIO
NpoAyKTa JJIsl 3ajad MaTeMaTU4YeCKOr0 MOJICTUPOBAHUS W MCIOJIb30BaTh MPHU
HKCIEPTHOM OLIEHKE MTPOTPAMMHOTr0 IIPOIYKTA.

[Iponiecc (pyHKIMOHHMPOBAHUSI MPOTrPAMMHOIO TMPOAYKTA SIBJISIETCS BaKHOU
cTajuel )KU3HEHHOTO IUKJIA, KOTOPBI MOXKET ObITh MCIIOJIb30BaH B €KEIHEBHOMN
paboTe, MpUYEM HCIOJIH30BAHUE MPEAbIAYIIECH aBTOMATU3UPOBAHHOM CHUCTEMBI
cokpamaerca. Ileproa conmpoBOXKIEHHS TPOTPAMMHOTO MPOIYKTa COBHAJAET C
nporieccoM (PYHKIIMOHUPOBaHUSI cUCTEeMbl. CONMPOBOXKIEHUE MOJpa3esaeTcsl Ha
JICVCTBHUS:

® KOPPEKTUPYIOIIHE — BhIsiBIeHUE AedekToB 1 omuook 11T

e anantuBHOE — u3MeHeHue [111 B oTBET Ha U3MEHEHHS B BBIYUCIICHUSAX;

e coBepuieHcTBYOMIee — pazButue I1I1 myrem nobGaBneHus HOBbIX (QyHK-
1IN U CBOMCTB.

Cmenens aoanmuenocmu I'OCT 34. Ilpu ucnons3oBanuu crangapra 'OCT
34 umerTcA CIeAYIOIINE BO3MOXHOCTH:

e 00bEeIUHATH 3Tanbl (popMUpOBaHUS TPeOOBaHUI M Pa3zpabOTKH KOHUEHIUU

CUCTEMBI;

® OTKa3aThCsl OT 3Tara dCKU3HOTO MPOCKTUPOBAHUS M OOBEAMHSATH ITAMbl Pa3-
paboTKM U pabouel JOKyMEHTAIUH;

® OTKa3aThCsl OT HEKOTOPHIX CTaIUN Pa3pabOTKH,;
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® 00BEIUHATH OONBIIMHCTBO MTOKYMEHTOB TEXHUYECKON JTOKYMEHTAIMH W WX
pa3Jiernos;

® BBOJUTH JOTOJHUTEIIbHBIC IOKYMEHTBI, Pa3/iesibl JOKYMEHTOB U Pa0OTHI;

e MHAMHMYCCKHM CO3JlaBaTh YACTHBIC TEXHUYECKHE 3aJaHHUs, YTO I103BOJISICT

JIOCTATOYHO THOKO (hOPMHUPOBATH KU3HEHHBIN ITUKJI MPOTPAMMHOTO TPOIYK-

Ta.

Craauu W 3Tanbl, BHIIOJHSIEMbIE OpraHU3AUsIMH — YYaCTHUKaMHU PaboT 1o
CO3/IJaHUI0 aBTOMATU3UPOBAHHOM CUCTEMbI, YCTAHABIUBAIOTCS B JIOTOBOPAX U TEX-
HUYECKOM 3aJlaHuH, 4yTo 0sm3ko kK moaxoay 1SO 12207.

O6ecnieuenne kaudectBa cornacHo ['OCT 34 ompenensiercs B TEXHUYECKOM
3aJIaHUH.

Cmenens ooazamenvrnocmu I'OCT 34 u 'OCT 19: nonnas o093aTeIbHOCTD
OTCYTCTBYET, MaTe€pHUajbl CTAHAAPTOB SBJISIOTCA METOJIUYECKON MOJJIEPKKOU U B
OoJbIlIel CTETNICHUW OPUEHTHPOBAHBI Ha 3aKazuuWka. B cranmapre mmeercs HaOoOp
TpeOOBAaHUM K COJEP)KAHUIO TEXHUYECKOTO 3aJlaHusl M MPOBEJACHUIO MCIBITAHUN
pa3paboTaHHOU CHCTEMBI.

KitoueBbIM TOKYMEHTOM B3aMMOJICMCTBUS CTOPOH SIBJISETCS TEXHUYECKOE
3a/TaHUE Ha CO3JaHHWE aBTOMATHU3MPOBAHHOM CHCTEMBI, OHO SIBJISICTCS OCHOBHBIM
HUCXOJHBIM JIOKYMEHTOM JJIi CO3JIaHHMSl U NPUEMKH U OMNpEACIsieT BaKHEUIINE

TOYKHU B3aMMOJICHCTBUSI 3aKa34Ka U pa3paboTUHKa.

1.2. CtpaTerumn pa3paboTku (MOAENWN XXN3HEHHOTO LMKMA)
NporpaMMHOro Npoaykra

MexyHapoHble M TOCYJApCTBEHHBIC CTaHAAPThl OMNPEICTSIOT MOPSIIOK
pa3paboTOK MPOTPAMMHOI0 O0ECTICYSHHS UM aBTOMATU3UPOBAHHON CUCTEMBI, J10-
KyMEHTalUH, HH()OPMALIMOHHOTO, TEXHUYECKOTO 00€eCTeueHus 1 T 1.

Cranpmapt ompenensieT CTpyKTypy kuzHeHnHoro mukia (OKLI), comeprkariyro
MPOIIECChI, JACHUCTBUS U 3aJa4M, KOTOPbIC OKHBI OBITH BBIMIOJIHEHBI BO BpeMs
CO3JIaHMsI ¥ UCIOJIb30BaHus nporpammuoro odecneuenus (I10). B Poccun co3na-
Hue IO mepBoHauyanbHO, B 70-€ TIT. perjiaMEHTUPOBAJIOCH CTaHIAApTaMU CEPUU
['OCT 19.XXX — Enunas cuctemMa mnporpaMMmHoit gokyMeHtamuu u ['OCT
34. XXX — Kommuieke crtangaptoB Ha AC. OHAKO CO3/1aHUE, COTMPOBOXKACHUE U
pa3BUTHE COBpeMEHHOro npukiaagHoro 110 BeicOKOro kayecta B 3TUX CTaHAAP-
Tax OTPaKEHO HEAOCTATOYHO, a OTAENIbHbIE MX TMOJIOKEHHUS YK€ ycTapenu. DTu
CTaHJAPThl BBIHYKJIEHBI UCIIOJIb30BaTh MPEANPUSATHUS, BBINOIHSIIONINE TOCYAAPCT-
BEeHHbIE 3aKa3bl npu co3aanuu 110 nis BHyTpeHHero npumeHeHus. OHaKko B IKC-
MOPTHBIX 3aKa3axX 3apyOeKHbIC KIMEHThI TPEOYIOT COOTBETCTBUS TEXHOJIOTHH
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MIPOEKTUPOBAHMS, MPOU3BOJACTBA U KayeCTBa MPOIYKIIMH COBPEMEHHBIM MEXKIY-
HapoAHbIM cTaHgapTam. [losTomy OblTu co3nanbl HOBble ctanaaptel ['OCT P
53622 — 2009 «Craguu ¥ dTambl )KU3HEHHOT'O IIUKJIA, BUALI 1 KOMIUIEKTHOCTD J1O-
KyYMEHTOBY», Oazupyromuxcs Ha ctanaaprax ['OCT 34.

OCHOBHBIM 3apyOeXHBIM HOPMATHUBHBIM JOKYMEHTOM, HamOoJiee MOJIHO U
nospobHo pernamentupytomum XKL 10, sBusercs MexayHapOAHBINH CTaHAAPT
ISO/IEC 12207.

B Poccun yacto B KauecTBE HOPMAaTUBHOI'O JOKYMEHTA, PErjJaMeHTUPYIOLIE-
ro >KM3HEHHBIN LMK pa3padOTKU MpOrpaMMHOrO mpoaykrta, Beioupaercs ['OCT
19.102 — 77, B KOTOpOM OIlpeeNIeHbl Ha3BaHUSI U KPaTKOE OMHMCAHUE 3TAIOB pas3-
paboTKu.

Mopguenp XK1 3aBucut ot cneurduku 110 u cnenuduku ycioBuid, B KOTOPBIX
oHo co3naerca U pynkunonupyet. Ctanaapt ISO/IEC 12207 He npennaraet KOH-
kpetHyto Mojenb XKI[ u meroast pazpadbotrku I10. Ero periameHThI SIBIASIOTCS
obuumu st o0bix mMojeneit JKII, meromonoruét u TeXHOJIOTHM pa3zpabOTKH.
Crangapt [SO/IEC 12207 onucsiBaeT ctpykrypy npoueccoB XKL 110, Ho He KOH-
KPETU3UPYET B JCTAISIX, KaK PEajnu30BaTh WIM BBINOJHHUTH JCWCTBUS U 3a7a4uH,
BKJIFOUEHHBIE B 3TH IIPOLIECCHI.

Tem He MeHee, yacTo pa3paOOTUMKHU TPOrPaMMHOI0 00ecreYeHUs MPUOerarT
Kk mozaenu JKII, Ha3piBaeMOl MOJEIBIO «CTUXHUUHOTO MPOrPaMMHUPOBAHHUS», CO-
IJJACHO KOTOPOMY pa3palboTKa MPOrpaMMHOIO MPOAYKTa (KOAMPOBAHHUE) BEAECTCS
TaK, KaK BUJUTCS U IOHMMAETCs 3a/1a4ya nporpammuctomM. [Ipu sTom nonxoxe cia-
060 mpopabatbsiBaeTcs craaus npoektupoBanus [1I1 u He cobmomaroTcst das3bl pas-
pabotku I1I1, 3T0 npuBOAUT K MHOTMM HenocTaTkaMm pa3padotku I1I1, B vacTHOCTH
K npobsieMaM MOIu(GUKAIIMK U TECTUPOBAHUS MPOrpaMMHOTO mpoaykra. [IpoekT-
Hasl JTOKyMEHTalus MUIIETCsS Mociie pa3paboTKU mporpaMmbl. OTMETHM, YTO MPHU
TaKoOM nojaxone Mol umeeM vaite Bcero I1I1 auskoro kayecrna.

Kpome poccuiickux u MexayHapoanbix cranmapro ISO/IEC 12207: 1995-
08-01, 1SO 9000 — ISO 9004, 1SO 9126 - 1-4 cymecTBYIOT MHOXXECTBO APYTUX
crangapToB: B 1992 romy paspaboran u BHeApeH ctanmapT Capability Maturity
Model for Software (CMM), meromuka xommanuu Oracle - crammapr Custom
Development Method (CDM), utepaTtuBHas Mojeib pa3pabOTKA MPOTPAMMHOTO
obecrieuenns Rational Unified Process (RUP) u apyrue.

HopmaTuBHBIE MEXIyHApOAHBIE U TOCYJAPCTBEHHBIE CTAHJAPTHI MO3BOIHIIN
BBECTU pa3jMuYHbIe CTpATETHH KOHCTPYHUPOBAHUS MPOrpaMMHOro obOecrieueHus. B
paMKax 3THUX CTpaTeruid pa3paboTaHbl pa3UYHbIE MOJEIN (TEXHOJOTMH) pa3pa-
OOTKH MpOorpaMMHOro obecrniedeHusi. OHU SIBISIIOTCS OCHOBOIOJIATAIOIUMHU MO/IE-
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JSIMU, B 3aBUCHMOCTH OT BHJA MPOTPAMMHOTO OOeCreueHus pa3padOTYUKU HC-
TOJIB3YIOT Ty WJIM UHYIO CTpaTeruto pa3padbotku [1-12, 34, 36-39, 42-44, 47, 49].

1.2.1. BogonagHas unv kackagHas ctpaTterns

Booonaonas mooens. Ita ctpaterus Obia pazpadorana B 1970 rony YuHcTo-
HOM PolicomM M oCHOBaHa Ha KJIaCCHYECKOM >KM3HEHHOM IHKIIE MPOrPaMMHOIO
npoaykra. I1o 3Toit Teopuu paspaboTKa MPOrpaMMHOTO 00ECTICUCHHS paccMaTpH-
BaeTCs Kak JIMHEWHas MOCIeA0BaTeIbHOCTh ATANOB, TAKUX KaK CHUCTEMHbIM aHa-
JU3, aHaau3 TpeOOBaHWH, MPOCKTHPOBAHUE, KOIUPOBAHUE, TECTHPOBAHUE U CO-
npoBokaenue [34, 36, 39, 42-44]. Ilepexoa Ha CICAYIOUUH, HEPAPXUUCCKU HIIK-
HUH STl MPOBOAUTCS TOCIIE TIOJIHOTO 3aBepIIeHUs paboT Ha TEKYIIEM dTare (puc.
1.1).

Ha srtane cucmemnoco ananuza mpoBOIUTCS NEKOMITO3UIUS BCEH CHCTEMBI
Oyayllero mporpaMMHOTO TPOJYKTa Ha DJIEMEHTHl (MOAYJIH) W OIpenessercs
POJIb KKIOTO 3JeMeHTa (MOIYJIsA) B KOMITBIOTEPHON CHCTEME, B3aUMOJCHCTBHUE
AJIEMEHTOB (MojyJieit) Apyr ¢ apyrom. Ko BceM CHCTEMHBIM dJ€MEHTaM OIpejie-
JSIOTCS TpeOOBAHUS W Ha3HAYCHMS IOJMHOXKECTBA dTUX TPeOOBAaHUM MPOTrpamMM-
HOMY «BJeMeHTY». Heo0X0IMMOCTh CUCTEMHOT'O MOIX0/a SIBHO MPOSBIISIETCS, KO-
raa opmupyerca unrepderic [10 ¢ apyrumu 3neMenTaMu (annaparypoi, Jro/b-
MU, 6a3aMu AaHHBIX). Ha 3TOM ke 3Tame HauMHaeTcs pelIeHHUe 3a/1aud TUIaHUPO-
BaHus npoekta [10. B xoae miuaHupoBaHUsl TPOEKTa ONPEIEISIOTC 00heM Mpo-
EKTHBIX pa0dOT U UX PHUCK, HEOOXOIUMBIE TPYJA03aTpaThl, (OpMHUpPYIOTCS pabodne
3a/1auu U 1iaH-rpaduk pador.

CuctemHbIit \

Awunanus

TpeboBaHUI \

IIpoexktupoBanue \‘

KoaupoBanue \
Buenpenne \

CormpoBokieHHE

Puc. 1.1. Knaccuueckuit :Ku3HEHHBIN UK pazpadoTku 110
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Ortan ananuza mpebdosanuli OTHOCUTCS K DJIEMEHTY (MOJIYJII0) IPOTPaMMHOTO
oOecrniedeHus. Y TOUHSIOTCS U JETAIU3UPYIOTCS €r0 (PYHKIIMU, XapaKTEPUCTUKH U
uHTepdeiic. 3neck mpoBoautTcs coop TpedoBanuii k [10, nx cucremaruzarus, Bbl-
SIBJICHUE MPOTUBOPEUNH, HelOCTatoImel nHpopMaIuu U T.1. AHaIU3 TpeOOBaHHI
nenuTcst Ha Tpu ¢dasbl: cOop, aHAIKM3 U JOKYMEHTHUPOBAHUE.

Bce onpenenenus JOKyMEHTHUPYIOTCS B cneyugukayuu anaiusa. 31ech xKe 3a-
BEPILIAETCS PELICHHE 3a]a4y TJIaHUPOBAHUS MPOEKTA.
Otan npoekmupoearnus COCTOUT B CO3IaHUH MPEACTaBICHUIL:
— apxutektypsl [10;
— MoayJsbHOU cTpyKTYpHI [10;
— anroputMuueckoit ctpykrypsl I10;
— CTPYKTYpbI JAHHBIX;
— BXOJHOTO U BBIXOJHOTO MHTepdelica (BXOAHBIX U BBIXOJIHBIX (hOpM J1aH-
HBIX).

Ha stom sTane co3gaercs onucanue cBOWCTB Oyaymiei cuctemsl. Mcxonnble
JAHHBIE ISl TPOCKTUPOBAHMS COAEPKATCS B cneyuukayuu anaiusd, T0 €CTb B
X0/ MMPOCKTUPOBAHUS BBITIOJIHAETCS TpaHcAnus TpedoBanuii k [10 Bo MHOKeCT-
BO NPOEKTHBIX NIpejcTaBieHuid. [Ipu pemennn 3a1ay npoeKTHPOBAaHUS OCHOBHOE
BHUMAaHHE YACISIETCS Ka4eCTBY OyAYIIEro MporpaMMHOr0 MpOAyKTa.

Ortan xoouposanusi COCTOUT B TEPEBOJIE PE3YIbTATOB MPOEKTHUPOBAHUS B
TEKCT Ha SI3bIKE MPOrPAMMUPOBAHMUS, T.€. IPOLIECC HATUCAHUS POTPAMMHOIO KO-
Jla Ha ONpPENENEHHOM SI3bIKE MPOrPAMMHUPOBAHUS C LEIbI0 pealn3aluu alrOpUT-
MOB, OIIPEAEIEHHBIX HA MPEABIAYIIEM dTare — MPOCKTUPOBAHUH.

Tecmuposanue — BBINIOJHEHUE NPOrPaMMbl [JIsl BBISIBICHUS J€(DEKTOB B
byHKIHUSIX, JJOTUKE U (hopMe peann3aiuy MporpaMMHOTO MPOAYKTa. 3/1eCh MPOBO-
JUTCS TPOBEPKA M UCTIBITAHNE 3aKOHYEHHOTO MPOAYKTA HA MPEAMET €ro KauecTna:
YCTOMYMBOCTU K Harpy3Kam, JIPYKECTBEHHOCTH K TOJIb30BaTeNo (103a0MINTH),
0e30macHOCTH (YCTOMYMBOCTH K B3JIOMaM), COOTBETCTBUIO TPEOOBAHUSAM U T.II.

Bueodpenue — 310 mpouecc yCTAaHOBKM M HACTPOWKH MPOrPaMMHOIO MPOAYK-
Ta, I KOHKPETHBIX YCJIOBHUI UCMOIb30BaHus. Takxke 1moji BHEAPEHUEM OIpa3y-
MEBAIOT OOYYEHHE MOIb30BaTeNeH paboTe ¢ TAHHBIM TIPOYKTOM.

Conpogodicoenue — MPoONECC MOANECPKKUA MPOrpaMMHOro npoaykra. Ha nan-
HOM JTare yCTPAHAIOTCS OMMUOKU («Oarm»), BHOCSITCS M3MEHEHHUS B DKCILUTyaTH-
pyemoe 110 ¢ uenpro yaydimuTh NPOIYKT. DTa CTaIus B )KU3HEHHOM IUKIIE, KaK
MPaBUJIO, 3aHUMAET OOJIBIIIYIO YACTh BPEMEHHU.

Llenn n3MeHeHui:

0 HCIpaBJICHUE OIMHNOOK;
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0 ajanTtauus K u3MeHeHusM BHemHen 1uis 110 cpensr;

o ycosepueHcTBoBanue 110 no TpeOOBaHMIM 3aKa3yuKa.

Conpooxaenue 110 cocTouT B TOBTOPHOM IIPUMEHEHHH KaKJI0TO U3 Ipe.I-
HIECTBYIOIIMX IIAroB (3TANoOB) dKU3HEHHOIO IIUKJIA K CYIIECTBYIOIIEH Iporpamme,
HO HE B pa3pabOTKe HOBOM NMPOrpaMMBbl.

Kak n mo0as nHXxeHepHas cxeMma, KJIaCCUYEeCKUI KU3HEHHBIN UK UMEET JO0C-
TOMHCTBA Y HEJOCTATKH.

Llocmouncmea kaaccuuecko2o JHCUSHEHHO020 YUKIA: HACT IUIAH U BPEMEHHOU
rpa(uK 1o BCEM 3TanaM NpoeKTa, yIOPSJOUYMBAET X0/I KOHCTPYHUPOBAHUSI.

Heodocmamku knaccuuecko2o HCU3HEHHO20 YUKIA:

1) peanbHBIC MPOCKTHI YacTO TPEOYIOT OTKIOHEHUS OT CTAHIAPTHOM MOCIE0-

BaTEJIbHOCTH I11aroB;

2) TUKJI OCHOBaH Ha TOYHOW (HOPMYIHMPOBKE HMCXOAHBIX TpeOoBanuii k [10
(peanpHO B Hayaje MpPOEKTa TPeOOBAaHUS 3aKa3uMKa ONpPEESICHbl JUIIb YaCcTUY-
HO);

3) pe3yabTaThl MPOEKTa JOCTYITHBI 3aKa34MKY TOJIBKO B KOHIIE paOOTHI.

Kackaonaa mooenv ¢ npomexcymounvim Koumposiem (8000eopom). Mo-
JICpHU3ALMS KacCKaJHOM MOJieNii ycoBepileHcTBoBaidach 10 1980 rr. Oana u3 mo-
JIEPHU3UPOBAHHBIX MOJIENEH SIBJISIETCS KacKaJHash MOJENIb C IMPOMEXYTOUYHBIM
kouTposieM (puc.l.2). JlanHas MOIeb SABISCTCS MOYTH SKBHUBAJICHTHOM IO aliro-
PUTMY TIPEABIIYIIEH MOJIEIH, OJTHAKO MPHU 3TOM UMEET OOPATHBIE CBI3H C KaXKIbIM
ATANoOM >KM3HEHHOTO IIUKJIA, TIPU 3TOM IMOPOXKIAET OYEHb BECOMBIN HEJOCTATOK:
MHOTOKpPaTHOE YBEJIWYEHUE 3aTpaT Ha pa3pabOTKy MPOTPaMMHOTO MPOAYKTA.
Kackannas cTtpaTerus yarie BCero MpUMEHSETCS pa3paboTuyuKamMu MPU CO3TaHUU
MepBOHAYAJILHON BEPCUM MPOTrPAMMHOI0 00ECIICUCHMUS.

ﬂHaJ'I:IE T
HPDEHTI‘I.PDE&I'E'[E T

—

L TP OEO M IR HER

Puc. 1.2. TlostanHast MOJeb C TPOMEXKYTOYHBIM KOHTPOJIEM
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1.2.2. IHKpeMeHTHaa cTpaTterus

Hnkpemenmnaa moodeny. B Hauane npouecca ONpenesitoTcsl BCE MOJIb30-
BaTeIbCKUE U CUCTEMHbIE TPEOOBaHUS, OCTABIASICS YAaCTh KOHCTPYUPOBAHUS BbI-
IIOJIHAETCA B BUJE ITOCIEA0BATENbHOCTH Bepcul. [lepBas Bepcus peanusyer 4acThb
3aIUIAHUPOBAHHBIX BO3MOXHOCTEH, CIEAYIOIIAasi BEPCUS PEAIU3YET JTOMOTHUTEb-
HbI€ BO3MOKHOCTH U T. [I., IOKa He Oy/eT MMoJy4YeHa MOJIHAsSI CUCTEMA.

B nauane paGoThl HaJl MPOEKTOM OINPEIEISIIOTCS BCE OCHOBHBIE TPEOOBaHUS K
CUCTEME, IOCJE YEro BBINOJHAETCA €€ pa3padoTKa B BHUJE MOCIEI0BATEILHOCTH
Bepcuil. [Ipu 3TOM Kakzass Bepcus SIBISIETCS 3aKOHUYEHHBIM U PabOTOCIIOCOOHBIM
npoaykrom. IlepBas Bepcus peanusyeTr 4acTh 3aIUTAaHUPOBAHHBIX BO3MOXKHOCTEH,
CIIEAYIOIIAasi BEPCUSA peaAU3yeT AONOJHUTEIbHbIE BO3MOKHOCTUA U T. 1., II0Ka HE
OyJeT MoJTy4yeHa MoJIHAsl CUCTEMA.

JlaHHast MOJIEJb )KU3HEHHOTO IIUKJIa XapaKTepHa MpHU pa3pabOTKe CII0XKHBIX U
KOMILJIEKCHBIX CUCTEM, JJI1 KOTOPBIX MMEETCA YETKOE BUACHHUE (KaK CO CTOPOHBI
3aKa34MKa, TaKk U CO CTOPOHBI pa3pabOTUuKa) TOTO, 4YTO COOOM JOJIKEH NMpPEaCTaB-
JSITh KOHEUHBIA pe3ynbTaT (MHPOpPMallMOHHASL CUCTEMA).

Pa3paboTka BepcusiMu BeA€TCA B CUILY Pa3HOTO poJa MPUUMH:

® OTCYTCTBHUS y 3aKa3uMKa BO3MOXXHOCTHU Cpa3y NpopUHAHCHUPOBATh BECH JI0-
pOTrOCTOSIIINAN IPOEKT;

® OTCYTCTBUSI y pa3pa0OTyuMKa HEOOXOJMMBIX PECYpPCOB MJid peaju3aluu
CJIO’KHOTO MPOEKTA B CKATHIE CPOKU;

® T[OSBJICHHEM HOBBIX MJEH, pEIICHUI U TEXHOJOTUi pa3pabOoTKU MporpamMmM-

HOT'O 00CCIICUCHMUS,

e TpeOOBaHUN MMOATATHOTO BHEJIPEHUS U OCBOEHHUSA MNPOJIYKTAa KOHEUHBIMU

NI0JIb30BATEIISIMH.

Brenpenue Bceil cucTeMsl cpa3y MOKET BBI3BATh y €€ MOJIb30BATENICH HENPHU-
ATHE U TOJBKO «3aTOPMO3UTH» MpOIlecC Nepexoa Ha HOBble TexHosnoruu. O0pas-
HO TOBOPS, OHU MOTYT MPOCTO «HE MEPEBAPUTH OOJIBIION KYCOK, TO3ITOMY €ro Ha-
710 U3MEJIBYMTB U J1aBaATh 110 YaCTSIM.

JIOCTOMHCTBA M HEOOCTAaTKH 3TOW CTPATErMu TaKHE K€, KaK M y KilacCuye-
ckoi. Ho B oTiimume OT KIaCCHYECKOW CTPATETMH 3aKa34MK MOXET PaHbIIE YBU-
JeTh pe3yibTaThl. Y3Ke MO pe3yibTaTaM pa3padOTKU U BHEAPEHUS NEPBOM BEPCUU
OH MOXXET HE3HAYUTEJIbHO M3MEHUTh TpeOOBaHUSA K pa3pabOTKe, OTKA3aTbCs OT
HEee WIH MPEIIOKUTh pa3paboTKy 0osiee COBEPIIEHHOTO MPOAYKTA C 3aKIHOYEHU-
€M HOBOI'O JIOrOBOpA.

NHKpeMEeHTHAsE MOJENb ABJISETCA KJIACCUUYECKUM IPUMEPOM MHKPEMEHTHOM
CTpaTteruu KOHCTpyupoBaHHUs. OHa OOBEIMHSAET AJIEMEHThl MOCIIEI0BATEIbHOM
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BOJIONIATHOM MOJIEIN ¢ UTepalluoHHON (ustocodueit makeTupoBanus. Kaxnas inu-
HEWHas TMOCJIe0BATEIbHOCTh 3/IECh BBIPAOATHIBAET IMOCTABIISIEMbI HMHKPEMEHT

IMporpaMMHOIO oOecreyeHusl.

Mocraska
1-A UHKPEMEHT 1-ro MHKpEeMeHTa

] AmHanua }——){ NpoekTuposaxue }—){ KoauposaHue }—brTec'mpoaarme

focTaska
2-¥ UHKPEMEHT 2-r0 MHKPEMEHTa

AHanua ]—b{ MpoexkTupoBaHKe ]—b{ KoawposaHue ]—»{ TectupoBanue

ffocTaska

3- MHKPEMEHT 3-r0 UHKpEeMeHTa

AHanua H MpoekTuposaxue }—)[ Koauposauue ]——)[ TecTupoBaHue

Puc.1.3. UnkpeMeHTHast MOJIENb

[lepBblil HHKPEMEHT MPUBOAMUT K MOJYYEHHUIO 0a30BOr0 MPOAYKTA, peaiv-
3yromiero 6a3zoBbie TpeOoBaHUs (MpaBaa, MHOTHE BCIIOMOTaTEIbHbIE TPEOOBAHMS
OCTalOTCs Hepealln30BaHHbIMU). [1naH cieayrolero HHKpeMeHTa npeaycMaTpHuBa-
eT MoauduKaiuoo 0a30BOro MPOAYKTa, 00ECIEUHBAIOIIYIO JOTOJHUTEIIbHBIC Xa-
PaKkTEepUCTUKH U (PYHKIMOHAIBHOCTD. [1o cBOEH nprpoe MHKPEMEHTHBIH Mpoliecc
UTEPaTUBEH, HO, B OTJIUYME OT MAaKETUPOBAHMS, MHKPEMEHTHAas MOJENb oOecre-
YUBAET HAa KaXXJOM MHKPEMEHTE paOOTAIOIINI MPOIYKT.

[TpumepaMu MHKPEMEHTHOW CTPAaTErnu pa3pabOTKH SBISIOTCS MPAKTHYECKH
BCE CHCTeMBbI KoMmbloTepHoro wmogenupoBanus (Derive, Maple, MathCAD,
Mathematica, MATLAB u ero npmioxkeans SIMULINK wu np.), cucrembr oOpa-
0otku rpaduyeckoii madopmaruu (Corel, Adobe Photoshop, Microcal Origin u
Jp.) U MHOTHE APyTrHe MpOrpaMMHbIE MPOAYKTHI, pa3padOTaHHbIE MO TEXHOJIOTUU
pa3paboTKu Bepcuil (MHKPEMEHTOB).

Mooensv 3kcmpemanvHo20 npozpammuposanusn (pazpadomka uepes mec-
mupoeanue). ONHO U3 COBPEMEHHBIX pEANM3ALMN MHKPEMEHTHOTO MOAXO0MAA -
KCTpeMaibHOe nporpammupoBaHue XP. OHO OpUEHTHPOBAHO HAa OYEHb MaJlble
npupaiieHus yHKIIMOHATBHOCTH.

DkcTpeMalibHOe nporpamMmmupoBanue (eXtreme Programming, XP) — oGuner-
YEHHbIN (MOABUXKHBIN)  Tpolecc (MM METOA0JIOTHS), TJaBHBIM aBTOP KOTOPOTO
Kent bek (1999). XP — npouecc opueHTUPOBAH Ha TPYIILI MAjoro U CPeaHero
pa3Mepa, CTpOSIIME MPOTrpaMMHOE OOECIeueHHEe B YCIOBHUSIX HEOMNPEIEIEHHBIX
WU OBICTPO M3MEHsIoNMXCcsl TpeboBanuii. XP-rpynmy obpasytor 10 10 coTpyn-
HUKOB, KOTOPbIE Pa3MEIIAIOTCS B OJJHOM OMEILEHUU.
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MnasupoeaHme | MpowaeoacTeo, |

B S ——— -
NPOEKTOB W TpeGoBaHWiA SKCNNyaTauKs
W CONpOBOXAEHWE

N\ /

Anana TpeGosaHuit |__‘_ CucTeMHoE M NPUEMOYHOE

npoaykTa
1 CnEUNGHKALMIA TECTUDOBAHME

PaapafioTka M
HTErpauvs
SPXUTEKTYPHOMO MPOEKTA | = = = =i
Ha BLICLIEM YDOBHE W TECTUPOBAHWE
HeTaNM3NPOBAHHES | o o = = - MogynsHoe
paapaboTka npoekTa TECTUPOEAHME

\ Koavposauue

Puc. 1.4. Monenb sKCTpeMaIbHOTO MPOTPaMMUPOBAHUS

OcHoBHasg uness XP — yCTpaHUTh BBICOKYIO CTOMMOCTb U3MEHEHUS, XapaK-
TEPHYIO JJIs IPUIIOKEHUI C UCTIOJIb30BAaHUEM OOBEKTOB, IATTEPHOB U PEISLIUOH-
Hbix 0a3 paHHbIX. [loaTromy XP-mporecc MOmKEH OBITh BBICOKO JAMHAMUYHBIM
npoueccoM. XP-rpynna nmeer 1eno ¢ U3MeHEeHUsIMU TpeOOBaHM Ha BCEM MPOTS-
KEHUU UTEPAMOHHOTO IUKJIA pa3padOTKH, NPUYEM LUKI COCTOUT U3 OYEHBb KO-
pOTKUX utepanuil. YeTblpbMsi 6a30BBIMH JEeHCTBUSIMHU B XP-11KIIe SBISIOTCS: KO-
TUPOBaHUE, TECTHPOBAHWE, BBICIYLIMBAHME 3aKa3uuKa U NpoeKkThupoBaHue. [u-
HaMU3M O00€CIEYMBACTCSI C TOMOILBI0 YEThIPEX XapaKTEPUCTHK: HEMpPEpbIBHOMN
CBSI3M C 3aKa3UMKOM (M B Mpefenax Ipynibl), MPOCTOTHI (BCeraa BbIOUpaeTcs Mu-
HUMAaJIbHOE pEIlleHne), OBICTPOil OOpaTHOW CBSI3U (C MOMOIIBI0 MOAYJIBHOTO U
(YHKUHMOHAJIBHOTO TECTUPOBAHUSI), CMEJIOCTH B NPOBEIECHUU MNPOPUIAKTUKH
BO3MOYHBIX MTPOOJIEM.

Mooenv na ocnoge pazpadomku npomomuna. Jlanaas MOJEIb OCHOBBIBAET-
csl Ha pa3pabOTKe MPOTOTUIIOB U MPOTOTUIIUPOBAHUS MpoAykTa. [IpoToTunupona-
HUE UCIOJIb3YETCS] HA PaHHUX CTAAMIX KU3HEHHOTO IHMKJIA MPOrpaMMHOro obec-
NEYEHUS:

® TPOSICHUTH HescHbIE TpeOoBanus (mporotun Ul);
e BBIOpaTh OJHO U3 Psiia KOHIENTYalbHBIX pelIeHul (peanu3alus clueHapu-
cB),
® [POAHAIU3UPOBATH OCYIIECTBUMOCTD MTPOEKTA.
Knaccudukanus npoToTumnos:
® TOPU3OHTAIbHBIE U BEPTUKAJIbHBIE;
® OJIHOPA30BBIEC U IBOTIOIMOHHBIE;

e OyMa)xXHbIC U PACKAIPOBKHU.
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I"'opu3oHTaIBHBIE IPOTOTUIBI — MOJEIUPYIOT UcKItounTenbHo Ul He 3atpa-
ruBasi JOTUKY 00pabOTKu U 0a3zy JaHHBIX. BepTHKaNIbHBIEC MTPOTOTHUIIHI — MPOBEP-
Ka apXUTEKTYpHBIX pemeHuil. OIHOpa30Bble MPOTOTUIBI — I OBICTPON pas3pa-
OOTKH. DBOJIOUMOHHBIE MPOTOTUIIBI — II€PBOE MPHUOJIMKEHUE SBOJIOLUOHHON
CUCTEMBI.

1.2.3. OBOSIIOUMOHHAA cTpaTernd

K 210l cTpaTeruu OTHOCUTCS chupanvHas moodens, npennoxennas bappu bo-
samom (Barry Boehm) B 1988 romy, oHa cTana CymieCTBEHHBIM POPHIBOM B ITOHH-
MaHuu npupobl pazpadotku [10. Ona npeacrasisier coOo mpoiiecc pa3padoTKu
MPOTrPAaMMHOTO OOECTICYCHHS, COUYETAIONMI B cebe KaK MPOCKTUPOBAHHE, TaK U
MOCTaJUMHOE MPOTOTUIIUPOBAHUE C LIEJbIO COUETAHUS MPEUMYILIECTB BOCXOASAIIEH
Y HUCXOJAIIECH KOHIICTIMH, JIeJIatoliasi YIop Ha HadaJdbHbIE 3Tambl KU3HEHHOTO
LMKJIA: aHAJIU3 U IPOEKTUPOBAHUE.

CucrteMa Takke CTPOUTCSI B BUJIE TIOCJIEIOBATEIILHOCTH BEPCHil, HO B HadaJie
mpoliecca ornpesesieHbl He Bce TpeboBanus. TpeOoBaHUS YTOUHSIOTCA B pe3yJIbTa-
T€ pa3pabOTKHU BEPCHIA.

OTIMYUTENHEHON 0COOCHHOCTHIO ATOM MOJIENH SIBJISIETCS CHElUaIbHOE BHU-
MaHUE PHCKaM, BIMSAIOIIAM HAa OPraHU3alUi0 >KU3HEHHOro nukia. [lo bosmy
MOHO C(hOPMYJIUPOBATh JECATh HAaMOOJee PaclpoCTpaHEHHBIX (MO0 MPHOPHUTE-
TaM) PUCKOB:

e JeUIUT CIEeINATUCTOB,

® HEPCATMCTUYHBIC CPOKU U OIOKET;

® peanu3alys HECOOTBETCTBYIONICH (PYHKIITMOHAIBHOCTH;

e pa3paboTKa HEMPaBWIBHOTO MOJIb30BATEILCKOTO HHTEp(Peiica;

e «30JI0Tas CEpBUPOBKay», NEePHEKIIMOHN3M, HEHYKHAsI ONTUMU3AIUS U OTTa-

YHUBaHUE AETaJIEH,

e HENPEKpaLAOIINICA TOTOK U3MEHEHHN;
e HexBaTKa HHPOPMAIIUU O BHEITHUX KOMIIOHEHTAX, OMPEACIISIONINX OKPYKe-

HUE CUCTEMBbI WJIM BOBJICUEHHBIX B MHTETPALIUIO;

® HEJO0CTAaTKU B pab0TaX, BHIMOJHIAEMBIX BHEITHUMH (ITO OTHOIIICHUIO K MPOESK-
Ty) pecypcamu;

® HEJ0CTAaTOYHas MPOU3BOAUTEILHOCTD MOJTy4aeMON CUCTEMBI,

® «pa3pbIB» B KBATH(UKAINH CIICIIHAIMCTOB Pa3HbIX 00JIacTel 3HAHUIA.

Bosbliiast 4acTh 3TUX PUCKOB CBsI3aHa C OPTAHU3ALMOHHBIMH U MPOIECCHBIMU
aCTeKTaMu B3aMMOJICMCTBHS CIEIUAIIMCTOB B MPOEKTHOW KoMaHAe. Kaxpiii BH-
TOK CIUpPaJIX COOTBETCTBYET CO3JaHHUIO (pparMeHTa WM BEPCHH MPOTPAMMHOTO
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06CCHC‘IGHI/I}I, Ha HCM YTOUYHAIOTCA LCIU W XapPAKTCPHUCTHUKHU IIPOCKTA, OIMPCACI-
CTCA CIro Ka4CCTBO, INIAHUPYIOTCA pa6OTBI CJIeayromero BuTKa Crimpaliu.

CmoumMocms nproe kg

lInannpoeanne AHaNU3 pUCKOR

INUHHA NPUHATHA peweHHA
(npopon#aTE HAH HeT)

5

"|]'0f|]'13!(‘.f. B CO30aHHH
npoekTa

I

OueHka NpoekTa KNHEHTOM HHH{EHEPHH

Puc. 1.5. CniupanbHas mojienb: 1 — HauanpHBIN cOOp TpeOOBaHUMN U MIIAHUPO-
BaHME MPOEKTa; 2 — Ta K€ paboTa, HO Ha OCHOBE PEKOMEHAAIMI 3aKa3uuka; 3 —
aHaJIM3 PUCKAa Ha OCHOBE HAYalIbHBIX TPeOOBaHMWIA, 4 — aHAIM3 PUCKA Ha OCHOBE
PEAKINM 3aKa34nKa; 5 — Mepexo] K KOMIJIEKCHOM cucTteme; 6 — HayaJabHbIM MaKeT
CHUCTEMBI; 7 — CIICIYIOIIUH YPOBEHb MaKeTa; 8 — CKOHCTPYHpPOBaHHAs cUcTeMa; 9 —
OIICHMBAHUE TIPOCKTA 3aKa3YMKOM

Takum oOpazoM, yriIyOJISIOTCS M TOCJENOBATEIbHO KOHKPETU3UPYIOTCS Je-
TaJid MPOEKTA, U B pe3yJIbTaTe BEIOMpPAETCs 000CHOBAHHBIN BapHaHT, KOTOPBIN J10-
BOJUTCS J10 peanu3anun. Kaxxapiii BUTOK pa3ouT Ha 4 cexTopa:

1 — olieHKa U pa3peIlIeHUE PUCKOB,
2 — ompeieIIeHUE TIeJICH,

3 — pa3paboTKa U TECTUPOBAHUE,

4 — nIaHUPOBAHMUE.

Ha kaxnoM BHUTKE cliMpaii MOTYT HPUMEHSTHCS pa3Hble MOJIEIW Mpolecca
paszpabotku [10. B xoHEYHOM MTOre Ha BBIXOJE MOIYYaeTCs TOTOBBIA MPOIYKT.
Mogens codeTtaeT B ce6€ BOZMOKHOCTH MOJICNIA MPOTOTUIIMPOBAHUS U BOJIOTIAI-
HOM Mojenu. Pa3paboTka ureparusiMu OTpakaeT OOBEKTUBHO CYIIECTBYIOIINN
CIpaIbHBIN IIUKJ CO3JaHus CUCTeMbl. HemomHoe 3aBepiiieHre padoT Ha KaKI0M
JTare MO3BOJIAET MEPEXOAUTh Ha CIEAYIOIIMM 3Tal, HE JOKHUAASCH IMOJHOrO 3a-
BEpUICHUS padOThl HA TEKYIIEM.
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Ha puc.1.6 npezacraBieHa ycCOBEpIIEHCTBOBAaHHAs CTPATETUs CHUPaJIbHOU

MOJENH Pa3pabOTKH MPOTPAMMHOTO 00ECTICUCHUS.

[Ipu uTepaTuBHOM criocobe pa3pabOTKH HEIOCTAIOIIYI0O paboTy MOXKHO Oy-

JACT BBIIIOJIHUTH Ha CJ'ICI[YIOIHCﬁ HUTCPpAlH. I'maBnas 3agada — KaK MOXKHO OBICT-

PEC IMOKa3aTh IIOJIL30BATCIIAM CHCTCMBI pa6OTOCHOCO6HBIﬁ INpoaAYKT, TCM CaMbIM

aKTUBHU3UPYs NPOLECC YTOUHEHHUS U JONOJIHEHHs TpeOoBaHui. OCHOBHas Mpo-

onema CIIMPAJIBHOI'O IHKJIA — OIIPCACICHUC MOMCHTA IICPCX0aa Ha CJ'IGI[YIOH_IHI\;I

OTall.

Onpejienenue 3aj1a4,
aTbTepHATHB,
OrpaHuHeH i

Duxcanms
Pe3YARTATOB
-

CorokynHas A

CTOMMOCTh

]

Onenka abTepHATHE,
BRIJIC/ICHHE PHCKOB
# C1ocoboB GOPROLI

¢ HHUMH

> Xoy pabor

MpuHa™e

peleHUa O
NPOACNMOHHH
pa3paboTkM

Ananns
PHCKOB
/

Patoumit
HPOTOTHIL

[TpoToTun
[Tpororun 3

< [peromun 2
|

DKCnepTH3n

[Tnannpopanne
CHETYIONINX
HTepanmii

Ian AnsicH-
HOI'0 LHK/IA M
paborsl ¢
rpeboBa-
HHAMH

ILan
paspaboTKH

[Tnan wirerpa=
UMH H TCCTH-
POBAHMS

—

—
_—

.MopenupoBaHHe, TeCTHpoOBaHHe,
——

Kouuerus = =~ — CPaBHEHMNE ¢ aHaNOTalM B
HPOAYKTad - — peNa
~~u ]
N g
PazpaboTka I IpoexTiposa- >
BIHIAINS HHe MOJTyIeH
~
ITpoekrupo- e
nanee Kowposanue
~

~

y % ~
Bepuduxaiuma FecTHpoRas ~

:” Boaé:\'_’l";‘""m N\ HHC MOjLy/IeH
P Wurerpa-\
X \ L TECTH
poBaHuC
ITpuemoy- SHCICMBL
Passepri- y HOC TECTH- Paspaborxa

\posanmue
\

BaNue u BepuduKats

OHEPEIHOI MaCTH
HPOJYKTa

Puc. 1.6. CriupanbHasi MoJiesib pa3paOOTKH MPOrpaMMHOI0 00eCIIeUeHHUsI

Jliist ee pernieHuss He0OXOJMMO BBECTH BPEMEHHBIC OTPAHUYCHHSI HAa KaXKJIbIN

K3 3TAaIlOB KHU3HCHHOI'O IUKJIA. Hepexon OCYHICCTBIIACTCA B COOTBECTCTBUM C IlJIa-

HOM, AaKC CCJIN HC BC:A 3aIlJIaHUPOBAHHASA pa60Ta 3akoHueHa. [Iman cocraBnsieTcs

Ha OCHOBC CTAaTHCTHUYCCKUX AAHHBIX, IIOJYYCHHBLIX B IPCAbIAYIIHUX ITPOCKTAX, U

JUYHOTO OMBITA Pa3padOTUYNKOB.
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JlocTonHCTBa CIMpaIbHOW MOJAEIH.

1. Haubonee peanpbHO (B BHIE DBOJIIOIMH) OTOOpakaeT pa3paboTKy Mpo-

IrPaMMHOT0 00ECIICUESHHUSI.

2. [To3BosIAeT SIBHO YUUTHIBATh PUCK HA KAXKIOM BUTKE SBOJIIOIHMH pa3pabOTKu;

3. BriroyaeT mar CHUCTEeMHOIO MOJIX0/la B UTEPAIMOHHYIO CTPYKTYpy paspa-
0O0TKH.

4. Ucnionb3yeT MOJEIMPOBAHUE JUIsl YMEHBILEHUS PUCKA U COBEPILIEHCTBO-

BaHUSI IPOTPAMMHOI0 WU3/IEIIHA.

Henocrarku cnimpanbHON MOJEIN

1. IToBhbIlIEHHBIE TPEOOBAHUS K 3aKA3UHKY .
2. TpyAHOCTH KOHTPOJIS ¥ YIIPAaBJIEHUS BPEMEHEM pa3pabOTKH.
CnupanbpHasi cTparerus pa3padOTKH MPOrpaMMHOr0 oOecrieueHus Onm3Ka K
WHKPEMEHTHOM CTPATEruy, OJJHAKO UMEIOTCS U pa3Inyusl.

Mooenv 6vicmpoit pazpadomku npunoxcenuii (RAD mooenvy). Onaum u3
BO3MOXKHBIX UTEPATUBHBIX MOJXOAOB K pa3pabdOTKe MPOrpaMMHOI0 00eCIIeUeHHUs
B paMKax CHHUPAJIbHON MOJENN KU3HEHHOTO IUKJIA SBJIAETCS MOJYYMBILIAS B IO-
clleJHee BpeMs LIMPOKOE PaCHpOCTPaHEHUE METOIOJIOTUSl OBICTPOH pa3paboTKu
npwioxenuii RAD (Rapid Application Development). Ilog 3tum TepmuHOM
OOBIYHO MOHMMAETCS MpOIecC Pa3pabOTKH MPOrPaMMHOTO OOecreYeHusl, coaep-
JKaIuy 3 DJIEeMEHTa:

e HeOOJBIIYI0O KOMaHAy IporpaMmmMucToB (0T 2 10 10 yenosek);
® KOPOTKHIA, HO THIATEIILHO MPOPabOTaHHBIN MPOU3BOACTBEHHBIN rpaduk (0T
2 1o 6 mecsI1eB);
® TIOBTOPSIOIIMICS LUKJ, MPU KOTOPOM pa3pabOTUYHUKH, IO MEpe TOro, Kak
MPUJIOKEHUE HayumHaeT oOpetaTh (opMmy, 3alpalivBalOT U PEan3yloT B
NpOAYyKTE TpeOOBaHUsI, IOJYYECHHbIE Yepe3 B3aUMOICHCTBUE C 3aKa3UUKOM.
Kv3HeHHBI UK NporpaMMHOro odecreyeHus no merononoruu RAD co-
CTOUT U3 YETHIPEX (a3:
e (aza ompeneneHus TpeOOBAHUN U aHATU3A;
¢ (haza MPOECKTUPOBAHMUS;
e (haza peanuzaiuu;
e (haza BHeIpEHUSI.
[Ipumenenne RAD nMeeT 1 CBOM HENOCTATKH, U OTPAaHUYEHUS:
JUTst OOJIBIIUX TMPOEKTOB B RAD TpeOyroTcsi CyIeCTBEHHBIE JIIOJICKUE PECyp-
Chl (HEOOXOIMMO CO3/1aTh JOCTATOYHOE KOJWYECTBO IPYIIN);
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RAD npumeHnMa TOJIBKO JI1 TAKUX MPUIIOKEHHUM, KOTOPbIE MOTYT JEKOMIIO-
3UPOBATHCS HA OTACIBbHBIE MOJAYJIM U B KOTOPBIX TPOU3BOAUTEILHOCTD HE SBJISCT-
CsA KPUTUYECKOU BEIIMYMHON;

RAD HenpuMmeHuMa B yCIOBUSX BBICOKUX TEXHHUYECKUX PUCKOB (T.€. PU UC-
M0JIb30BaHUU HOBOM TEXHOJIOTHH).

1.3. Ctpaterns 06beKTHO-OPUEHTUPOBAHHOIO NPOEKTUPOBAHNS

B Hacrosiniee BpeMsi 00bEKTHO-OPUEHTUPOBAHHBINA MOAXO0/ ABJIAETCS OJHUM
13 OBICTPO Pa3BUBAIOIIMXCS HAMPABJIECHUHN B MPOEKTUPOBaHUU cucTeM. [Ipumepom
MOTYT ABJIATHCA 0ObEKTHO-OPUECHTUPOBAHHBIN aHAIIN3 — METOJIOJIOTUS pa3paboTKu
CHCTeM, NpeIokKeHHas MopieHoM, 00beKTHO-OPHEHTHPOBAHHOE NPOSKTHPOBA-
HUE, O0BEKTHO-OPUEHTUPOBAHHOE MPOrPaMMHUPOBAHUE, PEATM30BAHHOE B MHOT'O-
yucieHHslx komnuwisitopax C++, Object Pascal, Borland Pascal, Smalltalk.

HecMoTpst Ha paznuuus, CylecTBYIOIIME B KOHKPETHBIX BapHaHTaX O0b-
€KTHO-OPUEHTUPOBAHHOTO MOJIX0/1a, BCE 3TH BApUAHThl OOBEAUHSIOTCA HECKOJIb-
KHMMHU OCHOBOMOJIATAOIIUMU TPUHLIATIAMU:

® MHKAICYJSIU — TaKO€ CBOMCTBO, MPU KOTOPOM OOBEKTHI COJEPKAT OIHCa-
HUE aTpuOyTOB U IEUCTBHI OJHOBPEMEHHO,

® HacJeJOBaHUE — TaKOM METOJI OIpeJeeHUus 0O0BEKTOB, IIPU KOTOPOM MPO-
U3BOJIHbIE OOBEKTHI (IOTOMKH) HACIEAYIOT CBOMCTBA (aTpuOyTHl M JEHCT-
BUSI) OT CBOMX POJIUTENECH,

® MOJIUMOP(U3M — TAKOE CBOWCTBO OOBEKTOB, MPU KOTOPOM JEHCTBHUE C OAU-
HAaKOBBIMM MMEHAMH BBI3bIBAIOT PA3IMYHOE IOBEJICHHUE [JIsI PA3IUUYHBIX
O0OBEKTOB.

OCHOBHOE MPEUMYLIECTBO 0OBEKTHO-OPUEHTUPOBAHHOTO MOIX0a COCTOUT B
TOM, UTO 3ajJaya pelmiaercsi HOBbIM crocoboM. Bmecto dopmupoBanus Habopa
npoueayp, MpeiHa3HAuYEeHHBIX AJIsl PELIeHUs] KOHKPETHOM 3amauu, GopMupyercs
Ha00Op 0OBEKTOB, CBOMCTBEHHBIX JaHHOW mpeaMeTHou obOnactu. Ecnu Takoil Ha-
0op cocTaBisieTcsl TPaMOTHO, TO HE TOJIBKO KOHKpETHas 3ajjaua MOXXET OBITh pe-
IIeHa, HO U MOTEHIMAIbHO 3aKJIaAbIBACTCS (PYHIAMEHT ISl PEILICHUs BCEX 3a/1a4 B
JTaHHOM mpenMeTHOM obmactu. [Ipu CTPyKTYypHOM NpOTpaMMUPOBAHWUN TaKOH
MOJAXO0J CTUXUHHO CKJIQABIBANICA MPHU pa3pabOTKe MporpamMM B BHiE OUOIMOTEK
nojmnporpaMm mno TemaMm. OOBEKTHO-OPUEHTUPOBAHHBIN MOJXO /1aeT HOBBIE Me-
XaHU3MbI, TI€peYrcIeHHble BblIe (3 OCHOBHBIE CBOWCTBA OOBEKTHO-
OPUEHTHUPOBAHHOIO MOJAX0/a), KOTOPbIE MO3BOJISIIOT CO3/1aBaTh JACHCTBUTEIBHO
HE3aBHUCHUMBIC OT 3aJlaud ONHUCAHUS MPEIMETHOM o0jlacTh B BUJE HaOOpa 0O0bEK-
TOB.
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Heobxoaumo sSIBHO pa3nensiTh JBE KaTeropuu oObEKTHO-OPHUEHTHPOBAHHOTO
MOAX0/a: O0BEKTHO-OPUEHTUPOBAHHOE MPOTPaMMHUPOBaHUE (T.€. METOJIUKA CO-
CTaBJICHUS! TEKCTOB MPOTpaMM Ha 0ObEKTHO-OPUEHTUPOBAHHOM SI3bIKE) U OOBEKT-
HO-OPUEHTHUPOBAHHBINA aHAIN3 W MPOSKTHPOBaHWE (T.€. CO3/IaHUE TPOEKTOB CHUC-
TEM M ONHUCaHUE MPEAMETHOM 00JAaCTH B TEPMUHAX OOBEKTHO-OPUEHTUPOBAHHOTO
MOAX0/1a — KJIACCOB, aTpUOYTOB, METO/IOB).

B nacTosiee Bpemsi 00beKTHO-OPUEHTUPOBAHHOE MTPOCKTUPOBAHKE SIBIISIECTCSA
HanOoJIee MPOTPECCUBHON TEXHOJIOTHEH pa3padOTKH MPOrPaMMHBIX CUCTEM. Tem
HE MeHee, O0BEKTHO-OPUEHTUPOBAHHBIM aHau3, KaK CPEJICTBO OMMCAHUS MPE]i-
METHOW 0051aCTH ¥ OOBEKTHO-OPHUEHTHPOBAHHOE MPOEKTUPOBAHHUE KaK CIOCOO
CO3/7IaHMsI BHICOKOYPOBHEBBIX MPOEKTOB CEroJIHA TMojBepraeTcsi kputuke. OmaHUM
U3 PE3yNbTaTOB TAaKOW KPHUTHUKH SIBISETCS CO3JaHUE MTCPATUBHOW MOJEIH YKH3-
HEHHOTO IMKJIa pa3pabOTKU MPOTrpaMMHOTO MPOJIYKTa, KOTOpas SIBISIETCA Pa3BU-
THEM CIUpaIbHOM cTpareruu. IlpuMepoM HTEpaTHBHONM MOIENH KU3HEHHOTO
IIUKJIa SABJSCTCS TEXHOJIOTHS pa3pabOTKH MporpaMMHOro ooecriedenus Rational
Objectory Process xotopas mimaBHO mepennia B TexHojoruio Rational Unified
Process.

HcToprdaecku 3TOT MEPeXoj] MOXKHO OTHCaTh CIeAyromuM oopazom, B I1IBe-
nuu B 1987 rony AiiBapom JIxetikooconom (Ivar Jacobson) Obu1 co3man mporiecc
Objectory Process. OcHOBaHHBIM Ha KOHIICHIIUM HCIOJb30BaHUs MPEICICHTOB B
00BEKTHO-OPUEHTUPOBAHHOM MPOCKTUPOBAHUM, ITOT MPOILECC OBICTPO MOTYUUIT
MPU3HAHUE B MHAYCTPUHU MPOTPAMMHBIX CPEACTB M OBLI MPUHSAT (TIOJHOCTHIO HMITH
B KQYECTBE COCTABHOM YaCTH) MHOXECTBOM KOMMAaHMUM 1Mo BceMy mupy. A B 1992
rojy B Buje yueOHuKa Obla n3aaHa ynpoiieHHas Bepcus Objectory Process .

Bepcus Rational Objectory Process (ROP) 4.0 — sto pe3ynbraT o0beanHe-
Hus nporeccoB Rational Approach u Objectory Process (Bepcus 3.8), nmpouciie-
mrero nocie cnusaus B 1995 roay xopnopanuu Rational Software Corporation u
xommnanuu ODbjectory AB. Ot cBoero mpeaka Objectory mporiecc yHaciaea0Bas
MOJIEJIb MpoIecca U OCHOBOIIOIATAOINIYIO0 KOHIIETIHIO npereaeHTa. Co CTOPOHBI
Rational oH MoJy4Yun HBIHENIHIOW (OPMYJIUPOBKY UTEPATUBHOM pa3pabOTKU U
apXUTEKTYphl. DTa BepcHsl TakkKe OObEIUWHWIIA yINpaBlieHHe TPeOOBAHUSIMH OT
kopnopanuu Requisite, Inc. 1 moapoOHBIN MpoIiecc TECTUPOBAHMS OT KOPIOPAITUN
SQA, Inc., kommanuii, Takke o0beguHUBIIUXCSA ¢ Rational Software. 1, HakoHen,
JMaHHas BepCHUs Iporiecca Oblla MEPBOW, B KOTOPOW MCIIOIB30BAJICS CO3/IaHHBIN
s36ik UML (Bepcus 0.8).

B 1997 roay B Objectory mporiecc Obutn 100aBiIeHBI TPEOOBAHUS M UCTIBITA-
HUS JUCIUIUIMHBI B moaxoje, B 1998 roxy no0aBiieHb! ABE HOBBIE MTUCIUTLINHBI:
Ou3Hec-MoIeTMpOBaHKe, OOJIbINIast YaCTh KOTOpOH yxe Obia B Objectory mporiec-
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ca, U JUCUUIUIMHBI KOH(QUTYpallMd U YNpaBIEHUs U3MEHEHUSIMH, a TaKkxke 100a-
BUJIM HOBBIE METOJABI TecTHpoBaHHs mpousBoautenbHocTH, Ul Design, a Takxke
o6nosiennyro UML 1.1. B 1999 rony onn no6aBuiid JUCHUIUIMHBI YIIPABICHUS
NPOEKTaMU U METOJBI ISl peajbHON pa3pabOTKH MpPOTrpaMMHOI0 0OecTeueHHS.
Ounu BHecin o0HOBIeHHBINM ROP mg UML 1.3.

Takum obOpazom, paspaborka u monepuuzamus Rational Objectory Process
(Bepcuu 4) npuBenu k Texuonoruu Rational Unified Process (Bepcus 5).

Rational Unified Process BkiIrO9aeT 3HaYMTENBHYIO YaCTh MaTepuaia u3 00-
JacTell MPOEKTUPOBAHUSA JAHHBIX, MOJEIUPOBAHUS MPOU3BOJICTBA, YIPABICHHUS
IPOEKTOM M yIpaBleHUS KOHPUTYypaluen, MpUuYeM MocieHee — 3TO CIECTBUE
obbenuHeHus ¢ mporeccom Pure-Atria. Rational Unified Process BkirouaeT aie-
MeHTBI MeToaa Real-Time Object-Oriented Method, pa3zpaboTaHHOTO co3naTens-
mu metosia ObjecTime, npuobperenHoro kopmopaiueit Rational Software B 2000
roay. Kpome Toro, kopnopanusi Rational Software nis obecnedenus HHCTpyMEH-
TaJbHOM TOMJEPKKHM BCEX TMPOIECCOB IKU3HEHHOrO IMKIA pa3padOTKu
U CONPOBOXKJIEHUsT mNporpamMmHubiX cpeactB RUP  paspabGorana mms Rational
Unified Process Habop MHCTPYMEHTOB MOJAECPKKHA U PEKOMEHAYET HCIOJIb30Ba-
HUE CIEIMATN3UPOBAHHBIX HHCTPYMEHTAIBHBIX cpencTB IBM Rational:

— ynpasienue Tpedbosanusmu — IBM Rational RequisitePro;

— BHU3yaJIbHOE MOJEIMPOBAHUE U reHepanus OOBEKTHOTO KoJga —
IBM Rational Rose, IBM Rational XDE;

— paspabotka — IBM Rational RapidDeveloper

— koH(purypannonnoe ynpasienue — IBM Rational ClearCase;

— ynpasienue nsmeHenusmu — |BM Rational ClearQuest;

— aBTOMAaTHU3UPOBaHHOE AoKyMeHTHpoBaHue — IBM Rational SODA,;

— aBTOMaTH3MpoBaHHOe TectupoBanue — IBM Rational TeamTest,
IBM Rational TestFactory, IBM Rational Robot, IBM Rational PurifyPlus,
IBM Rational SiteCheck u IBM Rational SiteLoad.

RUP ucnonp3yer uTepatuBHyO MOJEIb pa3pab0TKu. B KoHIle Kaxmou ute-
pamu (B MIeane MpojoKaromieiics oT 2 10 6 Hemenb) MPOEKTHas KOMaHIa
JOJDKHA JIOCTUYh 3aIlUIAHMPOBAHHBIX HAa JIAHHYIO UTEPAIMIO II€NIeH, CO3/1aTh WM
0paboTaTh NPOEKTHBIE apTedaKThl U MOIYYUTh TPOMEKYTOUHYIO, HO (YHKIIHO-
HaJIBHYIO BEPCUI0 KOHEYHOTO MpoaykTa. MtepatuBHas pazpaboTka mo3BoIsieT Obl-
CTpO pearupoBaTh Ha MEHAOIIMECs TpeOOoBaHUs, OOHApYXKUBAaThb U YCTPAHATH
PUCKH Ha paHHUX CTaAMSIX MPOEKTA, a TakkKe YPPEKTUBHO KOHTPOIUPOBATH Kaye-
CTBO CO37aBAEMOT0 MPOIYKTA.
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JKu3HEHHBIN LUK pa30UT HA BHYTPEHHUE LIUKIIbI, PE3YJIbTATOM Ka)KIOTO U3
KOTOPBIX SBIISIETCS COOCTBEHHAs BEpCUs MPOTPaMMHON cucTeMbl. Kakablil UK
COCTOMT U3 YEeThIpeX ¢as3.

Hauano ( Inception ) Hauanbhas cragus
CosepmenctroBanue ( Elaboration ) Pa3zpabotka
[Toctpoenue ( Construction ) KoncTtpynpoBanue
[Tepexon ( Transition ) BBox B skcmtyaTanuio
. Bpema N
dasbl

Inception |Elaboraton|  Construction Transtion

AHanu3 TpeboBaHui

[poekTMpoBaHue

TeiicTens KoauposaHue

" Itnﬂ |#m2 #m |8m+1

v repaumu

Puc. 1.7. Monens xxusnennoro nukiaa UML

Hunamuyeckas crpyktypa RUP coctoutr w3 yetsipex ¢a3: Inception,
Elaboration, Construction u Transition. @®a3pl MOryT NOAPA3AEIATHCS
Ha utepanun. [lepexon ¢ ¢asbl Ha a3y BO3MOXKEH TOJBKO IMOCJE BHITIOJHEHUS 3a-
nay (as3bl U MpesICTaBIsIET cOO0M KOHTPOJILHYIO TOUKY (milestone) mporecca.

1. Hauamno (Inception)

Ha »>Tom aTame ¢hopMupyIOTCS BHICHHE W TPAHUIIBI MPOCEKTA W yCTPAHCHUE
HYKOHOMHYECKUX PUCKOB (B YAaCTHOCTH, UMEHHO 3/€Ch NPUHUMAETCS PEIICHUE
0 TOM, UMEET JIU CMBICIT TIPOIOIKATh Pa3padOTKYy).

Coznaercs sxkoHOMHYECKOe 00ocHOBaHME (business case), OCHOBHOE BHHUMa-
HUE B HEH yIETAETCS MOJCIUPOBAHUIO OM3HEC-TTPOIIECCOB.

OnpenensroTcss OCHOBHBIE TPEOOBaHUS, OTPAHUYCHHS U KITt0YeBast yHKIIHO-
HAJIBHOCTH mpoaykTa. Co3maercs 6a3oBasi BEpCHs MOJICTH MPEIEACHTOB.

OnenuBarotcst pucku. B aToit (paze, kak mpaBuiIo, OCYIIECTBISIETCS MPOSKTU-
pPOBaHME U pean3alys MePBOro MPOTOTHUIIA CUCTEMBI.
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[Ipu 3aBepuienun ha3pl Hauano olleHUBAETCs TOCTHXKEHHUE LEIU KU3HEHHO-
ro mukia Lifecycle Objective Milestone, koTopoe mpearnonaraeT corjameHue 3a-
WHTEPECOBAHHBIX CTOPOH O MPOJOJKEHUH ITPOEKTA.

2. IIpoextuposanue (Elaboration)

Ota (a3a mocpdileHa THIATENBHONW MPOopaboTKe TpeOOBaHMM U BHIOOPY OC-
HOBHBIX MPOEKTHBIX pemieHuil. B 3Toil (a3e KoHLENTyanbHbIM MPOTOTUI TIPEBpa-
[IaeTCs B PEAIbHYIO CHCTEMY, IMO3BOJISIONIYI0 MPOTECTHUPOBATH U OICHUTH BbI-
OpaHHBIE apXUTEKTypHBIE petieHus. B pe3ynbpTare k KOHITY (ha3sl KOMaHa TOTOBa
K OBICTpOM M KaueCTBEHHOW pa3pabOTKEe OCHOBHOTO 00beMa Kojaa cuctembl. Ha
stane IIpoekmuposanue TpOBOAUTCS aHAIN3 MPEAMETHON 001aCTH U OCTPOCHUE
UCIIOJTHSAEMOM apXUTEKTYphl. DTO BKIIIOUAET B c€0s: TOKyMEHTUPOBaHHUE TPEOOBa-
HUHM (BKJIIOYasl JE€TAJbHOE ONUCAaHUE JJisi OOJBIIMHCTBA MPELUEAEHTOB HCIIOIb30-
BaHUs); CIPOEKTUPOBAHHYIO, PEATM30BAHHYIO U OTTECTUPOBAHHYIO UCIIOJIHSAEMYIO
apxuTekTypy. Hanuuue TmareiabHO MpopaOOTAHHOW YCTOWYMBOM apXUTEKTYpPHI
rapaHTUPYET, YTO B JaJIbHEUIIEM HE MpUAETCA nepepadarbiBaTh Oonblune ¢par-
MEHTBI CHUCTEMbI; OOHOBJIEHHOE 3KOHOMHUYECKOE 00OCHOBaHME U 0O0Jee TOUHBIE
OLICHKM CPOKOB U CTOMMOCTH; CHU>KECHHBIE OCHOBHBIE PUCKHU.

VYcnemHoe BoinonHenue (pasbl Ilpoekmuposanue o3Ha4aeT JOCTHKEHUE Be-
XM apXUTEKTyphl xu3HeHHoro nukia (Lifecycle Architecture Milestone).

3.IToctpoenue (Construction)

B daze  Construction  OCHOBHOW  3ajmadyeil ~ CTaHOBUTCA  ObIcTpas
¥ DKOHOMHYHAs pa3paboTka koja cucrteMbl. K KoHIy (ha3bl cuctema 10KHA ObITh
roTOBa K Mepeaaye 3aKa3uuKy Ajisi OeTa-TeCTUPOBAHUS U/UIIM MPUEMO-CAATOYHBIX
ucnbeiTanuii. Bo Bpemsi 3Tol (a3bl MPOUCXOIUT peanu3anus OosblIed YacTH
¢yHkmoHanbHOCTH TpoaykTa. ®aza Ilocmpoenue 3aBepiuacTcsi IEPBbIM BHEII-
HUM PEJIU30M CUCTEMBI M BEXOM HauyalbHON (PyHKIMOHAIBHOUN roToBHOCTH (Initial
Operational Capability).

4. Buenpenue (Transition)

Bo Bpems dhas3et Buedpenue co3naetcs huHambHas BEPCHS MPOIYKTa U TIEpe-
JaeTcsl OT pa3paboTyMKa K 3aKa3uuKy. JTO BKIIOYAeT B ceOs mporpammy Oera-
TECTUPOBaHUS, OOYUYEHHE IOJIb30BATENICH, a TaKKe OMpeiesieHne KauecTBa IMpo-
nykrta. B cimydae, eciiM KauecTBO HE COOTBETCTBYET OXKHMJIAHMSIM IOJb30BaTeeH
WM KPUTEpUsM, YCTaHOBJICHHBIM B (Dase Hauano, daza Buedpenue nosropsercs
cHOBa. BrinonHeHne Bcex 1eneil 03HayaeT JOCTHXKEHHE BEXU TOTOBOTO MPOAYKTa
(Product Release) u 3aBepiiienre moJIHOTO ITUKIIA pa3padOTKH.

B otnuume ot kackamHoro moaxonaa («Bojormana»), B RUP Bce AUCIUTIITMHBL
BBITIOJHSIOTCS MPaKTU4YEeCKH BO BceX (pazax »ku3HeHHoro nukia [1C. Onnako,
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B 3aBUCUMOCTH OT (pa3bl, MEHSIOTCS TEKYILUE 1IeJIM MPOEKTa U COOTHOIICHUE Me-
KTy o0bemMamMH paboT, COOTBETCTBYIOLIUX PA3IMYHBIM JIUCHUTUIMHAM.

Cratuueckas crpyktypa RUP cocTOUT U3 TUCHUIUINH, B KOTOpBIE TPYIIIU-
pyroTcst paboThl, 3agaun, apTedakTsl U posd. [t onMcaHuss OCMBICICHHOU I10-
CJIEIOBATEILHOCTH BBITIOJHEHHUS paldOT U 3aJlay MCIOJIb3YIOTCSl paboune mpoliec-
cel (puc.1.8). OHU ONMHUCHIBAIOT KTO, YTO, KaK M KOT/a BBIMIOJHSET B IIpOIIecCe.
B RUP BxoasaT 6 OCHOBHBIX TUCILIHILINH:

Pabouwe npoLeccel Cragum

HayankHas

eragys Yrounenne KoHCTpYHpOBaHNE BHenpenne

OCHOBHBIE NpoLeces

BH3HEC-MOAENHPOBAHNE

Ynpagnexwe Tpe0oBaHUAMK | o n B —

AHANH3 N NPOSKTHPOBAHNE I

PeanuaaLma

TecTHRoRAHWE |

PaseepThiBatme

MoARepKHEAIOLIME NPOLECEH

YNpaBneHHe NpoeKToM

YNpaBAGHHE KOHCMrypauHesi | ' ' |
W VHEHEHMSAMH

Co3maHve MHAPRCTPYKTY DI | | |
(cpena pazpabotin)

| |
MpeagapHT. |  ymep, i wiep. | urep. i wep, | wrep. | wep. | wmep.
1 H 1

mepaes | pet | W2 | en D mened iWens2 | oNemo leme

UTepauuu

Puc. 1.8. I'paduueckoe npencraBiaeHue mnpoiecca pazpadotku nmo RUP

— ouzHec-mozaenupoBanue (Business modeling);

— ynpaBnienue TpeboBanusimu (Requirements);

— anamu3 u [Ipoextuposanue (Analysis and Design);
— peaymmzarus (Implementation);
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— tectupoBanue (Test);

— pa3BepthiBanue (Deployment).
U Tpu BciomoraTenbHbIE:

— ynpasnenue npoektoM (Project management);

— ynpasienue n3menenusmu (Change management);

— cpena (Environment).

Takum oOpaszom, Rational Unified Process mnogmepxuBacT 00BEKTHO-
OPUEHTHUPOBAHHYIO TEXHOJIOTHIO. MoaenupoBanue o metonosiorun RUP saBisiet-
csi 00bEKTHO-OPUEHTHUPOBAHHBIM U 0a3UpyeTCsl HAa MOHATUSX OOBEKTOB, KJIACCOB U
3aBUCUMOCTEH MEXIy HUMH. ITH MOJACIH, MOJ00OHO MHOTHM JAPYTHM TEXHUYE-
CKUM HCKYCCTBEHHBIM 00BeKTaM (apredakrtam), B Ka4eCTBE €IMHOTO CTaHIapTa
JUIsl OpraHu3allid B3aWMOJEHCTBUSA YYaCTHUKOB IpoekTa ucnonb3dytorT Unified
Modelling Language™ (UML) — yHuBepcasbHbIHN S3bIK MOJCTUPOBAHMUS.

Rational Unified Process moanep:kuBaeT KOMIIOHEHTHO-OPUEHTUPOBAHHBIN
noaxoa. KoMmoHeHThl — 3TO HETPUBHAIIbHBIE MOJYJIW WA MOJICUCTEMBI, KOTO-
pBI€ BBITTOJTHSIIOT KOHKPETHYIO (DYHKIIUIO M MOTYT OBITh HCITOJIB30BaHBI MHOTO-
kpatHo. Kak mpaBmiio, KOMIOHEHTBl COOTBETCTBYIOT OJHOW M3 MPOMBIIIIEHHBIX
cnenudukanuii, Takux kak CORBA, COM/DCOM, ActiveX, Enterprise Java
Beans u np.

1.3. IHCTpyMeHTanbHble cpeacTBa NpoekTUpoBaHUs

[IpakTruecku 1100ast COBpeMeHHasi KpynHasi mporpaMMHas cuctema paspada-
ThiBaeTcs ¢ npumeHeHueM CASE-texHosoruii mo kpaHeW Mepe Ha 3Tamax aHa-
JN3a U MOJEIUPOBAHUSA, YTO CBSI3aHO C OOJBIION CIIOKHOCTHIO JAaHHOU MpobJieMa-
TUKH U CO CTPEMJICHUEM TMOBBICUTH 3P(HEKTUBHOCTH padoT.

Llenpro cucTeM aHalv3a U MPOEKTUPOBAHUS SIBIIECTCS ONpPEACICHUE CUCTEM-
HBIX TpeOOBaHUW M CBOMCTB, CO3/IaHUE TMPOEKTA U APXUTEKTYpbl UHPOPMAIIMOH-
HOU CHUCTEMBI, a TAKXKE JIETAJIbHAS «KAJIbKa» MPOEKTa, BKIIFOYAIOIIAsl aITOPUTMbI U
ONpEICJICHHS CTPYKTYP JaHHBIX.

Cucrembl POEKTUPOBaHUS 0a3 JaHHBIX 00ECIEUYUBAIOT JIOTHUECKOE MOJIEIHU-
pOBaHHUE MAaHHBIX, AaBTOMATHYECKOE MpeoOpa3oBaHne Mojieliel TaHHbIX B TpeThio
Hopmanbryto @opMy, aBTOMaTUUYECKYIO FeHEpALMIO cXeM ba3a JaHHBIX U onuca-
HUM (hopmaToB (ailioB Ha ypPOBHE MTPOTPAMMHOTO KOJA.

B Ta6aune 1.1 npuBenensl HekoTophie CASE- cpencTBa aHanus3a U IpPOEKTH-

POBaHUS MPOTrPAMMHBIX CUCTEM.
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Tadomuma 1.1

CpencTBa mpOeKTUPOBAHHUS

IIpousso- [Tonnepxka
Cucrema npoexk- Horauus
TUPOBaHUA JHTCIE DFD Honnepxia IMonneprxkka nuarpaMm
p I10 METOH0JIOTHHU JUICP jarp
Cucmemul ananu3a u nPoeKmMUpPoBanus
. . IDEFO/SADT OYHKIMOHATHHON JICKOMITO3H
BPWin Logic Works(["eitn-Capcon
g P IDEF3/SADT | wnn
I[ToTOKOB MaHHBIX B HOTALMH
ProKit 8 CoOcTBenHasd T'etina-Capcona, CYIIHOCTb-
- MDIS  [[eitn-Capcon p yu
Workbench STRADIS CBSI3b, CTPYKTYpPHBIC  KapTh]
KoncranTaiina
KIIMOHAIBLHOH IEKOMIIO3H-
CTPYKTYpPHOTO CHC- by A
CASE. Ananu- . . [[MY, TIOTOKOB JIaHHBIX, YIIpaB-
Oiitekc  [[efin-Capcon| TeMHOro aHaimsa
THK o JSIOUIMX TOTOKOB, CTPYKTYPBI
I'eitn-Capcona
JAHHBIX, CYIIIHOCTh-CBSI3b
aHaM3a U MPOeKTH- | DYHKIMOHATBHON JIEKOMIIO3H-
. Wopan (pac- | poBaHmst CHCTEM pe- | LK, TIOTOKOB JaHHBIX
CASE /40  |MicroTooL |11o#aH (pac-|p pe-| uH, ABHHEIX,
Iup. ) aIBbHOTO BPEMEHHU | IEPEXOI0B COCTOSHUM,
Yopna-Memnepa | kaptel J>KekcoHa
. Meta Soft- IDEFO, IDEF1 CYIIIHOCTB-CBSA3b
Design/IDEF - ym
ware IDEF1X, IDEF/CPN
DOyYHKIMOHAJIBHON  JIEKOMITIO3 U]
.. .. I'eitn- MubopMalimOHHOTO | IIUH, CYITHOCTh-CBSI3b, IMOTOKOB
Visible Analyst | Visible Sys- o (bopman I ym 2
Capcon, Mo-| MopmenupoBanusi | JaHHbBIX B HoTanuu Monana u
Workbench tems .
JlaH Maptuna l'eitna-Capcona, CTpyKTypHBIE
kapThl KoHcTaHTaliHa
BapHaHTOB HCIOJIb30BaHHUS
UML, Taxxe p OU ClIOIB30 ’
Co0OcTBeHHAsT METO- | B3aMMOACHCTBHS OOBHEKTOB,
- HO,Z[I[ep)I(I/I- n H
. Rational nonorus "Rational | mociegoBareasHOCTH — B3aMMO-
Rational Rose BaeTCs HOTa- . " . .
Software s Byva u Objectory Process", | nelicTBHii, TEPEXOJ0B COCTOS-
UML HHIi, KJaCCOB, MMAaKETOB, KOMIIO-
OMT-2. , CCOB, €TOB, KOMIIO
HEHTOB, Pa3MEIICHIS
KaccoB, KOMIIOHEHTOB, KOMIIO-
BUTHOI/ COCTaBHOM CTPYKTYPHI,
koomnepanuu (UML 2.0), o0bek-
Object TOB, TakeToB, mpoduieit (UML
2.2 SITCIbHOCTH TOSTHUH
UML 2.x  |Management|CoGcTBeHHas UML ), IEATENBLHOCTH, COCTO ,
Group MPEIIeICHTOB, KOMMYHHKAITUU
(UML 2.0) / xooneparuu (UML
1.x), 0630pa B3anMOIeHCTBHSI
(UML 2.0), nocnenoBareinbHO-
ctu, cuaxponuszanuu (UML 2.0)
Horarms CYITHOCTB-CBSI3b,
ARIS Toolset |Software AG UML MACAHUSA T B
ARIS eEPC ore POHECCOB,

MH(OPMALIMOHHBIX TOTOKOB
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Cucmemol npoekmuposanus 6a3 0aGHHBIX U Pailioe6

CYIIHOCTb-CBSI3b,
CoGeTBenas MMOTOKOB JITaHHBIX,
Designer/2000 Oracle [Teitn-Capcon CASE*Method | epapxuu byHKIHH,
B3aUMOJCUCTBUS MOYyJIEH
CTPYKTYpHBIC KapThl J[>kekcoHa
. Logic .
ERWin Works Ieiin-Capcon| IDEF3/SADT CYIIHOCTb-CBSI3b
Evergreen CTPYKTYPHOTO CHC- CYIIHOCTB-CBSI3b, TIOTOKOB JaH-
["eitn-Capcon HBIX, IEPEX0JI0B COCTOSTHUH
EasyCASE CASE 2-APCOHY  enmoro anamisa » IEPEXO/IOB COCTO ’
Tools Honan Teiin-Capco CTPYKTYpPHBIC KapThl B HOTAIIUU
Koncranraitna
CrpyKTypHOro aa CYIIHOCTB-CBsI3b B HOTAalIMU Ye-
Ha, TIOTOKOB JIaHHBIX B HOTAIMH
Vantage Team CAY- < JIM3a U IPOEKTUPO- | & OKOB JIa oraui
Builer ENNE Honan sars Yena 1 Mo Honana, nepexomoB COCTOSHUIA,
AHa CTpYKTypHbIe KapThl KoHcTaH-
Jlana, TaliHa
Chen & CYIITHOCTh-CBSI3b, IIOTOKOB JIaH
Chen Toolkit  |Asssociate Yena Yena v ’ A
s HBIX, [IEPEX0JIOB COCTOSIHUI
. Sybase/ HudopmanrnoHHOro
S-Designor CYITHOCTB-CBSI3b
g Powersoft MOJICTTUPOBAHHSI ym
Computer IIPOU3BOJIE IIOTOKOB aHHBIX BPM, ¢
SILVERRUN | Systems | "P DATARUN A > OV
AdVisers Hast HOCTh-CBs13b ERX 1 RDM

OTH CUCTEMBI MMOAACPKUBAIOT TC UJIM MHBIC MCTOAOJIOI'NH aHaJIn3a U IIPOCK-

TUPOBaHMsI HH(POPMAIIMOHHBIX CHCTEM, KOTOPBIE OMPEACISIIOT PYKOBOIAIIME yKa-
3aHUs JIJISL OIICHKH U BBIOOpA MPOEKTa MPOrpaMMHOTO MTPOAYKTA, OCIEI0BATEIIb-
HOCTb IIIaroB BBIITOJHEHMS PabOThI, TPaBHjIa paclpeaeeHns U Ha3HAYCHHUS OIIe-
panui 1 METOJIOB.

Kpome mepednciaeHHbIX CHCTEM MMPOSKTUPOBAHKS pa3pabOTaHbl Pa3InIHbIC
uHctpyMmentanbabie CASE—cpesncTsa: pazpaborku npuioxenuit — JAM
(JYACC), PowerBuilder (Sybase), New Era (Informix), SQL Windows (Gupta) u
1p.; TUIAHKPOBAHHUS U ypasiaeHus npoektoM — Microsoft Project, SE Companion;
tectupoBanus — Quality Works (Segue Software); nokymentupoBanus — SODA
(Rational Software), koTopbie MO3BOJISIOT ABTOMATH3HUPOBATh MPOIECCHI MPOSKTH-
pOBaHUs, INIAHKPOBAHUS, pa3pabOTKK, TECTUPOBAHUS, JOKYMECHTHPOBAHUS HH-

(dhopMaIMOHHON CHCTEMBI MOJICITHPOBAHHS.
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NHcTpyMeHTallbHBIE CPENICTBA, TPEAHA3HAYEHHBIE JIJIs1 TIPOEKTUPOBAHUS U
MOJEITUPOBaHUS HH(OOPMAITMOHHBIX CHCTEM, MOTYT OBITh OTHECEHBI K OJTHOM 13
CJIEIYIOUTUX KAaTEerOpHil:

® JOKaJbHbIC, TMOJACPKUBAIOIIME OJMH-[BA THUIA MOJENEeH U METOJ0B
(Design/IDEF, ProCap, S-Designor, “CASE. AHaimTuk”);

® Majble HHTETPUPOBAHHBIE CPEJCTBA MOJCIUPOBAHUS, ITOICPKUBAIOIIHE HE-
CKOJIBKO TUTIOB Mozelielt u metooB (ERwin, BPwin) [8, 41, 45] ;

® CpeaHHNe MHTETPUPOBAHHBIC CPEACTBA MOJCITUPOBAHUS, TIOIJIEPKUBAIOIIUE OT
4 no 10—15 TunoB moxeneit u MeromaoB (Rational Rose, Paradigm Plus,
Designer/2000) [46];

® KpyIHBbIE MHTETPUPOBAHHBIE CPEACTBA MOJCIMPOBAHUA, TOICPKUBAIONTUE
ooiee 20 TunoB mozener u metoaoB (ARIS Toolset).

OcTaHoBUMCS Ha MaJIbIX MHTEIPUPOBAHHBIX CPEJICTBAX MPOEKTUPOBAHUS UH-
(GOpPMaMOHHBIX CHCTEM. THUMWYHBIA TMPEACTABUTEh MAJbIX WHTETPHUPOBAHHBIX
CPEIICTB MOJIETUPOBAHUS — KOMIUIEKT MPOrpaMMHBIX MpoaykToB Platinum
Technology (CA/ Platinum/Logic Works), ocHOBaHHBII Ha MOIMYJISIPHBIX MaKeTax
BPwin u Erwin [8, 41, 46, 48].

BPWin. Komnanus LogicWorks, pa3spabotunk BPwin, ceituac Bxomsmimii B
Computer Associates, paboTaeT Ha phIHKE TEXHOJOTUIM MOJEIUPOBAHUS YKe 00-
nee 20 ner. JIns mpoBeaeHUs aHAIM3a U PEOPTaHU3AIMH CJIOKHBIX CUCTEM M TIPO-
nieccoB Logic Works npeanaraet CASE-cpenctBo BepxHero yposust — BPwin, ko-
TOPBIN TOIIEP)KUBAET 3 METOAOJIOTHH:

e [DEFO (¢pyHkumoHanbHast MOJIENH),
e |IDEF3 (WorkFlow Diagram) — ToibpK0 ArarpaMMbl IPOIIECCOB,
e DFD (DataFlow Diagram) — auarpamMmbl TOTOKOB JIaHHBIX.

OyHKIIMOHAIbHAST MOJIENb TpeAHa3HAuEHA JUIsl OMHMCAHMS CYIIECTBYIOIIUX
CHUCTEM U MPOILIECCOB (Tak Ha3biBaemas Mojesb AS-IS) u uaeanbHOro MOJOKEHUS
BEIIIeH — TOTro, K YeMy HY)KHO cTpeMuThest (Moens TO-BE).

WHTerpanus BHIMOTHACTCS KaK MyTeM CIIUSHHS HECKOJIBKUX MOJICICH, TaK U
MOCPEICTBOM TIEPEKITIOYCHUS Ha Pa3InYHbIe METOOJIOTUH B TIpoliecce pa3paboT-
KM OTACNBHBIX JuarpamMm HHGOpMaIMoHHOH Mozaenu. [IpeaycMoTpeHo pacimpe-
HUE BO3MOXHOCTEH aHaliM3a CUCTEM Kak B camoM makere BPwin (dbyHkumoHamb-
HO-CTOMMOCTHBIN aHAJIN3), TaK U C TIOMOIIBIO AKCIIOPTA TAHHBIX B JIPYTHUE ITAKETHI.
BPwin aBTroMatu3upyeT 3amauu, CBSI3aHHBIE C TTOCTPOCHUEM MOJEJICH pa3BUTHS,
oOecrieuynBass CEMaHTHYCCKYIO CTPOTOCTh, HEOOXOAMMYIO JUIS TapaHTHPOBAHUS
MPaBUILHOCTH U HETIPOTHBOPEUUBOCTH PE3YyIHTATOB.
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ERwin. IMoaaepxuBaeT HECKOIBKO Pa3HOBHIHOCTEH METOMOJIOTUU HH(OP-
MalMOHHOTO MOJEIMpPOBaHus, OCHOBaHHOW Ha ER-nmarpammax (cymHocts —
cBs3b). MuTerpanms moxaeneit BPwin ¢ moaemsimu ERwin BeImosiHAETCS TTyTeM
oOMeHa TaHHBIMH Yepe3 PYHKIIMH SKCIIOPTa/UMITOPTA.

OcHoBHOM U3 Tpex merononoruil seiuserca IDEF0, ona oTHOCUTCS K cemeil-
ctBy IDEF, kotopoe Ob110 BBeaeHo B 1973 romy Poccom mon HasBanuem SADT
(Structured Analysis and Design Technique). XoTss 0OCHOBHOH aKIEHT HCIOJIb30-
BaHMUSI MaJbIX WHTETPUPOBAHHBIX CHCTEM JEIaeTcs B MPUMEHCHHH K OW3HEC-
MPOIIECCAM HA MPEANPUATHUAX, 3TH TEXHOJIOTUN IPUMEHUMBI JIJIs1 JEKOMIIO3ULIUN U
MPOEKTUPOBAHUS IIUPOKOTO Kiacca CUCTEM, B TOM YHUCIE HHPOPMAIIMOHHBIX CHC-
TE€M, B YaCTHOCTHU I IPOECKTUPOBAHUS CAUTOB, IIOPTAJIOB, CUCTEM U IIPOTPAMM-
HBIX KOMIUJIEKCOB KOMIIBIOTEPHBIX YCTAHOBOK JJII MOJEJIMPOBAHUS PEATBbHBIX
o0wekToB. s unpopmanmonnsix cuctem npumeHenue IDEF0 umeet cBoeit 1ie-
JBI0 OompezesieHue TpeOOBaHUM U ykazaHue QyHKIMN JJIs MOoclenyrole paspa-
OOTKH CHCTEMBbI, OTBEYAIOIIECH MOCTaBJICHHBIM TPEOOBAHUSM U peaTU3yIOIEH BbI-
neneHHsle GyHKuud. [IpumeHuTenbHO K yxe cymectBytommm cucremam IDEF0
MOKET OBITh MCIOJIb30BaHA VISl aHaln3a (DYHKIMH, BBHITIOJHIEMBIX CHCTEMOMU, U
OTOOpaXEHUS MEXAHU3MOB, OCPEICTBOM KOTOPBIX 3TH (PYHKIIMH BBITTOJTHSIIOTCS.

[lepBas nuarpamma B uepapxuu auarpamm IDEFO Bcerna uzobpaxkaer ¢hyHK-
IUOHUPOBaHKE HH(POPMAITMOHHOM crcTeMbl B 1iesioM (puc.1.9). Takas quarpamma
HAa3bIBACTCA KOHTEKCTHOM. B KOHTEKCT BXOJIUT OIMCAHWE LEIM MOAECIUPOBAHUS,
00nacTu (omucaHusi TOro, YTo OYJIET pacCMaTPUBATHCS KAK KOMIIOHEHT CHUCTEMBI,
a YTO KaK BHEIIHEE BO3JCUCTBHE) U TOUYKU 3pEHUs (IMO3HIMH, C KOTOPOU Oyner
CTPOUTHCA MOJIEINb).

Crpernxka ympas-
JICHUA
Crpenxka l Crpenxka
BbIXOJ1a BbIXOJ1a
O yHKIIMOHAJIb-
: HBIN 010K )

!

CTpeJnca MEXaHu3Ma UCIoJa-
HCHUA

Puc. 1.9. Coequnenue cTpesiok co CTOpoHamMu (PYHKITMOHATIBLHOTO OJI0Ka

43



Ha puc.1.10 npuBeneHn npumMep IpOEKTUPOBAHUS 3TANOB MPUKIIATHON IPO-
rpammbl «IlacTOuiney, npenHa3HAYEHHOW U1 MOJEIUPOBAaHUS MACTOMIIHON Ha-
I'PY3KH IPHU HAIMYUU MEJIKOTO M KPYITHOTO pOraToro CKoTa.

Ha puc. 1.11 npuBeneno ornasnenue nuarpammel IDEF 0-3 mist mporpaMmer
«[TactOurey.

El-. AHANME NPEAMETHON OGNACTH W paapaﬁmﬁa TERHWYECKOMD S30aHHA
] CMCTEMHBN AHANKME NACTEMW A

-] FoprHpoEaHHe TpeS0EaHHE M paspatoTka KOHLENUMM NPHENSAHOE NpOrpatdtsl
: ~-f] PaspatiorTka TEXHMYECKOro 330aHHA Ha NPMENaGHYKD Nporparary TlacTGuw e
] AckMEHDE NPOSKTHPOBAHWE NPMKNDLHON NPOrpattsl

>“ FaspatoTk.a KoHWEN- TYaNEHOMN CTPYETYRE! MPHENQOHOE Nporpamidel

] Dekoranozuuma N Ha NOGCMCTEME], 050SHAYEHHE X PYHELME W LEned

El. FPazpafoTka W TECTUPOBAHME NpOrpardrkel

. [ Hanucanue kona

L Kormunauua

-l Tectuposatve

: “fl] Ornagka

=] Beog B AEHCTEME W CONPOBOHOEHHE

-l MogenuposaHue

H AHAMME NONYYEHHER 0aHHEIR

“.fl] Erieoge

Puc.1.10. ITpoexkTupoBanue 3TanoB pazpabOTKU MPOTPaMMBI

Eli PaspafSorka npyEaagHoRA nporpamMmel “Tacrume™
Eli Paspaftorka npHEnaaHoi nporpamms “Macroume™
E AHANMS NPEOMETHON 0ONaCTH M paspadoTEa TERHWYECKOrD 380 aHHA
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Puc.1.14. ®yukuuroHanbHas MOJENb TPETHETO YPOBHS 110 dTaram
pa3pabOTKH MPOrpaMMbl

JIBymst HanbOosiee BaXKHBIMU KOMIIOHEHTaMH, U3 KOTOPBIX CTPOATCS JUarpam-
Mol IDEFO, sBnsitorcst paboThl (IpeACcTaBlIeHHbIC Ha AMarpaMmax B BHJE MPSMO-
YTOJIBHUKOB), IaHHbIE U OOBEKTHI (M300pakaeMbie B BUJE CTPEJIOK), CBS3BIBAIO-
e MeXy co0oi paboThl.

Henocrarkom Bpwin siBiIsieTcss He3aBEepIIEHHOCTh MPOpabOTKK MHTepdeiica
MIOJTB30BATEISI, YTO MOXKET OCIIOKHSITH padOTy IPOSKTHUPOBIITHKA.

Co31aHni0 UMUTAMOHHBIX MOJIEIEH BCer/ia MPeIIeCTBYET CTaAus MTPOCKTHU-
pPOBaHUS MPOTPAMMHBIX TPOAYKTOB. J[JI CO3MaHMsI IPOSKTOB UMUTAITMOHHBIX MO-
neneil, O0COOCHHO CJIOKHBIX CHCTEM, CYIIECTBYIOT JOCTaTOYHOE KOJIMYECTBO
CASE-cpencts [8, 41, 45, 46, 48]. HekoTopble U3 HUX MPEACTABICHBI B TaOJIHUIIC
1.1.

[Tpu pa3paboTke UMHUTAIIMOHHBIX MOJICIICH BCETIa CTOMT BOMPOC, KaKasi 4acTh
pa3palboTKu sBIsIETCS HamboJee TPYIOEeMKOM U KyJaa OyayT HampaBi€Hbl OCHOB-
HbIC ycuinsa? AHanW3 W ONBIT pa3pabOTOK MPOEKTOB MOKA3bIBAET, YTO OCHOBHAS
YaCTh MHTEIICKTYATbHBIX YCHIINNA YXOIUT:

® Ha MOHMMaHWE OM3HECa KIMEHTA M CYTH U CUCTEMHOTO aHaJIn3a MOCTaBIICH-
HOM 3aJ1a4u;
e Ha BBIOOp HHPOPMAITMOHHOW apXUTEKTYPhI PEIICHNUS;

® Ha paBpa60TKy OIITUMU3AILIMOHHBIX 9BPUCTUK.
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Co3naHue cOOCTBEHHO MMHUTALIMOHHOW MOJENH — KIII0YEBasi, HO, KaK IPaBUIIO,
He camasi OoJiblIasi 4acTh MpoeKkTa. bojpmas TpyI0eMKOCTh MO BPEMEHH MOXKET
yUTH Ha pa3paOoTKy UHTepdeiica Monbp30BaTes U UHTErpaliy pelieHus ¢ 6azaMu
naHHbIX U T.1. OOpaboTKa CYIIECTBYIOIIMX JAHHBIX TaKKe 3aHUMAET 3HAUUTEINb-
HOE BpeMs.
KounTposibHbIe BOPOCHI

1. Kakue poccuiickure CTaHAapThl CYIIECTBYIOT JUIsl pa3pabOoTKU MporpaMmMHOro odec-
neyeHus ?

2. Kakume MexmayHapoIHbIE CTAaHAAPTHI CYMIECTBYIOT IS pa3pabOTKH MPOTPaAMMHOTO

obecrieueHus?

KaxoBbl ocHOBHBIE cTaanu pa3padboTku rnporpammHoro obecneuenus no 'OCT 34

KaxoBbl OCHOBHBIE TIEJIH MPEATPOESKTHOM cTaauu pazpadbotku [10?

Ha xakue stansl nogpasaensercs npeAnpoeKTHAs CTaaus?

UTto Takoe TeXHUYECKOE 3aaHue Ha pa3zpadbotky [10?

Ha ckonbko 3TamnoB MOKHO MOAPa3AeIUTh TPOSKTHYIO cTaauto pazpadotku [10?

B uem cyTb cTaguu BHEApEHUS?

© o N gk~ W

YTto Takoe neproj COnpoBOKACHUA?

10. B uem uzes BogomaaHoi crparerun pazpadorku [10?

11. KakoBbl OTIUYHUTENbHBIE OCOOCHHOCTH MHKPEMEHTHON M SBOJIOIMOHHOW CTparte-
run pazpadbotku [10?

12.B 4yem cyTh UTEpaTUBHON MOJENHU >KU3HEHHOrO LHMKIJIa MPOrpaMMHOro obecrneye-
HUS?

13.Kakue CASE - cpenctBa UCHONB3YIOTCS ISl aHAIW3a U MPOCKTUPOBAHUS IPO-
rpaMMHOTO obecrieueHust!

14.Kakue cucteMbl IpoeKTUpoBaHUs 0a3 JaHHBIX U (ailJIoB BOCTpeOOBaHbI Ha CETO-

THSIIHANA O¢Hb?
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NMABA 2. OCHOBHbIE HAMNPABJIEHUA PASPABOTKU NMPOIrPAMM
KOMIMbOTEPHOIO MOAEJNIMPOBAHUA

MaremaTudyeckoe MOACITUPOBAHUE JJI UCCIAETOBAHUS XapPaKTEPUCTHK CHC-
TEM YCJIOBHO TOJpa3NEseTCs Ha aHATUTHYECKOE, MMUTAIIMOHHOE M KUOCPHETH-
gyeckoe. B cBoro odepenb, MOACITH MOKHO TOAPA3ACIUTh Ha KJIAcChl aHAJIUTHYC-
CKHE, IMUTAIMOHHBIC M CXEMOTEXHUYCCKHE (KHOSPHETHICCKUE).

JIns aHAJIMTHYECKOr0 MOJEJTHPOBAHMSI XapaKTEPHO TO, UYTO ITPOIIECCHI
GYHKIIMOHUPOBAHUS CUCTEMBI 3aITUCBHIBAIOTCS B BHJIE HEKOTOPHIX (DYHKIIMOHATh-
HBIX COOTHOIIICHUH (anredpandeckux, AuddepeHInaIbHbIX, HHTETPaTbHBIX ypaB-
Henuit) [1, 8, 15, 28-31, 34, 38-40]. DTu COOTHOIICHUS HA3BIBAIOTCS aHAIMTHYC-
CKMMHU MOJICISAMU. AHAIUTHYECKAss MOJEIIb MOXKET OBITh HMCCIIe/IOBaHa CIEIYIO-
MM METOJIaAMH

1) aHaTUTUYECKUM, €CJIM CTPEMATCS MOJYyYUTh B OOIIEM BHUJC SIBHBIC 3aBH-
CUMOCTH JIJISl XapaKTEPUCTUK CUCTEM;

2) YUCIICHHBIM, €CJIM HE YJaeTCsl HAalTH pelIeHUue ypaBHEHUM B 00OIIeM BUE U
WX PEIIAIOT JJIsl KOHKPETHBIX HayaJbHbIX IaHHBIX;

3) KaueCTBEHHBIM, €CIIM MPHU OTCYTCTBUHU PELICHUS] HAXOMSIT HEKOTOPBIC €ro
CBOMCTBA.

[Ipy MMHUTAIMOHHOM MOAEJIMPOBAHMH PEATUIYIOIIUN MOACIb-aJTOPUTM
BOCIIPOU3BOAUT Mpolecc GyHKIIMOHUPOBAHUSI CUCTEMBI BO BpeMeHU. MUTHpY-
IOTCSI DJIEMEHTapHBIC SABJICHMS, COCTABIIAIOIIME MTPOIECC, C COXPAHCHUEM HX JIOTHU-
YECKOW CTPYKTYpPHI U MOCIAEAOBATEILHOCTH MPOTEKaHUSI BO BpeMeHU. OCHOBHBIM
MPEUMYIIIECTBOM UMHUTALIMOHHBIX MOJIENIeH TI0 CPAaBHEHUIO C AaHATMTUYECKUMHU SIB-
JE€TCSL BO3MOXKHOCTh PELICHUS 33/1a4 UCKIIOUYUTEIbHON CI0KHOCTA. MeTos1 nMHu-
TaIIMOHHOTO MOJICIMPOBAaHUS 00ECIICUNBACT UMUTALIMIO JTFOOBIX CIIOKHBIX U MHO-
rooOpa3HbIX MPOLECCOB C OOJIBIIMM KOJUYECTBOM 3JIEMEHTOB, OTIEIbHbIE PYHK-
[IUOHAIBHBIE 3aBUCUMOCTH B TaKUX MOJEISAX MOTYT OMHUCHIBATHCS TPOMO3IKUMU
MaTeMaTUYECKUMU COOTHOIIICHUSIMH.

NMuTanmoHHbIe MOJIETU MO3BOJISIIOT JIETKO YUYUTHIBATh HAIMUKE AUCKPETHBIX
WM HETPEPBIBHBIX AJIEMEHTOB, HEJMHEHHBIE XapaKTEPUCTUKHU, CIy4allHbIE BO3-
nevictBus u ap. [lo3ToMy 3TOT METO IIMPOKO MPUMEHSIETCS Ha dTAaIe MPOEKTUPO-
BaHMS CIIO0KHBIX CHCTEM.

NmuTtaiimoHHoe MOJEIMPOBAHUE HAXOAUT IIMPOKOE MPUMEHEHUE B Pa3jivy-
HBbIX c(epax, B COLMAIbHBIX, SKOHOMUYECKUX, MOTUTOJIOTHIECKUX, TEXHUUECKUX
1 BOCHHBIX MCCJICIOBAHUSIX:

— MOJICTMPOBAHUE MTPOU3BOJICTBEHHBIX CUCTEM;

— MOICIIMPOBAHUC JIOTUCTHUYCCKUX ITPOLCCCOB,

48



— B MAapKETHUHTE;

— MOJIETUPOBaHKE OU3HEC-NPOLECCOB;

— MOJIETTUPOBAHNE YKOHOMUUYECKHUX pedhopM;

— B COLIMOJIOTUH U MOJIMTOJIOT U Y,

— MOJIEJIMPOBAHUE COLIMAJIBHBIX ITPOLIECCOB U NHCTUTYTOB;

— MOJEIUPOBAHUE TPAHCIIOPTHBIX CUCTEM;

— MOJICJIMPOBAHUE TEXHUYECKUX, MH(MDOPMAIMOHHBIX U TEJICKOMMYHHUKAIIH-
OHHBIX MPOLECCOB U CUCTEM;

— MOJIETTUPOBAHME PA3IMYHBIX TJI0OATBHBIX MUPOBBIX MPOIIECCOB.

OdeHb CIOXKHO TEPEYUCTUTh BCe chepbl MPUMEHEHUS UMUTAIMOHHOTO MO-
JEJIUPOBAHUS.

[Tox cxeMoTexHHYEeCKHMM (KHOEPHETHYECKHM) MOAeJIHPOBAHNEM TTOHUMA-
€M MOJICTTUPOBAHKE CJIOKHBIX CUCTEM Ha OCHOBE MH(OPMAIMOHHOTO OOMEHa Me-
KOy €€ DIIEMEHTAaMH, 3TO KJIACC MOJENEN, KOTOPBIM MO3BOJISIET OTPa3UTh yIIPaB-
JICHYECKHE aCTeKThl oBeAeHUs cucteM. OCOOEHHOCThI0O KHOEPHETHYECKOTO MO-
JNEIIUPOBAHUS SBJISACTCA, KPOME y4YeTa MEXAHU3MOB YIIPABIIEHUS, BO3MOXKHOCTb
ydeTa MEXaHM3MOB CaMOOPTraHU3allui, 00yYeHH s, alanTalui U T.J. DTOT MOIX0]]
IIMPOKO NPUMEHSECTCS MPU TNOCTPOEHUH MOJEIEH CUCTEM aBTOMATHYECKOTO
ynpasnenus [5, 10, 31].

ITog KOMNBIOTEPHBIM MOAEJUPOBAHMEM MOHHUMAKOT MATEMATHUYECKOE MO-
JETTMPOBAHUE C UCTIOJIB30BAHUEM CPEACTB BBIUUCIUTENBHON TeXHUKU. C pa3BUTH-
€M BBIYUCIIUTEIILHON TEXHUKH, HA KQUECTBEHHO HOBYIO CTYNEHb MOIHSIACH TEX-
HOJIOTMSI MOJEJIUPOBAHUS CII0KHBIX CUCTEM U IPOLECCOB, TaKas PEBOJIIOLUS CcTala
BO3MOXXHOM B pe3yibTaTe pa3padOTKH METOJO0JOTMH UMHUTAIMOHHOTO MOJEIUPO-
BaHUS Ha DBM W Cc NOsABIEHUEM KOMITBIOTEPHBIX CUCTEM aHAJUTUYECKOTO U UMU-
TAMOHHOT'O MOJEJIIMPOBAHUS HOBOT'O IMOKOJICHUS.

Heabr0 MaTeMaTH4eCKOr0 MOACJIUPOBAHMS SIBJISCTCS AHAIU3 PEATbHBIX
O0OBEKTOB U TPOIIECCOB (B MPUPOJIC WM TEXHUKE) MATEMAaTUUECKUMHU M KOMIIbIO-
TepHBIMH MeToAamMH. B cBOt0 odepess, 3T0 TpebyeT Gpopmanu3aiuy MaTeMaTiyae-
CKOM MOJEnu Ipolecca, IMOIEKAIIEro UCCIen0BaHuin. MoJeinb MOXKET Ipel-
CTaBJISATh COOOM MaTEMaTUYECKOE BBIPAKEHHUE, COJAEpXKaIlee NMepeMEHHBIE, TTOBe-
JICHUE KOTOPBIX AHAIOTMYHO IOBEACHUIO PEAJTbHOM CUCTEMBI. Moaeinb MOXKET
BKJIFOUATh JJIEMEHTHI CIYYaMHOCTH, YYMUTBHIBAIOIIME BEPOSITHOCTH BO3MOYKHBIX
JNEeUCTBUHN ABYX WK OOJBIIETO YUCIa «MUTPOKOBY, KaK, HAIPUMEP, B TEOPUHU UTD;
aM00 OHA MOXKET TMPEACTABIATh peajbHbIC MEPEMEHHBIC MapaMeTPhl B3aHMMOCBSI-
3aHHBIX YacTeH JEUCTBYIOIIEH cucTeMbl. TakuM o0Opa3oM, B pe3ysibTaTe MaTeMma-
TUYECKOTO MOJICTMPOBAHUSI PEAbHBIN OOBEKT 3aMEHSIETCS €r0 aHAIUTUYECKON
WJIM AMUTALlMOHHOM MOJEJBIO B LIEJSAX U3YUYEHUS 3aKOHOMEPHOCTEU M IIPOTHO3U-
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POBaHNA IMOBCACHUSA 00BEeKTa C IMIOMOIIBIO KOMIIBIOTCPHBIX TEXHOJIOTUH U MOAcC-

JIEH.
Hwuxe B Ta6J'II/IH€ 2.1 IMPUBCACHLI 3TAIllbl AHAJIUTUYICCKOT'0O U UMHUTAITUOHHOI'O
MOJCIINPOBAHMA.
Tabmura 2.1
DTanbl MOJETUPOBAHUS
No DTanel aHAJIUTUUECKOTO DTansl UMATAIIMOHHOTO
MOACIUPOBAHHNA MOIIGJ'H/IpOBaHI/ISI

1 [TocTpoenne MaTeMaTHUECKON MOJIEIH Pa3paboTka KoHIEeNTyanbHOU MoIesH (Je-

KOMIIO3UIIMS, CTPYKTypu3aius csizeit). [lox-
rOTOBKA UCXOIHBIX TAHHBIX.
2 Br16op MeTosa pelieHus u IoCTpOoeHUe Br16op cpeacts MogenupoBaHus
AIrOpUTMa MOJIEIIUPOBAHHUS

3 Pa3paboTka KOMITbIOTEPHOI BBIUKC- Pa3paboTtka umutanmonnoit mogenu. I1po-

IuTeNnbHOM ycTaHoBKH. [IpoBepka ajgek- | Bepka aJleKBaTHOCTH U KOPPEKTHUPOBKA MOJIe-
BaTHOCTU U KOPPEKTUPOBKA MOEIIH. 7.
4 [InanupoBaHne MaITMHHBIX SKCIiepuMeH- | [lnmaHupoBaHue MAlIMHHBIX SKCIIEPUMEHTOB.
ToB. KoMIIbIOTEpHOE HCCIIeIOBAHUE WU MopenupoBanue ("mporoxsr").
BBIUMCIUTENbHBIN SKCIIEPUMEHT
5 OO6paboTka 1 aHAJINU3 PE3yNbTaTOB | AHaNM3 ¥ BU3yalu3alus pe3yIbTaToB MoOJie-
BBIYHUCITUTENLHOTO KCIIEPUMEHTA JUPOBAHUSL.

bonee HOI[p06HO 9Tallbl aHAJIMTHYCCKOT'O MOJACIUPOBAHNA PACIIMCAaHbl B KHH-

re [29-30], a sTanbl uMHUTAIIHOHHOTO MoeupoBanus B [35-36]. Ha ceromusinuii

ACHb MaTEMATHUYCCKOC MOJCIIUPOBAHUC SABJISACTCSA OAHUM U3 Ba)KHECHUIIINX TEXHOJIO-

THIl KCCIIEIOBAHUS PEATbHBIX OOBEKTOB U TIPOIIECCOB.

AHanu3 ¥ NpoBeJEeHHBII 0030p pa3paOdOTaHHBIX KOMIBIOTEPHBIX MOJENEH U

CUCTEM MOACIHMPOBAHHUA ITIO3BOJIACT BBIACINTE OCHOBHBLIC HAIIPABJICHUA pa3pa60T-

KH ITPOTrpaMMHOIO oOecrieueHus B OoTpaciii MaTCMaTUICCKOI0 U KOMIIBIOTCPHOI'O

MOACIUPOBAHUA:

1) pa3paboTka MHTEPAKTUBHBIX KOMITBIOTEPHBIX MOJCICH MMHUTAIIMU pPeab-

HBIX OOBEKTOB JJIA 06yqa}oumx QJICKTPOHHLBIX CHUCTCM, IIPCAHA3HAYCHHBIX

JJIIsA O6y‘IeHI/IH ydamuxcs (H_IKOJ'IBHI/IKOB, CTYACHTOB U )]p.), B HaCTHOCTHU AJIsA

n3ydeHus: 0ObEKTOB, UX CBOMCTB M 3aKOHOMEPHOCTEH B Pa3IUYHBIX OTpac-

JSIX 3HAHUHN — pU3UKe, OMOJOTUH, XUMUHU U T.1.;

2) pa3paboTKa CETEBBIX BHUPTYAIbHBIX JAa0OPATOPHA MO KOMIBIOTEPHOMY MO-

JNETMPOBAHUIO, KOMIIBIOTEPHBIX CHUCTEM W MPOTPaMM MOJEIUPOBAHUA peE-

aJbHBIX O0BEKTOB;
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3) pas3paboTKa MPOrpaMM MOJIEIMPOBAHUS M KOMITBIOTEPHBIX KOMILIEKCOB IS
HAYYHBIX MCCJICOBAHUI B OTPACIAX 3HAHUN — MH()OpMATHKa, TEXHHUKA, (HH-
3MKa, acCTpOo(H3MKa, XUMHUsI, ONOIOTHS, SKOIOTUS M T.]I.;

4) co3gaHMe WHCTPYMEHTApHs, CUCTEM M CPEACTB aBTOMATH3AIlMHd KOMIIbIO-
TEPHOTO MOIETUPOBAHMS IS Pa3pabOTKA MATEMATHYECKMX U UMHUTALHOH-
HBIX MOJICJICH;

5) pa3paboTKa KOMIIBIOTEPHBIX HMHTAI[HOHHBIX MOJEJIEH CIIOKHBIX CHCTEM,
UMEIOIINX MPUKIAIHOC 3HAYCHHE: IS MPOU3BOICTBA, SKOHOMHUKH, chepbl
00CITy)KUBAHUS, COLUALHOM CPephl, IKOCUCTEM, IS Pa3IHMYHBIX OTpaciei
MEIUIIMHBI, 00pa30BaHMsl, HAYKH U JIp.;

6) pa3paboTka KHOCPHETHUYECKMX KOMITBIOTCPHBIX MOJCIICH TEXHUYECKUX CHC-
TEM, 3TO HAIIPaBICHHE OPHEHTHPOBAHO Ha pa3pabOTKy MOJEIel CIO0XHBIX
CHCTEM yImpaBiicHus B Texuuke [4-7, 10, 16-18, 21, 25-27, 31, 32, 37].

2.1. IHTepakTuBHbIE KOMMbIOTEPHbIE MOAENW ANs
SNEKTPOHHbIX 00Yy4aloLLNX CUCTEM

Buemnunii naTepderic mporpaMMHOro 00eceYeH sl ISl MOJb30BaTels SBJIs-
€TCsl OJTHUM U3 BaXKHBIX MOJYJIEH JH000r0 KOMIBIOTEPHOTO KOMIUIEKCa AJi MOJe-
JUPOBAHMS U ABJISIETCSI OJHUM W3 HalpaBlIeHUH pa3paboTku. BHemHuil nHTepec
3aBHCHUT OT HAIpaBJICHUNA U 1elei pa3pabOTKU KOMIBIOTEPHBIX CHCTEM U IPO-
rpaMM KOMIBIOTEPHOTO MOJETUPOBAHHUS.

PaccMmoTpuM HEKOTOphIE XapaKTepHble 0COOCHHOCTH pa3paboTku uHTEepdeii-
ca IO HaMpaBJICHUIO Pa3pabOTKU OOYyYaIOIUX KOMIBIOTEPHBIX CUCTEM C MHTEpAK-
TUBHBIMH TPOTpaMMaMH KOMIIbIOTEPHOTO MOJEIUPOBAHMS PEalbHBIX OOBEKTOB,
T.€. IpeHAa3HAUYEHHbIE JJI1 CUCTEMbI 00Pa30BaHUS.

Pa3paboTkamMu Takux KOMIBIOTEPHBIX CHCTEM Ha POCCHIICKOM pPBIHKE 3aHU-
MaloTCsl KOMIBIOTEpHBbIE (UpPMBI, B 4YacTHOCTH: (upmbl «DPuszukon», «1C-
npeanpusatue», «Kupumn u Medoauit», kotopsie Ha npodheccuoOHaATFHOM YPOBHE
pa3pabaThIBaIOT 3JIEKTPOHHBIE 00yYarouIe CUCTEMbI N0 (U3UKe, MaTeMaTHKE, 110
€CTECTBEHHOHAYYHbIM M T'yMAaHUTApHBIM JMCLUIUIMHAM; YYEHbIE YHUBEPCUTETOB
Poccun — pa3paboTUMKy YHUKAIBHBIX KOMIBIOTEPHBIX MPOTPAMM C MHTEPAKTHB-
HBIMU BUPTYaJIbHBIMU MOJEJISAMU AJII MOJEIMPOBAHUS pealibHbIX 00BeKTOB. C
MPOrpaMMHBIMH MPOAYKTAMH 3TUX (PUPM MOKHO O3HAKOMUTHCS HAa cCalTax:

http://www.physicon.ru/

http://obr.1c.ru/product.jsp?id=831
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NuTepderic 37eKTPOHHBIX 00YYAIOIINX CUCTEM M MPOLECCOB MOACIUPOBAHUS
peallbHBIX 00BEKTOB pa3pabaThIBacTCs Yalle Bcero ¢ momoirsio Web-TexHomoruid.
PaccMOTpuM HECKOJIBKO MPUMEPOB MOJIB30BATEIBCKOTO HHTEPdeEca.

Ipumep 1. Paccmotpum anekTpoHHbI Kypc «OTkpbiTas @uznka 2.5», pas-
pabOTaHHBIN JIJISl yUAIIUXCs IIKOJI, TUIEEB, TMMHA3UH, KOJUIeIKEH, Il aOuTypH-
€HTOB, TOTOBAIINXCS K MOCTYIUICHUIO B BY3, CTYJEHTOB IEPBBIX KypCOB TEXHUYE-
CKUX U MEeJIarormuecKuxX BY30B U JIJIsi CAMOCTOATENLHOTO U3YYeHUS (DU3UKU.

Ha puc. 2.1 npuBenensr uaTepdeiic u au3aiH 3JeMeHTa 00yJaromed CUCTEMBI
«OTtkpsiTas @uszuka 2.5» mis pazaena «MexaHuka.

2 Crivcoi Moaees Hypca - Microsoft Internet Explorer

hafin  Mpaeka Buva  MsBpanHoe  Cepevc CnpaBika l';'

eHasaﬂ - e - |_L| |EL| l\J /_‘= Momcr 'a:_j'\"/mﬁpamne &4 - = - 4] ﬁ 33

Aapec: @ Ci\Program Files\PhysiconiOpen Pheysics 2.5 part Lidesigniindes:. hem [v] Mepexoa  Coeinkw >

omnck CI'IF'ABO'-IHMK 2 onporpAMME 71 oTKeEITLIA

2\ COAEPXAHME (a}fr‘ MOAENM

Cnucok Mofenei Kypca

@ Frmaea 1. MexaHu1ka

1.1. BekTop 1 ero Apoekuki Ha KOORAMHATHEIS OCH
1.2, CNOXeHne 1 BElYKTaHKE EBKTODOE @ @
1.3, OTHOCHTENLHOCT L ABHHEHHA

1.4, OepeMelleHHe H CKOPOCTE

1.5, CkopocTe W yoEOpEHKe

1.6. FpatiHkr PSEHOYCKOREHHOND ABHHEHHA
1.7. PAEHOYCKODEHHOS AEMMEHHE Tena

1.8. devzcenne Tena, GpoweHHoro Nog YoM K ropHaoHTy i+ wle=0
1.9. PapHOMEPHOS ABMMEHME N0 OKPYHHOCTH
1.10. JenkeHne Ten Ha nerkom Gnoke

1.11. JABMMEHHE CEASSHHE ARy CKoE

1,12, ABM#EHHE COY THHKOE

1.13. Yenoeek g nudiTe

1.14. 3akoH Myka

1.15. JereHne N0 HAKNOHHOM NNOCKOCTH
1.16. PaEHOBECHE BRyokos

1.17. [MAP3BNHYECKaA MAWKHE

1.18. MmMOynec 7ena

1.19. PE3KTHEHOE ABMM¥EHKE

1.20. Mexadndeckas paboTa

1.21. KMHETHYeckaa M NOTEeHLManLH3A 3Henria
1.22. ¥OpyrHe 1 HeynpyrHe coya3peHna

1.23. CoyaapeHna YOpy ke Wapoe

Puc.2.1. UnTepdeiic meHto «Moaeany

[Ipu pazpaboTke 00yyarolmx CUCTEM MEHIO MOJIb30BaTENsl 0QOPMIIIETCS CTaH-
JTApTHO B BUJIE BEPTUKAIBHOM WJIM TOPU30HTAIIBHOM JIMHEUKU. B paccmaTrpuBaeMoMm
AJIIEKTPOHHOM MMOCOOMM TpHUBEACHA TOPU30HTANIbHAS JUHEHKAa MEHIO MOJb30BaTeNs,
Ha KOTOPOM OTJIEIbHO BBIIETICHBI: CIIPaBOYHAs cCUCTeMa, HH(GOpMalLUs O IPOrpaMMe,
AJIEKTPOHHBINA y4€OHUK M MEHIO pa0OThl C MHTEPAKTUBHBIMU KOMITBIOTEPHBIMH MO-
JEISIMA BBIJICIICHBl B OTJACJIbHBIE MEHIO; UMEETCA TaKXKE IOMCKOBAsl CUCTEMA II0
ANEKTPOHHOMY Tocobuto. s paznena «Mopenn» NMpuBeNeH NepedeHb WHTEpaK-
TUBHBIX KOMIBIOTEPHBIX MOJENEN, K KOTOPBIM MOYKHO IIEPEUTH I10 TUIEPCCHUIKE, U
JlaJiee MO JAHHOW KOMITBFOTEPHOM BBIYMCIIUTEIIBHON YCTAHOBKE IPOBECTU MCCIENO-
BaHUs1 3aKOHOMEPHOCTEH PeaIbHOTO 00BEKTA.
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Jln3aiiH 3KpaHHOTO OKHa BBOJIA MCXOJIHBIX MMapaMeTpPOB MOJIENU U BBIBOJIA pe-
3yJIbTaTOB MOJEIMPOBAHUS B JTAHHOM IOCOOMH pPa3pabOTaHO MO TEXHOJOTHUU CO-
BMelIeHus (00beAMHEHUS) B OJHO dKpaHHOE OKHO (puc.2.2). DTO COBMEIICHHUE IO-
3BOJISIET HATJISIIHO U MTHOBEHHO BUJEThH PE3YIbTATHI MOACIUPOBAHUSI.

COOEPMAHWE ;E}f—:?'nonsnm |Elcnpasounuk "2 o nporpaMme

g Frmaea 2. MexaHM4YeckMe KoneGaHUA M BOMHbI
@ Moaens 2.8, BreHra
@ A 44
DA AW ATATAA T
UVAVAVATIYEYY [
Fifa 200

A A AANAA AL
ARSI

Ty= 227 me 7,=82Tx | 4= 2 I8 /=0x JETx
Ay=[z00 ]Ef2=[522 J&
sp=[ )8 (uCsssne)

Monene NeMOHCTRPHRPYET BOSHHKHOBEHHE SEVEOBBIK GHeHHR B pesyIbTaTe CIOMEHHA OBV kKonebaHuA c BIHSKHM
Moo nemMeHATE aMnnuTyase A u A, 1 wacTorH f] 1 f wonebanui, a tarxe dasormf cosur Ag 1 Habmonate Kap”

=192 mec A= 3500

B owe e e e e e e e e e W R e W e e W e e e e e e

EripomgAarca gacToTa 6HEHHﬁf5 M WY aMOTHTYOA A

Puc. 2.2. UnTepdeiic sxpaHHOTO OKHA KOMITBIOTEPHOUN BHIYUCIUTEIHFHON yCTaHOB-
KU JIJI U3y4CHUSI OMEHUN CBSI3aHHBIX MAsITHUKOB

IMpumep 2. MynpTumeanitHeiii Kypc «BupTyanbHas nabopaTopus mo ooien
¢dbusuke» pazpadboraH B TOMCKOM TOCYJapCTBEHHOM YHHMBEPCUTETE O]l PYKOBO-
nctBoM M. ToncTuka u mpeacTaBisieT coooli COOPHUK KOMITBIOTEPHBIX J1abopaTop-
HBIX paboT-TpeHaxEpoB no gusuke. Kypce npeanasHadyeH aJjisi CTYJEHTOB MEPBOTO
U BTOPOTO KYpPCOB Pa3IMYHBIX CHEIUAIbHOCTEN M MIKOJbHUKOB CTApIIMX Kjaccax
(puc.2.3).

[lenu nmaGopaTopHOTO MpaKTHKymMa — YTIyOJEHHOE HU3yYeHUE TEeOpeTHYe-
CKOro Marepualia, 3HAaKOMCTBO C METOJMKAMH U3MEPEHUS Pa3TUYHBIX BEJIUYMH,
NPUBUTHE CTYJACHTAM HABBIKOB JKCIEPUMEHTAIBHOW padOTHI, U3yYCHHUE MPHOO-
pOB, 00yueHne cOOpKe INEKTPUUECKUX CXEM U T.I.

COOpHHUK COAECPKUT JTAOOpaTOPHBIE PA0OTHI MO YETHIPEM pa3zesiaM: MEeXaHHU-
Ka, MOJICKYJIIpHasi GU3HUKa, dJIEKTPUUIECTBO U MArHETU3M, OITHKA.

JlaHHBII POTPAMMHBIN TPOIYKT UMEET APYKECTBEHHBIN HHTEp(dEiic, mpocT
B HCIIOJIb30BaHUH, CHA0XXEH MOAPOOHBIM PYKOBOJICTBOM IOJIL30BATENSI U OIMKCA-
HUEM MporpaMMbl. B manHo# yueOHOUM paboTe pean3yroTCs MPUHIIUIIBI HATJIS-
HOCTH, UHTEPAKTUBHOCTH.

MaHuUIy IS TUBHBIN  CITOCOO BO3JIEHCTBUSI HA KOMITHIOTEPHBIC MOJCIH U 3a-
JAHUS JAHHBIX JIEJIAI0T YPOBEHb MHTEPAKTUBHOCTU BECbMA BBICOKUM, a BUPTYaslb-
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HbI€ JIa0OPAaTOPHBIE AKCIEPUMEHTHI MPOXOAAT MAKCUMAJIbHO MPUOIMKEHO K UX
pealbHBIM MPOTOTUIIAM.

MynbTume ava Kypc

T BHpTYabHan (HaHIECKaN NabopaTopHA

MWHWUCTEPCTBO OBPA30OBAHMSI M HAYKM POCCUMICKON SEAEPALIMA 0
TOMCKWI TOCYAAPCTBEHHBI/ YHUBEPCUTET | 06 asrope
MHCTUTYT AMCTAHIMOHHOTO OFPA3OBAHMSI |

Buaeonekuna Haa kypcom patiorand

Pazgenn

Readme
J EH3HOHHOB CornanieHe
AM. Toactur

PerucTpaloHHas KapTouKka
BUPTYANbHASA NABOPATOPMA
PYKOBOJICTBO MONb30BATENS MO OBWEW ®U3UKE

MexaHuka

MonekynsapHas ¢puamnka
OnTuka

OrmcanHe Kypea ||  SneKkTpM4ecTBO U MarHeTU3M
YcraHOBKA

634050, Tomcxk, rp. Jlenusa, 36, TTY, HuacTaTyT AUcTaHmoHHOr0 06pa3or aHus
Tedr. (3822) 52 94 94; E-mail: office@ido.tsw.ru; http:/ido.tsuan; http:/www.tsuru
OTTyY

N BHpTYanbHan (PHIHUECHAR 1A60PATOPHA @ BHpTyaibHaA (PHIHUECHAR 1ab0paTopH

Buaeonekuma Haa kypcom patioTand

Mayueuue CBA3aHHbIX KOfle6aHUn
MaATHUKOB

Llenr pa6oTel: uByuYeHHe
KoJle6aHui CUCTEMB C ABY-
MSI CTeneHsaMM CBOGOHB M
onpeneneHue HacTOT HOpP-

o MaJIbHHIX KOJIeBaHMM .

4. Uayuenue peaouaﬂcaﬁgxuuunrn MasgTH1Ka

Xoa pa6oTh |
SKCnepuMeHT |
" BUpTya/ibHan (pHaneckan 1aboparopya BHpTyaisHan pHaHYECHan aboparopHA E
SKCIIEPUMEHT Xon paBoTu
B naHHOR naGopaTopHOf paboTe Ha 3KpaHe KOMNeKTEpa MOOEAWPYHTCA Kone-
YcraHoBKa MAGATHUKOB: GAHWA B CMCTEME CBA3AHHBIX gnpgron CEA3bLH MAATHWKOB, HMEHIMEHN ABE CTEMNEHU
cB060aH. B Xone onuiTa noMKHH GHTE onpeneneHu YaAcToTH HOPMANbHBX KoneGa-
Hesaeucumas HMEL
B pasHbie cTopoHb PexoOMeHIyeTCcs CHefylIui Xopn paboTsi:

1 B USCTOTE KO8 58HWH CHETEMEL
2. 1Z2MepHTE YACTOTY HOPMENEHEX KONEGaHUA MBATHUKOE, 0TEEAEHHLIX B J83HEIE CTOROHEL.
_ 3. I2MEpMTE YACTOTY HOPMENEHEIX KONEGaHMA MBATHUKOE, 0TEEAEHHLIX B 00HY CTOPOHY
YnpaBneHue KofeGaHuIMu: .
4. ONpenenmTe NepHoa M YECTOTY BMEHMA KBKOrO-HMEYOE 0OHOTD MEATHMKS.

Myck Cépoc 5. BEIUMCAMTE UBCTOTE HOPMEEHEIX KONEEBHUIA MEATHUKOE

6. MpoaenNaTh BCE ONUCEHHBIE BHIWE OMLITH ANS APYTHX NOADKEHWE MEYHMHEL [ne]

B oany cropony

lMoAcCHEeHWA K BHEPAHHOMY NYHKTY:

y,
P = RO
Myck Cépoc Mna 3t0r0 38KPENUTE 0AUH W3 MAATHHKOE, HEKAE NPABYH KHOMKY MblWK HA HeM. OTBeAMTE

e e A OpYrof MEATHWK HE HEGONbWOMA Yron, YOepxMESA HEKETOW NEEYH kKHOMKY MbIWK. FlzmepsTe
P i HECKOMEKO paz Bpera 10 KoneGaHMA. nA YNpeaEneHmMa KONBGaHHAMM M CEKYHAOMEPOM MCNO L=

t=67.1 2YHATE COOTERTCTEYHILME KHOMKMH. HarguTe CpedHWe Nepuod M UMKAWYeCcKyD JacToTy I'Iapuw-

ANEHER YACTOTa J0Yyrord MasTHUKE TAKaa xe.

MNonoxenue NMPYXUHB B CM:

25,0 Xon patoTw I OK I #

Puc. 2.3. BHemHuii u BHyTpeHHHH HHTEpdEC MyIbTUMEIUHHOTO Kypca « BupryanbpHas
nabopaTopus 1o o01Iei hu3nKe
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ITocne npoBeneHus BUPTYyaJIbHOTO JaOOPATOPHOIO JKCIIEPUMEHTA MOJIB30-
BaTeNb MOJy4YaeT BBHIXOAHBIC JAaHHBIE HA DKpaHE KOMIbIOTepa 0e3 BO3MOKHOCTH
COXPaHUTh WIH PEAAKTUPOBATh UX.

Ipumep 2. JIabopaTtopHbIii TPaKTUKYM MO (PU3UKE C UCIOJIH30BaHUEM BHUP-
TyaJIbHBIX IPUOOPOB.

Kadenpoit skcniepumentanshoit ¢pusuku CIIOI'TY paspaboran mporpamm-
HBI KOMILJIEKC BUPTYaJIbHOIO Ja0OPATOPHOTO MIPAKTUKYMA 10 BCEM pas3zeiiaM BY-
30BCKOTO Kypca ¢us3uku. ABTop pa3padotku — gomeHnt B.I1. Macnos. UuTepdeiic
II0JIb30BATENs U MPOTPaMMBbl, BXOJISIINE B KOMIUIEKC, BBIIIOJIHEHBI B cpejie rpadu-
yeckoro nporpammupoBanusi LabVIEW, kortopas sBrisieTcsi yHMBepcaabHON CHC-
TEMOH INPOrpaMMHUPOBAHUsS, OPUEHTUPOBAHHON HA PEIICHHME 3aJay yIpaBICHUS
MHCTPYMEHTAJILHBIMU CPEICTBAMU U3MEpeHHUs, cOopa, 0OpabOTKU U MpejcTaBie-
HUS DKCIIEPUMEHTAJIBHBIX JaHHBIX.

[IporpamMbl NpeAyCMAaTPUBAIOT HAJUYHE BCEX H3MEPUTENbHBIX MPUOOPOB,
BXOJSIIIMX B PEAIbHYIO IKCIIEPUMEHTAIIbHYIO YCTaHOBKY. Bce rpaduku, Heo6xo-
TUMble TIpu 00pabOTKe pe3yJbTaTOB SKCHEPUMEHTA, BBIBOJATCA HAa IKpaH MOHU-
Ttopa. Kaxxnas mporpaMma COAEpKUT JJIEKTPOHHOE ONMCAHUE TEOPHUHU UCCIENye-
MOTO SIBJIEHUS, PEAIbHOM 3KCIEPUMEHTAIBHOW YCTAaHOBKH, METOJHMKHU MPOBEIE-
HUS SKCIIEPUMEHTa U 00paboTKu pe3ynabTaToB. Takoro poaa nabopaTopHsie padbo-
Thl MOTYT OBITh UCHIOJIB30BAHBI U JJIS IPEABAPUTEILHON OJITOTOBKU CTYICHTOB.

OnvH U3 PUMEPOB MepeIHeN MaHen BUPTYaIbHOUW J1abOpaTOpHOU pabOThI
npecTaBiIeH Ha puc.2.4.

HococnenoBaHMe TennoBoro WA My HeHKWA

E g1 T
B AE+112 iy
HCTOYMME MOHOXPOMAaTOD ':!. T L .
HEAYREHME = . |
unn:mbpmmmu LR FE+112 7
B e —E-i
JE+11= = &
PEIEEQTES, MEM oo - + h.i_q
MpUe e : 2
a-ﬂ 23 | 35.31 | 1E+113 . h““-.,_‘h
Terneparypa, K| 40K e 4P e SE+104 :— el
Eu“n I:ln “-5 1-Dn-u 1D-ﬂ [E"B_: Iml-‘-"l AEFEJIAEE | 1 AN ERAAER NI AR FFAA FEII AR RO R EED
a:m— e ERes 00 05 10 15 200 25 30 35 40 45 50 55
: 531 [rauwa Ao
6000~ ' T —— |1-1m]3_45*1ﬂ=8:
-1|'-'II|—: omEmn ToNeE SHEPrETHYSCEAN CRETHMICTE, R
2000 = )
l m - |B.38398E+5 | [ nonywerasn POpeazad
0-% i arara-a-n b o patore & pazsens File

G RDKE MHT&HES 0 100 -21:':' pesdepeme Gat [nfo

HCTONHHES HIAYSEHHA

Puc. 2.4. [lepenusis naHenb BUPTyaabHOM 1a00paTOpHOI pabOThI
«HccnenoBanue TEMIOBOTO U3ITyUEHUS
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2.2. CeTeBble KOMMbIOTEPHLIE CUCTEMbI N KOMMIEKCHI
OJ151 MOAEeNMpoBaHus pearnbHbIX O6bEKTOB

B Hacrosiiee BpeMsi pa3BHBAETCS HAIPaBICHHUE CO3JaHUS BUPTYalIbHBIX
KOMIIBIOTEPHBIX JIA0OPaTOPHUid, TTO3BOJISIONIUX MPOBOJUTH KOMIIBIOTEPHBIN KCIIE-
PUMEHT B JUCTAaHLMOHHOM pexuMe. Hampumep, MHTEpaKTUBHOE CPEICTBO aHa-
au3a U 00pabOTKHM JaHHBIX COTHEYHO-3eMHOM ¢u3uku Ha ocHoBe MATLAB Web
Server Obuto coznano B UISMUPAH B 2004 rony B pamkax npoekrta "MHTepak-
tuBHbII WEB-pecypc g anantuBHON 00pabOTKH IKCIEPUMEHTAIbHBIX JaHHBIX
Ha OCHOBE MHCTpyMeHTalbHOrO cpeactBa MATLAB Web Server". Pazpabotka u
ucrnospzoBanne MATLAB Web cepBepa s pacdeToB Ha yAaJICHHOM CEpBEpPE
JUISl IIKOJIBHUKOB, CTYJICHTOB W MPEMNO/IaBaTElIe €CTECTBEHHBIX HAYK MO3BOJSET
MPOBOAUTH UHTEPAKTUBHBIE KOMIIBIOTEPHBIE SKCIIEPUMEHTHI C MOMOIIBIO BUPTY-
IbHOW JTa0OpaTOpUH ISl OpraHU3alMK AUCTAHIIMOHHOTO 00pa3oBaHus B 00J1acTu
(bU3UKN, XUMUU, MATEMATHUKHU.

[Tpu ucnonszoBanuu MATLAB Web Server texnonoruu, s paboThl ¢ Ja-
ooparopueit He Tpedyercs, uToObl makeT MATLAB 0bUT ycTaHOBJIEH HA KOMITBIO-
Tepe: naboparopusi paboTaeT B JUCTAHIIMOHHOM pexume, ucrnonb3dys MATLAB
Web-Server. Ilpu 3TOM J0CTaTOYHO UMETH OCTYI K KOMIBIOTEPY, MOAKIIOYCH-
HOTO K cetu HTepHeT.

Hanpumep: http://mathmod.aspu.ru/?id=2

Ha ocHOBe TEXHOJIOTHH «KJIMEHT-CEPBEP» U TEXHOJIOTHI Java ObUIA CO3/IaHbI
BUPTYyaJIbHBIE JTA0OPATOPUH MO MATEMATUYECKOMY MOJIEJIMPOBAHUIO B €CTECTBEH-
HBIX HayKaX, B YaCTHOCTH:

e nenuHelnnbie nmporecchl (MATLAB Web Server + VSSci)

e HeJMHEIHbIe nporiecchl (Java Applets)

e 0a30BbIE MOJEIN

® BUpTyaJIbHAs JJA0OPATOPHUS JIJIS1 MOJICIIMPOBAHUS KUBBIX CHUCTEM

® BUpTyaJIbHAs JIAOOPATOPHS 111 MOAECIMPOBAHUS (PU3MUECKUX MPOLECCOB
e (huU3MKa U XUMUS MATEPUAIOB U TTOKPBITHIA

B nenomM 310 KOMIUJIEKC mporpaMm, NPEAOCTABIIAOMIMN MOJIb30BATEIAM IS
WCCJICIOBAHMSI TIENIbI HAOOp KJIACCHYECKUX MATeMaTHUYEeCKUX MOoJene (Qpu3ukw,
XAMUH, ONOJIOTHH.

B xoMmbloTepHOM MpakTUKyME OJHOW M3 BUPTYaJIbHBIX JTaOOpaTOpuid Mpe-
CTaBJICHO HECKOJIbKO KPYMHBIX pasnaenios: "uddepenunanbasie moaenu", "Oto-
opaxenus", "Knerounsie aBromatsl", "Mogenu ¢a3oBbix nepexoqoB”, "I'eomer-
puueckue moaenu", "Jluddepennmanpapie MOACIH ¢ 3ana3abiBanueM", "Pacmpe-
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JIEJIEHHbIE cUCTEMBI'. BO BTOpOM paszene paccMaTpUBAKOTCS KaK OJIHOMEPHBIE,
TaK U JIByMEpHbIE OTOOpaKEHHUSI.

BupryanbHas nabopaTopusi COCTOMT M3 HECKOJBKUX YacTeH, KaKaas U3 Ko-
TOPBIX MPEACTABISIET COOOU TENBI KOMIUIEKC pa3HOOOpa3HbIX mojaeneid. Habop
MOJIeJICH B OCHOBHOM COOTBETCTBYET yueOHOMY mocobuto [38].

Kaxxnasg Mozenib — 3T0 OT/AeNIbHAsA AJIEKTPOHHAsA cTpaHuna. Bece Mmongenu nme-
10T yAOOHBIN rpaduyeckuil nHTEpENC C pa3IMUYHBIMU 3JIEMEHTAMU YIIPABJICHHUS,
C MOMOIIbI0 KOTOPBIX MOJIb30BATEIbh UMEET BO3MOXKHOCTh MU3MEHSTH MapamMeTphl
MOJENEN, YTO MO3BOJISIET aHAJIM3UPOBATh €€ MOBEICHUE NPU PAa3IUYHBIX YCIOBHU-
AX.

[lepBas uvactp naboparopun — «Jduddepennuansusie Mmoaenu». [loap3oBa-
T€JIb UMEET BO3MOKHOCTh U3YUHTh pAJl 0a30BbIX MOJENEeH (PU3UKU, XUMHH, OHUO-
JIOTHH:

e HenuHENHBIA MassTHUK

e MoaudunupoBanHas mojaenb BoabTeppbl-JIoTku (MOI€Tb XUIIHUK-KEPTBA)
e Mojenb MEXBUIOBON KOHKYPEHIIMU

e Mopenps XomnuHra-TaHHEpa

e Mogens JlopeHna

e Mogens Peccnepa

e ['eneparop Ban-nep-lIlons

e TpumonekymnsipHas MoaelNb (OprOCCENATOP) U Ip.

[Ipu mocTpoeHUN MOJENM MOJIB30BATENb MOKET HE TOJIBKO 3a/1aBaTh pa3inuy-
Hble KO3(hduimenTsl audpdepeHIuaIbHOr0 ypaBHEHUS, OMUCHIBAIOIINE JaHHYIO
MOJI€JIb, HO U HayaJIbHBIC YCIOBHS, HEMOCPEICTBEHHO BHIOMPAs MX HA KOOPIUHAT-
HOU 1TiockocTu. [Ipu 3ToM (ha3oBbIil MOPTPET U300paKaeTcsi BMECTE C OCOOBIMU
JUHUSIMU, a TAaK)KE YKA3bIBAETCS TUIT OCOOBIX TOUYEK

Hpyrum cpeactBoM pa3pabOTKH MporpaMm MaTeMaTHYEeCKOTrO MOJIEIUpOBa-
HUS peabHbIX OOBEKTOB M IMPOIIECCOB SIBIISCTCS CTPEMHUTEIIBHO Pa3BUBAIOIIASICS
Java-texnomorus. [IporpamMmbl, CO3/JaHHbBIE C UCIIOIB30BAaHUEM UMEHHO ATOM TeX-
HOJIOTHUH, SIBJISIFOTCS 1aT(OPMEHHOHE3aBUCUMBIMHU u Nutepner-
OPUEHTUPOBAHHBIMU, YTO YKE SIBJISCTCS OOJBIIUM IMOJCIIOPHEM JIJIsl UCTIOIb30Ba-
HUS UMEHHO JAaHHOW TEXHOJOTUM B paMKaxX IAUCTAaHIIMOHHOTO oOpaszoBanms. C
nomotipio JAVA-anmieToB pa3paboTaHbl CIAEAYIONME KOMIBIOTEPHBIC MOJEITU
JUTSl BUPTYaIbHOM JTAOOpaTOpUH:

® JMHAMHYECKHUN Xa0C B MPOCTOM MEXAHUYECKOU CUCTEME;
® [apaMeTpUYEeCKUe KOJICOAHUsI MAITHUKA,

® MCXAaHHUYCCKasa CUCTEMA.
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Ha puc. 2.5 npuBeneH untepdeiic BUPTyaJIbHOM YCTAHOBKU HUCCIICIOBAHUS
KoJIe0aHU (PU3NYECKOTO MAATHUKA C 3aTyXaHUEM.

YPABHEHWE GONbIWNX KONEEAHNIA MASTHVKA C 3ATYXAHHUEM B BE3PA3MEPHOM BULE HavanbHele yCRogms:

x"+2fx' +sin(x) =0 yron 0.5

CKOpOCTb 2
MapameTp ypasKeHms:

B 02

© ounctka

© popucoska Hapucosars

(azoeblii noprpet
2 \ L T T
\ : —VYron
5 \ g —— CKOPOET ]
1 \\ § : i
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KoopanHara (yron) Bpena

Puc.2.5. UnTepdeiic BUpTyallbHOM YCTaHOBKU JIJIsl U3YUYEHUSI KojebaHui (u-
3MYECKOr0 MasiTHUKA C 3aTyXaHUEeM

IIpumep 2. PaccMoTpuM Jpyroil mpuMep CO3/aHusl BUPTyaIbHOU Jaboparo-
pUH C YAAJIEHHBIM JOCTYIIOM C BO3MOYKHOCTSIMA KOMIBIOTEPHOTO MOJETUPOBAHUS
Ha MpuMepe JabopaTopuu ¢ yOaJIeHHBIM JOCTYynoM «DU3NYECKHUE OCHOBBI DJICK-
TpOHUKW» (puc.2.6).

http://www.labfor.ru/index.php?act=labs&target=lab_el

opartopyy - MpoayHLKMA - Dopym

3aHWA - CTaTbH - KOHTAKTbI - MaAnbI

Naboparopus No
P dusuueckum ocHosam NabopaTopva ¢ yAANeHHbIM AOCTYNOM «IM3UeCcKie OCHOBbI 3NeKTPOHVK

ANeKTPOHUKM

Naboparopuwa No NaBopaTopiA  ©  PAEMEHHEM  AOCTYNOM  MPEAHSEHAYSHS  ANA MPOBSASHMA  NaGOpaTOpHOrD  MPSKTHKYME
MUKDOKOHTpDONNepar «SNEKTPOHMESS, B COCTSE NPSKTHMEYME BXOAAT ToM paboTe:

1. NlaBopaTtopHan paboTa N21 — WccneA0BaHVYE NOAYNPOBOAHWHOBDIX AWODADE.
) MpAMOE BKNHIUEHME,

- b} OBpaTHOE BKNKIYEHME,
) CTabUmATROH,
o) BEIMpAMMTEME.

JE 7

LS@4 o 2. NabopatopHas pabota N22 — pccneaoeanve BNnoAApHOro TpaHsycTopa.
e &) CxEMA C OBLLMM SMUTTEPOM — BXOAHEIE HaPSKTEPHACTHRA,
USB - ocuymnnorpad by CxEma © OBLLMM SMATTEROM — ERHOAHEIS KSPSkTERMCTIMA,

C) Cxema C 0OLWMM SMUTTEp0M — MEpEAATOUHEIR XApSKTEpMCTHI,
o)y Cxema c oflWeld 3200 — BXOAHLIE ¥SPSKTERMCTAKM,

£) CxemMa © 0BWEi B3300 — BEHOAHEIS XSPSKTEDMCTIEM,

f) Cxema © obLEM Ba20R — NEpEASTOUHEIR XSPaKTERMCTIKM,

g} MCCNEADESHWE YOMIMMTENA HA DMNONAPHOM TPSH3MCTOpE,

3. NabopaTtopHaAa paboTta N23 — WCCcneAOBaHWE NOMEBOT0 TPaHaWCTopa.
2} BelxoAHEIR XapaKTepMCTHIEA,
b MepeaaTouHLIE XapaKTEPACTIAKA,
) MICCNE0EaHUE YOUNMTENA Ha NOMNSE0M TRAHZMCTORE.

Puc.2.6. Uutepdeiic Web-cTpanuiipl 1abopatopu ¢ yIajaeHHBIM JOCTYIIOM

58



JIJist BUPTYyalibHBIX aBTOMATU3UPOBAHHBIX JIA0OPATOPUIA C yIaIEHHBIM JJOCTY-
IIOM OpPTaHbl YIPABJICHHS MPUOOPOB U MHAMKATOPHI M3MEPHUTENICH HAXOASATCS Ha
9KpaHe MEePCOHAIBHOTO KOMITbIOTEPA CTYIEHTA, MOJKIIOUEHHOro K ceTu Internet.
JInst BBIMOTHEHUS J1A0OPATOPHBIX padOT C YAAJICHHBIM JOCTYIIOM HYXHO HMETh
HKCIIEPUMEHTAIbHBIM CTEHJ, OCHAIEHHBI COBPEMEHHBIM OOOpPYIOBaHUEM U
yIpaBisieMblid KOMITbIOTEpOM 4epe3 Internet. DTOT CTEHJ MOXKET HAXOAUTHCA B
y4eOHOM  J1abopaTopuM  Kakoro-HUOyJb  yHUBEpPCUTETa, B  HAy4HO-
UCCIIEIOBATENIbCKOM MHCTUTYTE WM HA MPEINPUATHH. DTOT MOJXO] MO3BOISET
U3y4yaTh COBPEMEHHBIE YCTPOMUCTBA, CUCTEMBI U CETH, TOCTYIl K KOTOPHIM OTpaHu-
YeH Jnaxke mpu ouHOM popme oOydeHwms. J|OMOTHUTENHHBIM JOCTOMHCTBOM 3TOMH
TEXHOJIOTUH SIBJISIETCS. BO3MOKHOCTh PabOThl HECKOJBKUX CTYJIEHTOB HAa OJTHOM
7a00paTOPHOM CTEH/I€ OJHOBPEMEHHO.

VYcTraHoBKa COCTOMT U3 cepBepa, MoJKI4YeHHoro k cetu Internet. Cepsep
coeauneH ¢ Mmoaysiem USB-6008, koTopblii peacTaBisieT coO0M HEAOPOTYIO CHC-
TeMy cOopa JaHHBIX, MPOU3BOAUMYI0 KoMmaHueil National Instruments. Moaymb
MOJAKITI0YaeTcs K cepepy uepe3 mHTepdetric USB. IlporpammHoe obecreueHue
BUPTYAJIbHOTO KOMILJIEKCA COCTOUT M3 JIBYX YacTe — CEPBEPHOM U KIMEHTCKOM.
3a OCHOBY CETEBOI0 B3aMMOJEHCTBUA ObLI BBIOpAH MPOTOKOJ TapaHTHUPOBAHHON
noctasku TCP/IP.

CepBepHast yacTh npejcTaBiser codoit Win32 nmpuioxkenue, pa3paboTaHHOE
B cpene Delphi 7. Tlporpamma npuHuMaeTt kiimeHToB o mpotokony TCP, ynpas-
asieT paboTON MYIbTUIUIEKCOPA, KOMMYTUPYIOIIETO HUCCIETYEMYIO CXEMY, a TAKkKe
ynpasisier AL u ITAIT DAQ ycrpotictBa NI-6008.

Knuentckas yacTs BeinonHeHa B cpene LabView 7.1. LabView Obu1 BeIOpan
n3-3a 00JIBIION 0a3bl BU3YATHM3UPOBAHHBIX TPUOOPOB, JEIAIONTUX MPOIlecC pabo-
ThI CTYJICHTa MHTYUTUBHO MOHATHBIM, Takoke B LabView ecTh BcTpoeHHas mo-
nepsxka npotokosia TCP/IP. Ha puc. 2.7 u300pakeHO OKHO HCCIICIOBAHUS XapaK-
TEPUCTHUK MOJIEBOTO TPAH3UCTOPA.

Ipumep 3. Ha noprane KueBckoro meHTpa UMUTAIIMOHHOTO MOJSIUPOBAHHUS
(http://www.simulation.kiev.ua) noctynHa BUpTyalibHas Jad0paTopus - OHJIalH
cucrema OpenGPSS nucKkpeTHO-COOBITHIHHOTO MMHUTAIIMOHHOTO MOJICIMPOBAHMS,
paboTatomas ¢ si3pikoM GPSS, npenHazHaueHHas 1151 aBTOMaTUYECKOTO pa3fiese-
HUS 33JIaHUI MKy y3JaMU KJlacTepa, MPOBEJACHUS MapalIeIbHBIX BEIUACICHUN
U TIocJieTytonieil COOpKU pe3yJibTaToB.

Bo3mosxkHOCTH pabOTHI B JaHHOM BUPTYaILHOM JIa0OpaTOPHH:
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Puc. 2.7. OkHO BUPTYaJIbHOTO MIPUOOPA MO UCCIETOBAHUIO
IIOJIEBOTO TPAH3UCTOpa

paboTa c cucTeMoi OecriiaTHasi;

JUCKPETHO-COOBITUITHASI CHCTEMA pacCMaTPUBAET AUCKPETHBIE MOJIE-
T,

paboTa B peKMME OHJIAlH Yepe3 CTaHIapTHBINA Opaysep;

CHUCTEMa COBMECTHMA C S3bIKOM UMHUTALIMOHHOTO MOJIEIMPOBAHUS
GPSS, ornunst or GPSS/PC cBsA3aHbl ¢ pa3nuuueM apXUTEKTyp CUC-
TEM U UCIIOJIb30BAHUEM HOBBIX TEXHOJIOTUH pean3aliuiy;

Bce pa3paboTaHHbBIC paHee Mojieu Ha si3bIke GPSS MokHO 3amyckaTh
B cucteme OpenGPSS;

CUCTEMAa MOXKET BBIMOJIHATh HECKOJIBKO KOMIbIOTEPHBIX IPOrOHOB O/I-

HOBPCMCHHO IJI1 KaXKIO0I'0 ITOJIb30BAaTCJIA.

KTo0 MoxeT paGoTaTh B JaHHOW BUPTYyadbHOU Jabopatopuu?

® IIpCroaaBaTCJIv BY30B JJIsI IIOATOTOBKH TCOPCTHYCCKOI'O U ITPAKTHUYC-

CKOro 00y4eHus mo Kkypcam «MuTanimoHHOEe MOJIETMPOBAHUE CHC-
Tem», «MoaenupoBaHue CUCTEM» TI0 Pa3HbIM HAIIPaBJICHUSM MOATO-
TOBKH;

CTYJICHTHI JIJIsl TPOBEICHHMS JIAOOPATOPHBIX padoT;

OpTaHU3aIHMH 10 Pa3paboTKe UMHUTAIIMOHHBIX MOJICIICH;

3aKa34YMKH MOJICICH JIJIs TPOBEACHHS KOMIIBIOTEPHBIX MTPOTOHOB, ITO-
JTy4eHUS ¥ aHaJIn3a pe3yibTara.
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BuptyanbHbie 1a00paTOpUu TAaKOTO TUIA TTO3BOJISIIOT CO37aBaTh KOMITbIOTEP-
HbIE MOJICJIM U MPOBOJUTH KOMIIBIOTEPHBIC UCCIICIOBAaHUSI HA OCHOBE pa3pabOTaH-
HOM Monenu. HenoctaTok BUPTyalbHBIX Ja0OpaTOPU 3aKIIIOYAETCs B YJalICHHO-
CTHU CepBepa, Ha KOTOPOM HaXOJATCS TaHHBIE CUCTEM. Y JaJICHHOCTh CUCTEM IMPHU-
BOJUT K 33JIEP>KKE U MEIJICHHON pab0Te KOMIBIOTEPHBIX MOJIEIIEH.

2.3. KomnbloTepHble BbIMUCIUTENbHbBIE YCTAHOBKM
ANS Hay4YHbIX UCCreaoBaHUN

Jns pa3paOOTKHM KOMIIBIOTEPHBIX YCTAaHOBOK IO AHAIIMTHUYECKUM, YUCIIEH-
HBIM M BEPOATHOCTHBIM MOJIEJISIM UCIIOJIB3YIOT SI3BIKK M CPEJbl 00IIEero HazHaye-
uus: Pascal, Fortran, Visual Studio (Visual Basic, Visual C++, Visual C#), Forte
for Solaris Developer Tools, Delphi Suite u Java JBuilder u ap., a Taxxe TexHOJI0-
rUU pa3paboTKU KOMIBIOTEPHBIX MOJIETIEH B CUCTEMaX KOMITbIOTEPHON MaTeMaTH-
ku Maple, MathCAD, Mathematica, MATLAB wu ap. TexHomoruu pa3paboTKu
KOMIBIOTEPHBIX MOJIEJICH C TOMOIIBIO S3BIKOB MPOrPaMMHUPOBAHUS U CHUCTEM
KOMITBIOTEPHON MaTeMaTHKU MOXKHO M3y4HThb 1o kauram [1,2, 16-30, 39-43].

Belime Obutl paccMOTpEHBI cTauu U 3Ttanbl pa3padotku 110 u HanpaBneHus
pa3paboTKu MPOTrpaMM KOMITBIOTEPHOTO MojaenupoBaHus. [IpuyeM MHTYUTHUBHO
MPEANOIarajoch, 4YTO COIJIAaCHO TEXHOJOTUH Pa3padOTKU NMPOrpaMMHOro odecre-
YeHHs!, pa3paboTKy mporpamMM OyAyT BBIMOJHATH CHEIUATU3UPOBAHHBIE TPYIIIIHI
WM HECKOJIBKO MPOrpPaMMHUCTOB, MEXIY KOTOPBIMH IepepacrnpeiensseTcs: oo1as
3a/1aya. DTH TPYIIBI YTOYHSIOT TIEPEUCHb 3a/1a4 M0 (PYHKIIMOHAIBHBIM TOJICUCTE-
MaM, UX TIOCTAaHOBKY U aJirOpuTMHU3aIunoo. OaHa 4acTh pa3pabOTUMKOB MPOrpamMM-
HOTO oOecrnedeHus: paboTaroT, MPOBOJISI B3AUMHOE COTJIACOBAHHME COCTaBa MOJY-
Jiel ¥ XapaKTepUCTUK BXOJHBIX M BBIXOJAHBIX CUTHAIOB. J[pyras yacTh crenuanu-
CTOB CO3JIal0T Pa3Jeibl TEXHUYECKOTO MPOEKTa, OTHOCSIIIMECH K TEXHUYECKUM
CpeACTBaM U JIOKyMeHTaluu. Pe3ynbTaTomM paboThl BCEX TPy SBISETCS TOTOBOE
IPOrpaMMHOE 0OECTICYCHHE CO BCEMHU CIIeU(PUKAIUAMH U TOKYMEHTAIIUECH.

Onnako, paccMartpuBasi ciaydail pa3pabOTKH MNpOrpaMMHOIO OOECIeUeHUs
(KOMIIBIOTEPHBIX YCTAHOBOK JUISI MOJICTUPOBAHMSI) B OOJACTH aHAJIMTHYECKOTO
MOJICJIUPOBaHUSI O0BEKTA MCCIIEI0OBAHUS, Yallle BCEr0 CTAJIKMBAEMCS C HAyYHbBIM
paboTHUKOM, pabOTAIOIIUM CaMOCTOSTEIHLHO, U CAMO€ WHTEPECHOE B ATOM IIPO-
1[ECCe TO, UTO OH OJJHOBPEMEHHO SIBJIICTCA M 3aKa3YMKOM, U ucnonHuteneM. Ilo-
TOMY OH OOXOAHMTCSI MUHUMYMOM ynoOcTB. [Ipu mpoekTupoBanun oH OTOpaChI-
BAa€T MHOTHE JIOMOJHUTEIbHBIE BO3MOKHOCTH OGOPMIICHUS TPOTPAMMHOTO IMPO-
JyKTa, TaK KaK 3Ta 4acTh HauOoJiee TPYJAOEMKasi U Ha ATO YXOIUT JOMOJHUTEIb-
HOE BpeMsl.
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OTMeTuM, 4TO IPU TAKOM MOJX0JIe pa3pabOTKU MpOrpaMM B JIFOOOM Cirydae
mpaBuja KOMMEHTHPOBAHMS W TEPBOHAYAILHOTO O(GOPMIICHUS IOKYMEHTAIHH
JOJDKHBI cO0JIIOIaThes. DTan 0pOpMIIEHHUS TI0JIb30BaTeIbCKOT0 UHTEp(delica uaeT
10 Pa3HBIM TPACKTOPHSIM — BEPCHSM.

Bepcus 1. Tak xak uccieoBaHUE MPOXOJUT B BUJE IUATIOTA «KOMIBIOTEP —
UCCIIEIOBATENbY, TO Pa3pabOTUYUK MPOrPaMMHOTO OOECIEUEHHs HCIIOIb3YeT MO-
yJIbHOE CTPOEHHE MPOrpaMMbl YMCICHHOTO PEIICHUsI MaTeMaTU4YeCKOW 3aJlauu
npuBeACHHOW Ha puc. 2.8, HO 0e3 mHTepdeiica. Yarne Bcero UCmob3yercs 00K
3aJlaHus UCXOJHBIX JaHHBIX W BBIBOJA PE3YyJIbTATOB HUCCIEIOBAHUS B MPOTPaMMeE
MoaenupoBaHus. Bee mporpaMMbl MPUIIOKEHUS pa3paboTaHbl COTJIACHO dTOU Bep-
CUH — TIOJXOAY.

[Ipu pa3paboTke KOMITBIOTEPHBIX YCTAHOBOK, MPEIHA3HAYCHHBIX JJIT HAyd-
HBIX HCCJIEJIOBAHUM B PA3IMYHBIX OTpaACisIX Haykd ((u3MKe, XUMHH, OUOJIOTHH,
AKOJIOTUM U Jp.), UCTIOJB3YETCs MPUHLIMI MOAYJIbHOU peanu3anuu (MOCTPOCHUs)
IPOrpaMMHOT0 KOMILIEKCA U KOTOpas yaIle BCEro COCTOUT U3 CIEIYIOIINX MOJY-
nei — unrepdeiica, sapa, OMOIMOTEKH, MOTYJIeH moab3oBatess. Kaxapiii Moayib
cOCTOMT M3 crnenudukanuu u tena. Cnenudukanuy OnpeaessoT MpaBuja HcC-
MOJIb30BaHUSI MOJIYJISI, a TEJIO — CIOCO0 peanu3aiuu npoiecca 0opadotku. Cxema
CBsI3€H MOJTyJiei moka3aHa Ha puc 2.8.

CranpnaptHas
ounommoTeka
CpenctBa
RURVATTURATTAU
[Tonp3oBaTennckuit
narendeiic
CnopaBouHas Moaynu nonap30BaTess
cucTeMa Monyis 1 Monayis 2 Monyis N
A A A
A\ 4 A\ 4 A\ 4
Mogyns 11 Moyinb 21 Mogyns Nl
ENN FRN J S B
I Moayms In i Monyms 2n i | Moaymsnn !

Puc.2.8 MoaynbHOE CTpoeHHE MPOTPaMM KOMITBIOTEPHOTO
MOJICTUPOBAHUS
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Bepcusa 2. 3nech pa3pabaTbIBalOTCs dKpaHHbIE (OPMBI MPEACTABICHUS HC-
XOJHBIX U BBIXOJHBIX TAHHBIX, UCTIOJB3YIOTCS TOTOBBIE CTaHIAPTHHIE MOAYIU H
pOCTEHIINE JIEMEHTHI yrpasieHus (puc.2.9).

[Tonb3oBarenbckuit MHTEPGHENHC COOEPIKUT:

— (popMy BBOJIA TAHHBIX;

— (popMy BBIBO/Ia C OKHOM PHCYHKA JUIsS BBIBO/IA Ipaduka;

— (popMy ynpaBieHUs: KOOPAUHATHON CETKON

Hcnonb3yioTcsi OCHOBHBIE CTaHAAPTHBIE MOTYIIU:

— npolenypsl perieHns TupdepeHINaIbHbIX YpaBHEHUH

— Mpoleaypa MOCTPOSHUs rpaduka peleHus ¢ MPoLeaypoil TOCTPOCHUS KO-
OpPAMHATHOM CETKH.

Humepgpeiic — 310 4acTh MPOTpaMMbl, KOTOpasi JaeT BO3MOXHOCTB IOJIb30-
BaTEJIO MCIIOJIB30BATh PO U MOAKIIOUEHHBIE K HEMY OMOJIIMOTEKU WJIM MOJYJIH.
OdopmiieHne, r3ailH BHEIIHETO BUAA, KOM(OPTHOCTHh padOThl U yAOOCTBO 3KC-
IUTyaTalluy JUJIsl TOJIb30BaTelNs 3aKII0YAeTCsd B 3TOM YacTH MPOTPaMMHOIO KOM-
wiekca. B 9Toil mporpamme MPHBOIUTCS MEHIO IOJH30BATENsl, T/I€ 3aAA0TCS
BXOJIHBIE TTApAMETPHI 33]]a4H U BHIBOJSITCS PE3YJIbTAThl MOJICTUPOBAHHUS.

Ha puc. 2.9 npuenen npumep odopmiieHus Tpaduueckoro uHTepderica
MOJI30BATENSI BXOJHBIX U BBIXOJHBIX MapaMeTpOB MPOTrpaMMbl MOJEIUPOBAHUS
MPOXO0XKACHNUS HEUTPOHOB Uepe3 TUIACTUHKY.

Jnis pa3paboTku nHTepdeiica yarie BCero UCIOIb3yHTCs CPeIbl MPOrpaMMu-
posanus Visual Studio (Visual Basic, Visual C++, Visual C#) — xomnanuu Mi-
crosoft, Forte for Solaris Developer Tools — xommanuu Sun Microsystems Inc.,
Delphi Suite u Java JBuilder — xommanuu Borland International u si3piku mpo-
rpammupoBanus Forth, Simula-67, OAK, Smalltalk u ap.

Aopo KOMIBIOTEPHOM MOJENM MPEACTaBIseT cO00Ml MporpaMmy, BBINOJI-
HSIOIYI0 OCHOBHYIO BBIUYMCIIMTEIBHYIO (DYHKIMIO PELIEHUs 3ajaud MaTeMaTHye-
CKOTO MoOJIeupoBaHus. J[s 3a7a4 BEIYMCIUTENBHOTO XapaKkTepa IJsl HaIHUCAHHS
S7pa UCIOJB3YIOTCS s3bIKK MporpammupoBanus Fortran, Cobol, Ada, PL/1, ®o-
ka1, Basic, Pascal u np. ITosb3oBaTens paboTaeT ¢ sSAPOM MOCPEACTBOM MPOTPaAM-
MbI HHTEpdeiica. SAapo mporpammel pa3pabaThIBaETCs Tak, YTO JIIOOOH aIrOpUTM B
HEM paboTaeT IOCTaToYHO ObICTpo. [t pacmmpenust Habopa CTaHIAPTHBIX MPO-
Helyp UCTIONIB3YyeTCsl OMOIMOTEKa SA3bIKa KOJUPOBAHUS U HAOOP MOJYyJIEH MOIB30-
BaTEIS.
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Puc. 2.9. UnTepdeiic BXOIHBIX U BBIXOIHBIX JAHHBIX MTPOTPAMMBbI MOJCTHPOBAHUS

MPOXO0XKAEHUSI HEUTPOHOB U€pE3 INTACTUHKY MeTOI0M MoOHTe-

rpammupoBanus Delphi)

Kapo (cpena mpo-

OO6miast cxeMa mporpaMmsl sJpa COCTOUT M3 TPEX IMOCIEeI0BaTEIbHBIX 0JI0-

KOB:
1. briok 3alaHrs BXOJHBIX IMOCTOAHHBIX ITApaMCTPOB H

3aJa4u.
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3. bIOK OCHOBHOTO T€Ja MPOTrpaMMBbl SAPA, TI€ MPOBOAUTCS PELICHHUE 3a/1a4H
Ha AITOPUTMUYECKOM SI3BIKE MPOTPAMMBI.

3. biok BBIBOJA PE3YIBTATOB PEUICHUS MATEMATUYECKOM 3a1a4H.

[IpuBenem nmpumMep pelieHuss OAHOM 3a7auu JJIs MOACIUPOBAHUS MasTHUKA
dyxko mo meroy Diinepa Ha si3bike Pascal.

1 {Mporpamma moaenmpoBaHnsa KonebeHnn bnok omnucanus tmiepe-
MasiTHMKa ®yko meTogom Arnepa} MEHHBIX [POrpaMMBI U
Program Mayatnik_Fuko; HMCXOJHBIX JIaHHBIX (TIa-
const pi=3.1415; g=9.8; n=2000; PAMETPOB M BXOIHBIX
var m,gd,gm,l:integer; 3HAYEHMM) MaTemMaThye-
r,w,t,tt,dt,v,d,L,vx0,vy0,x0,y0:real; CKOI 30189H
X,y,vx,vy:array [0..n] of real;
mfuko:text;
begin
{WcxonHble gaHHbIE}
dt:=0.01; L:=50; tt:=10; w:=0.04;
vx[0]:=0; vy[0]:=0; x[0]:=1; y[0]:=0;
t:=n*dt; m:=round(tt/dt);

2 {OcHoBHOE Teno nporpammbl} OcHOBHOE Te€JNO MpO-
for i:=0 to m-1 do IpaMMBI SIIpa — PEIICHHE
begin MOCTaBJICHHOW MaTrema-

Ri=sqrt(x[IT*x[i]+y[iI*y[i]); THYECKOH 3a1a4n
if r=0 then r:=1e-6;
v.=sqrt(vx[il*vx[i]+vy[i]*vy[i]);
If v=0 then v:=1e-6;
vX[i+1]:=vx[i]+dt*(2*vy[i]*w+w*w*X[i]-
g*x[iJ/L);
vy[i+1]:=vy[i]+dt*(-2*vx[i]*w+w*w*y[i]-
g*y[ilL);
X[I+1]:=x[i]+dt*vx]i];
y[I+1]:=y[i]+dt*vy[i];
end,
3 {BbIBOA pe3ynbTaToOB MOAENMPOBaHUSA} binok BbIBOma pe3ynbTa-
assign (mfuko,'c:\mafuko.DAT"); rewrite TOB pPEIlEHHs MaTeMaTH-
(fuk); YECKOM 3a/1a4m.
writeln(y[m]);
for i:=0 to m do writeln(mfuko, x[i]," ",y[i]);
close (mfuko);
readin;
end.

Nurepdeiic monp3oBaTess sIBASETCS CaMOW JOPOTOM M TPYJIOEMKOM YacThIO
pa3pabOTKH MPOTPAaMMHOTO KoMIiekca. [loaToMy B 3aBUCMMOCTH OT IIEJIH U Ha-
3HAQYEHUs MPOrpaMMbl MaTeMaTHYECKOTO0 MOJCIIMPOBAHMS pa3pabOTKa HHTEpP-

deiica Bcerga CTOMT IMOJ BOMPOCOM U Pa3pabOTUHKHU-UCCIEIOBATENU JTOBOJIBCT-
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BYIOTCS MUHMMYMOM yJ00cTB. Yaie Bcero paspabotka uHTepdeiica npoBoauTcs
JUIS CITydasi, KOTJla MPOTPaMMHBIN MPOIYKT TOTOBUTCS JJIs TIEpEIavu 3aKa3uuKy,
TUPAXXUPOBAHUS WU BHEAPEHUs B (DOHJ anropuTMOB U nporpamm. [loatomy mist
yno6cTBa 1 00yUeHUs MOIb30BaTENs pa3pabaThIBacTCs AIEKTPOHHAS CIIPpaBOYHAs
CUCTEMa WJIM PYKOBOJCTBO IOJB30BATENS, /i€ MPEACTABISAIOTCS HEOOXOIUMBIE
CBEJICHUS JIJIs1 pabOThI C MPOrpaMmMoil (00IIHe CBEICHUS, CHCTEMHBIE TpeOOBaHMUs,
OMKMCAaHNE KOMIIBIOTEPHON MOJENU, CpPelCTBa HaBUTAIMM IO BBOAY U BBIBOIY
JTAaHHBIX, HEOOXOIMMBIE MOAYJIM MTPOTPAMMBI U TaK Jajee).

bubauomexa. B mo0boil cpese nmporpaMMUpPOBaHUs CYIIECTBYIOT CBOsI OMO-
JMOTEKa TOTOBBIX CTAaHAAPTHBIX MpOorpaMM (MOAYyJEW) B BHUAE MPOLEIYp WIH
¢ynkuil. [loap3oBaTenp YaCTO KUCIOJIB3YET ATH TOTOBBIE MOJYJIU MPHU PELICHUH
CBOMX 337a4. B cBOr0 ouepear 3TH MOy MOTYT MCHOJIb30BATh JIPYrye JOMOJI-
HUTEIbHBIE MOYJIHU JJIS BHITIOJIHEHHS CBOMX TMPOLIEYp UIU (QYHKIIHA.

Mooyau nonvzoeameneii. KpoMe cTaHAapTHBIX OMOJMOTEK, MOCTABIISIEMBIX C
HAaKETOM CpeJibl MPOrpaMMHUPOBAHUs, MOJIb30BATENN MPU pa3padOTKe MPOrpaMMbl
MOJICJIMPOBAHUSL MOTYT HUCIOJIb30BATh CBOIO JIMYHYIO OUOIMOTEKY, T.€. COOCTBEH-
HbIEe pazpaboTaHHble MOAYJIN (IpoUEAYpbl U QYHKUIUHN). DTH MOTYIU MOTYT ObITh
pa3paboTaHbl HAa PA3NUYHBIX 0A30BBIX S3bIKAX U OTKOMITMJIMPOBAHBI B BUJE HC-
MOJTHSAEMBIX *.exe Uiy *.com ¢aitnos.

Cpeocmea eusyanuzayuu. Pe3ynbrarhl pemieHUN NPEACTABISIIOT B BUIE
rpadukoB. [Ipuuem nonydeHHbIe TpaQUKK JOJIKHBI OBITh BHIBEJICHBI JJIsI TEKCTO-
Boro penaktopa Word, B nensax nmyosnukauuu. s aTux meneil pazpadbaThiBalOT
MOJ1yJIb IOCTPOEHHUS U BBIJIauM IpaduKa WM HUCIOJIb3YIOT TOTOBBIE TpaduiecKue
nakeTel. B 9acTHOCTH, MOXKHO WCHOJIB30BaTh rpaduueckue makersl Microcal
Origin, Advanced Grapher u ap. OTu nakeThl HIMPOKO MPUMEHSIOTCS UCCIIeI0Ba-
TEJISIMA BCEr0O MHpa, B TOM 4YHCI€ W B Hamed cTpaHe s o0paboTKu
Y BU3YaJU3alMK SKCIICPUMEHTAIbHBIX W YUCIICHHBIX JaHHBIX.

Microcal Origin sBisercss npunoxenueM cuctembl Windows. Tlonb3oBa-
TeNbCKUN MHTEep(delc JaHHOTO MPOTPAMMHOIO MPOJIYKTa HE OTIMYAETCS OT JIPy-
I'UX MPUWIOKEHUN. ITOT rpaduyecKuii NakeT O4YeHb ya00eH st o0paboTKU
pe3yabTaTOB MPH MPOBEIECHUH KaK PEalbHOTO, TaK U BHIYMCIUTEIBHOIO 3KCIEPHU-
MeHTa. OH 00J1a1aeT MHOTUMHU BO3MOXHOCTSIMU:

® TOCTPOCHHS JABYXMEPHBIX TpaQHUKOB B JEKAPTOBON W TMOJISAPHOU CHUCTEME
KOOpJMHAT;

® TIOCTPOCHHS MHOKECTBA IPaMKOB B OAHON KOOPAMHATHOM MIOCKOCTH;

® T[IOCTPOCHHS MHOKECTBa rpa)MKOB B HECKOJBKHUX KOOPJAMHATHBIX TUIOCKO-
CTHX;
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® TIOCTPOSHHSI PA3IMYHBIX BUJOB AHATPAMM;

® TIOCTPOEHUS TPEXMEPHBIX TPa(HKOB;

® BpalleHUs TPEXMEPHBIX IPahUKOB OTHOCUTENBLHO JIFOO0H U3 OCeii;

® perpeccuy U UHTEPHOJISINU TPAPHKOB;

® CTaTUCTHYECKON 00pabOTKHU pe3ylbTaTOB IKCIIEPUMEHTA U TPaPUKOB;

® DHKCIOPTa M UMIIOPTA JAaHHBIX U TPAQUKOB B Apyrue MpUIOKEHUS U rpadu-

YECKHE MAKETHI.
Jlnst paboThl B ATOM MakeTe HeOOXOAMMO MMETh JKCIEpUMEHTAIbHbIC TaH-

HBIC B BHJIE TEKCTOBOTO (haitna ¢ pacmmpenuem *.dat. [TonroroBka Takoro (aiina,
Hanpumep, Ha si3bike [lackanb oCcyIecTBIsSeTCs CIeaYIONIM 00pa3oM:

FIL:TEXT,; {onucanue TEKCTOBOrO (haiina}
ASSIGN(FIL,'C:\FILTR.DAT; {OTKpBITHE U YyKa3aHUE IMyTH COXpaHEHUs
daiina}

REWRITE(FIL); {oOnynenue daiina}

Teno nmporpammsl

FOR I:=1 TO N DO BEGIN
WRITELN(FIL,I*H, * ¢, U[I]);END;  {¢opmupoBanue ¢aiina }
CLOSE(FIL); {3akpsiTUE (aiina}

[Toctpoenue rpaduka nmpoBoautcs cienyromum nytem. B menro File Ha-
xoauTcs nmoaMento Import, B koropom umeercs noamernto ASCII. Haxarue yka-
3aTelisl MBI IO HEMY OTKphIiBaeT ¢aiiibsl manku Origin. 31echk ocyIiecTBiIseTcs
nouck Heooxoaumoro Ham ¢aiina ASCII. [na npuBenenHoro mpumepa 3ToT ¢aiin
3akuabiBaeTcs B kopHeBoil karanor C: B Buae ASCII ¢aiina FILTR.DAT. Or-
kpbitie ASCII (daiina npuBoauT nosisiaeHue B okue Origin 3HadeHuii B BUIE Ta0-
munbl (puc.2.10). [Moctpoenue rpadukoB MPOBOIAUTCS ¢ MOMOIIb0 MeHio Plot ¢
pa3IMYHBIMH BO3MOXHOCTSMHU BbIOOpa BUAA rpadukoB. J[is mocTpoeHus Tpex-
MepHBIX rpadukoB HeoOxonumo copmupoBats ASCII-daitn B Tabamunoi gop-
Me, 3areM B MeHIO Edit KOHBepTHpPOBATH €r0 B MATPHILy C IMOMOIIBIO MOMCHIO
Direct. Matpuiia 00bIYHO 3aKpallieHa B )enThid 1BeT. Mcmonbk3ys mento Plot 3D,
MO>KHO TTOCTPOUTH TPEXMEPHBIN rpaduk ¢ BEIOOpoM Buja rpaduka (puc.2.11).

Menro Matrix mo3BosisieT MHBEPTHPOBATh, TPAHCIIOHUPOBATh U MHTEPIIO-
JUpOBaTh MoOdy4YeHHYI0 MaTpuily. C momonibio MeHi0 3D TpexmepHbIi rpadpuk
MOJKHO BpalllaTh OTHOCHTEIBHO OCEH KOOpAWHAT, HAKJIOHATh. Pexxum Options B
MeHI0 3D mo3BoJIIeT U3MEHATH MapaMeTphbl U PacUBETKY TPEXMEPHOIo rpaduka.
M3MeHeHne 3HaueHUH U MapaMeTpoB KOOPAMHATHBIX OCeH, 11BeTa IpauKoB Mpo-
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HU3BOAUTCA B IIOAMCHIO, KOTOPOC OTKPLIBACTCA 6BICTpBIM ,Z[BOﬁHBIM MCJITYKOM

MBIIIY 0 TpaduKy WK €ro mapaMeTpam.

& Microcal Origin - UNTITLED HE B

File Edit “iew Graph Data Analysis Tools  Format Window  Help
EEEEEEE E )

R|R(B)] ] |

AKX B(Y) 1 L

1 0.95 0 . Lo
2 1.9 0 izl
3 2.85 0 ool &
4 3.8 0 e
5 4,75 0 =
6 57| 1,58496E-7 2" =
7 6,65 1,82658E-7 £ [
8 7.6| 2,20148E-7 LER |
9 8,55 2,79921E-7 E |
10 9,5 3,80261E-7 o1 ull
11 10.45| 5,59611E-7 [
12 11.4| B8.99923FE-7 0.0 =
13 12,35 1.57656E-6 DI T 5:] IDID 1510 260 i —
14 13.3| 2.96384E-6 Bpen
15 14,25| 5,85583F-6

& al+|8[* ][ T|2|=||m]o]
L et 15 1 i [ [ v | @ @ (10 1 | T 0 o [ [ (||

Puc.2.10. [Toctpoenue 1ByxMepHbIX rpaduKoB E

Wiew  PlotiD kdatrix Window Help
HEEEEEEETEETRENE N == ]
RO EEE I EERE SR ERE R EE RO

Tools Format

A(X) B(Y) cvm
1 4,41E-9 4,41E-9 4,411
2 1.6BE-8 1.6BE-8 1.681
3 3.72E-8 3.72E-8 3.721
= Matrix1
1 2 3=

1 4,41E-9 4,41E-9 4

2 1.6BE-8 1.68E-8 1,

3 3.72E-8 3.72E-8 3

4 6.56E-8 6.56E-8 ]

9 1.02E-7 1.02E-7 1

AEE OO EEE R ]

:flla UNTITLED | Mame | Type | view | Size | Maodified | created | Depen... | Lakel |
Bl Graph1  Graph Marmal  28KE  £7.02.03 08:30 27.02.0308:30 0
EHMatricl  Matrix Mormal  Z1KE  27.02.0308:30 27.02.0308:30 1
BPCPOLY  Warksh.. Maormal  28KE  27.02.0308:29  27.02.0308:28 0 DAM...

Puc.2.11. Iloctpoenue TpexMepHbIX TpaduKoB

68




2.4. 'HCcTpyMeHTapum n cpencrea asTomMmaTmsaunm
KOMMbIOTEPHOro MOAENIMPOBaHNA

OIHO W3 HaNpaBJICHUW Pa3BUTHUS BBIYUCIUTEIBHBIX TEXHOJIOTHMM B Ha-
CTOsIlIEE BpEeMsI — 3TO pa3pabOTKa MOIIHBIX MAaTEMaTUYECKUX IMaKETOB M
CpPEIICTB AaBTOMAaTHU3allUM KOMIIBIOTEPHOTO MOJEIUPOBAHHUS, IMO3BOJISIOIINX
MaKCHUMQJIBHO YHOPOCTUTH MPOLECCHl MOATNOTOBKH 33J1a4, IPOCKTUPOBAHUS
KOMITBIOTEPHOM YCTAaHOBKH, TNIAHUPOBAHMS, ITPOBEJACHUS KOMIIBIOTEPHOTO KC-
IIEPUMEHTA, IPEICTABICHUS U aHAJIN3a PE3YJIbTATOB MOJICIIMPOBAHMS.

Co3naHne yHUBEpCAIBbHBIX POTPAMMHBIX CPEICTB CHUMBOJIBHOM MaTeMaTUKH
CTaJIo, B TIOCJICTHEE BpeMsi, OCHOBOW HOBOT'O HAYYHOTO HAIpaBJICHUS B HH(MOpMa-
THUKE, KOTOPOE TMOJY4YUJIO Ha3BaHUE — KomnviomepHas ancedopa. Hambonee usz-
BECTHBIMH Y IIUPOKO UCIOJb3YEMBIMU HA MPAKTUKE ABJSIOTCA TAKME MaTEMaTH-
yeckue cuctembl, kak Mathematica, Maple, Mathcad, MATLAB u gp. Otu mare-
MaTUYECKHUE KOMIIBIOTEPHBIE CHUCTEMBbI, B OOIICH COBOKYMHOCTH, MPEACTABISIOT
co00# HEMPEB3OMICHHBIE CPEJICTBA PEIICHUS CAMBIX CIIOKHBIX MaTEeMaTHUYECKUX U
WHKCHEPHBIX 33/1a4.

Opy co31aHusl KOMIIBIOTEPHOM CUMBOJIBHOM MAaT€MaTUKHU MPUHSITO OTCUUTHI-
BaTh ¢ Hayana 60-x ronoB. IMEHHO TOrAa B BBIYMCIUTEIBLHON TEXHUKE BO3HHKIIA
HOBasi BETBb KOMIIBIOTEPHON MaTEeMaTWKH, Ha3BaHHAs KOMITBIOTEPHOU aireOpoi.
Peub 1111a 0 BOBMOXKHOCTH CO3/IJaHUSI KOMIIBIOTEPHBIX CUCTEM, CIIOCOOHBIX OCYIIEe-
CTBJISITh TUIIOBBIE airedpanueckue mpeoOpa3oBaHus: MOJCTAHOBKH B BbIpaKCHU-
X, YOPOILEHUE BbIPAXKEHUM, OMepaluyd CO CTEINEHHBIMU MHOTOYJIeHAMH (TOJIH-
HOMaMH ), pEILICHUE JIMHENHBIX U HEJTMHEUHBIX YPABHEHHUI U UX CUCTEM, BBIYUCIIE-
HUE UX KOpHEH U T. A. [Ipu 3TOM mpeanosaraiack BO3MOXKHOCTD MOJYYCHUS aHa-
JUTUYECKUX (CUMBOJIBHBIX) PE3YJIHTATOB BE3JIE, 1€ ATO TOJIHKO BO3MOXKHO.

PazpaboTka Takux cucTeM Oblla BhI3BaHa HEOOXOJIMMOCTHIO HCIOJB30Ba-
HUS MaTEeMaTHYEeCKOro arapara IOoJb30BaTeIsiMU, HE UMEIMUMH Tpodeccro-
HaJIbHOT'O MaTeMaTH4YeCKOro oOpa3oBaHus. BOJMBIIMHCTBO e MoJib3oBaTesel 3a-
WHTEPECOBAHO B TOM, YTOOBI MPABWJIHHO BBHITIOJIHUTh KOHKPETHBIC HECIIOKHBIC
aHaJUTUYECKUE MpeoOpa3oBaHus, aiareOpanyeckue BBIYMCIICHUS, BBIYUCIUTH B
CUMBOJIBHOM BHJI€ TIPOM3BOJIHYIO HIIA MEPBOOOPA3HYIO 3aJaHHON (hYHKIIMH, pa3-
JIOKUTH €€ B psin Tenopa nian @ypwe, MPOBECTH allpOKCUMAIUIO U T. 1. Tem 60-
Jee, 4TO TPEIMETHbIE OOJACTH, MPEJCTABISIONINEC WHTEPEC IS TOJIh30BATENS
(Oynp oH MaremaTuK, (GU3UK, OUOJIOT WJIM XUMUK), MEPErpy>KeHbl CBOUM COOCT-
BEHHBIM MAaTEMaTHYECKUM arrapatoM. lMHadye roBopsi, OOJBITMHCTBY MOJIb30BATE-
JIell HYyHbI CUCTEMbl KOMIIBIOTEPHOU alireOpbl B KA4ECTBE MPOCTOr0 U yA0OHOTO
WHCTPYMEHTA 7151 paOOTHI.
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DTO0 MOJIOKEHUE ONPEETUIO HallpaBiIeHUE pa3paboTOK 3anagHbIX GupM 1o
CO3/IAaHUI0 KOMIBIOTEPHBIX CUCTEM CHMBOJIBHOW MAaTEMATHUKH, OPHEHTUPOBAHHBIX
Ha IIUPOKUE KPYTW MOJb30BaTENel, HE SBIISIONIUXCS MPOPECCHOHATIAMU B KOM-
NBIOTEPHOMN anredpe. YUuThIBas HEBEPOSATHO OOJBIIYIO CIOKHOCTh aBTOMATH3a-
MU pElICHUS 33/1a4 B aHAJTUTUYECKOM BHJIE (YUCIO MaTEMaTHYECKUX MpeoOdpa3o-
BAHUW M COOTHOIIEHUI BEChbMA BEJIUKO, U HEKOTOPHIE U3 HUX HEOJHO3HAYHBI B K C-
TOJIKOBAHUU ), TIEPBbIE€ MOJOOHBIE CUCTEMBI YJIaJIOCh CO3/1aTh JIMIIb AJI OOJIBIINUX
OBM. Ho 3arem nosBWIIMCh U CUCTEMBI, TIOCTYIIHbIE ISl MUHU-OBM.

3aMeTHOE pa3BUTHE IOIYYUIIM SI3bIKM MPOTPAMMUPOBAHUS ISl CUMBOJIb-
HBIX BeaucieHuid Reduce, cucrema muMath png maneix DBM, a B ganpHeHem
— HHTETPUPOBAHHBIE CUCTEMBI CUMBOJIBHOM MAaTEMAaTUKU Uil NEPCOHAIBHBIX
kommbioTepoB: Derive, MathCAD, Mathematica, Maple V u nap.

B ObiBmieM CCCP Gonblnioii BKIaJ B Pa3BUTHE CUCTEM CHUMBOJIBHOW Mate-
MaTHKU BHECA IIKoIa akaaemuka [mymkoBa. B konne 70-x rooB ObLIM CO3/1aHbI
Majbie nHxkeHnepuole OBM kiacca «Mup», criocoOHbIE BBITIOJNHATH aHAIUTHYE-
CKHE€ BBIUMCIICHUS JIaK€ Ha anmnapaTHOM ypoBHE. bbul pa3paboTaH W yCHENIHO
MPUMEHSJICS SI3bIK CUMBOJIBHBIX BBIYUCICHUN «AHAIUTUKY. DTU PabOThl OTYACTU
IIPEABOCXUTUIIN PA3BUTHE CUCTEM CUMBOJIBHOM MaremaTuku. K orpoMHOMy co-
YKAJICHUIO0, OHU TOSBUJIMCH CIIMIIKOM PaHO JJIsi CBOETO BPEMEHU M HE COOTBETCT-
BOBAJIM «T€HEPAJbHOW JIMHUW» Pa3BUTHUSI COBETCKOW BBIYMCIUTEIBHON TEXHUKHU B
T€ ToJAbl. YKIOH B CTOpOHY pa3Butus Oonwsinx IBM cepun EC, HaBsi3aHHBIN B
CCCP xOMIIBIOTEpHBIMU YAHOBHUKAMH, OTOABHUHYJ KOMIBIOTEPHI «Mup» Ha 3a1-
HUM IUIaH, @ 3aT€M 3TOT KJIACC KOMITBIOTEPOB MPOCTO MPEKPATUII CBOE CYILECTBO-
BAHUE U PA3BUTHE.

Pemaromuii ckayok B KOMIbIOTEPU3ALMUA OOIIECTBA MPOU3OIIEN C HAaYaJIoM
MaccoBoro npousBoacTBa u BHenapeHus IIK. [Jonroe BpeMs ux OrpaHu4eHHBIE
BO3MOYKHOCTHU HE ITO3BOJISIIA PEAIM30BaTh HA HUX CEPHE3HBIE CUCTEMBI CUMBOJIb-
HoM MateMatuku. Ho k Hadanmy 90-X rogoB cutyanusi ctajia 3aMETHO MEHSTHCS K
ayymiemy. C oIHOW CTOpOHBI, ammapaTHbie Bo3MokHOCTH IIK cramm pe3ko Bo3-
pactaTh 0 Mepe ObICTPOW CMEHBI MOKOJEHUH MUKpompoueccopoB. B urore mno
CKOPOCTH CYeTa M 00bheMy ONepaTUBHOTO 3aroMuHarotero ycrpoiictsa (O3Y) 11K
cTtany 00xoauTh «ooibimue» IBM kiacca EC, a cefiuac ocTaBMIIM MX JajJI€KO I10-
3a/Id. DTO CO3/aJI0 pPeasibHbIC MPEANOCHIIKA K Pa3BEPTHIBAHUIO PabOT MO paspa-
00TKEe cHUCTEM KOMIBIOTEpHOI anreOpsl. Jlake Ha CErOAHSIIHUNA J€Hb pa3pbiB B
MPOU3BOAUTEIILHOCTH Mexay HoBermuMu [IK m mHOromponeccopusiMu cynep-
9BM ocTaercs 10cTaTOuYHO OOJIBIINM.

HaunGonbiiryto n3BeCTHOCTH MOTYYUIIN TPH KJIacca CUCTEM CHUMBOJILHOM Ma-
TEMAaTUKH: COo37aHHasi Ha 0a3e A3bIKa UCKYCCTBEHHOIo HHTe/uiekTa Mu Lisp manas
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cuctema Derive, oHa U3 caMbIX MOIIHBIX M MOHBIHE MPUBJIEKATEIbHBIX CUCTEM
Maple V (sapo mammcano Ha s3eike C) u cuctembl Mathematica 1 u 2. [To3xe Ha
0aze anpa cucteMbl Maple V cMMBOJIbHBIE BBIYHMCIICHUS ObUTH peain30BaHbl B MO-
MyJSIPHBIX YUCIIOBBIX cuctemax Mathcad — Bepcun Mathcad 2.0/4.0/5.0/ Plus5.0/
6.0/Plus 6.0/7.0 /Plus7.0/8.0/8.0PRO/2000PRO/2000 Premium wumeroT 3ameva-
TEJNbHBIN TOJIb30BATEIBCKUNA HHTEPHEHC W BO3MOXKHOCTHU, YIYUIIAIOIIUECS OT
Bepcuu K Bepcuu. biiok cumMBosbHON MaTemMaTHKy Ha 6ase sapa Maple V Obu1 10-
OaBJIEH U B OJHY U3 CaMbIX KpyIHbIX MaTpuuHbix cucreM — MATLAB.

Cucrema Derive 1 MOHBIHE SBJISIETCS MPUBJIEKATEIbHOM CBOMMHU HEB3bICKA-
TeIbHBIMU TpeOOBaHUSIMU K ammapaTtHeiM pecypcam [IK — 3To enuHcTBeHHas
cuctema, koropas padoraer gaxe Ha [IK kmacca IBM PC XT 6e3 xecTkoro amuc-
ka. HoBas Bepcus Derive 7 mog Windows umeer coBpeMeHHBI uHTEepdeiic [22].
A 10 BO3MOXHOCTU TpadUyecKOll BHU3yalu3allUd pPE3yJbTaTOB BBIYMCICHUIN
Derive Bce elie gajeko oTcTaeT OT HUX. 10 ke MOKHO CKa3aThb U O HOBOW CHCTEME
CUMBOJIbHOU MaTeMaTuku MuPAD 1.4.

Cucrema Maple V (xkommanuu Waterloo Maple Inc, Kanana) — marpuapx B
CEeMEICTBE CUCTEM CHUMBOJIBHOM MaTeMaTUKH. M moHBIHE 3TO BechMa MpHUBIEKa-
TEJIbHASI CUCTEMa I MaTeMaTHKa-aHAIWTUKAa U HaydHoro padotamka [19]. Ho-
Belimue cucreMbl Maple V s Windows (peanuzaruu RS u R6) mo Bo3MokHO-
CTSIM TpaUKHU CTOAT HAa OJHOM ypoBHe ¢ cuctreMamu Mathematica 3/4. Cuuraer-
Csl, YTO OHU HECKOJIBKO MPEBOCXOAST cucteMbl Mathematica B 4acT CHMBOJIBHBIX
npeoOpa3oBaHnii, HO TaKOe MPEBOCXOACTBO Ha CETOJHS YK€ SIBISETCS BechMa
copHbIM. IlomHOTa siapa cuctemsl, XpaHsmero Oosee 2700 mMaTeMaTHYECKUX
¢ynkuuii (y peanmmszanuu Maple 6 u Maple 9 ux yxe cBoire 3000!) u mpaBwit ux
npeoOpa3oBaHusi, BIIOJIHE 3acily’KMBaeT BHHMaHMsi. Becbma mnpuBiekaTenbHOE
CBOMCTBO ITOW CHUCTEMBI — TOJAPOOHas BCTPOSHHAsI IIOMOIIb U MHOXKECTBO TMPH-
MEpOB KO BCEM BCTPOCHHBIM B Hee (DYHKIIMSIM W MPUKIIATHBIM TTaKeTaM. JTH MPHU-
MEPBHI JIETKO CKOMUPOBATH B OKHO PEAAKTUPOBAHUS CHCTEMBI M TYT K€ PELIUTh.

[TosiBnenne HOBBIX Bepcuit Mathematica 3 u 4 BHOBb PE3KO MOJHUMAET
IUTAHKY OIIEHKH KavyecTBa CHCTeM KommbioTepHo# anreOpwr [20]. Hacrymaer Ho-
BbII 3Tan MHTErpaly MaTeMaTHYECKUX CHUCTEM Kak Jpyr ¢ JPYyroM, Tak U C CO-
BPEMEHHBIMU TEKCTOBBIMU M TAOJMYHBIMHU TMpOIECCOpaMu, TakuMu kak Word u
Excel u3 oducHbix nakeroB Microsoft Office.

Komnanus MathSoft, Inc., k mpumepy, 3a Kakue-To I€CITh JET MOPOoIuiia J10-
OpbIil 1eCATOK HOBBIX BepCHi (MHKPEMEHTOB) MOMyJsipHOU cuctembl Mathcad —
2.0, 4.0, 5.0, Plus 4.0, 6.0, Plus 6.0, 7.0, Plus 7.0, 8.0, 8.0 PRO, Mathcad 2000
PRO/Premium, Mathcad — 12.0, 14.0 [24].
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B »T0i1 cpene onucanue 3anucu U pelieHus MaTeEMaTHYECKUX 3a/1ay JlaeTcs
C TIOMOIIBIO TPUBBIYHBIX MaTeMaTHYECKUX (GOpMysIT W 3HAKOB. Takoil ke BHI
UMCIOT ¥ pe3ynbTaThl BerurciacHuid. [Toaromy cpena MathCAD BrnosHe onpasibi-
BaeT abopesnatypy CAD (Computer Aided Disign), roBopsiiyio o mpHHAIICHK-
HOCTH K CJIOKHBIM U MPOJBUHYTHIM CpEJCTBAM aBTOMATHU3AIUU aHAJIUTHYECKOTO
MOICITUPOBAHUSI.

Kommanus MathWorks (CILIA) pa3paborana cucreMy aBTOMaTU3AlMK BbI-
JUCIICHUH W MojenupoBaHus moj HazBanneM MATLAB [2, 11, 18, 23]. Jocra-
TOYHO MHTEPECHBI peanu3anuu MaTpuuHbix cucteM MATLAB 5.2/5.3, Ho ¢ oueHb
TPOMO3JIKOM CUCTEMOM MOMJIEPKKM BBIYMCICHUN HA IMCKOBOM MPOCTPAHCTBE, Ha-
npumep — MATLAB 5.2.1 3anumaer Ha kectkoMm aucke 1500 MoaitT namstu
(Mathematica 4 TpeOyeT Ha MOPSAIOK MEHbIIIE MecTa), 1yt Bepcuit MATLAB 6.%,
7. pa3pabOTUYMKU YMEHBIIUIN AUCKOBOE mpocTpancTBo 0 1000 Moaiir. [Ipen-
CTaBJISICT WHTEPEC YHHBEPCAIbHAs CHUCTEMa MaTEMaTHYECKOTO MOJCITUPOBAHUS
Simulink, uaTerpupoBanHas ¢ Matemarndeckoir cucremorn MATLAB, no3Bo-
JISIOMIAs TIPOBOJNTE BH3yaJIbHOE MOJICIMPOBAHNE JTUHAMHYECKUX CHUCTEM. ['po-
MO3JIKOCTb U JIOPOTOBU3HA 3TON CUCTEMBbI CKa3bIBACTCS HA MIUPOKOM MPUMEHEHUHU
B By3aX U YHHBEPCHUTETAX.

Bbonee oTkphITOI CHUCTEMOI BHU3YadbHOTO MaTeMAaTHYECKOIO MOJIEIUPOBa-
Hus seisercs VisSim (Visual Simulation), cozmannas dupmoii Visual Solutions
Incorporation[17] . Dta cucTtemMa MHTErpUPYETCS C CHUCTEMaMH KOMIIbIOTEPHOM
matematuku Mathcad 2000/2001/2001i /11 u MATLAB. OtauunrtenbHas 0Co-
OCHHOCTb ATOM CHCTEMBbI COKpAIICHHUE BPEMEHH MOJICTUPOBAHMS B HECKOJIBKO TIO
CPaBHEHUIO C APYTUMHU CUCTEMaMHU.

Bonpnyto momnynsipHOCTh TPUOOPENIH TaK)Ke CHEIUATU3UPOBAHHBIE CUCTEMbI
cxemoTexuudyeckoro mozaenupoBanus MultiSIM (Electronics Workbench) [27],
MicroCap, P — CAD, PSpice, Design LAB, OrCAD wu np.

Ocoboe MecTo cpeau CHUCTEM MaTEeMaTHYECKOTO MOICIMPOBAHUS 3aHUMACT
cpefa MpoeKTUpOBaHMsI BUPTyanbHbIX pruoopoB LabVIEW. Cpena rpadudeckoro
nporpammupoBanus LabVIEW mnonydaer Bcé Gosnbliiee pacipocTpaHEHUE B MPO-
MBIIJIEHHOCTH M 00pa30BaHUU, MPU MPOBEICHUHM HAYYHBIX UCCICAOBAHHUI U BbI-
MTOJTHCHUH TTPOCKTHBIX PaboT.

DTOMY CIIOCOOCTBYIOT €€ HECOMHEHHBIE TIPEUMYIIIECTBA — BBICOKAsI MPOU3BO-
TUTETBHOCTD MPHU pa3pabOTKe MporpamMM, Ha3bIBAEMbIX BHPTYaIbHBIMUA MTPUOOpa-
mu (BII), mmpokuit Habop (PyHKIIMOHAIBHBIX BO3MOXXHOCTEH SI3bIKA U CPEIBI
nporpaMMupoBaHus. B mocieaHee BpeMs U3JI0KEHHUIO 3THX BOIPOCOB B OTEUECT-
BEHHOH JMTepaType ObLT MOCBAIICH LEJbIi psia nyonukanui u kaur [4, 7, 16, 26,
32, 37]. B Hux ObuIM pacCMOTPEHBI OCHOBHBIEC 3JeMeHTHI cpeanl LabVIEW, oc-
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HOBBI IporpammupoBanus Ha s3pike G B LabVIEW, a takke MOmMOJHUTEIIBHBIC

BO3MOKHOCTH CPCABI.

]_IJ'ISI MOACIUPOBAHUA CIIOXKHBIX CHCTCM p8,3pa6aTI>IBaI-OTC}I Pa3JIUMIHBIC IIPO-

rpaMMHBIC TIPOAYKTHI, pPEaTU3yIONe OOBEKTHO-OPUEHTUPOBAHHBIA TOIXOM K

IMporpaMMHpPOBaHUIO. OTHU CUCTEMBI HUMUTAUOHHOT'O MOICIIMPOBAHUSA ITO3BOJIAIOT

CTPONUTH KOMIIBIOTCPHBIC MOJCIN CJIOXHBIX CUCTCM B PA3HLIX 00J1acTIX Ipouns3s-

BOJICTBA, JOTUCTUKHU, TPAHCIIOPTA, B 06H1€CTBGHHI>IX N COMMAJIbHBIX HAYKaX U OpPYy-

rux orpacisx. Hanpumep:

Powersim Studio (kommanuu Powersim Software AS) cuctema auHamude-
CKOTO MOJICTUPOBAHUS (11 CUCTEMHOW JMHAMHUKH) TIPUMEHSETCS IS pe-
IIICHUS CJIO’KHBIX 3a7a4 B MTMPOKOM JHArna30oHe MPEeAMETHBIX 00JacTeit — OT
UCTOPUH, JTUTEPATYPbI, COLIUOIOTUH 0 OMOJIOTUHU, (DU3UKU U SKOHOMUKH,
iThink Analys (kommanus iSee systems) — O0OBEKTHO-OPUEHTHPOBAHHBIN
MakeT MNporpaMm, oOecredyuBaOMUNA rpadUyecKylo, BBIYUCIUTEIBHYIO U
WH()OPMAITMOHHYIO TOICPKKY TPOIEeTypaM CHCTEMHOTO aHAIHM3a CIIOXK-
HBIX mporeccoB. 1Think Mo3BoJisseT OMUCHIBATH MOJIEIN Pa3HOOOPa3HbIX
CUCTEM;

Pilgrim (MDCH, Poccust) — uaTerpripoBaHHas 00bEKTHO-OPHEHTHPOBAHHAS
CHUCTEMa MMUTAIMOHHOTO MOJCIUPOBAHUS VIS MOAXO0Ja CUCTEMHOW JHHA-
MUKH, a TaKK€ CTOXaCTUYECKOTO AMCKPETHOTO W MPOCTPAHCTBEHHOTO MO-
JETMPOBAHNS;

AnyLogic (poccuiickas kommanus XJ Technologies — « Dxe JIxeii TekHo-
JIOJDKUCY) — MPOrpaMMHOE 0OeCTieueHHEe JJIT UMHUTAIIMOHHOTO MOJICIHPO-
BaHMSI CIIOKHBIX CHCTEM W TPOIIECCOB, TO3BOJISIONICE TMONICPKUBATh Ha-
MpaBJeHUE areHTHOTO MOJICTUPOBAHUS, JUCKPETHO-COOBITUITHOTO MOJIEIH-
pOBaHUS U pa3pabOTKX MOJIEIeH CUCTEeMHOM TUHAMUKUY;

GPSS (anrn. General Purpose Simulation System — oOmienieneBas cucrema
MOJEITUPOBAHUS) — SI3bIK O0BEKTHO-OPUEHTUPOBAHHOTO MPOTPAMMHPOBA-
HUS, UCTIOJIB3yeMOT0 JIJIi UMUTAIIMOHHOTO MOJIEITUPOBAHUS CUCTEM MacCo-
BOTO OOCTY)KHMBaHHS Pa3IMYHBIX HHPOPMAIMOHHBIX TPOIIECCOB M pa3pa-
OOTKHM UMHUTAIIMOHHBIX MOJIEJICH B CETH UHTEPHET;

Arena — nporpamMmMHoOe obecrieueHre Jisi HMUTAITMOHHOTO MOJIETUPOBAHUS
(xommanuu Systems Modeling Corporation), mo3Bosisiroriiee co31aBarth Mo/I-
BIDKHBIC KOMIIBIOTEPHBIC MOJICIH, WCITONIB3YsI KOTOPHIE MOXHO aJIeKBAaTHO
MPEACTaBUTh OYEHbh MHOTHUE PEAIbHBIE CUCTEMBI. JTa CHCTEMa OPUEHTUPO-
BaHa Ha pa3pabOTKy Mojeliel MPOU3BOJICTBA, OM3HEC-TIPOLIECCOB U B 00JI1ac-

TH CUCTEM MAaCCOBOI'O O6CJ'Iy)KI/IBaHI/I${;
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Plant Simulation — mporpammHasi cpeia IMHTAIIMOHHOTO MOJICIIUPOBAHUS
CHCTEM M TPOIIECCOB, MpeaHa3HAYCHHAS JJI ONTUMHU3AIUNA MaTEepPHAIIONO-
TOKOB, 3arpy3Kd PECypCOB, JIOTHCTUKA M METOJa YHPAaBICHHS I BCEX
YpOBHEH TUTAHUPOBAHUS OT IIEJIOTO TPOU3BOACTBA M CETU MPOU3BOJICTB 10
OTACTBHBIX JTMHUN U YUACTKOB;

SimBioSys: C++ — 000109Kka areHTHO-0a30BOT0 IBOJIIOIMOHHOT'O MOJICITH-
poBaHUS B OMOJIOTHUECKUX U OOIIECTBEHHBIX HAYKAX;

cuctema areHTHoro mozenupoanus SWARM u ero pacmmpenus MAML
(Multi-Agent Modelling Language) ais MoaeinupoBaHHS HCKYCCTBEHHOTO
MUDA;

nakeTbl Ascape(Agent Landscape) u RePast (Recursive Porous Agent Simu-
lation Toolkit), HarmcanHble Ha TIATPOpPME s3bIKA Java IS TOICPIKKH
areHTHO-0a30BOT0 MOJICITMPOBAHUS;

NetLogo u MIMOSE (Micro- and Multilevel Modelling Software) ungop-
MAaIMOHHBIE CHCTEMBI, IMpeIHa3HAUEHHbIE IJISi CO3/IaHUS MMHTAIMOHHBIX
MOJIeJIEl U TEXHOJIOTUI MOJIEIIUPOBAHUS B OOIIECTBEHHBIX HayKaX;

SPSS, Statistica, Z-Tree — cucTeMbl MOJCIHPOBAHMS IS WCCIICIOBAHUS
HYKOHOMHYECKUX, CTATUCTHYECKUX SBJICHUN U MPOLIECCOB.

Taxoke cnemyer otmeTuTh makeTbl Process Charter (Scitor Corp.), PROCESS
MODEL (PROMODEL Corporation), SIMUL8 (Visual Thinking International),
EXTEND ( Imagine That, Inc.) u apyrue cuctemsl.

CHucTeMbl KOMITBIOTEPHOI'O MOJCIHPOBAHUS MOYHO YCIOBHO IOIPAa3IEINTh

Ha CUCTCMbI daHAJIUTHYCCKOI'O, TCXHHYCCKOT'O U UMUTALITMOHHOI'O MOACIIUPOBAHHNA

B Tabnune 2.2 naHbl TEXHOJIOTHYECKUE XaPAKTEPUCTUKU HEKOTOPHIX COBpE-

MCHHBIX CUCTCM MOJCIINPOBAHUA.

Tabmauma 2.2.

COBpeMeHHBIC CHUCTCMbI MOJCIIMPOBAHUA

Monenupyromias cpeia v moAiep KKa
Ilon-
AHu- 8
ABTOpCKOE JNEpKKA
Marus
MOJIETTPO- aHaJM3a
Cucrema mo- | [IpousBoau- (B pe-
[punoxenus ['padmyeckasi|Banue, mpo- U BU-
JIeJIIMPOBAHUS Tens 110 alb-
NMOAAEPAKKA | TPAMMUpO-| ' | 3yajH-
BaHUE MO- 3a1Uu
neneit | P |pesymb-
MEHH) pesy
TaTOB
CucTeMbl aHAJTUTHYECKOT0 MO/IEJTHPOBAHUS
Soft Ware- JIByxMepHast
AHanuTHyecKoe, Ymc- ’
DERIVE house CHHOE MOLCII (’)BaHI/Ie TpexMepHast + + +
(CIIIA) JICIHp rpaduka
Waterloo | Awnamurtmueckoe, unc- |[['padudeckuii + +
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MAPLE Maple Inc, | nenHoe MoaenupoBaHHEe MaKeT s361k Maple
Kanama
Wolfram o
MATHEMATI Research Amnanutnueckoe, unc- |['paduyeckuii +
CA Inc. (CIII A,) JIEHHOE MOJICTTUPOBAHUE [MaKeT
MathCAD MathSoft, | Anamutuueckoe, unc- |["paduucckuii +
Inc JICHHOC MOJCIIMPOBAHUEC MAKECT
biok-cxemel,
rpaduuecKuii +
MathWorks| Amnanutunyeckoe, yuc- pad
MATLAB (CIIIA) | neHHOE MOJIETUPOBAHHUE TaKet, moTo- sA3pK
ACTHP koBble qua- | MATLAB
TPaMMBI
00BEKTHO-
. AHanuTHYECKOE, YHC-
. MvStudium Biok-cxemsl, | OpueHTHPO-
MvStudium JICHHOE MOJICIIUPOBAHUE, o
Group (Poc- BUAVAILHOG HHTEDAK rpaduvecKuii [BAaHHOE TIPO-
cusi) Y p ITaKeT IrPaMMHPO-
TUBHOE MOJICTMPOBAHHE
BaHUeE
CucTeMbl TEXHHYECKOT0 MOJIeJINPOBAHUS
MoaenupoBaHHue CUCTEM
ABTOMATUYECKOTO pery- OO6beKTHO-
Visual Soly-| "MPOBaHNS 1 ynpaBie- brok-cxemsl, [opueHTHPO-
Vissim tions HUS, MOJICIUPOBaHKe |rpaduueckuii | BAHHOE BU-
(CIIIA) pa3IMYHBIX (PU3MYECKUX,| S3BIK MOJe- | 3yajabHOE
XUMHUYECKHX, SKOHOMH- | JTUPOBaHUsA | Iporpam-
YECKUX U MPOYHX SIBJIC- MHUPOBaHUE
HUU U CUCTEM.
MoaenupoBaHHie CUCTEM
ABTOMATUYECKOTO pery- OObeKTHO-
Simulink nipu- JMPOBAHUS U yrpasie- | biIok-cxeMsl, |opueHTHpO-
noxenne  [MathWorks| Husi, MmogenupoBanue |rpadUUecKuii | BAHHOE BH-
MATLAB (CIOA) [paznuuHbIX PU3UYECKUX,| S3BIK MOJie- | 3yalibHOE
XUMHUYECKHX, SKOHOMH- | JTUPOBaHUs | Tporpam-
YECKUX U IPOYHX SBJIC- MHUPOBaHUE
HUU W CUCTEM.
Interactive
Image
OObeKTHO-
Technolo- DJIEKTPOHHBIE
gies; Elec- CXEMOTEXHHYECKOE MO- CXGMII:I rpa OpPHUEHTHUPO-
.- - €JIMPOBaHKE aHAJIOTO- > %, | BaHHOE BH-
Multisim tronics | *<™P buvecknit
Workbench: |BPX H U (POBBIX PaJIHO- S3BIK MOJTE- 3yalbHOE
. '[3MeKTpOHHBIX YCTPOKCTB porpam-
National p yerp TUPOBAHKS | If OlfaHI/Ie
Instruments p
(CIIIA).
Pa3paboTka  BUpPTyasib-|DJIEKTPOHHBIC BHDTVALL
National [F*™ pUOOPOB, CXEMO-|CXEMBI, OJIOK- Hoep rya du
LabVIEW, Instruments TEXHUYECKOE MOJIEIUPO-{ CXEMBbI, Ipa- quKOEH o
(CIIIA) BaHWE AaHAJOTOBBIX H| (QUYCCKHIA DAMMIL po
" [uudpoBBIX  pamuodNieK-| SI3BIK MO/Ie- pBaHl/Ifl:)
TPOHHBIX YCTPOWCTB JTUPOBAHUS
Micro-Cap Spectrum [cxemoTexHHYeCKOe  MO-|DneKTpoHHbIe| OOBEKTHO-
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Software [menmupoBaHMe aHAIOro-| CXEMBI, Ipa- |OPHEHTHPO-
BbIX M HU(QPOBBIX 3JIEK-| (UYeckuil | BaHHOE BH-
TPO- PaTUODICKTPOHHBIX| S3BIK MOJIe- | 3yalbHOE
YCTPOWCTB JTUPOBaHUs | TpOrpam-
MHPOBaHUE
CxeMoTexHUUECKOE MO-|CXEMOTEXHU-
. . eJINPOBAaHHUE YCTPOMCTB| YECKHUH SI3BIK
System View Elanix [P yerb - +
Ha (GyHKIIMOHATIBHOM| MOJICTTHPOBA-
YPOBHE HUS
ONEeKTPOHHbIE
[IpoekTupoBaHUE U MO-
. CXEMBI, Tpa-
Design Lab . . |memupoBanme  mpuHIH- N
. MicroSim ¢buveckuit - +
+PSpice [UAJIbHBIX CXEM paauo-
. SI3BIK MOJIE-
PIICKTPOHHBIX YCTPOUCTB
JTUPOBAHUS
CXeMOTEeXHHYECKOe MO-|DJIICKTPOHHBIC
. elINPOBAaHWE  aHaJoro-| CXEMEL, Ipa-
N MicroCode [P > TP
Circuit Maker Enaineering BP™ ¥ UQPOBBIX 3JICK-| (uueckuit - +
g ngo- PaaMO3JIEKTPOHHBIX| S3BIK MOJIE-
yCTpPOMCTB JINPOBAHMUS
CucTeMbl HMHTAIIMOHHOTO MOIEJTHPOBAHHUA
OOBeKTHO-
IIpou3BoacTBO, aHAIIN3
OpPUEHTHUPO-
OM3HEC-TIPOIIECCOB, TUC-
System KPETHOE MOJICIIUPOBa BaHHoe B~
ARENA Modeling P ACTHD bnok-cxemsl | 3yaibHOE +
. HUE, CKJIAJICKOH yUer,
Corporation MOJICITUPO-
JIOTUCTHKA, TPAHCTIOPT-
BaHNE
HBIE 331291 +
Kommnono-
BOYHBIE 0JI0- Amnanus
Imagine Crtparerudeckoe 1miaHu- CIL. HellDe + QVECTBHL
EXTEND g poBaHue, Ou3HeC- > Herp Y
That, Inc. pBIBHBIE B | s136IK Modl TEJIBHO-
MOJICTTUPOBAHUE
JTUCKPETHBIE CcTH
MOJIENTH
Wolverine | OO0mero Ha3HadyeHus,
GPSS/H-
PROOE Software | mpowmsBoacTBo, TpaHc- | Biok-cxembl + ANOVA
Corporation OPT U JIP.
CASE-
VYnupasaenne puHaHco- | cpeacTBa
_ p ¢ pencTaa, AHATIS
High BBIMH MIOTOKAMH, PEUH- | UMUTAIIOH-
ITHINK PerformancepxkuaupuHr npeanpusaTiii,| Hoe MOIEIN + HyBCTBH-
ANALYST PHHT TIPEAUIP ’ . TeTbHO-
System, Inc.| 6aHKOB, UHBECTHUIIMOH- | pOBaHUE, MO- -
HBIX KOMIIAHUH U JIp. |TOKOBBIC WA~
TpaMMBI
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[TpouzBoacTBO (aBTOMO-
OunbHAst OTPacCiib, JIIEK-

TPOHHKA, CYTOCTPOCHUE CASE- ObnexTHo-
Siemens AG| P > CYROCTP ’| cpenctBa, |opueHTHpO-
. CTaHKOCTPOCHHE, cOO-
M-Plant (Siemens MMUTALIMOH- | BAHHOE BHU-
e POYHBIC JIMHHUH U T.JI.),
PLM Soft- HOE MOJICIIU- | 3yaJIbHOE + +
JIOTMCTHKA, COBIT, KOH-
ware), I'ep- pOBaHMe, 10- | MOJICTUPO-
CAJITUHT, CUMYJISALINS
MaHUsL. TOKOBBIE Ma-| BaHHE
OM3HEC MPOIIECCOB, 3/1pa-
I'paMMBbI +
BOOXPaHEHHE, OAHKOB-
CKHii OM3HeC
Bbiok-cxeMebl
PROMODE ’
PROCESS L O061iee MpoOU3BOJICTBO, | JTUCKPETHOE i i 4
MODEL . EUHKUHUPUHT MOJEIUPOBa-
Corporation p p ACIHp
HHE
OO0BeKTHO-
Visual | YHuBepcaiabHOE CpeCT- OPHECHTHPO-
SIMULS Thinking | Bo uMmuTaIuK JUCKpPET- - BaHHOE + +
International HBIX TIPOIECCOB porpam-
MHPOBaHHE
TAYLOR Brox-cxemsl,
F&H
SIMULA- . . [TIpon3BOACTBO, CTOUMO- | TUCKPETHOE
Simulationl . - + +
TION nc CTHBII aHaIu3 MOJICIIUPOBa-
SOFTWARE ' HHE
+
Lanner busznec-nnanupoBaHue, biok om-
WITNESS P + + +
Group Inc. [mpou3BoicTBO, (hMHAHCHI THMH3a-
1107071
AHamuz
qyBCTBH-
VENSIM Ventana | Mogenu cucreMuoii 1u- | [IoTokoBbIE TEIbHO-
Systems HaMHUKH JuarpaMMel CTH, OII-
THMH3a-
s
Powersin | HemnpepeiBHoe Mmonenu- | IToTokOBEIE
POWERSIM pep a ; + ]
Co. poBaHmHe JarpamMmbl
. Monenn CHCTEMHOM JTH-
Expectation $ g
DYNAMO HAMHUKH BEIUUCIUTENL- | BiIOK-CcXeMEBI - - -
Software
HOT'O THIIA
Java
OOBEeKTHO-
CucreMHast I[MHAMHKA Horokospie u OpPUEHTHUPO-
XJ J{nck eTHO-CO6I)ITPII>'IHO’e UML pua- BaHHOe BU- | 2D
ANYLOGIC |[Technologie P ’|rpamMMmBlI, TUC- ’ -
areHTHOE MOJEINPOBA- 3yanpHOoe | 3D
S KpETHOE MO-
HHE MOJICTTUPO-
JICITAPOBAHKE
BaHHE
Onrumu-
3aIns
OptQuest
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OTMCTI/IM, 9TO Ha MHPOBOM PBLIHKE ITOABHIICA PO KOHKypeHTOCHOCO6HBIX

pPOCCUHCKUX pa3pabOTOK MO UMHUTALMOHHOMY MOJEIUPOBAHUIO CIIOXKHBIX CUCTEM

(Tabnuia 2.3).

Tabmwua 2.3

HHCTpYMCHTaJII)HBIe CUCTCMBbI MOACIINPOBAHNA, p8,3pa60TaHHLIC B Poccun

1 Cpena monenupo-
BaHus MvStudium

[To3Bomsier OBICTPO CO37aBaTh
BU3yaJbHble  WHTEPAKTHUBHbBIE
MOJIETM ~ MHOTOKOMIIOHEHTHBIX
HEMpPEpBhIBHBIX, ITUCKPETHBIX U
THOPUTHBIX (HenpepbIBHO-
JUCKPETHBIX) CHCTEM M IPOBO-
JUTh C HUIMHU aKTUBHBIC BBIUHC-

JIUTEIbHBIE DKCIEPUMEH-
Thl. MvStudium mnoaaepxuBacT
00BEKTHO OPHEHTUPOBAHHOE

MOJICJIMPOBAHUE U BO3MOKHOCTD
CO3JIaHHUS II0JIb30BATEIIEM CBOUX
COOCTBEHHBIX KOMIIOHEHTOB C
HMCIOJIb30BaHUEM BXOJIHOT'O
s3pika. [lognepxkuBaercs 2D u
3D-anumarus.

Konecos FO.b. (Mockga), Unu-
xoB JI.b, CennuenkoB IO.b
(Cankr-IletepOypr), Poccusi.
http://www.mvstudium.com/

2 Cpena monenupo-
Banusa Rand Model
Designe

Cpena OOBEKTHO - OPUEHTHPO-
BAaHHOTO  MOJIEJIUPOBAaHUSA U
IIPOEKTUPOBaHUs Ha Oa3e mare-
MaTH4YECKOTO0  MOJIEIHPOBAHUS
CJIOKHBIX TIPUPOJHBIX U TEXHU-
yeckux 00bekToB. [Iponmykt
MOJIIePKUBAET TEXHOJIOTHH
MPOEKTUPOBAHUS MHOTOKOMITO-
HEHTHBIX UEPApXUUECKUX COObI-
TUIHO-YTIPABIISIEMBIX CHCTEM -
KOMIIOHEHTHOE MOJEITUPOBaHHE
C OPHEHTHUPOBAHHBIMH U HEOPH-
€HTUPOBAaHHBIMU  KOMIIOHEHTa-
MU (CBSI3IMU).

HUnuxos JI.b., Komecor [0.b.,
CennuenkoB O.b., MockBa —
Cankr-IlerepOypr, Poccus.
http://www.mvstudium.com/
http://www.randservice.com/

3 Cpena monenupo-
BaHus OpenMVL

OTtkpbiTast cpefa Uisi MOJAETH-
POBaHMS CIIOKHBIX JTUHAMHUYC-
CKUX cHCTeM (aHaJOTUYHAS
OpenModelica). Cpena mpen-
cTaBsieT coOol Habop MOJy-
JIed, CBSI3aHHBIX C PEIICHUEM
MaTeMaTHYeCKUX 3a/1a4y, BO3HHU-
KaIUX TPH MOJICTUPOBAHUU
MHOTOKOMIIOHEHTHBIX CJIOYKHBIX
JTUHAMHYECKHUX CHCTEM.

ABTOpPCKHMI KOJUIEKTUB pa3pa-
6oTuukoB — HcakoB A.A., Ce-

HUYCHKOB 10.Bb., CaHKT-
[TeTepOypr, Poccus.
Caiirt:

https://dcn.ftk.spbstu.ru/index.ph
p?id=275

4 Cuctema Object
GPSS (GPSS —
Future)

HNHcTpymMeHTanbHOE  CPEACTBO
JUISL HAIIMCAaHUsl MOJENed B CTHU-
ne GPSS nemocpenctBeHHO Ha
s3pike Delphi (Object Pascal).

CeBepoIOHEIKHIT TEXHOJOTHYE-
ckuil MHCTUTYT, CeBEepo/IOHEIK,
VYkpauna. (aBTop Koponés A.I')
http://objectgpss.narod.ru/
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http://www.randservice.com/
https://dcn.ftk.spbstu.ru/index.php?id=275
https://dcn.ftk.spbstu.ru/index.php?id=275
http://objectgpss.narod.ru/

Kaxnmas wmomenr Ha Object
GPSS  mpencraBiasier  coboi
Include—gaiin (Model.pas), co-
JICPKaIUi ONMCAaHUE BCEX 00b-
eKTOB Mojaenu W Habop u3 6
npouenyp: Initial, CloseAllOb;,
ResetAll, ModelTxt, Report,
Modeling. Cucrema GPSS -
Future passuBaer Object GPSS
B MiaHe Oojee rHOKON paboThI
CO CIHUCKOM Oyaymmx coObI-
TH.

5 | Cpena wMopenupo-
Bauusg «MBTVY»

Cpena MHTEJJIEKTYaJIbHOTO
CAIIP, npenHasHayeHHas st
JNETAIbHOTO ~ MCCIEN0BaHUA U
aHallM3a HECTAllMOHAPHBIX MPO-
LIECCOB B CHUCTEMax aBTOMATHU-
YEeCKOro yImpaBJeHHs, B sAep-
HBIX W TEIUIOBBIX SHEProycra-
HOBKax, B CIEIAIIUX MPUBOAAX
u poboTax, B JIIOOBIX TEXHHUYE-
CKHUX CHCTEMaX, OIHCaHUE Iu-
HAMUKH KOTOPBIX MOXET OBITh
peaiu30BaHO METOJAMHU CTPYK-
TYpPHOIO MOJAEINpOBaHusA. SB-

J€TCs  aIbTEPHATUBOM  IIpO-
IPAMMHBIM MIPOYKTaM
SIMULINK, VisSim,
MATRIXX u ap.

Kozno O.C., Konmako JI.E.,

CkBoproB  JIL.M., Tumodeen
K.A., Xomgxosckuii B.B., Mock-
Ba, Poccus .MBTY

um.H.baymana
http:// energy.power.bmstu.ru

6 NMuranmnonHas
mwiarpopma Dan-
TOMAT

MoaenupoBaHr€ MHCTPYMEHTOB
JUTSL. MOJIETTUPOBaHUSI U 00yde-
HUS

I[enapTaMeHT CUCTEM HMHUTALN-
OHHOTO MozienupoBanus IBS
http://www.fantomat.ibs.ru

7 | I[Ipodeccuonann-
HBII MHCTPYMEHT
MOJIETTUPOBAHUS
AnyLogic

Cpena MoJeIMpOBaHHS TO3BO-
JAIIAsT  CTPOUTHh  CJIOKHBIE
UMHUTAIIMOHHBIE Mojaenu. Iloja-
JEP)KUBAET MOAXOAbl JAUHAMMU-
YECKUX CHCTEM, JUCKPETHO-
COOBITUIMHOTO MOJIETTUPOBAHUS,
CHCTEMHOH NUHAMHKH, ar€HTHO-
ro monenupoBanus. [loanepxu-
Baercd 2D u 3D-agnManus

DKc Jxei TexHoMOKNC,

194021, Canxkr-IlerepOypr, yi1.

[Tonmurexumyeckas, 21
www.xjtek.com

8 | UuTepakTuBHAs Cpena wmonenupoBaHus Juc- | HanvoHanbHBI ~ TEXHUYECKHU
cucreMa MM [ISS- | kpeTHO-COOBITHITHBIX — Tpoliec- | yHuBepcuTeT «KueBckuil moiu-
2000 COB. TEXHUYECKUM HMHCTUTYT», YK-

pauna, r. Kues (aBrop Tomaries-
ckuii B.I1.).

9 | Cpena wmogpenupo- | Cpena MopenupoBaHus 1uc- | Haymenko BsuecnaB Ampjpee-

Banusa CMO

KPETHO-COOBITUHHBIX MPOIIECCOB
C BU3yalu3aluen.

Bu4, Poccus.
http://modelsmo.narod.ru/

Jist 5 PeKTUBHOTO TPUMEHEHUST MOICTTUPOBAHUS TPU PEIICHUN UCCIEeI0Ba-

TCJIbCKUX, IMPOU3BOACTBCHHLIX, YIPABJICHYCCKHUX H O6p8,30BaTCJ'IBHBIX 3aga4 HC-
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00X0JIMMO YETKOE MOHUMAaHHWE BO3MOKHOCTEW M OTpaHUYEHHsS] BHIOPAHHOTO aHa-
JUTUYECKOTO MHCTPYMEHTa MOJEIMPOBAHUS M3 MPEICTABICHHBIX B Tabnuie 2.2
MPOrpaMMHBIX TPOAYKTOB. OTAETBHO MOXKHO OTMETUTH MOMYJSPHBIE CHUCTEMBbI
JUISL MOJICTTMPOBAHUS JIOKAJBHBIX U TJI00AJBHBIX BBIYUCIUTEIBHBIX CUCTEM U Ce-
TEH.

NanoCAD — 6a3oBasi cucteMa aBTOMATU3HPOBAHHOTO MPOEKTUPOBAHUS U
yepuenus (CAIIP-iiardopma). Pazpaborana kommnanueir 3A0 Hanocodrt (Poc-
cusi).

BONeS (pupma Systems and Networks) — rpadgudeckast cuctema MOACIUPO-
BaHMs OOILEro HA3HAYEHUA JJIA aHAIM3a apXUTEKTYPbl CUCTEM, CETEH M MPOTOKO-
70B. OnuceIBaeT MOJENNU Ha TPAHCIIOPTHOM YPOBHE M Ha YPOBHE IMPHUJIOKEHUH.
JlaeT BO3MOKHOCTb aHajau3a BO3JECUCTBUSA NPUIOKECHUM THIIA KIWEHT-CEPBEP U
HOBBIX TEXHOJIOTUI Ha paboTy ceTH,

Netmaker (¢pupma OPNET Technologies) — mpoekTupoBaHHE TOIOJOTHH,
CpEeICTBa IUIAHUPOBAHUS M aHAJIM3a ceTel MUPOKOoro kiacca. COCTOUT U3 pas3iiny-
HBIX MOJAYJEH NIl pacuera, aHaInu3a, MPOEKTUPOBAHUS, BU3YAIU3aLUH, TIIIAaHUPO-
BaHUS U aHAJIM3a PE3yJIbTaTOB;

Optimal Perfomance (pupma Compuware; Optimal Networks) — nmeer Bo3-
MOKHOCTH OBICTPOTO OLIEHOYHOTO U TOUHOI'O MOJIETUPOBAHUS, [IOMOTAaET ONITUMHU-
3UpPOBATh pacHpeieIEHHOE MPOTPaMMHOE 00eCIIEYEHUE;

Prophesy (komnanust Abstraction Software) — nmpocras cucrema At MOZAEIIH-
pOBaHUS JIOKAJTBHBIX M I00anbHBIX ceTeid. [103BoMsieT OeHuTh BpeMsl peakiuu
KOMIIBIOTEpA Ha 3ampoc, KoiaumdecTBO "xutoB" Ha WWW-cepBepe, KOIUYECTBO
pabouyux cTaHUUM 151 00CITYy)KMBaHUS aKTUBHOTO 000pPY0OBaHUs, 3amac Mpou3BO-
JTUTEIIbHOCTU CETH MPH MOJOMKE OIPEIEICHHOT0 000py10BaHus;

Stressmagic (pupma NetMagic Systems) — mojiiepKka CTaHIAPTHBIX TECTOB
U3MEPEHUs MPOU3BOIUTENBHOCTH; UMHUTALIMsI TMKOBOM HArpy3ku Ha (aiin-cepsep
U cepBep neyatu. Bo3aMokHO MOAeNIMpOBaHUE B3aUMOACHCTBUS PA3IMYHBIX MMOTb-
3oBaTenei ¢ dain-cepsepom. Bkiodaet 87 TeCTOB IPOU3BOIUTEILHOCTH;

NetWork 11.5 - aBronomublii maker gupmbl CASI ms ananmza npou3BoIu-
TEJIBHOCTH HMCIIOJIb3YEMbIX KOMIBIOTEPHBIX CUCTEM, MJI aHAJIM3a MPHIOKEHUN B
cetd. [103BOJIsIET MPOBOAUTH MOJETUPOBAHUE KOMIIBIOTEPHOU apXUTEKTYpPbI JItO-
ooro Tumna.

Cemeiicmeo CANE (xomnanusi ImageNet) — npoekTupoBaHUE U PEUHKUHU-
PHUHT BBIYUCIUTEIBHON CUCTEMBI, OLIEHKA Pa3IMYHbIX BAPUAHTOB, CLIEHAPUH "YTO,
ecnu". MoaenrpoBanue Ha pa3inuuHbIX ypoBHIX Moaenu OSI. Pa3zputas Oubnmo-
TeKa yCTPOMCTB, KOTOpas BKIIIOYaeT (U3UYECKUE, DJIEKTPUUECKHUE, TEMIEepaTyp-
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HbIE U JIpyTrUe XapaKTepUCTUKH 0O0BEKTOB. BO3MOXHO co3naHue cBouX OMOJIMO-
TEK;

Cemeiicmeéo OPNET (dupma OPNET Technologies) — cpenctBo mis mpoek-
TUPOBAHUS U MOJCITUPOBAHUS JIOKATHHBIX U TI00aTBHBIX CETeH, KOMITBIOTEPHBIX
CUCTEM, MPUJIOKEHUHN U pacTpe/Ie]IeHHbIX cucTeM. BO3MOKHOCTh UMITOPTA U JKC-
MopTa JAaHHBIX O TOMOJOTUHU U CETEBOM Tpaduke. AHAIN3 BO3ACHCTBHS MPUIIOKE-
HUM THUIA KIMEHT-CEPBEP U HOBBIX TEXHOJIOTUHN Ha paboTy cetu. MoenupoBaHue
HUEPAPXUICCKUX CETeH, MHOTOMPOTOKOJBHBIX JIOKAIBHBIX U TJIO0ATBHBIX CETEH;
y4eT aJirOpuTMOB Mapuipytuzanuu. OObeKTHO-OPUEHTHPOBaHHbIN moaxond. Hc-
yeprbIBaromias 6MOIMoTeKa MPOTOKOJIOB U OOBEKTOB BKIIIOUAET CIEAYIOLIUE MPO-
JTYKTBI:

NETBIZ (mpoekTupoBanue U ONTUMU3ALNS BBIYUCIUTEIBHON CUCTEMBI);

MODELER (MopenupoBaHue W aHaIW3 MPOU3BOJUTEIHHOCTU CETEH, KOM-
MBIOTEPHBIX CUCTEM, TIPIIIOKEHUIN M PaCIIPEICIICHHBIX CHCTEM);

ITGURU (ouienka npou3BOAUTENBHOCT KOMMYHUKAIIMOHHBIX CETEM U pac-
IIPEIEIIEHHBIX CUCTEM).

Cemeiicmeo COMNET (pupma Compuware; CACI Products Company) --
00BEKTHO-OPUECHTUPOBAHHAS CHCTEMa MOJICITUPOBAHUS JIOKATBHBIX W TJIO0ATBHBIX
cereid. [1o3Bossier MoIeIMPOBaTh YPOBHU: NIPUIIOKEHUM, TPAHCIIOPTHBIN, CETEBOM,
KaHaJIbHBINA. VICrIONb3yeT Bce M3BECTHBIC HA CETOIHS TEXHOJIOTUU U MPOTOKOJEI, a
TaK)Ke CHCTEMBI KJIIMEHT-cepBep. Jlerko HacTpauBaeTcs Ha MOJIEIb 000pyI0BaHUS
U TEXHOJIOTHI. BO3MOXHOCTh MMIIOPTa M DKCIIOPTA JAHHBIX O TOIMOJIOTHH U CETe-
BOM Tpaduke. MogenupoBaHue uepapXudeckKux CeTeil, MHOTOMPOTOKOJIBHBIX JIO-
KaJIbHBIX U TJI00ATBHBIX CETEH; yUET aTOPUTMOB MapIIPYTH3AIUH.

COMNET Il — cucrema cTOXaCTHYECKOTO JTUCKPETHOTO COOBITHMHOTO MOJICITH-
pPOBaHUS CUCTEM MAacCOBOTO OOCITYXKHBaHHs. OCHOBHAs CHCTEMa CeMercTBa JJig MO-
nenupoBanus JIBC u rmoGanbHbIX ceTe, a Takxke uX miaHupoBanus. [lonb3oBaTenb
c momoIIslo Tpaduyueckoro uHTEpdEiica co3maeT uepapXuIecKyro MOJAENb CeTH, a
3aTeM CHCTEMa MPOBOJUT MOJEIUPOBAHNE CETH C aHUMAIUEH, TIPU ATOM TTO3BOJISCT:
CO3/1aBaTh OTYETHI MPOU3BOIUTEIBHOCTH; MTPOTHO3UPOBATH MEKKOHIIEBYIO 3aJepPIK-
Ky, MPOMYCKHbIE CIIOCOOHOCTH M 3arpy3Ky JIMHHUNA CBsi3U, Oy(depoB U MPOLECCOPOB;
BOCITPOM3BOINTH CIIYIAHYIO MOJIeh TpaduKa; BUACTh TUKH M KoyieOaHus Tpaduka;
OTIPEJICIISITh UCTOYHUKH 33JIEPKEK M y3KUX MecT. [103BOMsIeT AeTalbHO MOJETUPO-
BaTh ceTH kKak CMO, moCcTpoeHHBIE C UCTIOIH30BAHUEM BCEX M3BECTHBIX TEXHOJIOTHIA
U MPOTOKOJIOB, Kak To: ATM , Frame Relay , FDDI , TCP/IP , xnmuent-cepBep u T.1.
PesynpTaTaMu MoOeIMpOBaHUS SBJSIOTCS OICHKH MPOU3BOIUTEILHOCTH Pa3TMYHbIX
BapHAHTOB MOCTPOEHUSI UCCIIETYEMOH JIOKATbHON WX TNT00aJbHONW CETH, YUUThIBAs
IIPU 3TOM CTOMMOCTHBIE XapaKTEPUCTUKH.
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ADVANCED FEATURES PACK — nanHbIf makeT MpeaoCTaBISIET JOMOJI-
HutenbHble BO3MOXHOCTH makety COMNET III gnst TouHOro moaenupoBaHUs
pacrpeieIeHHOT0 MPOrPaMMHOT0 00ECIIEUEHHUS KITMEHT-CEPBEPHBIX apXUTEKTYP.

COMNET Predictor — cucrema OpIcTporo BpeMeHHOTO aHaim3a. [IpegocrasiseTr
BO3MOXXHOCTh OBICTPO OLICHUTH MPOU3BOJAUTEIHLHOCTh JOKAJIBHBIX U IJI00AJIbHBIX Ce-
Tei. DTa cucremMa 00Jiee WHTEIUICKTyallbHA, MOMOTAeT IJIaHUPOBATh M3MCHCHUS,
MIPOTHO3UPYET Pe3yJIbTaT, TCHEPUPYET OTYETHI U TpapUKH O MPOU3BOIUTEILHOCTH
CETH, OTPEEIIET, KaKue PECypChl CO3MAI0T 3aJEPKKY B CETH, a KaKHe HEJOUCTIONb-
3y1oTcs. Ha OCHOBe MMIIOPTHPOBAHHBIX JAHHBIX MO TOIOJIOTHH, MPOTOKOJaM U
TpaduKy TOJIB30BATENIO MPEIOCTABIISAETCS BO3MOKHOCTh U3MEHUThH TaKWe TapameT-
pBI, KaK TOIOJOTHS, TpadHuK, COCTaB 000pYyI0BaHMS, TTOJI0Ca MPOMYCKaHMS, ITPOTO-
KOJIbI U OBICTPO MOJXYYUTH PE3YJIbTAT B BUJI€ OTYETHBIX Ipaduyeckux (Hopm.

COMNET Baseliner — cucrema nummnopra JaHHBIX. DTa CHCTEMa B OJHOM I1a-
KeTe 00BeIUHSACT BO3MOKHOCTH MOHUTOPUHTA W MOJICTTUPOBAHMSI CETH, B PE3YIIb-
TaTe 4ero JJIsi MOJCIIMPOBAHMS aBTOMATHUYCCKH TOSBIISCTCS MCXO0Has uHpopMa-
U, cofeprKaIas JaHHbIe 0 0a30BOM YPOBHS ceTH. B cucteme ecTh pa3iaudHbIe
onmuu (GUIBTPOBAHUS, MOTYT KOMOMHHUPOBATHCS JaHHBIE O TpaduKe, KOTOpPHIC
coOpaHbl pa3TUIHBIMA HHCTPYMEHTAMHA MOHUTOPHHTA, B €AMHBINA TpadUK MOJICIIH.
Dta cucteMa mpeJHa3HaueHa I UMIIOPTa JAaHHBIX O TOIMOJOTUHM M IIPOTOKOIAM
W3 YCTAaHOBJICHHBIX Y TOJIH30BATENIsI CUCTEM YIIPABJICHUS M MOHUTOPHHTA CETEH ¢
1enplo co3manus 0a3oBeIXx Mojened mis maketoB COMNET III uw COMNET
Predictor.

COMNET Enterprise Profiler — cucrema MmonutopupoBanus cetu. [103Boss-
€T MPOU3BOAUTH MOHUTOPUPOBAHUE M COOpP CTATHCTHKHU B CETH 0€3 BO3MOYKHOCTH
aIMUHUCTPUPOBaHMSA. MOXKET MHTETPUPOBATHCS C JIPYTUMH CHCTEMaMH MOHHUTO-
PUPOBAHMS M YIIPABJICHUS.

Kpome mepednciieHHBIX CHCTEM, UMCIOTCS PSAJl IPYTUX pa3pabOTOK MOJEIH-
POBAHUIO BBIYUCIIMTEIBLHBIX CHCTEM M CETEH, KOTOpPBIE MOYKHO MOCMOTPETH IO
ccoutke http://bibliofond.ru/view.aspx?id=33848 (29 nexadps 2011r).

2.5. OCHOBHbIe HanpaBneHnsl U NepcneKkTUBbI Pa3BUTHUS
MMUTALMOHHOIO MOAENMPOBaHMS

NmutanmonHoe MOJIeTMPOBAHUE B HACTOSIIIEE BPEMS SBIISIETCS OJTHUM U3 OC-
HOBHBIX BUJIOB MOJIEIMPOBAHUS U UCCIIECIOBAHUS IS SKOHOMUYECKHX, MPOU3BO/I-
CTBEHHBIX, DKOJIOTUYECKUX, IEMO- U SHTOIpadUUECKUX CUCTEM, CUCTEM MaCCOBO-
ro oocaykuBanus u ap. OHO 3aKIII0YaETCS B CO3aHUU MOJEIH-UMHUTATOpa padbo-
ThI CJIOKHBIX (Yallle BCEro NMpu HAJIUYMUU CTOXACTUYECKUX (PaKTOPOB) CUCTEM M
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MPOLIECCOB MPHU HEMOJHBIX 3HAHUSX O PsI/Ie MPOIECCOB B MOACIUPYEMBIX 00BEK-
tax. OmanME n3 Hambosnee 3(P(HEKTUBHBIX METOJOB HCCICAOBAHUS YKAa3aHHBIX
OOBEKTOB M CHUCTEM SIBISIIOTCS METObl UMUTAIIMOHHOTO M KOMIUIEKCHOTO MOje-
nupoBanus. Mimutanmonnoe moaenupoanue (MM) — 3To MeToj uccieaoBaHus,
KOTOpPBI OCHOBaH Ha TOM, YTO aHaJU3Upyemas TUHAMUYECKasl CUCTEMa 3aMeHsi-
€TCsl UMUTATOPOM M C HUM MPOU3BOJIATCS SKCIIEPUMEHTHI JIJIsl TTOTydeHus: uHpop-
Manuu 00 u3yyaeMoit cucreMe. Poiib UMHTAaTOpa BHITIOJIHIET KOMITBIOTEPHAS TIPO-
rpaMma Wik KOMIUIEKC nmporpamMm s OBM, koTopasi Ha3pIBa€TC UMHUTALIMOH-
HOUW MOJIENbIO.

B uMuTanmoHHoM moaenupoBaHuH (POPMHUPYIOTCS TeMaTUYECKUE HampaBie-
HUs uccienopanuii [33]:

® TEOPETHYECKHE OCHOBBI U METOJIOJIOTUS HMUTALIMOHHOTO U KOMIJIEKCHOTO

MOJEJIUPOBAHUS;

® METOJbI OIIEHUBAHUA KaueCcTBA MOJIEJIEH U MOJIMMO/IETbHBIX KOMILIEKCOB;

® METOJbI U CUCTEMBI PACIIPEACIICHHOIO MOACIIUPOBAHUS;
® MOJEIHPOBAHUE TII00ATBHBIX MPOLECCOB;
e pa3paboTKa CpEeACTB aBTOMATU3ALMHU M BU3YyaJIU3alMH HUMUTALMOHHOTO
MOJEIINPOBAHUS;

® CHCTEMHasl JUHAMUKa (C 00s3aTEIbHBIM HaJUYHMEM HMHUTAIMOHHOW CO-
CTaBJISIONICH);

® [IPAaKTUYECKOE MPUMEHEHUE MOJCIUPOBAHUS W HWHCTPYMEHTAJIbHBIX
CPEACTB aBTOMAaTU3allM1 MOJICIMPOBAHUS, IPUHSATHUE PELICHUI TTO PE3YIb-
TataM MOJAEIUPOBAHUS;

® KWMUTAIMOHHOE MOJIEIUPOBAaHUE B OOYUCHUHU U 0Opa30BaHUH.

AHanu3 nepeyncieHHbIX paHee 0COOEHHOCTeW (POPMaTbHOTO OMUCAHUS U UC-
CJIEIOBAHMSI CIIOKHBIX OOBEKTOB U CHUCTEM MOKA3bIBAET, UTO IMPU MOJECIUPOBAHUU
Y YIPABJICHUH JAHHBIMU OOBEKTAMU U CUCTEMaMU CJeayeT 0a3upoBaThCa Ha KOH-
LEMIUAX W MPUHIUIAX, MMOJ0KEHHBIX B OCHOBY COBPEMEHHBIX TEXHOJIOTUW CHC-
TEMHOTO (KOMIUIEKCHOTO) MOJIeIMpoBaHus. boyee TOro, Kak Mokas3bIBaeT aHAIU3,
pU PEIICHUN aKTyalIbHBIX B COBPEMEHHBIX YCIOBHUSX MPOOJIEM CTPYKTYpHO -
(GYHKIHMOHAJIBHOTO CHUHTE3a OO0JIMKA TUOPHUIHBIX HWHTEJUIEKTYaJbHBIX CHUCTEM
ynpasienus (TMCY) COTO nenecoobpa3Ho paccMaTpUBaeMbIe TEXHOJIOTHH CHUC-
TEMHOT'0 MOJIETUPOBAHUS, TPAAUIIMOHHO CBSI3aHHBIE C KOJMYECTBEHHBIMHU BBIUUC-
JICHUSIMHU, JOTOJTHUTh MHTEIUICKTYIbHBIMU WH()DOPMAITMOHHBIMH TEXHOJIOTHSIMH,
OPUEHTHUPOBAaHHBIMM Ha CHUMBOJIBHYIO 00paboTKy uH(popMauuu. K yka3zaHHBIM

UH(POPMAIIMOHHBIM TEXHOJIOTHSAM MPUHATO OTHOCUTH [33]:
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— TEXHOJIOT'MH dKCIepTHBIX cucteM (Expert Systems) wiu cucrem, OCHOBaH-

ubix Ha 3HaHMsIX (Knowledge-Based Systems);

— TexHosorun Heuétkoi oruku (Fuzzy Logic);

— TEXHOJIOTHH UCKycCcTBEeHHBIX HelpoHHbIX ceter (Artificial Neural

Networks);
— TEXHOJIOTMH BBIBOJIa, OCHOBaHHOTO Ha mperneaeHTax CBR (Case Based
Reasoning) - TeXHOJIOTHH;

— T€XHOJIOTHH €CTECTBEHHO-S3bIKOBBIX CUCTEM M OHTOJIOTHH;

— TEXHOJIOTUH ACCOLIMATUBHOMN MaMSITH;

— T€XHOJIOTMA KOTHUTUBHOI'O KAPTUPOBAHUS U ONEPALMOHHOTO0 KOAUPOBAHHUS;

— TE€XHOJIOTHH 3BOJIIOLUOHHOTO MOJIEITUPOBAHMS;

— T€XHOJIOTUH MYJIbTHAT€HTHOT'O MOJEIUPOBAHUS.

HecMoOTpst Ha pOCT NPOU3BOAMTEIBHOCTH COBPEMEHHBIX KOMIIBIOTEPOB, HMX
MOIIIHOCTY HE XBATaEeT JJI1 MOJEIMPOBAHUS 3a7a4, CBSI3aHHBIX C CAMOJIETO- U aB-
TOMOOMJIECTPOEHUEM, JOTUCTUKOW, COOPOYHBIM IMPOU3BOJICTBOM U T. M., KOTJa
MMUTALMOHHBIE TPOrOHBI MOJENEH MOTYT JIUThCS yacaMu. OTHUM W3 BapUAHTOB
pelieHus 3Tol IpoOsIeMbl SIBISIETCS MCIOJIB30BaHUE NapajuIeIbHOIO U pacipese-
JIEHHOT'O JTUCKPETHO-COOBITUITHOTO MOJENUpPOBaHuA. B 3Toil 001acTu ecTh naxe
crangapt HLA — High Level Architecture.

Bomnpocam npakTUYeCKOTO MCIOJIb30BaHUSL PE3YIbTATOB UMUTALMOHHOTO U
KOMIUIEKCHOT'O MOJIETTUPOBAHUS CIOXKHBIX MPOIIECCOB U CUCTEM YJENsIeTCsl 0c0b0e
BHUMAaHHE Ha MHOTUX KOH(epeHUHUsAX, B YaCTHOCTH Ha KoHpepeHmsax MTMMO/]
[33].

Ecnu roBopuTh 0 HampaBieHUSX MOCTPOEHUS U MCHOJIb30BAHMS UMHUTALIMOH-
HBIX MOJIEJIEW, TO OHU CJICAYIOIIHE!

1. Mopenu, npeHa3HaYE€HHbIE IS BBISABICHHS (PYHKIMOHAIBHBIX COOTHOIIIE-
HUH, T.€. UIS ONpPENEICHUS NMPUPOJBl M 3aKOHOMEPHOCTEH MEXKIy JBYMsI
WM HECKOJIbKUMHU (paKTOpamMHu C OJHOM CTOPOHBI U OTKJIMKOM CHUCTEMBI C
JIPYTOW CTOPOHBL.

2. Mopaenu, npenHa3HauY€HHbIE JJIA MPOTHO3a, T.€. JJs OLICHKU MOBEICHUS
CUCTEMBI NP HEKOTOPOM COYETAaHUU PAOOUYUX YCIOBUHM, B TOM YHUCIE U 1O
BpPEMEHHU.

3. Mogenu ajis KCTIEPTHON OLIEHKU MPEAJIaraeMoil CTPYKTYPBI WK KOH(DUTY-
paluu CUCTEMbI MO MpeJiaraéMbIM HEKOTOPHIM KPUTEPHUSIM HIIA COBOKYTI-
HOCTBIO aKCHOM, C(OPMYITHPOBAHHBIM C MOMOIIBIO YKCIEPTOB. ITa COBO-
KYITHOCTb SIBJSIETCSI KaK Obl OCHOBOM pa3pa0OTaHHOW HKCIEPTHOU CHUCTEMBI

(1IpOM) — UMHUTAITMOHHON MOJIEIIH.
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4. Mopenu, IO3BOJISIONIME COTIOCTABIIATh KOHKYPUPYIOIIUE CUCTEMBI, PACCUH-
TaHHBIC Ha BBHITIOJTHECHHE ONPECICHHON (PYHKITUH, UM COTIOCTABIICHUE Pa3-
JUYHBIX TpeTaraeMbIX pabovYrx METOAWK, MPUHIIMIIOB. DTH MOJETH CpaB-
HEHUS aJbTEPHATHB pa3palbaThIBAIOTCS IS NMPHUHATHS pElIeHui, pa3pada-
TBIBAIOTCS B BUJIE YTUJIUTHI, 3aITyCKAIOTCS PETYIISIPHO MPHU MIPUHITHHA OTiepa-
TUBHBIX PELICHUN.

5. Mognenu naisi ONTUMHU3AIMKA B IIENISAX OINpPENCTCHHs] COYCTaHHUs JEHCTBYIO-
X (akTOpPOB M MX BEJIMYHH, MPU KOTOPOM OOECIICUMBACTCS HAWITYUITHI
OTKJIUK CHCTEMBI B 11eJIOM. MOXKET UCIOIh30BATHCS KaK WHCTPYMEHT IS
OIICHKW W CPaBHEHHWS BAapPUAHTOB IMPEANOJIaracMbiX M3MEHECHUN WM BhIpa-
OOTKM ONTUMAJIBHOW CTpaTeruu. ITU MOJIETU IMUPOKO MPUMEHSIOTCS MPU
peIIeHUH 3a7ad ymnpaBiieHus (IJJaHUPOBAHMS, MPOCKTUPOBAHUSA) W YaCTO
HA3bIBAIOTCS MHTEPAKTHUBHBIMHU ONTHMHU3AIIMOHHBIMUA MOJEISIMU (CHUCTEMA-
MH).

6. Moaenu BUPTyalIbHBIX UIp, MPEIHA3HAYCHHBIEC JJI1 OOYUYECHHS CTYICHTOB,
VIPABJICHUYECKOTO MEepCcoHaNa, COTPYAHUKOB. Pa3paboTka momenelt BUPTY-
TBHOU PEATTbHOCTH — UHCTPYMEHTOB JIJISl KOMITBIOTEPHBIX UMUTAIIMOHHBIX
UTp JUTSI Pa3UYHBIX OTPACIICi, BOCHHBIX, SKOHOMHUYECKHX, TOCY/IapCTBCH-
HBIX U MEXTOCYIapCTBEHHBIX OTHOIICHHM.

7. Mopenu njisi aHalM3a YyBCTBUTEIBHOCTH, T.€. JJIS BBISABICHUS TeX (HaKTo-
POB, KOTOpPbIE B HaHOOJBIICH CTENICHH BIUSIOT Ha 0OIee MOBEJeHUE CHC-
TEMBI.

8. Mogenu, BCTpOCHHBIE B IPOM3BOICTBEHHBIN MPOIECC, B TEXHUYECKHUE U aB-
TOMATU3UPOBAHHBIC YCTAHOBKH, 3aITyCKAIOIIMXCS aBTOMATHYECKH TIPH BHI-
MOJIHEHUU COOTBETCTBYIOIINX OMEPAIIHiA.

9. Mogenu, co3laHHbIC I JHUHAMAYCCKOW BU3yalH3aluu (IeMOHCTpAIINH)
IPOEKTUPYEMOTO OOBEKTA B IESAX apryMEHTalUuu pa3pabaTbiBaeMoro mpo-
€KTa I PYKOBOJCTBA WJIW MOTEHIIMAILHBIX 3aKa34YMKOB (BOCIIPOM3BOJISI-
Y10 BUPTYAJIbHYIO WLTIO3UIO MPOIIECCa Pa3BUTHS CUCTEMBI).

['oBOpst 0 MOJETMPOBAHUK KaK MCCIICOBATEILCKOM METOJIEC, U MMHUTAIIUOH-
HOM (KOMITBIOTEPHOM) MOJICIIMPOBAHUU KaK €ro pa3HOBUIHOCTH, HEOOXOIUMO OC-
TAHOBHUTHCSI HAa OCHOBHBIX 00JIACTSIX NMPHUMEHEHHUsS, B KOTOPBIX MOTYT PEIIAThHCS
OTpacjeBbIC 33J]a4d MMPH OMOIIU JAHHOTO METOA, O €ro MPEHMYIIECTBAX H OCO-
OCHHO — OTPaHUYCHHUSIX.

AKTHBHEE BCEr0 MMHUTAI[MOHHBIM MOJCIUPOBAHUEM HHTEPECYIOTCS B MeTaJ-

Jypruu, He]TerazoBoil OTpaciau, MPOU3BOJCTBE CTPONMATEPHANIOB, MHUIIEBBIX
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MPOJIYKTOB, B pAa3JIMYHBIX O0OJIACTAX MAacCOBOTO OOCIYyXUBaHUS (a3POIOPTHI,

TPAHCTIOPT, MEAUIIMHA, TOPTOBBIC MPEANIPUATHS, chepbl 00CTYKUBAHUS U JIP.).

Ananu3 pe3ynbTaToB KoHpepenunit UMMO/] noka3biBaeT, 4TO CBOJAHBIN I1e-

peUeHb OCHOBHBIX 00J1acTel MPUMEHECHHUS BBITJISIUT CISAYIONMM o0pa3oMm [33]:

MIPEIOCTaBIICHUE YCIYT CBSI3U, CETH TIEpeIau JaHHBIX,

yIpaBJICHUE MOABMKHBIMU (KOCMHYECKUMH) O0BEKTaMH, BO3TYIIIHBIM H aB-
TOTPAHCTIOPTHBIM JIBH’KCHUEM;

opraHm3arys npomsiuieHHoro npoussojctea (I'TIC, 00yBHOE, MeTKOCEpHTi-
HOe, COOpKa MePCOHATBLHBIX KOMIIBIOTEPOB, pa3padoTKa MPOTrPaMMHOTO
obecriecueHus);

IPOEKTUPOBAHUE PHI000OPAOATHIBAIOIINX KOMIIEKCOB Ha CyaX MPOMBICIIO-
BOro (J10Ta;

KOCMHYECKasi CBapKa,

nH(GOPMAIITMOHHOE TPOTUBOOOPCTBO, OJI0YHOE MM POBAHUE,

JMHAMUKA TTOMYJISIINY 3Beped U )KUBOTHBIX,

PETHOHATILHBIC SKOHOMUYECKHUE CHCTEMBI,

ne4eOHO-IBaKyallMOHHBIE MEPOTIPUSITHS B aBUAUBU3HH,

HAJIOTOBOE U MEHCUOHHOE 3aKOHO/IATENLCTBO, OOpaIlleHHE TPak/IaH B OPTraHbl
rocyJapCTBEHHOTO YIIpaBJICHUS;

MOJITOTOBKA CIEIUATMCTOB 10 YIPABICHHUIO JKETIE3HOJOPOKHBIM TPAHCTIOP-
TOM M MarucTpajibHbIMU TPYyOOIIPOBOIAMHU;

UCCJIEIOBAHUS B 00JIaCTH SKOCUCTEM (BOJHBIX, MOPCKHX, JIECHBIX, CTEITHBIX U
ap.);

HCCIICOBAHMS TEeMOTPA(PUIECKUX U STHUICCKUX CUCTEM.

[IpuMeHeHre UMHUTAIIMOHHOTO MOJEIUPOBAHUS JOCTATOYHO MEJJICHHO pa3-

BHUBACTCA HN3-3d CJIIOKHOCTHU PACCMATPUBACMBIX 00BEKTOB U TPYAZOCMKOCTHU CO31da-

HUA UMHUTAIMOHHBIX MOI[@JIeﬁ, H3-3a OTCYTCTBHUA HpO(i)eCCI/IOHaJ'IBHBIX KaJapoOB B

00JIaCTH MMHTAIIMOHHOTO MOJCIHUPOBAHUS U DAy Apyrux mpuurH. OcoOEHHO

CJIO’)KHO OOCTOUT JI€JIO B 00JIACTAX COLMAIBHBIX U TYMAHUTAPHBIX HayK, /€ CJa-

00¢ MpUMEHEHNE METOJI0B UMHTAIMOHHOTO MOJSIUPOBAHUS MOXKET OBITh 00BsIC-

HCHO M3-3a IIPUYHH, U3JIOKCHHBIX BBIIIC, HEJIMHEWHOCTBIO U MHOFO(b&KTOpHOCTBIO

COMMAJIBHBIX ITPOHECCOB, CJIOKHOCTBIO B3aI/IMOCB$I3€I\/JI, a Tak)Ke H3-3a HEOOOCHO-

BAaHHBIX O)KPI)]&HPIfI, BO3JIaraCMbIX Ha MOZACIIb, KOTOPLIC HC MOI'YT OIIpaBAATLCA B

peanpHOCTU. Tem He MeHee, dhopManu3aieil COIMaNbHBIX CUCTEM B HACTOSAIIEE

BpCMs 3aHUMAIOTCA, OMPCACIIAIOTCA MATEMATUYCCKUC MMOAXOAbI M IMOJTYYCHBI HEC-

KOTOpBIC pe3yabTathl [3,12-15].
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IlosiBIeHME HOBBIX COBPEMEHHBIX MPOTrPAMMHBIX IPOLYKTOB CYLIECTBEHHO
CHIDKAeT TpeOOBaHMS K pa3paboTUYMKy MOJETIH, U OTKPHIBAIOT JJIs CIEI[HAJIMCTOB
HMIMPOKOro Mpoduiisi, He 00JalaIMX HABBIKAMU IPOIPAMMHUPOBAHUS, BO3MOXK-
HOCTb pa3pabOTKH MOJEJIEH, B TOM YUCJE U IS IOCTaTOYHO CIOKHBIX cucTeM. B
TO € BpeMs YBEIMUMBAET TPeOOBAHMS K IOCTAHOBIIMKY 3a7ad. BelieckazaHHoe
IIPEAONPENEIIAECT YPE3BbIUANHO MUPOKUE BOZMOKHOCTH 110 MPUMEHEHHUIO METOJ0OB
UMUTAILMOHHOTO MOJEIUPOBAaHUS MPU U3YyUYEHUHU COLMAJIbHBIX SIBJICHUH, 00pa3o-
BaTEJIbHOM EATEIbHOCTH, IPU 00YYEHUH YIIPABICHYECKHUX KaJIPOB U T.[.

Monens npeacrasiisieT co00i yHpOIIEHHOE 0TOOpak€HUE PeaIbHOCTU — 3TO
MEHEe JIETAIbHOE, MEHEE CII0KHOE, MEHEe MOAPOOHOE BOCIIPOU3BEICHUE PEATIbHO
CyLIEeCTBYIOIIEro 00bekTa min penomena. [lpu sTom, Korjga Mbl TOBOPUM O MOJIe-
JMPOBAHUM COLMAIBHBIX (PEHOMEHOB, IO CYTH, MOJENb NPEICTABISAET HE MPOCTO
YIPOILEHUE PEATTBHOCTH, @ OTOOpaKEHHE PEAIbHOCTH Yepe3 MpU3My ONpeieIeH-
HOT'O TEOPETUYECKOTO MOAXO0AA, WJIX MHEHUS DKCIIEPTA.

B conmanpHBIX HayKax 4ame BCErO0 MCHOJIB3YETCS CTATUCTUYECKOE MOJEINIH-
pOBaHME KaK Pa3sHOBUAHOCTh MMHUTALMOHHOTO. 3J]I€Ch MpHU pa3padOTKe MOJAEIU
pemaTes 3a7aud popMaiu3ali HKCIEPTHOTO 3HAHUSA U Pa3IMYHBIX TEOPETH-
YECKHUX KOHLIENIHMI, IpH pazpabOoTKe MOJIETN MAKCUMAIbHO UCUEPIIBIBAOIIE OIHU-
CBIBAIOTCS IOJIOKEHUSI TEOPETUUECKON KOHIEIIUU WIN PE3YyJIbTaThl 3KCIEPTHOIO
aHanu3a (HampuMmep, B (opMe MO3rOBOTO IITYpMa, COLIMOJIOTHYECKOTO 3KCHEPT-
HOTO orpoca u mpou). Cama o cede mogooHas Gpopmann3anusi ABISCTCS BaXXHBIM
pPE3YyIABTATOM, U MOAECIMPOBAHUE B 3TOM CBETE MOYKET pacCMaTPUBATHCS B KAUECT-
B€ CBOEOOPa3HOro (opMaibHOIO SI3bIKA M BBICTYIATh B KaYECTBE OMPEIEICHHOIO
aHaJora MaTeMaTUKH JJI1 €CTECTBEHHBIX HayK. Pe3ynbTaToM NpPUMEHEHMS CTaTHh-
CTUYECKOI'0 MOZECIMPOBAHUS SABJIAETCA BO3MOKHOCTb IPOBEACHUS NPOoruHo3a. [Ipo-
THO3UPOBAHME MOKHO CUUTATh OJHUM U3 HauOOJee HEHHBIX NPUI0KEHU NMUTA-
LIHOHHOI'0 MOJEIIMPOBAHU.

OngHuM W3 HampaBlIeHUA pPa3pabOTKH KOMIIBIOTEPHBIX MOJENEH SIBIIAETCS
CO3/IaHHE€ UTPOBBIX MMUTAIMOHHBIX MOJIENEH CBOCOOpa3HbIX TPEHAXEPOB, MO3BO-
JSIOLIMX MPOBOAUTH OOYYEHHMS MO TMCUXOJIOTMYECKUM, MEeAarorniyeckumM, yrpas-
JIEHYECKUM M Jp. CUTyalusiM. B OCHOBE TaHHBIX TPEHAKEPOB JIEKUT UMHUTALIUOH-
Has MOJIeNib, KOTOpasi MO3BOJISIET O0YYaroIMMCs MPUMEHSTh ONpPECICHHbIA Ha-
O0p MHCTPYMEHTOB BO3/ICHCTBUS U YIIPABJICHUS U BOCIPOU3BOIAUT PEAKLIMIO COLU-
albHOM CHUCTEMBI Ha COOTBETCTBYIOLIEE YIpaBIIstoNIee Bo3aeiicTBue. Hampasie-
HUE Pa3pabOTKH TaKOro poja KOMIBIOTEPHBIX MOJENEN YacTO Ha3bIBAIOT CUTYya-
LWOHHBIM MOJEIUPOBAHUEM.

Tpenaxepsl Takoro poaa (BUPTyaJIbHbIE UI'POBbIE MMHUTALMOHHBIE MOJIEIIN)
YK€ MOJIyYUJIU IIUPOKOE PaCIpOCTPAHEHHUE B 3apyOEKHOMN MTPAKTUKE yIpaBIeHYE-
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CKOro oOpa3oBaHMs, TJ€ OHM H3BECTHbI KaK HCKYCCTBEHHOE OOIIECTBO
(artificialsociety), mukpomup (microworld). B poccuiickom yrpaBieHYeCKOM 00-
Pa30BaHMM UCIOJIb30BAaHUE WUIP HA OCHOBE MMUTAIMOHHBIX MOJIeNIeH TOJBKO Ha-
YUHAETCS, OJTHAKO, Ha HAIl B3TJIS, 3TO OJHO U3 OCHOBHBIX HAIlPaBJICHUHN €T0 Ka-
4eCTBEHHOTI0 pa3BuTHs [33] .

C mosiBIeHHEeM COBPEMEHHBIX KOMITHIOTEPHBIX CUCTEM UMHUTAITMOHHOTO MO-
JETUPOBAHUS , BOCTPEOOBAHHOCTHIO UMUTAIIMOHHBIX TEXHOJIOTHM U MOJIENIEH B
MHOTOYHMCIICHHBIX OTPAaCIsIX HAYKH, TEXHUKW U TIPOM3BOJICTBA B HACTOSAIIEE Bpe-
MsI MBI MOKE€M F'OBOPUTH O BOBHUKHOBEHUH HOBOM OTPACIU — 3TO UMUTAIMOHHOE
MOJCTMPOBaHUE. B 10163y 3TOT0 MHEHHS MOXKHO MPUBECTH, TO UYTO TIOSIBUIIHCH
KOHCAJTUHTOBBIE KOMITAHUHU, (DUPMBI, MIPEJIararoliue CBOM yCIyTu Mo pa3padoT-
K€ UMHUTAIlMOHHBIX MOJIEJIEN TPOU3BOACTBEHHON WIIM HAYYHON YCTAHOBKH, Opra-
Hu3anui u npeanpustail B Bujge CMO uinu 1 pa3HbIX APYTUX TUIIOB MOJIENIEH He-
O0OXOIMMBIX JIJISl aHAJIKM3a, ONTHMHU3AITNHN, 00yUeHHUS, SKCIIEPTHOM OIICHKH, BU3ya-
au3anuu U Ap. HTepec K 3TOM OTpaciu CBs3aH U C TEM, YTO MOSBUIIUCH HAIUO-
HaJbHBIC 0OIIECTBA M0 UMUTAIIMOHHOMY U KOMITBIOTEPHOMY MOJICITUPOBAHUIO B
MHOTHX CTpaHax Mupa (mpusoxxeHue 3).

KOHTpOJILHbIe BOIIPOCHI

1. Yrto Takoe aHamuTHUYECKas MOJENb U KaK MPOBOJIUTCS UCCIIECIOBAHUE aHATUTUYECKON
MOJICITN?

B dyem cymnHoCTh UMUTAIIMOHHOTO MOJICIUPOBAHUS?

B xakux 00acTsaX MOKET OBITh HCIIOJIB30BAHO MMHUTAIIMOHHOE MOJICIIMPOBAHHKE?
KaxoBbI 3Tambl aHAMUTUYECKOTO M UMUTAIIMOHHOTO MOJICTTUPOBAHHMS ?

o bk own

KakoBbl OCHOBHBIC HANpaBJICHUsS CO3JIAHUS U CPEACTB Pa3pabOOTKA KOMITBIOTEPHBIX

MOJICJICH U MPOTPaMMHOTO 00ECIICUCHHS TSI MOJISTUPOBAHUS ?

6. OcobeHHOCTH pa3paObOTKH WHTEPAKTUBHBIX KOMIBIOTEPHBIX MOJIENCH ISl DJIEKTPOH-
HBIX 00yYaOIIUX CUCTEM?

7. KakoBa TeXHOJNOTHS Pa3pabOTKH CETEBBIX KOMIBIOTEPHBIX CHCTEM U KOMILJIEKCOB
JUTS MOJICITUPOBAHUS PEATbHBIX 00BEKTOB?

8. Kakue mHCTpyMEHTalIbHBIE CPEACTBA MOJEIMPOBAHUS HMCIOJB3YIOTCS ISl IOCTPOe-
HUS AaHAJTUTHYECKUX KOMIBIOTEPHBIX MOJIENeH ?

9. Kakme cuCTeMbl HMHTAIIMOHHOTO MOJACTUPOBAHUS TTO3BOJISIFOT CTPOUTH KOMITBIOTEP-
HbIE€ MOJENIM CIIOKHBIX CHCTEM B Pa3HbIX 00JAacTAX TNPOU3BOJACTBA, JOTHCTUKH,
TPaHCIOPTa, B OOLIECTBEHHBIX U COIIMATBHBIX HAYKAX U APYTUX OTPACIIX?

10. Kakue cuctembpl aBTOMATHU3aIUN HCTIONB3YIOTCS IS MOACTUPOBAHUS M MPOCKTHPO-
BaHUS JIOKATBHBIX U TI00ATBHBIX CeTeH?

11. Kakue TemMaTHUecKHe HamlpaBlIeHUs U 00JACTU NPUMEHEHHS] UMUTALMIOHHOTO MOJie-

JMPOBAHUS CYIIECTBYIOT HA CETOAHSIIIHUMA 1eHb?
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MABA 3. OCHOBHbIE NOAXOAbl K PASPABOTKE KOMIMNbIOTEPHbIX
MOAEJNEN CNOXHbIX CACTEM

3.1. [oHATME 0 KOMMNBLITEPHON MOAENN

KommproTrepras moxens (aHri. computer model), wiam 4mciieHHas MOJIEThb
(anri. computational model) — sto (1) xoMIbIOTEpHAs IporpamMma, padoTaroras
Ha OTAEIBHOM KOMIBIOTEpE, CYNEPKOMIBIOTEPE WM MHOKECTBE B3aHMMOJIEHCT-
BYIOIIUX KOMITBIOTEPOB (BBIYMCIIMTEIBHBIX Y3JIOB), pean3ylolas abCTpaKTHYIO
MOJIENIb HEKOTOPOU CHCTEMBI; 3TO (2) MOJIENb, BHIITOJHEHHAS C TIOMOIIBIO KOMITh-
IOTEPHBIX MH(DOPMAIMOHHBIX, CXEMATUYHBIX, AJIEKTPOHHBIX YCTPONCTB U TEXHO-
JOTHI M ceTei; 3To (3) co3maHHbBIN 3a CYET peCcypcOB KOMITBIOTEpPA BUPTYAIbHBIN
o0pa3, KaueCTBEHHO M KOJMYECTBEHHO OTPa)KalOUIMil BHYTPEHHUE CBOIICTBa U
CBSI3M MOJEINPYEMOro OOBEKTa, MHOTJA MEepPEalOluil U €ro BHEIIHHE XapaKTe-
PUCTHKY; 3TO (4) MOAEIb, BOCIIPOU3BOALIAS MOJCIUPYEMBIN OOBEKT MPOrpaMmMm-
HBIMH CPEJICTBAMU Ha KOMITBIOTEPE.

Pa3paboTke KOMIBIOTEPHONW MOJIEIM IMPENLIECTBYIOT MBICIEHHBIE, BepOasb-
HbIE, CTPYKTYPHBIE, MATEMaTHUYECKUE U AITOPUTMUYECKHE MOJEIH.

KoMmbroTepasle MOENN MOAPA3AEISIIOTCS HA AHAIUTUYECKHE U UMUTAL[UOH-
Hble. KoMIbIOTEpHBIE MOJIENN PA3IMYaIOTCA 110 BUIaM NPUMEHEHUS: 00yJarolue,
HAy4YHO-UCCIIEI0BATEIbCKHUE, HAYYHO-TEXHUUECKHUE ISl HCCIENOBaHUS MPOLECCOB
U SIBJICHUH, peaJIbHBIX OOBEKTOB.

KoMnbioTepHble aHAIMTHYECKHME U MMUTAIIMOHHBIE MOJENH, pa3padaTbiBae-
Mbl€ JUIsl IPUKIAAHBIX MPUMEHEHUN, HapUMep, pa3inyHble KOMIIbIOTEPHbBIE WI-
pOBbIE MOJIETH I 0011IecTBa, OM3HECa, MPOM3BOACTBA MOAPA3AEISIOTCS Ha JIEJI0-
BbI€, DKOHOMHYECKHE, BOCHHBIE, 00pa3oBaTeabHble. C MOMOIIBIO TAKUX MOJEIeH
MOKHO pa3peniarb KOH(DJIUMKTHbIE CUTyallMH, OKa3blBaTh MCHUXOJOTHYECKYIO IO-
MOIIIb, IPOUTPHIBAThH MOBEACHHE 00BEKTA B PA3TUUHBIX CUTYaLIHUSIX.

NmuTanimoHHbIE MOJEIN HE MPOCTO OTPAXKAIOT PEATBHOCTh C TOW WM MHOU
CTENIEHbIO TOYHOCTH, & UMUTHUPYIOT €€. DKCHEPUMEHT C MOENbIO JTMOO MHOIO-
KpPaTHO MOBTOPSIETCA IIPU Pa3HBIX UCXOTHBIX TAHHBIX, YTOOBI U3YUUTh U OILICHUTH
MOCJIEJICTBUS KAKUX-TTMOO JEHCTBUI Ha peajbHyI0 0OCTaHOBKY, JTUOO MPOBOAUTCS
OJTHOBPEMEHHO CO MHOTUMHU JIPYTUMHU TOXOKUMHU OOBEKTaMH, HO TOCTABJICHHBIMU
B pa3HbIE yCIOBUSI.

B Hacrosimee BpeMsi KOMIIBIOTEPHBIE MOJIEIIN MTOAPA3IEISIOTCS YCIOBHO Ha
JIBa BUJIA!

® CTPYKTYpHO-(DYHKIMOHAJIbHBIE, KOTOPbIE MPEACTABIISIOT COO0M YCIOBHBIM
o0pa3 00beKTa, OMMCAHHBIN C MOMOIIBIO TPOTPAMMHBIX U KOMITBIOTEPHBIX

TEXHOJIOTUH;
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® MUTAIMOHHBIE, IPEACTABISAIONINE COOON TPOrpaMMy U KOMILIEKC MPO-
rpaMM, TIO3BOJISIONTNI BOCITPOU3BOIUTE MPOIIECCHI (YHKITMOHUPOBAHUS
00BEKTa B Pa3HBIX YCIOBUSX.

CymiecTByeT MHOXKECTBO MPOTPAMMHBIX KOMIUIEKCOB, KOTOPBIE MO3BOJISIOT
NPOBOANUTH TOCTPOCHHE M HCCIeAoBaHHME Mojenei (MonenupoBanue). Kaxmas
nporpaMMHasi Cpe/ia UMeeT CBOM MHCTPYMEHTApHUH U MO3BOJISIET paboTaTh C OMpe-
JICNICHHBIMH BUaMU WH(OpManMoHHBIX Mojenei. [loatomy mepen uccnemnoBare-
JIeM BO3HMKAeT HEJErKWW BOMpPOC BbIOOpa Hambosiee yaoOHOM M AhPeKTUBHOMN
CpeIbl sl pelieHus mocTaBlieHHoU 3aaaun. Hamo ckaszarb, 4To OHY U Ty ke 3a-
Jla9y MOYKHO PEIUTh, HCTIONB3YS Pa3IUIHbIC CPEIbI.

Ot BBIOOpa MPOTPAMMHOMN Cpebl 3aBUCUT ANTOPUTM IMOCTPOCHUS KOMIIBIO-
TEPHON MOJIENH, a TaKKe (popma ero mpeacTaBICHMUs.

Hanpumep, 370 MOxkeT ObITh OJI0OK-cxema. PyKoBOACTBYsICh OJ10K-CXEMOMH, 3a-
Jady MOYKHO PEIINTh B Pa3HbIX cpeAax. B cpene mporpamMmupoBaHUs — 3TO MPO-
rpaMMa, 3amycaHHas Ha aJrOPUTMUYECKOM sI3bIKe. B MpHKIamHbIX cpemax — 3TO
MOCJIEI0BATEIBHOCTh TEXHOJIOTMUECKHUX MTPUEMOB, MPUBOAAIIAS K PELICHUIO 3a/1a-
qH.

3.2. A3bIkN U MHCTPYMEHTalbHbl€ CUCTEMBbI NMPOorpaMMmnpoBaHnA

SI3BIKOB MPOTPaMMHUPOBAHUS JOCTATOYHO MHOTO, JIJIsi pa3pabOTKH MpOTrpaMM
MOJICIIMPOBAaHUSI MOTYT OBITh HMCIOJNB30BaHBI KaK SI3BIKM OOIIET0 Ha3HAYCHUS
(510M), Tak U A3BIKKM UIMUTAIIMOHHOTO MoaenupoBanus (IM) [13].

K s13p1Kam 00111ero Ha3HAYSHUS MOKHO OTHECTH CJICIYIOIIUE S3bIKH MPO-
rpPaMMHPOBAHUS:

® S3bIKH HMIEPATHBHOI0 TMPOrPAaMMHUPOBAHMS 3/I€Ch MaHUIYJIUPYIOT
JAHHBIMHU B TIOIIArOBOM PEXKUME, MCIOJB3Ys MOCIEI0BATEILHOCTA U3 HE-
CKOJIBKMX HH3KOYpPOBHEBBIX WHCTPYKIMH, WM KoMmaHa. Mcxoms w3 Toro,
YTO MpOrpaMma, Mo CyTH, IPEACTABIIsUIA CO00M HAOOP AUPEKTUB, OOpaIeH-
HbIX K KommbioTepy: Fortran (1954), ALGOL(1960), COBOL(1960),
Pascal (1970), C (1972), Basic (1963) u ux Mmogudukanum;

® S3bIKH (PDYHKIIMOHAJBLHOIO MPOrPAMMMPOBAHUS — 3TO SI3BIKH, B KOTOPHIX
CMHCTBEHHBIM JICHCTBUEM SIBJISIETCS BHI30B (DYHKIIMH, €IMHCTBEHHBIM CITO-
coOOM pacujieHEHHUs MPOrpaMMbl Ha YaCTH SBISICTCS BBEJICHUE UMCHH IS
GyHKIIUU, a €TUHCTBEHHBIM MPABUIIOM KOMIIO3UIIUUA — OMEPaTOp CYIepIio-
3uruu GyHKIUU. OTIMYUTEIHHON 0COOCHHOCTRIO (DYHKIIMOHAIBHOTO TO/I-
X0Jla SIBJIIETCS TO, YTO Jt00as mporpamMma, HalMCaHHAs Ha TaKOM S3BIKE,
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MOKET MHTEPIPETUPOBATHCA KaK (QYHKIMS C OAHUM WM HECKOJIbKUMH ap-
ryMeHTaMu. TakoW moAXOJl TaeT BO3MOXKHOCTh MPO3PAYHOr0 MOAEIUPOBa-
HUS TEKCTa MPOrpaMM MaTEeMaTHYECKMMHU CpPEICTBAMH, a 3HAYMUT, BeCchMa
MHTEPECEH C TEOPETUUECKON TOUKHU 3peHUsl. CII0kKHBIE MPOrpaMMBbl IIPU Ta-
KOM MOAXOJE CTPOSITCS MOCPEICTBOM arperupoBaHusi Gpyukiuii. [lpu stom
TEKCT MPOrpaMMBbl MPEACTABIACT cO00i (PYHKIINIO, HEKOTOPHIE apTyMEHTHI
KOTOPOH MOYXHO TaK)Ke paccMaTpuBaTh Kak PyHKIuu. Takum oOpa3oM, mo-
BTOPHOE HCIIOJIH30BaHNUE KO/IAa CBOJUTCS K BBI3OBY paHEE ONMMCAHHON (PyHK-
[[UU, CTPYKTYypa KOTOPOii, B OTIUYHE OT MPOIEAYPhl UMIIEPATUBHOTO SA3BIKA,
MaTeMaTudecku mpo3padna. K s3pikam Takoro Twma oTHocstcs: Lisp
(1958), PED®AIJI (1968), Scheme (1975), FP(1977), ML (1978), Miranda
(1985), Standart ML(1985), Haskell (1990, 1998), F#(2010);

® SI3BIKH JIOTHYECKOT0 MporpamMmupoBaHus. [Iporpamma cTpouTcs B BuIe
COBOKYIHOCTH TpPaBUJI WIM JIOTUYECKHX BbICKa3piBaHUU. Kpome Toro, B
nporpamMme J0IyCTHUMBI JIOTHYCCKHUEC ITPUINHHO-CIICACTBCHHLBIC CBA3H, B Ya-
CTHOCTH, Ha OCHOBE OTEpPAlMi UMIUIUKAIIUU. DTU A3BIKU MPOrpaMMHUPOBa-
HUA 6a3I/Ip}IIOTC$I Ha KJIACCHYECKOH JIOTUKE U MPUMCHUMBI JJIs1 CUCTEM JIO-
IMYECKOr0 BBIBOJIA, B YACTHOCTH, ISl TaK HA3bIBAEMBIX JKCIIEPTHBIX CHUC-
TeM. Ha s3bpIKax JOruyeckoro mporpaMMHUpOBaHUs €CTECTBEHHO (opmaiu-
3YyCTCA JIOTHKA IMOBCACHUA, U OHU IIPUMCHUMBI IJIA ONUCaHUuM IIpaBUII IIPpHU-
HATHS PELIEHUM, HAIPUMED, B CUCTEMAaX, OPUEHTHUPOBAHHBIX HA MOIIEPKKY
ousneca. IIpumepsr: Prolog (1971), Prolog Il (1980), 1C-Prolog (1982),
LogLisp (1982), LCA 91982), M-Prolog (1983), T- Prolog (1983), Concur-
rent Prolog (1983), PARLOG (1983), LQF (1984), LEAF (1985), GHC
(1986), Goedel (1992), Mercury (1993);

¢ S3bIKH 00bEKTHO-OPUEHTHPOBAHHOIO MPOrPAMMHUPOBAHMS COJEpXKAT
KOHCTPYKIHUH, ITO3BOJIAIOIIMC OIPCACIIATD O6’BCKTBI, IMPpHUHAAJICKAITHC
KJlIacCaM Hu o6naz[afoume CBOMCTBaMH HWHKAIICYJIAIUA, HACJIICAOBAHUA U I10-
aumopdusma. B pamkax JaHHOTO MOAXOAA MpOrpaMma IMPEACTaBISICT CO-
0ol ommcaHne OOBEKTOB, UX CBOWCTB (WJKM aTpUOyTOB), COBOKYIMHOCTEH
(WM KJIacCOB), OTHOIICHUN MEXIYy HUMH, CIIOCOOOB MX B3aWMOJICUCTBUS U
omepanuii Hax oObekramu (wiau metonoB). [lpumepsr: Simula (1962),
SmallTalk (1972), Beta (1975), C++(1983), Object Pascal (1984), Self
(1986), Cecil (1992), Java (1995), C# (2000), Visual Basic, GPSS.

Kpome »Tux s3bIKOB CO37aHbI S3bIKU TPOTPAMMUPOBAHUS CTICITUATU3UPOBAH-
HBIC JIJIT HEKOTOPOUW MpPEeIMETHON 00JIacTH, Yale BCEr0 MCIOJb3yeMble IS pa3-
paboTKH MOJIb30BaTENbCKOT0 HHTEp(deiica.
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o SI3biku (opMaTHPOBAHMS TEKCTOB ISl W3IATEIbCKUX CHUCTEM, CHUCTEM
MOATOTOBKM HAYYHBIX MyOJHUKAUH C OOJBIIMM KOJIUYECTBOM (HOpMYII.
[Mpumepsr: TeX, LaTeX, Troff, Nroff.

o SI3bIKM pa3sMeTKH JJI1 YHUBEPCATbHBIX ()OPMATOB MPEICTABICHUS CTPYK-
TypUpOBaHHBIX AaHHBIX. [Tpumepsr: SGML, KML, XML, HTML, MathML.

o SI3bIKM CKPUNTOB WM CIleHAPHEB I Pa3padOTKH KOMaHIHBIX MAKETHBIX
GbaiinoB I KOMaHAHBIX WHTEPHPETaTOpoB. B paMkax NaHHOTO Moaxoia
nporpaMMma MpeAcTaBisieT cOO0N COBOKYITHOCTh BO3MOXKHBIX CIICHAapHEB
00pabOTKH MAaHHBIX, BHIOOP KOTOPBIX MHULUUPYETCS HACTYIJICHUEM TOTO
WJIM UHOTO COOBITHSA (IETYOK MO KHOIKE MBIIIH, MONaJaHue Kypcopa B OIl-
peICeICHHYIO MO3UIMI0, U3MEHEHHUE aTpUuOyTOB TOrO WJIM MHOTO OOBEKTA,
nepenojiHeHue Oydepa namsatd u T.74.). CoOOBITHS MOTYT MHHUIIMHPOBATHCS
KaK oIepanuoHHOM cuctemMoil (B yactHoctu, Microsoft Windows), Tak u
noas3oBareieM. [Tpumepsr: Tcl/Tk, VBScript, PowerScript, LotusScript,
Javascript, Perl, Sh, Bash, Csh, Ksh.

o SI3bikM co3ganus rpadukM sl MOJTOTOBKM BHU3yaJIbHOUM rpaduueckoit
uHdopmanuu. [Tpumep: PostScript, OpenGL.

o SI3bIkM onMcaHMs BUPTYAJbHON PeajbHOCTH JIJIS CO3JIaHUSI TPEXMEPHBIX
M300paKEHUM, TaK HAa3bIBAEMBIX BUPTYyalIbHBIX MUPOB. [Ipumepsr: VRML,
Dynamo u apyrue.

XPOHOJIOTHIO, CIHUCKU SI3LIKOB MPOTPAMMHUPOBAHUS U UX CPABHUTEIHHBIN
aHaJIN3 MOXXHO TIOJY4YHTh U3 Bukumneanu o agpecy http: // ru.wikipedia.org/ wiki/

CpaBHEeHHE _S3BIKOB_ NPOTrPaMMHPOBAHMUS.

CucremMoif mporpaMMHpOBaHUs OyZeM Ha3bIBaTh BECh KOMILIEKC MPOTPAMM-
HBIX CpEACTB, IMpEIHA3HAYEHHBIX ISl KOJWPOBAHHWS, TECTUPOBAHMUS U OTJIAIKH
IPOrPaMMHOTO OOECTICUYCHHUsI W MpUIaraeMble K HUM PYKOBOJCTBA MO MCIOJIB30-
BaHHUIO.

B coctaB cuctempl mporpaMMUPOBAaHUS BXOMST CIEAYIOUIUE MPOTpaMMHBIC
UHCTPYMEHTHI U OMOINOTEKU:

® TeKCTOBBIN PeJaKTOP — 3TO PEIAKTOP, KOTOPBIM MO3BOJISIET HAOPATh TEKCT

IpPOrpaMMBbI Ha SI3bIKE TPOrPaMMUPOBAHMUS;

® TPAHCJSITOP —TIPOTrPaMMbl, 00ECIIEUNBAIOIINE MIEPEBOJ] UCXOTHOTO TEKCTa

pOrpamMMbl Ha MAIIMHHBIN A3bIK (OOBEKTHBIN KOJ);

® peaKkTOp cBA3eil (COOPUIUK) — ATO MporpamMma, Kotopasi 00beAMHSAET 00h-

EKTHBIC MOJYJIA OTIEIBHBIX YACTEH MPOrpaMMbl M T00aBIsSET K HUM CTaH-
JapTHBIE MOAYJIH MOANPOTrPaMM CTaHAAPTHBIX QYHKIMH ((aiiiasl ¢ pacuiu-
penueM .lib), koTopeie conepxkarcs B OMOIMOTEKAX, MOCTABISIEMBIX BMECTE
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C KOMIIWJIATOPOM, B E€QUHYIO IMPOTpaMmy, FOTOBYK) K HCIOJIHEHHIO, T.€.
CO3aCT UCNOHUMBLU .eXE (paii;
® OTVIAYHMK [JIS1 IPOBEPOYHBIX JIJISl IPOBEPOYHBIX 3aIyCKOB MPOrpaMM U HUC-
MpaBJIeHUs OLUOOK;
® OMOJMOTEKH CTaHAAPTHBIX (QYHKIMMA U IEpHoJia OTIAAJAKU U TIepHoJia uc-
MTOJTHEHUS.
Krnaccudukanuio cucteM mporpaMMHpPOBaHUS MOXHO MPOBECTH MO OpHU-
€HTalNH Ha NOIJIEPKKY ITPOLECCOB.

1. UacTpyMeHTapuii NOAIEPKKA TEXHOJIOTHYECKUX MPOLIECCOB:

® IIPOLECC-OPUEHTUPOBAHHBIN» WHCTPYMEHTAPUN, IMOANEPKUBAIOIINN OIl-
peeNieHHbI TeXHoJornyeckuii npouecc. Hanpumep, cucrembl nHpopMma-
LMOHHON MOJJIEPKKH YIIPABICHUS IPOECKTAMHU B OCHOBHOM CBSI3aHBI C ILIa-
HUPOBAHHEM M ympaBiieHreM npoekToM. [Ipumepsr: MS Project (kopmopa-
s Microsoft), Manage Pro (xommanus Performance Technology
Solutions, LLC), Rational Plan Multi (kommanuu Rational Software Corpo-
ration), Primavera Enterprise (komnanuu Oracle) u ap.

®  (IPOLECC-HE3aBUCUMBII» HWHCTPYMEHTAPUM, KOTOPBIM MOXHO HCIIOIb30-
BaTb B HECKOJIBKMX TEXHOJOTMYECKHX Mpoueccax. Hampumep, cucrembl
dopmanbHOrO TIpeoOpa3oBanus u Bepudukarmu mporpamm: TXL, Intelli
Renamer, RescueWare.

2. lncTpyMeHTaNIbHBIE CUCTEMBI Pa3pabOTKH MPOTPAMMHBIX MPOIYKTOB, ITH
CUCTEMBI HA3bIBAIOT cpedamu ObiCmpo20 NPOeKmMupo8aHus, B KOTOPBIX Mporpam-
MUPOBAHUE, IO CYTH, 3aMEHAETCS IPOEKTUPOBAHUEM, Yallle BCErO BU3yaIbHbIM. B
IIPOEKTUPYEMOE OKHO T'OTOBBIE BHM3yaJIbHbIE€ KOMIIOHEHTBI MEPETACKUBAIOTCS C
MOMOILBIO MBIIIIH, 3aTEM CBOMCTBA U MOBEICHHE KOMIIOHEHTOB HACTPAMBAETCS C
MOMOILBIO pefakTopa. TeKCT MporpaMMbl, OTBETCTBEHHBIA 3a pabOTy 3TUX 3Jie-
MEHTOB, T€HEPUPYETCS aBTOMATHUYECKHU C IMOMOILBIO cpedbl ObICmpPOo20 NPOEeKmu-
posanus, Kotopasi HazbiBaeTcsi RAD-cpenoii. [TogoOHbINM MOAX0 MHOTIa Ha3bIBa-
€TCS BU3YATLHBIM NPOCPAMMUPOBAHUEM. 31ECH BBIIEISIOT YEThIPE TPYIIIbl UHCT-
PYMEHTAJIbHBIX CUCTEM:

® WHCTPYMCHTaJbHBIC cpeibl mporpammupoBanus. [Ipumepsr Visual Studio
(Visual Basic, Visual C++, Visual C#) — komnanuu Microsoft, Forte for So-
laris Developer Tools (kommanuu Sun Microsystems Inc.), Delphi Suite u
Java JBuilder (komnanuu Borland International), AnyLogic (komnanuu XJ-
Technologies) u apyrue;

e cpejacTBa aBTOMartu3aiuu npoektupoaHusi nporpamm (CASE-cpenctra) -
WHCTPYMEHTApUN JUIsi CUCTEMHBIX aHAJIMTUKOB, Pa3padOTUYMKOB W TIPO-
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I'paMMHCTOB, HOSBOJI}IIOHII/Iﬁ ABTOMATU3UPOBATH IIPOLECCC IMPOCKTUPOBAHUA
U pa3paboTku TporpaMMHoOro obecmneuenus. [Ipumepsr: Oracle Designer
(xommanuu Oracle), Bpwin, Erwin (komnanuu Computer Associates Inter-
national Inc.), Rational Rose (kommanuu Rational Software Corporation) u
Jpyrue,

® HHCTPYMEHTApHM MOJICPKKH KOJUICKTUBHON pa3pab0OTKU OPUEHTUPOBAH HA
pemcHuc HpOGJ’ICM pasaciIICHUA TCXHOJIOTUYCCKUX PECYpPCOB, BKIIIOYas
YIIPaBJICHUC (i)aﬁﬂaMH n KaTaJloraMm M H€O6XOIH/IMOCTI/I CUHXPOHHU3AIINHN
Bpemenu u Mmecta. [Ipumepst mis Windows: Perforce (kommanus Perforce
Software), Rational Clear Quest (xkomnanus Rational Software Corporation),
Revision Control System, Concurrent Versions Systems. ITpumepsr s
Unix: Source Code Control System, Sync tool, Bringover/Putback.

3.3. O6wue noaxoabl kK pa3paboTke KOMMbIOTEPHLIX MOAEeNen

B nporecce co3nanusi KOMIBIOTEPHOM MOJENH MOJE3HO pa3padboTaTh yno0-
HBIM rpaduyeckuil nHTEpENc, KOTOPbIA MO3BOJMUT BU3YyAIM3UPOBATh (POopMalib-
HYIO MOJIEJIb, @ TAKXKE Pealn30BaTh NUHTEPAKTUBHBINA 1UAJIOT YEJIOBEKA C KOMIIBIO-
TE€pPOM Ha 3TaIle UCCIEI0BAHUS MOJEIH.

B nHacrosimiee BpeMs CylIecTBYIOT MHOKECTBO BApUAHTOB BbIOOpA METOJIOB U
TEXHOJIOTUN pa3paboTku nporpamm. IIpu paspaborke mporpaMMHOro oodecrieue-
HUS JUIsL MOJICIIMPOBAHMS U CO3AHUN KOMITBIOTEPHOM MOJIEH MPUMEHSIOTCA Clie-
JYIOIINE TEXHOJIOTUU:

— pa3paboTKa mTPOrpaMMHOTo oOecriedeHus (KOMIbIOTEPHOM MOJIENIN) Ha OC-
HOBE SI3BIKOB U CUCTEM MPOTPAMMHUPOBAHMS;

— pa3paboTKa KOMIIBIOTEPHBIX MOJIEJIE HA OCHOBE CHUCTEM U MAKETOB KOM-
BIOTEPHOTO MOJICTHPOBAHUS;

— pa3paboTKa KOMIIBIOTEPHON MOJEINN C UCIIOJIb30BAHUEM 3JIEKTPOHHBIX Ta0-
JUI WM JPYTUX TPUIOKEHUH: CHUCTEM KOMITBIOTEPHOTO 4YEpUYeHHS, CHUCTEM
ynpaBieHus 6a3amMu JaHHBIX, TEOUH()OPMAIIMOHHBIX CHCTEM U T. .

B 3aBucumMocTy OT 0071aCTH U PUHAAIEKHOCTH 00BEKTAa MOICTUPOBAHUS U
sS3pIKa Pa3pabOTKH MPOTPAMMHOTO KOJa MPUMEHSIOT Pa3IMYHbIe MOAXOIBI K pe-

MICHUIO 3ada4M:

e paHHUE HECTPYKTYPHBIE MOJXOJIbl, HA3bIBAEMbIE B OTEYECTBEHHOM JIMTEpa-
Type «CTUXUUHBIM MIPOTPaMMUPOBAHUEM;

e CTPYKTYPHBIN WJIM MOAYJIBbHBIN MOAX0A (3a/1aya pa30uBaeTcs Ha MOA3a1a4H,
3aTeM Ha aJIrOpPUTMbI, COCTABIIAIOTCS UX CTPYKTYPHBIE CXEMbI U OCYLIECTB-
JSIeTCS pean3anus);
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o (YHKIMOHAIBHBIA MOJIXO;

e JIOTUYCCKHUM IOIXO/I;

e O00BEKTHO-OPHUEHTUPOBAHHBIN MOJIXOT;

¢ CMEIIAHHBIN NOIX0] (HEKOTOPhIE MOAX0bI MOXHO KOMOMHHPOBATH);

e KOMIIOHEHTHO-OPUEHTUPOBAHHBIN (ITPOrpaMMHBINA MPOEKT paccMaTpPUBACTCS
KaK MHOKE€CTBO KOMITOHEHT, TaKOW MOJIXO/1 MPUHSIT, B 4aCTHOCTH, B .NET);

e UYHUCTO OOBEKTHBIA MOAXOJ (MICAIbHBIM ¢ MaTEeMaTHYECKOW TOYKH 3PCHHS
BApUAHT). DTOT MOJXOJ YaCTUYHO PEATU30BaH B CUCTEME KOMIIbIOTEPHOTO
moneaupoBanuss MultiSim, mms pa3paOboTk 3JIEKTPO-pagrOTEXHUIECKUX

CXEM.

[Ipu pa3paboTke UMUTAMOHHBIX MOJEIEH MBI HMEEM JIEJIO C peajbHOM CHcC-
TEMOM, IPEACTABIIAIONIEH COBOKYIIHOCTh B3aUMOJEHCTBYIOUIUX IIOJCUCTEM U
AJIEMEHTOB, (YHKIIMOHUPYIOIIUX BO BpeMeHH. Takol peanabHbIi OOBEKT MMEET
CJIOKHYIO CTPYKTYPY M MOXKET OBITh ONMCAaH TPOHKON MHOXECTB

F = F<A,S,T>’ (3.1)

rae A — MHOXECTBO JIEMEHTOB, BKJIFOUAsl 3JIEMEHTHI BHEIITHEW CPeIbl, S — MHOXKE-
CTBO JIOIYCTUMBIX CBSI3€M MEXIy dJeMeHTaMu (CTpyKTypa mojenu), T — MHOXKe-
CTBO PaCCMAaTpUBAEMbIX MOMEHTOB BPEMEHH.

[Ipu mocTpoeHNN UMUTAITMOHHBIX MO/JIEIEH HEOOX0IUMO:

— QITOPUTMHUYECKH ONUCATh (PYHKIIMOHUPOBAHUE OTJIETBHBIX AIIEMEHTOB;

— IPEJCTaBUTh pPeajbHYI0 CUCTEMY (IIpOliecc) Kak COBOKYITHOCTh B3aMMO/IECH-
CTBYIOILIUX 3JIEMEHTOB;

— OMHCaTh MPOILECC B3AUMOACHCTBUS PA3IMYHBIX AJIEMEHTOB MEXAY COO0H U
C BHEILIHEW CpelIo.

Oco0oe BHMMaHUE HAJ0 YIEIUTh OMUCAHUIO COCTOSIHMM cuctembl. CocTos-
HUE CHUCTEMbl ONUCHIBAETCS HAOOpPOM IEPEMEHHBIX, U3MEHEHHE 3TOro Habopa
CBUJIETEIILCTBYET O IMEPEXOJE B APYrO€ COCTOSHUE, TOIIA UMUTALMOHHAS MOJEIb
NpeacTaBiIsgeT co00il onucaHue AUMHAMUYECKON MOCIEI0BATEIbHOCTH U3MEHEHUS
COCTOSIHUSI CHUCTEMbI COTJIACHO OMPE/IEJICHHBIM ONEPAlMOHHBIM TpaBUjiaM. JTH
nepexobl U3 OJHOTO COCTOSHMS B APYroe MOTYT MPOU3OUTH JIMOO HEMpPEPHIBHO,
7100 B TUCKPETHBIE MOMEHTHI BPEMEHHU.

AHanu3 nponeccoB GyHKIMOHUPOBAHUSI CUCTEMBI TTO3BOJISIET IPOBECTH  YC-
JIOBHYIO KJIACCU(UKAITUIO TIOJIXOJIOB K MOJICTUPOBAHUIO U BBIJICIUTH OCHOBHBIE
MaTeMaTHYECKHE CXEMbI MOJCITUPOBAHUS.

B kauecTBe QE€TEpMUHUPOBAHHBIX MOJEJIEH, KOrJa IMPU UCCICIOBAHUU CIIY-

YailHbli (PaKT HE YUUTHIBAETCS, AJI MPEICTABICHUS CUCTEM, (DYHKIIMOHUPYIOUTUX
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B HEMPEPHIBHOM BPEMEHH, UCTIOIB3YIOTCS AU depeHInanbHble, UHTErpaJbHbIe U
Jp. YpPaBHEHUS, a JIJIsl MPEJCTABICHUS CUCTEM, (DYHKIIMOHUPYIOIINX B JUCKPETHOM
BPEMEHU — KOHEUHbIC aBTOMAThl U KOHEYHO Pa3HOCTHBIE CXEMBL.

Tabmuua 3.1.
MareMaTH4YeCKHUE CXEMbI MOACIIUPOBAHUA
HpOHCCCI)I (I)YHKHI/IOHI/I- TunoBas MaTemMaTuyeckas O06o3Hauenue
poBaHHA CUCTCMbI CXEMbI
HenpepeiBHo nerepmunupo- | CrangapTHble muddepeHnnanbHbIe D -cxema
BAHHBIN ITOAXOL yYpaBHEHUS
JluckperHo - nerepmuHupo- | Koneunsie aBToMaTsl F-cxema
BaHHBIN OJIXO0I
JluckpetHo — croxacTu4de- | BepoATHOCTHBIE aBTOMATHI P-cxema
CKHUU IOJIXO0I
HenpepeiBHO — croxactuue- | CHCTEMBI MacCOBOTO OOCITY>KUBAHUS Q-cxema
CKUU IOJIXO0NI
KomOnHupoBaHHbIHM MOIX0A | ArperaTUBHas CUCTEMa A-cxema
[Tonxon cerent [lerpu JlnHaMuyecKkue JUCKPETHBIE CUCTEMBI N - cxema

B Hayane croxactmueckux mojeneil (mpu yudére ciydaitHoro (akrtopa) s
IPEJICTaBICHUS CUCTEM C IUCKPETHBIM BPEMEHEM HCIIOJIb3YIOTCS BEPOSTHOCTHBIE
aBTOMATHI, a JUIA TPEACTABICHUS CUCTEM C HETIPEPHIBHBIM BPEMEHEM — CHCTEMBI
MaccoBoro oociyxuBanus (CMO). boinbiioe mpakTudeckoe 3HaUYe€HUE MPU Uccie-
JIOBaHUM CIIO’KHBIX MHIUBUIYaJIbHBIX yIPABICHUYECKUX CHCTEM, K KOTOPHIM OTHO-

csares ACY, IMEIOT Tak Ha3bIBaeMble arperaTuBHbie Mojenu [21].

JIist MoAenupoBaHus AMHAMUYECKUX TUCKPETHBIX CUCTEM (TIPEUMYLIECTBEH-
HO aCMHXPOHHBIX MapajiebHBIX MPOLECCOB) UCIOIb3YETCd MaTEMaTUUECKUI arl-
napart ceteil [lerpu. Kak u B cucremax maccoBoro o0cinyxuBanusi, B cetsax [lerpu
BBOJATCA OOBEKTHI JABYX THUIIOB: JUHAMUYECKHE — H300paXaroTCs METKaMu
(MapkepaMu) BHYTpPU MO3ULMHA U CTaTUYECKHE — UM COOTBETCTBYIOT BEPILHHBI
cetu llerpu. PasButne teopun cereit lletpu npoBoaUIOCE IO 1BYM HaIlpaBJICHU-
am. DopmanbHas Teopusi cereil IleTpu 3aHmmaeTcs pa3pabOTKOM OCHOBHBIX
CPEACTB, METOJOB W TOHSTHI, HEOOXOAUMBIX i mpumeHeHus: cered Iletpu.
[Tpuknagnas Teopus cereit [leTpu cBsi3aHa rIaBHBIM 00pa30M C MPUMEHEHHEM Ce-
Ter [leTpu Kk MOJIETMPOBAHUIO CUCTEM, UX AHAIIM3Y U MOIYYAIOIIUMCS B PE3YJIbTa-
T€ 3TOT0 TITyOOKUM MPOHUKHOBEHHEM B MOJCIUPYEMBIE CUCTEMBI.

MopenupoBanue B cetax lletpu ocymiecTBisieTcss Ha COOBITUMHOM YPOBHE.
OnpenensroTcs, Kakue IeUCTBUS MPOUCXOIAT B CUCTEME, KAKOE COCTOSIHUE Mpe.-
IIECTBOBAJIM 3TUM JIEUCTBUSAM U KAKOE COCTOSIHUE MPUMET CUCTEMA IOCIIE BBINOJI-

HEHMs JelicTBUsA. BhimosiHeHHEe cOOBITHITHON Mojenu B ceTsx lleTpu omuchiBaeT
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MOBEJICHUE CHCTEMBl. AHAJIM3 PE3YyJIbTAaTOB BBIMOJHEHUS MOXKET CKa3aTh O TOM, B
KaKOM COCTOSIHUU TIpeObIBaJia WM HE TpeObIBaja CHCTeMa, KAaKoe COCTOSIHHE B
TIPUHITUIIE HE JIOCTHKUMO.

N3 MHOXEeCTBa SI36IKOB MPOTPAMMHUPOBAHUSI MOYKHO BBIJICIHUTh SI3BIKHA, OTHO-
CSIIIMECS] K UMUTAlMOHHOMY MOJIEIMpOBaHUI0. X MOXXHO pa30OUTh HA TPU OCHOB-
HBIC TPYIIIHI, COOTBETCTBYIOIIUE TPEM THUIIAM MAaTEMAaTHYECKHX CXEM: HETPEPHIB-
ueie (D-cxembl), auckpetHbie (Q-cXxembl) B KOMOMHHpPOBAHHBIC. SI3bIKH KaK IO
TpyNIbl MpeHa3HAUYEHBI IS COOTBETCTBYIOIIETO MPECTABICHUS CUCTEMBI S MPU
CO3JIaHUU €€ KOMIIbIoTepHOU Monenu K.

B ocHoBe paccmarpuBaeMoii KiacCU(GUKAINK B SA3bIKaX UMHTAIIMOHHOTO MO-
JETUPOBAHUS JICKHUT TPUHIUI (OPMUPOBAHUS cUCmEeMHO20 8pemeHu. Tak Kak
«CHUCTEMHBIC Yachl» MPEAHA3HAYCHBI HE TOJBKO JJISl MPOABIKEHUS CHCTEMHOTO
BpeMeHu B mojenu K, HO Takke il CHHXPOHHU3AIMU PA3IMYHBIX COOBITUN U
oTeparyii B MOJIEIH CUCTEMBI S, TO TIPH OTHECEHUH TOTO MM MHOTO KOHKPETHOTO
S3bIKA MOJICIIMPOBAHUS K OINPEACIICHHOMY THITY HEJIb3s1 HE CUMTATHCS C TUIIOM Me-
XaHU3Ma «CHCTEMHBIX 9acoBy». CyIlecTBYIOT JBa OCHOBHBIX CITOCO0A M3MEHEHUS
CUCTEMHOTO (MOZEJIbHOTO) BPEMEHU:

1) mo-maroBelil (paBHOMEPHBIN IIar BpemMeHu). B 3ToM cnocobe Hucnomnb3y-
10TCs (PUKCUPOBAHHBIE UHTEPBAJIbI U3MEHEHUSI MOJIEIILHOTO BPEMEHH. DTOT CIIO-
co0 MmpuMeHsieTcsa: Korjga coObITUSl pacnpeiesieHbl pABHOMEPHO MU MOYHO MOJ00-
paTh 1Iar U3MEHEHHsI BpEMEHHOM KOOPJIMHATHI; KOT/a CIO0XKHO MPEICcKa3aTh MOSIB-
JICHHE OMPEIEICHHBIX COOBITHIA; €CITH 3aKOH U3MEHEHHSI OT BPEMEHHU OIHMCHIBACTCS
UHTErpo-au(depeHIMaTbHBIMA YPAaBHEHUSIMH ¥ OHHM PEIIAIOTCS YHUCICHHBIMU
JTUCKPETHBIMH METOAAMH; KOTJa COOBITHH OYEHh MHOTO M OHH TTOSBJISIOTCS TPYII-
namu;

2) no-coOBITHIHBIA (HEPABHOMEPHBIN IIar BpEMEHH). 31E€Ch MCHOJb3YIOTCS
NepeMEHHbIC MHTEPBAJIBI U3MEHEHUSI MOJICIIBHOTO BPEMEHU, TIPU ATOM BEJIMYMHA
mrara u3MepseTcs MHTEPBAJIOM 0 CIEAYIOIIErOo COOBITHS, MPUMEHSETCS B TEX
cllydasix, Korja Bce COOBITUSI paclipeiesieHbl HEpaBHOMEPHO MO BCEW BpeMEHHOU
OCH ¥ TIOSBIIIOTCS Yepe3 3HAUUTEIHHbIC BPEMEHHbBIC HHTEPBAJIHI.

Ha puc.3.1 npencraBieHbl S36IKH U CUCTEMBI IPOTPAMMUPOBAHUS [IJISI UMH-
TAI[MOHHOTO MOJICITMPOBAHHSI CHCTEM.
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Puc.3.1. SI3bIkK U cUCTEMBI MOJIETUPOBAHUSI CIIOKHBIX CUCTEM

Henpepuignutit nooxoo. HenpepblBHOE MPEICTaBICHUE CUCTEMBI S CBOAUTCS
K COCTaBJICHUIO YPABHEHHII, C IOMOIIBI0 KOTOPBIX YCTAHABIMBACTCS CBSI3b MEXKITY
3aBUCUMBIMM M HE3aBUCHMBIMHU TIEPEMEHHBIMH Mozenu. [Ipumepom Takoro He-
MPEPHIBHOTO MOX0/Ia SIBJISIETCS UCIIONIb30BaHNE MU PEepeHITNATbHBIX yPaBHEHU.
[Ipuuem B ganpHelmeM nuddepeHianbHble ypaBHEHUSI MOTYT ObITh IPUMEHEHBI
JUIS. HEMOCPEACTBEHHOr0 TMOJYYEHUS! XapaKTEPUCTUK cucTeMbl. [Ipumepsl: pac-
MPOCTPAHEHHBIM S3BIKOM JUIsl MMHUTALIMOHHOTO MOJIETMPOBAHMS HEMPEPHIBHBIX
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cucteM aBigioTed s3pikn DYNAMO, POWERSIM, MIMIC, APTOH, s3be1ku u
Cpebl UMIEPATUBHOTO MPOTPAMMUPOBAHUS.

JIns MOZeMpOBaHUsI HENPEPBIBHBIX JTUHAMUYECKHX CHUCTEM IOJIY4YWIl pac-
npoctpanenue s36lk CSMP, koTOpbIi peain3yeT MaKeTHBI PeKUM B3aUMOJICH-
CTBHUS C mojbp3oBaTeneM. [[0IBUIUCE U ApyrUe SI3bIKK U CUCTEMBI MOAEIUPOBAHUS
HeIpepbIBHBIX Mpouecco, Takue kak MIDAS, PACTOLUS, CSSL. K oreuect-
BEHHBIM SI3bIKaM U CUCTEMaM MOJEIHPOBAHUS HENPEPHIBHBIX TUHAMUYECKHX CHC-
tem otHOcaTcss MACJIMH u MACC (pa3pabotannsie corpyanukamu MON).

Komounuposannwtit nooxoo. IlpencrasieHue CUCTEMbl S B BUJE THUIIOBOU
CXEMbI, B KOTOPOW Y4acCTBYIOT KaK HEMPEPHIBHBIC, TAK U JUCKPETHBIC BEIUYUHBI,
Ha3bIBaeTCs KomoOunuposanuvim. Coctossuue momenu cucrteMbl K(S) omuchiBaercs
Ha0OpOM MEPEMEHHBIX, HEKOTOPhIE M3 KOTOPBIX MEHSIIOTCS BO BPEMEHH HeEIpe-
PBIBHO.

3aKOHbI U3MEHEHUSI HEMPEPHIBHBIX KOMIIOHEHT 3aJI0KEHBI B CTPYKTYPY, 00h-
eauHsionyo auddepeHuaibHble YpaBHEHUS W YCIOBUS OTHOCHUTENIBHO Tepe-
MeHHbIX. [Ipeanonaraercs, 4To B CUCTEME MOTYT HACTYIaTh COOBITHUS IBYX THUIIOB:

1) coObITHS, 3aBUCSIIINE OT COCTOSIHUSI CUCTEMBI;

2) COOBITHS, 3aBUCSIINE OT BPEMCHH.

CoObITHA TEPBOTO TUIIA HACTYNAIOT B PE3yJIbTATe BHITIOJIHEHHS YCIOBUH, OT-
HOCSIIIIUXCS K 3aKOHAM U3MEHEHUsI HEMPEPHIBHBIX NTEPEMEHHBIX.

J7ist cOOBITHI BTOPOTO THITA TIPOLIECC MOJICTUPOBAHUS COCTOUT B TIPOJBHIKE-
HUU CHUCTEMHOT'O BPEMEHU OT MOMEHTA HACTYIUJICHUSI COOBITHSI JO CJICAYIOIIETO
aHaJIOTMYHOT'O MOMEHTA.

[Ipumepsl A3bIKOB JUIsi KOMOMHUPOBaHHBIX cucteM: a3bik CJIAM, oObenu-
HsroIui B oHOM 0600uke 361k GPSS 1 DYNAMO, T.e. mo3BOJISIONINI CTPO-
UTb HEMPEPHIBHO-AUCKPETHHIE MOJICJIA CUCTEM U «UMEET MPAKTUYECKU HEOTpaHU-
YeHHbIE BO3MOXHOCTW». [IprMepamMu sI3bIKOB, peau3yIoluX KOMOWHUPOBAHHOE
MoaenupoBanue, aBisirorcss GASP, HEJINC u MUKC.

GASP sBasiercst pacmupenueM sizbika DOPTPAH. 3necy HenpepwiBHBIC all-
TOPUTMBI MOACTUPYIOTCS AU PepeHITnaTIbHBIMA YPaBHEHUSIMU, a JIUCKPETHBIC
MPOIIECCHI TIPEICTABIISIOTCS B BUJIE COOBITHIA, HACTYIUICHHE KOTOPBIX 3aBUCUT OT
nporecca pyHKIMOHUpPOBaHUs cucTeMbl. COOBITHE — TIEPEX0J]l CUCTEMBI U3 O/I-
HOT'O COCTOSIHUSI B IPYTO€ B COOTBETCTBUU C MPUHSATHIMU MTPABUIIAMH.

HEJANC — s13bIK MOJICIMPOBAHUSI HEMIPEPHIBHO-IUCKPETHBIX CUCTEM pa3pa-
0otan corpynHukamu MHctutyra xubepHetuku Axaaemun Hayk Ykpaunbsl. HE-
JANC co3naH Ha OCHOBE aJITOPUTMUYECKUX SI3IKOB BBICOKOTO YPOBHSI 1 OTHOCHUTCS
K CHUCTEMaM IMPOTrpaMMHUPOBAHUsI YHUBEPCAIIBHOTO THNA, T.€. si3biku GASP u HE-
JANC oTHOCATCS K NPOLETYPHBIM SI3bIKaM MTPOTPAMMUPOBAHUA.
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MMUKC (MoaenupoBaHWE UMUTAITMOHHOE KOMOMHUPOBAHHBIX CUCTEM) TIPE/-
CTaBJseT coboit ymobHoe cpeactBo moaenupoBanus. Kak m s3eik MACJIMH,
MACC cucrema MUKC umeeT B cBO€if OCHOBE OJIOUHO-OPUEHTUPOBAHHBIN SI3BIK
C HETPOIIEAYPHOU TEXHOJIOTHEH TPOTPaMMHUPOBAHMS, TTO3BOJISIONICH JIETKO U ObI-
CTPO MOJIETTUPOBATh UCCIEAYEMYIO CUCTEMY, OCYIIECTBIISITh OBICTPOE IPeodpa3o-
BAHUE MOJEIHN, BOCIPOU3BOAUTH PEANBHO JEUCTBYIOIIME CUTHAJBI U OPTaHU30-
BAaTh BBIUYHCIIUTEIIbHBIA SKCIIEPUMEHT. BIIOUHBIE A3BIKA U COOTBETCTBYIOIIHE MPO-
rpaMMHBIE MOJYJIM MO3BOJISIOT JIETKO PEANIM30BATh AMHAMHUYECKOE paclpenelie-
HUE MaMTH NOCPEICTBOM pa3MELICHUS BO BHEIIHEE 3alIOMHUHAIOIIEE YCTPOUCTBO
(B3Y) Oonpmux O6MOTMOTEK MOMYJCH, M3BIEKATh UX MO MEpe HEOOXOAMMOCTH,
nepecbuiaTh UX B ONEPATUBHYIO MAMSTh.

Jnst ouckpemnozo nooxoda MOXHO BBIACIUTHh HECKOJIBKO MPUHIIMITAAIBHO
Pa3IMYHBIX TPYM S3bIKOB UMUTAIIMOHHOTO MoenupoBanus (IUM).

[lepBas rpynna ANM noapasymeBaeT HaIUM4HME CIHCKA COOBITUMN, OTIMYAIO-
IIMX MOMEHTBI Hayaja BBINOJHEHHs ornepauuid. [IpoaBuxkeHne BpeMeHH ocylle-
CTBJISIETCS 110 COOBITHSIM, B MOMEHTBI HACTYTUICHUSI KOTOPBIX MTPOU3BOSITCS HEOO-
XOJIMMBIE OTIEpAllMU, BKIIOUAsl ONEepalliy MOMOJHEHU crucka coOpiTrid. [Ipumep
S3bIKa MOJICIMPOBAHUS, OPUCHTUPOBAHHOTO HAa TPaH3aKThl (COOOIIECHMS, 3asBKU,
3ampockl): Arena, Extend, ProModel, SimProcess, Pilgrim, Taylor, Witness, GPSS
u 1p. A3bik GPSS nonyunn Hanbosee mMUPOKOe pacIpOCTPAaHEHHUE 110 CPABHEHUIO
C IPYruMU si3bIkamu MojenupoBaHusi. OH BKJIIOYEH B WHCTUTYTCKUE Y4YEOHBIC
KYpCBI 110 MOJECIMPOBAHUIO CUCTEM y HAaC B CTPAHE M U3Y4YACTCSA B AHAJIOTMYHBIX
Kypcax BO MHOTHX KoJuieqxkax u yHuBepcurerax CIIA u 1pyrux crpas.

[Ipn ucnonb3zoBanuu AVM BTOpOW TpymHIbl MOCIE MEpecUeTa CUCTEMHOTO
BPEMEHHU, B OTJIMYKME OT CXEMBbI SI3bIKa COOBITHM, MPOCMOTP ACHCTBUN C IEJIBIO
MPOBEPKU BBITIOJIHEHUSI YCIOBUM Havayia WM OKOHYAHUS KaKOTO-TM0O JAeHCTBUS
MIPOU3BOAUTCS HENMPEPBIBHO. [IpocMOTp AEHCTBHI ONpEnessieT O4epeaHOCTh I0-
sByeHus1 coObITui. [Ipumep si3pIka MOJICTUPOBAHHS, OPUCHTUPOBAHHOTO Ha COOBI-
tust: SIMSCRIPT pacmupenus s3pika @opTpas.

Tperbs rpynna SIMIM onuceiBaeT CUCTEMBI, MTOBEACHUE KOTOPBIX OIpEaes-
eTcs IpoueccaMu. B TaHHOM ciydae Mo HpoOLECCOM ITOHMMAETCsl MOCJIEN0Ba-
TEJLHOCTh COOBITUM, CBSI3b MEXJY KOTOPHIMU YCTAHABJIMBAETCS C IMOMOIIBIO Ha-
Oopa crenuanbHbIX OTHOIIEHUH. JlMHAMuKa 3all0’)keHa B HE3aBHCHMO YIIpaBIIsie-
MBIX MPOrpaMMax, KOTOPbIE B COBOKYITHOCTH COCTAaBJISIIOT MPOrpamMMy Mpoliecca.
[Ipumep s3blka MOAENMPOBAHUS, OPUEHTUPOBAHHOTO Ha mpouecchl: SIMULA,
MpeACTaBIAIONUN co0oi paciupenue si3bika AJITOJI.

Cucrema Modelling siBisieTcsi CpeaCcTBOM BHU3YaJIBHOTO MPOCKTUPOBAHMS
JTMCKPETHBIX M HENPEPBIBHO-IMCKPETHBIX HWMHUTAIMOHHBIX Mozene (AUM wu
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HAWM). I'maBnas obnacte npumenenuss CMIM Modelling — pa3paboTka umuTa-
IUOHHBIX Mojienel u crnenuanu3upoBanHblx CUM mipu u3ydeHuu U MPOEKTUPO-
BaHUU CJIOKHBIX KOMIUIEKCHBIX CHCTEM (CHUCTEM MAacCOBOTO OOCITYKHBAaHMS,
ACONY wu  nap.), rae MCIIOJIb30BaHUE CTaHAapTHBIX CpEICTB
npoektupoBanus (MATLAB, GPSS u nogo6HbIX) HEY100HO WK HEAPHEKTUBHO.

3.4. Moaxoabl K paspaboTke aHaNUTUYECKUX KOMMbIOTEPHBIX MOAENEN
Ha OCHOBE S13bIKOB U CUCTEM MPOorpamMMmmpoBaHns

Bonbiioe 3naueHue npu pa3paboTKe KOMIbIOTEpHOU Mojaenu Ha OBM umeer
BOIIPOC TMPaBUIIBHOTO BBIOOpA SI3bIKA WM CUCTEMBI MPOTPAMMHUPOBAHUS. S3BIK
MIPOTPAMMHUPOBAHKS JTOJDKEH OTPaKaTh BHYTPEHHIOI CTPYKTYPY MOHSATHN TIPH
OMKMCAHUM IIUPOKOTO Kpyra MOHSTHI. BhICOKMI ypOBEHD sI3bIKa MOJEIMPOBAHUS
3HAYUTENFHO YIPOIIAET MPOrPaMMUPOBAHUE MOJICTICH.

OCHOBHBIMU MOMEHTAMH MPHU BHIOOPE S3bIKA MOJICTUPOBAHUS SIBIISIOTCS:

— npoOJIeMHAast OpUEHTAIHS;

— BO3MOXKHOCTHU cOopa, 00paboTKH, BEIBOJIA PE3YIIbTATOB;

— OBICTpOACICTBHE;

— MPOCTOTA OTJIAJIKH;

— JIOCTYIHOCTb BOCITPHUSITHSI.

PaccmoTpuM moaxo/, KOTOPBIM MPUMEHSETCS MPU pa3padOTKe KOMIBIOTEP-
HBIX YUCJICHHBIX Mojelied it nuddepeHIaIbHBIX YPaBHCHUA U TIPU TTPUMEH e-
Huu Merona Mourte-Kapro. 31eck gaiie BCero MCrosb3yrTCsl SI3bIKA U CUCTEMBI
umrepaTuBHoro nporpammupoBanus (Pascal, Fortran, makersr Visual Studio, cpe-
ae1 Delphi Suite u ap.).

[Iporecc pazpaboTKu mporpaMMbl MATEMAaTHIECKOTO MOJICITHPOBAHUS pa3ou-
BaeTCS Ha HECKOJIBKO MOCJIEI0BATEIbHBIX, CASAYIOMMX JIPYT 3a APYroM 3Tanos. B
3aBUCUMOCTH OT CJIO)KHOCTH OOBEKTa MOJEIUPOBaHUS M Habopa 3ajay, TpeOyro-
IIUX PEIICHUs] TIPU CO3JaHUH MIPOTpaMM MOJICTUPOBAHMS, CTAIUU U dTAMbl padOT
MOTYT UMETh PA3IUYHYIO0 TPYAOEMKOCTh. JlomycKaeTcsi 0ObeIUHATh MOCIIEI0BA-
TEJIbHBIC JTAIbl U JaKE UCKIIOYAaTh HEKOTOPHIC U3 HUX Ha JIFOOOW CTaauH MPOCK-
Ta. JlomyckaeTcsi Takke HauyWHATh BBITIOJHEHHE PabOT CIEIyIOIIed CTaaud [0
OKOHYAaHUS MPEIBIIYIIEH.

Ha srtame peanu3anuu mporpaMMHOTO 0OECTICUEHHs BBHIMOJIHIETCS pa3padoT-
Ka IPOrPaMMHBIX MOJYyJIe — MpOrpaMMHUPOBaHKE, HHAYE TOBOPS, CO3/IaHUE TIPO-
TPaMMHOTO KOJIa, KOTOPOE 3aKIF0YaeTCs:

— B pa3paboTke 0J0Ka MporpaMm yrpasieHus GyHKIIMOHUPOBAHUEM CHCTEMBI,
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— B pa3paboTke OJIoKa MpPOrpaMM, pPeaU3yIOIIMX pacueTHble (QOPMYIBI U

(YHKIIMOHAJIBHBIE AITOPUTMBI (SAPO MPOTPaMMBbl);

— B pa3paboTke 0J10ka 00pabOTKH Pe3yIbTaTOB MOJICTUPOBAHUS.

[IporpamMmucTel pa3zpabaThIBalOT MO CHUCTEMHBIM CHEHU(PUKALUAM CXEMbI
IporpaMMm M IpOrpaMMHbIE ClieUU(PUKAIMU, 3aT€M MUIIYT U OTIAXKHUBAIOT TMPO-
rpaMMbl Ha OJTHOM U3 A3BIKOB IIPOrPAMMHUPOBAHHUS; TPOBOJAT OTIAAKY KOMILIEK-
COB MPOTPaMM 10 MOJYJISIM U 3a7a4am.

[Toaxox k pa3pabOTKe MPOrpaMMHBIX KOMIIBIOTEPHBIX YCTAHOBOK HA OCHOBE
S3BIKOB U CpeJl MPOrpaMMHUPOBAHUS Yallle BCEro MCIOJb3YETCs MPU MOCTPOEHUU
KOMIBIOTEPHBIX AHATUTUYECKUX M YHCJICHHBIX CTATUCTUYECKUX (MMHUTAIMOHHO-
BEPOATHOCTHBIX ) MOJIEJIEH JIsl HAYyYHO-UCCIEA0BATEIBCKUX LIETCH.

[Ton aHaNMUTUYECKUMHM KOMIIBIOTEPHBIMU MOJEIISIMH Mbl TOHMMAaeM IpPO-
IpaMMHBIA TPOAYKT IS PElIeHUst HHTErpo-auddepeHIInaIbHbIX YpaBHEHUN YnC-
JE€HHBIMU MeTojaMu. [1oJ cTaTUCTUYECKUMU YUCIEHHBIMU MOJEISIMU MBI OyZemM
MMOHMMATh CO3/IaHHbIE KOMITBIOTEPHBIE MOJAENH C IPUMEHEHUEM TEOPUU CTATUCTHU-
yeckux ucnbiTaHuit (Mmeroga Monte-Kapio). 9Tu KOMIBIOTEPHBIE MOJEIU MOTYT
CO3/aBaThCs KaK C MOMOIIBIO S3BIKOB MPOrpaMMHUPOBaHUS OOIIEro Ha3HAYCHUS,
TaK U C MOMOIIbIO CUCTEM KOMITBIOTEPHON MaTEMATUKH.

DTarbl CO3/JaHUs U MOJICTTUPOBAHMS AHATUTHYECKUX U YUCIICHHBIX CTaTUCTH-
YECKHUX MOJIeNIEH XOPOIIO OMUCAaHbl W MOTYT OBbITh MPEICTABIECHBI B BUJE CXEMBbI

(puc.3.4) .

Pazpaborka TeopeTHUEeCKOES
MATEMATHYSCKOH HCCICTOBAHMC
MO EITH MOIEIIH
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Maple, bench, ITackamn
MatlL A B, Simulink, Vissim, Excel Do ’aH’
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Puc. 3.4. Cxema aHaJIMTUYECKOIO U KOMIIBIOTCPHOI'O MOJACTIUPOBAHUA
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B nepBoii rmaBe Mbl pacCMOTPENIA OCHOBHBIE CTaJWH U 3Talbl B CTAUAX pas-
paboOTKH IPOrPaMMHOT0 OOECTIeUEHUs!.

1. [IpeanpoexTHas ctanus — cTaaus GopMupoBaHuUs TpeOOBaHMI K aBTOMa-

TU3UPOBAHHOM CUCTEME.
Oran pa3padOTKH KOHLEMIIUN aBTOMAaTU3UPOBAHHON CHCTEMBI.
Oran pa3pabOTKU U yTBEPKACHUS TEXHUUECKOTO 3aaHMsL.

2. Ctaaus NpOEKTUPOBAHUSA U Pa3paOdOTKU MPOrpPaMMHOI0 00ECIEUeHHUS
Ortan pa3pabOTKU 3CKU3HOTO MPOEKTa aBTOMATU3UPOBAHHON CHUCTEMBI.
Otan pa3pabOTKH TEXHUYECKOTO MPOEKTa.

Oran NpoeKTUPOBAaHUS IPOrPAMMHOT0 00ECTIEUEHUS.

Dtar npoeKTUpOBaHus HHTepdeiica.

Otan peanu3ali MPOrpaMMHOTO obecnieueHus (CO3JaHue MPOrPaAMMHOTO
KOJa).

Oran co3aHus U 0popMIIEHUS TOKYMEHTALIHH.

3. Cragus BHEAPEHMUS.

4. Ileprona cONTPOBOKAEHUS WIH MOJIb30BATEIBCKUI IEPUO.

OTHU CTauMd CO3/1aHHSI ABTOMATU3MPOBAHHBIX CHCTEM WM IPOrPAMMHOIO
OPOAYKTa MPUMEHUMBI TAKXKE IJIs pa3pabOTKU KOMIIBIOTEPHBIX YCTaHOBOK JUIS
MOJIEJIMPOBAHUSI.

311ech Mbl paCCMOTPUM HEKOTOPBIE PEKOMEHAAINN, KOTOPbIE MOTYT OBITh HC-
MOJIb30BaHbl Pa3pabOTUYMKaMHU MPHU CO3JaHUU NPOrPAaMMHOTO0 O0OECHEUYeHHs st
MOJEJINPOBaHUS (KOMIBIOTEPHBIX MOJEJEH) C MOMOLIBIO S3BIKOB M Cpel MpO-
IrpaMMHPOBaHUSI.

Crneunuduxanus, aJropuTMH3anus ¥ KOAMPOBaHUe nmporpamMmmsbl. Paspa-
00TKa WJIM MTPOCKTUPOBAHKUE MPOTPAMMBI HE CBS3aHO C TEM SI3BIKOM, Ha KOTOPOM
OyZeT OKOHuYaTeNbHO 3alucaHa KOHeyHas mporpamm. B Hauane pa®oTsl mpoBo-
TUTCSL omnpeienieHue cnenuukanuu npouecca paspadorku. Crneundukanus npo-
recca 0ObIYHO MPEICTABISETCS B BUE KPATKOTO TEKCTOBOTO OMUCAHMS, CXEM aJl-
TOPUTMOB, TceBI0K0A0B, Flow-popm nnn muarpamm Haccu-lInaiinepmana. Cy-
IIECTBYET Psii METOAUK pa3pabOTKU aNropuTMa NporpamMmbl (METOIUKH MPOEKTH-
pOBaHMS MporpamMMbl). ITa paboTa ¢ UCIOIBL30BaHUEM ClielU(UKAIIUA Ha3bIBACT-
Csl AITOPUTMU3ALIUEH:

1) momaroBoro mocjie0BaTSILHOTO OMUCAHUS AJITOPUTMA PEILICHUS 3a1a4H, OIH-
CAaHHOT'O Ha JIF0OOM aITOPUTMUYECKOM SI3bIKE, B TOM UUCJIE TEKCTOBOM S3BIKE;

2) pa3paboTKH OJIOK-CXEMbI, JOCTOMHCTBO KOTOPOH 3aKJIFOYaeTCs B TOM, YTO OHA
HEe TpeOyeT KaKON-TO ONpeAesieHHOW AeTaau3aluy alfOpuTMa U MO3TOMY MO-
KET UCNOJIb30BaThCS HA JIIOOBIX dTanax pazpaboTku nporpamm. OTMETUM, YTO
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OJIOK- CXEMBbl XapaKTEepPU3YIOTCS XOPOIIEH HaIrJISIAHOCTBIO CTPYKTYpPbI ajro-
putma. Hemoctatok B TOM, 4TO JJIsi CIIOKHBIX QITOPUTMOB OHU CTAHOBSTCS
rpoMo3akuMu. KpoMe Toro mx Hajo TIIATEIBHO YEPTUTh, 4 TAKXKE OHU He-
yIOOHBI JUIs Ty OIMKALIHIA;

3) Meromuka mnceBaokoaa. Kaaplil mporpaMMHCT MOXET MPUIYMaTh CIICIUAlb-
HbIE CUMBOJIbI WJIA CJIOBECHOE OMMCAHWE KaXKJIoro mara. B yactTHocTH KOoMOU-
HallMsl OINEepaTopOB MAaCKalld M CJIOBECHOTO OINHUCAaHUS 3ajaud (1MojJ3aJayu) B
BHJIE KOMMEHTApUEB. DTO MPUEM IO3BOJISIET MOJYYUTh XOPOIIO MPOKOMMEH-
TUPOBAHHYIO IPEABAPUTEIBHYIO IPOIPAMMY;

4) MPOEKTHPOBAHKE MPOrPAMMBI MOJCIUPOBAHUS C HMCIIOJIB30BAHHEM CIICIHAITb-
HBIX MPOTPaMM MPOEKTUPOBAHUS UHPOPMAIMOHHBIX CUCTEM M MPOrPAMMHBIX
pemeHwuii, Harpumep, naket Bpwin, Erwin, Design/IDEF niu Microsoft Solu-
tions Framework B Visual Basic, Oracle Designer, Rational Rose, Ha kKoTopbIx
MOYKHO CIPOECKTHUPOBATh YACTUYHO WJIM BECH AJITOPUTM PELICHUS 3aa4u.

[Tocne Toro, Kak ajiropuT™M 3aadyd CIPOEKTHUPOBAH HA AJITOPUTMUYECKOM
SA3bIKE WJIM TICEBJOKOJIE, WM B BHUJE OJIOK-CXEMbl, HAQUMHAETCS MEPEBOJ €ro B
MPOTPaMMHBIM KOJ Ha OJHOM M3 KOMIBIOTEPHBIX SI3BIKOB IMPOrPAMMHUPOBAHUS
(Pascal, Visual Basic, Fortran u ap.). OTMeTHM, YTO MHOTHE HAYHWHAIOIIUE MPO-
IPAMMUCTBI WJIA MOJEIIBIINKU (MOJIENbEPHI) MBITAIOTCS MUCATh MPOrPAMMY pellIe-
HUS 33/1a44 WK aJITOPUTMA PEIICHUS Cpa3y Ha sI3bIKE KOAUPOBAHUS 0€3 MPOXO0K-
JICHUSI HTana MPOEKTUPOBAHUS U AJITOPUTMU3AIUH, 110 TaK HA3bIBAEMOMY MOIXO0Y
CTUXUUHOTO TMporpaMMHUpoBaHus. Tako MOJAX0J K pa3pabOTKe MPOrpamMMHOTO
KOMITJIEKca OyJIeT CBUJIETEILCTBOBATh O HETPAMOTHOCTH U HEMPO(PECCHOHAIN3ME
pa3paboTyukKa.

MeToabl MOAYJABHOTO NpoOrpamMmMupoBaHusi. Pa3paboTky mporpaMMHOTo
KOMIUIEKCA MO 4acTsM (MOIYJsIM) Ha3bIBAIOT MOJYJIBHBIM MPOrPaMMHUPOBAHUEM.
Monynb mpeacTaBisier co00i 3aBepIIeHHbIN (PparMeHT MPOrpaMMbl, XapaKTepu-
3yeTcsl OJHUM BXOJIOM, TJI€ 3aJ1aeTCsl ONMpeACICHHBIM Ha0Op BXOAHBIX JAHHBIX U
OJIHAM BBIXOJIOM, TJI€ IMEEM Ha0Op OmpenesieMbIX BRIXOAHBIX. CTPYKTypa MOY-
JIsl KaK CUCTEMBI YEPHOTO SIIMKa MPUBOIUT K (PYHKIIMOHAIHHOM 3aBEPIICHHOCTH U
JIOTUYECKON HE3aBUCUMOCTH H SIBJISIETCSI CAMOCTOSITEIbHBIM MTPOTPAMMHBIM TTPO-
ayktoMm. [IpumMepoM MOAYJIBHOTO CTPOEHUS MPOrPAMMHOTO MPOAYKTA MOXKET
ObITh pa3pabotka [1I1 nns HaydHbIX HccnenoBaHuM (M. puc. 2.8).

Memoo Hucxooswezo npoexmuposanusi (npocpammuposanusi). PazpaboTka
() PEKTUBHOTO AITOpPUTMA PEIICHUS B 3HAUUTEIBLHON Mepe SIBISETCS UCKYCCTBOM.
[IpakTrka pa3BUTHS MPOTPAMMHUPOBAHUS BBIpA0OTaNIa METOANKY pa3pabOTKH MPo-
rpaMM — METO/JI TOIIAroBOM JAETATM3alMU WM TaK Ha3bIBAEMbIN MPUHIIUIT HUCXO-

JAIIETO MPOEKTUPOBaHUA. Mnes 3axmodaercs B CBEICHHM PELICHHUs CIIOKHOMN
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3aJa4M K PEIICHUIO MPOCTHIX 3a/1ad. Ha mpakTuke 3TO BHITISAUT TaK: CIOKHYIO
3aauy pa30oMBaOT Ha 3-4 TO/A3a7a49d, a B MPOSKTUPYEMOM ITPOrpaMMe HaMedaeT-
Csl COOTBETCTBYIOIIEE YMCIIO OJIOKOB (YaCTeH MpOrpaMmBl).

3nmech pemaeTcsl TOJAbKO Ipobiema ornpeaeieHus (PYHKITMOHATBHBIX Ha3Ha-
YEHUN Kaxa0ro 0JIoKa (4To 3TOT OJIOK AenaeT?). DT nmoja3agayv MOTYT pa3OUThCs
Ha 0oJiee MENKHE To/13a4a49H, T.€. MOKHO PaCCMOTPETh BTOPOH IIar JeTalu3aIluH.
[TporpaMMHUCTBI YBEPSFOT, YTO 3TOT MPUHITUI TTO3BOJSET MPOBEPUTH TPABUIIb-
HOCTh pa0OThl KKJIOTO OJIOKa U COOTBETCTBEHHO CKOPPEKTHPOBATH OOIIYIO CXe-
My nporpaMmbl. OTMETUM, YTO €CJIM Ha KaXKJIOM IIare JeTaln3aluy UCIOJIb3yeTC s
MPUHITUI CTPYKTYPHOTO MTPOTPAMMHUPOBAHHS, TO 3TO 00ECIICUUT XOPOIITYIO CTPYK-
TYpPUPOBAHHOCTH MPOTPAMMBI B LIETIOM.

[Tpu pa3paboTke MpOrpaMMHOTO KOJa TPOSKTHPOBAHUE BCETJa HAYMHACTCS
CO CTPOUTEITHCTBA MOAYJIBHOM CTPYKTYphI MporpaMMbl B Buje aepena. [lpu wuc-
MOJIb30BAaHUU METOJIa HUCXOJSIICH pa3pabOTKA MPOSKTHPYIOTCS M PEaTU3yIOTCS
porpamMMbl, HaYMHAsL C MOJYJIS CaMOr0 BEPXHEro YPOBHS — TOJIOBHOTO, Jajiee
pa3pabaThIBAIOTCS MOJYJH TMEPBOTO HIDKHETO IMOAYpPOBHS, 3aT€M BTOPOTO U T.I.
Jlanee mpou3BOAUTCA X MOOYEPETHOE TECTUPOBAHKUE U OTJIAJKA B TAKOM K€ HUC-
XOJISIIEM TTOPSIZIKE.

Memoo eocxoosawezo npoekmuposanus (npocpammuposanus). llpu Takom
MOJIXO0/IE, TaK K€ KaK NP HUCXOJAIIEM MPOTPAMMHUPOBAHUH, BHAYAJIE CTPOUTCS
JPEBOBUAHAS MOAYJIbHASI CTPYKTypa nporpamMmbl. [IpoexTupoBanue u pazpadboTka
MIPOTPAMMHOTO KOMIUIEKCAa HAYWHACTCS C IMOCTPOCHUSI MOAYJIS CaMOTO HHYKHETO
YPOBHSI, 3aT€M CIIEYIOIIET0 BEPXHETr0 U T.[. 3/7€Ch MPOrPaMMHUPOBAHHME UIECT
BCEX MOJYJCH, HAUMHAsI C HIDKHETO JI0 BEPXHETO, 3aTeM HIET MOOYEPEIHOE TEC-
TUpOBaHUE ATUX Moaysel. [Ipu TakoM nmporpaMMUpOBaHUH YacTO CHEUPUKAIIIH
MOYJICH OMPENENIIOTCS HE TOJIHOCThI0, W OTPAa0OTKA TECTHPOBAHUS BCEX MOJY-
Jeit TpedyeT MOMOJHUTEILHOTO OTIAJ0YHOTO MaTepHalia U BpEMEHHU.

IMoaxoa CTPYKTYpHOro mnporpaMMupoBaHusi. Vnes CTpyKTypHOTO TMpo-
rpaMMHpPOBaHUS ObljIa MOJIyYeHA U3 Pe3yJbTaTOB HAOIIOCHUS YTEHUS U TIOHUMAa-
HUS TEKCTa YEJIOBEKOM. DTH HCCIICIOBAHUS IMOKa3aH, YTO TEKCT ObICTpee BOC-
MPUHUMAETCS, €CJIM YeJIOBEK YuTaeT (pasbl B MOPSAKE UX CIICIOBAHUS B HTOM
Tekcte. Ecnu 1mo xoay uteHus ero OyayT OTChUIaTh Ha (DparMEHThI TEKCTa, HAaXO-
JSTUXCSl HA APYTUX CTPAHUIAX, TO OTO PE3KO 3aTPYAHICT BOCIPHUITHE U TOHUMA-
HUE YATAEMOT0 TeKcTa. [Ipy 4TeHnn mporpaMMm «CKadKu» IO TEKCTY MPOBOJSATCS
OTepaToOpaMu MepPeXoI0B, KOTOPhIE MOTYT OTCHUIATh KaK BIEpE], TaK W Ha3aj, B
ar000€ MecTo mporpaMMebl. [103TOMy CTpYKTYypHOE TTPOrpaMMHUPOBAHKME YacTO Ha-
3bIBAIOT «mporpammupoBanueMm 6e3 GO TOy», yeM MeHbIIe MBI UX HCIIOJIB3YEM,

TeM Jyuiie. CTpyKTypHOE MPOrpaMMUPOBAHUE MPEIOJIAraeT UCIOIb30BaHUE OT-
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PaHMYEHHOTO yucia 0a30BbIX KOHCTPYKIM. Cnenudukanuu CTpyKTypHOIO IIpo-
IpaMMHUPOBAHUS MOTYT OBITH MPEACTABICHBI TAK)KE B BUE: OJIOK CXEM, METOJAUKH
ncesnokonaa, Flow-popm, nuarpamm Haccu-1llneiinepmana u p. U ¢ MOMOIIBIO
HUX pa3paboTaHbl AITOPUTMBI PELICHUS 3a7ad.

IIpu CTpyKTYpHOM IPOTPaMMHUPOBAHUU PA3IUYAOT TPU BHUJIA BBIYUCIUTEIb-
HOT'O IMpOLECCa: JIMHEVHBIM, Pa3BETBICHHBIM U LIUKINYECKUH, T.€. B KAYECTBE OC-
HOBHBIX KOHCTPYKIIMH IPUHUMAIOTCS CIEAYIOIUE CTPYKTYpHI (puc.3.4).

—» S1 » g2 —— - — SN —>
A) HCTHHA
S1 S
JI0Xb
- ° k Y > B >
S2
B) B)

Puc.3.4. A) CnepoBanue. ITa CTPYKTypa MPEACTABIACT JUHEHHYIO MOCTe-
JoBaTeNbHOCTh 0J10KOB. b) BetBnenue. ITo ynpasistomas CTpykTypa, KOTo-
pasi B 3aBUCUMOCTH OT BBITIOJTHEHUS 33JJAHHOTO YCJIOBHS OMpEEsieT BIOOp
JUISL UCTIOJTHEHUSI OJTHOTO M3 3aJIaHHBIX B ATOM CTpyKType 0siokoB S1 u S3. B)
[ToBTOpEHME TUTA «AeNaTh, TOKa». JTa CTPYKTypa MpelICTaBiseT coboi op-
TraHU3alUIO [IUKJIA, BBITTOTHSIOIIYIOCS 110 YCIOBUIO

3nech cnenudukaius npeacTaBlieHa B BUJE OJIOK-CXEMBI:

® CJEJ0BaHMUE;
® BECTBIICHMUE;
® UK.

OTMeTuM, 4TO BCE CTPYKTYPbl UMEIOT OAWH BXOJ M OJUH BBIXOJ, 3TO MO3BO-
JSIeT PEKYPCUBHOE ONMHUCAHUE CTPYKTYpbl, MHAU€ TOBOPS, KaXXKIblii M3 OJIOKOB
(MpAAMOYTOJILHUK) MOXET ObITh HE TOJBKO OTJEJIBHBIM ONEPaTopoM, HO U JIH00Oi
U3 JOMYCTUMBIX CTPYKTYP, T.€. TOMYCKAETCs BIOKEHHUE CTPYKTYP.

OmnucaHue CTPYKTYPHBIX QITOPUTMOB MOXKHO MpeACTaBUTH B Bujue Flow-
dopmsl (puc.3.5) unu B Buae nuarpammbl Haccu-1lInelrinepamana (puc. 3.6)
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Bri6op <Kom>
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<new > i
neicTaue 3 uHaue | <aeiicTBue 2>

A HHaye <pelicTBue 3>
o
B
Hna i-=1,n,h
IToka <Ycnosue> <JletictBue> <JleiicTBHe >
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Puc. 3.5. YcnoBubie 0603naueHust FIOW- ¢popmbl 1711 OCHOBHBIX KOHCTPYKITHH:
a — ciefioBaHue, O — BETBJICHHUE, 8 — BEIOOP, 2 - IIUKII- TTOKa, 0 — IUKJI- JI0, € - CYETHBII

1102029)
<peucrtBue 1> IToka <YcnoBue> </leiicTBue>
<peucTBue 2> <nercTBHE > o <YcnoBue>
<pemcrBue 3>
A 0 [
S 1
Ha Her </letictBue 1> Nnaue
<newctBue 1> <newcTBUe 2> ~
<[etictBue 3>
2 0

Puc. 3.6. YcnoBubie 0603nauenus nuarpamm Haccu-1lIHeiinepamana 1yist OCHOBHBIX
KOHCTPYKIIMH: a — ClIe/IOBaHKE, 6 — IIUKII - TIOKa, 8 — IUKJI- JI0, 2 - BETBJICHUE, 0 — BBIOOD

Kaxnprii cumBon Flow-hopMer mMeeT BHI NPSIMOYTOJbHHKA U MOXKET OBITH
BIIMCaH B JII000I BHYTPEHHUI MPSIMOYTOJIBHUK JIFOOOTO IPYroro CUMBOJIA.

[Ipu cTpyKTypHOM MOAXOAE K MPOrPaMMHUPOBAHUIO pa3padaThIBAIOT TPU TUIIA
Mojieseil: Moaenu (pYHKIMM, MOJIEIN JaHHBIX U MOJIEIH MOTOKOB JaHHBIX. JTH BU-
JIbI MOJZIETIEH NIPEACTABISAIOTCSA B BUJIE CIICAYIOIINX TUArPaMM:

e nuarpamMMm notokoB ganHbiX (DFD — Data flow Diagrams), onuceiBarommx
B3aMMOJICHCTBHE MCTOYHUKOB W MOTpeOUTeNnell nHpOpMAIMK dYepe3 IMpo-
IIECCHI, KOTOPBIE JTOJDKHBI OBITH peann3oBaHbl B cucreMe. OHO MMOKa3bIBaET,
KaK Ka)kJpIi U3 MPOIIECCOB MPeoOpa3yeT CBOM BXOHBIC U BBIXOIHBIC MTOTO-
KU JaHHBIX M KaK 9TH IIPOLECCH B3aUMOICHCTBYIOT
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e JmarpaMm «CymHoctb-cBs3b» (ERD — Entity-Relationship Diagrams), omu-
CHIBAIOIIUX 0a3bl JAHHBIX pa3padaTeiBaeMoOl cucTeMbl. OHa BKJIIOYAET
CYUIHOCTH M B3aUMOCBSI3U, OTPAKAIOIIUE OCHOBHBIC OW3HEC-TIpaBUIIa
peIMETHOM 00J1acTH;

e juarpamm mnepexonoB cocrosamii (STD — State Transition Diagrams), xa-
pPaKTepHU3YIOIINX MOBECHIE CUCTEMBI BO BPEMCHH;

e (yukuMoHanbHBIX AuarpamMm (Metomuka SADT), KOTOpbIe OTpaKaroT
B3aMMOCBSI3M (YHKIIMK pa3pabaThIBA€MOro MPOTPAMMHOTO OOCCTICUCHHSI.
OHM co3marTcs Ha paHHUX dTanax MPOCKTUPOBAHUS CHUCTEM IS BBISBIIC-
HUSI COCTAaBHBIX YacTel M OCHOBHBIX (PYHKIIMIA MTPOCKTUPYEMOM CHCTEMBI.

O kyabType opopmienuss nporpamm. /[t HArISIAHOCTH YTEHUS KOZAA MPO-
rpaMMBbl fJIpa UCIOJIb3YETCS PACIOIOXKEHUE TEKCTa OTIEIbHBIX OMEPAaTOPOB IO
aucTy OymMaru. A UMEHHO CITy>KeOHBbIE CIIOBa, KOTOPhIE HAUMHAIOTCS M 3aKaHUYU-
BAIOTCS TOT WJIM MHOW OIMEpaTop 3alKChIBAIOT HA OJIHOM BEpTHUKAJIM, a BCE BIO-
KCHHBIC B HETO OIEPaTOpPHI 3alKCHIBAIOT C HEKOTOPHIM OTCTYIIOM BIIPaBO (CM.
nporpaMmy MassTHUK DyKko).

bonee s exTrBHBIM CpecTBOM 00JIETYCHUS YTSHHS KOJIa IPOTPaMMBI A1pa,
SBJIIETCS] €6 KOMMEHTHPOBaHUE. DTa BO3MOXKHOCTh MPEAYCMOTPEHA MPAKTUUYECKU
BO BCEX S3bIKax mporpammupoBanusa. [Ipuwdem nms mpodeccHoHaTbHOTO MPO-
rpaMMHCTa TOT MpUEM JOJKEH ObITh 0TpaboTaH A0 aBTOoMaTHU3Ma. HaumHaromue
MIPOTPAMMHUCTBI JTOJDKHBI BBIpA0aThIBaTh MPUBBIYKY KOMMEHTHPOBATH IIPOTPAMMBI
KOJIa 10 X0y UX pa3paboTKu U HanmucaHus. KoMMeHTapuu TOJKHBI ObITh JI0CTa-
TOYHO JIJAKOHUYHBI, HO TaK YTO MPH MEPBOM 3HAKOMCTBE C 3TOU MPOTpaMMOii JIpy-
roii MPOTPaMMUCT MOT JIETKO TOHSTH CTPYKTYPY MPOTPAMMBI, €€ CYTh U JIOTUKY €€
paboThI, eclii MPOCMAaTPUBATh COJIEPKAIe B HEH YMPaBJISAIONINE CTPYKTYPHI H
YUTAaTh KOMMEHTApHUH.

OTmeTHM, 9TO METO]I MOIIArOBOM JAETaIN3aIlMH MTO3BOJISIET XOPOIIO KOMMEH-
TUPOBaTh MPOrpaMMy KOJia, €CJIM Ha TMEPBBIX MIarax JeTaIM3alliid Ha3HAUYCHUIO
Ka)XIO0TO BBIICTSEMOro OJIOKa TPOrpaMMBI JaeTCsl YeTKas, MOHSATHAS CIOBECHAs
bopMyIMpOBKa KOMMEHTaPHSI.

«HexoMMeHTHpyeMasi mporpaMma — 3TO, BEPOSITHO, HAUXY/AIIasl OImnoKa, Ko-
TOPYIO MOXKET clieJlaTh MPOTPAMMHUCT, a TaK)Ke CBUICTEIHCTBO JEITUTAHTCKOTO
noaxona (IMycTh JaKe MPOTPAMMUCT UMEET JNECATUIICTHUIN ONbIT paboThl); Ooee
TOT0, 3TO BeCKast MPUUYUHA JUIS YBOJIbHEHHUS IporpaMMucTay [4].

JlokymMeHTHpOBaHUE NporpaMmmbl. Ha mepBoM 3Tane HOKyMEHTHpPOBaHHE
MPOTPaMMBI si/ipa TOMEMIAETCs B Hayajie TeKCTa MPOrpaMMbl Kojia. 3/1eCh 3a0aeTCs
oOrrast uH(popMaIKs O JaHHOM MporpaMme, CoieprKaiias CIeAyIoNne MyHKTHI:
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HasnaueHue mporpaMmmsl.

Caenenust 00 aBTOpE MPOTPaMMBI.
Opranusaims, B KOTOPOil HanucaHa mporpaMma.
Jlata HamMcaHWsI TPOTPaAMMBI.

Hcronb3yeMblid METOT PEIICHUS 3a1a4u.
YkazaHus 110 BBOY U BBIBOJIY.

Bpewmsi, peGyemMoe Ha BBITTOTHEHUE TPOTPAMMBI.

O N Ok wNE

TpeOyembiii 00beM maMsITH.
9. CrnenuanbHble ykazanus onepatopy 9BM (B ciydae HEOOXOAUMOCTH).

[TonHas JOKyMEHTAIMs Ha MPOrpPaMMHOE OOecTieueHue sl SKCIUTyaTalluy B
BUJIC ONMCAHUS NPUMEHEHUs, Jarolas OOy XapaKTEpUCTUKY IPOrpaMMHOIO
MPOJYKTa C YKa3aHUEM cpepbl IPUMEHUMOCTH, TEXHUYECKUX TpeOOBaHUM K 0a30-
BOMY NPOTpaMMHOMY OOeclieueHHIo U XapakTtepuctuk OBM, uaiie Bcero usnara-
eTCsl B TEXHUUECKON JTOKYMEHTAIIMU WJIM TIOMEIIAETCs B CIIPaBKE WITM MTOMOIIH T10
MEHIO uHTep(derica MporpaMMHOTrO MPOIYKTa.

Jist opopmiieHust JOKYyMEHTOB, 00paOOTKH OOJIBIINX TEKCTOBBIX (pailioB, op-
raHu3aly BUPTYaJIbHBIX TpeXMEpHbIX HHTepdeiicoB B MHTepHeTe, pa3paboTke
0a3 maHHBIX Hcnoib3yroTes s3pikm HTML, Perl, Tcl/Tk, VRML, SQL, PL/SCL,
Informix 4GL, Natural, DDL, DSDL, SEQUEL, QBE, IS u ap.

3.5. OcobeHHOCTUN pa3paboTkn MMUTALMOHHBIX KOMMbLIOTEPHbLIX Moaenen
CMOXHbIX CUCTEM

NmuranmonHass MOAENb — 3TO COBOKYIIHOCTb OIMCAaHMS CUCTEMBI U BHEIII-
HUX BO3CHCTBUMN, alrOPUTMOB (PYHKIMOHUPOBAHUS CUCTEMbI WJIM MPABUII U3MeE-
HEHHUs COCTOSIHUSA CUCTEMBI I10J] BIIMSIHUEM BHEIIHUX U BHYTPEHHUX BO3MYILECHUM.
OTHU aNrOpPUTMBI U MPAaBWIA HE JAIOT BO3MOYKHOCTH HMCHOJIb30BAHUS UMEIOIIUXCS
MaTE€MaTUYECKUX METONOB aHAIMTUYECKOTO U YHUCIICHHOI'O PELIECHUs, HO I103BO-
JS0T UMUATHUPOBAThH Mpouecc GyHKUMOHUPOBAHUS CUCTEMBI U MPOU3BOAUTH BbI-
YUCJICHUs HMHTEPECYIOUIUX XapPAaKTEPUCTHUK. MMUTAMOHHAs MOZENIb COIEPKHUT
AJIEMEHTBI HENPEPBIBHOIO U IUCKPETHOTO JACHCTBUS, IOITOMY MOYKET IPUMEHSTh-
Csl JUIsl MCCIIEIOBaHMs JUHAMHUYECKHX CHUCTEM, KOrja TpeOyeTcs aHalu3 Y3KuX
MECT, JJIsl MCCIIEIOBAaHUS JIMHAMUKK (YHKIMOHUPOBAHMS, KOTJAa HEOOXOAMMO
Ha0JII01aTh HA UMUTAIIMOHHON MOJIENIM XOJ] MpoIlecca B TEUCHHUE OMPEICIIEHHOTO
BPEMEHHU.

BrisicHuM OCHOBHBIE IPU3HAKHU, KOTOPbIE MPUBOJAAT K PELICHUIO pa3padOTKH
MMUTAUMOHHON Mopenu. s 3TOro paccMOTpUM HaudajbHBIM 3Tanm pa3paboTKu
pOeKTa KOMITbIOTEPHON MoJienu. 31aech GopMynupyercs npodiiema, CTosIas mne-
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pel ucclieoBaTeNsIMU, U MPUHUMAETCS PEIIeHUE O LEeJIeCO00Pa3HOCTH MpUMEHe-
HUsI METOJIa UMHUTALMOHHOTO MOJEJIIMPOBAHUS, COOTBETCTBEHHO O €r0 ILEJIEBOM
Ha3HAuYC€HUU OYIyIIero MpoeKkTa MMUTAUMOHHOW Mojenu. [locTaBneHHbIE LienU
SBJIIFOTCSL AaHTUIIOAMU MPOOJIEMBI.

Pa3paboTka UMUTAIIMOHHOM MOJIENIM, Ha Hall B3IJIAJl, TECHO CBs3aHa C NpHU-
3HAKOM CJIOKHOCTH TIPEJICTABICHUS CUCTEMBI. B 3THX LENsX BBEAEHBI IOHATHA:
«IPOCTAsH» U «CJHOXKHAS cuctemay. ONMpenenuTs pa3indus MKy CI0KHOM U Ipo-
CTOM CHCTEMOM JOCTATOYHO TPYAHO. [IOHSATHE CIOKHOCTH MOKET OBITh CBSI3AHO CO
CJIO)KHOCTBIO QJITOPUTMA, OTHOIIEHWUN WM CJIOKHOCTBhIO moBeAcHUs. CIoKHOU
MOXHO CUHMTAThb CUCTEMY, MMEIOIIYI0 MHOT'OACHEKTHYIO CTPYKTYPY CBSA3EH WU
CUCTEMY, B KOTOPOW HE JOCTATOYHO MHPOPMAIUH Ui €€ ONMMCAHUs WIH CUCTEMY,
B KOTOPOM 0OJIbIIIOE KOJMYECTBO DJIEMEHTOB.

AHanu3 CcI0)KHOCTU paccMaTpUBAEMOIro OOBEKTa MPEAINOIaraeT NpUMEHEHUE
TEOPUH CUCTEM U CUCTEMHOIO aHajiu3a, 0a30BOI YaCTbIO KOTOPOTO SIBISETCS Me-
TOJl IEKOMIO3UIMH, MPEANOIaraloluil pa3aeeHue 1enaoro (CUCTEMbl) Ha YacTU
(371eMeHTHhI): LieJield Ha MOJLENH, 3a7a4 Ha M0A33Jauyld, B KOHEYHOM HUTOre 3TOT
IIOAXO/ IIPUBOJUT K IIOCTPOCHUIO IPEBOBUAHBIX CTPYKTYP — CTPYKTYPBI CIIOKHON
CHUCTEMBI CO BCEMH B3aUMOCBSI3IMH U J€peBa LEIEH.

[TonsiTne «60mBIIas CUCTEMAY» TOSIBUIOCH MPU MPUMEHEHUH CUCTEMHOTO TO/I-
X0Jla U CUCTEMHBIX UCCIEIOBAaHUMN ISl TOAYEPKUBAHUS OCOOEHHOCTEN 0OBEKTOB U
npo6sieM. OTMeTHM, 4TO OOJBIINE U CIOKHBIE CUCTEMBl - 3TO pa3HbIE KJIacChl
CUCTEM.

IIporpamMmHBIE CUCTEMBI SBISIOTCS Pa3HOBUIHOCTBIO CIOKHBIX CUCTEM. Pas-
paboTKa MPOrpaMMHOM CUCTEMBI JIJIi IPOCTOM M CIIOKHOM CHCTEMBbI OTJIMYAKOTCS
CBOEH MacmITaOHOCThIO B 00beMe M BpeMeHH. [103ToMy TYT MCHOJIB3YIOT METOA
JEKOMITO3UIIMH CIIOKHOCTU — pa30HMBAIOT HA MPOCTHIE CUCTEMBI, UCIIONb3Ys HIE€0-
JIOTHIO: JIy4Ille peuiaTb MHOIO MPOCTHIX 3a7a4, YEM OJHY CIIOKHYIO.

CyTh OAHOrO M3 MPU3HAKOB NPOrPAMMHBIX CJIOXHBIX CHUCTEM («U3JEPIKKa
MaciitTaba MmpoeKTa») COCTOUT B TOM, YTO YeM KpyIHEE MPOrPaMMHBINA MTPOEKT, TEM
OoJbIIe TPpynn pa3pabOTYMKOB 33JCHCTBOBAaHbI B €r0 peaiv3allii U TeM OoJibllie
WH()OPMAITMOHHBIX CBSI3ed MEXIy Tpymnnamud. HenwHEeWHBIH pOCT KOJWYeCcTBa
KOMMYHHUKATUBHBIX KAHAJOB MPUBOJIUT K HEIUHEHHOMY POCTY TPYIOEMKOCTH C
YBEIIMYEHUEM PA3MEPOB IPOEKTA. B 3aBUCHMOCTH OT CIOKHOCTH CUCTEMBI MOJ-
pa3lensoT Ha JIETKUE METOJOJIOTUH pa3pabOTKH, OPUEHTUPOBAHHBIE HA PELICHUE
JOKIBHBIX 3aJa4, W TSKEJIbIE METOJNOJOIMU, OPUEHTHUPOBAHHBIE HA CO3JAHUE
CJIOXHBIX MPOTrPaMMHBIX cUCTEM.  OTIWYUTENbHBIE OCOOCHHOCTH METO/I0JIOTUU
pa3pabOTKH MaJIbIX ¥ OOJIBIINX MMPOEKTOB MpHBeaeHO B Tabmie 3.4 [5].
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Hayxka o CJI0HBIX CHCTEMAaX — CUCTEMOJIOTHS ONPEACIISIET «CIOKHYIO CUCTE-
My» KaK CUCTEMY, CTIOCOOHYIO IPUHUMATh PEIIeHU. TepMHUH «CITOKHAS CHCTEMAaY
MMeeT MHOTOACIIEKTHBIA U HEOINpPEIeNeHHbIN XapakTep, KakK U MOHATHE «MHOXKe-
cTBO». K M3yueHHIO TEOpUH CUCTEM M CUCTEMHOTO aHaIu3a CIOKHBIX CUCTEM MBI
OTIIpaBJisieM K aBTopam padort [1, 3, 5, 10, 16, 19, 23-25].

Crnenyroiuii pu3HaK, Mo KOTOPOMY MbI IOJIKHBI TPUMEHHUTH MTOAX0]l UMUTA-
[IMOHHOTO MOJECIUPOBAHUS, 3TO HAIMYUE B PACCMATPUBAEMOMN CUCTEME «CIIOKHBIX
npoueccoBy». [1oJ1 TEPMUHOM «CJIOKHBIM MPOLECC» MOHUMAETCA TAaKOM IpoLece,
MPOTHO3 KOTOPOTO B IAaHHBIH MOMEHT BPEMEHU HEJOCTYIIEH TEXHOJOTUSIM MaTeMa-
TUYECKOTO MOJICIUPOBAHMS, WHAUY€ TOBOPS, HUCCIEIOBAHHUE PACCMATPUBAEMOIO
MpoIecca JISKUT Ha TPAaHH BO3MOXKHOCTEH MATEMaTHYECKOTO MOJCIIMPOBAHMS.
Hpyras xapakTepuCTHKa CIO0XHOTO MpoIEecca — 3TO MPOTEKAIOIINE MPOIECCHl B
cUCTEME. DTHU MPOIECChl MOTYT MPOTEKaTh OJJHOBPEMEHHO, HO OBITh Pa3HBIMU IO
MaciiTaly BpeMeHHu. B cucteme MOTYyT OBITh OBICTPONPOTEKAIOIINE U MEJICHHBIE
nporeccel. Kak yunteiBath 311 npouecchl? Kak opraHn3oBath, yYUTHIBATh BIUS-
HUE OBICTPOro mpoliecca Ha MEJJICHHBIN mpoliecc U Hao0opoT? BeisicHeHue BiIus-
HUW U aHAJIM3 STUX BPEMEHHBIX MAacIITab0B MPUBOJUT K CIOKHOW U KPOTIOTIUBOM
paboTe 1Mo BBHIOOPY WIJIM MOCTPOCHUIO OYEPEAHOr0 CIOco0a WM TEXHOJIOTUU CO3-
JaHWSI UMUTAllMOHHOW MOJIETIN.

Tabmuma 3.4
OcobeHHocTr pa3paboTKU MAIBIX U OOJIBIIUX MPOEKTOB

Maribie npoeKThI bonpmme npoexTsl
CroumocTb BHECEHUS Hespicokas Bricokas
V3MEHEHUN
TecHora cBsi3u ¢ paspa- CunbHas HezaBucumas
00TYUKOM
Bpewms xxuznum 111 Mauioe JlnurenbHOE
CtoumocTh pa3paboTKu Huskas Bricokas
['pynina pazpaboTku Hebonpias Bonpinas
ITepuon rutanupoBaHus Kopotkwuii JlmarenbHbIn
TpebGoBaHusI K KAUECTBY Hwuskue Bricokue
Ilony4yeHue pe3ysbTaToB 3a Majioe Bpemsi 3a GosipIIOe BpeMmsl
CoBepIieHCTBOBaHHUE OrpanudeHHoOe JlmarensHOE
MIPOEKTA

AHaJIN3 MPU3HAKOB MPUCYTCTBUS CIYYATHOCTH U CJIOKHOCTU CUCTEMBI MOKa-
3bIBACT, YTO HWMMTALMOHHAS MOJIENIb CO3/IA€TCA B TEX CIIydasiX, KOrja CHUCTEMa
00J1aJ1aeT HEKOTOPHIMU CBOMCTBAMH U KaUECTBAMM:

® [PUCYTCTBUE B CUCTEME CIyYaMHBIX BHEIIHUX W BHYTPEHHUX XapaKTepH-
CTUK;
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® HAJIM4YME B CHCTEME BHEIIHMX YIPABICHUW, KOTOPBIE JOJLKHBI 3a4aBAThC
U3BHE dKCIUTyaTaTOpaMu Oyylled UMUTAIMOHHON MOJENH AJI TOJTy4eHUS
MIPOTHO3a BHYTPEHHUX XAPAKTEPUCTHK;

® CHUCTEMA SIBJISICTCS CI0KHOM WJIM TPOMO3JIKOM, Y B HEM PEATU3YIOTCA
CJIOKHBIE ITPOLIECCHI;

® CHUCTEMa HACTOJBKO CJIO0XHas, YTO MOJEIb NPUXOAUTCI CTPOUTHh HA T'PAHU
BO3MO>KHOCTH IPUMEHEHHUS METO/Ia MAaTEMAaTUYECKOTO MOJEIUPOBAHUS.

Takum 006pa3om, OCHOBHBIMH O0BEKTAMHA UMHUTAIIMOHHOTO ¥ KOMIUIEKCHOTO
MOJEIUPOBAHUS ABJISIOTCS CIOKHBIE TPOLIECCHI K CUCTEMBI, JJISI KOTOPBIX Xapak-
TEPHO:

— KOMILUIEKCHOCTh M 0OJIbIIIasi pa3MepHOCTh (COCTaBHBIX OOBEKTOB M UX Ia-

pameTpoB);
— HEPAPXUYHOCTH MTOCTPOEHHUS U HAIMYUE MHOXKECTBA TOPU3OHTAIBHBIX U
BEPTUKAJIBHBIX CBsA3el (B TOM YHCIIC M OOPATHBIX);

— OoJIbIIas pacpEeAeICHHOCTh U yIaJIEHHOCTh OOBEKTOB U CUCTEM B IIPO-
CTPAHCTBE;

— HaJU4Yue OTPOMHBIX MOTOKOB JIAHHBIX, UHPOPMAIIUU U 3HAHUHU, IUPKYIIU-
PYIOIIMX B KOHTYpaXxX YIPaBJICHUS CIOKHBIMH O0OBEKTAMU U CUCTEMAMH.

B cBs13u ¢ 3TuM, 0€3ycioBHO, BO3pacTaeT pojib U 3HAYEHUE CPEJCTB aHAIN3a
GYHKIIMOHUPOBAHUS M TIPOTHO3a MOBEICHUSI CIIOKHBIX CHCTEM.

B Hux mogoOHO uccienryeMbIM O00BEKTaM W CHCTEMaM JIOJKHBI MCIOJIb30-
BaTbCsl HauOoJIee PE3yIbTATUBHBIC TEOPETUYECKUE MOIXO/IbI, OHU JOJHKHBI ObITh
TEXHOJIOTUYECKU COBPEMEHHBI, MOHSATHBI U IOCTYITHBI UCCIEIOBATEIISIM.

Hcnonb30BaHHE KOMIBIOTEPHOIO HWMHUTALNMOHHOTO MOJECIUPOBAHUSA IS
CJO0>KHBIX CUCTEM TO3BOJISIET:

OTIPEJICINTH BHEITHHUE IMapaMeTPhl U3y4aeMOTO MPoliecca Uil 00bEKTa;

— BBISIBUTh 3aKOHOMEPHOCTH, KOTOPBIE YaCTO HEJOCTYMHBI MPU HAOIOICHUU
B €CTECTBEHHBIX YCIOBHUSIX;

— ONPEAECIUTh MApAMETPHI, ONTUMHU3UPYIOIIUE MPOTEKAHUE UMHUTHPYEMOIO
Ipo1ecca;

— BBISIBUTH CBA3U UMUTHPYEMBIX SIBJICHUN C 3aJaHHBIMHU MapamMeTpamMu KOM-

MBIOTEPHOU MOJEH U JP.

3.6. OcHoBHbIe MeTogonorum (Nnoaxoasl) B UMMTaLMOHHOM
MOOEeNMpPOBaHMM
Cmamucmuueckuii no0xo0 K pazpadomke umumayuonnou mooeau. 11ouns-
THE «MMHUTALMOHHOE MOJCIMPOBAHUEY MEPBOHAYATIBLHO MOSIBUIIOCH B TEOPUU CITY-
YailHBIX MPOIIECCOB U MAaTEMATUYECKON CTATUCTUKE KaK CIIOCOO BBIYHMCIICHUS CTa-
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TUCTHUYECKUX XAPAKTEPUCTUK CIIyYaHHBIX MPOLECCOB MYTEM MHOTOKPATHOTO BOC-
IIPOU3BEJEHUSI TEUYEHHs IpoIecca C MOMOIIBI0 MOJEIM 3TOr0 mpouecca. ITOT
MOJIXO0J1 K UCCIEAOBAaHUIO pealbHOro mpoliecca ObUT Ha3BaH METOJIOM CTaTUCTUYE-
CKMX ucnblTanuii (MetogoM Monte-Kapino). Moaenu 31echk cTposiTcs Juist siBIie-
HUW U cucTeM OOBEKTOB, BXOJIbI U (WJIK) (PYHKIIMOHATIBHBIE COOTHOIICHUS MEXTY
pPa3IMYHBIMA KOMIIOHEHTAMU KOTOPOH COAEpKAT AJIEMEHTHI CIy4allHOCTH WJIU
MOJTHOCTBIO CIIYYalHBIX MPOLECCOB, MOJYUHSAIONIMECS BEPOATHOCTHBIM 3aKOHAM.
Peanuzanms peniennsi BEpOSITHOCTHONW MOJEIN PEATBHOTO OOBEKTa OCYIIECTBIIS-
ercsa Ha DOBM. MamirHHas UMUATaLMS TO3BOJISIET UCCIIEIOBATh MOJIENb, KaK B OIl-
peeIeHHbIE MOMEHTBI BPEMEHH, TaK U B T€UCHHUE MPOJOJIKUTEIbHBIX MEPUOOB
BpeMeHU. {7151 HaXOXKeHUsl YCTOMYMUBBIX PEIICHHUH (XapaKTepUCTUK) MPU YUCIICH-
HOM CTaTHCTUYECKOM MOJCIMPOBAHUU TPeOyeTCs €ro MHOTOKPATHOE BOCIPOU3-
BEJICHUE C TIOCIIEAYIOICH CTaTUCTHYECKOW 00paboTKOM. 37eCh MPOBOAUTCS UMU-
Talusl BO3JCHUCTBUSI MHOTOUMCIICHHBIX CIyYaHBIX (PAKTOPOB Ha pa3IMYHbIC dJie-
MeHTbl Moenu. Kaxaoe Bo3AelCTBUE HAa MPOLECC B MOJEIU MPEACTABISETCS B
BUJIE «PO3BITPHIIIA» CIYYaHHOTO SIBJICHHS C IMTOMOIIBIO TPOLEAYPHI, JAOIIEH CITY-
YaliHbI pe3yibTaT. MHOXKECTBO TaKHUX peaju3aluil B XOJE OJHOr0 BapUaHTa
UMUTAIIUU JaeT OJHY pealn3aluio (UCTOPHUIO) Mpolecca. 3aTeM BBIYUCISIOTCS
CPEIHHUE CTATUCTUUECKUE XapPAKTEPUCTUKHU [0 MHOTUM UCTOPHSIM.

Co3naHne BEpOATHOCTHOM MOJENU, MpuMeHeHne meroga Mounre-Kapio s
«MMUTaLUW» U ero peuienrne Ha OBM s onpenesieHns: XapakTEpUCTUK U mapa-
METPOB  HCCIIEAYEMOIO PpEAJBHOTO SIBJICHWS HA3bIBAIOT  6EPOAMIHOCHIHO-
UMUMAYUOHHBIM MOJEITUPOBAHUEM.

[Toaxox pa3paObOTKM MMHUTALMOHHBIX MOJEJEl Ha OCHOBE MeToja MoHTe-
Kapno sBisgercs KiacCMYECKMM MOAXOJAOM B MOJICKYJISIPHOM, CTaTUCTHUYECKOW,
HEHUTPOHHOM, KBAHTOBOM (pU3MKE, re0O(PU3UKE, ra30BOM TUHAMHKE, a TAKKE B TE€O-
pusix QuiIbTpalvu, TEepeaadnd W 3amuThl uHpopMauu u T.J. PazpaboranHbie
MOJIESIA Yalle BCEro SABJISIOTCS HAYYHO-HUCCIIEAOBATEIbCKUMU MoAensiMu. [lpu-
MEpbI BEPOSITHOCTHO-UMHUTAIIMOHHBIX MOJIENIell MOYKHO PacCMOTPETh B padboTax [2,
3].

Ha coBpeMenHOM 3Tarne B UMUTAIIMOHHOM MOJCIIUPOBAHUHU PEATbHBIX O0BHEK-
TOB U CJIOKHBIX CHCTEM YCJIOBHO BBIJICJIUIIUCH YETHIPE OCHOBHBIX IMOIXOJA: MO-
JETMPOBAHNUE JTUHAMUYECKUX CHCTEM, JUCKPETHO-COOBITUMHOE MOJCIMPOBAHUE,
areHTHOE MOJICJIMPOBAHUE M CUCTEMHAsl TMHAMUKa. B COOTBETCTBUU C 3TUMHU Ha-
MPAaBJICHUSIMU PEAIU3YETCSI HEMPEPBIBHBIN, AUCKPETHBIA, ar€HTHBIM MOAXOIbI K
MOJICJIUPOBAHUIO M TMOAXOa cUcTeMHOM auHamuku[32,39-41]. B Ttabmume 3.2

npeaAcCTaBJICHbI OCHOBHBIC ITOAXO0AbI B MMUTAITMOHHOM MOACIUPOBAHHM.
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CucremMHas TUHAMUKA W JTUCKPETHO-COOBITUHHOE MOJCIMPOBAHUE — TPAJIU-
IIMOHHBIC YCTOSBINHUECS TOMXOJbBI, ar€HTHOE MOJEIUPOBAHNE — OTHOCUTEIHHO
HOBBIN moxo1. [Togxoa AMHAMHUYECKOTO MOICITUPOBAHUS ITO3BOJISIET YBUACTH I10-
BEJICHNE MOJICIM BO BPEMEHH TPU JIBIKCHUH B TPONUIOE (I MOTYYEHUS UCTO-
PUYECKOTO Pe3yJIbTaTa) U B Oy ryiee (Il BBISIBJICHUS BO3MOXKHBIX UCXOJIOB).

[Ipu m3MeHEeHNH MapaMeTpPOB MOJIETN MOXKHO BBISBUTH 3aKOHOMEPHOCTH SIB-
JICHUS M HAaXOJIUTh ONTUMAJIbHBIC pPeIIeHUs. MaTeMaTHYCCKU CHCTEMHAs JTUHAMU-
Ka U TMHAMHYECKUE CHCTEMBI ONEPUPYIOT B OCHOBHOM C HENPEPHIBHBIMHU BO Bpe-
MEHHU TIPOIIECCaMHM, TOTJa KaK JUCKPETHO-COOBITHHHOE M ar¢HTHOE MOJCITHPOBa-
HUE — B OCHOBHOM C IUCKPETHBIMHU.

Tabmuma. 3.2.
[Toaxoapl B UMHTAIIMOHHOM MOJICTHPOBAHUHT

JuckperHo-

. ArenTtHoe MOji€e-
COOBITUITHOE MO-

J_—[I/IHaMI/I‘IeCKI/IC CHUC- Cucremuas

TEeMBbI JTUHAMHKa JUPOBaHUE
JEeTMPOBAHUE
[Tpoueccol HenpepobiBHbIE HenpepsiBabie | [luckpeTHbIE JuckpeTHbie
Hakonurenu ATeHTBI
[IepemenHsIe co- 3asBKU
OOBEKTHI (Hepaznuuu- (aKTHBHBI U UH-
CTOSIHUS (TaccUBHBI)
MBI) JTUBUTyaJIbHBI )
. Anrebpo- [ToTrokoBEIE HA-
Bzaumoneit- [Ipsimoe u He-
g depeHIranIbHbIe [ToTokm IpaMMBbI
CTBHUE npsiMoe
ypaBHEHUSA Cetn
VYposenb ab- . . . .
P Huzkuit Bricokuii Cpennuit JTro0oit
CTpaKIUU

Jluckpemno-codvimuiinwtii n00X00 K pazpadomke UMUmMAWUOHHBIX MOOe-
Jieil. DTOT MOJXO0Jl IMIMPOKO HCHOJB3YETCS B TEOPUU MACCOBOTO OOCITYKMBaHUA,
KOTOPBIA HM3y4aeT IIMPOKHM KJIACC CIYyYaMHBIX ITPOLECCOB B CUCTEMAxX PacCIpo-
CTpaHeHHs] MH(pOpMaIK, WHOOPMAITMOHHO-KOMMYHUKATUBHBIX CHUCTEMaxX (KOM-
IBIOTEPbI, UHTEPHET, CBSI3b U T.J.) U B PA3JIMYHBIX OTPACIIIX MAaCCOBOIO 0OCITYKHU-
BaHUs (3KEJIE3HOJOPOXKHBIA, aBTOMOOMJIbHBIN TPAHCIIOPT, a3pONOPTHI, MOJUKIIN-
HUK{, CaHATOpPHBbIE U JieueOHbIE YUPEKICHHUsI, JIIOObIE TOPrOBBIE MPEATPUSATHS,
cdepsl 00ciyxuBaHus U Ap.). [lprBegemM HEKOTOPBIE MOSCHEHUS.

Cucrema maccoBoro oociyxuBanusi (CMO) npennasHavueHa it 00CTyKUBa-
HUS MOTOKA 3a8BOK, MOCTYNAIOLIMX Ha KaHal O00CIyX)uBaHUs (MIpUOOp) B Ciaydyai-
HbI€ MOMEHTHI BpeMeHH. OOCTy)KMBaHUE 3asBKH TaKXKe JUIMUTCS CIIydallHOE BpeMsl.
[Tpouecc padotet CMO siBAsieTCst CydyallHbIM C TUCKPETHBIMU COCTOSTHUSIMU M He-
IIPEPBIBHBIM BpeMeHeM. JlJIsi CTaMOHApHBIX M MYyaCCOHOBCKHMX MOTOKOB CYIIECT-
BYIOT aHaJIMTHUYECKHE MoAXoAbl (ypaBHeHUs KoamMoropora) Kk H3y4EHHMIO 3THUX
IIPOLIECCOB, MO3BOJIAIOIIMX ONPEACIIATh XaPAKTEPUCTUKH (CPEIHEE YMCIIO 3asBOK,
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cpelHee BpeMs 00CIIy>)KMBaHUS OJAHOW 3asiBKH, BEpOATHOCTH HaxoxaeHuss CMO B
JUCKPETHBIX COCTOSIHUSIX U Jp.) KAaK OJIHOKAHAJIBHBIX, TAK MU MHOT'OKaHAJIbHBIX
CMO. Eciu noTok HE MyacCOHOBCKHM, TO MOJIyYeHUE aHATUTUYECKUX (opmyl He
BO3MOYKHO, 3/I€Ch UCIOJIb3YETCA «MMHUTaLUsD — Ucnolyib3oBanue DBM mia peanu-
3anmu ciydaitHoro npouecca CMO c¢ nocneaytoieid 00paboTKoN pe3ynbTaToOB Me-
TOJAAMH MaTEMaTUYECKON CTATUCTUKH. /(151 MoaennpoBaHusl peanbHOro mpouecca
3/IECh CO3HAETCA HEKOTOpas IMpOrpaMMHasi yCTaHOBKA, HA KOTOPOW IPOBOMSTCS
BBIYHMCIIUTEIbHBIE SKCIEPUMEHTBHI.

Pa3paboTanHbie UMUTAIMOHHBIE MOJIEIH JJII OTPACcId MacCOBOTO OOCTY>KH-
BaHMs Yallleé BCEr0 MCIOJIb3YIOTCS HEMOCPEACTBEHHO ISl aHajiu3a MPOU3BOJCT-
BEHHBIX 3a/a4.

Ilo0x00 cucmemnou ounamuku /Inc. @oppecmepa. [l aHan3a CloX-
HBIX CHUCTEM C HEJIMHEHHBIMU OOpAaTHBIMU CBSI3IMU HCIOJB3YETCS] PUHLIUIT CHC-
TeMHOM OuHaMUKH. CHCTeMHas JTUHAMUKa — MapaJurMa MOJEIUPOBAHUS, TIE
JUISL UCCIIETyEMOM CUCTEMBbI CTPOSITCS rpauueckue AMarpaMMbl IPUUYUHHBIX CBS-
3eil U I00aNbHBIX BIUSHUN OJHUX MapaMeTpOB Ha JAPYTHE BO BPEMEHH, a 3aTEM
CO3JaHHasl Ha OCHOBE 3THUX JHMAarpaMM MOJEIb UMUTHPYETCS Ha Komnerorepe. [1o
CYTH, TaKOW BUJ MOJEIUPOBaHUs 00Jiee BCEX IPYruX MapaJurM OMOraeT MoHsATh
CYTh MPOUCXOJSAIIETO BBISBICHUS MPUUYUHHO-CIEACTBEHHBIX CBSI3€H MEXIy 0O0B-
eKTaMH U siBJIeHUsMU. C MOMOUIBI0O CUCTEMHON JMHAMHMKHU CTPOSIT MOJEIU Ou3-
HEC-TIPOLIECCOB, PA3BUTHS FOPOJA, MOJEIH POU3BOICTBA, TUHAMUKY ITOITYJIALNH,
DKOJIOTHM U Pa3BUTHUSA dNUIAEMHUH U apyrue. Meron ocHoBaH . Doppecrepom B

1950-x rogax.
CucremHas [TUHaAMHKa KaKk METOJ MMHUTAIMOHHOTO MOJECIMPOBAHMS BKIIIOYa-
eT B ceOs:
® CTPYKTYpH3aIUIO O0BEKTA;
® TOCTPOCHHE CUCTEMHOW JUarpaMMbl OOBEKTa, TJI€ YKAa3bIBAIOTCS CBSI3U Me-
KLy DIIEMEHTAMU;
® OIPEICIICHUE NIEPEMEHHBIX ISl KQXKIOTO AJIEMEHTA U TEMIIOB X POCTAa;
® [IPUHATHUE TUMOTE3 O 3aBUCUMOCTH KaXKJ0r0 TEMIIa pOCTa OT MIEPEMEHHBIX U
dbopMalibHOE OTHCAHKE ITUX THIIOTE3;
® [IPOLIECC OLUECHKU BBEJCHHBIX MMAPAMETPOB C MTOMOIIBK UMEKOIIENCS CTaTH-
CTHUKHU.
JI714 TOCTpOEHUS M UCCIIENOBAHUS MOJIEIIEN C OMOILBIO METOAA CUCTEMHOU
JTUHAMUKH pa3pab0TaH CeHAbHBIN 361K MporpammupoBanus DYNAMO.
Mognens DoppecTepa BKIHOYAET CICAYIOUINE 3JIEMEHTHI:

® ypOBHU (peCypchl);
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® [I0TOKH, IEPEMEIAIONINE COAECPKUMOE OTHOTO YPOBHS K IPYTOMY;

e pyHKIIMU pelIeHUI, KOTOPhIE PEryIUpYIOT TEMIIbl MOTOKa MEXIY YpPOB-

HSIMU;
e KaHaJIbl HUH()OPMALIUU, COSTUHSIONTNE (PYHKIIMU PEIICHUH C YPOBHSIMH.
YPOBHM XapaKTEPHU3yIOT BO3HUKAIOIINE HAKOIUIEHUS] BHYTPU CUCTEMBI. DTO

MOTYT OBITh 3arOTOBKH, KOMIUIEKTYIOLIME WM TOTOBas MPOMYKIHSA, CTPaxoOBbIE
MeEXKOIepallMOHHbIE 3aIlachl, MPOU3BOACTBEHHBIE IUIOLIA/NA, YUCIEHHOCTh pabo-
TaIOUMX, (PUHAHCOBBIE PECypCHl U T. M. KaXkaplil ypOBEHb OMUCHIBAETCS €TO Mepe-
MEHHOW BEJMYMHOM, 3aBUCSIIEH OT Pa3HOCTH BXOJAIIUX U UCXOSIIUX MOTOKOB.
Temnbl onpenensoT CyIIECTBYIOLIUE MIHOBEHHBIE IOTOKH MEXIY YPOBHSMH B
CUCTEME M OTPAXKAIOT paboTy, B TO BPEMsI KaK YPOBHU U3MEPSIOT COCTOSTHUE, KO-
TOPOTO CHCTEMA JOCTUTAET B PE3YJIbTATE BHIIIOJHEHUSI HEKOTOPOM pabOTHI.

@OYHKIUU pelIeHUH (WM YpaBHEHUs TEMIIOB) MPEICTABISAIOT co00il Gpopmy-
JUPOBKY MpaBuja MOBEACHUS, ONPEACISAIONIYI0, KAKUM 00pa30oM MMEIOIIAsICs NH-
dbopmanys 00 ypOBHAX MNPUBOJIUT K BHIOOPY PEIIEHUI, CBSI3aHHBIX C BEJIMYMHAMU
TEKYLIUX TEMIIOB.

bazoBas ctpykrypa monenu Doppectepa, nIpeacTaBiIeHHas Ha pucynke 3.15,
MOKA3bIBACT TOJBKO OJHY CETh C AJIIEMEHTApHON CXeMON MH(OPMAaLMOHHBIX CBS-
3el MEeXAy YpOBHSMU M TemMnamu. YUToObl OTpa3uTh JAESITEIBHOCTh BCETO IMpO-
MBILUIEHHOTO MPEANPUATHs, HEOOXOAUMbI HECKOJIBKO B3aUMOCBSI3aHHBIX CETEHl.
BbIaenstoT mecTs TUMOB CeTel, MPEACTABIAIONIMX CYIIECTBEHHO Pa3INYHbIE TH-
bl NIEPEMEHHBIX: 3aKa3bl, MaTepuajbl, JCHEXKHBIE CPEJCTBA, pabOuyl0 CUIy U
000pyI0OBaHUE, COENMHEHHBIX BOECIUHO C MOMOIIBIO ceTH MH(popmauuu. Jrobas

13 3THX CETEH MOXKET ObITh pa30uTa eIlle Ha HECKOIbKO OT/ACIbHBIX YacTeH.

O

YpoBeHb

O

Or

VYpoBeHn

VYpoBeHb

] - - CDVH](LII/II/I DCIICHUS
:> Kanan motoka

-
-

Hcrounuku nadopmanmu

Puc. 3.15. bazoBas ctpykrypa mozenu doppecrepa
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HNudopmanroHHas ceTh CIYXUT I OCTAJIbHBIX CETEH COeANHUTENFHON TKA-
HpI0. OHa mepeHocUT UHPOPMAIMIO OT YPOBHA K TOUKAM PEIICHUH, a TaKKe MH-
¢dopmanuio o TeMnax B IBYX CETsIX K YPOBHSIM B ceTH nHpopmanuu. B camoii cetn
uHbOpMaIlMU TOXKE CYIIECTBYIOT YPOBHM U TeMiibl. Hampumep, undopmarus o
(paKkTHUECKOM TEKYIIEM TEMIIE B TOTOKE MAaTEPUAIIOB YCPEIHAETCS JIJIsl OIpeieie-
HUSl YPOBHS CPEIHEr0 TEMIIa MOTOKa MaTepuasoB. DTOT YPOBEHb OTHOCUTCS K Ce-
TH UH(pOPMAITUH.

baszoBast cTpykTypa Mojenu AOMOJHSAETCS CUCTEMOM ypaBHEHUH, KOTOpbIE
CBSI3BIBAIOT XapaKTEPUCTUKU YPOBHEH 3TOM CTPYKTYphl. B ocHOBHOM 3Ta cucrema
COCTOWT U3 YPaBHEHUH JABYX THUIIOB: YPaBHEHHUS yPOBHEH U ypaBHEHUS TEMIIOB.

[Ipu mocTpoeHuM ypaBHEHHUN BpPEMEHHAas OCb pa30MBAETCSl HA MHTEPBAJIbI

AT. . .
BPEMEHH I MEXJY i-M U j-M MOMEHTaMH BPEMCHH.
HosBrle 3HaueHus yp0BH€ﬁ pacCUUThIBAKOTCA Ha KOHCI HHTCpPBaJia, U IIO
At

HUM OMPEIEIAI0TCA HOBBIE TEMIIbI (PEIICHHUS]) JUIsl CIIETYIONIEro HHTepBaia ~ i+,

YpaBHEHUS YPOBHS UMEIOT BHUI:

Qij = Qi +Az-kj ZQZ{ _Zq;,ji
X X! , (3.11)
e X, €X', % ex", xX'Ux"=x.

X - MHOXECTBO YPOBHEH, CBSI3aHHBIX C 1-M YPOBHEM;

Qij — 3HaY€HUE 1-TO YPOBHS B -l MOMEHT BPEMEHHU;

ATkj — BEJIMYMHA UHTEPBaJia OT MOMEHTa BPEMEHHU K 10 MOMEHTa BPEMEHH j;

K, ]
qxl,i — TEMIIbI IIOTOKOB, BXOJAIIMX B 1-i YPOBEHb B MHTEPBAIEC MEXKIY MO-

MeHTaMu Kk H j;

K, ]
qxz,i — TEMIIbl MMOTOKOB, BBIXOJASIIMX M3 1-TO YPOBHSI B MHTEpPBAJIC MEXKAY

MOMEHTaMHU BpEMeEHHU K 1 j.
IIpumep ypaBHEHUA TEMIIA:

ki _
q;" =S, /At, (3.12)
r71e S ¢ - BEIMYMHA YPOBHS, OTPAKAIOIIETO 3aIa3IbIBAHIE B MOMEHT BPEMEHU
k; At - xoucranra (cpenHee Bpemsi), HEOOXOIUMOE ISl PEOAOJICHHS 3aIa3bl-
BaHWUA.

Dtamnel noctpoeHus: moaenu doppecrepa:
1. Tloctpoenne 06a30BOil CTPYKTYphl MOJEIH B BUJE CHCIHATU3UPOBAHHOTO

rpada;
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2. Ilapametpusanus rpada U MOCTPOECHHUE COOTBETCTBYIOIIECH CHCTEMBI ypaB-

HCHU;

3. Onucanue MoJy4eHHOM MO Ha OJIHOM M3 SI3BIKOB U CHUCTEM IPOTrpaM-

MHPOBAHHUS U MTPOBEJCHUE SKCIIEPUMEHTOB.

K 4mucny 1OCTOMHCTB MOAEIN OTHOCATCS: BO3MOXKHOCTh OTPa)XaTh MpPaKTHU-
YEeCKH JII0OYI0 MPUYNHHO-CIICCTBEHHYIO CBSI3b; MPOCTasi MareMatudeckas hopma;
HCIMOJIb30BaHNE TEPMUHOJIOTHH, CHHOHUMUYHOM SI3bIKY YKOHOMHUKH U IPOU3BO/I-
cTBa. J{7s1 OCHOBHBIX (Pa30BBIX MEPEMEHHBIX (TaK HA3BIBAEMBIX CHUCTEMHBIX YPOB-
Hel) UCToB3YIoTC AudpepeHImanbHbe ypaBHEHUs OJTHOTO BUA!

&y _ y -y
& , (3.13)

+ ) ) 9
rac y — IMOJOKUTCIIbHBIN TCMII CKOPOCTH IICPCMCHHOH Y, BKIIIOUAIOIITNH B

ce0s1 Bce (haKTOPbI, BBI3BIBAIOIINE POCT MIEPEMEHHOM Y;

Y — oTpHIaTeNbHBIA TEMIT CKOPOCTH, BKIIFOYAIOIINI B ce0st BCe (aKTOPHI,
BBI3BIBAIOIINE YOBIBAHUE IEPEMEHHOM Y.

[Ipenmnonaraercs, YTo 3TH TEMIIbl PACHICIISAIOTCS HA MPOU3BeICHUE (DYHK-
UM, 3aBUCSIIMX TOJBKO OT "(paKkTOpoB" — KOMOMHAIIMN OCHOBHBIX NIEPEMEHHBIX,
T.., B CBOIO OuY€pellb, CaMHUX SIBISIOMIMXCS (YHKIIUSIMH CUCTEMHBIX YpPOBHEM:

yi = g(y17 Yo ---’Yn): f(F1’F2’ e Fk): fl(Fl)fZ(FZ)"'fk(Fk)’

e F, = gj(yil,..., Yi ) (haxtopsi, mpidem M= m(j)<n, k<n,n—uucro yposnei . Te.
(haKTOpOB MEHBIIIC, YeM OCHOBHBIX NMEPEMEHHBIX, U KXl (DAKTOP 3aBUCUT HE
OT BCEX CUCTEMHBIX YPOBHEM, a TOJIBKO OT KAKOM-TO UX YAaCTU. DTO MO3BOJISIET YII-
POCTUTH 33J1a4y MOJICIUPOBAHUS.

Monens @oppectepa — mpocTasi, ICHas U MoJie3Hast MOJIeNb — WILTIOCTPUPY-
€T MHTEPECHBINH MOJAXO0] K MOJCIUPOBAHUIO CJIOKHBIX HEJIIMHEHHBIX CHUCTEM. 3a-
JyMaHHas KaK Y4eOHBIN MpUMep MPUMEHECHHS METOJIa CUCTEMHOM TUHAMUKH, OHa
cTajga HeKUM 00pa3lioM ISl IOCJIEAYIOMUX padoT, MPUBIIEKIa BHUMAHUE K MPO-
OJleMe MHpPOBOHM JMHAMUKH, Jlajia TONYOK K MPOBEJACHUIO JIPYTUX UCCIICIOBAHUIA,
YTO MPHUBEJIO K IMOSBJICHUIO 1I€JIOr0 HAIMpPaBJICHUS, MOJYYUBILIEr0 Ha3BaHUE TJIO-
OabHOTO MOJCTUPOBaHUs. Moaenb IPUMEHSICTCS JIJI POTHO3UPOBAHMS DKOJIO-
ruu, neMorpadun, prUHaAHCOBOTO aHAIM3a, SKOHOMUKH U COLIMOJIOTHH.

IIporpaMMHBIMU CpeICTBaMH, MOIJACPKUBAIOMIMMUCS TOAXO0J CHUCTEMHOM
nuHaMuKU (B dactHocTH Mojenb Doppecrepa), seisiorcs: AnyLogic, Arena,
SimBioSys, eM-Plant, Tecnomatix Plant Simulation, SimuLab, VenSim,
PowerSim, Stella, Ithink, ModelMaker u ap. Jlis mocTpoeHust MOJIENICH B HUX HC-
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MOJIB3YIOTCSl TpadUyecKoe MPEJCTaBICHUE 3aBUCUMOCTEN MEPEMEHHBIX, B BUJE
Tak Ha3piBaeMbIX «stock and flow diagramsy.

AzenmHulit n00X00 K pazpadomke UMUMAUUOHHBIX MOOelell — OTHOCH-
TeapHO HOBOE (1990-2000-¢ rT.) HanmpaBIeHNE B UMUTAIIMOHHOM MOJICIIMPOBAHUH,
KOTOPO€ HCIIOJB3YETCs I UCCICIOBAHUS JICLICHTPAIIM30BAHHBIX CUCTEM, JMHA-
MUKa (QYHKITMOHUPOBAHHS KOTOPBIX OMPEIEIACTCS HE TI00ATBHBIMU TIpaBUIaMu U
3aKoHaMH (KaK B JIPYrUX MapajurMax MOJEIUpPOBaHUS), a HA00OPOT, KOr/a A3TH
I00aTbHBIC TIPABMIIA U 3aKOHBI SBJISIFOTCS Pe3yJbTaTOM WHIUBHUIYaTbHOW aKTHB-
HOCTH WJICHOB IpyIIibl. Llenb areHTHBIX MojieNielt — MOJy4UuTh MpeiCTaBlIeHne 00
ATUX TJIOOATHHBIX MPABWIIAX, OOIIEM MOBEICHUH CUCTEMBI, HCXOSI U3 MPEIIOJIO-
KEHUW 00 MHAMBUIYATLHOM, YaCTHOM MOBEJICHUH €€ OT/IETbHBIX aKTUBHBIX 00b-
€KTOB U B3aMMOJICCTBUU ATUX OOBEKTOB B CUCTEME. AT€HT — HEKasl CYIIHOCTb,
oOnajaroniasi aKTUBHOCTHIO, aBTOHOMHBIM IIOBEJICHUEM, MOXKET NMPUHUMATH pe-
IIEHUS B COOTBETCTBUU C HEKOTOPHIM HA0OPOM IpaBUJl, B3aUMOJICHCTBOBATh C OK-
PY>KEHUEM, & TAKKE CAMOCTOSTEIIEHO U3MEHSTHCS.

ATEHTHOE MOJICTTUPOBAHUE SIBJSIETCS MOIIHBIM UHCTPYMEHTOM UCCIIEIOBAHUS
IIPOIIECCOB ABOJIIOIUU CIIOKHBIX COLIMAIBHBIX CUCTEM. ATE€HTHBIE CUCTEMBI COCTO-
AT U3 CICAYIOIIUX OCHOBHBIX KOMIIOHEHTOBR:

® MHO>XECTBO CHUCTEMHBIX €IMHHI], B KOTOPOM BBIJICTSIOTCS MOJIMHOXKECTBO

AKTUBHBIX €IMHUI[ — areHTOB, MaHUIYJIUPYIOIIUX MOJMHOKECTBOM Iac-

CUBHBIX €UHUI] — OOBHEKTOB,

ecpena, T. €. HEKOTOPOE MPOCTPAHCTBO, B KOTOPOM CYILECTBYIOT areHThl U

OOBEKTEI;

® MHOKECTBO 3aJ1a4 ((PyHKIUH, poieil), KOTOpble MOPYYarOTCsl areHTaM;

® MHOKE€CTBO OTHOIICHUH (B3aUMOJICHCTBUI) MEXKIY areHTaMu;

® MHO>KECTBO OPTaHU3AIlMOHHBIX CTPYKTYpP (KOH(uUrypanuii), GopMUpyeMbIX

areHTaMu;

® MHOKECTBO JICUCTBHI areHTOB (HaIpUMeEp, PA3IMYHbBIX ONEpalvii Hajl 00b-

€KTaMU UM KOMMYHHKATUBHBIX aKTOB).

B3anmoeiicTBrE areHTOB 03HAYaeT YCTAHOBJICHHUE ABYXCTOPOHHUX U MHOTO-
CTOPOHHUX JUHAMHUYECKUX OTHOILICHUH MEXIy areHTamu. BzauMoaencTBus Mex-
Ny areHTaMU MMEIOT OIpECIEHHYI0 HAMpPaBJIECHHOCTh — IMOJOXKUTEIbHYIO WU
OTPULIATENBHYIO, T. €. HOCAT XapaKTep COACHUCTBUS WJIM MPOTHUBOACHCTBHUS, MPHU-
TSOKCHUSI WIM OTTAJKUBAHUS, KOOINEpalMd WM KOHKYPEHIUH, COTPYIHUYECTBA

WM KOH(IMKTA, KOOPUHAIIMN WK CYOOpAUHAITUH U T. II.
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B3anMocBs3u 1 B3aMMO3aBUCUMOCTH MEXKY areHTaMu XapaKTEepHU3yIOTCs He-
KOTOpPOM CHUJIOM (MHTEHCHUBHOCTHIO). B3auMojeicTBUS MEXy areHTam JuHa-
MUYHBI.

ATEHTHBIN MMOXO0]] TIO3BOJISIET MCCICIOBATh 3aa4l KOJUIEKTUBHOTO B3aWMO-
nercTBus, 3OPEKTUBHO pelaTh 3a7adyd MPOTHO3UPOBAHUA. ATEHTHBIE CHCTEMBbI
MO3BOJISIOT UCCIIEI0BATh MPOIIECCHl CAMOOPTaHU3AINH, Tal0T BO3MOKHOCTh €CTe-
CTBEHHOTO OMHCAHMS CIOXHBIX CHUCTEM, O00JaJar0T BBICOKOW TrMOKOCThIO. B Ha-
CTOSIIIIEE BPEMS BBITIOJIHIETCS] HECKOJIBKO MPOEKTOB IO pa3paboTKe MHOTOAreHT-
HOM CHCTEMbI MOJEIMPOBAHUS MPOIIECCOB KOOMEpalMu U caMmoopranuzaiuu. 1o
JTAHHOMY TIOJIXOTy pa3paboTaHbl S3BIKM MMUATAIIMOHHOTO MOACIUPOBAHUS: Swarm
(Objective C) u ero pactmperne MAML - MysIbTHAareHTHBIN SI3BIK MOJICIIPOBA-
Hus, SimAgent, SimBioSys, C++, Java, AgentSpeak, TeleScript, Oz u mp.

ATEHTHBIN MOAXO0/ MO3BOJISIET UCCIIEIOBATh 33/1a4d KOJUIEKTUBHOTO B3aWMO-
nercTBus, 3PpGEKTHBHO PEMIaTh 3aa49i IPOTHO3UPOBaHUS. MHOTOAreHTHBIE CHC-
TEMBI TO3BOJIAIOT UCCIIEA0BATH MPOIIECCHl CAMOOPTaHU3AIUH, TAI0T BO3MOXKHOCTh
ECTECTBEHHOTO OIMCAHMS CIIOKHBIX CHUCTEM, O0Jalar0T BBICOKOW THOKOCTHIO. B
HACTOSIIIEe BPEMsl BBIMOJIHSAETCS HECKOJIBKO MPOEKTOB MO pPa3paboTKe MHOTO-
areHTHOW CHUCTEMBbI MOJICITMPOBAHMS MPOIIECCOB KOOTEPAIIUY U CAMOOPTaHU3AIIHH.

AHanu3 S3bIKOB U CPEJICTB aBTOMATH3AIMU UMHUTAIIMIOHHOTO MOJCIUPOBAHUS
MOKAa3bIBACT, YTO CYIIECTBYET MHOXKECTBO IMPOTPAMMHBIX MPOIYKTOB, KOTOPBIC
OJIHO3HAYHO, @ HEKOTOPHIE YCIIOBHO MOKHO OTHECTH K COOTBETCTBYIOIIUM TOJIXO-
JlaM K UMUTaIIMOHHOMY MOJIETUPOBaHUIO (CM. Tabnuiry 3.3).

Ta6muma 3.3
CucreMbl UMUTAITMOHHOTO MOJCIUPOBAHUS
JAuHamuyeckne Cucremnas JuckpeTHoe AreHTHOE
CUCTEMEI JUHaMUKa COOBITHIHOE MOJIEIIMPOBAaHUE
MOICIINPOBAHUC
Dynamo, PowerSim, AnyLogic, Are- | AnyLogic, Arena, Extend, AnyLogic,
MIMIC, APTOH na, SimBioSys, Powersim Studio, Wit- Swarm+MAML,
MIDAS, PACTOLUS, eM-Plant, ness, ProModel, Pilgrim, SimAgent,
CSSL, CJIAM, GASP, Tecnomatix, Taylor Simulation, SimBioSys, C++,
HEJINC, MUKC, Plant Simula- GPSS, SimScript, Java, AgentSpeak,
MATLAB+Simulink, tion, SimuLab, SIMULA, SIMULS, Oz, TeleScript, Re-
Multisim Powersim, Pil- Modelling, SimProcess. Past, NetLogo,
VisSim, LabView, grim, Dynamo, AutoMod, Enterprise Ascape, Mason u nip.
Easy5, MvStudium u ap. | Stella, Ithink u Dynamics, FlexSim u
Ap. ap.
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3.7. Moaxoabl K MOAENMPOBAHMIO HEMPEPbLIBHO-ANCKPETHLIX CUCTEM

Azpecamusnnlii no0xo0 Kk mooeauposanuro caoxcuovix cucmem H.II. Byc-
naenko. Ilpu cucremHom noaxone ACY paccMaTpuBarOT Kak €IUHYIO CIOKHYIO
CUCTEMY COBMECTHO C YIpPaBJIAIOIIMMU noacuctemamu. s obecnedeHus: BbICO-
KOr'0 Ka4yecTBa YIPABJICHHUS HEOOXOJUMO XOPOIIO 3HATh CBOMCTBA YIPaBIISEMBbIX
nojcucteM. Jljis TOro 4ToObI BBISBISATH CBOWCTBA YIPaBISIEMBIX IMOJICHUCTEM, UX
pEaKUUI0 Ha MIPUMEHSIEMBIE PEIICHUS U MEPOIIPUATHS, 4 TAKXKE OILICHUBATH Kaude-
CTBO TMPHUHUMAEMBIX PEIICHUH, HEOOXOIUMO HCMOJIb30BaTh B pabore ACY pe-
3yJbTaThl MOACIUPOBaHUS (YHKIMOHUPOBAHUS MOJCUCTEM B T€X HJIM MHBIX MPO-
THO3UPYEMBIX YCIOBUSX. /[ pelieHns 3Tux 3aJad MOKHO IMPUMEHSIOT arperat-
Hyto mojenb H.Il.Bycnenko. ArperaTHast MOJENb ONUCBHIBAET OOBEKT yIpaBiie-
HUS B BHJIE MHOTOYPOBHEBOM CTPYKTYPhl M3 JIMHAMHYECKUX CHCTEM 3aJIaHHBIX
TUIIOB WK arperaroB. [Ipu 3ToM  cHucTeMbl paccMaTpUBAIOTCS Kak 00001arouil
(cambIit 00U U caMblid CIIOKHBIN) KJIACC CJIOKHBIX CUCTEM U Ha3bIBAIOTCS arpe-
raTUBHBIMU. ATrperar UCIOJIb3YeTCs Il MOJEJIMPOBAHUS HJIEMEHTAPHBIX OJIOKOB
CIIOXHBIX CHUCTEM. ArperaTMBHOM CHCTEMOM Ha3bIBaeTCs JH00asi COBOKYIHOCTH
arperaroB, €Ciu Iepenaya UHQpOpMaMu MeXAy HUMUA IPOUCXOAUT MIHOBEHHO U
0€3 UCKAKEHU.

Arperarom Ha3bIBaeTCsA MaTeMaTuyeckas MoJIeb BUA:
A={T,Z,X,U,Y,H,G}, (3.2)

rae

T — unTepBan MoaeapoBanus (0OBIYHO KOHEUHBIH);

Z — MHO€ECTBO COCTOsIHUH ((ha30BOE MPOCTPAHCTRO);

X — MHOKECTBO BXOJIHBIX CUTHAJIOB;

U — MHOKeCTBO yIpaBJstonuX (0COOEHHBIX) CUTHAJIOB;

Y — MHO»XECTBO BBIXOJHBIX CUTHAJIOB,;

H — oneparop nepexonoB, KOTOPbINA ONpeaesseT TEKYIee COCTOSIHUE 0 Mpe-
JBICTOPHH;

G — omepartop BBIXO/IOB.

B o6mem ciyuae Bce MOCIENOBATEIBHOCTH COOBITHI B arperare SBISIOTCS
peanu3alursaMH CIIy4ailHbIX MOCJIEIOBATEIbHOCTEH C 3aJaHHBIMM 3aKOHAMH pac-
npenesienus, oneparop H takxke sBisieTcs ciiydalHbIM ONIEPATOPOM.

H.II. byciieHko npu pacCMOTPEHUH CIIOKHBIX CUCTEM BBIJEIISECT ABA TUIIA CO-
CTOSIHUM:

1) oObryHBIE (HEOCOOBIE) COCTOSIHMS, B KOTOPBIX CUCTEMa HAXOAUTCS MOYTU
BCE BpeMS;
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2) ocoOble COCTOSIHMSI, XapaKTepHBIE NJIi CUCTEMBbI B HEKOTOpPbIE M30JIUPO-
BaHHBIC MOMEHTBI BPEMEHH, COBMA/IAIOIINE C MOMEHTAMU MOJYYEHUS BXOJHBIX H
YOPaBISIONIMX CUTHAJIOB WIHM BbIJaYM BBIXOJHOI'O CUTHala, B 3TU MOMEHTHI CO-
CTOSIHME arperara MOKET M3MEHHTHCS CKauKOOOpa3HO, a MEXIY OCOOBIMH CO-
CTOSTHUSIMU U3MEHEHNE KOOPAUHAT MPOUCXOIUT IUIABHO U HEMPEPBIBHO.

ArperaTuBHasi cCCTeMa Ha3bIBAETCS KOMIUIEKCOM, €CIIM JTI000H arperar B Hel
COCJIMHEH XOTsI Obl C OJHUM arperaToM CHCTeMbl. ATrperaTuBHas CHCTEMa Ha-
3bIBAaeTCS M—(a3HOi, €CIM COCTOMT U3 M IOCIEI0BATEIIbHO COCTUHEHHBIX KOM-
IJIEKCOB. ATperaTuBHAsl CHCTEMA HA3bIBAETCSI M—KaHAJbHOMW, €CJIM COCTOMT U3 m
napajyielbHO COEAMHEHHBIX KOMIUIEKCOB. ATrperaTMBHAas CHUCTEMa Ha3bIBAETCS
CTpOro UEpPapXU4YHOW, €CIM B HEH MOXHO BBIJCIUTh IIOJYMHEHHBIE H
YOPaBISIONIME KOMIUIEKChI, TO €CTh €CIIU CYIIECTBYeT (yHpaBisIOIINi) KOM-
IUIEKC, BXOJHAas MHGpOpMaIUs KOTOPOTO CIYXHUT YHpaBisioled HHPopManuen
Ipyroro (IMOAYMHEHHOI0) KOMILJIEKCA.

Arperat npeacTaBiseT co00ld MaTeMaTHYECKYIO0 cXeMy OOIIero Bujaa, 4acT-
HbIM CIIydyaeM KOTOpOH SBISAIOTCS (YHKUMH ainreOpbl JIOTMKH, pPEJIEHHO-
KOHTaKTHBIE CXEMbl, KOHEUHbIE ABTOMATHI, JUHAMUYECKUE CHUCTEMBI, ONMCHIBAC-
Mbl€ OOBIKHOBEHHBIMU JU(PdepeHIIMaTbHBIMA YPABHEHUAMH U P IPYTUX.

Monens arperata MoeT ObITh HCIIOJIb30BaHa KaK MOJIEb BCEH HEPEPHIBHO-
JUCKPETHOI CUCTEMBI UJTH €€ 3JIeMeHTa. B 3ToM ciyyae cucrema mpeicTaBisieTcs
CEeThIO arperaToB ¢ (PUKCUPOBAHHBIMU KaHAJaMH CBS3EH.

Cpenu arperatoB BBIIESIOTCS HEKOTOpPbIE MMOJKIACCHI, MJIA KOTOPBIX
BO3MOXKHO 0oJiee MpOCTOE pelieHne 3aaaun MoaenupoBanus. Kinaccudukanus ar-
peraToB ompenenserca no Buay oneparopa U. Hampumep, KyCOYHO-TMHEHHBIM
arperaToM HasbIBAETCs arperar, y KOTOpOro MpOCTPAHCTBO COCTOSIHWM Z onpene-
JIEHHBIM 00pa30M CTPYKTYypHUpOBaHO U ornepatop U JMHEHHBIH.

K Tunu4YHBIM npUMeEpaM KyCOYHO-JIMHEWHBIX arperaroB MOXHO OTHECTH Be-
POSITHOCTHBIN aBTOMAaT, MAaTEMATHYECKYI0 MOJENIb CUCTEMbl MAacCOBOTO OO0CIy-
xuBaHus nau cucremy OJlY, mpencTraBlieHHYI0O KOHEYHO-PAa3HOCTHBIMU YypaBHE-
HUSIMHU.

MopenrpoBaHu€e MOBEIECHUS arperara U arperaTUBHOM CHCTEMBI 3aKJIFOYAET-
Csl B IOCTPOCHHUH MOCIIE0BATEIBHOCTH MEPEXO0JI0B U3 OJHOI0 0COOOr0 COCTOSHUS
B JIpyroe, MpUYMCIss K MHOXECTBY 0co0bIx coctosinuit z (0). Takoit moaxon
K MOJCIIUPOBaHUIO, MNpeminoxeHHbin H.IL.byclieHko ¥ OCHOBaHHBIM Ha TPUH-
1UIe ’0CcoObIX COCTOSIHMIA, (AKTUYECKH SBIISIJICS TEPBOM MOMBITKON ydeTa Jauc-
KPETHOCTH B METOJIaX MCCIIEIOBAHUS HEMIPEPHIBHO—AUCKPETHBIX CUCTEM.

IIooxo00 B.M. I'nywikoea 01a mooeaupoeanus HenpepvléHo-OUCKPEemHbIX
cucmem. DopMann3M OMKUCAHUS BKIIIOYAET B ce0sl MAaTEMATUUYECKYIO MOJIEb He-
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MPEPHIBHO-TUCKPETHOM CUCTEMBI, A3BIK ClIelU(UKaAILMK, a TaKKe HAabop Mmpolenyp
¥ QYHKIMN pean3aiiii MOACIMPYOIIETO alropuTMa. B MpOTHBOMOIOKHOCTD ar-
peraTuBHOMY TMOJXONy, Mojaenupyoomuii anroputM B.M.I'nymkoBa 6a3zupyetcs
Ha JUCKPETHOM COOBITUMHOM TOIX0JI€ K MOJICTUPOBAHUIO CIIOKHBIX CUCTEM.

HenpepplBHO-AUCKPETHONW CUCTEMOM HA3bIBAETCSA MAaTEMaTU4ECKash MOJIEIIb

BHJA:
S={T,P,eE, K, F}, (3.3)
rpe T = {ti } t, € R>0- guCKpeTHas MOJe/Ib BPEMEHU,

P — MHOECTBO KJIACCOB IIPOIIECCOB:

e — MHOECTBO KJIACCOB COOBITUM (IIPUYMH MTHOBEHHOM CMEHBI MOBEICHMUS
U CTPYKTYPbI CUCTEMBI);

E — MHOXECTBO aJTOPUTMOB KJIACCOB COOBITHI (IMOArOTOBUTEIBHBIX UC-
KPETHBIX JCHCTBUI MpH Mepexojie K HOBOMY MOBEJACHUIO CUCTEMBI);

K — KajeHaaph IJIaHUPOBAHUS COOBITHIA;

F — CHHCOK ypaBHEHUM, XapaKTEPU3YIOIIMX JOKAJIBbHBIC MOBEACHUS TTPOLEC-
COB BO BPEMEHHBIX MHTEPBAIAX MEXKTY COOBITUSIMHU.

B kanennapp miaHupoBaHUs COOBITHUN 3aMUCHIBAIOTCS OTMETKH O COOBITHUSIX
OTJICJIbHBIMU OOBEKTaMHU, C €ro TMOMOIIBIO OMHUCHIBACTCS JUHAMUKA CUCTEMBI.
[InanupoBaHue cOOBITHA MOAPA3yMEBAET SIBHOE 33JJaHUE MOMEHTA €ro HacTyIIe-
HUSI WIM 3aJJaHUE YCIIOBUS €r0 HACTYIUICHUs. MoJenp KajneHaaps MOXKHO Ipej-
CTaBUThb BUIOM:

K:{<ti’ei>’|—}’ (3.4)

rae L — ycjaoBHE €ro HacTymJieHHUs (IJIaHUPOBAaHUE COOBITHS MO YCIIOBUIO,
3a/1a€TCs IPEAUKATOM).

CrpykTypa nporecca 1 ero rnoBeJIeHUe ONMCHIBAETCS MAaTEMATHYECKOW MOJIe-
JBIO:

P={X,Y,\,,\V,,B}, (3.5)

rae X, Y — KaHajbl BX0Jla U BbIXO/4;

V, — MHOKECTBO CTAaTUYECKUX NEPEMEHHBIX IPOIECCA, KOTOPBIE 3aJar0TCSA
areOpanvyecKUMH BBIPQKEHUSAMU U MOTYT MEHSTHCS TOJIBKO MPH UCTIOTHEHUU al-
TOPUTMOB COOBITHH;

V, — MHOXECTBO '"NepeMEHHbIX-PYHKIMI" - AMHAMUYECKUX MEPEMEHHBIX,
KOTOpBIE 3aat0Tcs AM(depeHnaIbHbIMU YPaBHEHUSIMU U3 MHOXKECTBA F ;
B — Teno mpouecca, coaepKaniee OnMCcaHus ero BCEBO3MOXKHBIX MOBEACHUN.
Ilon mMopenupoBaHUEM IOBEIEHMS HENPEPBIBHO-AUCKPETHOM CUCTEMBI I10-
HUMAaeTCs OCTPOEHUE MHOXKECTBA MOCIEA0BATEIbHOCTEN COOBITUIA, MPUBOIALINX
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K CMEHE €€ MOBEJEHUS U CTPYKTYpbI, IPUUUCISS K COOBITHIO HAYaJIbHOE COCTOSI-
HUE cUCTeMbl. [ 100anbHOE NOBEACHUE MOACIUPYETCS C MOMOIIBIO CIEUAIBHOIO
MIPOIIECCA-MOHUTOPA, KOTOPBIM MPOABUTAET CUCTEMHOE BPEMSI B COOTBETCTBUU C
KaJICHAapeM IUTAaHUPOBAHUS COOBITUI WM B COOTBETCTBHH C aHAJIU30M BPEMEHH
HACTYIUICHUS] COOBITHSA, KOTOPOE TUIaHUpYyeTcs 1o ycnoButo. [Iporecc monenupo-
BaHHMs 3aKAaHUMBAETCS, KOTJa KaJeHAapb COOBITUI OKa3bIBAETCS ITYCTHIM.

st mopenupoBanus cuctem B.M.I'mymikoBa pazpaborana cucrema MOJIENH-
posanust HEJIMC.

HenpepeiBHO—auckperHas mozenbs B.M.I'mymkosa (3.1) MoxeT ObITH Omuca-
Ha B TEpPMHMHAX arperaTuBHOIO MOJAXO0JAA U MPEACTABICHA B BUJE arperara.

A, ={T.,Z,X,I"Y,H,G } (3.6)

B KOTOPOM
T € R>0 — nuckpeTHast MOJENb BPEMEHH PaCIIUPSIETCS 10 HEMPEPBIBHOM ,
z =V, NV — (a3oBoe NPOCTPAHCTBO CyTh OONACTH 3HAYECHHI IIEpe-

MEHHBIX TIporiecca P,

X =, ce— MHOXECTBO BXOIHBIX CHUTHAJIOB CYTh IIOAMHOXECTBO COOBI-
TUH HENPEePhIBHO—IUCKPETHOW MOJICNIH, aJTOpPHTMBI KOTOPBIX E(e) cojepikar
oIepary U3MCHCHHS 3HAUCHUH TIpEMEHHBIX VS JTaHHOTO MpoIiecca,

I'=e; N epit, €2 €€ — MHOXKECTBO yNPABJISAIONINX CUTHATIOB CYTh MMOAMHO-
KECTBO COOBITHH HEMPEPHIBHO—IAMCKPETHON MOJICIIH, aIrOPUTMBI KOTOPBIX E(€;)
coJiep KaT OIepalid CMEHBI MMOBEICHUS U CTPYKTYpPHI (aKTHBU3AIIMSI, TTAaCCUBU3a-
1S, IOPOXKICHHE, yIalIeHUE, TPUCBOCHUE 3HAYCHHUHN MEPEeMEHHBIM Vg ) JTaHHO-
ro mpoiiecca, Iroc curHan elnit , COOTBETCTBYIOMIMIA COOBITHIO HAYaIbHOTO 3a-
IyCKa CHCTEMBI, B aJITOPUTM KOTOPOTO BXOIUT HHHUIIMAIU3AIINS TIEPEMEHHBIX BCEX
MIPOIIECCOB, U B YaCTHOCTH JAHHOTO (Il AMHAMHYECKH MOPOKIaeMOT0 TpoIiecca
onpeaenuM Harpumep Epiy = {Z :=0}),

Y = e(L)ce — MHOXECTBO  BBIXOJHBIX  CHTHAJIOB CYTh ITOJMHO-
KECTBO COOBITUI HETPEPBIBHO—THCKPETHOM MOJICITH, TUIAHHPYEMBIX
M0 YCJOBHIO, IS KOTOPHIX B L BXOOAT MepeMEHHBIE aHHOTO TIpolecca.
Crnmcok 3THX YCJIOBHM ompenenseT pa3zouenue (a3zoBoro mpoctpaHcTtBa Z Ha
cucreMy MoaMHOXecTB {Z,},

H = {V, Vi, W, U} — onepatop rno6ansHOr0 TOBEICHHUsI Ipolecca
P, B xotopom Vy = {E (1)}, Vq = {E (e2)} — anropurmsl coObITUII MHOXECTB €; U
e, coorBerctBeHHo; W = {E (e_ )} — anroputmbl coObITHI MHOXXECTBa €| ,

U= F(P)(V(P )) N Fige— BCE BO3MOXHBIC JIOKaJIbHBIC TOBEICHUS Ipolecca
P u3 cnucka F 1umoc gomonHMTENbHO BBeaeHHas GYHKOUS Fige , OMUCHI-
BalolIasl "HUKAKOE TIOBEJAEHUE IMpolecca N0 3amycKa, Mocie yAaleHus WIH B
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NEepPHOJI €ro MaCCUBHOCTHU B HEMPEPHIBHO—IUCKPETHON MO/IeNN (HAIPUMEDP, MOXK-
HO ompeaenuts Fige = {Z = const}),

G = G,NG, — omnepaTop BBIXOJIOB, B KOTOpOoM (G, €CTh ONEpaTop MpoBep-
KU yCJIOBUI L®) G — TEHEpaToOp BbIJAYM CUTHAJOB THUIMA AaKTUBHU3ALINH,
MAacCUBM3AlMU W TIp. s Apyrux mnponeccoB. Daktuuecku, omepatrop G yac-
TUYHO BBITIOJIHAECT (YHKIIUUA IMPOIECCa—MOHHUTOPA B HEMPEPHIBHO—TUCKPETHOMN
mozenu B.M.I'mymkogsa.

Bcio  HenpephIBHO—IMCKPETHYIO CHUCTEMY MOXHO MPEACTaBUTH A-
KOMILJIEKCOM C MOJIETIbIO KaHAJIOB CBSI3ed THMA “~Ka)XXHBIM ¢ KKIbIM~, B KOTOPOM
YHUCJIO arperatoB COOTBETCTBYET MAaKCUMAJIbHOMY YHCIY MPOLECCOB C YYETOM
MOPOKTAEMBIX BO BpeMs (yHKITMOHUPOBAHMUSI.

N3 naHHOro TMOCTpOEHUS ~ BUJHO, YTO MHOXKECTBA  BXOJHBIX, BbI-
XOJIHBIX M YHOPABJISIIONIMX CHUTHAJIOB arperara BKJIIOYAIOT B ce0s OIMHCaHHe
BCEX BO3MOXKHBIX KJIACCOB COOBITHH, MPUBOASAIIUX K CMEHE MOBEACHUS U CTPYK-
Typbl HEMPEPHIBHO—TUCKPETHON CHUCTEMBbI U COOBITHE HAYaJIbHOTO 3aIlycka H
HE COJEpP>KAT HUKAKUX APYTUX CUTHAJIOB. DTO O3HAYAET, YTO KaXKJIOMY COOBITHUIO
HEKOTOpPOTO Ipoliecca HEMPEPBIBHO—IUCKPETHOM CHCTEMBI COOTBETCTBYET
€MHCTBEHHOE 0CO00E€ COCTOSIHME COOTBETCTBYIOIIETO arperara, W, CjieJa0BaTelb-
HO, KXJI0M 1[ENMOYKe COOBITHI HEMPEPHIBHO—TMCKPETHON CUCTEMBI COOTBETCTBYET
€IUHCTBEHHAsl TMOCIE0BATEIbHOCTh OCOOBIX COCTOSIHUM, mopoxkaaemas A-
KOMILIEKCOM, U HUKaKUX JPYTUX MOCJIEI0BATENbHOCTEN HE TOPOKIAETCA.

Takum 00pa3oM, HENPEepPLIBHO—AUCKPETHAs] CHUCTEMa MOXKET OBITh OIHU-
caHa B TEPMHHAaX AarperaTMBHOTO HANpaBJIEHUS, XOTA, OYEBUAHO, MPHU MEPEXO0-
ne ot mojenu B.M.I'mymikoBa Kk arperaTUBHOM CHCTEME TEPSETCS Harsd-
HOCTh ONHWCaHMsS JWHAMUKU CHUCTEMBI, TAK KaK BO3MOXHOCTb JUHAMHYECKOIO
W3MEHEHUS CTPYKTYpPbl CUCTEMbl 3aMEHSETCS Ha (PUKCUPOBAHHYIO CTPYKTYPY
CUCTEMbl C MAaKCUMAJIbHBIM YHCIIOM 3JIEMEHTOB.

T'uopuonstii n00x00 A.Ilnyrnu. 1'nOpuaHOE HANpaBICHUE UCCIEAOBAHUS
HEMPEPHIBHO—TUCKPETHBIX CUCTEM BO3HUKIIO B Hadane 90-x rogoB Ha 6a3e coBpe-
MEHHOM METOJIOJIOTUHU CIIeUU(PUKAIMU U BEepUPHUKAIMU CIOXHBIX JTUCKPETHBIX
CHUCTEM U CHCTEM DPEAIbHOTO BPEMEHH, pa3pabOTaHHONW B TEOPUU PEAKTHUBHBIX
cucteM. OcHoBaTenu rubpunHoro HampasieHus (A.Ilnysnu, J{.Xapen), BBoas B
0a30ByI0 JHCKPETHYIO MOJIEIh PEAKTUBHON CHUCTEMBI HEKOTOPHIC XapaKTEPHUCTH-
KM HEMPEPHIBHOTO MOBEACHUS, ONPEACIISIIOT, TAKUM 00pa30M HOBBIM KJIaccC CJIOXK-
HBIX CHCTEM, KOTOPHIH OHHM HA3bIBAIOT ~’TUOPHIHON PEaKTUBHOW cucTeMoi’[35,
40].

Jo 1992 roma OCHOBHOM aKIIGHT B 3TOM HampaBiICHUU OBLI CAeiIaH Ha
npobiemax crnenuukanuy (IMOCTPOSHUS] KOMITAKTHOTO MPEICTaBIICHUS] MaTe-
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MaTUYECKOM MOJIeNIM) HEMPEPhIBHO-TUCKPETHBIX CUCTEM B paMKaX IUCKPETHOTO
MOAX0Jla U aKCHOMAaTUYECKOr0 JOKa3aTebCTBA HEKOTOPHIX KAYECTBEHHBIX MOBE-
JIEHYECKUX CBOMCTB.

C mosiBIIGHHEM METOJa CHUMBOJIBHOW BepU(HKAIMK ISl CHCTEM PeallbHO-
ro BpemeHu [38], mosiBUIACh HaJleXka aBTOMATU3UPOBATh BEPUPHUKALIUIO THOPHUI-
HeIX cucteM. B 1995-96 roay cosmana cucrema HyTech aBromatnueckoit Bepu-
dbuKkay ruOpUIHBIX CUCTEM, OCHOBAaHHAsI HA CUMBOJILHOM BepU]UKaIIUU.

Uccnenoanue mnoBeneHus: THOPUIHON CHUCTEMBI CBOJIUTCS K CTaTHYECKO-
My Ka4€CTBEHHOMY aHaJIM3y MOBEIEHYECKUX CBOMCTB, 0€3 MCMOJIb30BAHUS MOTO-
YEYHOTO YUCJIEHHOTO MOJICTUPOBAHUS II100aJIbHOTO MOBEACHUS CUCTEMBI.

['ubpuHOM cucTeMOl Ha3bIBACTCS CIEAYIONIAst KOHCTPYKIIHS:

H={S,X,E,F,po,u, A} (3.7)

rae

S — KOHEYHOE MHOKECTBO JIOKAIIUH,

X — KOHEYHOE MHOKECTBO BEIIIECTBEHHBIX MIEPEMEHHBIX,

E — kxoneuHoe MHOkecTBO AyT. Jlyra ecTb KOpTExK

e =< 8,4, Qe , A ) s >€E, s,S €S — nucxogHas u LeieBas JOKAUK
UIsL TyTH €, a € 2, 2 — andaBUT METOK Iepexo0oB (andaBUT COOBITHIA),

¢ — MHOECTBO IPEANKATOB HAJl X , OMNMCHIBAIOIIMX YCIOBHS MEPEX0Jia Mo
nyram E,

A — MHO>ECTBO HayaJbHbIX  3HAYEHUN TMEPEMEHHbIX  MHOXECTBa
X UIS KaKJIOU JIOKAIUH,

F — omeparop jokanbHOTO MOBEAEHUS BHYTPH KaXKJI0M JIOKalUuu (CrucTeMa
mudepeHInanbHbIX BKIIOYEHUH, Au(depeHInanbHbIX YPAaBHEHUN WU aHAJIU-
TUYECKUX (QYHKIIHH),

W — MHOXKECTBO MPEAUKATOB Haja X , OMHUCHIBAIOIIMX O0JacTh 3HAYCHUU
MepeMEHHBIX X B JIOKAMIX S € S (MHBApUAHT B S).

CocrositHueM THOpPUIHONW CHCTEMBI HA3bIBAETCS BEKTOpP 3HAYEHUN NEpEeMeH-
HBIX X € X, K KOTOPOMY JIJIsl yI0OCTBA MHOT 14 MPUTTMCHIBAETCS JIOKAUs s € S, K
KOTOPOM 3TOT BEKTOpP OTHOCHTCA (T.e. Juist KoTopoi ¢s(X) = True). ITosTomy
S Y4acTO COCTOSTHUEM TMOPHIHOM CHCTEMBI Ha3bIBaeTCs mapa <S, X>, SE€ S, X X.

MaremaTudeckoii MOJIENIbIO, OMUCHIBAIONIEH MOBEJACHUE THOPUIHON CHUCTe-

MBI, ABIIACTCA CUCTEMA HepeXOI[OBZ
>={T.QQ,. Q —}, (3.8)

rne T ={t} — OeckoHeuHas ynopsA0YCHHAs HECXOASAIIAsICS BpeMEHHasI
MOCJIEI0BATENBHOCTh, Q — MPOCTPAHCTBO COCTOSIHUMN (B CMBICIE OINpeAeIeHUs
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COCTOSIHUSI THUOpUIHOM cuctemsl), Qp, QF — MHOXKECTBO HaYaIbHBIX M KOHEUHBIX
COCTOSIHUM, OMPENCSIEMBIX CIEIUATbHBIMU MPEIUKaTaMH HAJl X,

—— OTHOIIICHHE TIEPEX0a MEKIY COCTOSHUSIMHU, KOTOPOE ONPEICIICTCSI

IBYMSI TIpaBUJIAMHU:

*  JIMCKPETHBIN mepexoJ Mpu (UKCHUPOBAHHOM BPEMEHHM (CTaHOBHUTCS BO3-
MOJKHBIM KaK TOJIbKO ¢(Xo ) = True);

* BpEMCHHON TIepeXxoJl — yBEJIWYEHHE BPEMEHHW BHYTPU JIOKAllMM C Tpe-
oOpa30BaHWEM HETIPEPHIBHBIX TIEPEMEHHBIX (BpEMs OTHOCHTEIILHOE).

MopenupoBaHue ri00aIbHOTO MOBEICHHUS CUCTEMBI TIEPEX0JI0B 3aKII0UaCTCs
B MOCTPOCHUHM MHOYKECTBA BBIYHCICHHA — OECKOHEUYHBIX IeTMoYeKk map <s, t>.
MaremaTudeckass MOJieJIb THOPHUIHON CHUCTEMbI SKBHBAJICHTHA MOJICIN arperara.
JleficTBUTENBHO, CUCTEMA MEPEXO0I0B X THOPUTHON CUCTEMBI

H={S,X,E,F.o.y, 1} (3.9)
MO>KET OBITH IMpCaACTaBJICHA aIrpCraToM
A* = {T*Z5 XTI Y HY G}, (3.10)

B KOTOPOM

T* = [0; o0) — MoJIEelIb BpeMEHH PACIIMPSAETCS 0 HENPEPHIBHOM,

Z* = X — (}a30BbIM NPOCTPAHCTBOM SBISETCS 00JACTh 3HAUYECHHM Belle-
CTBEHHBIX IIEpEeMEHHBIX cUcTeMbl H , Z = (X , X , ..., X) € Z, ¢a3oBble KOOp/IH-
HaThI CYTh TIEPEMEHHBIC CHCTEMBI H,

{z (0)}* = Q — MHOXeCTBO HaYAJILHBIX COCTOSHHI,

X *= {X0} — MHOKECTBO BXOIHBLIX CHTHAJIOB BBIPOXKIAETCS B EIUHCT-
BEHHBI CHUTHAQJI 3alycka arperara (KOTOpPbI HMHUIHAIU3UPYET CIy4YalHbIM
00pa3oM HEKOTOPOE HavallbHOE coCTOsTHUE U3 Q),

I = 0 — ympaBJistfolye CUTHAIIBI OTCYTCTBYIOT,

Y *= (y1, y2) — BBIXOIHBIMH CUTHAJIAMH SBJIAIOTCS BEKTOPA ¢ KOMIIOHEHTA-
MuUylE S,y2 € T ( KOMIOHEHTHI HIIEMEHTOB CIICHAPUEB THOPUTHON CUCTEMBI),

H*= {W, U } — oneparop mepexoaoB, B kotopoM W — omeparop, OIH-
CHIBAIOIINN TMpeoOpa3oBaHUe BEKTOpa TMEPEMEHHBIX MPH AUCKPETHOM MEpexo-
ne mo ayre (B MOMEHT BbIJaud BBIXOJHOTO CHUTHAJa), COOTBETCTBYET OIllepa-
TOPY UHUITUATU3ANN A THOPUIHON CUCTEMBI:

z(t+0) =y,

U — dyuknus, onuceiBaroiias HeMpepbIBHBIE N3MEHEHUS B WHTEpBajIax Me-
KTy MOMEHTaMH BBIJJaYM BBIXOJHBIX CHUTHAJIOB (TO €CTh B HEKOTOPOW JIOKa-
uuu s € S), coorBeTcTBYET F :

z(t)=Fs [z(ti+0),t],t € [ti, tis1)
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G =G, U Gy, rne G, — onepatop MpPOBEPKU MPUHAIICIKHOCTH Z (t) HEKOTO-
poMy MHOXECTBY u3 cemeiictBa {Z,}. Pa3Ouenune Z Ha mnogMHOXecTBa Z
HSKBUBAJICHTHO BBEJCHUIO MPEAUKATOB ¢, Yy THUOpumHoW cucrembl H u pas-
OMEHHIO MPOCTPAHCTBA COCTOSHMM Ha Jokauuu S, G, — reHepaTop BBIXOAHOIO
CUTHaJA.

Cnoco0 pa3OueHust MPOCTpaHCTBA COCTOSIHUM Ha ceMeiicTBo {Z } U cooT-
BETCTBYIOIIEE MHOXECTBO BBIXOJHBIX CUTHAJIOB OINPEACIISIET B3aMMHO OJIHO3HAY-
HOE COOTBETCTBHE MEX]ly HAYaJIbHOM TOYKOM B BBIYMCIEHUUM THOPUIIHON CHC-
TEMBI U OCOOBIM COCTOSIHHEM arperara, COOTBETCTBYIOIIEM MpPHEMY CHTHaja 3a-
MyCKa CHCTEMbl, U MEXAY KaXXIOW APYrod TOYKON B BBIYMCICHUM THOPUAHOU
CUCTEMBbl U OCOOBIM COCTOSIHUEM, OIPEIEIsIeMbIM BbIJadell COOTBETCTBYIOIIETO
BBIXOJTHOTO CHUTHajla. TakuMm o00pa3oM, U3 JIaHHOTO TMOCTPOEHHUS BHJIHO, YTO
MHOKECTBO MOCJIEA0BATEILHOCTEN OCOOBIX COCTOSIHHUM, MOPOKAAEMBIX arperaTom,
¥ MHO>XE€CTBO BBIYMCIICHUM TUOPUIHON CUCTEMBI SKBUBAJICHTHBI.

3.8. TlNogxoabl K aHanM3y 1 MOAENUPOBAHUIO CITOXHbLIX CUCTEM

I100x00 meopuu cucmem u cucmemnozo ananuza. boabIIMHCTBO U3yYae-
MBIX H TOJICKANIAX MOJICIUPOBAHUIO OOBEKTOB SIBIISIOTCS CIOKHBIMH CHCTEMa-
MU. XapaKTepHbIE TPU3HAKH CIIOKHOW CUCTEMbI — HEBO3MOYXHOCTb PACCMOTPEHUS
OTJENBHO KaXJIOTO dJeMeHTa (0e3 yCTaHOBJICHHsI CBSI3€H C APYTUMU dIIEMEHTaMH
U BHEIIHEW Cpeloil), HEONpeAeICeHHOCTh, MPOSBISIONMIAsACS B OOJIBIIOM YHUCIIE
BO3MOYKHBIX COCTOSIHUW CHCTEMBI, HEOMPEIEICHHOCTh JOCTOBEPHOCTH MCXOTHOM
uHdopmaluu, pazHooOpazue BapHAHTOB NYyTEW JOCTWKEHUS KOHEYHOW IIeNU
(GYHKIIMOHUPOBAHUS CHCTEMBI, aIalITHBHOCTH (ITPUCTIOCA0IMBAEMOCTh CHCTEMBI K
BO3MYIIAIONMUM (haKTOpaM BO3JACUCTBUS BHEIIHEH Cpenbl). DTH OCOOEHHOCTH BbI-
3BIBAIOT HEOOXOIUMOCTh MCTIOJB30BAHMS METOIOJIOTHH CUCTEMHOTO aHalin3a MpHU
CO37JaHMM MMHTAIIMIOHHONW MOJIETH CIOKHOTOo 0O0bekTa. [l aHanm3a CIOXKHBIX
OOBEKTOB M MPOLIECCOB PACCMATPUBAIOT CUCTEMHBIC HANIPABIICHUS, BKIIOYAIOIINE
B ce0s ciemyrone TEePMUHBI: CHUCTEMHBIH IOJX0Jl, CHCTEMHBIE HCCIIEIOBAHMUS,
CUCTEMHBIN aHAIN3. DTH TEPMUHBI YaCTO YIOTPEOJISIOTCS KaK CHHOHHMBI.

Cucmemusiii n0OX00. ITOT TEPMUH HaudaJ MPUMEHSTHCSA B TIEPBBIX paboTax,
B KOTOPBIX JIEMEHTHI 00IIIel TEOPUH CUCTEM HMCTIOIB30BAIIMCH JIJIS MPAKTUICCKUX
MPWIOKEHUHN. 3aMMCTBOBAHHBIC TIPH 3TOM MOHATUSI TEOPUU CHCTEM BBOJUIINCH HE
CTpOTO, HE HCCIENOBAJICS BOMPOC, KaKMM KJIACCOM CHCTEM JIydIle OTOOPa3UTh
00BEKT, KaKWe CBOMCTBA W 3aKOHOMEPHOCTH 3TOTO Kjacca CIEIyeT yYWUTHIBATh
IPY KOHKPETHBIX MCCIIEIOBAHUSAX U T. 1. IHBIMU CIIOBaMH, TEPMUH «CHCTEMHBIN
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MOAXO0/» MPAKTUYECKH HCIOJIb30BAJICS BMECTO TEPMHUHOB «KOMILJIEKCHBIN TOJI-
X0J1», «<KOMIUIEKCHBIE UCCIIETOBAHUS .

Cucmemnvie uccneooganusi. B pabotax moj 3TUM Ha3BaHUEM MOHSATHS TEO-
pPUH CHCTEM HCIOJIB3YIOTCS 00jiee KOHCTPYKTHUBHO: OIMpPEAETSeTCs] KIace CUCTEM,
BBOJIUTCS TTOHSITUE CTPYKTYPBI, & MHOT/Ia U IIpaBuia ee GOpMHUPOBAHUA U T. . ITO
OB CIEAYIOIINNA IIar B CUCTEMHBIX HAaNpaBJIEHUAX. B monckax KOHCTPYKTHUBHBIX
pPEKOMEHJIalMi TMOSIBUJIMCh CHCTEMHbBIC HAIpaBICHUS C pPa3HbIMU HA3BAHUSIMU:
CUCTEMOTEXHHKA, cucTeMosiorust u np. g ux oOoOIIeHHs CTal NPUMEHSTHCS
TEPMUH «CUCTEMHBIE UCCieaA0BaHMs». YacTo B paboTax MCIONB30BAJICS armapaT
WCCJIEIOBAHMSI OllEepalii, KOTOPBI K TOMY BpEMEHU ObLI OOJbIIE pa3BUT, YEM
METO/Ibl KOHKPETHBIX CHCTEMHBIX HCCIICJOBAaHUM.

Cucmemnviti ananu3. B Hacrodiiee BpemMsi CUCTEMHBIM aHAIN3 SBJISECTCS
Haubosee KOHCTPYKTUBHBIM HAIpaBJIEHUEM. 3JECh IMpeaaaraeTcsi MEeTOAOJIOTHs
IIPOBEICHUS UCCIIEI0OBAHMUS, 1€JIAETCS MOMBITKA BBIJIEIUTh 3TAlbl UCCIEIOBAHUS U
IIPEJIOKUTh METOJIUKY BBINOJHEHUS 3THX 3TAllOB B KOHKPETHBIX YCJIOBHUAX. B
ATUX padoTax BCEraa yaensercs 0co00e BHUMAHKUE ONPEACIICHUIO LIeJIel CUCTEMBI,
BOIpocaM (popMaIn3aly PeICTaBICHUS LETeH.

CucTteMHBIN aHaTU3 B IUPOKOM CMBICIIE - 3TO METOJIOJIOTHS (COBOKYITHOCTh
METOJMYECKUX MPUEMOB) IIOCTAHOBKU U PELICHMs 3a/1ay MOCTPOEHUS U UCCIIEN0-
BaHMsI CUCTEM, TECHO CBS3aHHAs C MAaTEMaTHYECKUM MojenupoBaHueMm. B Oonee
Y3KOM CMBICJIE€ CHUCTEMHBIN aHaliu3 — METOAOJIOTHsS (OpMaIU3alUu CIOKHBIX
(TpyaHO (popManu3yemsbIX, MIOXO CTPYKTYpPHPOBAHHBIX) 3aaad. CUCTEMHBIA aHa-
713 BO3HUK Kak 0000IleHHEe NPHUEMOB, HAKOIUICHHBIX B 3aJlayaX HCCIIEJOBaHUS
ornepauuii U yrnpaBleHUsl B TEXHUKE, IKOHOMHKE, BOGHHOM Jene. COOTBETCTBYIO-
M€ MOJIEIN M METOJbI 3aMMCTBOBAJIMCh U3 MAaTEMaTUYECKOW CTaTHUCTUKH, MaTe-
MaTUYECKOI'0 MPOrpaMMHUPOBAaHUs, TEOPUU UTP, TEOPUU MACCOBOTIO OOCITYKHBa-
HUS, TEOPUU ABTOMATHYECKOro ynpasieHUs. CUCTEMHBIN aHaau3 — 3TO LIEJICHA-
IpaBJeHHasi TBOPUYECKAs ESITEIbHOCTh YeJIOBEKa, HA OCHOBE KOTOpOM olecreun-
BAeTCsl MpEJCTaBICHUE HCCIEAYyeMOro o0beKTa B BHJE CUCTeMbl. CHCTEMHBIH
aHaJIM3 XapaKTEePU3yeTCsl YIOPAIOUYEHHBIM COCTABOM METOJUYECKUX MPUEMOB HC-
CJIEIOBaHUS.

CucremHblii aHanu3 — Oojiee KOHCTPYKTUBHOE HaIpaBliEHUE, COAEprKallee
METOJIMKY pa3/ieJICHUs POLIECCOB Ha 3TAIbl U MOJA3TAIIbl, CACTEM Ha MOJCUCTEMBI,
1eseil Ha moAueny U T. 1. B cucteMHOM aHanu3e BbIpaboTaHa ONpeAesIeHHAs M0-
CJIEIOBAaTEIbHOCTh JEUCTBUI (3TAIOB) IIPU MOCTAHOBKE M PELICHUU 3a/1ad, KOTO-
pyto OyJeM Ha3bIBaTh AITOPUTMOM (METOJMKOM) CUCTEMHOTO aHaliu3a. ITa METO-
JIMKa MOMOoraeT 0oJjiee OCMBICIIEHHO U TPaMOTHO CTaBUTh M peIIaTh MPHUKJIAJHbIE
3amayn. Ecnu Ha KakoM-TO ATane BO3HUKAIOT 3aTPYAHEHUS, TO HY’KHO BEPHYThHCS
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Ha OJIMH U3 MPEAbIAYLIUX 3TANOB U U3MEHUTH (MOAU(PUIIMPOBaTh) ero. Ecinu u 1o
HE MOMOTaeT, TO 3TO 3HAYMT, UTO 33Jja4a 0Ka3ajaach CIUILIKOM CIOKHOU U €€ HyXkK-
HO pa3OUTh Ha HECKOJbKO O0oJiee MPOCThIX IMOA3aaady, T. €. MPOBECTU Je-
KOMMO3uIKI0. Kax1y10 U3 MOJyYeHHBIX 10/133]]a4 PEIIAI0T M0 TOU K€ METOJIUKE.

MeTtoa CUCTEMHOIO aHajiu3a C yCHEXOM IMPUMEHSIETCA K PEIICHUI0 CaMbIX
pa3HBIX MPOOJIEM B MPAKTUUYECKH JTI000H 00JaCTH — OT MPOOIEeM KOPIIOPATUBHOTO
YIOPABJICHUS U TPUHSITHS YNPABICHYECKUX PEIICHUM, 10 MoJieseil B 00J1acTh CO-
ITUOJIOTHH, YKOHOMUKH, GU3HKH, HHPOPMATHUKH, OMoJIoTHH U T.I. boiee Toro, B
MOCJEAHUE TOMBI 3TOT METOJ MCIIOJb3YETCsl KaK OJWH U3 OCHOBHBIX MOJXOJIOB K
aHAIM3y W TMOCTPOCHHUIO CTPYKTYPHI ITHUCCEPTAIMOHHBIX HUCCIEAOBAHUIN B JFOOBIX
OTpaciIsX.

B cooTBeTCcTBUM ¢ METOJIOJOTHEM CUCTEMHOIrO aHajlu3a CYIIECTBYET OIpe-
JIeJIEHHAs MOCIIEI0BATENIbHOCTD 3TAIOB MOJIEIMPOBAHHSL.

1. TIlocrtanoBka 3amauu, (OpMYyJIUPOBKA U YCTAHOBJIEHUE HUEpPAPXUU IEJeH U
noa3anay. M3ydeHue noBeaeHUs CUCTEMBI B 1I€JIOM. Pe3ynbratoM 3TOro sra-
na JO0JKHO OBITh IOKYMEHTUPOBAHHOE COJIEpKATEIHLHOE ONMUCAHUE O0BEKTa
MOJIETMPOBAHUS, MHAYE TOBOPS, MOCTPOCHUE MOJTHONW WH(OPMAIITMOHHON MO-
JEIH.

2. OrmpejenieHre TPaHULl CUCTEMBI U BHEIIHEH Cpefibl, T.€. BhIICICHUE CUCTEMbI
OT OKpykarouiei cpeapl. OnpeaeneHne BXOIHbIX MapaMeTPOB M BBIXOJIHBIX
XapaKTePUCTHK CUCTEMBI. [[eKOMIIO3UIINS CUCTEMBI, ONPEAEICHUE U BbIIEIIE-
HHUE OCHOBHBIX KOMIIOHEHT, 3JIEMEHTOB U MOJCUCTEM (ITOCTPOCHUE MOJEITU
coctaBa). IIpoBeaeHue aHanm3a B3aUMOCBSI3€M IMOJICUCTEM, YCTAHOBJIICHHE
CBSI3eM MEXIy KOMIIOHEHTAMH, MOJACUCTEMaMH, 3JIeMeHTaMH (TIOCTPOCHHE
MOJIENIA CTPYKTYpHI cBsizeid). [IpunsaTue rumnores u gomymieHud, pusndeckas
cXeMaruzalus, UHaye TOBOps, MOCTPOEHUE OOIIEH CTPYKTYPhI CHUCTEMBI C
y4eTOM BCEX IMOJICUCTEM U CBsizeil. Pe3ynbraTom nesTenbHOCTH pa3paboTdu-
Ka KOMIIBIOTEPHOM MOJENU SIBISETCA CO3JaHUE TOJIHOM KOHILENTYalbHOU
MOJIENH.

3. B 3aBUCHMOCTH OT CJIO)KHOCTH O0OBEKTa MOJCIMPOBAHUS BBIOMpPAETCS OJIUH
M3 TOAXOJ0B HMMUTAIMOHHOTO MOJEIHPOBAHUS (IMHAMHUYECKas CHUCTEMa,
TMCKPETHO-COOBITUITHOE, MYJIbTHAT€HTHOE, CUCTEMHAas TMHaMuKa). B pamkax
ATOTO TOJIX0/1a MPOBOJUTCS pa3pabOTKa MaTEeMaTUYECKOTO OMMCAHUS 00BEK-
Ta MOJICIUPOBaHUsl. Pe3ynbTaTtoM 3TOro sTamna sBiseTcsl pa3padoTKa TEXHU-
YECKOTr0 MPOEKTa KOMITbIOTEPHOW YCTAHOBKU ISl MOJICIUPOBAHMSL.

4. AnropuTMu3anus U MporpaMMHas peajau3aius, T.€. CTPOUTCS MPOrpaMMHBIMN
KOMILJIEKC MOJICIUPOBaHUsI O0OBEKTa HccienoBanus. [IpoBoguTcs oTiaaka
KOMITbIOTEPHOW UMUTAIMOHHON MOJENH.
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5. HcneiTanue, KoppeKTupoBKa, mpoBepka mozenu. IlpoBoaurcs Bepudukamys
MOJEJIA, KOMIUIEKCHOE€ TECTUPOBAaHWE KOMIIBIOTEPHOM MOJEIM Ha aJeKBaT-
HOCTb OOBEKTY MOJAEIUPOBAHUS.

6. Ha sTom sTame mpoBOAMTCS CTPATETHYECKOE M TAKTHUECKOE IUIAHUPOBAHUE
MAIIMHHOTO JKCIIEPUMEHTA. Pe3ynbTaToM SBISETCS COCTABICHHBIM IUIaH
AKCIIEPUMEHTA U MPOBEAECHHBIM BBIYMCIUTEIbHBIN SKCIIEPUMEHT («IIPOTOHBI)
KOMIIBIOTEPHON MOJIENHN C PA3IMYHBIMU HA4aJIbHBIMU JAHHBIMU).

/. AHamu3 pe3ysbTaToB MojaenupoBaHus. OOpaboTKa, BU3yadu3alMs U UHTEP-
OpeTanusi pe3yibTaTOB MAIIMHHOTO KOMITBIOTEPHOTO SKCIIEPUMEHTAa U HC-
I10JIb30BAHNE WIN BHEJPEHUE PE3YIbTATOB UCCIIEIOBAHUSL.

Mmuozoyposnesgulit uepapxuueckuil n00X00 K AHAIU3Y CIOHCHBIX CUCHIEM
(mooenv Me3zaposuua-Ilecmensn). IT0T OAXO]T MO3BOJISIET MPOBOJUTH AHAIN3 U
pacyeT CIOXHBIX CHUCTEM Ha OCHOBE TEOPUM MHOTOYPOBHEBBIX HEPAPXUUECKUX
cucteM. B ocHOBe Mozienu JNeKUT uaes "opraHndeckoro au@QepeHmpoBaHHOIO
pocra".

OCHOBHBIE IPUHIUIIBI €€ TOCTPOCHHUS:

1) Mopens, oTpakaromiasi CIOXKHBIC MPOIECCHl B3aMMOJCHCTBHSI YEIIOBEKa C
OKpY’Karolllel cpeoi, T0KHA OCHOBBIBATHCSI HA TEOPUU MHOTOYPOBHEBBIX He-
PapXUYECKUX CHCTEM.

2) Mojnenb 10/KHA OBITh YIIPABIAEMOM, T.€. BKIKOYATh B CeOs MPOIECC MpPH-
HSTUSI PEIICHUH, YTO TMO3BOJSET YYECTh BO3MOKHOCTh CO3HATEIHLHOTO BO3JICUCT-
BUS YEJIOBEKA Ha pa3BUTHE MUPOBOM CHCTEMBI.

3) Mup cremyer paccMaTpuBaTh HE Kak €IUHOE OJHOPOTHOE IEoe, a Kak
CUCTEMY B3aUMOJICHCTBYIOIIUX PETMOHOB, Pa3jMYalOlIUXCs YPOBHEM pa3BUTHS,
HACEJICHHOCTHIO | T.II.

Jljis OIIEHKM BO3MOJKHBIX BapHMaHTOB Pa3BUTHUSl OyAyILIero B MOJEIHU HC-
MOJIB3YETCSl METO/ aHAINM3a aJbTePHATUBHBIX clieHapueB. ClieHapHil peacTaBis-
eT co00il KOMOMHALINIO BO3MOXKHBIX B Oy/ayIeM COOBITUN U albTepHATUBHBIX CO-
[IUATBHO-TIOJIMTHYECKUX pelieHnid. PeambHoe Oyayiee IeXUT TAe-TO B TIpeaenax
paccMaTtpuBaeMoro Habopa BO3MOXKHBIX clieHapueB. Mcnonb3oBanue metoga Me-
capoBuva-IlecTens mo3BoOJsET MOJAEIUPOBATh TUHAMHKY Ka)KJIOTO U3 CIIEHAPUEB U
OLIEHMBATh, K KAKUM BO3MOKHBIM MOCIEACTBUSIM B TJI00AJIbHOM WJIM PErHOHAJb-
HBIX MaciiTabax MOTYT MPUBECTH T€ WM WHBIE KOHKPETHBIC MEPHI, HAITPaBJICHHBIC
a100 Ha JAOCTHXKEHUE «IPEANOUYTUTENILHOTO OYyAylIero», Jub0 Ha TO, YTOOBI M3-
0eXaTh pa3BUTHsI KAKUX-TO HEXKEIATEIbHBIX SIBJICHUIA WJIH MTPOIIECCOB.

131



Mogens Mecaposuua-llecrenst NpUHATO CUUTATh «COBEPILIEHHEE» MOJIEIIEH
Menoy3oB, Mosenu «riiobabHOTO paBHOBecHs» Doppectepa. MecapoBuu u [lec-
T€JIb TPOTUBOMOCTABWIIM KOHIIENIMHU ‘‘TI00aTbHOTO pPABHOBECHUS KOHIEIIIUIO
“OpraHM4HOro pocTa” MUpa KaK €JUHON CHUCTEMbI B3aMMOCBSI3aHHBIX YacTeH, KO-
TOpbIE JOJKHBI TAPMOHUYECKHU coUeTaThes. “OpraHuyHbIi pocT”’ oOecreunBaeTcs
CTpYKTypHOU muddepeHnnanmuei 3JIeMEHTOB CUCTEMBI U (DYHKIIMOHATLHON B3au-
MO3aBHUCHMOCTBIO MEXK]Iy 3TUMU AJIEMEHTAMHU U MPOTUBOIIOCTABIISIETCA YUCTO KO-
Jn4YecTBeHHOMY HenudpepeHIMpOBaHHOMY SKCTIOHCHIIMAIBHOMY POCTY.

M. MecapoBuuem u 3. Ilectenem Obuta mMOCTpoeHAa HA OCHOBE METOJUKHU
«UEPAPXUUECKUX CHCTEM» PETMOHAIM3UPOBAHHAS MOJIEIb, B KOTOPOH MHUp pa3-
neneH Ha 10 pernoHOB C y4€TOM SKOHOMHUYECKHX, COLMAIbHO-TIOJIMTUYECKUX U
UJECOJOTUYECKHUX paznuduil. KaKaplil U3 3TUX PETMOHOB, B CBOIO OYEPEIb, pa3ie-
JIEH Ha B3aMMOJEHCTBYIOUIUE HEepapXUuecKue cepbl, WIH CTPaThl: SKOJOTHYe-
CKYI0, BKJIFOUAIOIYI0 aHTPOIIOT€HHO MPeoOpa3yeMyto HEXUBYIO IPUPOAY U BECh
KUBOM MHp, KPOME YEJIOBEKA; TEXHOJIOTMYECKYI0 — COBOKYIMHOCTb CO3AaHHOU
TEXHUKH U €€ BO3/ICHCTBUE HA MPUPOJIHYIO CPENy; AEMOIKOHOMHYECKYIO, OKa3bl-
BAIOIIYIO BIMSHUE HA PA3BUTHE TEXHUKH; COUATBHO-TIOIUTHYECKYIO, B KOTOPYIO
BXOJAT «(pOpMalbHbIE OPraHU3aLNI» — IPABUTEIBCTBA, OPUIIATIBHBIE YUPEkKIe-
HUA U T. II., @ TaKXKe «HeQOopMaJbHble OPraHU3alMU» — PEIIUTUO3HBIE U MOJIUTH-
YeCKUE ABM)KCHUS, OKa3bIBAIOIME BIUSHUE HA JESATENIbHOCTh (POpMaIbHBIX Opra-
HU3all1il; HAKOHEL, HIMBUIYAJIbHYIO CTPATy, KOTOpas OXBaThIBAET YCIOBUS (H-

SHYCCKOI'0 U IICUXOJIOTHYCCKOI'O pa3BUTHUA YCITIOBCKA.

Takas Mmoaens 6ojiee peanucTUIHA U CIIOCOOHA J1aTh Oojiee JAeTaIu3upOBaH-
HYIO M IPUEMJIEMYIO IS PA3JIMYHBIX palOHOB MHUpPa CUCTEMY peKoMeHaanuii. B
mozenu MecapoBuua u Ilectens 3a0K€HO OKOJIO CTa THICSY COOTHOIICHUH (B
0oJiee paHHUX MOJIEISIX MUpa UX ObLIIO HECKOJIbKO cOoTeH). Mecaposuu u [lectenn
NPUIUIM K CYHIECTBEHHO MHBIM BbIBOAaM, yeM Poppectep u rpynmna Menoysa.
Pe3ynbTaThl UX MOACIUPOBAHUS MOKA3add, YTO MOKHO OXHUJATh HE OJHY IJIO-
OaJIbHYI0, a HECKOJIBKO PETMOHAIBHBIX KaTtacTpod. BapmaHThl MomaenrpoBaHUs
(nM, KaK X Ha3bIBAIOT, CIICHAPUH) MPEJCKA3BIBAIOT, MPEXK]IEC BCETO, MPOJI0BOJIb-
cTBeHHBIN Kpu3uc B FOro-BocTtouHoil A3uu BCiieCTBUE OTCTaBaHUS TEMIIOB POC-
Ta TPOM3BOJICTBA MPOJAYKTOB MUTAHUS OT TEMIIOB pocTa HapojoHaceneHus. [1o
MHeHu0 Mecaposuda u [lectens, ctabuimsarusi HaceJIeHUsI 3TOTO PErruoHa 4e-
pe3 50 5er He JacT BO3MOXXHOCTH MPEOJ0JIETh MPOJOBOJIHCTBEHHBIM KPHU3HUC, a
crabmmzarus yepe3 25—-30 1eT OKaKeT MOJIOKHUTEIIbHOE BIMSIHUE B TOM CITydae,
€CJIM DKOHOMUKE JaHHOTO peruoHa OyJeT okazaHa COOTBETCTBYIOIIAS IOMOIITb.

['panuLbl MpUMEHEHUST MOJIEIIN:
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® HCBO3MOXXHOCTh TIOJIHOM (popManmm3aiuy CUCTEM NPEINOYTCHUH U IIEHHO-
CTHBIX YCTaHOBOK Y€JIOBEKA;

® HEBO3MOXXHOCTD MOJIHON (hopMalIM3aliuu IpoLEyp NPUHATHS PEIICHUH;

® HEBO3MOXXHOCTh TOJTHOW (hopMalin3alid MEXaHU3MOB LieJIernojaranus co-
HUOKYJIBTYPHOU aJanTaluu.

Koznumuenulit no0xoo0 K ananusy ciadocmpyKmypupoeanHvlx cucmem

Cno>XHOCTH aHaIM3a IPOLIECCOB MPUHATHUS YIPABICHYECKUX PEIICHHN B Ta-
KHX 00JIaCTSAX KaK 9KOHOMHKA, COIIMOJIOTHSI, SKOJIOTHUS U T.I. OOYCJIOBJICHBI Psi-
JIOM OCOOCHHOCTEH, MPUCYIIUX ITUM 00JIACTSIM, @ UMEHHO

® B3aMOCBSI3aHHOCTBIO MPOUCXOJSAIIUX B HHUX MPOIECCOB (TEXHHUKO-
AKOHOMMYECKHUX, COIIMATbHBIX, MOJUTUYECKUX U T.N1.) © UX MHOTOACIEKTHOCTHIO;
B CHJIy 3TOTO HEBO3MOYKHO BBIYJICHEHHUE U JIETAIbHOE MCCJIEAOBAHUE OTIEIbHBIX
SABJICHUN (HampuMep, TOJIbKO IKOHOMUYECKUX WJIM TOJBKO COIMANIbHBIX) — BCE
MPOUCXOSIINE BHYTPU IKOHOMHUECKOU (MTOJIUTUYECKON U T.II.) CUCTEMBI SIBJIICHUS
JOJKHBI PACCMATPUBATHCA U UCCIIEN0BATHCS B COBOKYITHOCTH;

® OTCYTCTBHEM JIOCTATOYHOM KOJUYECTBEHHOW HWH(OpMAIMU O JUHAMHUKE
IIPOUCXOIAIINX B MOJEIUPYEMON CUCTEME NIPOLIECCOB, YTO BBIHYKIAET HCIOJIb-
30BaTh HapsAy C KOJUYECTBEHHOW M KaYECTBEHHYIO MH(POPMAIIMIO MPU OMKUCAHUU
TaKuX MPOLIECCOB;

® HECTALMOHAPHOCTBIO CaMUX MPOLIECCOB, IPUYEM XapaKTep MU3MEHEHUS TeEX
WJIM UHBIX XapaKTEPUCTHK MPOLECCOB 3a4acTy0 HEU3BECTEH, YTO 3aTPYIHSET I10-
CTPOECHHE UX KOJIMYECTBEHHBIX MOJICIICH.

Takue cucTeMbl Ha3bIBAIOTCS CIA0OCTPYKTYpUPOBAaHHBIMU (crabodopmanu-
30BaHHBIMU). B HUX HEBO3MOXKEH TPATUIIMOHHBI MAaTEeMAaTHUECKUI (9KOHOMUYE-
CKU, COUMOMETPUYECKHUI U T.I.) MOJAXOJ K aHAIM3y MPOLECCOB JJsl BHIPAOOTKH
KOMITJIEKCHBIX (T.€. 3aTParuBarOINX Pa3IMYHbIC aCTIEKThI UCCIIEIYEMOM CUCTEMBI)
pemienuii. [{ns MonenupoBaHMs CIIOXKHBIX IUIOXO(QOpMaIu3yeMbIX cuUcTeM (Ha-
pUMep, COLUAIBHBIX, TEXHUKO-3KOHOMUYECKUX, PETMOHAIBHBIX U T.II.) UCIOIb-
3yeTcsl KOTHUTUBHBIA MOAXO0J, KOTOPbI OCHOBBIBAETCS Ha KOTHUTHUBHBIX aCIICK-
Tax. JTH aCMeKThl BKIIOYAIOT B CeOS MPOIECChl BOCIIPUSATHUS, MBIIIJICHUS, TTO3HA-
HUSI, 0OBSICHEHUS U TIOHUMaHUs. CXeMaTU4ecKoe, YIPOIIEHHOE ONMCAaHUE KapTH-
Hbl MHpa, OTHOCAIIEECS K MPOOJIEMHON CUTYyallH, W300pakaroT B BUJIE KOTHU-
TUBHOM KapThl.

C no3unuii KOTHUTUBHOTO MOJX0/1a MPOLECC MOJAEIUPOBAHUS MOKHO TIPE/I-
CTaBUTh B BHUJI€ cxeMbl — puc.3.16.
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KOruuTuBHBI aHamU3 MperycMaTpuBaeT MOCIEI0BATENbHYI0 HPUUMHHO-
CIIEJICTBEHHYIO CTPYKTYPH3AIMI0 HHPOPMAIIUU O MPOUCXOISAIINX B HUCCIEAYEMOM
CUCTEME Ipoleccax. Boienstor cienyromnye 3Tanbl ONUCAHUS CUCTEMBI:

® BCSAKOE COOBITHE, MPOU3OIIEAIIEE B CUCTEME, BBI3BIBAECTCS ONpPEACIECHHBIMU

NpUYMHAMH (IIPEANOCHUIKAMU), TOSIBJIEHUE KOTOPBIX CBSI3aHO C JBH)KEHUEM

MaTepuaibHbIX MOTOKOB (TOBApbl, AEHBIU, PECYPCHl U T.II.) U HEMAaTEpHaIlb-

HBIX TMOTOKOB (MH(OpPMAMOHHBIE B3aUMOACUCTBUS). J[[BH)KEHHE KaKIOTO

IIOTOKa MOXKET OBITh OIMCAHO B CAMOM OOILIEM BHJI€ COOTBETCTBYIOIIUMH Ii€-

MMOYKaMU MPUYUHHO-CIICJCTBEHHBIX OTHOLIEHUM, COCTABJISIOIIMX 3HAHUS

aHAJIUTUKA WIN €r0 MPEaIoJIOKEHNUs O ACHCTBYIOUINX B JAHHOW CUCTEME 3a-

KOHOMEPHOCTSX.

O0BeKT
A

A 4

KoruutuBHass Mopein

A

\ 4

ConepxarejibHast
KOHIENTYyaJIbHasi MO/IeJIb
A

A 4

dopmasnbHasi MoJeJb (MaTemMa-
THYecKAas, PU3nYecKasi, KOM-
NnbIOTEpPHAas)

Puc. 3.16. IIpomecc moaenupoBanus

® KaXIbli M3 BBIJCIECHHBIX MOTOKOB OMMCBHIBAETCS COOTBETCTBYIOLIEH COBO-
KynmHOCTBIO (hakTopoB. OOBEMHEHNE BCEX I3TUX COBOKYIMTHOCTEH COCTABIISICT
MHOK€CTBO (haKTOPOB, B TEPMHHAX KOTOPHIX OMUCHIBAIOTCS MPOIIECCHI B CUC-
TEME;
® ONPENETSIOTCS B3aUMOCBSI3H MEXAY (aKTopamMu MyTeM PacCMOTPEHUS MPH-
YUHHO-CJIEJICTBEHHBIX IIEMOYEK, OMUCHIBAIONINX JBUKEHUE KaXJA0T0 MOTOKA.
Cuuraercsi, uTo (haKTOphI, BXOJAIINE B TMEPBYIO YACTh «ECJH...» IEMOYKH
«ECIU - TO.,..», BIUSIIOT Ha (PAKTOpPHI €€ BTOPOW YACTU «TO...», IPUIEM OTO
BIIMSIHUE MOXET OBbITh JIMOO YCHUIIMBAIOIIUM (TI0JIOKUTEIBHBIM) JIMOO TOPMO-
3SIIUM (OTPUIIATENEHBIM), THOO TIEPEMEHHOTO 3HAKa B 3aBUCUMOCTH OT BO3-
MOYHBIX TOMOJTHUTEIHHBIX YCIOBUH.
JIns aHanuM3a U YNPaBICHUS TaKOTO poja CUCTEMaMH B HACTOAILIEE BpeEMs
IIUPOKO TPUMEHSIETCS KOTHUTUBHBINA IMOJXO0J, KOTOPHIA IMO3BOJISIET YBUJIETh U
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OCO3HATh JIOTUKY Pa3BUTUS COOBITUH MpU OOJIBIIOM KOJIMYECTBE B3aMMO3aBHCH-
MBIX (hakTOpoB. TeopeTHueckne OCHOBBI KOTHUTHBHOTO MOAX0/a ObUTH 3aJI0%kKe-
bl 1. MakcumoBbiM (MHCTHTYT npo6siem yrpasieHuss PAH).

Jlis IpUHATHSA TPABIIBHBIX YNPaBICHUECKUX pPEUICHUH HEeoOXOIuMO OTBe-
YyaTh Ha pAJl BECbMa HETPUBHAIIBHBIX BOMPOCOB: «UTO HYXKHO clenaTh, YTOOBI
VIIYUIIHUTh COCTOSIHUE cUTyauuu?», «4To OyaeT ¢ cutyanuei yepe3 Takoe-To Bpe-
Msl, €CJIM HUUETro He MPEANPUHUMATH?» U T.1I.

VYcnenHo OTBETUTh HA TAKUE BOITPOCHI MO3BOJISIOT KOMITBIOTEPHBIE CPEJCTBA
MO3HABATENILHOTO (KOTHUTHUBHOTO) MOJICIUPOBAHMS, OCHOBAaHHBIC Ha KOTHUTHB-
HOM noaxone. Crenundurka NPUMEHEHHs CPEJCTB KOTHUTUBHOTO MOJIETHUPOBAHUS
3aKJIIOYAETCSl B UX OPUEHTUPOBAHHOCTUM HA KOHKPETHBIC YCJIOBHUSI Pa3BUTHUS CH-
Tyallud B TOM WJIM MHOW CTpaHe, PETMOHE, TOpoje, nocenke u 1.4. [loatomy mo-
OBITKM IPUMEHUTh B POCCUNCKHUX YCIIOBUSIX H3BECTHBIE 3apyOeKHBbIE CpeICTBa
KOTHUTUBHOTO MOJIETMPOBAHMS MIOKA HE YBEHUYAJUCH YCIIEXOM.

KiroueBbIM MNOHSATHEM B KOTHUTHBHOM MOJICIMPOBAHUH SIBIISIETCS] «KOTHU-
TUBHAsl KapTay, NPeJCTaBIsAIoNIas CcoOO0M B3BEIICHHBIH OPUEHTUPOBAHHBINA Tpad),
B KOTOPOM BEPILIMHBI B3aUMHOOJHO3HAYHO COOTBETCTBYIOT (hakTOpaMm, B Tep-
MHHAaX KOTOPBIX OMHUCHIBAETCS MpeAMETHas 00JacTh, a YT OTOOpa)aroT HEIO-
CPEIICTBEHHbIE CBSI3U (B3aMMOBIIMSIHUS) MEXKy (akTopamu. BzauMoBiausiHus Mo-
I'yT OBITh MOJIOKUTEIbHBIMU, (YBEIMUYCHUE/YMEHBIIIEHUE OJTHOTO (pakTopa MPUBO-
TUT K YBEIMYCHUIO/YMEHBIICHUIO JPYroro) W OTPUIIATEIbHBIMHU (yBeIude-
HUE/yMEHbLIEHUE OAHOTO (haKTopa MPUBOAMUT K YMEHBIIECHUIO/YBEIIMYEHUIO APY-
roro). Jlns oroOpakeHus cTeneHu BIUSHUS UCTONIb3YIOT COBOKYITHOCTb JIMHIBUC-
TUYECKUX TMEPEMEHHBIX M COOTBETCTBYIOLIYIO €1 COBOKYIHOCTh YMCIIOBBIX 3HA-
yeHuit u3 uaTepBana [0, 1]:

«oueHb cnaboe» — 0,1, «ymepennoe» — 0,3, «cymectBeHHoe» — 0,5, «Cuib-
Hoe» — 0,7 1 «o4ueHb cuibHOE» — 0,9 (IOITyCTUMBI M TPOMEKYTOUYHBIE 3HAUCHHUS).

JInst cocTaBiieHUsT KOTHUTUBHOM MOJENM MpeaMeTHOW o0jacTu HeoOXO0-
JTUMO:

1) BBIAENHUTH CIMCOK 3HAYMMBIX (DaKTOPOB;

2) NOCTPOUTH MATPHUILY B3aUMOBJIHSIHUK;

3) onpenenuTh HauyadbHbIE TEHICHIIUNA U3MEHEHUs (DaKTOPOB.

Nmest, TakuM 00pa3oM, COCTaBJICHHYIO MOJIENb U BBIJIEIUB BO BCEM MHOXKe-
cTBe (haKTOPOB JIBa MOAMHOKECTBA: «YMPABIIAIOMINX» U «HAOIIOAaeMBbIX» (PaKTO-
POB, MBI CMO>KEM PEIIUTH CIEAYIOLINE 3a1a4u:

* MOJEIMPOBATh CaMOPA3BUTUE CUTyallUu (T.e. OTBEYaTh Ha Bompoc: «YTo
OyZAeT, eciiu COXpaHsTCs TEKyIIHe TEHACHIIMU U3MEHEHUs (DaKTOpPOB?»);

* MOJEJIMPOBATh YIPABISIEMOE pa3BUTUE CUTyalluu (T.€. OTBEYaTh Ha BO-
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npoc: «Yto Oyner, eciu NpUIIOKUTh OINPEACIICHHbIE YIPABIAIONINE BO3JAEHCT-
BUSI?»);

* HCKaTh HEOOXOAMMBbIC yMIpaBiieHHs (T.e. OTBe4aTh Ha Bompoc: «Kakwue
YIPABJISIFOITUE BO3JCHCTBUS TMPHIOKUTH, YTOOBI TOJYYUTh JKEIACMBIA PE3yIib-
Tar?y»).

Cuna Bo3aeicTBUS (aKTOPOB IPYT HA Apyra OMUCHIBACTCS C TMTOMOIIBIO JTMH-
I'BUCTHYECKUX TIEPEMEHHBIX THNA "3HauuTenbHas'", "ymepenHas", "cnabasa" u T.10.
MOXHO COMOCTAaBUTh COBOKYIMHOCTH TAKUX JIMHIBUCTUUYECKUX TIEPEMEHHBIX HEKO-
TOPYIO YHCIIOBYIO LKAy TaK, YTO KaXKIO0M MepeMEeHHOW OyJeT COOTBETCTBOBATh
HEKOTOPOE YKCIIO B ATOM IIKaje. B kauecTBe TakoM IIKaldbl MOKHO BbIOpaTh WH-
teppai [0.1].

¢ BzaumoBnusHus (aKTOPOB OTOOpAXKAIOTCA C MOMOIIbI0 KOTHUTHUBHOM Kap-
ThI, SIBJIAIOIIEHCS, MOJICTBIO UCCIEAYEMOUM CUCTEMBI B BUJIE B3BEIIEHHOTO oprpada
Kaxxnas BepiimHa rpada cOOTBETCTBYET OJTHOMY (PAKTOPY WIIH DJIEMEHTY KapTHUHBI
Mupa. [yru, cBS3bIBaIOIIME BEPIIUHBI, COOTBETCTBYIOT MPUUYUHHO-CIICICTBEHHOMN
CBSI3U MEXJy BEPIIMHAMH, CBS3HM MOTYT OBITh MOJIOKUTEIBHBIMU U OTPHUIATENb-
HBIMU.

e MeTo1 KOTHUTUBHOTO MOJICTUPOBAHUSI OTHOCUTCS METOJaM MSTKOTO MOJie-
muposanus (Soft simulation). birkaiimumu aHaioraMy JTaHHOTO METOJIa SBIISIOT-
Csl IMUTAllMOHHOE MOJEINPOBAHUE, METOJ CUCTEMHOW NUHAMUKH. [Ipeumyriect-
BO JIAHHOTO METOJa COCTOMT B TOM, YTO METOJl MOXXET ONEPUPOBATH HE TOJBKO
TOYHBIMUA KOJIMYECTBEHHBIMU 3HAYEHUSMU M (HOpMyJaMU, HO KadeCTBEHHBIMHU
3HAYCHUSIMU U olleHKaMu. Ho Takke JMaHHBIM MOMEHT SIBJISIETCS M HEOCTATKOM,
T.K. pE3YyJIbTAThI MTOIY4YalOTCs KAUECTBEHHBIE.

KorautnBHOE MOAEIMpPOBAHUE SIBIACTCSA "HYJIEBBIM YPOBHEM' MOJEIMPOBA-
Hus. KorHuTuBHOE MOJETUPOBaHUE MTOMOTAaeT OBICTPO MOJTYYUThH MEPBUYHBIE pe-
3yJbTaThl, 00Jee MoAPOOHO pa3o0paThCs B MOACIUPYEMOM CUCTEME, BBISIBUTH 3a-
KOHOMEPHOCTU M TIOTOM TNEPEerTH K 00Jee TOYHBIM MOJEISAM (€CIM TaKoe Mpeji-
CTaBJISIETCS BOBMOXKHBIM U HeoOxoaumbIM). [ToaToMy Haubosiee pasyMHbIM OynieT
MPUMEHEHUE KOTHUTHUBHOTO MOJICIIMPOBAHMS HA BEPXHEM YpPOBHE MPUHSITHUSL Pe-
IICHUS TIPU aHAJIM3E CIO0XHBIX COIMATBHO-DKOHOMUYECKUX, MOJIUTHUECKUX, TEX-
HUYECKUX, TEXHOOKOHOMHYECKUX CUCTEM.

B Poccuu nannbiit Mmeroa npumensatcs B MIIC (2002 roay B UITY PAH 6biia
MOCTPOCHA MOJIEIIb JKEJIE3HOOPOKHOTO TPAHCIIOPTA), @ TAKKE B A IMUHHUCTPAIUIX
HEKOTOpPBIX 00acTel. 3a rpaHUIIe JTaHHBIN METO MPUMEHSITCS B Psijie KOHCAI-

THHI'OBBIX OpraHHU3aluigX.
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Pazpaboransl unctpyMeHtanbHbie cpenactBa JIK "Curtyarnusa" u "KAHBA"
(UITY PAH). "Cutyanus" — 3akpbITasi CHCTEMa, HU KaKoW HH()OpPMAITUH 10 HEH
npaktuyecku HeT. KAHBA — npocras cucreMa, peaiusyroias TOJIbKo 0a30BbIe
METO/IBI.

[Toaxoapl ¥ TEXHOJOTUU Pa3pabOTKM HMMHTAILIMOHHBIX MOJENEH CIO0XKHBIX
CHCTEM Pa3BHUBAIOTCS W COOTBETCTBEHHO 3THM TOJXOJaM Pa3pabOTKH CO3AOTCS
CUCTEMbl AaBTOMATH3allMM CTPOUTEIBCTBA MMHUTALUOHHBIX Mojeneid. OTMeTum,
YTO MOCTPOCHUE COOTBETCTBYIOLIMX MOJIENICH MPEANoJiaraeT 3HauYuTeIbHbIE TPY-
no3atparbl. [ uX yMeHblIeHUs pa3pabaThiBaUCh U IMpeAJiaraliich MHOTOYHUC-
JICHHbIE UHCTPYMEHTAJIbHBIE CPEJCTBA U CPEJlbl aBTOMATU3aI[UU MOJICIMPOBAHUS
(UCCAM) — GPSS, AnyLogic, BPsim, PowerSim, Simplex, Modul Vision, Tri-
ad.Net, CERT, ESimL, Simulab, NetStar, Pilgrim, MOCT, KOTHUTPOH wu T.x.
XapakTepucTUKN HanboJee U3BECTHBIX CUCTEM MMHUTALMOHHOTO MOJEIUPOBAHUS
npejcTaBiieHbl B Tabnuie 2.2. C MOMOIIBIO 3THUX CUCTEM pa3paldaThIBAIOTCS pa3-
JUYHBICE UMUTAIMOHHBIE MOJICIIM B METaJUIyprHueCKOM, He(TerazoBoM, CTPOU-
TEJILHOM U JIPYTUX MPOU3BOJICTBAX, B PA3JIMUHBIX OTPACISAX MACCOBOIO OOCITYKHU-
BaHUS (PKEJIE3HOJOPOKHBINA, aBTOMOOMIIBHBIN TPAHCIIOPT, a3pOMOPTHI, MOTUKIIU-
HUKHU, CAaHATOPHBIC U JICUEOHBIC YUPEKIEHUSI, JIOObIE TOPTOBBIE MPEANPUITHUSA,
cdepbl 00CTYKUBAHUS U Jp.), B KOMUYECKON U BOCHHOW OTpaciid. AHAIU3UPYIOT-
Csl 1 MOJICTTUPYIOTCS OM3HEC-TIPOLIECCHI, JIOKATbHBIE U BHIYUCIUTEIbHBIE CETH, CO-
UAJIbHBIE U SKOJIOTHYECKHE MPOLECCH U CUCTEMbBI U MHOTOE JIPYTOE€.

KoHTpoJsbHBIE BONIPOCHI

1. Kakwue sA3bIKH TIPOTPaMMHPOBAHUS OTHOCATCS K SI3bIKaM OOIIETO HA3HAUCHUS, a Ka-
KHE K sI3bIKaM UMUTAI[HOHHOTO MOJICITUPOBAHHUS?

2. Kak moHuMaercsi BHIpaKEHUE «MHCTPYMEHTAJIbHBIE CHCTeMbI pa3pabotku [10» u
«cpefbl OBICTPOTO MPOSKTUPOBAHUS?
Kak MBI TOHMMaeM BBIpaKCHUE «MaTEMATHICCKask CXeMa MOJICITUPOBAHUS?

B

B uem 3akimouaercs crienuuKanys, aaropuTMH3aIUs U KOAMPOBAHUE MPOrpaM-
MBbI?

KakoBbI METO/IBI MOJTYJIBHOTO TIPOTPAMMHUPOBAHUS?

KakoBbI OCHOBHBIE TIOJIXO/IbI B HMHUTAIIHOHHOM MOJICITUPOBAHUH?

B uem 3akimouaercs uaes HeMPEepPbIBHOTO U KOMOMHHUPOBAHHOTO TTOXOJI0B?

B ueMm unes cucteMHOro noaxoAa K MOACIUPOBAHUIO?

© ® N o wu

KaxoBa nyiest cTaTUCTHYECKOTO MOAX0Aa K pa3pab0OTKe UMUTAIIMOHHON MOIeTH?

10. Kakwue rpynmsl S36IKOB UCIIOJB3YIOTCS JUTISI MOJACIUPOBAHHS IO TUCKPETHOMY TIOJI-
xony?

11. B 4em cytb noaxona B.I1.bycnenko?

12. Yro Takoe TUCKPETHO-COOBITUIMHBIN MOIX0 K pa3padoTKe Mojiesei?
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13.

14.

15.

16.
17.

B uem nacda moaxonga FJ'IYI]_IKOBa A1 MOACTIMPOBAHUA HCHIPCPBIBHO-AUCKPCTHBIX

cucrem?

B xakux Clydasax i p33pa60TKI/I HMHMTAIMOHHBIX MOJCIICH HCIIOJIB3YCTCA ITOAXO0]

CUCTEMHOU TUHAMHUKH?

B uewm 3akmouaercss uaest rubpugHoro nmoaxoxa A.llayamm?
UTo Takoe MyJIbTUATE€HTHASI MOJIEIh CUCTEMBI?

Kakne ocHOBHBIC MMoAXO0Obl aHalIn3a U ITOCTPOCHHUA KOMIIBIOTCPHBIX MoJelen cy-

IECTBYIOT?
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MABA 4. CACTEMbl ABTOMATU3SALWNA MOAEJIMPOBAHUA

4.1. ocTpoeHne aHannTUYeCKMX Moaernen Ha OCHOBe
nporpamMmMHbIX cped asToMaTu3aunm MmogenmpoBaHnA

CpeI[CTBa aBTOMAaTu3aluu IMOCTPOCHUA KOMIIBIOTCPHBIX MOI[GJICI;'I YCIIOBHO

MOJXHO ITOAPa3ACIINTG Ha CUCTCMbI AaHAJIUTUYICCKOI'O, TCXHUYCCKOTO W HMHUTAIIU-

OHHOI'O MOJACIHUPOBAHUA, U OTACIBbHO MOXHO BBIACINTL CHUCTCMBI IIOCTPOCHUA

rpaduueckux mozaenei (puc.4.1).

K cucremaM aHaIUTHYECKOTO MOJCIUPOBAHUA MOKHO OTHCCTH IIaKCThI
MvStudium, Derive, Mathematica, MathCad, Maple, MatLAB u ap.
OTU makeThl pa3padoTaHbl pa3IMYHBIMU (PUPMAMH U UMEIOT CBOM OCOOEHHO-

ctu. Kaxxplil U3 3TUX MakeToB UMEET CBOM HHTepdelic. B aTux makerax ajaropur-

MU3HUPOBAaHbI, CUCTCMATU3UPOBAHBI U 3aJIOKCHBI B BUAC IMPOHCAYP HPAKTHUYCCKHU

BCC HM3BCCTHBIC MCTOIbI dHAJIUTHYCCKOI'O M YHCJICHHOI'O PCIICHHA MAaTCMAaTH4C-

ckux 3amad. Kaxmas u3 cucreM KOMIBIOTEPHOW MAaTEMAaTUKU UMEET CBOW SI3BIK

IIpOorpaMMHpOBaHUd, KOTOpBIﬁ MOJKET OBITH MCIIOJIb30BaH JJIA p33pa60TKH KOM-

MBIOTEPHOU MOJIEIIN.

/ v

MHCTPYMEHTAJIbHbIE CPEACTBA U CPE[lbl
ABTOMATU3AUMNN MOOENUPOBAHUA

\ 4

N

CUCTEMbI CUCTEMbI CUCTEMbI CUCTEMbI
KOMMNbOTEPHOU CXEMOTEXHUYECKOIo WMUTALMUOHHOIO FPA®UYECKOIO
MATEMATUKU MOOENUPOBAHUA MOOENUPOBAHUA MOOENNPOBAHUA
y \ 4 A\ 4
) Vissim, AnyLogic, Arena, COMPAS, Auto-
Derive, MultiSIM, GPSS, Extend, CAD, ArchiCAD,
Maple, Micro-Cap, P — iThink Analyst, Pro- ArcCAD, Microcal
Mathematica, CAD, Aplac, Sys- cess Model, Origin, Corel,
MathCAD, tem View, Circuit VenSim, PowerSim, 3DStudioMax,
MATLAB, Maker, Simulink, Dynamo, Swarm, Aartform Curvy3D,
MvStudium, LabVIEW, PSpice, SimBioSys, Maml, Google SketchUp,
u Jap. Design LAB, Ascape, NetLogo, REALVIZ Image
OrCAD SDML, Gambit, Modeler, Adobe
u JIp. Echo, Pilgrim, u Photoshop u ap.
Ap.

Puc. 4.1. YcnoBnas kiaccudukaiys CUCTEM aBTOMATH3AIMKU MO/JIe-

JIMPOBAHUS 110 TUILY PELIAEMBIX 3a]a4




OTU CUCTEMbI Ha3bIBAIOTCS TAKXKE CUCTEMAMH KOMITbBIOTEPHONW MaTeMaTUKH,
OHM HAIIUTM MPUMEHEHHE TSl peIieHusT O0IBIIOro Kpyra 3ajad ¢ TOMOIIBI0 MPO-
rpaMM, peaTu3yIoNIMX IUPOKO HCIOIb3yEMbIE MAaTEeMaTHUYECKUE METOJIbI pellie-
HUS pa3HOOOPa3HbIX YPABHCHHUM W CHUCTEM, 33/1a4 ONTUMH3AINHN, JTHHEHHOTO TPO-
IrpaMMHPOBAHUS, JUIsl OTJIAJKU TUIOBBIX AJITOPUTMOB PETYIHPOBAHMUS, TSI pele-
HUS HEKOTOPBIX 3a7a4 UICHTU(DHUKAIINN U TTPOSKTUPOBAHMUS.

Cucmemvl anan0206020 moodenuposanus (aHAIOTOBBIC BBIYUCIUTEIBHBIC
MamuHbl - ABM) TO3BOJISIIOT pemiaTh pa3indHbIe BHIBI MaTEMAaTHYECKHX MOJIe-
Jiell, mpeCTaBIeHHBIX B BUAE NU(PPepeHIINalIbHBIX YPaBHEHUI C MOMOIIBIO Ha-
TYpPHOTO CXEMOTEXHHYECKOTO MOJETUpOBaHMI. B HacTosimee BpeMs MOTyYnIIU
pa3BuTHE pazpaboTka MHGOPMAIIMOHHBIX CUCTEM B BUJE KOMIBIOTEPHBIX BUPTY-
aJIbHBIX KOHCTPYKTOPOB, K KOTOpbIM oTHOCsATCs Electronics Workbench, Simulink,
Vissim, LabVIEW wu ap., pemaromiye MaTeMaTHIeCKHe 3a/la4ui ¢ TIOMOIIBIO CXe-
MOTEXHHUYECKOI'0 MMHUTAIIMOHHOTO MojenupoBanus [4, 11-13].

Cucmemuwl 2pagpuueckozo moodenuposanusn. K >TuM cuctreMaM MOXKHO OTHE-
CTH OOJBIIOE KOJUYSCTBO TAKETOB, CBS3AaHHBIX C MOCTPOSHHUEM W Pa3padOTKOM
Mmojesel rpapudeckux oopasos: Corel, Adobe Photoshop, AutoCAD, ArchiCAD,
Compass, 3DStudioMax, Aartform Curvy3D, Google SketchUp, VirtualGrid
VRMesh, REALVIZ Image Modeler u ap.

Cucmemovl umumayuonnozo mooeauposanusn. B Hacrosiee BpeMs HUIET
CTPEMHTENILHOE Pa3BUTHE HANPABJICHUS Pa3padOTKU CHCTEM UMHTAIIMOHHOTO MO-
nenvpoBanus. [lepedeHp MporpaMMHOTO OOECIIEYEHUST M CUCTEM UMHUTAIMOHHOTO
MO/ICIMPOBAHHS MOYKHO ITOCMOTPETh Ha caiite http://dic.academic.ru/dic.nsf.

3HaHHUE U IMPUMCHCHUC CUCTEM KOMHBIOTepHOﬁ MaTEMATHUKH, TCXHUYCCKOI'O 1
HMUTAOUOHHOTO MOACIUPOBAHHA IIO3BOJIAIOT MOACIBINHKAM OIICPATHUBHO BbI-
6paTB CUCTCMY MOJCIUPOBAHUA, INOCTPOUTL AACKBATHBLIC MOJCIIH, CIIOCOOBI MX
peUICHU:A, HepeﬁTH K HOJ'IHOMaCIHTa6HOMy HCCICAOBAHNIO PCAJIBHOI'O SABJICHHA
HJIA ITpoIecCa Ha MOACIIN, OOICHUTDb PCIICHUSA MOI[GJICﬁ " NpEACTAaBUTh ITOBCACHNC
N 3aKOHOMCPHOCTH NU3YyUaCMOT O SIBJICHUA.

PaCCManI/IBaCMBIC MCTOAbl MAaTCMATHUYCCKOI0 M TEXHOJOIMHU KOMIIBIOTCP-
HOTO MOJCIUPOBAHHA OPUCHTHPOBAHBI Ha PCIICHUC HAYYHBIX, 9KOHOMHWYCCKUX,
TEXHUYCCKUX U JPYTUX IIPUKIAAHBIX 3a1a4.

OTMCTI/IM, 4qTO pPEC3yJabTaTbl MATCMATHYCCKOI'O MOACIIMPOBAHUSA B 3HAYHU-
TCJILHOM CTEIICHU ONpCACIIAIOTCA TEM, KAKHC MATCMATUYCCKUE MOIACIIM Yya-
JIOCh MOCTPOUTH, HACKOJIBKO OHU aJICKBATHBI HCCIICIYCMOMY IIPONLECCY, HACKOJIb-
KO JOCTYIHBI JJIsA UCCICAOBAHMA.
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4.1.1. Cuctema komnbtoTepHon matemaTtmkn MathCAD

Cucrema xommbprorepHoii marematukun MathCAD (paspabortka ¢upmsr

MathSoft, Inc.) sBisercs MareMaTHYECKUM PEIAKTOPOM, MO3BOJISIONIUM ITPOBO-

JUTh pa3HOOOpa3HbIe Hay4YHbIE U MH)KCHEPHBIE pacyeThl, HAUMHAS OT 3JIEMEHTAap-

HOH apI/I(i)MeTHKI/I H 3aKaH4YMUBaA CIO0KHBIMU PCAIU3AlUAMHA YUCIICHHBIX MCTOJOB.

Nurepdelic nanHOrO nmakera npuBeAeH Ha puc. 4.2.

@ dathcad Professional - [Untitled:1]

£x] File Edit Wiew Insert Formak Makh Swmbolics  Window  Help

O-=E &&% | & B CE e = @& 100k x| | & '
|Variab|es - |Times Mew Romarn - |1D - B JF IO
Matri
Calculator = Graph 2¢, atrix : =l
HEH =
sin cos tan In log nl e [ e
P
N 0 oo
() =2 2 ©™ 7 @ o L |35 mor e = B
2 4 1+ 4 5 B MaTpuWYHElE onepaTopel
MocTposHre rpadurHoe [ P F
= 1 2 3 + Boolean =
= (u] — = = = = = =
rath =1
= o A v
A ME T HESC KIS OMe DE LA B |~ | [
x=| [d|<2 OnepaTopbl STHOLWSHKA
Calculus =1 = Ewaluation =l
T P —- F | cf |- o
@ o ooe OE TN = = = —+ =
Sz 77 Nm Im Jm Fx xf xfy xfy
Onepalui BeISLISE MaTe Ma T e e
Greek i | Symbolic =1
Programming L=y o« 8 r & = & — - MModifiers
Add Line = ksl o 2 I 14 Tfloat complex assume
i otherwise z* £ (=] w2 (= solve simplify substitute
for while T ou g X W w factor expand coeffs
break continue & B I A E = callect series parfrac
return an error H = 1 K /M L fourier laplace Ztrans
- N = O II F = imvfourier invliaplace imveEtrans
CIME B RLA DO BE H e
sl = T ¥ & X ¥ @2 M M Il —
CrmMBonel

[MpeuscKLe EyvKkBbl

Puc.4.2. Tlons3oBarenbckuii naTepdeiic CKM MathCAD

OcHoOBHasl aHeNb CUCTEMBI — 3TO MaHenb «Maremaruka», umeromas 9 nuk-
TOrpaMM (KHOIIOK), IIPU HAaXKaTUU KOTOPOM BBINAJAOT MaHENH:
e apupMeTUYECKUX ONepalui

MOCTPOEHUs rpaUKOB
MATPUYHBIX ONEPATOPOB
OIEepaTOPOB BBICIICH MaTEMATHUKHU
MAaTPUYHBIX ONEPATOPOB
OIIEpATOPOB OTHOILLIEHUMN
ONEPaTOPOB BBIUUCICHUI
rpeyecknx OyKB
OIIEPATOPOB CUMBOJILHOW MAaTEMATUKHU

MathCAD Bkirouaer B cebst Tpu penakropa: (OpPMYJIbHBIH, TEKCTOBBIA U

rpadudeckuii. B 3Toii cpesie onrcanue 3amucu U perieHus MaTeMaTUYeCKUX 3a/1a4

JaCTCsd ¢ TOMOIIBIO IMMPUBBIYHBIX MATEMATHYCCKHUX (bOpMy.H K 3HAKOB, TaK KaK 3TO

npunaTo B Mmatemaruke. Cuctema MathCAD oTHOCHTCS K CpeACTBaM aHATUTHYE-

CKOIro MoacJIMpOBaHHusd, OHA IMO3BOJIACT IIPOBOAUTL ABA THUIIA BBIYHUCJICHUH — CUM-
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BOJILHBINM M YUCJIEHHbIA. B mepBoM ciiyyae Mbl MoJlydyaeM pe3yJsibTaT B BUJIE MaTe-
MAaTHYECKOTO BBIPAXKEHHUsI, BO BTOPOM — B BUJI€ YHCIIA. B 3TOM cpene MOXKHO:

— pelaTh BCEBO3MOKHbIE alredpaniecKkue 3a1auu;

— OCYULIECTBJISTh JIOTUYECKUE ONEPALINH;

— IPOBOJUTH CTATUCTUYECKUE BBIUUCIICHUS U aHAJIN3;

— pelaTh 3a/1a4u C TEXHOJIOTUSMHU TPOrpaMMHUPOBAHUS;

— pemath cucTeMbl TudhepeHIInaIbHbIX YPaBHEHU.

PaccMoTpuMm MOCTpOCHME AHATUTUYECKOW KOMIBIOTEPHOW MOJAEIU B
MathCAD 1o TexHOJIOTHH:

® [IpUMEHEHHUS fA3bIKa IporpaMmmupoBanus camoiit CKM;

® HCIOJB30BaHUA rOTOBBIX nporeayp (omuuit) CKM.

[TosicHuM npuMeHeHue 3TUX TexHoJorui Ha mpumepax B CKM MathCAD.
Ipumep 1. [Ipumenenne s3pika nporpammuposanus MathCAD. PaccmoTpum 3a-
a4y B3aUMOJCHCTBUS JBYX HEOECHBIX Tell. [[BrkeHue J1to00ro teiaa B rpaBUTa-

MOHHOM T10JIE OIKCHIBAETCSA C MOMO-
Y 1160 BTOPOro 3akoHa HeroTOHA

—
—

F =ma

M 3aKOHa BCCMHUPHOTO TATOTCHUA

X M
_ F=G—"
I M r
Puc.4.3 Ha ocHOBe STHX 3aKOHOM MOIKHO
TIOJTyYNTh YPAaBHEHHs, ONHCHIBAIOIIUE
3TO B3aUMOJIEUCTBUE:
do X
~=-GM 2 273/2 '
dt (X*+y9)
do
y y
=-GM 2 2\3/2 7
dt (x? +vy?) (4.1)
dx d
— =0, @by _ v,.
dt dt

Hauanenubie YCIIOBUA OHNPECACIAIOTCA ABYMA IIapaMCTpaMU: Ha4vaJbHOU

CKOPOCTBIO U YIJIOM OL.
x(0) = xp, y(0)=0,
: (4.2)
U = U, CO8, U, =U,sina.
Hwxe Ha nmuctunre (puc.4.4) npuBeICHO YHCICHHOE PEIICHUE Ha SI3BIKE MPO-
rpammupoBanus MathCad.
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UcnpaeneHHbIl Mmemod 3urnepa
G:=6.67 M:=2 h:=0.033
T
v0:=0.7 n:=1156 :=-10 =0 alfa:=30—
% Yo 180
V)i) :=Vv0-cos (alfa) Vy0 :=Vv0-sin(alfa)

X y
P = e oy TN e o v

(X y)=[% <X
Yo< Yo
V’b <« vO-cos (alfa)
Vy0 <« vO-sin(alfa) o 1 > 3 2 5
for ie0..(n-1) stack(xT,yT) =lo

ax, « F>(x|,yi) 1

;< Fy(xi’yi)

VX . < VX + h-ax.
i+1 i i

Wi < W+ h~ayi

X ., < X+ hVx
i i+

i+1 1

Yier €Yt Wy

axi+ 1< F>(X|+ 1 yi+ 1)

& i1 €< Fy()cl+1,yi+1)

h
K1 <% 5 (Ve V)

(0
y
y

h
i1 it 5'(Vyi+1 * Vyi)

h
VX|+1 < VXI + E(axl * axi+1)

h
Wi < Wt 5'(ayi * ayi+1)

-3
(xy) -10 -8 -6 -4 -2 0 2

Puc.4.4

31ech MpU MPOrpPaMMUPOBAHHMM JJIs CO3MaHUsA (X Y) HMCIOJB3YeTCS OIIIUS
maTpuIia u3 oioka Matrix, s npoBeacHHUs BEPTUKAIBHBIX JUHUIA HEOOXOIUMO
BOCMmoib3oBaThes onmuerd Add Line u3 6;oka Programming.

Ipumep 2. Hcnonws3oBanue roToBeix mpoueayp (omuii) MathCad. 3xech
BOCIIOJIb3YEMCSl BCTPOEHHOM oniuen (rmpoieaypoi) unciernHoro pemenust OY
no merony Pynre - Kyrra ¢ pasHomepnbiM 1iarom rkfixed (y, a, b, n, f), rne y —
omnpenenseMas ¢pyHkuus, [a, b] — uHTEepBa, rae uieTcs pereHne, N — Yucio To-
yeK pa3OueHus uHTepBaia, f — nmpaBas yacTh ypaBHEHUH. DTY OIIIMIO MOXHO HC-
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nosb30Bath A pemenust OJY wnu cuctemsl auddepeHIuaibHbIX YpaBHEHUN
ICPBOIo MmopsaKa.
PaCCMOTpI/IM 3a/1a4y II0JICTa CBCPX3BYKOBOI'O CaMOJICTA. ypaBHeHI/IH JABH-
JKCHUS UL T10JICTAa CBEPX3BYKOBOI'O CaMOJICTa MOJKHO IIPCACTABUTL B BU/IC
dvo K -Q-mgsina _ da _N-mgcosa _

: f(va), = o(v,a)
dy mosin« dy mo*sina
Fne CuJia COIMPOTHUBJIICHUSA BO3AYyXad U IIOABCMHAA CHUJIA OIIPCACILICTCA KaK
1 1
Q:E oSV N :Ekz,oSu2

3neck K; — K03 pUIMEHT CONPOTHRIICHUS BO3/IyXa, O - INIOTHOCTh BO3/yXa,
S - wIomaae KpeuibeB, Ky — KO3 GUIMEHT MO beMHON CHITBL. [IITOTHOCTE BO3ayXa
IOJYUHSETCA 3aKOHY pacipeaesieHus boibiMana ¢ yueTom TeMnepaTrypbl

mgy Ty
= e —_—) = e — . - v
P =P (== 27) = po &(=f yTO_a.y)
Cuna Taru sBisieTcs: GyHKIHMEW BBICOTBI U CKOPOCTH U OyJIeEM ONpenessTh
€€ MO MOJYdIMIIUPUIECKOl dhopmyrie

Fr = (1+%e><p(—(o.001u—1.5)2)(104 -0.27y)

KowmmproTepHas ycTaHOBKaA JJIsT MOJICIIUPOBAHUS JaHHOU 3a1a9 MIPEICTaB-
JeHo Ha puc.4.5.

Jlucmunz pewienusn

g:=9.8 m := 8000 k1:=0.02 k2 :=0.2 pO:=1.29 k:=1.

s:=50 TO:=300 ki1:=0.02 I =30000 h :=0.01
0.125 0.65 Toay
b = [ — -— pO0-
1000 4= 700 p(y) :=pO-e
1 2 1 5
Q(V.y) := 5-kl-p(y)-s-V N(V.y) = 5 -k2:p(y) s-V
1 Vo1 5)2
Ft(V.y) = [1 + 5_6(0.001v 15) ]-(104 — O.27-y)

Ft(V.,y) — Q(V,y) — m-g-sin(a)
m-V-sin(oc)

FUNV(V.y, o) :=
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FUNA(V,y,

D(t,z) =

N/

N(V,y) — m-g-cos(a)
oc) =

m-V2-sin(oc)
z;-c0s(z3)
z5-sin(z3)
FUNV(z2,2;,23)

FU NA(Zz, z1, 23)

UU:= rkfixed nach,0,n-h,n, D)

t:= ULSO>

04
035
()

03

0.25

nach :=

X::ULS1> y:=UlS2>
[ [
jl o S \XO>
1 1
o 210" 410" 610
KO
Puc.4.5

450

15-1t
180

V = ULS?’>

450 f

445

440

435

0

2.10"

410" 610"

0

AHauTHYECKass KOMIIbIOTEpHAs MOJIEIIb, IPEACTaBICHHAsd Ha puc.4.5, mo3Bo-

JCT IPOBECTHU MCCIICAOBAHUA IM0JICTA CBCPX3BYKOBOI'O CaMOJICTA B 3aBUCHUMOCTHU

OT IapameTpoB M MOJEJIEH Cpeabl, XapaKTEPUCTUK M CUJIBI TArM camosera. Ha

ATOM K€ MOJIEJIM MPEJICTABICHBI PE3YJIbTATHI yIJIa MOIbEMA U CKOPOCTH CaMOJIeTa

B 3aBUCHUMOCTH OT BBICOTHI ITIOJICTA.

3anaHue Ha MOJeJIMPOBaHUE:!

1. Tloctpouts ananutudeckue moaenu (puc.4.4 u puc.4.5) B cpene Moienu-
poBanust MathCAD.

CTHK CPCAbl 1 HAYAJIbHBIX YCJIOBI/Iﬁ.

BaHMHII.

HpOBeCTI/I KOMIIBIOTCPHOC MOJACIUPOBAHHUC B 3aBUCUMOCTH OT XapaKTCPHU-

IIpoBectn 00pabOTKY M aHAIN3 PE3yIbTaTOB KOMIBIOTEPHOIO MOJEIINPO-

4.1.2. CncteMma KomnboTepHon matematnkn MATLAB

Cpe;m HECKOJIBKUX OCCATKOB MAaTEMAaTHYCCKUX ITaKE€TOB (‘IGTBIpe U3 HUX

MePEeUNCIICHBI paHee) 0cOO0T0 BHUMAHHMS 3aCTy>KHUBAET CUCTEMA WHKEHEPHBIX

1 HayuyHbIX pacueToB MATLAB, kotopas B 0qUHAaKOBOU Mepe OPUECHTUPO-
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BaHa HA NPHUMEHEHHWE KaK CHMBOJHWYECKHX, TaK W YHUCJICHHBIX METOJIOB.
Bxmtouennoe B MATLAB sapo Maple xopouio cpaBisieTcss ¢ CUMBOJIMYE-
CKMMU BbluMciieHUsiMH, a caM MATLAB u ero MHOro4MciaeHHbIE UHCTPY-
MEHTapuU MpeKpacHo padoraroT ¢ yuciaamu. lloatomy cucrema MATLAB
SIBISIETCSL OJTHUM M3 MPOJIBUHYTBHIX CPEICTB Pa3paOOTKH aHAIUMTHUYECKUX
KOMIBIOTEPHBIX MOAEIIEN.

Cucrema MATLAB npennaraercs pazpadorunkamu (pupma MathWorks,
Inc.) kak nuaupyromas Ha pbIHKE, B INEPBYKD OYEpeIb B CHUCTEME BOEHHO-
MPOMBIIIUIEHHOTO KOMILJIEKCa, B @3POKOCMUYECKON OTpaciau U aBTOMOOHUJIECTpOE-
HUH, SI3bIK MPOTPAMMHUPOBAHUS 8bICOKO20 YPOBHS NSl TEXHUYECKUX BBIYMCICHUI
¢ OOJIBIIMM YKCIIOM CTaHJIAPTHBIX AKETOB MPUKIIAIHBIX POTPAMM.

[MomynsipHOCTH cHUCTEMBI cIOcOOCTBYeT ee pacmmpenus Simulink, Stateflow,
SimEvents npenocrasisitolee yao0HbIE U MPOCTBIE CPEJICTBA, B TOM YHCIIC BU3Y-
aIbHOE OOBEKTHO-OPUEHTUPOBAHHOE MNPOrPaMMHPOBAHUE, U1l MOAEIMPOBAHUS
JMHEWHBIX Y HEJIUHEHHBIX JTUHAMUYECKHX CHUCTEM, a TAKKE MHOXECTBO APYTUX
MAKETOB PACHIMPEHUS CUCTEMbl. JTO PACIIMPEHUE MO3BOJISIET CTPOUTH HE TOJIBKO
AHAJIMTUYECKUE KOMIBIOTEPHBIE MOJENIA, HO U MMHUTAIIUOHHBIE MOJAENH (CTaTH-
CTUYECKHUE, TUCKPETHO-COOBITUMHBIE U JIP.)

Cucrema MATLAB cocTouT u3 MHOTHX ThICSY (PaiijloB, HaXOISAIIUXCS B
MHOKeCTBE Mamnok. [1ojie3HO uMeTh NpeAcTaBiIeHUE O COAEP)KAaHUU OCHOBHBIX Ia-
MOK, TIOCKOJIbKY 3TO MO3BOJIAET OBICTPO OLEHUTH BO3MOKHOCTH CHCTEMbI — Ha-
pUMEDP, Y3HATh, KAKHE ONepaTopbl, GYHKUHUU WM TpapuIecKue KOMaHIbl BXOASAT
B CHCTEMY.

B MATLAB oco6oe 3HaueHrue uMeroT ¢aiiibl IByX THUIIOB — C pacliupe-
HusMH .mat u .M. [lepBbie sABIstOTCS OMHAPHBIMH (ailiaMu, B KOTOPBIX MOTYT
XPAaHUTHCS 3HAYEHUS TEPEMEHHBIX. BTopble mnpencTaBisitoT coOOW TEKCTOBBIE
daiinbl, cojepsKalue BHEIIHUE MPOTPAMMBbI, OMpeeiaeHUs] KOMaHa U (yHKIUN
cucteMbl. IMEHHO K HUM OTHOCUTCS OoJiblllasi YacTh KOMaHJ U (YHKLHHA, B TOM
YHClie 337aBaeMbIX IOJIb30BATEIEM IS PELICHUS CBOMX CHEIM(PUUECKHX 3a7ad.
Hepenko BcTpedarores u gaiisl ¢ pacimpeHuem .c (Koabl Ha si3bike Cu), (aitiibl ¢
oTkoMIuinpoBaHHbIMH KofamMu MATLAB ¢ pacumpenuem .tex u apyrue. HMc-
MoJTHsIeMbIe (DaiJIbl UMEIOT pacCIIUPEHUE .€Xe.

Oco6oe 3nauenne nmeer nanka MATLAB/TOOLBOX/MATLAB. B neit
COJIEPKUTCST HAOOp CTaHIApPTHBIX M-QaitnoB cucrtemsl. [IpocMoTp 3THX daitnos
MO3BOJISIET JETANIBHO OLEHUTHh BO3MOXXHOCTU MOCTABIIIEMOM KOHKPETHOW BEPCHH
cucteMbl. Huke nmepednciieHbl OCHOBHBIE MOJNANKKU ¢ 3TUMU (ailiaMu (aeneHue

Ha KaTCropuu yCJIOBHO, HAa CaMOM JICJIC BCC IMOAIIAIIKN HAXOJATCS B 06H16ﬁ IIaIrrKe

MATLAB/TOOLBOX/MATLAB).
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[Toamanka koMaH]1 OOILIEro Ha3HAYEHUS:

General — xomaH b1 001IIETO Ha3HAYCHHS: pabOTa CO CIPABKOM, yIIpaBJie-
Hue okHoM MATLAB, B3auMojieiicTBUE C ONIEPAIMOHHON CUCTEMOM U T. [I.

[Tonmamnku onepaTopoB, KOHCTPYKIIMMA A3bIKA U CUCTEMHBIX (DYHKIIHIA:

OpS — oIepaTophl U CIIEMAIbHBIE CUMBOJIBI;

tang — KOHCTPYKIUH SI3bIKA MPOTPaMMHUPOBAHUS;

strfun — cTpokoBbie QyHKIUY;

iofun — ¢yHKIMH BBOJ1a/BBIBOJIA;

timefun — ¢yukuuu BpeMeHu U Aart;

datatypes — THITbI ¥ CTPYKTYpHI TaHHBIX.

[Toamankyu OCHOBHBIX MAaTEMAaTUYECKUX U MATPUYHBIX (DYHKIIHIA:

elmat — xoMaHBI CO3JaHUS HIIEMEHTAPHBIX MATPUI] M OTICPAIIHiA C HUMU;

elfun — snemenTapHbie MaTemMaTu4eckue QyHKIINY;

specfun — crienmaneHbBIe MaTeMaTHUECKUE (PYHKITUY;

matfun — maTpuuHbIe QYHKIMHM THHEHHOW anreOphl;

datafun — ananm3 maHHBIX ¥ peobpazoBanus Pypbe;
polyfun — momuHOMUaNIbHBIC QYHKIIMKA U PYHKIIMH HHTEPITOJISAIIUH;

funfun — pynkumu yakumit u GyHKIMH pemeHwst OOBIKHOBEHHBIX U ¢ e-
pEHIIMAIbHBIX YpaBHEHUM;

soarfun — QyHKIMH pa3peKECHHBIX MATPUII.

[Toanatiku KoMaHa rpadUKu:

graph2d — xomaHpI ABYMEpPHO# rpaduku;

graph3d — komaH 16l TpeXMEpPHOU TpaHKH;

specgraph — xomaHpI crienuaIbHOM TpaduKy;

graphics — KoMaH/IbI IECKPUITTOPHOMN TpaduKH;

uitools — rpaduka mosb30BaTENLCKOTO HHTEPdEtica.

[TonHbIi cocTaB ¢aitioB Kaxa0W MOAMANKY (MX CIIUCOK COACPKUTCS B (aiiie
corm-tents.m) MOKHO BBIBECTH Ha IPOCMOTP € MOMOILBIO KoMaHAbl help nms, rae
UMs1 — Ha3BaHUE COOTBETCTBYIOLIEH MOIANKY.

I'paduueckue cpencrsa Handle Graphics (aeckpuntopHas Wiu ONMHUCATENb-
Has rpaduka) MO3BOJSIOT CO3/1aBaTh MOJHOIIEHHBIE OOBEKTHI TPadUKN BHICOKOTO
paspelieHus, Kak TeOMETPUIECKOro, TaK U I[BETOBOTO. Bo3mokHOCTH 3TO# Tpa-
GuKH TOANEPKUBAIOTCS  OOBEKTHO-OPUEHTUPOBAHHBIM MPOTPAaMMHUPOBAHHUEM,
CpEICTBAa KOTOPOTO TaKXK€ HMEIOTCS B SI3bIKE MPOTPAMMHPOBAHUS CHCTEMBI
MATLAB.

[IpumeHeHne NeCKpUNTOPHOU TpaUKH TMO3BOJSIET CO3/1aBaThb M THIIOBHIC
AJIEMEHTHI MOJIb30BATENILCKOIO HHTEpPeiica — KHOMKHU, MEHI0, HUH(OPMalMOHHbIE
U MHCTPYMEHTAJIbHBIE MTAHEH U T. J., TO €CTh PeaJn30BaTh 3JEMEHThI BU3yaJIbHO-
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OPHEHTUPOBAHHOTO MPOrpaMMHUPOBaHuUs. ['padukyl BBIBOASTCS OTACIBHO OT TEK-
CTOB B OTJICIbHBIX OKHax. Ha omHOM rpaduke MOXKHO NMPEACTaBUTH MHOMXECTBO
KPHMBBIX, OTJIMYAIOIIUXCS IBETOM (TMPU I[BETHOM JHUCILICE) M OTIMYUTCIHHBIMH
CUMBOJIaMHU (KPY)KKaMH, KPECTUKAMH, NMPSIMOYTOJbHUKaMHU W T. 1.). I'paduku
MOJKHO BBIBOJMTH B OJTHO WJIM B HECKOJbKO OKOH. HakoHeI|, B CTaThIX M KHHUTAX
dopmara Notebook, peann3oBaHHBIX TpPU COBMECTHOW pabOTE€ CHCTEMBI
MATLAB ¢ nonymnsipHbIM TEKCTOBBIM IporieccopoM Microsoft Word, rpaduku
MOTYT pacrojaraTtbCs BMECTe ¢ TEKCTOM, (popMysIamMu U pe3yibTaTaMH BBIYHCIIC-
HUH (YUCIIaMH, BEKTOpAMH M MaTPHUIIAMH, TaOJUIIAMU | T. [1.). BBeeH Takxke psi
CPEICTB Ha OCHOBe rpaduueckoro mHTepdeiica nmoip3oatens (GUI — Graphic
User Interface), mpuBBIYHOTO JIJIs1 ONepanMoHHBIX cructeM Windows. DTo maHemu
WHCTPYMEHTOB, PEJAKTOp M OTJIAAYUK m-(aiioB, KpacouHas JCMOHCTPAIIHS BO3-
MOKHOCTEH | T. 1. ECTh 1 BO3MOXHOCTB CO3/7aBaTh CBOM CPEJICTBA MOJIH30BATEIb-
ckoro uHTepderica.

C rpadgudeckuMu BO3MOKHOCTSIMH MO>KHO TTO3HAKOMHTHCS Yepe3 yIcOHbIC
nocooust [13] mmm yepe3 Help cucremer MATLAB B paznene Graphics. 3necs
npuBeJeM 2 MpUMepa MOCTPOCHUs rpaduKoB ¢ MOMOINbIo npoteayp plot(X,y) u
plotyy(Xx,y1,X,y2);

Ipumep 1. [TocTpoeHue rpaduka ¢ momoripko nporeaypsl plot(x,y)

X =0:0.02:20; % wHTEpBaJ 3HAYEHUI 10 X

y = 50*exp(-0.2*x).*sin(x); %o ¢QyHKIHUSA

figure(1); plot(x,y); %enocrpoenue rpadpuxka

3neck coxpaHeHue rpaduka mpoBoAmIIoCch ¢ momoiisio Edit - Copy Figure B
okne Figure Ne 1

X =0:0.01:20; % wHTEpBaJ 3HAYEHUI 10 X

y1 = 200*exp(-0.2*x).*sin(x); % nepBasi GyHKIHS

y2 = 0.8*exp(-0.5*x).*sin(10*x); % BTOpasi pyHKIUS
figure(2);[AX,H1,H2] = plotyy(x,y1,x,y2,'plot'); YonocTpoeHue rpaguxon




IIpumep 2. Beinaua rpadukoB ¢ pa3HbIMU MacIITabaMu.

Jliist opopmutenust rpadka MOKHO MCIOJB30BaTh CIEAYIOIINE OIepaTOphI:

set(get(AX(1),"Ylabel"),'String’,'Left Y-axis'); % 3anuch MeTKH 10 OCH Y
cieBa

set(get(AX(2),"Ylabel"),'String’,'Right Y-axis'); % 3anuch MeTKH 1O 0CH Y
cnpaBa

xlabel("Zero to 20 \musec.'); % MeTKa 1Mo ocH X

title('Labeling plotyy'); % o0o3Hauenue rpaduka

set(H1,'LineStyle’,"--"); % cniomnasi Tunus rpaduka
set(H2,"'LineStyle',':"); % nyHkTHpHas JuHUS rpaduka

Odopmienue BHeNHETo Bua rpaduka (METKH Ha OCSIX, OTJIABJICHUE U JIp.)
MOJKHO TPOBOAMTH TaKXKe C MOMOINbI0 MeHIO Edit B OTKpHITOM OKHE Hallero
npumepa Figure Ne 2.

Ha pwuc.4.6 coxpanenue rpaduka npoBoauiock yepes File — Export B ok-
He Figure Ne 2 dopmare *.emf. CoxpaHeHue MOXHO TPOBOJIUTH C Pa3TMYHBIM
BUIOM pactmpenus *.emf, *.omp, *.jpg, *.eps u apyruMu, B 3aBUCUMOCTH OT HE-

O6XOIII/IMOCTI/I HCIIOJIb30BaHUs B TOM HUJIM HHOM JOKYMCHTC.

Labeling plotyy
T T T

200

Left Y-axis
(o]
1
\
)i
Right Y-axis

200 c c c c c c c c c
o 2 a 6 8 10 12 14 16 18 20
Zero to 20 nsec.

Puc.4.7
Texnonozuu nocmpoenusa anaiumuyeckux mooenei. AHanu3 TMOBEICHUS
MHOTHX CHCTEM M YCTPOWCTB B IMHAMHUKE, a TAaK)KE PEIICHHE MHOTHX 33J1a4d B T€O-
puu KoJebaHWil U B TIOBEACHUH YMPYTUX 000JI0YEeK OOBIYHO Oa3MpyOTCS Ha pe-
IICHUU CUCTEM 00bIKHOBeHHbIX Oupgepenyuanvuvix ypasuenuu (OY). Ux, kak
MpaBUJIO, MPEJCTABISIOT B BUAEC cUCTeMbl TudPepeHInanbHbIX YPaBHEHUH Tep-
BOro nopsizika B popme Komu:
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¢ rpaHYHBIME YCIOBUIMH Y (o teng, D), T1E o , teng— HaYANBHBIC W KOHEYHBIC TOY-
k1 uHTepBasoB. [lapamerp t He 00sA3aTENBHO O3HAYAET BPEMsi, XOTS Yalle BCETO
nudQepeHImanbHbple YpaBHEHHS PEIIAlOT BO BpeMeHHOH oOsactu. Bextop b 3ana-
€T HavaJIbHbIE U KOHEUHBIE YCIIOBUSI.

PaccMOTpUM TEXHOJIOTMM MOCTPOCHUS aHAJTUTUYECKUX MOJENIEH Ha OCHOBE
YUCJICHHBIX METOJIOB pelIeHUs] OOBIKHOBEHHBIX AU((depeHIInaIbHbIX YpaBHEHUN
(OY) u HexoTophle BCIIOMOraTeiabHble (PYHKLIWH, MOJE3HbIE JJI1 PELICHUs CHC-
tem OY. [ns pewenus cucrem OJY B MATLAB peanuzoBanbl pa3zinyHbie Me-
toabl. Mx peanusanun Ha3BaHbl pewamensimu OLY.

B MATLAB o006o06mennoe HazBaHue solver (pemiarenb) o3HadyaeT OJAWH W3
BO3MOKHBIX YHMCICHHBIX MeToA0B pemenuss OJlY. Pemarenu peanusyror cre-
JYIOIINE METOJIbI perieHus: cucteM auddepeHuaibHbIX YPaBHEHHH .,

ode45 (f, interval, yO [, options]) — oaHomaroBbie siBHbIE MeTOJbI PyHre-
KyrTa 4-ro u 5-ro nopsjaka. 9To KJIACCUYECKUN METOJ, PEKOMEHIYEMbIN JJIs Ha-
YyaJapHOM MpoOkI perieHusi. Bo MHOTHX cilydasix OH JaeT XOPOIIUE PE3yIbTaThl;

ode23(f, interval, y0 [, options]) — onHomiaroBsie sBHbIC MeTOABI PyHre-
Kyrra 2-ro u 4-ro nopsiaka. [Ipu ymepennoit xectkoctu cucteMsl O/[Y n HU3KHX
TpeOOBAHMIX K TOYHOCTU ITOT METOJ MOKET JIaTh BBIMTPHIII B CKOPOCTH peIlie-
HUS;

0dell13 (f, interval, yO [, options]) — wmHoromaroBeii MeToq Amgamca-
bamBopra-MynToHa nepeMEHHOr0 MOpsiaka. DTO aAaNTUBHBIA METOJ, KOTOPBIU
MOKET 00€CTIEUUTh BHICOKYIO TOUHOCTDH PEIICHHUS,

0de23tb (f, interval, yO [, options]) — HesBHBII MeTo 1 PyHre-KyTTa B Havae
pEIICHHS U METO/I, UCTIONIB3YIOMINI (hOpMYITbl 00paTHOTO MU PepeHITUPOBAHUS 2-
ro MopsiiKa B MOCIEAYIOIIEM.

HecMoTpst Ha CpaBHUTENBHO HU3KYIO TOYHOCTh, 3TOT METOJ] MOXKET OKa3aTh-
cst 6osee 3phekTUBHBIM, yeM odelSs;

odel5s (f, interval, yO [, options]) — MHOromIAroBbIi METOM ITEPEMEHHOIO
nopsiaka (ot 1 10 5, Mo yMOT4aHUIO 5), UCTIONB3YIOMUNU (HOPMYIIBI YHCICHHOTO
nuddepeHnupoBanus. ITO alallTUBHBIA METOJ], €r0 CTOUT MPUMEHSTh, €CIIU pe-
matesib ode45 He oOecrieynBaeT pelieHus;

0de23s (f, interval, yO [, options]) — oaHOIIArOBBIH METO/I, UCITOIb3YOLIHI
MoauduipoBanuyo Gopmyny PozeHOpoka 2-ro mopsiaka. MoxkeT obecreduTh
BBICOKYIO CKOPOCTh BBIYMCJIEHWW TP HU3KOW TOYHOCTU PEIICHUS KECTKOU CHUC-
TeMbl TU(PdepeHIINaNTbHBIX YPABHEHU;
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ode23t (f, interval, y0 [, options]) — meToa Tpamenuii ¢ HHTSPIIONSIIHEH.
OTOT METOJI 1aeT XOPOIIKe Pe3yabTaThl MPU PEIICHUH 33]a4, ONMCHIBAIOIINX KO-
jebaTeNbHbIE CUCTEMBI C MTOYTH TAPMOHUYECKUM BBIXOJHBIM CUTHAJIOM;
bvp4c cykuT sl IpoOsieMbl TPAaHUYHBIX 3HAUeHUU cucteM auddepeHiu-
anbHBIX ypasHenui suga Y'=f(t,y), F(y(a), y(b), p) 0 (xpaeBas 3amaua);
pdepe HyXeH i1 pPELIEHUS CHCTEM NapadOMUYECKHX M SJUIUNTHYECKUX
nudepeHnanbHbIX YPAaBHEHUM B YaCTHBIX ITPOU3BOIHBIX, BBEJICH B SJIPO CUCTE-
MBI 17151 TOAJEPKKHA HOBBIX rpaduueckux ¢pyHkiuit Open GL, naker pacmmpeHus
Partial Differential Equations Toolbox comeput 6oJiee MOIIIHBIE CPEACTBA.
BxonHbIMH TapamMeTpaMu 3TUX (PYHKIIHH SABIISIOTCS:
o f — BexTOp QYHKIMS JUIS BHIYHUCIICHUS MPABON YacTH YPaBHECHUS WIIH
CUCTEMBbI YpaBHEHHUIA;
e interval — maccuB W3 NBYX YmceN, OMPEACISIONINIA HHTEPBAI UHTET-
pupoBaHusl AUPPEpeHINanbHOIO ypaBHEHUSI WIW CUCTEMbI. [ mo-
JTy4YCeHUsI pPEeUICHUH B KOHKpETHbIe MOMeHTHI Bpemenwu t0, tl,..., tfinal
(pacnoJyio’)KEHHBIE B MOPSAKE YMEHBUICHUS WIH YBEIMUYEHUS) HYXKHO
ucnoias3oBath interval = [t0 tl ... tfinal];
e Y0 — BeKTOp HaYaJIbHBIX yCIOBHIA;
e 0ptions — mapaMeTphl yIpaBICHUS XOI0M pelieHus auddepeHmaib-
HOTO YpaBHEHHsI WJIM CHCTEMBI apryMEHT, CO3/1aBaeMbIil (yHKITHEH
odeset (eme omna ¢ynkuus — odeget wim bvpget (Toiabko IS
bvp4c)— mo3BosieT BHIBECTH MapaMeTphl, YCTAHOBICHHBIE IO YMOJI-
YaHHUIO WM ¢ TOMOIbI0 GhyHKIUU odeset /bvpset);.
e pl,p2,.,,— Npou3BOJIbHBIE TAPAMETPHI, MiepeaaBaembie B pyHkimio F.
Bce permrateny MOryT pemiaTh CHCTEMbI ypaBHEHHH siBHOTO Buaa y' = f(t, ).
Pematenn odelSs u ode23t cnocoOHbl HallTH KOpHU AuddepeHunaIbHo-
anreopandeckux ypauenuit M(t)y' = f(z, y), rne M Ha3biBaeTCs MaTPUIICH MACCHI.
Pematenu odelSs, ode23s, ode23t u ode23tb MoryT pemarb ypaBHEHUs] HESIBHOTO
Buna M(ty) y' = f(t, y). 1 HakoHel, Bce pemartend, 3a uckiroueHneM ode23s, Ko-
TOpBIA TpeOyeT MOCTOSHCTBAa MATPHUIIBI MAacChl U bvp4c, MOTYT HaxOAUTh KOPHHU
MaTpu4YHOTO ypaBHeHHS Buna M(t, y) y' = f(t, y). ode23tb, ode23s ciyxat ais pe-
HIEHUS KeCTKUX AuddepeHmanbHbix ypaBHeHUH . odelSs -xectkux auddepen-
UagbHBIX U quddepeHnmnanbHo-anredpandeckux ypaBHenuii, ode23t -ymepeHHO
KecTKUX AuddepeHunanbHbiX U AuddepeHnnanbHO-aIredpanyeckux ypaBHEHH.
T, Y — marpuna pemeHur Y, rjae Kaxzaas CTPOKa COOTBETCTBYET BPEMEHHU,
BO3BpAIIICHHOM B BeKTOpe-cTojome T.
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[lepeiinem k onucanuio GyHKIUN JUIs pelieHus cucteM auddepeHimaibHbIX
YPAaBHEHHMM:

[T,Y] = solver(@f, interval,y0) — rme BMecTo solver moicCTaBiiieM HMs
KOHKPETHOTO peIIaTes — HHTETPUpyeT cucteMy auddepeHnrnaIbHbIX ypaBHE-
Huil Buaa y'=F(t,y) Ha untepBaie interval ¢ HadaapHBIMU yciaoBusmu y0. @f —
neckpuntop (npasas yacts) ODE-bynkiuu. Kaxnas ctpoka B MacCUBE pelIeHUN
Y COOTBETCTBYET 3HAUEHHIO BPEMEHH, BO3BpaIlacMOMYy B BeKTOpe-cTosoue T;

[T,Y] = solver(@f, interval, y0, options) — maer pemrenue, mo00HOE OIH-
CaHHOMY BBIIIE, HO C MapaMeTpamH, ONpeIesieMbIMU 3HAYEHUSIMU apryMEHTa
options, co3ganHoro GpyHkIMeH odeset;

[T,Y] = solver(@f,interval,y0,options,pl,p2...) — maet perienue, moao0HOE
OMMMCAHHOMY BHIIIIE, TIepeaaBas JOMOTHUTEIBHBIC TTapaMeTPhI pi, p2,... B m-daiin
F Bcsikuii pas, korja oH BbI3biBaeTcs. Mcnonb3yiiTe options=| |, eciiy HUKakue ma-
paMeTpsl HEe 3aal0TC;

[TapameTpsl uHTErpupoBaHus (options) MOTyT ObITH OMNpENEICHbl U B m-
(aiine, 1 B KOMaHJIHOM CTPOKE C MOMOIIBI0 KoMaH bl odeset. Ecnu mapametp on-
pezeseH B 000uX MecTax, OnpeiesieHne B KOMaH/IHON CTPOKE UMEET MPUOPUTET.

PemaTenn WCHOMB3YIOT B CHHCKE pa3duYHBIC MapamMeTpbl. B mpuBemeHHOM
HUKE TaOJIHIe OHU JaHBI JJIS pemiaTeaeii 0ObIYHBIX (B TOM YHCIIE )KECTKUX) AU (-
dbepeHIManbHBIX YPAaBHCHHM.

CrnocoOb1 pemienust nuddepeHnmanbabpix ypaBHenuid B cucteme MATLAB,
TaK e Kak U B JIPYTUX CHCTEMax, MOTYT OBITh pa3HbIC, B YACTHOCTU C ITOMOIIIBIO
WCIIOJIb30BAHUSI YHMCIEHHBIX METO/J0B (TIPOrpaMMHUPOBAHUEM) M HCIIOJIb30BAHUS
TOTOBBIX MPOIIEAYP CAMOTO IMaKeTa.

MeToa MCO/1b30BaHMS YUCICHHBIX MeTOA0B. PaccmoTpum 3amauy Komm:

dy , 1
a——y +t_2’ y(1)=0
JIns pelieHusi 3TOro ypaBHEHHUS METOJIOM Jiliepa Co3AaauM CIEIYIONIYIO
bynkuuio B M — daiine.
% (QyHkuus 3agaonias peueHue mno Jjaepy
function [y,t]=eiler(a,b,n,y0)
h=(b-a)/n;
y(1)=y0;
for i=1:n
t(i)=a+i*h;
end
for i=1:n-1
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y(i+1)=y(i)+h*(-y(i)*y()+1/(t(i)*t(1)));
end
end
Ota QyHKUIMS H0KHA OBITH COXpaHeHa, HallPUMep, B CIEAYIOIIEM KaTajaore

C:\MATLABGp5S\toolbox\matlab\funfun, t.e. Tam rme xpansTcs Bce QyHK-
uu cuctreMbl MATLAB. Ilpu Hauane BbI30Ba 3TOM (QYHKIIUM HEOOXOAUMO YJI0-
CTOBEPUTCS O HATMYNU JUPEKTOPUH, TJI€ pacIoiaraloTcs Bamm M-hanisl
Current Directory | C:\MATLABGp5\toolbox\matlab\funfun

T.C. B KaKOM KaTaJIOI'C HaXOIAHUTCA HCO6XO,ZII/IMa$I q)YHKHI/I}I. Ecnun H€06XOI[I/IMI>IC

GYHKIIUA XpaHATCSA B APYrOM KaTajore, TO BBl JOJKHBI yKa3aTh COOTBETCTBYIO-
YO JUPEKTOPHUIO.

>>[y,t]=eiler(0.01,100,1000,0.1)

>>figure(l);plot(t,y);

Haiinem unciiennoe pemenne auddepeHInaIbHOTO YPaBHEHUS C TIOMOIIBIO
oxHoro u3 pemrareiaeit 00ell3, ode23, ode45 u ap. OHM NIPUMEHSIOTCS AJIS pas-
HBIX CHUCTEM (MSTKHE, )KECTKHE) U HUCIIONB3YIOT PA3IMYHbBIE CXEMbI YHCICHHOTO
uHTerpupoBanus. Ho mis mo0Ooi 3 HUX 00s3aTEIbHO HYKHO 33/1aTh CHCTEMY,
KOTOPYIO HAJIO PEIINTh, HAYaJIbHBIC YCIOBUS, MHTEPBAJ U IIIaT MMOMCKA PEIICHHUS.

3.5

Puc.4.8

CucreMy ypaBHEHUI HYXHO IPUBECTH K HOPMAaJIbHOMY BUJY M 3aIlncaTh B
daiin GyHKIMIO, KOTOpasi IO JAHHBIM 3HAYEHUSIM apryMeHTa X U BceX (PyHKUUH
V1, V2, ++» Vn BBIUHCIISAET MPOU3BOJIHBIE B 3TOM TOUKE. DTOT (haiil Hy>KHO Ha3BaTh TakK,
KaK Ha3bIBaeTCs (PyHKIUA (paclIupeHue JaTh M), U MOMECTUTh B KaKOH-T100 Ka-
tasnor, noctynHsii MATLAB.

Hanpumep:

function f=ff(t,y)

f=-y(1)*y()+1/(t*D);

end
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Pemenue

>>[y1,t1]=ode23(@ff,[0.2 10], 0.001)

>> figure(3);plot(y,t,":",y1,tl);

Pe3ynbTaThl penieHus mo Meromy Diiiepa M ¢ TMOMOIIBI0 pernarens 0de23
npejcTaBlIeHbl Ha puc. 4.9.

3.5

3r 3 4

HE Eiler

Puc.4.9

Pemienne cucrem auddepeHuuajbHbIX ypaBHeHH. PaccMoTpuM 3a1auy o
MasiTHUKE Dyko. MaTeMaTHYECKYI0 MOJIEJIb 3TOM 3aa4d MOXHO ITPE/ICTABUTH B
BUJIC:

dy y
d_tlzzyla)"‘a)ZY:e,_ng,

dy y
d_t2 =2y,0+0°y, —¢ T4 (3.58)

ays _ @

o dt

3necy @ - yactoTa KojebaHusi masiTHuka Dyko, L — nanvHa masTHUKaA, § —

=Y,.

3HAYCHUE YCKOPEHHUs CBOOOIHOTO MaICHMUS.

Coznmagum M-daiin

function dy=fuko(t,y);
0=9.8; L=50; w=0.04;
dy=zeros(4,1)
dy(1)=2*y(2)*w+w*w*y(3)-g*y(3)/L;
dy(2)=-2*y(1)*w+w*w*y(4)-g*y(4)/L;
dy(3)=y(1);
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dy(4)=y(2);
end
Perienrie HaxoauM ¢ MOMOINBIO pemnatens 0de23 u BU3yalIM3UpyeM B BHJIEC
rpa¢ukoB (puc.4.10)
>> [T,Y]=0de23(@fuko,[0 100],[0;0;1;0])
>> figure(5); plot(T,Y,'-K");
>> figure(6); plot(Y(:,3),Y(:,4),'K");

1

0.5p

-0.51

0 20 40 60 80 100

Puc.4.10

AHajiuTH4YecKoe pemieHue Ju(dpepeHHATbHBIX YPABHECHUI.
PaccMoTtpuMm ciieayroiee ypaBHEHUE
y'+2y'+y = X *sin(2 * X)
>> clear all % oumcTHIN HAMATH
eq="'D2y+2*Dy+y-x*sin(2*x)' ; % ypaBHeHHUe
X0=-10; % HavyaabHasl TOYKA
Xk=10; % KoHeuHAas TOUYKA
y0=1; % Ha4ajbHOE yCJIOBHE
y10=-1; % HayajJbHOE yCJIOBHE
icl=sprintf ( 'y (%d) =%d", x0,y0); % cTpoKa ¢ HAYAJIbLHBIM YCJIOBHEM
ic2=sprintf ( 'Dy (%d) =%d" , x0,y10); % cTpoka ¢ HA4aJILHBIM YCJIOBH-
eM
fprintf (' Inddepennuannnoe ypasuenue : \n % s=0\n "', eq);
fprintf (' Hauanbubie ycsoBus : \n % s\n % s\n ', icl, ic2);

HuddepenunanbHoe ypaBHEHUE :
D2y+2*Dy+y-x*sin(2*x)=0
HauvanbHble ycnoBus :

y (0) =1
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Dy (0) =-1

HaXO)KI[GHI/Ie AHAJIMTHYCCKOTI'O PCUICHUA

>> [y]= dsolve('D2y=-2*Dy-y+x*sin(2*x)","y(0)=1","Dy(0)=0","x")

y = -4/25*%c0s(2*X)*x-4/125*c0os(2*x)-3/25*x*sin(2*x)+22/125 *
sin(2* x) + 129/125*exp(-x)+21/25*exp(-X)*X

JIns YMCIEHHOTO pElIeHUsT YPaBHEHUS IPUBEIEM HAIllE YpaBHEHHUE 2-TO I10-
psZiKa K CUCTEME JIBYX YPaBHEHUM 1-ro mopsiaka 3aMeHOM:

Yi=Y,

Y,=-2%Yy, =Y, +x*sin(2*x)

Coznanum M —daiin

function dy=fff(x,y)

dy=zeros(2,1);

dy(1)=y(2);
dy(2)=-2*y(2)-y(1)+x*sin(2*x);
end

JIJ1s 4uCIeHHOro penieHus] CUcTeMbl U QepeHInalbHbIX YpaBHEHUH, KpOMe
(GyHKIMM BBIYMCIICHUS TIPaBbIX YacTel, HY>KHO 3aJ1aTh TAaK)KE€ HAYalbHBIC YCIOBUS
Y MacCHB TOYEK, B KOTOPBIX OYJIET BHIYUCIISTHCS PEIICHUE.

HauaneHble ycnoBus y Hac ectb — 310 niepemennbie y0 u y10. Pemaem cucre-
My ypaBHeHHH perareieM 0de23.

[X,Y]=0de23(@fff,[-20 20],[L;-1])

B pesynbraTe mosyyaeM: MacCMB apryMEHTOB X — 3TO TOYKH, B KOTOPBIX
HalIeHO pelieHue, 1 Y — IByMepHbIi MaccuB (pyHkimid. Kaxxapiii cronden maccuBa
Y — 9T0 OflHa W3 MEPEMEHHBIX V1, V2 .., Yy B Toukax X. B Hamem ciydae 1-it
crosidenr Y — 310 dyHkIus y(X), a 2-i1 — ee npousBoaHas. [|js moctpoeHus rpa-
¢dbuka HaMm HyxeH OyneT 1-i cronber; MmaccuBa VY.

figure(6);plot(Y(:,1));

HaanuceiBaeM 3arojloBOK U METKU oced BbIOpaHHbIM mmipudToM. Ha puc.4.11
coxpaHenue rpaduka nposoauiaock uepe3 File — Export B oxne Figure Ne 6
dopmare *tif.
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x

Puc.4.11
TexHonorun pa3pabOTKM KOMIBIOTEPHBIX MOJEIEH C MOMOLIBI0 CHCTEM
kommbioTepHoii MmaTematukd MATLAB onwucans! B kuurax [1, 4, 7, 8, 18, 22].
3amanue Ha MOJIeJINPOBAHUE!
1. Tloctpouts ananuTuueckue moaenu (puc.4.6 - 4.11) B cpene moaenupo-
Banus MATLAB.
2. IlpoBecTu KOMIBIOTEPHOE MOACIUPOBAHUE B 3aBUCUMOCTH OT XapaKTe-
PHUCTHK Cpebl 1 HAYATBHBIX YCIIOBHUH.
3. IlIpoBectu 00pabOTKy M aHANIHU3 PE3yJIbTaTOB KOMIIBIOTEPHOTO MOJIEITH-
pOBaHUA.

4.2. Cuctema TeXHUYECKOro (KnbepHeTU4ecKoro) MoaenmpoBaHns
VisSim

Hapsiny ¢ pasButueM nu@poBbIX BBIUMCIUTENIBHBIX MAIIUH (HOPMHUPOBATIOCH
HaIlpaBJEHUE aHAJOTOBBIX BBIUMCIUTENBHBIX MaliuH (ABM), ¢ moMomipo KOTO-
PBIX pelIaiCh pa3auvHble PuU3HUecKre U MaTemMaTudeckue 3anaun. ABM mo3Bo-
JSAJW pellaTh Pa3iMYHbIE BUABI MAaTEMAaTHYECKUX MOJEIIEH, MPEICTABICHHBIX B
BUJE AMPPepeHInanbHbIX YPAaBHEHUM C TOMOIIBIO HATYPHOI'O CXEMOTEXHHUECKO-
ro MoaenupoBaHusa. CKOPOCTh BBIUMCIEHUS HA TAaKMX MallMHAX AocTUrana 1o 50
MJIH. onepanuii B cekyHy. st 1960-x rooB Takasi CKOpOCTh BHIYUCIICHHM Oblia
danractuueckoii. ABM ucnosb30Banu i MaTeMaTHYECKOTO U MOJyHATypHOTO
MOJICTTMPOBAHUS PAKET U PAKETHBIX KOMIUIEKCOB, KOCMUYECKUX Kopabiel, camo-
JIETOB, CYJIOB, SHEPIeTUUECKUX YCTAHOBOK M JPYTMX OOBEKTOB Ha BCEX JTallax UX
cozmanus. Kpome Ttoro, ABM npuMeHsuch s pelieHus 3ajad B MEIUIIMHE,
OMOJIOTMH, XUMHUU U B IPYTUX HANPABJICHUSIX HAYKH U TEXHUKH.

Ananoroseie 9BM He MOJy4niaym MacCOBOIO paclpOCTPAHEHHS M B HACTOS-
niee BpeMs pa3padaTrhIBalOTCs s pelieHus cnenupuyeckux 3aaad. C pa3BUTHEM
IU(POBBIX BRUUCIUTENBHBIX cpeAcTB (DLIBM-25BM) nauanu pa3BuUBaThCS IPO-
rpaMMHbIE€ CPEACTBA W TEXHOJIOTMH MojenupoBaHus Ha nudpoBbix IBM. Iloss-

JICHUC COBPCMCHHBIX TCXHHUYCCKHX I/IH(l)OpMaLII/IOHHLIX CHUCTCM 00BEKTHO-
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OPUEHTHPOBAHHOTO MOJICIMPOBAHUS B BHJIE€ KOMIBIOTEPHBIX BUPTYAJIbHBIX KOH-
CTpykTOpOoB, Takux kak MultiSim, Vissim, MvStudium, LabVIEW, npuioxenue
SIMULINK cuctemer MATLAB u apyrux cucteM, MO3BOJIIOT pellaTh MaTeMa-
TUYECKUE U WHXKCHEPHBIC 3a/1a9M C IMTOMOIIBI0 CXEMOTEXHUYECKOTO HMMHTAIHOH-
HOTO MOJICIIMPOBAHUSA. DTU CUCTEMBI B HEKOTOPOM CMBICIIE MOKHO Ha3BaTh BHP-
TyaJlbHbIMH aHanoramMu ABM. OTOT moaxoj K MOJETMPOBAHUIO HA3BIBAIOT KH-
OepHETHYECKUM WJIM aHaJoroBbIM. CHUCTEMBI TEXHHMUYECKOTO MOJCITUPOBAHUS IO-
CTPOEHBI TI0 PUHIIUITY KOHCTPYKTOPA, IO CUcTeMe OJI0KOB. B cuctemax TexHude-
CKOTO MOJICTMPOBAHUS MOKHO PEIlaTh Kak MaTeMaTHYeCKHe, TaK U WHKEHEPHBIC
3amauu. B 3TUX KOMIBIOTEPHBIX CHUCTEMaxX MOXKHO COOMpaTh M KOHCTPYHPOBATH
BUPTYaJIbHO JIIOOBIE ANEKTPOTEXHUUYECKUE U PAUOTEXHUUYECKUE CXEMBI C UCTIONb-
30BaHMEM KOMIIBLIOTEPHBIX aHAJIOTOB AJIEKTPOTEXHUYECKUX JIeTajeii M H3MEpHU-
TENBHBIX, & TaKK€ BH3yaJbHOE MOJICIIMPOBAHHE W KOHCTPYHPOBAHHE WHKCHEP-
HBIX, TEXHHYECCKUX HMHTATOPOB 3JIEKTPOHHBIX MPHUOOPOB M JIOTUYECKHX YCT-
poiicTB. C MOMOIIBIO CUCTEM TEXHUYECKOTO MOJEIUPOBAHUS CO3/IAIOTCS BUPTY-
TbHBIC UMUTAIIMOHHBIC MOJIETH (KOMITHIOTEPHBIC YCTAHOBKH).

Bonee Toro, mpoekTHpOBaHHBIC W CO3JaHHBIC BUPTYalbHbIC WHKCHEPHBIC H
MIPOU3BOICTBEHHBIC KOMITHIOTEPHBIC OOBEKTH M YCTAHOBKHA MOYKHO HCIIOJIE30BATh
JUIST HATYPHOTO 3KCIIEpUMEHTa W TPOM3BOACTBCHHBIX HCIBITAHUN B pEaTbHOM
MacmTabe BpeMEeHH.

B kadecTBe mpumMmepa KMOEPHETUYECKOTO MOAX0a K MOACIUPOBAHUIO pac-
CMOTPUM CHCTEMY CXEMOTEXHHUYECKOro MojenupoBanus ViISSIM opueHTHpOBaH-
HYIO0 Ha BH3yaJIbHOE IPOrpaMMHpPOBaHUE U MojenupoBaHue [4]. OHa UHTETPHUPY-
ercsa ¢ CKM, B wactnoctn cuctemamu Mathcad u MATLAB. J[lannas cucrema
IIAPOKO MCTIOIB3YETCSI JJIs PEIICHHUS] MH)KCHEPHBIX 3371a4 B 00JIACTH aBTOMAaTHYE-
CKOTO PETyJUPOBaHUSA U YIPABICHUSA, a TAKXKE MPU MOACITUPOBAHUN Pa3ITAIHBIX
(GU3HYECKUX, XUMHUYECKHUX, SKOHOMUYCCKHX U MPOYNX SIBJICHUN U CHCTEM.

[Ipu moctpoenun mozeneit B cucreme ViSSIM ucnonb3yroTes OJ0KH, KOTO-
pbI€ XpaHATCS B OMOIMOTEKE OJIOKOB M MOTYT OBITh U3BJICUEHBI U3 HEE U MEepeHe-
CCHBI B OKHO MOJICNIA. BIIOKM OpHEHTUPOBAHBI HAa peaTu3allii0 MaTEMaTHIECKUX U
JIOTUYECKUX OTepaluif. ITO TMO3BOJIAET CO3/IaBaTh MATEMATHUYECKU MPO3PAvHBIC
MOJICJIN C JTFOOBIMH OITUCBHIBAIOIIMMHU WX 3aBHCHMOCTSIMH.

Cucrtema VisSSim mo3BossieT MPOBOAWTh HMHTEIPHUPOBAaHKE B MU(PPOBOH (Hop-
Me — KOoTopasi SBJseTCs Oojiee YCTOHYMBOM oreparueii, dem muddepeHnupona-
HUE, 37IeCh HEOOXO0IMMO MPe0oOpa30BBIBaTh UCXOAHBIC AU hepeHITnaIbHbIC ypaB-
Henus (YY) B oneparopHoii ¢opme Takum oOpa3zoMm, uToOsl oneparop Jlamiaca
BXOJIMJI B YpaBHEHHE TOJBKO C OTPHUIATCIBLHBIMH CTEIICHIMH (TpeOyeTrcsi pasje-
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JIUTHh YW JIEBYKO M mpaByro 4yacth Y Ha omeparop Jlamuiaca B COOTBETCTBYIOLIEHU
CTETICHH ). DTO OCHOBHOM MPHUHITUII TOCTPOSHUS MOJIeNiel B TporpaMmMe VisSim.

Paspaborurkamu ViSSIM pekinamupyercs Kak camasi ObICTpas CHCTeMa MO-
nenupoBaHus. M 1elCTBUTENBHO, BpEMsST MOJEIMPOBAHUS CUCTEM U YCTPOMUCTB B
VisSim ot 3 10 8 pa3 MeHblIIIe, YeM Yy APYTUX CUCTEM MOACIUPOBAHHS. DTO 0O0JIb-
I0€ JTOCTOMHCTBO CHCTEMBI, HEPEIKO OIMpPABABIBAIOIIEE MEPEXO] K €€ MpUMEHe-
Huto. [loaToMy Tema ganHHoro maparpada MoKeT ObITh aKTyaldbHOM. 3amycTHB
cucremy VisSim u3 Windows, Bel yBuauTe Ha s5kpane okHO (puc. 4.12). Han Hum
BUJIHA CTPOKAa C OCHOBHBIMH 3JIeMEHTamMH uHTepdeica. Oniuu riiaBHOTO MEHIO,
CoJZIep KaIIrecss B 3TOW CTPOKE, JIETKO M3YYUTh CaMOCTOATEIbHO; HEKOTOpBIC U3
HUX OYECHb MOXO0KU HA CTaH/IAPTHBIE OMIIMHU, MPUHSTHIE B TEKCTOBBIX PelaKTOpax
Windows.

M8 VisSim/PE - Diagram]

File Ecit Yiew Simulate Analvze Blocks Tools  Window Help
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'8 Diagram1

Diagraml

Puc. 4.12

Pabota ¢ noxkymentamu VisSim o0bHO He TpeOyeT 0053aTEIEHOTO UCTIOb-
30BaHMSI BO3MOKHOCTEH IIaBHOTO MEHIO, TaK KaK OCHOBHBIC U3 HUX AYOIUPYIOTCS
KHOIIKAaMH Ha TMaHEJIM HHCTPYMEHTOB, KOTOPHIE PACIIONIOKEHBI B yIOOHBIX, TIEpe-
MEIIAeMbIX C TIOMOIIBIO MBI HAOOPHBIX MaHEIIX—T1anuTpax. HabopHbie manemm
MOSIBJISIIOTCS B OKHE PEIaKTUPOBAHUS JOKYMEHTOB MPY aKTHBU3AIMHA KHOTIOK.
Onu cimyxaT IJis BBIBOJIA 3aTOTOBOK — ITa0JIOHOB MaTeMaTHUECKUX 3HAKOB (D,
3HAKOB apU(PMETHICCKUX OIepaIiuii, MaTPHII, 3HAKOB WHTETpaja, MPOU3BOIHBIX,
npuaenoB u ap.). Cucrema VisSim npenHa3HadyeHa s pEIISHUs 3a1a4 MaTeMa-
TUYECKOTO MOJICTUPOBAHUS, OTHOCSIIIUXCS K CIEAYIOIIUM KIIaccaM:

* JTUHEHHBIC CUCTEMBI;

* HEJIMHCHHBIC CUCTEMBI;

* HETIPEPHIBHBIC BO BPEMEHU CUCTEMBI,
* TMCKPETHBIC BO BPEMEHHU CHCTEMBI;

¢ CUCTCMBI C UIBMCHACMBIMH BO BPCMCHU IMApaMCTPAMU,
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* THOPUIHBIC CUCTEMBI;

* MHOTOIIEJIEBbIE 1 MHOTOKOMIIOHEHTHEIE CUCTEMBI;

* OJTHOBXOJIOBBIE M OJTHOBBIXOJIHBIC (0 JHOMEpHBIC) cucTeMbl SISO;

* MHOTOBXO/IOBBIE 1 MHOTOBBIXO/IOBbIE (MHOTOMEPHBIE) cucTeMbl MIMO;

Cuctema VisSim He uMeeT SIBHOH OPUCHTAIIMKM HA KAKOW-TO KJIACC MOJICIIHU-
poBaHUA. JTO YHHBEpCajabHas CUCTEMa, JOMYCKaIoIasi JOCTAaTOYHO MPOCTOE pac-
IIMpEHUE U 0OeCTeunBaroas JeTKyl aJanTalyio 1MoJ| PeIIeHUEe TeX WM WHBIX
KOHKPETHBIX 3a]1a4 MoJib30BaTens. TeM He MeHee, MOKHO CYUTaTh, YTO Hanbolee
ynoOHa JaHHAsl CHCTeMa JUIsl PEIICHUs WH)KCHEPHBIX 3a/7a4d B 00JIACTH aBTOMATH-
YECKOTO PEryJIHPOBAHUS U YIIPABJICHUS, a TAKKE MPU MOJACTUPOBAHUHU PATUYHBIX
bU3MYECKUX, XUMUYECKUX, IKOHOMUYECKHUX U TIPOUYUX SIBJICHUM U CUCTEM.

Jliis moctpoeHus mojenei B cucreMe VisSIM HCIONb3yroTCs OJIOKH, KOTO-
pbI€ XpaHITCs B OMOIMOTEKE OJIOKOB M MOTYT OBITh MEPHECEHBI B OKHO MOJICIH U
COCTUHSTHCS IPYT C IPYTOM.

bubnunoreka OokoB, npeactasieHHas B mo3unuu Blocks (Bmoku) menio
(puc. 4.13) 1 UHCTPYMEHTAIBHBIMH MMAHEISIMH, COACPKHUT CIACAYIOIIHE «TOMay:

» Animation — 0JI0kH CO3/1aHUs] AHUMAIIMOHHBIX KITUIIOB;

*Annotation — 610ku co31aHNsT KOMMEHTapUEB U ONPECIICHHSI IEPEMEHHBIX;

* Arithmetic — Osoku aprdMeTHIeCKUX B OJIN3KMX K HUM OTICpaIlHii;

» Boolean — Giioku 3amanust onepanuii bysieoit anreOpsr;

* DDE — Gnoxu unTepdeiica;

* Integration — OJ0kM 3a7aHKs OTIepaIuii UHTETPUPOBAHMUS,

* Linear Systems — Gi0ku 3a7aHus TapaMeTpOB MPOCTPAHCTBA COCTOSTHHM JH-
HEMHBIX CUCTEM U UX MEePEJATOUYHbIX (DYHKIIHIA;

* MATLAB Interface — 0n0ku uHTErpanuu ¢ MarpuyHoi cucremoirr MAT-
LAB;

S visSimJ/PE - [Diagram 1]

E:: Fil= Edit LEI T T Simulate analv=ze Tool= Lrr | T Ca TN

| | ll| | e | o]
o= | =1 | = | | e | e | = | = | =

4+ 4 Snimaktion
— | 3

= | = |
-

Snnobaktion

arichmektic

EBool=an

=] e S

Integraktion

Limnear Swskem
Fakrix= O peraktion=s
rHonlimear
OpEimizaktion
Fandom Seneraktor

Driagram 1l

ab=
unibConwersion

Aarithmetic Blocks

(3]
fum g Wesr Freal Nuwsl Mo S F o ) e o 8 oo S el By

Aannotation Blo

comwerk
[=E=1g]
complexToR—eIm

R=eal Time magPhass

Dynamic Blocks (E3]

= | == | | e | == | B o2 | o |

Consumer Blocks

Signal Consumer
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Stakb=Transition
Tinne Delays
Transcendaental
embed

SExpression
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[ =T=1r0]
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summingJurnckior

Puc.4.13
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» Matrix Operations — 0J10kH 3aJJaHUsT MATPUYIHBIX OICPALINL;

» Nonlinear — GJ10kM HETMHEWHBIX ONEPALUi U CO3/IaHUSI HETMHEHHBIX CHCTEM;

» Optimization — 6y10ku 3a7aHKs ONEPALUi ONITHUMHU3AIIHH;

» Random Generator — 06J10ku TeHepaIy ciIy4aifHbIX YrCe,

* Real Time — 6Ji0ku 1)1 CHCTEM peabHOIO BPEMCHH;

« Signal Consumer — OJIOKM peruCcTpaIy, WHAUKAIUN U TOCTPOCHUs Tpadu-
KOB CUTHAJIOB;

« Signal Producer — 010k co37aHUsI CHTHAJIOB;

» Time Delay — 010ku co3aHusi BpeMEHHOM 3a1ePIKKH;

» Transcendental — Onoku 3amaHuWsi TPAHCIEHACHTHBIX MAaTEMATHUYECKUX
GyHKIU;

» General — ¢ynknuu obmero xapakrepa.

Ha puc. 4.14 npexacraBieHsl OJOKH  apuMETUUECKHX, HHTETPO-

i pepeHInanbHbIX U JOTHYECKUX Olepanui.

( Arithmeticj C INntegration j ( Boolean j
sand— . > dervative 1— , ,
»=<]— M > /s ]— o< <

S IC:0;1ID: 0 : |
e e == =
Upe 1/sS |—
-»| celsius == celsius |— I - _ -
IC:0;1ID: O r -
»{ convert J—
i< Sanal— For—
->| ComplexToRelmir;e:lgl| by 1/ [— -:- -] ©
—_ "l
->| magPhase rnag| 1C:0:1D:0 »{ not —
phase |—
» AIB]
»{powl— »{sianl— -

n2

s
Puc.4.14

[IpuBeneM B 1eIsIX 3HAKOMCTBA PabOTHI C JTAHHOW CHUCTEMON TEXHOJIOTHU
MOJICJIMPOBaHUS pa3inyHbIX Auddepennmanbapix ypaBHenuid [4]. Paccmorpum
crioco0 UCIoJib30BaHusa OJioka variable cucrembl cxeMOTEXHUYECKOTO MOIEIIN-
poBanus 115 penieHus AudepeHImaibHbIX YpaBHEHU HA KOHKPETHBIX MpUMe-
pax.

IIpumep 1. Pemienue ypaBHEHH IEPBOTO MOPSAKA .
PaccMoTpuM ypaBHEHHE MTEPBOTO MOPsIJIKa

%z—y+ re), r@)=1
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JlJiss TOCTpOCHHSI CXEeMOTEXHHUECKON Mojenu AuddepeHnnaIbrHoro ypas-
HEHUS B JICBOW YaCTH OCTABJISIEM CTAPIIYIO MPOU3BOIHYIO, BCE OCTAIBHBIC YJICHBI
NEepPeHOCUM B MpaByto yacTb. CobepeM cXxemy ¢ UCIOIb30BaHUEM CYMMBI U 3Ha-
YCHHE TPUCBOUM ITepeMeHHOH YdOt, mpoBeaeM WHTETPUPOBAHUE, PE3YIbTAT IIPO-
CYMMHPYEM C HavaJbHBIM YCJIOBHEM (B HAIIEM pacdyeTe OHO paBHO -9.2). Pe3ynb-
TaT CYMMHPOBAHHUS TIPUCBOUM TTEPEMEHHON Y, KOTOPYIO COSIMHHUM OCITUILIOTpA-
dom. Ha ocrummorpade Oyaer Bbiman pe3yiastat (puc.4.15).

Using a 1/s gintegrator) block to perform
numeérical integration.

Initial condition set externally.

Internal initial condition s :
must be Zero-- Define the variable as the sum

of the integrator output and the
desired initial condition

Vv
.
>>—»[vdot—»{1S] - N
>

Setting initial
condition externally

> Solution to: ydot + y = u(t)
1
/f

(0] el
1 '_,,-"

’.f
-2 f
-3
4 L L L L

0] 2 4 6 8 10
Time (Sec)

Puc.4.15

IMpumep 2. Perrenue ypaBHEHHs] BTOPOTO TOPsiiKa ¢ MOMOIIBIO 0Jioka vari-
able npoBomuTcs ananornyHo npumepy 1.
2

d d
r(t) — yd—{—zyz dti’, ft) =1

Using a 1/s gintegrator) block to perform
numerical integration (honlinear equation.)

Initial condition set externally.
r(t) - y.ydot - 2 y = ydotdot

—@] ydot(0) = 1.2
»v] + Is set here y(0) =1
* = dotdot —p{ 1/S ] iIs set here
—>(>—>»{ vdotdot | :_:® S
+ pio—»ydot SIS >y ]—
>y —>[>——
20 ydotdot + y ydot + 2 y = u(t)

—y(@®)
1.5

o 1 1 1 1
(o} 5 10 15 20 25
Time (Sec)

Puc.4.16
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[Tpu peuieHun ypaBHEHHUH MOXKHO OMyCTHTh OJjiok variable, B atom ciydae
HEOOXOMMO Pe3yabTaThl OTIEPAIIUH PUCOCTUHUTH COOTBETCTBYIOUIUM OJIOKaM.

Ipumep 3. Ecniu uccnenyemas cucrema onucana Y, pemaemast OTHOCH-
TEJIBHO OJTHOM U3 KOOPJIMHAT CUCTEMBI:
3 ;
d™x d x dx

E+A1 Ehﬁlz E+A3I:f

TO €TI0 MOKHO IIPEACTABUTL B CIICAYIOIICM BHUIC:

3 y
d_x:f—ﬂ—dx—ﬂzﬁ_ﬂgx
dt’ dt’ dt
sox = - Aetx - Ayslx - Ayx

TOTJja COOTBETCTBYIOLIAs OJIOK-cXeMa OyAET BhITTIAAECTh, KaK MOKa3aHO Ha
puc.4.17

|_|}"I3TI:| Targ4 d 20eCk H HakOHeY

et @dzxfdtz ’IEd}{fdt e %

(A1 14
+—A 4
4 (A7 14

Puc.4.17
['ne X - koopAMHATAa CUCTEMBI, OTHOCUTEIBHO KOTOPOU pemieHo Y - 31o
MOJKeT OBITh omrOKa crcteMsl X(t) nnm Bo3aelicTBrue Ha 00beKT U(L), MK BBIXO-
Has koopaunara - Y(t), Al, ..., A3 - moctossHHBIE KO3(D(OUITUCHTHI (€C)IU ccTeMa
HE SIBJISIETCS 3aBUCUMOM OT MapaMeTpa) - CYMMbI U TPOU3BEACHUS TOCTOSHHBIX
BpeMeHU 1], a Tak ke kodddunmentsr ycunenus Kn, f - moboe Bo3eiicTBre Ha
cuctemy - curran 3aganus ¢(t), wim nomexu fj(t).
IIpumep 4. Ecnu uccneayemasi cuctema onvcaHa COBOKYIMHOCThIO nudde-

PEHIMAJbHBIX YPAaBHEHUW NIEPBOTO MOPSAKA:
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o

—— = dy X+ g Xy + o dyy Xy +ay )

At

e o

—E =Xy b gy Xg + gy ¥y tdy [

ot

dIB

ar = dyj3X) +dazXy + dazXs +ds s
9

Toraa OJOK-CXeMa CUCTeMbl ypaBHEHHI OyIeT BhITJISIIETh, TAaK Kak [MOKa3aHO Ha
puc.4.18:

) [ =X
557

f2
Puc.4.18
I'me X1, X2, X3 - coOcTBeHHBIE KOOpAUHATEI cUcTeMBI, X(t) — omrnbOka cucre-
MBI U(t) — BO3JIeHiCTBHE Ha OOBEKT, BBIXOAHAs KoopauHaTta - Y(t), all, ..., a33 -

NOCTOSTHHBIE KOA(PPUIIUEHTHI (€CIIU CUCTEMa HE SIBJISITCS 3aBUCUMOM OT MapameT-
pa) - CyMMBbI U IPOU3BEICHUS MTOCTOSIHHBIX BpeMeHU Tj, Ko3QPpuuueHToB ycue-

Hus Kn;
« f1,12, f3 - Bo3neiicTBus Ha cucTeMy - curHan 3afanus g(t), nomexu fj(t).
Bostee moapodHO padoTh ¢ cructemoi ViSSImM Mbl pekoMeHayeM padoty [4] u
cair http://model. exponenta.ru /help / 0050.htm.

3aiaHue Ha MO eJIMPOBaHUE:!
1. IMoctpouts cxemorexuuueckue moaenu (puc.4.15 - 4.18) B cpeae Mo-

nenuposanus VisSim.
2. TIpoBecTu KOMIBIOTEPHOE MOECIUPOBAHHE B 3aBUCHMOCTH OT XapakTe-

PHUCTHK Cpebl M HaYalbHbBIX YCIOBUH.
3. IlpoBectu 00pabOTKy M aHANIM3 PE3yJbTaTOB KOMIIbIOTEPHOTO MOJEIH-

POBaHMUSL.
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4.3. Cpega 06bEKTHO-OPUEHTUPOBAHHOIO NporpammmpoBaHns GPSS

B pamkax npennmaraemoil cpeabl UMHUTAUMOHHOro moaenupoBanus GPSS
World MoxHO paccMOTpeTh OCHOBHBIC TIOAXOJbI K MOJICIMPOBAHUIO CUCTEM Pa3-
JUYHON mpUpOAsl. /[ mpoBeneHns NMPAaKTUYECKUX 3aHATHM YacTO HCIOJB3YIOT
CBOOOHO pacripocTpansiemyto Bepcuio cuctembl GPSS World Student Version.
BriOpanHas cuctema MOJEIUPOBAHUS HAKIAILIBACT OMPEICICHHBIC YCIOBHS Ha
TUIl MOJIeTIeH, a TOYHee, peaju3yloTcs TaKk Ha3bIBaeMble MOJIEIM MacCOBOTO 00-
cinykuBaHus. M 3To BMOJIHE MOAXOAUT sl MOAEIUPOBAHUS MHOTHX MPOIIECCOB,
CBSI3aHHBIX C CUCTEMaMH MacCOBOTO OOCITYXKUBaHMsI, B TOM YUCJIE€ U JJIsi MOJIEIIH-
pPOBaHUS TPOIECCOB, MPOUCXOIANINX B KOMIBIOTEPAX W BHIYUCIUTEIBHBIX CHCTE-
Mmax. Kiacc Mojieneit MOKHO pacHIMpUTh, UCTIONIB3YS IPYTUE CUCTEMbl MOJIEITHPO-
BaHus, Harmpumep Matlab/Simulink, VenSim, PowerSim, ModelMaker u npy-
rHe.

Cuctema GPSS (General Purpose System Simulator) npenna3Hadena st Ha-
MUCAaHUS UMUTAIIMOHHBIX MOJIENIE CUCTEM C JUCKPETHBIMU coObITHsIMU. Hanbo-
nee yno0Ho B cucteMe GPSS onuckIBaloTCS MOJIETN CUCTEM MacCOBOTO OOCITYKH-
BaHUS, JJIs1 KOTOPBIX XapaKTEPHbI OTHOCUTEIBHO MPOCThIE MpaBuiia GyHKIIUOHU-
pPOBaHUsI COCTABIAIOMIUX UX 3eMeHToB. [Iporpamma GPSS World pa3paborana
komnanuerd Minuteman Software. Mcnonb3yemas s 1abopaTOpHBIX padoT,
Bepcus nporpaMmMmbl GPSS World Student Version siBisercst cBoOOJHO pacnpo-
CTpaHSEeMOM U €€ MOXXHO CKadaTh C OQHUIMAIBHOrO caiiTa pa3paboTunka
www.minutemansoftware. com.

B cucreme GPSS monenupyemasi cuctemMa mpeiCcTaBiIsieTcsl ¢ TOMOIIbIO Ha-

O0opa aOCTpaKTHBIX JIEMEHTOB, Ha3bIBa€MbIX OOBeKTamMu. KaxIbiii 0OBEKT MpH-
HAJUICKUT K OJTHOMY U3 TUIOB 00BEKTOB. OOBEKT KaXKI0TO TUTIA XapaKTEPUIYETCs
OTIPEICIICHHBIM CIIOCOOOM TIOBEICHHS U HA0OpOM aTpuOYTOB, OMPEICTAEMbIX TH-
nom o0bekTa. Hanpumep, ecnu paccMoTpeTh padOTy MOpPTa, BBIMOIHSIONIETO MMO-
IPY3Ky H pasrpy3Ky NpuOBIBAIOIINX CYJIOB, M pabOTy OT/AeIeHUs OaHKa, 00CTy-
YKUBAIOIIETO KJIMEHTA, TO MOKHO 3aMETHUTh OOJIBIIIOE CXOJICTBO B MX (YHKIIMOHU-
poBanuu (puc.4.19). B 00oux ciydasx UMEIOTCS 00BEKTHI, TOCTOSHHO MPUCYTCT-
ByIOIIIME B cucTeMe (TOPT M KacCHp WM OaHKOMAar), KOTOpbhle 00pabaThIBarOT
MOCTYIAOIINE B CUCTEMY OOBEKTHI (Kopabiu W mocetutenu OaHka). B teopum
MacCOBOTO OOCITYXHUBaHUS ATH OOBEKThI HA3BIBAIOTCS MPUOOpPAMU M 3asIBKAMH.
Korna 06paboTka mocTynuBIIero 00bEKTa 3aKaHUYUBAETCS, OH TIOKUJIAET CUCTEMY.
Ecnu B MOMEHT moOCTyImuieHusI 3asBKH TPpUOOp OOCTY)KMBAHHS 3aHAT, TO 3asBKa
CTAHOBUTCS B O4Yepeb, TJI€ U XKJAET 0 T€X MOop, IMOoKa MpuOop HE OCBOOOIUTCS.
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Odepenp TakKe MOXHO MPEACTABIATH ce0e Kak 0O0BbeKT, (PYHKIIMOHHUPOBAHUE
KOTOPOI'O COCTOUT B XPAHEHHUH JIPYTUX OOBEKTOB.

— Ouepegm, 2a4EpPXKKU U T.4,.

1 | B
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OuepeapkbaHkomaty OnepaumACbadkomatom  HykHoK Do w Ky
[ouepennb] [zapepnal [pewenue]
I OToeneHne BaHKa I
Puc. 4.19.

Kaxxpiit 00BEKT MOKET XapaKTEepU30BaAThCA PSAAOM aTpUOYTOB, OTPAKAIOLIUX
ero coiictBa. Harpumep, npubop o0ciy)KMBaHUSI UMEET HEKOTOPYIO ITPOU3BOIU-
TEIbHOCTh, BBIPAXKAEMYIO YHCIIOM 3asBOK, 00pa0daTblBa€MbIX UM B €IUHUIYy Bpe-
meHu. Cama 3asiBKa MOKET UMETh aTpUOYThI, YUYUTHIBAIOIINE BPEMS ee MpeObIBa-
HUSl B CUCTEME, BpeMs OXXKHUJAHHUS B O4depeAu U T.1. XapaKTepHbIM aTpuOyTOM
ouepenu SIBISIETCA €€ TeKyllas JUIMHA, HaOJIrodas 3a KOTOpOil B XoJe paboThI
CUCTEMbI (MJIM €€ MUMHUTALMOHHOW MOJENHN), MOKHO ONPEAEIUTh €€ CPEIHIO0
JUIMHY 3a BpeMs paboTsl (Wiau moxaenupoBaHus). B s3pike GPSS omnpeaenensl
KJIaCChl OOBEKTOB, C MOMOIIBIO KOTOPBIX MOXKHO 3a/aBaTh MIPHUOOPHI 00CTYKHBa-
HUS, TIOTOKM 3asBOK, OYEpeIu W T.I., a TAaKXKe 3a7aBaTh JJII HUX KOHKPETHBIC
3HAYEHUS aTpUOYTOB.

Cospemennoe pazsutue GPSS momyunno B 90-e roapl, Korna mosBUINCH pa-
OO0ThI M KHUTH, aBTOPOM KOTOPBIX ObLT mpodeccop bopuc SAxosneBuu CoBeTOB
(JI9TH). Cepust yueonukoB b.f.Coseros, C.A.fkoBneB "MoaenupoBaHue cuc-
teM" (1988-2012 r.r.) crana crangapToM "ne-hakTo" npu paspaboTke U MpoBee-
HUM KYPCOB 110 MOJICIIMPOBAHUIO CHCTEM BO MHOTHX By3ax[27].

O BO3pOXKICHUH UHTEpECA K SA3bIKY TOBOPUT U MOSIBICHUU PSJIa PYCCKOSA3bIY-
HeIX HTEpHET-pecypcoB. Kpome www.gpss.ru — 310 www.gpss-forum.narod.ru u
www.simulation.org.ua.

Cucrema GPSS World — koMIIeKCHBIN MOJAENTUPYIOUIUNA HHCTPYMEHT, OXBa-

THIBAIOMIUNA 00JIACTH KaK JUCKPETHOTO, TaK M HEMPEPHIBHOTO KOMIBIOTEPHOTO
MOJICIMPOBAHUS U OO0JaAIOIIMA BHICOKUM YPOBHEM HHTEPAKTUBHOCTH W BH3Y-
anpHOTO TpencTaBinenus nHpopmanuu. Ha cerogusmmamii near GPSS World sB-
JISIETCS MPUIOKEHUEM CEMENCTBA OepalMoOHHBIX cucteM Windows U HCIIOIb3yeT
WX OYEBHIHBIC MPEUMYIIECTBA — rpaduuecKuii MHTEPPEIHC MOTH30BATENS U APXHU-
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TEKTYpY «IOKYMEHT-BUA». IIporpammHoe obOecrneueHue mnpeacTaBisier coOou
MOJTHOKPAHHBIM TEKCTOBBIM PENaKkTOp, MO3BOJAIOIIUNA paboTaTh cpa3y ¢ He-
CKOJIBKUMH 00BEKTaMU (TEKCT MOJIENIH, KypHal, oT4eT U T. 1.) Kpome Toro, rpa-
budeckunii uHTEpdENC AaeT BOZMOKHOCTh MHTEPAKTUBHO B3aHMMOJCHCTBOBATH C
BBITIOJTHSAIOMIMMUCA MPOLIECCAMU MOAEIUPOBAHUS, a TAKKE MPUMEHSTh HATJISAIHbIE
rpaduueckue okHa JIsi OTOOpakeHUsI X PabOTHI.

s peanuzanuu B3aumogerictBus GPSS World nipenocTaBisier, Bo-nepBbIX,
MEXaHU3M MOTOKOB NMaHHbIX. [log moTokom manabix B GPSS World monnmaercs
MOCJIEA0BATENBHOCTh TEKCTOBBIX CTPOK, UCIIOJIB3YEMBIX B IPOLIECCE MOAEIUPOBA-
Hus. C ero moMoINIbI0 MOXKHO CYMTHIBATh M 3aMHMCHIBATh JaHHBIC B (DAl TEKCTO-
Boro ¢opmara. Jljis ynpapiieHHs] TIOTOKAMU JIAHHBIX CITY’KaT CIElUaIbHbIE OJOKU
u nporeaypsl. Takum o6pa3oM, ¢ TOMOIIBIO MOTOKOB JIAHHBIX MOKHO HMCIOJIb30-
BaTh TEKCTOBBIC (haiiJIbl, B TOM YMCIIEC U JJi1 0OMeHa HH(pOpMalUel ¢ BHEITHUMU
MPUIIOKCHUSIMU.

Bropoit MexaHu3m — mporeaypbl JUHAMHUYECKOTO BbI30Ba. bubmmoreka
BcTpoeHHbIX Tpoueayp GPSS World coxepxxut nHabop mporeayp s BbI30Ba
GyHKIMNA, XpaHSAIMXCS BO BHEIIHUX HCTOMHSAEMbIX (haiiiax, BKItOUas JUHAMUYe-
cku noakitoyaempie Onbnnoreku DLL. To ecTh moap30BaTEb MOXKET IPUOETHYTh
K OubnuoTexkaM (DYHKIMI CTOPOHHUX Pa3padOTUYMKOB (WM COOCTBEHHOM paspa-
OO0TKH), KOTOPHIE TTOPOU CYIIECTBEHHO PACIIUPSIIOT BO3MOXHOCTH CUCTEMBI.

GPSS World — camas coBpemennas peanusanus si3bika GPSS, gomonnennas
BcriomorarenbHbIM s3bIKkOM PLUS. Henocpencteenno saspik GPSS Brirouaer B
ce0s 53 tuma OJIOKOB M 25 KOMaHI, 0OJBIIOE KOJWYECTBO CUCTEMHBIX YHMCIIOBBIX
atpuOyTtoB. Kpome Toro, 12 TumoB omepaTopoB cocTaBisitoT si3blk PLUS —
Programming Language Under Simulation. DddextuBnocts PLUS Bo mMHOTOM
obecnieunBaeTcst 00BIION OMOIUOTEKOM MpoLeTyp.

GPSS World — 00bekTHO-OpreHTHpOBaHHBIH s3bIK. OOBEKT «MO/IeNb)» Ti1aB-
HbIM 00pa30M COAEPKUT OMepaTopbl MOJEIH, a Takke Habop HacTpoek. Kpome
TOTO, OH BKJIIOYACT B CeOS 3aKJIaJIKM M MUPKYJSPHBIA CIIUCOK CHUHTAKCUYECKUX
OIHOOK.

O06bexT «IIporecc MogenupoBaHUs» CO3AACTCS TIPU TPAHCIISIIUU OTIEPATOPOB
o0bekTa «Mogenby. JJisi u3MEHEHUsI ero COCTOSIHUSI MMPUMEHSIOTCS UHTEPaKTHB-
HbIC KOMaH Il U OJIOKHU.

OnHolt u3 cambIx crIbHBIX cTOpoH GPSS Beerna ObuM CTaHAAPTHBIC OTYETHI.
Conep:kuMoe OT4YETa HACTPAMBAETCS, MOATOMY IMOJIb30BATENb MOJYYaeT TOJIBKO
HE0O0X0IMMYI0 HH(OPMAIIUIO.

TexcToBbIil 0OBEKT — 3TO CIMOCOO MPEACTaBICHUS OOBIYHOTO TEKCTOBOTO
¢aiina B GPSS World. B ocHOBHOM OHM MPUMEHSIOTCS COBMECTHO ¢ KOMaHIaMU
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INCLUDE nnist noakitodeHus: Habopa onepaTopoB, UCIOIB3YEMOTO B Pa3IMYHbIX
mozensax. Kpome toro, 3akpenuB komanny INCLUDE 3a ropsueil knaBuiiei,
MO>XHO HMHTEPAKTUBHO IepenaBath 00bekTy «llpoiecc monmenupoBaHus» Iieible
CIIMCKU YNPABJISIOMIUX KOMaHI.

B GPSS World npumensitorcss nonuMmopdHbie TUIbI AaHHbIX. [lepeMeHHbIe
MOTYT IPUHUMATH 3HAYEHUSI OJHOTO U3 YEThIPEX TUMOB. SYEiKH, FJIEMEHTHI MaT-
pull, TapamMeTpbl TPAH3aKTOB M MTEPEMEHHBIE TI0JIB30BATEIISI MOTYT IPUHUMATH 11€-
JIOYMCIICHHOE, BEIIECTBEHHOE, CTPOKOBOE U HeompeaenenHoe (unspecified) 3naue-
Hue. HeornpeneneHHble 3HaUYE€HHS] UCIOJIB3YIOTCS MPH MPOBEACHUN JUCIEPCUOH-
HOT'O aHAJIM3a U YKa3bIBAIOT HA OTCYTCTBYIOLIUE JIaHHbIE. 3HAUEHUS] BPEMEHH MO-
T'YT OBITH IIEJIBIMU WJIM BelIeCTBEHHBIMU. [IpeoOpa3zoBanre TUIIOB MTPOUCXOTUT aB-
TOMaTu4ecKu. /{751 paboThl CO CTPOKOBBIMU 3HAUYCHUSIMU B OUOIHMOTEKE POLICAYP
€CTh PSJI CTICHUATBHBIX (DYHKIIHM.

Brruucnurensusie cuctemsl (BC), kotopeie OyAayT paccMaTpUBaThCs Kak
CMO, cocTosT U3 3JIEMEHTOB, Ha3bIBAEMbIX OOBEKTAMHU allapaTHOW KaTeropuu
(ycTpoiicTBa, MaMsITH U JOTUYECKUE KIIOYH). DTUMU JIEMEHTAMU MOTYT OBITh
KOMITBIOTEPHI, OT/IENIbHBIE YCTPONCTBAa KOMIIBIOTEPOB, YCTPOICTBA TEIC00pabOTKH
u T.1. JluHamuueckumu oobekTamMu B CMO sBIISIIOTCSI TpaH3aKThl (COOOIIECHMS,
3asiBKH), 3TO pertaembie B BC 3amaun, KOTopbie MPEACTaBisioT COO0M eTUHUIIBI
uccienyemMbix nmoTokoB. @ynkunonruposanne CMO npencraBisieTcss Kak Iporecc
MIPOXOKJICHUS TPAH3AKTOB Yepe3 (PUKCUPOBAHHYIO CTPYKTYPY OOBEKTOB armapat-
HOM U psifia APYTUX KaTeropuil.

bnoku zenepayuu u yoanenus mpan3zakmoe

GENERATE A,B,C,D,E — 610k reHepanuu TpaH3akKTOB. A — CpeIHUN WH-
TEepBaJl BPEMEHU MEXIy IOCIeN0BaTeIbHBIMU TpaH3akTamMu; B — pa3dpoc uH-
TepBaJIa BpEMEHU OTHOCUTENBHO A; C — BpeMs HadalubHOM 3aAepkku; D — konn-
YECTBO F€HEPUPYEMBIX TPAH3aKTOB, IO YMOJIYaHUIO HEOrpaHu4eHHo; E — npuopu-
TeT TpaH3akToB, Mo ymonuanuio 0. TERMINATE A — 6510k yaaieHus TpaH3aKTa.
A — BeJIMYMHA YMEHBIIIEHUE CYETYMKA YHCIIA 3aBEPIICHUM.

bnoku 3anamus u 0c60003coenus npubopos

SEIZE A — 6ok 3ansatus npubopa. A — uMsa npudopa, MoAIeKAIIETO 3aHs-
THIO TPAH3AKTOM.

RELEASE A — 610k ocBOOOXIeHUsT mprubopa. A — uMs 0CBOOOXKTaeMOr0
npuodopa.

ADVANCE A,B — 610k 3a7iep>KKH TpaH3aKTa B 1IeNu OyAynux coObITHI. A
— CpeAHUI MHTEpBal BpEMEHU 3a/1epkKKH; B — pa3dpoc nuHTepBana BpeMeHU OTHO-
CUTEJBHO A.

Onepamopol u 610Ku 6bIUUCIUMENIbHOT KAMEe20pUU
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Name VARIABLE X — onmepatop omucaHus 1ejiol mepeMeHHO. Name
FVARIABLE X — oneparop onucanus JeiCTBUTEIbHON IEPEMEHHOM.

Name BVARIABLE X — oneparop onucaHus JOTMYECKON ITEPEMEHHOM.

Name — umMs nepeMeHHOM; X — BBIPaXXEHUE COOTBETCTBYIOILIETO THIIA.

SAVEVALUE A,B — 6510k coxpaHeHUs 3HAUEHHS COXPaHSIEMOM BEJIMUMHBI.
A — M WM HOMEp U3MEHAEMOM sTueliku; B — 3HaueHue, KoTopoe HaJlo 3ammcarhb
B SYCHKY.

Komnunayus u 3anyck umumayuu

Jlns Toro uToObl co3maTh MoAenb Heoboxomumo 3anmyctuTh GPSS  World.
Bri6pats mynkT meHto File — New u yka3zatb, yTo HOBBIH (aiin OyneT MoaebIo
(Model). ITocne yero Habpath TEKCT mporpamMMbl Ha s3bike GPSS u oTkommmiu-
poBath ee, Bbi3BaB Command — Create Simulation. Ecau xoMnunsiTop Bblai
COOOIIIeHHE 00 YCTICIITHON KOMITHJISITUU:

Model Translation Begun.
Ready.

Ilpumep 1: lpouecc npoXoxIEHUS 3asBOK (TPAH3AKTOB), IOCTYIUICHUE
KOTOPBIX MOJUYUHSAETCS PABHOMEPHOMY 3aKOHY CO CPEHUM 3HAYEHUEM 8 U UH-
TepBasioM [6,10] equHuUIl BpeMeHH, a 00paboTKa - paBHOMEPHOMY 3aKOHY CO
cpeaHuM 5 u uHTepBajioMm [2,8]. JIpyrumu cioBaMu, OCTYIUICHUE 3asBOK OyIeT
MOJYMHATHCSI PABHOMEPHOMY 3aKOHY C MHTEpBajoM 7 £+ 2 MHH, a 00paboTKa —
PaBHOMEPHOMY 3aKOHY CO BpeMeHeM 00paboTKu 5 + 2 MuH.

[Tporpamma aiis pemenust npeactasieHa B cucteme GPSS (puc.4.20).

7 'GPSS World - Untitled Model 1.4.5im =)
§ File Edit Search Wiew Command Window  Help
C D= % B@ S 2N
EIET
[
10 GENERATE 5.2; T'edepalmda TpaH3aKTOE H3 HHTepeasa(k,10)
20 SEIZE 1 ; 3AaHATHe OpHbopa =
30 ADVANCE 53 ; zagep:ska TPAHZAKTA ST
40 RELEASE 1 ; ocBoboKTeHIIe MpHbopa [5TaRT 100
S0 TERNMINATE 1; yHIrd roskeHIle TpaH3aKTOR
e ||
B Untitled Model 1.4.5im - JOURNAL o =] 4]
02116012 16:10:14 Model Translation Begun.
02116012 16:10:14 Ready.
|F0r Help, press F1 Ready. | Clack i
Puc.4.20

[Toce Habopa mporpaMMbl MOXKHO MTPOBECTH KOMIIIIAIIAIO MTPOTPAMMBI
Command — Create Simulation, eciiu ook HeT, To 3anycTuTh Start. B pe-
3yabpTare 3aganus konuuectBa TpaH3akToB START 100 na puc. 4.21 umeem
cranfapTHbeIA oTueT (Report).
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“ uUntitled Model 1.4.1 - REPORT - 181 x|
GP33 World Sirmualation Report — Untitled Model 1.42.1
Thursday, February 16, Z012Z 16:15:16
START TIME EMND TIME ELOCES FACILITIES STORAGES
o.ooo §13.630 5 1 a
LAEEL Lioc ELOCZK TYFPE ENTEY COUNT CURRENT COUNT RETEY
1 GENERATE 100 [a] a
b4 SEIZE i00 u] o
3 ADLVALNICE 100 [a] a
4 FEELEASE 100 [a] a
5 TEERMIMNATE 100 [a] a
FACILITY ENTEIES UTIL. AVE. TIME AVATL. OWWNEER FPEND INTEER RETEY DELAY
1 100 0.613 4.991 1 a [a] a a a
FEZ XN FEI EDT ASSEM CURRENT NEXT FPARAMETER WALUE
101 [a] §19.1086 101 [a] 1

Puc.4.21

bnoku 3anamus u 0ce000xcoenusn ouepeou

TpaH3akT moMeaercs B 04epe/lb B TOM CIIy4ae, €CJIM HEKOTOPOE YCTPOKUCTBO
HE B COCTOSTHUU OOCTY>KUTh €r0 HEMEJIJICHHO (HarpuMep, YCTPOMCTBO 3aHSATO, JTU-
00 mamsTh nepenoigHeHa). CTaTUCTUYECKUE JaHHbIE 00 0Yepeisix MOTYT OBITh MO-
JIyYEHBI C MOMOIUIBIO JIBYX TUIIOB OJIOKOB:

QUEUE A, B — 650k 3ansiTust ouepenu. A — ums odepenu; B — konuuectBo
MECT B OUEpE/IU, 3aHUMAEMOE TPAH3aKTOM.

DEPART A,B — 610k ocBOOOXIeHUs ouepenu. A — ums ouepenu; B — konu-
YECTBO MECT B OU€pe/Id, OCBOOOKIaEMOE TPAH3AKTOM.

brokx QUEUE MoeT ObITh TOMEIIECH TIepe1 JTI0ObIM OJIOKOM MOJIENH, B KO-
TOPOM MOXXET BO3BHUKHYTH 3ajiepkka. OTMETUM, UYTO Ouepe/b K 3aHATOMY YCTPOU-
CTBY aBTOMAaTUYECKH OPTaHU3YyeTCs MAaKeTOM MOJEIUPOBAHUS HE3aBUCUMO OT TO-
ro, ectb B nporpamme 6510k QUEUE unu Her.

Ilpumep 2: B ycnoBusx npumepa | HE0OOXOIMMO MOTYYUTh CTATUCTUYECKHE
JlaHHBIE 00 ouepeu 3asIBOK, 0KUAAIOIINX 00CITyKUBaHUE Ha TTpUOOpE:

2 GPss World - Untitled Model 1
File | Edit Search Wiew Command wWindow Help

D= & [El@ 2|22

i Untitled Model 1

10 GENERATE
20 QUEUE

8.2
SER

30 SEIZE

02/16/12 16:27:57
0Z216/12 16:27:57
02/16/12 16:28:13
02116/12 16:28:13
02/16/12 16:28:13
02116/12 16:28:13

40 DEPART

50 ADVANCE
60 RELEASE

70 TEEMINATE

@ Untitled Model 1.6.sim - JOURMNAL

DEWV
SEER.
5.3
DEWV
1

5
Ix

Model Translation Begun.

Ready.

START 100

Simulation in Progress.

The Simulation has ended. Clock is 813.629608.
Reporting in Untitled Model 1.6.1 - REPORT YWindow.

I
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* uUntitled Model 1.6.1 - REPORT —o] =]

Thursday, February 16, Z01zZ 16:25:13
START TIHNE EMND TIHNE BELOCES FACILITIES STORALGES

O . ooo S1353.630 7 1 [}

MNAME WALUE
DEW 10001 . 000
SER 10000. 000

LAEEL

o}
3]

BLOCE TYPE ENTRY COUNMT CUORRENT COUNT RETRY
GEMNERALTE i00
QUETE ERuln}
SEIZE 100
DEFART io00
ADWVATCE 100
RELEAZE i00
TERMINATE ERuln}

Amnh Wb
oogoooo
ooooooo

FACILITY ENTRIES TUTIL. ALAWE. TIME AVATL. OUWWNER FPEND IMNTER RETEY DELAY
DEW 100 0.&813 4.991 i o [u] o o o

QUEUE MAX CONT. ENTRY ENTRY (0) AVE.CONT. AVE.TIHME AVE. [—O0) RETRY
SER 1 u} 100 oz o.o0o7 O.055 0o.657 [u}

FEC XM PRI EDT ASSEM CURRENT NEXT PLRALAMETER WALUE
101 o S19.100 101 [u] 1

Puc.4.22

Ilocmpoenue 2ucmozpamm

Cucrema GPSS no3BosisieT cTpouTh AONOJHUTENBHBIE CTATUCTHUECKUE Ta0-
JULBL 1A TOJIyYEHHs] YAaCTOTHBIX pacHpeleleHUil ONpeneNeHHbIX apryMEHTOB,
KOTOpPBIMU MOTYT ObITh HekoTOpble CHA (Hampumep, BpeMEHHU 3aJEpKKU TPaH-
3aKTa B OTJAEJBHBIX YACTSIX MOJEIH; JUIMH OYepelei; COAEPKUMOIo MaMsTH H
T.1.). Y KaXJ0# TaOlMIbl UMEIOTCS OINpe/eeHHbIE 00IacTh 3HaYeHU apryMeH-
Ta. Yuciio nonagaHuil apryMeHTa B KKyl M3 3TUX 00JlacTell pEerucTpUpyeTCs
CUCTEMOH aBTOMaTH4YeCKU. B KOHIle 3KcnepuMeHTa pe3ybTaThl B TaOIMIIAX BbI-
BOJSTCS HA TI€YATh.

Name TABLE A,B,C,D — komanma omucaHusi TaOIHUIBI YaCTOTHOTO pac-
npeneneHus. Name — ums Tabnuipl, A — UMs IEPEMEHHOM, 3HaY€HUEe KOTOPOU Ta-
Oynupyetcsi, B — neBast rpanuiia nepBoro uHTepBaia tadmauiel, C — mupuHa UH-
TepBajoB, D — KOIMYECTBO MHTEPBAJIOB.

Name QTABLE A,B,C,D — xomaHja onvcaHusi TaOJUIIBI BPEMEHHU MPeObI-
BaHUs B ouepenu. Name — ums tabnuupl, A — ums odepeau, B — nesas rpanuia
nepBoro uHTepBaia Tadauipsl, C — mupruHa UHTEPBAJIOB, D — KOJIMYECTBO MHTEP-
BaJIOB.

MARK A — 6510k OTMETKH BpEMEHH. A — HOMED MmapaMeTpa TpaH3aKTa, B KO-
TOPbIN 3aHOCUTCS MOMEHT BPEMEHU BXO/J1a TPAH3AKTA B JIaHHBIN OJIOK.

TABULATE A,B — 6ok TabynupoBanus. A — uMsl TaOJIHIBI, B KOTOPYIO
3aHOCUTCS Ta0ynupyemas BeinunHa, B — BecoBoit koaphuLIMEeHT, 3a1at0Iui YuC-
JI0 pa3 3aHECEHUsI BEJIMYMHBI B TAOJUILY IPHU KaKJIOM BXOJi€ B OJIOK.

Ilpumep 3: Tonyunts TaOIUIYy pacnpeneseHus HHTEPBAIOB 3asBOK IO paB-
HOMEPHOMY 3aKOHY B nHTepBaie ot 0 1o 100:
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2 GPSS World - Untitled Model 2 P =] |

File Edit Search Wiew Command Window Help
SIS ENETR L)
AAAl VARIABLE C1-X1: BpINHCIICHIE 3HA'€HIA MepeMeHHO AAA] KaK PasHOCTh TeKyIIero 3HA'eHHA
. BpeMeHH MoJemHpoeaHHA (Cl) H OpelbITYINero, coXpaHaeMoro B adefike 1 (XTI
GENERATE 50,50, reHepallHA TPAH3AKTOR I10 PABHOMEPHOMY 3aKOHY
TABULATE TAB1: GloK Ta0yJIPOBaHHA BPeMeHH
SAVEWVALUE 1.C1; coxXpaHeHIle B Aueiike 1 TeKyIIero BpeneHII
TEERMINATE 1. yOoarneHIie TPaIlrzakTa
TAP]1 TAPLE V$AAA]1.10.10.11: (ropM-HHe TAGIIILILI IACTOTEI [IOIIATAHHA HHIEPEATIOE TeHepali TPaH2aKToB B
L HHT€PBATLI BpeMeHHOH ocH 0T 0 g0 100 ¢ marom 10

& Untitled Model 2.5.simn - JOURMNAL

0211612 17:00:59 Model Translation Begun.

0211612 17:00:59 Ready.

0241612 17:01:08 STAHT 100

0211612 17:01:08 Simulation in Progress.

0211612 17:01:08 The Simulation has ended. Clock is 5152.189900.
021612 17:01:08 Reporting in Untitled Model 2.5.1 - REPORT Window.

Puc.4.23. TpancnupoBaHHas mporpaMmma

Thursday, February 16, 201z 17:01:08

STLART TIME EMND TIHME ELOCES FACILITIES STORLGES
oO.ooo S15z2.120 <3 Dl o
INAME WALTE
honpi 10000000
TAE1 10001 .000
LALBEL Lo ELOCEK TYFPE EMTEY COUNT CURRENT COUNT RETRY
1 GENERALATE 100 [m] m]
= TALEUTLALTE 100 ] m]
3 SAVEVLLUE 100 [m] m]
<1 TERMINALTE 100 [m] m]
TAELE ME ATT STD.DEW. RATICGE RETRY FEREQUENCY CTTM.%
TAE1 S1.5=zz2 31.161 o
o - i10.000 1z 1z .00
i0. 000 - 20.000 10 Zz2 .00
Z0.000 - I0.o000 11 33 .00
I0.0o00 - 40 .000 L= IS .00
a0 . 000 - SOo.ooo 7 a5 .00
SOo.ooo - e0.o00 10 S5.00
S0 . o000 - TOoO.0ooo =] o< .00
7O o000 - SOo.ooo 14 7s .00
S0. 000 - [0.000 =] =87 .00
So. o000 — 100.000 1= 100.00
SAVEVALUE RETERY WALTE
1 u} S15z.190
FEZ ZEII PRI EDT LSZSEHM CURRENT NEXT PARLMETEFR WALUE
101 o SzZ09.5899 101 o 1

Puc.4.24. Pe3ynbTaT MOJIETUPOBAaHUS B BUJE CTAHIAPTHOTO OTYETA

Cmamucmuka umumayuu. B nipouiecce BBINOJHEHUSI NPOrpaMMbl coOMpa-
eTCsl CTaHJapTHasl CTaTUCTUYeCKass MHPpOpMaIHs, KOTOpas aBTOMaTHYECKU BBIBO-
JTUTCSL HA TIeYaTh 10 OKOHYAHUHU MOJEIUPOBAHMUS.

ConepxaHue CTaHAAPTHOIO OTYETA:

* 3aroJI0BOK COJIEPKUT Ha3BaHUE MOJIENIH, ATy U BpeMs 3aITyCKa MOJIEIIH.

* Hauano (START TIME) u xonenr (END TIME) monensHOro BpemeHu,
koimuuectBo OnokoB (BLOCKS), ycrpoiicte (FACILITIES) u mamsreit
(STORAGES) B monenu.

* CnMcok MMEH BBEJCHHBIX B MOJENH, rae kKaxaomy umenu (NAME) npu-
nucbiBaeTcs yncio (VALUE). 3uauenus Haunnatotcst ¢ 10000.000.

* Crnucok 6J10K0B, COEpKALUHI CIEAYIONYI0 HHPOPMALUIO:
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LABEL — meTka 610ka,
LOC — mo3unus 6;10ka B moaenu (Location),
BLOCK TYPE — na3zanue 61oxa Ha si3pike GPSS.
ENTRY COUNT — konu4ecTBO BOMIEAIIMX B OJIOK TPAH3aKTOB C MOMEHTA
nocienaeit koMmanasl CLEAR uan RESET,
CURRENT COUNT — xonu4yecTBO TPaH3aKTOB B JaHHBIH MOMEHT B 0J10-
Ke,
RETRY — xonnuecTBO TpaH3aKTOB, 0’KHJIAIOIIHNX BX0/1a B OJIOK.
* CHuCOK yCTpOICTB, coJiepKaiiuii UHPOpMaIUIO:
FACILITY — na3BaHnue uiam HOMEp yCTPOICTBA,
ENTRIES — konuuecTBO TpaH3aKTOB, 3aHUMABIITUX 3TO YCTPOUCTBO
onokamu SEIZE nnu PREEMPT ¢ MoMeHTa mpruMEHEeHHs] KOMaH /T
CLEAR unu RESET,
UTIL. — ko3 puumeHT ncnosib30BaHUs yCTPOICTBA,
AVE.TIM E — cpennee Bpems ofHOT0 00CTyKHMBaHHS,
AVAIL. — nocTynHOCTh yCTPONCTBa B MOMEHT OKOHYAHHSI MUMUTALIIH,
OWNER — xonmn4uecTBO TpaH3aKTOB, CBSI3aHHBIX C YCTPOHCTBOM,
PEND — xonuuecTBO TpaH3aKTOB, OXKHUIAIOIMIMX YCTPOMCTBO /JIA 3axBara
no 6moky PREEMPT,
INTER — xonnuecTBO TpaH3akTOB, MpEpBaHHBIX MpU 00pabOTKe OJIOKAMH
PREEMPT,
RETRY — Konu4ecTBO TpPaH3aKTOB, OXHUIAIOIIMX MO Pa3HbIM MPUYUHAM
OCBOOOKICHUSI YCTPOUCTBA,
DELAY — konu4ecTBO TpaH3aKTOB, OKUIAIOIIUX OCBOOOXKICHUS YyCTPOW-
CTBa B PEXXHUME MPUOPUTETHOTO BXxoa 1o 6;10ky PREEMPT.
* Crniucok ouepezieit ¢ nHpopmaruei:
QUEUE — Ha3BaHue uiau HOMEp o4epeu,
MAX — MakcuMalIbHOE KOJIMYECTBO TPAH3AKTOB, COAEPKAIIUXCI B OUEPEIU
3a BeCh mepuo] cOopa CTaTUCTUKH,
CONT. — TekyIiiee KOJIMYECTBO TPAH3AKTOB B MOMEHT OKOHYAHUSI HWMHTa-
11,
ENTRY — o61miee konm4ecTBO BXOJ0B B 04€pe/ib,
ENTRY(0) — xomu4ecTBO TpaH3aKTOB, BBIIICAIINX U3 OUYepean 0e3 oxua-
HUS
AVE.CONT — cpennee 3HaueHue TPaH3aKTOB B OYEPE/IH,
AVE.TIME — cpeanee Bpems oxxugaHusi B ouepeam,
AVE.(-O) — cpentee BpeMs OKUIaHUSA, UCKIIOYas TPAH3aKThl, KOTOPBIC HE
3aJIepKUBAJIMCH B OUEpeH,
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RETRY — koiM4ecTBO TPaH3aKTOB, OKHUJIAIOIITUX BXOJ B 0O4€pe/lb IO HEKO-

TOPBIM TTPUYUHAM.
* B rabnunax nedaraercs nuadopmanus:

TABLE — ums unui HoMep Tabmuiiel win Q-TabiuIbl,

MEAN — cpennee 3HaueHre TaOyIHMPyeMOM BEITMUYHUHBI,

STD.DEV — crannapTHOE OTKIIOHEHHE OTKJIOHEHHE,

RANGE — neBblit 1 npaBblii KOHEIl HHTEPBaJIOB. IHTEepBaibl ¢ HYJIEBBIMU
3HAYEHUSAMH HE 0TOOpa)xaroTcs,

RETRY — KOIMYECTBO TPaH3aKTOB, OKUAAIOIIUX 110 HEKOTOPHIM IIPUIHNHAM
B Ooke TABULATE,

FREQUENCY — koau4ecTBO 3JI€MEHTOB, ITOMAaBIIMX B 3TOT HHTEPBAJl,

CUM.% — HakONUTENbHBII MPOIEHT MOMABIINX 3JIEMEHTOB.

OcBouth nporpammuyto cpeay GPSS u npumeHUTH €ro s MOCTpOeHUs U
WCCJICIOBAHMS AHAIIMTUYCCKUX W HMMHUTAIIMOHHBIX MOJICTICH MOXKHO TIO KHHTE
b.5.CoBetoB, C.A. SIkoBneB «MoaenupoBanue cucteM. [IpakTukym», B KOTOpOM
I0JIPOOHO OTKMCAHBI METOBI M TEXHOJIOTUHU paboThl B cpeae GPSS [27].

3ananue Ha MOJeJIMPOBaHUeE:!

1. TToctpouts MOJENU crCTEM MaccoBoro oocyxxkuBanusi (puc.4.20 - 4.24)
B cpesie 00BEKTHO-OPUEHTPOBAHHOTO IporpammupoBanusi GPSS.

2. IlpoBecTn KOMIBIOTEPHOE MOJICITHPOBAHNE B 3aBHCMOCTH OT XapaKTe-
PHUCTHUK Cpeibl U HAYAIbHBIX YCIOBUH.

3. TlpoBectu 00pabOTKy M aHAIW3 PE3yJIbTATOB KOMITBIOTEPHOTO MOCIIH-

poBaHUsL.
4.4. Cnctema MMUTaUMOHHOIO MoaenupoBaHusa Arena

OXBaTUTh BCE TEXHOJOTHHM Pa3paOOTKH MMHTAIMOHHBIX MOJEIEH C IOMO-
I[BI0 CUCTEM UMUTAIIMOHHOTO MOJICIUPOBAHUSI JJOCTATOUHO CJIOXKHO. PaccmMoTpum
B KaueCTBE MpUMEpa TEXHOJIOTHIO pa3padboTku mojaenun CMO B cucreme MMuTa-
1MoHHOTro MojenupoBanus Arena komnanuu Rockwell Automation. Cucremamu
MaccoBoro oociyxuBanust (CMO) GyneM omnpenensiTh CUCTEMBI, KOTOPBIE 00CITy-
JKUBAIOT BXOJSIIMN MOTOK 3asBOK. Ha BBIXOJ€ MMeeM MOTOK OOCITY)KEHHBIX 3as-
BOK. B mporiecce o6cmyXKuBaHUSI MOTYT CO37aBaThCA OUepenn KOHEYHOU M OECKO-
HEYHOUM IMHBL. YacTh BXOJAIIMX 3assBOK MOXET MOJy4uTh OoTKa3. Kpome Toro,
pazMyaroT OJJHOKaHaIbHbIe U MHOTOKaHainbHbIe CMO.

Ncxoaubie naHHbIC AJI aHAIU3a: apaMeTphbl paclpeiesieHus] BXOSAIINX U
HCXOJAIINX TTOTOKOB, a TakXKe xapakTepucTuku camort CMO, Hanpumep, cpeaHee
BpeMsi 0OCiIy>KuBaHUsA. B pe3ynbTaTe pacueToB OMPENETSIOT TaKHWe XapaKTepH-
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ctuku CMO, kak cpeHee YKClio 3asiBOK B CUCTEME, CPEAHSS TPOJOJIKUTENBHOCTD
npeObIBaHMSI 3a5BOK B CHCTEME, CPEIHEE YHCIIO 3asBOK B OUYEPEIH, CPEIHSIS IPO-
JOJDKUTEIBHOCTD MPEOBbIBAaHUS 3aIBOK B OUEPEIH, CPEAHSS AJIMHA OYEepPEId U T.1I.

Takue Momenu UCCIeTyIOT IBYMSI METOaMH, JAIONUMHU OTM3KHE pe3yIbTa-
Thl. AHanuTHdeckue Metoasl Teopud CMO MO3BOJISIOT BBINOJIHSATH BEPOSATHOCT-
HBIE PacUeThl U BBIYUCIATHh TEOpETUUECKUE 3HaUeHus xapakrepuctuk CMO.

NMutanmoHHoe MOJIEIMPOBAHUE TMO3BOJSET MOMYUYUTh MPUOIU3UTEIbHBIC
OLICHKH TE€X K€ MapameTpoB, MPUYEM C YBEIWUYECHUEM JJIUTEIHLHOCTH MOJEIUPO-
BaHMsI OHU MPUOIIKAIOTCS K TEOPETUUECKUM 3HaueHUsIM. MimuTtanmonHoe moje-
JUPOBAHUE MOKHO HCIIOJB30BaTh MJI UCCICAOBAHUS CIOXKHBIX CUCTEM, JJI KO-
TOPBIX HEMOCPEACTBEHHOE NMPUMEHEHHE aHanuTudeckod teopurn CMO ocHOBaH-
HOUM Ha ypaBHEHUSIX KoJIMOroposa, 3aTpyJHUTENBHO.

Cucrema Arena kommanuu Rockwell Automation siBisieTcst OTHUM U3 JHJIE-
POB Ha PBIHKE MPOTPaMM WMHUTAIMOHHOTO MOJCIUPOBAHUSA. DTOT MPOTPAMMHBIN
MPOJIYKT MCHOJIB3YIOT KpyIHeue koMmnanuu, Bkiodas General Motors, UPS,
IBM, Nike, Xerox, Lufthansa, Ford Motor Company u apyrue. OcHOBHbIE€ 00Jac-
T TPUMEHEHUS JAHHOTO IMaKeTa: MPOU3BOJICTBO (MOJIETUPOBAHNE KOHBEHEPHOTO
MPOU3BOJICTBA, OMPEICICHUE Y3KUX MECT...), JIOTUCTUKA U CKJIAJICKOE XO3SMCTBO
(onmTMMHU3AIUST UCTIOJIB30BAHUS CKIIAJICKUX IUIOLIAZCH), BoOpyxkeHue u Oe3omac-
HOCTb, MEJUIIMHA (MOJEIUPOBaHUE TTOTOKA MAIIMEHTOB, paclpeeeHrue mepcoHa-
Ja...), ¥ Apyrue.

B nakere Arena McmoJib3yeTcsi IPOLIECCOP U SA3bIK UMHUTAIMOHHOTO MOJIEIH-
poBanusi SIMAN. Arena mpefocTaBiieT MOJb30BATENO YIO0OHBIA Tpaduueckuit
uHtepdeiic ¢ HabopoM 1M1abJIOHOB MOJETUPYIOITUX KOHCTPYKIUH. JIjisi co3manust
MOJIENIM B MaKeTe Arena MOJEIUPYIONMe KOHCTPYKIIMU CHaYalla MepeTacKUBaloT B
OKHO MOJIEJIH, a 3aTEM COEIUHSIOT, YTOOBI 0003HAYHUThH JIBMKECHHE OOBEKTOB B MO-
JIETUPyeMoil cucTteMe. 3aTeM MOJEIUPYIONINE KOHCTPYKIMU AETATU3UPYIOTCS C
MOMOIIIBIO TUAJIOTOBBIX OKOH WJIM BCTPOCHHBIX TaOmuil. B mepapxuu moaenu Mo-
KET OBITh HEOTPAHUYECHHOE YMCIIO YPOBHEH.

B 6a3zoBom mabnone Arena (Basic Process) mpencraBieHbl KOHCTPYKIUH,
MO3BOJISIONINE CO3/IaBaTh JTUCKPETHO-COOBITUIHBIE MOJICTTN: UCTOYHHUKHU CYIIHO-
cTelt (create); yHUUTOXKUTETU cyliHocTel (dispose); nencTBus (process), B KOTO-
pPBIX MOXKHO 3a/laBaTh JOCTYITHBIE PECYpPChl; KOHCTPYKIIMU JJii W3MEHCHHUSI
CBOMCTB CYyIIHOCTEH (assign); Joruyeckue KoHcTpykuuu (decide).

Rockwell Arena BbITyCKaeTcs TOJBKO JUJIA OMEPAIMOHHOW CHUCTEMBI
Windows. B Arena mpeagycMmoTrpeH skcnopT maHHbIx u3 Microsoft Excel u
Microsoft Access.
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Arena obecrieuynBaeT BBIBOJ Ha JKpaH JIBYXMEpPHOM M TpexmepHou (Arena
3DPlayer) anuManuu ¥ MO3BOJISIET BBIBOJUTH HA 3KpaH JUHAMHUYECKYIO Tpaduky
(ructorpammbl U Tpaduku BpeMeHHOUM 3aBucuMocTh). Ha puc. 4.25 npureneH
BHemHUN BUA (MHTEp(deic) cuctembl Arena, B KOTOpOM MPEACTaBICHA JIOTHYE-
CKas cxeMa M aHMMAallMOHHAas KapTUHa paboThl Ta30BOM 3alpaBOYHON CTaHLIUU
(mpumep u3 makera Arena).

YucIio NOTOKOB CIIydailHbIX YHCEN B ITakeTe Arena He orpaHudeHo. bonee To-
ro, IOJIb30BaTENIb UMEET JTOCTYI K 12 CTaHIZAPTHBIM TEOPETUYECKUM pacIpeselie-
HUSIM BEPOSITHOCTEM, a TAK)KE K SMIIMPUYECKUM PACIIPEACIICHUSM.

JlaHHBIN TIAKeT MO3BOJIAET BHIMOIHATH (YHKIIMOHATHLHO-CTOMMOCTHOM aHa-
au3 npu ucnosb3oBanun ABC-Merona, Onarogapss yeMy MOKHO yUUTHIBaTh J0-
MOJIHUTENIbHBIE U OOBIYHBIE 3aTPaThl, @ TAKXKE CO3/1aBaTh BPEMEHHbIE OTUETHI. Pe-
3yJbTAaThl MOJEJIMPOBAHUS COXPAHSIOTCS B 0a3e JaHHBIX U OTOOpaKaroTCsl Ha HK-
paHe noclie MporoHa MoJIEJIu B BUIE OTYETA.

IIpumep 1. PaccMOTpUM cuCTEMY JOKYMEHTOB, IOCTYMAKOUIMX B HEKOTO-
pyto kommanuio (pupmy) [17].

%t Arena - [Gas Station.doe - Run Mode] =l=lx|
[E3 File Edit Wiew Tools Arrange Object Run  Window Help =] =]

e W (SR e o - =] o= Sllss | = | FESE e a0 4w [ N2 |

N o ocmee Ald-2-A- B |=-m@- 6w [m @b |0 m |

=l =]

<> Basic Process

<> Advanced Transfer Car Loading Logic bt main

<> Advanced Process F— N —@’

= e e et )

< Packaging

S =) e () [ P et

2 ::j;;se L",......m | " =] Truck Unloading Logic

= I EE R el Y o e N o o Tt b

; T

ors=s Ve =

; Model Logic Overview| nnn““‘“ P |
H A
¥ model logic overview SOFTWARE
Lo Submodel 1 |
|
|
Tank Level |
Quantity Pumped I
Pump 1 rot4 |
Fump 2 tozo |
Pump 3 1033 |
Pump < 1o09
1 s
4l I K ml ;l"
For Help, press Fi 1J1 [(379.5784 Minutes) Friday, January 06, 2012 |Running. .. [te883, 568}
Puc.4.25

[Ipouiecc MonenupoBanus B cucreMe Arena opraHu30BaH CIEAYIOIIUM 00-
pazom. CHavasia TIOJIb30BATENb IIIar 3a IIArOM CTPOUT B BU3YaJIbHOM PEIaKTOPe
nporpamMmmbl Arena Mojenb. 3aTeM CHUCTeMa T€HEPUPYET MO HEeM COOTBETCTBYIO-
mmii kox Ha SIMAN, mociie yero aBromaruvecku 3amyckaercs Cinema anima-
tion.

176



NmMurtannonHas mMojenb B nporpamMme Arena coctouT U3 OJIOKOB MOJENH-
poBaHus (Moayiu) u onepanui (cymHocTH). CyIIHOCTH JBUTAIOTCS MEXAY MO-
TyJISIMH 110 Mepe UX 00CTyKMUBaHUSI.

Hlar. 1. C nomomipto rpadpudeckux MOIyJeil JaHHOH MOAETH HE0OX0UMO
MOCTPOUTH JTUHAMUYECKYIO MOJIeNIb 00pabOTKH 3asiBOK (PUPMBI (C OTKA30M), KaK
3TO MOKa3aHo Ha puc. 4.26.

n n | ]
d Inttiate Mertgage Review
Application - —

0 Troe
—_— Accepted

-'\\: Returned

Puc. 4.26. Jlunamudeckasi MoJieinb 00pabOTKH 3asBOK (hUPMBI

Complete?
Application

Monayns Initiate Mortgage Application npexacraBiser co00i BXOISIIHIA
IIOTOK 3asBOK, B HEM 3a7a€TCsl MHTEHCUBHOCThH MOCTYILICHHS 3asBICHUH, BpeMs,
yepe3 KOTopoe MpHOYIEeT mepBast 3asiBKa B MOJIEIb OT Havaja CUMYJISIUH, KOJIH-
YECTBO 3asIBOK 3a OJJHO MPUOBITHE, MAKCUMAJILHOE YHCIIO 33aBOK, KOTOPOE MOKET
CO311aTh 3TOT MOIYJb (puc. 4.27):

Lneate. _J LB‘

Marne:; Entity T ype:

| | j |.-'1'-.|:u|:uli-:ati|:un j

Time Between Armrivals

Type: Walue: rik=:
|F!ar‘u:|n:-m [E=po] j |2 |H-:-ur3 j
E ntitiez per Arriseal; b am Arnivals: Firzt Creatiorn:
1 || rfirite: .o
(] Cancel | Help |

Puc. 4.27. Hactpoiiku moayns Initiate Mortgage Application
Monayas Review Application — 3xecs 3amaroTes pecypesl Ha 00pabOTKy 3a-
SBKH, BpeMsi Ha 00pabOTKy OJHOI 3asBKH, a Tak’Ke€ MOIIHOCTb Ipoliecca, T.e. TO,
CKOJIBKO OJJHOBPEMEHHO MOTYT 00palaThIBaThCs 3asBOK B CHCTEME, TaK KakK MpH

CYLLIECTBYIOILEM Ipoliecce 00pabOTKH 3asiBICHUM 3TUM 3aHUMaeTcs 1 kiepk (puc.
4.28).
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I are: Type:
| - | |Star‘udard - |
Logic
Schior: Fricrity:
Seize Delay Release - | |h-'|edium[2] - |

Resources:

Add. .

Edit... |
Delete |

<End of list>

Delay Tepe: Ll riks: oz ation:

| T riangular j | Hours j |"-.-"alue Sdded j
kA irirnm: Walue [MMost Likelp]: b &xirnn:

[1 [1.75 E

v Feport Statistics

| Ok, I Cancel | Help |

Puc. 4.28. Hactpoiiku moayns Review Application
Taxke BBI3BaB IMaHENIb PECYPCOB, HEOOXOAMMO yKa3aTh 3aTpaThl KIIEpKa B

12 $ B yac (puc. 4.29).

llame Type ‘ Capacity‘ Busy | Hnur‘ dle/ Hour‘ Per Us&‘ StateSet Harne‘ Failures| Report Staiistics‘
1 [ortgage Review Clerk | Fixed Capacty 1 12 12 0 Drows |

Double-click here to add 2 new row.

Puc. 4.29. [Tanens Resorse

Monyne Complete? (puc. 4.30) — npoBepsieT 00paboTaHHOE 3asiBICHHUE Ha
OIIMOKH, €CITM 3HAYeHHEe MOy —true, To 3asiBKa mepexoanuT B Moayiib Accepted
(puc. 4.31) , ecniu 3HaueHue, moayss Complete?, - false To o6padoTanHas 3asBKa
nepexoaut B Moayib Returned (puc. 4.32). B Moayne Complete? 3amgaercs Be-
POSITHOCTD 3Ha4YeHus true, T.e. eCiiv MpOLEHT YKciia omruook 12% To BEepOsSTHOCTD
Toro, 4yto Moy Complete?, npumer 3nadenue true — 88% (puc.4.33). Moaynu
Accepted u Returned noka3siBaroT o0IIee KOJUIESCTBO 00PaOOTaHHBIX 3aBOK B
CHCTEME M KOJIMYECTBO OTKA3HBIX 3asBOK (pucyHKH 4.21 u 4.22).
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H=R)

Type:

ﬂ |2-wa_l.J by Chance ﬂ

Percent True [0-100];

83 |

o

Ok | Cancel | Help |

Puc. 4.30. Hactpoiiku moayas Complete?

1 N '
Epose d m' VISPOSE, d al
M ame:;
5 | <
¥ Record Entity Statistics v Record Entity Statistics
ak. Cancel | Help | ok, Cancel | Help ‘
Puc.4.31. Hactpoiiku Mmoyss Puc. 4.32. Hactpoiiku Mmomyss
Accepted Returned
r Horny Sehin, a‘
Fun Speed ] Fun Cortrol ] Reports ]
Project Parameters ] Replication Parameters ] Aray Sizes ]

Project Title:

|Mc|rtgage Rewview Anahysis|

Anahest Mame:

|Guzel

Project Description:

Statistics Collection
[ Costing I+ Queues [ Transporiers
[w  Entities I Processes I Conwveyors
[+ Resources I Stations [ Activity Sreas
[ Tanks
| L] I CDTreHa | | Cnpaexa

Puc. 4.33. lnamorooe okHo Run-Setup

3agaHus JJIUTEILHOCTH MOJEIUPOBAHUS OCYIIECTBIsIeTCS B MeHr0 Run-
Setup (puc. 4.33). B mone Replication Length ycranosute mmurensHOCTH 20
IHel, a B mosie Time Units equaunity namepenus Bpemenu Days.
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Ilar 3. TTocie mpojeaHHBIX HACTPOEK CHCTEMbI HEOOXOAMMO 3aIyCTHUTh
CHUMYJIALINIO, [T0 HAKATHIO KHOMKHK F5 Ha KiIaBHaType WX KHOMKY Ha IMaHEId MH-
CTPYMCHTOB

PesyabtaTbl. CrcTeMa IMOCie MPOMTPHIBAHHMS OyIET BBITIIAAECTH CIIEIYIO-
M oopasom (puc. 4.34).

Create Decide

E ===
Inatiat-e r:-brrga-ge Rewiew - C - i
= omplete® L, Acocepted
Poplication Application = T \
Ta

13,

Fal=e

hiortgage
Flewiaw
Aaaly sis

o Reatumed
Process ! .

Dispose

Puc. 4.34 CucremMa nociie 3aBeplieHHs] CUMYJISIIUN

Ananu3z moodenu. Ha BBIXOJE KaXIOTO MOIYJS YKa3bIBAECTCS YUCIIO 3asIBOK.
Ha Beixonme mozayns Initiate Mortgage Application crout 97 mrtyk, 3T0 3HAYHT,
YTO 32 pACCMATPUBAEMBIN NIEPUOT TOCTYNHIIO 97 3asBICHUMN.
[Ton momynem Review Application ykasaHHO KOJIW4ecTBO He 00paboTaH-
HBIX 3a59BOK 10 OKOHYAHHUIO CUMYJIAIAHA CHCTEMBI, 6 mTyK. CBEpXy MOIYJSI OTO-
OpakaeTcsi ouepeib U3 3asIBOK, KOTOPBIE 0KUAAIOT OCBOOOKICHHUE KIIepKa.
Monyne Complete? mokaspiBaeT KOJUYECTBO OTKA3HBIX 3asABOK 13 MITYK, a
TaK)Ke KOJIMYECTBO 00PaOOTaHHBIX 3asiBOK 78 IITYK.
Monyne Accepted mokaspiBaeT 00IIee KOJIMYSCTBO 0OpaOOTaHHBIX 3asBOK
B cucTeMe, a Moayiib Returned — komudecTBO OTKa3HBIX 3aBOK.
[TpocMOTpeTh BCE OTYETHI MO PE3ysIbTaTaM MPOUTPHIBAHUS JAHHOW MOJIEIH
MOJKHO B TlaHese oTuetoB Reports (puc. 4.35).
3ajanue HA MOJIeJIMPOBAHME!
1. TlocTpouTh MUCKPETHO-COOBITHITHYIO MOIENIb 0OPAOOTKH 3asiBOK (PUPMBI
(puc.4.26 - 4.35) B cpene umuTarponHoro Mozaenupoanus ARENA.
2. IlpoBecT KOMIBIOTEPHBIE SKCIEPUMEHTHI B 3aBUCHMOCTH OT XapaKTe-
puctuk CMO 1 HayanbHBIX YCIOBUM.
3. IlIpomectn 00pabOTKy U aHANIHM3 PE3yJbTaTOB KOMITBIOTEPHBIX IKCIIEPU-
MEHTOB.
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<) DESILFIULESS
Preview ‘
9! Reports
@Acﬁviw Areas - | - Eny | . :
i Category Overview - Tine Mnrtgage Review Aﬂaly5|5
iy Category by Replcation o VA Time
s #-NVA Time Replications: 1 Time Units:~ HoUrs
gy Frequences ¥ Wait Time
iy Processes + Transfer Time Key Perfo
@Queues 1 Other Tme
hResnurces +- Totzl Time System A
g Transfers +) Other '
ip User Spedified -|- Queue Numper Out
fp Acents and Trunks +| Time
hCnntact'ﬂmes and Counts - Other
hTanks -|-Resource
+|- LJsage

Puc. 4.35. Ilanens otueroB Reports
4.5. Cuctema uMnTaumMoHHOro mogenunposaHna AnyLogic

[Taker AnyLogic — npodeccuoHanbHbIii HHCTPYMEHT HOBOT'O MOKOJIEHUS, KO-
TOPBIN MpeTHA3HAUCH /I pa3pabOTKU U MCCIICIOBAHUS UMUTAIMOHHBIX MOJIEICH
CIOXHBIX cucTeM. [IporpaMMHbIi NpoayKT pa3zpadboraH kommnanuen «Ikc JDxeit
Texnonomxucy (XJ Technologies), r. Cankr-IlerepOypr. AnyLogic 6b11 pazpabdo-
TaH Ha OCHOBE HOBBIX HJICH B 00JaCTH MH(POPMAIMOHHBIX TEXHOJOTHUH, TCOPUHU
napajieIbHBIX B3aHMMOJICHCTBYIONIMUX MPOIECCOB M TEOPUU THUOPHUIHBIX CHCTEM.
brnaromapst 5TUM uesIM Ype3BBIYAHO YITPOIIACTCS TIOCTPOCHHUE CIIOKHBIX UMHUTA-
IIMOHHBIX MOJIEJIEH, UMEETCSI BO3MOKHOCTh MCTOIB30BAHMS OJHOTO MHCTPYMEHTA
IIPY M3YYCHUH Pa3IMYHBIX CTUJICH MojenupoBaHus. [IpoayKT moaaepkxuBaeT oc-
HOBHBIE METOJIl MMUTAIIMOHHOTO MOJIEIMPOBAHUS: CUCTEMHAsl MHAMUKA; JTUC-
KPETHO-COOBITHHOE MOJICIIMPOBAHKE; areHTHOE MoiearpoBanue [2, 3, 16, 19, 20,
31].

MHorue KpyrHble KOMIIAHUHU, KaKk oTedyecTBeHHbIe bumaitn, ['aznpom, Coep-
0ank Poccun, Pycckwuii aqromununii, CeBepcranb u T.1., Tak U 3apyoexnbie General
Motors, Mitsubishi, McDonalds, IBM u ap., sSBIstoTCS KIMECHTAMH KOMIIAHUH 1
ucnonb3yroT AnyLogic s cBoux moTpedHOCTel U nccinenoBanuii (puc.4.36).
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Puc. 4.36. Knuentsl kommanuu AnyLogic

Caiit komnanuu AnyLogic (Www.Xjtek.ru) mo3BossieT mpoIeMOHCTPUPOBATh

BO3MOXXHOCTH JITaHHOTO TpoaykTa. Ha caiiTe mpencraBieHbl pa3iuyHbIE JAEMO-
BEPCHUU UMHUTAIMOHHBIX MOJIEJICH MO pa3udHbIM oTpacism (puc. 4.37).
Jdemo mogenn

$ VYnpaeBneHWe akTMBaAMMK ﬂ ABMKeEHWE Newexonos
© BusHec-npoueccsl CouvaneHasa AUMHaMUKa
m AWHamMuKa 3KocucTem b Lleno4k NocTaBoK

*+ 3ppaeooxpaHeHue @ TeneKoMMyHUKaLUWK
Ei Norncrtuka - TpaHcnopT

™ npouzsocacreo B opyrue monenu

1 PuoiHok m KOHKYpPEeHUWA

Puc.4.37. Otpacnu u chepbl HCIIOIB30BAaHUS IPOTPAMMHOTO MPOIYKTa

JIns1 KaKIoro u3 oTpacieil Ha CaiTe NPUBEICHBI Pa3InyHbIE IPUMEPHI 1EMO-
moaenei (puc.4.38), KoTopble B peaTbHOM BPEMEHH MOKHO TpOrHaTh. OnucaHus
pa3paboTOK HEKOTOPHIX M3 HUX HM3JI0KEHBI B pa0OTax W KHUTAX MO MMHUTAIMOH-
HOMY MojenupoBanuio [3, 14, 16, 19-20].
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Puc.4.38
I'paduueckas cpena AnylLogic mocTpoeHa o TOMY K€ IMPHUHIIMITY, YTO U B
Rockwell Arena. Monenupyromue KOHCTPYKLUMH PpacIoyiaraloTcsi B MalUTpax
(ananor mabioHOB B Arena). [ns co3maHusi Mojienu, Kak U B Arena, MOJEIHU-
pYIOIIHe KOHCTPYKITUU MIEPETACKUBAIOT B 00JIACTh MOJIETN U COeNUHSIOT. [leTanm-
3UpPOBaATh MOJAEITUPYIONINE KOHCTPYKIIMA MOYXHO, BBIJICIHB WX W M3MEHUB Mapa-
METPBI, UCTIOJIb3YsI TAHEJIh CBOWCTB.
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Puc. 4.39. OxHo monb3oBateabckoro uHrepderica cpeast AnyLogic: a — 5 Bepcun;

6 — 6 Bepcuu

AnylLogic nmoaaepXxuBaeT MOAXOJ areHTHOTO MOJICIMPOBAHMS, B KayeCTBE

areHTOB MOTYT OBITh. JIFOJU. TIOTPEOUTEINH, )KUTEIN, pAOOTHUKHU, TAIUEHTHI, JOK-
TOpa, KIIMEHTHI, COJIIATHI M JIP.; TPAHCIIOPT, 00OPYAOBaHUE. aBTOMOOMIIH, KPaHbI,
CaMOJIETHI, BarOHbI, CTAHKHA U JP.; HEMAaTepUaIbHbIC BEIIU. MPOCKTHI, MPOIYKTHI,
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WHHOBAIIMU, UJE€H, UHBECTUIIMU U JIp., OPraHU3aldy: KOMIIAHUH, MOJIUTHYECKUE
NapTHH, CTPAHBI U JIP.

O1u 00BeKTHl B cucteMe AnyLogic MOTYT co37aBaThCs U YHUUTOXKATbCS JU-
HAMHUYECKH, IIepeMeIaThCs, 00IIaThCs APYT C APYTroM, UMETh MOBEICHUE, 3HAHUS,
eI, CTPATErHI0 — TO €CTh 00JIaJIal0T BCEMHU CBOMCTBAMU areHTOB.

ATEHTHBIN OAXO0J] UCTIONB3YIOT NIl MOJICIUPOBAHUS COLIUAIIBHBIX CUCTEM, B
YaCTHOCTHU, MOJICTUPYIOT PBHIHKHM (areHT - MOTEHIMAIbHBIM MOKyMNaTelb), KOHKY-
PEHIINIO U LIETIOYKH MOCTAaBOK (areHT - KOMIIAHUS ), HACEJICHUE (areHT - CEMbSI, JKU-
TeJIb TOPOJia WK U30UpaTesb) U MHOTO JApyroe. ToNbKO areHTHBIN MOX0/1] TO3BO-
JSIET TIOJTyYUTh MpecTaBieHre 00 00IIeM MOBEIECHUHN CUCTEMBI, UCXOS U3 TIPE/I-
MOJIOKEHUN O TIOBEACHUM €€ SJIEMEHTOB MPH OTCYTCTBUM 3HAHUS O TJIOOAIBHBIX
3aKOHaX — TO €CTh B HanboJee 00I1IeM cityyae.

AnyLogic ocHoBaH Ha Java u 0Oasupyercs Ha 1uiargopme Eclipse - cospe-
MEHHOM cTaHjapTe At OuzHec-npuinoxenuid. braaronaps Eclipse AnyLogic pado-
TaeT Ha BCEX PACIPOCTPAHEHHBIX omeparroHHbXx cucreMax (Windows, Mac,
Linux u T.71.).

B penakrope AnyLogic BO3MOXXHO pa3paboTaTh aHUMAIUIO U MHTEPAKTUB-
HBIM rpaduyecknii uHTEpPeiic Moaenu. AHUMaLU MOXKET ObITh UEPAPXUUECKOM
U MOJJIEP>KUBATh HECKOJIBKO MEpCreKTuB. Hampumep, ecTh BO3MOKHOCTh OIpee-
JUTH T100aIBHBIA B3I Ha IPOLIECC POU3BOICTBA, & TAKKE J€TalbHbIE aHUMAa-

IIMM KOHKPETHBIX OTEepaluii U MEepeKIoYaThCss MKy HUMH. MMeeTcs BO3MOXK-
HOCTb MCIOJIB30BATh PA3JIMYHbIE BUbl TEXHOJOTUYECKUX PEIICHUN ISl peann3a-

1uu anumarmu (puc.4.40).
Shape

o ShapeControl __ .
Shﬂfﬁfﬁlﬂtﬂm” — - ;:- \ ——————___| ShapelListBox
- / f | \ CMMCOK
ShapeCheckBox ,.f"; f \

dIamoK | \ ShapeComboBox
L}
1]

BhINAAAMILLWA CIMCOH

] L1
ShapeTextField | Y .
TEHCTOS0E NoAe || Y Shgf :'.ﬁ !ier
|' )
" |I 1
ShapeFileChooser Y\ ShapeProgressBar
aneMedT Beifiopa danna | HHAMHATOP NpOrpecca

shapeRadioButtonsGroup
NEPEKNIDYATE ML

Puc.4.40
B AnyLogic monp30BaTeno JOCTYIHO 35 cTaHIapTHBIX TEOPETHYECKUX Pac-
npeeieHHH, TakKe MOKHO OMpeaeanTh CBoU. AnyLogic MO3BOJISET CTPOUTD Kak
CTOXaCTHYECKHE, TaK U JAETEPMHUHUPOBAHHBIC MOJEIN M MPOBOIUTH aHAJIHM3 pe-
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3yibTaTOB MoAenupoBaHus. C MOJEIbI0 MOTYT OBITh IPOBENIEHBI PA3TUYHBIEC IKC-
TIEPUMEHTHI:

e MozenupoBanue (Simulation)

e onTumm3aims (optimization)

e skcnepumeHThl MonTe-Kapio

® aHaJINU3 YYBCTBUTEILHOCTH

® DSKCIIEPUMEHTHI IO CIEHAPHUIO MOJIH30BATENS

B AnyLogic Bctpoen ontumuzarop OptQuest. KomOuHupys 3BpUCTHKH,
HEHPOHHBIE CETH U MaTeMaTUYeCKyto ontumuianuio, OptQuest mo3BosIeT HaXO0-
TUTh 3HAYCHHS JUCKPETHBIX M HEMPEPHIBHBIX MapaMeTPOB MOJCIH, COOTBETCT-
BYIOIIIME MAaKCUMYMY WJIM MUHUMYMY II€JIeBOU (DYHKIIMH, B YCIOBUSAX HEOIpE/e-
JEHHOCTH Y NIPU HAIMYUM orpaHuueHuid. st co3nanusg otuetoB B AnyLogic ot-
BeJIeHa crienuanbHas nanutpa « CTaTUCTHKa», B KOTOPOH COJIEPIKATCS KOHCTPYK-
IUU I cOopa JaHHbIe MO X0y paboTel Mozenu. B 3Toif manuTpe Takke Haxo-
JIATCSL pa3IU4HbIe JUArpaMMbl, TpaUKH U TUCTOTPAMMBI.

AnyLogiC uMeeT UCKITFOUUTEIBHO Pa3BUTHIA 0A30BBIA S3BIK JTUCKPETHOTO M
CMEIIAaHHOTO JUCKPETHO-HEMPEPHIBHOTO MOICTUPOBAHUS, Ha OCHOBE KOTOPOTO
pa3paboTaHbl CTaHAAPTHBIC OUOINOTEKH:

e Enterprise Library — KOHCTpYKIHMH JUIS TOCTPOCHHS JIUCKPETHO-
COOBITUMHEBIX MOJIEIEH
e Dynamic Systems Library (cuctemnas nuHamuka)
e Material Flow Library (moroxu matepuaion)
Mojenb 1 aHUManus ObICTPO cTposTcs B ctuiie drag-and-drop u oueHb THO-
KO MapaMeTpu3ytoTcs. Peanuzaius ctaHIapTHBIX 00BEKTOB OTKPBITA JJIS TTOJIh30-
BaTensl, X QYHKIIMOHATBHOCTh MOXET OBITh KaK YTOJHO paclIupeHa, BIUIOThH J0
co37aHusi COOCTBEHHBIX OMOMMOTEK. Mcronb3yst uepapXxuio U peryisipHble CTPYK-
Typbl 00BEKTOB, MOKHO CO3/IaBaTh MacIITA0OMpPyeMble MOJICIIH.

C nmomoripio Oubmmorexku Enterprise Library makera AnyL0giC MOXHO OBICT-
PO co37aBaTh CIOKHBIE TUCKPETHO-COOBITUMHBIE MOJICTH, TAKHE KaK:

® MOJIEJIM MMPOU3BOICTBEHHBIX MPOIIECCOB;

® MOJENH CUCTEeM 00CITyXKuBaHUA (OaHKU, adPOTIOPTHI U T.11.);
® MojeH OU3HEC-TIPOIIECCOB C OIIEHKOM 3aTpaT Oneparui;

® MOJICJIH JIOTUCTHKH M IIETIOYEK IOCTaBKH.

bubmmoreka oowexToB Enterprise Library mo3Bosser co3maBaTh THOKHE MO-
JIeN C HATJSAHOW BH3yalu3allield MOICIMPYEMOTO IMpolecca U BO3MOXKHOCTHIO
cOopa HEOOXOTUMOM CTAaTUCTHKH.
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Cucrtema AnyL0giC MOXeT ObITh UCIOJIB30BaHA [Tl MOJICIIMPOBAHUS HETPE-
PBIBHBIX TUHAMUYECKHUX MPOIECCOB U CUCTEM.

Ipumep 1. Paccmorpum ucnoib3oBanue makera AnyLOgIC 1t pa3paboTKu
MMUTAMOHHON M aHUMAIIMOHHOW MoJenu MasTHuka @yko. B gaHHOM npumepe
BOCIIOJIb3YEMCSI BO3MOKHOCTBIO MPOrPaMMHOIO MPOAYKTa aHAIM3UPOBATH CUCTE-
MBI JUHAMUYECKOTO THUIIA.

Han nentpom Bpamaroieics TOpu30HTaIbHON TIATGOPMBI TTOABEIICH MasiT-
HUK Ha JUIMHHOM mnojiBece. MasTtHuk Dyko sIBISIETCS MAaTEMAaTUUYECKUM MasiTHU-
KOM, TaKOW MAasITHUK, OTKJIOHEHHBIA OT PAaBHOBECHOTO IOJIOKEHUS, COBEPIIACT
KoJieOaHMs B TUIOCKOCTH, HETIOABHKHOW B MHEPIIMATLHON cucTteMe oTcuéTta. He-
00XO0JIMMO HAWTH TPACKTOPUIO JBMIKEHHUS KOHIIA KOJICOIIOMIErocs MasTHUKa Ha
maTgpopme.

YpaBHEHUS TBUKECHUS:

dv, > +w? X

i VW + WX gL

dv v
L= 2v,w+ wily—g=

W — otHOcuTenbHas yactoTa, L — qnunHa noaseca. PaccmoTrpum noctpoeHue
MaTeMaTUYeCKOi Mojienn MasTHiKa Dyko cpeacTBamu cucteMbl AnyLogic.

Ilaz 1. Co3naguM HOBBIM MTPOEKT.

[I{enIKHUTE MBIIIBIO MO KHOIKE MaHeln UHCTPYMEHTOB “Cozdamsb’. 1losi-
BUTCS Auanorosoe okHO “Hoswiii [Ipoekt”. LllenkHUTE MBIIIBIO IO KHOIKE “‘BbI-
Opath...” W BBIOEPUTE ITUPEKTOPHIO, B KOTOPOH OyaeM XpaHWuTh (ailiibl PoeKTa.
YkaxxeM uMs HoBoro npoekta. Hammpumep, Foucault's pendulum, B mone penaktu-
poBanus “Ums mpoekra”. lllenkaure mpimbio mo kHomke “OK”. HoBblit mpoekT
CO3/aH.

Ilac 3. 3aganum aHHbIE BHYTPU MOJICIIH.

Hy>XHO pemmTh, 4TO UCIIOIB30BATh — APAMETPhI HIIA TTIEPEMEHHBIC.

[TapameTp OOBIYHO HCTIOJB3YETCS I 3aJaHUSI CTATUYECKHX XapaKTepH-
CTUK MOJIEIM U OOBIYHO XPAHUT OJTHO U TO K€ 3HAYCHUE B TEUEHHE BCEro "Mporo-
Ha'" MOJIENIN; ATO 3HAUYCHUE U3MEHSIETCS MOJh30BaTENIEM TOJBKO B KaKHE-TO OIpe-
JICJICHHBIC MOMCHTBI BPEMCHH TP KCITAaHWH W3MEHHUTH XapaKTEPUCTHKUA MOJIC-
mu. [TapameTtpsl 3agatorcs Ha ctpanuile “Oo6mue” nanenu “CpoiicTa’.

3agaaum BenuuuHy W (oTHOCUTEIbHAsA YacToTa). IJjist 5TOro mpucBOMM ma-
paMeTpy uMs W, 3HaUCHHE [0 yMOTdaHuio, Hanpumep, 0.04. (puc.4.41).
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Iha: L
Thn: | real |
Mo ymondarkeo: | 0.04 |

(¢ Mpoctod O AxHamkgeckkd O CnofBaneHsd © PasaendTens

Puc.4.41

3amaauMm BenmuunHy L (mmHA moxaBeca). J[ist 3TOro mpHCBOMM THapameTpy
uMms L, 3HaueHue 1o ymonayanuio - 50.

Wma: L
Thn: |real Bl
Mo ymondania: | 50 ~|

o Mpoctod © AvHamkdeckkd © CnofaneHed © PasaenuTens

Puc.4.42
3aganuM BelIuuuHy § (rpaBUTAIlMOHHAS MTOCTOSHHAS). 111 3TOro MPHUCBOUM
napameTpy uMs ¢, 3HaYCHHE 1Mo yModaHuio — 9.8.

ma: g
Thn: | real ~|
Mo ymonuakio: | 9.8 |

& Mpoctoit O AvHammueckkd © CnoBaneHed © PasgenqTent

Puc.4.43
Bce 3agannbie mapaMeTpbl MOKHO YBUAETH B TaHenu “CBolcTBa’.

CBOACTEBA

CAWKE | MzobpakeHke | ONMCaHHE

Mra knacca: | Main

BazoBRIH Knacc: |

MapaMeTpel:

lMa THn

real
real
real

Puc.4.44

I_I,DE
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[TepemeHHBIE OOBIYHO HCIIOIB3YIOTCS ISl MOJICIIUPOBAHUS U3MEHSIOIIMXCS
XapaKTEPUCTUK 00BEKTA WU JJISI XPAHCHHS PE3yJIbTaTOB PAOOTHI MOJIEITH.

3aganum 4 epeMeHHBIX — X, Y, VX U VY.

YrtoOsl 3a1aTh IepeMeHHbIM TuddepeHIanbHble YpaBHEHUS, HEOOX0IMMO
BBIOpaTh Ha cTpanuile “O6mme” manenu “CpoiicTBa” B mojie “Buj’ — “UHTErpal
VI HAKOIIUTEIID .

B AnyLogic ypaBHEeHHs 3alIHCHIBAIOTCS B CTPOKY.

Jliis mepemennoit X: d(X)/dt = vX, HaganpHOe 3HaueHHE — 1.

¥DaAEHEHHE

Euxa: |MHTerpar|HnHHaKDnHTenb *

dix)/dt =
e
HauameHoe ZHAUEHME !
1

Puc.4.45
Jliis nepemennoit Y. d(y)/dt = vy, HadanpHOe 3HaueHUE — 1.

¥pasHEHHE

Bra: |l-'1HTE.'F|:IE|J'I HIK HEKDI‘IHTEHbj
diy)sdt =

vy

HavyameHoe SHAUSHME:

1

Puc.4.46
s nepemennoit vX: d(vx)/dt = 2*vy*w+w"2*X-g*x/L, HadabHOE 3HAYe-
aue — 0 (mo ymomuanuio B AnyLOQIC, eclii 0CTaBUTh HAYaJIbHOE 3HAYCHHE ITyC-
TBIM, ATO TaKxe Oynet 0).

¥paBHEHHE

Era: |MHTerpan|mndHaKDnHTenb vl

diw=) e =
2Fryr 2 e —gv R AL
HauvamrHoe SHaUeHME:

Puc.4.47
Jns mepemenHou Vy: d(vy)/dt = -2*vx*w+w"2*y-g*y/L, HayaneHOE 3HAUeC-
Hue — 0.

YpagHeHHE

Enra,: MHTErpan HNK HaKoONHTENE vl

dwy) At =
—2F Rttt 2ty -gFy S L
HamaneHoe SHaWUeHME :

Puc.4.45
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Bce napaMeTpbl U ICPEMCHHBIC BU/JIHbI Ha IPE3CHTAllUU MOJACIN, U MOXKHO

HN3MCHATH UX 3HAUYCHHUA BO BPCMs pa6OTI)I MOACIN o0 IMporpaMMHO M3 KOJa MO-

JCIIH, oo ¢ ITOMOIIBIO 3JICMCHTOB YIIPABJICHUA.

MapaMeTpe!:
= Oy I THn
W real
Oy O ] real
L redl
Puc.4.48

Taxxe gob6aBum B Mozenb rpaduk — XYChart u3 6udmuoreku Business
Graphic Library, xoTopslii moHaTOOUTCS U1 aHUMALUW JIBHXKCHHUS KOHIIA MasiT-

HHKa DyKO.
:':I'I'l':hart CEORCTES
Obiwme | Fonm4ecTen | CnMcanme
@h 1t |x‘r’Chart
TH: | com. xj.anvlogic lib.business_graphics_library, XY Chart
PHC.4.49 MapameTpel:
Mrta JHauEHHE
lllaz. 3, CO3I[3HI/IC AHUMAIlNn. Placeholder animation.rectangle
BackgroundCalor USE Placehalder FILL COLOR
Jns  co3maHuss aHMMalUHM  IPEKIC BorderColor USE Placeholder LINE COLOR
113 'Y} |Ipdatetdode AUTO
BCECro B MCHIO BCTaBKa HY)KHO BBIﬁpaTb NumberdiSamples 1000
nyHKT “HoBas aHuMarusa”. YKaxeMm pazme- | |Scaklee AUTD
5caleType AUTO
pBI AHUMAIITUOHHOU O6HaCTI/I, HaHpI/IMep, Linet/idth 1
ShowGrid tiLe
1110X600 GndColor BGBasze AED
- GndT extColor BGBase RED
H X
e . HGndTextPosiion  BELOW
Cfwme | AHMMALMOHHAA 0fnacTs | OnkcaHke YGrdTextPaosition  LEFT
ShowLegend true
- | LegendT extColor BGBase YELLOW
i LegendPosiion  BELOW
0 X
2 |-20 | o y
Colard BGBase YELLOW
i | 20 | LegendTextd "K.00pAWHATH KOHLA MAATHUEA
(— | 0 o | J . ®1 - hiot specified -
| BpeMeHHO MCKNHIYKHTE
Hrpira: | Hia | J ¥ CToBpakaTe HiA
BbicoTa: | B0 | J [¥ CospaeaTh aBTOMATHYECKK
Puc.4.50 Puc.4.51

DTO MOXHO cenaTh B okHe “CporictBa” B noyisix “Ilupuna” u “Beicora’.

[Toctpoum npsimoyrosbHUK (rectangle) HyxHoro pasmepa, B KOTOpoM OyeT
MOKA3bIBAThCSl TPACKTOPHS JIBMKEHHUS KOHIIA MasTHHKA. B cBolicTBax rpaduka
XY Chart ykaxxem cnemyromee: Placeholder — animation.rectangle (3to mo3Bosut
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YBUJIETh B TPSIMOYTOJBHHUKE CTposinytocs Tpaekroputo), GridColor wu
GridTextColor — Red (ocu X u Yy, a Takke 3HaYCHHs KOOPIMHAT HA OCSX OYyAyT
noanucanbl kKpacHeiM 1BeToM), LegendTextColor — Yellow (tpackropus Oyaet
noka3ana xentbiM), XO m YO — X m Yy coorBerctBenno, Color0 — Yellow,
LegendText0 — “KoopaunaTsl KoHIla MasTHUKA ~ (HiKe rpaduka OyayT moka3a-
HBI TEKYIIHE KOOPIUHATHI).

Mogens TOTOBa K 3aIllyCKy, HO HY)KHO clejaTh yJ0OHOEe M3MEHEHHE Mmapa-
METPOB BO BPEMsI €€ BBITIOJTHECHUSI.

Ilae. 4. VI3ameHeHNe TapaMeTpoOB BO BpEMsI BHITIOJTHEHHS MOJICITH.

B anumaruu cozmaaum 2 Oerynka (sliders). Oum OyayT oTBedaTh 3a U3Me-
HEeHHEe mapamMeTpoB W U L Bo BpeMsi BHITIOJTTHEHUST MOJIEIIH.

berynok (slider) — smemeHT ympaBiieHWHs], MMO3BOJISIONINHA ITOJIB30BATEIIO
rpaduUecKkd BBIOMpPATh YUCIIO W3 33[JaHHOTO JIWaNa3oHa 3HAYEHUIl MyTeM mepe-
TaCKUBaHUsI PYKOSATKH (puc.4.52).

O O O
0 i 0
O O O

Puc.4.52

beryHku 0ObIYHO MCHOJIB3YIOTCS JIJIsl U3MEHEHUS 3HAUEHUN YMCIICHHBIX TIEPEMEH-
HBIX U NapaMeTpOB BO BpEeMs BBINOJHEHUS MOJeNH. UTOOBI 100aBUTh OETyHOK,
HEOOXOJIMMO TIepeTalInTh dJIeMEHT “beryHok” B Hy»XHOE MeCTO TpaduyecKoro
penakropa.

Ha crpanuue “berynok” manenu “CpoiictBa” B mnoise “IlepemenHas’ BBe-
JIEM YMCJIEHHYIO IEPEMEHHYIO WM nlapameTp. B pe3ynbpTaTe — nprucBanBaeM 3TON
NEPEMEHHO TeKylllee 3HaueHue 3TOro OeryHKa.

Coznmanum OeryHok aiig napametpa L. B nmonsx “muHuMym™ u “makcumym”
BBEJIEM MUHUMAJIbHOE U MAaKCUMAaJIbHOE 3HAYEHHUE, KOTOPOE MOXKET MPUHATH I1e-
pemeHHas npu n3MeHeHun Oerynka. Hampumep, 1-100.

CBOHCTBA

OhwKe  BeryHok ‘ OAHEaHHE

MepeMeHHan: | L ﬂ

AocTynNHOCTE: |

DPHEHT AUHA: " BepTHkancHanA

% [opH3OHTanLHaA

MEHEMY M | 1

MEKCHMY M} | 100

Puc.4.53
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Cozgaaum OeryHok Jyis mapaMmetrpa W. B momsix “muHuMyMm” U “mMakcumym’
BBEJEM MUHUMAJIbHOEC U MAaKCUMAJIbHOE 3HAYE€HHUE, KOTOPOE MOKET MPUHSTH Ie-
peMeHHas npu u3mMeHeHuu oerynka. Hanpumep, 0-1 (Bkitodast coThie).

CBOACTEA

Oblwke  BervHoE | CnMcaHHe

[NepemeHHan: | W j

JoCTYMHOCTE: |

OPHEHTAUKA: " BepTHEansHaA

(¥ TopHzOHTaNEHAA

THHKMY M | 1]

[k kY | 1

Puc.4.54
Tenepp, 4TOOBI HE MyTaThCSA W 3HATH, KAKOE 3HAUCHHUE 3a7aHO OETYHKOM,
CO37aIMM HECKOJIbKO TEKCTOBBIX MOJIEH.
TexcToBoe 1mose (MM 1MoJie BBOAA) SIBISETCS MPOCTCHIIINM
TEKCTOBBIM JJICMEHTOM YIPABJICHHS, ITO3BOJISIONINM IT0JIH30Ba-
TEJII0 BBOJHUTL HeOOJbIINE 00BEeMBI TekcTa. UTOOBI 10OABHTH
TEKCTOBOE MOJIe, HEOOXOAMMO TepeTanuTh 1eMeHT “Ilone BBoga” B TO MeCTO
rpauYeCcKOro peIaKkTopa, riae Bbl XOTUTE €r0 HApHUCOBATD.
Ha ctpanune “Tekct” manenu “CporicTBa” B BEpXHEM M0JIe BBoAA “TekcT”
MOJKHO BBECTH JIFOOOH TEKCT, B HAIlleM cilydae — noanuiineM oeryuku (L u w).

CBoACTBA

Oowre  TekcT | OAHCaHHe

TekcT! L - ANMHa noaEeca

L - ARMHa noaEeca

W -MHacTOTa

Puc.4.55

B mmwxuem none (“luHaMuyeckuii TEKCT’) MOKHO BBIOPATh MapaMeTp WU

NepeMEHHYI0, 3HaUeHHEe KOTOPOoi U OyAeT Mmokas3biBaTh 1noje BBoja. [lpu nsmene-
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HHUM 3TOTO Iapamerpa (Hampumep, OEryHKOM), 3HaYeHHE TEKCTOBOI'O IOJIS TOXKE
u3MeHuTcs. J{ist ogHOTO OeryHka BeIOepeM mapametp L, mist qpyroro — w.
CeoHCTEA

QfwKe  TekcT | ONKCaHke

TekcT: 123
: =
Puc.4.56
MaaTHuK ©yko
ﬂeMOHCTpaLI.MFl TpaeKTOPKHI1 ABKDKEHIMA KOHUA
KoneGmoWwerocad MaaTHMKA mYKO.
ypaBHeHIflﬂ ABDKEHNA
dv. X
d—: =2v,w+ wzxf‘gz
dv. y
Mo z
—2—-_2 + —_
at VW T WY — g7
L - ArvHa noageca 50
W - HACTOTA 0,04
7 ]
KoopamHaTel
¥ 1o
Y |10

Puc.4.57

MOHO Tak)Xe C MOMOIIBI TEKCTOBBIX MOJICH MOANUcaTh MoAeHb (‘“Masit-
HUK DyK0”’), yKa3zaTh UCIOJb3yEMbIE YpaBHEHHUS U T.A. B JaHHOI MOIenn MOXKHO
JTUHAMHAYECKH W3MEHATh TAaKWE€ MapaMeTphl, KaK JUIMHY IOJBECAa U 4acTOTy, IIPU
3TOM Tpaduk cpasy e u3MeHUTCA. Takxke MOKHO yKa3aTh HYKHbIE KOOPJIUHATHI
Xu Y. Tekymme KOOpIMHATHI KOHIIa MAaATHUKA YKa3bIBAIOTCS MO/ rpaduKoM Tpa-
E€KTOPHUU JBUKCHUA.
3aiaHue Ha MOJeJIMPOBAHUE:!
4. TlocTpouTh aHAIUTUYECKYIO JMHAMHYECKYIO MOJENb MasTHUKa Dyko
(puc.4.44 - 4.57) B cpefie UMUTALIMOHHOTO Mo aerpoBanus Anylogic.
5. IlpoBecTu KOMIBIOTEPHOE MOAECIUPOBAHKE B 3aBUCUMOCTH OT XapaKTe-
PUCTHUK CPElIbl U HAYAJIbHBIX YCIOBUMU.
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6. IlpoBectu 00OpabOTKy M aHANIM3 PE3yJbTATOB KOMIIBIOTEPHOTO MOJETH-

pPOBaHU.

IIpumep 2. Mojiens JOPOKHOTO MEPEKPECTKA.

PaccmoTpum ompenelieHHy0 TPaHCIOPTHYHO pa3BA3KY, HAaNpHMEpP, Hepe-
KpecTok. Uepes MmepeKkpecToK MBHKYTCS MOTOKKA aBToMoOwmieu. s ymopsgoun-
BaHMUS JIBJKEHUSI CITY>)KUT aBTOMAaTUYECKHUM CBETO(OP WM PETYIUPOBIIUK.

Cozmamgum mogenb /Jopoca Ha ocHOBe mmabiioHa J[MCKpeTHO-COOBITHITHOE
MozenupoBanue. AnylLogic co31acT MOTOKOBYIO AMarpaMmy, cocTosimas u3 4-x
3JIEMEHTOB: source, queue, delay u sink.

SOLrCE quUELE delay sink.

(= EIE]]IEE—EI—@—E—EI—@

Puc. 4.58. TlotokoBas quarpamMmma

Source — co3gaeT 3asBKH, B HacTpauBaeMble MOMEHTHI BpeMeHH. OOBEKT
Source He pa3pemiaet 3asiBKaM XpaHUTHCS B Oyepe BBIXOJHOTO MOPTa, €CIU OHU
HE MOTYT NOKUHYTh 00BbeKT. [loaToMy B citydae, korjaa 3a 0ObEKTOM source pac-
MOJIOKEH O0BEKT, KOTOPBIA MO TOM WM MHOW NPUYMHE HE MOXKET MPUHATH HOBYIO
3asIBKY, HY’KHO M@Ky HUMHU TIOCTaBUTh CIICIIMAIIbHBIN 00BhEeKT Oydepusamnmu, Ha-
npumep, queue.

Queue — XpaHUT 3asiBKU B OIpPEAEJICHHOM Mopsake. Moaenupyer ouepeanb
3asIBOK, OXKMIAIOLIUX IMpUeMa OOBEKTaMH, CIEAYIOIIMMH 3a HUM B IOTOKOBOM
JuarpaMme.

Delay — 3anmepkuBaeT 3asBKM Ha 3aJaHHBIA NEpUO] BpeMeHU. Bpewms 3a-
JIEP’KKUA BBIYUCISIECTCA NUHAMUYECKH, MOXKET OBbITh CIIy4allHBIM WJIM 3aBHCETH OT
KAKUX-TO JPYTUX YCIOBUN. DTO BpEMSI MOKET BBIYMCIATHCS KaK JUIMHA (DUTYPBI
aHUMAIIMU ATOTO 00BEKTA, TIOICTIEHHOM Ha "CKOPOCTh" 3asIBKH.

Sink — yHnuTO)kaer nmoctynusime 3asBku. OOBIYHO HCIIONB3YETCS B Kade-
CTB€ KOHEYHOM TOYKHM MOTOKA 3a5BOK.

ABTOMOOWIIM MTOABEIKAIOT K NEPEKPECTKY B MPOU3BOIbHBIE MOMEHTHI Bpe-
MEHH, MOATOMY OOBEKT SOUICe Takke JOJDKEH CO3[aBaTh 3asBKU B CIIydaliHbIE
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MOMEHTHI BpeMeHU. [[1151 3TOro B CTpOKE CBOMCTB 00bEKTa SOUICE 3asiBKU MPUObI-
BaIOT COIJIACHO BPEMEHHU MEKIy MPUOBITUAMU. B MosBUBIIEMCS OJI€ BBOJA Bpe-
MEHH MEXIy MpuObITHsAMHU 3anuimuTe exponential (0.1). dynkius exponential re-
HEpUPYET pPEaTr3alUi0 CIyYalHOW BEJIIMYMHBI C SKCIIOHCHIUAIBHBIM 3aKOHOM
pacrpeienieHusl.

B cBoiicTBax 00beKTa queue cleayeT yIaluTh CBSI3b C aHUMAIIME: B TOJIE
durypa aHUMallMK MMaHEIX CBOMCTB, yAalIUTe CChUIKY Ha polyline. 3asBku, Haxo-
JSIIMecs B O4epenn, aHUMUPOBAThCA HE OynyT. DTOT OOBEKT OyJeT BHIOIHATH
OydepHyto (GyHKIMIO A TMPEAOTBpAlICHUS OLIMOKM B MOMEHT, KOTJla source
co3pal 3asBKy, a delay emie He TOTOB €€ IPUHSTE.

B cBoiicTBax o0bekTa delay crienyer caenaTh cieayromme N3MEHEHUS:

* 3a/IepKKa 3a7aeTcs — ykaxxure: Kak jyHa myTi/cKopocTb,

* BpeMsl 33JIep>KKH — uctipaBbTe Ha triangular(5., 10., 15.),

* BMECTUMOCTB — UcnipaBbTe Ha 10,

* purypa anumaiuu — ucrpasbre Ha polyline,

* TN aHUMAaIMK — ucipaBbTe Ha [1yTh.

JIBurasicb B 3 MOTOKa, aBTOMOOMJIN JTOJDKHBI OCTaHABIMBATHCA TIEpe]1 CTOII-
JMHUEN Ha KpacHbId curHan ceetodopa. /s MonenupoBaHus IBMXKEHHS C OCTa-
HOBKOM MmoaxoauT o0bekT Conveyor, KOTOPBIHA MepeMeniaeT 3asiBKU M0 MyTH 3a-
JTAHHOM JIJIUHBI C 3aJJaHHOM CKOPOCTHIO (OJMHAKOBOM JJIsl BCEX 3asBOK), COXpaHsIs
UX MOPSAJOK M OCTaBIIsA 33a/IaHHbIE TPOMEXYTKU MexaAy HuUMU. Koraa 3asBka joc-
TUTaeT KOHIA KOHBEWepa, HO HE MOXKET €ro MOKUHYTh, TO OHA TaM U OCTaHETCS.
Ecnn koHBeMep — HAKAIUIMBAIOLINWM, TO OH MPOJOJDKUT ABUraTh 3asiBKU, KOTOPBIE
MMEIOT JOCTATOYHO CBOOOJHOTO MECTa mepes; COOOM.

[Tepenecure u3 nmanutpbl Enterprise Library na amarpamMmy kiacca Main
00BEKT conveyor U MOMECTUTE ero Mexay queue u delay.

B cBoiicTBax 00bEKTOB CONVeyor CIeIyeT CAeNaTh CIEAYIOINe U3MEHEHNUS:

* IIMHA 3a7aeTcs — ykaxkure: CorjgacHo MmyTH,

* PaCCTOSIHUE MEXKY 3asBKaMU — YKaXuUTe: 55,

* purypa aHuMaIMu — YKa)KUTE Ha COOTBETCTBYIOIYIO JIOMaHYIO.

JIist MozienMpoBaHrs OCTAHOBKM aBTOMOOWJIEH Ha KpPaCHBIH CBET HEOOXO-
MO B JIMarpamMMy YCTaHOBUTD 3JIEMEHT, OCTAaHABIMBAIOIINNA IBU)KEHHUE 3aBOK —
hold. DToT 00BEKT OIOKHUPYET/Pa3OIOKUPYET MOTOK 3aABOK HA OMPENCICHHOM
ydacTke O010k-cxembl. Eciin 00beKT HaxoAuTcs B 3a0JIOKMPOBAHHOM COCTOSIHUH,
TO 3asBKU HE OY/yT MOCTYMAaTh HA €r0 BXOJHOU MOPT U OyAYT JKJ1aTh, TOKa OOHEKT
He Oynet pa3osokupoBaH. [locraBeTe 00BekT hold mocne conveyor.
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JIJisl OmpenesieHHOro MOopsiIKa MEePEeIBIDKCHUS 3asBOK IMOCjie CBeTodopa
HY>XHO TIOCTaBUTH €lle OAMH CONveyor mocie oowekTa hold. Torma nama guma-
rpaMma OpUMET CIICAYIONIHIA BT

queuel COnVEYDr conveyorb delay ]
- e hold 2 sink

O
e s L%

source

Puc. 4.59. IlotokoBas quarpamma.
JIns aHUMaIu JBUKEHUS 3asiBOK (aBTOMOOMIIEH) MO KOHBEHepy (30HE OcC-
TaHOBKH TIepe/i CBETO(POPOM) HY>KHO HAPHUCOBATH JIOMAHBIC JTMHUM U CBSI3aTh UX C
COOTBETCTBYIOIIUM OOBEKTOM CONVEYOT.

&) Main 22 =0

@ ) polylneFdlingal

52

ylinE32-
pelylinel 32

m

[ 1 b

Puc. 4.60. IlepexpecTok

Kaxxnag nuHus IBM)KEHHS y HAc OYJET COCTOSITh U3 JIBYX JIOMAaHbIX JIMHUU.
Touka coequHEeHHs JOMaHHBIX Oy/leT HAXOJUTHCSA B MECTE€ OCTAHOBKH IEpE CBE-
TodopoM. JlJisi KaKa0i TUHUM IBWXKEHHS Y Hac OyAeT CBOS MOTOKOBAs AMarpam-
ma. Tornma B mepBoii auarpamme B CONVEYor nepen oosekToMm hold HyxHO ykazaTh
¢urypy anumarmu polylinel, a st conveyor nocie oonexta hold polylinell.

PemnMm 3agady mocTpoeHUs MOJIENIN PETYIUPYEMOTO TOPOKHOIO ABUKEHUS
CO CBETO(QOpPOM, pa3pelIaAIIUM WM 3alpelialoliiM JABMKEHUE TpaHCIOopTa.
Ceetodop, peryaupyrouil IBIKeHne aBTOMOOMIEH Ha MEMIEXOJHOM Mepexoe,
MOKET HaXOJUTHCS B CIEAYIOLUIUX COCTOSHUSAX: ABUKEHUE TPAaHCIOPTa pasperie-
HO (3€JIeHbI), MPUTOTOBUTHCS K 3alpelalolIeMy CUTHATY (MUTAOLIUNA 3€JIE€HbIN),
MPUTOTOBUTHCS K OCTAHOBKE (PKEJTHIN), ABMKEHUE 3aNPeIeHO (KpACHBIN) U MpHU-

TOTOBUTHCS K ABUKEHUIO (KPACHBIN U KEITHIi).
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Puc. 4.61. 3amyck Mmoaenm

Csetodop paboTaeT B aBTOMATHUYECKOM peXHUME. B KaXXIoM COCTOSTHUU
cBETO(Op HAXOAUTCS OMPEICIICHHBIN MOCTOSHHBIN MEPUO]] BPEMEHH.

JIJ1st mocTpoeHue MOJIe Ha Auarpammy Kiacca akTuBHOTo o0bekTa Model
noMmectuM Hauvano nuarpammbl cOCTOSIHUNM W3 NaHenu J(marpamma COCTOSIHUA U
HazoBeM ee s aBromoOunei. Jjis Toro 4ToObl IOCTPOUTH CTEUTYAPT, CIEIYET
UCTIOJIB30BAaTh 3JIEMEHTHI U3 NANUTPhI J{uarpamma cocrostauii (puc.4.62).

I -
| .:1| ,ﬂ,HanEIMMEI COCTOAHKK

/& Hauano gMarpamiel cocToaHHi

i) CocToAHME

G Mepexoa

% YK333TENE HEHENEHOr D COCTOAHHS
<> BeTENEHHE

(H) McToprueckos cocToaHe

(®) KoHeuHoe cocTaAHke

Puc. 4.62. JIluarpamMmMa cOCTOSTHUI

B cootBerctBUM ¢ anropuTMoM paboThl cBeTOGOpa MOMHMO HAYaJIbHOTO
COCTOSIHUS B MOJI€JIb HY’KHO BBECTH JIONOJIHUTENbHBIE cocTOosiHUA (puc. 4.62). Ha-
YaJIbHOE COCTOSIHUE HA30BUTE JIBUKEHHE — JBUIKEHHE aBTOMOOWIISAM pa3perieHo
(3eneHbIN CBET), 3aTeM CBETO(Op MEPEXOIUT B COCTOSHUE BHUMAHUE — BHUMAaHUE
(MuUraromuii 3eJ1eHblil), MEIJIEHHO — MPUTOTOBUTHCS K OCTAHOBKE (KENTHIM CBET),
OCTaHOBKa TPAHCIOpPTa StOp — 3ampeT ABMKEHUS (KPACHBIA CBET) U MPUTOTOBUTH-
Csl — IPUTOTOBUTHCS K JBMKEHUIO (KPacHBIN M KENThIM CBET TOPSIT OJHOBPEMEH-
HO).
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CocrosiHue BHUMaHHE TPEICTABHM THIIEPCOCTOSHUEM C Mapod MEepeKITIo-
YAFOIIUXCS DJIEMEHTAPHBIX COCTOSIHUN: B OJJHOM M3 HUX 3€JICHBIN TOpUT (COCTOS-
HHe A), B ipyrom — HeT (cocrostaue B). [TocTpoiiTe STH COCTOSHHS M COCAMHUTE
UX Mepexo/iaMu, Kak MoKazaHo Ha puc. 4.63.

3aganuMm ycioBus cpabaThiBaHUS repexooB. Ilepexoapl B HaleM aBToMa-
TUYECKOM CBETO(OpE BEHITIOIHSIOTCS 110 TaliMayTy, T. €. 10 UCTEYCHUN UHTEpBaJIa

BpEMCHH, KOTOpBIﬁ mpome ¢ MOMCHTA IPpUXO0Jad CUCTCMBI B TAHHOC COCTOSAHHUC.

“a AnAa_asToMobMned

(T aBHmeRHe 1

L | Jer#eHWe pazpeleHo
A

TalimayT 10

" BHMMaHKMe )

Talmay T 1

l_._._ =54 T_

g’_';-i " g’_B ™ BHMMAaHKWeE
L 3} L i

. = |
TarmayT 1

L -
£
TalmayT 7

(" MeanenHo )

[ - A
(3]

Talmay T 4

MPpUroTOBWTECA K OCTAHOBKE

TakimayT 4

JABEMHEHWE 3anpewgHo

[4=]

TarmayT 10

| i MPEUroTOEWTECA K OB MHEHK KD
-

I ] I

Puc. 4.63. Mogens cBeTodopa

1. B cocrosiuuu asmxenue ceetodop Haxoaurtes 10 cexynn, 2. 3arem 7 ce-
KYHJ| 3€JIEHbIId CUTHAJI MUTAET, 3. B COCTOSIHUN MEIUIEHHO 4 CEKyHIbl TOPUT KeEJI-
ThIH, 4. B TeueHue 10 cekyH1 IBMKEHUE 3ampenieHo u 5. 4 ceKkyH bl cBeTodop Ha-
XOJUTCSI B COCTOSIHUU NPUTOTOBUTHCS. B KakaoM coctosiHuM cBeTodopa T0KEH
rOpEeTh OMpPEAENIEHHbII CUTHAI: B COCTOSIHUM JABUKEHHUE JTOJKEH TOPETh 3€JIECHBIH,
B COCTOSIHUM MPUTOTOBHUTHCS JOJDKHBI TOPETh KPACHBIM U JKEITHIA OJTHOBPEMEHHO
u 1. n. Co3gaiiTe Tpy mapameTpa JIOTMUECKOTO THIA: KPACHBIN, XKENATHIA U 3eJe-
HBII, KOTOpbIE OyAyT MPUHUMATh UCTHHHOE 3HAUYE€HUE TOI/a, KOTrjaa y cBeTtodopa
TOPUT COOTBETCTBYIOIIUI CUTHAJ: KPACHBIH, JKEJIThINA WK 3eleHbIi (puc. 4.64).

198



HavanbHble 3HaueHUs1 3TUX OYJIEBBIX MMApaMETPOB MOXKHO HE 3a7aBaTh: IO
YMOJTYaHUIO0 OHM OyIyT paBHBI false. MBI co3manu cTredTyapT UMEHHO JJISl YIIpaB-
JICHUS 3HAYCHUSIMU 3THUX I1apaMETPOB, KAXKJI0€ COCTOSTHUE OTBEYAET 3a 3aKUT'aHUE
CBOEr0 CBETAa WM UX KomMOMHanuu. Hampumep, B COCTOSIHUM MEIJICHHO JOJIKEH
TOPETH KEJITHIN, B COCTOSIHUU StOP JTOJKEH 3aropeThCsi KPaCHbIN CBET, 4 B COCTOS-
HUH IPUTOTOBUTHCS JOJKHBI TOPETh KPACHBIN U KEITHIA OJJHOBPEMEHHO.

skop

l | JeuxeHue
E g KPacHBIM

(& wenToi

- MPMroToBNTEC
(* seneHuI

L
=]

CEOMCTEA i l El KDH::::-nb|

* wpacHbiii - MapaMeTp
|

OCHOBHLIE

[Ma:  KPpacHEIA OTobpamaTe H
MaccHe

PeaakTop Ten: Q) void (npocto asfictere) (8 boolean O ink

CIAWraHWS

Puc. 4.64. ITapameTpsl
1. B cBolicTBax coCTOsIHUS JIBMKEHHUE B Tojie JlelicTBUE TpU BXOJE 3aIu-

IUTe 3eJIeHbI=true;, a B noJie JeiicTBue npu BBIXOJAE 3aMUIINTE 3eJieHbIl = false;
(puc.4.65).

Ana_asToMobrneR

AEH¥EHHE

JOBVMHEHWE
TammayT 10
Rl
E ceofictea 532 l =l KDchnb|
(0 aBv>KEHWE - COCTOAHME
|
OCHOBHBIE MMa: ABHMMEHHE L
DNHCcaHre
LEeT zanvekm: Mo wMon4aHvH vI

AecTEHE NpH Broas:
=eneHHd = true;
AeACTEHE NPH BhIXOAS!

s=eneHHid = false:

Puc. 4.65. CBoiicTBa COCTOSIHUS IBMKECHUS
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2. To e camoe 3aluIInTe JJI1 COCTOAHUA B THIICPCOCTOSAHUA BHUMAHUE, a
Y COCTOSHUA A »Tu mons HY>XKHO OCTaBUTH ITyCTBIMH — KOT'JId CBGTO(I)Op HaXOAUTCA
B 3TOM COCTOAHHH, OH HC I'OPHUT.

AnA_aETorobnei

h AEHMXEHME -
- - -

Koncone

OCTOAHWME
AefcTEME NpK BXO4E!

green=trnoer

hold.=secBlocked | false )
holdl ..=s=ecBlocked| false
hold3.=secBlocked | false
holdd.=ecBlocked| false
holdz .secBlocked | false
holdS.=secBlocked | false

e e T
LT T TR PR

AdefdcTEME NPpW BeIXO4E:

green=false;
hold.=setBlocked( troe )

holdl .setBlocked( trme 3 -
-« L4

Puc. 4.66. Cocrosinue JIBrxeHue

3. AHQJIOTMYHO, B COCTOSIHUM MEJJIEHHO HYKHO BKJIFOUUTD JKEITHIM CUTHAI,
T. €. IIPH BXOJI€ B 3TO COCTOSIHUE YCTAaHOBUTH ITapaMeETp >KEJIThIM B true, a IIpHU BbI-
X0JI€ U3 ATOTO COCTOSTHUS YCTaHOBUTH ero B false.

4. JIns cocTtosiHuA StOp aHAJIOTMYHO ONMIIMTE COCTOSIHUS IapaMmeTpa Kpac-
HBIN, a 111 COCTOSIHUSI TPUTOTOBUTHCSA 00a mapamMeTpa KPacHbIN U JKENThI HYKHO
YCTaHOBUTH B true mnpu Bxojie, u B false mpu Beixoe.

[Ipe3enTtanust MOJEIN pUCYETCs B TOM ke quarpaMme (B rpauueckom pe-
JaKTope), B KOTOPOW 3a/aeTcs U auarpamma Mojeiaupyemoro npouecca. ['padpu-
yeckue OOBEKTHI IIBETa CUTHAJIOB CBETO(Opa B MPE3EHTAIMU UMEIOT JTUHAMUYE-
CKHE IapaMeTpbl, Bce OcTajbHble — cTatndyeckue. CBeToQop CTpoUTCS U3 Tpex
OBAJIOB. Y CTaHOBUM JIMHAMHYECKOE 3HAUYECHHUE LIBETA BEPXHEr0 CUTHalla CBETO(O-
pa: eciu mepeMeHHasi KpacHbI UCTUHHA, TO LBET JOJDKEH ObITh red (KpacHbIil), B
MPOTUBHOM CITydae €ro BET HY>KHO YCTaHOBUTH gray (Cephblil). DTO 3alUChIBACTCS
CJIEIYIOLIMM YCIIOBHBIM BBIPAKEHHUEM Ha sI3bIKE Java:

KpacHblii? red: gray

L{BeT cpeHEero U HUKHETO OBAJIOB CIEAYET YCTAHOBUTH B MOJIE UX TUHAMMU-
YECKUX 3HaYEHUH COOTBETCTBEHHO TaK:

xenteiin? yellow: gray

3eJIeHbI? green: gray

red, yellow, green u gray — npenonpeneneHHbIe KOHCTAaHThI, 0003HAYAOIIINE
CTaHJAPTHBIE 1IBETA.
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Puc. 4.67 IlepexpecTok, peryaupyeMbiii CBETOHOPOM.

Jns cocrosanuii [IBrkeHune u StOP mpomuIIeM KOMAHABI I aKTUBALMU
ob6nexToB hold.

Taxxe MomepHM3UpYEM BHEIIHHA BUJ Hamiero nepekpectka. C moMoIbo
cpeasl AnyLogic MOXKHO CMOJICTUPOBATh Pa3IUYHbIC MEPEKPECTKU. MOKHO T0-
CTPOUTH pa3HOE KOJIMUYECTBO JMHHIA JABMKCHUN, pa3HOE KOJMUYECTBO JOPOT, KOTO-
pBIe mepecekaroTcs. MOKHO TakKe IMOCTPOUTH IISNIYI0 9acTh JOPOTH. A C IIOMO-
B0 CTEHTYAPTOB MOXKHO 33J1aBaTh Pa3IMYHOE BpeMs sl pabOThI ONpeneIeHHO-
ro 1BeTa cBerodopa. Tem caMbIM MOKHO JOOUTHCS ONTHUMAIIBHON pabOThl CBETO-
¢dopa, 9TO MO3BOJUT YCTPAHUTH MPOOIEMY MPOOOK 1 OOJIETYUT KU3Hb BCEM aBTO-
MOOHIIACTaM.

3agaHue Ha MO/IeJITUPOBaHUE!

1. TlocTpouTh MMHTAIIOHHYIO MOJeTb (puc.4.58 - 4.67) B cpene Moaenu-

posanust Anylogic.

2. TlpoBecTH KOMIBIOTEPHBIC YKCIIEPUMEHTHI B 3aBUCHMOCTH OT XapaKTe-

PUCTHK CpeJIbl U HauaIbHBIX YCIOBUH.

3. IIpoBectu 0OpabOTKy M aHAINU3 PE3yJIbTATOB KOMIBIOTEPHOTO MOJEIH-

pOBaHMsI.
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4.6. Cncrembl MogenmpoBaHust ceten MNetpu

Cetn lleTpn — MaremaTH4eCKHil anmapar i MOAEIMPOBAHUS JUHAMHUYE-
CKHX JUCKpETHBIX cucTeM. Brnepsoie onucanbl Kapmom Ilerpu B 1962 rony. B
TOKTOpckoi auccepraiuu "CBsi3b aBTOMATOB" OH CHOPMYIMPOBAT OCHOBHBIE T10-
HATHSI TEOPUU CBSI3M ACUHXPOHHBIX KOMIIOHEHT BBIYMCIMTEIIBHOU CUCTEMBI. M3y-
yuTh Teoputo [lerpu MoxxHo mo kuuram [29-30,32], a Takke MO0 MHOTOUHCIICHHBIM
paboTam u CTaThsIM’ MPHUBEICHHBIX B 0a3e mouckoBhIX cucteM Google, Yandex u
1p. PaceMoTprM ocHOBHBIE TOHATHS 110 ceTsiv [Tetpu cornacHo Buxomemun 2,

Ceru Iletpu pa3pabaTbiBaIuCh 1)1 MOJCITHUPOBAHUS CUCTEM C MapalICIbHBI-
MH B3aUMOJICUCTBYIOIINMHU KOMIIOHEHTAMM.

Certs IleTpu nipeacraBiiseT coO0M ABYAO0JIbHBIA OPUEHTUPOBAHHBIN rpad, co-
CTOSIIIMI U3 BEPIIUH JBYX THUIIOB. MNO3ULMUAMH P; u nepexoxamu tj . Bepiunsl
COCJIMHEHBI AyraMu, MPUYEeM BEPIUIUHBI OJHOTO THIA HE MOTYT OBITh COCIMHEHBI
HEIMOCPEJICTBEHHO. B mo3unusix Moryt pazMeniaTbCs METKU (MapKepbl), Coco0-
HbIE TIEPEMEIAThCs IO CETH, TaK YTO MOBEICHUE CUCTEMbI MPEJCTABIISIETCS B BUIE
JBH>KCHUSI MAPKEPOB YEPE3 MEPEXO/Ibl OT HaYaJbHOM K KOHEUHOU no3unusaMm. Co-
OBITHEM Ha3BIBAIOT CpabaThIBaHUE MMEPEX0J/a, MPU KOTOPOM METKH U3 BXOJHBIX
MO3UIIMNA TOTO Mepexojia MePeMENIAtOTCs B BIXOAHbIC MO3UIMU. COOBITHS MPO-
HCXOJSIT MTHOBEHHO, JIUOO PAa3HOBPEMEHHO, MPHU BBIMOJHEHUH HEKOTOPBIX YCIO-
Buii. Eciin myra uMeet kpaTtHOCTh K , TO 10 Hell 0JJHOBPEMEHHO MOT'YT IPOXOAHUTh
k MapkepoB. Mapkepsl 3aJep)KUBAIOTCS B MO3HMIIMK Ha 3aJJaHHOE BpeMs Z BBIIOJI-
HeHusi onepaunu. CoctositHue cetu lletpu B ompeneneHHbII MOMEHT BpPEMEHH
IpeacTaBisgeT coO0M paclpeesieHne MapKepOB M0 MO3UIMAM U Ha3bIBAETCS Map-
KUpOBKOU. Eciu B mo3unmu P HaxoauTes N, TO B Hee MOMELAIOT N TOYEK.

—>()

Puc. 4.68

OcHOBHBIMM CBOWCTBaMU ceTH lleTpu sBhsrOTCS:

e OrPaHUYCHHOCTb — YHUCJIO MCTOK B JIF000M MMO3MIMN CETHU HE MOKCET IIPC-

BBICUTH HCKOTOPOI'O 3HAYCHUA K,

2 http://bigor.bmstu.ru/?cnt/2doc=110_Simul/3018.mod/?cou=110_Simul/base.cou ( 16 mapra 2012)
® http://ru.wikipedia.org/wiki/Ceru_ITerpn
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o 0€30macHOCTb — YaCTHBIM clly4yail orpaHuueHHOCTH, K=1;
e COXpaHSAEMOCTb — MOCTOSIHCTBO 3arpy3Kh pECYpCOB, Z AN, = const

3neck Nj— uuciao MapkepoB B i-TOM mo3uIMH, Aj — BECOBOM K03 PHITH-
CHT;

¢ JIOCTMKUMOCTb — BO3MOXKHOCTb II€PEX0Jla CETU M3 OJHOIO 33JaHHOI'O CO-
CTOSTHUS (XapaKTepu3yeMoro pacipeesieHHeM METOK) B IpYToe;

e KMBOCTb — BO3MOXHOCTh cpalaThIBaHMs JI0OOOTO Tepexonaa mpu (PyHK-
IUOHUPOBAHUH MOJICIIUPYEMOTO O0BEKTA.

B ocnHoBe HCCIICAOBAHUA TICPCUNCIICHHBIX CBOMCTB JIC)KUT aHAIU3 JOCTHXKHU-
MOCTH.

Cemu Ilempu — 3T0 anmapar JJIsi MOJAEIUPOBAHUS JMHAMUYECKUX JIUC-
KPETHBIX CUCTEM (IIPEUMYILECTBEHHO ACHHXPOHHBIX MapajlIeJIbHBIX MPOLECCOB).

Cers IleTpu onpenensiercst Kak 4yeTBEpKa <P,T, | ,O> , tne P u T— xoneunsie

MHOkecTBa nosunuii u nepexonos, | 1 O — MHOXeCTBA BXOAHBIX M BBIXOJHBIX
byukmui. Jpyrumu cimoBamu, ceTb IleTpu mpencraBisier coOol JIBYIOIbHBIN
OPUEHTUPOBAHHBIN Tpad, B KOTOPOM MO3UIUSAM COOTBETCTBYIOT BEPIIUHBI, HU30-
Opakaemble Kpy>KKaMHM, a TepexojiaM — BEPIIHUHbBI, H300pakaeMble yTOJIIEHHbI-

MM 4epToYKaMu; GYHKIUSAM | COOTBETCTBYIOT qyru, HApaBIEHHBIE OT MO3ULIUIA K

nepexonam, a pynkuusam O — oT nepexo0B K MO3HIHAM.

Kak u B cuctremax maccoBoro o0ciy:kuBanusi, B ceTsix [letpu BBoAsSTCS 00BEK-
ThI IByX THUIIOB: TUHAMUYECKHUE — M300paKarOTCs METKaMH (MapKepamu) BHYTPHU
MO3UIINN U CTATHYECKNE — UM COOTBETCTBYIOT BEPIIHMHBI ceTH [leTpw.

Pacnipenenenne MapkepoB MO MO3ULIKSIM HA3BIBAIOT MAPKUpo8Kkol. MapKepsl
MOTYT TepeMemaThesi B ceTu. Kaxaoe n3MeHeHne MapKUPOBKH HA3bIBAIOT COOBI-
THEM, TIPUYEM KaXKJJ0€ COOBITHE CBSA3AHO C OMpeeIeHHBIM nepexoaoM. Cunraet-
Csl, YTO COOBITHS MPOUCXOIAT MITHOBEHHO M pa3HOBPEMEHHO TP BBITIOJITHCHUH He-
KOTOPBIX YCIIOBUH.

Kaxxgomy ycioBuro B cetu [letpu coorBeTcTBYeT onpenencHnas mozumus. Co-
BEPILEHUIO COOBITUS COOTBETCTBYET cpabaTbiBaHUE (BO30YXKIECHHE WIIM 3aITyCK)
nepexo/ia, Mpu KOTOPOM MapKepbl M3 BXOJHBIX MO3UIMI ATOr0 MEepexoja mepe-
MEIIAI0TCA B BBIXOJIHBIE MO3UIUU. [locmenoBaTenbHOCTh COOBITHIT 00pa3yeT Mo-
JEIIMPYEMBIN TTPOLIECC.

[IpaBuna cpabarpiBanus iepexoaoB (puc. 4.69) KOHKPETUZUPYIOT CIACAYIOIIUM
oOpaszoMm: nepexo cpabaThIBaET, €CJIM JJIsI KOKJA0W U3 €ro BXOJHBIX MO3UIUNA BbI-

nosnusiercst yernosue ¥ # i rne i — umcno mapkepos B I -if BXOAHOM m03H-
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11, Ky gucno IyT, WAYIUX OT ! -} MO3ULUK K MEepexoy; IPH cpabaThIBAHUU

Tepexo/1a YHCII0 MAPKEPOB B £ -if BXOIHOI MOSHIMH yMEHbIIACTCSA Ha i, a B ./ -if

BBIXOJITHOW MO3UILIMY YBEJIMYUBAECTCSA Ha M:f' , TJIe j’{J — YHCIIO YT, CBSA3BIBAIOIINX

nepexo ¢ J - mosuumeit.

Ha puc. 4.69 nokazan npumep pacnpeiesieHuss MapKepoB 10 MO3UIUSAM Tepe]
cpabaThIBaHHWEM, 3Ty MapKUPOBKY 3amuchiBaoT B Buje (2,2,3,1). [locie cpabaThi-
BaHMS TIepexo/ia MapKUpoBKa craHoBUTCA uHou: (1,0,1,4).

Puc. 4.69. ®parmenrt cetu [letpu
Knaccuduxanus cereit [letpu

o Bpemennas cets Iletpu — mnepexoanl 001agal0T BECOM, ONPEACISIONINM
MPOJIOJKUTEILHOCTH CpadaThIBaHUS (3aJIEPIKKY ).

o Croxactuueckasa cetb lleTpyu — 3anepkKKu SBISIOTCA CIIyYallHBIMUA BEJIU-
YUHAMMU.

o ®ynkinuoHanbHas ceTh lleTpu — 3a7epKKU ONMPEeAeSItoTCs Kak (yHKIIMU
HEKOTOPBIX apryMEHTOB, HAIIPUMEP, KOJIUYECTBA METOK B KaKHX-JTMOO TO-
3ULUSIX, COCTOSIHUSI HEKOTOPBIX MEPEXOIOB.

o IIBernas cetb [leTpy — MeTKU MOTYT OBITh Pa3IMYHBIX THIOB, 0003HAYaE-
MBIX IIB€TaMU, THUI METKH MOXET OBITb HCIOJB30BaH KaK apryMeHT B
(GYHKIIMOHATBHBIX CETSIX.

o UWuruburopnas cerb IleTpu — BO3MOXKHBI MHTHOWTOpPHBIE OYTH, 3aIpe-
HIaronue cpadaThIBaHUS TIEPEX0/a, €CJIM BO BXOAHOW TMO3UIIUU, CBA3aHHOM
C IEPEX0/I0M UHTUOUTOPHOM JTIyroi, HAXOJUTCS METKA.

o Hepapxuueckast ceTb — COAEPKUT HE MTHOBEHHBIE NIEPEXObI, B KOTOPBIE
BJIOKEHBI JIPYyTHUE, BO3MOXKHO, TaKKe Hepapxuueckue, ceTu. CpabaThiBaHUE
TAKOI'0 MEPEX0Ja XapaKTEPU3YET BHIIIOJIHEHHUE TTOJTHOTO )KU3HEHHOTO LIMKJIA

BJIOYKEHHOM CETH.
e WHF-cern.

MO0>XHO BBOAHTH Psi/I TOMOJHUTEIBHBIX MPABWI U YCIOBUN B aITOPUTMBI MO-
NeTUPOBaHUS, TIOJIyYasi Ty UM UHYIO pa3sHOBUAHOCTH ceTeil I[letpu. Tak, npexnae
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BCErO MOJIE3HO BBECTH MOJIEIBHOE BpeMs, YTOObI MOJAEIHUPOBATh HE TOJIBKO IO-
CJIEIOBATEILHOCTh COOBITUH, HO M UX TIPHUBS3KY KO BPEMEHHU. DTO OCYIIECTBIISICT-
Csl MPUJIAHUEM TIepexoJilaM Beca — MPOAOKUTENBHOCTHU (3aJIepP>KKH) cpabaThiBa-
HUSI, KOTOPYIO MOKHO ONPEAEIATH, UCIOJb3Yys 3aJaBAEMBIN MPU 3TOM aJTOPHUTM.
[Tomy4eHHYIO MOJIETb HA3bIBAIOT 8peMeHHOoU cemuio [lempu.

Ecnu 3amepKku ABISIOTCA CIIyYallHBIMHA BEJIMYMHAMU, TO CETh HA3bIBAIOT
cmoxacmuyueckou cemvio [lempu. B cTOXaCTHUECKUX CETAX BO3MOKHO BBEIE-
HUE BEPOSTHOCTEH cpabaThiBaHMs BO30YKICHHBIX TepexoaoB. Tak, Ha puc. 4.50
npeacTaBiieH gparMeHT cetu lleTpu, WILTIOCTpUPYIOMUN KOHQIUKTHYIO CUTYa-

IMI0 — MapKep B MO3MIUHU £ MOKET 3aIlycTHTh 160 mepexon {1, nu6o mepexon

3. B cTOXaCTHYECKOH CETH MpelycMaTpHBAeTCs BEPOSATHOCTHHIH BBIOOp cpada-
THIBAIOIIETO MEPEX0/a B TAKUX CUTYaLIHSIX.

Puc. 4.70. KondnukTHas cuTyarus

Ecnu 3amepxku onpeAenstorcs Kak (YHKIMH HEKOTOPBIX apryMEHTOB, KOTO-
pPBIMH MOTYT OBITH KOJIMYECTBA MApKEPOB B KAKUX-THOO TMO3UIIMSIX, COCTOSHUS
HEKOTOPBIX MEPEXO0JIOB U T.IM., TO UMEEM PYHKYUOHANbHYI0 cemb [lempu.

Bo mMHOrux 3agadyax IMHaAMHYECKUE OOBEKTHI MOTYT OBITh HECKOJIBKHUX THIIOB,
U JUTSI K&KJOTO THIA HY>)KHO BBOJIUTH CBOM aJITOPUTMEI TIOBEACHUS B ceTH. B aTOM
cilydae KaXKJIblii MapKep JOJKEH UMETh XOTsl Obl OJIUH MmapaMeTp, 0003HaAYArOIIHIA
TN Mapkepa. Takoif mapaMeTp 0OBIYHO HA3BIBAIOT IIBETOM; IIBET MOKHO HCIIOJIb-
30BaTh KaK apryMeHT B (DYHKIIMOHAIbHBIX ceTsX. CeThb mpH ATOM Ha3BIBAIOT
yeemnou cemovio llempu.

Cpenn npyrux pasHoBuUAHOCTEH cereir [lerpu ciemgyer ymoMmsiHYyTb uHeuoOu-
mopnvle cemu llempu, XapakTepu3yIolMecs TEM, UTO B HUX BO3MOXKHBI 3arpe-
maronue (MHruOUTOpHBIC) Ayru. Hamnuume mapkepa BO BXOJHOW TO3UITUU, CBSI-
3aHHOU C Mepex00M UHTHOUTOPHOM MyToid, 03HAYAET 3ampelieHne cpadaThIBaHHsI
nepexona.

Jlis MmofenupoBaHus CUCTEM ceTsMU [leTpr MOXKHO MCTOIB30BaTh MPOTPAMM-
HBIC TPOIYKTHI: POOJIEMHO-OpHEeHTHpOBaHHbIe nMuTaTopbl NetStar wiu HPSIim,
npuioxenne Stateflow cucremer MATLAB u npyrue cucremsl.
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Tabmnura 4.2

[IporpaMMHBIE TPOTYKTHI Pazpabotunku
MOJICTHPYIOIINE CeTH
[letpu
1. | Omymarop cereit Ilerpu | KemepoBckuit Hayunslii wentp CO
NetStar PAH, Poccus
2. | OmynsTop cereit HP Sim | paspaborka HP Software
3. | Cucrema Tina pa3zpabotka mnaboparopun LAAS Bo
OpaHnuu.
4. | Design/CPN paspabotka yHuBepcutera  Opxyca
(Manus).
5. | UadopmarmmonHas  cuc- | paspaborka yHuBepcutera  Opxyca
tema CPN Tools (Manus).
6. |Ilpunoxenne  Stateflow | komnanus MathWorks
cuctemel MATLAB.

Ha puc. 4.71 u 4.72 npuBeneHbl pabo4re OKHA 3THUX AMYISATOPOB, COACPIKAIINE

KOHTCKCTHOC MCHIO, IIAHCJIb YIIPABJICHHA, IIAHCJIb HMHCTPYMCHTOB, o0nacThp 10-

CTPOCHUS MOACIIN U CTPOKY COCTOSAHMA.

|§§:ﬂ HPSim -

[HPS1]

i‘i‘jFile Edit Wiew ‘Window Tools Zoom  Simulation  Extra 7

Ow= -

S| T WL

 — 2 O
L OT @ess gqaq@

o x|

Property

Yalue

Puc. 4.71. Buemnnit uarepdetic I1O HPSIm
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[laHeI: MHET)YMEHTOE VI 4BITIIIHe KHOTIRE (34IT7CE, Hapmarop
(MFMEHEHHE PERERA £ aboTeD) OCTAHOE H THACCH{OBES 08 TH) CHETEMHOTD
B{)EMEHH
J¥ Petri Network - Untitled
File| Tools Fun # ~ Tlamaca MerE
Systern Time: 10 0/
Pabouee mone
/ (F Hew, coBeTEeHH:
o _{_ o _\T\ OCYINECTRIRETCR
’/ 11& K THY OB AHHE
CETH)

-

I
! Jﬂ-* Hammarmn
‘ |TimE: 10 ‘Nnrmal modeg—"""_ | | peman pafiomr

Puc. 4.72. Buemnuit uarepdetic amynsaropa cereit [Terpu (NetStar)

3anaHue Ha MOJeJIMPOBaHUE:!
1. TTocTpouTh UMHUTAIIMOHHYIO MOJETbh padoTel cetu [letpu B (puc.4.71 -
4.72) B cpene moaenupoBanus HPSIim.,
2. TlpoBecTu KOMITBIOTEPHOE MOJICTHUPOBAHUE B 3aBUCUMOCTH OT XapaKTe-
PHUCTHK CPEJbl U HauaJbHBIX YCIOBUH.
3. TlpoBectu 00pabOTKy M aHAIW3 PE3yJbTATOB KOMITBIOTEPHOTO MOCIIH-
pOBaHMsL.
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3aknyeHue

TexHoI0THN MOJETNPOBAHUS HACTOJIBKO OBICTPO PA3BUBAIOTCS, YTO HET BO3-
MO>KHOCTH OXBAaTHUTh BCE CO3/IaHHBIE MAKEThl MOJEIMpoBaHus. JIt000H comuaHbIi
WCCIIEIOBATEILCKUI NHCTUTYT, 3aHUMATOIITUICS MOJETMPOBAHUEM, CAUTAET HEOO0-
XOJIMMBIM CO3/1aTh CBOM mMakeT MojenupoBaHusi. OHAKO HE BCE MOIYYarOT pac-
MPOCTpaHEHUE Ha PHIHKE IMMOJIh30BaTeNIe. JTO CBA3aHO B OCHOBHOM C MapKETHH-
rOBOU MOJUTUKON (GUPMBI pazpaboTurka. M3ydas ppIHOK HHCTPYMEHTOB MOJIEINH-
pOBaHUS B 3aBHCHMOCTH OT THIIA PEIIaeMOW 3aJadud W O0JaCTH MPUMCHCHHSI
MO>KHO BBIJICJIUTH PSiJl OCHOBHBIX MOAXOAOB K CO3JaHMIO MPOrPaMM JIJIsi MOJIETIU-
pPOBaAHUS:

1) pa3paboTka mporpaMMm MOJICITMPOBAHUS IS AHAIUTHUYCCKUX U YUCICHHBIX MO-
neneit tuma D-cxeM ¢ momonipio sS36IKOB M cpefl porpammupoBanus (Pascal,
Visual Basic, Fortran, C++ u gp.);

2) pa3paboTKa mporpaMm MOJCIUPOBaHUS I Mojeliel Tuia D-cxeM ¢ moMoribio
TEXHOJIOTHH MMakeToB KommbioTepHoii maTtemaruku (Derive, Maple, MathCAD,
Mathematica u np.);

3) pa3paboTka UMHTAIMOHHBIX KOMITBIOTEPHBIX Mojenei Tuna D — cxem u F-cxem
C TIOMOIIBI0O AHAJIOTOBBIX CXEMOTEXHHYECKHX TIAKETOB MOJCIMPOBAHUS
(MATLAB u ero mpumoxkenus SIMULINK, Vissim, Multisim, LabVIEW,
VenSim, MyStudium u ap.);

4) pa3pab0oTKa UMHTALMOHHBIX KOMITBIOTEPHBIX Mojeiel tuna Q — cxeM ¢ moMo-
IIBI0 CUCTEM MOJCIMPOBAHUS, PEATU3YIOMNX O0O0BEKTHO-OPHUEHTHPOBAHHBIN H
JMCKPETHO-COOBITHIHBIN Moax0asl K nporpammupoBanuio (GPSS, AnyLogic,
Arena, Swarm (Objective C), Simulink, SimBioSys, EXTEND ¢upmsr Imag-
ine That Inc u np.);

5) pa3paboTka HIMHTAIIMOHHBIX KOMITBIOTEPHBIX MOJIC/ICH HA OCHOBE METOI0JIOTUN
cuctemuoi nunamuku (AnyLogic, Arena, SimBioSys, eM-Plant, Tecnomatix
Plant Simulation, SimuLab, Vensim, Powersim, Dynamo, Stella, Ithink u ap. );

6) pa3paboTka UMHUTAIMOHHBIX KOMITBIOTEPHBIX MOJCIICH C MOMOIIBIO S3BIKOB H
CHUCTEM KOMIBIOTEPHOTO MOJICIUPOBAHUS, PEATM3YIOMNE areHTHBIA TOIX0 K
mozaenupoBanuio (AnyLogic, Swarm u ero pacmupenne MAML - MynbTHa-
TeHTHBIN s3bIK MojenupoBanus, SimAgent, AgentSpeak, TeleScript, Oz u
ap.);

7) pa3paboTka MOJe/Ieii UMHUTAIIUHN ¥ TJIAHUPOBAHUS BHIYMCIIUTEIBHBIX CETEH B MH-
CTPYMEHTAJIbHBIX CPEJICTBAX, KOTOPBIC OOBIYHO BKIIFOUYAIOT B CEOSI MOIYJIH 0Opa-
OOTKH, SMYJIMPYIOITUE CETEBbIE YCTPOMCTBA: MOCTHI, KOHIIEHTPATOPHI U mp. Jljis
MOJICJIMPOBAHUS CETe MPUMEHSIIOTCS pa3lInyHble MPOrpaMMHbIE MPOAYKTHI: Ce-
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meiictBo mpoayktoB COMNET, cemeiictBo CANE, cemeiictBo OPNET,
BONeS, NetMaker, Optimal Performance, NanoCAD, PlanNet, Stressmagic,
Prophesy, cucrema NETWORK I1.5 u np.;
8) paspabotka mojeneill rpadgudeckux o0pazoB peadbHBIX 00BekTOB (AUtOCAD,
ArchiCAD, Compass, 3DStudioMax,  Aartform Curvy3D, Google SketchUp,
VirtualGrid VRMesh, REALVIZ Image Modeler, u ap.).
http://www. 3dmax.com,
http://www.curvy3d.com
http://www.sketchup.com
http://www.vrmesh.com
http://imagemodeler.realviz.com
9) pa3paboTka CTaTUCTUYECKUX U YKOHOMETPUUYECKUX MOJIENICH TUTIA TMHEHHON 1
HenuHeHo perpeccun (OLS), aBTOperpecCHOHHON MOIENH, MOJIETH JIMHE HTHOM
BepositHocTu (LPM), norut moneneit (Logit), mpoout moaeneit (Probit)u ap. (EX-
cel, SPSS, Statistica, u ap.).
3HaHUe U IPUMEHEHUE CUCTEM KOMITBIOTEPHON MAaTEeMAaTUKH, TEXHUYECKOTO U
MMHTAIIMOHHOTO MOJIETIMPOBAHUS TO3BOJISIIOT MOJEIbIIMKAM OIEPATUBHO BbI-
OpaTh cCUCTEMY MOJEIUPOBAHUS, MOCTPOUTH AJEKBATHBIC MOJEIIH, CIOCOOBI MX
pelieHus, MepelT K MOJHOMACHITAOHOMY MCCIEIOBAHUIO PEATBHOTO SIBJICHUS
WJIU TIpoIecca Ha MOJIEHU, OLICHUTh PEIICHUsI MOJIeJIeH U MPEJCTaBUTh MOBEACHUE
Y 3aKOHOMEPHOCTHU U3Y4aeMOT0 SIBJICHHUSI.
31ech Mbl PacCMOTPENIM Pa3IMYHbIE MOJXOJbl M HaIMpaBJICHUS pa3pabOTOK
KOMITBIOTEPHBIX KOMITJIEKCOB JIJIS MOJICIIMPOBAHUS PEabHBIX MPOIIECCOB U 00BEK-
TOB. Pa3paboTKOl KOMIBIOTEPHBIX MOJIETEH M MPOrPAMMHBIX KOMIUIEKCOB IS
KOMIIBIOTEPHOTO MOJICJIIMPOBAHUSI MPAKTHUYECKA 3aHUMAIOTCS B KIIACCUYECKHX,
TEXHUYECKUX M TEeJarorMYecKuX YHHUBEPCUTETax, KaK B paMKax y4eOHOro mpo-
1ecca, Tak M HaydyHoro uHrepeca. OJHON M3 BaKHBIX HAIpaBJIeHUN pabOT KOJI-
JIEKTUBOB M aBTOPOB MO pa3pabOTKaM KOMMBIOTEPHBIX MOJIEeNied U KOMILIEKCOB
SBJIIETCSI CBOEBPEMEHHOE MpeCTaBiIeHUEe WH(OpMAIMU O TPOrPaMMHOM TIPO-
JTYKT€ HAy4YHOW OOIIECTBEHHOCTH HA Pa3JIMUHBIX HAYYHBIX KOHpepeHuusx u ¢o-
pymax.
O Ba)XHOCTHU Pa3BUTHS HAINpaBJIEeHUs pa3pabOTOK UMUTAIIMOHHBIX TEXHOJIO-
THI, CPEACTB M MOJIENIel TOBOPUT TOT (haKT, YTO BO BCEX CTpaHaX CO3MAIOTCS CO-
00111eCTBa 110 UMHUTAITMOHHOMY MOJIEIUPOBAHUIO, IIEJIBI0 KOTOPHIX SIBJISIETCSI 00Be-
JUHEHUE W KOOPJWHAIMS MHTEPECOB YUYEHBIX M CIICIUATUCTOB-TIPAKTUKOB B 00-
JaCTH UMUTAIMOHHOTO MOJICIIUPOBAaHMS (CM. MPUIIOKEHHE 3).
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I'OCT 19.502-78. Epwnas cuctema mporpaMMHON gokyMmeHTamnuu. OOiee omuca-
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1990 - 38 c.
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rpamMm. TpeOoBaHUs K Ka4eCTBY M TECTUPOBAHUE.
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Cnncok cokpalleHuin

ERD — Entry-Relationship Diagrams — quarpaMMbl «CYIIHOCTb-CBSI3b»

CAD — Computer Aided Design

CASE — Computer Aided Software Engineering — nporpamMmmMHasi UHXESHEPHS C
KOMITBIOTEPHOU MOAAECPIKKON

DFD — Data Flow Diagrams

GPSS — General Purpose Simulation System — o0merieneBast cucreMa MoJICIHPO-
BAHUA

FRE — Forward and reverse engineering

IEC — International Electro technical Commission — MexxayHapoiHasi KOMHCCHSI
IO JJIEKTPOTEXHHUKE

ISO — International Organization of Standardization — MexnyHapoaHast opraHu-
3a1ys 10 CTaHIApTU3ALUU

MATLAB - Matrix Laboratory

RAD — Rapid Application Development

UML - Unified Modeling Language — yHuBepcaibHbIi S3bIK MOJACTUPOBAHHUS
SADT - Structured Analysis and Design Technique

SWEBOK - Software Engineering of Body Knowledge

STD — State Transition Diagrams - muarpamMMa nepexooB COCTOSIHUH

SCM - Software Configuration Management — ynpasienue koudurypanueit [10
VRML - Virtual Reality Modeling Language

XP — eXtreme Programming

AC - aBTOMaTU3MpOBaHHAS CUCTEMA

ACY — aBTOMaTH3MpPOBAHHBIE CUCTEMBI YITPABIICHHS

['OCT — rocynapcTBEHHBIN CTaHAAPT

JAVM — nuckpeTHbIe UMUTALIMOHHBIE MOJICIIH

ECII/I — enunHas cucteMa nporpaMMHON JOKYMEHTALUH

KII — K1U3HEHHBIN UKII

NC — uadopmanoHHbIE CUCTEMBbI

NCCAM — uHCTpYMEHTAIBHBIE CPEACTBA U CPEABI ABTOMATU3ALUN MOJEIUPOBA-
HUS

MUKC — moaenrpoBaHre UMUTALIMOHHOE KOMOMHUPOBAHHBIX CUCTEM

H/IM — HenpepbIBHO-AUCKPETHBIE UNMUTAIMOHHBIE MOJEIIH

[IK — nepcoHabHBIA KOMITBIOTED

[1O — nporpamMmmHOe obecrieueHue

P — paGouwnii moKymMeHT

CAIIP — cuctemMbl aBTOMaTHYECKOTO MPOEKTUPOBAHUS

CHM — cucteMbl UMUTAIIMOHHOTO MOJICIUPOBAHUS

CKM — cucrembl KOMIOBIOTEPHOW MaTEMAaTUKHU

CMO — cucremMbl MacCOBOT0 0OCTYKUBaHUS

T3 — TexHuuecKoe 3aaHue

M — g43bIKM UMUTAIMOHHOTO MOJIEJTUPOBAHUS

SOM — s13bIKM 00111€TO HA3HAYCHUS
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[(moccapun

DERIVE - cucrema KoMIIbIOTEpHON MaTeMaTHUKHU HAYaJIbHOTO YPOBHS.

GPSS — »T10 mHTepnperupyromas sA3bIKOBasi CUCTEMA, MPUMEHSIONIAsACS, B OC-
HOBHOM, JUIsl UMUTALIUUA TIPOCTPAHCTBEHHO-BPEMEHHOTO JIB)KEHUSI 0OBEKTOB pa3-
JUYHOU IPUPOIBI TPU GUKCUPOBAHHON CTPYKTYpE OJIOUHON CXEMBI.

ABTOMAT (ot rpeu. "camMoaeMcTByIOMHMI") — yCTPOMCTBO, CaMOCTOSITEIILHO
BBITOJIHSIOIIEE HEKHUM MPOLIECC MO 3aJ0KEHHOM B Hero nporpamme. [Iporpamma
MOKET (PUKCHUPOBATHCS JTNOO HEMOCPEICTBEHHO B YCTPOMCTBE aBTOMaTa, MO0 Ha
BBOJINIMOM B aBTOMAT HOCHUTEJIE.

ABTOMATHU3ALSA — BHeapeHHEe aBTOMATOB B MPAKTUUYECKYIO JIESITEIHHOCTh
(Hanpumep, aBTOMaTH3alUs YIPABICHHS, HEPTET0ObIYM, MEIUIIMHCKON THarHo-
CTUKH, IOTPY304YHBIX PabOT U T.I1.).

ABTOMATHU3NPOBAHHAS OBYUYAIOIIAS CUCTEMA (AOC) - B3auMOCBSI-
3aHHBIA KOMILUIEKC TEXHHYECKOT0, y4eOHO-METOJUYECKOTO, JTHUHTBHUCTHYECKOTO,
POrpaMMHOTO U OpPraHU3aIMOHHOr0 odecreyeHus: Ha 6a3ze DBM, npenHa3zHadyeH-
HBIN JI7151 MHANBUIYaTU3aIii O0ydeHuUs.

AI'PEI'AT(ot nat. "npucoenunsTs") — yr00asi BBIJCICHHAS COBOKYIHOCTb, OT
HECTPYKTYPUPOBAHHOU (MHO>KECTBO, KOHTJIOMEpPAT) A0 BBICOKOOPTAaHH30BAHHOM
CUCTEMBL.

ATPETUPOBAHUE — 1) onepanus oOpa3oBaHus arperara; 2) npeoOpa3oBaHue
MHOTOMEPHOM MOJIeNIA B MOJI€NIb MEHBIIIEH pa3MEPHOCTH.

AJITOPUTM — (ot umenu y30ekckoro Mmatemaruka IX B. Anp Xopeamu) — 1)
MOJTHOE ONHMCAHUE TOCIEI0BATEIbHOCTH AEHCTBUM, BBIMIOJIHEHUE KOTOPBIX B KOH-
1€ TIOCJIEIOBATEIbHOCTH MPUBOJUT K JOCTHXKECHUIO 11€1H; 2) KOHEYHBIN TEKCT, 3a-
MMCAHHBIM Ha AITOPUTMUYECKOM si3bIKe. [IlepBoHaYaIbHO Cyry0o MaTeMaTHieCcKoe
MOHSATHUE AJITOPUTMA B HACTOSIIEE BPEMS PACLIMPEHO: JOMYCKAETCA BKIIOUCHHE B
QITOPUTM M YKa3aHUW Ha HePOopMau3yeMble ACHCTBUS, JUIIH Obl OHU TIPABUIHHO
MOHUMATh, ¥ BBINOIHSUIMCH JIIOJIBMH (HaIpUMEp, aliTOPUTM H300peTeHus). Alro-
PUTM, BOCIIPUHUMAEMBIN U UCHOJIHSAEMbIM aBTOMATOM, Ha3bIBAETCS MPOTPAMMOM.
AJITOPUTMU3ALISA — 1) cocraBneHue aaropurma sl IPOSKTHPYEMOTO TIPo-
recca (HarmpuMep, aaropuTMHU3alus PEIICHH 3a/1aun); 2) BBISBICHHE aJTropuTMa,
dbopmanuzanms CymecTBYIOMIero mnpoiecca (0OBIMHO B LEJSAX €ro U3y4eHHs, COo-
BEPIICHCTBOBAHUS WJIM aBTOMATHU3AIIUN ).

AJropuTMUYECKas MOJICNIb — MOJIENb, KOTOpPasi OMKCcaHa HEKOTOPHIM aIrTOPUTMOM
WM KOMIUIEKCOM aJITOPUTMOB, OMPEIEISIONUM €€ (PyHKIIMOHUPOBAHUE, Pa3BH-
THe. BBegeHue Takoro, Ha MepBbIN B3TJIsA/I, HEIPUBLIYHOTO TUIIA MOAENEH (aeicT-
BUTEJILHO, KAXKETCS, YTO JIF0Oask MOJACIIb MOXKET OBbITh MPEJCTaBICHA AITOPUTMOM
e€ uccne0BaHusl), Ha Halll B3TJIS/, BIIOJHE 0OOCHOBAHO, TaK KaKk HE BCE MOJEIN
MOTYT OBITh UCCJICIOBAHBI WIIH PEATN30BaHbI AJITOPUTMUAYECKH.
AJIBTEPHATHUBA — BapuaHT, ofHa U3 IBYX WM 00J€e BOBMOXKHOCTEH; TO, UTO
MOXHO MUMETh, HCIIOJIb30BATh U T.JI. BMECTO 4Yero-To eiie. Ha MHOXecTBe anbrep-
HATHUB OCYILECTBIISETCS BHIOOP.
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AHAJIN3 — (ot rpeu. "pacuneHenue") — 1) MbICTIEHHOE WJIM pealibHOE pasjelie-
HUE 1IeJIOr0 Ha YacTu (HarpuMep, XMMUYECKUN aHaJIu3 BeIleCcTBa, AeKOMIO3UIIUS
rJ100aJIbHOM 1IeNU U T.J.); 2) 0 HEAaBHETO BPEMEHM — CHUHOHUM HAay4YHOTO HC-
cienoBaHus BooOIe ("MoaABepruyTh aHaIu3y" o3Havano "u3y4duts') 3) MeTo Mo-
3HaHMS, OCHOBaHHBIN Ha 1). [lo3HaHHWE HE CBOAUTCS K aHAIIU3Y; TOJBKO B COUYETA-
HUW, TIEPETUVIETEHUHN, €IUHCTBE C CHHTE30M CTAHOBHUTCS BO3MOYKHBIM TO3HAHHE
pEaIbHOCTH.

Ananu3 TpeboBaHMII — OTOOpakeHUs1 (PYHKIUN CHCTEMBI M €€ OTpaHHuYeHUi B
MOJIEIN TIPEAMETHOM 00JIACTH.

AHUMAILU S — npeacraBnenne n300pakeHus B BUJIE OTJCIBHBIX KaJIpOB, y KO-
TOPBIX U300paKEHUSI HECKOJIBKO pa3HATCA. JloCTaTOYHO ObICTpasi cMeHa KaJpoB
BEJIET K MOSBICHUIO 3P(HEKTOB TUHAMUKH.

AHUMAILIMA KOMIIBIOTEPHAS - nunamuunas rpaduka, OCHOBaHHas Ha
MPUMEHEHUU PA3IMYHBIX JUHAMUYECKUX BU3YAIbHBIX 3(PGHEKTOB (ABUKYIIUECS
KApTUHKH, BBIJCIICHUE I[BETOM, IIPUPTOM OTACIBHBIX 3JIEMEHTOB CXEM/Ta0JIHII
UT.I1.); CHHTE3 JUHAMUYECKUX N300paKeHUM, CO3JaI0NUN WLTIO3UIO IBIXKCHHS Ha
DKpaHe JUCIUIES.

APTE®AKT — n11060#1 IpoAyKT NEATENTbHOCTH CIEIUAIUCTOB 110 pa3padoTke [10.
APXUTEKTYPA TTPOTPAMMHOM CUCTEMBI — OIIPEJICIIEHNE CUCTEMBI B
TEPMUHAX BBIYHCIUTEIBHBIX MOJCUCTEM U MHTEP(DENCOB MEXIy HUMHU, OTOOpa-
YKarollas MpaBuia JIeKOMIO3UIUU IPOOJIEMBI.

BA3A JIAHHBIX — 1)aoctatouno 6oJibliiie HAOOPhl CTPYKTYPUPOBAHHBIX JaH-
HBIX HEKOTOPOU MpEeIMETHOM 00JIacTH, MPEACTaBICHHbIE HA MAIIMHHBIX HOCUTE-
JSX U UMEIOIIMe OOIIyI0 U YAOOHYIO CTPYKTYPY, €UHBbIE OPTaHU3AMOHHO - Me-
TOJAMYECKHUE, TPOrPAMMHO-TEXHUYECKUE U SI3BIKOBBIE CPEACTBA OOECIICUECHHS UC-
MOJIb30BAHUSl JTaHHBIX Pa3IUYHBIMA NpPOrpaMMaMH IOJb30BaTeNel 2) HaKoIIe-
HUE, CTPYKTYPUPOBAHUE U XpaHEHHE C Momollsio DBM 3HaHuM, cCBeACHUU U3
pa3TUYHBIX 00JIaCTEH TAKMM OPTraHU30BAHHBIM CIIOCOOOM, YTO MOKHO UMETH JI0C-
TYH K 3TUM 3HAHUSIM, PACIIUPSATh UX, TOTY4YaTh, BBIBOJIUTh HOBBIC 3HAHUS U T.J. 3)
COBOKYITHOCTb TIPABWJI U (PAKTOB, ONMUCHIBAIOIINX MPEIMETHYIO 00JaCTh U BMECTE
C MEXaHU3MOM BBIBOJIA TIO3BOJISIONIAS OTBEYATh HA BOMPOCHI 00 3TON MPEAMETHOM
00J1aCTH, OTBET HAa KOTOPHIE B IBHOM BHJI€ HE TTPUCYTCTBYET B Oase.

BA3A JTAHHBIX — ynopsinoueHHasi COBOKYNHOCTh JAHHBIX, MPEIHA3HAYECHHBIX
JUISl XpaHEHUsI, HAKOTUIEHUsI 1 00paboTku ¢ momotbio OBM. Jlns co3nanus u Be-
JeHust 6a3bl JaHHBIX (OOHOBJICHUsI, OOECTICUCHHS JOCTYyNa K HUM II0 3ampocaM U
BBIJIJAYU WX TMOJh30BATEI0) HMCIOJB3YETCS HAOOp SI3BIKOBBIX M MPOrPaMMHBIX
CPE/ICTB, Ha3bIBaeMblii cuctemMoit ympasieHust 6a3bl gaHHbIX (CYBJ). ba3za nan-
HbIX B couetanuu ¢ CYBJ] nmpeacrasiser co0oit OaHK JTaHHBIX.

BAHK JJAHHBIX — coBokynmHOCTB 0a3bl JaHHBIX, a TAK)KE MPOrPAMMHBIX, SI3bIKO-
BBIX U JPYTUX CPEJICTB, MPEIHA3HAYCHHBIX JJIS [ICHTPAIM30BAHHOTO HAKOILJICHUS
NAHHBIX U X UCHOJIL30BAHUS C ITOMOIILI0 DBM.

BJIOK-IUATPAMMA — rpadudeckoe mpeacTaBiIeHUE OIeparuii, MporUCXos-
IIUX BHYTPHU CUCTEMBI.

BYJIEBCKUE IIEPEMEHHBIE — nepemeHHble, KOTOPBIE MO3BOJISIIOT MOJIb30Ba-
Teno mpoBepATh B ogHoM O1oke GPSS/PC ogHOBpeMEHHO HECKOJIBKO YCIOBUH,
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UCXOJSl U3 COCTOSIHUSA WJIM 3HAu€HUs 0ObEKTOB U MX aTpHOyTOB, T. €. B JAHHOM
0JI0Ke TIPOBOAUTCS OOpallleHue K OylIeBCKOW MEpPEeMEHHOM, BBIPAXKEHUE KOTOPOU
COJIEPKUT B ceOe MPOBEPKY HECKOJIbKHUX YCIoBUM. byneBckas mepeMeHHass UMeeT
3Ha4YeHUE 1, eciu BBIpAKEHHUE NTIEPEMEHHON UCTUHHO, U (), €CIIM BBIpaXKEHUE Mepe-
MEHHOM JI0KHO.

BAJIMAALIMA — mpoBepka COOTBETCTBHSI pa3pabOTKH MPOTPaMMHON CHUCTEMBI
TpeOOBAHMSIM 3aKa34yHKa.

BEPUDOUKAIIMA — npoBepka HCTHHHOCTH TEOPETHUECKHUX IMOJOKEHUU IMyTEeM
COTIOCTABJICHUS C YyBCTBEHHBIMU JAHHBIMHU.

BEPUDOUKAILIMA — npoBepka NpaBUIBHOCTH pPEATU3ALMN CUCTEMBI 3aJaHHBIM
TpeOOBaHUAM Ha KaXKJIOM 3Tare >KU3HEHHOTO IIUKJIA.

BU3YAJIBHAS MOJIEJIb — Mojenb, KoTopast O3BOJISIET BU3YaTU3UPOBATh OT-
HOILICHUSI U CBSI3U MOJAEIHPYEMOM CUCTEMBI, 0COOEHHO B TMHAMHUKE.
BUPTYAJIM3AILIUSA — 3amenieHue peanbHOCTH €€ UMUTAIIME/00pa3aMH.

BXO/l (CUCTEMBI) — 1) cBs3b cUCTEMBI C OKpYKAIOIIEH Cpeioil, HampaBJeH-
Has OT CpPeAbl B CUCTEMY, T.€. BbIpa)karollasi BO3IECUCTBUS U3 CPEAbl HA CUCTEMY;
2) To, 4TO TpeoOpa3yeTcst CHCTEMOU B BBIXOJ,.

BBIBOP — 1) omeparusi, BXoAsIIasi BO BCSAKYIO IEJICHAIPABICHHYIO JESATEb-
HOCTb U COCTOSIIAsl B IIEJIEBOM CY>KEHHUH MHOXKECTBA aJIbTEpHATUB (OOBIYHO, €CITU
MO3BOJISIIOT YCIIOBUSI,— JI0 OJTHOM aJbTEPHATHBBI); 2) MIPUHSATUE PEIICHHUS.
Bb1XOJl (CUCTEMbI) — 1) cBa3b cUCTEMBI C OKpY:Kaloleu cpeaoul, BbIpa-
JKarolllasi BO3/ICMCTBUE CHUCTEMbI HA CPEly U HAIpPaBJICHHAs OT CUCTEMBI K CPEJE;
2) OpOAYKT CHUCTEMBI; TO, BO YTO MPEOOPa3yIOTCS BXOJbI; MOKET UMETh KaK pe-
aNbHBIA XapakTep (Hampumep, mMaTepuaibHas MPOAYKIMS), TaK U aOCTPaKTHBIN
(HampuMep, YIOBIETBOPEHUE MOTPEOHOCTH ).

BBIOBEP — cpeacTBo 3aganus 1 mpocMOTpa AUarpaMM MOJIENIEN U PE3yJIbTaTOB
MOJEIUPOBAHUS.

[UITEPMEJIMA — Bua yueOHBIX MaTepuasioB, MPEACTABICHHBIX B AJIEKTPOHHOMN
dbopme Kak TUIIEPTEKCT C MYJIbTUMEIUA JOTIOTHCHHUSIMHU.

[TUTTEPCCBIJIKA — cchuika U3 0QHOTO 3JIEKTPOHHOT0 HH()OPMAIIMOHHOTO 00BEK-
Ta K Apyromy (Hampumep, U3 TEKCTa K IPUMEYAHUIO WIIA AJIEMEHTY CIUCKA JIUTe-
paTypbl, U3 OJJHON SHUUKIONEINYECKON CTaThH K APYTOil).

[TUITEPTEKCT — cnioco0 npeacTtaBieHus UHPOpMaIIMU ¢ TTIOMOIIBIO CBA3EH MEXK-
Iy TOKyMEHTaMu (TUIEPCCHUIOK); BUJI yU€OHBIX MaTe€pUaloB, MPEICTABICHHBIX B
AIIEKTPOHHOM (hOpMe KaK MHTEPAKTUBHBIC TEKCThI, CBA3aHHBIE TUIIEPCCHUIKAMH.
[UTIOTE3A — 1) npennonoxxeHue; YTBEpKICHUE, TpeOyrolee T0Ka3aTeIbCTBa
WM IPOBEPKHU; 2) popMa pa3BUTHUS HAYKH.

['PA®(ot rpeu. "3anuceiBaTh") — 1) cuMBoIMUYEcKas AuarpaMma, COCTOAIIAs U3
MHOKECTBa BEPILUH U pedep (Ayr), COeNUHSIIOUUX HEKOTOpbIE U3 HUX (WM BCE);
2) rpadgudeckas MOAeNb CTPYKTYPHI.

JNAHHBIE — 510 (pakTel 1 (Un) MOHATHSA, ONUCAHHBIE B (POPMATN30BaHHOM BU-
ne. B UBC paznu4aroT mosib3oBaTenbckue (MHOOPMAITMOHHBIC) U YIIPABIISIIONTIE
(cy>xeOHbBIE) TaHHBIE.

JEKOMITO3UINA — 1) onepanus pa3ieaeHusl 1eJI0r0 Ha YacTU C COXPaHEHHU-
€M MpHU3HAKa MOJIYMHEHHOCTH, MPUHAJICKHOCTH;, 2) MOBTOPHOE MM MHOTOKpAT-

221



HOE TaKO€ pa3jiesiCHUE, B Pe3yJbTaTe Yero MoIy4yatoTcsl JPEBOBUIHbIEC HepapXude-
CKHE CTPYKTYpBHI.

JAEJIOBAS UT'PA — meron NpUHATHS YNPABICHUYECKUX PEUICHUN B Pa3IMYHBIX
MMHUTHPYEMBIX IMPOU3BOJCTBEHHBIX CHUTYalMSIX IYTEM WIPbl TPYIIbI CTYJICHTOB
(w1 omHoro cryaeHta) ¢ 9BM 1o 3ajaHHBIM MpaBWIaM B JUAJIOTOM PEKHUME.
OT0 aKTUBHBIA METOJ OOYYEHHUsI, HAPABJICHHBIN HA (DOPMUPOBAHKE Y 00yUaEMBbIX
CaMOCTOSITEJIbHOTO MBIIIIJICHUS.

JEPEBO BJIOK-CXEMBbI — uepapxudeckoe npeacTaBIeHUE MOJIEIH.
JETEPMHWHUPOBAHHASA MOJIEJIb — moaenb, KOTopasi KaKJI0My BXOJHOMY
Ha0Opy MapaMeTpOB COOTBETCTBYET BIIOJHE OINPEACIICHHBINH M OJTHO3HAYHO OIpe-
JensieMblid HA0Op BBIXOJHBIX MAapaMeTpPOB; B MPOTUBHOM CJydae - MOJEIb HeJle-
TEPMUHUPOBAHHAsS, CTOXAaCTUYECKAs (BEPOSITHOCTHASA).

JIMATPAMMA — rpaduyeckoe NnpeAcTaBIeHUE MOJEIUPOBAHUS CUCTEMBI C MO-
MOIIBIO KJIACCOB, CLICHAPUEB, COCTOSIHUU U T.II.

JUAJIOTI" — dhopma TBYCTOpOHHEH CBSA3H, KOTJIa CTOPOHBI CTPOTO YEPEAYIOT CBOU
COOOIICHHUS, SIBJISISICH TTOMIEPEMEHHO UCTOYHUKAMU U IPUEMHUKAMU WHPOPMAIIUH.
JINHAMUNYECKASA MOJEJIb — Mojenb, B KOTOpOM, Cpeid €€ IMapameTpoB
€CTh BPEMEHHOW MapameTp, T.€. OHa OTOOpakaeT cucteMy (IIPOLIECCHl B CUCTEME)
BO BPEMEHHU.

JNHAMUNYECKOE TECTUPOBAHUE — BBITIOJIHEHUE TIPOTpaMM JiJisi 00-
Hapy>XKEHUs OIIMOOK, YCTAHOBJICHUS UX MIPUYUHBI U YCTPAHCHMUSL.

JNCKPETHAA MOJIEJIb — onuchiBaeT MOBEACHUE CUCTEMBI TOJIBKO B IHUC-
KPETHbIE MOMEHTBI BPEMEHHU.

KM3HEHHBIN ITUKJI cucrems! (KII) — HempepbIBHBIHA mpolecc, KOTOPhIi Ha-
YUHAETCS ¢ MOMEHTa MPUHATHS PEIICHUS 0 HEOOXOAMMOCTH €€ CO3JIaHUs U 3a-
KaHYMBAETCSI B MOMEHT €€ MOJTHOTO U3BATHUS U3 IKCILTyaTallUH.

3AT'OJIOBOK — napameTpsl, nepemMeniaeMble B Ha4ajao TporpaMMbl HIIA TaHHBIX,
KOTOPBIE BaXHBbI JI UX UCTIOJIb30BaHUS.

3HAK - 1) curnan, uMeromuii KOHKpeTHOE (OOBIYHO OJIMHOYHOE, DJIEMEHTAPHOE)
3HA4YE€HUE, BOCIIPUHUMAEMOE YEJIOBEKOM (HAmpuMep, JOPOXKHBINA 3HAK, 3HAKU OT-
JINYHsI, MAaTeMaTHYECKUE 3HAKHU, YCIOBHBIC JKE€CTHI U T.11.); 2) peajbHas MOJEIb a0-
CTPaKTHOT'O MOHSTHSL.

NT'POBAS MOJIEJIb — onuchIBaeT, peajiu3yeT HEKOTOPYIO UTPOBYIO CUTYALIUIO
MEX]ly YYaCTHUKAMH UTPhI (JIMIIaMU, KOATULIUSIMU).

NEPAPXMNYECKAS MOJEJIb (npeBoBuaHasi) — MojieJib, KOTOpas MpPeICTaBU-
Ma HEKOTOPOH UEPAPXUUECKON CTPYKTYpOH (1epeBOM).

NUMHUTAILIMOHHAA MOJEJIb — Mopnenb, koTopasi npeaHa3HaYeHa JJis UCIIbI-
TaHUS WM U3YYCHUS BO3MOXHBIX MyTEH pa3BUTHSA M MOBEICHUS O0BEKTA MyTEM
BapbUPOBAHUS HEKOTOPBIX UM BCEX MapaMeTPOB MOJICIIH.

NMHUTAIIMOHHOE MOJIEJIMPOBAHUE — monenupoBaHue MOBEICHUS CHC-
TEMbl B PA3JIMYHBIX ACMEKTaX U B PAa3HbIX BHEUIHUX M BHYTPEHHUX YCIOBHUSAX C
aHaJM30M IMHAMUYECKUX XapaKTEePUCTUKUA aHAIIU30M PacipeiesieHUs] PECYpCOB
NMHCTPYMEHTAJIBHAS MOJIEJIb — cpeacTBO NOCTPOEHHUS, HCCIEIO0BAHUS
W/WJTY UCTIONIb30BaHUS IPAarMaTUYECKUX W/WJTH TI03HABATEILHBIX MOJICIICH.
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NMHTEPAKTHUBHAS [TPOI'PAMMA — uHTEpakTUBHBIA NPOrpaMMHBIA MOYJIb
(TecTupoBaHue, MOICTUPOBAHUE, UMHUTALIMS).

NHTEPAKTHUBHOCTD — peakuust co CTOpOHBI POrpaMMbl B OTBET Ha KaKue-
100 NEHCTBUSA MOJIb30BaTENs, 0O0ecneynBaroIas pexum auanora ¢ IBM.
HNHTEPITPETATOP GPSS/PC — aBrOMaTH4ecKu COOMpPAET CTAHAAPTHYIO CTaTHU-
CTUKY IO Ka)KOMY THIy 00bEKTOB, 3aHATBHIX B MOJEIH. B 3aBucMMOCTH OT TOTO,
Kakue OOBEKThl U KaK MCIOJb3YIOTCS B MOJIETH, MOJb30BATEIh UMEET BO3MOXK-
HOCTb MOJy4aTh JOMOJHUTENBHYIO CTATHCTHKY KaK B MPOLECCE CUETA MOJEIH, TaK
Y 110 OKOHYaHUU CUETa.

MHTEP®ENC — Ha0Op CPENCTB U CEPBUCHBIX YCIIYT IJIs YIPaBICHUS (PYHKITHO-
HupoBaHueM DBM, 0cBOOOXIAIONNX IMOJH30BATENS OT BBITIOJHEHUS PYTUHHBIX
onepanui.

NHDOOPMATUKA — 1) Hayka 0 Hay4yHOH M TE€XHUYECKOW MHGOpPMAIUU U €€
HUPKYJISAIUA B o01iecTBe; 2) HHGOPMATUKON HA3bIBAIOT HAy4YHOE HaIpaBJICHHE,
aKIEHTUPYIOIlee BHUMAaHHUE Ha WCIOJb30BaHMM DBM B caMbIX pa3sHOOOpa3HBIX
001acTAX YETIOBEUECKOH 1eATEIbHOCTH.

NHOOPMAIIMOHHAS CUCTEMA — cuctema nepefauu u npuema uHdopma-
1y, COCTOUT U3 UCTOYHMKA MH(OpMAIMK, TIepeaTurKa, KaHajaa CBsI3U, MPUEM-
HUKa UHPOPMAIIMU U UCTOYHHKA TTOMEX.

NHOOPMAILIMOHHASA CUCTEMA — cucrema, KoTopas mpoBoauT cOop, obpa-
0OTKy, COXpaHCHHE W IMPOM3BOJICTBO HH(POPMAIIMH C MCIIOIH30BAHHEM aBTOMATH-
YEeCKUX MPOLIECCOPOB U JIIOCH.

NHOOPMAIIMOHHASA TEXHOJIOI'UA (UT) — cucrema METOJIOB, TPOU3BO/I-
CTBEHHBIX MPOIIECCOB U MPOTPAMMHO-TEXHUYECKUX CPEJACTB, HHTEIPUPOBAHHBIX C
1enbpl0 cOopa, 00padOTKH, XpaHEHUsI, pACTIPOCTPAHEHHUS], OTOOPAKEHUS U UCTIONb-
30BaHMs MH(OpManuu nojs3oBarenei 3toil ungopmauuu. B cocta UT BxoasT
amnrmnapaTtHble, TporpaMMHbIe U UH(GOPMAIMOHHBIE KOMITOHEHTHI.
NHOOPMAIIMOHHBIE N KOMMVYHUKAIIMOHHBIE TEXHOJIOI'MA
(MKT) — o0obmaroriee MoHsATHE, ONMUCHIBAOIIEE Pa3IUYHbIe YCTPONCTBA, MeXa-
HU3MBI, CIIOCOOBI, aNTOPUTMBI 00paboTku MHpOpMaIuu. BaxkHelmumM coBpeMeH-
HbIM ycTporictBamu UKT sBASIOTCS KOMITBIOTEP, CHA0XEHHBIA COOTBETCTBYIO-
UM TPOTPAaMMHBIM OOECIIEUEHHEM W CPENICTBA TEJICKOMMYHUKAIIMA BMECTE C
pa3MeIIeHHON Ha HUX WH(popMaImen.

NHOOPMAIIUA — 1) B 00ObIIeHHON peun — Jt0ObIE CBENICHUS, U3BECTHUSA, CO-
OOIlleHHs, HOBOCTH U T.II.; 2) B HAYYHO-TEXHUYECKUX MPUIIOKEHUSIX — TO, UYTO
HeceT Ha cebe curHai;, 3) kak ¢uiaocodckas kaTeropusi — BCeoOIee CBOMCTBO
MaTepHH, SIBIIAIOIICECS aClEeKTOM CBOMCTBA OTpaKeHHs, JOIMYCKAIOUIUM KOJIYe-
CTBEHHOE OIHCAHHE.

NHDOOPMAIIUA (ot natuHckoro informatio -pa3bsicHeHHE, U3JI0KEHHUE) - COBO-
KYIMHOCTh CBEJICHHUH, NaHHBIX, MEpeaBacMbIX JIIOAbMHU YCTHO (B (dopMme peun),
MUCBMEHHO (B BUJIE TEKCTa, TAOJIHIIBI, PUCYHKA, YEPTEkKa, YCIOBHBIX 3HAKOB, 000-
3HAUEHUM) JMO0 JPYTrUM CIOCOOOM (HAmpUMeEp, C TTIOMOIIBIO 3BYKOBBIX WIJIH CBE-
TOBBIX CUTHAJIOB, AJIEKTPUUYECKUX WM HEPBHBIX UMITYJIbCOB). C cepenunbl XX Be-
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Ka -00ILEHay4YHOE MOHATUE, BKIIIOYAIOIIEe OOMEH CBEJIEHUN MEXIY JIOJIbMH, Ye-
JIOBEKOM M aBTOMAaTOM, aBTOMaTOM W aBTOMAaTOM, OOMEH CUTHajaMU B YKUBOTHOM
U PACTUTEILHOM MUDE.

KMUBEPHETUKA (ot rped. "ynpaBisaTe') — B IIMPOKOM CMBICJIE Hayka 00
YIPABJICHUH B CHCTEMaXxX MPOU3BOIBHOM MPUPO/IbI; HAaOOIee MOTHBIMU U O0ITUMU
OTIpEJICICHUSIMU KUOEPHETUKM B COBPEMEHHOM MOHUMAHUU MPU3HAIOTCS OIpejie-
nenust A.W. bepra u A.H. Konmoroposa.

KITACCUDOUKALUMA — 1) onepanusi OTHECEHUS 3aJaHHOTO 0OBEKTa K OJTHOMY
U3 KJIacCOB, BHYTPU KOTOPBIX OOBEKTHl CUMTAIOTCA HEPA3IMUYMMBIMH; PE3yJIbTAT
ATOW omeparuu; 2) NpoCTeUIINK BUI MOAECIUPOBAHNUS; B YaCTHOCTH, CaMblid Clla-
OBIil B U3MEPEHUS.

KIIETOYHO-ABTOMATHAA MO/IEJIb — npencTaBiisieT CUCTEMY € TOMOILBIO
KJIETOYHOI'O aBTOMATa MM CUCTEMbI KJIIETOUHBIX aBTOMATOB.

KJIETOUHBIA ABTOMAT — JTUCKpETHasl AUHAMUYECKas CHCTeMa, aHaJlor (pu-
3M4ECKOT0 (HETPEPHIBHOTO) TMOJIS.

KOJI — coBOKYMHOCTB YCJIOBHI U TIpaBuiI 00pa30BaHus CUTHAJa, UCTIOJIb30BaHUE
KOTOPBIX Ha MEPENAONIEM U Ha MPHUEMHOM KOHIIaX MO3BOJISIET MEPENaBaTh U IMO-
Jy4aTh UHOOPMAIUIO C TOMOIIBIO CUTHAJIA.

KOJIMYECTBO MH®OPMAIINN — yucnoBas Mepa uHpOpMaIuu, CoiepKa-
1Hieicst B OJHOM CIy4alfHOM OOBEKTE O APYroM ciiydailHOM o0bekTe. Onpenenser-
Csl KaK HEKMM (PyHKIMOHAJI OT COOTBETCTBYIOIIUX PacHpeeIeHUI BEPOSITHOCTEN
(manmpumep, no [IsuHony, no dumiepy, no Kynsbaky-Jleibaepy u ap.), 100 Kak
00bEM BBIUMCIECHUH, HEOOXOAUMBIX JJISl AJITOPUTMUYECKOrO OIPENEIECHHS CO-
cTosinug o0bekTa (mo Koimoropony).

KOMAH/IA — undopmanusi, BBoAUMAs MOJIb30BATEIEM B KOMIBIOTEP U CIIyXKa-
[asi CUTHAJIOM K BBIMIOJHEHUIO OTIPE/ICICHHBIX JEeHCTBUH.

KOMIIBIOTEPHASL MATEMATHKA — 3TO COBOKYIHOCTh TEOPETUYECKHX, AJI-
TOPUTMHUYECKUX, AIapaTHBIX U MPOTrPaMMHBIX CPEACTB, MPEAHA3HAUYCHHBIX IS
3¢ (HEKTUBHOTO pElICHHs] Ha KOMIBIOTEpaX BCEX BUAOB MAaTEMaTHYECKUX 3a7ad C
BBICOKOUW CTETEHBIO BU3YyaJU3allii BCEX 3TAIOB BHIYUCIICHHUIA.
KOMIIBIOTEPHASA MO/IEJIb — yueOHOe u3aHue, OCHOBAaHHOE HAa MaTeMaTHu-
YECKUX MOJIENISIX; MOKET ObITh HCIOJb30BaHA HE TOJBKO IS JIEMOHCTpPAINH
TPYJIHO BOCIIPOM3BOIUMBIX B yueOHON 00CTaHOBKE SIBICHUM, HO U JIJIsl BHISCHEHHUSI
(B IMaOroBOM PEXXUME) BIUSIHUS T€X WJIM UHBIX MapaMeTPOB Ha U3ydaeMbIe MPO-
LECCHI U SIBJICHMUS.

KOMITIBIOTEPHAS TECTUPYIOIIAA CUCTEMA — yueOHOe u3gaHue, KOTO-
poe obecneynBaeT, ¢ OJJHOM CTOPOHBI, BO3MOXHOCTh CAMOKOHTPOJIA JUIsl 00y4ae-
MOTO, a C IpYroM - MPUHUMAET Ha ce0sl pyTUHHYIO YaCcTh TEKYIIETO UM UTOTOBO-
ro KoHtpoJid. KomnbroTepHas TeCTUpyolas CUCTEMA MOYKET MIPEICTABIATh COOOM
KaK OTJENIbHYIO TMPOrpaMMy, HE JOMYCKAIONIIYI0 MOAU(PUKAINUA, TaK U YHUBEP-
CAJIbHYIO TIPOTPaAaMMHYIO 000JIOUKY, HAMTOJIHEHHE KOTOPOU BO3JIaraeTcs Ha Mperno-
JlaBaTesl.

KOMITIBIOTEPHOE MOJIEJIMPOBAHUME — 3T0 MeTOA perieHus 3ajaun aHallu-
3a WM CUHTE3a CJIOKHOM CHUCTEMbl HA OCHOBE HMCIOJIb30BAHUS €€ KOMIIBIOTEPHOM
MOJEIIH.
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KOMIIBIOTEPHOE MO/IEJIMPOBAHUE (Computer Simulation) — Tummanas
o0nacTh 3HaHMs, oOnagaromas crnenu@uieckoi "MmocTMOAEPHUCTCKON 4yBCTBEH-
HOCTBIO" - OCOOBIM, IUTIOPAIMCTUYHBIM OTHOILIEHUEM K MUPY, U30€eraron] uMm m3-
JUIIHETO 0000IIEHUS U JUKTAaTa TOTAIUTAPUZUPYIOIINX UCTHH.

KPUTEPUU — 1) cpencTBo sl BRIHECEHUS CYXKICHUS, CTaHAApPT ISl CpaBHE-
HUSL; IPABUIIO ISl OLIEHKH; 2) Mepa CTENEHU OJIM30CTH K 1I€JI; B aTOM CMBICIIe —
MOJENb LETH.

JIOTNYECKAA MOJEJIb — Mojaenb, KoTopasi mpeicTaBuMa MpeauKaTaMu, J10-
TUYECKUMU (DYHKIHSIMHU.

MAKPOMO/IEJIMPOBAHUE — MonenupoBaHue T€X WM HHBIX YCTPOMCTB M
CHUCTEM C ITOMOILBI0 MAaKPOMO/ICIIH.

MAKPOMO/EJIb — mozienb, CBEICHHAS K MPOCTON CTPYKTYPHOM CXeMe U3 psiia
JIOCTATOYHO CJIOKHBIX MOJICIICH.

MATEMATHUYECKASA MOJIEJIb — 3T0 ynpOIlEHHOE ONHUCAHUE PEATBHOCTH C
MOMOIIBI0 MaTeMaThyeckux noHsATui. CylllecTBYeT JIBa OCHOBHBIX Kjacca 3ajiad,
CBSI3aHHBIX C MATEMaTUYECKUMU MOJIEISIMU: MpsIMbIe U oOpaTHbIe. B mepBom ciy-
4yae BCE IapaMeTphbl MOJICIIM CUATAKOTCS U3BECTHBIMHU, U HAM OCTAETCS TOJIBKO HC-
CJe0BaTh €€ MOoBeACHUE. A BO BTOPOM KaKHE-TO MapaMeTPhbl MOJIEIIM HEU3BECTHBI
(HanpuMep, He MOTYT ObITh U3MEPEHHI SIBHO), U TPEOYeTCS UX HAWTH, COMOCTAaBIISSA
IIOBEJICHUE PEAIBHOM CUCTEMBI C €€ MOJIEIIBIO.

MATEMATHUYECKOE MOJEJIMPOBAHUE — npouecc nocTpoeHust U uzyye-
HUSI MATEMAaTHYECKUX MOJIEJIEN PEAIbHBIX MPOLIECCOB U SIBIICHUM.
MATEMATHNYECKOE MOJEJIMPOBAHMUE (B conuosiorun) CIOBOCOYETAHHUE,
0003HayYaroIee UCIOoIb30BaHUE MAaTEMATUUYECKOTO SI3bIKa U ammapara sl onuca-
HUS ¥ TIOCTIEAYIONIETO aHaIu3a OCHOBHBIX CBOMCTB COLMAJIBHBIX SIBIICHUM U MPO-
L[ECCOB.

MEHIO — B UHTEpaKTUBHBIX CUCTEMAX CIHCOK KOMaH] MJIA BApUAHTOB OTBETA HA
dKpaHe AUCIUIES, U3 KOTOPBIX MOJIb30BaTEIbh BHIOMpPAET HEOOXOAUMBIA €My Bapu-
aHT, BBOJISl COOTBETCTBYIOIIMI HOMEp WK OyKBY, JTMOO yKa3biBas HA MyHKT MEHIO
KYpPCOPOM.

MOJIEJIMPOBAHUE — meton uccienoBanus oObEKTOB MO3HAHMUS HA MX MOJIC-
JSIX; TOCTPOCHUE MOJIENIEN pealbHO CYLIECTBYIOIIUX IPEAMETOB WU SIBIICHUM U
KOHCTPYUPYEMBIX OOBEKTOB JJIS OMPEEICHUS MO0 YIYUIICHUS] UX XapaKTepu-
CTHUK, pallUOHAJIM3AIMU CIIOCOOOB UX MOCTPOCHUS, YIIPABJICHUSI UMU U T.II.
MOJEJIMPOBAHUE — yHuBEpcanbHbII METOJ IMOJIYYEHHS, ONHUCAHUS U HC-
MoJIb30BaHUsl 3HaHUW. OH HCHOJB3YyeTCs B JII0OOU MpodecCHOHaTbHON NesTelNb-
HOCTU. B COBpeMEHHON HayKke M TEXHOJIOTHMU POJIb U 3HAYEHHE MOJCIUPOBAHUS
YCUJIMBACTCS, aKTyaJu3UpyeTcs MpodaeMaMu, yCrieXaMu JIPYyTuxX HayK.
MOJIEJIMPOBAHMUE — 310 u3yyeHue oObEKTOB MO3HAHUS C IOMOIIBIO UX MOJIe-
JIEH.

MO/JIEJIb — 00beKT uiau onucanue 00ObeKTa, CUCTEMBI JIJIsl 3aMeleHus (IPU OIl-
pPEIEIEHHBIX YCIOBUSIX MPEAJIOKEHUSIX, TUIIOTE3aX) OJJHOM CUCTEMBI (T.€. OpUTH-
Haja) Ipyro CUCTEMOM ISl Jy4lIero U3y4YEHHUsl OpUTMHANIA WK BOCIIPOU3BEAE-
HUS KaKUX-JIMOO €r0 CBOMCTB.
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MO/JIEJIb (ot nat. "o0pazen") — oToOpakeHue: 1meieBoe; aOCTPAKTHOE WIIH Pe-
albHOE, CTATUYECKOE WIIM TUHAMUYECKOE; NHI€PEHTHOE; KOHEYHOE, YIIPOILIECHHOE,
NpUOJIMKEHHOE; UMEIOIee HapsAy ¢ 0€3yCIOBHO UCTUHHBIM YCIIOBHO MCTHUHHOE,
MPEANOJIOAKUTEIIEHO UCTUHHOE U JIOKHOE COJIEPKAHUE; PEaU3yIOIIeecs U pa3Bu-
BAIOIIEECA B MIPOLIECCE €T0 MPAKTUYECKOTO UCTOJIb30BAHMS.

MOJEJIb (ot nat. modulus — Mepa, obpazel) — ynponieHHOe Ipe/ICTaBICHUE SIB-
JICHUM UM 00BEKTOB JEHCTBUTEILHOCTH, OTHOCSIIMXCS K IPUPOJE U OOIIECTBY, B
BUJIC CXEM, M300paXeHWH, OMMCAHWA, MAaTeMaTHUeCKuX (Gopmyi, Kakoro-amnbdo
peanIbHOro NMpeaMeTa (SIBJACHUS WK MPOIecca), U3y4aeMoe Kak UX aHaJIor.
MOJEJIb ABCTPAKTHAS — uneanbHas KOHCTPYKLUS; MOJEINb, IIOCTPOCHHAS
CpEICTBAMU MBIIIJICHHUS, CO3HAHUA (B YaCTHOCTH — SI3bIKOBAs MOJIETIb).

MOJEJIb JIMHAMUWYECKAS — moaenb, oToOpaxkaroiiasi poIiecchbl, TPOUCXO0-
JAIIKAE B CUCTEME CO BPEMEHEM; B YaCTHOCTH, MOJEIHN (DYHKIIMOHUPOBAHUS U Pa3-
BUTHSL.

MOJEJIb 3HAKOBAS — peanbHas Mojielib, UMEIOIIAsi aOCTPAKTHOE COAepIiKa-
HUE; MOJIEJIb, YCIOBHO MOJI00HAsI OPUTHHAITY M MpETHA3HAUYCHHAS ISl HEMOCpe -
CTBEHHOT'O UCIOJIb30BAHUS YETOBEKOM.

MOJEJIb UTHI'EPEHTHAS — mogenb, coriiacoBaHHasi C OKpY’Karomled KyJib-
TYpPHOU Cpenoii, BXOMSIIAs B HEE HE KAaK UYKIbIA €1 SJIEMEHT, a KaK €€ €CTeCT-
BEHHAs 4acTb.

MOJEJIb KITACCUOUKAIITMOHHA A — npocrteimuid BU1 MOAENIU, B KOTOPOU
(UKCUPYIOTCS TOJIBKO OTHOIIEHUS TOXKIESCTBEHHOCTH WU PA3TUIUs».

MOJEJIb MATEMATHUYECKAS — a0bcTpakTHasi WM 3HAKOBask MOJEIb, I0-
CTPOCHHAsl CpPeJACTBAMHM MaTeMAaTUKHU (HampuMmep, B BUJE CHUCTEMbl ypaBHEHMU,
rpada, JJorudecko GopMyJIbl U T.I1.)

MOJIEJIb MOJIEJIEU - uepapxusi MoJielieil; MHOTOYpOBHEBasi aOCTPaKIIUsI; YUC-
JI0O YPOBHEW B MEPAPXUU MOJEJEH MPEANOJOKUTEILHO CBA3BIBAECTCS C Pa3BUTO-
CTBHIO MHTEJICKTA.

MOJEJIb ITO3HABATEJIbHAS — dbopma opranuzanuu v NpeaCcTaBICHUs 3HA-
HUI; CPEJICTBO COEIMHEHUSI HOBBIX 3HAHUI C UMEIOIINMUCH.

MOJEJIb ITPATMATUYECKAS — cpenctBo ynpaBi€HHUs, OPraHU3ALNK MPAK-
TUYECKUX JIEUCTBHM; 00pasell, STaJIOH MPAaBWIbHBIX JACHUCTBUN (HAMpUMeEp, ajro-
PUTM) WK UX pe3yJibTaTa (Hampumep, MOJIeIh IIENIH).

MOJIEJIb PEAJIbHASA (BEILECTBEHHAS, ®OU3NYECKAM, TIPEJIMET-
HASI) — Mmonenb, mocTpoeHHas U3 peaabHbIX 00BEKTOB; M000ME peaIbHOU MO e-
JI1 ¥ OpUTHHAJIA MOKET OBITh MPSMBIM, KOCBEHHBIM U YCIIOBHBIM.

MOJIEJIb COCTABA CUCTEMBI — moaens, onuckiBaromias, U3 Kakux MOJICHC-
TE€M U JIEMEHTOB COCTOUT CHCTEMA.

MOJEJIb CTATUYECKAS — monenb, B KOTOPOH OTCYTCTBYET BPEMEHHOW Ma-
pamerp.

MOJEJIb CTPYKTYPbI CUCTEMBbI— mopenb, onuchIBaromas BCe OTHOLICHUS
(CBSA3M) MEXy SJIEMEHTaMU MOJIEIU COCTaBa CUCTEMBI.

MOJEJIb ®YHKIMOHAJIBHAS — MoJienb, ONMChIBaOIIAsi IPOIECChl, KOTOPbhIE
XapaKTEPHU3yIOT CUCTEMY KakK 4acTh OoJiee OOIel, OXBAaTHIBAIOIICH €€ CUCTEMBI,
T.€. CBSI3aHbI C HA3HAYEHUEM JIAHHOU CHCTEMBI.

226



MOJEJIb "HEPHOI'O SIINKA" — Moaenab, ONUCHIBAIOIIAS TOJIBKO BXOJBI U BHI-
XOJIbl CUCTEMBI, HO HE BHYTPEHHEE YCTPOMCTBO cucTeMbl. Hampumep, MmaremaTu-
YyecKasi MOJIENb "UepHOH, SIIHMKA' — 3TO MPOCTO COBOKYITHOCTh MHOXECTB X U Y
(X cooTBeTcTBYET BXOoAaM, Y — BbIXoJlaM); eciu oneparop F, cBs3piBaromuii ux
(Y = F(X)), u npeamnonaraercst CylecTBYIOIIUM, TO OH CUATAETCS HEU3BECTHBIM.
MOJEJIb A3BIKOBAS — mo0asi KOHCTPYKIUSI Ha €CTECTBEHHOM SI3bIKE, pac-
cMaTpuBaeMasi Kak ONUCaHUE 4ero-iaubo (Hampumep, ompeleleHUue Kak MOJEIb
OTIPEIEIISIEMOT0; M1, HA3BaHKE Kak 0003HAUYCHHUE Ha3bIBAEMOTO | T.1I.).
MO3I'OBOH IITYPM — Mmeron, IpemHa3HAueHHBIH 11 HeOPMaTbHOTO KO-
JIEKTUBHOT'O T€HEPUPOBAHUS BO3MOKHO OOJIBIIETO YHCIIA albTEPHATUBR; OCHOBHBIE
UJIEW 3TOTO METOJIA: a) MOJIHOE 3alpellleHe KPUTUKU HA CTAJIuU T€HEPUPOBAHUS,
0) mooIIpeHre U MPOBOLMPOBAHUE ACCOIMATUBHOTO MBIIIJICHUS HA BCEX CTAUSX;
B) Ha CTaJUU OLCHKH 1I€JIb COCTOUT HE B OTOpachIBaHUM "TUIOXOU" aJIbTEpPHATHUBHI,
a B ITIOMCKE PALIMOHAIIBHOTO 3€pHA B HEl.

MOP®OJIOTMYECKUI AHAJIM3 — (opMaibHbIii METO T€HEPUPOBAHHUS Allb-
TEPHATHUB C TIOMOIIBIO MEPEUUCIICHUS BCEX BO3MOXHBIX COUETAHHWI 3HAYEHUI 3a-
JAHHBIX TTapaMEeTPOB aIbTEPHATHUBBI.

HEOITPEAEJIEHHOCTDb CTOXACTHUYECKAS — HeonpeneneHHOCTh, OMUCHI-
BaeMasl paCHpEeICICHHEM BEPOSITHOCTEN HA MHOMXECTBE BO3MOXKHBIX COCTOSIHUI
paccMaTpuBaeMoro o0beKTa; CIIy4aifHOCTb.

HETPAH3UTHUBHOCTD I'OJIOCOBAHHMS — onHO U3 CBOMCTB KOJUIEKTUBHOTO
BBIOOpA, COCTOSAIIEE B CYIIECTBOBAHMU Ha0Opa ajbTEpPHATUB, HA KOTOPOM BBIOOD
€MHCTBEHHOU aJbTEepHATUBBI METOJOM TOJIOCOBAHUS CJlieJlaH OBITh HE MOXKET; B
YaCTHOCTH, PE3yJIbTaT BbIOOpA MOXET 3aBUCETh OT IMOCJIEA0BATEIHLHOCTH MPEIb-
SIBJICHUS aJIbTEPHATHUB.

OIITUMAJIbHBIN — Hamnyummii B 3a1aHHEIX ycaoBusX. KauecTBo oneHuBaeTCs
C IOMOIIBIO KPUTEPUS ONTUMAIIBHOCTH, @ YCIOBUS 33Jal0TCSl B BUAE OTPAHUYCHUI
Ha JIOMOJIHUTENbHBIE KpuTepuu. ONTUMH3AIMs — IEHTpajdbHas Uaesl KHOepHeTH-
KH.

[MPUHATUE PEIIEHUS — neneBoit BEIOOp HA MHOXKECTBE ajbTepHATUB. MeTo-
JIbI TIPUHATHS PEUIEHUN pa3HOOOpa3Hbl B 3aBUCUMOCTH OT THIA HEOIPEICICHHO-
CTH M IPYTUX YCIOBUHN BBIOOpA.

[TPOBJIEMA(oT rpeu. "3amaua") — 1) mpobiiema pa3BUTHS — HEYJTOBJICTBOPH-
TEJIbHOE COCTOSTHUE CHUCTEMBbI, I3MEHEHHE KOTOPOTro K JIYUIIEMY SIBISIETCS HEMpO-
CTBIM JieJIoM; 2) mipobiieMa (PyHKIIMOHUPOBAHUSI — YJIOBJIETBOPUTEIIBHOE COCTOSI-
HUE CHUCTEMbI, COXPAaHEHHE KOTOPOT'0 TPEOYET MOCTOSHHBIX U HEMPOCTHIX YCUIIUM
(Hammpumep, mpoOeMa BbKUBAHUS )

[TPOBJIEMATUKA - cruierenue, KiiyOoK mpo0jieM, KOTOpbIe HEpa3phIBHO CBsI3a-
HbI ¢ TpoOJieMoM, mojyiexalieil paspernieHno. HeobXxoauMocTs paccMOTpeHuUs
mpoOIeMaTUKA BMECTO OT/AEIBHON MPOOIEMBbI BHITEKAET U3 TOTO, YTO MPOOIEMO-
coJieprKaillas CUCTEMa camMa COCTOUT M3 IMOJICUCTEM U BXOAUT B HAJICUCTEMY, a
YCTpAaHEHHE TOCTaBJIEHHON MpoOseMbl TpeOyeT yueTra: MOCIEICTBHM IS BCEX
HUX.
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CBOMCTBO — 1) kauecTBo, IIOCTOSIHHO MpHCYIIee 00BeKTy; 2) abCTpaKiys oT-
HOIIICHUSI TAHHOTO OOBEKTa C APYTrUMHU, "CBEPHYTOE OTHOIIEHHE'", MOJEIh OTHO-
HICHUS.

CEMAHTHUKA (ot rpeu. "obGo3HaueHue") — paszaesl CEMUOTHKH, U3y4arolIui
OTHOUIEHUS MEXTY 3HAKAMHU U TEM, YTO OHH 0003HAYAIOT.

CEMUOTHUKA (ot rpeu. "3nak") — Hayka, UCCIEIyIOIIasl 3HAKW U 3HAKOBbIE CHC-
TEMBL.

CUT'HAJI (ot nart. "3HaKku') — MaTepuaIbHBIA HOCUTEh HHPOPMAIIUH.

MOJIEJIb TIPOILIECCOB - omnpeneieHHass MOCIEAOBAaTEIbHOCTh JEHCTBUM,
COTPOBOKIAFOIIIASI K3MEHEHUE COCTOSIHHS TPOTPAMMHOTO OOBEKTOB.

MOJIEJIb COCTOSIHUM — oTo6pakeHHs AMHAMHKHM H3MEHEHHS COCTOSHHS
00BeKTa KJ1acca, KOTOpOe U3MEHSIOT €ro MOBECHUE.

MVIJIbTUMEJJUA (mynbTuMeaua CpecTBa) — KOMIIBIOTEPHBIE CPEJICTBA CO3/1a-
HUS, XpaHEHUsl, 00padOTKU M BOCIPOU3BENECHUA B olU(PpoBaHHOM Bue MH(DOP-
Malliy pa3HbIX TUIOB: TEKCTa, PUCYHKOB, CXeM, TabIuIl, quarpamm, ¢potorpadui,
BUJICO- U ayAHO- (PPAarMEeHTOB U T.II.

MVIJIbTUMEJUA KYPC — 3T0 KOMIUIEKC JJOTHYECKHU CBSI3aHHBIX CTPYKTYPUPO-
BAaHHBIX JUJIAKTUYECKUX EIUHUI, MPEACTABICHHBIX B IU(GPOBOM M aHAIOTOBOU
dbopme, copeprKaiuii Bceé KOMIIOHEHTHI Y4eOHOro npoiiecca. MynbTUMena Kype
SIBJIIETCSI CPEJICTBOM KOMIUIEKCHOTO BO3JICUCTBHS Ha 00YyYaromerocs myTeM coue-
TaHUsl KOHUENTYAJIbHOM, WIUTIOCTPATUBHOM, CIPABOYHOM, TPEHAKEPHOU M KOH-
TPOJIMPYIOLIEH YaCTEM.

HATYPHAS MO/JEJIb — ecTh MaTepHuaibHasi KON 00BEKTa MOAECIUPOBAHUS.
HEITPEPBIBHAS MOJIEJIb — onuchIBaeT MOBEACHUE CUCTEMBI JJII BCEX MO-
MEHTOB BPEMEHHU U3 HEKOTOPOTO MIPOMEKYTKA BPEMEHHU.

OB BEKTHO-OPMEHTUPOBAHHASA MOJEJIb — cTpykTypa U3 COBOKYITHO-
CTH 00BEKTOB, KOTOPBIE B3aUMOJICHCTBYIOT MEXKIY CO00I0, 00J1a/1at0T CBOMCTBAMU
Y TIOBEJICHUEM.

OHTOJIOI'NS] — cOBOKYIHOCTb 3JIEMEHTapHBIX MOHSITUH, TEPMHUHOJIOTUU U Ta-
pagurMbl UX MHTEPIpPETAIMA B Cpele MpoOeMbl, KOTOPYIO Tpedyercs pazpabdo-
TaTh

OTJIAJIKA — nmpoBepka mporpaMmbl Ha HAJIMYUE B HEHM OMMOOK U UX yCTPAaHECHHE
0e3 BHECEHUSI HOBBIX.

ITEPEXO/IHAA XAPAKTEPUCTHUKA 3BEHBEB — no3BoJisieT 1 Ka4eCTBEHHO,
U KOJIMYECTBEHHO XapaKTepH30BaTh ObICTpojelicTBUEe 3BeHbeB U cucTeM. [IEPE-
XOJIH])IPI ITPOLECC moxeT OBITh Kak MOHOTOHHBIM, TaK M KOJICOQTCIBHEIM U
€ro JIMTEIBLHOCTD U SIBJIICTCS KOJUYECTBEHHON XapaKTEPUCTUKOU OBICTPOTHI pe-
aKIIMU 3BEHA Ha MPUKJIAJIbIBAEMbIC K HEMY BO3/ICHCTBUSI.

[TEYHATHBIE MATEPHAJIBI — Buja y4eOHBIX MaTepHalIOB, NPEICTABICHHBIX B
noJIUrpauIecKOM UCTIONHEHNHY (KHUTH, YYeOHUKH, METOTMYECKHUE TIOCOOMS).
[TO3HABATEJIbHAS MO/JIEJIb — ¢dopma opranuzaiuu v npeacTaBiIeHUs 3Ha-
HHM, CPEJICTBO COCIMHEHUSI HOBBIX M CTapbix 3HaHWW. [lo3HaBaTebHAs MOJEb,
KaK MPaBUJIO, TOATOHSAETCS MO/ PEAIbHOCTD U SBJISIETCS TEOPETUUECKON MOJIEIIBIO.
[TOCTPOEHUE MO/IEJIN — cucremHas 3aiaya, TpeOyroliasi aHaiuu3a U CUHTE-
32 UCXOJIHBIX JAHHBIX, TUIOTE3, TEOPUM, 3HaHUI crienraIucTOB. CUCTEMHBIN MO/T-
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XO0J1 MO3BOJISIET HE TOJBKO MOCTPOUTH MOJIENb PEAIbHOW CUCTEMBI, HO U UCIIOJIb30-
BaTh 3Ty MOJIENIb JJIA OLIEHKU (Hampumep, 3PpGhHeKTUBHOCTH YIpaBieHUs, QyHK-
IUOHUPOBAHMUS) CUCTEMBI.

[TPATMATHUYECKASA MOJEJIb — cpencTBo opraHu3aiu MpakTUYeCKUX Jei-
CTBUH, paboyero npeicTaBlIeHUs LieJIel CUCTEMBI JIs ee ynpasieHus. PeanbHoCTh
B HUX MOJTOHSETCS MO HEKOTOPYIO IParMaTuyecKyto MoJieb. JTO, KaK MPaBUIIO,
MPUKJIAJHbIE MOJIEIIH.

ITPOI'PAMMHGBII KOJI — 5T0 KOMIIBIOTEpHAs NPOTrpaMMa, HAITHCAHHAS Ha OII-
PEIEICHHOM SI3bIKE MPOTPAMMUPOBAHUS 110 AITOPUTMY, 33IaHHOMY TeJaroruye-
CKHM M TEXHOJIOTHYECKUM CIICHAPUEM.

CETEBAA MOJIEJIb — wmoaenb, KOTOpas MpeACcTaBUMa HEKOTOPOM CETEBOM
CTPYKTYPOH.

CETEBBIE YUYEBHBIE MATEPUAJIbI — 310 yueOHble MaTepualbl, KOTOpPbIE
BKJIIOYAIOT CETEBBIE BEPCUU MYJIbTUMEIHA KYpPCOB, MaTe€pUalibl, UMEIOIINECS B
HNHTEepHET, SKCIEPUMEHTHI C YAAIEHHBIM JOCTYIIOM U T.II.

CETDb — cOBOKYIHOCTb CPEACTB MEPENAYN U PACTIPEACIICHUS JaHHBIX.
CUHEKTHUKA — meTon reHepupoBaHus albTEPHATUB, OCHOBAaHHBIA Ha JOTaJIKax
[0 aCCOLMAILNK, BOBHUKAIOIIUX B IPYNIE SKCIEPTOB, CIEHIUAIBHO MOATOTOBJIEH-
HBIX JUIsl TIOMCKa aHAJIOTHM, B OCOOCHHOCTH aHAJIOTUN JBUTATEIIbHBIM OIIYIICHHU-
M.

CHUHTE3(ot rpeu. "coeaunenue") — 1) MBICICEHHOE WIH pPEaibHOE COETUHEHUE
yacTel B €UHOE 11eJ10€; 2) METO/] MMOo3HaHUsI, OCHOBaHHbINA Ha 1) [To3Hanue sBis-
€TCsl €IMHCHUEM, COUETAaHUEM aHaIh3a U CUHTE3a.

CUCTEMA — cpenctBo JOCTUXKEHUS 11€JIU; OCHOBHBIE OCOOCHHOCTH CUCTEM: IIe-
JIOCTHOCTh, OTHOCHUTEIbHAsE 000COOJIEHHOCTh OT OKPY’KaloIIeH cpefbl, HaTu4due
CBSA3E€H CO Cpelol, HAIMYME YacTed W CBSI3eM MexAy HUMH (CTPYKTYpUpPOBaH-
HOCTb), TOJAYMHEHHOCTh BCE OpraHU3alii CUCTEMbI HEKOTOPOU LEH.
CHUCTEMA - 3T0 COBOKYITHOCTb 3JIEMEHTOB, HaXOASIIUXCS B OMPEAEIEHHBIX OT-
HOIIICHUSIX APYT C APYTOM U CO CPEIOM.

CHUCTEMA BOJIBIIAS — cucrema, i akTyalu3alyd MOJAEIN KOTOPOUW B Iie-
JISIX YTIpaBJICHUS HEJ0CTAET MaTEPUATBHBIX PECYPCOB (BPEMEHH, EMKOCTH TTaMSITH,
JPYTUX MaT€pUAIIbHBIX CPEACTB MOAEIUPOBAHUA).

CUCTEMA ECTECTBEHHASf — cucrema (T.e. MHOTOKOMITOHEHTHBIN OOBEKT,
o0JiaaroIIvil BCeMU MpU3HAKaMU CUCTEMBI), BOSHUKIIIAS B IPUPOJIC B pe3yJibTaTe
€CTECTBEHHBIX MPOIECCOB.

CUCTEMA NCKYCCTBEHHAS — cucrema, co3gaHHasi 4€JIOBEKOM KakK Cpeji-
CTBO JOCTH>KEHUS MOCTABJICHHOM IIEJIH.

CUCTEMA TIPOBJIEMOPA3PEHIAIOIIIAS - cucrema, obnamaromiasi BO3MOXK-
HOCTSIMHM (pecypcaMu, KOMIIETCHIIMEH U Tp.), HEOOXOAUMBIMU [IJIsi JIMKBUIALIUH
po0IeMBbI; 00sS3aTeNbHBIN YYaCTHUK CUCTEMHOTO aHalln3a; MpoOiieMopa3peniaro-
masi ¥ mpooOJIeMOocCoIepKaIiasi CHCTEMbI MOTYT HE COBIAAATh.

CUCTEMA TIIPOBJIEMOCOIEPXAIIIAS — cucrema, B KOTOpPOMl BO3HHUKJA
npoOema, moaiexaniasi peeHnio; 0OBIYHO ATa CUCTEMA SIBJISIETCS HHUIIMATOPOM
Y 3aKa34YMKOM MPOBECHUS] CUCTEMHOIO aHAJIMN3a.
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CUCTEMA CJIOKHAA — cucrema, Mojaeilb KOTOPOM, HCHOJb3yeMas Ui
YIpPaBJIEHUSI CUCTEMOM, HE aJIEKBAaTHA 3aJJaHHOM LIEH.

CUCTEMA COUUOTEXHMYECKAS — cucrema, B cOCTaBe KOTOPOW UMEIOTCS
JIOJIM U KOJUIEKTUBBI, MHTEPECHl KOTOPBIX CYIIECTBEHHO CBS3aHbI C (YHKIIUOHU-
POBAHHEM CUCTEMBL.

CUCTEMA L[EHHOCTEI\/JI — MJEO0JIOTHYecKass OCHOBa JJISI MOCTAaHOBKH IejieH
COLIMOTEXHUYECKUX CUCTEM; OOBEKT CHCTEMHOI'O aHall3a Ha HTalle BBISABJICHHUS
JEHCTBUTEIHHBIX 1IEJICH JIUII, MPUYACTHBIX K pelaeMoi mpooeme.
CUCTEMHOCTD — 1) obnamanve BceMU MpU3HAKaMHU CHCTEMBI; 2) BceoOIee
CBOMCTBO MaTepuu, popMa ee CyIIeCTBOBAHHUSA, a, CIEAOBATEIHLHO, HEOTHEMIIEMOE
CBOMCTBO YE€JIOBEUECKOM MPAKTUKH, BKIIFOUAsT MBIIICHUE.

CUCTEMHBI AHAJIN3 — 1) ¢ HpaKkTHYECKOH CTOPOHBI CHCTEMHBIH aHAIU3
€CTh CHCTEMa METOJOB HCCIEIOBAaHUS WU MPOEKTUPOBAHUS CIIOKHBIX CHUCTEM,
MOMCKA, IUIAHUPOBAHUS U pealM3allii U3MEHEHUH, MpEeIHA3HAYCHHBIX JJISI JINK-
BUJIALIMU TIPOOIIeM; 2) C METOI0JIOTHYECKON CTOPOHBI CUCTEMHBIN aHAIN3 SIBIISCT-
Cs TMPUKIAAHOW NHAIEKTUKOMN, TaK KaK pealu3yeT WJEU MaTepUaTuCTUUYECKOU
JTUATICKTUKH TPUMEHUTENFHO K KOHKPETHBIM NPAKTUYECKUM 3ajladyaM, OCOOCH-
HOCTh KOTOPBIX COCTOMT B HEOOXOJMMOCTHU BBISICHEHUS MPUYUH UX CJIOXKHOCTH U
YCTPaHEHHs ATUX MPUYUH; 3) C METOJIMYECKON CTOPOHBI CUCTEMHBIN aHaIu3 OT-
JUYAETCAd MEXIUCIHUIUIMHAPHBIM M HAIMCHUIUIMHAPHBIM XapaKTEPOM U BOBIIE-
YeHUEM B paboTy Kak HeOPMaIbHBIX, SBPUCTUYECKUX, IKCIIEPTHBIX METOJIOB, TaK
U ADMIIUPUYECKHUX, IKCIIEPUMEHTAIBHBIX METOJOB, a TaKXKe MPHU BO3ZMOXXHOCTH U
HEO0OXOJIMMOCTH — CTPOTUX (POpPMaJILHBIX MATEMATUUYECKUX METOIOB.
CHUCTEMHBIN ITOJIXO/] — B HacTosiIIee BpeMsl paccMaTpUBaeTCs MO0 Kak OJ1-
Ha U3 paHHUX (OPM CHCTEMHOrO aHayn3a, MO0 Kak HaudajdbHas (pa3za COBpeMEH-
HOTO CMCTEMHOT'0 aHaJIh3a, 3Tall MePBOHAYAIIBHOIO Ka4€CTBEHHOIO aHallu3a Mpo-
0JIEMBI ¥ TOCTAHOBKH 3a1a4.

CUCTEMBI KOMITBIOTEPHOU MATEMATHUKHU — HOBbIE CpelicTBa, aBTOMA-
TU3UPYIONIUE BHITIOTHEHNE KAaK YNCICHHBIX, TAK U AaHAIUTHYECKUX BBIYMCIICHUN.
CJIOBAPbD - cnipaBouHOE U3[aHKE, COAECPIKAILIEE YHOPSATOUYECHHBIN NEPEUYEHb SA3blI-
KOBBIX €JIMHUIL (CJIOB, CJIOBOCOYETAHMM, (hpa3, TEPMUHOB, UMEH, 3HAKOB), CHAO-
YKEHHBIX OTHOCSIIIIUMUCS K HUM CIIPABOYHBIMU JTAaHHBIMH.

CJIOXKHOCTD — cBOWCTBO HEKOTOPOTO sIBJICHUS (0OBEKTa, MPOIEcCca, CUCTEMBI),
BBIpAXkaloIIeecsi B HEOXKUIAHHOCTH, HEMPEACKa3yeMOCTH; HEOOBSICHUMOCTH, CIIY-
YalHOCTH, 'aHTUMHTYUTUBHOCTHU' €ro moBE/ICHUS.

COLMAJIBHAA CUCTEMA — 310 cnoco0 opraHu3aiuu >KM3HU KOJUIEKTHBA
JIIOJIeH, KOTOPBI BO3HUKAET B PE3yJbTaTe B3aUMOJECHCTBUS (COIUATIBHBIX) JEHCT-
BUI MHAMBUJIOB Ha 0a3e JUKTYEMbIX COIIMATIBHBIX POJICH.

COIUAJIBHBI MHCTUTYT — opraHu3oBaHHAs CHCTEMa CBS3¢il M COLHMAIIb-
HBIX HOPM, KOTOpasi OOBbEAMHSIET 3HAYUMbIE OOIIECTBEHHBIC IIEHHOCTH W TPOIle-
JypHbI, YAOBJIETBOPSIONINE OCHOBHBIM MOTPEOHOCTSIM 00IIIECTBA.
CTAHIAAPTHBIE YHMCJIOBBIE ATPUBYTHI (CHA) — crneunanbHble YHCIO-
BbIE XapaKTEPUCTUKH, ncronb3dyembie B GPSS/PC
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CTATUYECKASA MOJEJIb — mopenb, KOTOpasi B OMMCAaHUU MapaMETPOB, HET
BpeMeHHOTro napamerpa. CtaTudyeckass MOJENb B KaKIbIiI MOMEHT BPEMEHH JaeT
auiib "doTorpaduio” cucTemsl, ee cpes.

CTPYKTYPA(oT nar. "crpoeHue") — COBOKYIHOCTh CBSI3€H MEXKIY YacTsIMU
CUCTEMBI.

CTPYKTYPHASA MOJEJIb — Moaens, KoTOpas MpeacTaBUMa CTPYKTYpOU JaH-
HBIX WM CTPYKTYPaMH JIaHHBIX U OTHOIICHUSIMH MEX]Ty HUMHU.

CTPYKTYPHASA CXEMA CUCTEMBbI — KOHCTpYKLIHSI CUCTEMBL; 00bEIUHEHHE
MoJeJiel "UepHOro SMKa", COCTaBa U CTPYKTYPHI.

CYBJ] (DBMS - DataBase Management System) — mporpamMmHas cucTeMma,
oOecrieunBaromniasi oomieHue (MHTEpdEiic) mporpaMM MOJIB30BATEN W TaHHBIX U3
BJI.

C]_IEHAPI/II7I — BooOpaxxaeMasi, HO MPaBIONOA00HAs MOCIEA0BATEILHOCTD JICUCT-
BUI U BBITEKAIOIIUX M3 HUX COOBITUH, KOTOPHIE MOTYT IMPOU3OUTH B OYIyIlEeM C
UCCIIENYEeMON CHUCTEMOM; MOJeib OyAyIIero IMocjie MPUHSATUA PEIICHUs, Mpe.-
CTaBJICHHAS 0 €r0 MPUHATHUS.

THUITOBBIE 3BEHbBA — npocTble MOAEIN 3JIEMEHTOB CIOKHBIX JIMHEWMHBIX CHC-
TEM M JIaK€ CHCTEM B LIEJIOM.

TPAH3AKT — at0 HekoTopoe coobiienue (3asiBka, TpeOOBaHHE Ha 00CITyKHBa-
HUE), KOTOPOE MOCTYMAET U3BHE HA BXOJI CUCTEMBI U MOJICKUT 00paboTKe.
TPEHAYKEPHBIM KOMILJIEKC — AJIEKTPOHHOE Yy4eOHOE U3JJaHuEe, KOTOPOE JaeT
o0yyJaromemMycsi BO3MOXXHOCTbh CaMOCTOSITEIbHO OTpa0OTaTh HAaBBIKM, 3aJaHHBIC
TEOPETUYECKUM MaTepuasioM, OOHApYyX UTh Cjlabble MeCTa B YCBOCHHUU Kypca.
TpeHaxkepHbIil KOMIUIEKC, KaK MpaBUiO, MPEICTaBisieT coOO0H Cepuio BOMPOCOB,
3a/1a4, MPAKTUYECKUX 3aJaHUH, TPEANOJIaraloinX TUIIOBbIE OTBETHI.

YUYEBHUK - yueOHoe wu3naHue, cojiepkallee CHUCTEMAaTUYECKOEe H3JI0KEHUE
y4eOHON JTUCIUIUIMHBI (€€ paslerna, 4acTh), COOTBETCTBYIOIIEE Y4EOHOM Mpo-
rpamMMe 1 O(UIIUATIEHO YTBEPKICHHOE B KAUECTBE JJAHHOTO BUAA U3aHUSI.
D®A30BOE TTPOCTPAHCTBO — 310 cuctema KOOpAWHAT, Kaxaas U3 KOTOPBIX
COOTBETCTBYET Pa3HbIM BEIMYMHAM UHTEHCUBHOCTH OJTHOM "XapaKTEPUCTUKH .
OAKTOPU3ALIUA — 3710 pa3nokeHUE HA MHOMXHUTEIN BBIJEICHHBIX BhIPAYKEHUI
WJIU TIO/IBBIPAXKEHUN OTHOCUTENBHO OJTHOM WM psiia IEPEMEHHBIX.
QJIVKTYAIUS — ciydailHO€ OTKIOHEHUE BEJIMYMHBI, XaAPAKTEPU3YIOIIECH CHC-
TeMy U3 OOJIBIIOTO YUCIIA YaCTHIl, OT CPETHETO 3HAUCHHUS.

OPAKTAJIBHAA MOJEJIb — Moaenb, KOTOpas ONMUCHIBAET 3BOJIIOLIMIO MOJIE-
JUPYEMOU CHCTEMBI dBOTIOIIUEH (hpakTaibHBIX 00bekTOB. Eciu pusnueckuii 00b-
€KT OJIHOPOJHBINA (CIUIONIHOM), T.€. B HEM HET IOJIOCTeH, MOXKHO CUMUTATh, YTO
IJIOTHOCTH HE 3aBUCHUT OT pa3Mepa.

OYHKIIMOHAJIBHAA MOJIEJIb — ecnu oHa mnpeacraBuMa B BUIE CUCTEMBI
KaKHUX- JIN00 (PyHKIMOHAIBHBIX COOTHOUICHHIA.

OYHKIUA BBIBOPA — nambosee oOmias mareMmaTudeckas MOJACIbL BBIOODPA;
OTOOpPa)KEHHE COBOKYITHOCTH MHOXECTB B COBOKYITHOCTh MX TOJIMHOKECTB 0e€3
MORJIEMEHTHOTO OTOOpaKEHUsI OJTHOTO MHOXECTBA Ha JAPYroe u 0€3 0ToOpakeHus
MHOECTB Ha YHCIIOBYIO OCb.
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OYHKIUUA KPUTEPUAJIBHAS — dpynkuusa ot 0003HaueHHs allbTEpHATUB, 3HA-
YEHUs1 KOTOPOH YIOPSAAOYEHBI B TOM XK€ MOPSAIKE, UYTO U NPEANOYTEHUS albTEPHA-
THUB.

OYHKIUMA [TOTEPH — ¢ynkmus, Bbipakaromias MOTepU, KOTOPbIE BBIHYXKJIEH
HECTH MOJIb30BATENb CTATUCTUYECKOTO PEUICHUS, OTIMYAOLIEroCcsl OT UCTUHHOTO
CYKJICHHUSI.

OYHKIMA TTPUHAJJIEXXHOCTU — gyHkuus, XxapakTepusyroias pacruibiBya-
TOE€ MHO>KECTBO U MPUHUMAIOIIAS JJIs1 KaKIO0M aJbTEPHATHBBI 3HAUEHUE U3 UHTEP-
Bana [0,1], BbIpakaromiee CTENEHb MPUHAJIEKHOCTU JTAHHOTO 3JIEMEHTa 3TOMY
pacIUIbIBYUaTOMY MHOXKECTBY.

OYHKINA PEHIAIOIIASA — ¢yskius, oToOpaxkaromas KaXIyl0 BBIOOPKY B
IPOCTPAHCTBO CTATUCTUYECKUX PELICHUMN.

IKAJIBI U3SMEPUTEJIBHBIE — MHO»XkecTBO 0003HaUY€HUH, UCTIOIB3YEMBIX JIJIs
perucTpanym COCTOSHUS HAOII0JaeMOro 00bEKTa; B 3aBUCUMOCTH OT BBEIECHHBIX
OTHOLIEHUI Ha TOM MHOKECTBE, IIKAJIBl PA3JIMYAOTCS 110 UX CUIIE; CHJIa U3MEPU-
TEJbHOM IIKaJIbI TOJIKHA COTJIACOBBIBATHCS C IPUPOJI0I HAOII01a€MOTO SIBJICHHUSL.
OKCITIEPTHBIE METO/IbI — mMeToabl CHCTEMHOTO aHaJIN3a, B KOTOPBIX JJISI BbI-
NOJIHEHUS] T€X WJIM MHBIX He(OpMaJM3yeMbIX ONEepaluil HCIONb3YIOTCS 3HaHUS,
OIBIT, MHTYULIUS, U300pETaTeIbHOCTh, MHTEIJIEKT IKCIEPTOB, CIECLUAIUCTOB B
HY>KHOU 00J1aCcTH.

OMEPJ/UKEHTHOCTDb(oT anrn. "BHe3amHoe mosiBieHue") — 1) 0cOOEHHOCTH
CUCTEM, COCTOSIIIAasi B TOM, YTO CBOMCTBA CHUCTEMBI HE CBOJSTCS K COBOKYIHOCTHU
CBOICTB YacTei, U3 KOTOPBIX OHA COCTOUT, U HE BBIBOASTCS U3 HUX; 2) BHYTPEH-
HSI LETTOCTHOCTh CUCTEM.

OHTPOIIUA (ot rpeu. "npeBpailieHne’) — Mepa HeONpeIeIeHHOCTH CIIy4aitHOro
00BEKTA.

OTHUYECKOE IIOJIE — 310 mone, obecreynBaroliee B3auMOJICHCTBHE YJICHOB
3THOCA U PETYIMPYIOLIEE UX COBMECTHYIO LIEJICHAIIPABIECHHYIO JIESITEIBHOCTb.
DTHOMETOIONOTUS — U3YyYEHNE METOJIOB, KOTOPBIMU JIFOJH CO3JAI0T COLUATbHBIN
HOPAJIOK.

ANPO CUCTEMBI — xonpl MHOXKECTBa 3apaHee OTKOMIMJIMPOBAHHBIX (PYHKITUH
U Ipoueayp, 00ecreynBaroIMX J0CTaTOUHO MPEACTABUTEIbHBI Ha0Op BCTPOEH-
HBIX (QYHKIMI U OMepaTOPOB CUCTEMBI.

SA3BIK [TPOTPAMMUPOBAHUS — sA3bIK, IpeaqHa3sHAYEHHBIN U1 3aIIMCH aJro-
PUTMOB IIPOrPAMM M JIJISl UX MOCJIEAYIONIETO BHIMOTHEHHUS HA KOMIIBIOTEPE.
SA3BIKOBASA MOJEJIb — Moaenb, KOoTopasi MPEACTaBIEHA HEKOTOPBIM JIMH-
I'BUCTUYECKUM OOBEKTOM, (POPMAIM30BAHHON SI3bIKOBOM CHUCTEMOU WIIM CTPYKTY-
poil. MHoraa Takue MoJiesu Ha3bIBalOT BepOaIbHbIMU, CHHTAKCUYECKUMU U T.1I.
SYEWKU — s1eMeHThI st COXpaHEHUs1 HEKOTOpPOl 4YuCIoBOW MHGOPMALMKU B
CUCTEME B CHCTEME. BBIBAIOT AYEHKH COXPAHSEMbBIX BEJIMYMH M MaTpPULBI SYEEK
COXpaHSIEMbIX BEJINYMH.
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[Ipunoxenue 1

I'OCYIAPCTBEHHBIN CTAHIAPT COIO3A CCP

NHPOPMAILIMOHHAA TEXHOJIOI'UA
KoMruieke ctanaapToB Ha aBTOMaTU3UPOBAHHBIE CUCTEMBI. TEXHUUECKOE 3ajaHue
Ha CO3/1aHME aBTOMAaTU3UPOBAHHOU CUCTEMBI

I'OCT 34.602-89

Information technology. Set of standards for automated systems. Technical direc-
tions for developing of automated system

TOCYJIAPCTBEHHBIH CTAHJAPT COIO3A CCP

NHO®OPMAIIMOHHASA TEXHOJIOI'UA

Kommnekc CTaHAapTOB HaA aBTOMATU3HUPOBAHHBIC CHUCTCMBI.

TexHuyeckoe 3ajJjaHie€ Ha CO3/IaHUE aBTOMATU3UPOBAHHOU roct

Information technology. Set of standards for automated
systems. Technical directions for developing of automated
system

JlaTta BBegenus 01.01.90

Hacrosimuii crangapT pacnpocTpaHseTcsl Ha aBTOMaTU3UPOBAHHBIE CUCTEMBbI
(AC) nnsg aBTOMaTU3ALMK PA3IUYHBIX BUAOB JIEATEILHOCTH (YHpPaBICHHUE, TPOCK-
TUPOBAHUE, UCCIEAOBAHKE U T. I1.), BKIIOYAsl UX COYETAHUS, U YCTAHABIUBAET CO-
CTaB, cojJiepKaHue, npaBuiia oopmiieHHs TOoKyMeHTa «TexHuueckoe 3alaHue Ha
co3zlaHue (pa3BUTHE WM MOJEPHU3AIINIO) cucTeMbly (nanee - T3 na AC).

PekomeHyeMblil TOpAIOK pa3padOTKH, COrjacoBaHus U yTBepxkaeHus T3 Ha
AC npuBesieH B npuiioxkenuu 1.

1. OBHIME ITOJIOKEHUA

1.1. T3 na AC sBasieTcss OCHOBHBIM JJOKYMEHTOM, ONPEACIISIIOIUM TpeOoBa-
HUS ¥ TIOPSAJIOK CO3/IaHMs (Pa3BUTHUS WJIM MOJIEPHU3AIMU - J1aJiee CO3/IaHUsI) aBTO-
MaTU3UPOBAHHON CUCTEMBI, B COOTBETCTBUU C KOTOPBHIM MPOBOAMUTCS pa3padoTKa
AC u ee nmpueMKa IIpu BBOJIE B JIEUCTBUE.

1.2. T3 na AC pa3pabaTbhIBalOT Ha CUCTEMY B II€JIOM, TIPEIHA3HAUYCHHYIO IS
pabOThI CAMOCTOSITEIILHO WM B COCTaBE APYTON CUCTEMBI.

JlomomHUTEIHPHO MOTYT OBITH pa3pabotansl T3 Ha yactu AC; Ha TOJICUCTEMBI
AC, xomruiekcel 3a1a4 AC U T. 1. B COOTBETCTBUU C TPEOOBAHUSMHU HACTOSIIIETO
CTaHJapTa; HAa KOMIUICKTYIOIINE CPEJCTBA TEXHUYECKOTO OOECTeYeHHs M Mpo-
IPAMMHO-TEXHUYECKHE KOMIUIEKChl B COOTBETCTBUM cO cTranmapramu ECKJ] u
CPIIIT; va mporpaMMHbIe CpeAcTBa B cOOTBETCTBUM co cTaHmaptamu ECII; Ha
uHpopmanmonnsie uznenus B coorBerctBuu ¢ 'OCT 19.201 u HT/, neiictByto-
el B BenomMcTBe 3akazunka AC.
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[Ilpumeuanue. B T3 na ACY mia rpynnbsl B3aMMOCBSI3aHHBIX OOBEKTOB
ClIelyeT BKJIKYATh TOJIbKO OOILIME /Ui TPYyNIbl 00bEeKTOB TpeboBanus. Cnenudu-
yeckue TpeOOBaHMs OTAEIBHOIO OOBEKTa YIPABICHU CIElyeT OTpaxkaTth B 13 Ha
ACY 3T0ro 00beKTa.

1.3. TpeboBanust k AC B 00beMe, yCTAaHOBIIEHHOM HACTOSIIIIUM CTaHIAPTOM,
MOTYT OBITh BKJIFOUEHBI B 33/IaHHE HA MPOEKTUPOBAHUE BHOBb CO3/IaBAEMOI0 00b-
exTa aproMatusanuu. B atom ciayyae T3 na AC He pa3pabaThIBaloT.

1.4. Bxmoyaembie B T3 Ha AC TpeOoBaHUs JOJDKHBI COOTBETCTBOBAThH CO-
BPEMEHHOMY YpPOBHIO Pa3BUTHUSI HAYKU U TEXHHKU U HE yCTyNaTh aHAJIOTUYHBIM
TpeOOBAHMSIM, TIPEABSIBISIEMBIM K JIYUIIHM COBPEMEHHBIM OTEYECTBEHHBIM U 3a-
pyOEKHBIM aHAJIOTaM.

3anaBaembie B T3 Ha AC TpeboBaHMs HE JOKHBI OTPAHUYUBATH Pa3paboOT-
YUKAa CHCTEMBbl B MOMCKE U peanu3anuu HambOosiee 3(P(PEKTUBHBIX TEXHHUYECKHX,
TEXHUKO-3KOHOMUYECKHUX U JPYTUX PEIICHUM.

1.5. T3 na AC pa3pabaThiBalOT Ha OCHOBAaHUU HCXOJHBIX JAHHBIX, B TOM
YUCJIE COJEpXkAIIUMXCA B HUTOrOBOM JoKyMmeHTauun craaun «HccienoBanue u
obocHoBanue co3aanusi ACy», ycranosnennoit 'OCT 24.601.

1.6. B T3 na AC BKJIIOYAIOT TOJBKO T€ TPEOOBaHUS, KOTOPHIC JOIMOIHIIOT
TpeboBanus k cuctemam nanHoro Buna (ACY, CAIIP, ACHU u 1. n.), conepxa-
mecs B aectByromux HT/I, u onpenenstorest crienidruKol KOHKPETHOTO 00b-
€KTa, AJI1 KOTOPOro CO3/1aeTCs CUCTEMA.

1.7. 3menenus k T3 na AC opopmIISIFOT JOTIOJIHEHUEM WJIU MOANUCAHHBIM
3aKa34YMKOM M pa3pabOTYMKOM MPOTOKOJIOM. J{ONOJIHEHHE WM YKa3aHHBIM IPOTO-
KOJI SIBJIAOTCS HeoThemyeMon yacTbio T3 Ha AC. Ha tutyneHom nucte T3 Ha AC
JI0JIKHA OBITh 3amuch «JlefcTByeT C ... ».

2. COCTAB 1 COAEP) KAHHUE

2.1. T3 Ha AC conepXHT CIEIYIONTUE pa3iebl, KOTOPhIE MOTYT OBITh pasjie-
JICHBI HA TTOAPA3EIIbI:

1) oO1ue cBeACHMUS;

2) .Ha3HAYCHUE U IIeJTU CO3JIaHus (Pa3BUTHS) CUCTEMBI;

3) xapakTepHrCcTHKa 00bEKTOB aBTOMAaTH3AI[1H;

4) TpeOOBaHUS K CUCTEME;

5) cocraB U coaepkaHue padoT MO CO3AAHUIO CHCTEMBI,

6) MOPSIIOK KOHTPOJIS U TIPUEMKH CHCTEMBI;

7) TpeOOBaHHUSA K COCTABY M COJICPIKAHHIO PA0OT IO MOATOTOBKE 00BHEKTA aB-
TOMATHU3aIMH K BBOJY CUCTEMBI B JICCTBUE;

8) TpeboBaHMsI K JOKYMECHTHPOBAHUIO;

9) MCTOYHUKHU pa3pabOTKH.

B T3 na AC MOryT BKJIFOHAThCS IPHIIOKEHMS.

2.2. B 3aBUCMMOCTH OT BHJa, Ha3HA4YCHUs, CIeM(PUUECKUX OCOOECHHOCTEH
00bEKTa aBTOMATHU3alUM U YCJIOBUN (YHKIIMOHUPOBAHUS CHUCTEMbI JOIMYCKaETCs
ohopmIsITh pazaeiibl T3 B BUjE NPUIT0KEHUN, BBOAUTh JOTOJIHUTEIbHBIC, UCKITIO-
4aTh WK O0BEIUHATE ToApa3aeisl T3.
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B T3 Ha wactu cucTeMbl HE BKIIFOYAIOT Pa3eiibl, IyOIHPYIONUE CONCPKAHNE
pazaenoB T3 Ha AC B 1iesioM.

2.3. B paznene «OO1ue cBeACHUS» YKa3bIBAIOT:

1) mosHOE€ HAMMEHOBAHHUE CHCTEMBI U €€ YCJIOBHOE 0003HAUCHUE;

2) mmdp Tembl win mudp (HoMep) J0roBopa;

3) HauMEHOBaHUE MPEANPHUATHIA (00bEAMHEHNI) pa3padOTUYMKa U 3aKa3uhKa
(monp30BaTeisl) CUCTEMBI U UX PEKBU3UTHI;

4) mepedeHb JOKYMEHTOB, Ha OCHOBAaHUHU KOTOPBIX CO3/IAETCS CHCTEMa, KeM 1
KOT/Ia YTBEP>KJICHBI 3TH IOKYMEHTHI,

5) maHOBBIE CPOKM Hayala, 1 OKOHYaHHS PabOTHI 10 CO3JJAHUIO CUCTEMEI,

6) cBeneHus 00 UCTOYHHUKAX W MOPSAKE PUHAHCUPOBAHUS padoT;

7) mopsiiox oopMIICHUST U TIPEABSIBICHUS 3aKa34UKy Pe3yJIbTaToOB padoT 110
CO3/IJaHUI0 CHUCTEMBbI (€€ YacTeil), MO0 H3rOTOBJICHUIO U HaJAJIKe OTIEIbHBIX
CpelICTB (TEXHUYECKUX, MPOTPaMMHBIX, WH(GOPMAIIMOHHBIX) W MPOrpaMMHO-
TEXHUYECKHUX (MMPOTPAMMHO-METOIMYECKUX ) KOMIUJIEKCOB CUCTEMBI.

2.4. Paznen «Ha3nauenue u 1enu co3mpanusi (pa3BUTUS) CUCTEMBDY COCTOUT
U3 NOJIpa3/elioB:

1) Ha3HAYEHUE CUCTEMBI;

2) 1eJH CO3/IaHUs CHCTEMBI.

2.4.1. B noapasnene «HazHaueHHe CUCTEMbl» yKa3bIBAIOT BHUJI aBTOMATHU3U-
pyeMoil iesITebHOCTH (yIpaBlieHUEe, TPOCKTUPOBAHUE U T.I1.) U NMEPEUCHb 00BEK-
TOB aBTOMaTHU3aIuu (00BEKTOB), HA KOTOPHIX MPEAMOJIAraeTCs €€ UCI0JIb30BaTh.

Jnsa ACY NONOTHUTENBHO YKa3bIBAIOT MEPEYEHb aBTOMAaTU3UPYEMBIX Opra-
HOB (IIYHKTOB) YIIPABJICHUS U YIIPABISEMbIX 00bEKTOB.

2.4.2. B moapasnene «Llean co3manus CHCTEMbD» MMPUBOAAT HAUMECHOBAHUS U
TpeOyeMble 3HAYCHHUS] TEXHHYCCKHX, TEXHOJOTHYECKUX, IPOU3BOJICTBEHHO-
PKOHOMHUYECKUX WJIM JIPYTUX T[OKa3aTelel 0O0beKTa aBTOMATHU3aIluU, KOTOPHIC
JOJDKHBI OBITH JOCTUTHYTHI B pe3yibTaTe co3fgaHus AC, U yKa3bIBalOT KpUTEPUHU
OIICHKH JOCTHKEHUS 1eJIei CO31aHMs CUCTEMBI.

2.5. B paznene «XapakTepuCTUKUA 00bEKTa aBTOMATH3AIIMN» TPUBO/IST:

1) kpaTkue cBefeHUs 00 00BEKTE aBTOMATH3AIMK WIIM CCHUIKA Ha JOKYMEH-
ThI, COZIEpIKaIlle TaKylo WH(popMaIuio;

2) cBeneHHUs 00 YCIIOBHSX IKCIUTyaTallid 0ObEKTa aBTOMATH3allMd U Xapak-
TEPUCTHUKAX OKPYKAKOLIEN CPELBI.

[Tpumeuanue. Jna CAIIP B pasnene AONOJHUTEIBHO MPUBOIAT
OCHOBHBIE TTapaMeTPhl U XapaKTEPUCTUKH OOBEKTOB MTPOCKTUPOBAHMS.

2.6. Paznen «TpeboBaHUsI K CUCTEME» COCTOUT W3 CJICAYIOIIMX MOIPa3/IeNIOB:

1) TpeboBaHuUs K CUCTEME B LIEIIOM;

2) TpeOoBaHMs K PYHKIMIM (3a/1a4aM ), BBIMOIHICMBIM CUCTEMOM;

3) TpeboBaHMs K BUIAM OO€CIICUCHHUS.

CocraB TpeOoBaHUI K CHCTEME, BKIIFOYaeMbIX B JaHHBINA pazgen 13 Ha AC,
YCTaHABJIMBAIOT B 3aBUCUMOCTH OT BHJa, HA3HAUCHUS, CHEIU(UUECKHX OCOOCH-
HOCTEW ¥ yCJIOBHM (PYHKIIMOHHUPOBAHMSI KOHKPETHOW CHUCTEMBI. B KakIoMm moj-
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paszzierne mpUBOIAT CChUTKHM Ha AeiicTByronue HT/I, onpenensrone TpedoBaHus K
CUCTEMaM COOTBETCTBYIOIIETO BUA.

2.6.1. B moapaznene « TpeGoBaHMS K CUCTEME B 1IEJIOM» YKa3bIBAIOT:

TpeOOBaHMS K CTPYKTYpe W (PYHKIMOHUPOBAHHUIO CHUCTEMbI; TPEOOBaHUS K
YUCJICHHOCTU U KBAIU(DHUKAIIUY [TEPCOHAIA CUCTEMBI U PEKUMY €0 pabOThI;

MoKa3aTesld Ha3HAYCHUS,

TpeOOBaHMS K HAJIC)KHOCTH;

TpeboBaHwMs 0€30MMACHOCTH;

TpeOOBaHMSI K )PTOHOMHKE M TEXHUYECKON ICTETHKE;

TpeOOBaHUS K TPaHCIOPTAOENbHOCTH I MOABKHBIX AC;

TpeOOBaHMS K JKCIUTyaTallud, TEXHUYECKOMY OOCITY)KHBAaHUIO, PEMOHTY U
XPaHEHUIO KOMITIOHEHTOB CHCTEMBI;

TpeOOBaHMSI K 3aUTe HHGOPMAITMH OT HECAHKITMOHUPOBAHHOTO JIOCTYTIA;

TpeOOBaHMs M0 COXPAHHOCTH MH(OpPMAIMU MpU aBapusx TpeOOBaHUA K 3a-
IIUTE OT BIUSHUS BHEIIHUX BO3/ICHCTBUU;

TpeOOBaHMSI K TATEHTHOM YHCTOTE;

TpeOOBaHMsI IO CTAaHAAPTU3AIMU U YHUDUKAIIWY;

JIOTIOJTHUTEJIbHBIE TPEOOBAHMUS.

2.6.1.1. B tpeboBaHMIX K CTPYKType U (HYHKIHMOHUPOBAHUIO CUCTEMBI TIPU-
BOJIAT:

1) mepedeHb MOJACUCTEM, MX Ha3HAYCHHE U OCHOBHBIC XapaKTCPUCTUKH, TPE-
OOBaHMS K YHCITY YPOBHEH UEPAPXUU M CTEIICHU IICHTPATN3AINHN CHCTEMBI;

2) TpeOOBaHMS K CIIOCO0aM M CPEICTBAM CBSI3U JUIA MH(GOPMAIMOHHOTO 00-
MEHa MEXIy KOMIIOHEHTaMU CHCTEMBI;

3) TpeOoOBaHuUs K XapaKTEPUCTHUKAM B3aHMOCBSI3EH CO3/1aBaEMOM CHCTEMBI CO
CMEXHBIMH CUCTEMaMH, TPEOOBAHMS K €€ COBMECTUMOCTH, B TOM YHCIIC YKa3aHHSI
0 crmocobax obmeHa mH(poOpMaIMeil (aBTOMAaTHYECKH, MEPEChUIKON JTOKYMEHTOB,
o tenedoHy u T. 11.);

4) TpeOOBaHUS K pekMaM (PYHKIIMOHUPOBAHUS CHCTEMBI;

5) TpeOoBaHMsI 11O JUATHOCTUPOBAHHUIO CUCTEMBI,

6) mepCcreKTUBBI pa3BUTHS, MOJICPHU3AIINN CHCTEMBI.

2.6.1.2. B TpeboBaHMsSIX K UYMCIECHHOCTH W KBanmupukamuu nepcoHania AC
PUBOJISIT:

TpeOOBaHUSI K YMCIICHHOCTH NiepcoHana (mosas3oBateneit) AC;

TpeOOBaHMS K KBAIM(HUKAIIUU TTEPCOHAIA, MTOPSIAKY €T0 MOATOTOBKH M KOH-
TPOJI 3HAHUU U HABBIKOB;

TpeOyeMbIil pexxuM padboTel nepconana AC.

2.6.1.3. B tpeboBanusx Kk nokazateisiM HazHaueHUs: AC NpUBOAAT 3HAUEHUS
napaMeTpoB, XapaKTEPU3YIOIINE CTENEeHb COOTBETCTBUS CHUCTEMBI MO Ha3Haue-
HHUIO.
Tt ACY yka3sIBaroT:

CTETEeHb MPUCIIOCOOIIEMOCTH CUCTEMBI K M3MEHEHUIO TIPOLIECCOB U METO0B
YIPABJICHHUS], K OTKJIOHEHHUSIM MTapaMeTPOB 00HEKTA yIPABICHHUS;.
JIOTTYCTUMBIE TIPEIeTTbI MOJCPHHU3AIIUN U PA3BUTHS CUCTEMBI;
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BEPOATHOCTHO-BPEMEHHBIE XapaKTEPUCTUKU, IIPU KOTOPBIX COXpaHsIETCs Iie-
JIEBOE HA3HAYEHUE CUCTEMBI.

2.6.1.4. B TpeGoBaHMs K HAIE)KHOCTH BKIIIOYAOT:

1) cocTaB U KOJMYECTBECHHBIC 3HAUCHUS MMOKA3aTeJIeH HAICHKHOCTH I CUC-
TEMBI B IIEJIOM WJIM €€ MOJCUCTEM;

2) TiepeveHb aBapUHUHBIX CUTYAIlUi, IO KOTOPBIM JIOJIXKHBI ObITh PErjaMeHTH-
pPOBaHbI TPEOOBAHUS K HAJICKHOCTH, U 3HAUYCHUS COOTBETCTBYIOIINX MMOKA3aTeNeH;

3) TpeOoBaHUs K HAJICKHOCTH TEXHUYECKUX CPEJCTB M MPOTPAMMHOTO o0ec-
MECYCHUS;

4) TpeOOBaHMS K METOJaM OLEHKH W KOHTPOJIS ITOKa3aTesIel HAJIeKHOCTH Ha
pa3HBIX CTAIUSX CO3JAHMSI CUCTEMBI B COOTBETCTBHM C JECHCTBYIOIIMMH HOpMa-
TUBHO-TEXHUYECCKUMU JOKYMECHTAMH.

2.6.1.5. B TpeboBanus mo 06e30MacHOCTH BKJIIOYAIOT TpeOOoBaHUS 1Mo obecrie-
YeHUI0 0€30MacHOCTH MPU MOHTaXKe, HalaJKe, IKCIUTyaTallui, 00CITy>KUBAaHUU U
PEMOHTE TEXHUUYECKUX CPEICTB CUCTEMBI (3alllUTa OT BO3JIEUCTBUMN JIEKTPUUECKO-
ro TOKa, PJICKTPOMArHUTHBIX MOJIeH, aQOTHYECKUX IIYMOB U T. II.), TIO JOMYCTHU-
MBIM YPOBHSIM OCBEIIEHHOCTH, BUOPAITMOHHBIX U IIIYMOBBIX HArpy30K.

2.6.1.6. B TpeGoBaHus 1O H’PrOHOMHUKE U TEXHUYECKOM ICTETUKE BKIIOUYAIOT
nokazarenu AC, 3aaam1re Heo0X0IMMOE KaueCTBO B3aUMOJICHCTBUS YEJIOBEKA C
MaIIMHON U KOM(POPTHOCTH YCIOBUHN pabOTHI IEpCOHAIA.

2.6.1.7. JIns momBmwxkubIX AC B TpeOOBaHUS K TPAHCTIOPTAOCIBHOCTH BKITIO-
YarOT KOHCTPYKTHBHBIE TpeOOBaHMs, OOECIEUMBAIONINE TPAHCIOPTAOEIBHOCTD
TEXHUUYECKUX CPEJICTB CHCTEMBI, a Tak)Ke TPeOOBaHUS K TPAHCIIOPTHBIM CPENCT-
BaM.

2.6.1.8. B TpeboBaHMs K 3KCIUTyaTallid, TEXHUYECKOMY OOCITY)KUBaHUIO, pe-
MOHTY ¥ XPaHEHHUIO BKJIFOYAIOT:

1) ycnoBus U periaMeHT (PeXKM) SKCIUTyaTalut, KOTOphIe JOJDKHBI o0ecre-
YUBATh UCIOJb30BaHUE TexHUUecKux cpelactB (TC) cucteMsl ¢ 3alaHHBIMU TEX-
HUYECKUMH TMMOKA3aTEISIMU, B TOM YHUCJIE BUABI U MIEPUOJUIHOCTh OOCITYKUBAHUS
TC cucreMbl WK JOMYCTUMOCTb PabOThI 0€3 00CITyKUBaHUS,

2) mpeaBapUTeIbHbIC TPEOOBAHMS K JOMYCTUMBIM IUIOIIAISM IS pa3Melie-
Hus nepconana 1 TC cucreMsl, K mapamMeTpam ceTei SHEpProcHa0XKeHUs U T. I1.;

3) TpeOoBaHMs MO KOJIUYCCTBY, KBATM(UKAIIUK 0OCTYKMBAOIIIETO MEPCOHA-
Ja ¥ pexxuMaM ero padboTsl;

4) TpeOOBaHUs K COCTaBy, Pa3MEINCHUIO U YCIOBHSIM XPAaHEHUS KOMILICKTA
3aracHbIX U3JIEUN U IPUOOPOB;

5) TpeboBaHHMs K periiaMeHTy 00CTyKUBAHUS.

2.6.1.9. B tpeboBanus k 3amure MHGPOPMALMK OT HECAHKIMOHUPOBAHHOIO
JOCTYyTa BKJIIOYAIOT TpeboBaHus, ycraHosieHHble B HT/I, nelicTBytomieit B oTpac-
7 (BEIOMCTBE) 3aKa34yHuKa.

2.6.1.10. B TpeboBaHuUsAX MO COXPAHHOCTH WH(OPMAITUU MPUBOISAT MEPEUCHb
COOBITHI: aBapuii, OTKA30B TEXHUYECKHX CPEJICTB (B TOM YHUCIE - TIOTEps NUTa-
HUS) U T. 1., TPU KOTOPBIX JOJKHA OBITh 0OeCriedeHa COXpaHHOCTh HH(POpPMAaIIUU
B CHUCTEME.
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2.6.1.11. B TpebGoBaHMsIX K CpeICTBaM 3allUThl OT BHEIIHUX BO3JACHUCTBUU
MPUBOJISIT:

1) TpeGoBaHuUs K PAIHOAIEKTPOHHON 3armTe cpeacts AC;

2) TpeOOBaHUS IO CTOMKOCTH, YCTOMYMBOCTH M MPOYHOCTH K BHEUTHHM BO3-
JEeUCTBUSM (cpesie TPUMEHEHHUS).

2.6.1.12. B TpebGoBaHMSIX 1O TATCHTHOM YHCTOTE YKa3bIBAIOT IIepEUYCHBb
CTpaH, B OTHOIIEHHUU KOTOPBIX JIOJDKHA OBITH OOecreueHa MaTeHTHas YUCTOTa
CHUCTEMBI U €€ 4acTel.

2.6.1.13. B TpeboBaHus K CTaHAAPTU3ALMN U YHU(PUKALIUY BKIIIOYAIOT:

MOKa3aTelld, YCTaHABIMUBAIOIINE TPEOyeMyI0 CTETICHb HUCIIOIh30BAaHUS CTaH-
TApTHHIX, YHU(PUIIUPOBAHHBIX METOMIOB peanu3anuu (PpyHKIUH (3a1a4) CUCTEMBI,
MOCTABJISIEMBIX MPOTPAMMHBIX CPEACTB, THUIMOBBIX MaTEMaTHUYECKHX METOJOB H
MOJIEJICH, TUTIOBBIX MPOCKTHBIX pEIICHUH, YHHPUITUPOBAHHBIX (HOPM yIIpaBiIeHYe-
ckux AokymeHToB, ycTaHoBJaeHHBIX ['OCT 6.10.1, obmiecoro3HbIX Kiaaccu(ukaTo-
POB TEXHUKO-KOHOMUYECKOW MH(OpMAIUU U KJIACCUPUKATOPOB JIPYTUX KaTEro-
puil B COOTBETCTBUU € 00JACThIO UX MPUMEHEHHUS, TPeOOBaHUS K UCTIOIb30BAHUIO
TUIIOBBIX aBTOMATHU3UPOBAHHBIX pa0OUYUX MECT, KOMIIOHEHTOB U KOMILIEKCOB.

2.6.1.14. B nonoHUTENBHBIE TPeOOBAHUS BKIIOYAIOT:

1) TpeOoBaHMs K OCHALICHUIO CHCTEMBI YCTPOWCTBAMH Il OOyUEHUS MepCco-
Haja (TpeHakepaMu, JIPYrUMU YCTPOMCTBAMHU aHAJIIOTMYHOTO HA3HAYEHUS) U JI0-
KYMEHTAIMEN HA HUX;

2) TpeOOBaHUs K CEpPBHUCHOM ammapaTtype, CTCHIaM IS IPOBEPKHU JIEMEHTOB
CHUCTEMBI,

3) TpeboBaHMs K CHCTEME, CBSI3aHHBIC C 0COOBIMHU YCIOBHSIMH SKCILTyaTaIlHH;

4) crierualibHbIe TPEOOBAHMS IO YCMOTPEHHIO Pa3pabOTUMKa WM 3aKa34uHKa
CUCTEMBI.

2.6.2. B moapaznene «Tpeboanus K GyHKIMSIM (3a/a4aM)», BBITTOTHIEMbIM
CHUCTEMOM, TPUBOJIAT:

1) mo ka0 MoJCKCTEME TIepeueHb (BYHKIINM, 3a1a4 WIIH UX KOMILJICKCOB (B
TOM YHCJIe 00€CTIeUMBAIONINX B3aWMOJCHCTBUE YacTe CHCTEMBbI), MOJJISKAIINX
aBTOMATHU3AIINH;

IpU CO3JaHUM CUCTEMBI B JBE WU OoJjiee odepenu - nepedyeHb (HyHKIIMO-
HaJBHBIX MOACHUCTEM, OTIEIBHBIX (DYHKIIMI WM 3a7ad, BBOAUMBIX B JICHCTBUE B
1-# 1 moceAyIONIUX OUepesx;

2) BPEMEHHOM perjaMeHT pealin3allii KaKIoW (YHKIWH, 3a1a9u (M KOM-
TJIeKca 3ajay);

3) TpebOBaHUs K Ka4eCTBY pealln3alvK KaXKa0Hi (QYHKIHMH (3371241 KA KOM-
IieKca 3a7a4), K popme npeacTaBiaeHus: BHIXOJIHOM MHPOpPMaALIUU, XapaKTePUCTU-
KM HEOOXOJIMMOW TOYHOCTH M BPEMEHHU BBINIOJHEHUS, TPEOOBAHUS OTHOBPEMEH-
HOCTH BBITTOJTHEHUS TPYNIBI (DYHKIIHI, TOCTOBEPHOCTH BBIIaYU PE3yJIbTATOB;

4) mepeveHb U KPUTEPUU OTKA30B IS KaKI0W (QYHKIMH, TI0 KOTOPOH 3a1a-
I0TCSI TPEOOBAHUS TIO HAJIEKHOCTH.

2.6.3. B moapasznene «TpeboBanms kK BuaaM 00eCTICUCHUS» B 3aBUCHMOCTH OT
BUJIa CUCTEMBI MPUBOAT TPEOOBAHMS K MaTEMaTHYECKOMY, HHGOPMAIIMOHHOMY,
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JUHTBUCTUYECKOMY, MPOTPAMMHOMY, TEXHHYECKOMY, METPOJIOTHYECKOMY, Opra-
HU3ALIMOHHOMY, METOJJUYECKOMY U IPYTUM BUJIaM 00€CTI€UEeHUS CUCTEMBI.

2.6.3.1. Jlnsg maTemMaTH4ecKoro oOecredeHuss CUCTEMBbI MPUBOIAT TpeOoBa-
HUS K COCTaBy, 00JacTH IpUMEHEHUs (OrpaHUYeHHs) U Crioco0aM HUCTOIb30BaHUS
B CHCTEME MaTEMaTHYECKUX METOJOB M MOJIEJECH, TUMOBBIX aITOPUTMOB U aJro-
PUTMOB, IOJJISKAIIMUX pa3paboTKe.

2.6.3.2. JIna naDOpMallMOHHOTO OOeCIeUeHUs CUCTEMbl MPUBETAT TpeOoBa-
HUSL:

1) k cocTaBy, CTPYKTYpe U crioco0am OpraHu3aliy JAHHBIX B CUCTEMC;

2) x "H(GOPMAITMOHHOMY OOMEHY MEX/Ty KOMIIOHEHTAMH CHUCTEMEI,

3) x nHGOPMAITMOHHONH COBMECTHUMOCTH CO CMEKHBIMH CHCTEMaMU;

4) 1O WCIOJL30BAaHHUIO OOIIECOIO3HBIX W 3apETHCTPHUPOBAHHBIX PECITYOIIH-
KaHCKUX, OTPACIEBBIX KJIAaCCH(PUKATOPOB, YHU(MUIIMPOBAHHBIX TOKYMEHTOB W
KJIaCCU(PUKATOPOB, ACHUCTBYIOIINX HA JAHHOM MPEINPUSTUY;

5) Mo NMPUMEHEHHUIO CUCTEM YITpaBlIcHHs 0a3aMH JTaHHBIX;

6) k cTpyKType mpoliecca coopa, 00pabOTKH, Iepeaun JaHHBIX B CHCTEME H.
MPE/ICTABJICHUIO JTAHHBIX;

7) K 3allUTEe JAHHBIX OT Pa3pyLICHUN MPHU aBapusaX U cOOSIX B 3JCKTPOIHTA-
HUU CUCTEMBI,

8) K KOHTPOJTIO, XPaHCHHIO, OOHOBJICHHUIO U BOCCTAHOBJICHUIO JTAHHBIX;

9) k mporeaype NpUAaHUS IOPUIMYSCKON CHIIBI JOKYMEHTaM, POAYIIUpPYe-
MbIM TexHuueckuMu cpenctBamMu AC (B cootBetctBum ¢ [OCT 6.10.4).

2.6.3.3. JIyis1 TMHTBHCTHYECKOTO 00ECTICUeHUs CHUCTEMBI TPHUBOIAT TpeOOBa-
HUS K TPUMCHEHHUIO B CHCTEME S3BIKOB NMPOTPAMMHUPOBAHUS BBICOKOTO YPOBHSI,
SI3BIKOB B3aMMOJICUCTBHS TIOJIb30BATEICH M TEXHUYECKHX CPEACTB CHUCTEMBI, a
Tak)ke TpeOOBaHUS K KOJUPOBAHUIO M ACKOAMPOBAHUIO JAaHHBIX, K S3bIKaM BBOJIA-
BBIBOJIA JIAHHBIX, S3bIKAM MAHUITYJIMPOBAHUS JAHHBIMH, CPEJCTBAM OIHMCAHUS
npeaMeTHON 00macTu (00BEeKTa aBTOMATH3aIMK), K CIIOCO0aM OpraHHM3alliM JHa-
jora.

2.6.3.4. JIlns mporpaMMHOT0 0OECIIEUeHUsI CUCTEMbI TIPUBOAAT TMIEPEUYCHB T10-
KYITHBIX POTPAMMHBIX CPEJICTB, a TAK)KE TPEOOBAHMUS:

1) kK HE3aBUCUMOCTH MPOrPAMMHBIX CPEIACTB OT Mcnoiab3yeMbix CBT u ome-
PAILMOHHOM CpEJIbI;

2) K Ka4eCTBY NMPOTPaMMHBIX CPEJICTB, a TAKXKE K CIIOCO0aM ero ooecreyeHus
U KOHTPOJIS;

3) Mo HEOOXOJUMOCTH COTJIACOBaHMSI BHOBBL pa3pabaThIBAEMBIX MPOTPaMM-
HBIX CPEJICTB ¢ (POHIOM aJITOPUTMOB U TIPOTPAMM.

2.6.3.5. [Iyis TeXHUYECKOro 00eCIeueHHs] CUCTEMbI TPUBOJIAT TPEOOBAHUS:

1) K BHJIaM TEXHHYECKUX CPEJCTB, B TOM YKCJIC K BHJaM KOMIUJICKCOB TEXHHU-
YECKUX CPEJCTB, MPOTPAMMHO-TEXHUYECKUX KOMIUIEKCOB U JPYTHX KOMIUICK-
TYIOIIUX U3CIIHMA, JOMYCTUMBIX K UCTIOJIb30BAHUIO B CUCTEME;

2) K (GYHKIMOHAIBHBIM, KOHCTPYKTHBHBIM M SKCIUTyaTallHOHHBIM XapakTe-
PUCTUKAM CPEJICTB TEXHHUECKOTO 00ECIICYCHUSI CUCTEMBI.

2.6.3.6. B TpeboBaHUAX K METPOJIOTHUECKOMY 00€CTICUEHUIO MPUBOJISAT:

1) npeaBapUTEIBHBIN TIEPEUCHD H3MEPUTETHHBIX KaHAJIOB;
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2) TpeOOBaHUsI K TOYHOCTH M3MEPEHHI MapaMeTpoB U (WJIH) K METPOJIOTHYe-
CKHUM XapaKTEePUCTHUKAM U3MEPUTEIbHBIX KAaHAJIOB;

3) TpeOOBaHMS K METPOJIOTHYECKON COBMECTUMOCTH TEXHMYECKHX CPEICTB
CUCTEMBI;

4) mepeveHb YIPABIAIONIMX ¥ BBIYACIUTEIBHBIX KaHAJIOB CUCTEMBI, JUISI KO-
TOPBIX HEOOXOIUMO OLIEHUBATh TOYHOCTHBIC XapaKTEPUCTHUKHU;

5) TpeOoBaHHMS K METPOJOTHYECKOMY OOCCIICYCHHIO TEXHUYECKUX W TIPO-
TPaMMHBIX CpEJICTB, BXOJSAIIMX B COCTaB HU3MEPUTENbHBIX KaHAJOB CHUCTEMBI,
CPEICTB BCTPOCHHOT'O KOHTPOJISl, METPOJOTHYECKONW MPUTOTHOCTH H3MEPUTEIb-
HBIX KaHAJIOB U CPEJCTB U3MEPEHUMN, UCIIONB3YyEMbIX NP HANAIKE U UCIIBITAHUAX
CHUCTEMBI;

6) BHI METPOJOTHMUYECKOW aTTecTaluu (TOCYIapCTBEHHAs! WM BEIOMCTBCH-
Has) C yKa3aHHWeM TOpsAKa €€ BBIOJHEHUS W OpraHu3alui, MPOBOISIIUX aTTe-
CTALUIO.

2.6.3.7. [l opraHu3aIiiioOHHOTO 00eCrieueHUs MPUBOIST TPeOOBAHMS:

1) K CTpyKType ¥ (PYHKIUAM MOApa3ACICHUN, YIaCTBYIOIIUX B (DYHKIIMOHH-
POBaHMM CUCTEMBI WM 00ECTIEUMBAIOUINX IKCIUTYaTalHIO;

2) K opranu3aiyy QyHKIIMOHUPOBAHHS CUCTEMBbI U TIOPSIKY B3aUMOICHCTBHS
nepconana AC u nepcoHasia 00beKTa aBTOMAaTHU3AlINN;

3) K 3ammTe OT OIUOOYHBIX JCHCTBHIA TIEPCOHANIA CUCTEMBI.

2.6.3.8. Ins meroamueckoro obecneuenuss CAIIP mpuBoast tpeboBanus K
COCTaBy HOPMATHUBHO-TEXHMYECKOH JOKYMEHTAIIMH CHCTEMBI (IIepeueHb MpHhMe-
HSIEMBIX TIpU €€ PYHKIIMOHUPOBAHUN CTaH/IaPTOB, HOPMATHUBOB, METOJIMK H T. II.).

2.7. Paznen «CoctaB u copepkanne paboT MO CO3MaHUI0 (Pa3BUTHIO) CHUCTE-
MBD» JTOJKEH COJIePKaTh MepeUeHb CTaauil M STAaloB paboOT MO CO3AAHUIO CHCTEMBI
B cootrBeTcTBUU ¢ ['OCT 24.601, cpokyu WX BBHIMOJTHEHUS, TIEPEUEHb OpraHU3aInii-
UCIIOJTHUTEINIEH paboT, CChUIKM Ha JOKYMEHTBI, IOATBEPKIAIOIINE COTJIacHe 3TUX
OpraHu3allii Ha y4yacTUe B CO3/IaHUU CHCTEMbI, WJIH 3aIIUCh, ONPEACIISAIONIYIO OT-
BETCTBEHHOTO (3aKa3uMK WM pa3pabOoTUYMK) 3a MIPOBEACHHUE ITUX padoT.

B nanHom paszerne Takke MpUuBOIST:

1) nepeuens gokymentoB, o ['OCT 34.201, npeabsBiasieMbIX M0 OKOHYaAHHH
COOTBETCTBYIOLIMX CTAJUI U 3TAanoB padoT;

2) BUI W TIOPSJOK MPOBEACHUS KCIEPTH3bl TEXHHUYCCKON JTOKYMEHTAIUH,
(cramus, sTamn, 00beM IPOBEPAEMON JOKYMEHTAIIMH, OPTaHU3aUs-3KCIEePT);

3) mporpammy pa0oT, HaIlpaBJICHHBIX HAa OOECleYeHuEe TPeOyeMOoro ypoBHS
HAJIe)KHOCTU pa3padbaTbiBaeMOe CUCTEMBI (ITPpU HEOOXOAMMOCTH);

4) nepedyeHb padOT MO METPOJOTHYECKOMY OOECIICUCHHUIO Ha BCEX CTaIMsX
CO3/IaHUsI CHUCTEMBl C YKa3aHHEM WX CPOKOB BBITIONHEHHUS W OpraHU3aIuH-
UCIIOJIHUTENEHN (TPU HEOOXOAMMOCTH).

2.8. B paznene «Ilopsiiok KOHTPOJIS U IPUEMKH CUCTEMBD» YKa3bIBAIOT:

1) BumbI, coctaB, 00bEM M METOJIbI MCIBITAHUNA CHCTEMBI U €€ COCTaBHBIX
yacTed (BUAbI UCTIBITAHUI B COOTBETCTBUU C JECUCTBYIOIIMMH HOPMaMH, paclpo-
CTPaHSIOLIMMUCS Ha pa3pabaThIBAEMYIO CUCTEMY);
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2) oburue TpeObOBaHUs K MpUEeMKe paboT MO CTaausIM (ITepeueHb y4acTBYIO-
IIMX MPEANPUATHI U OpraHu3aluil, MECTO U CPOKHU IIPOBEIEHUS), MOPSI0K COIJIa-
COBAHHUS U YTBEPKICHUS IPUEMOYHON JOKYMEHTALIHH;

3) craTyc mMpUEeMOYHON KOMHUCCHU (TOCYIapCTBEHHAs, MEXBEIOMCTBEHHAs,
BEJIOMCTBEHHas).

2.9. B paznene «TpeboBaHus K COCTaBy M COACPKaHUIO PabOT MO MOATOTOB-
K€ 00BEKTa aBTOMATH3allMU K BBOJY CUCTEMBI B JEHCTBUE» HEOOXOAMMO MPUBEC-
THU TIEpPEUEHb OCHOBHBIX MEPOIPHUSATHI U UX UCIIOJHUTENEH, KOTOPBIE CIIEAYET BbI-
MOJIHUTH MPHU TOJATOTOBKE 00BEKTa aBTOMaTu3aluu K BBogy AC B neiicTBHeE.

B nepedyeHb OCHOBHBIX MEPOIIPUATAN BKIIFOYAOT:

1) npuBeneHue mMoCcTynaromeld B cucteMy nHpopMmalmu (B COOTBETCTBUU C
TpeOOBaHUSAMHU K MHPOPMAIMOHHOMY U JIMHTBUCTHYECKOMY OOECIIEUEHUIO) K BU-
1y, IPUTOJJHOMY JUTsl 00paboTKH ¢ moMoIibio IBM;

2) U3MEHEHHS, KOTOpbIe HEOOXOAMMO OCYIIECTBHTh B OOBEKTE aBTOMAaTH3a-
oA,

3) coznanue ycioBHid (QyHKIIMOHUPOBAHHS OOBEKTa aBTOMATH3AIIUH, IIPH KO-
TOPBIX TapaHTUPYETCS COOTBETCTBUE CO37aBAaEMOW CHCTEMBbI TPEOOBaHUSM, CO-
nepkammmces B T3;

4) cozmaHue HEOOXOAMMBIX JJIsi (QYHKIIMOHHPOBAHHS CUCTEMBI MOJpa3elie-
HUN U CITYXO;

5) cpoku 1 OPSIOK KOMITJICKTOBAHUS IITATOB M O0YYEHUS TIEPCOHAA.

Hanpumep, nns ACY npuBogsr:

W3MEHEHUSI IPUMEHSEMbIX METOJIOB YIIPABJICHUS;

co3gaHue yciaoBuil asi paboTel KOMIOHEHTOB ACY, pu KOTOPBIX rapaHTHU-
pyeTcsi COOTBETCTBUE CUCTEMBI TpeOOBaHUAM, coaepxammmcs B T3.

2.10. B paznene «TpeGoBaHus K JOKYMEHTHPOBAHUIOY» MPUBOJIAT:

1) cornmacoBaHHBIA Pa3paOOTYMKOM M 3aKa3YMKOM CHCTEMBI TIEpeUeHb MO/I-
JeKalmx pa3paboTKe KOMILJIEKTOB U BUJIOB JOKYMEHTOB, COOTBETCTBYIOLIUX TpE-
ooBanusim 'OCT 34.201 u HT/I orpaciu 3aka3unka; nepedeHb JOKYMEHTOB, BbI-
IyCKaeMbIX Ha MAIIMHHBIX HOCUTENSAX; TPEOOBAHUS K MUKPOPHIbMUPOBAHUIO J0-
KyMEHTAIHH;

2) TpeOOBaHMsI MO JOKYMECHTHPOBAHHIO KOMILICKTYIOIIUX 3JICMEHTOB MEXK-
oTpaciieBoro npumMeHeHus B coorBercTBuu ¢ TpedoBanusimu ECKJI u ECIT/I;

3) mpu OTCYTCTBHU TOCYAAPCTBEHHBIX CTAHAAPTOB, OMPEICISIONINX TPeOo-
BaHUS K JOKYMEHTHPOBAHHIO DJIEMEHTOB CHCTEMBI, JOMOJHUTEIHHO BKIIIOYAIOT
TpeOOBaHMS K COCTABY U COACPIKAHUIO TAKUX TOKYMEHTOB.

2.11. B pazgene «McrouHuku pazpabOTKW» TOIKHBI ObITh MEPEYUCIICHBI J10-
KyMEHTBl ¥ WH(OPMAIMOHHBIE MaTepHabl (TEXHUKO-DKOHOMUYECKOE 00OCHOBA-
HUE, OTYETHI O 3aKOHUEHHBIX HAYyYHO-HCCIIENOBATEIbCKUX paboTax, nHpOpMaIn-
OHHbIE MaTepHalibl HA OTEUYECTBEHHBIE, 3apYOC)KHBIE CUCTEMBI-aHAJIOTH U Jp.), Ha
OCHOBaHUM KOTOPBIX pa3pabaThiBasioch T3 M KOTOpBIE JOJIKHBI OBITh MCHOIb30-
BaHbI [IPU CO3/IAHUU CHUCTEMBI.

2.12. B coctaB T3 na AC npu HAIUYUU YTBEPKIACHHBIX METOAUK BKIIOUAIOT
NPUIIOKEHUS, COJEPIKaIIIHE:

1) pacuet oxxugaemoii 3 (HEeKTUBHOCTH CHCTEMBI;
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2) OlIEHKY HAYYHO-TEXHUYECKOTO YPOBHS CUCTEMBI.
[Ipunoxxenus: BkioyaroT B coctaB T3 Ha AC mo cOrinacoBaHUIO MEXAY pas-
PabOTYMKOM U 3aKa3UUKOM CUCTEMBI.

3. IPABHJIA O®OPMJIEHUSA

3.1. Paznenst v moapazaensl T3 Ha AC 10MKHBI OBITH pa3MEIICHBI B TOPSII-
K€, YCTAaHOBJICHHOM B pa3/l. 2 HACTOAIIETO CTaHapTa.

3.2. T3 na AC oopmitsitot B coorBetcTBuu ¢ TpedoBanusimu ['OCT 2.105 na
muctax ¢popmata A4 no 'OCT 2.301 6e3 pamMKku, OCHOBHOUM HAJMUCU U JOTMOTHU-
TeJIBHBIX Tpad K HE.

Homepa nuctoB (cTpaHull) MpOCTaBISIOT, HAUYMHAS C TEPBOTO JIUCTA, Clie-
JYIONIETO 32 TUTYJIBHBIM JIUCTOM, B BEpXHEH 4acTu JucTa (Haa TEKCTOM, Mocepe-
nrHe) rocie obo3HadyeHus kojaa T3 na AC.

3.3. 3HaueHus nokazaTesnel, HOpM U TpeOOBaHUH YKa3bIBAaIOT, KaK MPaBUIIO,
C NPEEIbHBIMU OTKJIIOHEHUSIMH WJIM MAaKCUMaJlbHbIMH MHUHUMAJIbHBIM 3HAUCHHM -
Mu. Ecnu 3Tu mokaszaTtenu, HOpMbI, TpeOOBaHUSA OJHO3HAYHO PErjJaMEHTUPOBaHA
HT/, B T3 Ha AC cnenyeT NpUBOIUTH CCHUIKY Ha 3TH JOKYMEHTBI WM UX pas3jie-
JIbl, @ TAKXE JOIMOJIHUTENIbHbIE TPEOOBAHMSI, YUUTHIBAIOIME OCOOCHHOCTH CO3/a-
BaeMoil cuctembl. Ecii KOHKpETHBIE 3HAaUCHUs MoKazaTeseil, HopM U TpeOOoBaHUI
HE MOT'YT OBITh YCTaHOBJIEHBI B mporecce pa3padotku T3 Ha AC, B HEM clieyeT
c/eNlaTh 3alkCh O MOPAJIKE YCTAHOBJICHHS M COIJIACOBAHMS 3TUX IOKa3aTelew,
HOPM U TpeOOBAHHUI:

«OxoHUaTeNnbHOE TpeOOBaHUE (3HAUYCHHE) YTOYHSETCS B MPOIECCEe ... U CO-
IJIACOBBIBAETCS MTPOTOKOJIOM C ... Ha cTaguu ...». [Ipu atom B TekcT T3 Ha AC u3-
MEHEHUW HE BHOCHT.

3.4. Ha TUTyJIbHOM JUCTE TTOMEMIAIOT MOAMKMCH 3aKa3uuka, pa3padoTunka u
COTJIACYIOIIMX OPTaHu3aIiil, KOTOpbIE CKPEIUISIOT repOoBoit nevyaTeio. [Ipu Heoo-
XOJIMMOCTH THUTYJBHBIM JTUCT O(POPMIISIIOT Ha HECKOJIbKUX cTpaHuuax. [loamucu
pa3pabotuukoB T3 Ha AC 1 JOHKHOCTHBIX JIMLI, YYaCTBYIOIIHMX B COIVIACOBAHUU U
paccmoTtpennu npoekra T3 Ha AC, noMenaroT Ha MOCJIETHEM JIUCTE.

®opma TutynpHOTO NMucta 13 Ha AC mpuBenena B mpunoxennu 2. Dopma
nocneanero nucta T3 Ha AC npuBeAeHa B MPUIIOKEHUN 3.

3.5. IIpu HeobxoaumocTn Ha TUTyIbHOM Jucte T3 Ha AC gomyckaeTcs mo-
MelaTh YCTAaHOBJICHHBIE B OTPACIN KOJbl, HAPUMEP: TPU( CEKPETHOCTH, KOJ pa-
00ThI, perucTpanoHHbIi HOMep T3 u ap.

3.6. TutyneHbit ucT gononHeHus K T3 Ha AC opopMIIsItOT aHATTOTUYHO TH-
TYJIBHOMY JIMCTY TEXHHUYECKOro 3ajaHus. BmecTto HaumeHoBaHus «TexHU4eckoe
3amanuey» numyt «Jlononnenue Ne ... k T3 Ha AC ... ».

3.7. Ha mocnenyromux nucrax gonoiaHeHus kK T3 Ha AC momMemnaroT 0OCHOBA-
HUE JUIsl U3BMEHEHMS], COJIepKaHUE U3MEHEHHS U CCBUIKM Ha JOKYMEHTBI, B COOT-
BETCTBHH C KOTOPHIMU BHOCATCS 3TU U3MEHEHMUSI.

3.8. IIpu uznoxxkeHuun tekcra gomnojHeHus K T3 cineayer yka3plBaTh HOMEpa
COOTBETCTBYIOIIUX MYHKTOB, MOAMYHKTOB, Tadyuil ocHoBHOro T3 Ha AC u T.1. U
MPUMEHSTDH CIIOBA: «3aMEHHUTHY, «IOTOJHUTEY», «UCKIIOUUTHY», «U3JI0KHUTh B HO-
BOM PENAKLINN.
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NOPAAOK PASPABOTKWU, COIrNMACOBAHUA
N YTBEPXOEHUA T3 HA AC

1. Ilpoext T3 na AC pa3pabarbiBacT OpraHu3anus---pa3padoTINK CUCTEMBI C
y4acTHEM 3aKa3yhKa Ha OCHOBAHUU TEXHUYECKUX TPEOOBaHUI (3asBKH, TAKTHUKO-
TEXHUYECKOTO 3aJIaHus U T. I1.).

[Ipn xoHKypcHOM opranuzanuu padbot Bapuantbl mpoekta T3 Ha AC pac-
CMaTPUBAIOTCS 3aKA3YMKOM, KOTOPBIM JTMOO BHIOMpAET MPEANOUYTUTENbHbIN Bapu-
aHT, JTM00 Ha OCHOBAHUU COIMOCTABUTEIHLHOTO aHAM3a MOJIrOTABIUBACT C y4acTH-
em Oynaymero pazpaborunka AC okoHuatenbHbii BapuanT T3 Ha AC.

2. HeoO6xogumocTth cormacoBanus npoekta T3 Ha AC ¢ opranamu rocynuap-
CTBEHHOT'O HaJ30pa U JPYTUMHU 3aUHTEPECOBAHHBIMU OPraHU3ALUAMH OIPEIEIIs-
I0T COBMECTHO 3aKa34MK CUCTEMBI U pa3padoTunk npoekra T3 Ha AC.

Paboty no cornacoBanuto mpoekta T3 Ha AC OCYIIECTBISIOT COBMECTHO
pazpadotunk T3 Ha AC ¥ 3aKa3uuK CHCTEMBI, KaXIblii B OpPraHU3alUsIX CBOETO
MUHHCTEPCTBA (BEIOMCTBA).

3. Cpok cormacoBanus mpoekra T3 Ha AC B KaXXA0W OpraHU3alluy HE 10JI-
’KEH MpeBbIaTh 15 aHel co aHA ero nmosyueHus. Pekomenayercs paccbuiath Ha
cornacoBaHue 3k3eMIULsIpbl npoekTa T3 Ha AC (komuu) OTHOBPEMEHHO BO BCE Op-
raHu3anuu (moapas3esieHus).

4. 3ameuanus 1o npoekty T3 Ha AC n0mKHBI OBITh MPEJCTaBICHBI C TEXHU-
4YecKUM 00O0CHOBaHHEM. PerieHus 1mo 3aMe4aHusiM JTOJDKHBI ObITh MPUHATHI pa3pa-
6otunkoM mpoekTa T3 Ha AC u 3akazuukom cuctemsl 10 yTBepxkaenus T3 Ha AC.

5. Ecniu pu cornacoBanuu npoekta T3 Ha AC BO3ZHUKIIM Pa3HOIIACHS MEK-
1y pa3padOTUYMKOM U 3aKa34YMKOM (WJIM JPYTMMHU 3aUHTEPECOBAHHBIMHU OpPTraHMU3a-
[USIMU), TO COCTaBJIIETCS TIPOTOKOJI pazHoriacuit (hopma mpou3BoJIbHAS) U KOH-
KpPETHOE pelIeHNEe TPUHUMAETCS B YCTAHOBIEHHOM MOPSJIKE.

6. CornacoBanue npoekra T3 na AC pazpemraercss opopMIIsATh OTAEIbHBIM
noKyMeHTOM (mucbMoM). B stom cimyudae mon rpudom CornacoBaHbDy AENarOT
CCBUIKY Ha 3TOT JOKYMEHT.

7. YtBepxaenue T3 Ha AC OCYIIECTBISIOT PYKOBOIUTEIH MPEANPUITHIA
(opranuzanuii) pa3paboT4YMKa U 3aKa34nuKa CUCTEMBI.

8. T3 na AC (momonnenue k T3) A0 mepenayn ero Ha yTBEPKACHHUE JOJIKHO
OBITH TIPOBEPEHO CIIY’)KO0W HOPMOKOHTPOJISI OpraHu3aiuu - pazpadorunka T3 u
pu HeOOXOIMMOCTH, MOABEPTHYTO METPOJIOTUYECKOM IKCIIEPTH3E.

9. Kommun ytBepxaennoro T3 va AC B 10-gHEBHBIN CPOK MOCTE YTBEPIKIL-
HUs BbIChUIAlOTCS pa3padoTunkoM T3 Ha AC ydyacTHHKaM CO3JaHUSI CUCTEMBI.

10. CornacoBanue u yTBepxaeHue aonojHenuit k T3 va AC npoBoOasT B IO-
panke, ycranosieHHoM it T3 Ha AC.

11. U3menenus k T3 Ha AC He mOIycKaeTcs yTBEpPKJaTh MOCIE MpPeacTaB-
JICHUSI CUCTEMBI JIJISl €€ OYepeId Ha MPUEMO-CIATOYHbIC UCTIBITAHUS.

12. Peructpauus, yuet u xpanenue T3 Ha AC u JONOTHEHUI K HEMY HPOBO-
1T B cooTBeTCTBUHU ¢ TpeboBanusmu 'OCT 2.501.

O®OPMA TUTYJIBHOI'O JIMCTA T3 HA AC
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HalMEHOBaHUE OpraHu3aiuu - pazpadorurka T3 na AC

YTBEPXIAIO YTBEPXIAIO
PykoBoauTensb (OIKHOCTD, PykoBoauTens (10J5KHOCTD,
HaNMEHOBAHUE MPEIPUATHS - HAaWMEHOBAHUE MPEAPUATHS -
3akazuuka AC) pa3zpabotunka AC)

JInunas Pacumdposka JInunas Pacumgposka
NOANUCHh  TOANUCH NOATHUCH MOAIUCH
[Teuats [Teuats

JlaTa JlaTta

"HanumeHoBanue suaa AC

HaMEHOBaHHE O0OBEKTA aBTOMaTu3alnu

COKpalieHHOe HauMeHoBaHue AC
TEXHUYECKOE 3A/IAHUE
Ha JIUcTax
JlenicTByer ¢

COI'JTACOBAHO
PykoBoauTensb (0MIKHOCTD,
HAaMMEHOBAaHUE COTJIaCyOUIeH OpraHu3alnu)

JInunas PacmmmdpoBka
MOAMUCH MOANUCH
[Teuats

JlaTa

OOPMA IMOCJTEJHETI'O JIMCTA T3 HA AC

(xon T3)
COCTABUWIA
HaumenoBanue| JlomxHocTh |®amunus, ums,| Iloamuce [lata
OpraHu3alyu, | UCIIOJTHUTEIS OTYECTBO
TIPEATPUSTUS

COT'JTJACOBAHO

HanmenoBanue| JlomxHocTs |Pamunus, umsa,| Iloanuce JlaTa
OpraHu3alyu, OTYECTBO
MPENPUSITHS

NHO®OPMAIIMOHHBIE TAHHBIE
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1. PABPABOTAH N BHECEH TI'ocynapcrBennbim komuterom CCCP mno
cTaHaapTaMm MUHUCTEPCTBOM MPUOOPOCTPOEHHUS, CPEJICTB aBTOMATU3ALMHU U
cucteM ynpasieHus CCCP

UCITOJTHUTEJIN

JI. M. 3aiinen0epr, kanz. texd. Hayk; FO. b. Up3, kana. texH. Hayk; B. H. Ile-
peakoB; U. C. MurtsieB; b. A. /{iokoB (pykoBogutenu temsl); JI. O. XBuJie-
BUUKMHM, KaH/. TexH. HayK; C. B. Napmuna; I1. A. [llanaes, kaHja. TEXH. HAYK;
E. C. KpankoB, xaHa. texH. Hayk; A. M. Mycrapuna; I'. U. Hlaxarosa; P.
C. Ceneros, 1-p sxoHoM. Hayk; S. I'. Bunenunk; B. U. Maxuau; B. H. Ce-
meHnoB; WU. I1. Baxiaakos; E. I'. CaBuna

2. YTBEPXKJIEH U BBEJIEH B JEHCTBHUE IocraHoB/1eHHeM I'ocynapcr-
BeHHOT0 KomuTeTa CCCP mo cranaapram ot 24.03.89 Ne 661

3. BBAMEH I'OCT 24.201-85
4. CCBIVIOYHBIE HOPMATUBHO-TEXHUYECKHUE JOKYMEHTbI

O6o03nauenune HT/I. Ha koTOpHIil nana Howmep nynkra, npunoxenus
CCBUIKA
I'OCT 2.105-79 3.2
I'OCT 2.301-68 3.2
['OCT 2.501-68 [Tpunoxenune 1
I'OCT 6.10.1-80 2.6.1.13
I'OCT 6.10.4-84 2.6.3.2
I'OCT 19.201-78 1.2
I'OCT 24.601-86 2.7
['OCT 34.201-89 2.10.1, 2.7
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[MpunoxeHue 2

Mpumep 0POPMNEHNS TEXHUYECKOTO 3aJaHNS
Ha pa3paboTKy KOMMbITEPHOW Moaenu

B stom npumepe k TpeOoBaHUSIM pa3paOOTKH MPUBEICHBI HEKOTOPHIE PEKO-

MEHIaIUH.
1. OO01ue cBeIeHUA
1.1 IlonHOoe HaMMEHOBAaHHE CHCTEMBI: IIporpamma MoJeTMPOBAHUS TPOXOKACHUS
HEHUTPOHOB Yepe3 IUIACTUHKY

1.2  VYcnoBHOe 0003HAUCHHE CUCTEMBI: [Tporpamma HelTpoH

1.3 [udp remsr uamn mudp (Homep) goro- [1M/0001
BOpA:

1.4 HaumenoBanue npeanpusituii (o0beau-  bamkupckuii rocyapcTBEHHbIN Negaroruye-
HEHUH) pa3paboTuMka M 3aKa3uuKa CKUH YHUBEPCUTET
(mosb30BaTeNsl) CUCTEMBI U UX PEKBU3H-

THBI:

1.5 Ilepeuenbp noKymMeHTOB, Ha ocHoBaHuu 1) [Ipuka3 00 yTBepKIAeHUN AUIJIOMHBIX paboT

KOTOPBIX CO3/Ia€TCs CUCTEMA! 2) 3akiaro4eHue 0 TeMe JUIJIOMHON paboThl
Hara cormacoBanust u yrBepxnaeHus: 11-10-
2004

1.6  IlmaHoBble cpoku Havyana W okoHuanuss Hauamo: 11-01-2005
paboTHI IO CO3AaHUIO CUCTEMBI: Oxonuanue: 29-05-2005

1.7 CBenenuss 00 MCTOYHHMKAX W TOPSIKE
¢uHaHCHpOBaHUS pabOT: UCTOYHUK (PU- OTCYTCTBYIOT
HaHCUpOBaHMs; 00BeM (PUHAHCHpPOBA-

HUSL.
2 Ha3navenue u nesim CO31aHUSI CHCTEMBbI
2.1. Ha3naueHue cucTembl [IporpammMHasi ycTaHOBKa JJIs1 U3yYEHUS CTYJEHTaMHU
SIBIIGHUSI TPOXOXKACHUS JBUKYIINXCS HEHTPOHOB Uepe3
IJIACTHUHKY.

2.2  Bup aBromatu3upyemoil nes- VYder copTa sApa U THIa B3auMOJCHCTBUS HEHTPOHOB C

TEJIbHOCTH aTOMaMU BEIECTBA MPU NMPOXOKIACHUU UX Uepes Iiia-
CTHUHKY

2.3 OObekT pa3paboTKH aBTOMa- B3anMojeicTBHE HEHTPOHOB C BEIIECTBOM
TU3aLUU:

24  llemm co3maHus mporpaMMHON DYHKIIMOHATBFHOE Ha3HAUYCHUE:

YCTaHOBKHU: IIporpammMHasi ycTaHOBKa Il MOAEIMPOBAHUS B3aUMO-

JIEWCTBUSI HEUTPOHOB C BELIECTBOM
OKCITyaTallMOHHOE HAa3HAYECHHUE:!
JInis cTyIeHTOB n3ydaroumx aucuuruinny «Kommosrorep-
HOE MOJIEIINPOBAHUEY

3 XapakrepucTuku 00beKkTa: OTCYTCTBYIOT.

4 TpeOoBaHus K MPOrpaMMHOI YCTAHOBKe

41 TpeOoBanus k cucreme B 1e- [IM Heiirpon. Yposens 0.
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4.2

4.3

4.4

4.5

4.6

4.7

4.8
4.9

4.10

oM
Ilepeuenp moacucreMm, Ux Ha-
3HAUEHHE M OCHOBHBIC Xapak-
TEPUCTUKU, TpeOOBaHUSA K
YHUCIly YPOBHEH HEpapxuu u
CTEMEHU LIEHTPAJIU3AH CHC-
TEMBI

TpeboBanuss k cmocobam u
CpeJcTBaM CBSI3M IS WH-
dbopManMOHHOTO OOMEHa Me-
KTy KOMIIOHEHTAMU CUCTEMBI
TpebGoBanusi K XapaKTepUCTH-
KaM B3aMMOCBS3€UM co3aaBae-
MOM CHCTEMBI CO CMEXHBIMU
CUCTEMaMH, TpeOOBaHUS K €€
COBMECTUMOCTH, CIIOCOOBI 00-
MeHa HHPOpMaIIH
TpebGoBaHus K YHCIEHHOCTU U
KBaJTH(PUKAITHN nepcoHaa
CUCTEMBI U PEKUMY ero pabo-
TBI

TpeboBanusi K TMOKa3aTensiMm
Ha3HAYCHUS

TpebGoBaHus K HAIEKHOCTU

TpeboBanust k 6e30MacHOCTH
TpeboBaHus K 3proHOMUKE U
TEXHUUYECKOI ICTEeTHKE
TpeboBaHus K TpaHCHOpTa-
OETbHOCTH I TIOJBHMIKHBIX
AC

Monyns uaTepdeiica moap30BaTeNs.

MoyJib NOMOILM U CIIPABKU

Mopyns BBOAA TaHHBIX U BBIBOJIA PE3YJIBTATOB MOJIEIIH-
poBaHus

Peectp akTuBOB
Ucrounuk - AVIC ynipaBieHust BXOJHBIMU U BBIXOJIHBIMHU
JTAaHHBIMU

Cosmectumocts ¢ OC Windows

He Gonee nByx: mosb30BaTelist 00JIaJar0IIEro HaBbIKaM
onepartopa 9BM u cuCTEMHOr0 aJIMUHUCTPATOPA C
POPUIBLHBIM 00pPa30BaHUEM.

OTtcyTCcTBYIOT

[TporpammHBId TPOAYKT OyneT HalekHO (YHKIHMOHU-
poBaTh, €ciii 00€CIIeUUTh:

e opraHuzanuioo OecriepeOOWHOTO MHUTAHUS TEXHUYE-
CKUX CpEJICTB;

® HCIIOJIb30BaHUS JIMIIEH3UOHHOTO POrpaMMHOro obec-
MIEYCHHUS;

® PEryJApHOrO BBIIOJIHEHUS pPEKOMEHAAauid MuHu-
CTepcTBa Tpylda M couluanbHoro passutus P®d, usino-
xeHHbIX B [locTanoBnenuu ot 23 utons 1998 r. «O0 yr-
BEP)KJIEHUU MEXXOTPACIEBBIX THUIIOBBIX HOPM BPEMEHH
Ha paboThl MO cepBUCHOMY oOciyxuBaHuio [1OBM u
OPITEXHUKA M  CONPOBOXKICHHUIO  INPOTPAMMHBIX
CPENCTBY;

e perynsipHoro BeinonHeHus: TpedboBanuii OCT 51188-
98. 3amuTa nHpopmanuu. McnbITaHUS TPOTrPaMMHBIX
CPEJCTB Ha HaJM4Ke KOMIBIOTEPHBIX BUPYCOB.
OTCYTCTBYIOT

OTCYTCTBYIOT

JlonyckaeTrcss TpaHCHOPTUPOBAHUE MPOrPAMMHOIO M3-
JIeTvsl B TPAHCIIOPTHOM Tape BCEMHU BUJAMM TPAHCIIOPTA
(B TOM 4mCIIEe B OTAIJTMBAEMBIX TEPMETH3UPOBAHHBIX OT-
CeKax CcamoJeTOB 0e3 orpaHudeHus pacctosHuid). [lpu
MEPEBO3KE B JKEJIE3HOJOPOKHBIX BaroHax BHUJ OTIPaBKHU
- MEJIKMH MaJTOTOHHAXKHBIM.

[Ipu TpaHCHOPTUPOBAHMM U XPAHEHUH MPOrPaAMMHOIO

W3Jeus TOJKHA OBITh IMPEIyCMOTpPEHa 3alluTa OT Io-
NaJiaHus MbUTH U aTMocepHbIX ocankoB. He nmomycka-
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411

4.12

4.13
4.14

4.15
4.16
4.17

4.18

4.19

TpeboBaHus K IKCILTyaTalluHy,
TEXHUYECKOMY 00CTyKHBa-
HUIO, PEMOHTY U XPaHCHUIO
KOMILJIEKTOB CUCTEMBI:
TpebGoBanus k 3amure HHGOP-
Maluy OT HECAaHKIIMOHUPO-
BaHHOT'O JIOCTYTIA:

TpeboBaHMs K COXPAaHHOCTH
uHpopmanuu:

TpeboBaHwust K cpeaCcTBaM 3a-
IIUTHI OT BHEIIHUX BO3JEHCT-
BHI:

TpeboBaHus K MaTEHTHOM
YHCTOTE:

TpeboBaHus K cTaHIApTU3A-
MU ¥ YHU(PUKALUU:
TpeboBaHus K coCTaBy U na-
pameTpaM TEXHUYECKHX
CpeZCTB

TpeboBanust k BuaaM oOcCIy-
KUBAHUS

JomomauTenbHbIe TPeOOBA-
HUS:

€TCsl KaHTOBaHUE IporpaMMHoro usaenus. Knumarnye-
CKHE YCIIOBHSI TPAHCIIOPTUPOBAHUE IIPUBEIEHBI HIKE!

e TEMIIEpaTypa OKpykaroiiero Bo3ayxa, °C - ot mioc 5
110 matoc 50;

e atMocdepHoe naBienue, klla - Takoe-To;

e OTHOCHUTENIbHAs BJIAXKHOCTh Bo3ayxa mpu 25 °C - Ta-
Kas-To.

[Iporpamma O6yneT paboTaTh Ha KOMITBIOTEpE MPU TEM-
nepatype ot mwitoc 5 g0 mitoc 35 °C npu OTHOCUTENb-
HoM1 BaxxHoctu 90% u armocdepHom naBneHuu 462
MM.pT. CT.

TpeGoBanus k 3amure HHGOPMAIMM U HPOrpaMM He
MPEAbIBISIOTCS.

[MomoOHBIX TpeGoBaHuit cinemyer u3zderarb. OdecneunTh
HEKOTOPBI ypOBEHb 3alIUTH HHPOPMALIUU U POTPaMM
BO3MO’KHO, 00ecneunTh 0e30M1acCHOCTh HEBO3MOXKHO. 3a-
Ka34MK, CKOpEe BCEro, 3TO OCO3HAeT M MHPOSIBIATH Ha-
CTOMYMBOCTD HE CTAHET.

OTCYTCTBYIOT

OTCYyTCTBYIOT

OTtcyTCcTBYIOT
OTcyTCTBYIOT

B cocraB TeXHMYECKUX CPEACTB JOKEH BXOAUTh IBM-
COBMECTHUMBII NepcoHabHbIN KoMibioTep (II9BM),
BKJIIOYAIOIIUH B ce0sl:

e npoueccop Pentium-1000 ¢ TakTOBOI YacTOTOM,

I'Tix - 10, e MeHee;

e MarepuHckyro miuaty ¢ FSB, I'T - 5, He meHee;

e ONepaTUBHYIO NamATh 00beMoM, T0 - 10, He meHee;
U TakK jJanee...

[IporpamMma He TpeOyeT MpPOBEACHUS KaKHUX-THOO
BHJIOB oOciyxuBaHus. Ecnu 3aka3dmk B X0fe coriaco-
BAaHMS TEXHUYECKOTO 3aJ]aHUsl COIUIETCS Ha OTCYTCTBUE
PECYPCOB WM KeJlaHUsl MPOBOJUThH BCE BUJBI 00CTYXKHU-
BaHUSA COOCTBEHHBIMU CHJIAMHU, UMEET CMBICT MPEIJIO-
KUTh pa3zpabOTKy TEXHUYECKOTO 3aJaHUsl Ha COIPOBOXK-
JIEHUE TPOrPaMMHOTO CPEACTBA 3a OTACIIbHBIE JEHBIU
OTJENbHBIM JOTOBOPOM. OTKaKeTCS — CIIeyeT CUUTATh
MpOrpaMMy HEOOCITYKHUBaEMOM.

[IporpamMma nomkHa oOecreynBaTh B3aUMOJIEHCTBUE C
MoJib30BaTeseM (OmepaTopoM) MOCPEACTBOM TIpaduye-
CKOTO TOJIh30BaTeNbCKOro MHTEp(eiica, paspaboTaHHO-
ro COIJIaCHO PEKOMEHAALUAM KOMITaHUH-
MIPOU3BOJUTEINS ONEPALMOHHON CUCTEMBI.
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5.2

5.3

TpeOoBaHus K MporpaMMe WJid MPOrPaMMHOMY U31€JTHIO

TpebGoBanus K co-
CTaBY BBITIOIHSAEMBIX

byHKIMHA

TpeboBanus k opra-
HU3AIMHA BXOHBIX
JTAaHHBIX
TpeboBanus k opra-
HU3AIMH BBIXOJIHBIX
JTAHHBIX

[Iporpamma ngomKHa 00ecreunBaTh BO3MOKHOCTD BBITTOJTHEHHS
CIEIYIOINX (PYHKITHI:

1.pyHKIIMM OTKPHITUSA (3arpy3KH) CYIIECTBYIOLIETO (aiina.
2.hyHKIIMM PeIaKTUPOBAHUS OTKPHITOrO (Janee - TeKymiero) daii-
Ja MyTeM BBOJIA, 3aMEHBI, YAAJICHUS COACPKHUMOro ¢aiina ¢ npu-
MEHEHHEM CTaHJAapPTHBIX YCTPOIMCTB BBOJIA.

3.pyHKIMHU coxpaHEeHus (aiiyia ¢ UCXOIHBIM UMEHEM. .

4.pynkuuu coxpaneHus (aiiina ¢ ©UMEHEM, OTIUYHBIM OT HCXO/I-
HOTO.

5.QyHKIIMU OTIPABKU COJEPKUMOTO TEKYIIEro (hailina 3JIeKTpOH-
HOM IMOYTOH C HMOMOILBIO BHEIIHEH KIMEHTCKOW MOYTOBOM Mpo-
rpaMMBI.

6.pyHKIMY BBIBOJA ONEPATHUBHBIX CIIPABOK B CTPOKOBOM (popmare
(mosickazox).

7.(pyHKIMY UHTEPAKTUBHON CIIPAaBOYHON CHCTEMBI.

8. (QyHKUMH 0TOOpa)KEHUS Ha3BaHUS IPOrPAMMBbI, BEPCHH MIPO-
rpaMMBbl, KOMIUpaiTa 1 KOMMEHTapUEB pa3paboTyuka

BxoHbIe TaHHBIC 33at0TCS Yepe3 OKHO BBOJIA C MCIIOIb30BaHUEM
MOJTb30BATEIBCKOr0 HHTEpdeiica

Bo3MokHOCTh pocMOTpa rpapuKoB yepe3 SKpaHHyIo GopMy
B03MOXKHOCTB NepeHeCceH s Pe3yIbTaTOB MOJICIMPOBAHUS B BUJIE
rpa¢ukoB B TeKcTOBBIH (aiin.

B03MOXKHOCTB pacrieyaTky pe3ysbTara MOICTUPOBAHNS B BUJIE

rpaduKoB

TpeGoBanns kK NPOrpaMMHON JOKYMEHTAIIHH

CocraB nporpamMmmHoii okymenTtanuu npeaycmorper ['OCT 19.101-77.
[IpenBapuTenbHblii cocTaB mporpaMMHON AokyMeHTaruu odopmisercs no 'OCT

19.106-78.

CocraB nmporpaMMHOM JOKYMEHTAIINH JOHKSH BKIIOUATh B CEOS:

agbrwnE

TexHuueckoe 3a1aHue;

[Iporpammy 1 METOIUKHU UCTIBITAHUI;
PykoBOACTBO CHCTEMHOTO POrPaMMHUCTA;
PykoBojacTBO oneparopa;

BenomocTe 3KkCuTyaTalimOHHbBIX JOKYMEHTOB.

[TporpaMMa 1 METOAMKHU UCTIBITAHUNA MOTPEOYIOTCS, YTOOBI MMOKa3aTh 3aKa3uMKy, YTO
paspaboTtanHas VcnoiHUTENeM MporpaMMa COOTBETCTBYET TPEOOBaHUSM COTJIACOBAHHOTO
U YTBEP)KJIEHHOTO TeXHHMYECKOoro 3aaanus. Ilocime mpoBeneHHs COBMECTHBIX (TpHUeMO-
C/IaTOYHBIX) MCIIBITaHUM 3aka3uuk U VcnonHuTeNns moAnuuryT AKT NPUEMKH (cauu) pa-
60th1. 1, TeM cambiM, paboTa OyaeT 3aKpbiTa, yciaoBUs J[oroBopa BHITOTHEHHI.
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Cornacuo m. 2.6. TOCT 19.101-77 «JlomyckaeTcsi 0ObeIUHATh OTICIBHBIC BHIBI
9KCIUTyaTallMOHHBIX JOKYMEHTOB (32 MCKIIOYEHHEM BEJOMOCTU 3KCILTyaTallMOHHBIX J10-
KyMEHTOB U (hopmyisipa). HeoOXoauMocTh 00bEeJMHEHUS STHX TOKYMEHTOB YKa3bIBaeTCs
B TEXHUYECKOM 3ajaHuHu. OObeAMHEHHOMY JOKYMEHTY NPHCBaMBAOT HAaUMEHOBaHHUE U
0003HauEHHE OJTHOTO U3 OOBETUHIEMbIX JOKYMEHTOBY.

TexHuko- [IpeanonaraeMoe YMCIO HMCHONB30BAHUS MPOTrPaMMbI B TOJ —
IKOHOMHYECKHEe MOo- 365 ceaHcoB pabOTHI HA OTHOM pabodYeM MecTe.
Ka3aTeJm B paznene nomxHbl ObITh yKa3aHbL: OPUEHTUPOBOYHAS SKOHOMHU-

geckas 3((EKTHBHOCTh, TpearonaraeMas To/IoBas MOTPEOHOCTS,
AKOHOMHYECKHE MPEUMYILECTBAa pa3pabOTKH MO CPaBHEHHUIO C Jyd-
IIMMH OTE€YECTBEHHBIMU U 3apYOSKHBIMU OOpasllaMH WM aHAJIOTa-
MH.

Cragum u 3Tansl pa3padboTKu

Craguu pa3zpabotku u 3tansl pernmamentupoBansl [OCT 19.102-77.

['OCT 19.102-77 He npensTCTBYET UCKIIOUYEHUIO OTAETBHBIX CTaaui paboT, a TaKkke 00b-
€IMHEHUIO OTJCJIbHBIX ITAIOB PadoT.

Pa3pabotka nomxHa ObITh IPOBE/IEHA B TPU CTAIUU:
1. Pa3paboTka TEXHHMYECKOTO 3aaHUs;

Pabouee npoekTupoBaHue;
3. Bueapenwue.

no

ATanbl pa3paboTku

Ha cragun pa3paOoTKy TEXHHMUYECKOTO 3aJaHUs JIOJKEH OBITh BBINOJIHEH 3Tall pas-
pabOTKH, COrTIaCOBAHUS U YTBEPKICHUS HACTOALIETO TEXHUUYECKOTO 3a/1aHusl.
Ha craaguu pabodero npoekTUpOBaHUs JOJIKHBI ObITh BBIIOJIHEHBI IIEPEUUCIICHHbIE
HUKE JTarbl padoT:
e pa3paboTKa IPOTrpaMMBl;
e pa3paboTKa MPOrpaMMHON TOKYMEHTALUH;
®  WCIIBITaHUS NMPOTPAMMBEL.
Ha craguu BHenpeHus 10JKeH ObITh BBINOJIHEH 3Tal pa3padOTKU - MOATOTOBKA U
nepeiaya nporpaMMsl.
Coneprxanue paboT 1Mo Tanam
Ha srane pa3paOoTku TEXHMUYECKOTO 3a/laHHs JOJDKHBI OBITh BBIOJIHEHBI IIepeyuc-
JICHHbIE HUXKE pabOThI:
® [I0CTaHOBKA 33/1a4H;
e oOIpeJesieHNE U YTOUHEHHE TPeOOBAaHHH K TEXHUYECKUM CPEJICTBAM;
e ormpejesieHHe TPeOOBAHUN K POrpaMMe;
e oOlpeJeseHHe CTaAui, 3TAallOB U CPOKOB Pa3pabOTKU MPOrpamMMbl M JTOKYMEHTAIUH
Ha HeE;
BBIOOD SI3BIKOB MTPOTPAMMHUPOBAHHS;
® COIJIaCOBAHUE U YTBEPXKACHUE TEXHUUECKOTO 3aJaHNU.
Ha stane pa3paGoTku mporpaMMsbl JOJKHA OBITH BBHIMOJHEHA paboTa Mo Mporpam-
MUPOBaHUIO (KOJUPOBAHUIO) U OTJIA/IKE TPOTPAMMBI.
Ha stamne pa3paboTku mporpaMMHOI JOKYMEHTALMU JIOJKHA OBITh BBIOJHEHA pas3-
paboTKa IPOrpaMMHBIX TOKYMEHTOB B cOOTBeTCTBUU ¢ TpedoBanusimu ['OCT 19.101-77 ¢
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9.1

9.2

9.3

10

TpeboBaHreM T1. lIpeaBapUTENBHBIN COCTaB MPOTPAMMHONM JTOKYMEHTAIIMH HACTOSIIETO

TCXHHUYCCKOI'O 3aaHHuA.

Ha sTane ncnwiTanmii mporpaMmbl JOJIZKHBI OBITDH BBIIIOJIHEHEI NECPCUNUCIICHHBIC HUXKC

BH/IbI padoT:

e pa3paboTka, cormacoBaHue u yrBepxkaenue nporpammel (B 'OCT, noxoxe, onevat-
Ka — «TIOpsAKa») U METOJIUKU UCTIBITAaHHIA;

¢ [IPOBCACHUC MPUCMO-CAATOYHBIX HCHLITaHHfI;

® KOPPEKTUPOBKA ITPOTrPaMMBbI U MPOIPAMMHON JOKYMEHTALUH MO PE3YyJIbTaTaAM UCIIbI-

TaHUU.

Ha sTane noaroToBku M mepenadyy MporpaMMsl J0JIKHA ObITh BBIIOJIHEHA paboTa Mo
IIOATOTOBKE U IEpeaye MporpamMmsel U MPOrPaMMHON JOKYMEHTALMK B 3KCILTyaTallUIO Ha

o0beKTax 3aKa3uuka.
ITopsinok KOHTpOJIA
U IPMEMKH.

Bunp! ucoeiTaHuii.

Xon MIPOBEICHUS
MPUEMO-CIaTOYHBIX
HUCTIIBITAHU N

OO6mue TpeboBaHHs K
npruemMKe paboTh

[Ipunoxenus

B pazgene momKHBI OBITH YKa3aHbl BUJBI HCIBITAHHA U
obmure TpeOoBaHMS K TPUEMKE PaOOTHI.

IIpuemo-cnaTouHble HCHBITAHUS JOJDKHBI IPOBOJUTHCS Ha
o0bekTe 3aKa3uyuka B CPOKU OIPEJCIIEHHbIE B TEXHUYECKOM 3a-
JlaHUU.

[Ipuemo-cnarounble UCTBITAaHUS NPOTPaMMbl JOJKHBI IIPOBO-
JUThCS COTJIACHO pa3paboTaHHOM (HE MO3JHEE TAKOI0-TO CPOKa)
HcnonnuteneM u coriiacoBaHHoM 3akazuukoM IIporpamMmbl u
METOJMK UCIIBITAHUN.

3akazunk u WcnonHuTens JokyMmMeHTHpPYIOT B [IpoTokose
IIPOBEJECHUS UCIIBITAHUM.

Ha ocnoBanuu IIporokosia npoBenenuss ucnsltanun Me-
MOJIHUTENIb COBMECTHO C 3aKa34MKOM IOJIUCHIBAIOT AKT MpH-
€MKH-CJIa4 IPOrPAMMBI B SKCIUTYaTallMIO
B npunoxeHusx K TEXHUYECKOMY 3aJaHUI0, IPU HEOOXO0-
JUMOCTH, IPUBOJIAT:
® [IepeueHb HAy4YHO- HCCJIENOBATEIbCKUX W JApPYrux pador,
000CHOBBIBAIOIIUX pa3paboTKYy;

® CXEMbl AIrOPUTMOB, TaONHIIBI, OMUCAHHSA, OOOCHOBAHMSI,
pacueTsl M JAPYrue AOKYMEHTBI, KOTOpbIE MOTYT OBITh HC-
MOJIb30BaHbI MPU pa3paboTKe;

® JIpyrue UCTOYHUKH Pa3pabOTKH.

Boutoxutrs nepedenp 'OCT, Ha OCHOBaHMM KOTOPBIX
JIOJKHA TTPOBOJIUTHCS pa3padoTKa.

Hanpumep: I'OCT 19.201-78. Texnuueckoe 3agaHue, Tpe-
O0OBaHUs K COIEP)KAHUIO U 0OPMIICHHIO;

U TakK Jiajee...
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[Ipunoxenue 3
PeCprbI MHTepHeT no MmareMmatn4eckomy mMmoagesrimpoBsaHuo

1. http://www.exponenta.ru/ — o6pa3oBaTeabHbIH MaTEMaTHUCCKHUNA CaHT.

2. http://mathmod.aspu.ru/?id=2 — caiit naboparopun «MareMaTu4eckoe Mo/e-

JMpOBaHUE ¥ HHPOPMAIIMOHHBIC TEXHOJIOIMH B HAyKe U 00pa30BaHMI.
3. http://www.physicon.ru/ — caiit komnanuu « OU3UKOH» — pa3pabOTUNKA DJICK-

TPOHHBIX CPEJCTB 0OYUEHHUS M KyPCOB IS IIIKOJI, KOJUICIKEH 1 BY30B.
4. http://obr.1c.ru/product.jsp?id=831 — caiitr kommanuu 1- C pa3paboTynka
SIIEKTPOHHBIX CPEJCTB OOYUEHHUSA M KYPCOB JIJIS IIKOJI, KOJUIEHKEH U BY30B.

5. http://www.labfor.ru — caiit nabopaTopuu >JIEKTPOHHBIX CPEJACTB OOYUCHHUS
Cuol'YTU (JIDCO).
6. http://www.anylogic.ru/ — caiit komnanun AnyLogic Company pa3paboTunka

UHCTPYMEHTOB U OM3HEC-TPUIIOKEHUI HMUTAIIMOHHOTO MOZETUPOBAHHUS.
7. http://www.scs.org/ — MexayHapoaHoe OOIIeCTBO MMUTAIMOHHOIO MOJIEIIH-

poBanus (SCS).
8. http://www.systemdynamics.org/ - MexayHapoaHOe OOIIECTBO CHCTEMHOM
nuHamMuku (SDS).

9. http://www.eurosim.info/ - EBpomneiickoe 001eCTBO HMHUTALIMOHHOIO MOJIEIIH-
poBanus (EUROSIM).
10. http://www.asim-gi.org/ - OOIIeCTBO MMHUTAIMOHHOI'O MOIEIUPOBAHUS HE-

MELKOS3bIUHbIX cTpaH (ABcTpus, ['epmanus, [seiinapus) (ASIM).
11. http://www.eurosim.info/ - Toitagackoe 00MECTBO UMUTALMOHHOTO MOJIEIH-

poBanus benumtokca (DBSS) 65110 ocHoBano B utone 1986. JlelicTByer B mipe-
JieJax TOJUIaHJICKOM si3bIkoBOM oOmactu. DBSS akTuBHO MpoABUHYJ co3aHue
NnoMOOHBIX OpraHu3aluii B JPYrHX S3BIKOBBIX oOmactsax. DBSS - unen
EUROSIM.DBSS unen EUROSIM.

12. http://www.eurosim.info/ - Benrepckoe O0miecTB0o IMHUTAITMOHHOTO MOIEITH-
poBanus (HSS). HSS 65110 ocHoBano B 1981 romy. HSS wien EUROSIM.

13.http://www.itl.rtu.lv/imb/index.php?lang=en&id=11 - JlaTBuiickoe 0OIIECTBO
umutanmonHoro moxaenuposanus (LSS). LSS 6suto ocHoBano B 1990 rony.
LSS unen EUROSIM.

14.http://www.uksim.org.uk/ - OOIIECTBO MMHUTAIMOHHOTO MoJeaupoBaHus Be-
mukoOputanuu (UKSIM).

15.http://www.china-simulation.com/ - Kuralickas accoruanusi CHCTEM MUMHUTALIM-
onnoro monenupoBanus (CASS). bonee 5000 wienoB B Kutae u 3a rpaHuiei.
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ITpoBoauT exeroaHo 6osee 20 KOHPEPEHIMIA 10 KMUTAIHOHHOMY MOJIEIAPO-
BaHUIO, MOJICJMPOBAHUIO U KOMITBIOTEPAM.
16.http://www.i-m-cs.org/ - MexaynapoaHoe o6iiectBo UM crpan CpeauseMHO-

Mopbs 1 Jlatunckoir AmMepuku (IM & LACS).

17.http://www.scs-europe.net/ - Esponeiickuit Coset mo Moaenuposanuto u Cu-
myssinuu (ECMS).

18.http://www.iasted.org/ - TexHuueckuii KOMUTET 10 MOJCIMPOBAHUIO U UMHTa-

MU MEXAYHApPOJIHOM acconuauu no Hayke u texnojorusam (IASTED).

19. http://www.sisostds.org/ - Opranusarust cranaaptoB umuraiuu (SISO).

20. http://www.simulationinformation.com/ - Harmwonaneubiii 1nientp CIILIA 1o
MoaenupoBanuto (NCS).

21.http://www.ptsk.man.bialystok.pl/ - O0mecTBO UMHUTAIIMOHHOTO MOJICIHPOBA-
Hus [lonemu (PSCS).

22.http://romsim.ici.ro/ - OOIIecTBO UMUTAIIMOHHOTO MOJICIMPOBAaHUS PyMBIHUH

(ROMSIM). O6miectBo ocHoBaHo B 1990 rony. B Hactosiiiee BpeMsi HaCUUTHI-
BaeT npumepHo 100 usenoB u3 Pymbinum u Pecriybnuku MonnaBusi.
23. http://www.scansims.org/ - OOIIECTBO HMHUTAIHOHHOIO MOJICITHPOBAHHMS

ckanauHaBckux ctpaH ([Janus, Gunnsaaus, Hopeerus, [lIBenus u Mcnanaus)
(SIMS). Uctopusa SIMS Beaet Hayano ¢ 1959 roga. YmpaieHue aesTeabHO-
cteio SIMS ocyiiecTBisieT npaBjaeHUue OOIIECTBA, KyaAa BXOIAT IO JIBa MPe.i-
CTABUTENSA OT Ka)XJOW CKaHIWHABCKOW CcTpaHbl. McnaHaust mipencraBieHa OJ-
HUM YJIEHOM TIPaBJICHUS.

24. http://www.fit.vutbr.cz/CSSS/ - OO1IECTBO UMHUTAIMOHHOIO MOJCITHPOBAHHMS
Yexun u Cnoakuu (CSSS).

25.http://www.simulationalliance.com/ - MupoBoii albSHC HMHTALHOHHOI'O MO-
JeTMpoBaHus CKaHauHaBCKuX ctpaH ([lanus, Gunnsaaus, Hopserus) (WSA).

26. http://www.liophant.org/ - HekxomMepueckash accounuaiis HMHUTAIHOHHOTO

MoaenupoBanus Liophant.

27.http://www.jsst.jp/ - SImoHCKOE OOIIECTBO MMHMTAILIMOHHOIO MOJICITHPOBAHUS
(JSST).

28. http://www.simulation.or.kr/ - OOmecTBO UMHUTAIMOHHOTO MOJCITHUPOBAHUS
Kopeu (KSS).

29.http://www.eurosim.info/index.php?id=10 - O6mecTBO UMUTAIIMOHHOTO MO/Ie-
mupoBanus Xopeatuu. CROSSIM ocHoBano 28 mapta 1992 rogy. O6uiecTBo —
addumuponano ¢ SCS ¢ 1994 rona u sBnsiercs unenom EUROSIM ¢ 1997 ro-

Ia.
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30. http://www.eurosim.info/index.php?id=13 - OOwmEecTBO UMHUTALIMOHHOTO MO-
nenupoBanus ¢ppankoroBopsumx crpal (benbrusi, @pannus) (FRANCOSIM).
FRANCOSIM 65110 ocHOBaHO B 1991 roxy.

31.http://www.eurosim.info/index.php?id=15 - HranbsiHCKOE OOIIECTBO MMHTA-
nuoHHoro monenupoBanus (ISCS). ISCS Ob110 ocHOBaHO B 1984 rony, siBis-
ercs wieHom EUROSIM.

32.http://www.slosim.si/ - O6I11ecTBO UMUTALIMOHHOTO MOAeaupoBanus CIIOBEHUH
(SLOSIM). SLOSIM ocuoBano B 1994 roay u cramo wieHom EUROSIM B
1996 rony. B Hacrosiiee BpeMsi HaCUMTHIBAET 76 4jIeHOB (M3 YHUBEPCHUTETOB,

WHCTUTYTOB U MPOMBIIIEHHOCTH).

33.http://www.ifac-control.org/

34. http://www.ceautomatica.es/en/portal

35. http://www.ceautomatica.es/en/og/modelado-y-simulacion/presentacion - Hc-
MaHCKas TpyIa MOJEIUPOBAHUS U UMHUTAMOHHOTO MojenupoBanus (CEA

SMSG). IFAC — MexnyHapoanas ®enepanns ABTOMATU3ALUU YIIPABJICHUS,
MHOTOHAIMOHANBHAS (eepannss OpraHu3aIyi, MPEACTABISIONINX Pa3paboTKy
W Hay4HbIe OOIIECTBa, 3aMHTEPECOBAHHBIC B ABTOMATH3AllMM YIIPABIICHUH.
CEA — ucnanckoe O6mecTBo Ha ABToMaTtu3anuu U KoHTpoJis, HallMOHATBHBIT
yieH [FAC B Mcnanuu. OgHo U3 HUX Ha3biBaeTcsa «MoaeaupoBaHUE U UMUTA-
HMOHHOE MozenupoBaHuey», coctapisis CEA-SMSG (Mcnanckas rpynna mo-
JeTUPOBAHUS U UMUTAIIMOHHOTO MOJICITUPOBAHUS ).

36. http://www.msco.mil/ - Koopaunanmonusiii opuc «MIMUTAIIMOHHOE MOJIEIIH-

poBanue» nernapramenta 06oponsl CIIA (DoD M&S CO).

37. http://www.alabamamscouncil.org/ - CoBeT 1m0 UMHUTAIIMOHHOMY MOJICIUPO-
Banuio Amabamel (AMSC).

38.http://sysdynamics.ru/ - Poccuiickoe 00IIECTBO CUCTEMHOM TUHAMUKH.

39. http://www.eskovostok.ru/solutions/simulation/ - Caiit komnanuu Dxo Boc-

TOK, BaHHMa}OHIGﬁCH HMHUTALIMOHHBIM MOJACIUPOBAHUCM.

Ilpozpammmnoe obecneuenue

40.http://www.gpss.ru/ - Cuctema IMHTAIMOHHOTO MoaeaupoBanus GPSS.

41.http://www.gpc.de/e_poses.html - MmvuTanuoHHOE MOACIMPOBAHUE C IOMO-
uipto cetert [lerpu — cucrema POSES++.

42 .http://www.iseesystems.com/ - ITporpammuoe obecrieuenwe ithink 7.0 u Stella
7.0 nst MOJICTMPOBAHUS HEMPEPHIBHO-IUCKPETHBIX MporieccoB. ITo cpaBHEHHIO

c ithink B Stella UMeIOTCS BO3MOXKHOCTH II0 TOCTPOSHUIO MOJIeTel OOJIbIIOi
Pa3MEPHOCTH U X CBEPTKH.
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43.http://imaginethatinc.com/pages/demo.html - Extend — ogun u3 randonee

MOIIHBIX THCTPYMCHTOB IJIsI HMUTALITMOHHOI'O MOACIMPOBAHUA. MoxHOo IoJry-

YUTh OECIIIaTHO JeMo-Bepcuto Ha CD.

44 http://modelsmo.narod.ru/ - BusyanbHas cpena aiis moaeaupoBanuss CMO.
ITo3BousteT co3maBath GPSS-Monenn.

45.http://objectgpss.narod.ru/ - Caiit pa3zpabotku Object GPSS.

46.http://www.arenasimulation.com/ - OduiuanbHbIN CAHT CUCTEMBI JUCKPETHOI'O
MOJIeIMpOBaHus Arena.

47 .http://www.systemsnavigator.com/sn_website/?g=node/38 - Arena Simulation
Software. Software demonstration.

48.http://www.dualis-it.de/ - Opunuaneubiii caiit pupmsel DUALIS Gmbh - pas-
paboTurka nporpammraoro npojaykra ISSOP/Arena.

49.http://www.iteam.ru/soft/modelling/990/ - Onucanne u XapakKTEPUCTUKU CHC-
tembl GPSS/H.

50.http://www.gpss-forum.narod.ru/ - Caiit GPSS dopym.

Oobugue pecypcot no MoOoeauposaHuIo

51.http://www.simulation.org.ua - IMuTaninoHHOE MOICTTMPOBAHUE CHCTEM,
HTVYY "KIIN", Ykpauna.
52.http://www.gpss.ru/ - O0mepocCuiiCKuil MOPTa MO0 BOIPOCaM UMHUTAIIMOHHOTO

moznenupoBanus GPSS.
53.http://www.efg2.com/Lab/Library/SimulationAndModeling.htm - Camsie 06-

II[A€ PECYPCHI 10 MOAEIUPOBAHUIO.
54.http://www.simulationinformation.com/ - Hatmonansnsii rieatp CIIIA mo mo-

nenupoBanuto (National Center for Simulation). CaliT cogepXUT MHOTO T10-

JIe3HOM MHGOPMAITUH 10 MOJCITUPOBAHUIO B PA3IUYHBIX 00JIACTIX JCSITEIBHO-
cTu 4yesnoBeka. OCHOBHAs HAMPABJICHHOCTh - MOJICIUPOBAHKUE B BOGHHOMN 00-
nactu. MHOTO CCBIJIOK Ha pecypchl o MoaenupoBanuto B CIITA.

55.http://web.mit.edu/jsterman/www/DID.html - O630p nuTeparypsl Mo CUCTEM-
HOU TUHAMHUKE.

Jluunvie cmpanuyvl cneyuaiucmos
56.http://manta.cs.vt.edu/balci/ - Ocman bancu, mpodeccop hakynprera nHPOP-
MAaTUKH TEXHUYECKUN KOJUIEK Bupxxunusa, MoaenupoBaHue 1 UMUTALWS,

IIPOBEPKA JOCTOBEPHOCTHU, IIPOBEPKA IPABUIBHOCTH, TECTUPOBAHUE.
57.http://science.kennesaw.edu/~jgarrido - Jose M. Garrido, ¢akynbrer uHpOpMa-
TUKHU U MHPOPMAIIMOHHBIX CUCTEM, JUCIUILUIMHA "MoaenupoBaHie 1 UMHUTA-

uus" I'ocynapctBennblil yausepcutetr Kennecan. Pa3paboruuk Psim.
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