MoaenupoBaHue cuctem

OcHoBHast nuTeparypa:

1 CoBetoB b.A., fAAkoBneB C.A. MopgenupoBaHue cucrtem. M.,

Bbicwasa wkona, 1998. — 319 c.

2 BacunbkoB (0.B., BacunbkoBa H.H. KomnbroTtepHble
TeXHOJSIOrMN BbIYMCIIEHMA B MaTeMaTu4yeckomMm mogenupoBaHuu. M.,
®PuH. n crar., 1999 — 256 c.

3 JlaxoBny B.®. PyKkoBoACTBO K pelleHUI0 3apay no OCHoOBaMm
MH(POPMATUKN U BbIMUCTIUTENBHON TeXHUKU. M., Bbicw.wkona, 1994. —
256 c.

4 Camapckmn A.A., MuxamnoB A.[l. MartemaTnyeckoe
moaenupoBaHue: Upnen. Metoabl. lNMpumepbl. — 2-e u3a., nenp. M.:
duasmarnur, 2002. — 320 c.

5 [lopwHeB C.B. KomnbroTtepHoe moaenupoBaHue (pusanyeckux
npoueccoB ¢ wucnonb3oBaHuem nakera MathCad. Yu4. noc. M.:

Nopnuttenekom, 2002. — 252 c.



MopenupoBaHue (B LMPOKOM CMbICNe) SIBNSIETCA OCHOBHbIM
MeToOAOM uccreaoBaHMM BO BcCeX o00nactax 3HaHMM U Hay4vHo
O00OCHOBaHHbLIM METOAOM OLIEHOK XapaKTePUCTUK CIOXHbIX CUCTEM,
Mcnonb3yemMbiM Ans MNPUHATUA peweHMW B pasnuyHbiX cdepax
UHXeHepHoON peAaTenbHocTU. CywecTBywOWMe U NpPOEKTUpyeMble
CUCTEMbI MOXHO 3(PPEeKTUBHO wunccrnegoBatTb € MOMOLUBIO
MaTeMaTuyecKux wmopaenen (aHanUTUYECKUX U UMMUTaALUOHHDbIX),
peanusyeMblXx Ha coBpeMeHHbix JBM, koTopble B 3TOM crny4yae
BbICTYNalT B Ka4yeCTBe UHCTPYMEHTa 3KCNnepuMeHTaTopa ¢ MoAersbio

CUCTeMbl.

MoaenupoBaHue Kak MeToh  HayuvHoro

NMO3HAHUA
B HacTtosiwee BpemMsi Hesnb3sl Ha3BaTb OONlaCTb 4YerioBe4YeCKoMu

AeATeNIbHOCTU, B KOTOpPOM B TOM MU MHOMN CTENEeHU He
Mcnonb3oBanucb Obl MeToabl MoaenupoBaHua. OcobeHHO 3TO
OTHOCUTCA K cdepe ynpaBrieHUA pasfnMYHbIMU CUCTeMaMKn, rae
OCHOBHbLIMU SABMAIOTCA NpouecCbl MPUHATUA peLleHUA Ha OCHOBe
nony4yaemoun nHcgpopmaumu.

fMnoTte3bl M aHanoruuv, oTpaxawwue peasibHbI, OOBHLEKTUBHO
CYyWeCcTBYWOWMUA MUP, AOMKHbI 0OOragatb HarnsagHOCTbI UMK
CBOAUTBLCA K YAOOHLIM AnNA uccriegoBaHUA JIOTMYECKUM CcXemaw;
Takume noruvyeckue cxembl, ynpoljaroLime paccyxgeHus 1 riormyeckue
NOCTPOEHUA WUNMU  NO3BONAKOLWME MNPOBOAUTL  IKCNEPUMEHTHI,
yTOUYHAOWME NpUpoay SIBMEHUWU, HasbiBalwTCA mMoaensamu. Opyrumu

cnoBamu, wmogenb (nar. niodulus — mMepa) — 23TO OOBLEKT-



3amMecTuTenb oOObLEeKTa-opurmHana, obecneynmBawWMA  U3YYEHUEe
HEeKOTOpPbIX, CBOMCTB OpuUrMHana.

MopenupoBaHue - 3aMelleHUe ogHOro oobLeKkTa APYruMm cC Uernbio
nony4vyeHnsa wuHdopmMmaumm O BaXHeUWUX CBOUCTBaAX ObObBEKTa-
opuruHana c nomMoLb1o obbekTa-moaenu Ha3blBaeTcs
moaenupoBaHumem. Takmm obOpasom, moaenupoBaHue MOXET ObITb
ornpeaeneHo Kak npeacraBfeHMe obbekTa moaenbio AN NMOonyYeHus
uHdopmauum o6 3ToM O0O6BHLEKTe NyTeM NpoBeaeHUA 3KCNEePUMEHTOB C
ero mopgenbio. Teopuss 3ameleHU OAHUX OOBLEKTOB (OpPUrvMHaNnoB)
ApPyrmMu ob6bekTtamm (MoaensamMu) U uccrieqoBaHUsA CBOUCTB OOBHEKTOB
Ha NX Mmoaensix HasbiBaeTcsA Teopuen moaerIMpoBaHUS.

Onpepensasa ponb Teopuu MoaenuMpoBaHuUs, T. €. ee 3HadeHue,
HeoOXxoaAuMO npexae BCero OoTBNeYbLCA OT MMEHLWerocss B Hayke W
TeXHUKe MHoroo6pasma wmogeneMm UM BblaennTb TO obLliee, YTO
npucywie MoaernisiM pasfiMdHbiIX MO CcBOeu npupoae OOBLEKTOB
peanbHOro mMupa. JTo obOliee 3aKn4yaeTcAa B HariM4UM HEKOTOpoOM
CTPYKTYpbl (CTaTU4eCKOU UNN AUHAMUYECKOW, MaTepuanbHOM WU
MbICIIEHHOM), KOoTopas noaoOHa CTpPyKType pAaHHOro oo6bekrta. B
npouecce uU3y4YeHMs1 Mopaenb BbICTYNaeT B POJZIU OTHOCUTESIbHOro
CaMOCTOSAITeNIbHOro KBa3uMoOObLEKTa, MO3BONIAOLWEro MNOJy4YUTb MNpwU
uccreaoBaHUM HEKOTOPbLIE 3HAHUA O cCaMOM OObeKTe.

Ecnn pe3ynbTatbl MoaenupoBaHMs NMOATBEPXAAKTCA U MOTyT
CINY>XUTb OCHOBOM AJIA NPOrHO3UpPOBaHUA MPOLLECCOB, NMPOTeKaKLWmnXx
B uccrieayeMbiX OObeKkTax, TO FOBOPAT, YTO MoAesib aAeKBaTHa
o6bekty. [pn 3TOM apgekBaTHOCTb MoAenu 3aBUCUT OT Uenu

MoaesrnimpoBaHuUA U NPUHATBLIX KpUTepues.



OGo0OLWeHHO MogenupoBaHME MOXHO onpeaennuTb Kak MeTopn
onocpefoBaHHOro MO3HaHUA, MPU KOTOPOM MU3yYaeMblih OOBEKT-
opuruHan HaxogAuTca B HEKOTOpPOM COOTBEeTCTBUM C [OpPYyrum
o6bLeKToM-Moaernbio, NpuyeMm mopaesib CNOCOO6Ha B TOM MW UHOM
OTHOLUEHMN 3amMellaTb OpPUrMHaNM Ha  HEKOTOopbIX  cTaguax
nosHaBaTenbHoro npouecca. CtagMmM noO3HaHMUSA, Ha KOTOPbIX
NPOUCXOAUT TaKaAa 3aMeHa, a TakkKe (popMbl COOTBETCTBUSA MoAenun u
opuruHana MoryT ObITb pa3fIMYHbIMMU:

1) MmogenupoBaHUue Kak no3HaBaTesNlbHbIA Npouecc, coaepxawumn
nepepaboTky uMHpopmaumm, noctynarwlwen U3 BHeELWHeUn cpefbl, O
NPOUCXOAALWMNX B HEeU SIBEHUAX, B pe3ynbTaTe 4ero B CO3HaHUMU
NOABNAKTCA OOpa3bl, COOTBETCTBYHOLWUE OO bEKTaM;

2) mogenupoBaHue, 3aknr4arlweecss B NOCTPOEHUN HEKOTOPOW
cucrtembl-mogenum (BTOpPOU CUCTeMbl), CBA3aHHOU onpegeneHHbIMU
COOTHOWEHUAMU nogodbma Cc cucrtemom-opurmHanom (nepBow
CUCTEeMOMn), NpMYeM B 3TOM crly4yae oToOpaxeHMe O4HOW CUCTEeMbl B
APYryro SABNSeTCA CpPeACTBOM BbIABNIEHUA 3aBUCUMOCTEM Mexay
ABYMAI CUCTEMaMW, OTPaXeHHbIMW B COOTHOLUEHUSIX nopobusa, a He
pe3ynbTaTtom HenocpeaCcTBEHHOro U3yvyeHus nocrtynawowen
uHcpopmauuu.

NMpouecc mopenupoBaHMA npepnoriaraeT Hanu4ume ob6bBbeKTa
uccregoBaHUA; uccriegoBaTtens, nepen  KOTOPbIM  MoOCTaBJieHa
KOHKpeTHasa 3ajava; wmMogenu, co3gaBaeMoM AN NOJyYeHus
uHopMmaumn o6 o0ObeKkTe U HeoOXoAMMOM [ANA  peweHus
nocrtaBneHHon 3agaun. [lpyyem nNO OTHOWEHUMKO K MoAaenw
uccrniegoBartesib fAIBNISIeTCA, NO CYTU pAeria, 3KCNEepPUMEHTaToOpoOM,

TOJIbKO B AaHHOM cCliy4dyae 3KCnepumMeHT npoBoauUTCA He C pealJibHbIM



00BLEKTOM, a C ero moaesibio. Takon aKCNepuMeHT A1 UHXeHepa eCTb
MHCTPYMEHT  HenoCpeaACTBEHHOro  peleHnsa  opraHM3auMoOHHO-

TeXHN4YeCKux 3agau.

Ucnonb3oBaHue MoaenupoBaHuA npu

ncernegoBaHmMu n NMPOEeKTUpoBaHUU CIMOXHbIX

CUctTem
OaHa n3 npob6nemM coBpeMeHHOM HayKn U TeXHUKN — pa3paboTKa

U BHeApeHUe B TMPaAKTUKY MNPOEKTUPOBAHUMSA HOBEWWUX MeTOoAoB
uccrieqoBaHus XapaKTepuUCTUK CNOXHbIX MH(OPMaLMOHHO-
ynpaBnarowmx U MHPOPMALUOHHO-BbLIMMUCIIUTENbHbLIX  CUCTEM
pa3nuyHbIX YpPOBHeW (HanpuMmep: aBTOMATU3UPOBAHHbLIX CUCTEM
Hay4HbIX WUCCNeAOBaHUMA U KOMMJIEKCHbIX WCNbITAHUA, CUCTEM
aBTOMaTU3aLumn NPOEeKTUPOBaHUA, KOMMNJIEKCOB 7 ceTen,
MH(OPMALMOHHbIX cucTeM). NMpu NPOEKTUPOBAHMU CIIOXKHbLIX CUCTEM
M UX NOACUCTEM BO3HMKAOT MHONOYMCIIeHHble 3agauu, Tpebyrowmue
OLEHKU KOJINYECTBEHHbIX W KayeCTBEHHbIX 3aKOHOMepHoCTeun
npoueccoB  (PYHKLUMOHUPOBAHMA TaKUX CUCTEeM, MNpoBeaAeHUs
CTPYKTYPHOro anropuTMmM4YecKkoro u napamMmeTpm4yeckoro ux CUHTe3a.

B AucuunnuHe paccMaTpyMBalOTCA CUCTEMbl MHGOPMATUKM W
BbIYMCNIUTENbHON TEeXHUKMU, aBTOMaTU3UPOBaAHHbIE cCUCTeMbl
06paboTkn MHcpopmaumm n ynpaBneHus, MUH(pOPMaLNOHHbIE CUCTEMbI
OTHOCATCS K Knaccy OonblMX CUCTEM, 3Tamnbl MPOEKTUPOBAHMUSA,
BHeApeHus, aKkcnnyaTtauum 1 3BOJIIOLUMUN KOTOPbIX B HacTosiLLlee BpeMs
HEeBO3MOXHbI 6e3 MCNOJIb30BaHMUA pPa3nun4HbIX BUAOOB

MoaesrimpoBaHUA. Ha Bcex nepevYnCsieHHbIX 3Tanax AnA CJIOXHbIX



BUOOB pa3fiM4HbIX YPOBHEUM HEOOXO0AMMO YuUYUTbIBaTb crieayrolime
OCOOEHHOCTH:

e CNOXHOCTb CTPYKTYpPbl U CTOXacTUYHOCTb CBA3en MexAay
3fileMeHTaM1, HeOA4HO3HAa4YHOCTb anropuMTMoB MNoBeAeHUA
NPV pasfnYHbIX YCNOBUSX,

e OONnbLIOe KOJSIMYECTBO MNapamMeTpoB U MNepeMeHHbIX,
HEernosnHoTy ] HeAeTepPMUHUPOBAHHOCTb MCXOO4HOW
nHdopmauuu;

e pa3HooOpa3uMe U BEpPOATHOCTHbLIAN XapaKTep BO3OeUCTBUMN
BHeELWHEeWN cpeabl.

OrpaHuU4YeHHOCTb BO3MOXHOCTEN 3KCNepuMeHTarnbLHOro
uccnegoBaHUA OONbLUMX CUCTEM pfenaeT akTyaribHOW pa3paboTKy
MeTOAMKM WX MOoAenupoBaHUA, KoTopasa no3Bonuna ©Obl B
COOTBETCTBYHOLLEN dopme npeacTaBUTL npouecchl
pyHKUMOHUPOBaAHNUSA CUCTEM, ONMUCcCaHWe NPOTEeKaHUs1 3TUX NpoLeccoB
C MOMOLbLID MaTeMaTU4YeCKUX Mopaenen, nosiyyeHme pesynbTaToB
3KCNEepUMEHTOB C MoAensMM MO  OUEeHKe  XapaKTepUCTUKMU
uccrnieayeMbix oobektoB. [pnyeM Ha pa3HbIX 3Tanax co3gaHuAa WU
MCMNONb30BaHNA NepeYvYUCrieHHbIX CUCTEeM ANf BCero MHoroobGpasus
BXOOAWMX B HUX NOACUCTEM MPUMEHeHne mMetoaa MoaenupoBaHUA
npecrieayeT KOHKpeTHbIe uenu, a 3 PpeKTMBHOCTL MeToAa 3aBUCUT OT
TOro, HaCKoJSIbKO rpamMoTHO pa3paboTyMK MUCMNOSib3yeT BO3MOXHOCTU
MoaenupoBaHua. HesaBUCMMO OT pa3bueHUss KOHKPETHOWM CII0XKHOM
CUCTEeMbl Ha NOACUCTEMbl NPU MPOEKTUPOBAHMUM KaXAON U3 HUX
Heob6xoaumMo BbIMOJIHATb BHeLIHee NnpoeKTupoBaHue
(makponpoekTupoBaHue) ] BHYTpPeHHee NnpoeKTupoBaHue

(MukponpoektupoBaHue). Tak Kak Ha 3TUX cCTaguMax paspadboTyuk



npecnegyetT pa3finidHbie Uesiv, TO U uCnoJib3yemMbie nNpm 3TomMm MetToabl
n cpeactBa moaesimpoBaHunsAa MoryTtT CyuleCtBeHHO OTJIMHATbCA.

Ha cmaduu makponpoekmupoeaHusi AOMMKHa ObiTb pa3paboTaHa

obobweHHaa Mopenb npouecca (PYHKUMOHUPOBAHUA CIIOXKHOWM
CUCTEeMbl, MNO3BONAKLWAA pa3paboTYMKy NONy4YUTb OTBETbl Ha
Bonpocbl 006 3th¢peKTUBHOCTU pa3fMYHbIX CTpaTerMum ynpaBneHus
O0BLEKTOM npu ero B3aMMogencTBMM C BHewHen cpepon. Crtaguro
BHELUHEro NpoeKTUpPoBaHUA MOXHO pa3bUTb Ha aHanNM3 U CUHTe3.

Mpu aHanu3e nN3y4alT OOGBLEKT ynpaBneHusi, CTPOAT MoAaenb

BO34EeUCTBMA BHELWIHEW cpeAabl, OnpeaensilotT KPUTEPUU OLEHKU
3achheKTUBHOCTU, MMeKLMecs pecypcbl, HeOOXoaUMbIEe OrpaHNYeHUsI.
KoHeyHass uenb cTtagMuM aHanumsa — MNOCTpPOEHMe MoAaenum obGbekTa
ynpaBneHUsa A5 OLeHKU ero XxapakTepucTuk.

lMpu cuHmMe3e Ha 3Tane BHELWHEro NPOeKTUPOBAHUSA peluarTCcs

3aaavum Bbl60pa cTpatermm ynpasJrjieHnsd Ha oCHoBe Moaenuv o0beKTa
MoaesrimpoBaHuA, T. e. CJI0XKHON CUCTEMBbI.

Ha cmaduu mukponpoekmupoeaHusi pa3pabaTbiBaloT Moaenu ¢

uenbi co3naHusa ahppeKkTUBHbIX nogcuctem. NMNpuyem ncnonblyemblie
MeToabl M cpeacTBa MoAeNnMpoBaHUA 3aBUCAT OT TOro, Kakue
KOHKpeTHO obecneuyumBawwme nNoACUCTEMbl pa3padbaTtbiBaloTCs:
MHOpPMaLUOHHbIE, MaTeMaTU4yeckue, TeXHN4YeCcKme, nporpamMmMHbie U
T. A.

Bbibop mMeTtosa mopgenupoBaHMA M Heobxogoumas aetanusauus
Moaernen CywecTBEeHHO 3aBUCAT OT 3Tana pa3paboTKM CrioXHOWM
cuctembl. Ha atanax obcneaoBaHusa ob6beKTa ynpaBrieHUs, Hafnpumep
NPOMBbILISIEHHOrO NPeanpPUATUA, U Pa3paboTKM TeXHUYECKOro 3agaHus

Ha MNpoOeKTupoBaHue aBTOMaTVI3VIpOBaHHOl7I cuctembl ynpaBlieHUs



MoAerim B OCHOBHOM HOCAIT onucaTtesfibHbIW XapaKTep U npecnegyroTt
uenb Haubornee nNOJfIHO npeacTaBUTb B KoMnakTtHoum dopme
nHdopmauuo 06 o6bLeKTe, He0OXOAUMYHO pa3paboTUYMKY CUCTEMBI.

Ha 3Tanax pa3paboTKM TexXHU4YecKoro u pabouyero npoeKkToB
cuctem, wMoaenu oTAeribHbIX MNOACUCTEM AeTanu3vupyroTcs, W
MoaenupoBaHWe CIYXWUT AONA  pelleHnst  KOHKpeTHbIX 3apad
NPOeKTUpoBaHUA, T. €. BblOoOpa onTUManbHOro no onpenerieHHoOMYy
KPUTEPUIO MpPU 3adaHHbIX OrpaHMYeHUsX BapuaHTa M3 MHOXecTBa
aonyctumbix. [o3aToMy B OCHOBHOM Ha 3TUX 3Tanax NpPoeKTUpoBaHUA
CJIOXHbIX CACTEM UCNOJIL3YOTCA MoAeNu ANA ueren CUHTesa.

LleneBoe Ha3HayeHMe mMogeriMpoBaHUSA Ha 3Tane BHeAPEHUA U
3KcnsiyaTtauma CIrioOXHbIX CUCTEM — 3TO MpPOUrpbiBaHUEe BO3MOXHbIX
CUTyauuun Ans npUHATUA 0OOCHOBAHHbIX U NMEPCNEeKTUBHbIX peLleHUM
no ynpaeneHnw ob6bektoM. MopgenupoBaHuMe (MMUTaULMUIO) TaKxe
IUIWPOKO MPUMEHSAT nNpu oOby4YeHMM U TPEHUPOBKE MepcoHana
aBTOMATU3NPOBAHHbLIX CUCTEM  YyMNpaBJieHUsl, BbIYUCIIUTESNbHbIX
KOMMJ/IEKCOB U cCeTeU, WH(POPMALMOHHbIX CUCTEM B pPasfiMYHbIX
chepax. B aTom cnyyae mogenupoBaHue HOCUT XapakTep AerioBbiX
urp. Mopgenb, peanusyemas o6bl4HO Ha 3BM, BocnpousBoauTt
nosegeHue yrnpaBrfieMoro o6bekTa M BHEWHeW cpeabl, a nwoau B
onpepeneHHble MOMEHTbl BpPeMeHM MPUHUMAKT peLlleHnsa no
yrnpaBneHUuo o6 bEeKToM.

ACOWNY aBnAawTCA cUMCTeMaMn, KOTOpble pa3BMBaKOTCA NO Mepe
3BoONilOLUMN OObBEKTa YynpaBrieHUs, NOABMEHUA HOBbIX CpeacTB
ynpaBneHma um T. A. [lo3atoMy npu NpPoOrHoO3MpoBaHUU pPa3BUTUSA
CJTIOXHbIX CUCTEM pPOosfib MOAeNNpPoOBaHUA OYeHb BbICOKA, TaK KaK 3TO

eaANHCTBEeHHas BO3MOXHOCTb OTBeTUTDHL Ha MHOIro4YumcrlriéHHble



BONPOCLI 0 NyTAX AanbHenwero 3 peKTMBHOro pasBuTUS CUCTEMbI U

BblOOpa M3 HUX Haubornee onNTUManNbLHOrO.

Mopenb — dusnyeckum uUnNM abCTpPaKTHbIA OOBLEKT, aAeKBaTHO

oToOpaxarLwmumn uccnegyemMmyro cuctemy.

Ko Bcem paspabaTtbiBaeMbiM MoAensaM npeabLABMATCA ABa
NPOTUBOPEYNBLIX TPeOOBaHUSA:

- NpOCTOTa MoAenu;

- aAeKBaTHOCTb uccrieayeMmomn cucteme.

TpeboBaHMe npocToThbl Moaenu obycrnoBfieHO HeEOOXOAUMOCTbLIO
NOCTPOEHUsA MoAernun, KoTopass MOXeT ObITb paccyuTaHa AOCTYMNHbIMMU
metoaamu. [locTpoeHne CrnoOXHOM MoAennMm MOXeT TMnpuBecTu K
HEBO3MOXHOCTU MOJNIY4YEeHUS KOHEYHOro pe3yrnibTata UMeKLWUMUCH
cpeaAcTBaMu B NpuUeMrieMble CPOKU U C TpedyeMon TOYHOCTbIO.

CteneHb CNOXHOCTM (NpPOCTOTbLI) MoAenu onpepenseTca
YPOBHEM ee geTanusauuu, 3aBUCSLLUM OT NMPUHATBLIX NPeanosioXKeHUn
M gonyLweHUun: Yyem mx donblue, TeM HUXE YPOBEHb AeTanu3auuum u,
crnepgoBaTtesibHO, npowe mMoaesrib U, B TO XXe BpeMsi, MeHee afeKBaTHa
uccrieayemMom cucrteme.

ApekBaTHocTb (OoT nat. adaequatus — npupaBHeHHbIN, paBHbIN) —
COOTBETCTBME MOAeNu OpUrnHany, Xxapakrtepusyemoe CcTeneHblo
GnM3ocTn CBOMCTB MOAeNnu CBOMCTBaM UccrneayeMmom CUCTEMbI.

ApnekBaTHOCTb MaTeMaTU4YeCKUX Moaenien 3aBUCUT OT:



e CTeneHu NONIHOThbI U AOCTOBEPHOCTU cBeaAeHN 06 nccrneayemomn
cucTteme;

e YPOBHSA AeTanuMsauvm mMoaernu.

Mpu aTomM mogenupoBaHne MOXeT NPOBOAUTbLCA:

e B YCNoBMUAX MOJSIHOM onpeaesieHHOCTU, O3Ha4yawwen Hanmyume
TOYHOM MHpopMaL N 060 BCeX MCXOAHbIX NapamMeTpax;

e B YCNOBMAX HeonpeaereHHOCTU, 00YCIOBIEHHbIX:

- HETOYHOCTbLIO CBeeHUMN O NapameTpax;

- OTCYTCTBMEM CBeAEeHUN O 3HAYEHUSsIX HEKOTOPbIX NapaMeTpPoB.

MHoroobpasme cuctem, nposiBnsAwlWEeecAs B MHOrooopasuum ux
CTPYKTYPHO-PYHKLUNOHANBbHON opraHusauum, onpepenser
MCMNoNb30BaHNEe MHOXeCTBa pa3HbIX MoAeneun, KOTopble MOryT ObITb
KnaccunpumumpoBaHbl B 3aBUCUMOCTMU OT:

1) xapaktepa ¢pyHKUMOHMPOBaAHUA NccnegyemMom CUCTEMBI:

" OJeTepMUHUPOBaAHHLIE, ¢pyHKUMOHMpPOBaHNe KOTOpPbIX
onuncbiBaeTcHA AeTePMUHUPOBAHHbLIMU BefIMYMHAMM;

" CTOXAaCTUYeCKMe WU BEepPOATHOCTHbIe, (PYHKLMOHUPOBaHUE
KOTOpPbIX

" OMUCbIBaeTCs Crly4YauHbIMU BeNIMYMUHAMMU;

2) xapaKkTepa npoTeKarLwmx B uccrieayemMom cucteme npoLeccos:

" HenpepbiBHble, B KOTOPbIX nMpoueccbl MNpoOTeKawT
HenpepbIBHO BO BPEMEHMU;

" AUCKPEeTHble, B KOTOPbIX NpoLueccbl MEHAKT CBOE COCTOSAHUEe

CKayKoobpa3HoO B AUCKPETHblIe MOMEHTbI BPeMEeHMH;



3) cTeneHn AOCTOBEPHOCTU UCXOAHLIX AaHHbLIX 00 uccrnegyemomn
cucreme:

" C anpuOpPHO U3BECTHLIMU NapamMeTpamMu;

" C HEeUM3BEeCTHbIMU NapamMeTpamMu;

4) pexxmuma (pyHKLUMOHMPOBAHUA CUCTEMBI:

" CTauMOHapHble, B KOTOPbIX XapaKTePUCTUKUN HE MEHSAKTCA CO
BpeMeHeM;

" HecTauMOHapHble, B KOTOPbIX XapaKTepPUCTUKU U3MEHSIIOTCA
CO BpeMeHeM;

5) Ha3Ha4YeHusN:

" CTaTU4YeCKue WUIU CTPYKTYpPHble, OoTOOpaxarlwme cocTtaB MU
CTPYKTYpPY CUCTEMblI;

" AUHaMu4yeckue wunu JQyHKUMOHaNbHbIE, oOTOoOpaxarwme
(pyHKLUMOHMpPOBaHNE CUCTEMbI BO BPEMEHMU;

" CTPYKTYPHO-(pYHKLMOHArbHbLIE, oToOpaxaruwume
CTPYKTYpPHbIe n dyHKUMOHaNbHLIE 0COOEHHOCTH
opraHuMsauum nccnegyemMmom CUCTeMbl;

6) cnocoba npeacraBneHus (onucaHusl) U peannsauum:

" KOHUenTyalibHble UIIU coAepXxaTesfibHble, NpeAacTaBnAalOWMe
cobon onucaHme (B npocTellleM criydyae CrioBecHoe)
Hambonee CywWeCTBEHHbIX OCOOEHHOCTEU CTPYKTYpPHO-
(pyHKLUMOHaNbHOW OpraHu3auum nccrnegyemMoun CUCTeMbl;

* ¢husnyeckme nnu matepmaribHble — Mogersriv, 3KBUBaNeHTHble
UnM nopobHble opuruHany (makeTbl) WM  npouecc
(pYHKLUMOHMPOBaAHNA KOTOPbIX TaKOW Xe, KaK y opurmHarna u

uMeeT Ty XXe unu apyryro usnyeckyro npmpoay;



" MaTemMaTuyeckue unNM abcCTpakTHble, npeacTaBnfalLWMe
cobon chopmannzoBaHHOe ONMUCaHME CUCTEMbl C NMOMOLLbLIO
abcTpakTHOro fA3blka, B YaCTHOCTM C MNOMOLWbIO
MaTeMaTU4YeCKUX COOTHOLUEHUN, OTpaxarwLwmx npouecc
(pYyHKLUMOHMPOBAHNA CUCTEMBbI;

" nporpamMmMmHble (anroputMuMyeckKume, KOMMbKTEpPHbIE) —
nporpamMmmel ans 9BM, nosponsawowue HarnsagHo
npeacTaBUTb uccrneayemMbin OO0 BEeKT nocpeacTtBom
nMuTaumn Unu rpaduyeckoro oToOpaxeHus
MaTeMaTU4YeCKMX 3aBMCUMOCTEN, OMUCLIBAKOLWMNX MCKOMbIN

OOLEeKT.

CooTBeTCTBEHHO pa3nuyalT d(usnyeckoe, MaTemaTmyieckoe U
KOMNbLIOTEPHOE MoaeNnupoBaHue.

Mexay knaccamm cuctem M mMmopenen HeobszaTesibHO AOSMKHO
cywiecTtBOBaTb OAHO3HA4YHOe coOoTBeTCTBUEe. Hanpumep, ANCKpeTHLbIe
CUCTeMbl MOTYT ObITb NpeAcTaBlieHbl B BUAe HenpepbiBHbIX MoAenen,
a AeTepMUHUPOBaAHHbIE CUCTEMbI — B BUAe BEePOATHOCTHbIX MoAenen,
M HaobopoT.

B AanbHenweMm OCHOBHOE€ BHUMaHUue yaensietcsa
MaTeMaTU4eCKOMY MOAENIMPOBaHUIO, LUMPOKO UCMNOSIb3yeMOMYy Mpu

nccnenoBaHMn CNNOXHbIX TEXHNYECKUX CUCTEM.



MaTtemaTuyeckoe mogenmpoBaHue

MaTtemaTnyeckoe mogenupoBaHue ABNAETCA COCTaBHOW 4acTblio
Hay4YHO-TeXHMUYecKkoro nporpecca. CywWwHOCTbLO MaTeMaTU4ecKoro
MoaernMpoBaHUA ABNAETCA TO, YTO UccneayeMbin OO LEKT yrnpaBneHus
3aMeHsleTCsA ero MaTremMaTuieCKou Moaenbk U 3aTeM C NOMOLUbKO
pPa3fUYHbIX BbIYUCITUTENbHO-NTIOMNMYEeCKUX anropuTtmMoB
OCYLLUECTBNAKTCA BblYUCIUTESIbHbIE 3KCMEPUMEHTbl He Hap caMum
O0bLEeKTOM, SIBJIeHUEM WU MNpPOLECCOM, a Haa MUX MoAenbl, 4TO
no3BonsieT 6e3 cywecTBeHHbIX 3aTpaT UccrnenoBaTb BeCb KOMIMIEKC
CBOMCTB U NnoBeAeHMe OObeKTa yrnpaBrieHUsl, a TakKkKe OOCTaTO4YHO
NOsIHO U“ rnyboko wum3yuntb ero. OpHako MaTemaTunyeckoe
MoaenupoBaHMe NMPUHOCUT OLLYTUMbIEe pe3yNnbTaThbl JIUllb NPU YEeTKOU
dopMynnpoBke OCHOBHbIX MOHATUA W NpeanosiodKeHUn, aHanusa
afeKBaTHOCTU WUCMNONb3yeMbiX MoAenen, a TakKxke onpeaersieHHOU
TOYHOCTU BbIYUCNINTENbHbIX aNnropuTMoOB.

UTak, mopenb npeacrtaBnsetr cobom abcCcTpakTHoe onucaHue
cuctembl. C noMmowbLi0 MaTeMaTU4YeCKOM Moaesiu OcCyLlecTBNAeTCA
CBA3b Mexay  (Ju3nyeckon 3apavyen, B KOoTopoum  Oyger
MCNoJsib30BaTbCA pe3ynbTupylowas OLeHKa, " obnactbio
MaTeMaTU4YeCKMX abcCcTpakuuin, B KOTOPOM AOJIKHA CTPOUTLCA 3ITa
oueHka. Co3paHMe mMopenn -— 3TO TBOPYECKMM npouecc, camo
onucaHue CUCTeMbl U YPOBEHb AeTanu3auum KOToporo onpepensieTr
cam paspabotumk. loaTomy ycnex moaenMpoBaHUSA BO MHOIOM
3aBMCUT OT TOro, HaCKOJNIbKO XOpOLWO pa3paboTyuMK mMoaerniu CMOXeT
BblOeNIUTb CYLEeCTBEHHble 3fIeMeHTbl CUCTEMbl U onpeaenuTtb

B3aMMOCBA3N MeXAay HUMMN. CyTb MaTeMaTn4yecKoro moaesfimpoBaHus



3aKn4yaeTca B 3aMeHe UCXOO4HOro oodObeKkTa ero «obpasomy», T.e.
MaTeMaTu4eCKou Moaernblo, U B AaribHEULWEeM — B UCCJle0BaHUN 3TOMU
Mozaenu. MaTtemaTunyeckue Moaenu MCNONb3YT ans
NPOrHO3MpoBaHNA MNOBeAEeHUA MoAesIupyeMbiX OOBLEeKTOB, Ha HUX
BbIMNOJIHAIOT Pa3fIN4HOro poAa KOHTPONUpyeMble 3IKCNepUMEeHTbl B
TexX cny4yasx, Korga 3KcrnepMMeHTUpOBaHUE Ha peanbHbIX 00beKTax
NPakTU4eCKn HEeBO3MOXHO M3-3a OTCYTCTBUA nNocCnegHUX Wnu

BO3HUKaKoLWen BO BpeMA IKCNepnuMmeHTOB ONMaCHOCTMW.

MaTtemaTunyeckaas wmogenb - 2310 (¢opmanbHaa cucTema,
npeacraeBnsaowWas cobon KoOHeyHoe cobpaHMe CUMBOJIOB M
COBEpPLIEHHO CTpPOrMx npaBusl onepuMpoBaHMA 3TUMU CUMBOJNIaMMU B
COBOKYMHOCTU C UHTeprnpeTaunen CBOUCTB onpenerieHHoro oobekTa
HEeKOTOPbIMU OTHOLLEHNUSIMA, CUMBOJIaMWN UITN KOHCTaAHTaMMU.

OCHOBHbLIMKM 3aflayaMM  MaTeMaTU4YeCKoro MoaenuMpoBaHUA
ABNAKOTCA onpepneneHue Heo6XxoaAUMBbIX napameTpoB
TEXHOJNIOFMYECKOro OObeKTa U BbIIBIEHUE €ero  CTPYKTYpbl.
MaTemaTtnyeckoe moaenupoBaHUe KaK MeTod MNOo4YTUM He umeet
OorpaHM4YeHuM, TaK Kak MogenupyroLwasa cuctema:

— MOXeT COCTOSITb U3 3INIEMEeHTOB AUCKPETHOro U HenpepbIBHOIo
AEeNCTBMS UM noaBepratbCA pasfnmMyHbIM  BO3AEUCTBUSAM CIOXHOMN
npupoabl;

— obecneymBaeT MNPOCTYHO MNEpPecTPOUKy pewaeMbiXx 3aga4vy WU
AonycKaeT onncaHne CUCTeM AO0CTaTOYHO OONbLUOK pa3MepPHOCTM.

MaTtemaTnyeckmue mopenuM MOryT ObiTb aHaNIMTUYECKUMMU WU

UMUTaALUOHHbIMMU (puc. 1.1).



AHanumu4eckue MoOesiu OTpaXakwT NpouecCbl CIIOXHOMU
CUCTeMbl, MNpeAcTaBfieHHble B BuAE HEKOTOpPbIX anredbpanyeckux,
UHTerpo-gudpepeHUnanbHbIX, KOHEYHO-PA3HOCTHbIX COOTHOLUEHUW
UMW  JNOrMYeCKUX YCnoBuMU. AHanutTuyeckue mopaenu SABNAKTCA
Hanbonee ¢opmannM3oBaHHbLIMU C MaTeMaTU4YeCKON TOYKM 3PEHUSA, U
uccnepgoBaterib B 3HauYuTeNnbHOM Mepe abcTtparupyercsa  oOT
3aKOHOMEpPHOCTEeN peanibHOM CUCTEMbl B paMKax Haumboriee MOJIHO

pa3paboTaHHbLIX TeEOpPUMN.

MaremaTuueckue MOJICIU

AHAJIUTUYECKHUE NMuTtanmoHHrie

CTpyKTypHBIE OyHKIIMOHAJIbHBIE

Puc. 1.1. Knaccudmkauua mogenen

UmumayuoHHble Modesiu, B OTNIMYME OT aHarMTUYECKUX, C
NOMOLWbLIO CpPeacTB BbIYMUCIUTENbHOW TEeXHUKM BOCMPOU3BOAAT
TeKkywee ¢yHKUMOHUPOBAHNE TEXHUYECKOM CUCTEMbl B HEKOTOPOM
Macwtabe BpemMeHU. [loHATME «MMUTALUMOHHOE MoAaenupoBaHUe»
uenecoobpasHo cCBAi3blBaTb C MNpPOLECCOM KaK MNOCTPOEHUS
MaTeMaTU4eCKOM Moaenn CUCTeMbl, TaK U UCMNONb30OBaHUA ee B
éblyucsiumesibHOM 3KcrnepuMeHme [ANA  OUEHKU roKa3aTerneu

3¢ peKTUBHOCTU CUCTEMBI.



BbluncnurenbHbIU 3KCNEPUMEHT — MeToA M3YyYeHUA YCTPOMUCTB
unm d¢uU3nYecKUx npoueccoB C MNOMOWbI MaTemMaTU4YecKoro
mogenupoBaHua. OH npepgnonaraeT, 4YToO Bcneg 3a MNOCTPOEHUEM
MaTeMaTU4eCKoOu mMoAaesiv npoBoAUTCA ee YNCIIeHHOe uccreagoBaHue,
nosBonfawwWee «npourpatb» MNoBeaeHMe uUccneayemMoro obbekrta B
pa3nnyHbIX YCNOBUAX N moaucmnkaumax.

BbluncnurenbHbIM  3KCMEePUMEHT 3aHUMaeT MNPOMEXYTOYHOoe
NorfoXxeHne mexay (pPuanyecKMm 3KCNEPUMEHTOM U aHanUTUYeCKUM
uccriegoBaHueM.

PU3NYEeCKUN IKCNEePUMEHT NPU Hagmnexawen noctaHoBKEe MOXET
AaTb Uc4yepnbiBawLWMe U HagexXHble pe3ynbTaTbl. OAHAaKO BO MHOIMMX
crniyyasix npeanoyYTeHne oTAaeTCA BbIYUCIIUTENTbHOMY 3KCMEPUMEHTY
BBUAY TOro, YTo B HEM B POJSIN OMNbITHON YCTaHOBKW BbICTyMaeT He
KOHKpeTHoe (pusnyeckoe yCTPOUCTBO, a NporpaMmmMHbIN nNpoaykTt. Ero
CUHTE3 M nocnepywwume moaucpmkaumm B OONbLUMHCTBE CriyvyaeB
TPeOyHT CyLWeCTBEHHO MEeHbLUMX 3aTpaT, YeM aHarlorm4yHble 4encTBuUs
Hag peanbHbIM OOBEKTOM.

Kpome TOro, B m3anyeckon mogernimu 3a4acTtyro HEBO3MOXHO
BOCCO34aTb KPUTUYECKUE PEeXUMbl UMM IKCTpemMaribHble cUTyauuu.
BcneacrBme 3TOro marematvyeckoe mogenupoBaHue OKa3biBaeTcs
€AWHCTBEHHO BO3MOXHbIM CIOCOOOM UccrieaoBaHUS.

UMmntaumoHHoe wmogenupoBaHue HanoMuHaeT ¢u3udeckuu
3KkcrepuMeHm, T.e. pAerlaeT HarnAAHbIMU WU  MPOMEXYTOYHbIe, W
OKOH4aTeJIbHble pe3ynbTaTbl. Ecnu npwu aHanNMTUYeCKOM
MoaenupoBaHUn obecnevynBaeTcs noaodume xapakTepucTUK obbeKkTa u
Mogenu, TO MNpU WMMUTAUMOHHOM — nogobue umMeeTcas B CaMMUX

npoueccax, nporeKkarowmx B moaesin n peasibHOM oo0beKTe.



WUHorpa, korga 3agavm CTPYKTYPHOro CUHTe3a yaaeTcs CTaBUTb U
pewaTtb 6e3 yyeta ocobeHHOCTEN (pU3MYECKMX npoueccoB B 0O HLEKTE,
uernecoobpa3Ho NPUMEHATb cmMpyKmypHbie MMUTALUMOHHbIE
MaTemMaTMyeckue Moaesniv, oOTpaxawlwme TONbKO CTPYKTYPHble
CBOMUCTBa OObEeKTa.

MoaenupoBaHue CIIOXHbIX TEXHOJIOTMYECKMX OOBLEKTOB MOXHO
BbIMONMHATbL Ha NpuHUMnax yHKYUOHaslbHO20 MOAEeNUpPOBaHUA, T.e.
OCYLLEeCTBNATb pa3bueHue Moaenu Ha hpyHKLUMOHaNbHbLIE
Moaenupylowme Onoku. DyHKUMOHaNbHbLIE MoAenu oTpaxarT
CTPYKTYpPY M npoueccbl PyHKUMOHUPOBaAHUA OOBbEKTa U yYalle BcCero

MMelT (popMy CUCTEM YpaBHEHUMN.



