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KOMIIbBIOTEPHOE MOJIEJIMPOBAHUE B ITPOHECCE ITPOEKTUPOBAHUA
MOCJIEAJOBATEJIbBHOU CXEMBbI I'CY

KoMnbrorepHoe MOJENMPOBaHUE B IPOLECCE IPOESKTUPOBAHUS OcaeAoBaTeIbHON cxeMbl ['CY:
1. [TocTpoeHnn MaTeMaTHUYECKUX MOJIEICH Il OMUCAHUS U3YYaeMBbIX MTPOIIECCOB;

2. Ucnonp3oBanue HoBeimero odbopynoBanus u [10, obanaromme BBICOKUM OBICTPOACHCTBHEM
(MWJLTHOHBI OTiepaluii B CEKyHAY).

CyTh KOMIBIOTEPHOI'O MOJEIUPOBAHUS COCTOMT B CJEAYIOLIEM: HAa OCHOBE MaTE€MaTUYECKON
Mozend ¢ momoipio OBM UM cnenuanibHbIX HMMUTALMOHHBIX MporpamMm, 3D pepakTopax
MPOBOAUTCS CEepUsl BBIYUCIUTEIbHBIX HKCIIEPUMEHTOB, T.€. HCCIEIYIOTCS CBOMCTBa OOBEKTOB
WIH TIPOIIECCOB, HAXOMATCS HMX ONTHMAIBHBIC TapaMeTPbl U PEXKHUMBI PAOOTHI, YTOUHSETCS
Mozenb. Hampumep, pacnonaras ypaBHEHHEM, ONUCBHIBAIOIIMM IPOTEKAaHUWE TOTO WJIM HHOIO
mporecca, MOXHO H3MEHsS ero Kod((UIMEHThI, HadallbHbIE ¥ TPAaHUYHBIC YCJIOBUS,
UCCIIeIOBaTh, Kak IpU 3TOM OyneT BecTu celsi o0bekT. VMuTanuoHHbIE MOJEIH — 3TO
MPOBOJIUMBIC  BBIYHCIUTEIbHBIE  DKCIEPUMEHTHI  C  MATEMaTHYECKUMH  MOJICIISIMU,
UMUTHUPYIOIINMHU MTOBEJCHHE PeallbHbIX 00BEKTOB, MPOIIECCOB MIIM CUCTEM JI0 MX ITPOU3BOJICTBA.
PeasnibHbIE TTPOIIECCH U CHCTEMBI MOXKHO MCCIIEIOBATH C IIOMOIMIBIO JIBYX THIIOB MaTEMaTUYECKHUX
MOJIEJICH: aHATIMTUYECKUX U UMUTALMOHHBIX.

B ananuTnueckux mMonensx moseneHue peabHbIX mnporeccoB u cucteM (PIIC) 3amaercs B Buje
SABHBIX  (DYHKIIMOHAIBbHBIX 3aBUCUMOCTEH (ypaBHEHHMI JIMHEHHBIX WM  HEJIWHEHHBIX,
muhdepeHIMATFHBIX WIH WHTETPATBHBIX, CUCTEM 3THUX ypaBHEHHH). OJHAKO IMONXYYHTH ITH
3aBUCUMOCTH YAAeTCsl TOJIbKO Mg cpaBHUTENbHO npocThix PIIC. Kornma sBieHusi ClIOXKHBI U
MHOTO00pa3Hbl UCCIEAOBATENI0 MPUXOJAUTCS UITH Ha YIPOIICHHBIE MPEACTABICHUS CIOXHBIX
PIIC. B pe3ynbTare aHaiuTuyeckass MOAENIb CTAHOBUTCS CIUIIKOM TPyObIM MPHOIMKEHUEM K
neiicrButensHocTd. Ecnu Bce ke st cioxksbix PIIC ynaercs mosyduTh aHaldMTHYECKHE
MOJIeJIM, TO 3a4acTyl0 OHHU IMPEBPALAIOTCS B TPYAHO paspemumyro mpodiemy. Ilostomy
MCCJIEI0BATEIb BBIHY)K/ICH YaCTO MCIOJb30BaTh MMUTAIIMOHHOE MOJICIIMPOBAHNE.
HiMuTalimoHHoe MOJETUPOBAaHUE MPEACTABISAET COOON YMCIECHHBIA MeTO mpoBeneHus Ha OBM
BBIYUCIIUTEIBHBIX SKCIIEPUMEHTOB C MAaTEMATUIECKUMH MOJICTISIMU, UMUTHPYIOIIMMH TTOBEACHUE
peabHbIX 00BEKTOB, MPOIIECCOB M CUCTEM BO BPEMEHHU B TEUEHHUE 3aJJaHHOTO MEePHO/IA.

[Tpu stom ¢ynkimonupoanue PIIC pa3zbuBaercs Ha dJeMEHTApHBIE SBJICHUS, MOJACUCTEMBI U
Moayiau. @OYHKIMOHUPOBAHME HTUX SJIEMEHTApHBIX SABJICHUM, TOJACUCTEM U MOZIYJeH
OTMHUCHIBACTCS HAOOPOM aJITOPUTMOB, KOTOPbIE HWMHUTHUPYIOT DJJIEMEHTapHbIC SBJICHUS C
COXPAHEHUEM HX JIOTHUYECKON CTPYKTYpPHI U MOCIEI0BATENBHOCTH MPOTEKAHUS BO BPEMEHH.
NMutanimoHHOE  MOAENMPOBAHME — OTO  COBOKYIIHOCTh  METOJOB  QJITOPUTMH3ALUN
(GYHKIIMOHUPOBAHUST OOBEKTOB HCCIEIOBAHUM, MPOTPAMMHON pealu3alui aarOpPUTMHUYECKUX
OTNMCAHUM, OpraHu3aliyi, ITUTAHUPOBAHHWS W BBINONHEHUST Ha DOBM  BBUHMCIUTENBHBIX
HKCIIEPUMEHTOB C MaTEeMAaTHYECKUMU MOJAETSIMHU, UMUTHpYOmUMU pyHKnoHnupoBanue PIIC B
TEUYEHUE 33JIaHHOTO TIEPHO/IA.

[Ton anroputmuzanueit pynkironupoBanus PIIC monumaercs noomnepanyoHHOE OMUCAHHE
paboThl Bcex €€ (PYyHKIMOHAIBHBIX MOJCUCTEM OTIEIBHBIX MOJIYJIEH C YPOBHEM JeTalu3allii,
COOTBETCTBYIOIIEM KOMIUIEKCY TpeOOBaHUI K MOJIEIH.

«mutarmonnoe  moxenupoBanue» (MMM) -5to0  nBoHON TepmuH. «MmuTamus»y u
«MOJENIMPOBAHUE» — 3TO CUHOHMMBI. DaKTHUECKH BCE O0JIACTH HAYKU U TEXHUKH SBISIOTCS
MOJICIISIMH PEATBbHBIX TPOIECCOB. YTOOBI OTIIMUYNTHh MAaTEMATHUYECKHE MOJENTH JIPYT OT JIpyra,
UCCJIEIOBATEeNM CTalM JlaBaTb WM JOTNOJHHUTEIbHbIE Ha3BaHUS. TEpPMUH «MMUTALMOHHOE
MOJICIUPOBAHNE» O3HAYAET, YTO MBI UMEEM JEJIO ¢ TAKUMU MATEeMaTHYECKUMU MOJIEISIMU, C
MOMOIIIbIO KOTOPBIX HEJb3s 3apaHee BBIUMCIWUTH WIM MPEACKa3aTh MOBEACHUE CHUCTEMBI, a JUJIs
MIPEACKA3aHMs MMOBEICHUS CUCTEMBI HEOOXOIUM BBIUMCIUTEIHHBIN AKCIIEPUMEHT (MMHUTAIHS) Ha
MaTeMaTUYeCKOW MOJEINH MPH 33JIaHHBIX UCXOJHBIX JTAHHBIX.



OcHoBHoe noctonHcTBo IM:

1. BO3MOXHOCTh OINHCAHMS TOBEICHUS KOMIIOHEHT (RJIEMEHTOB) IMPOIIECCOB WJIM CHCTEM Ha
BBICOKOM YpPOBHE JIeTaJIn3alllH;

2. OTcyTCcTBUE OTpaHnuYeHU Mexay napamerpamu UM u coctossHanem BHemHe# cpenst PIIC;

3. Bo3MOXHOCTH HCCIEIOBaHHS JAWHAMHKU B3aUMOJICHCTBUS KOMIIOHEHT BO BpEMEHH U
IIPOCTPAHCTBE MAPaMETPOB CUCTEMBI;

OTH TOCTOMHCTBA 00ECIIEYNBAIOT UMUTAITMOHHOMY METO/TY IIMPOKOE PacIpoOCTpaHEHHE.
PexomeHyeTcst HCIOIB30BaTh UMUTALMOHHOE MOJCIIMPOBAHKE B CIICAYIOLIMX CIydasX:

1. Ecniu He cymecTByeT 3aKOHYEHHOM ITOCTAHOBKM 3a/1ayd HUCCIICOBAHMS M MJET IPOLEcC
IO3HAHUS O0O0BEKTa MoJenupoBaHus. VIMUTALMOHHAs MOJENb CIYKUT CPEICTBOM H3Yy4EHUS
SBJICHUS.

2. Ecnu aHanuTuyeckue METOJbl MMEIOTCS, HO MaTeMaTH4YeCKHe IPOLECChl CIO0XKHBI U
TPYZAOEMKH, U IMUTAIIIOHHOE MOZEINUPOBAHKE AaeT 00Jiee MPOCTON CIIOCO0 peIIeHHs 3a/1auH.

3. Korma kxpome OLIEHKHM BIUSHMS IHapamMeTpoB (IEpEeMEHHbIX) Mpolecca WIM CUCTEMbI
KeNaTeJIbHO OCYIIECTBUTH HAOIIOACHUE 32 TIOBEICHUEM KOMIIOHEHT (3JIEMEHTOB) Mpoliecca Win
cuctemsl (IIC) B TeueHune onpeaeaeHHOro nNepuoaa.

4. Kormga MMHUTaMOHHOE MOJIEIMPOBAaHUE OKAa3bIBAECTCA  EAUHCTBEHHBIM CIOCOOOM
UCCIICIOBAaHMSI CJIOKHOW CHUCTEMbI M3-32 HEBO3MOXKHOCTH HAOJIOAEHUS SIBICHUH B pealbHbIX
YCIOBUSX (peakuy TEPMOSIEPHOIO CUHTE3a, UCCIIEI0BAaHUS KOCMUUECKOIO IPOCTPAHCTBA).

5. Koria He06X0IMMO KOHTPOJIMPOBATH MPOTEKAHUE MPOLECCOB WU MOBEIEHUE CUCTEM IyTEM
3aMeJIIeHHsI UM YCKOPEHMUSI SIBJIEHUH B XO€ UMHUTALIUU.

6. IIpu MOAroTOBKE CIELMATUCTOB JUI HOBOW TEXHHMKM, KOIJAa HA MMHUTALMOHHBIX MOJENSIX
o0ecrieynBaeTcsi BO3SMOKHOCTh IPHOOPETEHNUST HABBIKOB B SKCILTYaTalliid HOBOW TEXHUKH.

7. Korna uzyuatotrcst HoBble cutyauuu B PIIC. B 3ToMm cityuae umMuTanus Ciiy>KuT AJisi IPOBEPKU
HOBBIX CTpaTeruii U MpaBuil MPOBEIECHUS HATYPHBIX KCIIEPUMEHTOB.

8. Korzma ocoboe 3HaueHuEe MMeEET IOCIEeN0BaTEIbHOCTh COOBITHI B mpoekTupyeMbix IIC u
MO/JIeJIb UCTIONb3YETCs AJId MpeicKa3aHusl y3KuX MecT B pyHkironuposanuu PIIC.

Opnnako VIM Hapsiay ¢ JOCTOMHCTBAMM UMEET U HEJJOCTATKU:

1. Pa3zpaborka xopomeir M dacto 0OXOAMTCS AOPOKE CO3MaHMS AHATMUTHYECKOM MOJETU U
TpeOyeT OOJIBIINX BPEMEHHBIX 3aTpaT.

2. Moxer okazatbcst, uTo MMM HetouHa (4TO OBIBae€T 4acTo), U Mbl HE B COCTOSIHUU HU3MEPUTh
CTENEHb 3TOM HETOYHOCTH.

3. 3auactyto uccnegosarenu odpamatorca k UM, He npeacTaBiiss TeX TPyAHOCTEH, ¢ KOTOPHIMHU
OHHU BCTPETSATCS U COBEPLIAIOT IIPU ITOM Psifl OINOOK METOA0IOIMYECKOT0 XapaKTepa.

N tem He MeHee MM sBnsercss oaHMM U3 HauOoJiee IIMPOKO MCMOJIb3YEMbIX METOJOB MpHU
pELIEHNN 3aJ]a4 CUHTE3a M aHAJIN3a CII0KHBIX IIPOLIECCOB U CHCTEM.

OaHuM M3 BUJAOB MMHUTAIIMOHHOTO MOJEIHUPOBAHMS SIBISIETCS CTATUCTUYECKOE MMUTALMOHHOE
MOJIEIUPOBaHKE, MO3BOJISAIOIIEE BOCHPOM3BOAUTE Ha OBM  (yHKIMOHUpOBaHME CIIOXKHBIX
CIIy4alHBIX IPOILIECCOB.

[Ipy wuccnenOBaHUM  CIOKHBIX  CHUCTEM, IOJBEPKEHHBIX  CIy4alHBIM  BO3MYIIEHUSM
UCIIOJIb3YIOTCSl BEPOSITHOCTHBIE AHATUTHYECKHE MOJENM M BEPOSTHOCTHBIE HMMUTALMOHHbBIE
MOJIETIH.

B BepOSTHOCTHBIX AHATUTHUUECKUX MOJENAX BIMUSHHUE CIIy4alHbIX (PaKTOPOB YUUTBIBAETCS C
IOMOILBIO  3aJlaHUs  BEPOSTHOCTHBIX XAPAKTEPUCTUK CIy4YalHBIX IPOLECCOB  (3aKOHBI
pacrpeziefieHusi BEpOSITHOCTEH, CHEeKTpajbHble IMJIOTHOCTH WM KOPPEJSAIHNOHHBIE (YHKIIUH).
[Ipy STOM mOCTPOEHHE BEPOATHOCTHBIX AHATUTHYECKUX MOJENeH MpeacTaBisieT coOoi
CJIOKHYIO BBIYHMCIUTENBbHYIO 3a7a4uy. [103TOMy BepOsITHOCTHOE aHAIUTHYECKOE MOJIETUPOBAHUE
MCIIOJIB3YIOT JJISl U3YYEHHUS CPAaBHUTENIBHO MPOCTHIX CUCTEM.

[TonmeyeHo, 4TO BBEJEHUE CIIy4allHbIX BO3MYIICHHH B HMHTALMOHHBIE MOJIEIM HE BHOCUT
OPUHIUINHAIBHBIX YCIOKHEHHM, IMO3TOMY HCCIEI0BAaHHE CIOXKHBIX CIyYalHBIX IPOLECCOB
MIPOBOAMTCS B HACTOSIIIEE BPEMs, KaK MPAaBUJIO, HA UMUTALIMOHHBIX MOJEIISX.



B BepoOSATHOCTHOM HMMWTALMOHHOM MOJEIMPOBAHUM OIIEPUPYIOT HE C XapaKTEPUCTHUKAMHU
CIIy4alHBIX IPOLECCOB, & ¢ KOHKPETHBIMM CIIy4allHBIMM YHMCJIOBBIMU 3HAYEHUSIMHU MapaMeTPOB
I1C.

IIpu 5TOM pe3ynbTaThl, MOIYYCHHBIE IPH BOCIHPOM3BEIECHUM HAa HMMHUTALMOHHOW MOJAEIU
paccMaTpuBaeMOro IpoLEcCa, SBIAIOTCS  ClIy4alHbIMU peanmsauusaMu. [losromy mis
HaXOXJCHUA OOBEKTHBHBIX M YCTOMYMBBIX XapaKTEPUCTUK Iporecca Tpedyercs ero
MHOT'OKPAaTHOE BOCIIPOU3BEACHHUE,

C IOCIeAyIoIIEeH CTaTUCTUYECKOH 00paOOTKOM IOJIydyeHHBIX MJaHHBIX. VIMEHHO mo3Tomy
UCCJIEIOBAHNE CIIOKHBIX IPOLIECCOB M CUCTEM, IIOJBEPKECHHBIX CIIy4alHBbIM BO3MYLICHHUSM, C
IIOMOLIbI0  MMHUTALlMOHHOTO  MOJEIMPOBAaHUSA  NPUHATO  HAa3blBaTb  CTATHUCTUYECKUM
MOJIEIUPOBAaHUEM.



