Jlekiusa
NMMHUTALIMOHHOE MOJEJIMPOBAHUE

1. CyHIHOCTb METOAA UMMUTAIIUMOHHOI'O MOJAC/IMPOBaAHU.

Memoo UMUMAUUOHHO20 Modeﬂupoeauuﬂ u ez0 ocobennocmu. Hmumauuounaﬂ
MoO0eb. npedcmasieHue CImpPYyKmypol U OUHAMUKU MOOEUPYeMOUl CUCH EMBbL.

MeTtoa MMHMTAIIMOHHOTO MOJAEIMPOBAHUS SBJISIETCS SKCIIEPUMEHTAIBHBIM METOJIOM HCCIIEI0BaHMS
peambHOM  CHCTEMBI 1O €€  KOMIBIOTEPHOH  MOJAENIM, KOTOpPbIi  coyeTaeT  OCOOEHHOCTHU
HKCHEPUMEHTAIBHOTO MOJIX0/Ia U CHeNN(UIECKHUE YCIOBHUS HCIIOJIb30BAHMSI BEIUUCIUTEILHOW TEXHUKH.

HMMuTalmoHHOE MO/IEIMPOBAHUE SABJISIETCS MAIIMHHBIM METOZOM MOJIEJIMPOBAaHUs, COOCTBEHHO 0e3
OBM HuKOrza He CyIIECTBOBAJO, M TOJBKO pa3BUTHE HH(POPMALMOHHBIX TEXHOJOTUH IPHUBENO K
CTaHOBJIGHMIO O3TOTO0 BHJA KOMIIBIOTEPHOTO MOJEIUPOBaHMUS. B NpuBEeACHHOM OIpeneNeHuun
aKIEHTUPYETCS BHUMaHUE HA SKCIEPUMEHTAIHHON NMPUPOAEC UMHUTALNU, TPUMEHEHUH HMMHUTAIIMOHHOTO
METOAA MCCIEe0BaHUs (OCYILECTBIIAETCS AKCIEPUMEHTUPOBAHHE C MOJENbI0). JleficTBUTENnbHO, B
MMHUTALMOHHOM MOJEIUPOBAHUN BAXKHYIO POJIb UIPAET HE TOJIBKO MPOBEICHHE, HO M IUIAHUPOBAHUE
JKCHepuMeHTa Ha Mojenu. OJHAKO 3TO ONpeiesieHHe He MPOsCHSET, YTo coOOoi mMpejacTaBiseT cama
UMHUTalLMOHHAss Mozenb. [lompoOyem pazoOparbes, KakMMU CBOWCTBaAMH OOJagaeT HMHTALMOHHAsS
MOJIETIb, B YEM K€ COCTOUT CYIIIHOCTh UMUTALIMOHHOTO MO/IETTUPOBAHUSI.

B npouecce nmutaninoHHoro MojenupoBanus (puc. 1. 2.) uccnenoparesb UMEET JIENI0 C YEThIPbMs
OCHOBHBIMHM 3JIEMEHTAMU:

e PeanbHas cucrema;

e Jloruko-maTemMaTuuecKkas MOJellb MOAEIUPYEMOT0 0OBbEKTa;

e lmMuranronHas (MalMHHAs ) MOJICIIb;

e DOBM, Ha KOTOPO# OCYIIECTBISAETCS UMUTALINS — HATIPABICHHBIN BBIYUCIUTEIbHBINA AIKCIIEPUMEHT.

HccnenoBaTens M3y4yaeT peajbHYIO CHUCTEMY, pa3palaThIBaeT JOTMKO-MaTEMAaTUYECKYI MOJEINb
peanbHON cucTembl. VIMUTALlMOHHBIM XapakTep HCCIIEAOBaHMs IpeanosiaraeT Haludue J02UKo- Uil
JIO2UKO-MAameMamuyeckux Mooenet, OIUChIBaeMbIX H3ydaeMblil mporecc (cuctemy). UYrToObl OBITH
MAaIllMHHO-PEAIN3yeMOM, Ha OCHOBE JIOIMKO-MAaTeMaTHYECKOW MOJENN CIOKHOW CHCTEMBI CTPOUTCS
MOOenupyrowuli aneopumm, KOTOPbI OMUCBHIBAET CTPYKTYpPY U JIOTMKY B3aUMOJIEHCTBHS 3JIEMEHTOB B
cucTeMe.

[TporpamMHasi peanuzansi MOJEIHUPYIOLIETO alrOpUTMA — €CThb UMUmayuonuas moodenp. OHa
COCTaBJIIETCSI C TPUMEHEHHEM CpEJICTB aBTOMATU3aluu MojaenuposaHus. [loxpoOHee TexHOIOTHA
UMHUTAIMOHHOTO MOJETHPOBAHUS W WHCTPYMEHTAIBHBIC CPEJCTBA MOJCIHPOBAHUS - SI3BIKH M CHCTEMBI
MO/JICJIMPOBAHUS, C TIOMOIIbI0 KOTOPBIX PEaM3yIOTCS HMUTALIMOHHBIE MOJIENH, OyIyT PaCCMOTPEHBI B 3
rJlaBe ¥ MpPaKTUYeCKOM Kypce. Jlajmee cTaBUTCS M OCYLIECTBISIETCS HAINPABICHHBINH BBIYUCIUTEIbHBIN
OKCIIEPUMEHT Ha HMMHUTAIIMOHHOW MOJIETH, B pe3yibTaTe KOTOPOro cobmpaercs U 00padaThIBaeTCs

nH(popmalys, HeoOXoauMast sl IPUHATHUS PELICHUH ¢ 1eNbl0 BO3AEUCTBUS HA pEealbHYIO CUCTEMY.
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Co3pnanue
MOJICIIN

PeanpHas
cucreMa

BoszaeiictBusa

OBM
(HampaBIICHHBIN
BBIYHCITATEIIbHBINA
SKCIEPUMEHT)

Jloruko-
MaTeMaTU4YecKasi
MOJ€eb

NMmurtanmonnas

MOJIeTIb Mo nenupyromuii

OKCIIEPUMEHT aJIrOpUTM

Pucynox 1.2. — Ilpoyecc umumayuornno2o uccied08anus.

Bhiie MBI ONpeAeNsUId  cucmemy KAk —COBOKYNHOCMb — 83AUMOOCUCMEYIOWUX  DIIeMEHNO8,
DYHKYUOHUPYIOWUX 80 8PEMEH.

CocTaBHOM XapaKTep CI0KHON CHCTEMBI TUKTYET MPEICTABICHUE €€ MOJICIH B BHJIC TPOUKHU:

<A, S, T> rme

A — MHOXECTBO 3JIEMEHTOB (B MX YHCJIO BKJIFOYACTCS M BHEILHSS CPeJia);

S — MHOKECTBO JIOITYCTHMBIX CBSI3eH MEKIY 3JIEMEHTaMH (CTPYKTYpa MOJICIIN);

T — MHOXECTBO pacCMaTPHUBAaEMbIX MOMEHTOB BPEMCHH.

OcobenHoCmbl0  UMUMAYUOHHO20 MOOEIUPOBAHUS SAGNSIEMCS MO, YMO UMUMAYUOHHASL MOOeb
n0360.J15em 0CNPOU3B0OUMb MOOeUpyemble 00bEeKMbl:

— € COXpaHeHuem ux 102U4ecKol CmpyKmypbl,
— € coxpaneHuem no8edeHyecKux ceoucms, T.e. JTMHAMUKHI B3aUMOJICHCTBUIN DJIEMEHTOB.

[Ipy WMHUTAIIMOHHOM MOJEIUPOBAHUU CTPYKTypa MOJEIUPYEMOl CHUCTEMBI HEMOCPEICTBEHHO
oToOpaxkaeTcs B MOJIENH, a Mpolecchl ee (YHKIMOHHPOBAHHUS MPOUTPHIBAIOTCA (MMHTHPYIOTCS) Ha
MOCTPOCHHON Mojenu. [locTpoeHHe MMHUTAIIMOHHOW MOJIENIH 3aKIFOYaeTCsl B ONMUCAHUU CTPYKTYPHI H
MIPOIIECCOB (PYHKIIMOHUPOBAHUS MOACIUPYEMOT0 OOBEKTa WJIM CHUCTEMBL. B onucanuu umumayuoHHOU
MoOenu 8bl0eSIIoN 06e COCMAsIIouue:.

o Cmamuueckoe onucanue cucmemvl, KOTOPOE TMO-CYIIECTBY SBIISETCS OIMMCAHUEM €€ CTPYKTYPHI.
[Ipn pa3paboTke WMUTAIMOHHON MOJIETH HEOOXOAMMO BBIMOIHATh CTPYKTYPHBIH aHAIN3
MOJIETTUPYEMBIX MPOIIECCOB, OMPEAETSis COCTAB DIIEMEHTOB MOJIEIIH.

o Jlunamuueckoe onucanue cucmemsvl, WA OIMKMCAHWE JTUHAMHUKH B3aMMOJICHCTBHHA €€ 3JICMEHTOB.
IIpu ero cocraBieHun QakTU4Yeckun TpedyeTcs TMOCTpoeHHe (PYHKIMOHAIBHON MOJENH,

oToOpaxaromed MoJieIHpyeMble TUHAMUYECKUE TIPOLECCHI.
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Nnes meTona, ¢ TOYKHM 3pEHUSI €r0 MPOTPAMMHON pealin3aliii, COCTOsUIa B cieayromieM. Yto ecnu
AJIEMEHTAaM CHUCTEMBI MIOCTaBUTh B COOTBETCTBUE HEKOTOPBIE MPOTPaMMHBIE KOMIIOHEHTBI, & COCTOSHUSA
3TUX D3JEMEHTOB OIMCHIBATH C IOMOILBIO MEPEMEHHBIX COCTOSHUSA. DJEMEHTHI, 10 ONpPEIEICHHUIO,
B3aMMOJICHCTBYIOT (WM 0OMEeHUBaIOTCs MHGOpMaIuei), - 3HaYUT MOXET ObITh PEain30BaH AJITOPUTM
(GYHKIIMOHUPOBAHMS OT/IEIbHBIX SJIEMEHTOB M HUX B3aUMOJICHCTBUS MO OIpPEAEICHHBIM OIEpallMOHHBIM
IIpaBWJIaM — MOJENUPYIOLUI alroput™M. Kpome Toro, 3;eMeHThI CyIIECTBYIOT BO BpDEMEHH — 3HAYUT HAJI0
3aJ1aTh AJNTOPUTM M3MEHEHHUS [EPEMEHHBIX COCTOSHUHM. JlMHAMMKa B MMHUTALMOHHBIX MOJEISAX
pealin3yeTcsi C MOMOILBIO MEXAHUIMA NPOOBUNCEHUSL MOOETIbHO20 8PEMEHU.

OTnUYUTENBbHON 0COOCHHOCTHIO METOJ]a UMUTAIIMOHHOTO MOJICTHUPOBAHUS SBJSETCS BO3MOXKHOCTD
ONMCAaHUs U BOCHPOU3BEICHUS B3aUMOAECUCTBUS MEXAY pPa3IMUHBIMM 3JIEMEHTaMU CUCTEMBI. Takum
00pa3om, 9TOOBI COCTABUTh UMUTAIMOHHYIO MO/JIENb, HAJIO:

- IPEICTaBUTh PEATbHYIO CUCTEMY (ITPOLIECC), KaK COBOKYITHOCTh B3aMMOJICHCTBYIOIIUX JIEMEHTOB;
- aJITOPUTMUYECKHU ONMUCATh (YHKITMOHUPOBAHUE OT/ICIBHBIX SJIEMEHTOB;
- OIMcaTh MPOLECC B3aUMOACHCTBUSI Pa3IMUHbIX JJIEMEHTOB MEKAYy co00M U ¢ BHELIHEN cpenoil.

KiroueBbIM MOMEHTOM B HMMUTAIMOHHOM MOJIEIUPOBAHUM SIBIISIETCS BBIJECJIEHUE U OIMCAHUE
cocmosinuti  cucteMbl. CucTeMa XapaKTepHU3yeTCs HabopomM NepeMeHHbIX COCMOAHUL, Kaxaas
KOMOMHAIIMSI KOTOPBIX OMHUCKHIBAET KOHKpETHOE cocTossHue. CreoBaTelbHO, IyTeM U3MEHEHUS 3HAUCHU i
3TUX NEPEMEHHBIX MOXXHO HUMUTHPOBATh NEPEXOJ CUCTEMBI M3 OIHOIO COCTOSIHMS B Apyroe. Takum
00pa3oM, UMUTAIIMOHHOE MOJEIUPOBAHUE — ATO NPEACTABICHUE OUHAMUUECKO20 N0Be0eHUs. CUCTEMBI
MOCPEACTBOM TPOJBIKEHUS €€ OT OJHOTO COCTOSIHUS K JPYrOMYy B COOTBETCTBUH C XOPOIIO
OIpeJIeIEHHBIMU ONEPAI[MOHHBIMU MpaBHJIaMU. DTH U3MEHEHUs COCTOSHUN MOTYT HMPOMCXOJIUTH JHOO
HENpephIBHO, MO0 B JAMCKPETHbIE MOMEHTBHl BpeMEHU. Hmumayuonwoe mooenuposamue — ecmbv
OuHaAMU4ecKoe Ompasjicenue U3MeHeHUl COCMOSHUSL CUCTNEMbL C MeYeHUeM 8PEMEHU.

Wtak, MbI pa300paiuck, 4TO MPU UMUTALMOHHOM MOJIEIMPOBAHUH JIOTHMUYECKas CTPYKTypa peabHOU
CHCTEMBbl OTOOpa)kaeTcs B MOJIENH, a TAaKKe UMHUTHUPYETCS JMHAMUKa B3aWMOJICHCTBUH MOJCHCTEM B
MOJICIUPYEMOM CHCTeME. OTO BaKHBIM, HO HE EIMHCTBEHHBIM NPHU3HAK HUMHTAIIMOHHOW MOJEIH,
HCTOPUYECKH MPEONpPEICIUBIINN, HE COBCEM yIauyHOEe, Ha MOH B3IJIsi, Ha3BaHue Metoay (Simulation

mOdeling), KOTOpLIfI HCCIICA0BATCIIN Yall€ HA3bIBAIOT «KCUCTCMHBIM MOJCIUPOBAHHUEM.

Honamue o mooenvnom epemenu. Mexanuzm npooBUIHCEHUA MOOETIbHO20 6pPEeMEHU.
Jluckpemmnoie u HenpepvigHble UMUMAUUOHHbBLE MOOETU.

I[J'IH OIMMUCAaHUSA JUHAMHUKH MOACIHUPYEMBIX IMPOLHCCCOB B HWMHUTAIIUOHHOM MOACINPOBAHUN
pCaIN30BaH MexXaHUu3M npodeuofceﬁwz MOO€eNIbHO20 6pPEMERU. ITH MEXaHU3MbBI BCTPOCHBI B YIIPABJIAIOIINEC

MPOTpaMMBI JIFOOOW CHCTEMBI MOJICTTUPOBAHUSI.
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Ecmn 661 Ha DBM uMMHTHpPOBAIOCh MOBEICHHUE OJHOW KOMIIOHEHTHI CHCTEMBI, TO BBITTOJTHCHUE
JeWCTBUI B MMHUTALIMOHHOM MOJENIH MOXHO ObUIO OBl OCYIIECTBHTH IOCIEIOBATEIBHO, MO MEpecyYeTy
BpPEMEHHOW KOOpIuHaThl. YTOOBI 0OecrneynTh MMUTAIMIO MapauIeIbHBIX COOBITHI PEalbHON CHCTEMBI
BBOJIAT HEKOTOPYIO INIOOAJIBHYIO MEPEMEHHYI0 (00ecreunBarollyl0 CUHXPOHM3ALUI0 BCEX COOBITUH B
cucteme) ty, KOTOPYIO Ha3bIBAIOT MOOEIbHbIM (Ul CUCTEMHBIM) BDEMEHEM.

Cy1iecTBYIOT iBa OCHOBHBIX crioco0a u3MeHeHus to:

— nowazoswiii (MPUMEHAIOTCS PUKCUPOBAHHBIE MHTEPBAJIbI H3MEHEHHSI MOJIEIbHOTO BPEMEHH);

— no-cobvimuiinelti (IPUMEHSIOTCS TIEPEMEHHbBIC HHTEPBaJbl W3MEHEHHsS MOJICJIBHOIO BPEMEHH, IMPU
STOM BEJIMYMHA I1ara U3MEPSETCS] UHTEPBAJIOM JI0 CIETYIOIIETO COOBITHS).

B cnywae nowaecoeozo memooa TpOABMIKEHHE BPEMEHU MPOUCXOAUT C MHHUMAIBHO BO3MOXKHOM
HOCTOSIHHOM JUIMHOM 1wara (mpunyun At). DTH anroputMmbl He OYeHb S(P(EKTHBHBI C TOYKH 3PCHUS
UCII0JIb30BaHUsI MAIIMHHOTO BPEMEHHU Ha MX PEATU3aLUIO.

Ho-coovimuiineiti memoo  (npunyun “ocobvix cocmosnuil”). B HeM KOOpPIUHATHI BpPEMEHHU
MEHSIOTCSA TOJBKO KOIJIa W3MEHSIETCS COCTOSIHME CHCTEMbI. B 1mo-COOBITMHMHBIX MeTOoAax JUIMHA Ilara
BPEMEHHOI'O CIBUT'Aa MaKCHMAaJbHO BO3MOXHas. MOJEIbHOE BpEMsI C TEKYLLIEr0 MOMEHTA U3MEHAETCS 10
OmKafIIero MOMEHTa HACTYIUICHHs ciefyrouero coobitus. IIpuMeHeHue mo-coObITUHHOIO MeTona
MPENOYTUTENHHO B CIIy4ae, €CIM YacTOTa HACTYIUICHHUS COOBITHI HEBEITMKA, TOTAa OOJIbINas JIMHA 1ara
MO3BOJIUT YCKOPUTH XOJI MOJICITBHOTO BpeMeHH. [10-COOBITHITHBII METOI TPUMEHSETCs, KOT/1a COOBITHS,
IIPOUCXOJAIINE B CHUCTEME, PACHpPEIEIICHbl HEPABHOMEPHO HAa BPEMEHHOW OCH M IOABISIOTCS 4Yepe3
3HAYMUTENbHbIE BpEMEHHbIE MHTEpBajbl. Ha mpakThke Mo-COOBITUIHBIN MeTOJ MOoJydymsl HauOoJiblee
pacrnpocTpaHeHue.

Cnoco6 puKCHpPOBAHHOTO I1ara MPUMEHSETCS:

— €CJM 3aKOH M3MEHEHHUS OT BPEMEHU OIHCHIBACTCS MHTErpo-Aud(epeHInaIbHbIMA ypaBHEHUSIMHU.
XapakTepHbIil puMep: pelieHrne HHTerpo-audepeHnaIbHbIX YpaBHEHU YHMCIEHHBIM MEeToA0M. B
NoJOOHBIX METOAAX ILIar MOJEIMPOBAHUS paBeH LIary MHTErpupoBaHMs. [Ipm HUX HCHONIB30BAaHUM
JMHAMUKa MOJIENH SIBJISETCS JUCKPETHBIM MPUOIMKEHUEM PeaIbHBIX HEIPEPhIBHBIX MTPOLIECCOB;

— KOrjga COOBITHSI paclpe/ieleHbl paBHOMEPHO M MOXHO NOJ00paTh IIAar HM3MEHEHUS BPEMEHHOMH
KOOpPJWHATBI;

— KOTIJa CJIO0XHO MpeAcKa3aTh NOSBICHUE ONPEIEIeHHBIX COOBITUH;

— Korjaa cOOBITHI OYeHb MHOTO M OHH MOSBIISIOTCS TPYTIIIAMHU.

Takum 00pa3oM, BCIEICTBHE MOCIEIOBATENBHOTO XapakTepa o0paboTku umHpopmanuu B DBM,
napajuleNibHbIE TMPOIIECCHI, MPOUCXOMAIINE B MOJIENH, MPeoOpa3yloTcs € MOMOIIBI0 PACCMOTPEHHOIO
MexaHHM3Ma B IocjenoBaTeNbHble. Takoi crnocod MmpencTaBieHus] HOCUT Ha3BaHUE KBa3uUIapauIeIbHOTO

mpormnecca.
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[Ipocreiiimas kinaccudukanuss Ha  OCHOBHBIE BHJbl HMHUTAIIMOHHBIX MOJENEeH CBsi3aHa C
MPUMEHEHHEM JTUX JBYX CIIOCOOOB MPOJBIKEHUS MOJIEIHHOTO BpeMeHU. Pa3nndaioT WMHUTAIMOHHBIC
MOJIEJIH:

e Henpepuignvie,
o Jluckpemmnvie,
e HenpepuvigHo-ouckpemHuie.

B nenpepvignvix umumayuonnvix moolensx TEPEMEHHbBIE W3MEHSIOTCS HENPEPHIBHO, COCTOSHUE
MOJICTTUPYEMON CHUCTEMBl MEHSIETCS KaK HeNpepbhiBHAs (QYHKIHS BpPEMEHHU, W, KaK TPaBUIIO, 3TO
M3MEHEHUE OIMUChIBaeTCs cucreMaMu IuddepeHanbabiX ypaBHeHHH. COOTBETCTBEHHO MPOABUKEHUE
MOJIEJIbHOTO BPEMEHH 3aBUCUT OT YHCIICHHBIX METOAOB pelieHus: AudepeHnanbHbIX YpaBHEHUH.

B oduckpemmuvix umumayuonnvix mooensx TepeMEeHHbIE U3MEHSIOTCS TUCKPETHO B ONpEACIICHHbIC
MOMEHTbI HMUTAIIMOHHOTO BpeMEHU (HACTYIUICHHS COObITHH). JlMHaAMHKa JHUCKPETHBIX MOjeen
MIPEJICTaBIsIeT cOOOW Mpollecc Mepexoaa OT MOMEHTA HACTYIUICHUS OYEPEAHOTrO COOBITHS K MOMEHTY
HACTYIUJICHHS CIIEAYIOUIETO COOBITHUS.

[TockonbKky B pealbHBIX CHUCTEMaxX HENPEPHIBHBICE M JUCKPETHBIE MPOIECChl YaCTO HEBO3MOMXKHO
pa3aenuTh, ObUIH pa3paboTaHbl HenpepbieHO-OUCKpemHble MOOeNU, B KOTOPBIX COBMELIAIOTCS MEXaHU3MBbI

MMPOABHUIKCHUS BPECMCHHU, XaPAKTCPHLBIC IJId 3THUX JABYX IIPOLIECCOB.

HpOﬁﬂeMbl cmpamecudecKkoco U maKmuieckozo niaHupoeanusl umumayuoHHO20
IKcnepumernma. Hanpaeﬂenublﬁ 8bLIYUCIUMETIbHBLU IKcnepumenm Ha umumauuounoﬁ
Mmooenu.

WTak, MBI ONPEISITHIIUCE C MemoooiocUuel UMUMAYUOHHO20 MOOeIUPO8aHlsl, 3TO - CHCTEMHBIH
aHanu3. IMeHHO mocieHee JaeT MpaBo, paCCMaTPUBAEMbIid BU] MOJICTHMPOBAHUS HA3bIBATh «CHCTEMHBIM
MO/JICIIUPOBAHUEM).

B Havane srtoro maparpadga Mbl B OOIIEM BHIEC JaIH MOHATHE Memood UMUMAYUOHHO2O
MoOenuposarnusi. Mbl ONPEACTUIN UMHUTAIMOHHOE MOJICIIUPOBAHUE KaK IKCHEPUMEHMATbHBIL Memoo
WCCIIEIOBAHMsI PEaIbHOM CHCTEMBI 110 €€ UMUTAIIMOHHON MOJETH. 3aMeTHM, YTO TTOHATHE METO/1a BCer/ia
[IMPE MOHSITUS «MMUTAIIMOHHAST MOJICITB.

PaccMoTpuM Temepb OCOOCHHOCTH 3TOTO IKCHEPUMEHTAIBHOTO METoJa (MMUTAIMOHHBIA METOJ
uccrnenoBanust). Kcratu, cmoBa «simulation», «IKcrmepuMeHT», «HMMHUTALMsS» OJHOTO  ILIaHA.
DKcIepuMeHTaIbHas TPUPOIa UMUTAIIMA TaKKe MPeIonpeaesnia MPOUCXOKICHNE HAa3BaHUS METO/Ia.
Wrak, 1ienp J1t000ro MCCICIOBaHUS COCTOUT B TOM, YTOOBI y3HAaTh KaK MOXHO OOJbIlie 00 MU3ydaeMoit
cucreMe, coOpaTh W MPOaHATU3UPOBaTh MH(OPMAIMIO, HEOOXOAUMYIO JiIs mpuHsATHA pemieHus. CyTh
WCCIIEIOBAHMS PEAIbHOM CHUCTEMBI [0 €€ MMUTAI[MIOHHOM MOJIENHN COCTOUT B MOJIy4€HUHU (COOpE) TaHHBIX

(6} q)yHKHI/IOHI/IpOBaHI/H/I CHUCTEMBI B PE3YJIbTATC MPOBCACHHNA SKCIICPUMCHTA HA HMHTaHHOHHOﬁ MOACIH.
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HMMuTaliMOHHBIE MOZEIIN — 3TO MOJEIN MPOTOHHOIO THIIA, y KOTOPBIX €CTh BXOX U BBIXOA. TO €cTsb,
€CJIM 110JIaTh Ha BXOJ MMHUTALlMOHHON MOJIENM ONPEECICHHbIE 3HAUEHUS [IapaMETPOB, MOXHO IOJIYYHUTh
pe3ysibTaT, KOTOpBIM JEHCTBUTENIEH TOJNBKO IpU 3TUX 3HadeHWsX. Ha mnpakTtuke wuccienoBareib
CTAJIKUBAETCA CO cienyrolell cnenupuieckoi yepToil MUMUTALMOHHOTO MOJIEIUpOBaHus. MiMuTanoHHas
MOJIEJIb JA€T PE3yibTaThl, KOTOPbIE AEUCTBUTENbHBI TOJIBKO IS ONPEACICHHBIX 3HAYECHUN IIapaMeTpoB,
IIEPEMEHHBIX U CTPYKTYPHBIX B3aMMOCBA3€H, 3aJI0)KEHHBIX B MMUTAIIMOHHYIO IporpamMmy. M3meHeHue
rapaMeTpa WIM B3aUMOCBSI3U O3HAYAET, YTO UMUTALIMOHHAs IIpOrpaMMa JJO0JKHA ObITh 3allyllleHa BHOBbD.
[TosToMy, U1l momydeHus: HeoOXOoAUMOW HMH(pOpPMALMK WM PEe3yJbTaTOB HEOOXOAUMO OCYLIECTBIAThH
npo2oH UMUTALIMOHHBIX MOJeNel, a He pemaTh uxX. VIMUTamoHHas MoJenb He crnocoOHa (OopMHUPOBAThH
CBOE COOCTBEHHOE pEIIeHHE B TOM BHJE, KaK 3TO HMMEET MECTO B AHAJUTUYECKHX MOJEIIX (CM.
pacueTHBI METOJ| UCCIIEIOBaHMs), a MOXKET CIYKUTh B KaueCTBE CPEICTBA Ul aHalIM3a IOBEACHMS
CUCTEMBI B YCJIOBUAX, KOTOPBIE OIIPEIEIISIIOTCS SKCIIEPUMEHTAaTOPOM.

Jl1 osicHeHus1 pacCCMOTPUM JI€TEPMUHUPOBAHHBIN M CTOXaCTUYECKUH CIlydau.

Cmoxacmuueckuti cayuau. VmMutanvoHHass MozAenb -  yAOOHBIM ammapar Uid — UCCIeIOBaHUS
CTOXacTHYecKux cucteM. CTOXaCTUYECKUE CHCTEMBI - 3TO TaKU€ CUCTEMBI, IMHAMUKA KOTOPBIX 3aBUCHUT
OT ciy4yalHbIX ()aKTOPOB, BXOJIHBIE, BBIXOJHBIC NEPEMEHHBIE CTOXACTHYECKOM MOJEIH, KaK IpaBUIIo,
OIUCHIBAIOTCS KaK ClydyailHble BEIMYMHBI, (QYHKIHMH, MPOLECCHI, MOciel0oBaTenbHOCTU. PaccmMoTpum
OCHOBHBIE OCOOEHHOCTH MOJEIUPOBAHUS MPOLIECCOB C YYETOM JEMCTBUS CilydyallHbIX (PakTOpOB (31€Ch
peanu3yroTCa U3BECTHBIE UEH METO/Ia CTATUCTUYECKUX UCTIbITaHuH, MeToia MonTe-Kapro). Pesynbrars:
MOJIEJIMPOBAHUs, MOJIyYEHHBIE IPU BOCIPOM3BEIECHUU EIVUHCTBEHHOM pealu3allid IPOLIECCOB, B CUILY
JeWCTBUS CIydailHbIX (PaKTOPOB OyAyT pean3alusiMH CIIydaiiHbIX MPOLIECCOB, U HE CMOT'YT OOBEKTHBHO
XapaKTepu30BaTh H3ydaeMblii 00beKT. [103TOMy HCKOMBIE BETUYMHBI IPU HCCIEIOBAaHUM IPOLECCOB
METOJIOM MMUTAIIMOHHOTO MOJIEIMPOBAHUS OOBIYHO ONpPENENSIIOT KaK CpelHHE 3HAUYEHHUS MO JIaHHBIM
OoJBLIOrO YHClIa peanu3aluil mporecca (3agada orneHuBaHus). I1o3ToMy 3KCHEpUMEHT Ha MOJENu
COJIEP/KUT HECKOJIBKO pealu3aluil, npo2coHos W TPEAINONAracT OLEHUBAHUE 110 COBOKYITHOCTH JAaHHBIX
(BBIOOpKHM). SIcHO, YTO (110 3aKOHY OOJBIIMX YHCENT), YeEM OOJIbIIE YHCIO pealn3aliuii, TeM noiaydaemble
OLIEHKH BCe 0OJIblIIe MPHUOOPETAIOT CTATUCTUUECKYIO YCTOMUHNBOCTb.

Wtak, B ciydae cO CTOXAaCTHUECKOW CHUCTEMOIl HEOOXOJMMO OCYLIECTBIATh COOp M OLIEHHMBaHME
CTaTHUCTUYECKUX JIAHHBIX HA BBIXOJE UMUTALIMOHHOW MOJENH,— JUIsl 3TOTO IPOBOAUTH CEPUIO MPOTOHOB U

CTAaTUCTUYECKYIO 00pabOTKY pe3yIbTaTOB MOJICTUPOBAHUSI.

Jlemepmunuposannwviti cnyyar. B 3TOM cioydae JOCTaTOYHO TMPOBECTH OJMH TIPOTOH TIPHU
KOHKpPETHOM Habope mapamMeTpoB.

Teneps npeacTaBUM, UTO UEISIMU MOJEIUPOBAHMS SBISIIOTCA: UCCIEJOBAaHUE CHUCTEMBI MPU
pPa3IMYHBIX YCIOBUSAX, OIEHKA aIbTEPHATHB, HAXOXXJICHHWE 3aBUCHMOCTH BBIXOJa MOJECIH OT psaa

mapaMeTpoB M, HAKOHCI, IOHWCK OITUMAJIBbHOI'O BapHWaHTa. B »stHx ClIydasx HCCICOOBATCIIb MOXET
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MPOHUKHYTh B OCOOCHHOCTH (DYHKIIMOHHPOBAHUS MOJCIHPYEMON CHCTEMBI, HW3MCHSS 3HAYCHUS
[IapaMeTpOB Ha BXOAE MOJEIHM, [PU 3TOM BBINOJHAS MHOIOYUCIEHHBIE MAIUHHBIE MPOTrOHBI
MMHUTAIIMOHHON MOJICITH.

Takum oOpa3oM, IPOBEICHHUE DKCIIEPUMEHTOB ¢ MOIC/Ibi0 Ha DBM 3akitouaeTcs B MPOBEICHUN
MHOTOKPaTHBIX MAIIMHHBIX MMPOTOHOB C IENbI0 cOOpa, HAKOIIEHHUS U MOCIEayonell 00pabOTKH JaHHBIX
0 (YHKIIMOHUPOBAHWU CHUCTEMBI. VIMUTAIIMOHHOE MOJCIUPOBAHKE IO3BOJSET HCCIEAOBATH MOJIENb
peabHOM CHUCTEMBI, YTOOBI M3Yy4aTh €€ IOBEICHHE IyTeM MHOTOKpPATHBIX MporoHoB Ha DBM mpu
Pa3IMYHBIX YCIOBUSX (DYHKIIMOHUPOBAHUS PEATHHOM CHCTEMBI.

31ech BO3HUKAIOT CIEIYIOMINE MPOOJIeMbl: KaKk coOpaTh 3TH JaHHbBIE, IPOBECTU CEPUIO MTPOTOHOB,
Kak OpraHU30BaTh LEJECHANPABICHHOE SKCIEPUMEHTAIBHOE HCCIEI0BAHUE. BBIXOOHBIX JaHHBIX,
MOJYYECHHBIX B PE3YJIbTATE€ TAKOrO0 SKCIEPUMEHTHUPOBAHUS, MOXKET OKa3aThbCid O4Y€Hb MHOro. Kak ux
o0paboTarh? OOpabOTKa M U3YYEHHE UX MOXKET MPEBPATUTHCSA B CAMOCTOSTENBbHYIO MPOOIEMY, HAMHOTO
CJIO’KHEE 3a7auM CTaTUCTHUYSCKOT'O OLICHUBAHUS.

B “MUTalMOHHOM MOJEIUPOBAHMM BAXKHBIM BOIPOCOM SBJISIETCA HE TOJIBKO MPOBEIACHUE, HO U

INTAaHUPOBAHUEC HMUTALIMOHHOI'O SKCIICPUMEHTA B COOTBETCTBHUU C ITOCTaBJICHHOM LOEJIBIO UCCIICIOBAaHUA.

Takum 06pa30M, nepen HUCCICOOBATCIIEM, HCIOJIB3YIOIIUM METOAbI HUMHUTALIUOHHOTI'O
MOJICIIMPOBAHMs, BCET/Ia BCTAeT MpoliieMa opeaHnusayuu SKCIIEPUMEHTa, T.€. BBIOOpa Meroma cOopa
nH(popManuK, KOTOPBIM HaeT TpeOyembld (Uisi JOCTHXKEHUsSI TIOCTABJICHHOW IIENIM HCCIEAOBaHUs) €e
00beM TPH HAMMEHBIIUX 3aTpaTax (JHMIIHEEC YUCIO MPOTOHOB — A3TO JIMIIHUE 3aTPaThl MAITUHHOTO
BpeMmeHu). OCHOBHAs 3a/1a4ya - YMEHBIIUTh BPEMEHHBIEC 3aTPaThl HA SKCILTyaTallUI0 MOJIENIU, COKPATUTh
MallMHHOE BpeMs Ha WMHTAIMIO, OTpaXKarollee 3aTpaThl pecypca BpemeHn OBM Ha mpoBencHHe
OO0JIBIIIOTO KOJIMYECTBA MMHTAIIMOHHBIX IIPOTOHOB. DTa MPoOJieMa MOJTyduia Ha3BaHUE CIMpamecuyeckoo
NIAHUPOBAHUs. IMUTAIIMOHHOTO MCCIIeoBaHus. [l ee peleHrs] UCIOb3YIOTCS METOIbl TUIAHUPOBAHUS
AKCIIEPUMEHTA, PETPECCUOHHOTO aHAIH3a, U Jp.

Crparernveckoe IJITaHUPOBAaHUE — H3TO pa3padoTka 3(P(EKTUBHOTO TUIAHA HKCIIEPUMEHTa, B
pe3yabpTare KOTOPOTO JIMOO BBISCHSAETCS B3aUMOCBS3b MEXIY YIPABISEMBIMH IEPEMEHHBIMH, JTHOO
HAXOJUTCS ~ KOMOWMHAIMS ~ 3HAYCHHWW  YNPaBISEMBIX  [EPEMEHHBIX, MHHAMU3UPYIOIIAS WU
MaKCUMU3HUPYIOIIasi OTKIUK (BBIXO]1) HMHTALIMOHHON MOJICIH.

Hapsiny ¢ TOHATHEM CTpPaTEerHYecKOro CYMIECTBYET IOHATHE MAKMUYECKO20 NIAHUPOBAHUSL,
KOTOPOE CBSI3aHO C OMNpEICIICHHEM CIIOCOOOB TPOBEICHUS HWMUTAIMOHHBIX IMPOTOHOB, HAMEUYCHHBIX
TUTAHOM JKCIIEPUMEHTA: KakK MPOBECTH KKl MPOTOH B PAMKaX COCTABIEHHOTO TUIAHA KCIEPUMEHTA.
3mech pemaroTcs 3alavyd: ONpEeeNiCHHE UITMTENBHOCTH IPOTOHA, OIEHKAa TOYHOCTH pe3yJIbTaToB

MOJIETTUPOBAHUS U JIp.
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Takue OSKCHEpPUMEHTHI C€ HWMHUTALMOHHOW MOJENbl0 OyleM Ha3blBaTh HANPAGIeHHbIMU
BLIYUCTUMENbHBIMU IKCNEPUMEHMAMU.

Hmumayuonnviti  sxcnepumenm, cooepicanue  KOmopoz20  ONpeoensemcs NnpeosapumenbHo
NPOBEOCHHbIM — AHANUMUYECKUM — UCCIe008aHuem  (m.e.  AGIAIOWUMCA  COCMABHOU  YACMbIO
BLIYUCTUMENbHO20 IKCHEPUMEeHma) U pe3yibmamvl KOmopo2o O00CMOBEpHbl U  MamemMamuiecku
000CHOBANDI, HA3LIBACNCSA HANPABIEHHBIM GbLIUUCIUNEIbHBIM IKCHEPUMEHMOM.

B 3 rmaBe Mbl J€TanbHO pPacCMOTPUM IPAKTUYECKHE BONPOCHl OPraHM3alUUd U IPOBEACHUS

HAIpaBJICHHBIX BBIYUCIIUTEIIBHBIX OKCIICPUMEHTOB Ha HMHTaHHOHHOﬁ MOACIIH.

061/1461}1 mexHoiocuveckasa cxema umumayuoOHHo20 MOOGJZMpOGGHMﬂ.

O0600mas Haie paccyXIeHHE, MOXKHO B CaMOM OOIEM BHJE MPEICTABUTh TEXHOJIOTHYECKYIO
CXeMy HMHTAIlMOHHOTO MomenupoBanus (puc. 1.3.). boiee moapoOHO TEXHOJOTHS HMHTAIHOHHOIO

MOJICTTUPOBAHUS OYACT pacCMaTPUBATLCS B 3 TIaBe y4eOHOTO IMOCOOUSI.

Iens
MOJICTTUPOBAHUS

A/A:”V<\ A
HzHaH e H sH okl

1 - Peanphas cuctema; 2 - IlocTpoeHue JOrMKO-MareMaTHYecKoi mopenu; 3 - PaspaboTka Momenupyromiero

anroputMa; 4 - IlocTpoeHue MMHTAIMOHHOHN (MamMHHOW) Mojnenu; 5 - IlmaHupoBaHHME M TPOBEICHHE HMMUTALMOHHBIX

JKCIIEPUMEHTOB; 6 - O6paboTka 1 aHaINU3 PE3yNbTAaTOB; 7 - BBIBOIBI O MOBEICHUH PEAIbHON CUCTEMBI (IPUHATHE PEIICHUH).

PucyHOK 1.3 — Texnonocuueckas cxema UMumayuoHHoO20 MO()eﬂMPOGLZHu}l.

Bo3moocnocmu u oonacme RPUMEHEHUA UMUMAUUOHHO20 Mooeﬂupoeanuﬂ.

PaccmoTpuM BO3MOKHOCTH METO/1a UMUTAITMOHHOT'O MOJIEIIMPOBAHUSI, 00YCIOBUBIIINE €T0 IIUPOKOE
MPUMEHEHHUE B CaMbIX Pa3Iu4HbIX cepax. MMHUTAIIMOHHOE MOJIECIMPOBAHHME TPAIUIIMOHHO HAXOJUT
MIPUMEHEHUE B LIIUPOKOM CIEKTPE IKOHOMHYECKUX HCCIIEIOBAHUN: MOJEIMPOBAHUM MTPOU3BOCTBEHHbBIX
CUCTEM U JIOTUCTHKE, MAapKETHHTE, MOJCIHUPOBAHUU OW3HEC IMPOIIECCOB; B COLUATHHO-IKOHOMUYECKUX
WCCTIEAOBAHUAX, COIMOJIOTHH W TIOJUTOJIOTHH; MOJCIUPOBAHUU TPAHCIOPTHBIX, HWH(POPMAIIMOHHBIX U
TEJIEKOMMYHHUKAITMOHHBIX CUCTEM, HAKOHEII, TJI00aJTbHOM MOJICIMPOBAHUN MHUPOBBIX TIPOIIECCOB.

MeTtoa UMHUTAIIMOHHOTO MOJICIMPOBAHUS TTO3BOJISIET pelIaTh 3a7a4 UCKIIIOUUTEIIbHON CII0KHOCTH,
o0ecreurnBaeT UMUTAIMIO JIFOOBIX CJIOXKHBIX M MHOTOOOPa3HBIX MPOILECCOB, ¢ OOJBIINM KOJIHYECTBOM
AJIEMEHTOB, OTJEIbHBIC (PYHKIIMOHAIBHBIC 3aBUCUMOCTH B TaKUX MOJEIISAX MOTYT OMHCBHIBAaTHCS BEChMa

I'POMO3AKHUMHU MATEMATHUICCKUMHU COOTHOIICHUSAMMU. HOBTOMy HUMHUTAIMOHHOC MOJCIIMPOBAHUC
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3 PEKTUBHO UCTIONB3YETCS B 3aJa4ax MUCCICAOBAHHUS CUCTEM CO CJIOKHOM CTPYKTYpPOH C LIENbIO PELICHUS
KOHKPETHBIX MPOOJIEM.

HMuTanmoHHas MOJIENb COJCPIKUT 3JIEMEHTBhI HENPEPBIBHOTO U JTUCKPETHOTO JCHCTBHS, MOATOMY
IOPUMEHSICTCS JUIsl WCCICNOBAHUS JUHAMHYECKHX CHUCTEM, KOraa TpeOyeTcs auanu3 y3Kux mecm,
UCCIIEJOBAaHUE OUHAMUKU (PYHKYUOHUPOBAHUS, KOTA KeJIaTeIbHO HaOI01aTh Ha MMUTAIIHIOHHOW MOJIEIIH
XOJ1 IIpoliecca B TeUEHHE OINPEIETICHHOIO BPEMEHU

HNmurtannonHoe MopenupoBaHue — 3S(GEKTUBHBIA anmapaTr HUCCIECJOBAHUS CHIOXACMUYECKUX
cucmem, KOT/ia UccieyeMas CHCTeMa MOKET OBITh TTO/IBEPKEHA BIIMSHUIO MHOTOYHCIICHHBIX CITy4aiHBIX
(baKTOpOB CIOKHON MpHUPOAbI (Y MaTeMaTHYECKHX MOJENEH JJIs 3TOro Kjacca CHUCTEM OTpaHHYCHHBIC
BO3MOXKHOCTH). MMeeTcs BO3MOXHOCTb NPOBOJUThH UCCIEIOBAHUE 8 VCIO0BUAX HeonpeoeleHHOCmuU, Pu
HETIOJHBIX U HETOYHBIX JTAHHBIX.

HMmuTannoHHOE MOJAEIHMPOBAaHME SBISICTCS HanOoJiee LEHHBIM, CHCTEMOOOPa3yIOIIUM 3BCHOM B
cucmemax nooo0epI’CKU NPUHAMUSL peulerull, T.K. TTO3BOJSIET UCCIEA0BaTh OOJBIIOE YKHCIIO abTEPHATHB
(BapMaHTOB pEILICHMIA), MPOUTPBIBATH PA3IMYHBIC CIICHAPHH TPHU JIOOBIX BXOJHBIX JaHHBIX. | JaBHOE
MPEUMYIIECTBO WUMHUTALMOHHOTO MOJICIMPOBAHUS COCTOUT B TOM, YTO HMCCJIEIOBATENb JJISI MPOBEPKH
HOBBIX CTPATETuil M MPUHATHS PELICHUH, IPU U3YYE€HHH BO3MOKHBIX CUTYaIlHi, BCETIa MOXKET ITOIyYHTh
oTBeT Ha Bompoc «Ymo 6ydem, ecau? ...». IMUTalIMOHHAsE MOJENb MO3BOJIIET IPOTHO3UPOBATh, KOTa
peub UIET O MPOSKTUPYEMOI CUCTEME MIIH MCCIEIYIOTCS MPOLECCHl Pa3BUTHS, T.€. B T€X CIIydasX, KOT/a
pearbHON CHCTEMBI HE CYIIECTBYET.

B uMmuTanMOHHOW MOJENN MOXET OBITh 00ECHEeUeH pa3iWYHBIA (B TOM YHCIIE U OYCHb BBICOKHII)
Ypogensb oemanuzayuy MOJAEIUpyeMbIX nporeccoB. [Ipu 3ToM Mojienb co3qaercst Ho3TaHo, MOCTENEHHO,

0e3 CYIICCTBCHHBIX H3M€H€HHI>1, I60JIIOYUOHHO.



2. OCHOBHBIE ITPUHIIMUIIBI
NUMUTAIIMOHHOI'O MOJAEJIMPOBAHUA

NmuTtanmonHoe MonenupoBaHue (CTAaTUCTUYECKOE MOJEIMpPOBAaHUE Ha
OBM) — 310 cnocob uccieoBaHus MOBEACHHS BEPOSITHOCTHBIX CUCTEM (PKOHO-
MUYECKUX, TEXHUYECKHUX U T.II.) B YCIOBUSX, KOTJ]a HE U3BECTHBI B MIOJHOMN Mepe
BHYTPEHHHE B3aUMOJCICTBUS B 3TUX CHCTEMaX.

OTOT METOJ] 3aKJII0YaeTCs B BOCIIPOU3BEACHUN (MMUTAIIMH) UCCIEAYEMO-
ro Ipoiiecca Mpu MOMOIIY BEPOSTHOCTHOW MAaTeMAaTHUYECKOW MOJENHU U BbIYMC-
JIEHUU XapaKTEepUCTUK 3Toro mpouecca. OAHO Takoe BOCTpOU3BEACHUE (PYHK-
MOHUPOBAHUS CHCTEMbl HA3bIBAIOT peanun3anuei win ucnbitanueM. [locie ka-
KJIOT0 UCHBITAHUS PETUCTPUPYIOT COBOKYIHOCTH MapaMETPOB, XapaKTepU3yro-
HIUX CIIy4ailHbIA UCXOJ peaian3auuud. MeToJl OCHOBaH Ha MHOTOKPATHBIX UCIIbI-
TaHUSIX TOCTPOCHHOW MOJENIM C TOCJEAYIOIIEH CTaTUCTUYECKOM 00paboTKoit
MOJIYYCHHBIX JAHHBIX C II€JIbIO ONPEEICHHS YUCIOBBIX XapaKTEPUCTHK UCCIIe-
JyeMOro Ipoliecca B BHJI€ CTATUCTHUYECKUX OLEHOK ero mapametpoB. [Ipoiecc
MOJICIUPOBaHUS (DYHKIIMOHUPOBAHUS SKOHOMUYECKOH CHUCTEMBbI CBOIUTCS K
MalIMHHOW UMHUTAIIMH TPOIECCa.

NMuTanimoHHOE MOJIETMPOBAHUE HE pelIaeT ONTUMM3AIMOHHBIX 3aj]ay, a
MPEICTaBIIAECT COOON TEXHUKY OLICHKM 3HAYEHUH (PYHKIMOHAIBHBIX XapaKTepH-
CTHK MOJICJIUPYEMON CUCTEMBI.

Pe3ynbpTaThl HccleI0BaHNs UMUTAIIMOHHONW MOJIEIN PEICTABIAIOT OO0
OLICHKHU 3HAYEHUN ONEpPalMOHHBIX XapaKTEPUCTUK TOM CUCTEMBI, OBEICHHUE KO-
Topoit Moaenupyetcs. Hanpumep, npu UMUTAIMOHHOM MOJEIMPOBAHUU J1000H
CUCTEMBI MacCOBOTO OOCIY>KMBAHUSI MPAKTUUYECKUN MHTEpPEC MOTYT Ipe/ICTaB-
JSATh TAKUE XapaKTEPUCTUKHU, KAK CPEIHSIS MPOJAOKUTENBHOCTh O0CTYKUBaHUS
KJIMEHTA, CPEJIHAS ITTMHA OYePEaH, 10JII BPEMEHH MPOCTOsI CUCTEMBI U JIp.

NmuTtanmonHoe MojaenupoBaHue ABisieTcsl 3QPEKTUBHBIM CPECTBOM JIJIs
pElIeHHs CIOXHBIX MpobaeM. MUTallMOHHOE MOJIETMPOBAHUE PUMEHSETCS B
pa3IUYHBIX O00JACTSAX HAYKH, TEXHUKH, SKOHOMHUKHU U T.A. C MOMOIIbIO UMUTA-
MOHHOT'O0 MOJEIUPOBAHUS MOXKHO pelIaTh CIEeAYIONINE 3aJa4u:

1. 3amayu B pa3nuuHbIX 00JACTSIX €CTECTBEHHBIX HAyK (MareMartuka, (hu-
3UKa, XUMUSA):

a) BBIUMCJICHUE TUIOMa el (Uryp, OrpaHUYEHHBIX KPHUBBIMH, BBIYMCIIEC-
HUE KPaTHBIX UHTErPaJIOB;

0) BBIYMCIICHUE KOHCTAHT (HaIpUMeEp, Ynuclia T);

B) 0OpallleHre MaTPHII;

r) uszydeHue n1ud¢y3HbIX MPOILIECCOB.

2. IIpakTuueckue 3aqauu:

a) TPOMU3BOJCTBEHHO-TEXHOJOTHYECKUE 3a7auyl, BO3HHUKAIOIIUE B IIPO-
[ecce CO3JaHusi CUCTEM MacCOBOr0 OOCIY>KHBAaHHS, CUCTEM CBS3H, B cdepe
yIpaBJICHUs 3arlacaMu, IPU aHaJIU3€ XUMUYECKUX MPOIECCOB;

0) PKOHOMHYECKHE M KOMMEPUYECKHE 3aJlayd, BKJIOYas OLEHKH MOBeJe-
HUSL MOTpeOuUTENs], ONpEeIeHHE 1IeH, YIKOHOMUYECKOe MPOTrHO3UPOBAHUE Jesi-
TEIBHOCTU (PUpM;
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B) COIlMAJIbHBIE M COIIMAJILHO-TICUXOMETPUYECKHUE 3ajJaud, Hampumep,
npoOJieMbl TMHAMUKH HApOJOHACEJICHUS, BIUSHUS SKOJIOTUU HA 3I0POBbE, DITH-
J€MHUOJIOTUYECKUX MCCIEN0BAHNM, a TAKKE MPOTHO3UPOBAHUE TPYIMIIOBOTO I10-
BECHUS;

r) 3a1a4i OMOMEIMIIMHCKUX CHCTEM, HalpuMep, OajaHca >XKUJIKOCTU B
OpraHU3MeE YEJIOBEKA, PA3MHOKEHUS KIIETOK KPOBH, JIEATEIIBHOCTH MO3Ta;

1) 3a7a4M aHaJIM3a TOW WJIM MHOM BOCHHOMN CTpaTEruu U TaKTHKHU.

Brluncnenue pe3ynbTaToB UMHTAIMK 0a3upyeTcs Ha ClydalHON BBIOOD-
Ke, T.C. JI000M pe3yNbTaT, MOJIYyUYCHHBIH MyTEM UMHUTAIMOHHOTO MOJEIUPOBa-
HUS, TIOJIBEP’KEH DKCIIEPUMEHTAIBHBIM OITMOKAaM, TO3TOMY, KakK U B JItOOOM CTa-
THUCTAYECKOM IKCIIEPUMEHTE, JOJLKEH OCHOBBIBATHCS HA PE3YJIbTaTaX CTATUCTHU-
YECKHUX MPOBEPOK.

2.1. OcHOBHBIE ITANbI MOCTPOEHNSI MMUTANMOHHBIX MO/IeJIei

NmuTtanmonHoe MoAenupoBaHue sBisieTcsl 3pPeKTUBHBIM HHCTPYMEHTOM
JUIsL pellieHusl CIOXKHBIX mpobsieM. Ha mpenBapuTesnbHOM 3Tare MOCTPOCHUS
MMUTAMOHHON MOJIEIN HEOOXOIUMO:

1. UccnenoBaTh rpaHulbl U CTPYKTYPY PaCCMATPUBAEMOM CUCTEMEI C Lie-
JBI0 PElIeHHs] KOHKPETHBIX mpobiieM. Ha 3Tom 3Tame Mcnoiab3yroTcs METObI
CUCTEMHOIr'0 aHaju3a, HapuMep, CTPOUTCs rpad Lenel U 3a1ay, KOTOpbIA UMe-
€T MEePapXUYECKYI0 CTPYKTYypy. Ha KakxIoM ypoBHE pacroyIOKEHbl HEKOTOpbIE
3aJ1ayu, KOTOpPbIe HEOOXOIUMO PEIIUTh ISl JOCTUKEHUS 1eeil 60Jee BBICOKOTO
ypoBHs. [locTpoenue Takoro rpada HauMHAETCsl C BEPXHETO YpOBHA — (popmy-
JUPOBKU KOHEUHBIX 1enel. [anee popmupyercs ypoBeHb 3a7ad, KOTOpPbIE He-
00X0MMO pelIuTh ISl TOCTHKEeHUs 3Tux 1enei. [locrenenno dpopmynupyercs
npo0iema, s pelieHnust KOTOPOU CTPOUTCSI UMUTAIIMOHHAS. MOJIENb.

DTOT 3Tan 3aBEPIIAECTCS MOCTPOCHUEM KOHLENTYaJIbHONM MOJEIH HCCIIe-
ayeMon cuctembl uiu mporecca. CreneHb ¢GopMmanu3aluu KOHLENTYalbHOM
MOJEIH 3aBUCUT OT CJIIOKHOCTHU CUCTEMBI.

2. Ha sToM 3Tame onpenensroTcs U aHAJIU3UPYIOTCS KPUTHYECKHE DIIe-
MEHTBI, KOMIIOHEHTHI, TOYKA B MCCIEAYEMON CHCTEME WM IPOLIECCE, A TAKKE
ONPEEIAOTCS OUEHKHU IPEANOIAaracMbIX pPEIICHUM.

[Ipyn UMUTAIMOHHOM MOJEIUPOBAHUU KPOME OCHOBHOM MOJEIN CTPOUTCS
0JIOK yIPOUIEHHBIX MOJIENIEH, MpeHA3HAYEHHBIX JIJISl IPEABAPUTEIBHOTO IPpy0o-
ro aHajausza npodsieMbl B 1eJIOM. MeTobl ynpolieH!s: MoJiejeil OCHOBaHbI Ha
TEOPUU arperupoBaHUsl, KOTOPAsl MO3BOJSAET YMEHBIIUTh YUCIIO MEPEMEHHBIX U
COOTHOUIEHUW. BOJIBbLIYIO pOdb NPU 3TOM HUIPAOT aCUMIITOTUYECKUE METOMBI,
KOTOpbIE€ MO3BOJISIOT BBIACIUTH NEPEMEHHBIC, BIUSIONIME Ha OOIIMUNA XOJ Mpo-
ecca.

3. Ha sTOM 3Tane oCylecTBISIETCA MPOTHO3UPOBAHUE M IUIAHUPOBAHUE
OyIyIIero pa3BUTHs UCCIEIyeMON CUCTEMbI WU MPOIECca.



[IpuHATHE penieHnii B UMUTALIMOHHOM MOJIEJIMPOBAHUNA OCHOBAHO Ha I10-
CJICIOBATEJIBHOM CYKaTUHW MHOKECTBA PACCMAaTPUBAEMBbIX BAPUAHTOB IYTEM OT-
OpachIBaHUSI HEKOHKYPEHTOCITOCOOHBIX MJIM HEOCYIIECTBUMBIX aIbTEPHATHUB.

Taxkum oOpaszom, JJIs1 OIIEHKH W MPOTHO3a Pa3BUTHUS UCCIIEYeMON CHUCTE-
MBI TIPEIOJIATAETCS . TOCTPOUTDH KOHIIENTYAIbHYI MOJEIb; IIOCTPOUTh MaTEMa-
TUYECKYI0 MOJENb; pa3padoTaTh MaTeMaTH4ecKkoe obecriedeHue sl pacuyEToB
Ha DBM; npoBectu 3kcniepuMeHThl Ha O9BM u onpenenuts NPUMEHUMOCTb MO-
JICTIN.

N3BecTHO, MOAENE — 3TO HEKOTOPOE OINMUCAHUE CUCTEMBI WIIM IIPOILECCA.
B dyHmameHTanpHBIX HayKaxX MOJENIH pa3padaThIBAIOTCS HA OCHOBE TEOPETHYE-
CKHX 3aKOHOB:

— UKOHMYECKUE MOJIETTN — 3TO MACIITaOMPOBaHHBIC OOBEKTHI;

— a0cTpakTHBIC (MaTeMaTUYECKUE) MOJETU MPEACTABISIOTCS COBOKYITHO-
CThIO MAaTEMATHUYECKUX COOTHOIICHUI;

— BUBYaJIbHBIE MOJICTU TMPEACTABISIOT CUCTEMBI rpaMuecKuM MaTepua-
JIOM.

Pa3zpaboTka Moaenu CylecTBEHHO YIPOIIAETCs, €CIIU:

— W3BECTHBI 3aKOHBI, ONMUCHIBAIONTHE (PYHKIIMOHUPOBAHUE CUCTEMBI;

— MOXeET OBITh pa3paboTaHo rpaduyecKoe MPeICTaBICHUE CUCTEMBI;

— MOYHO YIIPABJIATH BXOJAaMH U BbIXOJIaMH CUCTEMBI.

[Iporiecc mocTpoeHUss MOAECITN MOKHO Pa3OUTh Ha ATAIIbI:

Oman 1.

Ha sToMm 3tamne npearnonaraercss OCylmecTBICHUE TAKUX [IATrOB:

— OIPEAEIICHUE LIEU MTOCTPOCHUS MOJIEIIN;

— OINpeAEIICHUE TPAHUL] CUCTEMBI;

— ompejeieHue HEOOXOIUMOr0 YpPOBHS JeTalu3alu IPOIECCOB, ATOT
YPOBEHB JIOJIKEH MO3BOJISATh a0CTPAarupoBaThCsl OT HETOYHO OMpPEACIEHHBIX ac-
MEeKTOB (DYHKITMOHUPOBAHUS PEAIbHONU CUCTEMBI.

Oman 2.

Ha stom »Tane ctpoutcs Mojelb, B KOTOPYIO BKIIOYAIOTCS KpUTEPHUH d(-
(bexTuBHOCTU (DYHKIITMOHUPOBAHUSI CHUCTEMBI M OIIEHUBAEMbIC aJbTEPHATUBHbBIC
pELIEHUs], KOTOPbIE PACCMATPUBAIOTCS KaK YaCTh MOJEIU.

Oman 3.

Ha »Tom sTane HeoOX0AMMO MOJYYUTH OLICHKH JIJIsl aIbTEPHATUBHBIX pe-
meHnid. OOBIYHO OIEHKHU aJIbTEPHATUB TPEOYIOT BHECEHUSI M3MEHEHUN B OIUCa-
HHUE CUCTEMBI, a CJIEHOBATEIBHO, NIEPECTPOUKHA Mojenu. Ha npaktuke mpouecc
MMOCTPOECHUSI MOJIENIH SIBJISIETCSA UTEPATUBHBIM.

Oman 4.

Peanuszauus nmoctpoenHont moaenu. [lociie Toro kak Ha OCHOBE MOJIyYEH-
HBIX OIICHOK aJIbTEPHATUB BHIPaOOTaHbl PEKOMEHAAIINH, PE3YIbTAaThl MOJICIUPO-
BaHUS MOYKHO BHEAPATH B IPAKTHUKY.

N3nosxxeHHbIN 00NN TTOAXO/ K TOCTPOSHUIO MOJIETN TIOJIHOCThIO MOKHO
MEPEHECTH U HA UMUTALMOHHOE MOJIEJIMPOBAHHUE.



[Ipouecc mocnenoBaTenbHOM pazpabOTKM MMHUTALMOHHOM MOJIETH HAuu-
HAeTCs C CO3/IaHUs MPOCTOM MOJENH, KOTOpask 3aTEM MOCTENEHHO YCIOKHACTCS
B COOTBETCTBUM C TpPEOOBaHUSIMHU, NPEIBABIIEMBbIMU PEIIAEMON MPOOIEMOIL.
B npouiecce nocTpoeHrss UMUTAIMOHHOM MOJIEN MOKHO BBIIEITUTh TAKUE dTallbl:

1. ®opmynupoBaHue MpoOIEMbI: OMUCAHUE HCCIEIyeMOM MpoOIeMbl U
ONpEIEJICHHE LIEJIEN UCCIEN0BAHUS.

2. Pa3paboTka Mozenu: JIOTMKO-MAaTeMAaTHYEeCKOEe OMUCAaHUE MOJEeIupye-
MOU CUCTEMBI.

3. [loaroToBka JaHHBIX: UAECHTUGUKAIMS, cielUbUKaLKs, cOOp TaHHbIX.

4. TpaHcnsauMs MOJENH: NEPEBOI MOAEIU Ha S3bIK, MPUEMIIEMBIN IS
OBM.

5. Bepudukauus Mojaenu: YCTaHOBJIEHUE MPABUIBHOCTH MPOTrPaAMMHBIX
MPOAYKTOB ISl peajin3alnu Mojenu Ha OBM.

6. Banumanus: oneHka TpeOyeMol TOYHOCTH M COOTBETCTBUS UMHUTAIU-
OHHOW MOJIEJIN PEaJbHOM CUCTEME.

7. CTpaTernyeckoe U TaKTUYECKOE MIIAHUPOBAHUE: ONPEAECIECHUE YCIOBUI
MIPOBEAEHUS MAIlIMHHOTO SKCIEPUMEHTA C UMUTAIMOHHON MOJEINBIO.

8. DKCIIepuMEHTUPOBAHUE: TPOTOH UMUTALIMOHHOW Moaenu Ha DBM s
noJiyueHus TpedyemMoi nHdopmanuu.

9. AHanu3 pe3ynbTaToB: U3YYEHHUE PE3yJIbTATOB UMUTALMOHHOTO MOJE-
JMPOBAHUSA JJIs1 IOATOTOBKU BBIBOJIOB M PEKOMEH AL M0 PEILIEHUIO MPOOIEMBI.

10. Peanu3anus u NOKyMEHTUPOBAHUE: pealn3alus PEKOMEHIALMH, MO-
JyYEHHBIX HA OCHOBE MMHTAIMU, COCTABJIECHUE TOKYMEHTAIUU IO MOJEIIH U €€
HCIIOJIb30BAHMUIO.

2.2. METO}IOJ’IOFI/I‘ICCKI/IG moaxoabl B MMUTAIMOHHOM MOAC/JIMPOBAHUHA

[Ipu pa3paboTke UMUTAMOHHOW MOJEIN HEOOXOJUMO BbIOpaTh METO/10-
JIOTUYECKUN TOJX0J, B paMKax KOTOPOTO OIHUCHIBAIOTCS (YHKIIMOHAJIbHBIE
B3aMMOCBSI3H MOJIETUPYEMON CUCTEMBI. DTOT MOJAXO MO3BOJISIET Pa3pabOTUUKY
YETKO OMUCATh MMOBEJEHUE UCCIIETYEMOUN CUCTEMBI.

[loHsiTHE CUCTEMBI MOKHO TPAaKTOBaTh, HAIPUMEP, TAKUM 00pa3oM: CHUC-
T€Ma — 3TO COBOKYIHOCTb 3JIEMEHTOB, MPUHAAJICKAIIUX OTPAHUYCHHOW YacTH
peanbHOro Mupa. COBOKYIHOCTH 3JIEMEHTOB MOYKET paccMaTpUBAaThCs KaK 4acTh
0oJiee CII0)KHOM CUCTEMBI, T.€. B KAUECTBE MOACUCTEMBI, a B JPYIOM CIydyae Mo-
KET paccMaTpuBarbesl kKak cuctema. Cdepa nelcTBus 10001 CUCTEMBI OIIpeie-
JSeTCS 1eNbI0 MCCIIeOBaHuUs, M1 JOCTUXKEHUS KOTOPOM OHA BBIAEISIETCS U
unentupunupyercs. Chepa neictBus 1000 UMUTAIIMOHHON MOJEIHN OIpeie-
JsIETCsl 0COOEHHOCTSIMU TOM ITPOOJIEMBI, AJIs1 pEILIEHUsI KOTOPOW OHa pa3paboTaHa.

s onpenenenusi chepbl ASHCTBUS CUCTEMbl HAIO BBISIBUTH T'PAHULIBI
CUCTEMBI U €€ CTpYKTypy. lIpn ycTaHOBIEHMM IpaHHI] CUCTEMBI BBISBIISIOTCS
BCE B3aMMOCBS3H MeXxay €€ aneMeHTaMu. Ha cucremy MOryT BO31€MCTBOBAaTh
HEKOTOpbIe BHEUTHUE (aKTophl. ECiiM OHU CyIlIeCTBEHHO BIUAIOT HA CUCTEMY, TO
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CUCTEMY clie[lyeT nepeonpeneianTb. Eciu BHemHUE (PakTopbl HECYIIECTBEHHO
BO3JCHUCTBYIOT Ha CHUCTEMY, TO MOXHO PAaCIIMPUTH ONPEAECICHUE CHUCTEMBI,
BKJIIOYMB B He€ ATU (aKTOphI; MPeHEOpeUbh MMH; TPAKTOBATh UX KaK BXOJbI B
CUCTEMY.

Buemaue ¢gakTopsl TpaKTYIOTCS KaK BXOJIbl B CHUCTEMY, €CJIM OHM 3aja-
IOTCSl OMPENCIEHHBIMU 3HAUYCHUSIMU, TaOJullaMH, YpaBHeHUsMH. Hampumep,
MIpHU pa3pab0OTKe MOJIENIU MPOU3BOJACTBEHHON CUCTEMBI (PUPMBI COBIT MPOAYKIIUH
paccMaTpuBaeTCa Kak BXOJ B CUCTEMY, €CIIM B MOJIEJIb HE BKJIIOUAOTCSI B3aUMO-
CBSI3HM, OTHOCSIIUECS K Mpolleccy cObiTa. Takas Moenb OyAeT coiepkKaTh TOJIb-
KO CTaTUCTUYECKOE ONKMCAHUE MPEAIICCTBYIONIMX U MPEANOIaracMbiX MPOIaX,
UCIIOJIb3yeMOE B KaueCTBE BX0/Ia, T.€. OpraHu3alus cObITa HAXOAUTCS 3a TPaHU-
el cucTeMbl. B cHCTEeMHON TEpMUHOJIOTUU OOBEKTHI, HAXOJSIINECS 3a TPaHU-
[IaMH CUCTEMbI, HO OKA3bIBAIOIINE BIHMSIHUE HA HEE, POPMUPYIOT OKPYKAIOIIYIO
Cpelly 3TOU CUCTEMBI.

Takum oOpazom, cuctema MpeAcTaBiIsieT cOOOW COBOKYITHOCTh B3aUMO-
JNEUCTBYIOIIMX AJIEMEHTOB, KOTOPBIC TIOJBEPraroTCsi BO3ICHCTBUIO BHEUIHEU
Cpeapbl.

NmuTtannonHas MOJelb OOBIYHO CBsSI3aHA C MCCIIEIOBAHUEM PEATbHO CY-
IIECTBYIOIIECH CHUCTEMBI, TOBEJCHUE KOTOPOM sBisieTCs (YHKIMEH BpPEMEHH.
CyliecTByeT TpU TUIA UMUTALIMOHHBIX MOJEIEH.

1. Henpepwignvie modenu. HempepblBHbIE MOJEIN HCMONB3YIOTCA IS
CHUCTEM, MOBEJCHUE KOTOPHIX U3MEHSETCSI HEMPEPHIBHO BO BpeMeHU. Llenb umu-
TAlMOHHOT'O AKCIEPUMEHTA — OMNPEJCIUTh PEAKLMIO0 EPEMEHHOM COCTOSIHUS B
3aBUCUMOCTH OT UMUTAIlMOHHOTO BpeMEHU. Mojien HEeNpephIBHBIX CUCTEM OI-
peNesaoTCs B TEPMUHAX MMPOU3BOIHBIX (PYHKIIMM, TaK KaK MHOT/A Jierde 3a/1aTh
BBIPAKECHUE I OMPEICICHUS] CKOPOCTH M3MEHEHHUS NEPEMEHHOM COCTOSIHUS,
YEM 3TO CIeJaTh HEMOCPEICTBEHHO ISl CAMOUM IEPEMEHHON COCTOSIHUS, TO €CTh
OHM OMHCHIBAIOTCS MU depeHIInaTbHBIMU YPaBHEHUAMH. TUTIHYHBIM IPUMEPOM
HENPEPHIBHON MMUTAIMOHHOW MOJENHU SIBJISIETCA M3YyUYECHUE NUHAMHKHA HapOI0-
HaceJieHus: mupa. HenmpepblBHbIE IMUTAIIMOHHBIE MOJIEIN OOBIYHO MPEICTABIIS-
I0TCSI B BUJIE Pa3HOCTHO-AUGPEepeHITHATbHBIX YPaBHEHUM, KOTOPHIC OMUCHIBAIOT
B3aUMOJICHCTBUE MEXKAY PA3TUYHBIMU 3JIEMEHTAMU CUCTEMBI.

2. Huckpemnvie mooenu. B 3TUX MOJENSX ONMUCHIBAIOTCS CUCTEMBI, MTOBE-
JIEHHE KOTOPBIX U3MEHSIETCS JIMIIb B 3aJJaHHBIE MOMEHTBI BpeMEHU. TUIIHYHBIM
IIPUMEPOM TAKON MOJENU SIBISETCS O4Yepeb, KOraa 3agaya MOAEIUPOBAHUS CO-
CTOUT B OIIEHMBAHUU OTEPAIIMOHHBIX XapPaKTEPUCTHK CUCTEMBI MacCOBOTO 00-
CIY)KMBaHUS TaKWX, HAIPUMEP, KaK CpeaHEe BpeMs OXHUIAAHUS WIH CPEIHSA
JUTMHA OYEPE.IH.

Te MOMEHTBI BpEMEHH, KOT/Ia B CUCTEME MPOUCXOISIT U3MEHEHUSI, OIpe-
JEJSI0T COOBITUS MOJIEIIH, HAITPUMED, MPUXOJ] WM BHIOBITHE KIUEHTA. DTH CO-
OBITUSI TIPOUCXOMSIT B JTUCKPETHBIE MOMEHTHI BPEMEHH, MOITOMY HUMEET MECTO
MPOLIECC C IUCKPETHBIM BPEMEHEM, & COOTBETCTBYIOIIAS UMUTALIMOHHASL MOJIEIb —
JTMCKpETHAS.



3. Kombunuposanuvie ouckpemuo-nenpepuwigHole moodeau. B KoMmOMHUpPO-
BaHHBIX MOJICISIX HE3aBUCHUMBIC IMIEPEMECHHBIC MOTYT M3MEHATHCS KaK JIHUCKPET-
HO, TaK W HempephIiBHO. Vccnemyemas cuctemMa B TAKUX CUTYaIlUsAX OMHCHIBACT-
Csl C TIOMOIIBIO AJIIEMEHTOB M TIEPEMEHHBIX COCTOsHHUA. lloBeneHue CHUCTEMBI
UMUTUPYETCS MyTEM BBIYUCIICHHS 3HAUCHHUH MMEPEMEHHBIX COCTOSHHSI Yepe3 He-
OOJbIINE OTPE3KH BPEMEHH.

B kOMOMHHpOBaHHBIX MOJEINSAX PACCMATPUBAIOTCS JBa THIA COOBITHIA:
BPEMCEHHBIE COOBITHS (COOBITHS, CBEpIICHHE KOTOPHIX TUIAHUPYETCS B ONpe/e-
JNEHHBIC MOMEHTBI BPEMEHH) U COOBITHS COCTOSHUSA (3TH COOBITHS HE TUTAHUPY-
IOTCSI, @ TIPOMCXOIAT TOT/a, KOT/Ia CUCTeMa JIOCTHTAET OMpeneIEHHOrO COCTOs-
Hus). [loHsATHE «COOBITHE COCTOSIHHS) aHAJIOTUYHO MOHATHIO «CKAHMPOBAHHE
aKTUBHOCTEH», B KOTOPOM COOBITHE TaKKe HE IIAHUPYETCs, a OMpenessieTcs
COCTOSIHHEM CHCTEMBbl. BO3MOXHOCTh BO3HHUKHOBEHHS COOBITHSI COCTOSTHHSI
JOJIKHA TIPOBEPATHCS MPHU KAXKIOM MPOJIBMKCHIUH KMUTAITHOHHOTO BPEMCHH.

Bomnpocsl 1si CaMONIPOBEPKH

. Uro sBisieTcss METOAO0JOTMYECKOW OCHOBOM MMHUTAIIMOHHOTO MOJEIHPOBAHUS?

. Kakue BUIIbI KOMITBIOTEPHOT'O MOJICIIMPOBAHUS BAM U3BECTHBI, OTMETHTE OOIITHE IPU3HAKHI
MOJEJICH ATOro Kjacca ¢ UMUTAIIMOHHBIMA MOJICIISIMH.

. Kakue 3HaKoBbIe (hOpMBI IPECTABICHUS U BUIBI OMUCAHUS JIKAT B OCHOBE MOJICIUPYEMBIX
CHUCTEM U IMPOLIECCOB MMMTALIMOHHBIX MOJIETECH?

. B ueM npuHIIMNUanIsHOE OTINYME METOJIa CTATUCTUYECKUX UCTIBITaHuH (MeToa MonTte-Kapio) u
MMHUTAIMOHHOTO MOJICIUPOBAHUSI.

. HazoBuTe 001IMe ¥ OTIMYUTENBHBIE TIPU3HAKU CTPYKTYPHO-(QYHKIIMOHAILHOTO U UMUTAITHOHHOTO
MOJIETTUPOBAHUS.

. B uem cocTouT npuHIUNHATBLHOE OTJIMYME MATEMATHYECKOTO 1 UMUTAIIMOHHOTO BUI0B

MOACIINPOBAHUA.
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