Manep P.B. KomnbioTepHoe mogenvposaHue
Mawvep P.B., masoBckuin neguHCTUTYyT
KOMMNbOTEPHOE MOLOEJNIMPOBAHME:
1. MOOENMUPOBAHUE KAK METOA4 HAYYHOI'O NMO3HAHWUA.
KOMIMbIKOTEPHbLIE MOAOEJI N X BUAObI

BBoautcsa noHaTne mMogenun, aHanuampyroTcs pasfnunyHble Kraccbl Moaenen,
CBs3b MogenupoBaHuna ¢ obuen Teopuen cuctem. Ob6cyxgaeTcst YMCEHHOe,
cTaTUCTU4ECKOE N UMUTALMOHHOE MOOENNPOBaHNE, ero MecTo B CUCTEME
ApYyrnx MeTooB no3HaHud. PaccmaTpumBaroTcs pasfivyHble Knaccudukaumm
KOMMbIOTEPHbIX MOAENen n obnactn nx NPUMEHeEHUSI.
1.1. NoHaTne mogenun. Llenu mopgenmnpoBaHus
B npouecce nsydeHus okpyxatowero Mmpa cybbekTy no3HaHus NpoOTUBOCTOUT
nccnegyemasi Yactb 0O bEKTMBHON peanibHOCTU — OO6BbEKT NO3HaHUA.
Y4YeHbIin, UCrnonb3ysa amMnupuyeckne MetTobl No3HaHusa (HabnogeHue mn
9KCNEPUMEHT), ycTaHaBNMBaEeT paKTbl, XapakTepusyoLmne oObEKT.
QrnemeHTapHble akTbl 0606LaTCs 1 opMynmnpyoTcs aMnupruyeckme
3aKkoHbl. Crnefylowmi Wwar cCoOCTOUT B pa3BuUTUM TEOPUMN U
NOCTPOEHMM TeOPeTUYECKON Moaenu, obbAacHsALWen noBegeHne obbekTa u
yunTbiBatoLWen Hanbonee cyulecTBeHHbIE (haKTopbl, BMAIOLWME HA
n3yyaemoe gaBneHue. Jta TeopeTndeckas Mogesb OMKHA BbITb JTOTMYHON U
COOTBETCTBOBATb YCTAHOBIIEHHbIM (bakTamM. MOXHO cunTaTb, YTO Ntodas
Hayka npencrasnseT cobon TeopeTUdeckyto Moaens onpeaeneHHon 4actum
OKpYy>XaloLlen 4eNCTBUTENbLHOCTM.

Yacto B npouecce no3HaHuA peaanbM 00beKkT O 3aMeHAEeTCA HEKOTOPbIM
Apyrum naeasrbHbIM, BOO6pa>KaeMbIM nin MmatepumasribHbIM o6bekToMm M )

HeCywnM n3yvaemble 4epTbl UCCreayemoro obbekTa O, 7

Ha3biBaeMbiM MoAenbl. OTa Moaenb noasepraeTcd nccrnegoBaHMio: Ha Hee
OKa3blBalOT pa3rinyHble BO34ENCTBUSA, UBMEHSIIOT napameTpbl 1 Ha4YalibHblIE
YCInoBUA, N BbIACHAKOT, KakK UISBMEHAETCA ee nosegeHune. Pe3yanaTb|

nccnegosaHus mogenu M nepeHocsAT Ha 06bEKT UccnenoBaHus O,
COMOCTaBNAKT C UMEKLMMUCS SMMUPUYECKUMIN OaHHLIMU U T.4.

Takum ob6pa3om, Mmogenb — 3TO MaTepuanbHbIM UNU naeanbHbIN OO BLEKT,
3amMeLlaroLWwmmn uccriegyemMyro CUCTeMy M agekBaTHbIM o6pa3om
oToGpaxalolmi ee cyllecTBeHHble cTopoHbl. Mogens M gomxHa B yem—
TO NOBTOPSATb UCCNeayeMbI NPOLIECC NN OOBEKT O co creneHbio

COOTBETCTBUA, NO3BOMSOLLEN U3YUNTb OO BEKT—OPUTMHAN O . Y1061
pesynbTaTbl MOLENUPOBAHNA MOXHO 6bINo Bbl NepeHecTn Ha nccrneayembin
obbekT, MoAenb JomKkHa obnagaTb

CBOMCTBOM afeKBaTHOCTMU. [1penmyLLecTBo NogMeHbl UCCneayemoro
oObeKkTa ero Mogenbio B TOM, YTO YacTo MoAenu npoLle, AeleBne n
OesonacHee uccnegosatb. [lencTBuTENbHO, YTOOLI CO30aTh CAMONET,
cnegyeT NOCTPOUTb TEOPETUYECKYO MOAESb, HAPUCOBATb YEPTEX,
BbIMOSHUTb COOTBETCTBYHOLLME pacHETbl, U3rOTOBUTb €r0 YMEHbLLUEHHYHO
KOMNuio, nccnegoBaTb ee B aspoanHaMmmnyeckon Tpyde m T.4.



Mopgenb o6bekTa AomKHa oTpaXaTb ero Hambonee BaXxHble

KayecTBa, NpeHebperasa BTopocTeneHHbiMu [4]. TyT yMECTHO BCIOMHUTL
NPUTHY O TPEX HE3PSAYNX MyapeLax, pelumnBLINX y3HaTb YTO Takoe crnoH. OguH
MyapeL, nogep)xarn cnoHa 3a Xob0T, 1 3asBuUI1, YTO CNOH — rMOKMIA LUNaHT.
[pyron notporan crioHa 3a HOry U peLunn, YTo CNOH — 3TO KONOHHA. TpeTui
MyapeL nogepran 3a XBOCT U MPULLIEN K MHEHUIO, YTO CFIOH — 3TO BEPEBKA.
AcHo, 4To BCe MyapeLbl ONBNNCE: HXN OOMH U3 Ha3BaHHbIX OO BbEKTOB
(LwnaHr, KONoHHa, BEpeBKa) He OTpaXatoT CyLLEeCTBEHHbIX CTOPOH U3y4YaeMoro
obbekTa (CroH), N03TOMY MX OTBETHI (MpeanaraeMble MOAENN) HE ABMSOTCS
npaBUITbHbIMM.

Mpn mogenupoBaHMM MOTYT NpecnenoBaTbCy pasnnyHble Lenu: 1) nosHaHne
CYLLHOCTU U3y4aeMoro obbekTa, NpuUYnH ero nosBegeHud, “yctponcrea’ n
MexaHn3mMa B3auMOOeNCTBUS ANIEMEHTOB; 2) OO bsICHEHNE YXKe U3BECTHbIX
pes3ynbTaToB AMMUPUYECKUX UCCrefoBaHNN, BepudmrKaumnsa napameTpoB
MOAENN MO 3KCNepPUMEHTanbHbIM AaHHbLIM; 3) NPOrHO3MPOBaHNE NOBEAEHMS
CUCTEM B HOBbIX YCITOBUSIX NPU Pa3fiMYHbIX BHELUHUX BO34ENCTBUSX U
cnocobax ynpasneHus; 4) onTummusaunsa yHKLMOHNPOBaHUS UccnegyemblxX
CUCTEM, MOUCK NPaBUNBbHOIO ynpaBrieHUsi OO bEKTOM B COOTBETCTBUM C
BblGpaHHbIM KpUTEPMEM ONTUMANBHOCTN.

1.2. Pa3nuyHble BuaAbLI moaeneu

Mcnonb3yemble mogenun YpesBblidanHoO pa3sHoobpasHbl. CUCTEMHbIN aHanu3
TpebyeT Kknaccudmnkaumm n cuctemaTusaumum, To eCTb CTPYKTYpUpOBaHMNE
N3Ha4YanbHO HeynopsAoYEHHOro MHOXECTBa OOBEKTOB M NpeBpaLLeHme ero B
cuctemy. M3BeCTHbI pasnmyHbie cnocobbl Knaccngukaumm cyLecTBYHOLLENO
MHoroobpasuna mogenen. Tak, B [11] BblAensatoT cnegyowme Buasl Mogenen:
1) AeTEPMUHUPOBAHHbBIE N CTOXaCTUYECKNE; 2) cTaTU4eckme N guHammyeckue;
3) OMCKpeTHbIe, HenpepbiBHbIE N OUCKPETHO—HENPEPbIBHbIE; 4) MbIC/IEHHbIE U
peanbHble. B apyrmnx pabotax [1, 6], mogenu knaccudmumnpyoT no
cnegyrowmm ocHoBaHuaM (puc. 1): 1) No xapakTepy MoAenmpyemMon CTOPOHbI
00beKTa; 2) N0 OTHOLLEHUIO KO BpeMeHMU; 3) MO cnocoby npeacTaBneHus
COCTOSIHUA CUCTEMbI; 4) NO CTEMNEHU CIy4YanHOCTU MOSENMPYEMOro NpoLecca;
5) no cnocoby peanusauum.

Mpwn kKNaccuurkaumm no xapakrepy MoaenmMpyemMomn CTOpPOHbI

ob6beKTa BbigensoT creayowme Buasl mogenen (puc. 1): 1.1.
KubepHeTtnyeckme nnun ¢pyHKUMOHarNbHbIe MOAENN; B HUX MOAENMPYEMbIN
00BbEKT paccMaTpmuBaeTCa Kak “4epHbl AWKNK”, BHYTPEHHEE YCTPOMUCTBO
KOTOPOro Hen3BecTHO. [1loBeieHne Takoro “4epHoro Awmka” MoxeT
ONUCbIBaTbLCA MaTeEMaTUYECKMM ypaBHEHMEM, rpadnKoM unm Tabnuuen,
KOTOpbl€ CBA3bIBAIOT BbIXOOHbLIE CUrHanbl (peakumm) yCTpoOMcTBa C BXOAHLIMA
(ctTumynamn). CTpyKTypa 1 NPUHUMMNbI AENCTBUSA TaKOW MOAENN HE UMEIOT
Hu4ero obLuero c nccrieqyemMbiM 00 bEKTOM, HO (PYHKUMOHUPYET OHA MOXOXUM
obpasom. Hanpumep, koMnbloTEPHaAs NporpammMa, MoAenNupytoLasa nurpy B
wawkn. 1.2. CTPYKTYypHble Mogenu — 3T0 MOAENN, CTPYKTYpa KOTOPbIX
COOTBETCTBYET CTPYKTYpe Moaenmpyemoro obbekra. lNpumepamm aBnsoTcs
KOMaHOHO-WTabHble y4eHus1, AeHb caMOynpaBfeHns, MoLenb 3NeKTPOHHOMN
cxembl B Electronics Workbench n 1.4. 1.3.UHdopMaLMOHHBbIE



MoAenu, npeacraBnstolme cobom COBOKYNHOCTb cneumanbHbIM 06pasom
nogo6paHHbIX BENIMYMH N NX KOHKPETHLIX 3HAYEHUW, KOTOPbIE XapaKTepusyroT
nccnegyembit 06bekT. BolaensaioT BepbanbHbie (CNoBECHbIE), TabnMYHbIE,
rpacuyeckne n matemaTndeckne MHPOPMaLUnoHHbIE Moaenu. Hanpumep,
MHGOPMaLMOHHAs MOAESb CTYAEHTa MOXET COCTOSATb U3 OLIEHOK 3a
9K3aMeHbIl, KOHTPOrsbHbIE N NTabopaTopHble paboTbl. Mnn nHdopMmaumMoHHas
MOAeSlb HEKOTOPOro NPoOmM3BOACTBa NpeacTasndeT Habop napameTpos,
XapakTepusytoumx noTpebHOCTN Npon3BoACTBa, ero Hambonee
CYLLLECTBEHHbIE XapaKTEPUCTUKN, NapamMeTpbl BbiNMyCKaemMoro ToBapa.

Mo oTHOWeHUIO KO BpeMeHu BbigenstoT: 1. Ctatnyeckme mopenu —
MOZAENN, COCTOSIHUE KOTOPbIX HE U3MEHSIETCA C TEYEHNEM BPEMEHN: MAKeT
3aCTpOKKM KBapTarna, Mogesib Ky3oBa MalUvHbl. 2. lMHaMn4yeckue

MoAenu npeacraBnaoT cobon PyHKUMOHMPYOLWNE 06BHEKTbI, COCTOAHNE
KOTOpbIX HENpepbIBHO nameHsieTca. K HUM OTHOCATCS AeNCTBYOLWME MOAENN
ABuraTens u reHepaTtopa, KOMNbTEPHAa MOAeNb PasBUTUSA NONYNSAUUN,
aHMMauuoHHas moaenb pabotel 3BM un 1.4.

Mo cnocobBy npeacTtaBneHMA COCTOAHUA CUCTEMbI pasnuyatoT: 1.
AnckpeTHble Moaenun — 3TO aBTOMaThbl, TO €CTb peasibHble UMK
BoOGpakaeMble OUCKPETHbIE YCTPONCTBA C HEKOTOPbLIM HABOPOM BHYTPEHHNX
COCTOsIHUI, Npeobpasytome BXOAHbIE CUrHasbl B BbIXOOHbIE B COOTBETCTBUM
C 3agaHHbIMKM npasunamu. 2. HenpepbiBHbIE MOAeNU — 3TO MOAENN, B
KOTOpbIX NPOTEKalOT HeNnpepbIBHbIE Npouecchl. Hanpumep, ncnonb3oBaHune
aHanoroson IBM gnga pewweHuns andpdepeHumanbHOro ypaBHeEHUS,
MOAENMPOBaHUS pagnoakTUBHOMO pacnaga ¢ NOMOLLLI KOHAeHcaTopa,
paspshkatoLierocs yepes pesuctop 1 T.4. No creneHn cny4amHocTu
Moaenupyemoro npouecca BblgenstoT (puc. 1): 1. leTepMUHMpPOBaHHbIE
MoAernun, KOTOPbIM CBOMCTBEHHO NEPEXOANTb N3 OQHOIO COCTOSIHUSA B ApYroe
B COOTBETCTBUUN C XXECTKMUM aniropuTMOM, TO €CTb MEXAY BHYTPEHHUM
COCTOSIHMEM, BXOAHbIMU U BbIXOAHBbIMW CUrHanaMmm nMmeeTcsa ogHO3Ha4YHoe
COOTBETCTBUI (MOAeNb cBeTodopa). 2. CtoxacTuyeckue

MoAaenu, pyHKUNOHUpYoLmMe Nogo6HO BEPOSATHOCTHBIM aBTOMaTaMm; curHan
Ha BbIXO4€e M COCTOSIHME B CneayoLwmnin MOMEHT BPEMEHN 3a4aeTca MaTpuLen
BEPOSATHOCTEN. Hanpumep, BEPOSATHOCTHAA MOAESb YY4EeHUKa, KOMMNboTEePHas
MOAeNb nepeaayn CoodLLEHNIN MO KaHarny CBA3u C LWYMOM U T.4.



MOAENU KNACCUDULIUPYIOTCA :

L 11.no XapaKTepy MoAenupyeMon CTOpPOHblI 06beKTa
1. KubepHetuueckue (hyHKLUOHaNbHbIE) MOAENK
2. CTpyKTypHble MoAEnu
3. UHcbopmayuoHHble mogenu

2. Mo oTHOWEeHUIO KO BpeMeHU
1. CTtatnyeckue mogenu
2. duHamnuyeckne moaenm

3. Mo cnocoby npeacTaBneHNA COCTOAHUA CUCTEMbI
1. QuckpeTHble mogenu
2. HenpepbiBHblE MoAENU

4. No creneHn cny4anHOCTU MoAeNUpyeMoro npouecca
1. JeTepmnHupoBaHHbie Mmoaenu
2. CToxacTuyeckue moaenu

5. MNo cnocoby peanusauun
1. ABcTpakTHble (MbICNeHHbIe) Mogenu
2. MaTepuanbHble Mmoaenu

Puc. 1. PasnuyHble cnocobbl Knaccngukaumm mogenen.
Mo cnocoby peanusauuun pasnuyaioT: 1. AGCTpakTHble MoAaesnu, TO eCTb
MbICIIEHHbIE MOAENMN, CYLLECTBYIOLLME TOSbKO B HALLEM BOOBpaXXeHUN.
Hanpumep, cTpykTypa anroputmMa, Kotopasi MoOXeT ObiTb NpeacTaBneHa ¢
MOMOLLIbIO B11OK—CXeMbl, (pyHKLUMOHaNbHasa 3aBUCUMOCTb,
AndhepeHumanbHoe ypaBHeHWe, onucbiBatroLLiee HeKOTopbIn npouecc. K
abCTpaKkTHbIM MOAENAM TakkKe MOXHO OTHECTU pasfnnyHble rpadudeckue
MOAENn, CXxeMbl, CTPYKTYpbI, a Takke aHnMmauuun. 2. MaTtepuanbHble
(dbn3anueckue) mopenu npeactaBnsaoT cobor HENOABWMXKHbBIE MaKeTbl SO
AENCTBYHOLLME YCTPOMNCTBA, PYHKLMOHUPYIOLIME B YEM—TO NOAOBHO
nccrnegyemomy obbekty. Hanpumep, Moaesnb MOSeKy bl U3 LLAPUKOB, MakeT
aTOMHOW NOABOAHOM JIOOKU, OENCTBYIOLLIAA MOAeNb reHepaTopa
nepeMeHHOoro Toka, agsuratens v 1.4. PeanbHoe mogenvpoBaHue
npegycmaTpmBaeT NOCTPOEHME MaTepuanbHOM Mogenn obbekTa u
BbINOJSTHEHME C HEW CEPUM IKCNEepUMEHTOB. Hanpumep, onsa nsyyeHuns
ABWXEHUs NoABOLHOW NOLKN B BOAE CTPOSAT €€ YMEHbLUEHHYH KOMUIO U
MOAENMPYIOT TEYEHNE C NOMOLLLIO TMAPOANHAMNYECKON TPYObI.
Hac 6yayTt nHTtepecoBaTb abCTpakTHble MOAENW, KOTOPbIE B CBOO ovepeab
nogpasgenaTcs Ha BepbanbHble, MaTeMaTUYECKNE U KOMMbIOTEPHbIE.
K Bep6anbHbLIM 1M TEKCTOBBbIM MOLENSAM OTHOCATCS NocreaoBaTenbHOCTU
yTBEPXXOEHUN HA €CTEeCTBEHHOM Unn oopmMarnm3oBaHHOM A3blKe,
onucbiBarowme o6bekT no3HaHms. MaTtemaTuyeckme mogenu obpasyoT
LLUMPOKUI KIlacc 3HaAKOBbIX MOAESEN, B KOTOPbIX NCMOMb3YHTCA
MaTemMaTnyeckne 4encTBma 1 onepatopbl. Yacto oHM NpeacTaBnsalT cobomn
cuctemy anrebpaunyecknx nnu gudpdepeHumanbHbIX
ypaBHeHu. KoMnbrOTepHbIe Moaenun npeactaBnaloT cobon anropnutm nnu
KOMIMbIOTEPHYIO NPOrpamMmmy, peLlaroLLlyo CUCTEMY NOrMYECKNX,




anrebpanyeckux nnum gugdepeHumanbHbIX YypaBHEHNA U UMUTUPYHOLLYHO
noBegeHne uccrnegyemMon cnuctemol. MIHoraa MbliCrieHHoOe MoAenupoBaHue
noapasgenstoT Ha: 1. HarnagHoe, — npegnonaraeT co3gaHue
BOOGparkaeMoro obpasa, MbICIIEHHOro MakeTa, COOTBETCTBYHOLLMX
nccriegyeMomy o6bLEeKTY Ha OCHOBE NPEANOoSIoKEHU O NPOTEKAOLLEM
npouecce, U No aHanorum ¢ HUM. 2. CUMBONMYeCKoe, — 3aKniyaeTcs B
cOo34aHnn fiorm4yeckoro o6bLeKTa Ha OCHOBE CUCTEMbI CneumasbHbIX
CUMBOJIOB; NoApasfenseTca Ha A3blkoBoe (Ha OCHOBE Te3aypyca OCHOBHbIX
NOHATMI) 1 3HakoBoe. 3. MaTemaTnyeckoe, — COCTOUT B YCTAHOBIIEHUN
COOTBETCTBUA 0OBHEKTY UCCregoBaHMS HEKOTOPOro MaTemMaTn4yeCcKoro
o0beKkTa; nogpasgendeTcs Ha aHannMTUyeckoe, UMMTaLMOHHOE U
KOMOUHMpOBaHHOE. AHanNMTU4ecKoe MoaenmpoBaHue npeanonaraeT
HanmMcaHue cuctembl N3 anredbpanyecknx, ouddepeHumnanbHbIX,
WMHTEerpanbHbIX, KOHEYHO—PA3HOCTHbLIX YPaBHEHUW U NOrMYeCcKnx ycnosun. [ns
nccrnegoBaHMsa aHanMTUYECKOn Moaenu MoryT ObiTb

NCNONb30BaHbl aHaNMUMTUYECKUN METO N YNCHEeHHbIN MeToA. B nocneaHee
BPEMS YMCIIEHHbIE METOAbI peanuaytoTca Ha OBM, noaToMy KOMMNbIOTEPHbIE
MOZENI MOXHO paccMmaTpuBaTh Kak pa3sHOBUAHOCTb MaTeMaTUYECKUX.
MaTemaTuyeckne moaenn OBOSbHO pasHOObpasHbl 1 TOXE MOryT ObITb
KrnaccmguumpoBaHbl Mo pasHbiM OCHoBaHUSAM [6]. o cTeneHun
abcTparMpoBaHuMA NpPU ONMCaHUU CBOMCTB CUCTEeMbIl OHU ENATCS Ha
MeTa—, Makpo— 1 Mukpomogenu. B saBucnmocTt ot oopmbl
npeacTaBfeHUA pasnuyaloT MHBapUaHTHbIE, aHaNUTU4ecKue,
anroputTMmndeckme n rpagpuyeckne mogenu. o xapakrepy otobpaxaemMbix
CBOMUCTB 00beKTa MoAenu KnaccunumpyroT Ha CTPYKTYPHbIE,
dYHKUMOHanNbHbIE U TexHomnorndeckme. Mo cnocoby nony4veHus pasnuyatroT
TeopeTnyeckme, aMnNMpmn4eckne n KomomHnpoBaHHble. B 3aBnCMMOCTH

OT XapakTepa MaTeMaTUyecKoro annapara mogenuv 6biBatoT NMIMHENHbIE U
HENMMHENHbIE, HENPEPbLIBHbIE U ANCKPETHbIE, AETEPMUHUPOBAHHbLIE U
BEPOSATHOCTHbIE, CTaTU4Yeckne n guHammyeckue. o cnocoby

peanusauum pasnuyaroT aHanorosble, LNGpoBbIe, TMbpUaHbIE,
HenpoHeYyeTKMe Modenn, KOTopble CO34atoTCA Ha OCHOBE aHanoroBbIX,
LMPOBbLIX, TMOPUAHBIX BbIYUCIIUTENBHbLIX MALUUH U HEMpPOCETEN.

1.3. MogenupoBaHMe n CUCTEMHbIN Noaxon

B ocHoBe Teopun MogennupoBaHna NeXnT obLas Teopusa CUCTEM, TaKKe
N3BeCTHas Kak CUCTeMHbIN noaxon. JTo obueHay4yHoe HanpasfieHne,
cornacHoO KOTopoMy OObEKT UCCreaoBaHNSA pacCMaTpPMBaETCH KakK CNoXHas
cucTemMa, B3aMMOLEeNCTBYOWAs ¢ OKpyxatowen cpegon. O6bekT aBnsaeTcsa
CUCTEMOM, €C/IM OH COCTOUT U3 COBOKYNMHOCTU B3aUMOCBA3aHHbIX
Mexay cobom aneMeHToB, CyMMa CBOMCTB KOTOPbIX He paBHa
cBoucTBaM ob6beKkTa. Cuctema oTnnyaeTca OT CMeCcU Hanndinem
ynopsgovYeHHON CTPYKTYPbI U OrnpedeneHHbIX CBA3en Mexay arneMeHTaMu.
Hanpumep, Tenesnsop, COCToALMIK 13 6OMbLLOro Yicna pagmogeTtanen,
COeMHEHHbIX Mexay cobon onpeaeneHHbIM 06pa3om, SBASETCS CUCTEMON, a
Te Xe paguogeTtanu, 6ecnopsagoyvHoO nexaiuue B sumke, CUCTEMON He
asnaoTcd. PasnuyaloTt cnegyowmne ypoBHU onncaHusa cuctem: 1)



NNHIBUCTUYECKUIN (CUMBOSIUYECKUN); 2) TEOPETUKO-MHOXECTBEHHbIN; 3)
abCTpaKkTHO-Norn4Yeckmi; 4) Nnormko-maTemaTUyecknin; 5) TeopeTunko-
NHJOPMa-LMOHHBIN; 6) AMHAMNYECKUIA; 7) 3BPUCTUYECKUN.
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Puc. 2. iccnegyemas cuctema u okpyatoLas cpega.
Cuctema B3anMOOENCTBYET C OKpY>KatoLLLen cpenon, 0OMeHMBAETCS C HEW
BELLECTBOM, 3Hepruen, nHgopmauuen (puc. 2). Kaxabin ee anemeHT
aBnseTcsa nogcucteMmon. Cructema, BKoYaroLas aHannampyemMbolin 00 bekT
Kak nogcucrtemy, HasblBaeTcsl HagcucteMomn. MoxHO cumTtaTtb, YTO cucTtemMma
MMeeT BXoAbl, HA KOTOpble NMOCTYNakT CUrHasbl, N BbIXOAbI, BblAaroLwme
curHanol B cpefly. OTHOWwEHME K 0O beKTY NO3HAHMSA KakK K Lieriomy,
COCTaBfIEHHOMY 13 MHOMMX B3aMMOCBS3aHHbIX MeXay cobon YyacTen,
NO3BOSISIET YBUAETb 3@ OFPOMHbLIM KOSIMYECTBOM HECYLLECTBEHHbIX AeTaneun u
0COBEHHOCTEN HEYTO rMaBHOE U CPOPMYNMPOBaTL CUCTEMOOOpPa3y LUK
npuHUMn. Ecnv BHyTpeHHee YyCTPOMCTBO CUCTEMbI HEUM3BECTHO, TO ee
CUMNTalOT “4epHbIM ALWMKOM” 1 3a4atoT PYHKLMIO, CBA3bLIBAKOLLYIO COCTOSIHUSA
BXOAOB M BbIXOA0B. B 3aTOM cocToUT KMbepHeTnyeckum noaxon. NMpn aTom
aHanuaupyeTcd nosefeHne paccmaTpMBaeMon CUCTEMbI, ee OTKINK Ha
BHELUHWE BO3OEUCTBUA N U3BMEHEHUS OKpYXatoLlen cpenbl.
NccnepnoBaHue coctaBa U CTPYKTYpbl 00bekTa NO3HaHUS
Ha3blBaeTCA CUCTEMHbIM aHanM3oM. Ero metogonorusi Hawna ceoe
BblpaXkeHne B criegyowmx npuHumnax [4]: 1) npuHumn ¢pusanyHoOCTM:
noBegeHNe CUCTEMbI ONUCbIBaeTCs onpeneneHHbIMU U3n4ecKkumMmm
(ncuxonornyeckumMmn, SKOHOMUYECKUMI U Ap.) 3aKOHaMu; 2)
NPUVHUUN MOAENUPYEMOCTU: CUCTEMA MOXET OblTb MPOMOAENNPOBaHa
KOHEYHbIM YMCITIOM CNOCOBOB, KaXabI U3 KOTOPbIX OTPaXKaeT ee
CYLLECTBEHHbIE CTOPOHbI; 3) NPUHLMN LerieHanpaBneHHOCTH:
PYHKLUNOHMPOBAHWE A0OCTAaTOYHO CNOXHbBIX CUCTEM MPUBOAMUT K JOCTUKEHUIO
HEKOTOPOW Lienn, COCTOSIHUSA, COXpaHeHNd npoLecca; npu aToMm cmctema
crnocobHa NPOTMBOCTOSATL BHELLUHUM BO3L4ENCTBUAM.
Kak yka3blBanoco BbilLe, CUCTEMA UMEET CTPYKTYPY — MHOXECTBO
BHYTPEHHMX YCTOMUYMBLIX CBA3EN MeXAy 3fieMeHTaMu, onpegensiollee
OCHOBHble CBOWCTBA AaHHOW cuUCTeMbl. Ee MOXHO npencTaBuTb rpadouyeckn B
BMOE CXeMbl, XUMNYECKOW U MaTeMaTuyeckon popmyrnbl unu rpadga. 1o
rpadpmnyeckoe nsobpaxeHne xapakrepusyeT NpOCTPaHCTBEHHOE
pacnosioXKeHne 3EMEHTOB, UX BIIOXXEHHOCTb UMW NOAYNHEHHOCTb,
XPOHOOMMYEeCKyH NocrneoBaTenbHOCTb Pa3fIMYHbIX YacTen CrOXHOro



cobbITUSA. Npy NOCTPOEHUN MOAENN PEKOMEHAYETCS COCTaBNATbL CTPYKTYPHbIE
CcXeMbl n3y4yaemoro ob6bekTa, 0COBEHHO eCriv OH JOCTAaTOYHO CrOXEH. ITO
NO3BOMAET MOHATb COBOKYMHOCTb BCEX MHTErPaTUBHbIX CBOMCTB 0ObEKTA,
KOTOpbIMK HEe 0BnafatoT ero CoctaBHbIE YacTMu.

OaHom 13 BaXXHENLWMX naen CUCTEMHOro noaxoaa siBAdeTcd npuHuMn
3IMEepAXKEeHTHOCTU, — Npun 00beaNHEHNN SNEMEHTOB (YacTen, KOMMOHEHTOB)
B eIMHOe Lenoe BO3HMUKAeT CUCTEMHbIN 3PMEKT: Y CUCTEMBI NOSABNAKTCSH
KayecTBa, KOTOPbIM He ob6nagaeT HM OAMH N3 BXOASALWMX B HEE

anemMeHToB. NMpMHUMN BblAeNeHUss OCHOBHOW CTPYKTYpPbl CUCTEMbI COCTOUT
B TOM, YTO U3yYeHME JOCTAaTOYHO CIIOXXHOro ob6bekTa TpebyeT BblABMKEHUS
Ha nepBbIv MraH HEKOM YaCTu ero CTPYKTYpbl, ABNAKOLLENCA rMaBHOW UNn
OCHOBHOW. /HbIMK crioBamMu, HET HEODXOANMMOCTU Y4UNTbIBaTb BCE
MHoroobpasue getanen, a cnegyet oTOpoCUTb MEHEE CYLLLECTBEHHOE U
YKPYNHUTb BaXkKHble YacTn obbekTa Anist Toro, YTodbl NOHATbL OCHOBHbIE
3aKOHOMEPHOCTN.

JTlobasi cuctema B3anMogemncTByeT C APYrMMy HE BXOAALWMMN B HEE
cuctemamm n obpasyowmmn cpeqy. lNoatomy ee crnegyet paccmaTpuBaTth
Kak nogcuctemy HekoTopown 6onee obLwmMpHOn cuctembl. Ecnv orpaHmnynTbes
aHann3oMm TOSbKO BHYTPEHHUX CBA3EN, TO B HEKOTOPLIX CryYasx He yaacTcs
co3fatb nNpaBunbHOW Moaenu obbekTa. CrnenyeT y4ecTb CYLEeCTBEHHbIE
CBA3N CUCTEMBI CO Cpefion, TO eCTb BHELLUHWE (haKkTopbl, U TEM CaMbiM
“3aMKHYTbL” cuctemy. B 9TOM COCTOUT NPUHLUMN 3aMKHYTOCTM.

Uem cnoxHee uccrnegyemMbli 06beKT, TeM Borblle pasHoobpasHbIX MOAeNen
(onncaHnin) MOXXHO NOCTPOUTL. Tak, rMAas Ha LUIMHOPUYECKYHO KONOHHY C
pasnn4yHbIX CTOPOH, BCe HabnogaTenn ckaxyT, YTO ee MOXXHO
npomMogennpoBaTbh OAHOPOAHBIM LIMITMHOPUYECKUM TESTOM onpeaeneHHbIX
pa3mepoB. Ecnv BMecTo KOnNoHHbI HabngaTtenu ctaHyT paccMmaTpmBaTtb
KaKyt0—TO CINOXHYH apXUTEKTYPHYIO KOMMO3ULMIO, TO Kaxabl YBUOUT CBOE U
NOCTPOUT CBOK Moaernb obbekTa. [pu aTOM, Kak 1 B criydae ¢ mygpeuamu,
nofiydatcs pasnuyHble pesynbTaTthl, NpoTMBOpeYalumne apyr apyry. M geno
TYT HE B TOM, YTO UCTUH MHOIO UNN OO6BbEKT NO3HAHMS HENOCTOAHEH U
MHOFOSMK, @ B TOM, YTO OObEKT CNT0XKeH U UCTUHA CIOXHa, a
ucnonb3yemMble MeToAbl NO3HAHMA NOBEPXHOCTHLI U HE NO3BONUIN
NOHATb CYLWHOCTb A0 KOHLA.

Mpn n3yvyeHnn GonNbLUNX CUCTEM UCXOOSAT N3 NPUHLMNA UePapXUYHOCTM,
KOTOpbIN 3aKntoyaeTca B crnegyrowem.Mayvyaemoln 06bEKT coaepXKuT
HECKOSNbKO CBA3aHHbIX NOACUCTEM NEPBOro YPOBHS, Kaxgasi U3 KOTOpbIX cama
ABMNSAETCHA CUCTEMOWN, COCTOSALLAA N3 NOACUCTEM BTOPOro YPOBHA U T.4.
[MoaToMy onucaHue CTPYKTYpbl U CO34aHne TEOpEeTUYECKON MOAeNnN AOMKHO
yunTbIBaThb “pacnonioxXeHne” afieMeHTOB Ha PasnuYHbIX “YpoBHAX”, TO €CTb UX
nepapxuto. K OCHOBHbIM CBOMCTBaM CUCTEM OTHOCATCSA: 1) LeNMOCTHOCTb, TO
€CTb HECBOANUMOCTb CBOMCTB CUCTEMbI K CYMME CBOMCTB OTAESIbHbIX
3MIEMEHTOB; 2) CTPYKTYPHOCTb, — HEOQHOPOAHOCTb, HAaNM4ne CroXHOWM
CTPYKTYpbI; 3) MHOXK€CTBEHHOCTb ONMMUCaHUA, — CUCTEMA MOXET ObITb
onucaHa pasfnuMyHbiMn cnocobamu; 4) B3aMmMo3aBUCUMOCTb CUCTEMbI U
cpeAabl, — 31IEMEHTbl CUCTEMbI CBA3aHbl C 06beKTaMu, He BXOASALLUMMU B HEE



1 0BpasyoLnMN OKpYXKatloLLYyHo cpeay; 5) nepapxmMYHoOCTb, — CUCTEMA
NMeeT MHOTOYPOBHEBYIO CTPYKTYPY.

1.4. KayecTBeHHbIe U KONIM4YeCTBEeHHbIe MoAenu

3afaya HayKku COCTOUT B NMOCTPOEHUN TEOPETUYECKON MOLENU OKPY>KatoLLero
MUpa, KoTopasi 6bl 06BACHANA N3BECTHbIE N NPeAcKa3biBana HEM3BECTHLIE
aBrneHuns. Teopetnyeckas Moaenb MOXET OblTb KAYECTBEHHOM UNK
KonimyecTBeHHon. PaccMoTpum KayecTBEeHHOEe 00bsiCHEHME
3NEeKTPOMarHUTHbIX KonebaHuin B konebaTenlbHOM KOHTYpE, COCTOSLLEM M3
KOHOeHcaTopa U KaTyLWKN NHOYKTUBHOCTW. [1py nogkmo4eHnn 3apsiXKeHHoro
KOHOEHcaTopa K KaTyLlKke MHOYKTUBHOCTM OH HauYMHaET paspsikaTbCs, Yepes
KaTyLLKy NHOYKTUBHOCTU TEYET TOK, SHEPINA 3NEKTPUYECKOro nons nepexogut
B 3HEPrnto MarHMTHOro nosns. Korga KoHgeHcaTop NOSTHOCTLIO paspsaguncs,
TOK Yepes KaTyLKy NHOYKTUBHOCTU JOCTUraeT MakCuMasibHOro 3HadeHus. 3a
CYET MHEPLUMOHHOCTM KaTYLLKN MHAYKTUBHOCTU, OBYCNOBNEHHON SABfIEHUEM
cCaMOVHAOYKLUUK, MPOUCXOANT nepesapsaaka KoHAeHcaTopa, OH 3apshkaeTcs B
obpaTHOM HanpasfeHun u T.4. JTa Ka4YeCcTBEHHast MOAESb SBMEHUS
NO3BOSISIET NpOaHanM3npoBaTh NOBeAEHMNE CUCTEMbI N NpeacKa3aThb,
Hanpumep, YTo NP yMeHbLUEHUM EMKOCTU KOHAEHcaTopa YacToTa
CcOBCTBEHHbIX KONebaHuin KOHTYpa BO3pacTeT.

BaXXHbIM LLarom Ha NyTu NO3HAHUA ABMSETCS Nepexon OT Ka4eCTBeHHO—
onucartenbHbIX METOAOB K MaTeMaTU4eCKUM abcTpakuuam. PelleHne
MHOrmx npobsiem ectecTBO3HaHUS NOTpeboBano oUMGPOBKN NPOCTPaHCTBA U
BPEMEHU, BBEOEHUS NOHATUS CUCTEMbI KOOPAMHAT, pa3paboTku n
COBEpPLLUEHCTBOBAHUS METOLOB N3MEPEHUS PA3NUYHbIX (PU3NYECKUX,
MNCUXOSTOMMYECKUX U UHbIX BESIMYMH, YTO NO3BOSIUO ONEpUpPoBaTh C
YUCNEHHbIMKN 3Ha4YeHnaMU. B pesynbTaTte 661511 NoNyYeHbl JOCTAaTOYHO
CNOXHble MaTemMaTn4eckmue Moaenu, Nnpeacrasnsowme cuctemy
anrebpanyecknx n anddepeHumanbHbIX ypaBHEHUIW. B HacTosilwee Bpems
nccrnegoBaHme NPUPOAHBIX N UHBIX ABNEHUI YXXEe He orpaHndnBaeTca
Ka4yeCTBEHHbIMU pacCyXgeHnsMu, a npegycmaTtpmBaeT NoCcTpoeHne
MaTteMaTu4eCcKon Teopun.

CosgaHne Konu4yecTBeHHOW MOAENM 3NEKTPOMarHUTHbIX KonebdaHun B RLC-
Lenu npegnonaraet BBeAeHNe TOYHbIX M 0O4HO3HAYHbIX CNOCOO0B

onpepgeneHnd n SMepeHnAa Taknx BEJINMYNH, KakK CUia ToKa L 3apdan q,

HanpsxeHue U eMKoCTb C, MHOYKTUBHOCTb L, conpoTtuBrneHne R He 3Hasg,
KakK UaMepuTtb CUJTy TOKa B Lenn ninm eMKoCTb KOHAEHCATOopa, BGeccMbICNEeHHO
FOBOPUTb O KAKUX—TO KOJNMM4EeCTBEHHbIX COOTHOLUEHUNAX. Nmesi ogHO3Ha4YHbIe
onpeaeneHna nepevncrnieHHbIX BENMM4YnNH, 1 YCTaHOBUB npouenypy nx
N3MepPEHNA, MOXXHO NMPUCTyNaTb K NOCTPOEHUIO MaTemMaTU4eCKon Moaenu,
3arnmcum CUCTemMbl ypaBHeHMVI. B pes3ynbTaTe rnorny4vyaeTcqa HeogHopoagHoe

AndpepeHumanbHoe ypaBHEHNE BTOPOro nopsiaka Lg+Rq+q/C =U(Z7) :
Ero pelweHne no3songeT, 3Hasi 3apsag KoHAeHcaTopa U TOK Yepes KaTyLUKy
WHOYKTUBHOCTWU B HaYarbHbI MOMEHT, OnpeaenuTb COCTOAHME Lenn B
nocneayowme MOMEHTbl BDEMEHM.

[MocTpoeHne maTemaTuyeckon mogenun TpebyeTt onpeaeneHnst He3aBUCUMbIX
BENWYMH, OOHO3HAYHO OMNUCHIBAIOLLNX COCTOSIHUE 1UccrnenyemMoro obbekra.



Hanpumep, cocTossHMe MexaHM4YeCcKon CUCTeMbl onpeaenseTcs
KoopanHaTaMmn BXOOSALWMX B HEE YacTUL, 1 NPOEKLMSMU UX UMMYbCOB.
CocTosiHMe 3neKkTpuyYecKon Luenu 3agaeTcs 3apsaaoM KoHaeHcaTopa, CUIon
TOKa Yepes KaTyLKy MHOYKTUBHOCTU U T.4. COCTOSAHME 9KOHOMWYECKOW
CUCTEMBI onpegensaeTcss HAabopoM TakMx NokasaTenen, Kak Kofm4ecTBo
AEHEXHbIX CPEeACTB, BIIOXXEHHbIX B NPOU3BOACTBO, NPMbbLINb, YNCNO paboyunx,
3aHATbIX U3rOTOBNEHMEM MPOOYKUNKN U T.4.

MoBeneHne o6beKTa BO MHOrOM onpeaenseTca ero napameTpamu, 10 ecTb
BENIMYNHAMMU, KOTOPbIE XapaKTepU3ytoT ero CBOMUCTBa. Tak, napamMmeTpamu
NPY>XMHHOIO MasiTHUKA ABNSAKOTCA XXECTKOCTb MPYXMHbI U Macca
noaBeLleHHOro K Her Tena. dnektpuyeckas RLC—uenb xapaktepusyeTcs
COMPOTUBIIEHNEM PE3NCTOPA, EMKOCTbIO KOHAEHCATOpa, MHAYKTUBHOCTbLIO
kaTywkun. K napametpam 6Monorn4eckon cuctemMbl OTHOCATCSA KO DULNEHT
Pa3MHOXEHUS, KONMYecTBO Bromacchl, NoTpednaemMon ogHUM OpraHM3mMom U
T.4. Jpyrum BakHbIM 0akTOPOM, BAUSIIOLLMM Ha NoBegeHne o6beKTa,
SBNsieTCA BHelWHee Bo3aencreme. O4eBnaHO, YTO NoOBeaEHME
MeXaHW4YeCKON CUCTEMBbI 3aBUCUT OT AEeNCTBYIOLLNX HA Hee BHELUHNX cun. Ha
NPOLIECChI B 3N1EKTPUYECKON LLENN BANSIET NPUNOXKEHHOE HaNpPsXXeHne, a
pa3BuUTME NPON3BOACTBA CBA3AHO C BHELUHEN 9KOHOMWUYECKOW CUTyaUMEN B
cTpaHe. Takum obpa3om, noBeAeHMe UccrneayemMmoro oobekTa (a 3Ha4YUT U
ero Mmogernu) 3aBUCUT OT ero napamMeTpoB, Ha4arbHOro COCTOSIHUA U
BHELLHero Bo3aenuCTBUS.

CosgaHne maTemaTuyeckon mogenu TpedyeTt onpeaeneHns COBOKYMNHOCTU
COCTOSIHUN CUCTEMbI, MHOXXECTBA BHELLUHMX BO3AENCTBUI (BXOAHbBIX CUrHANoB)
N OTKMUKOB (BbIXOAHbIX CUTHANOB), a Takke 3a4aHusi COOTHOLLEHUNA,
CBS3bIBAOLLNX OTKNUK CUCTEMbI C BO34ENCTBMEM U €€ BHYTPEHHUM
coctosiHMeM. OHM NO3BOSISAOT UCCNeaoBaTb OrPOMHOE KONMYECTBO
pasnuyHbIX CUTyaunn, 3agaBasa MHble NapamMeTpbl CUCTEMbI, Ha4arbHble
YCrNOBUA U BHELLHME BO3OenNCTBUSA. VIckoMas pyHKUMA, XxapakTepuayoLlas
OTKIMMK CUCTEMbI, Nofly4aeTcst B TabniMyHOM unu rpacmnyeckom Buae.

Bce cyuwlectBytowme cnocobbl nccrneaoBaHus MaTeMaTM4eCcKon Mogenmu
MOXHO pasfenutb Ha ABe rpynnsl.AHaNnMTUYecCKoe peLleHne ypaBHEHUS
4YacTo npegycMaTpuBaeT NpoBeLeHNE IPOMO3AKNX U CITOXKHbIX
MaTeMaTMYEeCKNX BbIKNagoK U B pesynbTaTe NpMBOAUT K YPaBHEHMIO,
BblpaxarLuemMy (OyHKLNOHASTbHYIO CBA3b MeXAy MCKOMOUW BESTMYNHOMN,
napaMmeTpaMmn CUCTEMbI, BHELLHMM BO34ENCTBNEM N BpeMeHeM. Pe3yrnbTaThbl
TaKoro pelleHus HyXXaarTCca B UHTeprnpeTaumm, npeanonaratoLlen aHanus
NosTy4eHHbIX (PYHKUUI, NOCTPOEeHne rpadoMkoB. YMcneHHble

MeToAbl NCCregoBaHus MmateMmaTmyeckon mogenu Ha OBM npegnonaratoT
cO3JaHne KOMMbIOTEPHOM NporpaMmbl, KOTOpasa peLlaeT cucTeMy
COOTBETCTBYHOLLMX YPaBHEHUI N BbIBOOUT Ha 3KpaH Tabnuuy nmbo
rpaduyeckoe nsobpaxeHue. MNonyyarwmecs ctaTmyeckme n auHaMn4eckme
KapTUHKX HarnsiaHo NosICHATL CYLLHOCTb UCCneayeMbliX NpoLeCccoB.

1.5. KomnbloTepHOe moaenupoBaHue

AP PeKTNBHLIM CNOCOBOM U3YyHEHUS SIBIIEHU OKPY>XXKatoLLemn
AEeNCTBUTENBbHOCTU SBAAETCS Hay4YHbIA 3KCMEPUMEHT, COCTOSALLMI B



BOCNPOM3BEOEHNN N3YHAEMOrO ABNEHMS NPUPOAbLI B yNpaBiseMbiX U
KOHTponupyembix ycrosmax. OgHako 4acTo npoBeaeHne aKCnepumeHTa
HEBO3MOXHO NMMBO TpebyeT CANLLIKOM BOMbLINX 9KOHOMUYECKMX 3aTpaT U
MOXET NPUBECTU K HeXernaTeNbHbIM nocnencTenam. B atom cnyyae
nccnenyembli 0O6BHEKT 3aMEHSOT KOMMNbIOTEPHOU MoAeNbIo U UCCeayoT
ee noBegeHne Npu pasnnyHbIX BHELLHNX BO34eNCTBUAX. NoBcemecTHoe
pacnpocTpaHeHne NepcoHasribHbIX KOMMbLITEPOB, NHAOPMALIMOHHbIX
TEXHOMNOrMNn, cosgaHne MoLHbIX cynepOBM caenano KoMmneloTepHoe
MOAenMpoBaHne OOHUM U3 pe3yrbTaTUBHBIX METOA0B U3yYeHNA U3NYECKnX,
TEXHUYECKNX, BUONOrMYECKMX, SKOHOMUYECKUX N UHBIX cucTeEM. YacTo
KOMMbIOTEPHbIE MOAENN NpoLLE 1 yaobHee uccrnenosaTtb, OHM NO3BOMSIOT
NPOBOANTL BblYUCIIUTENbHbIE SKCNEPUMEHTLI, peasibHasi MOCTaHOBKa KOTOPbIX
3aTpyaHeHa unn MoXeT AaTb HernpeackasyeMbln pesyrnbTart. JIOrMyHOCTb U
dopmann3oBaHHOCTb KOMIMbIOTEPHLIX MOAESIenN No3BOSISET BbIABUTb
OCHOBHblE GbaKTOpbl, ONpeaenstoLme CBONCTBA N3yHaeMblX OObEKTOB,
nccrnenoBaTh OTKANK (PU3NYECKON CUCTEMBI HA U3BMEHEHNA ee NapamMeTpoB U
Ha4varbHbIX YCIOBUN.

KomnbloTepHoe mogenupoBaHue TpebyeT abcTparmpoBaHnsa OT KOHKPETHOM
NpUpoAabl ABNEHUI, NOCTPOEHUSI CHaYana Ka4eCTBEHHON, a 3aTEM U
KONM4eCcTBEHHOM Moaenu. 3a aTuM cneagyeT NpoBeaeHne cepun
BbIYMUCIIUTESbHbIX 3KCMNEPUMEHTOB Ha KOMMNbLIOTEPE, UHTEPNpEeTaLms
pes3ynbTaToB, CONOCTaBIEHNE pe3ySibTaTOB MOAENMPOBAHNSA C NOBEAEHNEM
nccnegyemoro obbekTa, nocneayrouee yTodHeHNe MOAENN U

T.4. Bbl4MCNUTENbHbIN 3KCNEPUMEHT PakTU4YeCKn ABNsieTcH
9KCNEPUMEHTOM Hag MaTeMaTUYECKON MOENbI0 UCCreayemMoro oobLekTa,
nposoaumoro ¢ nomollsio 3BM [10]. HacTo OH 3HauMTenbHO OeLlleBne U
AOCTYMHEE HATypHOro 3KCNepuUMeEHTa, ero BbliMOSHEHNE TPebyeT MeHbLLErO
BpeMeHU, OH gaeTt 6ornee noapobHy MHPOPMaLMIO O BENTMYNHAX,
XapakTepu3yrLMX COCTOAHNE CUCTEMBbI.

CyLHOCTb KOMMNbLIOTEPHOro MOoAENMPOBaAHUA CUCTEMbI 3aKN0YaeTCcs B
CO34aHN KOMMbIOTEPHOM NporpaMmbl (NakeTa nporpaMmm), onvcbiBaroLLemn
noBefeHNe aNeMEHTOB UCCcnegyeMon CUCTeMbI B npoLecce ee
dYHKLUNOHMPOBAHUS, YYNTbIBAIOLLEN NX B3aUMOAENCTBUE MEXAY CODBOM n
BHELLUHEN cpenon, n npoBeaeHun Ha OBM cepun BbIMNCANTENBHbIX
9KCNEPUMEHTOB. JTO AeNaeTcs C Lenblo n3y4yeHnsa npupoabl U noBeaeHus
o0beKkTa, ero onTMMU3aunmn U CTPYKTYPHOro pa3BuUTus, MPOrHO3MPOBaHUS
HOBbIX ABNeHnn. MNepedncnnm TpedboBaHUA, KOTOPbIM LOSMKHA
yOOBNEeTBOPATb MoAernb nccnegyemom cuctemsol [9, ¢.85-86]:

1. MonHoTa Moaenu, TO eCTb BO3MOXHOCTb BbIYUCINEHUSI BCEX XapaKTEPUCTUK
CUCTEMBbI C TpebyeMOWn TOYHOCTbIO U AOCTOBEPHOCTLIO. 2. TMBKOCTL Moaenu,
YTO NO3BOMAET BOCNPOU3BOANTL N NPOUIrPbIBaTh pPasfinyHblie cuTyaumm n
npouecchbl, U3BMEHATb CTPYKTYPY, anropuTMbl U napameTpbl N3y4aemomu
cucTembl. 3. ANUTenbHOCTL pa3paboTKnU U peanusauum,
XapakTepusyloLasa BpeMEHHbIE 3aTpaTbl HAa co3gaHne Moaenu.

4. BNo4YHOCTb CTPYKTYpPbI, JonycKkatowwasa gobasreHne, UCKNYeHne n
3aMeHy HeKkoTopbIx YacTewn (briokoB) mogenu. Kpome Toro, MHpopmMaLuMoOHHoOe



obecneyeHne, NporpamMMHbIE U TEXHUYECKNE CpeacTBa AOMKHbI MO3BONATh
Moaenu obMeHnBaTbCA MHOPMaLMENn C COOTBETCTBYIOLWEN 6a30M AaHHbIX U
obecneumBaTtb 3(OHEKTMBHYIO MALUNHHYIO peanu3aumo n yaobHyto paboTty
nonb3oBartens.

K OCHOBHbIM 3Tanam KOMMbIOTEPHOro MoaenMpoBaHuUsa oTHocAaTcs (puc. 3):
1) nocTaHOBKa 3aga4u, onncaHne uccregyemMmom CUCTEMbI U BbISIBIIEHNE ee
KOMMOHEHTOB N 3NieMEHTapPHbIX aKTOB B3aMMoOAEeNCTBUS; 2) hopmann3auus,
TO €CTb CO3[aHMe MateMaTU4eckon Moaenu, npeacraenstollen cobomn
CUCTEMY YPaBHEHUIN 1 OTpaXKaroLLlen CyLHOCTb nccneayemMmoro o6bekTa;

3) paspaboTka anropuTMa, peanusaumsa KoToporo No3BOSIUT PELUNTL
noctaBneHHyk 3agadvy; 4) HannucaHwe NporpamMmmbl Ha KOHKPETHOM SA3bIKe
nporpaMMmnpoBaHust; 5) nNaHMpoBaHMeE N BbINONTHEHNE BbIYUCNEHUN Ha
OBM, nopaboTka nporpammbl 1 NONy4YeHe pe3ynbTaToB;

6) aHan13 1 UHTepnpeTauus pe3ynbTaToB, NX COMNOCTaBIEHNE C
AIMMMPUYECKMMUN OaHHBIMWU. 3aTeM BCe 3TO NOBTOPSETCS Ha cCriegyowem
YPOBHe.

PaspaboTka KoMnbTEPHOM MOAENM 0ObeKTa npeacTaBnaeT cobon
nocnegoBaTenibHOCTb UTEpPALNIA: CHa4Yana Ha OCHOBE MMEKLLENCS

MHopMaLnn o cucteme S CTpPoUTCA MOAESb Ml, npoBoANTCS cepus
BblYUCIUTESbHBIX 9KCNEPUMEHTOB, pe3yribTaTbl aHanuManpytoTcs. [Npu
nony4yeHum HoBou nHopmaLumm 06 obbekTe S yunTbiBalOTCS

OOMOJIHNTETIbHbIE (baKTOpr, noJjiy4vaetcqa Mmoaersib M2 , noBeaeHne KOTOpOIZ

M
TOXe nccneayetca Ha ABM. Mocne atoro cosgatoTes mogenu = 3, My n
T.4. A0 Tex nop, NoKa He Nony4YnTcs Moaerb, ¢ TpebyeMon TOYHOCTbIO
COOTBETCTBYHOLLAs cucteme S.

[UKJT 2

-Iocmawnos- - " Mamema-
"xa sadauu 2 - . muteckan .
R, ... .moldeanw 2. .

IHocmanos - Mamema-
0 1 —_— muuecKas
xa 3a0auu modeas 1

Anaaus pe- [UEJT 1 ITocmpoenue
3yaAvmamos anzopumma 1

Bwnluucaenusa HanucaHue
Ha 9BM npozpammot 1

Puc. 3. 3Tanbl KOMNLIOTEPHOrO MOAENMPOBAHUS.
B obwwem crnyvyae nosBegeHne nccnegyemMmon cuctemsl S onucbiBaeTcs

Y(©) =F(X,V,H,0) . X =(X{,Xp,..., X)

3aKOHOM (DYHKLIMOHNPOBAaHUS , roe

— BEKTOP BXOOHbIX BO34EeNCTBUM (CTUMYIIOB), Y =0 y20Ym) BEKTOp



BbIXOAHbIX CUrHaNoB (OTKINKOB, peakuuit), vV =, l,....00)

BO34€eMCTBUN BHELLHEN Cpeabl, H =(h, hy,.... hy) _ BEKTOP COBCTBEHHbIX
napameTpoB cuctemsbl [9]. 3akOH PyHKLUMOHMPOBAHNSA MOXET UMETL BUA
CNoOBECHOro npaeuna, Tabnuubl, anroputMma, dyHKLUK, COBOKYMHOCTMU
norn4yeckux ycnosum u 1.4. B cny4vae, korga 3akoH (oyHKLUNMOHUPOBAHUSA
COLEPXUT BpPeMS, rOBOPAT O ANHAMUYECKMX MOLENAX U CUCTEMAX.
Hanpumep, pasroH n TOpMOXEHNE aCUHXPOHHOIO ABUratens, NnepexoaHbIn
npoLecc B Lenu, cogepxallen KoHgeHcaTop, pyHKUMOHUpOBaHWe
BbIYMUCIIUTESNBHOM CETU, CUCTEMbBI MaccOoBOro obcnyxmBaHns. Bo Bcex aTmx
Cry4asx COCTOAHME CUCTEMbI, a 3Ha4YUT U ee MOLESIN, U3MEHSETCH C
TeYyeHNeM BPEMEHMN.

— BEKTOp

Ecnn noBegeHmne cnctembl onnucbiBaeTcst 3aKOHOM Y _F(X’V’H), He

cogepxalum Bpemsi L SBHO, TO peyb MaeT 0 CTaTUYeCKUX MOAENsiX 1
cuctemax, peLleHun ctaunoHapHbix 3agad v 1.4. [NpruBegem HeCKonbKo
NPUMEPOB: pacyeT HENTMHEMHOW Lienu NOCTOSAHHOIO TOKa, HaxoXaeHne
CTauMOHAapHOro pacnpeaerneHns TeMmnepartypbl B CTEPXXHE MPU NOCTOSAHHbIX
TemrepaTypax ero KoHUoB, (oOpMbI YIPYron MieHKN, HaTAHYTOW Ha Kapkac,
NpPodonIIsa CKOPOCTEN B YCTAHOBMBLLEMCS TEYEHUN BA3KOM XUOKOCTU U T.L4.
PYHKUMOHNPOBaAHME CUCTEMbBI MOXXHO paccMaTpmBaTb Kak nocrnefoBaTesibHY0

CMEHY COCTOSIHWIA Q1(t), q2 (t), L, dr (t), KOTOPbIM COOTBETCTBYIOT
HEKOTOpPbIE TOYKM B MHOFOMEPHOM (ha30BOM NpocTpaHcTBe. MHOXeCTBO Bcex

A=
TOYEeK {al’ ;.- Cls}’ oTBeYvarwmnx sCeEBO3IMOXHbIM COCTOAHUAM

CUCTeMbI, Ha3blBalOT NPOCTPAHCTBOM COCTOSAHUM OOBbeKTa (MNn Moaenu).
Kaxxgon peanusaumm rnpouecca COOoTBETCTBYeT ofHa pa3oBasi TpaeKkTopus,

NPOXOASLLAs Yepes HeKOTopbIe TOYKM U3 MHoXecTBa A. Ecnun
MaTemaTtmnyeckas Moaenb COAEPXUT ANIeMEHT CIy4YanHOCTN, TO NonyyaeTcs
cToxacTuyeckasa KomnblTeEpHas mogenbs. B yacTHoMm crnyvae, korga
napamMeTpbl CUCTEMbI U BHELLHWE BO34ENCTBUS OQHO3HAYHO OnpeaenstoT
BbIXOAHbIE CUrHasIbl, FOBOPAT O AETEPMUHUPOBAHHON MOAENN.

. MpUHUMNBbI KOMNBOTEPHOro MoaenupoBaHusa. CBA3b ¢ APYrMMun
MeToAaMM NO3HaHUA

NTak, Mmoaenb — 3TO 0ObEKT, 3aMeHSAILWUA nccrneayemyro CUCTEMY, U
UMUTUPYIOLLUN ee CTPYKTYpPY U noBeaeHue. Moaernblo MOXeT ABMATbLCA
MaTepuarnbHbli 06BHEKT, COBOKYMHOCTbL 0COBLIM 06pa3oM ynopsao4eHHbIX
AaHHbIX, CUCTEMa MaTeMaTUYECKUX YPaBHEHUI NITU KOMNbIOTEPHAA
nporpamma.llog mogenvpoBaHneM NOHMMAaT NpeacTaBfieHne OCHOBHbIX
XapakTepucTuk ob6bekTa nccrnegoBaHma ¢ NOMOLLLIO APYrOon CUCTEMBI
(maTepumanbHoro o6bekTa, COBOKYMHOCTU ypaBHEHUIN, KOMMNbIOTEPHOM
nporpammel). Nepeuncnnm NpuHUMNbl MogenupoBaHus [5]:

1. MpuHuMn agekBaTHoCcTU: Mogenb AoKHa yYnTbiBaTh Hambonee
CYLLECTBEHHbIE CTOPOHbI UccnegyemMoro obbekra n oTpaxaTb ero CBOMCTBaA C
NpUeMnemMon TO4YHOCTLI0. TOMbKO B 3TOM crnyyae pesynbTaThl
MOAENMPOBAHUS MOXHO pacnpoCTPaHUTbL Ha OO6BbEKT UccregoBaHus.



2. MpuyHUMN NPOCTOTbI U AKOHOMUYHOCTU: Mogenb AomKHa ObITb
AOCTaTO4YHO NPOCTON Arisi TOro YTobbl ee ncnonb3oBaHme BbiNo 3G dEKTUBHO
N 9KOHOMUYECKN BbIrogHo. OHa He AormkHa bbITb 6onee CNoXHOM, YemM 3TO
TpebyeTcs ansa uccnegosartens.

3. NMpuHUMN MHpOoPMaLIMOHHOU AOCTAaTOYHOCTMU: [pn NONTHOM OTCYTCTBUM
MHGopMaunmn 06 ob6BLEKTE NOCTPOUTb MOAESb HEBO3MOXHO. Npun Hannuyuum
NOSTHOM MHbOPMaLMN MOgENNPOBaHME NULEHO cMbicna. CyllectsyeT
ypOBeHb MHPOPMAaLMOHHOM JOCTAaTOYHOCTU, NMPU OCTUXKEHUN KOTOPOro
MOXeT ObITb NOCTPOEHA MOAENb CUCTEMBI.

4. MpunHumn ocywectBumocTu: CosgaBaemMas MoAerb A0SMKHa
obecneymBaTb 4OCTMXKEHME NOCTABNEHHOM Lenn nccrnegoBaHnsa 3a KOHeYHoe
BPEMS.

5. MpuHUMN MHOXECTBEHHOCTN U eaUHCTBA moaenen: Jliobasa KoHKpeTHas
MOAesb OTpaXKaeT NULLb HEKOTOPbIE CTOPOHbLI pearnbHOW cuctemsl. [ns
MNOSTHOro nccrneaoBaHMst HEOBXOAMMO MOCTPOUTL PA MOLENEN, OTPaXKatoLLNX
Hanbonee cyLecTBEHHbIE CTOPOHbI UCCreaYyEMOro npoLecca U UMerLMX YTo
—T0 obuwee. Kaxxgaa nocnegytowias mogens A0SMKHA AOMNOSHATL U YTOUYHATL
npeablayLLyto.

6. MpuHuMn cuctemHocTu. Miccnegyemas cuctema npegcraBuma B Buae
COBOKYMNHOCTU B3aMMOAENCTBYIOLLMX APYr C APYroM NOACUCTEM, KOTOPbIE
MOAENVPYIOTCA CTaHAAPTHLIMU MaTemMaTn4eckummn metogamu. NMpn aTom
CBOWCTBA CUCTEMBbI HE ABJIAKOTCA CYMMOW CBOUCTB €€ 3/1eMEHTOB.

7. MpuHuMn napameTpusaumn. HekoTopble NogCUCTEMbI MOAESNTUPYEMOMU
CUCTEMBbI MOTYT BbITb OXapakTepu3oBaHbl €MHCTBEHHLIM NapamMeTpoMm
(BekTOopoM, MaTpuuen, rpadukom, opmyrion).

Mogenb JormKHa yAOBNETBOPSATh Crieayowmm TpedboBaHusam: 1) 6biTb
aflekBaTHOW, TO €CTb OTpaxaTb Hanbonee CyweCTBEHHbIE CTOPOHbI
nccnegyemoro obbekta ¢ TpebyemMon TOYHOCThIO; 2) cnocobcTBOBaTh
peLleHunto onpeaeneHHoro knacca 3agay; 3) 6biTb NPOCTON N NOHATHON,
OCHOBbIBATbCS HA MUHMMAaNbHOM KONMYECTBE NPeanoONOXeHUN 1 OONYLLEHW;
4) no3BonATb MOANGMLUMPOBATL U AONOMHATL ceba, nepexoanTb K ApYrum
AaHHbIM; 5) B6bITb YOOOHOM B MCNONb30BaHUM.

CBA3b KOMNLIOTEPHOIO MOAENNPOBAaHNA C APYrMMU MeToA4aMn NO3HaHUSA
nokasaHa n3 puc. 4. O6bEKT NO3HAHNA NccnenyeTcs SMNUPUYECKUMN
MeTogamu (HabntogeHne, IKCNEPUMEHT), YCTAaHOBIIEHHbIE haKTbl ABMSOTCS
OCHOBOW NS NOCTPOeHNA MaTeMmaTmndeckon moaenu. lNonyymeLuaacs
cuctema MmaTemMaTUyecKnx ypaBHEHUN MOXET UccrnenoBaTbCs
aHanUTUYeCKNMKN MeTogamm nunu ¢ nomowbio IBM, — B aTOoM cnyyae peyb
naeT 0 co3gaHMM KOMMbIOTEPHOW MOAENU N3yYaeMoro siBrneHus. Nposoautca
cepusl BbIYNCINTENBHbBIX 9KCNEPMMEHTOB UM KOMMNbIOTEPHBIX UMUTaLUIA, U
noslyvarowmecs pesysibTaTbl CONOCTABMAKTCSA C pedynbTaTaMmu
aHannTUYecKoro uccriegoBaHNa MaTteMaTn4yeckon Moaenu u
aKcnepuMeHTarnbHbIMN AaHHbIMU. BbiBOAbI yUNTLIBAKOTCA AN4 YiyyLLEeHUs
METOONKM IKCNEPUMEHTASTbHOIO N3yyeHnsa obbekTa nccnegoBaHusl, pasBuTus
MaTemMaTM4yeCcKkon MoLEeNU U COBEPLLUEHCTBOBAHMS KOMMNbIOTEPHON MOAENN.
WcecnepoBaHue coumanbHbIX M 9KOHOMUYECKUX MPOLEeCCOB OTNMYaEeTCA JULLb



HEBO3MOXHOCTbIO B MOSHOW Mepe UCMNOoNb30BaTh 3KCNepMMeHTarnbHble
MeToabl.

OBBEKT IIO3HAHIA

[IpoBemenne

SKCIIePUMEHTa,

HaOINIEHU

OKCIepuMeH- locTpoexrue Cosmanme

TaJIbHBIE MaT?MaTqu K OMHBIOTepHOfI

Pe3yIBLTATH CKOMmeeHH MOLeIN
HccnemoBanme
MOINEeIN aHaJU— BrrumcnuTenbHLIM
TUYe CKUMU SKCIIEPUMEHT
MEeTOIaMU
PesynbTaThH PesynbTatH
TeopeTuueCc— BHUUCIIUTEIBLHOL O
KOT'0 U3yUYEeHUS 9KCIIEePUMEHTA

ComocTaBneHue pe3ylIbTATOB TEOPETUUECKOT O U3YUEHUSI U
KOMIILOTEPHOT'O MONENUPOBAHUS C 3SKCIEPUMEHTAIBLHEMHI
pes3ynbTaTaMu

Puc. 4. KomnbloTepHOoe MogenupoBaHne cpean apyrmx MeToaoB NoO3HaHUS.
1.6. Buabl KoMnblOTEpPHbLIX Moaeneun
Mof kKoMNblOTEPHLIM MOENNPOBAHMEM B CAaMOM LLUMPOKOM CMbicrie byaem
NOHMMAaTb NPOLIECC CO34aHMA U UCCneaoBaHns Mogenen ¢ NOMOLLbIO
KoMnbtoTepa. BbligensatoT cneayowme suabl moaenmposaHus [1, 4, 6, 9]:
1. Pusnyeckoe MmoaenupoBaHue: KOMNbIOTEP — YacTb
3KCnepuMeHTaribHOM YCTaHOBKN U TpeHaxepa, OH BOCMPUHUMAET BHELUHWE
CUrHarnbl, OCyLLLeCTBNSET COOTBETCTBYHOLLME pacyeThl U BblaeT CUrHarnbl,
ynpaBngoLwme pasnmyHbiMmM MaHunynatopamu. Hanpmumep, y4ebHas mogenns
camonerTa, npeacraenstowan cobon kabunHy, yCTaHOBMEHHYIO Ha
COOTBETCTBYHOLLMX MaHUMYNATOPaX, COEANHEHHbIX C KOMMNbIOTEPOM, KOTOPbIN
pearvpyeT Ha OENCTBUS NUNOTa U NU3MEHSIET HaKIMOH KabWHbI, MOKa3aHus
npnbopos, BN U3 UnntoMmHaTopa u 1.4., UMUTUPYS NoneT peasibHoro
camornera.
2. IvHaMmunyeckoe unn YUCNeHHoe MmoaenupoBaHue, npeanonaratowee
YMCIEHHOE pelleHne cucTtemMsl anrebpanyveckmnx n gudpdepeHumanbHbIX
ypaBHEHM METO4AMWN BbIYUCIIUTENBHON MaTeMaTUKN U NpoBeaeHne
BbIYNCNUTESNBHOIO 3KCNepuUMeHTa Npu pasnmnyHbIX napaMmeTpax CUCTEMBI,
HadanbHbIX YCITOBUSAX N BHELLHUX BO3dencTBusixX. Micnonb3yetca ona
MOAENNPOBAHUS Pa3nNUYHbIX PU3nNYecknx, BUoONornvecknx, coumnanbHbIX 1
APYrnx siBfeHUI: konebaHna MasaTHUKa, pacnpocTpaHeHNE BOSTHbI,



N3MEHEHME YNCIIEHHOCTN HaceneHns, NonynsaumMm JaHHOro BUAA XXUBOTHbIX U
T.0.

3. UmnTaumoHHoe MogenMpoBaHue COCTOUT B CO34aHNN KOMMbIOTEPHOMN
nporpaMmmbl (U1 NakeTa nNporpaMmm), UMUTUPYIOLLLEN NoBeLeHNE CIOXHOW
TEXHNUYECKOWN, SKOHOMUNYECKOW UM MHOW cucTeMbl Ha OBM ¢ Tpebyemonm
TOYHOCTbI. MIMUTaUMOHHOE MOoAeNMpoBaHNe npegycMmaTpuBaeT hopmarnbHoe
onucaHue noruknu OyHKLMOHNPOBAaHUS NCCeayeMOn CUCTEMbI C TEYEHNEM
BPEMEHN, KOTOPOE YyUYUTbIBAET CyLLECTBEHHbIE B3aUMOLENCTBUS ee
KOMMNOHEHTOB N obecneyvmBaeT nNpoBeAeHne CTaTUCTUYECKNX SKCNEPUMEHTOB.
OB6bEKTHO-OPUEHTUPOBAHHBLIE KOMMbLIOTEPHbBIE CUMYNALMN UCNOSNb3YOTCA AS
nccrnegoBaHna NoBeeHNA SKOHOMUYECKNX, BUONOrMYeckmx, coumanbHbIX U
WHbIX CUCTEM, AN CO34aHMUS KOMMNbITEPHbBIX UrP, Tak Ha3blBAEMOro
“BMpTyanbHoro mmpa”, obyvaroLmx nporpamm 1 aHnmMaumin. Hanpumep,
MOAesb TEXHONOrMYecKoro npoLecca, aspogpoma, HEKOTOpOon oTpacnu
NpPON3BOACTBA U T.4.

4. CtaTucTU4YeCcKoe MmoaenmpoBaHue UCMNoSb3yeTcs ASs U3yYeHus
CTOXaCTUYECKNX CUCTEM U COCTOUT B MHOTOKPaTHOM MPOBEeAEHNN UCTbITAHUN
C nocrneayrLwen ctatmctTmyeckon ob6paboTkon nosnyyvaroLmxes pesynbTaToB.
MoaoobHble Mogenun NO3BONAT UCCrenoBaTh NOBEAEHNE BCEBO3MOXHbIX
CUCTEM MacCOBOro 06CnyXnBaHmsi, MHOrornpPoLEeCCOPHbIX CUCTEM,
NHGOPMALIMOHHO-BbIYNCIINTENBHBIX CETEN, PA3NUYHbIX AMHAMUYECKNX
CUCTEM, Ha KOTOpble BO3AENCTBYIOT CriydanHble oakTopbl. CTaTucTuyeckme
MOAeN NPUMEHSAIOTCA NPU peLLeHNn BEPOSATHOCTHBIX 3aZad, a Takke npu
0bpaboTke 60MbLINX MAacCUBOB AaHHbIX (MHTEPNONALMS, AKCTPaNonsauus,
perpeccus, Koppenauus, pacdeT napamMeTpoB pacnpenenenus n 1.4.). OHu
OTNN4YalTCAa OT AeTEPMUHUPOBaAHHbLIX MoAerien, UCMONb30BaHME KOTOPbIX
npegnonaraeT YNCNEHHOE peLleHne cucTeM anrebpanyeckmx nnm
andepeHumanbHbIX ypaBHEHUIN, MO0 3aMeHy n3y4yaemMoro obbekTa
AeTEPMUHMPOBAHHBIM aBTOMATOM.

5. UuchopmaumoHHOe MoagenupoBaHUe 3aKioyaeTcs B CO34aHUN
NHAOPMAaLIMOHHOM MOAESNN, TO eCTb COBOKYMHOCTU crieunanbHbiM obpa3om
OpraHM30BaHHbIX AAHHbIX (3HAKOB, CUrHANOB), OTpaXkaloLmMx Hanbonee
CYLLLECTBEHHbIE CTOPOHbI nccnegyemoro obbekra. PasnuyatoT HarnsgHble,
rpaduyeckme, aHMMaLUMOHHbIE, TEKCTOBbIE, TabnuyHble MHpOopMaLUNOHHbIE
moaenn. K HIM OTHOCATCS BCEBO3MOXHbIE CXEMbI, rpadbl, rpadouku,
Tabnuubl, gMarpaMmmbl, PUCYHKN, aHUMaL MK, BbINOSTHEHHbIE HA OBM, B TOM
yncne undposasa kapta 3Be3aHOro Heba, KoMNbTEPHAst MoAENb 3€MHON
MOBEPXHOCTU U T.4.

6. MogenupoBaHuMe 3HaHUW NpeanonaraeT NOCTPOEHNE CUCTEMbI
NCKYCCTBEHHOrO MHTENNEeKTa, B OCHOBE KOTOPOWN NexuT 6a3a 3HaHui
HeKoTopoun NpegMeTHOM obnacTtu (4acTn peanbHOro mmpa). basbl 3HaHUK
COCTOAT 13 dpakToB (JaHHbIX) U NpaBus. Hanpumep, KOMMNbOTEPHas
nporpamMmma, ymerwiasa urpatb B WaxmaTtbl (p1c. 5), gomkHa onepupoBaTtb
MHGOpMaLMen 0 “cnOoCOBHOCTAX” pasnNYHbIX LWaxMaTHbIX Uryp u “sHatb’
npasuna urpbl. K gaHHoMy BUAy Mogenen oTHOCAT CeMaHTUYECKUE CeTu,
NOrMyecknx MoLenu 3HaHmn, IKCNepPTHbIE CUCTEMBI, JTOTNMYECKME UTPbI U



T.4. Jlornyeckme mogenun ncnonb3ylTcs Ans NpeacTaBneHns 3HaHUN B
9KCNEePTHbIX CUCTEMAX, AN CO34aHNA CUCTEM UCKYCCTBEHHOIO MHTENMEKTA,
OCYLLIECTBIIEHMSI NTOrMYECKOro BbiBOAA, AOKa3aTeNbCTBa TEOPEM,
mMaTeMaTu4ecknx npeodpasoBaHuii, NMOCTPOEHMST pOOOTOB, NCNONb30BaHUS
€CTEeCTBEHHOro A3blka ans obweHus ¢ 9BM, coszgaHus addekta
BUPTyanbHOW peanbHOCTU B KOMMbIOTEPHbIX Urpax 1 T.4.

REIE

Game Move Options Help

Turn: 4 White
Mode: One Player

00:00:29.80

00:00:19.16 00:00:09.98

Value: Moves:
BRT 0 Pe2-ed Pei-eb
Modes: 1 HNglf3 Nb8-ch

2 Nbl-c3 Ngi-f6
3 Pd2-d3 Bfi-b4

151876
|16875]/sec

Best Line:
0-0 Nc3-b5 Nfé-g4 Pd3-d4 P75

Puc. 5. KomnbroTepHaa mogernbs noBegeHns waxmaTumcTa.
Ncxoos us uenen moaenumpoBaHUA, KOMMNbOTEPHbIE MOAENW NogpasaensaoT
Ha rpynnbl: 1) AMCKPUNTUBHbIE MOAENN, UCNOJIb3yeMble A9 NOHUMaHUS
npupoabl nccregyemoro obbekTa, BbisiBNeHNA Hanbonee CyLeCTBEHHbIX
dakTopOB, BNUAKOLLMX HA €ro NOBeAEHNE; 2) ONTUMU3ALUOHHbIE MOAerN,
nossonsoLmne BbidpaTb ONTUMasbHbIM CNOcob ynpaBfeHna TEXHNYECKOMN,
couunanbHO-3KOHOMUYECKOWN UM MHOWM CUCTEMOW (Hanpumep, KOCMUYECKOW
cTaHuumen); 3) NPOrHoCTUYECKNe Moaesnu, nomoraroLme nporHo3nposaTb
COCTOSIHME oObeKkTa B Nocrneayowme MOMeHTbl BpeMeHU (MoAeNb 3eMHOM
aTMocdepsbl, No3Bondaowas npeackasatb noroay); 4) y4ebHble mogenu,
npUMeHsieMble ONa 00y4YeHUs, TPEHUHIa U TECTUPOBAHUS YYaLLIMXCS,
CTyAEHTOB, Dyayuwnx cneunanncTos; 5) urpoBblie Mmoaenun, No3songowmne
cOo34aTb UIPOBYHO CUTYaLMIO, UMUTUPYIOLLYIO YNpaBlieHne apMuen,
rocygapcTtBoMm, NpeanpusTMemM, YenoBekom, camoneTom 1 T.4., Nnbo
urpatoLime B Laxmarhbl, LWALLKKA N Opyriue formM4eckme urpbl.
. Knaccudukauma KomnbOTEPHbIX MoAeneu
no TMNy MateMaTn4eckomn cxembl
B Teopun mogenupoBaHus CUCTEM KOMIMbIOTEPHbIE MOAENN NoApas3nensaTca
Ha YNCNEHHbIE, UMUTALMNOHHbIE, CTaTUCTUYECKNE U normyeckne. MNpu
KOMMbIOTEPHOM MOAENNPOBaHUM, Kak MpaBuIio, NCNONb3yT O4HY U3 TUMOBbIX
MaTemMaTnyeckux cxem: anddepeHumansbHble YpaBHEHMS,
AeTePMUHMPOBAHHbIE U BEPOATHOCTHbIE aBTOMaTbl, CUCTEMblI MAacCOBOI0O
obcnyxusanug, cetu MNetpu 1 T.4. YueT cnocoba npeacraBneHnsa COCTOAHNSA



CUCTEMbI U CTENEHN CNyYanHOCTN MoAeNnupyemMbIX NPoLLeCccoB NO3BoNseT
nocTpouTb Tabnuuy 1.

Tabnuua 1.
HduckpeTHble HenpepbiBHbIE
[NeTepmuHn- [NuckpeTHO-aeTep- HenpepeiBHO-aeTep-
pOBaHHbIE MWHUPOBaHHbIE MWHUPOBaHHbIE
moaenn moaenn
CtoxacTu- [nckpeTHO-CcTO- HenpepbiBHO-CTO-
ueckune XacTuJdeckne moaenn XacTuJdeckne mogenn

Mo TNy maTtemMaTnyeckon cxembl pasnuyatoT [5, 9]: 1. HenpepbIBHO—
AeTeMUHMPOBaHHbIE MOAENU, KOTOPbIE UCMNOSMb3YKTCA A5
MOLEeNUPOBaHUA AMHaMUYECKUX CUCTEM U NpeanonaratT peLleHne cucTemsl
AndpepeHumarnbHbiX ypaBHeHU. MaTtemaTuyeckue cxembl 3TOro Buga
HasblBaloTCcA D-cxemamu (oT aHrn. dynamic). 2. [IMCKpeTHO—
AeTepMUHUPOBaHHbIEe MOoAENUn UCMOSb3YTCA AN UCCneaoBaHus
ANCKPETHbIX CUCTEM, KOTOPblE MOTYT HaXOAUTLCA B OAHOM U3 MHOXECTBA
BHYTPEHHUX COCTOSIHUIA. OHU MOaennpyroTca abCTpakTHbIM KOHEYHbIM
aBTOMaToM, 3agaBaeMblM F—cxemoun (oT aHrn. finite

) F =<Q,X,Y.,[].[] >

automata): .3pecb X , Y — mHoxecTBa BXOAHbIX U

BbIXOOHbLIX CUTHAJ10B, Q — MHOXEeCTBOM BHYTPEHHUNX COCTOSIHUN, H(q’ X) —

(DYHKLUMS Nepexomos, 7(q,x) _ byHKUMSA BbIXOAoB. 3. [IMCKpeTHO—
cToxacTuyeckue Moaesnu rnpegnonaratoT UCNOSb30BaHNE CXEMbI
BEPOSAITHOCTHbIX aBTOMATOB, (PYHKLMOHMPOBAHME KOTOPbIX COAEPKNT
anemMeHT criydanmHocTn. OHU Takke HasbiBaloTca P—cxemamu (0T aHrn.
probabilistic automat). Nepexoabl Takoro aBTomaTta M3 04HOro COCTOSIHUSA B
apyroe onpegenseTcs COOTBETCTBYHOLLEN MaTpULIEN BEPOATHOCTEN.

4. HenpepbIBHO-CTOXaCTU4YECKME MOAENM Kak NpaBuio NpuMeHsaTca ang
N3y4YeHns1 CUCTEM MacCOBOro obcnyxmnBaHna n HasbiBatoTca Q—cxemamm (0T
aHrn. queueing system). [Ina dyHKLMOHMPOBAHMUSA HEKOTOPbIX
9KOHOMWYECKMX, NPOMU3BOACTBEHHbIX, TEXHUYECKNUX CUCTEM NpUCyLLe
cnyyanHoe nosierieHne TpeboBaHui (3asiBOK) Ha 06CnyXnBaHue n criyqyanHoe
Bpemsi obcnyxusanus. 5. CeteBble moaenun UCNoOSb3YOTCH A4S aHanmsa
CNOXHbIX CUCTEM, B KOTOPbIX O4HOBPEMEHHO NPOTEKAET HECKOSBbKO
npoueccoB. B atom cnyyae roBopAT o ceTsx NMNetpn n N—cxemax (0T aHrn.

Petri Nets). CeTb MeTpy sapaetcs yetsepkoit ¥ =<B,D,1,O0> 1o B _

MHOxecTBo noauumin, D — mHoxecTBo nepexopos, I — BxogHas dyHkums, o
— BbIxogHasa yHKuma. MapkupoBaHHada N-cxema rnossongeT
npomMogennpoBaTth napasnsesibHble U KOHKYpUpYyoLLme npoueccsl B
pasnuyHbIx cuctemax. 6. KoMOMHUpPOBaHHbIE CXeMbl OCHOBbLIBAKOTCS Ha
NOHATUN arperaTMBHOM CUCTEMbI U Ha3blBaloTCA A-cxemaMiu (OT aHrI.
aggregate system). OT10T yHMBepcanbHbIX Noaxoa, pa3paboTaHHbIN
H.lN.bycneHko [3], no3BonseT nccrnenoBaTb BCEBO3MOXHbIE CUCTEMDI,
KOTOpble paccMaTpMBalOTCA KakK COBOKYMHOCTb B3aMMOCBA3aHHbIX MeXay



cobon arperaTtoB. Kaxablin arperat xapakrepusyeTcsi BEKTOpaMn COCTOSIHUN,
napamMeTpoB, BO3OENCTBUSA BHELLHEWN Cpeabl, BXOAHbIX BO34EUCTBUN
(ynpaBnsoowmx cMrHanos), HayanbHbIX COCTOSIHUN, BbIXOOHbIX CUrHasos,
onepaTtopoM nepexonos, ornepaTopoM BbIXOLOB.

WccnepoBaHue mmMtaunoHHOM Mogenn Nnpou3BoANTCA Ha LMPPOBLIX U
aHanoroBbIX BblYUCIIUTESNbHbIX MalLMHax. cnone3dyemasa uMmntaumMoHHas
cuctema BKIovaeT B ceba matemaTndeckoe, NporpaMmMHoe,
MHPOPMaLMOHHOE, TEXHNYECKOE N IproHOMUYeckoe obecneveHume.

AP PEKTMBHOCTL UMUTALMOHHOIO MOLAENVUPOBAHNA XapaKTepusyeTca
TOYHOCTbIO U JOCTOBEPHOCTLIO MOJSTyHaroLLNXCS pesdySibTaToB, CTOMMOCTLIO U
BpeEMEHEM CO34aHusa Mogenu n paboTbl C HEW, 3aTpaTaMn MaLUNHHbIX
pecypcoB (BpeMEHW BbIYUCIIEHNN 1 Tpebyemon namaTn). [na oueHkn
ahpekTMBHOCTN MOAENN HEOBXO4MMO NosyvaroLmMecs pesynbTaTbl CPaBHUTL
C pesynbTaTaMy HaTYpPHOro 3KCNEPUMEHTA, a Takke pesyrnbTatamu
aHanMTU4YeCcKoro MoaennpoBaHus.

B HekoTOpbIX criydasax npuxoanTcs o6beaAnHATb YACIIEHHOE peLLUEHne
AndopepeHumarnbHbIX YypaBHEHUA N UMUTAUMIO PYHKLMOHMPOBAHNA TOM Unn
WHOW 4OCTaTOYHO CIOXHOW cucTtembl. B aTOM criydae roBopsT

O KOMOVMHMPOBAHHOM WS aHANTUTUKO-UMUTALMOHHOM MOLENUPOBaHUMN.
Ero ocHoBHOE NpenmyLecTBO COCTOUT B BO3MOXXHOCTU UCCrenoBaHns
CNOXHbIX CUCTEM, ydeTa ANCKPETHbIX U HENPEPLIBHbLIX 31IEMEHTOB,
HESTMHENHOCTWN Pa3fnNYHbIX XapakTepPUCTUK, CrlydanHble oakTopbl.
AHanutnyeckoe MoaeniMpoBaHue rno3BonseT NpoaHannanpoBaTh TONbKO
AOCTaTO4YHO NPOCTblE€ CUCTEMBI.

OaHUM 13 adhPEKTMBHBLIX METOL0B UCCNEAOBAHUS UMUTALNOHHBLIX MOAENeENn
SBNSIETCS MeToA cTaTUCTUYeCKUX ucnbitaHmu. OH npegycmaTtpmBaeT
MHOroKpaTHoOe BOCNpou3BeAeHne TOro UM MHOro npouecca nNpu pasnmnyHbIX
napameTpax, U3MEHSIOLWMXCS CnyYyanHbiM 06pa3omM no 3agaHHOMY 3aKOHY.
OBM moxeT nposectn 1000 ncnbiTaHNn U 3aperncTpmpoBaTb OCHOBHbIE
XapaKTepuCTUKN NOBEeAEHNA CUCTEMbI, €€ BbIXOAHbIe CUrHarbl, a 3aTem
onpenenuTb X MatemaTmyeckoe oXxngaHue, oUCnepcuto, 3aKoH
pacnpegeneHus. HegoctaTok MCNOMb30BaHNA MALLMHHOW peanusauum
UMUTALMOHHOW MOLENU COCTOUT B TOM, YTO MOSTy4EeHHOE C ee NMOMOLLIbIO
peLleHne NMeeT YaCTHbIN XapaKTep U COOTBETCTBYET KOHKPETHbLIM
napameTpamMm CUCTEMbI, ee Ha4YarbHOMY COCTOSIHUIO N BHELLHUM
BO3aencTBuAM. [penmyLLecTBO 3aKninyaeTcs B BO3MOXHOCTU UCCIie40BaHUS
CNOXHbIX CUCTEM.

1.8. O6nacTn npuMeHeHUs1 KOMMNbIOTEPHbLIX Moaenen
CoBepLueHCTBOBaHNE NH(POPMALMOHHbBIX TEXHOMNOMMM 06ycrnoBmno
Ncnosib3oBaHMe KOMMNbIOTEPOB MPakTUYeCcKn BO BCex cdhepax AeATernbHOCTH
yenoBeka. Pa3BuTre Hay4yHbIX Teopuin NnpeanosiaraeT BblABUMXEHNE OCHOBHbIX
NPUHLUMNOB, NOCTPOEHME MaTeEMaTMYECKOM MoLenn obbekTa No3HAHNUS,
nofiy4YeHne u3 Hee cneacTBumn, KOTOpble MOTyT BbITb COMOCTaBMEHDI C
pesynbTaTamun akcnepmmeHTa. Vicnonb3oaHne 3BM nossongeT, ucxogsa u3
MaTteMaTu4YeCKMUX YpaBHEHUIN, paccymTaTb NOBELEHNE NCCIIeQYEMON CUCTEMDI
B TEX UMK MHbIX YCroBmUAxX. HacTo aTO egMHCTBEHHbIM CNnocob nonyyvyeHns



cneacTBun N3 maTemaTtmdeckon mogenu. Hanpumep, paccmoTtpum 3agady o
ABWXEHUN Tpex unn bonee yactuy, B3aMMOAENCTBYHOLLMX APYr C APYroMm,
KOoTopasi akTyarbHa npu nccnegoBaHnn ABMKEHUN NaHeT, acTepPoOUoB U
Apyrmx HebecHbIx Ten. B obuiem cnyyae oHa CnoxHa n He nmeet
aHanMTUYeCKOro peweHnsd, v NuLlb UCMoNb3oBaHNe MeToa KOMMbITEPHOro
MOEeNMPOBaHUS NO3BOJSISIET paccymTaTb COCTOSHME CUCTEMbI B
nocneayowme MOMEHTbl BpEMEHM.

CoBeplLUeHCTBOBaHNE BbIYUCITNTENBHOW TEXHUKK, noaBreHne 3BM,
NO3BONAOLLEN BLICTPO N 4OCTATOYHO TOMHO OCYLLECTBASATb BbIYUCIIEHUS MO
3aJaHHOM NporpamMme, 03HaMeHOBaro Ka4YeCTBEHHbIN CKayoK Ha NyTu
pa3BUTUS Haykn. Ha nepBbIn B3rns KaxeTcsl, 4To n3obpeTteHune
BbIYUCIIUTESbHbIX MaLUMH HE MOXET HENOCPEACTBEHHO BIIMATbL Ha NpoLecc
NO3HaHUS OKpyxatowero mupa. OgHako 3TO He TaK: pelleHne COBPEMEHHbIX
3agad TpebyeT co3gaHusa KOMMbITEPHbLIX MoLEeNen, NPoBegeHNst OFPOMHOIO
KOSNiM4ecTBa BbIYUCIIEHUI, YTO CTario BO3MOXHbIM JIMLLb MOCIe NOABNEHNS
3NIEKTPOHHO—BbIYNCIINTENBHbBIX MaLUWH, CNOCOBHbIX BbIMOMHATE MUSTFINOHDI
onepauunn B cekyHay. CyLieCTBEeHHbIM ABSISIETCSA U TO, YTO BblYMUCIIEHNSA
NPON3BOAATCS aBTOMATUYECKN, B COOTBETCTBUN C 3a4aHHbIM ariropuTMoOM Wt
He TpebyloT BMeLwaTenbCcTBa Yenoseka. Ecnv 3BM oTHOCUTCS K TEXHUYECKOM
6as3e NnpoBeaeHUs BbIYNCINTENBHOMO SKCNEPMMEHTA, TO ee TEOPETUYECKYHO
OCHOBY COCTaBISAOT MpUKagHaa matemMaTvka, YNCIIEHHbIE MeTO bl peLleHNs
CUCTEM YpPaBHEHUN.

Ycnexv KOMMbITEPHOro MogennupoBaHNA TECHO CBA3aHbl C pasBUTUEM
YMCNEHHbIX METOA0B, HAYaBLLErocs ¢ pyHaaMmeHTanbHbIX paboT caaka
HbloTOHa, KOTOpbIN eLe B 17 Beke NpeanoXxun nx ncnonb3osaTb 4114
NpUBAMXKEHHOro pelleHna anrebpanyecknx ypaBHeHuin. JleoHapn 3nnep
paspaboTan MeToA peLueHnst 0ObIKHOBEHHbIX AnddepeHLmanbHbIX
ypaBHeHun. /13 coBpeMeHHbIX Y4eHbIX BECOMbIV BKNa B passButue
KOMNbIOTEPHOIrO ModenvpoBaHus caenan akagemuk A.A.Camapckun [7],
OCHOBOMOSIOXXHMK METOAOSIOMMN BbIYUCIINTESNTBHOIO 3KCNEPUMEHTa B OU3KKeE.
MMeHHO nm Bbina npeanoxeHa saHaMeHuTas Tpmaga "Moaernb — anroputm —
nporpamma" n paspaboTaHa TEXHOSOMMsS KOMMbIOTEPHOrO MOLENNPOBAHNS,
yCnewlHo nucnonb3yemasi ansa naydeHus pusndeckux sssneHnin. OgHnm m3
NepBbiX BblAAKLLNXCA Pe3yribTaToB KOMMNbIOTEPHOrO SKCrnepnuMeHTa B ousunke
aBnseTcsa oTkpbiTUe B 1968 rogy TemnepaTtypHOro TOKOBOro Crosi B nnasme,
cospasaemon B MI'[I-reHepaTopax (acpdekt T—cnos). OHO 66110 BbINOMHEHO
Ha OBM n nossonuno npegckasaTb UCXOL4 peanbHOro aKCnepuMeHTa,
NpoBeLeHHOro Yepes3 HECKOMbKO NneT. B HacToslwee BpeMs BbIYNCIUTENBHbLIN
9KCNEPUMEHT NCMONb3YyeTCs ANS BbINOSTHEHUSA UCCEN0BaHNN B CNeayroLmx
HanpaBneHusx [2, 9, 10]: 1) pacyeT saepHbIX peakumin; 2) pelleHme 3agav
HebecHOM MexaHWKWU, aCTPOHOMUN N KOCMOHAaBTUKU; 3) ndyyeHue rnobarnbHbIX
ABMEeHUN Ha 3emre, MoaennpoBaHue Norofbl, KnuMmara, uccrnegosaHue
aKonornyeckux npobnem, rnodanbLHOro NoTensieHNs, NOCNeaAcTBU S4epPHOro
KOHpNIMKTa 1 T.4.; 4) pelweHne 3agay MeXaHnKn CrnoLWHbIX cpeq, B
YaCTHOCTU, MMOPOAVNHAMUKM; 5) KOMNBIOTEPHOE MOAENNPOBaHME pPasfNYHbIX
TEXHOMNOMMYECKMX NPOLIECCOB; 6) pacyeT XMMUYECKNX peakuumn n



Bronornyecknx NpoLeccoB, PasBUTUE XMMUYECKON N BNONOrM4ecKomn
TexHonoruu; 7) coumonornyeckne nccrnegoBaHns, B HaCTHOCTM,
MOAenMpoBaHue BbIOOPOB, rofloCOBaHNS, pacnpoCcTpaHeHNEe CBEAEHWUN,
N3MeHeHne obLEeCTBEHHOrO MHEHNS, BOEHHbIX AENCTBUIA; 8) pacyeT u
NPOrHo3upoBaHne gemorpadunyeckon cutyaumm B ctpaHe n mupe; 9)
UMUTaAUUOHHOE MoaenupoBaHme paboThbl pa3nNYHbIX TEXHUYECKUX, B
YACTHOCTU, 3NEKTPOHHbIX YCTponCTB; 10) 9KOHOMUYECKME NCCeaoBaHus
pasBUTUSA NpeanpuaTmuA, oTpacnu, CTpaHbl.
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