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AHHoTaumnsa: MatemaTtnyeckoe monoennpoBaHme npoueccoB N CUCTEM - 3TO METO N3YYHEeHUS
O6'beKTOB, npoueccoB N CUCTEM Yepel co3naHne nx matemMaTtnyeckunx mMoZenen n aHanus
aTux mogenei. OCHOBHOM UENbl0 MaTeMaTUyeckoro MooennpoBaHnsa aBnseTca nccnegosaHme
CBOWCTB 06'beKTOB, CUCTEeM 1 npoueccos, a TakXxe rnpenckasaHme nx noseneHnsd npun
pa3nnyHbIX yCNnoBUSX. MaTtemaTtnyeckme Mogenu - 3T0 CUCTEMbI ypaBHeHvu7|, KOTOpble
CBA3bIBAKOT pa3/indHble napameTpbl O6'beKTa, npouecca nnm CUCTEMbI. MaTemaTtunyeckoe
MooennpoeaHne nNpuMeHseTCs B Pa3HbIX obnacTtsx HayKun, TeXHONOrmn, SKOHOMMKN 1
ynpasneHna ona mn3yd4eHus ClI0XKHbIX MpouecCoB U CUCTEM.
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MaTtemaTtnyeckoe mogenMpoBaHMe NPOLLECCOB N CUCTEM — 3TO METOL UCCNenOBaHNS
06bEKTOB, NPOLIECCOB WM CUCTEM MYTEM MOCTPOEHNS X MAaTEMAaTMYECKNX MOAEeNel n
aHanmsa aTux mooenemn.

OcHoBHas Lenb MaTeMaTMyeckoro MOAENMPOBaHNSA — U3YYeHNE CBONCTB 0O BHEKTOB,
NMPOLIECCOB UM CUCTEM, a TakXe NPOorHo3mpoBaHne nx NoBefeHns B pasnnyHblX yCrnoBUSX.
MaTematnyeckne Mogenm NpeacTaBnsaoT cobo CUCTEMY YPaBHEHWIA, ONUCHIBAOLLNX
B3aVMOCBSI3M MeX Yy pas3nnyHbIMU NapameTpamn obbekTa, npouecca nnm cuctemol. B
3aBMCUMOCTM OT CNOXHOCTM 06 bekTa unm npouecca, MaTemMaTnyeckas Mogesnb MOXeT ObiTb
NPOCTON (NMUHENHbIE YPaBHEHUS) UNN CNOXHON (HENMHENHbIE YPaBHEHUS, CUCTEMDI
andgppepeHumnanbHbIX ypaBsHeHUn 1 T.4.). O4HUM U3 KNIOYEBbIX NPEUMYLLECTB
mMaremMaTnyeckoro MoA4enMpoBaHna aBnseTCca BO3MOXHOCTb NPOBEAEHNSA 9KCMEPUMEHTOB B
BMPTYasrbHOM MPOCTPAHCTBE. DTO NO3BONSET 9KOHOMUTb BPEMS U PECYPCbI, KOTOPbIE MOryT
noTpeboBaTbCs ANS NPOBELEHNS pealbHbIX 3KCMEPUMEHTOB, a TakXe AaeT BO3MOXHOCTb
nccnenoBaTtb NPOLIECCHI U SIBNEHUS, KOTOPbIE B peasibHOCTY Obinun Obl TPYAHOA0CTYMHbI NN
onacHbl ong aKcnepumeHTa. [1]

I'Ip|/| MareMmatn4eCckom MogenmpoesaHnn npoueccoB N CUCTEM NCNOMb3YHOTCA pa3NyHble
MeToOdbl N NOAXOAbl, TAKNE KakK:

1. AHanMTU4eckoe MOAENUPOBAHME - TO CMIOXHbIA U FNyboKuiA METOL aHanMaa,
NCNonb3yeMblii B pas3nnmyHblx obnactsx Hayku un 6usHeca. OH npencTaBnsietT cobor
HEOTbEMNEMYIO YacTb WUCCNEAOBaTENbCKUX N aHANNTUYECKUX MPOLIECCOB, NO3BONSIS
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npeackasbiBaTb pe3ynbTaTthl U paspabaTbiBaTb CTPATErMN HA OCHOBE MateMaTUYecKux u
cTtatmcTmyeckux mogeneii. lMpyn 3aTOM aHaNMTMYECKoe ModenmpoBaHne TpebyeT cbopa u
aHanunsa gaHHbIX, MOCTPOEHMSI MoLenei U NPoBeAeHUs creunanbHbIX 9KCrnepuMeHToB. OH
No3BONSIET NPOCNEaNTb MPUYNHHO-CNEACTBEHHbIE CBA3W, ONPeaennTb B3anMOCBS3M
paKTOPOB M NPOTrHO3MPOBAaTb MOBEAEHUE CUCTEMbI B Pa3/INYHbIX CLEEHAPUSIX.

B Hayke, aHannTnyeckoe MooenMpoBaHue nomMoraeT UCCNenoBaTeNsM NOHATb CNOXHbIE
husnyeckme, BONOrMyecKmne Nmn XMMmM4eckmne NpoLLecchl, MPOBECTU BUPTYasbHbIe
3KCNepuUMeHTLI UK paspaboTaTb HOBbIE MaTepuanbl U TexHonorum [2, 3].

B uenom, aHannTMyeckoe MoaenMpoBaHne OTKPbIBAET Nepen HaMn HOBble BO3MOXHOCTU LS
MOHVMMaHWS 1 yNyYleHNs KOMNNEeKCHbIX cucTeM. OHO NMO3BONSIET OCO3HABATb U YNpPaBNATb
CNOXHOCTbI0, NPOrHO3MpPoBaTh Byayliee N NPUHMMAaTbL UHGOPMUPOBAHHbBIE PELIEHUSI.
BeaycnoBHo, 310 TpebyeT MHOrO BpeMeHM, yCUnnid 1 rnybokmx 3HaHWM, HO NO3HaHUE U
npakTyka 3TOro MeTofa aHanmnaa crnocobHbl MPUBECTU K OFTPOMHBLIM AOCTVXEHUSM U ycnexam
B HaLWWX UCCNEeAO0BaHNSX N LeSTENbHOCTH.

|_|pVIMepr NCNoNib30BaHNA aHaNNTU4eCKoro MmogennpoesaHnsa BKO4YaroT NporHo3npoesaHmne
npoaax, yrnpasneHune puckamum, ontuMndaunio NorncTukn, oUueHKy VHBECTULMIA,
MapKeTUHroeble MUCCrienoBaHus, qDI/IHaHCOBbIm aHannm3 n NporHo3 norogbl.
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2. YucneHHoe MooenmnposaHune aBnsgeTca gpyrmumM MetogomMm MateMatmnyeckoro
MoLoennpoBaHus. OHoO 3akntoyaeTcs B UCMOMb30BAHUN YUCNEHHbBIX METOOOB ONS peweHns
ypaBHeHI/IVI mMaTeMaTtuyeckom mogenun. B otnnyme oT aHanMTUYeckoro mMonoennpoBaHuns,
4YncneHHoe MoaoennposaHme He gaet aHannTn4ecknx 3aBUCMMOCTEN, a BMECTO 3TOr0
npenoctaBnsdeT YACNIEHHbIE 3HAYEHNA NapaMeTpoB MoLeNn. YucneHHoe MooenmposaHune
Mo>xeT bblTb Bonee TOYHbIM, HEM aHaNnTN4eCKkoe moadenunposaHume, HO Tpe6yeT 6onblue
BpeMeHn on4 BbiMONTHEHUA. OHo yacto ncnonb3yetcda Ons MmogoenmpoBaHUA CNOXHbIX CUCTEM,
roe aHanntm4eckoe MooenmposaHme He MOXeT OaTtb OOCTATOYHO TOYHbIE PEe3ybTaThbl.

YucneHHoe MonennpoBaHUE UCMONb3YETCs B pas3nyHbiX 06nacTsix, BKaodYas ouauky,
MHXEHeputo, HayKy O AaHHbIX U orHaHChl. HekoTopble NpyMepbl BKKOYAOT:

-MopoenupoBaHue knumarta: UCNonb3yeTcs ONS U3yYeHUsl BIMSHUS pa3nnyHbIX (0akToOpoB Ha
KnuMMmart, Takux kak rnobanbHoe noTenneHne n n3MeHeHne coctaBa atMocapepsl [3].

-MopenupoBaHune TypOyneHTHOCTU: NCMONb3YETCS AN U3YYEHUS OBUXEHUS XUOKOCTEN U
raso., a TakXxe [AOns cospaHusi bonee aoPekTUBHbIX a3POANHAMUYECKUX POPM.

—Mo,uenmpOBaHme (PHAHCOBbIX PbIHKOB: UCMONb3YyeTCa ONA aHanus3a 1 npenckasaHus
OBUXEHNA LeH Ha akuum v gpyrme gomHaHcoBble MHCTPYMEHTDI.

-MopenupoBaHne maTtepuanos: UCNONb3YeTCs ANS UCCNEL0OBAHNS CBOWCTB HOBbIX
MaTepunanoB U yNyyWeHUsl CyLeCTBYOWNX.
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-MopenupoBaHue Tpadpuka: UCNonb3yeTcs AN ONTUMU3aUNN ABUXEHMS TpaHcnopTa v
YMEHbLIEHNS NPOBHOK.

-MopoenupoBaHne sOepHbIX peakuuii: ICNoNb3yeTcs AN NPOEKTUPOBAHUS U aHanmaa
A0epHbIX PeakTOPOB.

-MO,EI.eJ'IVIpOBaHI/Ie I'IOI'IyJ'ISILI,I/IVIZ ncnonb3yetcd onsd npegcka3aHns YNCneHHoCTu n
pacnpeneneHnsa pas3indyHblXx BNOOB XUBOTHbIX U paCTeHVIVI.

3. CtatncTtmyeckoe MoLeNMpoBaHME ABNSETCAS METOAOM MaTeMaTMYeCcKoro MoOAENMPOBaHUS
N UCNONb3yeTca ONA OLEeHKW NapaMeTpoB MatemMaTuyeckux Mmomdenen Ha oCHoBe
aKCrnepuMeHTasbHblX AaHHbiX. OHO BK/OYaeT B cebs MCNoNb30BaHME CTaTUCTUHECKUX
MEeTOO0B ONg aHanusa OaHHbIX, Takux Kak perpeccuoHHbI aHanna, KoppensaunuoHHbIN aHanna
N aHann3 BpeMeHHbIX psanoB. CTaTuCTMYeckoe MOL4ENMPOBAHNE UCMOb3YETCS B PA3/INYHbIX
obnactsx, BKNoYasi 3KOHOMUKY, OMHAHChI, COLMONOrnio n meanumHy. OHO MoXeT BbiTb
NONE3HbIM AN NPOrHO3MPOBaHUSA NOBEOEHUSA CUCTEM U OnpeseneHns onTuMasbHbIX
napameTtpos Mogenen. OgHako, CTaTUCTUYECKOE MOLENMPOBAHNE TakXe NMEET CBOU
OrpaHnYeHns, Takme kak HeobxoOMMoCTb BONbLIOro KONMYECTBA AAHHbIX ONS aHann3a u
BO3MOXHOCTb NMOMYYEHNS HETOYHbIX PE3YNbTAaTOB M3-3a OWMOOK B AaHHbIX UK
HernpasuIbHON MOLOENN.

Ctatuctuyeckoe MoLennpoBaHMe NCNoNb3yeTCAa ONngd onncaHna 1 npencka3aHnsa noseneHns
CNCTEeM Ha OCHOBE CTaTUCTNYeCKMNX OaHHbIX. |_|pI/IMepr BK/O4AlOT:
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— MNporHosvpoBaHWe cnpoca Ha ToBapbl UK YCNYrn Ha OCHOBE MPOLW/bIX AAHHbIX O
npopaxax.

— OueHka KpeoMTHOro pucka ansg 3aemumnkoB Ha OCHOBE UX KPeOUTHOMN NCTOPUMN.

— AHann3 B3anMOCBS31N MEX Y pa3nnyHbIMK (hbakTopamun, BASIOWNMA Ha NOBEAEHNE
cucTembl.[2]

4. VMUTaUMOHHOE MOAENUPOBAHMWE - CO34aHME KOMIMbIOTEPHO MPOrpamMMmbl, KOTopas
nMnTUpPYeT paboTy MoLenMpyeMol CUCTEMbl U NO3BONSIET NCCNENoBATb ee NOBEAEHNE B
Pa3nNYHbIX YCNOBUSIX. NMuTaumoHHoe MoaenmpoBaHme SIBNSIETCS MOLHbBIM MHCTPYMEHTOM
NccnenoBaHns NOBELEHNS pearbHbIX cucTeM. MeToabl MMUTALMOHHOIO MOLENNPOBAHUS
no3BONSOT cobpaTb HEO0HXOAMMYIO MHCPOPMALIMIO O NMOBEAEHUN CUCTEMbI NMYTEM CO34aHUS ee
KOMMbIOTEPHOW MoAenu. 3ta MHpopMaums NCNonb3yeTcs 3aTeM ANs NPOEKTUPOBAHNS
CUCTEMBDI.

Llenb MMMTALUMOHHOrO MOENMPOBAaHUSI COCTOUT B BOCTMPOV3BEAEHNN NOBEAEHNS
MCCNedyeMoil CUCTeMbl HA OCHOBE pPe3yNbTaToB aHanusa Hambonee CylwecTBEeHHbIX
B3aMMOCBS3ei MeX oy ee afeMeHTaMu B NpeaMeTHO 006nacTy ANns NpoBeaeHns pasnnyHbIX
9KCMepVMEHTOB.
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NMuTaumnoHHoe MonenupoBaHue Nno3BonsieT UMUTUPOBATbL NOBEAEHME CUCTEMbI BO BPEMEHI.
Mpu4ém NNoCoM SBNSIETCA TO, YTO BPEMEHEM B MOLE/M MOXHO YNpaBnsiTh: 3aMennsaTb B
cnyyae ¢ 6bICTpONpPOTEKAOWMMI NPOLECCaMUN 1 YCKOPATb AN MOAENNPOBAHMUS CUCTEM C
MeONIeHHON N3MEHYMBOCTbIO. MOXHO MMUTUPOBATL NoBeaeHMe Tex 06 bEKTOB, peasbHble
3KCMEPUMEHTbI C KOTOPbIMUA OOPOr, HEBO3MOXHbI U/ OMACHbI.

npl/IMeprZ MoLoennposaHme OOPOXHOro Asun>XeHmd, MmooennposaHue pa6OTbI asponopTos,
MOZLeNMpoBaHMe NPon3BOACTBEHHbIX MPOLLECCOB 1 MOAeNUpoBaHNe oUHAHCOBbIX PbIHKOB.

5.  OnTMMM3auMOHHbIE MOLENV NPEACTABNAOT CUCTEMY MaTeMaTUYECKUNX YPaBHEHWNA,
NVHERHBIX NN HENNHENHBIX, NOAYNHEHHbIX ONPEAENEHHON LEeNeBoi OYHKLUN 1 CRyXawmx
ONs OTbICKaHMS HauNyyWwnx (ONTMManbHbIX) PEWEHNn KOHKPETHON 9KOHOMUYECKOW 3aa4ML.
OTM MOJENMN OTHOCATCS K KNaccy aKCTpPeManbHbIX 3a4ay v ONUCbIBAKOT YCNOBUS
PYHKLUMOHNPOBAHUSI 3KOHOMNYECKOI CUCTEMBI.

OnNTMM3aLMOHHbIE MOLENV MOTyT HOCUTb AEeTEPMUHMPOBAHHBIA NN CTOXACTMUYECKMIA
xapaktep. B netepMnHMpoBaHHbIX MOAENSAX PE3yNbTaT PEWEHNs 0GHO3HAYHO 3aBMCUT OT
BXOAHbIX HaHHbIX. CTOXacTuyeckue MoLeny onucbIBalOT CNyyaiHbie MPOLECChI, B KOTOPbIX
pe3ynbTat BCerna ocTaeTcsl HeonpeaeneHHbIM.

Haunbonee pa3pa60TaHb| N npakTn4eckun bonee NPUMEeHNMbl neTepMNMHNPOBaHHbIE MOLOEN,
ncnonb3ywouwmne annapat MaTteMaTmn4eckoro nporpamMmmmnpoBaHns.
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CTpykTypa ONTUMN3ALMOHHOK MOAENN COCTOMT N3 LENEBON COYHKLMN, MPUHUMALIOLLEN
3Ha4YeHns B nNpegenax orpaHNYeHHon ycnoBmsaMmn 3aaadm obnacTtu, n 3 orpaHnYyeHni,
XapakTepusyowmnx aTu yCnoBsus.

[MpyvmMepbl: oNTUMM3aLMIO NPON3BOACTBEHHbIX NPOLECCOB, ONTUMU3ALMNIO TPAHCNOPTHbIX
MapLpyTOB, ONTUMN3ALUUIO pacnpeneneHns pecypcos 1 ONTUMNU3aumio PUHAHCOBbIX
noptdoenein.

Taknm 06pa3oM, B 3aBUCUMOCTM OT paccMaTpUBaemMoro npoLecca Uy NocTasfeHHoM 3a4aqm
MO>HO MOCTPOUTbL OMNpPeaeneHHOro poaa MoAenu, KoTopble MOryT ObiTb pelleHbl PasnMYHbIMY
MEeTOJaMU: OT YMC/IEHHON peanv3auny 10 MMUTALMOHHOIO NOCTPOEHMSI.
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