BBeaeHue

B npemiaraemMolt BHUMaHMIO YdTaTeNsi KHUTE Mbl CMOTPUM Ha MpodiieMy
MaTeMaTU4YeCKOro  MOJEJIUPOBAHMUS TJa3aMd  NPUKIATHUKOB, HCIOJIb3YS
MaTeMaTUKy KaK HWHCTPYMEHT HJi T[OJYy4YE€HUs MPAKTUYECKH MOJIE3HBIX
pemieHuii. Maremarnueckass MOJENb — 3TO 3HAKOBAasl KOHCTPYKIIMS, CBOMCTBa
KOTOPO# JOJKHBI COBMAJaTh C MHTEPECYIOUIMMH HAc cBoicTBaMU oObekTa. C
NPUKIAAHOW TOYKH 3PEHHS IJIABHOE — CO3/1aTh TaKyl KOHCTPYKLHIO, KOTOpast
N03BOJIsIIa OBl OCTUYH LENH MOJeIupoBanus. [Ipu 5ToM MOKeT 0Ka3aTbes, YTO
cama MOJIeNib WM CIOCO0 €€ MOJy4YEeHHs] HEIOCTATOYHO COBEPLIEHHBI B CMBICIIE
HAay4YHOM ACTETHUKHU: MOCTAHOBKA 33Ja4M HE COBCEM KOPPEKTHA, PEIICHUE HE
€IUHCTBEHHO W T.. HO CTOUT 51U TOBOPUTH O E€IWHCTBEHHOW «UCTUHHOW»
MaTeMaTUYeCKOM MOJEIM pPEaJbHOM CHUCTEMBI, €CIM camMa MaTeMaTHhKa
MOSIBUJIACH CPaBHUTENILHO HENaBHO, a BceneHHas W 0OBEKThI MOJECIUPOBAHMUS
MHOIO pasblie? DTOT U APYrue IMOJEMHUYECKUE BOIPOCHI, YACTh U3 KOTOPBIX
MPUHAJICKUT K KaTeTOPUM «BEYHBIX», 00YCIIOBUJIN MOSBICHHE 2nasbl 1. B Helt
paccmarpuBaroTcs  00mue NpoOJeMbl  MOAETUPOBAHUSA:  OMNpEICNICHUs U
CUCTEMAaTHU3AlMK MOJEJNIEH, POJib MaTeMaTUKU U MPUYUHBI €€ BCECUIIUs, MyTH
noctpoenus mojeneil. K Bornpocam 3Toro kpyra MOKHO OTHECTH 3aTPOHYTHIE BO
BTOPOM YacTW KHUTH TIOHATUS HEKOPPEKTHO IIOCTAaBJIEHHBIX U IJIOXO
00yCJIOBJICHHBIX 3a/1a4 (enasa S).

I nasa 2 IIOCBAIIEHA  BOIIPOCaM, KacarollUMCsA  pas3IM4HbIX
«MUPOBO33PEHYECKUX»  NOAXOJOB K  MOJEIWPOBAHHMIO,  KOTOpbIE B
ONPEACIICHHON CTENEHU aIbTEPHATUBHBI U OTIMYAIOTCS YPOBHEM ONTHUMHU3MA
MpU CYXKJICHUH O NMPUHUHUINHAIBHON MPEIACKa3yeMOCTH SIBIICHHI U MPOLECCOB.
[lepBBIii, OYEHb ONTUMHUCTHYHBIM, JETEPMHUHUCTUYECCKUN (AMHAMUYECKU)
MOAXOJ paHee «yTBEpXKAA» MPAKTUYECKYI0 BO3MOKHOCTH TOYHOI'O MPOTrHO3a
Oyayiiero Mo TOYHO oOmpeaeraeHHoMy HacrtosimeMmy. Ceityac, rmocie
oOHapy >KEHUsS SBIICHUS NWHAMHUYECKOTO Xaoca, KOTJa TEPMHH «HEIMHEHHAS
JUHAMHUKQ» CTajl OY€Hb IMOIMYJSIPHBIM, TMPETEH3UU HA NPaAKMUYecKu
docmudcumyro TOYHOCTh MPOTHO3a CTalli Oojiee yMepeHHbIMU. BTopoil moaxosy
— BEPOATHOCTHBIM  (CTOXaCTUYECKHUl) — MEHee ONTUMUCTUYEH: 3JECh
OTKAa3bIBAIOTCS OT MPETEH3UI HA TOYHBIM MPOrHO3, OTPAHUYMBASCH YKA3aHHEM
BEPOATHOCTH TOT'O HWJIM MHOTO BapuaHTa Oynymiero. B erage 2 oOcyxnatorcs
OILICHKH BO3MOYXHOCTEH MPOTHO3a U OCHOBAHUS ISl OOBSIBICHUSI UCCIIETYyEMOTO
nporecca ciy4aiiHeiM. Ha mpumepe u3BeCTHON 3amaun O MOAOpAcChIBAHUU
MOHETHI WIUTIOCTPUPYETCS HEOOXOIUMOCTh «COTPYAHUYECTBAY AUHAMUYECKON U
BEPOSTHOCTHON MO3MIMKA U OTPAHUYEHHOCTh BO3MOXKHOCTEN KAXKIOW U3 HUX B
OTZIETIHOCTH.

B kHure omnuceiBaroTCs, TJABHBIM 00pa3oM, AMHAMUYECKHE MOJIETU U
poNaraHAUPYTCS MPUEMbl HEIMHEMHON NMHAMUKH — JOCTATOYHO MOJIOAOTO
Hay4YHOT'0 HAaIpPAaBJIEHMs, KOTOPOE €€ pPa3BUBAETCS U TEPMHUHOJIOTHS KOTOPOTO
0 KOHLA HE ycrosuach. YenoBeKy, HAUYMHAIOUIEMY 3aHUMATbCA 3THUMH
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Beseoenue

BOMPOCaMH, MOXKET MOMENIaTh TO, YTO JaXe BEAYIIUE CIEIUAINCTH WHOTAA
UCTIONB3YIOT OJMH M TOT € TEPMHUH MMOYTH B MPOTHBOIIOIOKHBIX CMBICTAX (CM.,
HampuMep, TOA00PKY ONpeAeNieHui IUHAMHYECKOH CHUCTEMBI — OJIHOTO U3
OCHOBHBIX TMOHATHI HeNUWHEWHOW nuHamuku — B 1. 2.1.1). Iloatomy MBI yacto
oOCy)XlaeM TEepMHUHBI W TIPUBEITH KpAaTKUKA 0030p OCHOBHBIX MOHITHHA
HEJTMHEWHON TWHAMUKHU U €€ CIIOCOOOB MpeACTaBICHUS MHPOPMAITUH.

Inasa 3 TmpencTaBiIsieT OCHOBHBIE BO3MOXHOCTH MaTE€MaTHYECKOI'O
anmnapara, peaju3yloulero AMHAMMYECKUN MOAXO0J, U HEKOTOphIE 3TaJOHHBIC
Mozenu. OCHOBHOE BHUMaHHUE yJleleHO Mud(epeHIHaTbHbIM YpPaBHEHUSAM U
TOYEYHBIM OTOOpaKEHMSIM Kak HauOoJiee TMOMYJSIpHOMY amnmapary Juis
JUHAMHYECKOTO  MOJICIMPOBAaHMUS, a OT4YaCTM U M3-32 CYOBEKTHBHBIX
NPUBSI3aHHOCTEW aBTOPOB. [71a6a 4, 3aKIIOUMUTENIbHAS B MEPBOM 4YaCTU KHUTH,
IpeciieyeT aHaJOTUYHYIO L€b, MPEACTABISIS ATAJIOHHBIE CTOXACTUYECKHE
MOJIEJIH.

Ecnu yenvto nepsoit wacmu xuuru (rnaeel 1 — 4) sBisieTcs npeacTaBiIeHUE
oOuiel KapTUHBI MOJEJIMPOBAHMS IPOLIECCOB H3MEHEHUS BO BPEMEHH, TO
eémopas uacmev (TnaBel 5 — 11) mocBsleHa TOJBKO OJHOMY IOIXOAY K
MOJIETUPOBAHUIO — AMIIUpPHUUECKOMY. PaHee OH HE OTHOCHJICS K YUCIY CaMbIX
«YBAXKAEMBIX», KaK IIUTbE IUIAThd IyTEeM OOMAaTbIBaHUS KIMEHTa KYCKOM
MaTepuH, 3aTeM cluuBaeMor mo O6okam. Ho ceifwac, korma craaum JOCTYIIHBI
BBICOKOITPOM3BOUTENIbHBIE  KOMITBIOTEPHI,  CHOPMHUPOBAIACH  KOHIICTIIIHSA
JUHAMUYECKOIO Xaoca U CTajo S$SICHO, YTO CJOKHOE IIOBEJEHUE MOXKET
OMHUCHIBATBCS M JOCTATOYHO MPOCTHIMU HEIMHEHHBIMM MOJENSIMH, OH
HEPEKUBAET BTOPOE POXKIACHHE. 3auacTyr TaKOM MOAXOA — €IUHCTBEHHO
BO3MOXXHBII, MOCKOJIbKY JaJ€KO HE BCErJa yJaeTcs peanu3oBaTb Haubosee
IPOBEPEHHBIN U HAJEKHBIN MyTh — 3alKCaTh MOJEJIbHbIE YPAaBHEHUS, UCXOS U3
TaK Ha3bIBAEMBIX «II€PBbIX MPHUHIIMIIOBY» (OOIIMX 3aKOHOB JUISl TaHHOM 00J1acTH
SBJIGHUM, TaKMX KaK 3aKOHbl COXpaHEHHUs, 3aKoHbl HplOTOHA B MeEXaHHKE,
ypaBHeHHUs MakcBemia B 3JEKTPOAMHAMUKE, U T.II.) C y4€TOM OCOOEHHOCTEH
oObekTa. Ha mpakThke TUMUYHBI CUTyallMd, KOTJa OCHOBHBIM HMCTOYHHUKOM
uHbOpMallMl O TIOBEIEHWHM OOBEKTa SBIAIOTCS JAaHHbIE W3MEPEHHM
HaO0JII0TaeMOW BEIMYUHBI, CJICIIAHHBIX B TIOCIIEIOBATEIbHBIE MOMEHTHI BPEMEHH,
— 8pemeHHble psobl.

Coznanne Mojened Mo HKCHEPUMEHTAlIbHBIM BpPEMEHHBIM psgaM B
MaTeMaTHYeCKONM CTATUCTUKE W TEOPUU AaBTOMATUYECKOTO  YIPaBJICHUS
HOJyYUJIO Ha3BaHWe uoenmugukayuu cucmem [111], a B HenuHenHHOH
IMHAMHKE — peKoHCmpyKyuu Ounamuueckux cucmem' [6, 115, 212].

1
Hcnonw3oBanne ciioBa CPCKOHCTPYKIUA» IMOJHOCTBIO AaJCKBATHO JIMIIb CJIy4aro

BOCCTAHOBJICHUSl YpaBHEHMM IO MX pemeHusM. [Ipy MonennpoBaHUM peajbHBIX CUCTEM
OoJiblIIe MOAXOAUT TEPMUH «IIOCTPOEHUE MOAEIH». HO MOCKOJIBKY TEPMHUH «PEKOHCTPYKIIUS
IIMPOKO MpPEJCTAaBICH B JMTEpaType, Mbl Takke OyJIeM €ro 4acto ymnorpeOysiTh U B
OTHOILIEHUH NPAKTUYECKUX 3a]au.
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Beseoenue

[IpenmecTBeHHUIIAMH COBPEMEHHBIX 3aJa4 PEKOHCTPYKIHMH ObUIM 3aJa4yu
anmpoOKCUMAIlMd ¥ CTATUCTHYECKOTO MCCIEIOBAHUSA 3aBHUCHUMOCTEH MEXIY
HaOII0JTaeMbIMA BEJTMYMHAMHU, KOTOPBIE PAaCCMATPUBAIUCH YK€ B CEpPEAMHE
XVIII Beka B paborax U. JlambGepTa (cM. HanmpuMep UCTOPUIECKUI odepk [61]).
[lepBoHauanbHO HAOIIOAAEMBIE MPOLIECCHl MOAETHPOBAIUCH C TOMOIIBIO SIBHBIX
byHKIUH BPEMEHU n=f(), ANIpPOKCUMHUPYIOLIUX MHOECTBO

SKCIIEPUMEHTATBHBIX TOYEK Ha MJIOCKOCTH (Z, 7). Llenpro MoaenupoBanust ObITH
nporHo3 OyayIliero pa3BUTHs Ipollecca WIM CrIIaXXUBaHHE HaOII01aeMbIX
3allyMJICHHBIX JaHHbIX. B Hawane XX Beka Ceppe3HbI IIar B Pa3BUTHHU
METOJI0B SMIUPHUUYECKOTO MOJEIMPOBAHUS CIIOXKHBIX IMPOLECCOB ObUT CAENaH B
MaTeMaTHYeCKOM CTaTHCTHUKE, KOrja ObUIO MPEAJIOKEHO HCIOIb30BaTh
JquHelinvle cmoxacmuyeckue moxaenu [338]. DTor moaxon ObUT OCHOBHBIM B
tedeHue nonyseka (1920-e — 1970-e) u Hamien MHOTOYUCIICHHBIE TTPUIIOKEHUS,
0COOEHHO Mg aBTOMaTtudeckoro ympasienus [45, 111, 146]. dopmupoBanue
KOHLICTIIIMM JTMHAMHYECKOTO0 Xaoca U pPa3BUTHE BBIYUCIUTEIBHOM TEXHUKHU
MpUBEIM K TOMY, YTO B IMOCJIEIHHE TOJbl IMIUPHUUECKOE MOJAEIUPOBAHUE
MPOBOJUTCS yKE€ HA OCHOBE HEJMHEWHBIX PAa3HOCTHBIX M TUDPepeHIInaTbHBIX
YpPaBHEHHUH, B TOM YHCIE MHOIOMEpHBIX. [IMOHepckuMH B 3TOil 00sacTu
saBisitoTcs padotel [196, 216, 215, 224, 200, 206, 181, 197, 273, 231, 230, 317,
187]. PaccmarpuBaemble MpoOaeMbl aKTyaldbHbl KaK B ()yH/IaMEHTaIbHOM, TaK U
B MPUKJIAJHOM IUIaHE. DMIUPUYECKUE MOJEIN BOCTPEOOBAHBI B Pa3IMYHBIX
obOnacTsax Haykd U mpakTuku [142]: B Pusuke, METECOPOJIOTHH, CEHCMOIIOTHH,
SKOHOMHMKE, METUIMHE, (DU3HOJIOTUH U JIP.

B erasax 5 — 11 nmpooaurtcst 0030p mpoOIeM W METOJOB TOCTPOCHUS
SMIUPUUYECKAX MOJAENEH MO BPEMEHHBIM psAIaM, IOMOJHSIOMNNA 0030pHBIE
Marepuaibl, IMCIOIIMECS B M30paHHBIX TiaBax u3 KHWr [281, 326, 180, 254,
212, 115, 280, 277, 6] u cratbsx [182, 291, 135, 10, 193, 233, 305, 334, 38]. B
OCHOBHOM, Mbl TOBOPUM O KOHEYHOMEPHBIX JETEPMUHUPOBAHHBIX MOJECIISIX B
BUJE TOYEUYHBIX OTOOpaK€HUl WM OOBIKHOBEHHBIX JH(pepeHInanbHbIX
ypaBHeHUI. Marepuan u3jaraercs ¢ ONnopoil Ha THUIIOBYIO CXeMy Ipolecca
MOJICIIMPOBAHUS, TPEACTABICHHYIO B 2nase 5. Inasa 6 MOCBsIIEHA BOIPOCAM
MOJIyYEHUST HKCIIEPUMEHTATIBHBIX JAaHHBIX U MX MPEABAPUTECIBHOMY aHAIHU3Y C
IIEIBI0 M3BJICYCHUS JIOTIONHUTEILHON MHGOpMAIu 00 00BbEKTe, IMOJIC3HON IS
(dbopMUpOBaHUS CTPYKTYPBI MOJICTBHBIX YpaBHEHUH. B enase 7 MHOTHE BayKHBIC
MPOOJIEMBI SMITUPUIECKOTO MOJCTUPOBAHUS O0CYKIAIOTCS HAa MMPUMEPE CaMOTO
MIPOCTOTO BHJIa MOJICIICH — SIBHBIX (DYHKITMI BpeMeHH. [lanpHeinee n3moxeHue
MPOBECHO IO MPUHIIMITY «OT MPOCTOTO K CIOXKHOMY» — IO MEpPE YMEHBIICHUS
anpuopHoil uHGopmauu 00 00BEKTE: OT Ciiyyasi, KOr/ia U3BECTHO MOYTH BCE U
OCTaeTCsl TOJIbKO BBIUUCIUTH 3HAYCHHS MAapaMETPOB B MOJCIIbHBIX YPABHEHUSX
(enasa 8) uepe3 NMPOMEXKYTOUHBIM BapuaHT (erasa 9) 1O CUTyalluu, KOTJa O
«TOJXOJIAIIEM» BUC YpaBHEHWN HUYETO HE U3BECTHO ampuopu (erasa 10). B
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enase 11 mpencTaBieHbl MPUMEPHI TOJIE3HBIX MNPWIOKEHUM SMIUPUYECKUX
MOJICIICH.

B cmmcke WMCTOYHWKOB iss  yA0OCTBa 4YHUTATENs, BOOPYXEHHOTO
KOMIIBIOTEPOM M HMEIOLIEr0 JIOCTyN K ceTu VHTEepHeT, MpuBEACHBI ajpeca
PECYpCOB, COAEPXKAIUX TIOJIE3HYI0 HWH(OpPMAIMI0O 1O paccMaTpuBaeMoi
TEMaTHUKE: CTaThbH, METOJIWYCCKHE IMOCOOWs, 0o0ydaromuye W WILTIOCTPATHBHBIC
KOMIIBIOTEPHBIE MPOrPAMMBI, KOTOPBIE NOMOJIHSAIOT U3JIOAKEHHBI MAaTepHaIl.
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