1. OCHOBbI MOOENMPOBAHWA CUCTEM

1.1. Mogenb W MogenupoBaHue

Tepmun «monene» (ot nat. modelium — Mmepa, cnocod, CX0JCTBO ¢ Ka-
KOH-TO BelbHY) IIHMPOKO MCHONB3YETCH B pasjiHuHbIX chepax yenoBedeckoil
JEATENBHOCTH H HMEET MHOMAKECTBO CMBICIIOBBIX 3HAYCHHH.

Modeas — 310 00BEKT WIN ONHcaHue 00BbEKTA, CUCTEMBI [T 3aMellle-
HHA (IIPH ONpeIe/eHHBIX YCIOBHAX, NMPEI0KEHHAX, THIIOTe3aX) OJHOH CH-
CTEMBL (T. €. OPUIrHHAIIA) OPVIOH JUld JyUllero H3VUeHWs OpHIHHAala HIH
BOCIIPOM3BEACHHA KakuX-mHbo ero ceolicTe [1, 8].

Modeas — 310 pe3yinbraT OTOOPAKEHHA OJHOH CTPYKTYPBI (H3YUEHHOH)
Ha JAPYIyI0 (Manou3ydeHHyo). Jlrodas Moaens CTPOMTCA H HCCICAYETCH MPH
ONpE/IeeHHBIX JonyleHusx, runorezax. Mojgens pazpadareiBaercs, uToObl
OHa HauboJIee MOMHO BOCIPOM3BOIHIIA TC KauecTBa 00BEKTA, KOTOPBIE HE0D-
XOJUMMO H3YUHUTh B COOTBETCTBHH C MOCTABISHHOH Lenbto [2, 4].

Mgl o «moznensio» 0OyaeM NoOHUMAaTh HEKHH MaTepHaIbHbIH MJIH MbIC-
JIEHHO IIpeJIcTaB/IseMblil 00beKT, KOTOPLIH B NpoLEcce UCCIe0BaHuS 3aMe-
[acT ODBEKT-OPUTHHA TAK, YTO €ro HENOCPeICTBEHHOEC W3YUCHHE JaeT HO-
BbI€ 3HAHUA 00 00beKTe-OpHIHHATIE.

Bo Bcex oTHOIIEHHAX MOJENb 0AHA OBITEH MPOLILE 00BEKTA U YI100HEee
ero A u3yyeHHA. Takum odpa3om, IS OJHOTO U TOTO Ke 00BbEKTa MOTYT
CYIIECTBOBATE PA3IHUHBIC MOJIEJIH, KJIACCHI MOJENEH, COOTBETCTBYIOIIHE
pasnHYHBIM LM ero H3ydeHus. Heo0XoauMbIM yerIoBHEM MOJENHPOBAHHA
ABIAETCA 1M000He 00BEKTA H ero MoJend. B aToM caydae MBI JIOJKHEI TOBO-
pPUTE 00 adexkeamuocmu MOJIENH 00BEKTY-OPHIHHATY.

Ecnu pesynsTarthl MOJACIHPOBAHHMA TOATBEEPHKIAIOTCA H MOTYT CIYEKHTD
OCHOBOI# /11 IPOrHO3HPOBAHHA [IPOLECCOB, NPOTEKAKIIHUX B HCCIEIYEMBIX
00BEKTAX, TO TOBOPAT, YTO MOJE/L ajeKkBaTHA 00BekTy. ITpH »TOM anexBart-
HOCTh MO/I€/IH 3aBHCHT OT Le/IH MOJEITHPOBAHHA H IIPHHATHIX KPHTEPHEB.

[Tog agexBATHOM MOJAENBIO MOHHMAETCH MOJEIb, KOTOpAs C ONpejc-
JIEHHOH CTeNeHbl MpUONHKEHHA HAa YPOBHE MOHHMAHHA MOJEIHPYEeMOi
CHCTEMBI pa3zpabOTUMKOM MOJIE/IH OTPAKAET Mpolece ee PyHKIMOHHPORA-
HHA BO BHewHeH cpene. [lon adexeamnocmeoro (0T nat. adaequatus — npu-
PABHEHHBIH) Oy/eM NMOHHMATL CTENCHbL COOTBETCTBHS PE3YILTATOB, MOJY-
YEHHBIX MO pa3paboTaHHOH MOJENH, JaHHBIM 3KCIEepHUMEeHTa WIH TECTOBOM
sagaun. Ecau cucrema, s Kotopoii paspabarteiBaeTes MOeb, CYIIECTBY-
€T, TO CPAaBHHBAKT BBIXOJHLIE [aHHbIE MOJENH W 3ToH cucTtemsl. B Tom
clydae, Korjaa JaBa Hadopa JaHHBIX OKA3BIBAIOTCA NMOJAOOHBIMH, MOJAEIL CY-
[IECTBYIOIIECH CHCTEeMBI CUHTAETCA ajekBaTHOH. Yem Oonbuie obuiero Mex-
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Iy CYIIECTBYIOMIEH CHCTEMOH W €€ MOIENbl0, TeM OO0NIbIIE YBEPEHHOCTH
B MPABWJIEHOCTH MOJCITIH CHCTCEMEL.

[IpoBepka ageKBaTHOCTH MOIENH HEOOXOJAMMa UIS TOro, 4ToOBI yOe-
IUTBCH B CHPABEIMBOCTH COBOKYIIHOCTH I'HMIOTE3, C(IOPMYIIMPOBAHHLIX Ha
[EPBOM JTale pa3spadOTKH MOJEIH, H TOYHOCTH MOJYYEHHBIX Pe3yJIbTaTOB,
TpedyeMbIX TEXHUYECKUM 3a/1aHHEM,

g monenei, npeaHasHA4YeHHBIX 18 NPHOIHM3HUTEIBHBIX PAacuyeToB,
YI0BIETBOPUTEILHOH CUHTASTCA TOYHOCTD 10...15 %, a a1 Mojaened, npei-
HA3HAYCHHBIX 119 UCMOIB30BAHUA B VIPABIAIOIMINX H KOHTPOIHPYIONIHX CH-
cremax, — 1...2 % [2].

JTwodas Moaens obiamgaeT caeayIHMHA CRBOHCTBAMH:

® KOHCUYHOCTBHY. MOJEIIb [}'I“GEPH}I{E[EI“ OpPHI'HHAJI JIMIbL B KOHCYHOM YHCIIC
€ro OTHOIICHHI;

*  VIPOWCHHOCTEHY. MOAC]Ib [}'I“Gﬁpﬂ}]{ﬂﬂ'l' TOIBKO CYLIECTBCHHLIC CTOPOHLbIL
00BeKTA;

¢  [PUOJIM3HTENBHOCTEIO:  JHCTBUTENBHOCTE  OTODpaKaeTcs MO/elbH
rpy00 HIH NpHOIH3UTENEHO;

A/1EKBATHOCTBIO: MOJIE/b YCIIEUIHO OIMUCHIBAET MO/IETUPYEMYIO CHCTEMY

HHQOPMATHBHOCTBIO: MOJEIbL J0JKHA COACP/KaTh TOCTATOYHYH HH-

(hopMaIHi0 O CHCTEME B paMKax THIIOTE3, NPHHATBIX MPH MOCTPOEHHH

MoaenH [3].

[Ipouecc nocrpoeHus, H3yUYeHHs H NPHMEHEeHUs Mojeneil Oy1eM Haszbl-
BATE MOJCTHPOBAHHEM, T. €. MOMKHO CKa3aTh, YTO MEOETUPOSAHNE — ITO ME-
TOJ UcClle10BaHUA 00BEKTa YTEM MOCTPOSHHUA H HCCIIeI0BAHHUSA ero MOJIENH,
OCYUIECTBIAEMBIH ¢ ONPEICIeHHON LENbI0 U COCTOSLIHH B 3aMeHe OpPUIHHA-
J1a Ha MOJIeTb.

Mooenuposanue dazupyeTcs Ha MATEMATHYECKOH TEOPHH MOA00MA, CO-
[JIACHO KOTOpOoi adcontoTHOE nmoJo0He MOMkKeT UMeTh MECTO JIMUIL I[IpH 3a-
MEHE OJHOro oDBeKTa ApyruM, TodHo Takum xe. [lpu mogenuposanuM
OONBIIMHCTBA CHCTEM (3a UCKIKYEHHEM, BO3MOKHO, MOJEIHPOBAHNA OJHHUX
MATEMATHYECKUX CTPYKTYP JApYruMH) adcomoTHoe noaodHue HEBO3MOMKHO,
H OCHOBHAA 1€ MOJAEITHPOBAHUA — MONYYHUTh MOJENb, JOCTATOYHO XOPOIIIO
OTOOPAKAIOIIYIO (PYHKIHOHMPOBAHHE MOJETHPYEMOI cHcTeMbl [3].

1.2. Knaccudmkauma mogeneu

B obwem cnydae Bce Mojenu, HezaBUCHMO OT oOnacreil u cdep ux
MPUMEHEHHA, OBIBAIOT TPEX THIOB: MO3HABATEILHBIC, MPArMaTHYECKHE H HH-
CTPYMEHTAIILHBIE,

IMoznasamensnan modeav — (popma OpraHM3allMi M MPeACTaBICHHA 3Ha-
HHi, CPEACTBO COEAMHEHHS HOBBIX M CTapbIX 3HAHHIA, 0DBIYHO MOAIOHAETCH
[0/l peanbHOCTh H ABJIACTCA TECOPETHYECKOH MO/ICIBIO.

8



Hpﬂé‘ﬂfﬂmulfffﬁ'ﬂﬂ Mooens — CPCIOCTBO OpPTraHHu3allHH TPAKTHYCCKHX
AeHcTBHi, pabouero NpeacTaBIeHHd LENeH CHCTEMBI I8 €€ YNpPaB/IeHHA.
PeanbHOCTE B HHX NOJATOHAETCA M0 HEKOTOPYIO MParMarHYeCcKyl MOJECIhb.
10, KAK [PABKIIO, NPHKJIAIHBIE MO/ICIH.

Hucmpymenmanoenasa moodens — Cpe/ICTBO NOCTPOCHHA, HCCICI0BAHNA
H HCIIOJIB30BAHMS [IparMaTHYECKHUX HIIH [103HABATEIBHBIX MO/IE/IEH.

[TozHaBaTenbHBIC OTPAkKAIOT CYIIECTBYIOIINE, a MParMaTHYeCKHEe — X0Th
H HE CYLUISCTBVIOLIHE, HO JKElaeMble H, BO3MOMKHO, HCIIOIHHMBIE OTHOLIEHHA
H CBA3H.

Best ocranbHas kinmaccuduranus Mojieneid BbICTPAHBASTCH 110 OTHOLIE-
HHIO K 00BEKTY-0pHTHHATY, METOIaM H3Y4YEHHA H T. I

1.2.1. Knaccunpurauus Mmoaenei
Mo cCTeneHH adCTPArHpoBaHHA 0T OPHIHHAJIA

ITo crenenn abcrparupoBaHua OT opuriHaia (puc. 1.1) Moxenn Moryr
OBITE pa3zjeneHbl Ha MaTepHalbHble ((PU3HUeCKHe) W HiealbHele. K MaTepu-
AJIbHBIM OTHOCHATCH TAKHE CHOCOOBI, ITPH KOTOPBIX HMCCIEIOBAHHE BEICTCH
HAa OCHOBE MOJIE/IH, BOCIIPOH3BO/IsIE OCHOBHBIE reoMeTpuieckue, husnue-
CKHME, THHAMHYECKHE H (DYHKIIHOHAIBHEIE XapaKTEPHCTHKH H3Y4aeMOoro o0b-
ekTa. OCHOBHBIMH Pa3HOBHIHOCTAMM (PHIMYECKHUX MoJenei aBnaroTcs [4]:
HATYPHBIE;

KBA3HHATYPHEIE;

MaCIITADHEIE,

AHAJIOTOBBIE.

Hamypuwie modeau — 310 peanbHbIE HCCIEAYEMBIE CHCTEMBI, KOTOPBIE
ABIAKOTCH MakeTaMH M OMNLITHBIMH oOpa3zuamu. HarypHble Moaend HUMeroT
MOTHYH 8/IEKBATHOCTEL C CHCTEMOH-OPHTHHAIOM, 4TO 00ECNeUHBACT BBICOKYIO
TOYHOCTH H JOCTOBEPHOCTh PE3YIILTATOR MOISIHUPOBAHHA; IPYTHMH CIOBAMH,
MOJIE]Ib HATYPHASA, €CJIH OHA €CTh MAaTEPHAILHAA KONMHA 00BEKTA MOICITHPOBA-
HHA. Hanpumep, rnodyc — HaTypHad reorpagpuyeckas MoIelb 3eMHOTO 1Iapa.

Keazunamypunie (0T nart. quasi — nNo4TH) — 3TO COBOKYIHOCTH HATYP-
HbIX H MaTeMaTHYeCKHMX MoJeneil. 3TOT BHI MOJeleH HCIOoNb3yeTca
B ClIYHAAX, KOI'Jd MATCMATHHCCKAA MOJCITE HaCTH CHCTCMEI HC ABJIACTCH YI10-
BIETBOPUTENIBHON WM KOTJa 4acTh CHCTEMbl J0OJKHA ObITh HCCIELOBaHa
BO B3aHMOJICHCTBHH € OCTAJILHBIMH YaCTAMH, HO HUX €LIE HE CYUIECTBYET JIH-
00 MX BKJIKOYEHHE B MOJENb 3aTPY/IHEHO WIH JOPOTO.

Macwmadnste Modeau — 310 CUCTEMBI TOH Ke (PH3HYECKOH NTPHPOJIL,
YTO W OPHIHHAJ, HO OTJIHYAIIKECH OT Hero pasmepamu. B ocHore Maciutad-
HBIX MOJICNICH JIEHKHT MaTeMATHYECKHH anmapar TEOPHH NOJ00HsA, KOTOPLI
MpeIycMaTpHBaeT coOII0IeHHEe TeOMETPHYCCKOTO NOL00OHA OPHIHHANA H MO-
JEIIH W COOTBETCTBYIOLIHX MacCIITA0OB I8 HMX napametTpoB. [Ipumepom mac-

L]
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MTAOHOTO MOJCITHPOBAHHA HABJIAIOTCH MO0EIE pEL']pﬂEIGTKH MAaRCTOB TOMORE,
a Mopoi M LEBIX PalioHOB, NPH MPOREJICHHH NPOEKTHRIX PadoT B CTPOHTENb-
cTBe. Takke MacmrabHoe MOAEIHPOBAHUE HCIIONbL3YETCA NPH NPOCKTHPOBA-
HHH KPYIHBIX 00BEKTOB B CAMONIETOCTPOSHHH U KOpad/IeCcTPOSHHH.

Moncnn
| |

MaTepHanbHele

Mnchiiiee (manueckne)
| | | |
3HakopwC Hurywrnensie | | Harypume | |[Kpaaunatypusie | | Macwtabusie| | Ananorossie
MaTemaTuyckne " Busyansusic | | ['padssieckne
CTHHECEHE

Puc. 1.1. Cxema knaccughukanuu modeneu
no cmenenu abcmpazuposanua om o0beKkma-opusuHalad

Ananozoeoe mooderuposanue 0CHOBAHO Ha aHAIIOTHH TPOLECCOB W AB-
JIEHHIH, UMEHLIMX PAIHUHYK (UIHUYECKYIO IPUPOY, HO OAUHAKOBO OIHCHI-
BACMBIX (POPMAIBHO (OJHHMH M TEMH K€ MaTeMaTHYCCKHMH YPaBHCHHAMH,
JIOrMYEeCKMMHU CXeMaMu W T. I1.). B kauecrsBe aHanoroBelx Mojeleil HCnosib-
3VIOTCA  MEXaHHW4YEeCKHE, THIPABIHYECKHE, ITHEBMATHYECKHE CHCTEMBEI,
HO Hanbollge MHUPOKOE MPUMEHEHHE TOIYUHIIN AEKTPHUYECKHE U IEKTPOH-
HbIE AHAJIOTOBELIC MOJIE/IH, B KOTOPLIX CHJIA TOKA (HMJIH HANPAKEHHE) ABIACTCA
aHanoroM (pU3MYECKUX BEIWYHH Jpyroil npupoasl. Hanpumep, ssnsercs
OOIIEH3BECTHBIM, YTO MATEMATHYECKOE YpaBHEHHE KomeOaHus MasTHHKA
MMEET IKBUBAJICHT [P 3alIHCH YPABHEHUS KOJIeDaHHH TOKA.

Haeansnoe MoJeHpOBaHHE HOCHT TEOPETHYECKHH XapakTtep. Pasnu-
YarT JBA THIIA HACATBHOTO MOIEIHPOBAHHA: HHTYHTHBHOE U 3HAKOBOE.

[MTon unmyumuensiv OyaIeM MOHHMATL MOJICIMPOBAHHE, OCHOBAHHOE
Ha MHTYHTHBHOM MpeACTaBIeHHH 00 00bekTe HCcel0BaHWA, He MOo/1ar-
memes opManuzanmu aHd0 He HyKaawueMcs B HeH. B sToMm cMbiche,
HarpuMep, AKHU3HEHHBIH ONBIT KAXKA0T0 Yel0BeKa MOKET CUMTAThCH ero WH-
TYHTHBHOH MOJICJIBIO OKPYKAKOIIETO MHPA.

3HAKO8BIM HA3BIBAETCH MOIETHUPOBAHHE, WCMOIL3VIONUIEE B KauecTBe
MOJIENIEH 3HAKOBBIE NPEoOPA30BaHHA Pa3IMUHOIO BHJA: CXEMBI, rpaduku,
yepTexn, (hopMyIisl, HADOPBI CHMBOJIOB H T. JI., BKIIOYAIOIIHE COBOKYITHOCTD
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3aKOHORB, TI0 KOTOPEIM MOYKHO OTEPHPORATE C BRIOPAHHBIMH 3HAKOBBIMH 2JIe-
MEHTAMH. SHE:'IKDBH.'FI MOICITE MOMRET JACITHTECA HA HHHFEHETH'—IE{:H}"I{}, EHE}"-
anBHY, TPA(PHYECKYI0 H MATEMATHYECKYIO MOJICITH.

Mojenb JunzeucmuYecKan, eClii OHA [PEACTABICHA HEKOTOPBIM JIMHI -
BHCTHYECKUM 0OBEKTOM, (DOPMATH30BAHHOH S3BIKOBOH CHCTEMOH WIH
CTpyKTYpoil. MHOra takue Mojelny HaselBarT BepdaibHeIMU. Hanpumep,
MpaBHIa J0POKHOIO IBHAKCHHA — A3LIKOBAaA, CTPYKTYPHAA MOJEb JBHKCHHA
'II}HHCIII}FI'I"E] H IEeHeX 0108 Ha ,..'J.GI:IGI“EI.JL.

Mogenes euszyanrbnas, eClii OHA IO3BOJIAET BH3VAIH3IHPORATE OTHOILIE-
HHSA M CBA3H MOJEIHPYEMOH CHCTeMbl, 0COOeHHO B JuHamuke, Hanpumep, Ha
IKpaHe KOMITBIOTEpa HacTo TMOJB3YIOTCH BH3YAJIBHOH MOIEHBI) O0BEKTOR
KJIABHATYPBI B [IpOIpaMMe-TpeHaK epe 1o odydeHuro padoTe Ha KIaBHaTYpE.

Monenes epaghuueckan, eciin oHA NIPEACTABICHA TEOMETPHYECKHMH 00-
pazamu ¥ o0bekTamH. Hanpumep, MakeT JoMa SIBJISETCH HATYPHOH reomer-
PHYECKOH MOJEIBI CTPOAIIETOCH J0Ma.

BazkHeluuM BHIOM 3HAKOBOI'0 MOJCIHUPOBAHUS SBISSTCH MaAMEMAmu-
Yyeckoe MOJCIHPOBAHKE, KIACCHYECKHM NPHMEPOM MaTeMaTHYECKOr0 MOJIe-
JIUPOBAHMA SBJISETCS ONMCAHHE H HUCCIIE/N0BAHHE OCHOBHBLIX 3aKOHOB Mexa-
HHkH M. HeroToHa cpeacTBaMu MaTeMaTHKH.

Knaccuguranyua mamemamuueckux moodeneu

MatemaTH4yecKkne MOICITH KIacCH(PHIIMPYIOTCA:
110 NPHHAIEKHOCTH K HEPAPXHUYECKOMY VPOBHIO,
XapaKTepy oToOpakKaeMbIX CBOHCTB 0DBEKTA;
crnocody npeacTaBleHnd CBOHCTB 00bEKTa;
crocody Mmony4eHus MOJIEIH;

thopMe npeacTaBIeHHA CBOWCTRE 00BEKTA;

[0 COJACPIKAHHIO BEPOATHOCTHBIX KOMITOHEHTOB,

" & & & = @

ITo npunaoneyncnocmu K uepapxuveckomy yposHio MaTeMaTHUECKHE
MOJEIH JelATcd Ha MOJEeNH MHKPOYPOBHA, MakpOypOBHA, MeTaypOBHA
(puc. 1.2).

MaTemaTH4eckie MOJETH HA MUKPOYPOEHE TIpOllecca OTpaxkaroT (puzn-
YECKHE MPOLECCHI, MPOTEKAIOIINE, HAMPHUMED, NPH pezanuu MeTannos. Onu
OMHMCHIBAKOT MIPOLECCH HA YPOBHE Mepexoaa (mpoxoaa).

MaTteMaTH4ecKue MOJIETH HA MaKpoypogHe TIpoLeccd ONMUCBIBAIOT TEX-
HOJIOTHYECKHE MPOLIECCHI.

MaremarHdeckne MOJIEIH HA MemaypoeeHe Npolecca ONMCLIBAIOT TEX-
HOJMTOTHYECKHE CHCTEMBI (YYaCTKH, LIEXH, [IPEINPHATHE B LIETOM).

ITo xapaxmepy omoodpaxcaemblx c6olUCHE O00BEKMA MOJIEITH MOKHO
KnacCH(PUUMPOBATEL HA CTPYKTYPHBIE H (PYHKIHOHAIBHBIE (pHC. 1.3).



MaTtemaTHueckas

MOJIETE
Monenk Moaens Monens
MHEPOVPOBHA MAKPOYPOBHA METAYPOBHA

Puc. 1.2. Cxema knaccughurayiin MameMamuyeckux modeiei
HO APUHADTENCHOCIIU K UEPAPXUNECKOMY VPOSHIO

MaremaTHueckas
MOJCTE

CrpyKTypHas DyHKUHOHAbHAS

Cerenasn Hepapxuueckan

Pue. 1.3. Cxema kiaccudirayiin MameMamuyeckux Modeiet
no xapakmepy omoopaicaembly ceolucms odbvexma

Mopens cmpykmypnaa, ecii oHa TNPeICcTaABUMA CTPYKTYPOH JaHHBIX
HITH CTPYKTYpPaMH JaHHBIX W OTHOLIEHHAMH Mex1y HUMH. Hanpumep, cTpyk-
TYPHOH MOJIENBI MOXKET CIYKHTEL onucanue (tadbmuunoe, rpadosoe, PyHK-
[[HOHABHOE WIH Jpyroe) TpopHUecKOH CTPYKTYPBI SKOCHCTeMbl. B cBowO
OUEPE/ib, CTPYKTYPHAS MOJEIE MOKET OBITE HEPAPXHUECKOI HIIH CETEBOH.

Mojgens uepapxuueckan (ApeBOBHIHAA), €CIH MIPEJACTABHMA HEKOTOPOH
HEPAPXHYECKOH CTPYKTYpOH (aepesom). Hanpumep, Ans peuieHds 3a1adM
HAXO0MXKIEHHA MapuipyTa B JepeBe MOHCKa MOYKHO MOCTPOHUTH APEBOBHIHYIO
MOJIENTB, TPHBEACHHYIO HA puC. 1.4,

Puc. 1.4. Modens uepapxuveckoi cmpykmypsl
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Mopgene cemesaa, ecii oHa NpeCTaBHMAa HEKOTOPOHM CETEBOH CTPYK-
Typoi. Hanpumep, cTpOMTENBCTEO HOBOTO J0MA BEIIOUAET ONEpailyH, npH-
BEJCHHBIC B HHKECHeaylomen Tadbauue. 3T onepalui MOKHO MPeaCcTaBUTh
B BHJIE CETEBOH MOENH, IpHBEIeHHON Ha pyc. 1.5 1 B Tadn. 1.1,

Tadnuua 1.1
Tabmuya pabom npu cmpoumerscmese doma
No Onepanns Bpema [IpemmecTryionme Hyru
BBITIOJIHEHUA (JIHH) onepamnuH rpaga
| |PacuHcTRKa yyacTKa | Her —
2 |3aknanka pvHIaMeHTa 4 Pacuncrra vuacTea (1) 1-2
. Jaknanka
3 |Boasseneuue cred 4 dynaavenTa (2) 2-3
4 Morrmaz 3 Bozgenenue cten (3) 34
WIEKTPOIIPOBOIKH
MonTas
5 |Hrykarypusie paboTsl 4 > nekTponpoRoIKH (4) 4-5
6 baaroy cTpoficTRO 6 BosseneHue cTed (3) 3—6
TEPPHTOPHH
. HITykarypHsie
7 | Oraenounsie pabors 4 pa6oTs1 (3) 5-7
8 |Hactun kpeimm Bosgenenue cren (3) 3-8
6

[IPOH3BOACTEA TOBAPOB — CIJ}"HI{H,H OHAJIBHEBIE.

Puc. 1.5, Cemesot epaghux cmpoumenscmea patom

Moaens ghynxkyuonanbnan, ecni oHa NpeJCTABICHA B BHJE CHCTEMBI
(pyHKIHOHAIBHBIX coOTHOIEeHHH. Hanpumep, 3akoH HeroToHa u Moaens

ITo cnocody npedcmasnenun ceoitcme odvekma (puc. 1.6) Mmogenu ae-
JATCH HA aHAIMTHYECKHE, YHC/IEHHbIE, allFOPHTMHUECKHE H UMHTALMOHHBIE
[2,4, 6, 8].
Anaiaumuyeckue MaTeMaTHUECKHE MOJIEIH MPEACTaBIslOT coDoil sB-
HLIE MATEMATHYECKHE BBIPAKCHHA BRIXOJHBIX MAPAMETPOB KAK (DYHKITHH
OT MapaMeTPoOB BXO/HBIX H BHYTPEHHHX H HMEHOT €JMHCTBEHHBLIE PelleHHs
MpH M00BIX HAavanbHBIX yenosuax. Hanmpumep, npouecc pesanus (ToucHms)
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C TOYKH 3PEHHA ICHCTBYIOIIHX CHJI IPEACTaBifgeT coDOH aHaTHTHYECKYHO
MO/IeIb, TaKKe KBaJIpaTHOE yPaBHEHHE, HMEIIIEE OJJHO MIIH HECKOJILKO pe-
[IEeHWH, OYIeT aHAITHTHYCCKOH MOIEIBIO.

MaremaTHueckas
MOASIb

AHanHTHYECKAA AnropurMuyecKan Mmuraumnonnas

Puc. 1.6. Cxema xraccudhurayun mamemamuieckux mooenel
no cRocofy npedcMasieHus CROUCme oDhexma

Mojens OyaeT yucaeHno, eCii OHA UMEET PELISHHS NMPH KOHKPETHEIX
HavYalbHbIX YCIOBHAX (IH(pdepeHIHaNbHbIE, HHTETPAIbHBIE YPAaBHEHHA ).

Mopens arzopummuueckan, ecind OHA ONMMCAHA HEKOTOPBIM AITOPHT-
MOM HJIH KOMILUIEKCOM aJIrOPHTMOB, OMpee/donuM ee PYHKIMOHHPOBAHHE
H pazsuTHe, BBeaeHue JaHHOIO THNA MOJACACH (JACHCTBHTEIBHO, KAKETCH,
4yTO M0das Mojens MOMKET ObIThH MPEACTABICHA AITOPUTMOM €€ HCCle10Ba-
HHMS) BHOJHE 0DOCHOBAHO, T. K. HE BCE MOJEIH MOTYT OBITH HCCIEA0BAHBI
MM peann30BaHbl anropHTMuyeckd. Hanpumep, Molensio BbIMUCIEHHA
CYMMBI OECKOHEUHOTO yOBIBAIONIETO PAJIA YHCE MOKET CHYIKHTbH aJropHTM
BEIYHC/IEHHA KOHEYHOH CyMMEBI psla 10 HEeKOTOPOil 3aJ1aHHOM CTeleHH To4-
HOCTH. A.‘I]"[’JI}HTM HYECKOH MOJCHBI) KOPHA KBAJIPATHOID W3 HHCIIA X MO®EET
CIY/KHTE AIITOPHTM BBEIYHCICHHA €r0 NPHOIHKEHHOT0, CKOJIb YIOIHO TOYHO-
I'0 3HAYEHM 110 U3BECTHOH peKyppeHTHOH (Qopmye.

Monens umumayuonnaa, ecni oHa NpeaHasHAyeHa [UIA HCTIBITAHHA
HIIH H3YHYCHHA BOSMOMKHBIX Il}-"I“Eﬁ PASBHTHA H [TOBCOCHHA o0beKTa IIYTEM Bd-
PBHPOBAHHA HEKOTOPBIX HIIH BCEX NapaMeTpoB MOENIH, HAlpHMEP MOIEIb
AKOHOMHYECKOH CHCTEMBI IPOH3BOJACTEA TOBAPOB JIBYX BHA0B. lakyw Mo-
7€k MOKHO MCIIONB30BaTh B KAYECTBE MMHTAIIHOHHOW C LIENBIO OmNpejene-
HHH H BAPbHPOBAHHA ﬂﬁ'ﬂ.lﬂﬁ CTOHMOCTH B 3dBHCHMOCTH OT TEX H/IH HHEIX
3HAYCHHIH 00BLEMOB NMPOU3BOIMMEIX TOBAPOR.

ITo fﬂﬂfﬂﬁy ROJTYUEHHA Moodeau NendaTca Ha TCOPCTHYCCKHE H DMITHPH-
yeckue (puc. 1.7).

Tfﬂp‘fmuqffﬂﬂl? MATCMATHYCCKHE MOCITH CO3Ma0TCH B pC3YJIBTATC HC-
cle/10BaHHs 00BEKTOB (MPOLECCOB) HA TeopeTHYecKoM yposHe. Hanpumep,
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CYIICCTBYIOT BRIPpAMCHHA T4 CHII pC3aHHA, TMOOTYHCHHBIC HA OCHOBC 0000-
meHus (hU3HYecKHX 3akoHOB. Ho oHM Henpuemnemsl JUis NPAKTHYECKOTO
MCMOJIB30BAHKA, T. K. 04€Hb I'POMO3JKH M HE COBCEM aJanTHPOBaHLI K pe-
AJlLHBLIM lpoueccam 00padoTKH MaTePHAIIOR.

MarteMaTHYeCcKkas
MOJIeNE

leopeTH4deckas IMITHpHYCCKasA

Pue. 1.7. Cxema kiaccudmirkayii MamemMamuyeckux Moodeieu
no cnocoy Noayuenua Mooeu

HﬂfHHpH‘IEEHHE MATCMATHYCCKHE MOICITH CO3[OdKOTCHd B PCe3VIILTATC
[IPOBEAEHHS IKCIIEPUMEHTOR (U3YUEeHHs BHEIIHUX [IPOABIEHUH CBOHCTB 00b-
CETA © MOMOIIBKY H3IMCPCHHA CIo IapaMCeTpOB Hd BXOIC H BL]KDEC} H Dﬁpﬂ-
DOTKM UX PEe3y/ILTATOB METO1aMH MATEMATHUYECKOH CTATUCTHKH.

Ho ghopme npedcmasienun ceoiicme odvexkma MOJIeIH AeNATCA Ha JIO-
I'MYECKHE, TEOPETHKO-MHOKECTBEHHBIE H Tpadoseie (puc. 1.8).

Mopens aozuyeckas, eClH OHA NPEACTABIEHA NPEIHKATAMH, JIOrHYe-
ckuMHi pynkuuamu. HanmpuMep, COBOKYMHOCTEL ABYX JTOTHYECKHX (PyHKIIMIA
MOKET CIIYAUTH MATEMATHYECKOH MOIENBI0 OHOPA3PHAHOI0 CYMMATOPA.

Moaens meopemuKko-mMHoNcecmeeHHAA, ¢CIIHM OHA TIPEJICTABJICHA ¢ MO-
MOLIbK) HEKOTOPbIX MHOKECTB H OTHOIIEHHH TPHHAJIEHKHOCTH K HHM
H MCHY HUMH.

Mogens epaghoean, ecnu ona npenacrasieHa rpagom uiH rpadamu
H OTHOIICHHAMH MCAH1Y HHMH.

MarteMaTHueckas
MOIC B

Teoperuko-
I papobas
MHOKCCTBCHHASA p

Jlornucckas

Pue. 1.8, Cxema kiaccudhurayiin MameMamuyeckux Mooeiet
no ghopme npedemasiaenus ceolicmes oobexma
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ITo caﬂepm&num GEPOAMHOCIMHBIX KOMROHeHmos MOICITH OCITATCH
Ha JeTEPMHHHPOBAHHBIE H CTOXACcTHUYECKHE (pHC. 1.9).

Ecnu mMozens He cOIepKHT BEPOATHOCTHBIX (CTOXAaCTHYECKHX ) KOMITOHCH-
TOB, OHA HazblBaeTCd demepmunuposannon. lpumepoM Takol MOJElIH 9BA-
eTCcA cHeTeMa JU(pepeHIHanbHO-PasHOCTHBIX YPABHEHHWH, OMUCHIBAKIIMX XH-
MHUYECKYH) peakuuo JHb0o Knace cucreM B (opMe YPABHEHWH B YaCTHBIX
MPOH3BOIHEIX Tapadonuyeckoro THna. B nerepMMHMpOBaHHOH MOIenH pe-
3YJIBTAT MOKHO MOIYUYHTE, KOTJA [1J1 Hee 3a/1aHbl BCE BXO/IHbIE BETHYHHBI.

(OaHaKo MHOMKECTBO CHCTEM MOOCITHPYIOTCH © HCCROJIBKHMH EJI}-”-IE.IL:IHLIMH
BXO/HBIMH Be/IMYHMHAMHU, B PE3VIILTATE YEr0 CO3/ACTCH CMoXacmudeckan (ee-
Fﬂﬂlﬂﬂﬂfﬁﬂﬂﬂ.ﬂ'} MOJICITE. HPHMEPHMH TAKHX MOJIE/ICH ABRIAIOTCAS CHCTEMBI Mac-
COBOI'O OOCIYKUBAHUS W yipaBieHus 3anacaMi. CToxacTHUeCKHUE MOJIEIH Bbl-
AT pe3ynbTaT, KOTOpRIH ABAAETCS CAydaliHBIM cam mo cede, MOITOMY OH
MOJKET PACCMATPHBATHLCSH KAK OLIEHKA MCTHHHBIX XapaKTepUCTHK MOJEIH [9].

Maremarnueckas
MOICIb

HerepMunuposantas BeposThocruas

Puc. 1.9, Cxema knaccugburayuy Mamemamuyeckux Mmooeieu
no co0epICAHUID GEPOAMHOCIHBIX KOMNOHEHNOE

1.2.2. Knaccnpuranus MoaesieH mo crene’nt YCToOHYHBOCTH

Bce mogenu moryTt ObITE pa3ieneHbl Ha YCTOHYHMBEIE H HEYCTOHYHBEIE.

Yemoityueoni sBisiercs Takas cucrema, Koropas, Oyaydd BbIBEIEHOH M3
CBOETO MCXO/IHOTO COCTOAHMA, CTPEMHTCA K Hemy. OHa MOKET KosedaThCa HeKo-
TOPOE BPEMA OKOJIO HCXOIHOH TOYKH, NMOA00HO 00BIMHOMY MAATHHKY, IMPHBEICH-
HOMY B JIBHAKCHHE, HO BO3MYILECHHA B HEH CO BPEMEHEM 3aTyXarT W HCYE3ak0T,

B neyemonyueon cucreme, HAXOIALEHCHA [IEPBOHAYAIBHO B COCTOMHHH [10-
KOA, BOSHHKINCC BOSMYIICHHC YCHIIHBACTCH, BBI3bIBAA YBCIHYCHHC JHAYCHHH CO-
OTBETCTBYIOIIMX [IEPEMEHHBIX HIIM HX KOJIEDaHHs ¢ BO3pACTAKLLIEH aMIUIHTY 10H.

1.2.3. Knaccupuranusa Mmojae/ieHd 1no oTHOIIEHHIO
K BHEIIHHM (pakTopam

[lo orHOWEHHID K BHEMWHUM (paKTOpaM MOJEIH MOI'YT ObITh pa3/ie/ieHbl
Ha OTKPBITBIC H 3AMKHYTBIC.

JamMKHymoi MOJIeIbI0 SABJISeTCH MOJlellb, KoTopas (yHKUHOHUPYET BHE
CBA3H C BHECIIHHMH (DK30TC€HHBEIMH) NEpeMeHHBIMH. B 3amkuyTOH MoOmenu
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M3MEHEHHA 3HAYCHHH MEePEeMEHHBIX BO BPEMEHH ONpPEIensaiOTCss BHYTPEHHHM
BEHHM[’.IJIEFIETEHﬁM CAMHX TIEPCMCHHBIX. EHMKH}’THH MOJCIIE MOGKCT BLIABHTE
MOBEJACHME CHCTEMBI Oe3 BBOMA BHemHeH nepemennoii. [puMep: nndopma-
[IMOHHBIE CHCTEMEL ¢ 00PATHOIl CBA3LIO SABJISIIOTCIH 3aAMKHYTBIMH CHCTEMaAMHU.
ITO caMOHACTPaHBAIOUIHECS CHCTEMBI, H HX XapaKTCPHCTHKH BBITCKAIOT M3
BHYTPEHHEH CTPYKTYPbl H B3aUMOJEHCTBHI, KOTOPLIE OTPAKAKT BBO/L
BHEIIHEH HHpOpMaIHH.

MoJenb, cBs3aHHAsA ¢ BHEIIHUMH (IK30I€HHBIMH ) NEPEMEHHBIMH, Ha3bI-
BACTCH OMKPHIMO.

1.2.4. Kaaccupurauust Moae el mo OTHOIEHHI0 KO BpeMeHH

CyuwecteyroT JBe KiaccupUKaluy Mojlelleil 110 OTHOLIEHHK) K BPEMEeH-
HOMY (pakTopy. Moaens MOryT OBITh:

- HEIII}EPHEHI:-IMH HIIH ,U.HCHPE'I’HLIMH;
® CTATHYECCKHMH MJIH JHHAMHYCCKHMH.

Henpepvlenan MOJe/lb OIUCBIBACT CHCTEMY BO BPEMEHH C NOMOLLLE)
MpeACcTaBICHHA, B KOTOPOM TEPEMEHHEIC COCTOAHHA MEHAIOTCA HENPEPBIBHO
[0 OTHOLWEHHK KO BpeMeHH. [IpuMepoM HenpepslBHOH MOJEIH SBIAECTCH
CNOMAKHAA cHcTeMa JH(p(epeHIHaAILHEIX YPAaBHEHHH, KOTOpPBIE yCTaHaB/IMBa-
FOT OTHOLIEHHA 1A CKOPOCTeH HM3MEHEeHHA MepeMeHHBIX COCTOAHHA BO Bpe-
MeHH. B ouckpemnoit monend 3Ha4eHHA NMEPEMEHHBIX MOKHO ONpPEAeIHThb
TOJILKO B KOHKPETHbIE MOMEHTBI BpeMeHH [6].

[To OTHOWIEHHIO K BPpeMEHHOMY (DaKTOPY MOJICIH JeIATCH HA JHHAMH-
yecKHe M ctaTtideckue (puc. 1.10).

Moaene

CraTHueckasn InHamuyeckas

KoMOHHHpOBAHHEIE

IDEFO IDEF3 DFD Cern [Terpu CMO
MOICTH

Puc. 1.10. Cxema xraccughuxayuu mamemamuieckux mooenel
N0 OMHOWERNIO KO 8DEMEHU

Moaenb Ha3sbIBAETCH CMA@MUYECKO, €ClIH CPEIN MapaMeTpoB, y4acT-
BYIOIIMX B €e ONHCAaHWH, HeT BpeMeHHoro napaMerpa. CtaTHueckas MOJeNb
B KA/l MOMEHT BPEMEHH JIaeT b «hoTtorpaduio» CHCTEMBI, €€ Cpes.
OaHUM M3 BHIOB CTaTHYECKHX MOJENeiH ABIAKTCA CTPYKTYPHBIE MOJIEIIH.
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Munamuyeckon MOIENbI0 HA3BIBACTCH MOJENIb, €CIH CPEIH ee mapa-
METPOB €CTh BPEMEHHOI, T. €, OHA 0TOOpakKaeT CHCTEMY (MPOLIECChl B CHCTE-
ME) BO BPEMEHH.

1.3. 3Tanbl pa3paboTku mogenen

IIpouecc MonenHpoBaHusg HMEET HTEPALIMOHHBIH XapakTep H IIPOBOIHT-
cd B paMkax paHee c(hpopMylHpoOBaHHBIX Leneid H ¢ coOIeHHeM IpaHHL
Mmojaenuposanus. [ocTpoenne Haumnaercs ¢ usyuenus (obcnaenoBanus) pe-
A/IbHOI CHUCTEMBI, €€ BHYTPEHHEH CTPYKTYPhl H COAEPNKAHHA B3aUMOCBA3EH
MEK/TY €€ IEMEHTAMH, a TAKIKE BHEUIHUX BO3JCHCTBHIl M 3aBepluacTes pas-
padoOTKOH MOIEIIH.

MHJIE!II HPOBAHHE — OT MNOCTAHOBKH 34149 J10 IMTOJIYHCHHA PEIVIIETATOB —
[MPOXOIUT CHeIYHOIIHE 3TAIlbL:

I. Ana/ii3 TpedOBaHHH H NPOEKTHPOBAHHE:

|. [TocTanoBka 1 aHaIK3 3a1a4H W LEIH MOJETHPOBAHHA.

2. CHop u ananu3 HexoaHoil uadopmaimy 0d od0beKTE MOJIETHPOBAHHA,

3. [locTpoeHHe KOHLENTYAIBHOH MOJEITH.

4. ITpoBepka JOCTOBEPHOCTH KOHUENTYAIBHOH MOJIEIIH.

I1. Pazpadorka Mmogenn:

|. Beibop cpesl MOACIHPOBAHNS,

2. CocTasneHHe JTOrHYeCKOH MOJIEIH.

3. Haznauenue cBOMCTE MOJIYIAM MOJIEIH.

4. 3ananue MOJENbHOTO BPEMEHH.

5. Bepuduraumsa Mo1eH.,

111. IlpoBenenne IKCepUHMeHTA:

|. 3anyck MOaeaH, NporoH MOJIEH.

2. BapeHpoBaHHE napaMeTpPOB MOJIEIH M COOp CTATHCTHKH.

3. AHAIH3 PE3YILTATOB MOJICITHPOBAHHA,

IV. [loaBeneHue HTOrOB MOAEAHPOBAHUA COTJIACHO MOCTABJICHHOH UeaH
H 32/1a4H MO/J1eJTHPOBAHHA

CxeMa 3TanoB MOJeIMPOBAHNA Npe/cTaBieHa Ha puc. 1.11.

HeobxoauMo oTMeTHTh, 4TO IpH pa3padoTKe KOHKPETHBIX MOJellei
C OMPEIeICHHBIMH [EJAMH H TpaHHUAMH MOJICIHPOBAHHA HE00A3aTeNBHO
BCC I103Tallbl 10/IKHEl BBIIIOJIHATECAH. Hﬂllpl-lMEp._, IIPpH ]]33]']360’1'](& crarTHuc-
ckux mozene IDEF0O, DFD 3-i1 u 4-it nomyTans «Pa3spaborku mogenu» He
BbIITOJIHAKYTCH, TdK KdK 3TH MCTOAONOI'HH HC HNPCAYCMATPHBAKT 3a/1dHHC
BPEMEHHBIX ITAPaMETPOB MOJICIIH.

Ha nepsom aTane MoAeIHPOBaHUA — «AHamuz mpebosanuli U npoexmu-
posaHue» — (POPMYIHPYETCH KOHIENTyalkHad MOJENk, CTPOHTCHA e (op-
MAJIBHAA CXeMa M pelaercs Bolpoc 00 »pdeKTHBHOCTH H Heecoodpa3HOCTH
MOJIETHPOBAHHS CHCTEMBI.
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