OcHOoBHble TpeboBaHUA, npeabsABNAeMble K

Mo4deriun
Hanbonee acdp¢dpektTnBHbIM MeTOAOM MUcCCNeaAoBaHUA OONbLUUX

CUcTteM SABNAETCA MalUMHHOE MopaenupoBaHue, 6e3 KOTOpPOro
HEBO3MOXHO peLuleHNne MHOIMX KPYMNHbIX npobnem.

CyWHOCTb MALUMHHOIO MOAENUPOBaHUA CUCTEMbl COCTOUT B
npoBeAeHUM Ha BbIYUCIIUTENIbBHOWU MalUMHE 3KCNepuMeHTa ¢
MoAenbl, KoTopasi npeAcTaBnsieT coOO0M HEeKOTOPbIM MPOrpaMmMHbIN
KOMMNMEeKC, onucbiBalwowmun ¢opmManbHO W/vnuM  anropuTMUYECKU
noseaeHue 35IeMeHTOB CUCTEeMbI S B npouecce ee
(pyHKLLMUOHUPOBaHUA.

OcHoBHble TpeboBaHuA, npeabABnAeMblie K Mmogenu M npouecca
pyHKLUMOHUpPOBaHUSA CUCTEMDBI S.

1. MonHoTa MoAgenu AOMMKHaA NpeaocTaBnATb MONb30BaTesnto
BO3MOXHOCTb MONy4YeHUss HeobGxoaumoro Habopa OUEeHOK
XapaKTepUCTUK CUCTEMbl C TpedyeMonm TOYHOCTLH M
AOCTOBEPHOCTbIO.

2. 'nokoctb mMoaenu OOJMKHa AaBaTb BO3MOXHOCTb
BOCNpOU3BeAeHUA pasfiIMiyHbIX CUTyauun Npyu BapbUpoBaHUn
CTPYKTYpbl, ariropuTMOB U NapamMeTpoB CUCTEMBI.

3. AnnTenbHOCTb pa3paboTkn n peanusaumm moaesnm 6onbLUION
CUCTEMbI AOMKHA ObITb MO BO3MOXHOCTU MUHUMAaNbLHON NpU
yyeTe orpaHM4YeHUU Ha UMerLUuecs pecypcehbl.

4. CTpyKkTypa Moaenu AoJkKHa ObITb O65l0MHON, T. €. AoNyCKaTb
BO3MOXHOCTb 3aMeHbl, [[00aBfeHnss W  UCKIKYEeHUA

HEeKOTOpbIX YacTen 6e3 nepenenkn BCcen moaenu.



5. UHdbopmMaunoHHOe obecrnevyeHue [AOOSMKHO MNpeaocTaBNATb
BO3MOXHOCTb 3dhpekTuBHOM padboTbl Mogenu ¢ Oason
AaHHbIX CUCTEM onpeaerieHHOoro Krnacca.

6. MporpamMmMHbIe u TexXHU4YeckKkue cpeAcTBa  OONMXHbI
obecneuuBatb 3¢dekTMBHYO (MO OLICTPOAEUCTBUIO W
namMsaTU) MaALIUMHHYK peanusauuilo Moaenu wu  yaoobHoe
obuweHne ¢ HeH Nosib3oBaTensl.

7. QormxHo ObITb peanusoBaHo nposeaeHue
LeneHanpaBfieHHbIX (nnaHupyembIx) MaLUMHHbIX
3KCNepUMEHTOB C MoAesibi0 CUCTeMbl C UCMNOSfib3OBaHUEM
aHaNMUTUKO-MMUTALMOHHOIO noaxoaa npwu Hann4nun
OrpaHM4YeHHbIX BbIYUCNINTENbHbLIX PEeCYypCcoB.

NMpu mMawuHHOM MoAenMpPOBaHUUN CUCTEMbl S XapaKTepUCTUKU
npouecca ee PyHKLMOHUPOBAHUA ONpenensitoTCA Ha OCHOBe MoAenu
M, nocTpoeHHON Ucxoaa M3 umMmerwLwenca ncxogHom mHdopmauum ob
obbekTe moaenupoBaHusa. lNpu nonyvyeHnn HoBon MHopmaumm o6
o0bLeKTe ero mopenb nNepecMaTpyMBaeTCA U YTOYHSETCA C Yy4YeToM
HOBOW MHcpopMauuun. ATOT npouecc , MOKa
He OyaeT nony4vyeHa mopenb M, KOTOPYHO MOXHO cYMTaTb
B paMKax peleHUs MnocCcTaBJ/IeHHOM 3ajaduM uccriegoBaHUA W
NPOEeKTUPOBaAHUA CUCTEMbBI S.

MoaenupoBaHue cuctem ¢ nomowbo 3BM MOXHO ncnonb3oBaThb
B creAyloLwmnx cny4vyasx:

a) AnAa wuccnegoBaHUMA cuUCTeMbl S OO TOro, Kak OHa
CNpoeKTUpoBaHa, C LUeNnbl onpegeneHUs 4YyBCTBUTESIbHOCTMU
XapaKTepUCTUKU K U3MEHEHUSIM CTPYKTYpbl, arfroputMoB M

napameTpoB 06beKTa MoAeNIMpoOBaHUA U BHELLHeN cpeabl;



0) Ha aTane NpPoeKTUpoBaHUA CUCTEMbI S ANnA aHann3a U CUHTe3a
pa3nnMyHbIX BapuaHTOB CUCTEeMbl U BblOOpa cpean KOHKYpPUPYHOLNX
TaKkoro BapuaHTa, KOTOpbIM yaoBrneTBopsAn Obl 3agaHHOMY KpUTEpUIo
OLUEeHKN 3P PEeKTUBHOCTU CUCTEMbI MPU NPUHATbLIX OrPaHUYEHUSAX;

B) Nocrie 3aBeplleHUs NPOEKTUPOBAHUA U BHeAPEHUS1 CUCTEMbl,
T. €. npu ee 3Kcnnyatauuu, Ana nony4vyeHusas wuHdopmauuum,
AononHsoWen pe3ynbTaTbl HaTypPHbIX MUCNbITAaHUMA (3KcnnyaTauuun)
peanbHOU CUCTEMbl, U ANA NOJZIy4eHUs1 MNPOrHO3OB IBOJIOLUMU
(pa3BuTHUA) cUCTEMbI BO BPEMEHMN.

OCHOBHbIMM 3TanamMun MmoaerIMpoBaHnUsl CUCTEMbI S ABMAOTCA:

NOCTPOEeHUe KOoHUuenTyaribHOM MoAenn CUCTEeMbl U ee
dopmanusaumsa-npoBoauTcA uccrnegoBaHue MoaenupyemMmoro
O0beKTa C TOYKU 3peHUsi BblAeNeHU OCHOBHLIX COCTaBRSAKOLWNX
npouecca ero (yHKUMOHMPOBaAHUA, oOMNpenensitoTca HeobxoauMble
annpokcumaumm u nosiy4yaetcsa obobLieHHaa cxema MmoAesriu CUCTEMbI
S, KoTopasa npeobpasyeTcsa B MawWUHHYO moaenb M,,;

anroputMmsauma Mogennm CUCTeMbl U ee  MaluMHHasA
peanunsauus;
nosiy4yeHMe U UHTepnpetTauus pe3ynbTaToB MOAeNnupoBaHUA

CUCTEeMbl.

KOHLI,enTya.HbeIe Moaesiun CUCtTem nu

dopmanusauma
Ha nepsBomMm JTane MALLULMUHHOIO MoaernmpoBaHus —

dopmynupyetca mogenb U cTpoutcsa ee ¢hopmManbHasi cxema, T. e.
OCHOBHbIM Ha3Ha4yeHMeM 3TOro 2JTana sBNsieTcA nepexon oOT
coAaepXaTenbHOro onucaHuA o6bLEeKTa K ero maTemaTU4Yeckon mogenu,

Apyrumu crnoBamu, npouecc dpopmanusauum.



Hanbonee pauumoHanbHO cTpouTb Mogenb (PYHKUMOHMPOBaHUSA
cuctembl nNo 6ryioMHOMY npuHUuuny. MNMpu 3ToM MOryT ObITb BblAeseHbI
TPU aBTOHOMHbIE rpynnbl 6JIOKOB TaKOM Moaersiu.

Bbnoku nepBon rpynnbl MNpeacTaBnAKT CcoOOM  MMUTaATOP
BO3eNCTBMM BHewWwHeN cpeabl E Ha cuctemy S.

Bnoku BTOpOM Trpynnbl SABJAAKTCA COOCTBEHHO MoOAEnNbH
npouecca (pyHKLLMOHNPOBaAHUA UccrneayeMmon CUCTeMbI S.

Bnoku TpeTben rpynnbl — BCMOMOratesfibHbIMM U CrlyXaTt Ans
MalUMHHOU peanu3aumm ONOKOB ABYX MepBbIX FPynn, a Takke AnA
domkcaumm n o6padboTKn pe3ynbTaToB MOAENIMPOBaAHUS.

AnemMeHTbl CUCTeMbl S rpynnupyrTca B Onoku S; S, Sy,
oTpaxawwue npouecc (pyHKUMOHMPOBAHUA UCCNeayeMOU CUCTEMbI.
NocTpoeHHaa Ono4yHaa w™mopgenb npouecca QPYHKLUOHUPOBAHUA
uccriegyeMom  cuctembl S npegHasHadyeHa  AnNA aHanusa
XapaKTepUCTUK 3TOro npouecca, KOTOpbIU MOXeT ObITb NPoBeAeH NMpu

MaLWWHHOM peanusaumm nony4yeHHou moaenu puc. 1.
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MaTtemaTtnyeckas mMogenb npeactaBrifieT co60M COBOKYMNHOCTb
COOTHOWEeHUN (Hanpumep, YypaBHEHUN, JIOTUYECKUX YCIOBUM,
orneparopos), onpeaensiowmnx XapaKTepUCTUKHU npouecca
PYHKUMOHMPOBAHUA CUCTEMbI S B 3aBUCUMOCTU OT CTPYKTYpbl
CUCTEeMbl, anropuTMoB NOBeAEeHUsA, NapamMeTpoB CUCTEMbI,

BO3EeUCTBUM BHeELWIHeN cpeabl E, Ha4yaribHbIX YCITOBUA U BPEMEHM.



MatemaTtunyeckasn Moaenb ABnaeTcs pe3ynbTaTtom
¢opmanusaumm npouecca (pyHKUMOHMpPOBaAHNA uUccnegyemMmomn
CUCTEMbI.

OaHako Ha npakTuke nony4vyeHue Moaenu [OCTaTOYHO MPOCTOro
Buaga Ana OonblMX CUCTEM Yalle BCero HeBO3MOXHO, MO3TOMY
0ObIYHO npouecc (hpyHKLMOHNPOBAHUA CUCTEMbI S pa3buBalOT Ha psaa
aneMeHTapHbIXx nopgnpoueccoB. [lpyu 3TOM HeobxoAMMO TaK
npoBoaAuUTb pa3buMeHMe Ha noanpoueccbl, YTOObl MNOCTpoeHue
Moaernen OTAenbHbIX MOANpPoUeccoB ObISIO 3fieMEeHTapHO U He
BbI3bIBano TpyaHocTen npu cpopmanmnsauumu.

OCHOBHbIMM noAa3TanamMu NMOCTPOEHUS1 KOHUeNnTyanbHOU MoAenu
M, cuctembl ABNAKOTCA:

1.1. MocTaHOBKa 3agayv MalWMHHOro MoAeriMpoBaHUA CUCTEMbI.
OcHoBHOe BHMMaHue yaenseTcs TakKMuM BoMnpocam, Kak: a) npusHaHue
cyliecTBOBaHUA 3agaum " Heo6xoaAuMoOCTHU MaLUMHHOro
MoaenupoBaHusi; 60) BbIOOp MeTOAUKU pelleHUs 3afdayvyMm C y4eToMm
MMEeLNXCA pecypcoB; B) onpegerieHMe mMacwtaba 3agaum W
BO3MOXHOCTU pa3bmeHns ee Ha noa3agavu.

1.2. AHanu3 3apgaun mopgenupoBaHua cuctembl. Kotopbin
BKIlOYaeT: a) BblIOOp KputepmeB oueHKU 3pPeKTUBHOCTU npouecca
dyHKUMOHUpPOBaHMUA cuUcteMbl S; 0) onpeperieHMe 3aBUCUMbIX W
He3aBMCUMbIX MNepeMeHHbiXx mMogenn M; B) BbIOOP BO3MOXHbIX
MeToAoB wuAaeHTU(MKaumm; r) BbINONIHEHUe npeaBapuUTesibHOro
aHanusa cogepXxaHuUA BTOPOro 3Tana anroputMumsaumm moaenu
CUCTEeMbl M €ee MalWMWHHOM peanu3auvn; 4O) BbINOSIHEHNe
npeaBapuTernibHOro aHariMsa cofepXXaHusi TpeTbero 3Tana nosiy4yeHus

n MHTepnpeTaumun pe3ynbTaToB MoaesimpoBaHnsAa CUCTEMbI.



1.3. OnpepeneHne TpeboBaHMM K ucxoaHou UHdopmauum o6
00beKkTe MoOenMpPoBaHMA UM opraHusaumsa ee cbopa. Ha atom
nogsTane npoBOAUTCA: a) BbIOOP HeobxoaMmMou uUHdopmauum o
cucteme S n BHewHen cpege E; 6) noarotoBka anpuopHbIX AaHHbIX;
B) aHanu3 MUMEeLWMUXCA I3KCMepuMMeHTanbHbIX [AaHHbIX; ) BbIOOP
MeTOAOB M CpeAcTB npeaBapuTeribHOM oO6paboTkm uHdopmauum o
cucreme.

1.4. BoiaBMXXeHue runote3s v nNpuHATME npeanonoxeHun. lpu
BblIABWXEHUN TUNOTE3 M MPUHATUM NPeAnosioKeHUNn YUYUTbIBAKOTCA
cneaywuwme ¢aktopbl: a) odbbem umewwenca uHdopmauum AOnA
peweHna 3apad; ©O) nops3agaun, AnNA  KOTOpbIX UHGopmMauus
HeA4oCTaToO4YHa; B) orpaHNM4YeHUs1 Ha pecypcbl BpeMeHU AN pelleHus
3afauum; r) oxmagaemMble pe3yribTaTbl MOAeNIMPOBaHUA.

1.5. OnpepeneHMe napamMeTpoB U MNepeMeHHbIX MoAaersu.
OnucaHme Kaxpgoro napameTpa U nepemMeHHOM AOOJMKHO AaBaThbCA B
crnepywouwen dopme: a) onpepeneHne M Kpatkasa XapaktepucTtuka; 0)
cumBOon O00OO3Ha4YeHUA WM eaAuMHMUA WU3MepeHus; B) AuanasoH
M3MEHEHMUS; I) MecTo NPUMEeHeHUs B MoAenu.

1.6. YcTaHOBNeHMe OCHOBHOro cogepxaHua mogenu. lNMpu atom
YUYUTbIBAKOTCA criegaylolime ocobeHHocTUu: a) bopmMynumpoBKa 3agauum
MoaenMpoBaHnUs CUCTEMbI; 6) CTPYKTypa CUCTEMbI S U anropuTMbl ee
noBeaeHUs, BO3AeUCTBUA BHellHen cpeabl E; B) BO3MOXHbIe MeToAbI
M cpeAcCTBa pelleHUa 3agadm moaennpoBaHuUs.

1.7. O6ocHoBaHuMe KputepueB oLeHKU 3P PEeKTUBHOCTN CUCTEMDI.
Ona oueHKU KavectBa npouecca PpyHKLMOHUPOBAHUA MoAenMpyemMmon
cuctemMbl S HeobxoAMMO BbIOpaTb HEKOTOPYHD COBOKYMHOCTb
KputepueB OUEHKM 3PPeKTUBHOCTU, T. €. B MaTeMaTU4YeCKOW

noctaHOBKe 3aaa4da cCBOAUTCA K NOJIydYeHUr COOTHOLWeHusa AOnsA



oueHKU 3PPeKTUBHOCTU KaK (PpyHKLUMM napamMeTpoB U NepeMeHHbIX
CUCTEMbI.

1.8. OnpepeneHue npoueayp annpokKcumauumn. ans
annpoKcMmauumn pearibHbIX MpPoLeccoB, NPOTEKawLWMX B cucteme S,
OObIYHO UCNONbL3YKTCA TPU Buaa npoueayp:

a) JlemepmuHupoeaHHyro. llpun aeTepMUHUpPOBAHHOM npoueaype
pe3ynbTaTbl MOAENNPOBaHUA OAHO3HAYHO ONnpenensitoTcA No AaHHOWU
COBOKYMHOCTM BXOAHbIX BO3AEUCTBUU, NapaMeTpPoOB U NepeMeHHbIX
cuctembl S.

0) BepossmHocmHas (paHgomMusnpoBaHHas) npoueaypa
NPUMEHAETCA B TOM cny4ae, Korga cnyvauHble 351IeMeHTbl, BKroYas
BO34EeUCTBUSA , BHewHen cpeabl E, BNMAKOT Ha XapakKTepUCTUKMU
npouecca (YHKUMOHMPOBAHUA CUCTEMbl S MU Korga Heobxoaumo
nony4yntb MHGOpMaLUIO O 3aKoHax pacnpegeneHus BbIXOAHbIX
nepeMeHHbIX.

B) lpouedypa onpedenieHusi cpeGHUX 3Ha4YeHUU Wncnosib3lyeTcs
Torga, Korga npuv MoaenmMpoBaHUUM CUCTEeMbl MHTepec NpeacTaBnsAlOT
cpeAHUe 3Ha4YeHUA BbIXOAHbIX NepeMeHHbIX NPU HaNU4YMn cnyv4yamHbIX
3J/IeMEHTOB.

1.9. OnucaHne KoHuenTyanbHOUW Mopaenu cuctembl. Ha 3Tom
nogsTane MOCTPOEHMsT Moderiu  CUcteMbl: a) onucbiBaeTcs
KOHLUenTyanbHaa moaenb M, B aGCTpaKTHbIX TEPMUHAX N NOHATUAX; O)
JaeTca  onuMcaHMe MoAdenM € UCMNOJSIb30BaHWEM  TUMOBbIX
MaTeMaTU4YeCKMX CXeM; B) NPUHUMAIOTCA OKOHYaTesIbHO rMnoTesbl U
npeAanonoXeHus; r) obocHOBLIBaeTcA BbIOOp npoueaypbl
annpoKcMmaummn peanbHbIX NPOLLECCOB NMPU NOCTPOEHUN MOAETN.

1.10. NMpoBepka AOCTOBEPHOCTUM KOHUENnTyasibHOW MoAenu.

NMpoBepka A[OCTOBEPHOCTU KOHUenTyanbHon wmopenu MK pgormkHa



BKJ1IOMaTb: a) NPOBEpPKY 3amMbicna moaesnu; 6) oueHKy AOCTOBEPHOCTHU
MCXOA4HOU MHdopmMauuu; B) pacCMOTpeHUMe MNOCTaHOBKW 3ajauum
MoAenupoBaHuUA; ) aHanus MNPUHATbIX annpoKcumauun; A)
uccrnegoBaHue runoTes U NpeanosioXKeHUM.

1.11. CocTtaBneHue TeXHWYECKOU [AOKYMEHTauum HO NnepBOMY
3aTany, KOTOpbIX BKMOYaeT B cebs: a) noapoOHY0 NOCTaHOBKY 3agauum
MoaenupoBaHUss cucTteMbl S; 0) aHanuM3 3agadm MoaenupoBaHUA
CUCTEeMbl; B) Kputepun oOueHKU 3GPPEeKTUBHOCTU CUCTEMbLI; T)
napameTpbl U nNepeMeHHble MOoAeNM CUCTEeMbl; A) runotesbl U
npeanosioXXeHus, NMpPUHATbIe NPU NOCTPOEHUM MoAaesnu; e€) onucaHue
Moaenu B abOCTpPaKTHbIX TepMMHAX W MOHATUAX; X) oOnucaHue

oXungaembiX pe3ynbTaToB MoAesfimpoBaHUA CUCTeMbl S.

AnroputMusaumss Mopenem CUCTEM W

MallUnHHaA peasimndauus
Ha BTOopom 3aTtane mogenupoBaHus — MaTemMaTuyeckas mopenb,

cchopmMupoBaHHass Ha NepBOM 3Tane, BOMJIOWAETCA B KOHKPETHYH
MaWWHHYIO MoAgenb. JTOT 3Tan npeacraBnsieT cobou 3Tan
NnpakTU4YeCKoOn AeATeSIbHOCTU, HanpaBfeHHOU Ha peanu3auuio naeum m
MaTeMaTU4YeCKMX CXeM B Buae MaluMHHoOM mopenu M, npouecca
YHKLUMOHMPOBAHUA CUCTEMDI S.

NMpu paccmoTpeHnn npoueccoB HPYHKUMOHUPOBAHUA HEKOTOPbIX
CUCTEM MOXHO OOHapyXWTb, YTO ANA HUX XapaKTepHbl ABa Tuna
COCTOSIHUM:

1) ocobnie, npucywme npoueccy (pyHKUMOHUPOBAHUA CUCTEMBbI
TONMbKO B HEKOTOpbleé MOMEHTbl BpeMeHM (MOMEHTbl MOCTYMNJeHUs
BXOAHbLIX UMW YyNpaBnsOWUX BO3OAEUCTBUU, BO3MYLUEHUA BHELUHEN

cpeabl U T. N.);



2) He ocoOble, B KOTOpPbIX MpoLecCc HaxoAuTCA BCe ocTarlbHoe
BpeMmsi.

OcoOble cocTosAAHMA XapaKTepHbl TeM, YTO (PYHKLUU COCTOSAHUN
M3MEHAITCA CKavykoobpa3Ho, a Mexay OcCOObIMM COCTOSAHUAMM
M3MEHEeHue KOOpAMHAT NMPOUCXOAMUT MNAaBHO MU HENpepbiBHO UMM He
NPOUCXoauUT COBCEM.

He ocoOble COCTOSIHUA npu MoaenupoBaH1UuU He
paccmMaTpuBaloTCA.

Ypo6Hou dopmon npeactaBneHUSAs JNOrMYeCKOM CTPYKTYpbI
Moaenen npoueccoB (PYHKLUMOHMPOBAHUA CUCTEM U MALUMHHbIX
nporpamMmm siBnseTcA cxema. Ha pasnuyuHbIX 3aTanax moaenupoBaHUA
COCTaBNAKTCA O000OWeHHble U p[AeTaribHble JIOTMYEeCKue CXeMbl
MoAernmMpyrLwmux anroputMoB, a TaKXkKe CXeMbl NporpamMm.

O6o6weHHaa (YKpynHeHHasl) cxemMa mMoaenupyrowero anropurma
3agaeT oowWnn nopsaaoK AeUCTBUU NPpU MOoAeNnMpoOBaHUU CUCTEMbI OHA
nokasbiBaeT, 4YTO HeoO6XoAMMO BbLINOJSIHUTL Ha O4YepenHOM Liare
MoAeriMpoBaHUA, Hanpumep o0OpaTUTbLCA K AaTYMKy Chny4vanHbIX
yucen.

HdetanbHaa cxema MogenupyloLwero anropyutma CcoaepxuT
YTOYHEHMUSs, OTCYTCTBYyHOLMEe B 0000 EHHON CxeMe, OHa NoKa3biBaeT
He TONbKO, 4YTO cneayeT BbINOMIHUTL Ha oO4YepenHOM Liare
MoAeriMpoBaHMUA CUCTEMbI, HO U KaK 3TO BbIMOJTHUTb.

Jlornyeckas cxema mogenupymolwero anropyutma npeacraBnsieT
cobon NormyYecKkyro CTPyKTypy moaenu npouecca yHKLMOHUPOBaHUA
cuctembl. Jlornyeckas cxema yKasbiBaeT YNOPAAOYEHHYO BO BpEMEHU
nocrnenoBaTeNibHOCTb  JIOTMYECKUX  onepauui, CBAA3aHHbIX C

peweHunemMm 3agavin moaesimpoBaHus.



Cxema nporpaMmmbl oOTOoOpaxaeT nopsAAOK NporpaMmMHON
peanusauuMuM MoaenupyrLliero anropyutmMa Cc UCNOJSiIb3OBaHUEM
KOHKPeTHOro martemaTtuyeckoro obecneyeHussi. Cxema nporpamMmbl
npeacrasnsaer  cobom UHTepnpeTauuro  Jiorm4eckom CXeMbl
MoaenupyrLwero anropytma paspaboTyMkomMm nporpamMmbl Ha Oase
KOHKPETHOro ariropuTMmM4ecKoro sisblka.

Jlornyeckasa cxema anroputmMa M cxema nporpamMmmbl MOryT ObITb
BbINOJSIHEHbI KaK B YKPYNHEHHOW, TaKk U B AgetanbHon copme. OAnA
HayepTaHMA 3TUX CXEeM  UcnoJsib3yeTcss Habop  CUMBONOB,
onpeaensembix FOCT 19.701 — 90 (MCO 5807 — 85) «EauHana cuctema
NpPorpaMmMHON AOKYMEHTaLUuM.

HekoTopble Hanbonee ynotpebuTtenbHble B npakTuke
MmoaenupoBaHna Ha 3BM cumBoOnbl nokasaHbl Ha puc. 2., rpe

I/I306pa)l(eHbl OCHOBHbIe, cneumbw-lecxue n cneunasnibHbieé CUMBOIJIbI
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K HUM OTHOCATCA: OCHOBHOM CUMBOJS: a — Mnpouecc — CUMMBON
oTobpaxaet (QyHKUMIO OOpaboOTKM AaHHbIX nwbdoro Buaa
(BbINnONMHEHMe onpeaersieHHOM onepauMnM WU FpPynnbl  onepauuw,

npuBoasuee K U3IMEHEeHUH 3Ha4YeHus, (bOprl nnn pa3mMelleHuns



MHdoOpMaLUM UMM K onpeaerieHno, Mo KOTOPOMY U3 HECKOJSIbKUX
HanpaBJieHUXU NOTOKa crneayeT ABUraTbcsl); cneuynduyeckme CUMBOIJIbI
npouecca: 6 — peweHMe — CUMBOJST OTOOpaxaeT pelleHue Wunu
yHKUMIO nepekniyYaTenbHOro Tuna, MMerLWyr OAUMH BXoA4 U psaa
anbTepHaTUBHbIX BbIXOAOB, OAWH U TONMIbKO OAWH U3 KOTOPbIX MOXeT
ObITb aKTUBM3UpPOBaAH MNocrne BbIYUCIIEHUA YCNOBUN, onpeaeneHHbIX
BHYTpPU 3TOro cumBona (CooTBeTCTBYHLIME pe3yfbTaTbl BbIYMCIIEHUSA
MOryT ObITb 3anMcaHbl MO COCEACTBY C JIMHUAMU, OTOOpaxarwummn
3TU NyTU); B — NOAroToBKa — CUMBON OTOOpaxaet moaucukauuio
KOMaHAbl UNU TPynMnbl KOMaHA C Lenbo BO3OEUCTBUA HA HEKOTOPYHO
nocneaywwyro pyHKUMIO (ycTaHOBKa nepeknoyvarens, moaudukauums
MHOEKCHOro perucrtpa WM UWHULManNM3auuma nporpamMmmbl); r —
npeponpeaeneHHbIN npouecc — cumBoOn oTobOpaxaeTt
npegonpeaeneHHbIN NPoLecc, COCTOALWMNA U3 OOAHON UM HECKOJIbKUX
onepauu Mnu waroB NporpamMmmbl, KOTOpble onpeaeneHbl B APYrom
MecTe (B nognporpamme, moayrne); 4 — py4yHaa onepauuss — CUMBON
oToOpaxaet nwWOOU npouecc, BbINOJNIHAEMbIA 4YeJsIOBEeKOM; cne-
uManbHble CUMBOJSblI: € — COeAUHUTeNb — CUMBON OToOpaxaeTt
BbIXOAL B 4YacTb CXeMbl U BXOo4 W3 APYrom 4YacTu 3TOM CXEMbl M
ucnonb3yetcAa AnNA oOpbiBa JIMHUM U NPOAONXKEHUA ee B APYrom
MecTe (cooTBeTCTBYIOLWME CUMBOJbI-COeAUHUTENN AOJDKHbI
cogepXxaTb OOHO U TO Xe YHUKanbHoe OOO3HayYeHue); X —
TepMUHATOP — CUMBOJN OTOOpaxaeT BbIXOA4 BO BHELUHKOK cpeany u
BXOA4 M3 BHeWHeW cpeabl (Ha4Yano MMM KOHeL CXeMbl anroputma,
BHeELWHee NCMNOoJIb30OBaHUE UITU NMYHKT Ha3Ha4YeHUA AaHHbIX).

NoasTanbl BTOpOro atana MmoaesiupoBaHus.

2.1. lNocTpoeHue norn4yeckom cxembl moaenu. PekomeHayeTtcs

CTPpOUTb MoAaernb No 6rno4yHoMy npuHuuny. Npu nocTpoeHun 6GMO0YHOM



Moaenu npoBoaAuUTCA pa3dbueHne npouecca PYHKLUMOHUPOBaAHUA
CUCTeMbl Ha oTAeSfibHble [OCTAaTOYHO aBTOHOMHbIE MNOAMNPOLECCHI.
Bbnoku TakoM wmMogenu ObiBalOT [ABYX TUMNOB: OCHOBHbIE W
BCcrnomoraTtesibHble. Kaxabli OCHOBHOM ONOK COOTBETCTBYET
HEKOTOPOMY pearnibHOMY noanpoueccy, uUMewLlweMy MecTo B
MoaenupyemMmon cucrteme S, a BCrnomorartenbHble Oonoku
npeacTaBnsAlOT COOOM NUWIbL COCTaBHYKH YacTb MaLIMHHOM MoAenw,
OHM He oTpaxarwT (PyHKLUUN MoaenmpyeMon CUCTeMbl U HEOOXOAUMDI
MWL Ans  MawuHHOM peanu3auuum, ¢ukcaumm u  ob6paboTKu
pe3ynbTaToB MoAeriupoBaHUS.

2.2. NMNony4yeHne maTemMaTnyeCKux cooTHoweHnn. OgHoBpeMEHHO
C BbINOJZIHEHMEM noa3Tana NOCTPOEHUA NIOrMYEeCKOU cCXeMbl mMoaenw
Heo6XxoAuUMO nMnONy4YnUTb, €Cfiu 3TO BO3MOXHO, MaTemMaTuyeckue
COOTHOWEHUA B BuAe SHABHbIX (YHKUMA, T. e. MNOCTPOUTb
aHanutTuyeckue wmopgenu. Cxema wmawmHHOM wmopenu M, poIXKHa
npeacrTaBsiATb COOOM MNOJSIHOE OTpaXeHue 3anoXeHHOM B Moaenu
KOHUenuuu " UMeTb: a) onucaHme Bcex OJyIoKoB Mogenun c uUx
HauMeHoBaHuUsAMMU; ©) eANHYIO CUCTEMY OOO3HaA4YeHUN U Hymepauuio
ONOKOB; B) oTpaXeHMe NOoruku moaenu npouecca yHKLMOHUPOBaAHUS
CUCTeMbl; I) 3agaHMe MmaTeMaTU4YeCKMX COOTHOLIEeHM B ABHOM Bupae.

2.3. NMpoBepka AOCTOBEPHOCTU MOAEeNN CUCTEMbI. DTa NpoBepKa
AABNAETCA NepBON U3 NPOBEPOK, BbIMOJIHAEMbIX Ha 3Tane peanusauumu
mogenu. loaTomy onpepeneHne A[OCTOBEPHOCTU MOAENU MOXHO
cymTaTb Haubonee BaXXHOM NpoGnemMomn nNpu MmoaenMpPoBaHUN CUCTEM.
NMpu 3TOM npoBepsiIlOTCA: a) BO3IMOXHOCTb pPelleHUs NoCTaBleHHOM
3apaum; 6) TOYHOCTb OTpPaAXEeHUA 3amMbicrla B NIOrMYeCcKOM cxeme; B)
NOMHOTa  JIOTMYECKOU  CXeMbl Moaenu; r) npaBuIIbHOCTb

ncnoJib3yeMbiX MaTeMaTn4eCKunx COOTHOLUEHUMN.



2.4. BblbOp MHCTpyMeHTanbHbIX CPeaAcTB ANA MoAenvnpoBaHUSA.
Bonpoc o Bbibope IBM cBoautca K obecrneyvyeHuio crieayroLmx
TpeboBaHUU: a) HaNU4YNe HeodXoANMbIX NMPOrpaMMHbIX U TEXHUYECKUX
cpeacTtB; ©0) poctynHocTb BbiOpaHHou 9BM pgna paspaboTymka
Mmoaenu; B) obecneyeHuMe Bcex 3TanoB peanusauum mopaenu; r)
BO3MOXHOCTb CBOEBPEMEHHOro NoJsly4eHUs pe3ynbTaToB.

2.5. CoctaBneHue nnadHa BbIMNOJIHEHUSA paboT no
nporpammupoBaHuio. [lnaH npu wuUcnonb3oBaHUU YHUBEpPCasibHOW
OBM pomxeH BKnw4YaTb B cebs: a) BbIbOp fA3blka (CUCTEMbI)
nporpammupoBaHusa moaenu; 6) ykasaHue tuna 3BM n HeobxoanMbIX
AnNs MoAenupoBaHUA YCTPOMCTB; B) OLEHKY NpUMepHOro obbema
Heobxoanmon onepaTUBHOM 7 BHeELUHeN namMsaTu; r)
OPMEHTUPOBOYHLIE 3aTparThbl MaLUMHHOro BpeMeHu Ha
MoaenupoBaHue; [4O) npeanonaraeMble 3aTtpaTtbl BpPeMeHUM Ha
nporpaMmMmupoBaHue U oTrnaaKy nporpammbl Ha 3BM.

2.6. Cneundomkaumsa U NOCTpoeHue cxembl nporpammbl. Hann4yme
JIOTN4YEeCKON OJfioK-CXeMbl MoOAenuM no3BosnseT MNOCTPOUTL CXeMmy
nporpaMmmMmbl, KOTOpaa AOJDKHA OTpaxaTb: a) pa3bueHue moaenu Ha
Onokn, noadbnokm M T. A.; 6) O0COOEHHOCTU nporpamMmmMupoBaHuUs
MoAenu; B) npoBeAaeHMe HeobXoAUMbIX U3MEHEHUMN; I) BO3SMOXHOCTU
TeCTUPOBaHUA NPOrpamMmsbl; A) OLEeHKY 3aTpaT MallMHHOrO BPEMEHMU; e)
cdopmy npeactaBneHnsa BXOAHbIX U BbIXOAHbIX AAaHHbIX.

2.7. Bepudmkauma w©n  npoBepKka AOOCTOBEPHOCTU  CXeMbl
nporpamMmbl.

Bepudmkauma nporpaMmmbl — AOKasaTenbCTBO TOro, Y4TO
noBegeHue  nporpaMmmbl  COOTBETCTBYeT  cneuudmkaumm  Ha
nporpammy. dTa NpoBepKa ABMNAETCA BTOPOU Ha 3Tane MaLIUHHOW

peanun3auuum moagesim CUCtTeMbl.



2.8. NMpoBepeHue nporpammupoBaHusa mogenu. Npu gocrtatoyHo
noapoObHOM cxeme nporpamMmbl, KOTopas oOTpaxaeT Bce onepauumu
Fiorn4yeckomn CXeMbl MoAaenm, MOXHO NMPUCTYNUTDb K
nporpaMmMupoBaH1UIO MOAENMN.

2.9. NMpoBepka [OCTOBEPHOCTU MporpamMmbl. IJTa nocrnenHAs
npoBepka Ha 23Tane MaLIMHHOW peanusauum Moaenun, KOTOpYHo
Heo6xoAuUMO NpPOBOAUTL: a) OOpaTHbLIM nepeBOAOM NporpamMmbl B
MCXOAHYI cxeMy; 0) NnpoBepKon oTAesibHbIX YacTen NporpaMmmMbl Npwu
peweHUn pas3fnyHbIX TeCTOBbIX 3aAday; B) obbeauMHeHUEM Bcex
yacten nporpamMmbl U MNPOBEPKOM €e B LeSsIOM Ha KOHTPOJSIbHOM
npumMmepe MoaenupoBaHUA BapuaHTa CUCTEMbI S.

2.10. CocTaBneHne TeXHMYeCKON AOKYMEHTauum no BTOPOMY
atany [na 3aBeplleHUA 3Tana MaWWHHOM peanusaumm moaenu
Heob6XxoAUMO COCTaBUTb TEXHUYECKYH AOKYMEHTauuk, coaepKawyro:
a) Nnornyeckyro cxemy Mopaernv v ee onucaHume; 6) agekBaTHYyKO cxemy
nporpaMmmbl MNPUHATbIE 0003HA4YeHUSA; B) MNOSMHbIU TEKCT NporpamMmmbil;
r) nepevyeHb BXOAHbLIX U BbIXOAHbLIX BENIMYMH C MOSICHEHUAMU; A)
MHCTPYKLUUIO NO paboTe ¢ nporpaMmmon; €) oueHKy 3aTpaT MalMHHOro
BpeMeHU Ha MoaenupoBaHMe C YKaszaHueM TpebyeMbix pecypcoB
SBM.

Taknm obpa3zom, Ha 3TOM 3Tane paspabdbartbiBaeTcA cxema Mmoaenu
cuUctemMbl S, NPOBOAUTCA €e anropuTMusauusa n nporpamMmmMmmpoBaHue ¢

ncnosib3oBaHmMemM KOHKpPeTHbIX nporpaMmmMmHO-TeXHN4YeCKUX cpeancTB.

MonyyeHue wW wWHTepnpeTauus pe3ynbTaToB

MoAaennpoBaHmnAa CUCTEM
Ha tpetbem 3tane mogenupoBaHusa —3BM ucnonb3yetca ansa

npoBeaeHnsa paboyuux pacyeToB MO COCTABNIEHHOW U OTMaXeHHOM

nporpamme. Pe3yJ1bTaTbl ITUX pac4yeToB no3BOoJNiAOT



npoaHanusnpoBatb U chopmMynmMpoBaTb BbIBOALI O XapaKTepucTmkax
npouecca (pyHKLLMOHNPOBaAHUA MoAESNIUPYEeMOU CUCTEMDBI S.

B xoge MawWwuMHHOrO 3KCNepuMeHTa wu3y4vaeTcA noBeadeHue
uccnepyemon mogenu M npouecca (pyHKUMOHMPOBAHUA CUCTEMbl S
Ha 3agaHHOM WMHTepBane BpeMeHU. [lo3aToMy KpuUTepun OLEHKMU
AABNAeTCA B oOOwWeM criy4yae BEeKTOPHOM cny4YavHou dyHKLuuen,
3alaHHOM Ha 3TOM Xe UHTepBarne.

YacTto ucnonb3yroT 6oriee NpocTbie KPUTEPUN OLLEHKN, HanpumMmep
BEPOATHOCTb oOnpeaesieHHOro COCTOSIHUA CUCTEeMbl B 3aAaHHbIN
MOMEHT BpPEeMeHU, OTCYTCTBME OTKasoB M cbOoeB B cuUcTeMe Ha
MHTepBane u T. 4. [pn nHTepnpeTaunMmn pesynbTaTtoB MoAesNIMPOBaHUA
BbIYMCIIAIOTCA pasfiMyHble CTaTUCTUYECKNE XapaKTepUCTUKU 3aKOHa
pacnpegernieHnUs KpUTepPUA OLLeHKMN.

Npexpe 4YemM nNpuUCTynNnUTb K MNocriegHemMy, TpeTbemy, 3Tany
MoaenupoBaHUss CUCTEeMbl, HeoOXoAuMMO AnfA ero YycrnewHoro
npoBeAeHNUA WUMETb YeTKMM nnaH [AOeucTBuMM, CBOAOAWMUCA K
BbINOJIHEHUIO CNeAyLWUX OCHOBHbIX NOA3TaNoB.

3.1. TlnaHupoBaHMe MAaLWIMHHOINO 3KCNepuMMeHTa C Moaerblo
cuctembl. NnaHupoBaHMe MalMHHOrO 3KCNEepUMEeHTa Npu3BaHO AaTb
B UTOre MaKCUManbHbI® 0O0BLEM Heobxoaumonm wuHcgpopmauum o6
0o0bLeKTe MoaenupoBaHUA NMPU MUHUMANbHbLIX 3aTpaTax MaWwWHHbIX
pecypcoB. [lpu 3TOM pasnuMyarT cTpaTerMyeckoe M TaKTU4YecKoe
nnaHnpoBaHWe MalIMHHOIO 3KcnepumeHTta. [lpu cTpaTernyeckom
nraaHNpoBaHUM  IKCNEepPUMEeHTa CTaBUTCA 3ajayva MNoOCTpPOeHus
ONTUMaribHOro nmnfaHa 3KCNepuMeHTa Ansa OOCTUXKEeHUA uenu,
noctaBneHHOM nepen MoaenupoBaHuem (Hanpumep, onNTUMU3aLUA
CTPYKTYpbl, ariropuTMOB U MNapamMeTpoB CUCTeMbl S, uccreayemow

MeToaoM MopenupoBaHma Ha IBM). TakTtuyeckoe nnaHupoBaHue



MaLUMHHOroO 3KCNepuMeHTa npecrnegyeTt YacTHble LenuM onTuManbHON
peanusauuMm KaXxaoro KOHKPETHOro 3KCnepuMMeHTa W3 MHOXecTBa
HeoOXoAUMbLIX, 3aAaHHbIX TMpPU CTpaTerM4ecKoM nrlaHNPOBaHUMU
(Hanpumep, peweHue 3agavyMm Bbibopa ONTUManNbHbLIX MpaBuUr
OCTaHOBKM MNpPU CTaTUCTUYECKOM MOAennpoBaHUU CUCTEeMbl 5 Ha
3SBM).

3.2. OnpepeneHue TpedboBaHMN K BbIYMCIIUTESNIbHbLIM cCpeACcTBaM.
Heobxoaumo cchopmynumpoBaTb TpeboBaHuA no BpeMeHu
MCMNONb30BaHNA BbIYUCINUTENbHbLIX CPeAcCTB, T. €. COCTaBUTb rpaduk
paboTbl HA 0 gHOU NN Heckonbknx ABM, a TakKe yKa3aTb Te BHELUHUe
ycTtpouctBa 3BM, KoTOopble NoTpebyroTCA NPU MOAENUPOBaAHUMN.

3.3. NMpoBeaeHne padbounx pacyetoB. [locne coctaBneHus
nporpaMmmbl MoAesniv U nNfiaHa npoBegeHUs MallMHHOIO 3KCNepuMeHTa
C MoAenbl CUCTEeMbl S MOXHO NMPUCTYNUTb K paboynm pacyetam Ha
3ABM, KkoTopble OObIYHO BKMHOYaKT B cebA: a) noaroTtoBKky HabopoB
MCXoAHbIX AaHHbIX AnA BeBoga B JBM; 0) npoBepKy UCXOAHbIX
AaHHbIX, NOArOTOBNEHHbIX AN BBOAA; B) NpoBeAeHWe pacyeToB Ha
3BM; r) nonyyvyeHMe BbIXOAHbLIX MAaHHbIX, T. €. pe3ynbTaToB
MoAenupoBaHUs.

3.4. AHanu3 pe3ynbTaTOB MoOAENMpPoBaHUA CUCTEeMbl. YTOObI
3achheKkTMBHO NpoaHanM3anpoBaTb BbiIXOoAHbIe AaHHble, NOJyYeHHble B
pe3ynbTtate pacyetoB Ha JBM, HeobxoauMmMo 3HaTb, YTO Aenatb C
pe3ynbTatamMu pabo4ymx pacyeToB U KaK UX UHTepnpeTUpoBaTh.

3.5. MNpeacraBneHune pe3ynbTaTtoB MoAenupoBaHuUA.
Llennecoobpa3Ho B KaXgoM KOHKPETHOM criyyae BblOpaTb Haunbornee
noaxoaawyrw ¢opMy, TaKk KaK 3TO CYyLWeCTBEHHO BIUAET Ha

3c¢ppeKTUBHOCTb UX AanbHeWLWwero ynotpebneHnsa 3akas4umkom.



3.6. UHTepnpetauma pesynbTaToB MoaenupoBaHus. OCHOBHoe
coaep)xaHume I3TOro nopgatana — nepexon OT UHdopmauum,
Nosly4eHHOM B pe3ynbTaTe MAaLIMHHOrO 3KCNepuMeHTa C mMoAaesibio K
MHoOpMaLuUn nMNpPUMEHUTESNIbHO K OOBLEeKTY MoaenupoBaHuUsl, Ha
OCHOBaHUU KOTOpPOM U OyayT pAenatbCA BbIBOAbl OTHOCUTENIbLHO
XapakKTepucTuK  npouecca hyHKUMOHMpPOBaHUSA uccrieayemMom
cuctembl S.

3.7. NMonBepeHune UTOroB MoaenupoBaHus n BblgaJa
pekomeHgauun. lNMpun noaBeAeHUN UTOroB MOAENMPOBAHUA AOOJTKHbI
ObITb OTMeYeHbl TrJflaBHble OCOOEHHOCTU, MOoNy4YeHHble B
COOTBETCTBUM C MSIAHOM 3KCMEepUMEeHTa Haa MoAenblo pe3yrnbTaToB,
npoBeaeHa NpoBepKa rmnotes U NpeanosiodXeHn U caenaHbl BbiIBOAbI
Ha OCHOBaHUMU 3TUX pe3yNbTaToB.

3.8. CocTaBneHme TeXHMYECKON [OOKYMEHTauum no TpeTbemy
atany. JTa AOOKyMeHTauusi AOOJDKHA BKM4YaTb B cebsA: a) nnaH
npoBeAeHUA MaLIMHHOIO 3KcnepumMmeHTta; 6) Habopbl MCXOAHbIX
AaHHbIX ANA MoAenupoBaHuUs; B) pe3ynbTaTbl MoAennpoBaHUA
CUCTEeMbI; ) aHanM3 U OLEHKY pe3ynbTaTOB MoAenupoBaHuA; na)
BbIBOAbl MO MOJIyYeHHbIM pe3ynbTaTaM MOAENUPOBaHUA; yKa3aHue
nytTeMm panbHenwero CoOBepLIeHCTBOBAHMA MaALIMHHOU MoAenu W
BO3MOXHbIX obnacrten ee NpUNOXeHUS.

Takum obpa3om, npouecc MmoaenMpoBaHUA CUCTEMbI S cBOAUTCSA
K BbINOJSIHEHUIO NMEepPeYvYUCIIeHHbIX 3TanoB MoAefIMPOBaHUS.

PaccmoTpeHHass nocnepaoBaTeNbHOCTbL 3TanoB M Noa3TanoB
oTpaxaeT Haubornee o6wWuMN noaxoad K MOCTPOEHUK U peanuvsauyuu

Moaernu ; cucrtemsbl S.



