MNHWCTEPCTBO N0 AEJTAM KYJIbTYPbIl 1 CTTOPTA
PECIYBJIMKWN ¥Y3BEKNCTAH
TALUKEHTCKN TrOCYAAPCTBEHHbI MUHCTUTYT
KYJIbTYPbl MUIMEHW A. KAAbIPU

Axky6osa M.,FOnpawes b., AaBnatos C., [lyHaeB B.

“MoaenupoBaHue NHGHOPMALIMOHHbIX TEXHO/IOM A B
bnonuortekax™.

Y4yebHoe nocobme Ans CTyAeHTOB, MarucTpoB
N cnyLwiaTeneit KypcoB noBbleHNA KBanngpmkaumm Tawl MK

TawkeHT 2007 T.



Y4yebHoe nocobme paccMOTPeHO Ha Y4deHom coBeTe Tawl K n
PeKOMeHA0BaHO /19 N3[aHus

ABTOpbI: AkyboBa M.3.
NOKTOP TEXHUYECKUX HaYK,
npodeccop, 3aB. Kaeapou
"VIH(popmaTuKa 1 TeEXHNYECKNe
cpeactea’ Tawl MK
FOnpawes b. Hay nHcnekuun
Tawl MK
NaBnatoB C.,A0LEHT.,KaHA.
u. HayK
[dyHaeB B. -maructp

PeLeH3eHTbI: KapnmoB Y.®. KaH[. TEXH.
HayK, OOLUEHT
MyxammagneB A.LL. kaHz.
(Pn3-MaT HayK, AOLeHT



Copep>kaHue

BBEIEHUE. ...t e 5

["naBa I. TeXHONOTUA MOLENPOBAHUSA ... ... vuve it aiee e e ee e eaeens 12
1.1.Co3aaHne KOHLENTYaSTbHON MO ... cuvvee e eeaeieneneaanen, 12
1.2. ToAroToBKa UCXOAHBIX AAHHDBIX. .. ....ve e iieiee e cieiee e eaaaas 17
1.3. Pa3paboTKa MaTeMaTUYECKON MOMESN ....c.vvverenananennnn. 21
1.4. BbI60Op METOAA MOAENMUPOBAHMSA ... ... e veveveienenenenaes ann 22
1.5. BbI60P CPeACTB MOLETTUPOBAHMSA .. ..o veeetetiaieeeecaeaneaneenns 24
1.6. NpoBepKa ajeKBaTHOCTN U KOPPEKTUPOBKA MOENU............ 25

1.7. I'naHnpoBaHMe 3KCNePUMEHTOB C MOE/bIO N UCMO/Ib30BaHNe
PE3YNIbTATOB MOAETUPOBAHME. .. ... et vt vt eetiee e e ee e eaeans 27
"nasa Il. ®opmanusaumsa 6MbINOTEUHO-6MOINOTPaNUECKUX NPOLIECCOB.
2.1. KnaccnmKaUmMa MOLENEM. .....vveeeie e e e e e eae e e 28

2.2. BuénmoTeyHble Npouecchbl Kak 06beKTbl MOAENVNPOBaHUSA

MOZESIPOBAHMS . .. et e et e et e e e e e e e e et e ee e eae e e 34
2.3. POPMANIMBALNA MPOLLECCOB. .. e v e e vt e eeeete e eneanneeens 35
2.4. Bbl6op nokasaTesien SPPEKTUBHOCTU . ...vvereeeneene e eneannn 38
2.5, PYHKLUMNU MOOEMIEM ... .. et eee e e e e e e e 39

naBa Ill.imnTaymMoHHOe MofeniMpoBaHme 6M6/IMOTEUHbIX MPOLLECCoB...43
3.1. OCHOBHbBIE MOHATUA ...t iteee et cieee e e e e e ee e eae e, 43

3.2. Llenin n obnactb NpMMEHEHNA UMUTALMOHHOIO

MOZLESMUPOBAHMS . .. ettt e et et e e e e e et e ee e eae e enens 43
3.3. IocnefoBaTENNBHOCTD UMUTALM .....ceiece e e eeeen 48
3.4. DOPMYINPOBAHME MPOBIIEMDBI ...\ vueveeeeeiee i eaeeae e 49

3.5. PaspaboTka v aHa/IM3 MHGOpPMaUVOHHbIX MoJesen

TPagNUNOHHbIX N aBTOMaTU3NPOBaHHbLIX TEXHOI0rnmn

KOMM/IEKTOBaHUA OUONNOTEYHBIX (QOHAOB........vvvvevvennnnnnn 51
3.6. POPMYTNPOBAHNE MOLEIIM . .. eeeeee e ee e vae e vaeeenaaeens 57
3.7. CUCTEMATUZAUMA JAHHDBIX ... eet it ei i iee e i iee e eeaeas 60
3.8. TpaHcnsauma mogenen v CyWHOCTb UMUTaUUN. ................. 62



3.9. NeHepayms cny4varHbIX NepemMeHHbIX U NMpupaLLleHne
BPEMEHM ...ttt et e et e et e et e e e 64

3.10. A3bIKN UMUTALUOHHOIO MOJENTUPOBAHUSA. ... aaan, 65

3.11. NnaHnpoBaHMe IKCNePUMEHTA, IKCMEPUMEHTUPOBAHNE U
AHAINS PE3YIBTATOB . ..ttt eie e et e et e ete e rae e raeeenaaeens 67

3.12. MogenupoBaHue 06Cy>XMBaHUSA B parioHHOW 6nbinoTeke.70

SAKITHOUEBHVIE . .. et ettt e et et e e et et et et e et e e e 76
(OF210] =72 10 230 =T 01111 [ ] = 78
D1 T 0= § 1Y o= VTP 81



BBegeHue.
CTpemMuTeNbHO BXOAALLLEMY B Ka4yecTBe MOHOMPaBHOIo YieHa B MMPOBOE

CO006LLECTBO Y36eKNCTaHy C ero 3Ha4yMTe/IbHbIMU NOTPEOHOCTAMU B
KBa/IM(OMLMPOBAHHOM, OTBeYaroLMX TpeboBaHNAM BeAeHNS COBPEMEHHOTIO
MUPOBOr0 X035IMCTBa, NEPECTPOMKA U pa3BUTME roCyAapCTBEHHOM 3aLUMTbI U
6e30MacHOCTU MHPOPMALMOHHBIX U APYTrX 0ObEKTOB Y CUCTEM CTaHOBUTCSA
4pe3BblYainHO aKTya/bHbIM. Ha 3T0 06palLeHO BHYMaHVe B psje
3aKoHOAAaTeNbHbIX M HOPMaTMBHbIX aKTOB: YKa3 Mpe3naeHTa Pecrnybnmnku
Y36€eKNCTaH 0 KOPEHHOM PehopMUPOBaHNM CUCTEMbI 06pa30oBaHNA U
MOArOTOBKM KaApoB, HA BTOPOM 3Tare 0TMeyaeTcs MHpopmaTm3aums
obpa3zoBaTesibHbIX npoueccos (1,2 ), MmoaenupoBaHune ABNSETCA OAHUM U3
Ba)KHbIX 3/1eMEHTOB MH(hopMaTM3aLMmM, MO3ITOMY 3HaHWe MOLEIMPOBaHNA

ABNAETCA BECbMa aKTya/1IbHbIM.

MogenupoBaHme — 3TO 3aMeLleHne ofHOro obbekta (opurnHana) Apyrum
(MoZenbto) 1 hrKcaums UM U3yyeHme CBOMCTB OpuUrnHana nyTem UCCnefoBaHuns
CBOMWCTB mMogenu. Mogenb 370 onucaHue CUCTEMbI. 3aMeLleHne 04HOro 06beKTa
APYTUM  MPOM3BOAMTCA C  LeNbl  YNPOLLEHWS, YAeLleBeHNs, YCKOPeHUs
(hmkcaumm UM N3y4yeHns CBOMCTB OpurnHana.

B o6uem cnyyae 06bEKTOM-OPUIMHAIOM MOXET ObiTb NH06as eCTeCTBEHHAS
WA  WCKYCCTBEHHas, peasibHas WAM Boobpakaemas cuctema. OHa wumMeeT
HEKOTOPOE MHOXECTBO MapaMeTpoB U XapaKTepusyeTcs ornpefeneHHbIMY
cBovicTBaMu. KonmyecTBeHHON MepOoil CBOMCTB CUCTEMbI C/YXXUT MHOXECTBO
XapakTepucTnk. Cuctema MposiB/ISET CBOM CBOMCTBA MOA BAVAHWEM BHELUHUX
Bo3genctenu (3,4).

MHOXeCTBO MapaMeTpoB CUCTEMbI U MX 3HAYEHUI OTPaXKaeT ee BHYTPEHHee
COAepXaHMe —  CTPYKTYpY M NPUHUMMNBLI  (DYHKUMOHMPOBAHUA UMK
CyllecTBoBaHMA. Habop ¥ 3HayeHWUs MapaMeTpoB BbIAENAKOT CUCTEMY Cpeau
APYrux cucTtem. XapaKTepUCTUKU CUCTEMbl — 3TO B OCHOBHOM €€ BHeELUHWE
MPU3HaKW, KOTOpble BadXKHbI NPV B3aMMOAEWCTBUM C APYTMMW CUCTEMaMMU.

3HaUYeHUA XapaKTePUCTUK OTPaXKatOT CTEMEHb B3aUMOCBA3W MeXy CUCTEMaMU.



XapaKTepuCTUKN CUCTEMbI HAXOAATCSA B PYHKLMOHaIbHON 3aBUCUMOCTU OT €€
napameTpoB. OYeBMAHO, YTO KaKAast XapaKTepUCTUKA CUCTEMbI OMpeaenseTcs B
OCHOBHOM WM MOSIHOCTbK  OFPaHUYeHHbIM MOAMHOXECTBOM MapaMeTpoB.
OcTa/ibHble NapameTpbl He BAMSKOT WU MPaKTUYECKM HE BAUAKOT Ha 3HayeHue
[aHHOW XapaKTepUCTMKM CUCTeMbl. ViccnenoBatens UHTEPECYHOT, Kak npasusio,
TONBbKO HEKOTOPblE XapaKTEPUCTUKN M3yYaeMOW CUCTEMbI  MPU KOHKPETHbIX
BHELLUHMX BO3AENCTBUSAX HA CUCTEMY

Mogenb — 3T0 TOXe CUCTeMa CO CBOMMU MapaMeTpamn 1 XxapakTepucTUKamu.
OpuruHan u mofenb CXOAHbl M0 OAHUM MNapameTpam U pasivyHbl Mo ApYruM.
3amelleHe OfHOro o6bekTa [ApyrMM NpPaBOMEPHO, €CAM  WMHTEepecyroLme
NcCnefoBaTens  XapakTepucTMKM  OpUrMHasia U MOAENM  OnpefenstoTces
OAHOTUMHBLIMX  MOAMHOXECTBaMM  MapaMeTpoB W CBA3aHbl  OAMHAKOBbIMM
3aBMCUMOCTAMU C 3TUMK NnapameTpamm,

MogenupoBaHue LieniecoobpasHo, Korga y Mogenn oTCyTCTBYHOT Te MpU3HaKu
OpUrnHana, KOTopble MPEensaTCTBYKOT €ro  MWCCNefoBaHWIO, WM  MMeKTCH
OT/IMYHbIE OT OpUrMHaia napameTpbl, CMOCO6CTBYOWME (UKCauMU  Um
N3YUYEHWUIO CBONCTB MOAE/N.

Teopuss ~ MOfenMpoBaHWUSA  MpefcTaBnseT  Co60A  B3aMMOCBS3aHHYHO
COBOKYMHOCTb MOJSIOKEHWUI, OMpefeneHnin, MeTO4OB WM CPeLCTB CO34aHus U
N3y4yeHns mMogenei. AT NONOXKEHUSA, ONpeeneHns, MeTodbl U CPeAcTBa, Kak v
caMu MOJenu, ABNIAKTCA NPeAMeTOM TEOPUN MOLE/IMPOBaHWS.

OcHOBHas 3afjaya TeOpUM MOAE/MPOBaHMS 3aK/o4YaeTcs B TOM, YTOObI
BOOPYXXWTb MUCCNeaoBaTenieil TEXHONOMMEN CO3A4aHUsi Takux MOfeNen, KoTopble
[0CTaTOYHO TOYHO M MOJSTHO (PUMKCUPYHOT MHTEPECYHOLLME CBOMCTBA OPUTMHAIOB,
MpoLLe nnn 6bicTpee NOALAKOTCA NUCCNEA0BAHNIO U AOMYCKAlOT NEePEHECEHME ero
pe3ynbTaToB Ha OPUTMHASbI.

Teopus MofenMpoBaHUs ABMSETCA OCHOBHOMW COCTaBNsAOLWEn obLiein Teopumn
CUCTEM, TAe B KayecTBe M1aBHOrO MPuHLMNA NOCTYIMPYIOTCH OCYLLECTBUMbIE
MOZeNn: cucteMa npefcTaBMMa KOHEYHbIM MHOXECTBOM MOfeNei, Kaxaas 13

KOTOPbIX OTPaXKaeT Onpe/enieHHY0 rpaHb ee CYLLHOCTY.



TpyaHO nepeoueHNTb PO/ib MOAENMPOBAHUA B Hay4YHbIX M3bICKAHMAX W,

BOOOLLEe, B XWN3HW YenioBeka. Mo3HaHne Nt60i ccTeMbl CBOAMTCA, MO CYLLECTBY,
K co3faHuio ee mofenun. llepef M3roToB/EHMEM KaXAoro YCTpPOMCTBa WK
COOPY)XeHUs paspabaTbiBaeTca €ero MofAenb-npoekT. J1ioboe npousBeseHue
NCKYCCTBA SIBNSETCH MOAENbIO, (PUKCUPYIOLLE [eiACTBUTENbHOCTL. UenoBek,
npexae uem COBEPLWMTb  4TO-1160, 06yMbIBaET ~ BO3MOXHYHO
nocnefoBaTeNlbHOCTb  [AENCTBMA UM UHTYUTMBHO  PYKOBOACTBYETCS
onpeaeneHHbIMM YCTaHOBMBLUMMMCA anpobMpoBaHHbIMI MOAENSMU NOBEAEHNS.

Oco0yt0 LIEHHOCTb MMEKT KOHCTPYKTMBHbIE MOAENN, T. €. Takue, KOTopble
[OMNYCKalT He TO/IbKO (hMKCaLuMio CBOWCTB, HO W UCCNef0BaHMe 3aBUCUMOCTEN
XapakTepuCcTUK OT MapaMeTpoB CUCTEMbl. TakuMe MOAENN  MO3BOASAKT
ONTUMM3NPOBaTb PYHKLUMOHMPOBaHUE cucTeM. ONTUMMU3aLMOHHbIE Modenn —
OCHOBA TEOPMN CMIOXKHBIX CUCTEM.

Pofb MOAENMpOBaHUA Kak MeTofa Hay4yHOro Mo3HaHWs W MeToda peLleHus
pasMYHbIX 3aay BCeraa oueHnBanach A0CTaTOMHO BbICOKO.

C pasBUTMEM TEXHMKM HALIO LUMPOKOE MPUMEHEHME  (hM3NYECKoe
MOZENMPOBaHME COOPYXKEHWUIA, MAaLLNH N MeXaHU3MOB.

[lOCTXKEHNS MaTeMaTMKX MPUBEN K PacnpoCTPaHEHMKO MaTeMaTUYecKoro
MOZE/IMPOBaHNSA Pa3/INYHbIX 06BLEKTOB M NpoLeccoB. MogMeyeHo, YTO AMHaMUKa
(DYHKLMOHMPOBaHMS pa3HbIX MO (PU3NYECKON NPUPOAE CUCTEM OMMUCLIBAETCS
OAHOTUMHBLIMX 3aBUCMMOCTSMU, T. € MOXET ObITb NpPeACTaBneHa OAMHAKOBbLIMU
MoZensmMun. PacyeTHble (hopMy/ibl, KOTOPbIE UCNOMb3YHOT A9 aHanmM3a 1 CUHTE3a
BCEBO3MOXHbIX CUCTEM, 3a4acTyHO BblBeEHbI N3 MaTEMATUUYECKUX MOAENEN ITUX
CUCTEM.

Ha KayeCTBEHHO HOBYI CTyMeHb MOAHANOCH MOAENMPOBaHWE B pe3yrnbTare
pa3paboTKM METOAONIOrMN UMUTALMOHHOIO MOAENMPOBaHMS. 3TO 00YCNIOBNEHO TEM,
YTO CYLLECTBEHHO PaCLUMPUIICA KNacc CUCTEM, KOTOPble MOTYT ObITb MCCNEA0BaHbI C
MOMOLLLbHO MOAENNPOBAHUS.

MosiBNEHNE  BbIYUCANTENbHBLIX MalUMH CMOCOOCTBOBANO  YrNyONeHUIO U

pacluMpeHnto  cdep  NpUMMEHeHUst  MopenmpoBaHMsA.  Ocoboe  3HaveHue



NpuobpeTaeT MOLEeNMPOBaHME B COBPEMEHHbIX YCMOBUAX YCKOPEHWUS Hay4yHO-
TEXHMUYECKOro nporpecca, Npy TpeboBaHMAX LOCTMXKEHUSA 60MbLUNX 3P¢eKTOB C
OrpaHMyeHHbIMM  MaTepuasibHbIMKW,  TPYLOBbIMW,  3HEPreTUYECKUMU U
BPEMEHHbIMW, pecypcamu.

Ceiluac TpyAHO YKa3aTb 0011aCTb UYeNOBEYECKOW [eATe/IbHOCTU, rAe He
npuMeHsnocb  Obl  MofenvpoBaHWe. Pa3paboTaHbl, Hanpumep, MOZAenun
MPOM3BOACTBA aBTOMOOW/IEN, BbIpALLMBAHUA MLWEHUUbI, (YHKLUNOHUPOBAHUSA
OTAENbHbIX OpPraHOB  Ye/iOBEKa, >KU3HeLeATe/IbHOCTU  A30BCKOro  Mops,
MocneAcTBMi aTOMHOM BOVIHLI. B nepcnekTnBe A8 KaXXA0N CUCTEMbl MOTYT ObITb
CO3faHbl CBOWM MOAENN TNepes peanmsauvent Kaxoro npoekta  A0HKHO
NpoBoAMTLCSA MogenuposaHue (5).

CneumanncTbl CUMATAIOT, YTO MOZLE/NIMPOBAHNE CTAHOBMTCA OCHOBHOMW (DYHKLMeN
nobbIX cucteM. MogennpoBaHue LiefiecoobpasHO  UCMO/b30BaTh Ha  3Tarne
MPOEKTUPOBaHUA U AN aHaIn3a (PYHKLUMOHMPOBaHWUS AENCTBYHOLMX CUCTEM B
9KCTPEMASIbHbIX YCMOBUSAX WM NPU  U3MEHEHWM WX COCTaBa, CTPYKTYpbl,
CMoco60B yrnpasneHUs U paboyein Harpysku. NpumeHeHWe MOLENMPOBAHNSA Ha
aTane MpPOEKTUPOBAHWA MMO3BOMIAET aHa/IM3MPOBaTb BapuaHTbl MPOEKTHbIX
peLLeHniA, onpeaensTs paboTocnoCcO6HOCTb U NMPOU3BOAUTENIBHOCTb, BbIYUCIATb
OXnAaemble BpeMeHa peakuuy M MNPUHUMAaTL PeLleHus Mo pauvoHa/IbHOMY
M3MEHEHMIO COCTaBa M CTPYKTYpbl. B TOM cnyuyae, Korga He yaaetcs co3faTb
MOZe/b, AONYCKAKOLLY UCNONb30BaHNE aHAIMTUYECKUX METOL0B ONTUMU3ALUK,
npouecc paspaboTKyM MPUHUMAET UTepaLMOHHbIA XapakTep. [lpeaBapuTesibHO
BblOpaHHbI ~ BapuaHT  MPOEKTHOIN0  PelleHWs  aHa/IM3MPYHT  MyTeM
MOZENMPOBaHNA.  ITO  faeT  BO3MOXHOCTb  OMpefeMTb  OXMAAeMble
XapaKTepUCTUKN OyAayLLEN CUCTEMbI, BbISBUTb €€ CWU/bHbIE U Cnabble CTOPOHBI.
Ecnm xapakTepucTMKu He YAO0BMETBOPAIOT MNpeAbsaBiseMbIM TPeboBaHUAM, MO
pe3ynbTatam aHan3a BbIMOMHAT KOPPEKTUPOBKY MPOEKTa, 3aTem CHOBa
MPOBOAAT MOJenupoBaHMe. 3ITOT MPOLECC MOBTOPSETCA [0  [LOCTMXKEHMS

TpebyemMoro Kayectsa ()yHKLUMOHNPOBaHWSA pa3pabaTbiBaeMoil CUCTEMBI.



Mp aHanu3e [AEWCTBYIOWMX CUCTEM C  MOMOLLbO  MOAENMPOBaHNS

OnpeaenstoT rpaHuLbl paboTocnoCOOHOCTU CUCTEMbI, BbINOMHAT UMUTALMIO
9KCTpPeMasibHbIX  YCMOBWIA, KOTOPble  MOFYT BO3HWMKHYTb B  npouecce
(hYHKLMOHMPOBaHMSI CUCTEMbI. VICKYCCTBEHHOE CO3[aHuWe TakKWX YCNOBWI Ha
[ENCTBYIOLLEN CUCTEME 3aTPYAHEHO U MOXET MPMBECTU K KaTaCTPONYECKMUM
MOCNeACTBUAM, €C/IN CUCTEMA He CMpaBUTCA CO CBOMMWU (DYHKLMOHAbHLIMU
06513aHHOCTAMWN. [1pUMEHEHNe MOAENMPOBaHNA MOXET ObITb MOME3HbIM NPW
pa3paboTke cCTpaTernv pasBUTUS CUCTEMbI, €€ YCOBEpPLUEHCTBOBaHUM W
06pa3oBaHMN CBSI3e C APYrMMK CUCTEMaMK MPU CO34aHUM MHOFOMALLMHHBLIX
KOMMNIEKCOB M ceTeil IBM, npu M3MEHEHUN KOMMYeCTBa, HOMEHKMATYPbl UK
4acTOTbl peLlaeMblx 3a4au.
LiesiecoobpasHee MCMoNb30BaTh  MOLE/IMPOBaHME A1 [eNCTBYHOLUMX CUCTEM,
MOCKO/IbKY MOXHO OMbITHbIM MYTEM MPOBEPUTb afeKBaTHOCTb MOAEN W
opurnHana u 6onee TOYHO ONPeAeNnTb Te MapaMeTpbl CUCTEMbI, U BHELLHUX
BO3AEWCTBUIA Ha Hee, KOTOPble CAYXAT WCXOAHbIMW  [JaHHbIMW  ANS
MOZennpoBaHns. MogenMpoBaHue peasibHO CUCTEMbI MO3BONSET BbISBUTL €€
pe3epBbl M MPOrHO3MPOBaTb KayecTBO (YHKUMOHMPOBAHUA U MpU  NtOBbIX
M3MEHEHUSAX, MO3TOMY MOME3HO UMETb MOLENIN BCEX Pa3BMBAMOLLMXCA CUCTEM,
aHann3 pesy/bTaToB MOAENNPOBAHMS.

Mpouecc co3gaHna MOAENU MPOXOAMT HEeCKOSIbKO CcTagmil. OH HauMHaeTcs C
N3YYeHUS CUCTEMbI W BHELUHWX BO3JENCTBUIA W 3aBepLUaeTCs Pa3paboTKon nnu
BbIOOPOM MaTemaTU4eckor MOoAenv WM nporpammbl A0S CUCTEMbI, ecin Mo-
AennpoBaHue 6yaeT NPOBOAUTLCA C €€ NOMOLLBH0. HekoTopble MaTemMaTnyeckme
MOZENN MOryT ObITb MCCneaoBaHbl 6€3 NPUMEHEHNS CPEACTB BbIYUCUTENbHOM
TEXHWKWN, HO B Aa/bHENLLIEM, KaK MpaBu/io, pacCMaTpuBalOTCA Takue MOAEeNw,
UccnefoBaHye KOTOPbIX HAAO0 NPOBOAMTbL C MOMOLLbIO BbIYMCANTENbHBIX CUCTEM.

Takum 06pas3oM, MOfenvpoBaHWe npeAnofiaraeT Hainuume ChefyroLmx
YKPYMHEHHbIX 3Tanos: OPMyIMPOBaHNSA LeI MOAENMPOBaHUSA; paspaboT Ku
KOHLENTYa/lbHOW MOAEeNN; MNOATOTOBKM WUCXOAHbIX [AaHHbIX; pa3paboTKu

MaTeMaTW4yecKol Mofenn; Bbl6opa MeToAa MOJeNMpoBaHUs; Bblbopa
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CPeACTB MOLEeNMpoBaHuA; pa3paboTKM NPorpamMHON MOAENN; MNPOBEPKM
afeKBaTHOCTUM W KOPPEKTMPOBKM MOJAENN; MNJaHUPOBaHUSA MalUMHHBIX
9KCMEPUMEHTOB; MOJE/NMPOBAHNA Ha CUCTEeMe; aHaiv3a pe3ybTaToB
MozenvposaHus (6).

MepeyncneHHble 3Tarbl BbITEKAKOT M3 0OLLE METOA0M0rMn MOLEIMPOBaHNSA
cuctem. Mpu MOLENMPOBaHMN Pa3/IMYHbIX CUCTEM TPYLOEMKOCTM OAHMX U TeX
)Ke 3TanoB MoOryt ObITb pasHbIMW. B npouecce MOAenMpoBaHUA KOHKPETHOM
CUCTEMbI MOTYT UMETb MECTO HEKOTOpPbIE N3MEHEHUS TEXHOMOrMKU. B YacTHOCTY,
MOXeT ObITb 3apaHee npefonpeaeneH MeTO4 MOAENMPOBaHWUSA WM BblGpaHO
KOHKPETHOE CPefCTBO MOAeNMpoBaHUA. MateMaTuyeckass MOAENb OKaXKEeTCH
HaCTO/IbKO  MPOCTOM, 4YTO He NOTpebyeTcqd  MNPOBeAeHWUS  MalUMHHbIX
9KCMEPUMEHTOB, pa3paboTka NporpaMMHON MOJENN WUCK/IOUYUT HEOOXOAMMOCTb
CO3faHusA  MaTematuuyeckonm Mogenn. CnepyeT o006patuTb  BHMMaHWe Ha
NnepBooYepesHy0  HeobX0AMMOCTb  MOCTAHOBKW,  (hOPMY/IMPOBAHUSA  LieSn
MOZeNnpoBaHns. B aTom Bonpoce JO/MKHO ObITb JOCTUIHYTO B3aUMOMNOHVMaHNe
MEX/Y 3aKa3uMKOM, OTBETCTBEHHbIM 3a CO3faHve UM MOLEPHM3ALMNI0 CUCTEMBI,
N pa3paboTumkom Mogenn. BaXHOCTb KOPPEKTHOrO BbIMOSIHEHUS 3TOro aTana
onpeaenseTcs Tem, YTO BCe NOC/eAYHOLLME 3Tanbl NPOBOAATCS C OpUeHTaLMen Ha
onpeaeneHHyo Leflb MOAeNMPOoBaHNS.

Ha aTOM >Xe 3Tarne KOHKPeTU3NPYETCH, B KakMX eauHuLAax W3MepeHus
(OTHOCUTENBbHBIX MAN abCOMOTHBLIX) AO/MKHBLI ObITb NPeACTaBeHbl pe3y/bTaTbl
MoAennpoBaHusA. T1of  OTHOCUTENIbHbIMK - eAvHMLAMWU  3[4eCb  MOHUMAKOTCA
KayeCTBEHHble rpajalnn, CpaBHUTENIbHbIE OLEHKN Pa3HbIX BapMaHTOB CUCTEMbI
(TMna  «nydwe—xyxe», «60Mblle—  MeHblUe»). [lpu  HeobxoaumocTu
NpefACTaB/IeHNs Pe3y/nbTaTOB B abCOMOTHBLIX eAuHMLAX [LO/MKEH OblTb peLleH
BOMPOC O TOYHOCTU U3MepeHUs. DTOT BOMPOC 3a4acTyro He MMEET OAHO3HAYHOro
0TBETa, HO KpainHe BaXXeH /191 BbINO/IHEHMSA BCEX 3TaroB MOAE/IMPOBaHMS.

[MpoBepka afeKBaTHOCTM YKasaHa Bbllle B BWAe OAHOMO W3 3Tanos
MOZeNMpoBaHnsA. He Hago 310 NOHUMaTb GYKBasIbHO, TaK Kak Ha afleKBaTHOCTb

MOENN OKa3bIiBaeT B/INAHNE Ka4yeCTBO BbIMO/IHEHUA MPaKTUYECKN BCEX 3TaloB.
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Mo3ToMy NpoBepKa afeKBaTHOCTU [JO/MKHA NPOBOANTLCS B TOM UM MHOM BUAE,
HauMHas OT pa3paboTKM KOHUENTYa/lbHOM MOAEM W KOHYas aHaIn3oM
pe3ynbTaToB MOAE/IMPOBaHMS.

Mog pa3paboTKOM MaTeMaTUYeCKOM Moaenu noapasyMeBaeTcs Cco3faHue
MOMIHOCTHIO  (POPMASIM30BAHHOIO  OMWUCAHUA  AUHAMUKW - (DYHKLMOHUPOBaHUA
cuctembl. OfHAKO He [A/19 BCeX CUCTEM, BHELUHMX YC/MIOBUA W Lenen
MOZENMPOBaHNA MOXET ObITb M0406pPaH M3BECTHLIA METOA (hopmanmsauumn nam
KOHCTPYKTUBHBbIA MaTeMaTUYeCcKunia annapar.

Pe3ynbTaTbl MalWMHHOIO MOAENMPOBAHNS AO/MKHbI ObITb NPOAHANN3MPOBaHbI C
LLe/Ibl0 NPOBEPKMN WX AOCTOBEPHOCTW U BblpabOTKM pPeKoMeHAauum o crocobax
MOBbILLUEHNA KayecTBa UccnefyemMon cuctembl. Ha Bcex atanax MogenmpoBaHus
cnegyeT 06patuTb 0CO60e BHUMaHWE Ha [OKYMEHTMPOBaHME MPUHUMAEMbIX
PeLUeHWA, AOMYLLEHWNIA, OTPaHUYEHWIA N BbIBOJOB.

3 opraHM3aumMOHHbIX acrekToB  MOLE/MPOBaHMS  CrefyeT  BbleuTb
Heo6X0AMMOCTb HEMOCPeACTBEHHOIO y4vacTus B paboTe KBaIMPULMPOBAHHbIX
npefcTaBuUTeNel 3akasuMka Ha nepBbiX 3Tanax (BMAOTb A0  pa3paboTku
MaTemMaTU4eckol MOAenn) U Ha aTane aHaim3a pesynbTaToB MOAENMPOBaHNS.
OTBETCTBEHHbIA 33 CUCTEMY 3aKa3uuMK [O/DKEH YeTKO MOHUMAaTb LEesn
MOZENMPOBaHNsA, pa3paboTaHHYH) KOHLENTYaslbHYK0  MOfeNb, Mnporpammy
NCCNefoBaHWI M MNONYYeHHble pe3ynbTaTbl. OTO OygeT Cnoco6CTBOBATH
BHEAPEHWIO BbIpabOTaHHbIX PEKOMEHAALNNA.

[na 0gHOM 1 TOM XKe CUCTEMbI MOXXHO COCTaBMTb MHOXeCTBO Mogenein OHu
OyfyT OTANYaTLCS CTENEHBbIO AeTann3alnn U yyeTa TeX UM UHbIX 0COBEHHOCTEN
N PEXMMOB (PYHKUMOHMPOBAHWSA, OTpaXKaTb OMPeAeNeHHYK TpaHb CYLLHOCTU
CUCTEMbI, OPVEHTMPOBATLCA Ha WCCMeAoBaHMEe OMpefeneHHOro CBOMCTBA WK
rpynnbl CBOMCTB cuCTeMbl. [103TOMY nepef pa3paboTKoOM Mogenu crepyet
chopmynunpoBathb Lenu nccnesoBaHus.

Mpn co3gaHuM wunM  MOAepHM3auMM N60M  CMCTeMbl BCTaeT  3afada
onpegeneHns eé athhekTMBHOCTU. Cenatb 370 Hafo elle A0 NOSABAEHUS HOBOW

cUCTeMbl. ECiv MOXeT BbITb CO034aHO HECKO/IbKO BapnaHTOB CUCTEMbI, TO N3 HUX
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TpebyeTcA BblOpaTb HauMNydlIWA. PelleHne 3TuUX 3afdad M ABNSeTCA OCHOBHOW
Llenblo MofenmpoBaHms. OQHaKo MOHATUE 3APYEKTUBHOCTU He OAHO3HAYHO. Ero

cnefyeT KOHKPeTM3MpoBaTh 40 MOAENMPOBaAHUSA.
["naBa |. TexHOM0rna MoaeNMpoBaHnA.

1.1. Co3fjaHne KOHUENTYyasIbHOM MOENN.

B npouecce pa3paboTKyM MOAENN MOXHO YC/IOBHO BbIAENNTb TaKue 3Tanbl
OMucaHMs, Kak KOHLENTYaslbHbliA, MaTeMaTUYeCKUA U NPOrpammHblif. Ha aTux
aTanax co3faeTcs COOTBETCTBYIOLWAA Modens (7).

KoHuenTyanbHas (cofep)katefibHas) mMofenlb — 3T0 abCTpakTHas MOAEb,
onpefenstowlas CcocTtaB M CTPYKTYpy CUCTEMbl, CBOICTBA 3/1EMEHTOB WU
MPUYMHHO-CIEACTBEHHbIE  CBA3W,  MPUCYLUME  UCCriedyemMon  cucteme U
CYLLECTBEHHbIE AN AOCTMXKEHUA LenM MoAenvMpoBaHus. B KOHUEeNTyasbHOM
MOAENN O0ObIYHO B C/IOBECHON (hopme, MPUBOAATCA CBeAeHWA O NpUpoae U
napameTpax 3/1leMeHTapHbIX AB/IEHWIA NCCNeLYEMO CUCTEMBI, O BULE N CTEMeHW
B3aUMOAENCTBMSA MEXAY HUMW, O MECTE U 3HAYEHUWN KaKAOoro 3/eMeHTapHOro
ABNeHNs B 06LLEM npoLiecce PYHKUMOHNPOBaHWSA CUCTEMBI.

Pa3paboTka KOHLEeNTYya/lbHO Mogenu TpebyeT A0CTaTOYHO INy60KMX 3HaHWIA
CUCTEMBI, TaK KaK Haflo 060CHOBATb He TO/IbKO TO, YTO [O/PKHO BOWTW B MOAEb,
HO W TO, 4YTO MOXET ObITb OTOPOLUEHO 6€3 CYLIECTBEHHbLIX WCKaXKEHWI
pe3ynbTaToB MOZEeNMPOBaHNS. MocneaHee, ABNsieTCA Hanbonee
Npo6neMaTUYHbIM, MOCKO/IbKY BO3HUKAET 3aMKHYTbIA Kpyr: Ans TOYHOro
onpefeneHns BAUAHUA WCKHOYEHUSI KAKOro-iMbo 3/eMeHTa WU ABMIEHUA Y3
MOAENN Ha CTerneHb WCKaXEHMsi pe3y/nbTaToB HeobXxoaumo co3faTb WU
nccnenoBartb ABe MOAENN — C YY4eTOM U 6e3 y4yeTa 3TOro afieMeHTa Un ABMIEHNS.
BbINONHUTL 3TO MO KaXXAOMYy COMHUTE/IbHOMY 3/IEMEHTY W SAB/IEHUIO He
NpefACcTaBNAETCS BO3MOXHbLIM B CBSI3W CO 3HAYMTENbHbIM YBEIMYEHNEM 0O6beMa
pabor.

OcHoBHasi npo6niema nNpv CO3A4aHWM MOMENN 3aK/HYaeTCs B HaxOXXAeHUM

KOMMPOMMCCa MEXIY NPOCTOTOM MOAenn v eé afeKBaTHOCTLIO C MCCeayeMol
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cucteMon. VIMeroTcst TeopeTnyeckue nNpopadboTKy pelleHns faHHON npo6/iemsl,
HO MpPaKTUYecKn uxX TPYAHO peann3oBatb. [103TOMy pa3paboTUMK MOZEeNw,
PYKOBOZLCTBYSCb CBOMMM 3HAHUAMMW CUCTEMbI, OLLEHOUYHbLIMW pacyeTamu, OrbITOM,
[O/MKEH NPUHATL peLleHne 06 UCKTKYEHNN KaKoro-To 3/1eMeHTa UK AB/IEHUS U3
mMofenn 6e3 [0CTaTOMHO MOJSIHOWM YBEPEHHOCTW B TOM, YTO 3TO HE BHeCeT
CYLLECTBEHHbIX MOrPEeLIHOCTEn B pe3yfbTaTbl  MoAenmpoBaHus. [pouecc
CO3[aHNA KOHLeNTYa/lbHOM MOJEeNu, O4YEeBUAHO, HUKOr4a He MOXET OblTb
MOMHOCTHIO (hOpMann3oBaH. VIMEHHO B CBSi3M C 3TUM WHOrAa roBOPAT, 4TO
MOZENNPOBaHNe ABNAETCA He TO/IbKO HAayKOW, HO U UCKYyCCTBOM. [lpu co3gaHum
OPUEHTMPOBAHHOW MOENM YTOUHAKOTCA MHOXECTBA MOJE3HbIX U BO3MYLLAIOLLMX
BHELLIHMX BO3ENCTBUMN.

CTpaTudukayms. Cregyrowmm WwWarom Ha nyTn Co3faHnsa KOHLUEeNTYya bHOM
MOZENN CNY)XXUT BblOOP YPOBHA AeTanmM3auum Mofenn W3BecTHO, 4To ntobas
cucTemMa - 3TO Npexzae BCero LIe/IOCTHass COBOKYMHOCTb  3/1EMEHTOB
HenpeMeHHbIM CBOWCTBOM KaXKAOW CUCTEMbl SBNAETCA €€ pasfeneHre Ha
nogcuctembl. Mogens CUCTEMbI MPeLCTaBNAeTCS B BUAE COBOKYMHOCTU YacTei
(nogcuctem, 3nemeHTOB). B 3Ty COBOKYMHOCTb BK/HOYAKOTCA BCe YacTW, KOTOpbIe
06ecrneymBaroT COXpaHeHue LIeNOCTHOCTU CUCTEMbl. VICKNHoYeHne Kakux-n1mbo
3/IEMEHTOB M3 MOfE/IN He [O0/DKHO MPUBOAUTL K MOTEPe OCHOBHbIX CBOWCTB
CUCTEMbI NPV BbIMOSHEHUN (DYHKLUMIA MO OTHOLLEHUIO K MeTacuUCTeME.

C [pyroi CTOpPOHbI, KaXaas YaCcTb CUCTEMbI TOXKE COCTOUT M3 COBOKYMHOCTU
3/1IEMEHTOB, KOTOpPbIe, B CBOKO 0Yepesb, MOryT ObITb pacyieHeHbl Ha 3/1eMEHTbI.

C yuyetom 3toro npobnema BblGOpa YPOBHA [AeTanu3auum MOXeT ObITb
paspeLleHa MyTeM MOCTPOEHUS MepapXMyeCcKoin NocnefoBaTe/lbHOCTM MOAENEN.
Cuctema npeacTaBnseTcAd CeMeWCTBOM  MOfefien, Kakaaa W3 KOTOpbIX
OTOOpaXaeT ee NOBeAeHME Ha Pa3/INYHbIX YPOBHAX AeTanm3aumn. Ha kaxgom
YPOBHE CYLLECTBYIOT XapaKTepHble 0COOEHHOCTM CUCTEMbI, NepeMeHHble, MPUH-
LIAMbI M 3aBMCUMOCTH, C MOMOLLbHO KOTOPbIX OMUCLIBAETCA MOBEAEHNE CUCTEMBI,

YPOBHU fAeTain3aumm MHOr4a HasbIBAKOTCA CTpaTtamuy, a NpoLecc BblAeNeHns

YPOBHei—cTpaTugmkaumnen. Bolbop cTpat 3aBUCUT OT Lieneid MOLEeIMPOBaHNA U
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CTeneHn npeaBapuTeNbHOr0 3HaHWA CBOWCTB 3/1EMEHTOB. 19 OAHOM N TOW Xe
CUCTEMbI MOTYT ObITb MCMOMb30BaHbl pas3finyHble cTpatbl. O6bLIMHO B MOAENb
BK/IIOYAKOTCA 3/1EMEHTbI OA4HOro YpoBHA feTasm3auun — K-ctpata. OfHako
MOXET MpPeLCTaBNATb MHTEPEC NMOCTPOEHME MOZENN N3 3IEMEHTOB Pa3HbIX CTpaT.
B ToM cnyuae, Korga obuiecnucteMHble ((0yHKUMOHa/IbHbIE) CBOMCTBA OTAE/MbHbIX
3/IEMEHTOB MaJi0 M3BECTHbI WM BbI3bIBAET 3aTPYLHEHWE WX OMUCaHWE, MOXXHO
ANA KKAOr0 Takoro 3fieMeHTa BK/IKOYMTb B MOJE/Nb ero [AeTaM3vpoBaHHOe
onucaHne u3 HmxkectosAwero (K — 1)-ctpata. HekoTopble 3/1eMeHTbl U 3TOro
YPOBHA MOXHO Pacy/ieHUTb, T. €. UCMOMb30BaTb UX ONUCaHWe U3 CNeLyHoLero
ypoBHA — (K — 2)-cTparta.

Mpn  NOCTPOEHUN  OPUEHTMPOBAHHOM W CTPATUULUMPOBAHHON  KOH-
LlenTya/IbHON MOAENN HeobX0AMMO PYKOBOACTBOBATLCA CriedytowmM. B mogenb
[O/MKHbI BOMTK BCe Te napameTpbl CUCTEMbI W, B MEPBYIO OYepelb, NapameTpsbl,
[OMycKatolMe BapbMpoBaHME B  MpOLEeccCe  MOAENMPOBaHWA,  KOTOpble
obecrneunBatoT OnpefeneHVe WHTEPECYIOLWNX WCCNeaoBaTens XapakTepucTuK
MPY KOHKPETHbIX BHELLUHWX BO3A4ENCTBMAX Ha 3ajaHHOM BpeMeHHOM nHTepBasie T
(hYHKUMOHMPOBaHWSA cucTeMbl. OcTa/lbHble MapaMeTpbl LO/MKHbI  ObiTb, MO
BO3MOXHOCTU, UCK/TOUYEHbI 13 MOLENN.

HeTanusaumsa. MNMpn pacyneHeHMn CUCTEMbI Ha 3/IEMEHTbI MOXHO MOCTynaTb
cregyrowmm  obpasom. PyYHKUMOHMpPOBaHME /OGO CUCTEMbI MpPeLCcTaBNseT
COO0I BbIMO/IHEHME OLHOIO WIN HECKOJIbKUX TEXHONOrMYeCKMX MpoLeccoB
Npeobpa3oBaHNA BeLLeCcTBa, 3Heprum wnn uHgopmauymmn. Kaxgpld npouecc
CK/MafblBaeTCA U3 NocnefoBaTe/lbHOCTU 3/leMEeHTapHbIX onepauuii. BbinonHeHne
KaXK0 3M1eMeHTapHOM onepaumm obecrneynBaeTca onpenesieHHbIM pecypcom —
anemMeHToM. [1o3ToMy B MOAEeNM [O/MKHbI MPUCYTCTBOBATb BCE 3/1EMEHTHI,
KOTOpble pean3ytoT BbIMOSIHEHWE BCEX TEXHOMOrMYeckmx npoteccoB. Kpome
HAX B MOAENb MOryT OblTb BK/IKOYEHbI 3/IEMEHTLI, KOTOpble CAyXar A/
yrnpaB/feHUs pecypcamy K npoueccamm M AN XpPaHeHUs O0OBbEKTOB
Npeo6pa3oBaHNA B NPOMEXYTKAX BPEMEHU MeXAY BbINO/HEHMEM 3/IEMEHTaPHbIX

orepauui, a TaKxe 419 XpaHeHUs nHpopmaLumn, HeobXoanMon A1 ynpasneHus.
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[MprMeHeHWe 3TOro npasunia TPebyeT NpeLBapuTENbLHOIO OMNpeaesieHNs NOHATUS
aNeMeHTapHOI onepawmn

[etannsaunsa cucTembl SO/HKHA NPOU3BOANTLCA A0 TAKOIO YPOBHSA, YTOObI AN
KaXX[0ro afieMeHTa 6bI/M U3BECTHbI UM MOTN Bbl 6bITb NMOMYYEHbI 3aBUCMOCTY
MapaMeTpoB  BbIXOAHbIX  BO3JEWCTBUA  3/1EMEHTa,  CYLUECTBEHHbIX  ANA
(PYHKUMOHNPOBaHWA CUCTEMbI U OMpefeneHns eé BbIXOAHbIX XapaKTepuUCcTuK, OT
napameTpOB BO3AENCTBUIA, KOTOPbIE ABMAKOTCSA BXOAHLIMU A/19 3TOr0 3/1eMeHTa.

Ecnv no pesynbtaTtam OpueHTauun, CTpaTuukaummM © - pacy/ieHeHus
nonyyaerca Mofenb 60/bWONW pasmMepHOCTU, T. €. C 6O0/bUM  YUC/IOM
MnapameTpoB, B YACTHOCTW, C 60/bLLUMM YNUCNIOM 3/1eMEHTOB (HECKO/IbKO COTEH U/
[ake Tbicad), TO eé cnefyeT YNpPOCTUTb, MOCKO/IbKY C FPOMO3LKOA MOAENbIO
paboTaTb Heyao6HO. OTO MOXHO CAenatb pasHbIMU Crocobamm M30MOPQHBLIX
npeobpa3oBaHUiA Mogenn 6e3 CHUXeHWS CTeneHu afleKBaTHOCTW, B TOM 4uUChe
nyTeM [EeKOMMO3MUUN CUCTEMbl Ha MOACUCTEMbI, MHTerpauum 3neMeHTapHbIX
orepauMi 1 COOTBETCTBYIOLLEN WHTerpaumMn 3/1EMEHTOB, WCK/IKOYEHUA WK
yCeyeHNss BTOPOCTEMEHHbIX TEXHOMOMMYECKUX MPOLECCOB C  WCKIHOYEHUEM
o6ecrneynBaroLLMX 3TN MPOLLECChHI 3/IEMEHTOB.

Nokanuzauus. MNMocneayrowmii Wwar co3faHns KOHUENTyabHON Modenu — eé
NoKanmM3aums, KoTopas OCyLLeCTB/SETCA NyTeM MpeacTaBNeHns BHELLHEN cpelbl
B BMJE reHepaTOpOB BHELUHWX BO3LENCTBWIA, BKIHOYAEMbIX B COCTaB MOAE/N B
KayecTBe aneMeHTOB. [1pnM Heo6XoAMMOCTM OHM  ANddepeHLMpPYOTCA  Ha
reHepaTopbl, paboyelt Harpysku, NMOCTaBNAOLWME HA BXOL CUCTEMbl OCHOBHbIE
NCXO[Hble O0ObEKTbI—BELLECTBO (Cblpbe, MONY¢abpuKaTbl, KOMMIEKTYHOLLNE),
SHepPruo ANs 3HEepreTMYecKUX CUCTEM WU [aHHble AN WH(OPMALVNOHHBIX
cuctem, B TOM uucne 409 BblUUCAUTENbHBLIX cuctem (BC); reHepatopsl
[OMOSIHUTENbHBIX — 06ecneyMBalonX OOBLEKTOB U 3HEPruKn; reHepaTopsl
yMpaBfsloWmMX M BO3MYLLAIOWMX BO3AENCTBUIA. [eHepaTopbl BO3MYLLAKOLLMX
BO3[EeNCTBUIA HapYLLAKT MPOLLECC PYHKLMOHMPOBaHUS CUCTEMBI (8).

CTpykTypusauusa. YnpasneHue. 3aBepLUaeTCAa MOCTPOEHME CTPYKTYpPbI

MOAeNn yKasaHMeM CBfA3e Mexay anemeHTamu. CBA3M  MOryT  OblTb
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noapasfeneHbl Ha BeLLECTBEHHblE N MH(OPMaLMOHHbIE. BelleCTBEHHbIE CBS3N
OTpaXatoT BO3MOXHble MNYyTW MepeMeLLeHns NpoAdyKTa mnpeobpasoBaHns OT
O[JHOT 0 3neMeHTa K gpyromy. VIHpopmaLmOoHHbIe CBA3K 06ecreynBatoT nepegady
MeXAay 3/leMeHTaMi YNpaBNsoLWMNX BO3AENCTBUA U MHKOPMaLMM O COCTOSHUMN.
OTMETUM, YTO KakK WH(OPMaLMOHHbIE, TaK W BELUECTBEHHbIE CBA3N He
06si3aTeNIbHO  [0/KHbI  ObITb  MNPeAcTaBleHbl B CUCTEME  HEKOTOPbIM
MaTepuasibHbIM KaHa/loM CBA3W. B NpOCTbIX CUCTEMaXx, COCTaB/EHHbIX M3 OfHO
(hYHKUMOHA/IbHbIX 3/1EMEHTOB, MMEIOLWNX He 6ofee YeM Mo OAHOIM, BbIXOAHOM
BELLLECTBEHHOWN CBA3M, MH(POPMAaLMOHHbIE CBA3XM MOrYT BOOOLLE OTCYTCTBOBATb.
YnpaeneHne npoueccoMm PYHKUMOHMPOBaAHMA B TaKMX CUCTEMAax OMNpeaensercs
CaMOI CTPYKTYPOW, T. €. B HUX peanv30oBaH NPUHLMMN CTPYKTYPHOI O YrpaB/eHus.
[MpuMepaMn TakMX CUCTEM MOTYT C/Y>XKWUTb /TIOFMYECKNE 3/IEMEHTbI U aHaI0roBble
BbIYNCIUTENbHbIE MALLIMHBI.

B 6onee CNOXHbIX CUCTEMAX, BKIKOYAOWMX MHOMOQYHKLMOHAbHbIE
3N1IEMEHTbI UMW 3/IEMEHTbI, KOTOPblE MMEKT 60/blLUEe YeM MO OAHON BbIXOLHOWA
BELLLECTBEHHOW CBA3K, MMEHOTCA YnpaBnstoLLmMe cpeacTsa (peLlatowme s1emMeHTbl)
M COOTBETCTBYHOLME MHMDOPMALMOHHbIE CBA3W. YnNpaBneHWe Tpebyetca aAns
yKasaHUsi, KaKOMYy 3/1eMEHTY, KakKo MCXOAHbIA 0OBLEKT, KOrga U OTKyaa B3siTb,
KaKylo orepauuio no npeobpasoBaHUIO BbINOAHUTL U Kyfa nepefaTb. O Takux
CUCTEMAaxX MOXXHO TOBOPWUTb, YTO OHU (QYHKUWOHMPYKOT B COOTBETCTBUM C
NporpaMMHbIM WM aNFOPUTMUYECKMM  MPUHLUMNOM  yrpaBneHus. B
KOHLIENTYa/lbHON MOAENN AO0/MKHbI OblTb KOHKPETU3MPOBaHbl BCE peluaroLLme
npaBuMna VAN anropuTMbl YNpaefieHUs paboyeirt Harpyskow, anemMeHTamm |
npoueccamu.

BblgeneHne npoueccoB. PacCMOTPeHHble Bbille AENCTBUS HarpaB/ieHbl Ha
co3faHne MOAEeNu, OTpaXkatoLleil CTaTUKYy CUCTEMbl — COCTaB W CTPYKTYpY.
[MOCKONbKY OCHOBHOIN MHTEpPeC NPeACTaBnsaoT ANHAMUYECKNE CUCTEMbI, CNeayeT
[OMONMHNUTL 3TY MO/ENb ONMMcaHNeM PaboTbl CUCTEMBI.

®DYHKUNOHMPOBAHNE  CUCTEMbl  3aK/HOYAETCA B BbIMNOMHEHUN  TEXHO-

NOTUYECKOro MpoLiecca Npeobpa3oBaHUs BELLECTBA, SHEPTn UM UHAOPMALIN.
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B CNoXHbIX CcUCTEMax 3a4yacTyl0 O[HOBPEMEHHO MpOTeKaeT HEeCKOJbKO
TEXHO/MOrMYeCKMX MpoLeccoB. B YacTHOCTW, BCe COBPEMEHHbIE YHUBEPCA/IbHbIE
BC paccumTaHbl Ha My/bTUNPOrPamMMHbIA PeXXuMM paboTbl. TeXHOMOrMYECKUN
npouecc npefcTaBnseT coboi onpefeneHHy Moc/nefoBaTe/lbHOCTb OTAE/bHbIX
3/leMeHTapHbIX orepauunii. YacTb onepaumii MOXET BbIMOHATLCA Mapassie/ibHO
pasHbIMU 3/1leMeHTaMmn (pecypcammn) cUCTeMbl. 3afaeTca TEXHOOMMYECKUIA MPo-
LIeCC MapLUPYTHON KapTOMW, MyTeBbIM NIACTOM, MpPOrpaMMor v T. M., APYrUmu
CI0BaMy — OHUM U3 BUA0B M300paXKEHUS anropuTma.

A/ITOPUTM  OfIHO3HAYHO OMpefenseT, Kakue pecypcbl CUCTEMbl, B Kakou
MocnefoBaTe/IbHOCTN U Kakue onepaumn LOSKHbI BbINOMHUTL A5 LOCTUMXKEHUA
HEKOTOPOro LeNeBOro Has3HauyeHusi cuctembl. B cuctemax c nporpamMmHbIM
MPUHLMUMOM  ynpaBneHus, 06ecneymBaroMX napasieNlbHoe  BbINO/IHEHUE
HECKOJ/IbKMX TEXHOJ/IOTMYECKMX MPOLLeCCOB, UMEHTCA a/iropuTMbl yrnpaBieHus
COBOKYMHOCTbIO MPOLECCOB. WX OCHOBHOE Ha3HaYeHWe 3aK/4aeTca B
paspeLleHMn KOH(IMKTHBIX CUTyauui, BO3HUKAKOLWMX, KOrja asa wunv 6oree
npoLecca npeTeHAYOT Ha O4MH U TOT XXe pecypc. COBOKYNHOCTL a/irOpUTMOB
yrnpasfieHNss COBMECTHO C napameTpaMu BXOAHbIX BO3AEWCTBUA W 3/1EMEHTOB
OTPaXKarT AMHAMUKY (DYHKLMOHNPOBAHNSA CUCTEMDI.

OO6blYHO anropuTmbl  NpeobpasoBbIBAtOTCA K BUAy, YAOOGHOMY  Ans
MoennpoBaHns. [aHHblA NOAX0L K OMUCaHWI0 AMHAMUKW paboTbl CUCTEMbI
0COGEHHO yfobGeH [N MMWUTAUMOHHOTO  MOLE/NMPOBaHUSA U ABNSAETCA
eCTECTBEHHbIM COCOOOM OrnpefenieHNs MHOXECTBa XapaKTEPUCTUK CUCTEMBI.

1.2. MNoaroToBKa UCXOAHbIX AaHHbIX
Coop (hakTUyeckux faHHbIX. [pyM co3maHUM  KOHUeNnTyaslbHOW MOAen
BbISBNAKOTCA Ka4yeCTBeHHble ((PYHKLUMOHA/IbHbIE) N KOIMYECTBEHHbIE NapamMeTpbl
CUCTEMbl W BHELHWX BO3AEWCTBUA. [N  KO/IMYECTBEHHbIX MapaMeTpoB
HeoOXOAMMO  OMpefennTb WX KOHKPeTHble 3HauyeHWs, KoTopble OyayT
NCMO/MIb30BaHbl B BWAE WCXOAHbLIX [aHHbIX MpY  MOAENMpoBaHuW. 3TO

TPYAOEMKUIA N OTBETCTBEHHbIN 3Tan paboTbl. OH CYLLECTBEHHO BMSET Ha ycnex
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mMozennposaHua. OYeBUAHO, YTO AOCTOBEPHOCTb Pe3y/ibTaToB MOAENMPOBaHMS
O[JHO3Ha4YHO 3aBMCUT OT TOYHOCTU U NOSTHOTbI UCXOAHbIX JaHHbIX.

Ha paHHei cTagmmn co3faHns KOHLEeNTyalbHOW MOAENIN 3a4acTyHo BbISIB/IAETCA
4yaCTb MapameTpoB, KOTOPble OMpeAesieHHO BOWAYT B Mogenb. 1o atum
napameTpam c60p MCXOAHbIX AaHHLIX MOXXHO BECTU MapasfiefibHO ¢ pa3paboTKoi
KOHUenTyasibHOW Mogenn. 1o mepe YTOYHEHUS KOHLENTYa/lbHON MOgenun
onpefenstTcs ocTasibHble napameTpbl. CO0p UCXOAHbIX AaHHbIX OC/OXHSAETCA
Mo crefyrowmum npuymHaMm. Bo-nepBbiX, 3HAYEHUS NMapaMeTpoB MOryT ObiTb He
TONbKO [AETEPMMHUPOBAHHBIMW, HO M CTOXaCTUYeCKUMW. BO-BTOpbIX, He BCE
napameTpbl OKa3blBaKOTCA CTauMoHapHbIMW. OCOBEHHO 3TO OTHOCUTCA K
napaMeTpam BHELHUX BO3L4EACTBMIA. B-TpeTbux, Bcerga WLET pedb O
MOZENNPOBaHNM  HecyLlecTBylowen  (NPOeKTUPYEMO,  MOAEPHU3NPYEMOIN)
CUCTEMbI U CUCTEMbI, KOTOPast L0/HKHA PYHKLMOHNPOBATL B HOBBIX YC/IOBUSAX.

BonbLias YacTb NapameTpoB — 3TO C/ly4yaiiHble BeIMUYUHBI MO CBOEN NPUpoje.
OfHaKo B LeNAX YnpoLleHMss MOJEeNM 4acTo MHOrMe M3 HUX MPeacTaBnstoTCA
[EeTEPMUHNPOBAHHLIMW  CPEAHUMW  3HAYeHWAMW. 3TO MOXHO [enaTtb, ecnu
C/lyyailHas Be/iM4YMHA MMeeT HebOsbLUON pa3bpoc, WAM B Cnydae, Korga Ans
[OCTVDKEHUS LefIM MOLE/NPOBaHMS [0CTaTOMHO BECTWM pacyeT MO CpefHUM
3Ha4yeHuaAM. Hanpumep, Npon3BoAMTENILHOCTL MpoLeccopa MOXeT ObITh 3afjaHa
ornpefeneHHbIM KOMIMYeCTBOM Orepatmii, BbINOIHAEMbIX B 4NHULY BpeMeHW. Ho
3TO KOJIMYECTBO AEeTEPMUHMPOBAHO TOMLKO A/19 OMNpese/ieHHON CMecKn onepayuia,
KOTOpble MOXeT BbIMOMHATL Mpoueccop. logmeHa B pacyeTax ClyyanHbIX
3HaYeHW  MapameTpoB  [AETEePMUHMPOBAHHLIMKM  Be/IMYMHAMW  [O/DKHA
MPOM3BOAMTLCA 06YMaHHO, TaK KaK OHa MOXeT MPUBECTU K MOrpPeLuHOCTAM
MOZEeNNPOBaHNS.

Mopbop 3akoHa pacnpefeneHus. On8 cny4vaiHbIX MapaMeTpoB OpraHu3yeTcs
cbop CTaTUCTUKM M nocnefyrouas eé obpaboTka. B npouecce 06paboTku
BbIABNAETCA  BO3MOXHOCTb  MpPeACTaB/ieHMs  rapameTpa  HeKOTOpbIM
TEOPETUYECKNM 3aKOHOM pacnpeseneHuns. 1o HeobxoAMMo B CBA3W C TeM, YTO

MPW OMpPeAeNeHHbIX 3aKOHaX PacnpeaeseHnst OCHOBHbIX MapamMeTpPOB CUCTEMbI U
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Harpysku MosiB/SETCA BO3MOXHOCTb CO3[aHWA aHa/IMTUYECKOW MOoAenu, a npu
MMUTALUMOHHOM MOZENMPOBaHMM MOXET 0Ka3aTbCA MpoLue 3afaTb BUA 3aKOHa
pacrnpefeneHns U OCHOBHble  CTAaTUCTUYECKME,  XapaKTepUCTUKK,  YeM
NPeACTaBNATb CIyYanHYHO BENIMUYUHY, HANpUMep, B BUAe Tabnuubl.

Mpouedypa nogbopa Buaa 3akoHa pacnpefeneHWs  3ak/o4vaeTcd B
cnegytowiem. 1o COBOKYMHOCTM YMCNEHHbIX 3HAYeHM MnapameTpa CTPOUTCA
rmcrorpaMma  OTHOCUTE/IbHbIX ~ 4aCTOT —  3MMUPMYecKas  MJIOTHOCTb
pacnpegeneHns.  uctorpamMma — annpoKCMMMUPYeTCA  MIaBHOM  KPWBOIA.
[MonyyeHHasa KpuBas NoOCnefoBaTe/lbHO CPaBHMBAETCA C KPVBLIMU MIOTHOCTM
pacnpefeneHns  pasIMYHbIX  TEOPeTMYECKMX  3aKOHOB  pacnpegesieHus.
Bbibupaetcds OAWH M3 3aKOHOB MO  Hawydyllemy COBMafeHMO  BuAaa
CpaBHMBAEMbIX KPMBbIX. 10 3MMMPUYECKUM 3HAYEHUAM BbIYUCNAIOT MapameTpbl
aTOro pacnpefeneHns. 3aTem BbIMOMHAKOT KOMIMYECTBEHHYO OLIEHKY CTEeneHu
COBMafeHNs 3MMUPUYECKOrO N TEOPETUYECKOro pacrpefeneHns rno Tomy Wam
APYyromy Kputeputo cornacus, Hanpumep, [MupcoHa (xm -  KBagpar),
Konmoroposa, CmupHoBa, ®uwepa nam CTblogeHTa. Bonpockl nogbopa suga
3aKOHa pacnpefeneHus AetasbHO pa3paboTaHbl B MaTeMaTUYECKON CTaTUCTUMKE.

Ocobyto CNOXHOCTL NpeacTaBnseT cbop AaHHbLIX MO CyYalHbIM NapaMeTpam,
KOTOpble ABNATCA (DYHKLMAMM BpeMeHW. B nepByto odepedb Takue napameTpbl
AN BHEWHWX BO3OeNCTBUN. [NpeHebpexxeHne (akTamy He CTauMOHapHOCTU
MnapamMeTpoB, KOTOPOE 3a4yacTyd MMeeT MEeCTO B MpaKTMKe MOAEeMpPOBaHMS,
MPUBOAUT K CYLLECTBEHHbIM HapYyLLUEHNSAM afleKBATHOCTU MOAENN.

Annpokcumauma yHKUnin, Ond Kax[oro afeMeHTa CUCTEMbl CYLLEeCTBYeT
(hYHKUMOHa/IbHas CBS3b MeXAy MapameTpaMy BXOAHbIX BO3[ENCTBUMA Ha 3TOT
3NIEMEHT W €ero BbIXOAHbIMW XapakTepucTukamn. Bupg  QyHKUMOHaNbHO
3aBMCUMOCTU 419 OAHUX 3/IEMEHTOB ObIBAET, OUeBUAEH, AN1F APYTNX MOXET ObITb
NEerko BbIIBNIEH MCXoA4d M3  npupodbl  (hYHKUMOHMpOoBaHMA. OpfHako Ans
HEKOTOPbIX 3/1EMEHTOB  MOXET ObITb MOJly4eHa TO/IbKO COBOKYMHOCTb
9KCMEPUMEHTa/IbHbIX  JaHHbIX O  KOJ/IMYECTBEHHbLIX 3HAYEHUAX BbIXOLHbIX

XapakKTEPUCTUK NPU  Pa3IMUYHbLIX 3HAYeHMAX napameTpos. B 3Tom cnydae
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BO3HMKaeT HeoOXOAMMOCTb BBECTU HEKOTOPYH TUMoTesy O Xapakrepe
(hYHKUMOHa/IbHOW 3aBUCUMOCTW, T. €. annpoKCMMMPOBaTb €€ onpeaesieHHbIM
MaTemMaTU4yecKUm ypasHeHVeM. MOMCK MaTeMaTUYecKMX 3aBUCUMOCTEN MeXay
ABYMSA UM 60nee MnepemMeHHbIMU MO0 COOPaHHbIM OMbITHbIM [JaHHbIM MOXET
BbINO/IHATLCA C MOMOLLGHO METOAOB PErpecCMOHHON0, KOPPEenAUMOHHOIo nau
[AMCMEPCUOHHOI0 aHan3a.

MpeaBapuTENbHO ANA OMNMCaHWS OMPefeNieHHOro 3fieMeHTa BUA YpPaBHEHUA
3afaet wuccrneposatenb. [Mpu ABYX MNEpeMeHHbIX 3TO AefiaeTca A0CTaTOYHO
npocto. [lo pe3ynbTatam CpaBHEHUS rpauka, Ha KOTOPbIA HaHEeCEHb!
9KCMEepUMEHTa/IbHblE  TOYKM, C rpadvkamMyM Haumbonee pacnpoCTpPaHeHHbIX
annpoKCUMUpYOWnX GYHKUMA, TakuX Kak Mpsamas, napabona, runep6ona,
9KCMOHEeHTa M T. 4. 3aTeM MeTOAamy PerpecCUOHHON0 aHan3a BbIYUCNSAKOTCA
KOHCTaHTbl BbIOPAHHOIO0 YypaBHeEHWA TakuMM 06pa3oM, 4TOoObl 06ecneynTb
HauyuyLlee NpUbMKEHNe KPUBOIN K IKCNEePUMEHTa/IbHbIM [aHHbIM He3aBUCUMO
OT TOro, HaCKO/MIbKO XOPOLUO Bbl6paH BWUA KPWBOW. 3ayacTyro MPUoGIMKeHue
OLIEHUBAETCA NO KPUTEPUIO HAMMEHBLLIMX KBapaTOB.

[na  BbIICHEHWA TOro, HACKONbKO TOYHO BblOpaHHad  3aBUCUMOCTb
cornacyetcsi C ONbITHbIMWA [aHHbLIMW, UCMO/b3YETCA KOPPENALNOHHBIA aHam3.
KoathpmumeHT Koppensauumn nexxut B npegenax or 0 Ao +1, 4To COOTBETCTBYET
M3MEHEHWIO CTereHu COrnacoBaHWA OT MOJIHOrO OTCYTCTBUSA KOppensaumv Ao
C/lyyas, KOria BCe 3KCNepuUMeHTa/lbHble TOUKW NIeXKaT TOYHO Ha KPUBOW.
Bbigs>keHre runoTes. 1o yacTy napameTpoB, KOTOpPble OTPaXkKaroT HOBble
aNeMeHTbl Oyfyulein CUCTEMbl WIN  HOBble YCNOBMSA  (DYHKUMOHMPOBaHWUS,
OTCYTCTBYET BO3MOXXHOCTb CO0pa (hakKTNUYECKNX AaHHbIX. [11 Takux napameTpoB
BbIABUrakOTCA rmnoTesbl 06 NX BO3MOXHbIX 3HaYeHUAX. BaXXHO, YTOObI MrMNoTe3bl
BbIABUTa/IM  3KCMEPTbI-CMEUNanncTbl,  KOTOpble  [OCTATOYHO  XOPOLUO
NPeLCcTaBNAOT CO34aBaeMyt0 CUCTEMY WIN HOBble BHELUHWE BO3AEWCTBUSA Ha
cuctemy. BonblUMiA  ycnex MOXET ObITb [LOCTUIHYT, €Cnv MpefcTaB/seTcs
BO3MOXHOCTb MO/ly4YnTb CBEAEHWUA OT Tpynmbl Creuuannctos. B atom cnydvae

MO>XXHO YMEHbLLUNTL CTEMNEHb Cy6'beKTI/IBHOCTI/I N BOCMNOJ/Ib30BaTbCA XOPOLLO
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0TpaboTaHHbIMWU METOAMKAMU 3KCMEPTHLIX OLEeHOK. [Mpu nNpoBefeHUN AaHHOW
paboTbl OnpefenieHHble CBeAEeHWS MOXHO MOoMyYnuTb B pesy/bTare aHanmsa
(hYHKLMOHNPOBaHMSA aHAIOTUYHbIX CUCTEM U NPOTOTUMOB BYAYLLEN CUCTEMBI.

3akaH4mMBaeTcs atan cbopa U 06pabOTKM NCXOAHBIX AaHHbLIX Knaccugukaumen
Ha BHELHWe W BHYTPEHHWE, MOCTOSiHHbIE W MepeMeHHble, HernpepbiBHbIE U
OMCKPETHbIE, NIMHENHblE W He/MHeWHble, CTauMOHapHble M HecTalMOHapHbIe,
AETEPMUHMPOBAHHbIE U CTOXacTu4yeckue. [N MnepemMeHHbIX KOMMYECTBEHHbIX
MnapaMeTpoB, KOTOPbIMW  MOXET BapbupoBaTb WCC/eAoBaTe/lb B XOfe
MOZENNPOBaHNA, ONPeAenstoTCa rpaHnLbl X U3MEHEHWI, a AN ANCKPETHbIX —

BO3MOX>XHblE 3HA4YEHNA.

1.3. Pa3paboTKa MaTeMaTUYECKOi MOAENN.

O606LLEHHbIE  Mofienn. KoHUenTyaslbHass MOfeNb W KOMMYECTBEHHbIE
NCXOAHbIE [aHHble CMYy)XXaT OCHOBO ANS Pa3paboOTKM MaTeMaTUYecKol Momenu.

Co3aaHne MaTeMaTMUecKoli Moaenun npecneayeT Be OCHOBHbIE LIENN:

1) patb  (hopmManiM30BaHHOe  OnMcaHWe  CTPYKTYpbl M npouecca

(bYHKLMOHMPOBaHNS CUCTEMbI AN OAHO3HAYHOCTU UX MOHUMAHWS;

2) nonbITaTbCA MpPeACTaBUTb  MPOLECC  (PYHKLMOHMPOBAHUA B BUSE,
[0NYCKaKLLEM aHaIMTUYECKOE UCCef0BaHME CUCTEMBI.

Pa3paboTka eAuMHON MeTOAMKW  CO3LaHWA  MaTemMaTMyecKux MOJenen,
OYEBMAHO, He TMpeAcTaBMSETCS BO3MOXHOW. 3TO 00YCNOBNEHO 60MbLUMM
pasHoobpa3veM KnaccoB cucteM. CUCTeMbl MOryT ObiTb CTaTUYeCcKue W
AVNHAMUYecKune, CO CTPYKTYPHbIM WM MPOrpaMMHbIM - yrpaBieHneM, C
MOCTOSAHHOW WA MEPEMEHHOM CTPYKTYPOW, C MOCTOAHHBLIM (XKECTKAM) Wu
CMeHHbIM (rMbKMM) nporpaMMHbIM ynpaefneHneM. 1o xapakTtepy BXOAHbIX
BO3JENCTBUA WM BHYTPEHHMX COCTOAHMIA CUCTEMbl MNOAPA3LeNATCA Ha
HenpepbIBHbIE U OUCKPETHbIE, JIMHENHbIE W HeMHelHble, CTauMOHapHble W

HecTalMoHapHble, eTEPMUHNPOBaHHLIE N CcTOXacTudeckue. pu nccnefoBaHUm
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CMCTEM MOXET BbITb MOYHYEHO TAKOE XXe pasHoo6pasve Mojeneii B 3aBUCMMOCTU

OT OpUEHTALIMK, a TaKXKE OT CTEMEHN CTPATUMKALMN 1 AeTanm3auui.

1.4. Bbl6op MeToa MOIeENNPOBaHUA.

AHanTuyeckne MeToOAbl. Pa3paboTaHHas MaTemaTuyeckas MoOZesb
(hYHKLMOHNPOBaHUA CUCTEMbI MOXKET ObITb UCC/ef0BaHa Pa3INYHbIMU METOAaMU
—  aHAIMTUYECKUMN WA  UMUTAUMOHHBIMU. C  MOMOLLBI0  aHa/IMTUYECKNX
METOA0B aHa/IM3a MOXHO NPOBECTU Hambonee MOSIHOE UCCNefoBaHne mogenu. B
HEKOTOPbLIX Cy4Yasx HaMume aHa/IMTUYECKON MOAeNn [enaeT BO3MOXKHbIM
MPUMEHEHME MaTemMaTMyeCKMX MeTOZ0B OnTummMsaumni. [nsa MCnonb3oBaHUA
aHa/ITUYECKUX METOA0B He0OXOAMMO MaTemMaTUYeCcKy0 MOAe/b NpeobpazoBaTb
K BUAY SBHbIX aHa/IMTUYECKMX 3aBUCMMOCTEN MeXAy XapaKTepucTUKamu U
napameTpamu CUCTEMbI 1 BHELLHMX BO3AeNCTBMIA. O4HAKO 3TO YAaeTcs b A8
CPaBHUTE/IbHO MPOCTbIX CUCTEM. [pUMeHeHMe aHaIMTUYeCKUX METOLOB A/1S
6ofiee CNOXHbIX CUCTEM CBSI3aHO C OOMbLUE MO CPaBHEHUIO C APYrvMU
METOA4aMn CTereHbi0 YMpPOLLEHNS peasibHOCTW U abcTparnpoBaHus. MoaTtomy
aHa/IMTUYECKNe  MeTofbl  WCCMeA0BaHUA  UCMOMb3YKOTCA  00bIYHO  AnA
NnepBOHaYa/lbHON rPy6OOoil OLEHKM XapaKTePUCTUK BCEA CUCTEMbI UW OTAENbHBIX
ee MOACUCTEM, a TakXke Ha paHHWUX CTaguaX MPOEKTUPOBaHUA CUCTEM, Korpa
He0CTaTOYHO MH(opMaL MK ANs NOCTPOeHUs 6osiee TouHoM mogenn. OHM MoryT

NCNoab30BaTbCA ANA aHa/T3a Mapa/I1E/IbHbIX MPOLECCOB B C/TOXXHbIX CUCTEMAaX.

MMnTaumoHHble MeToabl. VMUTaUMOHHOE MOAEeNMpoBaHuWe  SABMSETCA
Hanbonee yHmBepcasbHbIM METOAOM WMCCNef0BaHUA CUCTEM W KOJIMUYECTBEHHOM
OLUEHKN  XapaKTePUCTUK KX  (DYHKUMOHMpOBaHWUA. Tlpy  MMUTALMOHHOM
MOAENMPOBaHNN ANHAMWYECKME NPOLECChl CUCTEMbI-OPUTMHaNa MoAMEHSHOTCS
npoueccamu, UMUTUPYEMbIMU B aBCTPaKTHOW MOAENN, HO C COO/IOAEHNEM TaKMX
)K€ COOTHOLUEHWA ANUTENbHOCTEM W BPEMEHHbIX MOC/eA0BaTeIbHOCTEN
OTAe/NbHbIX onepauuia. MoaTomy MeTo4 UMUTALMOHHOIO MOAENMPOBaHMS MOT Obl

Ha3blBaTbCA a/ITOPUTMUYECKUM UK onepauuoHHbIM. B npoLecce nMutauum, Kak
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NPW 3KCMEPUMEHTE C OPUrMHANOM, (UKCUPYIOT OMNpeaeneHHble COObITUA |
COCTOSIHUS U/ N3MEPSAIOT BbIXOAHbIE BO3AENCTBUA, MO KOTOPbIM BbIYUCASIOT
XapaKTePUCTUKIN KayecTBa (PDYHKLMOHNPOBAHUS CUCTEMBI.

MMnTaumMoHHOE MOAenvMpoBaHMe MNO3BOMAET  paccMaTpuBatb  MPOLECCHI,
npoucxofswne B CUCTEME, MpPaKTUYeCKM Ha N060M YpPOBHe AeTasimsauumu.
cnonb3ysa anroputMmyeckne BO3MOXHOCTM BC, B MMMUTaUMOHHON MoAenu
MOXXHO peann3oBaTb /060N anroput™M YynpaeneHus UM (PYHKUMOHUPOBAHUS
cuctembl. Mogenu, KOTOpble AOMYCKAKT WUCC/efoBaHWe aHaIMTUYECKUMU
MeTOAaMu, TaKXKe MOryT aHa/IM3MPoBaTbCA UMUTALMOHHbIMK MeTodaMn. Bee 310
ABNSETCA MNPUYUHOM TOro, 4YTO WMWUTALUMOHHbIE METOAbl MOAENMPOBaHUA
CTaHOBSITCA OCHOBHbIMW MeTOA4aMu UCCNe0BaHNA CMOXHbLIX CUCTEM.

MeTofbl MMUTALMOHHOIO MOAENMPOBaHMSA Pas3NnyaltoTCcs B 3aBUCUMOCTM OT
Knacca uccnefyembiX CUCTEM, CNocoba MPOoABMKEHUS MOLENbHOrO BPEMEHU U
BUAA KOMMYECTBEHHbIX MEPEMEHHbIX MapaMeTpPOB CUCTEMbl W BHELUHUX
BO3[eNCTBUMN.

B nepByto ouepefb MOXHO pas3fenntb  MeToAbl  MMUTALMOHHOIO
MOAENMPOBaHNA AUCKPETHbLIX W HeMpPepbIBHbIX CUCTEM. ECnvM BCE 3/1EMEHTHI
CUCTEMbI MMEIOT KOHEYHOE MHOXKECTBO COCTOSHMIA U Nepexos W3 OfHOro
COCTOSIHMA B ApYroe OCYLLECTBNAeTCA MIHOBEHHO, TO Takast CMCTeMa OTHOCUTCA K
cUCTeMaM C AUCKPETHbIM U3MEHEHWEM COCTOSHWUIA, UM AWUCKPETHLIM CUCTEMAM.
Ecnn nepemeHHble BCEX 3/1EMEHTOB CUCTEMbl U3MEHSAKOTCA MOCTEMNEHHO N MOTyT
NPUHUMaTL 6ECKOHEYHOE MHOXKECTBO 3HAYeHWiA, TO Takas CMCTemMa HasblBaeTcs
CUCTEMOM C HEMNpPepbIBHbIM  U3MEHEHMEM COCTOSHWA, WM HEMpPepbIBHOW
cucteMori. CUCTEMBI, Y KOTOPbIX MMEKOTCS MEPEMEHHbIE TOr0 M APyroro tuna
CUMNTAOTCA ANCKPETHO-HEMPEPbIBHLIMA. Y HENPepPbIBHbIX CUCTEM MOrYT ObITb
MCKYCCTBEHHO Bbl€eNeHbl OnpefesnieHHble COCTOAHMSA 3N1eMeHTOoB. Hanpumep,
HEeKOTOpble XapaKTepHble 3HaYeHNs NepeMeHHbIX (PMKCUPYIOTCA KaK AOCTUXKEHME
onpefenieHHbIX COCTOAHWIA. Mpn mogenuposaHnn BC Ha CMCTEMHOM YPOBHE UX
3a4acTyto yaobHO paccmatpuBaTb Kak CUCTEMbl C AMCKPETHbIM WM3MEHeHWeM

COCTOSHUI.
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OOHUM W13 OCHOBHbIX MapaMeTPoB MPXU MMMUTALIMOHHOM MOZAENMPOBaHWN
SIBNISIETCA MOAE/NbHOE BpeMsi, KOTOpOe OToOpaxKaeT Bpemsi (PYHKLMOHMPOBaHWS
peanbHOM cuUcTeMbl. B 3aBMCMMOCTM OT crocoba NPOABUXKEHWS MO/ENbHOro
BPEMeHN MeTOAbl MOJENNPOBaHNA MOAPa3AeNAOTCA Ha METObI C NPUpPaLLEHEM
BPEMEHHOIO WHTEpPBasla U MeTOAbl C MPOABVMXEHWEM BPEMEHM [0 OCOObIX
COCTOSIHMIA. B nepBOM cnyyae MoAenbHOe BPeMsi MPOABUIaeTcs Ha HEKOTOPYHO
BENMMUMHY. OnpeaenstoTcs W3MEHEHUS COCTOSIHWUIA 3M1EMEHTOB W BbIXOAHbIX
BO3/e/iCTBUIA CUCTEMbI, KOTOpble MPOM30LLIM 3a 3TO Bpems. [locne 3TOro
MOJENbHOE BPeMsi CHOBAa MPOABMIaeTCa Ha OMNpefeNieHHYH BEeNUYUHY, WU
npoueaypa noBTopsieTcs. Tak NPOAO/MKAeTcsa A0 KOHUA nepuoja MOAEenMpoBa-
Hua. LLar npupallleHns BPeEMEHM 3a4yacTyt BblIOMPAeTCs MOCTOSIHHbIM, HO B
06LLEeM Cyyae OH MOXET ObITb U NEPEMEHHbIM.

N3 BbILLEN3NOXEHHOIO CrellyeT, 4YTO BbIGOP TOr0 WM WMHOMO MeToja
MOAENMPOBaHNA MOMHOCTbIO  OMpefensieTcss MaTeMaTUYecKo MOJEeNblo U

NCXO04HbIMW AaHHbLIMW.

1.5. Bbl60Op cpeacTB MoaeMpoBaHus

TexHunyeckme  cpeactsa  mofgenuposaHus.  [locne  Bblbopa  MeToAa
MOAeNIMPOoBaHNA Heo6X0oAMMO BblIOpaTb TEXHUYECKME N NPOrpaMMHble CpeacTsa
[NA NPOBefieHns nccnefoBaHUa MOLENN C NMOMOLLLIO BblUUC/INTENIbHbBIX CPeACTB.
B KayecTBe MporpaMMHbIX CPeACTB MOryT ObITb MCMOMb30BaHbl NPOLeAYpPHO-
OPVEHTUPOBAHHbIE  AITOPUTMUYECKME  S3bIKK, MPOBIEMHO-OPUEHTUPOBAHHbIE
A3bIKM U aBTOMATU3MPOBaHHbIE CUCTEMbI MOAE/IMPOBaHNA.

Ana  wnccnepoBaHust  Mofened  NPUMEHSOTCA  YHUBEPCa/IbHble UK
cneunanmsmpoBaHHble BC. [ina npoBegeHUs aHa/IMTUYECKOro MOAENNPOBaHUA C
MOMOLLI0 YHMBEPCa/IbHbIX BC 3a4acTyto He NpeabsABIsSeTca KakuxX-mbo 0coobIX
TpeboBaHMN K TeXHWYecKum cpefctBam. OCHOBHbIM  TpeboBaHMEM K
yHMBepcasibHbIM ~ BC,  KOTOpble  WUCMOMb3YKTCA A1 MMUTAUUOHHOIO

MOAENMNPOBaHUA, ABNAETCA Ha/lM4ne OﬂepaTMBHOVI namMATN AOCTaTO4YHO 60/bLLOW
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EMKOCTN. OTO 0ODBACHAETCH TEM, YTO B MPOLECCE MOAENbHOr0 3KCrepuMeHTa
MOCTOSAHHO MPOM3BOAATCA Yepeayrowmecs obpalleHns K napaMmeTpam 3/1eMeHTOB
N BO3AeNCTBUIA (K aTpubyTaM CTaTUYEeCKMX WU AMHAMUYECKUX COCTaB/SHOLLMX),
MO3TOMY BCE OHW [JO/MKHbI HAXOAUTLCA B OMepaTUBHOM NamATH.

Kaxabli MOAEeNbHbIA 3KCMEPUMEHT MPU CTAaTUCTUYECKOM MOZLENIMPOBaHNN
TpebyeT CYLLECTBEHHbIX 3aTpaT MAlUMHHOIMO BPEMEHW, MO3TOMY XXenaTeslbHO
MCMo/b30BaTh A1 MOAENMPOBaHUS BbICOKOMNPOM3BoaMTeNbHble BC. OcTasibHble
TpeboBaHNA K COCTaBY U TEXHUYECKNM XapaKTepUCTUKaM yHMBepcaibHbIX BC He

ABNAKOTCA CYLLECTBEHHbLIMA.

1.6. I'poBepKa ageKBaTHOCTU N KOPPEKTUPOBKA MOAE/N.

[MpoBepka afekBaTHOCTMWU. [lpoBepKa aAeKBaTHOCTM MOLENN CUCTEME
3aK/KYaeTCs B aHan3e eé copasMepHOCTU C UCCNeLyeMONn CUCTEMOW, a TakxkKe
paBHO3Ha4YyHOCTM cuctemMe. OfHaKO MOAeNlb He [0/MKHa OblTb  MOMHbLIM
OTOOpPaXKeHNEM CUCTEMbI, MHa4Ye TepseTcs CMbICN e€ co3fjaHus. B npouecce
CO34aHNSA MOAEeNM afeKBaTHOCTb WCKYCCTBEHHO MCKaXKaeTca B pesynbrare
opvieHTauuu, cTpatTudmkaumn, getanmsaumm u nokanmsaumm. ALEeKBaTHOCTb
HapyllaeTca  M3-3a  uaeanmsaumMm  BHELWIHWMX  YCNOBUA U PEXMMOB
(hYHKUNOHMPOBAHNA, UCK/THOYEHUS TeX U APYrnX napameTpoB, NpeHebpexxeHns
HEKOTOPbIMU  CNyYalHbIMK ~ (PpakTOopamu. OTCYTCTBME TOYUHBLIX CBEAEHUA O
BHELLUHNX BO3AEWCTBUSX, OMNPeAeNeHHbIX HKoaHcaxX CTPYKTYpbl CUCTEMBbI,
NMPUHATBIE annpoKCcUMaunn, MHTEPNONALMA, NPeanoioXeHUA U TMNOTesbl TOXe
BelyT K YMEHbLUEHMNIO COOTBETCTBUA MeXAY MOAeNbi U cuctemoid. [llepe-
YMCNEHHbIE U Apyrve (hakTopbl MOrYT CTaTb MPWYUHOM TOrO, YTO Pe3ynbTaThbl
MOAeNMpoBaHnsa 6yayT CYLLEeCTBEHHO OT/INYATLCS OT peasibHbIX.

Tem He MeHee, NPOBEPATb afeKBAaTHOCTb HEOOXOAMMO, TaK Kak Mo HeBepHbIM
pe3ynbTataM MOZLENMPOBAHNA MOFYT OblTb MPUHATHI HEMpPaBW/bHbIE PELUEeHNS.

Ha npakTuke oueHKa aieKBaTHOCTWM 0ObIYHO MPOBOAMTCS MYTEM 3KCMEPTHOro
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aHa/M3a pa3yMHOCTM  pe3ynbTaToB  MOAennpoBaHus. MOXHO  BblgenTb
crepyroLive Bkl NPOBEPOK:

npoBepka Mofeneil 3N1eMeHTOB (B COMHUTENbHbLIX Cly4vasx crnegyet
[EeTann3npoBaTh 3/IEMEHT UM MPOBECTU AOMOTHUTENbHBIN aHaNN3);

npoBepka MOAENN BHELIHMX BO3AEWCTBUIA (NPUHATLIE NPEANONOXEHNS,
annpokcMMauuMnm 1 runoTesbl  HeOO6XOAMMO  OUEHUTb  MaTemMaTU4eCKUMU
MeTo4amm);

npoBepka  KOHUENTyanbHOW  MoAenn  ()YHKUMOHWPOBaHMS  CUCTEMbI
(BbIABNAOTCA OLUMOKMA NOCTAHOBKM 3a[aun);

npoBepka opmasin3oBaHHON 1 MaTeEMaTUYECKON MOAENN;

npoBepKa CrnocoboB M3MEPEHUS U BbIYUCIEHMSA BbIXOAHbIX XapaKTEPUCTUK,
BbISB/IAKOTCA OLLUNOKN PeLLEHWS;

npoBepKa nporpaMMHoOi Mofenn (aHanm3npyeTcs COOTBETCTBME Onepauuin n
aNropuTMOB  ()YHKLMOHMPOBaHMSA MNPOrpamMMHON M MaTemaTUyecKorl MOofenu,
NPOBOAATCH KOHTPO/IbHbIE PacyeTbl MPU TUMOBbLIX W NpPefenbHbIX 3HAYEHUAX
NepeMeHHbIX, BbIAB/ISKOTCA MHCTPYMEHTa/IbHble OLLMOKM NPOrpaMMuUpoBaHins).

KoppekTuposka mogenu. Ecnv no pesynbrtataMm MPOBEPKU afeKBAaTHOCTYU
BbISIB/IAETCA HEeAONyCTMMOe paccornacosaHve MOAEN WU CUCTEMbl, BO3HUKAET
HeoO6X0AMMOCTb B KOPPEKTMPOBKE WM KanmbpoBke mopenun. Mpu aTom moryt
ObITb BblfeNeHbl CNefytowme TUMbl U3MEHEHWUIA: TnobabHble, NOKa/IbHbIE U
napameTpuyeckue.

HeobxogumocTb B r106a/lbHbIX  U3MEHEHUSX BO3HMKaeT B Clydvae
06Hapy>XeHNs MeTOANYECKMX OLUIMOOK B KOHLENTYa/lbHOM MM MaTeMaTUyeCcKom
MOAENN. YCTpaHeHne TakuMx OWMnbOoK NPUBOAMT K pa3paboTKe HOBOW MOZENN.
JToKa/lbHble M3MEHEHUs CBA3aHbl C YTOUYHEHMEM HEKOTOPbLIX MapaMeTpoB Wu
anropt™MoB. OHW  BBINOMHAKTCA, HanpuMep, MNyTemM 3aMeHbl  Mofenein
KOMIMOHEHTOB CUCTEMbI M BHELLHWX BO3AEWCTBUIA Ha 3KBUBASIEHTHbIE, HO 60nee
TOYHble MOAenN. JIOKasibHble W3MEHeHWUs TpPebytoT 4YacTUYHOIO W3MEHeHMs
MaTemMaTUyecKor Mofenn, Ho MOryT MPUBECTM K HE06XOAMMOCTM pa3paboTKu

HOBOW NporpaMmHoli moaenun. Ans yMmeHbLUeHNsI BEPOSITHOCTU TaKMX M3MEHEHWIA

26



PeKOMeHAyeTcs cpa3y pas3pabaTbiBaTb MOfeNb C  OO/MbLUE  CTEMEHbIO
AeTann3aLmm, YeM 3T0 HeOOX0ANUMO A1t AOCTUXKEHUS e MOAENPOBaHNS.

K napameTpuyeckmm OTHOCATCA W3MEHEHUS HEKOTOPbIX ChneumanbHbIX
MapameTpoB, Ha3blBaeMbIX KannmbpoBOYHbIMU. [nsi 06ecneveHnss BO3MOXHOCTY
MOBbILEHNA afeKBaTHOCTU MOAeN MNyTem napaMeTPUUECKUX U3MEHEHWI
cnegyeT 3apaHee BblISIBUTb Ka/JIMOPOBOYHbIE MapameTpbl W MpeaycCMOTPETb
MPOCTbIe CNOCO6bI BapbMPOBaHMS UMN.

CTpaternss KOPPEKTUPOBKW  MoAennM [o/MKHa OblTb  HanpaB/feHa Ha
NnepBoOOYepeHOe BBefeHME rN0b6a/bHbIX WM3MEHEHWUW, 3aTeM— JIOKa/lbHbIX W,
HaKOHell,  MapaMeTpPUYecKUX  WU3MeHeHWn.  [Ons  BbIPpabOTKM  TaKTUKM
napameTpUYeckKuX  U3MeHeHW  GOMbLIOE  3HAYeHWe  MMeeT  aHaiu3
4yBCTBUTE/ILHOCTW MOJENN K BapuaLusim ee napameTpoB.

3aBepluUaeTca 3aTan MPOBEPKM afeKBaTHOCTU U KOPPEKTUPOBKM MOAENN
onpefeneHMem M ukcaumein obnacT NpurogHocTn mogenu. Iog o6nacTbio
MNPUroAHOCTM MOHUMAETCS MHOXECTBO YC/OBWUIA, NpX COGMOAEHUM KOTOPbIX

TOYHOCTb Pe3y/ibTaToB MOAENNPOBaHNA HaX0ANTCA B ONYCTUMBIX Mpeaenax.

1.7. MnaHnpoBaHMe 3KCNePUMEHTOB C MOAE/bIO U

NCMNOJ1Ib30BaHNE pPe3ysibTaToB MOAENNPOBaHNA

CTpaTernyeckoe nnaHnposaHue. Lienv MoenvpoBaHus LOCTUIaloTCA NyTem
nccrefoBaHUA  paspaboTaHHoW mogenu. MiccrefoBaHWs  3aK/OYalOTCA B
NMPOBELEHNN 3KCMEPUMEHTOB, B pe3y/ibTaTe KOTOPbIX ONpPefenstoTCs BbIXOAHbIe
XapaKTePUCTUKN CUCTEMbI MPU PasHbIX 3HAYEHUAX YMNPaBnsieMblX MepeMeHHbIX
napamMeTpoB MOAENN. DKCMepUMeHTbl CnefyeT NPOBOAWUTL MO OMpeaesieHHoOMY
nnaHy

Mcnonb3oBaHne pesynbTaTOB MOAENMPOBaHUA. B KOHeYHOM  CcuéTte
pe3ynbTaTbl MOAENMPOBAHUA WUCMOMb3YHOTCA ANA  MPUHATUS  PelleHus o
paboToCNOCOOHOCTIN CUCTEMBI, A4/1F BblIGOpA NYULLErO NPOEKTHOro BapuaHTa uam

AN ONTUMM3ALIMM CUCTEMBI. PelleHne 0 paboTocnocOOHOCTM MPUHUMAETCS MO
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TOMY, BbIXOASAT WM HE BbIXOAAT XapaKTePUCTUKN CUCTEMbI 3a YCTaHOB/IEHHbIE
rpaHnLbl Npy N6bIX LOMYCTUMBbIX M3MEHeHMAX napameTpoB. [pu Bblbope
Nydllero BapuaHta M3 BCeX PaboTOCNOCOOHbLIX BapuvaHTOB BblOMpaeTcs TOT, Y
KOTOPOro MakcMasbHOe 3HauYeHne KpuTepus apdeKTUBHOCTU. Hanbonee o6LLEN
U CNOXHOW ABNAETCSH ONTUMM3ALUA CUCTEMBI: TPebyeTca HalnTV Takoe coveTaHue
3HAYeHU MepeMeHHbIX MapaMeTpoB CUCTEMbI WM paboyeld Harpysku K3
MHOXECTBA AOMYCTUMbIX, KOTOPOe MaKCUMWU3UPYET 3HaYeHne KpUTepwus

3)(PEKTUBHOCTH.

["naea Il. Popmanuszaymsa 6MbnMoTeHHO-

6némorpanyecKmnx NpPoLIeccos.

2.1. Knaccngmkaumsa mogenei.

Knaccugmkaums wmopenen npefHasHadeHa [ns Bblbopa MeToda Mope-
NNPOBaHNA KOHKPETHOW MpPaKTUYeCKOW 3afayu, BbISABNEHUS MNPEUMYLLECTB
KaXXJ0ro tmMna Mofenu B AaHHbIX YCMOBUAX, OMEHKN CUTyauun NMPUMEHUMOCTU
TOr0 WM MHOTO TWMa MOLENN, a Takxe AaeT MepBble CBELEHWM O TOM, C Yero
clieflyeT HauMHaTb CO3[aHne MOAeNN.

Knaccnrkaums mogenein MoXeT ObITb NMpoBefeHa Mo BeIMKOMY MHOXECTBY
NpU3HaKoB. Bblfenserca HeCKoNbKO OCHOBHbIX, B [JaHHOM C/y4yae, Haubosee
Ba)KHbIX MPXU MOAENMPOBaHUN OUOIMOTEYHbIX npoueccoB. 1o XxapakTepy
06beKTa MOJENMPOBaHME MOXET ObITb PU3NYECKUM NN MATEMATUYECKUM, W, KaK
CNefiCTBUe, peanm3aumnm aTX NPU3HaKoB, MOAENb MOXKET ObITb TEXHO/IOMMYECKOM
(NPOM3BOACTBEHHOM) WM 3KOHOMMYECKON. B npakTuke 4acTto co3fjaroT
9KOHOMMKO-MaTeMaT1yecKmne Moaenn.

EcTecTBeHHO, Knaccumkaums Mofenei no xapakrtepy 06bekTa yC/oBHas,

MHOIrne rnpu3sHaknn TpyaHO pas/invyntb, B HUX NUMEETCA NepeceyeHne n cxXoacTso.
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OObeKkTbl 4aCTO OT/MYAKOT MO XapakTepy CBfA3el, KOTOpble MOryT ObITb
(PM3NYECKMMM, SHEPTETUYHECKUMU NN MH(OPMALMOHHBIMN.

[anee oLeHMBaETCA MOJENNPYEMbIA OOBEKT: SABNSAETCA NI OH CUCTEMOW MK
ee 3/IEMEHTOM; a MHOrAa HY)XXHO MPOCTO OMpefenvTb finuy, 3aHMMaroLemycs
CO3JaHVEM MOAENN, KaKk OH HaMepeH MpeAcTaB/ATb OOBLEKT - 3/1EMEHTOM WU
cucteMoi. Bblbop 06beKTa-3/1IeMEHTa, UM 00BLEKTA-CUCTEMbI 3aBUCUT OT LESIN
McCnefoBaHVsA Ha MOZENN.

Llenbto MOAenmMpoBaHNS MOXET OblTb OnucaHue AelCcTBYHOLLEro 006beKTa,
OLleHKa KOTOPOro faHa Bbllle, Korja Heo6XoAMMO 3HaTb ero XapakTepucTuku, nx
CBS3W W B/IMSHMWE, MPOrHO3 PasBUTUA 3/IeMEHTa CMUCTEMbI, BCEl CUCTEMbI WK
[aXe CeTU, T.e. UMEHEHMEe NOKa3aTenell 06beKTa NPOrHo3npoBaHns. Hanprmep,
BO BpeMeHU (4TO OyAeT NponcxXoauTb C N0ObIM 6MOIMOTEYHBLIM NPOLECCOM, KaK
CaMOCTOATe/IbHbIM 06bEKTOM, KaK 3/1EMEHTOM CUCTEMbI U/ CETU BO BPEMEHN), a
NHOrAa, 6bITb MOXET, U B NMPOCTPaHCTBE.

Llenbto  MOAenmMpoBaHNA MOXeT ObiTb NOMyYeHWe pekoMeHpaumin  asns
ynpaefieHNss 06bEKTOM. DTO MOXET OblTb MPOCTas OLEHKa MCXOAHbIX AaHHbIX
W1 NPOBELEHME PacHeTOB Ha MOAE/N C LIE/bIO BbISB/IEHNSA XapaKTepa CBA3ein, UxX
BIUAHUA Ha 3/IEMEHTbI CUCTEMbI U/ Ha CUCTEMY B LiesIOM. VIHOrga ato MOXKeT
OblTb MPOrHO3 3/1EMEHTOB, CWUCTEMbI WM CETU B KaKOM-TO OTHOLLUEHWN,
HeobXoANMMOM ANs ynpasBieHns.

B 3aBucumoctM OT uUenm  mofenn  MOryt  OblTb  MO3HaBaTe/bHble
(onucatenbHble), NPOrHO3HbIE U YNpaBeHYeCcKne.

[Mo3HaBaTesNbHbIe (OnMcaTesibHble) MOAENN ABNAOTCA NPOCTEALINM ClyyYaeMm
OTOOpaXXeHNs COCTOSHUS MOAeNnMpyeMoro obbekta. JT0, Kak Mpaswio, camas
MpocTas Marematuyeckass 3aBMCMMOCTb, OTOOpaxKaroLwas OTHOLLEHME 3afaHHbIX
NnapameTpOB B [aHHbI MOMEHT BPeMeHU. YacTo pe3ynbTaTbl PELUEHMS Ha TaKoW
MOAeNn cnyxat Anda MOHUMaHWA npouecca B CTaTWKe, OPUEHTUPOBKM B
YMCMOBbIX JaHHbIX, XapaKTepu3yoLLMX COCTOSIHNE 00beKTa.

[MpOrHo3Hble MOAENN 3aBUCAT OT BPEMEHU M [at0T COCTOsAHME

MOZENNPYEMOr0 00BbEKTA B 33[laHHOM MHTepBasie. ECTECTBEHHO, AVHAMMKa
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00beKTa NpocmaTpuBaeTcs TOMbKO TOrda, Korga napaMmeTpbl 06bekTa
N3MEHSAKOTCA BO BpeMeHW. Kak npasuno, JO/MKeH ObiTb 3apaHee M3BECTEH 3aKOH,
KOTOPOMY MOAYUHAKOTCA NapaMeTpbl MOAeNn. TOYHOCTb MPOrHo3a CyLLeCTBEHHO
3aBMCUT OT TOYHOCTM FMNOTE3 O TEX W/IX UHBIX 3aKoHaX. [NpoBepka
CrpaBe/IMBOCTU 3a/I0XKEHHbIX B MOZE/b TMMNOTe3 0fHa U3 CaMblX 3HAUNTE/IbHbIX
TPYLHOCTel peanm3aLmy NPOrHO3HbIX Mogesiei. MNporHo3Hble Mogeny no
MeTofam peasmsaummn MoryT 6bITb aHTMTUYECKUMU, CTATUCTUYHECKUMN,
MMUTaLMOHHBIMW 1 APYTrMMU. Y NpaB/ieHYecKne MOAeNn No3sBonstoT BbipaboTaTb
peLleHne Mo ynpaesnieHnio 06beKToM. OHU, KaK NpaBuo, ABNAKOTCS
MaTemMaTU4eCKUMM, 3KOHOMUYECKUMMW, TEXHOTOTUYECKMMMU
(Npov3BoACTBEHHbIMK). OCHOBHBIM MPU3HAKOM TaKMX MOAENen ABNAETCA UX
OMTUMM3ALMOHHBIN XapakTep.

Mocne onpeaeneHns LeavM MOLEIMPOBaHUs CnefyeT 06paTtuTb BHUMaHME Ha
XapaKTep UCXOAHBIX AaHHbIX, UMEIOLLMXCA B PacrnopsiXXeHUn uccnesosarens unm
OLEHUTb MEepCrekTUBY NOJyYeHUs HefoCTaloWMUX AaHHbIX. Hepeako B npakTuke
BO3HMKAET >KeflaHWe MCMnosb30BaTb MPOrHO3HYH MOfeNlb, OAHaKO 4acTO He
MMEeTCa B [A0CTaTOYHOM KO/IMYECTBE WCXOAHbIX AaHHbIX. Torga LUefb
MOZENMPOBaHNSA NepecMaTpuBaeTCs.

cxofHble faHHble MO CBOEN CYTU ABNAKOTCA LETEPMUHUPOBAHHLIMU W/
CTOXacTu4eckMmMmn. Mogesnb Ha3blBatOT CTOXaCTUYECKON, eC/IN UCXOLHbIE JaHHbIe
HOCAT C/lyYaliHbIi XapakTep. Mpuyem cumMTaeTcs, YTo LOCTATOYHO UMETb XOTH Obl
O4WH MapameTp CAyyaiHbIM M MOfe/lb O0Ka3blBaeTCs CToxacTuyeckoin. B
MOAENNPOBaHNM K WUCXOAHbIM  [aHHbIM  MPEAbABNAAT CaMble  XeCcTKue
TpeboBaHWA MO TOYHOCTM, HafEXHOCTW, CBOEBPEMEHHOCTW, OMepaTMBHOCTW,
nonHoTe. Korga MCXOAHbIX [JaHHbIX Mano, CTaBUTCA Mpobsiema ux nosyyeHus
NO6bIM M3 METOAOB: aHa/IMTUYECKUM  (BbIYMCNEHUAMW NO  (hopMmynie),
CTaTUCTMYECKMM (MyTem MOCTAaHOBKW 3KCMepUMeEHTa), nporpaMmmMHbIM (NyTem

MOCTAaHOBKW 3KCMNepuMeHTa Ha OBM).
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Ecnv MCXOAHBbIX [aHHbIX [LOCTATOMHO (MM eCTb MEeTOA WX MOyYeHuns
BbICOKOrO KayecTBa) M W3BECTHA Lie/lb MOAENIMPOBaHUSA, MOXHO MPUCTYyNaTb K
BbIGOPY MOZENIN 13 UMEIOLLMXCA B HASIMYMUN UW K CO3L4aHMIO HOBOW.

Wccneposatenls MOXeT BblbpaTb OAHY W3  MOAENein: aHaIMTUYECKY!HO,
CTaTUCTUYECKYIO, UMUTALMOHHYIO U CETEBYIO.

AHaIMTUYECKME MOJENN ABNAKOTCA CaMVMMU MPOCTLIMM, BblPaXXatoTCs Yepes
TaK HasblBaeMble aHa/IUTUYeCKMe 3aBUCMMOCTM  (popmynbl,  YpaBHEHWS,
HepaBeHCTBA) N YUMTbIBAIOT TO/ILKO CaMble CYLLECTBEHHbIE CBA3WN. Takue Mogenu
peann3yroTcs, Kak npasuio, Ha OBM, 1 B 3TOM ux npenmyulectso. OHM aatoT
BO3MOXHOCTb MOCTPOUTL KAaYeCTBEHHYH KapTUHY MOBEAEHUSA aHaM3npyemMoro
obbekTa. AHaIUTUYeCKMe Mogenu Haumbonee paspaboTaHbl, a MeToAoB
aHa/IMTUYECKOrO0 MOAE/IMPOBAHNA CO34aHO O4YeHb MHOro. Ha3oBeM TOJSIbKO MX
AManasoH: OT NPOCTeALWnX anrebpamyeckmx 3aBUCMMOCTEN Yepe3 3aB1CMMOCTY
Teopuu MaccoBoro  06CnyuBaHus OO  CUCTEM  OObIKHOBEHHbIX
AnddepeHumnanbHbIX YpaBHEHWIA,

[NaBHble NPEUMYLLECTBA aHA/IMTUYECKUX MOJeNei - MpoCcToTa WU3yyYeHus
pe3ynbTaTa, HarnsagHOCTb Ka4eCTBEHHON KapTUHbI MOBEAEHUS 00bEKTa, Hanumne
MOAXO0A0B K OLleHKe TOYHOCTW Pe3ynbTaTos.

HepoctaTtkamy aHaMTUYECKUX MOAeNed SBNAKOTCA OrpaHWYeHHble BO3-
MOXHOCTM WX WCMOMb30BAHUS B Ka4yecTBe CpeAcTsa MoyyeHUs MPOrHo3a,
BC/IEACTBME BbIHY)XAEHHOITO W3MEHEHUS MOAENN C LE/blo  UCMO/b30BaHWS
LUMPOKO MPUMEHSIOWMNXCA aHAIMTUYECKMX 3aBucumocTend. OCOB6eHHO 3TO Ka-
caeTcs Bblibopa M 060CHOBAHMSA 3aKOHOB pacrpefenieHns cyyariHbIX napaMeTpos,
BXOAALLUMX B T€ UM UHbIE YPaBHEHUS.

B nocnefHve rofabl JOCTATOYHO Pas3BUTbl aHA/IMTUYECKE MOJENN, B OCHOBE
KOTOPbIX /IeXUT  MCMO/b30BaHWE KOJIMYECTBEHHOW Mepbl  WH(opMauun -
3HTPONUW, TaK Ha3blBaeMble 3HTPOMUHbIE MOZENN. DTOT TUM aHA/IMTUYECKOrOo
MOZENMpoBaHNs 60/ee CNOXEH, U pPeain3yroT ero 06bI4HO Ha ABM.

CTaTuCTUYeCKMe MOAE/IN B OCHOBHOM MO3BOJIAKOT YMNOPALOUUTL OMbITHLIE

[aHHble O CTPYKTYpe ¥ NoBeAeHUN 06beKTa 1 AaTb 06paboTaHHY MHHOPMALMIO
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ANA NOCTPOEHUS APYrnx Matematuyecknx mogeneir. Metofbl CTaTUCTUYECKOrO
MOZENNPOBaHNA O4YeHb pasHoobpasHbl. OHM BK/IKOYAOT B Ce6S MPOCTEMLLYHO
CTaTUCTUYECKYID 06paboTKy, KOPPENsUMOHHBIA W PerpeccuBHbIA  aHan3bl,
(baKTOPHbIA W KNacTePHbIA aHa/n3bl U WCNOMb3YHOTCA Ha MNepBoM 3Tane
NPUMEHeHN MaTemaTuyecknx mogenein. OfHaKo 3TOT TUM MOAENMPOBAHNA He
MO3BOJIAET BCKPbIBATL NPUYNHHO-C/IEACTBEHHbIE CBA3M OOBEKTA; OH CMYXXUT A/1F
MPOBEPKM Pa3HOro poja rmrnoTes 06 aTUX CBA3AX.

IMUTaUMOHHbIE MOAENN B OT/INYME OT aHAIUTUYECKX OTOBPaXKAIOT 3HaHWA
nccnenoBartens CTPYKTypa v noefeHNs 06bekTa MoaempoBaHns. CTPYKTYpHble
M MOBeAeHYeCKMe acrekTbl O00beKkTa MOAENMPOBaHUA OTOOpaXKAKTCA Ha
CreynanbHOM A3blke M MNyTeM WCMO/b30BaHWA 3apaHee CO3JaHHOM CXEMb
NpUMeHeHnss mogenn. Mogenb M03BOMAET  MaKCUMaslbHO TMOKO  YyeCTb
N3MEHSAIOLMECH YCNOBUA MOAENNPOBAaHNA, CTEMeHb, Y4yacTusd YesioBeka Ha
YPOBHe Auanora ¢ (MYHKUMOHUPYIOLWMM KOMMEKCOM  nporpamm. CumTaercy,
4YTO UMUTALMOHHOE MOAENMPOBaHME MO3BOJIAET NOMYyYaTb MPOrHO3bl AOCTATOYHO
BbICOKOIA TOUHOCTMW.

CeTeBble MOAENN B HEKOTOPOM CMbIC/1e OMUCLIBAKOTCA Ha "'ceTeBOM™ A3bIKE.
[MpakTnyeckne 3afayn, KOTOpble YAaeTca (OpMann3oBaTb, M BbIpa3UTb Ha
“ceTeBOM”  A3blKe, Y[AeTCA pPelnTb YCnewlHee, YemM ApYyrumu MeToAaMMu.
CeTeBble MOZeNN 0COOGEHHO 3((eKTUBHbI B YC/MOBUAX, KOrja npaktuyeckas
3afja4a COEePXXMT MHOXECTBO MEepPeMeHHbIX W OrpaHWYeHWin, B YaCTHOCTU
9KOHOMWNYECKOro XapaKkrepa.

JTOT TMM MOAENMPOBaHMA OOCTAaTOMHO MoApPo6HO paspaboTaH  Ans
MPOM3BOACTBEHHbIX (TEXHOMOMMYECKUX) 3a4a4, B KOTOPbIX MMEETCA MHOXECTBO
MnapamMeTpoB M MHOXECTBO Pas3HOro pofa orpaHvyeHuid. o 3ToM npuymnHe
ceTeBble MOAENN MOTYT HaNTW NPUMEHEHWe NPK peLLeHnn 61bIMOTeYHbIX 3aau.
JTOMYy BUAY MOLENMPOBaHWUSA CBOMCTBEHHblI HEAOCTATKN  aHa/IMTUYECKUX
MOZenei. Wccneposateib  [O/MKEH  UCMOMb30BaTb  Kak  MOXHO — 6osee
COBEpLUEHHbIN BUA MofenmpoBaHus. COBepLUEHCTBO MeTOAa MOAENMPOBaHUA B

HaCTOALLiee Bpemsi YaCTO CBA3bIBAOT CO CTeneHbk y4yacTusa 4yenoseka 1 9BM B
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npouecce peasmsaumn mofenn. Takum 06pa3om, Mbl NOZOLWIN K MOCNefHeMY
MpU3HaKy B KnaccuukaLumm Mogenei - no CTeneHn yyactns vyenoseka n 3BM B
peanunsauyun mogenm (9).

Mo cTeneHn y4yacTus YenoBeka 1 IBM mMogenn moryT 6biTb UMUTALMOHHbIE
C Auanorom, camoopraHusyowmecs (3BOMOLMOHHbBIE), 3BPUCTMYECKME U
CUTYaLNOHHbIE.

MUTaUMOHHas Mogenb Ha pas/MyHbIX 3Tanax MOAEeMpoBaHMS [OMYyCKaeT
BMeLLATe/IbCTBO YesioBeKa B MPOLECC peanm3aumm Mogenn. YenoBeK MOXeT
YTOYHSITb WCXOAHble [aHHble, BBOAMTb HOBbIE JAaHHblE, MNPU  NOAYYEHUN
MPOMEXYTOYHbIX WM OKOHYaTe/IbHbIX [AaHHbIX OLUEHMBaTb WX W pe3y/bTaTbl
OLLeHKW BBOAMTbL B MOZE/b C Lie/Ib0 NMPOBEPKN MOYYEHHBIX pPe3ybTaTtos, 60 ¢
LeNbl0 MX YTOYHEeHUs. Yepe3 4enioBeKa MOXET MATM B3aMMOAENCTBUE MeXAY
HEKOTOPbIMM  6/10KaMW  MOZE/IMPYIOLWEA  CUCTEMbI,  CBA3b  KOTOPbIX
(hopmann3oBaTb He ydanocb, a TakkKe BBOAMTb B CUCTEMY HOBble CTpaTeruu
noBefeHws.

CamoopraHu3yroLLmMecs MOAeNn - 3T0 Hanbosee BbICOKMIA YPOBEHb MOJENEN,
Korfa yaaetcsi co3faTb airopuTMmMyeckme npoueaypbl, CnocobHble 06beANHATD
Habop Mofeneil B HEKOTOPbIA LieneHanpaBieHHbIA KOMMIeKC. ViHaye rosops,
camMoopraHm3auua 4OCTUraeTcs anropuTMUYECKU, CnefoBaTesibHo, MPOrpaMMHoO B
cucTemax, HafleNeHHbIX NHTENEKTOM.

ANTOPUTMUYECKUIA  CUHTE3  MOfeflell  OCYLLECTBNSAETCHA C  MOMOLLbIO
3BO/MOLUMOHHOIO  MOAeNMpoBaHus.  OCHOBHbIM ~ aKTOM  3BOJIFOLMOHHOIO
MOZENMPOBaHNSA ABASETCA NPOrHO3 COCTOAHMS CUCTEMbI. Ero CMbICN CBOAUTCS K
TOMY, 4YTOOGbl Ha OCHOBE W3Y4YeHUs COCTOSHWUA CUCTEMblI B MPOLL/IOM U
(PMKCMPOBaHNA 3TOFO COCTOSIHAA B HacTOsLWEM MPOrHoO3MpoBaTh OGyayliee
CUCTEMbI, T.e. CYLLECTBYeT HEKOTOPbIA arOpuTM, OMUCLIBAtOLMNIA COCTOSIHME
CUCTEMbI B MNPOWWIOM W HacToAwem. TpebyeTca pewnTb 3agady o
CaMOYCOBEPLUEHCTBOBAHUM ~ airopUT™Ma WM co3faTb  aliropuTM  MOTOMKa.

ANropuTM MNOTOMKa 06pa3yeTcs W3 anroputMa poAvTeneli Npu  MOMOLLM
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MyTaumu, CMy4yainHOro M3MeHeHUs XapakTepa MPOrHO3MPYHLEro airoputma c
MCMO/Ib30BaHNEM AaTumnKa CyHanHbIX YMCe.

Npes cnyyaiiHoro novcka 6yayulero anroputMa noToMKa CBOAUTCA K TOMY,
4YTO ec/iM B pe3y/ibTaTe TaKOro moucka NPOUCXOAMT Y/ydlleHne anroputma
NMOTOMKa, TO OH 3akpennseTcs. Cama no cebe NocTaHoBKa 3afayn O Cry4valiHOM
MOMCKe NYYLLEro MPOrHO3PYIOLWEro airopMtma noToMKa SIBNSETCS He COBCEM
00bl4HOM [NA cheymanucToB B 006/1acTM MOAeNMpoBaHus. MoyemMy MMEHHO
CNyYaiHblii NoUCK? TOoTOMY, UTO XapakKTep BAUAHWUA BHELUHUX WU BHYTPEHHUX
YC/IOBWIA CUCTEMbI Ha Pa3BUTME CaMOW CMUCTEMbl HACTO/BbKO C/IOXKHbIA, YTO cama
naes 3akpernsieHns Ny4ylinx KavyecTB airopuTma NnoToMKa W BOCMPUATME 3TOMO
anroputMa MNoTOMKa C LeNbH0  BOCMPOM3BOACTBA  MOKO/IEHMI  ABNSAETCA
ype3BblYaiHO paLoHaIbHOMN.

Hanbonee BaxXHO NPo6/1eMON 34eCb ABMSETCA A0Ka3aTe/IbCTBO TOr0 (PaKTa,
YTO 3BOMOLUMA Pa3BUTUS CUCTEMbI OTOOpaKaeT pas3BUTME 3TOW CUCTEMbI W
9BO/MIIOUMOHHBIA  NOAXOA, a W3y4YeHWe CUCTEM SBNAETCA  AOMYCTUMbIM.
JBO/IIOLMOHHOE MOJENMPOBaHME paccMaTpuBaeT He NPOCTO MOAENb CUCTEMBI, a
MOZENb Pa3BUTUS CUCTEMBI.

JBPUCTMYECKOE MOAENMPOBaHNE TMPUMEHSIETCS MPU  CO3A4aHUM  CUCTEM,
HafeNeHHbIX  WHTENNEeKTOM.  JTOT  BWA ~ MOJENMPOBaHUS  SIBNSETCH
MPOMEXYTOUYHbIM MeXAYy WMUTALUMOHHLIM MOAENMPOBAHNEM C [AMa/oroM U
camoopraHmsylowmmmcs  mogensmmn. K 3BpUCTUYECKMM  MOAENSIM  OTHOCAT
00bIYHO CUTyauUMOHHble Mogenn. [puBedeHHas KnaccuuKauusa MoAenei
ABNISIETCS HEMOJIHOW, HO BrOJIHE AOCTATOMHOW AN TOro, YTobbl Ha MpPaKTMKe
MOXHO OblIfI0 CO3HaTe/NIbHO chenaTb BbIOOp 00bLEKTA MOAENMPOBaHUS, LIENen,
OLUEHUTb Habop WMCXOAHbIX AaHHLIX W OCTAaHOBUTLCA Ha KOHKPETHOM BuAe

MOAENMPOBaHNS.
2.2. BUGMOTEUHbIE MPOLIECChI, KaK 00BbEKTbI MOAENNPOBaHNS

Kak Mbl 3HaeM, MofennpoBaHne 6M6IMOTEYHbIX NPOLLECCOB TpebyeT 3HaHWA

00OLUMX CBOWCTB 3TMX MNPOLIECCOB, MX XapakTepa W CTPYKTYpbl, Leneii ux
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(hYHKUMOHNPOBaHWSA, XapakTepa UCXOAHbIX AaHHbLIX - 3TO MO3BO/IUT MPaBU/bHO
BblOpaTh METOZ, MOAE/TMPOBaHNA.

Mogenn 6nGINOTEYHbIX MNPOLECCOB MO MPU3HaKy 'Xapaktep o6bekra"
NpUHagnexar K rnpou3BOACTBEHHbIM (TEXHOMOrnyecknum) mogensam. OTHeceHue
MX K NPOW3BOACTBEHHbIM MOENAM YMCTO YC/IOBHOE, TaK KaK UX Hesb3A CUMTaTb
MOMIHOCTHI0 (PU3NYECKMMM, MaTeEMATUYECKUMN WA 3KOHOMUYECKUMU, XOTA B
HUX NPUCYTCTBYET U (IM3MYeCKoe, N MaTeMaTU4eckoe, M 3IKOHOMUYECKOE

mMoJenvpoBaHue. Ho Bce e B HUX bonbLue MPon3BoACTBEHHbLIX 31IEMEHTOB.

CTpyKTypa 6MG/IMOTEYHbIX MPOLECCOB AOCTATOYHO C/IOXHAA M COCTOUT U3
Tpex ypoBHe 00606LLEHWS.

MepBblii  ypoBEHb - OTAENbHO B3ATble  OMO/IMOTEYHblE  MPOLECCHI
KOMM/ieKToBaHWe, 06paboTKa, XpaHeHue, bubnmorpaduyeckoe n 6nbnMoTeyHoe
obcnyXnBaHue B OTAeNbHON 6M6MoTeke. OTMETUM, YTO B OTAE/IbHO B3ATbIX
npoueccax CyLecTBYHT acrneKTbl TEXHONOMMW, NPOrHO3MPOBaHNA U YNpaBieHns;
OHU TaKXe NpucyLm 6nbnmnoTeke B LEIOM.

BToroir  ypoBeHb. Kaxgbld OMOMMOTEUHBIA Npouecc B CUCTEMe, T.e.
CUCTEMHOE KOMINEKTOBaHME, CUCTEMHOE XpaHeHWe W T.A., CYLECTBEHHO
OT/IMYAETCHA OT OTAE/IbHO B3ATOro npowecca B 6ubmoteke. MOXHO 6b1/10 6bl UX
YC/IOBHO Ha3BaTb CUCTEMHbIMU BUBNNOTEYHBIMM NPOLIECCAMNA.

Tpetuin ypoBeHb. Kaxablh 61MBANOTEYHbIA NPOLECC B CETU - OT CETEBOr0
KOMM/IEKTOBaHUSI A0 CETEBOro OMOMMOTEUHOr0 06C/MY)XMBaHUA - CYLLECTBEHHO
OT/IMYaeTCA OT OTAE/NbHO B3ATOr0 npouecca B 6UGMMOTEKE U OT CUCTEMHbIX
O6nM6MMoTeYHbIX  MpoueccoB. KX  MOXHO  YCNOBHO Has3BaTb  CeTeBbIMU
616IMOTEUYHBIMK MPOLECCaMMU.

BbI60p KOHKPETHOr0 B1aa MoAene, UCX0As M3 CTPYKTYpbl 00beKTa, BeCbMa

MHOrorJ/laHoB " He BCerga oAHO3Ha4eH.

2.3. dopmanmsarms npoLeccos.
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BubnmnoTteyHble NpPoLEecChbl, KaKk OO6beKTbl MPUMEHEHUS MOAeNel [O/DKHbI
ObITb MPefCTaB/IeEHbl B TEPMUHAX N COCTOSHUAX €r0 KOMMOHEHT, CBA3AX MEXIY
KOMMOHEHTaMW TakMK, YTOBObl MOXHO Bbl/10 06/1e4b MX B HEKOTOPYHO YC/I0BHYHO
(hopMy npeacTaBneHniA, ya06HYH U MOHATHYIO 415 nua, CO34aBLIero Mogesb.

B onpegeneHHoM cMmbIcne, Heobxoammo (opmanv3oBaTb Mpouecc, T.e.
BbIPa3nTb €ro B MOHATUAX MOAEN C Lie/Ibio NOC/eAYHOLLEN ero anropuTMmsaLnu.

dopmanusaumio npouecca NPoBoAAT B Tpu atana. OHa 3aBUCUT OT XapakTtepa
peLuaeMon 3aaum (TeEXHONOrs, MPOrHO3 1 yrpasfieHne).

[MepBblil 3Tan COCTOUT B BepbaibHOM (DOPMY/IMPOBKE COAepPXKaHNA NpoLecca,
Korga Ha C/I0BECHOM, JIOTMYECKOM YPOBHe (OPMY/IMPYeTCA CofepKaHue
npouecca. 3TOT 3Tan CyLecTBYeT npu 1060M XapakTepe 3ajau

Ha BTOpOM 3Tane cocTaensieTcs 6/10K-CXema, KOTopas 0Tpas3uT KOMMOHEHTbI
MPOLLECCOB M UX CBA3M, NOAYNHEHHOCTb (POLOBUAOBLIE OTHOLLEHNUA KOMIMOHEHT,
OTHOLLUeHMe 0O6Llee-4acTHOe M [Ap.) M 0bpaTHble CBA3W. Bnok-cxema Hecet
3HAUNTENBbHYIO CEMaHTMYECKYHD Harpysky W C034aetcd npu nrboM xapakTtepe
pewaemblX 3agad. OHa [aeT BO3MOXHOCTb OMpefesMTb MeCTO  KaXzoMn
KOMMOHEHTbLI, CBA3W W MNpPeABapuUTeNibHO OLEHUTb XapakTep KaXAOW U3 HUX.
OnpefeneHvie xapakrepa KOMMOHEHT AaeT BO3MOXHOCTb YCTaHOBUTb, Kakue u3
HUX NOA/eXaT MOLENIMPOBAHUIO, KaK OHM CBA3aHbl C APYrMU KOMIMOHEHTamW,
KOTOpble B CBOK O4epefb MOryT ObITb, Hampumep, MeXaHWU3MpOBaHbl WM
aBTOMaTN3NPOBAHbI.

B npaktuke 06bIYHO CTPEMATCA K KOMMIEKCHOMY MOAXOA4Y B TOM CMbICHE,
4YTO MOAENNPOBaHNE KaKUX-M60 KOMMNOHEHT, CBA3eN NPOBOAAT O4HOBPEMEHHO C
APYTUMW [eNCTBUAMK, YNy4llaloWwmMy TeEXHOIOMI0 npotecca. Ha atom artane
CTpemaTca  onpefennTb W 3auKCUpoBaTb MapameTpbl W MEPEMEHHbIe,
y4yacTBYOLLMe B NpoLecce.

Bug v cogepxaHue 6/10K-CXeMbl 3aBUCUT OT XapakTepa 3agaun. [lpwu
MccnefoBaHMM TEXHOMOIMM npoLiecca 60/bLUee BHYMaHWe 00pallaeTcs Ha CBS3M
MeXOy KOMMOHEHTaMW, BPEMEHHble XapaKTepUCTUKK, 3aKOH pacnpepeneHus

BPEMEHM BbIMOMHEHUA TEX UMW WHbIX AeACTBUIA. Takoil NoAxon K TeXHOMornm

36



HOCUT B HEKOTOPOM CMbIC/le abCTPaKTHbIA XapaKTep, TEXHOMOrMS MpU TakoMm
PaCCMOTPEHMN He 3aBUCUT OT TemMaTMKM KOMMNNEKToBaHWsA hoHga. Ho He
YUnTbiBaTb CO/EPXKaTeNbHbIN XapakTep npoLecca KOMMNMEKTOBAaHMSI Henb3s,
MO3TOMY HeOoOXO0AMMO MMETb elle OAHY 6/I0K-CXeMy, KOTopas Obl M03Bonua
0TPa3nTb COAEPXKATENbHYH CTOPOHY 3a4auMn.

TpeTwnii 3Tan CoCTOMT B elLle 60/bLLEN AeTanmn3aLmMmn npoLecca 1 yCTaHOBEHUN

CBSA3€ei, KakK Mo FrOPU30OHTa/IN, TaK 1N NO BEPTUKATA.

2.4. Bblbop nokasatesnen apgheKTUBHOCTH

Bbi6bop nokaszaTtenerd 3PgeKTUBHOCTA 3aBMCUT OT LEM MOAENMPOBaHUS.
Ecnn uenbto MofenMpoBaHus, Hanpumep, npoLecca KOMMNIEKTOBaHNUA SB/SETCA
COBEPLUEHCTBOBAHME  TEXHOMOrMK, TOrga nokasatenamv  ageKTUBHOCTU
LienecoobpasHo  BblbpaTb  OMepaTtMBHOCTb, CTOMMOCTb W TPYAOEMKOCTb.
OnepaTtuBHOCTb, KakK MNOKa3aTe/lb, BaXKHa ANA uuTatens n Ana GubnnoTeku.
CTOMMOCTb U TPYL0EMKOCTb MMEKOT CMbIC/T TOMbKO /15 GMBNNOTEKN, TaK Kak A/1s
ymTaTeNs MeHee BaXKHO, KakuMe CTOMMOCTb U TPYLOEMKOCTb MMESIM MecTo Mnpu
KOMM/IEKTOBaHUKN POHAA.

Ecnv uenbio MoAennpoBaHua SBNAETCA MPOrHO3 PasBUTUA KOMMJIEKTOBaHWS,
TO CfiefyeT BbIYUCIUTL MoKasaTenn 3PQeKTUBHOCTU: MOHOTY MU TOYHOCTb B
3aBMCMMOCTU OT BPEMEHW, KOTOPbIE B/IMAIOT Ha KAYeCTBO 00C/TY)XKMBaHUA.

AHaNornyHble o6LWMe COOOpPaXKEHNA MOXHO BbICKa3aTb OTHOCUTE/IHO
CUCTEMbI U CETMW.,

ObpaboTka. [lokazatensamMu  3()(PeKTMBHOCTM  npouecca 06paboTKu
Liles1ecoobpasHo paccMaTpuBatb MOMHOTY, TOYHOCTb, ONEPaTUBHOCTb, CTOMMOCTb
N TPyLoeMKocTb. Llenamm mopgenmpoBaHMs MOryT 6biTb: BblOOp MeToAa
06paboTkn B  OMO/IMOTEKe, CUCTEME W CeTW;  pPeKoMeHgauuuM o
coBepLueHcTBoBaHMIO WIA, nporHo3 passuUTUS npoLecca, PeKOMeHpauum K

YNpaB/EHWIO.
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OpraHusaums n xpaHeHe DOHAOB. DTOT NPOLECC, BK/HOYAET OpraHmn3aLmto
CN®, oTpaxkaroLmx 6MbmoTeyHble DOHAbI.

[MokasaTensMm 3MMEeKTUBHOCTM 3TOr0 Mnpouecca LenecoobpasHo BblbpaTb
obpalaemMocTb, CTOMMOCTb M TPyAoeMKocTb. O6paliaemMoCTb Kak MoKasaTeslb
XapaKTepu3yeT He TONbKO OpraHu3auuio (PoHZa, HO W Apyrue npoLeccol:
KOMM/IEKTOBaHNe,  06paboTky,  Gubnuorpaduyeckoe 1 6UBANOTEYHOE
06CNy>KnBaHMe, 0T KOTOPbIX 3aBUCUT BE/IMYMHA 3TOMO MokasaTens.

PeKOMeHAYHTCA K UCMO0/b30BaHUIO CTAaTUCTUYECKUA U KOPPENsALUOHHbIN
aHa/I3bl, UMUTaLMOHHbIE N CeTEBbIE MOLE/N.

Llenamy mogennposaHus MOryT ObiTb: MOMydeHWe CTPYKTYpbl (DOHAA, ero
afleKBaTHOCTM, MPOrHO3 Pa3BUTUSA U PeKOMeHZaLMW K YNPaBIeHNIo.

Bubnnorpauyeckoe o6cny>kuBaHue. ATOT BUA 06CNYXXKMBAHNSA, B JAHHOM
cfy4yae, COCTOUT M3 MOArOTOBKW YyKasaTeniei, 6ubnuorpauyeckoro novcka B
KaTasore. Nokasatenamy 3((heKTMBHOCTKU Lie/1IeC006pasHO Ha3HauUTb MOJHOTY,
TOYHOCTb, OMepPaTUBHOCTb, CTOMMOCTb, TPYA0EMKOCTb, KOM(OPTHOCTb.

Llefiblo MOLenMpoOBaHNA MOXKET BObITb AOCTUMXEHME MaKCUMaSIbHbIX 3HaYeHNI
MOIHOTbI, TOYHOCTN NPU MUHUMA/IbHBIX 3HAYEHUAX OMEepaTUBHOCTU, CTOMMOCTM
N TPYLOEMKOCTM; NPOrHO3 pa3BuTUSA npoLiecca 1 BblpaboTKa pekoMeHZaunii no
yrpaB/ieHuI0.

K u1cnonb30BaHUIO PeKOMEHAYHTCA BCe BMAbI MoOAened — OT aHa/IMTu-
YECKNX 10 CAMOOPraHN3YHOLLMXCS.

BubnuoTeyHoe  obcny>kuBaHue. lNokazatenamm ap@eKTUBHOCTU 3TOro
nmpouecca MOXHO paccmatpumeatb  MOMHOTY, TOYHOCTb, OMepPaTUBHOCTD,
KOM()OPTHOCTb, ~ KOTOpble  MMEIT  HernocpeACTBEeHHOE  OTHOLWIeHMe K
006CNY)KMBAHUIO 4yuTaTeNsi; CTOMMOCTb W TPYLOEMKOCTb  XapaKTepusytoT
[eATeNIbHOCTb OUBMOTEKM M MPAMOr0 OTHOLUEHUS K OOCNYXMBaHUIO YnTaTens
He UMELOT.

Llenamy MofenvpoBaHust MOryT ObITb: CTPYKTYpa 4MTaTeNbCKUX 3anpocos,

BbIGOP OMTUMA/IbHOTO peXuMa OOCNYXXMBaHWS, OLeHKa NyTeid ynyylleHUs

38



MCMONb30BaHMA (hoHAa (Hanpumep, uyepe3 06PaLLAeMOCTb), MPOrHO3 PasBUTYS

npoLiecca 1 BbIpaboTKa PeKoMeH/aLiA Mo yrpaBneHuIo.

2.5. DYHKUNM Mofenen.

Mogenu BbINOMIHAKT  criefyowme  QYHKUWK: MOACHUTENbHYHO

(onucatenbHy), OOBACHUTENbHYI, W3MePUTESIbHYH0, WHTEPMNPETATOPCKYHO B
npeAckKasaTesibHyHo (YnpasneHYeCcKy) PyHKUUK.
MosicHuTenbHad  (onucaTefnbHasd) (YHKUMS MOAENN yvalle BbICTYNnaeT B
coyeTaHUM C  APYrUMW  (PYHKLUMAMM W BLIMOSIHAET  PO/Sib  HArns4HOro
NPefACTaB/IeHNs, MOKa3blBaeT TEHAEHUMIO W3MEHEHW B OMUCAHUW CBOWCTB
obbekTa. bosnblas HarnagHoOCTb AOCTUraeTca npu rpauyeckomM OTOBpaKeHUM
MOZenNn.

OC06eHHO, XOpOLLIO BbIpaXXeHa MOACHUTeNbHaA (DYHKLUMS Y aHa/IMTUYECKMX
MOZenen, MeHee - y CTaTUCTUYECKMX. B MMUTAUMOHHBIX MOAENAX 3Ta (hyHKLMA
BblpaXKeHa B CTPYKTYPHbIX CXeMax M CXemax CBfi3el; B CaMOOPraHu3YyHLMXCA
MOZeNsxX - B aropuTmax, M CXemax CBA3e Mexay anroputmamv u
MPOrpaMMHbIMU MOAYNAMMU.

YacTo nosicHUTENbHAsA (hYHKLMA faeT XopoLUee NpeAcTaB/ieHNE O COXHOCTY
M NPOCTOTE CTPYKTYPbI UCC/eAYyeMOro oobekTa.

3meputenoHas (byHKUMA  BblpaXkaeT MoO3HaBaTe/lbHbIA  NpOLecc,
3aKN0YaKoLLMIACA B CPaBHEHUM MOAENN C peasibHbIM 06bEKTOM. 3MepeHue B
LUMPOKOM CMbIC/Ie CNoBa SB/AETCA MPOLECCOM Mepexofa OT BepbasibHOro K
KONIMYECTBEHHOMY YPOBHKO MpeACTaB/eHWin 00beKTa, T.e. OT C/IOBECHOIO
KayeCTBEHHOro OnMcaHMs 00beKkTa K KOJIMYECTBEHHOMY OMUCAHWIO Yepes
mMatemaTuyeckne OObEKTbl; 4ucna, OTHOLWIEHWS, (QYHKUMK, (YHKUMOHASbI,
MaTpuupbl U T.4.

MprMepoM M3MepUTENIbHOM (PYHKLMM MOXKET CNYXWUTb MNPOCTEMLas aHa-
NNTUYECKas MOfeNb, OTPaXarLwas 3aBUCMMOCTb HECKOJIbKUX BE/IMYUH U

[03BO/1IA0Wad BbIYNC/INTL MOKa3aTesln O1BINOTEYHbIX npoueccoBs - MOJIHOTY,
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TOYHOCTb, 00pallaemMocTb M Apyrue, Kak pesynbTaT AefleHus OAHOro ymucna Ha
Apyroe.

MHTepnpeTaTopckad  (OyHKUMS MpUcyLla aHaMTUYeCKUM W CTaTUCTUYECKUM
MOZENAM, TaK KaK OHW MO3BOMAT MOHATb rPaHnLLbl UX NPUMeHUMOCTU. B gpyrux
mMogenax (MMUTaUMOHHBIX M CamMOOPraHM3YIOWMXCS) MOHUMaHWe rpaHnuL, KX
MPUMEHUMOCTU 3aTPYAHEHO.

OO6bACHUTENbHAsA (byHKUMA ©Gofiee BCEro npucywa aHaUTUYeCKUM
MOAensM, Korga nmo MOBeAeHUKD MOAEN MOXHO CyAuTb O  BAVSAHMM
N3MEHSAIOLLMXCA UCXOLHbIX JaHHbIX M NMapameTpoB Ha pe3ysibTar.

Ecnu vHTepnpeTtaTopckas QyHKUMA MOAENN LEMOHCTPUPYET NMPUMEHMMOCTb
Teopuun, T0 06bACHUTENbHAA (PYHKLUMA OTOBPaXKAeT BNAHME UCXOAHbLIX AaHHbIX
M MapameTpoB, MX MOMHOTY M TOYHOCTb, T.e. COAepXaHue  mpouecca
onucbiBaeMoro mogensto. MNpu 06bACHEHWM MOBEAEHWA MOENN, eCTECTBEHHO,
CfefyeT 3HaTb MeTOA OMTMMM3aUMW MOLENN, ero BO3MOXHOCTM W TpaHuupl
NPUMeHUMOCTH. Tpu UCMOMb30BaHUN 3TUX CBELeHWA [JocTUraeTcsa 6osiblLuas
afIeKBaTHOCTb 0OBACHUTENbHOW (DYHKLMW NOBEAEHNIO 0OBEKTA.

OO6bACHUTENbHAA (PYHKLMA CBOMCTBEHHA TAKXKe CETEBbIM MOAE/NSAM, KOTOpble
B CBOE OCHOBE $BNAOTCA aHa/IMTUYECKMMM; 3Ta (QYHKUMS NOYTU He
MPOABNAETCA B UMUTALUWNOHHBLIX MOAENSIX.

MpefckasartesibHas (OYHKUMA  BbINOMHAETCA B MMUTAUMOHHBIX,
9BPUCTUYECKMX, 3BOMOLMOHHBIX, CUTYaUMOHHbIX M CaMOOPraHuU3YyHLWMXCca
MoensaX. Tak Kak Has3BaHHble MOZenu SBNATCA AWHAMUYECKUMU, B HUX
COObLITUA Pa3BMBAKOTCA BO BPEMEHW; B 3TOM C/lyyae BCErfa MOXHO MpefcKasarth,
B KaKOM Harpas/ieHUM U B KaKOM OTHOLLEHMM 0O6beKT OyaeT pa3BmBaTbCH B
oyaywiem. MnybrHa 1 TOMHOCTbL MPOrHO3a HAXOAATCSA B 3aBUCUMOCTW OT MOJIHOTbI
M TOYHOCTM UCXOAHbIX [AHHbIX M MapameTpoB, OT TOYHOCTM U afleKBATHOCTU
MeToAa ONTUMM3aLMK, NPUHATOrO B Mogenn. J1oboe OTKIOHeHME MeTofa
ONTUMM3ALUMN OT CYTU MOZLENN MOXKET MPUBECTM K WUCKAKEHMIO Pe3y/bTaToB

MpPOrHo3a.

40



EcTecTBEHHO, HM OfHA MOAENb He MOXET BbIMNOMHUTL BCE (PYHKLMM
O/[IHOBPEMEHHO, 3TO [JOCTUraeTCcsa COBOKYMHOCTbLIO BCEX BUAOB Modenein. ObLuen
(hyHKUMEN BCeX BUAOB MOAENEN ABNSETCA UX CNOCOOHOCTb 3aMEHUTb HATYPHbIA

3KCMEPUMEHT MOAIENMPOBAHUEM C MOC/EAYIOLLM UCMOb30BaHNeM SBM.

"naBa Ill. IM1TauMoHHOE MOaeNpoBaHme 6UGNNOTEYHbIX

MpPOLIeccoB.
3.1. OCHOBHbIE MOHATUA.

IMUTMpOBaTb - 3HaYMT nogpaxarb, BOOOPaXKaTb, MOCTUYL CYTb AB/IEHUSA, He

npuberas K aKCNepuMeHTY Ha peaslbHOM OObeKTE.
IMMTaUMOHHOE MOfenMpoBaHMe ecTb MPOLECC CO3[4aHUs MOAENN peasibHOM
CUCTEMbI, MOCTAaHOBKM 3KCMEPUMEHTOB C MCMOMb30BaHWEM MOAENN C LEeNbHo
MOArOTOBKM PELLUEHNA NO YNpaBieHNo (YHKLNOHMPOBAHWEM CUCTEMbI. OHO
ABNSETCA METOLO0/IOrNed, MMEIOLLE Lenbio onucaHne MnoBeAeHUs CUCTEMBI,
[MoCTpoeHNs Teopuin U rUNOTe3, OOBLACHAOWMX MOBEAEHNE CUCTEMBI,
MCMO/b30BaHNE TEOPUIA [0S NPOrHO3a B NMOArOTOBKM PELUEHMIA NO YyNpaBneHUto
cucTemamu,

Kak npaBuno, UMUTAUMOHHOE MOAENMPOBaHME SABNAETCA KOMIMNEKCHbIM
BMAOM, BK/IHOYAIOLMM aHa/IMTUYECKUe MOAENN ANs ONucaHus 3NeMEHTOB CUC-
TEM; CTaTUCTMYECKME MOAENN N IKCNEPUMEHTDI

Takum 06pa3om, CUMBOSIMYECKN WMUTALMOHHOE MOJENMPOBAHME MOXKHO
NPeACcTaBUTb Kak /IOMMYECKYHO CYMMY;

UMUTaUMOHHAA MoOfeNb =  aHauTU4yecKass + cTaTucTudeckas +
nporpaMmmHas

CuMBONMYeCKasd CymMMa [MO03BONSET cAenatb BbIBOA: 3TOT BMA Mofe-
NNPOBaHNA B CBOE METOA0MOMMYECKOM YacTu SBNSETCA MCKYCCTBOM, a B YacTu
co3faHns Mofener M NUCTONIKOBaHUS Pe3y/nbTaToB 3KCMNEPUMEHTOB Ha MOAeNn -

HayKOW.
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3.2. Llenun n 06nacTb NPpMMeHeHNSs UMUTALMOHHOTO MOAENNPOBaHUS

C METOA0NOrMYeckKuX mnonunii UMMUTALMOHHOE MOAENMPOBaHNe peLlaeT
3afja4m aHann3a 1 CMHTe3a CUCTEM.

BubnmoTteyHble npouecchl, LIBC n ceTn cyllecTByOT 06BbEKTMBHO, OAHAKO
NnoBefieHMe WX HaxoauTca B 3aBMCMMOCTM OT JO[eil, OCOB6EeHHO B M/aHe
(hopMyNMpoBaHUSA YCNOBUIA PYHKLMOHMPOBAHUA GUBNNOTEK KaK CUCTEM, KOrja
Kaxablid nUccnegosate/lb B KakKOW-TO Mepe CYObeKTMBHO YyCTaHaB/IMBaeT
XapaKTepUCTUKN cucTembl. MoaToMy Bcerga 6yayT OTAMUMS B pesyfbTaTax
NCCnefoBaHns, X0TS MOLENMPYETCA Of4HA U Ta XXe 0ObEKTMBHO CYLLECTBYHOLLAS
cuctema.

JTto6ble 6M6MOTeYHble 00BEKTBI, MPOLECChI BECbMa CNOXHbIE, BKIHOYaOT
OeCKOHEeYHOe MHOXECTBO 3/IEMEHTOB W CBfA3el, MNepeMeHHbIX, MapameTpos,
orpaHuyeHmnin. TlomnbITKa NOCTPOUTb MOJAENb C GECKOHEYHbIM YMCIOM MEPEMEH-
HbIX HE MOXET MPMBECTM K ycnexy. Hy)XXHO yMeTb npenapuposatb Npobnemy
TakuM 06pa3om, YTOObI MOXHO ObIfI0 OCTaBMTL TO/IbKO CYLLECTBEHHbIE YCNOBUS,
COXpaHsBLUME YepTbl peaslbHOro Co6bITUA. DTO OAMH acnekT aHanusza. Apyrum
acreKkToM sBNSeTCA abCcTpakumusa. AGCTpakumMa OT/IMYAETCA OT YMNPOLLEHMS TeM,
YTO COAEPXMWT CYLLECTBEHHble KayecTBa WM MoBefeHWe 06bekTa. B mopgensx
abCTpakumm noBefeHme peasibHbIX CUCTEM UMUTUPYETCS MO aHaIornm ¢ apyrumm
06beKkTaMu, MOBeAEHME KOTOPbIX M3BECTHO M B KaKOM-TO Mepe MOXEeT ObliTb
MepeHeceHo Ha [aHHbIn cny4vai ModennpoBaHms. OnncaHue CUCTEMbI A5 Lienei
MMUTALMOHHOIO MOZJENMPOBaHUSA COCTOAT M3 CTAaTUCTUYECKMX U AMHAMUYECKNX
NpeAcTaB/IEHWNA.

OnncaHne CTATUCTMYECKOrO MPeACcTaB/eHUss  CUCTEMbl  COCTOUT U3
coAepyKaTenbHOro onpegesneHns xapakrepa KOMMNOHEHTOB CUCTEMbI, MOACUCTEM U
KONMYeCcTBa YPOBHEN B Mepapxun; onepauuin, MyHKUWA 1N 31EMEHTOB; HaKOHeL,

CBsA3el MeXxay BCEMU KOMIMOHEHTaMW.
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Kak n3BecTHO, npu MM yunTbIBalOT CBA3M TPEX TUMOB; NH(POPMALMOHHbIE,
yrnpaB/fieHYecKne 1 CBA3N B3auMOAeNCcTBMA. [epBble TUMbI CBSA3EW OTpaXKarT
BePTUKa/IbHbIE CBA3M CTPYKTYPE CUCTEMbI, MOCNEAHAS TOPU3OHTASIbHbIE.

CrtaTuyeckoe npeacTaB/ieHMe CUCTEMbl Kak 06bekta MM HaxoguTcs B
TECHOW CBA3M C LeNIiMU MOAe/IMPOBaHMS.

Mpumep 1. Wccneposatena WHTepecyeT MPOrHoO3 pasBuTUA Mnpouecca
KOMMNEKTOBaHNA (DOHAA, T.e. KaK pe3y/nbTaTbl KOMMEKTOBaHMA (DoHAa OyayT
3aBMCeTb OT TemMaTU4YeckorW CTPYKTYpbl 3arpocoB  yuTaTeneil, MjaHoOB
N30aTeNIbCTB, OT PELUeHUs OTAENbHbIX Hay4YHO-TEXHUYECKUX MpobreM wnm
OTKPbITUIA B 06/1aCTU HayKn U TEXHWKW. B 3TOM Ccnyyae CTPyKTypa CUCTEMbI
KOMIM/IEKTOBaHNA (DOHAA MOXET paccmartpuBaTbCid He3aBUCMMO OT  ApYrunx
O6UB6NNOTEYUHBIX NPOLLECCOB, OHN MOTYT SBNATLCA BHELLHEW NAaCCUBHOW CPeoi.

Mpumep 2. Viccneposatens WHTEPECYOT MoKasaTenM 6MGIMOTEYHOro
06CNy>KnMBaHUSt B MacLuTabe OAHON GUBNMOTEKN XapaKTePUCTUKN N MPOLLECCHI,
OT KOTOPbIX OHW 3aBUCAT. B faHHOM cnyyae CTpyKTypa cuctembl (T.e. mpouecca
06CnyXXnBaHUS) He MOXeT ObITb MOCTPOeHa 6e3 yyeTa XapaKTePUCTMK MPOLLeCCOB
KOMM/IEKTOBaHUS, XpaHeHWs, 06paboTKKM, 6ubnmnorpagmyeckoro 06¢nyXKmBaHus.

Mpumep 3. Nccnenosatens MHTepecyeT MPOrHO3 pasBuUTUS BMGIMOTEKN Kak
cuctembl, nnn UBC, nnu cetn 6nbnmoTek.

B gaHHOM cniyyae B CTPYKTYpe CUCTeMbl MoAcMCTeMaMu OyayT OTAeNbHble
616/MOTEYHBbIE MPOLIECChI, B T.Y. CUCTEMHbIE U ceTeBble. CTeneHb AeTanmnsauum
CTPYKTYpPbl HOCUT Apyroi xapakTtep. OuyeBMAHO, YTO oOnepaumu, a UHoOrga u
(hYHKLUMM KaK KOMMOHEHTbI CUCTEMbI MOXHO He YYMTbIBATb.

Mpumep 4. VccneposaTtens nHTepecyeT BAnsHUe oubnmnoteku, LIBC, cetn
616MOTEK KaK 00BEKTOB, HAXOAALLMXCA B KaHasle COLMaibHOM KOMMYHUKALWN.
TpebyeTca onpeaennTb, Kaknm obpa3om 6yaeT pearmpoBaTb KaHan COLManbHOM
KOMMYHMKaLUMM Ha U3MEHEHUS B Xapaktepe paboTbl 6ubnmotek, LIBC u cetw,
ec/in OHW OyayT, Hanpumep, MexaHW3NpPoBaTbCA W aBTOMATU3NPOBATLCHA, WK

OyayT pasBmBaTb CBOM WH(OPMALMOHHbIE (OYHKUMKW, UM C pa3BUTMEM
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MHDOPMALMOHHBIX  (PYHKUMiA  OyayT  ycunmBaTb  CBOE  KY/IbTYpPHO-
MPOCBETUTENIbHOE B/IMAHME HA Y/1EeHOB 06LLecTBa U 1.4,

3afjaya cMHTe3a CBOAMTCA K MOCTPOEHMIO CTPYKTYPbI CUCTEMbI MO UCXOAHbIM
XapaKTepucTnKam ee KOMMOHEHTOB.

Llenbto VIM  siBnsieTcs  pelleHWe 3afadvM  GUGMIMOTEYHOM  TEXHONOMUW,
MPOrHO3MPOBaHUA N YNPaB/eHNs B TOW YacTW, B KOTOPOM MMEETCA BO3MOXHOCTb
(hopmasin3oBaTb 3agadvy M C MOMOLLbIO MOAENN MNONYYUTb PEKOMeHZauuu Ans
MPUHATUA PeLLeHns.

3agaun moaenvMpoBaHUs 6MGIMOTEYHOW TEXHONOrMK, MPOrHO3MPOBaHUA U
yrpaBfeHus MOryT OblTb pelleHbl B MacluTabe OTAe/IbHbIX 6MOIMOTEYHbIX
npoueccos nnun B LUBC, nnun B cetn 6ubnmoTek. IMeeTcs 0606LLEHHbIA YPOBEHD,
Korga MOAHO MOZenMpoBaTb [AeATe/IbHOCTb TakMX OOBLEKTOB Kak OM6/MOoTeKa,
LIBC wnn cetb 6ubnuotek.  bonee TOro, MOAENMPOBAHUID MOTYT ObITb
MOABEPTHYTHI TaKNe CUCTEMbI KaK "6Mb/IMOTEeKN + opraHbl MHopmaumum™,

MofenMpoBaHMio  MOXET  ObITb  MOABEPrHYT  TakOWM  acnekT, Kak
KOppenauMoHHas CBA3b Mexay OmbinmoTeyHbIMM MpoueccaMyM B MacluTabe
ounbnmotekn, LIBC u cetn, a Takke B cucteme "OGUONNOTEKM + OpraHbl
MH(opMaLMn™ ¢ Le/blo OnpefeneHns KOIMYeCTBEHHOW Mepbl KOPPEensLMOHHOM
cBA3N. ViccnepgoBaHWe KOppensuum no3BOSIMT  YCTaHOBUTb  PaLMOHa/IbHOCTb
KBAHTOBaHWA CETW.

Mpy NOCTPOEHUU MUMUTALMOHHOW MOZEeNW ANS U3yyeHust NpobiaeM TeXHOMornm
O6nbNNoTEUHbIX  (MHOPMALMOHHbBIX) MNPOLECCOB B Macwitabe OTAeNbHOM
onénmotekn, LIBC 1 ceTn cTaBAT 06bIYHO CrefyoLLme Lenn.

N3yyeHne TexHoNnoruv fLencTsytollei cucTemsl. B gaHHOM cnydae uenb
hopMynMpyeTcs MPUMEPHO TaK: PacCMOTPUM AaHHYHO 6MOIMOTEKY M nmpoLecc
06CNyXXMBaHMS B Hell C TOYKWU 3peHUsS YMEHbLUEHWUA CPOKOB OOC/YXXMBaHUS,
KOTOPOE MOXET MPOU30MTN 3a CYET HECKOSIbKMUX COObITUM, BbISBIEHUA "Y3KUX
MeCT" W peanm3aumm pekomeHgaumii MM, 3a cUeT MexaHu3auuuM BCEX WK
OTAE/NbHbIX YY4aCTKOB, 3a CYeT aBToMaTu3aumn. MIM MOoXKeT 0KasaTbCs MoJIe3HbIM

W B MOCNeAHUX [BYX CNyyasix. B gaHHOM cnyyae LeNbl0 MOAennpoBaHuUs
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ABNAETCA MaKCMMU3aumMa MCMosb30BaHNA (POoHAa MpU PUHAHCOBLIX U APYruX
OrpaHNYeHusIX.

N3yyeHrne rMNOTETUYECKON TEXHOMOTMA CUCTEMbl. PYyKOBOACTBO
OMbMoTEKN WM ceT OMBNNOTEK >KenaeT pacCMOTPeTb HOBYH) CUCTEMY
yrnpaBfieHNs OTAe/IbHbIMW TEXHO/IOMMYECKMMM NPOLLIeCcCamy U TEXHOOTMIO BCEW
O6nMbnnoTekn. Takas CuTyaumss BO3HMKaeT Mpu CYLLECTBYHOLLEM pa3MeLLeHNM
[aHHON  OmMbnmMoTekn, OHa 6onee  akTyaslbHa, €ciu  npeArosaraeTcs
CTPOMTENbCTBO WM OCBOEHWE HOBOro 3faHus. [py 3TtomMm Moryt ObiTb
KOHKPETHbIe Lenn - co3haTb CUTYyaumto pasymMHOro Ay61mpoBaHus B (hOHAE,
MPUMEHAEMOr0 YPOBHA OTKa3oB (MM YAOBNETBOPEHHbIX TpeboBaHMit),
paumMoHaNbHOro pasMeLleHUs OLHOTUMHOW NuTepatypbl No 6ubnmotekam. [
BbINO/IHEHWSA 3TUX LieNet MOXKET ObITb NOCTPOEHa UMUTALMOHHASA MOAE/b.

MpoeKTMpoBaHMe TMNOTETUYECKON TEXHONOrMM cucTembl. Cutyaums
TakoBa, YTO PYKOBOACTBO OUOIMOTEKM MPUHANO PeLleHVe BBECTM B MPaKTUKY
HOBble TEXHMYEeCKMe cpeacTea 6MOAMOTEYHOW paboTbl. [HA HaxOXXAeHWs
ONTUMa/IBHOTO TEXHOMOMMYECKOro LMK/Ia C OLEHKON MecTa M BO3MOXKHOCTEM
KaXX0/ KOMMOHEHTbI rnpoLecca MOXKeT 6bITb NposeseHo IM.

O6nacTb NPUMMEHEHUS CUCTEMHOrO MOZENMPOBaHNUA (MMUTALMOHHOIO W
CeTeBOro) B 61bINOTEYHOM N MH(OPMALMOHHON AeATeNIbHOCTM NPaKTUYECKU He
MMeeT rpaHuy, B TOM CMbIC/le, YTO TPYAHO Ha3BaTb acrekT 3TWUX BWAOB
[eATeNIbHOCTU, rae 6bl HeNb3s ObII0 MPUMEHUTb CUCTEMHOE MOLENIMPOBAHKE.

MogenvpoBaHue Wepapxmyeckon CTPYKTYPbl CETU, CUCTEMHBIX U CETEBbIX
O6M6/IMOTEUHBIX NPOLLECCOB B CTATUYECKOM M AMHAMWYECKOM NPeACcTaB/eHNsAX, ¢
pelleHneM 3aay aHaam3a M CUHTe3a CTPYKTYp, OTBeYaroWmMX 3afaHHbIM
TpeboBaHmsAM. [lpy  3TOM, NpPeACTaBNAETCA BO3MOXHOCTb —aHaJM3MpPoBaTh
MOMIHOTY M TOYHOCTb CTPYKTYP [aHHbIX, MOTOKOB [aHHbIX, (NYHKLMOHA/bHbIX
CTPYKTYP, XapaKTepnCcTUKN CPeACcTB 06paboTKN M KOMMYHUKALWN.

MogenvposaHue Tomnosormm cetein  (6MGMOTEUHBIX, WHHOPMALMNOHHBIX,
BbIUMC/INTENbHBIX). 3afaya aHainsa COCTOUT B OMpPefefieHnM CXeMbl CeTH,

pasMelLLieHNs] Y3/10B, pacnpeesneHus MPOMYCKHOM CMoco6HOCTU
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KOMMYHVKAUMOHHBIX  NIMHWIA.  Tomonorus, NponyckHas  CrOoCOOGHOCTb U
Hanpae/ieHNs CPefCTB CBA3W MOryT ObiTb OMNTUMM3NPOBAaHbI C TOUYKN 3PEHMS
CTOMMOCTM CPeACTB nepefayn  [faHHblX, OrpaHW4YeHW Ha MPONYCKHYHO
CMOCOOHOCTb, HAOEXHOCTb, C Y4YeTOM ouvepeaein coobuieHun.  CyulecTByeT
BO3MOXXHOCTb MOZENMPOBaHNA KPYMHOMACLUTAOHbIX CETe C ABYMS YPOBHSMMU
nepapxuu, rae BepxXHuil ypoBeHb 06pasyeTcs ceTbto IBM, a HUXKHWIA - BKOYaeT
MEeCTHble CEeTW, KOTOpble COCTOAT W3 TePMUHAIOB, CBA3AHHBLIX C OAHUM WK
HECKO/IbKUMU LIeHTpa/IbHbIMU DBM KOMMYHUKaLUAMU Yepes CpefcTBa nepeaayun
AaHHbIX. Mogenb NO3BOMSAET paccuMTaTb  XapaKTepUCTUKW  Takon CeTu:
MPOMYCKHYK  CMOCOOGHOCTb, KOMMYECTBO  TEPMMHANIOB, WX  MOJIOXKEHMUE,
neperpysky (oTKasbl), y3Kne MecTa.

B aBTOMaTM31POBaHHbIX CUCTEMax O0ObEKTaMM MOAENMPOBaHUS SIBMAIOTCS
6asbl [aHHbIX, KOrda MofyyardT pacrnpeaesneHVe namsaT Mexmay 3anvcamu,
XapaKTep MeTOZI0B JO0CTYNa, 06HOBNEHNS, ONTUMM3ALMIO BPEMEHU BbIGOPKM.

[loCTOMHCTBA 1 HeOCTaTKM MeTOAa UMUTALMOHHOTO MO/IEIMPOBaHNS.

[Mpn aHanM3e AOCTOMHCTB M HEAOCTAaTKOB MMWTALMOHHOIO MOZE/MPOBaHUS
cnefyeT UMeTb B BMAY, YTO B C/lydae MCMOMb30BaHNA aHA/IMTUUYECKUX MOAESEN
pe3ynbTaT 3KCMEePUMEHTa Ha MOAENN ABNSETCA PEeKOMeHAaume K MPUHATUIO
peLleHns. ITOro Henb3s ckasatb 06 VIM, Korga Heo6XoAmMmo pellaTtb BapuaHTbl
coBepLuaTb NOMbITKM B YC/IOBUSAX, OMpefeneHHbIX 3KCnepuMeHTaTopom. B Takom
clyyae OfHO eAMHCTBEHHOE peLleHue, Kak 3TO O00bIYHO MMEEeT MeCcTo npu
aHa/IMTMYECKOM MOZENMPOBaHMK, He MMEET CMbICa.

B 3TOM  OTHOWEHMA  MMWUTAUMOHHOE  MOAENPOBaHME  SAB/MAETCH
MeTodonornein. Torga BO3HWKAeT eAMHCTBEHHbIA BOMPOC: af)eKTUBHO /K
MPUMEHSATL 3TOT BUA MOAENNPOBaHNA?

OTmeyaldT ero cnegywoume [AOCTOMHCTBa. lMcnonb3oBaHWe MeToAda

MO3BONSAET YMEHbLUNTb KOMMEKCHOCTb MPO6MEMbI, YNPOCTUTL CBSA3N MeXay
KOMMOHEHTaMW CUCTEMbI M AaeT BO3MOXHOCTb MPOCNEAUTb  AMHAMUKY
B3aVIMHOIO BAMAHMS MapaMeTPOB KOMMOHEHTOB CMCTEMbI, 0OCOGEHHO Korfa 3To
OKa3blBaeTCA HEBO3MOXKHbIM Ha peasibHON cucteme. MeToa Xopowo paboTaer,

KOrfa He CYLIECTBYET 3aKOHUYEHHOW MaTemaTu4eckoil MOCTaHOBKM 3afayn, He
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pa3paboTaHbl aHAIMTUYECKME MOJENM PELEHMS AaHHON NpaKTUYecKoi 3ajaun. K
3TO KaTeropuv OTHOCATCA MPAKTUUECKU BCe GUBIMOTEUHbIE MPOLIECCHI KaK
CUCTEMBI.

M MOXeT oKa3aTbCA eAMHCTBEHHbIM METOAOM BC/EACTBUE TPYAHOCTEN
MOCTAHOBKM 3KCMepUMeHTa W HabMo4eHnA B peasibHbIX YCnoBusax. B
O6nbnmoTekax peaKo WMeeTCHd BO3MOXHOCTb 3KCMEPUMEHTUPOBAHWUA B XOAe
MOBCEAHEBHOIO 06C/TY)KMBaHWS.

[Mpw peLeHnn 3a4a4m NPOrHO3MPOBaHUA Ha La/IbHIOK MEPCMNEKTMBY NMEeTCH
BO3MOXHOCTb CXaTusl BPEMEHHOW LUKasibl. ABNEHNS, NpoTeKatoLLme B CUCTEME BO
BPEMEHW, MOTYT ObITb 3aMef/1eHbl U YCKOPEHbI B 3aBUCMMOCTM OT CYTU 3aaun.
K 37O KaTeropuv BaXKHO OTBECTY 3afady O NepcreKkTMBax passuTus bMbanoTek
B byayLiem.

BaxHbiM npeumyulectsoM VIM gBnfeTca LUMPOKOE MNPUMEHeHue €ero B
0bpas3oBaHUM M MPOMPECCUOHANIBHON MOArOTOBKE KajpoB, Korga WMeeTcs
BO3MOXXHOCTb "pasbIrpbiBath” Ha MOAENN peasibHble MPOLEecChbl, YTO BeAeT K
6osnee rny6oKoMy NOHMMAHMIO MPOMUCXOAALLMNX COOLITUIA.

[MpuBeaeHHbIE AOCTOMHCTBA 00YCMOBMAWN LUMPOKOE npumeHeHne VIM ans
PelleHnss OYeHb MHOrMX MpakTU4Yeckmx 3agad. CorfacHo TOMy ke
NCCNefoBaHMIO B MNPaKTUKe  MNPUMEHEHUA  KOMYECTBEHHbIX  METOLOB
MMUTaLMOHHbIE MOJE/NIN 3aHMMAKOT TPeTbe MECTO MocC/e TeOpMU BEPOSTHOCTEN
(CTaTUCTMYECKMX OLIEHOK) 1 3KOHOMMYECKOr0 aHan3a.

M CBONCTBEHHbI HEAOCTaTKM, KOTOPbIE ClneayeT UMETb B BUAY Npu BbIGOpE.
Co3aaHne Xopowein MMUTALMOHHOW MOAENN MOXeT noTpeboBaTb 60/bLINX
3aTpar Cu/1 1 BpeMeHW, a TakxXe MpuBeYeHns LOPOroCTOALLMX

cnewLuanncTos.
NMuTauma SBnsieTcs WUCKYCCTBOM, W TPYAHO T[OBOPUTb O TOYHOCTU

OTPaXXeHWS MOAENbIO PeanbHON CUCTEMbI, MHAYe rOBOPS, Mepa TOYHOCTU MOZENN
SIBNSIETCA  HeonpeaeneHHoW. B 3TOM CBA3M U OTHOLLEHME K  KaXaomy
3KCMEPUMEHTY Ha MOZIENIN CTAHOBUTCS SIBNEHNEM HEOMNPeaeneHHbIM.

TpebyeTcsi HEKOTOpbIA, 3apaHee HEM3BECTHbIA, HaGOpP  eAVHWYHBIX

3KCNepUMEHTOB /151 MONYYeHMs NpueMnemoro pesynbtaTa (16).
O Mepe TOYHOCTM MOAENN TOMbKO YacCTUYHO MOXHO CyAWTb MO ee

YyBCTBUTENBHOCTU K U3MEHEHUIO MapaMeETPOB.
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3.3. NocnefoBaTeNnlbHOCTL UMUTALUN.

Mpy MMUTaLMM CUCTEM CTPeMATCA COobMt04aTh YCTaHOB/IEHHYO NPaKTUKOM
Moc/efoBaTe/lbHOCTb AEeNCTBUIA MO CO34aHUI0 MOLENN K CreAyroLleMy 3a Hel
BbIUNCNNTENBHOMY  3KCrepumeHTy. CyllecTByeT HekoTopas MeTOZO0/0rms
MMUTaLMK, OMpeaenawlowas, ¢ Yero crefyeT HayuMHaTb, Kakue Co6bITUSA
COBEPLUMTb U YeM 3aKOHUYMTb Mpouecc umutaumm MeToAonorns BKIOYAET
crefiytoLpe atanbl UMUATALUK:

1. dopmynMpoBaHne MpPo6/EMbI WM NOCTaHOBKA 3ajayn WCCNef0BaHUS;
Bepba/ibHOE OnucaHve 3ajayn WCCMefoBaHWs, YCTaHOB/IEHWE HaUMEHOBaHWA
nokasartenen aPMPEeKTUBHOCTA CUCTEMBI, FPAHNYHBLIX YCNOBUIA, NpeaBapuTe/ibHas
OLlEHKa WMEIOLWMNXCA BbIYUCINTENBbHBIX N 9KOHOMUYECKMX PeCypcoB; Hanmuue
MepcoHana Y4yaCTHMKOB WCC/MeA0BaHNA UM WX MPOGecCCMOHa/IM3M B 4acTu
MOHVMaHWA MOCTaB/IEHHON WCCMefoBaTeIbCKOA 3afa4yn - Kpyr BOMPOCOB,
paspeLuaembix Ha aToM aTane (17,18).

2. ®dopmynMpoBaHMe MOAENN B MaTeMaTUYeCcKMX WM MPOCTO SIOMMYECKUX
TepMUHAX, KakK MepBblil Lar K abCTpakuuyv peasibHOM CUCTEMbI C Y4YETOM
KOMIMOHEHTOB CUCTEMbI: NOACUCTEM, (DYHKLWIA, Onepauni, pelleHnia, AenCTBuiA,
napaMeTpoB U MepeMeHHbIX CUCTEMBbI.

[MpuHYMaeTCa npeaBapuTe/ibHOE pelleHre 06 YCnoBuaxX Mepexofa K
noacucteMam, (PYHKUMAM, orepauusam, pelleHusM u feinctsuam. lMpusogutces
CTaTUYecKoe U [MHaMWUYeCKOe OMucaHWe CUCTEMbl C MEPEXOAOM OMnmMcaHua Ha
MOZeSb.

3. Cuctemartmsaumsa onvcatesibHbIX Y KOJIMYECTBEHHbIX AaHHbIX (MapaMeTpoB
N NepemMeHHbIX) A4/ MOCTPOEHUs MOLENV U MNpeAcTaBeHne UX B YA0OHOW A/
[aHHOro cnyvad opme. Ha 3TOM 3Tane [AaeTca 3BPUCTUYECKAS OLLEHKa,
MMEIOLLMXCA N HELOCTAOLLMX AaHHbIX U COCOO0B MX MOyYeHUS.

4. TpaHcnauus Mopenn - npeacTaB/ieHVe MOAEN B TepMUHAax fA3blka

MporpaMmmpoBaHus.
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5. OueHka faHHbIX Ha MoOZenn W OnpefenieHne afeKBaTHOCTM MOZENu
peanbHOW CUCTEME.

6. lNnaHWMpoBaHMe 3KcnepuMeHTa. 3[ecb CneayeT OMNpefenvTb YC/I0BUA
KXLOro WUCMNbITAHUSA WM COOTBETCTBMA IKCMEPUMEHTOB BbIAB/IEHUIO  TeX
nokasatenerd  (PYHKLUMOHMPOBAHUA  peaslbHOM  CUCTeMbl, KOTOpble  Oblan
onpeaeneHsl B ..

7. OKCnepuMeHTMpOBaHWe, T.e. OCYLUEeCTB/IEHME WMUTaLMM  aHa/IM30M
YyBCTBUTE/IbHOCTN MOAENN K YC/TOBUSAM 3KCNEPUMEHTA.

8. AHann3 pesynbTaToB, T.e. MOCTPOEHNE BbIBOAOB MO AaHHbLIM, NOAYYEHHbIM
B pe3y/ibTare ummnTauun.

9. [loKyMeHTMpOBaHWe pe3ybTaToB, X04a 3KCMEPUMEHTOB U MoJeNn. JTanbl
co3faHuA Mogenu npusedeHbl Afg UMUTaLMOHHOIO MOAE/NMPOBaHUA, Korja Het
BO3MOXHOCTW MPUMEHUTbL 60/1ee MPOCTble METOAbl MOAENMPOBaHNA, HanpuMep,
aHanMTUYecKue.

Bcerga crnegyeT MOMHWUTbL, 4TO Bbl6op MM - Mepa BbIHYX[OEHHasA, €ro
MPUMEHAIOT, KOr4a HEBO3MOXHO WCMO/b30BaTb 00/1ee  MPOCTble  METOAbI
MOAENNPOBaHNA, a B pPacropsXKeHUW unccnefoBaTens WMeeTcs 9BM n
COOTBETCTBYHOLLME PecypChl.

3aK/ounTeNlbHBIM ~ COObITMEM B UMUTAUMW  ABMISETCA  peasvsauuns
pe3ynbTaToB peLleHns 3a4a4m B NPaKTUKe.

B Bonpoce umuTaumMm pesynbTar AEWCTBUS Ha KaKAOM 3Tare He MMeeT
OKOHYaTe/IbHOr0 BbIPXXEHNUA MO TOW MPUYMHE, YTO B CYLUHOCTW peasim3auus
KaXX[0ro arana 1 ux COBOKYNMHOCTU ABMAETCA UCKYCCTBOM. [ns y6eanTeIbHOCTY
MCKYCCTBA peasin3aumm BCeli MeTOZOSIOMMU UMUTAUMU NMPUMEHSOT 06paTHYHO
CBS3b, MPUAAIOLLYIO BCEMY MPOLIECCY MMUTALUMM UTEPALMOHHBIN XapakTep, T.e.

XapakTtep nocnefoBaTe/IbHOro NPUGAMXKEHUS K UCTUHE.
3.4. dopmynupoBaHue NPoo6eMbI.

MpaBuibHas NOCTaHOBKA 3a/laui - OAHO M3 CaMbIX CNOXHbIX AeACTBUIA AN

nccnenoBatens U pykoBoauTens. OueHb YacTO Ha MPaKTUKE PYKOBOAWUTENb HE
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MOXET YeTKO Cc(hopMynMpoBaTh 3afadvy, KOTOPYH OH XO4YeT pewwnTb. Bbicokoe
MCKYCCTBO Crneuuanucta-aHamMtTuka (Unn cneyuanncta no MOAENMPOBaHMUIO)
COCTOUT UMEHHO B YMEHWM NPaBW/IbHO NOCTaBUTb 3a4auy;

[ns  npaBuMbHOM  MOCTAHOBKM  3afayn  Masio  3HaTb  CYLIECTBO
(h)YHKLMOHNPOBaHUA UCCNEeAYEMON CUCTEMbI, BaXKHO 3HAaTb, KaKk 3Ta CUCTEMa,
[O/MDKHa BbIrNS4eT B (DOPMaA/IM30BaHHOM MOCTaHOBKE, T.e. B TepMUHaX,
MOHATHbIX CneumanmcTy B 061acT MOAEIMPOBaHMS.

PykoBoAWTENb, KaK MpaBWI0, He 3HaeT MPemMyApocTell MOAeNMPOBaHuA, a
MccnefoBaTeslb Yalle BCEro He 3HaeT CyTU (DYHKLMOHMPOBaHUS CUCTEMbI, TOrAa
MOXET MOMOYb TOMIbKO WMX  CMOCOOGHOCTb  MOHATb  XKeNnaHusi  OAHOro
(pyKoBoauTens) 1 BO3MOXHOCTM APYroro (aHanTuKa).

PykoBoAWTENb 4aCTO He MOXET YeTKO MOoCTaBWUTb 3adady W BblOpaTb
nokasatens, BbIYACNAA KOTOPblE MOXHO MO/y4yaTb HEeobXoAuMble peLleHus
NMpaKTMYecKon 3afayn. B npakTvke 3Ty TPYAHOCTb OObIMHO MNPEoAoneBaloT
MNyTeM uUTepauumn, NOMbITOK, NpMAaBast YCKOpPeHWe aToMy 3Tany MOAe/IMpoBaHus.
Mpy BbIGOPE MOLENN MUCCMef0BaTENIM YACTO AOMNYCKAOT TUMUYHYIO OLINGKY, T.e.
PEKOMEHAYIOT MCMONb30BaTb TOT BWUA MOAENMPOBAHMSA, KOTOPbIA OHW 3HAOT
nyyLue BCero.

Mpy NoCcTaHOBKe 3aja4yu CnefyeT BbIMOSHUTL CeAyHoLme feiCTBUA:
OnpeaennTb KOMMOHEHTbI CUCTEM, T.e. MOACUCTEMbI, Onepaummn, QYyHKUNN,
PeLLeHNs; YMeTb 04epTUTb, YTO ABMAETCA NOACUCTEMON, @ YTO CUCTEMOW U T.4,.,
M0 BCEM KOMMOHEHTaM; OTAE/INTb TO, YTO MOANEXNUT MOAENMPOBaHNIO, OT BCErO,
4YTO He A0/HKHO MOAENMPOBATLCH; ONPEeAenuUTb XapakTep W HanpaBNeHHOCTb
CBA3eil, KOTOpble ObIBAKOT TPeX BWAOB: UH(OPMALMOHHbIE, YrpaBneHYecKre U
CBSI3V B3aMMOLENCTBUA MOACUCTEM, orepauunii, yHKUMIA, peLleHnid; NpoBecTH
aHa/M3 NoTpebHOCTe TOW cpedpbl, AN KOTOPOM co3fdaeTcs cuctema. AHanms
COAEePXNUT onpeaeneHve Lenen, 3afay, rpaHUYHbIX YCMOBUA CUCTEMbI, CBSA3EN.
STVM onpeaenseTcs B 06LLMX YepTax 3afava.

UToObl COBEpLWNTb BCE pPEKOMEHAOBaHHble [ENCTBUSA, LieNecoobpasHo

MocTynaTb CAeAyHoLIMM 06pa3oM.
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Mpexae BCEro HY>KHO co3aaTtb AN cebsi BepbasbHY0 MOAENb NOCTaHOBKM
3afa4n, B KOTOPOW B OOLUMX YepTaX Ha Ka4yeCTBEHHOM W NOrMMYECKOM YPOBHSIX
onucatb 3afady M3BECTHbIMW WCCMEeA0BATENO MOHATUAMU. ECNM OKaXXeTcs, UTo
Bepba/ibHOM MoOfenM HeAOCTaTOMHO A7 nepexofda K crefytowemy atany
MOJENMPOBaHNSA, TO PEKOMEHAYeTcs co3aaTb 610K-CXemy. Brok-cxema u
BepbasibHasi MOAeNb AO0/MKHbI ObiTb AOCTATOMHO MPOCTbIM. Henb3s BHOCUTb
pasiMyHble AOMNOMHAOWME [eTai U3 XKenaHWs KaK MOXKHO nofapo6Hee
0TO6pas3nTb peanbHyr cucTemy. lMpakTKa MOAEeNMPOBaHMS MOKa3biBaeT Yallle
BCEro 6ecrnonie3HoCTb TakMx AencTBUiA. OHM TOMbKO BHOCAT CYMATULY M Mano
4TO AAOT A5 YTOUHEHNS 3afaun, YTHKENSAOT ee pelleHne. 9T0 06CTOATENLCTBO
MMEeT MeCcTO Npwv N060M MOAENMPOBAHM 1 OCOBEHHO MPY MMUTALMIOHHOM.

Ha 610K-Cxeme AO0/MKHbI ObITb OTMEYEHbI FNaBHbIE KOMMOHEHTbI CTPYKTYPb!
CUCTEMbI, NX MECTO B CTPYKTYpE, FMaBHble onepauum n PYHKLWK, Ha KOTOPbIE
OHM pacnagatoTcs. [Mpu  BbISBNEHUW CBA3W  AO/MKEH ObiTb  MPOBEAEH
MHOPMaLMOHHO-CTPYKTYPHbIA aHaNun3.

Mpy [OCTAaTOYHO NPaBUbHOM MOCTAHOBKE 3afayu, BbIPaKEHHOW 6/10K-
CXEMOI, MOXET OKa3aTbCfi, YTO Cco3fdaHHas O/10K-CXema [aeT BO3MOXHOCTb
clenaTtb MHOroe [A11 pelleHWs MOCTaBNEHHON 3adaun, OGHapPYyXWTb "y3Kune
MecTa", a TakKKe MOXEeT 0TnacTb Heo6XOAMMOCTb MOAENMPOBAHWUA MOTHOCTbIO
WM YaCTUYHO.

Bo3Mo)KHa MHas cUTyaumsi, Korja CyLecTBYHOLMX METOL0B: MOAENMPOBaHNS
OyfeT HeAoCcTaTOYHO; Torfa NnocTaBfeHHas 3afadya CHUMAeTCA, U uccnefoBaHme
NepexoanT B ApYyryto 06/1acTb.

Ha 3Tom >Xe 3Tane MpUvHUMaEeTCA npeaBapuTeNlbHOE PEeLleHMe O Bblbope
MOAENN U3, UMEKLIMXCA B HanMuuui. B panbHeiilem nyTeM MCMONb30BaHWS

006paTHOI CBA3M YTOUHSIETCA NOCTaHOBKA 3aa4M U BbIOVMPAETCSt MOAENb.

3.5.Pa3paboTka 1 aHann3 MHGHoPMaLMOHHbIX MOAeNen
TPaANLMOHHbBIX N aBTOMATU3NPOBaHHbIX TEXHOI0TUIA

KOMMIEKTOBAHUA 6M6IMOTEUHbIX (DOHA0B
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OfHUM M3 HarfagHbIX U 3PMEKTUBHBIX CPEACTB  CTPYKTYPHbIX METOA0B
abcTparnpoBaHus CUCTEM  SIBNAIOTCA  CXemaTM4ecKme MOAENU, KOTopble
BK/IIOYAKOT  rpauyeckoe MpefcTaBfeHne  (PYHKUMOHMPOBAHWA CUCTEM U
npefHasHayeHbl 418 U3yYeHNs UcCrefyemblX B HAX MPOLECCOB 0COOEHHO BaXKHO
Ha 3Tane onucaHuUA 00BLEKTOB BbICOKOW CMOXHOCTU. CyLUECTBYHOT pas3/NyHbIe
METO4bl  CXEeMaTU4YeckKoro  MpefcTaB/fieHnss  00beKToB  aHamsa.  [ng
abcTparnpoBaHHOro npesACTaB/IeHNS (hYHKUMOHA/TbHbIX KOMMOHEHT
aBTOMAaTM3NPOBaHHbIX WH(OPMaLMOHHO-61bMoTeuHbIX cucteM  (AVBC) u3
K/lacca CXeMaTUYecKuX Mogeneit UCrosb3yrTca 6/10K-CXeMbl, UHPOPMaLMOHHbIe
N onepaLMoHHbIE MOLENN.

ccnepoBaHme MHMOPMaLMOHHO-6MGIMOTEUHBIX TEXHOMOMNIA U pa3paboTKy
MH(OPMALMOHHbLIX MOAE/Ne pacCMOTPUM Ha npumepe KomnnektosaHus AVBC.

Mog WHGopMaumoHHbIMK MogensmMu B AMBC MOHUMAKOTCA CXeMmbl, OT-
paxarolime MOoTOKM WH(OpMauMK, LMPKYIUpYoWwme B Mpouecce (yHKUMO-
HuposaHna AMNBC. VHgpopMaunoHHble Moenn no3BOMAT Harfsa4HoO onucatb
CTPYKTYPY TEXHO/IOrMYeCcKOro mnpolecca, MNPOUCXOAALLEr0o B MOACUCTEMAX
AVEBC, onpefenntb CBA3M MeXAy 3/1eMeHTaMu, NpOLecchl, noagaroLlmecs
aBTOMaTmM3auuu, onpesennTb MyTU YNpPaBieHNsa NOTOKaMU U ABMAKOTCSA NEpPBbIM
aTarnom paspaboTKy ornepauroHHON 1 UMUTALMOHHON MOJENEN.

[MpoBeieH aHanM3 CYLECTBYIOLIEN BHYTPWY3/T0BOM TEXHOMOTMM KOMM-
NeKTOBaHMs GUGMMOTEUYHBbIX (POHAOB, BblAeNieHbl TEXHOOTMYECKME MPOLIECCHI,
noAnexatine aBToMaTn3aumm BHYTPU y3na CeTu, U B pesy/bTate 1UccnefoBaHui
TPagUUMOHHON M aBTOMAaTU3MPOBAHHOW TEXHONIOTWIA KOMMJIEKTOBaHUSA (POHAOB
ANBC pa3paboTaHbl MHDOPMALIMOHHbIE MOAENN 3TUX MPOLLECCOB.

[MpoLiecc KOMMNIEKTOBAHUA HAYNMHAETCA C NPOCMOTPA TEMATUYECKUX M1aHOB
n3parensctB (TrW), 6ronneTeHeil KHArOTOProBbIX OpraHu3aumiA, MPOCNeKTOB,
yKaszatenel u [pyrmx MWCTOYHMKOB. B aHHOTMPOBaHHLIX MaHax W3gaHuia
[ienatoTcs OTMETKM 0 3aka3ax (Pwuc.l, B KOHUe paboTbl). Kicnonb3osaHue T
N OPYTUX WCTOYHWMKOB KOMI/IEKTOBaHMS B BUAE WHMOPMaLMOHHOM 6a3bl Ha

MarHWTHOW NeHTe MUCKKYaeT 3Ty onepauumto Boobule. Ona YyTOUHEHUS No3nLMI
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3aKas3blBaeMoOW  ATepaTypbl  TeMaTU4YecKMe WM OTpac/ieBble  MaHbl
komnnektoBaHus (TTK, OlK), a Takke pe3ynbTaTbl aHanmM3a 4MTaTesIbCKOro
cnpoca cpasHuBaroTca ¢ TIMA. B Tl oTMeyaroTCA 3aKasbl WU YTOYHAKOTCA
oTo6paHHble MO3ULUKN C YKa3aHWeM 3K3eMMaspHOCTU. Onepauus MOXET ObITb
aBTomMartu3npoBaHa npu ycnosun gopmuposaHma TN n TIMNK Ha 3BM B
KayeCcTBe WHMOPMAUMOHHbLIX 6a3 M MNpu COBNAAEHUU KNacCUUKALMOHHbBIX
A3blkoB aHanm3a TTK n TI.

Ha ocHOBaHMM YTOYHEHHbIX no3vuuii TMW nogrotaBnvBakoTcs U OT-
NPaBNAKOTCA MNUCbMA KHUFOTOPTYHOWMM OpraHu3aumsaM, u3gaTenbCcTBaM U
COCTaB/AOTCA KapTOUKM [N KapTOTEKM 3akasHouW nutepatypbl  (K3J1),
[MeyaTaHue KapToyek ana K3J1 moxeT ObiTb aBTOMAatu3uMposaHo, eciv TMW n
TMNK aBnaloTca MHMOPMAaLMOHHLIMKA  6a3aMM  Ha MaLUWHHBIX HOCUTENAX U
cpaBHeHne T ¢ TIMNK aetomaTtnsmposaHo. Kaptouku ans K3J1 moryt 6biTb
pacneyaTaHbl, a Ha OBM MoXeT 6bITb c03faH (arn (MaccuB) 3akasaHHOM
nutepatypbl. B K3J/1 KapTouku paccTaBnifTCca Mo angaBuTy M3OateNibCTB U
opraHusauymin. Tpu aBTOMaTM3auMM 3Ta oOnepaumst MOXET 3aMeHATbCH
COPTUPOBKOM Ha IBM 1 BbINOMHATLCA Mocne cocTaBneHns K3J1. TMocne
paccTaHOBKM KapTOYeK B KapTOTEKE MO andaBuUTy opraH13aumii U n3gartenbeTs, a
BHYTPW NO andasmTy aBTOPOB M 3arfiaBuia, NPOU3BOAUTCA OPOPMIEHME 3aKa3a,
3anofiHeHve npunoxkeHna K TMW mnm 6naHK 3akasa. [pouecc MOXXeT ObiTb
aBTOMaTM3NpOBaH Mpu YCNOBUM YHUUKauMK (opmbl  6/laHK  3akasa U
MCMO/Ib30BaHNA MaccuBa 3aKa3aHHON iMTepaTypbl.

[na odopmaeHna NOANUCKM Ha NepuofuYecKne MU3faHua aHamsnpyeTcs
Katanor Coro3neyaT 1 COCTaB/ISIETCA PeecTp 3akasaHHbIX M3faHui. lpouecc
MOXeT ObITb aBTOMATU3MPOBaH MpW YCNOBUM BBOAA WM  (OPMUPOBAHMS
KaTanora Ha 9BM. Ha ocHoBaHWUW peecTpa 3aka3aHHbIX U3[aHuiA COCTaBNATCS
PerncTpauMoHHble KapTOUuKM AN KapToTekn nepuoamyeckmx usgaHuii (Krin).
[Mpouecc Takke aBTOMATM3MPYETCA, NMPUW 3TOM PEecTp 3akasaHHbIX W3AaHuN

HanpasnsaeTca B K3/1.
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Mpouecc oT6opa nuTepaTypbl M3 OOMEHHbLIX (OHAOB MOXET ObITb
aBTOMAaTM3UPOBaH MPU YCNOBUM CO3daHMsA 6a3bl 0OMeHHbIX (JOHLOB Ha IBM.
Mpy aBTOMaTM3aUMM onepaums UCKNYaeTcs. Mpu NoCcTynneHUn U3gaHui naet
CBepKa ux ¢ KapToukamm K3/1.

MocTynuBlLee m3faHWe WAeT Ha 006paboTKy. HaifgeHHble KapTouku u3 K3/
MepeBOAATCA B KapTOTEKY BbIMOMIHEHHbLIX 3aKa3oB. [lpouecc MOXeT ObITb
aBTOMAaTM3NPOBaH.

Mpn NOCTYNNEHUN W3LAHWA C COMPOBOAMTENIbLHOW AOKYMEHTaLMeil OHU
CBEpPATCA C  COMPOBOAMTENIbHON  [OKYMeHTaumen, MOACUUTLIBAETCA  UX
KO/IMYeCTBO M CymMMa CTOMMOCTM. [1poBepeHHble W3faHWsA LUTEMMENHOKOTCA.
[Mpoueccbl He  aBTOMaTU3MpYyOTCA. EcCnM m3gaHus  noctynaloT — 6es
COMPOBOAUTENIbHBLIX [OKYMEHTOB, Ha HWX COCTaB/AETCA aKT, MPOWU3BOAMTCA
nogbop ux Mo angasuTy, MPOBEPAIOTCA Ha AYyONETHOCTb W LUTEMME/NOHOTCS.
[Mocne wTemnesneBaHUsi NPOU3BOAMTCHA MNPOCTAHOBKA HOMepa Ha M3[aHUAX W
3anMcb WX B WHBEHTapHYH KHUry. [lpu aeTomMaTM3auum Mpouecc 3ToT
ncknovaetcs. Ha OBM  MOXHO co3gaTb (haili - WHBEHTapHas KHura.
[Mpon3BOANTCA NHBEHTapU3aLMA - MPOCTAHOBKA MHBEHTAPHOIr0 HOMepa.

[Mepnogmyeckne wmsgaHUA U rasetbl NPUHUMAKOTCA, PErUCTPUPYIOTCA U
yumTbIBalOTCA (Nogbop no anaBuTy, OTMETKA B PErncTpaLMOHHON KapTOYKe,
LuTemnenesaHne). MNMpoLecchbl 3TV He aBTOMATU3NPYHOTCA.

Mpou3BefeHNs ne4vaTy, 3aperucTpUpPoBaHHble B WHBEHTApPHOW KHUrE,
nofbupatoTcad MO BMUAAM W pasfenaM 3HaHWW, MOACYMTLIBAETCH KOMMYECTBO
N34aHNIA 1N NPON3BOAMTCA UX 3aMnUCb B KHUTY CyMMapHOro yyeta. CymmapHbIi
y4yeT MOXeT BecTucb Ha 3BM. He BocTpeb0oBaHHblE, CNPOCOM W3[aHWA,
npullefline B BETX0e COCTOAHWE, W YyCTapeBlUMe WcK4arTcd. Mpu 3Tom
[enatTcs OTMETKM Ha WUCK/OYEHWe W3L4AaHWA B KHUraxX WHBEHTapPHOro Wuau
CyMMapHOro y4yeta. Npoueccbl MOXHO aBTOMaTU3MpoBaThb. VIHBEHTapHbIA HOMeP
W WTEMMNeb  WUCKIKYEHHON nATepatypbl  norawaroTca.  [llpouecc  He

aBTOMaTM3MpyeTCs.
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[lanee npov3BefeHUs MeyaTyi NPOXOAST MEXaHWYECKyr 06paboTKy, nocne

KOTOPOW NPON3BOAMNTCA:

- Noabop n3gaHui No Wwudpam Ana CUCTeEMaTUYECKO PacCTaHOBKM
M30aHnIn B (POHLE ;

- NPOBepKa NPaBWUIbHOCTM PacCTaHOBKW M3daHWUi B poHAe, 0TOOp n3gaHuii
Ha UCK/TIKOYEHNE ;

- noabop (YOpMY/IAPOB HA KHUTU W XXYPHasIbl MO MHBEHTAPHLIM HOMepawm,
Mo rogam 1 Homepam U3LaHWN ;

- COCTaB/IeHMe CMuCKa W3[aHUM K akTy Ha WCK/YeHne, noacyet
CTOMMOCTU, OPOPM/IEHME aKTa,

MocnefHWUIA NpoLecc MOXET ObITb aBTOMATU3NPOBaH NPY Ha/IMYMK MaccrBa
"Katasor". 3afaHne Ha UCKIKOYeHMe 334aeTCA MO UHBEHTAPHLIM HOMepam W/u
LUMpam, BbIMOSHAETCA COPTMPOBKA MO 3aaHHOMY K/KOYy, rneyaTtaeTcs CrucoK,
CTOMMOCTb M (POpMa akTa, WCKNOYEHWE W3 WHBEHTAPHON KHUTWM W KHUTU
CYMMapHOro yyera.

Cnegytouine npoLesypbl He aBTOMaTU3NPYHOTCS:

- NPOBEPKA COCTOSAHWA KHUT, Fa3eT, XXyPHa/10B, 3ano/iHeHre hopmynapa,;

- NpVieM nepensieTeHHbIX U3AaHuin, CBepKa ¢ hopMynspaMu (Cnmckamm);

- HanucaHue MONOYHbIX pasfenuTeniel AN KHWE, TaseT, >KYpPHaloB.
Pe3ynbTaTtoM UCCNefoBaHNA  TPALMUMOHHON  TEXHOMOTUM  KOMIMJ/IEKTOBaHMA
O6nbNMoTeUHbIX (HOHAOB ABWUMACb WHQOPMaUMOHHAA Mofenb, rpadmyeckoe
npefcTaBneHne KOTOPOi NokasaHo Ha puc.l .

B pesynbrate wuccnefoBaHWA BO3MOXHOW aBTOMatM3auuMn  3/1eMEHTOB
TPagUUMOHHON  TeXHO/MorMn  paspabotaHa  MH(OPMaUMOHHaA  MOAEeNb
BHYTPWY3/10BOM TEXHOJIOMMM KOMIMJIEKTOBAHUA B aBTOMATM3MPOBAHHOM PEXMME
(pnc.2.), N3 KOTOPOM BUAHbI aBTOMAaTU3MPYeMble PYHKLMNN:

1. OT60p NepeyHst nagaHunii n3 Tr s gpyrmx NCTOYHMKOB B COOTBETCTBUU
C  TemaTMKO-TMNOMOrMyeckumMm  nnaHoMm  KomnnektoBaHua  (TTTMK)  u

YNTaTE/IbCKUM CMPOCOM.
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1. OT60p nepeyHs nepnoanyeckmnx n3aaHnii n3 katasora Corosneyatu
B COOTBETCTBUN C TTTIK 1 yntatenLckMm CpPoCOM.
3. OT60p MepeyHs nuTepaTypbl U3 0OMEHHbIX (POHAOB B COOTBETCTBUU C
TTIK n unTaTeNnbCKMM Crpocom»
4. CopTvpOBKa MepeyHs O0TOOpaHHbIX W3[aHWIn MO U3faTebCTBaM,

opraHunsaumsam, aBTopam 1 3arnaBuUsAM.

5. dopMMpOBaHMEe MaccKBa 3aKasaHHOM NUTepaTypbl U pacnedaTka
M1cem 1 61aHK 3aKa30B B KHUIOTOProBbIE OpraHu3aLyu.

6. CpaBHeHVE AaHHbIX 0 MOCTYNaoLMX U3JaHUSX C MACCUBOM 3aKa3aHHOM
nnTepaTypbl.

7. ®opMmpoBaHMe Maccusa "IHBeHTapHaa KHura",

8. ®opmupoBaHMe Maccua "KH1ra cymmapHoro yyera".

B [fgaHHOM cfiydyae B YC/IOBUAX KOHKPETHOW O/10K-CXeMbl BUAHO, U4TO
HEKOTOpPble KOMMOHEHTbI MpoLecca MMeeT CMbIC/ MofABepratb 06BLEKTHOMY
MOZENMPOBaHNIO, HanpuMep, BbISBIEHWE CTPYKTYPbl TEMAaTUYECKUX MHTEPECOB
yuTaTenei, KHUroobmeH, 6mMbnmorpauyecknii NOUCK U 06paboTKy n3gaHui, a
TaKXXe BbIUMC/MIEHNE HEKOTOPbIX MoKasaTeneil 3PQEeKTUBHOCTK, HanpuMep,
MO/IHOTbI U TOYHOCTW.

[pyrne KOMMOHEHTbI Mpouecca MoryT ObITb YCOBEPLLEHCTBOBaHbI TO/bKO
yepe3 aBTOMaTU3aLMI0 N MexaHM3aLmni. Bnok-cxema B 3TOM Ciy4vae [O0/HKHA
N3MEHATLCA, LEHTPa/IbHOM YacTbl NpoLiecca KOMMeKkToBaHus OyneT 6asa
AAaHHBIX CUCTEMbI (MM YacTb 06Lei 6a3bl AaHHbIX), pyc.3.

Basa [fdaHHbIX MpoLecca KOMM/EKTOBaHMS MOXET cofepxaTb hain
3aKa3oB, (pail/1 NOCTaBLMKOB, (hailn AeHEXHbIX (POHAOB, (hail1 HaKNadHbIX U
apyrue. TexHonorus npouecca nNpu TpaguLMOHHOM KOMMEKTOBaHUM OygeT
WHOW, YeM B YC/0BUAX aBTOMaTtm3auumn. V13 aHanmsa 6/10K-CXeMbl BUAHO, UTO
NPUMEHeHEe CPeACTB  MexaHu3auum  MOBbICUT  TEXHUYECKUA  YPOBEHb
TPaHCMOPTUPOBKM U3[aHNA B KHUFOXPaHW/NMLLE, 3aKa30B Ha OTMpaB/ieHue

HaKMaAHbIX B OYXranteputo u T.4.
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Mpn pa3paboTke CTPYKTYpbl MpoLecca KOMMIEKTOBaHUA KaK CUCTEMbI
npeABapuTeNbHbIN 3aKa3, 3akas, NnaHupoeaHve v T.4. OyayT nogcucteMamu.
[OomKHbI 6bITb OMpefesieHbl OCHOBHbIE Orepauus - COPTMPOBKA 3aKas30B U
HakfafHbIX, MOArOTOBKAa OMOBELEHWA W peknamauumin u T.4. OCHOBHblE
(PYHKUMM - CBepKa COAepXKaHUs 3aKasa M HakIafHbIX, CBEpPKa NpaBuIbHOCTU
MPOCTAB/IEHHbIX LEH, CBEpKa COLEPXaHWA HaKMafHbIX W HaInyumg
MOyYeHHbIX M34aHuin 1 apyrue. FocnefgHuMm 3tanoMm OyAeT npeacTaBneHve
CBA3ei B CTPYKTYpe, 6/I0K-CXeMe MM NPocTo BepbasibHOM CTPYKType. Takum
obpa3om, B 6GMOIMOTEYHOM MpoLecce KOMMeKToBaHUst VIM MoryT ObITb
MOABEPTHYTbI 06LME U YaCTHble Mokasatenu 3eKTUBHOCTU B TEXHO/OMMS
BCero npouecca. B nocnegHem cnyyae MOXHO MMUTUPOBATb 3aKasbl
MOCTaBLUMKY, KaTasornsaumio n3faHuin ¢ onpefeneHnemM ee XapakKTepucTuK,
06paboTKy HaknafHbIX, OTNPABMEHNIA N3haHNA B (hOHA, OTMpaB/iEHNE 3aKa30B
noctaswuky. Vmutaumsa  [actT  BO3MOXHOCTb  pacrnpefenntb  Bpems
BbINO/IHEHWS YKa3aHHbIX BbILLIE COObITUIA, HANTYK "y3Kne MecTa™ 1 NOArOTOBUTb
PEeKOMeHZauun No COBEPLLEHCTBOBAHMIO NPOLiecca.

B aBTOMaTM31pOBaHHOWM 6UBNNOTEKE UMUTALMI MOABEPratoT 6a3y AaHHbIX
npoLecca KOMMNIEKTOBAHNA C Le/blo Bblibopa Cnocob0B pasmeLLeHns (aiinos,

BMAa MH(OPMaLMOHHOIO NOMCKa, PeXXMMOB paboTe 6asbl, BPEMeHU peakuumu
MOMCKOBOM 4acTun, pacnpegenieHne BPEMEHW MOATOTOBKWM BXOAHbIX AAHHBIX:
pacrneyaTky 3akas3oB, HanoMWHaHWA W peknamauuii u T.4.; pacnpegeneHuve
BPEMEHW MOArOTOBKN JaHHbIX B 6a3y: 3aKa30B, KOPPeKumii 1 T.4.
3.6. dopmynnpoBaHue mMoaenn

dopMynMpoBaHNe MOAENN Kak 3Tan, Crefylolmi 3a MOCTAHOBKOW 3ajaun,
06bIYHO paccMaTpuBaOT COBMECTHO C 3TaroM, Ha KOTOPOM CUCTEMATM3UPYHOTCH
AaHHble. Vimetowmecs runoTeTMyeckne faHHble B OO/bLLOWM Mepe onpefenstoTr
XapakTep MOJenu, HanpuvMep, Kakuve aHaJIMTUYeckue  3aBUCMMOCTM  ByayT
MCM0/b30BaTh MPW MNOMYYEHUN UCXOAHBIX AaHHBIX, @ KaKue faHHble 6yLyT NonyyeHsbl

N3 CTaTUCTUYECKNX W NPOrpaMmMHbIX 3KCIMEPUMEHTOB.

57



ATOT 3Tan HauMHalOT C OMnpefeneHns Xapaktepa W HOMEHKNATYpbI
BXOAHbIX W BbIXOAHbIX AaHHbIX. [N BXOAHbLIX [AaHHbLIX YCTaHaBAMBAKOTCA
3aBMCUMOCTM, MO KOTOPbIM OHW OYyAyT BbIYUCAATLCH, WU 3KCMEPUMEHTHI,
KOTOpble JO/MKHbI ObITb MOCTaB/EHbI AN151 UX NONYYeHUS. NS BbIXOAHbLIX AaHHbIX
yCTaHaB/NMBaeTCA WX BUL W COAepXaHWe, a Takke CofepareslbHO
(hopMynMpyroTca Te MokKasaTen 3(MEKTUBHOCTM, KOTOpble XapaKTepusytoT
MPOLLECC B CBA3M C NMOCTAB/IEHHOW LEfbHO.

PuKCUPYIOTCA CTaTUYecKue W AMHAMUYECKME KOMIMOHEHTbl CTPYKTYP.
Mpy 3TOM cneayeT OUEHUTb WHTEPBa/ibl BPEMEHM [ANS KaXKAOro KOMMOHEHTa
CTPYKTYpbl, B TeEYeHMe KOTOPOro CuCTEMa MWMeEeT [AMHAMUKY, a TaKxke
OnpeaenseTcs BPeMeHHOM Lar UCMbITaHNA KOMMOHEHTOB.

Mpy NOCTPOEHUN MOAENN YYMTLIBAKOT YETbIPe acrneKTa:

- onpejesieHe KOMMNOHEHTOB, (DOPMUPYHOLLIMX MOZESb;

- NPOBEPKY MOJENIN HA 06 BEKTUBHOCTb, TOYHOCTb M YYBCTBUTENIbHOCTD;

-yTOYHEHVEe NapaMeTpoB MOENN B UCTbITaHME €€ OCHOBHbIX XapaKTEPUCTHK;

- BbI6OP A3bIKA MIMUTALNOHHOIO MOAENIMPOBAHNS.

Mpy onpeaeneHN KOMMOHEHTOB, (POPMUPYIOWMNX MOAENb, CTPEMATCH MO
BO3MOXXHOCTM TOYHO Ha3BaTb WX BCe: MNOACUCTEMbI, onepauun, QYHKUUK,
peLUeHns, AeNCTBUSA; HYXXHO OblTb 0COBEHHO BHMMATE/IbHBIM K CBA3SAM U NX
AnHammnke. Yacto npyv CUCTEMHOM MOZENMPOBAHUM MMEHHO CBA3W OMpeaensT
XapakTep Mogenm

TpypHee Bcero 6bIBaeT 3aUKCUPOBaTb, 3MIEMEHTbI AMHAMUKM cUCTEMbI. [N
onbnunotek 3to OyayT nocnefoBaTe/lbHble MOMEHTbl COCTOSHUA  (hoHAa
onénmotekn, CUD, 6a3bl AaHHbIX.

MOMEHTbI W3MEHEHWS COCTOSHUWA CUCTEMbl OMPEfEeNsTCs Ha/IMYMEM B
(hoHAE edMHWUL, XpaHeHWUs, WX 3K3EeMMASAPHOCTbIO, MPOAO/MKUTENBHOCTbIO
OTCYTCTBUS €AUHWUL, XpaHeHust B (DOHAE, YMTaTe/IbCKUM CMPOCOM Ha KaX[bli
B[, U3AaHWI, LUCUMMINHON 06CNY)XXUBAHWA, HAIMUYMEM NPUOPUTETOB.

Mpy CUCTEMHOM MOAENMPOBaHNM 006s3aTeNbHbIM SABNSAETCS ONpeAeneHme

YCNoBUIA nepexofa K pasHbIM YPOBHSIM MepapXun: 0T CUCTEMbI K MOACUCTEMAM,
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OT MNoAcUCTEMbl K oOrfepauuamMm, OT ornepaumMm K (QyHKUMAM 1 T.4.
Mepens pas3pabOTUMKOM  BO3HWKAeT Mpobneva MPOBEPKM  MOZenn  Ha
afleKBaTHOCTb, TOYHOCTb W YYBCTBUTENbHOCTb.

[MpoBepka MOAENN Ha aeKBaTHOCTb, TOYHOCTb W  YyBCTBUTE/IbHOCTb
ABNAETCA 3a7a4eli 0 NpaBAMBOCTM Mogenu. B camom fene, Mofesb eCTb MOAENb,
M HACKO/bKO pe3ynbTaTbl, MOJSyYeHHble Ha MOZeNM, OTBeYatoT pPeaslbHOCTH,
octaeTcAd HeAcHbIM. OueHKa afeKBaTHOCTM — 3TO MpPOBepKa COOTBETCTBUA
NnoBefeHNs MOJeNn W peasibHOM cucTembl. [poBepka Ha afeKBaTHOCTb
OCYLLECTB/IIETCA B HECKONIbKO MOMbITOK B MPOLEcce CO34aHWA MOZENN.
Heobxoanmo ybeamTcs B NpaBWbHOCTU MOZENN B MepPBOM MpUeavKeHnn. Ons
3TOro NMpoBEPSAKOT MOJe/lb Ha [AOCTOBEPHOCTb OTBETOB NPW KPaMHUX 3HaYeHUsX
XapaKTePUCTUK — He ABMAKOTCA /I OHU abCypAHbIMU, OTBEYAKOT /I UCTUHHOMY
CMbICTY.

MpoBepka Ha TOYHOCTb. TOYHOCTb MOZE/NMPOBaHUSA XapaKTepusyeTcs
BE/IMYMHOW OTK/IOHEHUS BbIXOAHOIO pe3ysbTara, NOLYYEHHOro Ha MOAenu OfT;
NAeabHOro 3HaYeHWs MOAeNMPYemMoro nokasartens. CamMo MOHATUE UAealbHOro
3HayeHWs 3aBUCUT OT KOHKPETHON MOZEeNN 1 faieKo He BCcerfa U3BeCTHO.

B obuwem cnydae owwnbka MOAenvMpoBaHWUA 06pasyeTcs M3 CreaytoLwmx
COCTaB/IAOLLMX:

- OLLUMOOK ornpefeneHns BXOAHbIX AaHHbIX;

- OLUNOOK, NPMBHOCUMBIX MOAENbI0 cucTeMbl. OHM 06pa3yoTCA M3-3a
HeafeKBaTHOCTU MPUHATOM 3aBUCUMOCTU MeXAy BXOLHbIMA W BbIXOLHbIMY
AAHHBIMW 1 (PaKTUYEeCKOM 3aBUCMMOCTbIO, MMEOLEN MECTO Ha MNpOoTOTwuIeE.
ATV OWMOKN BO3HMKAKOT U3-3a CTPYKTYPHBIX U (DYHKUMOHA/IbHBIX AOMNYLLEHNN,
MPUHATBIX B MOAENN, T.e. W3 >KeNaHWa YMNpPOLLEHUs CTPYKTYPHbIX U
(DYHKLMOHA/IbHBIX CBA3E M 4YacTO HapyLUeHUs AMHAMWKW npolecca, OLIMOO0K
BbIYMC/INTENbHBIX a/rOPUTMOB.

JTioboe, camoe CKPOMHOe >KenaHue YBe/MYeHUs TOYHOCTU MOZLENMPOBaHUSA

[O/DKHO ONnnpatbCA Ha cneayrouine (*)yH,anEHTaﬂbele MONOXKEHUNA:
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a/ TOYHOCTb - KaTeropus AOPOrocTosLas, ee noBbILLEHNe BCErAa COMPSXXEHO C
yBe/IMYeHEM CTOMMOCTU MOLENN;

6/ B MOENNPOBaHUN JOMUHUPYIOLLYHO POJib UrparoT OLWKNGBKKM camoro "'rpyboro”
3BEHA;

B) BbIOOp pauUMOHa/IbHOTO YPOBHA TOYHOCTU /IEXXUT B rpaHMUax, onpegensieMbix
COYETaHVEM  TOYHOCTU MCXOAHbIX [AaHHbIX, CTPYKTYPHOW U1 (PYHKUMOHaNbHOWA
TOYHOCTN MOZENN N TOYHOCTM BbIMUC/IUTE/bHBIX a/ITOPUTMOB.

UyBCTBUTE/IbHOCTL MPOBEPSAETCA Ha peakuuio MofenuM K Bapuauusm
XapaKTepUCTUK MOLENN - BXOAHbIM [aHHbIM W CTPYKTYPHbIM KOMMOHEHTaM.
Mogenb [Oo/mMKHa pearMpoBaTb Ha W3MEHEHMSi BO BXOAHbIX [AHHBIX U
CTPYKTYPHbIX KOMMOHeHTax. OTCYTCTBME YYBCTBUTENbHOCTM K KakOMy-1Mbo
3/IEMEHTY MOXeT 03HayaTb OZHO - /IMO0 3TOT 3/IEMEHT Masio, YTO Ornpegenser
B MOCTaB/IEHHON 3ajayve, NMO60 MOAENb HELOCTATOYHO KPUTMYHA K 3TOMY

3N1EMEHTY. YCTpaHeHMWe 3TOr0 ABNEHNS MAET 3KCNEPTHLIM MYTEM.

3.7. Cuctematmsayma gaHHbIX

Co3gaHne W peanmM3aums MOAeNW, Kak npaBwno, TpebyeT NpoBeAeHWS
TWaTeNbHON paboTbl MO  MOAYYEHWO W CUCTEMATU3aUUM  UCXOAHbBIX
KONMYECTBEHHbIX U KAYeCTBEHHbIX [AaHHbIX, a TaKKe KOMMOHEHTOB CUCTEMbI:
NnofAcucTeMm, onepaumii, PYHKLMWIA, peLleHniA N B3aUMHbIX CBSA3EN.

TpebyeTcAd pewnTb BOMPOCHI O [AOCTATOYHOCTM WCXOAHBbIX [aHHbIX B
KOMMOHEHTaX CUCTEMbl, UX HAAEXHOCTU W MpefcTaBleHMn UX B Tpebyemoit
(hopme. EcCnn  faHHbIX HEAOCTATOYHO, pellaeTcd BOMPOC O cnocobe ux
nonyyeHns. B 3Toil cuTyauum npum HeAOCTATOMHOM KOSIMYECTBE [AaHHbIX WK
KOMMOHEHTOB CUCTEMbI MOyYeHNe HefOCTAOLMX KOIMYECTBEHHbIX [AaHHbIX
OCYLLIECTBNAETCA CTaTUCTUYECKMMM METOfaMW, a KayeCTBEHHbIX AaHHbIX W
KOMMOHEHTOB CUCTEMbI U3 CTPYKTYPHO-(PYHKLMOHaIbHOMO M MHMOPMaLMOHHO-
CTPYKTYPHOIO aHa/I30B [AOKYMEHTUPOBAHHbIX HepeasibHbIMU MOAeNsMun, 6/10K-

CXeMamMu 1 CTPYKTypamu.
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Mpn  cO34aHMM  CTOXACTUYECKOW MMUTALMOHHON MOAEN MNPUXOAUTCS
pewarb, CnegyeT M UCMOMb30BaTb B MOAE/N  AMMUPUYECKME  [aHHbIE,
HaKoM/eHHble NpeablgyLleri NPakTUKOW, B TOM YUCe MOJlyYeHHble Ha TOJbKO
YTO MPOBELEHHOr0 OMbiTa, WAN LenecoobpasHO MCMo/b30BaTh BEPOATHOCTHbIE
WM YaCTOTHble pacrpegeneHuns.

ST0T BbLIOOP MMEET MNPUHUMNUAIbHOE 3HAaYeHUe MO TPEM NpPUYMHAM.
Bo-nepBbIX, 3MMNMPUYECKNe [aHHble CUCTEMbI, MOyYeHHble MPeALIeCTBYOLLEN
MOZENIMPOBAHNIO NPAKTUKOM, YaCTO MOXHO WUCMO0/b30BaTb TO/IbKO B MMUTaLMK
npowsioro. lepeHoc XxapakTepa paboTbl CUCTEMbl B MPOLIIOM Ha 6yayliee
Bcerga npobnemMatuyeH, Tak KaK BO3MOXHbIMW OyAyT CuUMTaTbCA TO/IbKO Te
CoObITWSA, KOTOpble npoucxoguin. OfHako, AONyLleHWe O MOBTOPEHUM
XapaKTepPHbIX 4YepT COO6bLITUIA MpoW/bIX NeT B Oyayuwiem 6onee rpyboe, yem,
Hanpumep, AOMNyLWeHNne O He3aBUCUMOCTM [aHHOr0 BepPOATHOCTHOIO WK
4aCTOTHOrO pacrnpegeneHns ot spemenu (10,11)

Bo - BTOpbIX, NCMO/Ib30BaHNE BEPOSATHOCTHBIX M YACTOTHbIX XapaKTepUCTUK B
MOZENN U3 YCIOBUIA 3KOHOMUW MaLLMHHOMO BPEMEHU U NaMsATn 6osiee aththeKTUBHO,
4yeM [laHHbIX, CBEAIEHHbIX B TabMLpbl.

B - TpeTbuX nccnepoBaTenb LO/MKEH MPOBEPUTL MOAE/b Ha
4yBCTBUTENIbHOCTb K ONpeAeNeHHbIM BUAam pacnpegeneHuin u napameTpam.

Ycnex MMUTaUMOHHOrO 3KcnepvMeHTa B 60/bLUON CTeneHW 3aBUCUT OT
cucTemMaTu3aumm AMNUPUYECKUX [aHHbIX, TEOPETUYECKUX BEPOATHOCTHbLIX U
YaCTOTHbIX pacrpefenieHMin N uxX npeacTaBfeHnA B Buae, YAOOHOM [ns
NPOBeLEHNA UMUTALUN.

Mocne nepBbIX 3TanoB BO3HWKAET MOCTOAHHBIA BOMPOC: NPUMEHATb /1N AN
[JAHHOW 33jayn  MeToh MMMUTAUMOHHOro MOAennpoBaHuAa? Ham  13BecTHa
MocTaB/ieHHas  3ajaya, C(opmy/nMpoBaHa MOAENb, WCXOAHble  [aHHble
CUCTEMAaTU3NPOBaHbl. B CyLIHOCTK, elle pa3 CneayeT BEPHYTbCA Tenepb YXe K
KOMMMEKCHON  OLUEeHKe  MPUMEHUMOCTW  WMUTAUMOHHOM  Mogenm K
[aHHOW MpaKTMYecKoi 3afadve. Ha 3TOM 3Tane NpUXOAUTCA BO3BpaLLAThbCA

BHOBb K MOCTaB/IEHHOW 3afave, ee uenam m mnx BbIMO/THUMOCTU; BO3MOXXHOCTU
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peanMsauun Moaenu Mo GHMKETY MaLUMHHOTO BPEMEHM U 06beMy NaMsaTy,
MO HAaNMYMI0 WCXOAHbIX [aHHbIX U BO3MOXHOCTU MOMYYEHUs Hel0CTarLLMX
[aHHbIX. VI B 3aKMlOUYeHWe ITUX ITarnoB CredyeT OLEHUTb BO3MOXHOCTb
MCMOMb30BaHMSI KAaKOro-Mbo MHOro MeTofa MOAENMPoBaHus. Ecnn 3HaHus
MCCNEe0BATENS HE BbIABUrAlOT MHOW afbTePHATUBbLI, TO CAeAyeT NPUCTYNUTb K

cnepytouemy atany (12).

3.8. TpaHcnauua Mogesin v CyLLHOCTb UMUTaLumn

[Mocne TOro Kak NPUHATO MPUHUMNMAIbHOE peLleHne 06 UMUTaLMK JaHHOM
3afaun, cnefyeT nNPUCTYNWATL K mpouedype TpaHcnaumm  mogenn. Owa
npeacTaBnseT Cco60M OnMucaHWe MNPUHATON MOLENM Ha S3blKe, NPUEMIEMOM
Ansa ncnonb3yemoit 9BM.

MUTaLUNOHHbIE MOAENN 0ObIYHO MMEKOT OYeHb C/IOXKHYH JI0rMYeCKyHo
CTPYKTYPY, C MHOXeCTBOM CBSA3e/i M OTHOLLEHWIA, NO3TOMY TpPaguLMOHHOE
NporpaMMUpPOBaHNe CTaHOBUTCS TPYAHO NpPeofosiMmon npobnemon. C 3aTou
LeNblo NpU  NPOrpaMmMMpoBaHNM UCNOMb3YHT aNropUTMUYECKUE S3bIKA TUNa
dopTpaH, Anron, belicuk 1 gpyrne uam creumasbHO CO3faHHble S3blKa AN
NMUTaUMoHHOro mogenuposaHnsa GPSS, Cumckpunt, Cumyna, U T.4. KOTOpble
ABNAOTCS A3blkaMy 60/1ee BbICOKOIO YPOBHSA, YeM 0ObIYHbIE arOPUTMUYECKMNE
A3bIKN. T1pn MOZenMpoBaHUM GUOGIMOTEYHBIX MNPOLLECCOB C WCMNO/b30BaHNEM
MMUTaLMKN 00bIYHO YAAeTCs YUYeCTb COObITUA, HOCALLME CyYaiHbI XapakTtep. K
HAM  OTHOCATCA: MOMEHT MOCTYMNEHMSI 4YMTaTeNIbCKOro TpeboBaHUA B
onénmnoTeky, MPOAO/HKNTENIbHOCTb 06CnyXXnBaHus ynTaTens,
MPOAO/HKUTENBHOCTL  KaTa/lorn3aumMm Kaxkaoro nepBOMCTOYHMKA, KONMYEeCTBO
NUTEpaTypbl, nocTynawowerdr B (OHA, Bpems npebbiBaHUA YUTATENIbCKOrO
TpeboBaHWA Ha O0OCNYXMBaHUKW, KOMMYECTBO uuTaTeneid, MNOCeLaroLmX
O6nbNMOTEKY 3a ONpeAeNieHHbI OTPe30K BPEMEHU, KONYECTBO BblaBaeMbIX

NCTOYHWKOB 3a €ANHNLYY BPEMEHW.
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[anee TMOKaXeM CMbIC/T  UMUTaUMU  UUGPOBOM  MOCNeA0BaTeIbHOCTY
YHUMOPMHbIX C/TyYainHbIX Yncen Ha npumepe (13-15).

[MycTb WMEEeTCA HECKO/IbKO 4MTaTe/lbCKUX TpeboBaHWi. [onycTtum, WuXx
pecsatb. [Mpucsom um Homepa O, I, 2.. , 9. Kaxablh HOMep 3anuiieM Ha
KapTOHHYIO (PULLIKY, MOMOXNM UX B KOPOOKY Y TLaTeNbHO nepemMeLtaemM. BoiHeM
(UMLKY, 3anuem ee HOMep, BO3BpaTUM (ULWIKY B KOPOOGKY W BHOBb
nepemertaem. MoBTOpOM 3Ty Mpoueaypy MHOro pa3. B pesynbrate nonyqvm
KOHKPETHYIO MOCNef0BaTe/IbHOCTb YHUMOPMHbIX Cy4ailHbIX ymcen. OTMeTUM
HEKOTOpbIe 3ameyaTe/lbHble CBOMCTBa TakOW MNOCNefoBaTe/lbHOCTU. Mbl MOXEM
cKasaTb, YTO Nobas ungpa nocnefosaTesibHOCTU C PaBHOW BEPOATHOCTLHO MOXKET
OKa3aTbCA Hynem, eauvHuuen, AasorMkon w T.4. Kaxpgaa uudpa 6yper
(hurypvipoBatb B MOC/EA0BATE/IbHOCTM OAMHAKOBOE 4mucio pas. KombuHaumu
yncen "HeEYETHOE YWUCMO - YETHOe 4ucno” KW "4YeTHoe Yucno -
HeyeTHOe uucno” OyayT NOABNATLCA NPUMMEPHO OLMHAKOBOE 4MCIO pas3, a
yepefoBaHWe 3TUX KOMOHaUWiA ByeT NPUMePHO paBHOMEPHbLIM W T.1.

Ecnn  Heob6xo4uMMO reHepupoBaTb [ecATMYHblE Apobu, Hanpumep, C
YeTbIPbMA 3HaYaWUMK uudpammn nocne 3andaTon, TO B MOCMe0BaTENIbHOCTY
LMp, NONYyYEHHOW NPOBEAEHHbLIM CNOCOB0M, MOXXHO 6paThb MO YeTbIPe CMEXHbIE
LMpbI, NPOCTaBNAA Nepes KXo rpynnov uugp Hyb 1 3anaTyo.

Hanpumep, nonydeHa nocnefgosartenbHocTs 3,5,8,0,8,3,4,2,9,2,6,1, 13 Hee
06pa3sytoTca AeCATUYHbIE APOOK.

0. 3580; 0,8342; 0,9261...

[anee MOXXHO NOCTYNWUTb MPOCTEMLLIMM MYTEM: MPOBECTU OMUCAHHBIN BbiLLIE
3KCMNEePUMEHT, a 3aTeM MOMyYeHHbIN psag umndp 3anucaTs B namsaTe OBM. Korga-
TO TaK WM MoCTynann, Of4HAaKo, 3TO BecbMa TpyfoemKas mnpoueaypa. UToobsl
YMEHbLINTb TPYLOEMKOCTb TakKoro Buaa paboT, CreyuanncTbl CO34a/iM METOS
reHepauum LMGPOBLIX NOCNeA0BaTeNIbHOCTEN, YAOBETBOPSAIOLMX YC/I0BUIO
9KOHOMHOI0 pacxof0BaHNA MaMHHOIO BPEMEHMN.

CyTb MeTofa B cnegywowem. Cneumanmnctol Mo KUOGEPHETUKE CYUMTAIOT,

YTO TaKOoW MeTOo/, MOCTPOEHUS NOCNeA0BATENIbHOCTEN, KOTOPbIA OMUCaH BblLLIE, He
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ABNSIETCA CTPOro BEPOSATHOCTHbLIM, [MO3TOMY €My [aiM HOBOe Ha3BaHue
NCeBAOBEPOATHOCTHbIA MeTOA reHepauuyn UMMPOBLIX NocnefoBaTeibHOCTen. B
OCHOBe MeTo/a nexxaT Jopmy/ibl, MO KOTOPbIM BEAETCA pacyeT Ymces cny4vaiHbix
nocnefoBaTe/IbHOCTEMN.

A3bIKW  MalUMHHOIO  MOAENNPOBaHWA,  CHabXalTC  BCTPOEHHbIMU
MCEBAOBEPOATHOCTHLIMM  FeHepaTopaMu  LM(GPOBbLIX  MOC/eA0BaTe/lbHOCTENA.
[MoaToMy crieymannctam, nonb3yrLWMMCa MMUTAUNOHHBIM MOAENMPOBaHEM, B
TOM 4mMC/ie MaTeMaTUKam, He HY)KHO 3HaTb, Kakue (hOpMysibl NieXXaT B OCHOBE
NCeBA0OBEPOATHOCTHBIX FeHepaTopoB.

[MpuMeHeHNe MNCeBAOBEPOATHOCTHOIO reHepaTopa BMECTO YMNOMUHAaBLLErOCH
Bbllle AaTymKa C/AyYalHbIX YMCen, Aatolero BO3MOXHOCTb MOyuYnTb Tabnuuy
CNy4YalHbIX uYMCen WM 3anucaTtb WX Ha MarHUTHYK NeHTY, ANS MOoNyYeHus
LIMHPOBOI NOCNeA0BaTeIbHOCTM TPEOYET BCEro HECKO/bKMX MalLUMHHBLIX KOMaH.
MpenmMyLLecTBa MeTOAa - Masblid pacxof MalUMHHOTO BPEMEHW, 3aHAT Masibli
obbem namsATK. [loaTomy nofnyveHWe  UMUMPPOBOM  MOCnefoBaTe/IbHOCTU

MPOrpaMMHbIM MyTeM CUMTAETCA Hanbosee pauyoHa bHbIM.

3.9. NeHepauusa cryyanHbIX NepeMeHHbIX U NpupaleHmne

BPEMEHMN.

CylWHOCTb MMMTAUMM MOKA packpbiTa He [0 KOHLA, TaK KakK OCTaeTcs
HEAICHBIM, KakuM 06pa3oM OT MOC/ef0BaTe/IbHOCTM YHUDOPMHbIX CyYaiiHbIX
umcen, KoTopasi B HEKOTOPOM CMbIC/IE HOCUT abCTPaKTHbIA XapaKTep, NepeiTn K
KOHKPETHbIM CNyYaliHbIM NepeMeHHbIM.

B KOHEYHOM wWTOre B MNPaKTUKe WCCNeAOoBaHUA HeobXoauMo YMeTb
reHepMpoBaTb  CNyyaiiHble  MEepPeMeHHble, B  [JaHHOM  C/yyae  uyepes3
MocnefoBaTeNlbHOCTb YHU(OPMHbIX C/TyYaiiHbIX YMCEN.

B 6M6N1OTEYHON NPaKTUKe MPX MCMONMb30BaHUM MOAENMPOBAHWS, B TOM
uncne VMUTALMOHHOTO, HY)XHO YMeTb TeHepupoBaTb TaKue CrydaiiHble

nepeMeHHble: MHTEpPBasbl BPEMEHW MOCTYM/EHUS YATATeNbCKMX TpebGoBaHWUIA B
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O616MOTEKY, KONMYECTBO uymMTaTesier, mnocewjaromx 6mubnmoTeky B 3afaHHble
MHTEepBa/lbl BPEMEHW, KO/MYECTBO NUTEPaTypbl, MNOCTynatwowein B (OHA
6M6NMOTEKN B 3afaHHble MHTepBasibl BpeMeHU 1 T.4. CToXacTMYeckume npoLecchbl
COCTaB/ISAKOT CYTb BCEM OUBNMOTEUHOIN TEXHOIOTUN.

[eHepaunss  CTOXaCTUYECKMX  OMOMMOTEYHbIX  MNPOLECCOB  Yepes
MocnefoBaTe/IbHOCTb  YHU(POPMHbBIX — CAy4YailHbIX — 4YMCeNl  MOXET  OblTb
OCYLLECTB/IEHA HECKO/IbKAMU MeTOAaMW: MeTOLOM 06paTHOro npeobpasoBaHus,
MEeTOAamMu CBEPTOK 1 APYTUMU.

Hanbonee npocTod METO4 MMMUTAUMW C/yYalHOW MepPeMeHHOM - MeTo[
obpaTHoro npeobpasoBaHnsa. OTMETMM, 4TO MNPUM  HaIMYUKM  TEHepasibHOW
COBOKYMHOCTW CNyYaliHO MNepemMeHHON ee MMUTAUMA CBOAUTCA K UMUTaLMUN
C/Ty4ainiHOWN BbIGOPKMN.

MUTaLMOHHOE MOAENMPOBaHNE OCYLLECTBNSETCA BO BPEMEHM, MO3TOMY
CYLLECTBYHOT MOAX0Ab! K OTCNEXUBAHUIO BPEMEHWN MPOTEKaHWUA AMHAMUYECKOro
npouecca.

LLIkasy BpeMeHM MOXHO pa3buTb Ha OAHOPOAHbIE OTPE3KN U HEOJHOPOAHbIE.
Mpy pasbuTm LWKaibl BPEMEHW Ha OLHOPOAHbIE OTPE3KW XPOHOJIOTNYECKM
yrnopsA0UMBaeTCd MHOXECTBO OTPE3KOB PaBHOM A/IMHLI. Ha KaXkaom oTpeske
MPOrpaMMHO BbIMOJSIHAKTCA BCE BblUMCEHWsA. Ecnn, HaumHas C Kakoro-sm6o
0Tpe3Ka, eCTb COObITUA, KOTOpble MPUBOAAT K KaKUM-NM60 MOCNeiCcTBUAM Ha
crefytoWwmnx oTpeskax, 3TM COObITUA 3anOMWHAKOTCA WM WUCNONb3YHTCA B
fanbHerweM. OTpe3KM BblOMPAKOTCA KaK MOXHO Kopouye. OfHako npu 3TOM
MOryT WMEeTb MECTO MyCTble OTPEe3KM, Ha KOTOPbIX HWKaKMUX BbIYUC/IEHWIA
NpoBOAUTbL He cneayeT. Torga MCnonb3yeTcs HeoAHOpoAHas rpajgyvpoBKa
LLIKa/1bl BPEMEHN.

3.10. A3bIKN UMUTALMOHHOI0 MOAENIMPOBaHNSA

HA3bIKM MOAENVMPOBaHNS CYLLECTBYIOT ANS MepeBoja MOAeNM B MalUMHHbIE
NporpamMMbl, KOTOpble peann3ytoTcs Ha IBM. Cneuwanvicty B NPUKIagHON

06nacTn He 006s3aTeNbHO  3HaHWE MNPOrpaMMMUPOBaHVS, B [AHHOM Crydae
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TpaHCNALMIO MOAeNeil B MallMHHbIE MPOrpaMmbl, O4HAKO 06LLMe MpeLCcTaB/eHuns
0 A3blKaX MMUTALMOHHOI0 MOAENNPOBaHNSA AO/MKEH UMETD.

YpoBeHb CNOXHOCTW TPAHCAUMY MOLENN B MALLMHHBLIE NPOrpaMMbl 3aBUCAT
OT C/I0XKHOCTM MOCTaB/IEHHOMW NPaKTUYeCKON 3afauu.

IMeroTcs MpoCTble TUMOBblE MOAENW, A1F NPOUTPLIBAHUA KOTOPbLIX MOXHO
MCMO/b30BaThb CreLnasibHble CTaHAapTHble MporpaMmbl, KOrAa CreuuamcTy,
[AOCTAaTOYHO 334aTh TO/IbKO MCXOAHbIe faHHble. HO ncnonb3oBaHme CTaH4APTHbIX
nporpaMMm - [0BO/ILHO PeAKuin cryyaid. Yaule BCero [Ans pelleHns 3agad
TpebyeTca crieymasbHOe nporpaMMHoe obecriedeHne. [nd 3agay  cpeaHen
C/MIOXXHOCTU MCMO/b3YHOTCA U3BECTHbIE AITOPUTMUYECKME A3bIKM PopTpaH, PL/1
n 1.0. OfHAKO MCNONb30BaHWe HecreunanbHbIX A3bIKOB MOLENMPOBaHUSA 4acTo
CO3[aeT TPYAHOCTU NMPOrpaMMMPOBAHNA MHOTMX BbIYUCIUTENBHBIX NpoLeayp, He
NpesyCMOTPEHHbIX &ITOPUTMUYECKUMMN A3bIKAMM,

YacTo npn MMUTaLMOHHOM MOZENIMPOBAHUN MPeanosiaraeTca UCnosb30oBaHme
nporpaMMbl, TEHepUPYIOLLEN CnydaliHble MepeMeHHble, a TakuX MnporpaMMm B
ITOPUTMUYECKMNX A3blKaX He npeaycMoTpeHo. [pyras 0CO6eHHOCTL COCTOUT B
TOM, YTO 4aCTO HeO0b6XOAMMO Hakan/MBaTb CTATUCTMYECKME faHHble OT wwara K
Lary MOZLenMpoBaHus, YTO Takke COo3faeT TPYAHOCTM MPOrpammucTy, KOTOpbIR
[O/DKEH CaMOCTOSITe/IbHO CO3f4aBaTb Kak Te, TaK W Apyrve noanporpaMmbl.
CyLecTBYHOT U Apyrve 0CO6eHHOCTM NPOrpaMmMmnpoBaHns Npyu UMMTaLn

UT00bl KaXKAbli NpOrpaMMMCT He 3aHUMaICA pPa3paboTKoM MoAnporpaMm
N 4N 06NeryeHns Co3fgaHMA NPOrpaMMHOro obecrneyeHuns NPy UMUTALMOHHOM
MOZENNPOBaHNM  UCNOMb3YIOTCA CreynasbHble MaluHHble A3blKA. K HUM
oTHocatca CumckpunT, GPSS. Cumyna, CnsHr, juHamo v gpyrue.

Takue  A3bIKM  MPefoCTaBNAT  MPOrpaMMUCTy  AOMNOSHUTENbHbIE
BO3MOXHOCTW. Hanpumep, [OCTAaTOYHO 334aTb  (PYHKUMIO  pacnpefeneHus
BEPOATHOCTEN M NPOUCXOAUT  TeHepauus  ClyvyalmHOW  nepemeHHOW,
obecrneymBaeTcqd C€O60P CTATUCTMYECKMX [daHHbIX C (OopMMpOBaHMEM WX IO
3afjaHHOM (hopMe Y BblJayeil B HYXXHble MOMEHTbl BPEMEHU, PErucTpupyroTCs

COCTOAHUA CUCTEMDbI B 3aaHHbIE MOMEHTbLI BPEMEHMN.
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OfHako Ha npumeHeHVe creuManbHbIX A3bIKOB WAYT He Bcerga. Ha 3To
eCTb HECKO/IbKO MpuuMH. Yacto KX HEeT B KOMMJEKTe MpPOrpaMmmMHOro
obecneyeHns 3BM, uCnonb3oBaHME  KOTOPOM  MpefnonaraeTcs;  ecniu
NpeanosiaraeTc MHOrOKpaTHOe MCMOMb30BaHWe [aHHOW Mporpammbl, TO,
OKas3blBaeTCs, He BCerja BbIrOAHO M0/b30BaThCA Takon nporpammoin. OHa MOXeT
3aHMMaTb MHOFO MalUMHHOrO BpeMeHW M 60/bLIo 06beM namATw. MocnesHee

06CTOSITENBCTBO MOXET NPMBOAUTL K TOMY, UTO MOJEeNb He BoiaeT B DBM.

3.11. MNaHMpoBaHMe IKCNEPUMEHTA, IKCMEPUMEHTUPOBAHME U

aHanun3 pesysibTaToB

MnaHuMpoBaHMe 3KCNepuMeHTa MpefHasHayeHO A1 MONYYEHUS HOBbIX
pe3ynbTaToB, BbIABWKEHWNA HOBbIX UAEN, JOCTVXKEHME KOTOPbIX 06ecneyvnBanoch
Obl  MUHUMa&/IbHBIM  KOMIMYECTBOM 3KCMEPUMEHTOB, a 3Ha4YUT MWUHUMYMOM
3aTpayrBaemMoro BpemMeHu, TpyL03aTpaT U JeHeXHbIX CPeACTB.

[Mpy NnaHMpPOBaHUM ONpPeLenatoTCa Crnocobbl NPOBeLEHNS 3KCMEPUMEHTOB C
OLEHKON  3(PPEeKTMBHOCTN  3IKCMepUMeHTUpOBaHWA.  [pn  onpegeneHuu
CMoco60B NpoBeeHNA 3KCMEPUMEHTOB 3apaHee 3a4al0TCA MeTOLOM MOJyYeHWUs
Haya/lbHbIX YCMOBWIA MNPOBEAEHUS 3KCMEPUMEHTA W peLlatoT 3adady, Kakum
06pa3oM OLeHMBATb TOYHOCTb pPe3y/bTaTOB 3KCMNepuMeHTa. [nsa  3Toro
HeobX0AMMO OMnpeaennTbLCA OTHOCUTE/IbHO CTOXaCTUYHOCTW YCMNOBWUA, 06bemMa
BbIOOPKKX,  MOBTOPSEMOCTM pe3y/nbTatoB. Uem 6osblie 06beM BbIOOPKWU, TEM
HageXHee pe3ynbTar, TeM 60/bLle ByaeT 3aTpayeHO MaLLUMHHOIO BPeMeHU; Takas
3afa4a peLaeTca KOMMPOMUCCHbBIM MyTeM: 6epeTcsd MUHMMaIbHas 4OMYyCTMMas
BblOOpKa M Janblle  OLEHMBAKOTCA  pacxofbl  MALIMHHOIMO  BPEMEHM.
MnaHnpoBaHWe 3aBepLUA0T NOArOTOBKOW AOKYMEHTA NPOU3BO/IbHOW OPMbI.

[anee OCyLLECTBNAETCA 3KCMEPUMEHTUPOBaHUE MNYTEM MPOroHa MOAEeNW.
[OnnTenbHOCTb  NPOroHa MOAenn  onpefensieTcs ObICTPOTON  [OCTMXKEHUS
nocTaBfieHHON Lenu. B npouecce 3KCNeprMeEHTUPOBAHUA MPOBOAAT MPOBEPKY
MOAENN Ha YYBCTBMTE/IbHOCTb K  WCXOAHbIM  [aHHbIM. B  npaktuke

MoAeNnpoBaHNA N3BECTHO, YTO €C/IN MOJEND, T.€. PE3Y/IbTAT MOAENNPOBaHUA, HE
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OYeHb 3aBUCUT OT W3MEHEHMA KaKUX-TO WMCXOAHbIX [aHHbIX, TO 3TO CUrHas
TpeBorn. Torga nmMbo credyeT NPeKpaTUTb BapbMpPOBaHWE WMMEHHO 3TUMU
NCXOAHbIMW  [aHHbIMW, MO0 CreayeT OCTaHOBUTLCA UM BHOBb BEPHYTLCA K
MOCTAHOBKe 3adayn, ee WCXOAHbIM AAaHHbIM M MOMbITATLCA MOHATb, MOYeMy
pe3ynbTaTbl MOAENMPOBAaHNA 0Ka3blBatOTCA HEYYBCTBUTEIbHBIMU K 3TOMY Habopy
NCXOAHbIX AaHHbIX.

B xyaLlem criyyae MOXXET BO3HUKHYTb HE0OX0AMMOCTb MepecMoTpa MoAEe/NN.

Ecnn pesynbtatbl MOAENMPOBaHMA Pe3KOo OTINYAKTCA MNPU  M3MEHEHUM
HEKOTOPbIX WCXOAHbIX  [JaHHbIX, TOrga 39KCNepuMeHTUpOBaHWE  [LO/HKHO
NPOAO/MHKATLCA MMEHHO C 3TUMWN UCXOAHLIMU AaHHLIMK. [1pn 3TOM cnefyeT ObITb
BHMMAaTE/IbHbIM K BPEMEHHOMY Luary MofennposaHus. CAMWKOM 60/bLLIOR Lwar
MOAENMPOBaHNA MOXKET MPUBECTUN K NOTEPE LlEHHOW UHGopMauuK, a Masblid Lwar
K 60/bLIOI 3aTpaTe MalMHHOINO BpemMeHW Heob6xoAMMo pPYKOBOACTBOBATLCA
N3BECTHbIMM NpYeMamMu Bbibopa BPEMEHHOIO Liara MoAeNMpoBaHNS.

HecmoTps Ha BCe Hey[06CTBa MMUTALMOHHOE MOZENMPOBaHWE NpeaocTaBnseT

60/blUME BO3MOXKHOCTW WMCCMefoBaTeNll0 3KCNEepMMeHTMPOBaTb U BUAETb BCe
"y3Kne" mecta Moaenu.

[MpakTrKa MoAeNMpoBaHNA [OKa3bIBAET, UTO NPMMepPHO 25% BCEro BpeEMEHN

OTBEEHHON0  Ha  MOZENUPOBaHWe,  3aHMMaeT  aHaM3  pPe3ysbTaTos,
[NOKYMEHTMPOBaHWE U peannsauus.

HTepecHO OTMETUTb, YTO BCE BPEMSA, OTBEAEHHOE Ha KOHCTPYyMpOBaHMe
MOZeNn [0 peann3aumy pesynibTaToB pacrpefensetcs Cnefytowum o06pasom:
25% Ha nocTaHOBKY 3afaun, 20% Ha coop 1 aHaNM3 UCXoAHbIX AaHHbIX, 30% Ha
pa3paboTKy mogenu n 25% Ha aHann3 pesynbTatoB, UX [OKYMEHTUPOBaHMNE U
peann3aumio.

B npakTnke MOXeT ObITb U MHOEe pacnpefesneHe BpeEMEHN B 3aBUCUMOCTU OT
TPYAHOCTU 3afauyn, KBaM(MKauun nepcoHana, OT TOro, pellaeTca v HoBas
3afava uam crtapas 3ajada B HOBOW MOCTAHOBKE.

[Mpn aHanM3e caMbiM MEPBbIM YCMOBMEM SABMSETCA NPOBEPKa MNOJSYyYeHHbIX

pe3ynbTaTOB Ha COOTBETCTBME 3[pPaBOMY CMbICIy; 3aTeM MpPOA0/MKaloT
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MOMCKN HEeobXOAMMbIX BbIBOAOB WM MOMYyYeHHbIX pe3ynbTtatoB. CornacoBaHue
BbIBOJOB, MOAYYEHHbIX B pe3y/bTaTe aHain3a, C MPakTUKOW - 06s3aresibHoe
YCNOBWE UX JOKYMEHTUPOBAHUA N BHEAPEHUS B MPAKTUKY.

[OKyMeHT/pOBaHNe - HEOO6XO4MMOE YC/0BUE pean3aunm pesy/ibTaToB
MoaennpoBaHua. OHO [O/MKHO ObITb YETKUM, ACHbIM, HEe [OMYyCKaTb Pa3sHbiIX
TONKOBaHWWA; Bce 3TO o6ecneunmT  6Gofee  YCMEWHYK  peanv3auuio.
MMrTaumoHHas mMmogens ¢ AnanorosbiM MOHUT OPOM,

[nanoroebiM peXxumoM paboTbl YesioBeka ¢ OBM Ha3bIBaeTCA TaKoW PeXUM

paboTbl, 4711 KOTOPOr0 XapaKTepHbIM SB/ISIETCS MOBTOPEHUE CeAYHOLLEro UMKa

X

}‘TIEHOEFE.;EI W SBM l
— TR

Puc.4

JTOT pexuMm paboTbl 06GECNeYMBAETC Yepe3 WHAMBUAYabHbIA MynbT

(TepMmuHan, aucnneit) puc.4. VMiIMmTaumoHHas MofeNb, OCHALLEHHas [4MaioroBbIM
MOHMTOPOM, NPeAcTaBNAeT CO060M YAOOHbIA, C TEXHUYECKOW TOUKM 3pPEHMS
MHCTPYMEHT CUCTEMHOrO aHasm3a, MO3BOMSIOWNIA OCYLLECTBNATb KOHTPO/b
3a X0[10M paboTbl MOENN Ha MPOTSXKEHNN BCEr0 BPEMEHW 3KCMEPUMEHTA.

B atom cnyyae mofenb NpefcTaBnseT He MPOCTO 610K C BXOAOM W BbIXOAOM, a
pasBePHYTYI0 CXeMmy rpouecca, B paboTy KOTOPOro MOXHO BMeLUMBATLCA
onepaTUBHO.

[Nanoroeblil peXkum B MporpaMmax MMUTaUMW BbINOMHAET CrefytoLime

rnaBHbIE 3a4a4un,
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|. HacTporika Mofienn Ha peLleHne KOHKPETHOM 3aaayun,

2. KOHTPO/b 3a XO40M 3KCMepUMeHTa.

3. BBOA Hava/bHbIX YCNOBUM.

4. BBO[, KOPPEKTUPYIOLLMX LaHHBIX B NMPOLLeCCe MOAENPOBaHNA.

[wvanor no3sonseT "NoACMOTPETL" MMUTALMIO BO BCEX YronKax MoAenu, Uto
yrpoLlaeT Mocnefyownii aHanm3 pesynbTaToB 3KCMEPUMEHTa, O0OHapY>XUTb
OWNOKN Ha CTaguMu OTNaf4KM Nporpammbl U MOACKa3aTb HOBble HavaslbHble
ycnosua.  Pexxum  guanora  npy 3TOM  BbICTYMaeT  Kak  obparHas
CBSI3b MEX/Y Ye/NOBEKOM Y1 MOZESbIO.

BBog, 6/10ka 41asioroBoro MOHMTOpPa B MOZe/Nb NOCTaBUT HOBble TPeboBaHMS
K camoii Mmogenu. Aunanor TpebyeT 60/ee NNacTUYHON (YHUBEPCaIbHOW) MOAENN,
CNOCO6HOM "HaCTPOUTLCA™ Ha Pa3/INYHbIe TEXHONIOMMYECKME NMPOLLECCHI.

icnonb3oBaHWe MMUTaLMOHHBLIX MOAENen B NpoLecce 06yyYeHNs OTKpbiBaeT
HOBble BO3MOXXHOCTU, TaK Kak Mo3BOJISeT NPOrpaMmmMHO 1CCNefoBaTb TEXHOOMMI0
O616MoTeYHbIX MpoueccoB. lKicnonb3oBaHve uwMuTauMM 6e3  guanora, Kak
CpeAcTBa BO3MeNCTBMA 00y4aBLUErocs Ha MOAENN, PUCKYeT chenatb Takon BUA
00y4yeHMa naccuBHbIM. Mogenn wumutTaumm 6MGIMOTEYHbIX MNPOLECCOB C
ANaiorom [03BOJAT CO34aTb METOAbLI MPOrpaMMUPOBAHHOIO 00y4YeHUst Ha 6osee

BbICOKOM, Ka4€CTBEHHO HOBOM YPOBHE.

3.12. MogenvpoBaHue 06CTy>XMBaHUA B panoHHON 6MbinoTeke

PaccmoTpum Ha npumepe |. MNocTaHOBKa 3afayn: a) BepbasibHas MOLenb.
Cenbckas 6ubnmnoTeka npefcTas/eHa B BUAe KHKHOIMO JoHAa, 06CY»KMBaeMoro
Of4HUM 6UBNNOTEKAPEM.

Mpuxop unTaTenein B 6M6IMOTEKY paBHOMEPHO pacrpefeneH B MHTepBase 18
+ 6 MuH. Bpemsa nogbopknm KHUIM 1 ee O(OpM/IeHWe TaKxe pacrpefeneHo
paBHOMEPHO B MHTepBasie 16 + 4 MuH. YntaTenm 06CnyXnBaroTca No ovepem

(MPUHUMN NOCTPOEHMA oYepen: "nepBbiM NPULLES - NMePBbIM MNONYUNT KHUTK'™).

70



Mogenb [o/mKHa 06ecnevynTb CO0pP CTAaTUCTUKXM 06 OuYepean umTaTenen.
Heobxogumo npomogenuposatb paboTy B TeyeHMe 8 4acoB YAeNbHOro
BPEMEHM,

6) 6/10K-CXeMa MOJENMPYEMOro npouecca puc. 5

Fxomn
aETATanaH

HE
oM oTeEH
B -

——— "

O6cnyXmBaHme ymTaTenei Puc.5
2. DopMynmpoBaHne MoLenu;

Mogenb,  npeactaBnseT  coboM  nocnefoBaTeNlbHYHO  Lenb  G/I0KOB.
[MopsigoK 6/10KOB B MOAeNM COOTBeTCTBYeT nopsagky PA3, B KOTOPbIX

OKa3blBaeTCA uymTaTeb Npu ABUXEHNUMN B peanibHOl 61GNMOTEKE puC.6.

HYmTaTarn FxomaT
OpEXOIHET D g B 4
FURR L S
LB B2
r
BEudwnpaeT
BB - xEury H oiopmaseT
lleoTs CEOmOE GUAT . KA PTOWUCY
FxolMT
% & na
ORCE OTEaE

Puc.6
3. IKCNepnMeHTMpoBaHme
[Mpouenypa peLLeHns
B pgaHHOM cnyyae MMeeM [eno C CUCTEMOM MacCOBOro OOCNYXUBaHUS.
Bce cobbITA B Heil [AO/MKHbI ObITb KakMM- TO 06pa3oM 3a(iMKCMPOBaHbI, Npw
3TOM He06X0MMO YUECTb UX BO3AENCTBME Ha TEKYLLEe COCTOSIHNE CUCTEMDI.
PaboTa Mofenu cesizaHa C NnocneaoBaTe/lbHbIM  BO3HUKHOBEHWEM COObLITUIA.

Mpy 3TOM yumTbiBatOTCS ABa 06GCTOSTENbCTBA: MOMEHT BPEMEHW, B KOTOPbIN
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COObITUE BO3HMKAET, AO/DKEH YUUTLIBATLCA B MOAENN C NMOMOLLLH He3aBUCKUMOIA
CNy4aiHON NepeMeHHOW, onpeaenstowen NoBeaeHne CUCTEMB;

COObITUS  BO3HMKAOT B MOAENN B HEKOTOPOM  XPOHOMOrMYECKON
noc/efo0BaTesIbHOCTH.

B npouecce mMogennpoBaHUs paccMaTpMBalOTCA Takume COObITUSA, KOTopble
elLLle He BO3HMK/M, HO AO/MKHblI BO3HUKHYTb. T COObITUS MOTYT BO3HWKHYTL B
NO6OM MOMEHT BPeMeHW: NMB0 "ToTyac Xe" (B TeKyllee MrHOBeHWe), nnbo
"no3xe" (T.e. NpM TaKkOM 3HAYEHUM MOAENbHOrO0 BPEMEHW, KOTOpPOe elle He
[AOCTUTHYTO). BO3MOXHOCTb MPOABMXKEHMS BO BPEMEHM Has3af, XOTd Obl
HEHa0/ro, NCK/YaeTCs.

a) CobbiTve - "npuxog uwuTtatens B 6ubnnoteky". [lpuxod nepsBoro
yutatens B OMOIMOTEKY - 3TO COObITME, KOTOPOe MNIaHUPYETCS B MOMEHT

BpeMeHn 0 (HayanibHOe 3HaYeHue Taimepa).
NHTepBasT NpMxofa NepBoro ymMtartens
+«—-b6—Ppe—+6—»

| | | MUHYTHI  MOZE/bHOE

( Bpems Taimep)

0 12 18 24
MecTo naHMpPoOBaHUS 20 MWH
cobbITNA Ne 1 Bpemsa npuxoga

NnepBoOro vnTartens

CobbiTrie Ne 1 (Bpems nossneHns 1 ymTaTensi) pasbirpbiBaeTcs B MHTEpBase 18 +
6 MUHYT cnyyaiHbiM 06pa3oM, Bpems dmkeupyetcs (NycTb 3To 6yaet 20 MUH.),
M NpY JOCTUMXKEHMMN TaliMePOM 3TOr0 3Ha4YeHUs B MoAenb (6M61nMoTeKy) BBOAUTCS
MepBbIA YnTaTENb.

“—66—> «—+6—>

| | | MUHYTbI MOAENbHOE

1 | 1 1 1 1 BPEMH
0 20 32 5 38 44 Talimep
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MECTO NnnaH. co6.Ne2 Bpemsa npuxoga

BTOPOro 4unT.
OpHoBpemeHHO (B MOMeHT BpemeHM 20) “nnaHupyetca” MosiBNeHue
BTOPOro umtarens B UHTepsasie 38 £ 6 (20 £ 18 * 6) OT TOUKM TeKyLlero

3HayeHus Talmepa u T.4.
6) CobbITne - “ 0b6cnyKmBaHue ynTatena”.

[MepBbIil YnTaTeNb BOMAA B GMBNNOTEKY, cpasy “3axBaTun” , 6ubnmoTekaps

16
-4 +4 MOZE/TbHOe
Bpems (Tarimep)
20 32 35 36 40
Bpema “3axBaTta’ Bpemsa ‘““oCBoboxaeHuns”
unT. 6GMGINOTEK. onénuoTekaps

B MomeHT BpemeHn 20 MWH. pasbIrpbiBaeTCA BpemMsa  3aBepLUeHUs
006CNy)KMBaHUS,, MO  OOCTMXKEHWM  KOTOPOro  yuTaTe/lb  OCBOOOXAAeT
onbnunotekapsa (Korga HauymMHaeTca OO6CMyXXMBaHWe, TOYHO MPeAcKasbiBaeTCs
MOMEHT ero 3aseplueHus). Kak Tonbko 6nbnmnotekapb 0CBOOOXAAETCH, TO ero
cpasy "3axBaTblBaeT" BTOPOW unTaTesib (KOTOPbIA 6bln B 0Uepean) WK, eCcnv HeT
ynTaTenein, 6MbNMOTEKapPL OCTaeTcsl CBOOOAHBLIM. B npumepe BTOPOI umTatesb
NOSABNSIETCS B MOMEHT "0CBOOOXKAEHUA™" BMOIMOTEKApS, NOITOMY OH, He OXMas
ouepeamn, cpasy "saxaTuT" OubNMOTeKapsa. [lepBbld  uMTaTeNb MNOKMAAeT

onbnmnoTeky.

B) OxunpgaHue B ouepean. OxunaaHve B 04epean - He COObITME, 3TO BbIHYXK/AEHHas

Mepa.
t ox
< > < 16 MuH >
—4— » «Fh— (MVIH)
Taimep
BPEMS 0Xun,

73



B o4epeam
tnp t”’np Bpemsi 0cB06.6MG/INOT. t’ n+16 Bpems 3aBepLL.

Bpems NpMxofa  3axBaTa ero N-bIM YUT. 1 06CcNy>XMBaHUS
N-ro ymMTartens NNaHMpP.BpeMeHM 3aBepLL.

06CNYy>XX N-ro unT

t,np = tp +  for
Ecnn uutatens npuwen B 6MGAMOTEKY, a OMBGNMOTEKapb 3aHAT, TO OH

CTOUT B QYepean [0 Tex Mop, noka 6ubnmnoTekapb He ocBo6oAMTCS (rMoKa
He 0NAEeT oyepedb A0 Hero).

Bpemsi HaxoxzeHns B ovepefn (DUKCUMPYETCA B CHETUMKE BPEMEHMW [LaHHOM
oyepean.

B MomeHT "3axBarta" uuTaTesieM 6MOMMOTEKaps WM yxoda M3 ovepeam

MNpPoncxoanT pa3blrpbiBaHNE BPEMEHWU 3aBEPLUEHNSA EI0 O6C]'Iy)KI/IBaHI/IFI.

HakonneHne  CTaTUCTMYECKOW  MHGopMauum 1M ee  MaTemMaTuyeckas
06paboTkKa nNpu MOAeIMpPOBaHNN

B Kkaxgom 6110ke MOAenM OTBOAATCA ChneumanbHble MecTa (TOYHee,
AYeKM NamATW, BCTPOeHHble B MakeT (GPSS)> HasblBaeMble CYETYMKaMMU,
KOTOpble COOMPAlOT M XPaHAT CTATUCTUYECKYHD WH(Oopmauuio B rpoLuecce
MOZEeNNPOBaHNS.

CnuncoK NAeHTU(MKATOPOB CYETYMKOB (0603HAYEHNS NPON3BOSIbHbI);

Cnp CUETUMK Npuxoda YymTateneit B 6M6INOTEKY;

Cnp =Cnp + 1 roe Cnp‘ - npefblgyllee COCTOAHME CYETUMKA

(HakannnBaeT MH(OPMaLnIO);

tnp - Bpema npuxoga. CyeTumk (UKCUPYeT BpPeMs NpuxXoga uuTartens
B 6MGNMNOTEKY;

to6- BpeMst 06CMY)KMBAHNS YnTaTENEIA.
tos = toer + tos2 + tosz +........ + to6n

foon - BpemMSA 06CI'Iy)Kl/IBaHl/IFI N-ro ynTartess
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CabIx - CYETUMK BbIXOA0B M3 0Yepean (HakanmeBaHue), aHanornyeH Cnp To/bKO
CTOUT B 6/10Kke Ne 6.
Q°Bbix - CYETUMK HY/EBbLIX BXOJ0B B 04epedb (YnTaTeNlb NPOXOAMT Yepes

6nokun Ne 2, 3, 4 6e3 0OCTaHOBKN);
Q°ex =Q%ex + 1 (HakannMBaeT MH(OPMALMIO);.

Q°Bx - CUETUMK BCEX BXO/0B B 0Uepeb (HakanmBaHue);

Q - cueTuMK uuTaTenei, KAywWwMx CBOe ouepean. B aTOT
CYeTUMK npubasnsetcd |, Korga uutatelb CTAHOBMTCA B OYepedb U Bbl-
ynTaetcq |, Korga uvTtaTenb MOKUAaeT ovepefb. Heobxoaum ans onpeaeneHus
max 3HayeHMs  ouyepean, NpU  (PUKCMPOBAHHOM  MOTOKE  yuTaTesen
(onpepeneHve 3KCTPeMyMa).

toT- BpeMs 0XKMAaHWs BCeX ymTaTeneli B ouepean (HakannvMBaHue)

for= 11 +02 +83 +....... th, rge tn -OXunaaHue n —ro ymTarTensa

PacueT pe3y/ibTaToB MOAENNPOBaHMS

3a nepuog paboTbl 6UBNNOTEKN B Hee BOLLNO 27 uuTaTenein (cogepxmmoe
Cnp). B MOMEHT 3akpbiTua OMO/IMOTEKM B O4epean ocTaBasics | uutartenb
(cogepxumoe Q ). OanH yuTaTenb OopmNIseT aboHeMeHT. Bcero umtartenen
yLino n3 6uénmotekn 25 (cogep>kmmoe CBbIX).

(Pesynbtar BbluncneHna Cnp—Csbix -Q =1)

Bubnnotekapb ObIn 3aHAT 86% paboyero BPEMEHM.
(Pacuet no oopmyne  tob /480 = 100% = 86% )

B cpegHem 6ubnnotekapb notpatun 15,884 MUH. Ha KaX[oro yitaTens.
(Pacyet no dopmyne to6/ CBbix = 15,884 )
B ouepean umtatenein max =1, T €. MakcMMalbHOe cogepxumoe Q = 1.

O6Lee YMcno BXoA0B B ovepedb Obi1o 27 (CodepXXmnmoe cHeTymnka QBX )

N3 H1X 12 HyneBbIX (cogepxumoe cuetumka Q° BX ), B MpOLEHTax 3To

cocTasuT 44,4 % Hynesbix Bxogos Q°Bx / Q%Bx * 100 %
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CpegHee BpemMA  OXuaaHWa B odyepean  cocTaBnget 2,851  MuH.
(PacueTHas dpopmyna toT / Q BX)

CpefgHee Bpems OXugaHus B odepean 06e3  yyeTa HyneBblX BXOAOB
5,133 MUH.

[(PacueT no opmyne toT / (Q Bx * Q%Bx)].

BbiBOAbI:

Pe3synbTaTbl  MOAENMPOBaHUA  MOKasblBalOT, YTO  3aHATOCTb
onbnnotekapsa B pabodee BpemMA MOXKHO yBenuuTb Ha 14% (ecnn 3To
onpasjaHo).

Ouepeflb uuTaTeNieil He YBENMYMBAETCH, CefoBaTe/IbHO, He MOXET

BO3HUKHYTb KPUTUYECKOWN CUTyaumn (NepenoniHeHns).

3aK/1H4UeHue.

1. B paboTte nepBasd rnaBa MOCBALEHA TEOpPMW O MOLENAX WU
MogenunposaHun. OCBeLLeHbI CefytoLLme BOnpoChl:

-pO/ib U MECTO MOAE/INPOBaHUSA B UCC/IEA0BAHNSAX CUCTEM;

-MaTeMaTMn4ecKme MoLeNn 1 Bblbop MeToda MOAeIMPOBaHNS;

-BbIOOp  CPeACTB  MOAeNMpOBaHWA,  NpoBepKa  afeKBaTHOCTU U

KOPPEeKTUPOBKa MOLENU;

-N/1IaHNPOBaHME 3KCMNEPUMEHTOB C MOAE/bIO U UCMO/Ib30BaHWE Pe3y/ibTaToB

MO/eNMPOBaHUSA.

MpuBeLeHHbIe BOMPOCbI PacKpbIBaOT B HEOOXOAUMOM 00bEME CYLLHOCTb

Teopun Mojenein 1 MoLesIMPOBaHUA JOCTATOYHYIO B pamMKax faHHO paboThbl

ANS pewieHna  npobsiem Knaccuukaumm Mopenen, pas3paboTKu

MH(POPMALMOHHON  MOgeNnn  TpaAMUMOHHOW W aBTOMaTU3MPOBaHHOM

TEXHO/IOTUN KOMIJIEKTOBaHUSA OMBINOTEYHbIX (JOHAOB, Pa3BUTUA Teopuw

mMofeneir B 6UOAINOTEUHO-6MBAMOrpadmyeckon o0b6nactn, TaK Kak

cneynasibHO Co3gaHHbIX NCTOYHMKOB I/IHd)OpMaU,I/II/I NOCBALLUEHHbIX MOAENTAM
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N MOJENMPOBaHNIO B6MBANOTEYHO — BUGIMOrpanuyecKmnX rMpoLLEeccoB noka
OYeHb He3Ha4YnTeNbHO.

Il. BTopass rnaBa, Ha OCHOBe MPVBEAEHHOW Bbllle TEOPUN MOAeNen wu
MOJENMPOBaHNA  MOCBSLLEHA (opMmanimsaumm  6MBGIMOTEYHO -
onbnmorpaduryecKnx MpoLeccoB, Kriaccugpukaunmm mogenen. TpuHATUA
B6MBANOTEYHBbIX MPOLIECCOB KaK 00bEKTOB MOAEe/IMPOoBaHNSA, hopmanmsaunm
npoueccoB. BblbpaHbl nokasatenn aMPEKTUBHOCTU N (PYHKUUU MOLENEN.
MpoBefeHHaA KiaccuuKauma Mogesneir MOXeT ObITb MnosesHa A
CNeumasincToB, 3aHMMAaIOLNXCA MPOEKTUPOBAHNEM aBTOMAaTU3MPOBAHHbIX
6nbIMoTevHO-6MbIMorpadMyecKnX MNpPoLLeccoB M Bblbopa HE06XoAMMON
Mogenmu ANA  pas3paboTKM ONTUMA/ILHOINO BapuaHTa aBTomaTusauuu
OMB/INOTEYHBIX CUCTEM.

Heobxoanmo OTMETUTL O TOM, YTO B MocC/iefHee BpeMs /1 NOCTPOEHUSN
aBTOMaTM3MPOBaHHbIX 6UGNMOTEHYHO-6MONMOrpaINUecKX MPOLLECCOB Yallle
yem, ApYyrue Ncnosb3yoTca UMUTALNOHHBbIE MOAENN.

MosToMy TpeTbA rnasa MOCBSALLEHA WMMUTAUWUOHHOMY MOZE/IMPOBaHMUIO
O6nbsIMoTeYHbIX MnpoueccoB. B aTon rnaee npuBedeHbl  pe3ynbTaThbl
pa3paboTaHHO NHOPMaLIMOHHON MOenu TpagnLMOHHOM n
aBTOMaTU3NPOBAHHOM  TEXHO/IOTMX  KOMIMJIEKTOBAHUA  BMOINOTEYHbIX
(hoHAoB. Pa3paboTaHHasi cxema ro3BosiMna rnyTem aHasmsa TPaguLVOoHHON
TEXHO/IOTMN  KOMIMJIEKTOBAHNSA Ha WH(OPMaLNOHHOW MOAeN BbISABUTL
TEXHO/I0rMI0 aBTOMaTU3NPOBAHHOIO BapmaHTa npouecca KOMIM/IEKTOBaHWS
(hoHAoB. B paboTe npuBefeHbl WHMOPMaLMOHHbIE MOAeNn B BuUae OG/10K-
cxembl.  [anee npuBefeHa yrpolleHHas mogenb 6/10K-CXemMbl npoLiecca
KOMM/IEKTOBAHNA  aBTOMAaTU3MPOBaHHON OMG/IMOTEKN, KOTOpas  Mpw
MOJeNMPOBaHNN NO3BOJISAET BbIABUTb CTPYKTYPY TEMaTUUYECKUX UHTEPECOB
ynTatened, a TakKXke BbIUUC/IEHWE  HEKOTOPbIX nokasaresiei
3P(PEKTUBHOCTN MOSIHOTY M TOYHOCTb MOUCKA MCTOYHWKOB. B pgaHHOM

cnydyae MMuTauMs OaéT BO3MOXHOCTb HaWTW Yy3KMe MecTa npoliecca
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KOMM/IEKTOBAHUA W NOAIOTOBUTL PeKOMeHJauun Mo COBEPLUEHCTBOBAHUIO
npouecca.

MogenmpoBaHme 6a3bl [aHHbIX [MO03BOMIAT CAenartb Bbl6op cnocobos
pasmeLleHns ainnos, BUAOB MHDOPMALMOHHOIO NOUCKa, BPEMEHN peaKuumn
MOMCKOBOM YacTW, pacnpegenieHne BpPeMeHW MOATOTOBKM  BbIXOAHbIX
AaHHbIX.

[anee, npuBoguTCcA paspaboTaHHasi Teopus B 6M6IMOTEYHO-
6rnbnmorpadguryeckoi 06s1acT METOA0B MMUTALMOHHOIO MOAE/TMPOBAHUS.
Ha npuvmepe mogennpoBaHuUSA 06CNY)XMBaHWA B pailoHHOW 6ubnnoTeke
MO>XHO YBUETb MPUMEHEHNe MOJeSIN, MOLE/TIMPOBAHUA N ero pesysbTar.
Pe3synbTaTbl MOAeENNpPOBaHUSA npowecca 06Cy>XMBaHUA OLHUM
onbnnoTekapeMm rnokasasin 0 TOM, UYTO OWONMOTEKapb HeAoCTaTO4YHO
3arpy>keH n MOXHO YBE/IMYUTb ero 3aHATOCTb Ha 14%, npwn 3TOM He OyaeT

KPUTUYECKUX CUTYaLuMiA (oYepeamn yntartenein).

CnoBapb TePMMHOB
Bhipa>keHre - dopma 3anmcu HEKOTOPOro BbICKasbiBaHUA. BblpaXkeHne
COCTOUT M3 OrnepaHAoB, COeAMHEHHBLIX MeXAy C060M creunaibHbIMUA 3HaKamu,

KOTOpble OnpeaensatoT CEMaHTUKY (CMbICH).

Nepapxunueckass cTpyKTypa - CTPYKTypa [AaHHbIX, B KOTOPON KaxAaplii

MOPOXAEHHbI 3NEMEHT UMEET OfJUH NOPOXKAAOLLINIA INEMEHT.

NHTerpaums - O6beIMHEHNE OTAE/bHbIX 3/IEMEHTOB B €AVHOE LieNOe.

MHTerpancHas 6asa gaHHbIX - [peAcTasneHne ana NpUKIagHon nporpaMmmbl
WA NONb30BAaTENSt HECKONbKMX 6a3 AaHHbIX KakK 0rnmyeckn eamHoin 6asbl
AAaHHbIX.

Mogenb -  MmaTepua/ibHblil ~ OOBEKT,  CUCTeMa  MaTeMaTUYeCcKuUxX
3aBUCMMOCTEM  WAKM  NporpaMma,  UMUTUPYIOLLME  CTPYKTYpY — Wan
(hyHKUMOHWMpOBaHWe wuccnefyemoro o6bekta. OCHOBHOe TpeboBaHMe K

MOAEeNu - eé afjeKBaTHOCTb OO BLEKTY.
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MogaenumposaHme - [NpencTtaBneHne pa3INYHbIX XapaKTePUCTUK
NoBeAeHNs (PU3NYEeCKOM WM abCTPaKTHOM CUCTEMbI C MOMOLLbIO  [APYrou
CUCTEMbI.

Mogens anropyTmuyeckaa - KoMMiekc anropuMtMoB, OMUCbIBAKOLLUX
(hYHKLMOHMPOBaHNE CUCTEMBI.

Mogenb aHanMTuyeckaa - MaremaTuyeckoe nMpeacTaB/ieHne CUCTEMbI
NN OTAENbHbIX €8 KOMMOHEHTOB.

Mogenb BHewHAa - B apxutektype CYB[ - Mogenbs [aHHbIX Ha
BHELLHEM YpOBHe, OTpaxawwasa npeacTaBieHVe mnonb3oBatens o0 6ase
[laHHbIX.

Mogenb BHYTpeHHSAs - B apxutektype CYB/ -Cnoi HU3LWIEro YPOBHA ,
OTpaXKalLWWA NpeacTaB/ieHNe [aHHbIX BO BHELIHEW MaMATM U MeToAbl
[0CTYNa K HAM,

Mogenb MMuTauMoHHaa - ANropuTtM MM MNporpamma, MMUTUPYHOLME
(PYHKLNOHMPOBaHME CUCTEM.

Mogens  uHdopmaunoHHas - [lapameTpuyeckoe  npefAcTaB/ieHKe
npouecca UMPKYISUUM  UH(OpMaLMK, MoASexalleii aBToOMaTu3MPOBaHHOM
06paboTKe B CUCTeMe YrpaB/eHNs.

Mogenb mMaTemMaTuyeckad - CuctemMa mMaTeMaTUYeCKMX 3aBUCUMOCTEMN
OMUCbLIBAKOLWMNX CTPYKTYPY NN PYHKLMOHMPOBaHNE 00BEKTA.

MogenvpoBaHMe aHaMTuyeckoe - MartemaTMyeckoe  OnMcaHue
06beKTa MOJeNMpoBaHuns - 3a4a4m, npoLecca, CUCTEMbI.

MogenvposaHvue uMUTaUMOHHOE -  MccnefosaHve — MOBeAeHUA
C/IOXXHOW CMUCTEMbI Ha ee MOZENN.

Cno>kHaa cucTemMa — TexHumyeckas WaM OpraHuMsaumoHHas cucTema,
npeacTaBnAoLas coboi COBOKYIMHOCTb B3aMMOCBSI3aHHbIX,
00beMHEHHbIX  00WEein  uenbtd  (OYHKUMOHWPOBAaHWUA  MOACUCTEM U
MMeroLlas Ccrnefyrolme OTANYUTENbHbIE MPU3HAKW:  CNOXHYK  CTPYKTYpPY,
CMOXHbIA  anropuTM  MOBEAEHUs,, MHOrOLENIEBOM  XapaKTep  YnpaB/ieHWUs,

BbICOKWA ypOBEHb aBTOMaTWU3aUWX, Yy4yacTUe UYenoBeKa B  YMpaBieHuu,
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BEPOATHOCTHbIA XapakTep MOCTYM/IEHUS BHELUHUX BO3L4ENCTBUM, 6O0MbLUON
CPOK CO3[aHNsA 1 60/bLIOW NePUoS, XKXN3HN CUCTEMBI

CucremaTmsauma - [llpouecc ynopsaLoYEHHOro  pacnpeneneHuns
0ObEKTOB, OCYLUECTBSIEMbI MO CXOACTBY WM PasIMyumMio  NPUCYLLMX UM
MPU3HAKOB.

CTpykTypa -  PUKCMpPOBaHHOE  YMOPSAAOYEHHOE  MHOXKECTBO
00BEKTOB B OTHOLLEHUW MEXIY HUMN.

CTpykTypa AaHHbIX — MHOXecCTBO 3/1IEMEHTOB [aHHbIX
00beMHEHHbIX N YNOPALOYEHHbIX OAHVM U3 MPUHATBLIX CNOCOO0B.

Jlornyeckasa cTpykTypa - lNpeacraeneHWe I0rMYecKoin opraHusaumm
[aHHbIX B BUAE MHOXECTBA TUMOB 3anunceii U CBA3EN MeXAY HUMU.

CTpykTypusauma - [etanmsaums mMetofa nyTeM MNpeacTaBleHns ero B
BUE CTPYKTYpbI.

Cxema - [pauueckoe 13006paXKeHWe  YC/OBHbIMWA  CUMBOSIAMU
CTPYKTYPbl Kakoro-nmbo o6bekTa WM OnucaHWe cocTaBa WM CBOWCTB
06bekTa.

Nornyeckad cxema - ®PYHKUMOHA/IbHAsA CXema, KOTopas WCMo/b3yeT
(hopMasibHble METOAbI ONUCaHWSA, TaK/e, KaK CMMBOJIbHAsA NI0TMKa.

YHugmkaumsa - TpuBedeHne 06bekTa K eAMHO06pasvto,  eAuHOA
(hopme wnm cucteme. B 3KCrepTHON cuCTemMe - METOA COMOCTaB/IEHUS C
06pasuom

ynopagoyeHne - PacnofiodXeHue  OAHOPOAHbIX  OOBLEKTOB B
ornpegeneHHOM NopsiaKe.

leHepaumss 6a3 pgaHHbIX - [lpouecc co3gaHMA  6a3  AaHHbIX,
BK/IIOYAKOLWNA  MHULMANM3aLMI0  HOCUTENe, Cco3faHve U (popmatmpoBaHue
HabopOB AaHHbIX, 3arpy3Ky AaHHbIX, CO34aHue CrpaBoYHNKa 6a3 AaHHbIX.

NcnbimaHna - T[lpoBepka CUCTEMbI WAM €€ KOMIMOHEHTa MNyTeEM
peasibHOro BbIMO/IHEHWS KaKUX-TMB0 3ajau.

Basa paHHbIX - COBOKYMHOCTb  [aHHbIX, OPraHuM30BaHHbIX MO

onpefeneHHbIM  MNpaBunaMm,  NpegycMaTpuBalOWMM  00WME  MPUHLMMbI
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OMUCaHWA, XPaHeHWs W  MaHWUMyIMPOBaHWUA, [aHHbIMW  He3aBuUCUMas OT
NPUKNaLHbLIX nporpamm. ABnseTcs NH(OPMaLMOHHOW MOZENbHO
NnpeAMEeTHOM 061acTw.
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