H. II. Caoosénukoesa, /l. C. Ilapvicun,
1. B. Epeuienko, H. M. Paweeckui

Hmumauuonnoe
mooenuposanue



MHUHHUCTEPCTBO HAYKHN U BBICIIEI'O OGPA3SOBAHIS PO
BOJIT'OI'PAJICKUI TOCYJIAPCTBEHHBIN TEXHUUECKUI YHUBEPCUTET

Ha npasax pyxonucu

H. Il. CagoBHukoBa, [I. C. I1apsirus,
T. B. Epemenko, H. M. PameBckuit

NmMuTanimoHHOE MOZETUPOBAHUE

Yyebnoe nocobue

V-

/4

Boarorpag
2021




VIIK 004.414.23(075)

PemreH3eHTHI:

IIegaTaeTcs 1o PEIICHUIO PCAAKIIMOHHO-U30aTCIBCKOI0 COBETA
Bomror PAaACKOro roCyaapCTBEHHOTO TEXHUYCCKOI'O YHUBCPCUTETA

CapnoBuukona, H. I1.

Nmutanmonnoe moxaenupoBanue : yued. mocoodue / H. I1. CanoBHu-
koBa, /. C. Ilapeirun, T.B. Epemenko, H. M. Pamesckuii ; BonrI'TVY. —
Bomnrorpan, 2021. — 132 c.

ISBN 978-5-9948-0000-0

B yueOHOM mocoOuu mpecTaBieH BCECTOPOHHUN aHAINU3 BOTIPOCOB, CBSI3aHHBIX
C pa3paboTKON MaTeMaTH4eCKOro o0ecreyeHts B IpoLecce CO3/IaHusl TPOrpaMMHBIX
CPEICTB JUIsl IPOBEJCHUS aHATUTUYECKUX UCClenoBanuii. PaccmarpuBatorcs Hanubo-
Jiee BOCTpeOOBAaHHbIE MOJIENH U MeTO/Ibl. ONpeensitoTCs OCHOBHBIE TaIbl IOCTPOE-
HUS ¥ UCIIOJIb30BAHUS MaTeMaTUYECKUX MOJeNel s aHanu3a 0O0BEeKTOB U MpoIlec-
COB, pa30uparoTCs TPUMEPHI MOCTPOSHUS MOJETEH Il PEerIeHUs] MPAKTHICCKUX
3anad. [IpenHasHaueHO ISl CTYIEHTOB OYHOW W 3a04HOM (GopMm OOyueHUs MO Ha-
npasieHusM 09.03.02 «MapopManioHHbIE CUCTEMBI B TeXHOJIoTun», 09.04.02 «H-
(dhopMaIMOHHBIE CUCTEMBI U TeXHOIOTUN» (TIpodmitb «ICKyCCTBEHHBIN MHTEIUIEKT B
MIPOCKTUPOBAHUU TOPOACKOH cpenbi»), 08.04.01 «CrpoutensctBo» (mpoduis «Op-
raHu3aIys HTHPOPMAITMOHHOTO MOJIEIIMPOBAHUS B CTPOUTEIBCTBEY)..

Wn. 23. Ta6un. 4. bubmmorp.: 47 Ha3B.

ISBN 978-5-9948-0000-0 © Bonrorpackuii TocyaapCTBEHHBIH
TEXHUYECKHN yHUBepcuTeT, 2021

© H. I1. Caposnukosa, [1. C. I1apsirus,
T. B. Epemenko, H. M. Pamesckuii, 2021



OIJTABJIEHHUE

BBEJIEHHE ...

[TTABA 1 AHAJIMTUYECKUE UCCIIEJOBAHUA U

MOEJIMPOBAHUE .........ccocoviiiiiiiice e,

1.1 OcHOBHBIE NTOJIOKEHUS TEOPUHU MOAECIUPOBAHUS

1.2 Knaccudukarus MaTeMaTn4eCKuX MOJICTEH .......

BOIPOCHI K TIABE 1 ...ooviiiiiiiiiiiiic e

[TIABA 2 METO/IbI AHAJIM3A TUHAMUWKU I[TIOBEJAEHUA

CHUCTEM ..ot

2.1 DTanbsl UMUTAITMOHHOTO MOJICIUPOBAHUS ...........

2.2 IIpuMep MOCTaHOBKH 33/1a41 UMUTALIMOHHOTO MOJAEITUPOBAHUS ..........

2.3 Kimaccudukarus UMUTAIMOHHBIX MOJIEIEH ........

2.4 TexHOMOTUY UMUTAIIHOHHOTO MOJICTTHPOBAHHS ..
2.4.1 JIuckpeTHO-COOBITHITHOE MOJICIUPOBAHUE .......

2.4.2 CUCTEMHASA JUAHAMIPEKR ..ocvvveeeverenseeeeeneeeeessnseesens

2.4.3 Monenu TUHAMAYECKUX CACTEM ....cevvvvvrnnreeenss

2.4.4 ATEHTHOE MOJCTUPOBAHME ...evvvveersrnrrrreneesssnnnnes

BONPOCHI K TIIABE 2 .....ovviiiiiiiceieee e

TJTABA 3 MOJEJIN I UCCJIEJOBAHMS 3BABUCUMOCTEM ......

3.1 PErpeCCUOHHBIA AHAIIHS .....eeevvvveeernrrenesinieeesannnes

3.1.1 Mognenb JIMHENHON PETPECCHM .....cvvvveernrrennne

3.1.2 I1aroBeIil perPECCUOHHBIA METO, «vvvevvvvernniee.

3.1.3 Meton rpynmoBoro yuera apryMeHTOB (MI'VA) ...,

3.1.4 OueHka KauecTBa MOJACIIU PETPECCHUM ..............

3.2 Ilpumep MOCTPOECHUS pETPECCHOHHON MOJICIH ...

3.3 AOPUHUTHUBHBIM QHATMS ....vvveeeiiieeeeiieeeeeieeee e

3.3.1 OcHoBHbIe NTOHATHS ad)(PUHUTUBHOTO aHAIHM3A

10
13

14
17
25
26
27
28
29
32
33
36
37
37
39
40
42
43
47
48
48



3.3.2 MeTOobl MOUCKA ACCOIUATUBHBIX TIPABHIT ....evvveenvreeeesurereessreeesaanneenss
BOIPOCHI K TNIABE 3 .....vviiiiiiiie e
[TTABA 4 METOAbI MOAEJIMPOBAHNA HA OCHOBE TEOPUU
HEUYETKNX MHOXECTB U MATKUX BEIYUCIIEHUM .....................
4.1 OCHOBHBIE IOHATHUS TEOPUUA HEUETKUX MHOIKECTB ...vvvenvrrreennreeernnnnenss
4.2 HEUETKUN JTOTHUECKIUI BBIBOIL «vvvuneeerersnsesessnsesessnsssessnnsesssssnsesessnnseeens
4.3 MSATKUAC BBITMCIICHIIT «....vvveisveeasereessseeasssesssesesssesssssesssesssssesssssesssessssnes
BOIIPOCHI K TIIABE 4 ...ttt
[TTABA 5 METO/IbI KOHIIEIITYAJIBHOI'O MOAEJIMPOBAHUA .....
5.1 OCHOBHBIE MOHATHUS KOHIETITYATbHOTO MOJCTUPOBAHUS ...veevvvvennnsee
5.2 KOHIENITYATBHBIEC KAPTBI «.vvvvreesivirreesessssirsresssssssnneessssasssseesssssnsssessens
5.3 KOTHUTUBHOE MOJECTUPOBAHHE ....eeerrnnnrrrereesssnennenessssnsnnesessssnsnseseesssnnnes
5.3.1 OCHOBHBIE MOHATHS] KOTHUTHUBHOTO QHATTHBA ...vveernvreeesnrenessanneeesannneas
5.3.2 TUTIBI KOTHUTHBHBIX KAPT tvvveeriurrrreeesasirnereesssnsrneeesssnssrseessssssssseeeeses
5.3.3 AHanu3 BIUSHUN B KOTHUTHUBHBIX KAPTAX .ovvvvreivreresirnneessnnneessnneeess
5.3.4 DTanbl KOTHUTUBHOTO MOJETHUPOBAHMS ..cevvvvveeeeesiirireeeeessinnnenssssnnens
BOTIPOCHI K TNIABE 5 ...ttt
[TTABA 6 CPEJbI UMUTALIMOHHOI'O MOJAEJIMPOBAHUA.............
8.1 STMUIINK. ...t
6.2 Model Vision Studium (HoBoe na3panue Rand Model Designer).........
I I0 AN )Y/ I To | oSSR
6.4 [IporpamMmHBIi KOMILUIEKC «MOACIMPOBaHUE B TEXHUYECKHUX
ycTpoiicTBax» (IIK «MBTY») .o
[TTABA 7 OCHOBbBI MOJEJIMPOBAHHMA B CUCTEME ANYLOGIC
['TTABA 8 BAJIAHUA HA JTIABOPATOPHBIE PABOTHL...........cccoenee.
8.1 JIaGoparopHast paboTa Nol ... ...t
8.2 JIabopatopHast pa00Ta NO2.........cccvviiiiiiiiiie e
CITMCOK UCITOJIb3OBAHHBIX UCTOYHUKOB ........cccvvveiiiiiieeen

o1
55

57
58
62
66
69
71
71
74
79
79
81
83
85
90
92
95
97
103

109
113
126
126
126
128



BBEJAEHUE

AHanuTUYECKUE HCCIEAOBAHUS HCHOJB3YIOTCS JJIs BBISICHEHMSI INPUYUH,
JeKaluX B OCHOBE M3Y4aeMOIO SIBJIEHUS M aHAIN3a CBOMCTB OOBEKTOB U IIPO-
neccoB. Crenu¢urka aHANUTUYECKUX HCCIEIOBAHUM ONpEAENseT CI0KHOCTb
CO3/1aHUsl CHEIUAIM3UPOBAHHOIO MpOorpaMMHOro odecrneueHusi. C ogHON cTo-
POHBI, 3TO Pa3BUTHE MATEMATHYECKOTO MOAEIUPOBAHUS, MOSIBICHUE HOBBIX Me€-
TOJI0B ¥ 10AX0/10B. C APyroil CTOpOHBL, 3TO CO3/1aHUE HOBBIX MH(POPMALIMOHHBIX
TE€XHOJIOTUM, MO3BOJSIOIMX pelaTh 3aJa4l HCKIIOYUTENbHOW CIOKHOCTH.
W3meHeHust B mpolecce McCiaeoBaHUi TpeOyIOT aJleKBaTHOM MHCTPYMEHTANb-
HOM TOJIEPKKU M, COOTBETCTBEHHO, CO3JaHUs CIIEHHAIBHBIX MPOrPaMMHBIX
CPEIICTB IS PELICHUS 33]1ay CBSI3aHHBIX C AHAJIM30M CUTYAIHi, TPOTHO3UPOBA-
HUEM, IPUHATHEM PELICHUN.

[Tonxonpl K MPOBEACHNUIO AHAJTUTHUUECKUX HCCIEIOBAHUN B pa3HBIX cdepax
YEJIOBEUECKOW JAEATENbHOCTH ABIISIIOTCA MEXAUCIUIUIMHAPHBIMU U 0a3UpyOTCS
Ha 3HAHUSAX MAaT€MATHUKH, IPUKJIAJHONW CTATUCTUKH, NCKYCCTBEHHOTO MHTEIICK-
Ta, MAIlIMHHOTO 00Y4Y€HUs, TEOPUH ONTUMHU3ALIMH, 043 TaHHBIX U TIp.

CoBpeMeHHbIE TEHIECHUMN Pa3BUTHS aHATUTHYECKUX MCCIIEIOBAHUN CBs3a-
HBI C TIOSIBJIEHUEM HOBOT'O HAYYHOI'O HAINPABIICHUS CBSA3AHHOIO C aHAJIM30M JaH-
HbIX. [losIBUIIMCH HOBBIE MOAXO/bI, OPUEHTUPOBAHHBIE HA Pa0OTy € OONBIIUMHU
MacCHBaMH Pa3HOPOJHBIX TAHHBIX U W3BJICUYCHHUE 3HAHUM.

YMenue paboTaTh C pa3HbIMM MaTEMaTHYECKMMHU METOJAMH U MOJEIISMH,
U3BJICKATh HYXXKHYI MH(GOpMAIIUIO SBISETCS OJHOM M3 Haubosee MepCreKTHB-
HBIX ¥ BOCTPEOOBAaHHBIX KOMIIETEHUMHN OJIMKalIlIero BpeMeHH.

Ilenbto co3naHusl JAaHHOTO MOCOOUs SIBISIETCS O3HAKOMJIEHUE CTYJIEHTOB U
JOPYTUX 3aMHTEPECOBAHHBIX JIMI] C METOJAMU MOJEIUPOBAHUS, POTPAMMHBIMHU
CUCTEMaMHU, MO3BOJISIOIIMMHY PEIIATh 3aJa4H CBSI3aHHBIE C AHAJIM30M CUTYALIH,

MPOTHO3UPOBAHUEM, IPUHIATHEM PELICHUM.



IJTABA 1 AHAJIMTUYECKHUE NCCIIEAJOBAHUA
N MOAEJIMPOBAHUE

1.1 OcHOBHBIE MOJI0KEHUS TEOPUH MOJAeTUPOBAHUS

MonennpoBaHue 3TO YHUBEpPCAJIbHBIA METOJ IMOJIyYE€HHUS, ONHUCAHUS U HC-
10JIb30BaHusl 3HaHUM. OHO HcHoNb3yeTcs B JIH0O0H NMpodecCHOHANbHOM Jes-
TenbHOCTH. VccnenoBanue mo6oro siBneHUs, 00bEKTa WK MpoIecca CBOAUTCS,
KaK MpaBUJIo, K CO3JaHMIO ee Mojelu. Mojenb B 00IIeM CMBICIE €CTh CO3/1a-
BaeMbIi C LEJIbIO MONYyYeHUs U (WIKM) XpaHeHUs: HHGopMaluu cruequpruyecKuii
00BEKT (B (hopMe MBICIEHHOTO 00pa3a, ONMMCaHUs 3HAKOBBIMU CPEJCTBAMH JINOO
MaTepUaIbHOW CUCTEMBI), OTpaXKaroIIUW CBOMCTBA, XapaKTEPUCTUKU U CBA3U
00BEKTa — OpUTHHANIA TPOU3BOJBHON MPUPOJIBI, CYIIECTBEHHBIC IS 3a/1a4H,
peraemoii cyobexTom [1].

MonenupoBanue Oa3upyeTcsi Ha MaTeMaTHYEeCKOM TEOpUHU MOA00Us, CO-
IJIACHO KOTOpPO# abCOJIOTHOE MOJ00ME MOXKET MMETh MECTO JIMILb MPU 3aMEHE
OJTHOTO O0BEKTa APYTMM, TOUHO TakuM >xe. [Ipu MonenmpoBaHuu OOJIBIIMHCTBA
cUCTeM (3a UCKJITFOUEHHEM, BO3MOXKHO, MOJICTTHPOBAHHS OJTHUX MAaTEeMaTUIECKUX
CTPYKTYp IIPyTMMHU) aOCOIIOTHOE TI01001e HEBO3MOXKHO [2].

B GonbimmHCTBE cilydyaeB B KauecTBe 00BbEKTa-OpUTHHANIA pacCMaTPUBAETCS
HeKkoTopass cucrtema. Ilog cuctemMoil MOHMMAETCS COBOKYMHOCTh OOBEKTOB,
KOMIIOHEHTOB WJIM 3JIEMEHTOB MPOU3BOJILHOM MPUPOJIBI, 00pa3yromias HEKOTO-
PYIO LETOCTHOCTh B TOM WJIM WHOM KOHTeKcTe. OmpenensromuM MPUHIIUIIOM
PaccMOTpEeHHsI HEKOTOPO COBOKYITHOCTH OOBEKTOB KaK CHUCTEMBI SIBJISETCS TI0-
SIBJICHUE Y HEE HOBBIX CBOMCTB, KOTOPbIE HE UMEIOT COCTABJIAIOIINE €€ AJIEMEH-
THBI.

Mopaens Bcerga CTpoUuTcs ¢ ONPEAEIeHHON 1enbto. Llens MonenupoBa-

HHUS MOJKET OBITH SIBHO MJIM HESIBHO BBIpA’KCHA, OAHAKO OHa BCCTa CYIIC-

CTBYET.



[{enssMu MOACTUPOBAHUS MOTYT SIBIISITHCS:

— OCMBICJICHHE JIEHCTBUTEIHLHOCTH (ITO3HAHUE U pa3pabOTKa TEOPUU UCCIIe-
JYEMBIX CUCTEM);

— MOCTaHOBKA HAaJl MOJIEIBbIO DKCIIEPUMEHTOB C MOCJICTYIOICH HHTEpIpeTa-
e UX PE3yIbTATOB MPUMEHHUTEIHLHO K MOJEITUPYEMOU CUCTEME;

— IPOTHO3UPOBAHHUE OYIYIIEro MOBEACHUS CUCTEMBI (BBIXOJIHBIX JaHHBIX,
CUTYyalluid, COCTOSTHUI CUCTEMBI);

— IPOEKTUPOBAHUE CUCTEM;

— yIIpaBJCHUE CUCTEMaMU;

— OoO0mIeHWEe ¢ IPYTUMU JIMIIAaMH, OOIICCTBEHHBIMH TPYIIaMU, YCTPOUCTBA-
MU 00paboTKH MHGOPMAIIHH;

— o0ydYeHHE U TPEHAX CIICIIHAIINCTOB.

B pamkax xakmoit Hay4HOM JUCIHUILIMHBI pa3padaThIBacTCs COBOKYITHOCTh
MIPUEMOB U TIPaBWJI, CJIEJOBAHHE KOTOPBHIM IO3BOJISECT CO3/1aBaTh OTBEYAIOIIIEE
WCXOJHBIM THUIIOTE3aM OMHMCAHUE W TOJyYaTh MPEIBAPUTEIBHYIO OIEHKY MpPH-
TOJIHOCTH MOJICNIM JJIs MPOBEACHUS HcclienoBaHuil. OKOHYATENbHBIN aHalu3
JTAHHOM OIIEHKH OCYIIECTBIISICTCS Ha dTare MPOBEPKH MOJEIH, Ha KOTOPOM yC-
TaHABJIMBACTCS MPABOMEPHOCTh MCXOJIHBIX IMOCHUIOK B COOTBETCTBHUH C IIEJIBIO
HCCIICIOBAHUS PEaTbHOTO SIBJICHUS M ONPESIACTCS CTEIICHb COOTBETCTBUS €My
MTOJTYYE€HHOU MOJIEIIN.

MO>HO BBIJICIUTh HECKOJIBKO OOIIUX KPUTSPHUEB ISl OICHKH KayecTBa MO-
nenu. Hambonee BaXHBIM SBISIETCS A0eK8AMHOCMb Mooelu — CIOCOOHOCTH
O0TOOpaKaTh 3a/IaHHBIC CBOMCTBA 00BEKTA C IMOTPEITHOCTHIO HE BBIIIC 33/ TaHHOM.

HeanexkBaTHOCTh MOJIEM MOKET OBITH CBSI3aHA CO CIEAYIOUUMU MPUIHHA-
MH.

1. Mozaenb MOXET HENMpPaBWJIBHO OTpaXkaTh JEHCTBUTEIHHYIO 3aBUCUMOCTD,

KOTOpasi CyIIECTBYET MEK/y pe3yJIbTaTOM OMNEPAIIMU U IEPEMEHHBIMH.



2. B Monienu MOTYT HE YYUTHIBAThCS MIEpEMEHHbBIE, KOTOPBIE B ICHCTBUTEb-
HOCTHU BIIUSIOT Ha pE3yJbTar.

3. 3HaueHus MEePEeMEHHBIX, BXOASAIIMX B MOJIEIb, MOTYT OBITh OII€HEHBI He-
MPABUIIBHO.

CymiecTByeT JBa OJAX0/1a K OIIEHKU aJeKBaTHOCTU Mojeneil. [lepBbiii cro-
co0 OCHOBaH Ha MpOIEAYype CpaBHEHHE 3HAUCHUI M3ydaeMbIX MapaMeTpoB pe-
aIbHOTO O0BEeKTa M Mojenu. Mojenb cuuTaeTrcs aaeKBAaTHOM, €CIH OTpaXKaeT
UCCIIETyEMbIE CBOMCTBA C MPUEMIIEMON TOYHOCTBIO, 1€ 0] TOYHOCTBIO MOJIE-
JI¥ TIOHUMAETCSl KOJIMUECTBEHHBIN MOKa3aTelNb, XapaKTePU3YIOIINA CTETIeHb pas3-
JMYXS MOJICTH M U3Y4aeMOoro SBICHUS.

Bropoii cnoco® nmpuMeHsIOT B cilydae OTCYTCTBHUSI BO3MOKHOCTH CPaBHUTH
MOJIeJIb U OOBEKT (HampuMep, OOBEKT HAXOJIUTCA B CTAJIMU MPOECKTUPOBAHUS,
A100 PKCHEPUMEHTHI ¢ 0OBEKTOM HEBO3MOKHBI). B 1aHHOM citydae ocyiecTs-
JsieTCsl IpoBepKa COOMIOAEHUS (PU3NYECKUX 3aKOHOB, Pa3MEPHOCTH U 3HAKOB,
NpeeIbHBIX COOTBETCTBUH, MMPOBEPKA TCHCHIIMN N3MEHEHUS BBIXOIHBIX Tepe-
MEHHBIX B 3aBUCUMOCTU OT BHYTPEHHUX U BHEIIHUX NEPEMEHHBIX U T.II.

Eme onuu xputepuii CBs3aH ¢ MOJE3HOCTHIO MOJeNU. [t TOro 4TOOBI ero
OLIEHUTh OOBIYHO PACCUMTHIBAIOT COOTHOIIEHHUE CPEICTB, 3aTpayMBacMbIX Ha
MOCTPOEHUE MOJENIM U BBIFOJl OT €€ UCMOJIb30BaHUs. DTOT KPUTEPUN HA3BIBAIOT
aghpexmusrnocmovio MOJEIH.

Yemouuueocms mooenu — 3TO ee CIOCOOHOCTh COXPaHSATh aJeKBATHOCTD
NP UCCIICIOBAaHUH CUCTEMBI HA BCEM BO3MOXKHOM JIHanazoHe pabodeil Harpys-
KH, a TAKKE MTPU BHECEHUN N3MEHEHUH B KOHPUTYPALIUIO CHUCTEMBI.

B oOmiem cnydae MOXXHO yTBEPKIaTh, YTO YeM OJIMKE CTPYKTypa MOJICIH
CTPYKTYpPE CHUCTEMBI U Y€M BBIIIE CTETEHb JETATM3AINH, TeM YCTOWYUBEE MO-
Telb.

O4eBHIHO, YTO YCTOMYHMBOCTDH SIBISICTCS MOJOXKHUTEIBHBIM CBOMCTBOM MO-

nenu. OIHAKO €CIM U3MEHEHHUE BXOJIHBIX BO3JIEHCTBUN WM MMapaMeTpoOM MOje-



7M1 (B HEKOTOPOM 3a/JIaHHOM JIMAIla30HE) HE OTPAKAETCsSl Ha 3HAYEHUSX BBIXOJI-
HBIX NIEPEMEHHBIX, TO MOJIb3a OT TAKON MOJEIHN HEBENUKA. B CBsA3M ¢ 3THM BO3-
HUKAeT 3a7la4ya OLEHMWBAHMS YYBCTBUTEJIBHOCTH MOJENIHM K U3MEHEHHSIM Mapa-
METPOB pabouell Harpy3Ku U BHYTPEHHHUX apAMETPOB CaMOI CUCTEMBI.

Yyecmeumenvrocmes mooenu — CIOCOOHOCTh MOJIEIN pearupoBaTh OIpese-
JAEHHBIM 00pa3oM Ha OMpenesiEHHOE Majoe BO3ACHCTBUE, a TAKKE KOJIUYECT-
BEHHAasl XapaKTEePUCTHUKA 3TOM CITIOCOOHOCTH.

OOBIYHO TaKyIO OLEHKY MPOBOJAT IO KaXJAOMy mapaMeTpy oTnaeiabHo. Oc-
HOBaHA OHA Ha TOM, YTO JIMANa30H BO3MOXXHBIX M3MEHEHUH MapameTpa U3Bec-
TeH. /laHHbIe, MOJy4eHHbIE MPU OLIEHKE YYBCTBUTEIBHOCTH MOJEIH, MOTYT
OBITh MCNOJIb30BaHbl, B YACTHOCTH, MPHU IJIAHUPOBAHUU HKCHEPUMEHTOB: OO0JIb-
1iee BHUMAHHE JIOJDKHO YAENATHCS TEM MapameTpam, M0 KOTOPBIM MOJIENb SB-
asieTcst 0oJiee UyBCTBUTEIbHOM.

B o01miem citydae mporiecc MOJCTUPOBaHKS BKIIFOYACT PSIJT ATANOB (PUCYHOK

1.1).

1 sTan — [NocTaHOBKa 3a4a4mn

OnpeaeneHue uenei AHanus obbeKTa OnucaHue

N\

2 stan — [locTpoeHne mogenu
MocTtpoeHwne MNocTpoeHne MocTpoeHne KoMNbIOTEPHOM
KOHLLEeNTYa bHOU MOAeNnun MaTeMaTUYECKON Mmogesnmn Mmogesnmn

\Z

3 3tan — KoMnblOTEPHbIN SKCNEPUMEHT

nﬂaHMpOBaHMe KCNepnmeHTa I'IpOBep,eHme KCNepnmeHTa

NI

4 3Tan — AHanu3 pesynbLTaToB MOAEIMPOBAHMUA

AHanus mogenu AHaNM3 NPUMEHMMOCTH

Puc. 1.1. Dranbsl MogenrpoBaHus



1.2 Knaccuduxanusa MmateMaTH4ecKHUX MoJes1ei

B kadecTBe 0HOTO M3 MEPBBIX MPU3HAKOB KJIACCU(PUKAIIUNA BUOB MOJCITH-
pPOBaHUsI MOKHO BBIOPATh CTENEHb MOJTHOTHI MOJieu. Ha 0CHOBE ATOro MOKHO
BBIJICTTUTH CIICAYIONIUE TPYIITBI MojeleH [2]:

— TOJIHBIE;

— HETOJIHBIE;

— MPUOIMKECHHBIE.

B ocHoBe nonnoco mooenuposanus A€KUT MOTHOE T0100Me, KOTOPOE TIPO-
ABJISIETCA KaK BO BPEMEHH, TaK U B IpocTpaHcTBe. s Henoanozo mooenuposa-
HUsl XapaKTEPHO HEIMOJIHOE MOoJ00ue Mo u3ydyaeMoMy oOBhekTy. B ocHoBe
NPUOTIUNCEHHO20 MOOETUPOBAHUS JIEKUT TPUOIMKEHHOE 1T0J]001e, TPU KOTOPOM
HEKOTOpPBIE CTOPOHBI (DYHKIITMOHUPOBAHUS PEATBHOTO O0BEKTa HE MOACIUPYIOT-
Cs1 COBCEM.

B 3aBrCMMOCTH OT XapakTepa U3y4aeMbIX MPOLIECCOB B CUCTEME BCE BHUJIBI
MOJICTTUPOBAHUSI MOTYT OBITh Pa3/ieJICHBbI:

— JIETEpPMUHUPOBAHHBIE;

— CTOXaCTHYECKUE;

— CTaTUYECKHUE U TUHAMUYECKUE;

— JUCKPETHBIE;

— HEMpPEPHIBHBIE;

— JIMCKPETHO-HENPEPHIBHEBIE.

Jlemepmunuposannoe mooenuposarue OTOOpaKaeT IETEPMHUHHUPOBAHHBIE
MIPOIIECCHI, T.€. MPOIECCHI, B KOTOPBIX MPEANOJaraeTcs OTCyTCTBUE BCAKUX CITY-
YalHBIX BO3JICVICTBUM.

Cmoxacmuueckoe Mooeauposanue OTOOPaKaeT BEPOSTHOCTHBIE MPOIIECCHI
u coObITHsA. B TOM ciydae aHanmu3upyercs psll peanu3aliuil CIydyailHOTO Mpo-
11ecca, U OIEHUBAIOTCS CPEIHUE XaPAKTEPUCTUKH, T. €. HA00p OJHOPOJHBIX pea-

JIA3aIMN.
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Cmamuueckoe mMooenuposarue CITy>)KUT JJIsi OMMUCAHUS TTOBEIEHUS 00BEKTa
B KakoW-1r00 MOMEHT BPEMEHH, a TUHAMHYECKOE MOJCIMPOBAHUE OTPaKaeT
MOBEJICHHE 00BEKTa BO BPEMEHH.

Jluckpemnoe mooenuposanue CIyKUT JJIsl OMUCAHUS TPOLIECCOB, KOTOPHIE
MPEIO0JIaraloTcss JUCKPETHBIMHU, COOTBETCTBEHHO HEMPEPHIBHOE MOIEIUPOBa-
HUE TI03BOJISIET OTPA3UTh HEMPEPBIBHBIE MPOIECCHl B CUCTEMaX, a JUCKPETHO-
HEIPEPHIBHOE MOJICIMPOBAHUE MCIIOJIB3YETCS JJIs CIydaeB, KOTJa XOTAT BBIE-
JUTh HAJIMUKE KaK TUCKPETHBIX, TaK U HEMPEPHIBHBIX MPOIECCOB.

[Ton mamemamuueckum mooenuposanuem O0yJaeM MOHUMATh MPOLECC YCTa-
HOBJICHHUSI COOTBETCTBHS JAHHOMY PEaIbHOMY OOBEKTY HEKOTOPOTO MaTeMaTH-
YeCKOTro 00BEKTa, HAa3hIBAEMOI'0 MamemMamuideckol Mooeabto, U UCCIEeI0BaHNE
ATOM MOJIEITH, TIO3BOJISIONIEE MOTyYaTh XapaKTEPUCTHKH PACCMATPUBAEMOTO Pe-
anpbHOTO 00BeKTa. Bua mMaTeMaTndeckoit MO 3aBUCUT KaK OT IIPUPOJIBI pe-
aTbHOTO 00BEKTA, TaK U 3a7a4 HMCCIICIOBaHUS 00BbEKTa U TpeOyeMol JOCTOBEP-
HOCTH ¥ TOYHOCTH PEIICHHsI 3TOH 3aAauu. Jlrobas MaremaTrdeckas MOACIb, KakK
W BCsKas JIpyrasi, ONMUCHIBACT PEATbHBIM OOBEKT JIUIIb C HEKOTOPOH CTEICHBIO
NPUOIMKEHUS K ICUCTBUTENBHOCTH. MaTeMaTH4ecKoe MOICIIMPOBAHUE JIJISl KC-
CJICIOBaHUS XapaKTEPUCTHK Mpolecca (YHKIIMOHUPOBAHUS CUCTEM MOXKHO pa3-
JIEJIUTD HAa:

— aHAJUTHYECKOE;

— MMUTAIMOHHOE,

— KOMOMHHPOBAHHOE.

s ananumuveckoeo mooenupoganusi XapaKTEepPHO TO, UYTO MPOIECCHI
(GYHKIIMOHUPOBAHUST JIEMEHTOB CHCTEMBI 3alHMCHIBAIOTCS B BUJIE HEKOTOPBIX
(GYHKIIMOHATBHBIX COOTHOIICHWH WJIM JIOTMYECKHUX YCIOBUN. AHaIUTHYCCKas
MOJIENTb MOXKET OBbITh UCCIIEIOBAaHA CICAYIOIMMHA METOAaMHU:

a) aHAJIUTHUYECKUM, KOT/Ia CTPEMSTCS MOJYYUTh B OOIIEM BHJIC SIBHBIC 3a-

BHUCHUMOCTH [JId HCKOMBIX XapPaKTCPHUCTUK;
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0) YMCIEHHBIM, KOTJla, HE yMes pelllaTh YpaBHEHMUH B OOIIEM BUIE, CTpe-
MSATCS MMOJTYYUTh YHCIIOBBIE PE3YyJIbTaThl IPU KOHKPETHBIX HAYaIbHBIX JAHHBIX;

B) KaueCTBEHHBIM, KOI/Ia, HE UMes pEIICHUs] B SIBHOM BHJIE€, MOKHO HAaWTH
HEKOTOPBIE CBOMCTBA PEILICHHUS.

[Ipyu umumayuonnom mooeruposanuu PEATU3YIOMUA MOJEIb aJIrOPUTM
BOCITPOU3BOAUT Tpoliecc (GYyHKIMOHUPOBAHUS CUCTEMBbI BO BPEMEHH, MPUYEM
UMUTUPYIOTCS 3JIEMEHTAPHBIE SIBJIEHUSA, COCTABIISIIOLINE MPOLIECC, C COXPAHECHU-
€M UX JIOTHYECKOW CTPYKTYPBI ¥ NIOCIEI0BATENBHOCTH IIPOTEKAHUS BO BPEMEHH,
YTO MO3BOJISIET O MCXOJHBIM JAHHBIM MOIYYUTh CBEJIEHUS O COCTOSHUSX MPO-
ecca B OIPEAENICHHbIE MOMEHTBI BPEMEHHM, JArOUIMe BO3MOXKHOCTH OLIEHUTh
XapaKTEPUCTUKU CUCTEMBI.

OCHOBHBIM MPEUMYIIECTBOM MMUTALMOHHOTO MOJEIUPOBAHUS MO CpaBHE-
HUIO C aHAJUTHUYECKUM SIBJISIETCSI BO3MOXHOCTh PEUICHHs 00Jiee CIIOKHBIX 3a-
nad. MIMutanmoHHbIe MOJENH TO3BOJISIFOT JOCTATOYHO MPOCTO YYUTHIBATh TAKHUE
(baKTOphl, KaK HAIMYUE JUCKPETHBIX U HEMPEPBIBHBIX 3JIEMEHTOB, HEIMHEIHbIC
XapaKTEPUCTUKHU 3JIEMEHTOB CUCTEMBI, MHOTOYUCIICHHBIE CIIy4aiiHbIE BO3JEHCT-
BUS U Jp., KOTOPBIE YaCTO CO3JAI0T TPYAHOCTU NPHU aHATUTHUYECKUX MCCIIEI0Ba-
HusX. B Hacrosiee BpeMsi HMHUTAlMOHHOE MOJEIMpPOBaHHE — Haumbosee 3¢-
(eKTHUBHBII METOJ UCClIeJOBaHUsI OOJIBIIUX CHCTEM, a 4acTO M €IMHCTBEHHBIH
MPaKTUYECKU JOCTYIHBIN METOJ MOJy4YeHUs] HHPOpPMALMU O NMOBEJECHUU CUCTE-
MBI, 0COOCHHO Ha 3Tare ee MPOSKTUPOBAHMUSL.

KomOunupoBanHoe (aHaATUTUKO-UMHUTAIMOHHOE) MOJICTIMPOBAHUE MPU aHa-
JIN3€ U CUHTE3€ CUCTEM MO3BOJISIET O0BEAMHUTH TOCTOMHCTBA AHATUTHYECKOTO U
UMUTAIMOHHOTO MojenupoBaHus. [lpu mocTpoeHnM KOMOMHUPOBAHHBIX MOJIE-
Jell TPOBOJUTCS MpEABApUTENbHAS AEKOMIO3ULUA Mporecca PyHKIIMOHUPOBA-
HUSl 00BEKTa Ha COCTABJISAIOUINE MOANPOLECCHI, U ISl TeX U3 HUX, IJI€ 3TO BO3-
MOXHO, MCHOJIb3YIOTCSI ~AHAIWTUYECKHE MOJAEIH, a s  OCTAJIbHBIX

noAnponeCCoB CTPOATCA HMHUTAIMOHHBIC MOJCIIH. Takomn KOM6I/IHPIpOBaHHBII>'I
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noaxoa Mmo3BOJICT OXBATUTh KAYCCTBCHHO HOBBLIC KJIACChbl CUCTCM, KOTOPLIC HEC

MOT'yT OBITH HCCJICAOBAHbI C UCIIOJIB30BAHHUECM TOJIBKO aHAJIUTHYCCKOI'O 1 MMH-

TAOUOHHOT'O MOJACIINPOBAHUA B OTACIIBHOCTH.

o a0k~ w0 DB

7.

Bonpocs! k i1ase 1
CKobKO MOJIesIeit MOKET OBITh Y OJTHOTO OOBEKTa?
Kax M0OXHO OLIEHHTH Ka4eCTBO MOJIEIH ?
Kakumu MOTYT OBITH 1111 MOACTHUPOBAHUS ?
Yrto Takoe KOHIIENTyaIbHAsI MOJICTh?
Yto Takoe MaTreMaTu4decKkast Moaeab?
Urto o3HavaeT cioBo popmanm3anus?

Ha3oBuTte npusHaku, 10 KOTOPbIM MOTYT OBITh KJIaCCU(PHUIIMPOBAHBI Ma-

TCMATHYCCKHUC MOACIIN.

8.
9.

YTo UIMEHHO 3aBUCHUT OT BPCMCHHU B TUHAMHNYCCKHUX MOI[GJ'ISIX?

[Ipn KakuX yCIOBHUSAX MOXKHO MEPEUTH OT CTOXACTUYECKON MOJIEIIHN K Jie-

TEPMUHUPOBAHHO1?

10. B gem 3akir0uarOTCs OCHOBHBIE TIPEUMYIIECTBA MOACITUPOBAHMS?
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IJTABA 2 METOAbI AHAJIN3A IMHAMUKU ITOBEJAEHUSA CUCTEM

Kak mpaBwiio, nns u3ydyeHUs] TMHAMUKH TOBEICHUS CUCTEM HCIOIb3YIOT
pPa3IMYHbIE UMUTAILMOHHBIE MOAENU. MIMUTAaIMOHHOE MOJIEIIMPOBAHUE TTPETIIO-
JlaraeT CO3/IaHHE JIOTUKO-MaTEMAaTUYECKON MOJENH CIOKHOU cucTeMBI. Jlornye-
CKasl CTPYKTypa MOJECIUPYEMOUN CUCTEMBI aJIEKBaTHO OTOOpa)xaeTcsi B MOJICIIH, a
porecchl ee¢ (PyHKIIMOHMPOBAHUS, TUHAMUKA B3aMMOJICUCTBUS €€ AJIEMEHTOB
BOCITPOU3BOSITCS (MMUTHUPYIOTCS) Ha Mozenu. [loaToMy mocTpoeHue UMHUTAITHU-
OHHOM MOJENIM BKJIKOYAET CTPYKTYPHBIM aHAJIU3 MOACIUPYEMON CUCTEMBI U pa3-
paboTKy (YHKIIMOHAIBHON MOJENH, OTpaKarollel TUHAMHUKY MOBEICHUS CHC-
TeMmbl. [lpyroii BaxkHOM crnenuduuIeckoi O0COOCHHOCTBIO HMMHUTAIIMOHHOTO
MOJICJIMPOBAaHUS KaK BHJIa MOAECIUPOBAHUS SIBIIICTCSA TO, YTO METOJIOM MCCIIE0-
BAHUs KOMIIBIOTEPHOM MOJIEJIM 3/IECH SIBJISICTCS HAIPABJICHHBIM BBIYMCIIATENb-
HBIM DKCIIEPUMEHT, COJAEPKaHUE KOTOPOIrO OIPENEIISIETCA MPOBEACHHBIMU aHa-
JUTUYECKUMU MCCICOBAHUAMU U COOTBETCTBYIOIIMMH  BBIUMCIUTEIbHBIMU
MPOLEIYPAMH, PEAUIU3YEMBIMU KaK Ha CTAIMM CTPATETHYECKOIr0 IJIAaHUPOBAHUSA
AKCIIEPUMEHTA, TaK U Ha CTaAuu 00paOOTKH, UHTEPIPETAIIMU €r0 PE3yIbTaTOB.

NmuranimoHHoe MOAEIMPOBAHME OCHOBAaHO HA NPUMEHEHUHU JIOTHKO-
MaTEeMaTUYECKON MOJIEIH CJIOKHON CHUCTEMBI CO BCEMHU BBITEKAIOIIUMH OCOOCH-
HOCTSIMU Y OCJIOXXHEHUM [3,4]. Bo-niepBbIX, MTOCTPOEHUE MATEMATUYECKONH MO-
NN B OTJIMYUE OT CTPYKTYPHO-(YHKIIMOHATHLHOTO MOJEIMPOBAHUS TPEeOyeT
00JIbIIOr0 00beMa JIeTAIbHOW MH(OpPMAIIMU O CHUCTEME, BKJIIOUasi BCEBO3MOXK-
HbIE JIOTUYECKUE U KOJUYECTBEHHBIC COOTHOIICHUS. BO-BTOPBIX, BHIOOpP MaTe-
MAaTHUYECKOTO alapara CyLIECTBEHHO CKa3bIBA€TCS HA CaMOM MUMHUTALMOHHOU
MOJIEIM U Ha BBIOOPE MHCTPYMEHTAJIBHBIX CPEACTB. SICHO, UTO BHIOOP M3JIUIIIHE
CJIO)KHOTO MAaTEeMaTHYECKOTO ammapara (Ckakem, cucteM auddepeHInaaIbHbIX
ypaBHEHUH B YACTHBIX MPOW3BOJIHBIX) WU MPHUBJICUYCHUE OONBIIOTO YHCTIA ME-

TOAOB M3 PA3JIMYHBIX pasaciOB MATEMATHKH 3HAYUTCIIBHO YCIIOXKHHUT 3aaady
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MMHTAIIMOHHOTO MOJEJIUPOBAaHMS. B-TpeTbuX, INpH DNOCTPOCHHHU JIOTHKO-
MaTEMaTUYECKOM MOJIENM BCEr/la MPUXOJUTCS peliaTh IpodieMy BbIOOpa MeEXx-
Iy CJIOYKHOCTBIO MOJIEJIU U €€ TOYHOCTBIO, yI00CTBOM HCIOJIb30BAHUS U €€ YHU-
BEPCAIBHOCTBIO, MOCKOJBKY 3T KPUTEPHUH, KAK MPABUIIO, IPOTUBOPEUUBEI.

Hmumayuonnoe mooenuposanue NpeiCTaBIsgET COO0N IKCIIEPUMEHTAIBHBIN
METOJI UCCIIEA0OBaHUs PEAIBHOM CUCTEMBI 110 €€ UMUTAMOHHONW MOJEIIH, KOTO-
pBI coueTaeT 0COOEHHOCTH SKCIIEPUMEHTAIFHOTO MOAX0a U Clielu(uIecKue
YCIJIOBHSI HCTIOJIB30BAHNS BBIYMCIUTEIBHON TEXHUKU.

Hmumayuonnyo MOIEIb MOKHO PAacCMAaTpUBaTh KaK MHOKECTBO MPABUI
(muddepeHranbHBIX ypaBHEHHH, KapT COCTOSHHIA, aBTOMAaTOB, CETEH W T.II.),
KOTOpBIE ONPEIEISIIOT, B KAKOE COCTOSIHUE CUCTEMA MepeiaET B OyayIieM U3 3a-
JAHHOTO TEKYIIETO COCTOSTHUS.

[IpuMeHeHre UMUTALIMOHHOTO MOJEIUPOBAHUS 11€J1eCO00pa3HO MpU HallM-
YU ONPEICIICHHOTO ycloBHs. DTH ycinoBus onpenenset P. [llennon [5]:

1.He cymiecTByeT 3aKOHUEHHOM MaTeMaTH4YE€CKOW MOCTAaHOBKU JAHHOW 3a-
na4u, MO0 ele He pa3paboTaHbl AHATIMTUYECKUE METOJIBI PeIIeHUs CHOPMYITr-
POBAaHHOW MaTreMaTH4ecKor Moaenu. K 3Toi kareropum OTHOCATCS MHOTHE MO-
JIJIA MacCOBOI0 OOCTYKUBaHUs, CBSI3aHHBIE C PACCMOTPEHUEM OuepeieH.

2. AHaIIUTUYECKUE METOAbl HMEIOTCS, HO MaTeMaTHYECKHE MpOLETyphl
CTOJIb CIIOKHBI U TPYJAOEMKH, YTO UMHUTALIMIOHHOE MOJEIMPOBAaHUE JlaeT Ooiiee
IIPOCTOM CIIOCO0 PEIICHUS 3a/1a4H.

3.KpoMe oleHKH ompeneneHHbIX MapaMeTpoB, JKEIATENIbHO OCYUIECTBUTH
Ha MMUTALMOHHOW MOJIeJIN HAOJI0IeHHE 3a X0JI0M Ipoliecca B TEUSHHE OIpee-
JIEHHOT'O IEPHUOJA.

[Ipr UMUTALIMOHHOM MOZEIUPOBAHUU CTPYKTYpa MOJEIUPYEMOM CUCTEMBI
aJIeKBaTHO OTOOpa)kaeTcsi B MOJENH, a Mpolecchl ee (HYHKIMOHUPOBAHUS MPO-
UIPBIBAIOTCS (MMUTHUPYIOTCS) HA MOCTpOEHHON mojaenu. [loatoMy moctpoenue

I/IMI/ITaHI/IOHHOI\/’I MOJCIMU 3aKII04YacTCsad B OIMMCAHHMM CTPYKTYPBI M IIPOLICCCOB
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GYHKIIMOHUPOBAHUS MOJISTUPYEMOTO O0OBEKTA UM CUCTEMBI. B onucanuu umu-
MAayuoHHOU Mooenu evloensiom 0se cocmasasiowue [6]:

— cmamuydeckoe ONUcanue cucmembl, KOTOPOE MO-CYIIECTBY SBISETCS OIH-
caHUEM ee CTPYKTYphI. IIpu pazpaboTke WMHUTAIIMOHHON MOJIEIH HEOOXOIUMO
MIPUMEHSITH CTPYKTYPHBINA aHAJIN3 MOJACIMPYEMBIX TIPOIIECCOB,;

— OUHaAMUYecKoe ONUcaHue cucmemvl, WIN ONHUCAHUE JIUHAMUKH B3aWMO-
NercTBUl ee 3yeMeHToB. [Ipu ero cocraBieHuM (aKTHUECKH TpPeOyeTcs Io-
CTPOCHHUE DYHKYUOHAILHOU MOOeIu MOJCTUPYEMBbIX JTHUHAMHUYECKUX IIpOIiec-
COB.

Nnest meTona, ¢ TOUKM 3pEHHUS €ro MPOrpaMMHOM peain3alii, COCTOUT B
cieayoomeM. UTo, eciu 3JIeMEHTaM CUCTEMBI MOCTABUTh B COOTBETCTBUE HEKO-
TOPBIE MIPOTPAMMHBIE KOMIIOHEHTHI, @ COCTOSTHUS ATUX 3JIEMEHTOB OINUCHIBATH C
MIOMOIIBIO MIEPEMEHHBIX COCTOSHUS. DIIEMEHTBI, MO ONPEACIEHUI0, B3aUMOJECH-
CTBYIOT (MU OOMEHHUBAIOTCA MH(pOpMaIeit), 3HaAYUT, MOXKET OBITh pealn30BaH
aNropuT™ (PYHKIIMOHUPOBAHUS OTACJBHBIX JJIEMEHTOB, T.C., MOJCIUPYIOIIUN
anroput™. Kpome TOro, 3jneMeHThl CyHIECTBYIOT BO BPEMEHH, 3HAUUT HAJ0 3a-
JIaTh aJlTOPUTM U3MEHEHUS IEPEMEHHBIX COCTOSTHUM.

OTnuuuTensHON 0COOCHHOCTHIO METO/a UMHUTAIMOHHOTO MOJICIMPOBAHUS
SIBJIIETCS] BOBMOYKHOCTH OMTMCAHUSI U BOCIIPOU3BEACHUS B3aUMOJACHCTBUS MEXTY
Pa3JIMYHBIMU AJIEMEHTAMH CUCTEeMBbI. Takum 00pa3oM, 4TOOBI COCTABUTH UMHUTA-
IUOHHYIO MOJIENb, HAJIO:

— MPEACTaBUTh PEATbHYIO CUCTEMY (TIPOIIeCcC), KaKk COBOKYIMHOCTh B3aUMO-
JNIEUCTBYIOIIUX DJIEMEHTOB;

— QJITOPUTMUYECKH OMUCATh (DYHKIIMOHUPOBAHUE OT/IETHHBIX AJIEMEHTOB;

— OmucaTh MPOIECC B3aUMOJICUCTBUS PA3IMUHBIX DJIEMEHTOB MEXKIy COOOM
Y C BHEIITHEW CPEION.

KitoueBbIM MOMEHTOM B MMHUTAIIMOHHOM MOJCIIUPOBAHUU SBIISICTCS BBIJE-

JIeHUE U OomHcaHue cocmosimuti cuctembl. CUcTeMa XapaKTepusyeTcs Habopom
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NnepemMeHHbIX COCMOAHUL, KaX1as KOMOMHAUMA KOTOPBIX ONUCBHIBAET KOHKPET-
Hoe cocTostHue. CreoBaTesibHO, MyTEM M3MEHEHHSI 3HAUYCHHUM 3THX MEepEeMEH-
HBIX MO’KHO UIMUTHUPOBATH NIEPEXOJ] CUCTEMBI U3 OJHOTO COCTOSIHUSA B IPYToe€.
Mo>xHO BBLAETUTH Cleayrole 0000eHHbIE 3aauu, pelIaeMble CpPeICTBA-
MU UMUTAMOHHOTO MOJICTUPOBAHMUS:
— MPOTHO3UPOBAHUE PA3BUTHS CUCTEMBI;

— BBISABJICHHE HauoOoJiee 3¢)®GKTHBHBIX MCXaHHU3MOB pCopraHu3anuu CHC-

— aHaJu3 aJJallTUBHBIX CBOMCTB CUCTEMBI;
— OLIEHKa NapaMeTpoOB HAJEKHOCTU (DYHKIIMOHUPOBAHUS CUCTEM;
— aHaJM3 HKCIUTyaTallMOHHBIX apaMeTpoB (PYHKIIMOHUPOBAHUS CUCTEM;

— aHaJIM3 B3aUMOJCHUCTBUN OT/IEIILHBIX KOMIIOHEHT CUCTEMEL.

2.1 ITanbl UMHTANMOHHOTO MOJIEJTUPOBAHUSA

Oman 1. @opmynuposxa npobaemovl u onpedenerue yeiel UMUMAYUOHHOSO
UCCIe008AHUAL.

Ha sTom sTame ompenensieTcs U ACTAIBHO M3y4aeTCs 0OBEKT MOJCITHUPOBa-
HUS, T€ CTOPOHBI €10 (hYHKITMOHUPOBAHUS, KOTOPBIC IIPEACTABIISIOT HHTEPEC IS
HcclieIoBaTeNs. 3aKa3unka. Pe3ynbratoM paboT Ha JaHHOM JTalle SBIISICTCS CO-
JepKaTeNIbHOE OMMMCAHNEe 0OBEKTAa MOJCITUPOBAHUS C YKa3aHHUEM IIeJied MMUTa-
[TMOHHOTO MOJICIMPOBAHUS M TEX aCMEKTOB (PYHKIIMOHUPOBAHMS 00BEKTa MOJIe-
JUPOBAHMS, KOTOPHIE HEOOXOAMMO U3YYUTh Ha WMHUTAIMOHHOW MOJICTIH.
CopeprkaTeabHOE ONMMCAHUE COCTABIISCTCS B TEPMUHOJIOTHH PEATbHON CUCTEMBI,
KaK MPaBHJIO, Ha S3BIKE IIPEAMETHON 00JIaCTH.

OO6mrast mocaea0BaTeIbHOCTD ACHCTBUI Ha 3TOM dTaIle CIICIyIoIas:

— cOOop aHHBIX 00 0OBEKTE MOICITUPOBAHUS;

— COCTaBIICHUE COJIEPKATEIHHOTO OMUCAHUS 00BEKTa MOICTUPOBAHNS;

— H3YUCHHC HpO6JI€MHOI>i CUTyallM1 1 IIOCTAaHOBKA 3a/1a4Hu;
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— BBIOOP METO/a MOJICTTUPOBAHMSI.

[lenmn MonenupoBaHuUsl ONPEAEISIIOT ONMPEACISIOT BCE MOCIEAYIOIINE ITAIIbI
MMUTALMOHHOTO MOJienpoBaHud. [Ipumepom 1eneil ”MUTAIMOHHOTO MOJEIHU-
POBAaHUSI MOTYT CIY>KUTh OLIEHKA, POTHO3UPOBAHKUE, ONTUMU3ALIUS, CPABHEHHE
aJbTEPHATUB U JIP.

Oyenka — onpeiesIeHUue, HACKOJIBKO XOPOIIIO CUCTeMa MpeilaraéMoil CTpyK-
TypbI OYZIET COOTBETCTBOBATH HEKOTOPHIM KOHKPETHBIM KPUTEPHSIM.

Cpasgnenue anomepnamug — CONOCTABIECHUE KOHKYPUPYIOIIUX CUCTEM, pac-
CUMTAHHBIX Ha BBINOJIHEHUE OMPECICHHON (PYHKIIMM, VI K€ Ha COIMOCTaBJIe-
HUE€ HECKOJIBKUX TpeJjiaraéMbIX pabounX MPUHIMIIOB WJIH METOUK.

llpocno3 — OLIEHKA NOBEIECHUSI CUCTEMBI IPU HEKOTOPOM IPEAINOIaracMoM
COUYETaHUU PabOYUX YCIOBHM.

Ananuz wyscmeumenbHocmuy — BbISBICHUE U3 OOJBIIOrO YKCa JIEHCTBYIO-
X (HakTopoB TeX, KOTOphIE B HAMOOJbIIIECH CTENEHU BIUSIOT Ha oOlee MmoBe-
JICHUE CUCTEMBI.

Buiasnenue @ynxyuonanvhvix coomunoutenuii — onpeneneHue mpupoabl 3a-
BUCUMOCTH MEXIYy JBYMSI WJIM HECKOJIbKHUMHU ACHCTBYIOIMMMHU (HaKTOpamu, C
OJIHOM CTOPOHBI, U OTKJIMKOM CHUCTEMBI C IPYTOM.

Onmumusayuss — TOYHOE OIPEIECICHUE TAKOTr0 COYETAHUS ACHCTBYIOIIMX
(akTOpOB M UX BEIUYHUH, MPU KOTOPOM OOECTIEUMBACTCS HAWIYUIIUM OTKIUK
BCEN CUCTEMBI B LIEJIOM.

Oman 2. Pazpabomka KOHYenmyaibHo20 ONUCAHUSL.

Ha »tom »aTame cocraBisieTcss KOHIENTyajdbHAass MOAEIb, T.€. JIOTHMKO-
MaTEeMaTU4YECKOe OMMCAHNE MOJISTUPYEMOI CHUCTEMBI B COOTBETCTBHUH C (POpMYy-
JUpoBKOU TpoOsieMbl. OCHOBHOE COJIepKaHUE ATOTO 3Tana — (OpPMYyJIUPOBKA
oOIIel e MOACHH, TIEPEX0Jl OT PeaJbHONM CHCTEMBI K JIOTHYCCKOM CXeMe ee
GyHKIIMOHUPOBAHUS. 3/1€Ch MPUBOIUTCS OMHCaHUE 00BEKTa B TEPMHUHAX MaTe-

MAaTHUYECKHUX TOHITHUH U aJroputMu3anua (I)YHKI_II/IOHI/IpOBaHI/ISI €€ KOMIIOHCHT.
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KoHnenryanpHOe Oomucanue MpeACTaBIsieT cO00H YMPOIIEHHOE aaropuTMHUYe-
CKO€ 0TOOpa’KeHHE pealbHOW CUCTEMBI.

[Ipu pa3paboTke KOHILENTYalbHOU MOJEIH ONpPEACNSIIOTCS TPAaHULIbI CUCTe-
MBI, TIPUBOUTCS OMMCAHNE BHEITHEH CPEIIbl, BBIACISIIOTCS CYIIECTBECHHBIC dJIe-
MEHTHI U JIae€TCs UX OMUcaHue, popMupyroTcs rnepeMeHHble, mapameTpsl, QyHK-
[IMOHAJIbHBIE 3aBUCUMOCTH KakK JUIsl OTACNIbHBIX 3JIEMEHTOB M MPOIECCOB, TaK U
JUTSI BCEW CHCTEMBI, OrpaHWYeHUs, 1efieBble GpyHkmuu (kputepuu). Ha sTom
aTane PUKCUPYIOTCS BCE NOMYIICHUs (IIPEANOI0KEHUS ), KOTOPhIE HEOOX0UMO
MPUHATE IS TOCTPOSHUS UMHUTAIMOHHONW Mojenu. OOCy)aaeTcss ypoBEeHb Je-
TaJU3alUHA MOJCITHPYEMBIX TIPOIIECCOB.

Oman 3. opmanuzayus uMUmMayUOHHOU MOOEU.

Ha TpeTpeM 3Tare IMUTAITMOHHOTO MCCIICIOBAHUS OCYIIECTBISIETCS (hopma-
Jan3anus 00bEKTa MOICTUPOBAHMUS.

Lens dopmanmzanuu — MOAy4yuTh (POpMaIbHOE MPEACTABICHHUE JIOTHKO-
MaTEeMaTHYECKONH MOJIENH, T.€. aJITOPUTMOB TMOBEACHUS KOMIIOHEHT CHUCTEMBI H
OTpa3UTh HAa YPOBHE MOJCIUPYIOIIETO aIrOPUTMa B3aUMOJECHCTBUS MEXIY CO-
001 3TUX KOMIIOHEHT.

[Tpu popmanuzanmu 3amauu, Mpexae BCEro, HEOOXOAUMO YSICHUTH, YTO Ja-
HO, YTO HAJ0 HAWTH, U KAKOBBI MPAaBWJIA MTPEOOPa30BaHUS UCXOJIHBIX JAHHBIX B
pe3ynbTar. A IS 9TOTO, OTTAKUBASCh OT OOIIET0 OMUCAHUS 33a/1a4d HAJ0 BBI-
JEUTHh MPOTOTUIT MOJICTUPOBAHMS U, ONMUPASCh HA IIEJIM MOJCITUPOBAHUS, Pe-
IITUTH BOTIPOC, pACCMAaTPUBATh €r0 KaK IEJOCTHBI 00BEKT WM KaK CUCTEMY.

Ecnmu mMonmenupyercss cuctemMa, TO TIPOM3BOJMUTCS €€ aHAJIU3: BBISBIISIOTCS
COCTABJISIFOIINE CUCTEMBI U OMPEIEISIOTCS CBs3U Mexay HumH. [Ipu anammse
HEO0OXOMMO TaK)Ke PEIIMTh BOIPOC O CTENECHHU JACTAIN3AI[MN CUCTCMBI.

[Tocne ompenenenus MPOTOTUIIA HEOOXOIUMO OIPEACIUTh, KaKUe XapaKTe-

PUCTHUKH 00bEKTa OyIyT YUUTHIBATHCS MPU MOJICTUPOBAHUH.
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MeTtoauuecku hopManu3aiio MPOBOAAT B BUJIE MOMCKA OTBETOB HA BOIPO-

Chl, YTOUHSIOIIKE 00Illee ONMCAaHUE 3aJaUH:

YTO MOJEIUPYETCH;

— KaKue MapaMmeTpbl MOACTUPYIOTCS;

— KaKue MapaMeTpbl U3BECTHBI, U KAKUE HAJI0 ONPEIECIUTh;

— BO3MOKHBIW JTMAINa30H 3HAUYCHUH;

— OTHOILICHHUS ¥ CBA3U (ISl CUCTEM);

— YCTaHOBUTH TpaBuia (hopMysbl) IpeoOpa3oBaHUs UCXOJHBIX JTaHHBIX B
pe3yJbTar.

Oman 4. [lpoepammuposarue uMumayuoHHOU MOOeIU.

Ha nannom sTame gopmanbHOE ONMUCAHUE MOJIETH CJIOXKHOM CHCTEMBI Ipe-
oOpasyeTrcsi B MOJIE/Ib B COOTBETCTBUH C HEKOTOPOWU METOAMKOMN (IUCIUILIMHOMN )
MPOrpaMMHUPOBaHUs, C IPUMEHEHUEM SI3BIKOB U CHUCTEM MOJAEIHPOBAHUS. Bax-
HBIM MOMEHTOM 3/I€Ch SIBJISIETCSI KOPPEKTHBIN BHIOOP HHCTPYMEHTAIBLHOTO CPE/I-
CTBa JIJIsl peainu3ali UMUTAIIMIOHHOW MOJIEIH.

Oman 5. Coop u ananuz ucxo0OHvIX OAHHBIX.

Ucxonaubie nanHbIe 171 MOJIETU MOTYT OBITh TIOJIy4EHBI TPEMS CIIOCOOaMUu:

1. DxcnepumenTanbHO. Ha mpakTuke, eciu pedb UAET O KPYMHOU CHCTEME
(mpennpusTHE, KPYMHBIN MPOEKT — MHOMXECTBO MCIIOJHUTENECH), BO3MOKHOCTD
MOJTYYEHHUs SKCIIEPUMEHTAJIbHBIX JIAaHHBIX BECbMa OIPaHUYEHA B CBSI3U C TPYAO-
€MKOCTBIO JJAHHOTO MPOILIECCA U CIIOAKHOCTBHIO OI[EHKU JOCTOBEPHOCTH MOJTY4YECH-
HBIX JIaHHBIX.

2. DMmrnupuyeckue AaHHbele. Ha ceromHsmHui JeHb JaHHBIA CIIOCOO CTaHO-
BUTCS HamOoJiee BOCTpeOOBaHHBIM U d(ppekTuBHBIM. CBS3aHO 3TO, MPEXKIIE BCE-
ro, ¢ MacCOBBIM pacHpOCTpaHEHHEM HH(OPMAIIMOHHBIX CEPBHUCOB U TEXHOJIO-
Ui, KOTOpPBIC SIBJSIOTCS MOCTABIIMKAMU OTPOMHBIX MAaCCHUBOB Pa3HOPOIHBIX
JTAHHBIX.

3ILCCB CYHmECCTBYCT ABC aJIbTCPHATUBLI:

20



— HCHOJIB30BAHKE JTAHHBIX HEIIOCPEICTBEHHO;

— HCHOJB30BAHNE TEOPETUKO-BEPOATHOCTHBIX MJIM YACTOTHBIX pacHlpenese-
Huid. O4eBUAHO, YTO 3HAYUTEIBbHAS YAaCTh MapaMETPOB CUCTEMBI — ATO CIIydail-
HbIE BEJIMYUHBI.

3. DkcrnepTHbie olleHKH. Korja HeT AOCTOBEPHBIX IKCIEPUMEHTAIbHBIX U
OMIIUPUYECKUX JTAHHBIX, MPUXOAUTCS IOJaratbCcsi Ha CyObEKTHUBHBIE OIICHKH,
KOTOpbIE MOTYT OBITh MOJYYEHBI B MPOLIECCE aHAIM3a MHEHUN CIEIUAKCTOB,
OCHOBAaHHBIX Ha MPOo(decCUOHATFHOM, HAYYHOM M MPAKTUYECKOM orbiTe. Pa3nu-
YaloT UHAUBUyaIbHBIE U KOJUIEKTUBHBIC SKCIIEPTHBIE OLICHKH.

B cnyyae ywyacTuss B ompoce HECKOJIBKHMX S3KCHEPTOB PACXOXKIEHUSI B UX
OIICHKaX HEU30EXXHbI, OJIHAKO BEIMYMHA 3TOT0 PACXOXKIACHHUS HMEET Ba)KHOE
3HaueHue. [ pyImoBas OlleHKa MOYKET CUUTAThCS JOCTATOUYHO HAJIEKHOM TOJIBKO
IIPU YCIIOBUM XOPOILIEH COTJTACOBAHHOCTH OTBETOB OT/IEJIbHBIX CIELUAIIACTOB.

Jlist ananuza pa3dbpoca M COTJIacOBaHHOCTU OIEHOK MPUMEHSIOTCSl CTaTH-
CTUYECKHUE XAPAKTEPUCTUKHN — MEPBI pa30poca UM CTaTUCTUYECKasi Bapualusl.

Oman 6. Ucnvimanue u uccredosanue mooenu, nposepka mooeiu [6].

Banuoayus mooenu

B oOmiem cnyuae Banumanuys NpenoaraeT MpoBEPKY COOTBETCTBHS MEKITY
IIOBEJICHUEM MMUTALMOHHOW MOJIEJIM U UCCIENYEMOM pealbHOM cUCTeMbl. Ba-
JUAALMS MOJENH €CTh MOJATBEPKACHUE TOTO, YTO MOJENb B Ipe/iesiax paccMat-
puBaeMoOi 00JacTH TPUIOKEHUN BeNET ce0s C YIOBJICTBOPUTEIHHOM TOYHO-
CTBIO B COOTBETCTBUU C IEJISIMU MOJICTUPOBAHMSL.

Bepuduxayus mooenu

OTO MpoBEpPKa HA COOTBETCTBUE MOBEAEHUS MOJIEIHN 3aMbICITy UCCIIEN0BATeE-
Js U MoenupoBaHus. T.e. mpoueaypbl BepupUKaIMU TPOBOIAT, YTOOBI yOe-
JTUTHCSI, YTO MOJIEIb BEAET ce0s Tak, Kak ObLIOo 3aymMaHo. J{Jis 3TOro peaausyroT
dbopmanibHbie U HEGOPMATIbHBIE WCCIEAOBAHUS MMHUTAIIMOHHON Mozenu. Bepu-

(1)I/IK8,I_II/I}I HMHTaHHOHHOﬁ MOACIH MPCANOJIaracTt J0Ka3aTCJIbCTBO BO3MOKHOCTHU
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UCIOJIb30BaHUsl CO3/IaBa€MOM MPOrpaMMHOM MOJIEIM B KadyeCTBE MAIIMHHOTO
aHaJiora KOHLIETITyaJlbHOM MOJIEI Ha OCHOBE OOECTeueHUs] MaKCHUMAalbHOTO
cxoJcTBa ¢ mocuenneil. Lenb mporenypsl BepuuKauy — ONpeaeTuTh YPOBEHbD,
Ha KOTOPOM 3TO CXOJICTBO MOKET OBITh YCIIEUTHO JOCTUTHYTO. Banunanus u Be-
pUHUKaKs UMHUTAMOHHOW MOJENTH CBSA3aHbI C OOOCHOBAaHHEM BHYTpPEHHEH
CTPYKTYpPbI MOJIENIH, B XOJ€ 3TUX MPOLEAYpP MPOBOAATCS WUCHBITAHHS BHYTPEH-
HEH CTPYKTYpBHl M MPUHATHIX THIIOTE3, UCCIEAYETCS BHYTPEHHSSI COCTOSITEINb-
HOCTb MOJIETIH.

Ha stane Bepudukanmm ycTaHaBIMBAETCS BEPHOCTH JIOTUYECKON CTPYKTYPBI
MOJIEJIH, peal3yeTCs] KOMIUIEKCHAs OTIaJKa C UCIMOJIb30BAHUEM CPEJICTB Tpac-
CUPOBKH, pyYHON MMHUTAIMH, B XO€ KOTOPOW MPOBEPSIETCS MPABUIIBHOCTh pea-
JU3aIUU MOJICIHUPYIOIero anroputMa. KomriekcHble mporenypbl Bepudpuka-
UM BKJIIOYAIOT HehopManbHbIe U opManbHble uccienoBanus. Hepopmanbhbie
IPOLEAYPBI MOTYT COCTOSITh U3 CEPUU ITPOBEPOK CIEAYIOLIETrO THIIA:

— MpoBepKa Mpeodpa3oBanus WH(HOPMAILIUU OT BX0/1a K BBEIXOY;

— TpaccUpOBKa MOJIEIHN Ha PeaibHOM MOTOKE JaHHBIX;

— 00s13aTenbHOE MacITaOMPOBAHME BPEMEHHBIX MMAPAMETPOB B 3aBUCUMO-
CTH OT BBIOPAHHOTO 1l1ara MOJIECITUPOBAHUS;

— TECTUPOBAHUE MOJENH Il KPUTHUUYECKUX 3HAYEHUH M MPHU HACTYIUIEHUU
PEIKUX COOBITHIA.

dopmalibHbIE MPOLEAYPHI CBSI3aHBI ¢ MPOBEPKOM HCXOIHBIX MPEIOJIONKE-
HUIl BBIABUHYTHIX HAa OCHOBE OIbITa, TEOPETHUUYECKUX 3HAHWUN, MHTYHUTHBHBIX
IpEICTaBICHUI, HA OCHOBE UMEIOIIEHCss HHPOpMAIUH.

Banuoayus oannvix

Banupanus maHHBIX HampaBieHa Ha JOKAa3aTEIbCTBO TOTO, YTO BCE MCIOIb-
3yeMble B MOJIEIM JaHHbIe, B TOM YHUCJI€ BXOJAHbIE, 00JaJal0T YIOBIETBOPHU-
TETbHONM TOYHOCTHIO M HE MPOTHUBOpPEYAT HCCIEAYEMOM CHCTEME, a 3HAYCHUS

napamMeTpoB TOYHO OMNpPENeNIeHbl U KOPPEKTHO HCMONb3ytoTcA. C 3TON LEebio
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MPOBOJAST UCCIEIOBAHHE CBOMCTB MMUTALIMOHHOW MOJIENIU: OLICHUBAETCS TOY-
HOCTb, YCTOMYUBOCTh, YYBCTBUTEIBHOCTh PE3YyJIbTATOB MOJCIUPOBAHUSI.

Tounocms UMHUTAIIMOHHON MOJIENIM MOKA3bIBAET OTHOCUTEIBHYIO BEITUUMHY
pa3dpoca JaHHBIX Ha BeIXOJe Mozenu. [y ompenenaeHus TOUHOCTH Pe3yJbTa-
TOB UMUTAIIMU OLICHUBAEM JIOBEPUTEIbHbIE HHTEPBAJbl. ECIIM Mbl UMEEM OIICH-
Ky UCTUHHOTO CPEIHETO [I COBOKYITHOCTH, MbI OIpPEACIISIeM BEPXHIOI U HUXK-
HIOIO TPaHUIIBl MHTEpBaja, TaK, 4TOObl BEPOATHOCTh MOMAJaHUs HCTUHHOIO
CPEIHETO B MHTEPBAJI, 3aKJIFOYEHHBIA MEXAY STUMU IPaHULIAMH, PABHSIIACH HeE-
KOTOPOM 3aJIaHHOW BeJTUYHHE (& — TIOBEPUTEIbHAS BEPOSTHOCTD ).

ITon ycmouuusocmoro pe3ynbTaTOB UMUTAIMU OyJeM MOHUMATh CTEIEHb
HEUYBCTBUTEIBHOCTU €€ K M3MEHEHUIO YCIOBHI MOJEIUPOBAHUA. Y CTONYM-
BOCTb PE3YJIbTATOB MOJICIUPOBAHUS XapaKTEPU3YETCs CXOAUMOCTHIO KOHTPOJIU-
pyeMoro napaMmeTrpa MOAECIUPOBAHUS K ONPEACICHHON BEIMYMHE MPH yBEINYE-
HAW BPEMEHU MOJAENHpOBaHUA. Ha mpakTuke, peKOMEHAYETCS YCTOMYMBOCTH
pe3yJabTaTOB MOJACIMPOBAHUSI OLICHUBATh JUCIEpPCUEN 3HAuYeHUM OTKIuKa (10
BBIOpaHHOW KOMIIOHEeHTe). Eciu aTa aucnepcus npu yBeIMYE€HUU BPEMEHU MO-
JETUPOBAHUS HE YBEIMYMBACTCS, 3HAUUT, PE3YJIbTAThl MOJICIUPOBAHUS YCTOM-
YUBBI.

Ananuz uyscmeumenpbHoCmu MOJICIINA ONPENIETISIET OIICHKY BJIMSHUS Kojeba-
HUW 3HAYEHUIN BXOJHBIX MEPEMEHHBIX HAa OTKJIMKU (BBIXOJHBIC MEPEMEHHBIC)
MOJIEH.

AHaJIN3 4yBCTBUTEIBHOCTH OOBIYHO 3aKJIIOYAETCS B TOM, YTO BEJIUYUHBI Ta-
pPaMETPOB CUCTEMATUYECKH BAPbUPYIOTCA B HEKOTOPBIX MPEICTABISIOMINX WH-
Tepec mpenenax v Ipu 3TOM HaOIIOaeTCsl BIUSHUAC dTUX BapUaIluii HA XapaKTe-
pUCTUKY MoJieiu. Eciu mpu He3HAYUTENBHBIX U3MEHEHUSIX BEJIMYUH HEKOTOPBIX
MapaMeTpOB pe3yJIbTaTbl MEHAIOTCA OYEHb CUJIIBHO, 3TO MOKET CIYKHTh OCHO-
BaHHEM JIJIS 3aTPaThl OOJIBIIIETO KOJIMYECTBA BPEMEHHU U CPEJICTB C IEIIBIO0 TIOJTy-

yeHHs 00Jiee TOYHBIX OLICHOK.
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Oman 1. [Inanuposanue u nposedenue UMUMayuoHHO20 IKCnEPUMEHma.

NmuTanimoHHBINA 3KCIIEPUMEHT, COAEPHKAHUE KOTOPOTO ONMPEAECTAETCS MPE-
BAPUTEJIBHO-TIPOBEICHHBIM aHAIMTUYECKUM UCCIEAOBAHUEM, PE3YIBTATHI KOTO-
pOTO, TOCTOBEPHBI U MAaTEMATHUYECKA 0OOCHOBAaHbBI, Ha3bIBACTCS HAMPABICHHBIM
BBIYUCIIUTEIbHBIM SKCIIEPUMEHTOM.

B 3aBHCHMOCTH OT pemraemMoi 3aa4vl UMUTAMOHHBIN 3KCIIEPUMEHT MOKET
BBITOJIHATHCS C LEIBIO:

— OLICHKM 3HAYEHUM BBIXOJHBIX NEPEMEHHBIX MPU 3aJaHHBIX MapameTpax
CHUCTEMBI;

— CpaBHEHHUS aJbTEPHATUBHBIX BAPUAHTOB ()YHKIIMOHUPOBAHUS CUCTEMBI;

— IIOJIyY€HUs 3HAHUW O BIIUSIHUM YIPABIIEMBIX [IAPAMETPOB HA PE3yJIbTAThI
JKCIIEpUMEHTA;

— HAaXO0XJICHMSI ONITUMAJILHBIX MTapaMeTpOB (PYHKIIMOHUPOBAHHUS CUCTEMBI;

— BAPUAHTHOTI'O CUHTE3A.

B taGnuue 2.1 npuBeAeHBI TUIIBI BRIUUCIUTEIBHBIX KCIIEPUMEHTOB B 3aBU-

CHUMOCTH OT ueneﬁ HMHUTAOUOHHOI'O MOACINPOBAHUA].

Tabm. 2.1. Tunbl HanTpaBICHHBIX BEIYUCITUTEIBHBIX IKCIIEPUMEHTOB

Tun HanpaBJIeHHOT O

He.]'II/I BBIMUC/IUTEIBHOIO 3KCIIEPUMEHTA
BBIIYUC/IUTEJIBHOIO SKCIIEPUMEHTA

OneHKa BBIXOAHBIX IEPEMEHHBIX OLeHKa ¥ CpaBHEHHUE CPETHUX

MIPH 33JJaHHBIX [TapaMeTpax CUCTEMBbI Y JUCHIEPCHUI pa3IMUHbIX aJbTEPHATUB
CpaBHeHME aJIbTEPHATUB OLieHKa ¥ CpaBHEHHUE CPETHUX

(unu BEIOOp HA MHOXKECTBE aTbTEPHATHUB) Y JUCHEPCHI pa3IMYHbIX aJIbTEPHATUB
[Tonydyenue 3HaHUIA

0 BJIMSTHUY YNIPABIISIEMBIX TTAPAMETPOB AHanm3 9yBCTBUTEILHOCTH

Ha Pe3yJIbTaThl IKCIIEPUMEHTA

Ornpenenenne Tex 3HaYEHUI [Touck ontumyma

BXO/IHBIX MApAMETPOB U IEPEMEHHBIX, TTPU Ha MHO>KECTBE BO3MOXHBIX

KOTOPBIX HOCTHUTACTCA OINTHUMAaJIbHBINA BEIXO/I 3HAYCHUH MEPECMCHHBIX

. MHorokpurepuanbHas ONTUMHU3ALMS,
BapuanTHbIli cUHTE3

BBIOOD
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2.2 IlpuMep MOCTAHOBKH 33a4¥ MMHUTALMOHHOIO MOJEJIHPOBAHUS

[TogpoOHOE onMcaHue NpuMepa ¢ PeIeHUEM IPUBEIEHO B [7].

Onucanue cumyayuu

Onextpuk IleTpoB mpHCTaBUI K CTEHE JIECTHUILY U, OJHSABIINCH BBEPX, OC-
TAHOBUJICS Ha OJHOM W3 CTYNEHEK. B 3TO BpeMsl KOHIIBI JIECTHHUIBI Hayaiu
CKOJIB3UTB BJIOJIb CTEHBI U MOJIA.

Lenu mooenuposanus

HccenenoBath BHKEHHE CTYNEHBKHM JIECTHHUIBI, HA KOTOPOM CTOUT 3JIEK-
TPHK.

Obvexkm moodenupoganusi — «JIECTHULAY», KOTOPBIA MPEACTABISIET CUCTEMY,
COCTOSIIIYIO U3 CTYIIEHEK

Hmerowuecs oannvie: nnuna L, konudecTBo cryrnieHek N, yrom ¢, o6pa3ye-
MBIM JIECTHULIEW U CTEHOW, CTYIIEHBKM PACIOJIOKEHBI HA OJJMHAKOBOM PacCTOs-
HUW, BEPXHss COBMANACT C KOHIIOM JIECTHHUIIBL. M3BecTeH HOMEp cTymneHbkH K,
Ha KOTOpoW cTouT AnekTpuk [lerpoB HauanbHOE 1mOn0KEHME MOXKHO CUMTATH
BEPTUKAIBHBIM Yrosl (p=0. KOHIIbI JECTHUIBI CKOJB3ST BJIOJb CTEHBI M I0Ja,
yroJi ¢ uzmensercs ot 0 go 90°.

Haoo onpeodenums KpuByl0, 0 KOTOPOUH JBHIKETCS CTYIEHbKa (M BMECTE C
Hel anekTpuk [leTpos).

Texnonocus nocmpoenus kpusou. Kax cmpoumcs kpusas?

Kpusas ctpourca mo toukam. Touka KpUBOM XapakTepu3yercss KOOpAUHA-
TaMH X U ), KOTOPBIE ONIPENEIISIIOTCS B HEKOTOPOU 3aJaHHOM CUCTEME KOOPANHAT
Y CBSI3aHbI C YIVIOM OTKJIOHEHHMs JiecTHULbI. KoopanHaThl onpeaenstorcs yepes
paBHBIC MIPOMEXYTKH U3MeHeHus yriaa ¢ (Ag). h, — mar u3MeHeHus yria J1od-
’eH OBbITh 3a/1aH.

Onucanue 3a0a4u 6 hOpManrbHOU NOCMAHOBKE
BepxHuii koHel A JIECTHULIBI IJIMHOW L IPHUCIIOHEH K BEPTUKAIBHOW CTEHE,

a €€ HWKHUM KOHCEI] B PAcCIIOJIOKEH Ha I‘OpHSOHT&J’IBHOﬁ IMOBCPXHOCTH. Ha nect-
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Hurie N CTyIeHeK, pacrlojiOKEHHBIX Ha onuHakoBoM pacctosauu d. Ilepsas
CTyIICHbKA PacrojioKeHa Ha paccTossHUH 0 OT Touku B, TOCICIHSS — Ha BEPX-
HeM KkoHie A. Tpenue orcyTcTByeT. B HadanbHBIE MOMEHT BPEMEHH JIECTHHUIIA
¥MeJa Yyrojl HakJIOHa K CTeHE paBHBIM ¢y. [lanee oHa HauYMHAET MaaaTh, Tak 4To
BEPXHHUI KOHEI[ CKOJIb3UT IO CTEHE, a HIKHUI — MO TOPU30HTAIBLHOU MOBEPX-
HOCTH. [1OCTPOHUTH TPACKTOPHIO JBFOKEHUS TOYKH (X,Y), COOTBETCTBYIOIICH K-
TON CTymneHbke B koopauHartax (X,Y) , rime X — ropu3oHTajdbHas OCh, HalpaB-
JICHHAsI BJOJb MOBEPXHOCTH 3eMiIH, a Y — BEpTHUKaIbHAS OCh, HAIpaBICHHAS

BOOJIb CTCHBI BBEPX.

2.3 Kinaccudukanus MMUTAIUOHHBIX Mojeseil
[Ipocreiimas knaccu@uKanus Ha OCHOBHBIE BUJIbI UMUTAIIMOHHBIX MOJEEH
CBsI3aHAa C MPUMEHEHHEM JIBYX 3THX CIIOCOOOB IMPOJIBHIKEHHSI MOJEIBHOIO Bpe-

MeHH. Paznuuarot HUMHUTAIUOHHBIC MOACIIN.

HETIPEPHIBHBIE;

AUCKPCTHBIC,

HEIPEPBIBHO-AUCKPETHBIE.

B nenpepuignvix umumayuonnvix mooensx NEpeMEHHbIE W3MEHSIIOTCS He-
MPEPHIBHO, COCTOSIHUE MOJICIUPYEMON CUCTEMbl MEHSIETCS KaK HeNpephIBHAS
GbyHKIMS BpEMEHH, U, KaK MPaBUJIO, 3TO U3MEHEHHE OMUCHIBACTCS CUCTEMaMU
nuddepeHnnanbHbIXx ypaBHeHU. COOTBETCTBEHHO MPOJBUKEHUE MOJEIIBHOTO
BPEMEHH 3aBUCHUT OT YMCIIEHHBIX METOJIOB perieHus: nuddepeHimaibHbIX ypaB-
HECHUM.

B ouckpemmnuvix umumayuonnvix mooensx NepeMEHHbIE U3MEHSIOTCS JTUC-
KPETHO B ONPE/ICIICHHBIE MOMEHTHI UMUTAITMOHHOTO BPEMEHU (HACTYILJICHUS CO-
ObITHi). [[MHaAMUKa TUCKPETHBIX MOJIENICH MpeICTaBIseT coO00M mpolecc nepe-
X0Jla OT MOMEHTA HACTYIUICHUSI OYEPEAHOI0 COOBITUS K MOMEHTY HACTYIUICHHUS

CJIEAYIOIIETO COOBITHS.
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[TockonbKy B peasIbHBIX CHCTEMaX HENPEPBIBHBIE U AUCKPETHBIE MPOLIECCHI
4acTO HEBO3MOXKHO DPa3leNuTh, ObUIH pa3paboTaHbl Henpepvl8HO-OUCKDEemHble
Mooenu, B KOTOPBIX COBMEIIAIOTCS MEXaHU3MBI MTPOJIBIKEHUSI BPEMEHH, XapakK-

TEPHBIE I 3TUX ABYX IIPOLECCOB.

2.4 TexHOJOTMH MMUTALMOHHOTO MO/IeJTUPOBAHUSA
Ha pucynke 2.1 moka3aHbsl OCHOBHBIEC IMOAXObI B UMUTAITAOHHOM MOJIEITH-
poBanuu: cuctemMHas auHaMmuka (CJI), TUMCKPEeTHO-COOBITHITHOE MOJISTUPOBAHNE
(IC), arentHoe monenupoBanue (AM). CJl u nuHaMU4YeCKUe CUCTEMBI OTEpH-
PYIOT B OCHOBHOM C HETIPEPBHIBHBIMUA BO BpeMEHH mporieccamu, Torna kak JC u

AM — B OCHOBHOM AUCKPCTHBIMU.
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Puc. 2.1. [Tonxoapl B UMUTALIMOHHOM MO/IEJIMPOBAHUU

Ha IIKaje YpOBHS a0CTpakiuu [§]

JluHaMU4eCcKUe CUCTEMbl HaXOATCsl BHU3Y miKanbl. CJl, 3aMeHsiss MHIUBH-
yallbHbIE 00OBEKTHI UX arperataMu, Ha00OpOT, MPEANOaraeT HauBbICIIHN ypO-
BeHb a0cTpakiuu. [[C-monenupoBanue paboTaeT B HU3KOM M CPEAHEM Juara-

30HE. AM MOXET MPUMEHSTHCS MPAKTUYECKH Ha JIIOOOM YPOBHE U B JIHOOBIX
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MacmiTabax. ATeHTbl MOTYT MPEACTABIATH MENIEX0A0B, aBTOMOOWIN WA POOO-
TOB B (DU3MUECKOM MPOCTPAHCTBE, KIMEHTA WM MPOJABIa Ha CPETHEM YPOBHE,

WJIY K€ KOHKYPHUPYIOIME KOMITAHUY Ha BBHICOKOM [ 8].

2.4.1 JInckpeTHO-COOBITHIHHOE MO/IEJIMPOBAHME

TepMUH «JIUCKPETHO-COOBITUHHOE MOJIETUPOBAHUE» HCTOPUYECKH BO3HHUK
JUTSI OTIICAHUST MOJICIICH, OMTUCHIBAIOIINX CUCTEMBI OOCTY)KUBAHHS TTIOTOKOB 00b-
€KTOB HEKOTOPOW MPHUPOJBI: KIMEHTOB Mara3uHa, aBTOMOOWJIEH Ha 3alpaBOy-
HBIX CTAHITUSAX, TYPUCTOB Y CTOWKH PETUCTPAIIMU HA PEHC, MEXITYTOPOJTHUX TIe-
pEeroBopoB W T.A. B OCHOBE JaHHOTO TOAXO0/a JICKHUT KOHICIIINS 3asBOK
(TpaH3akTOB, entities), pecypcoB U MOoTOKOBBIX Auarpamm (flowcharts), onpeme-
JISIOIIMX TTOTOKH 3asBOK U MCIOJB30BaHUE PECYPCOB. DTOT MOIXO0 BOCXOIUT K
Ixedbdpu [N'opaony, kotopsiit B 1960-x npunyman si3eik GPSS. 3asBku (TpaH-
3akThl B GPSS) — 310 maccuBHbIE 00BEKTHI, MIPEACTABIISIONINE JIOACH, TETalH,
JTOKYMEHTBI, 3a/1a4d, cooOmeHus u T.. OHU MepeMemarTcs, OKUIAI0T B O4e-
pensix, o0pabaThIBalOTCs, 3aXBAaTHIBAIOT U OCBOOOXKAAIOT pecypchl U T.1. Cunta-
€TCs1, UTO BCE 3asBKU 00JIaJal0T YHUBEPCATBLHOMN JIOTUKOW MOBEAEHUS U 00pabda-
THIBAIOTCSI TI0 €IMHOMY, 3apaHee HW3BeCTHOMY airoputmy. Ha pucynke 2.2

M300pakeHa MOTOKOBAs AUarpaMma, Mojenupyoiias padoty call-nienrtpa.

Ouepens 1 | MiwsoR 1 Pasrosop 1
REGILTS i* ey — ) -
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380H0K 2 [ A
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Puc. 2.2. TlorokoBas nuarpamma «o0paboTka 3BOHKOB B call-tientpe» [7]
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2.4.2 CucreMHas TMHAMHUKA

DTOT nojxoAa ObLT pa3paboTaH u npeayioxkeH J>xeem @oppecTepoM B KOHIIE
1950-x romos.

CucteMHasi AMHAMUKA TO3BOJISIET HCCIEIOBATh MOBEJACHUE CHUCTEMBI I0-
CPEIICTBOM BBISIBJICHUSI MPUYMHHO-CJICICTBEHHBIX OTHOIICHUNA M B3aUMOJCHCT-
BUII KOHTYPOB 00paTHOM CBS3H, MPOSBIISIONIMXCA B OCOOEHHOCTSIX €€ CTPYKTYp-
HOM opranu3anuu. K 4uciy JOCTOMHCTB METOJAa OTHOCATCS: BO3MOKHOCTD
OTpa)xaTh MPAKTHUYECKH JIOO0YI0 MPUYUHHO-CIIEICTBEHHYIO CBA3b; MPOCTasi Ma-
TeMaTudeckas popma.

JInsi BBISBJICGHUS] TPUYUHHO-CIICICTBEHHBIX OTHOIICHUN HEO0OXOAUMO CO-
OpaTh U CTPYKTYpPUpPOBATHh BCIO MHGOPMAIINIO, KACAIOIIYIOCS M3y4aeMOTo IMpo-
necca unu seienus. [locne aToro crpoutcs hopmManbHasi MOJEIb CUCTEMBI, KaK
paBujo, B BUJIE JOTHYECKUX AMArpamMM, KOTOpBIE BIOCIEJACTBUU MpeoOpas3y-
IOTCSI B CETEBYIO MOJIEJIb M COOTBETCTBYIOILYIO CUCTEMY YPABHEHHUIA.

dopmanibHasE MOJIEb COCTOUT U3 HaOOpa aOCTPaKTHBIX AJIEMEHTOB, MPE/l-
CTaBJISIFOIIMX HEKUE CBOMCTBA MOACIUPYEMOM CUCTEMBI. BBIIEISIOTCS Cleayto-
IIAE THUITBI JIEMEHTOB [9]:

— YPOBHU — XAPAKTEPU3YIOT HAKOIUICHHbIE 3HAYEHUSI BETUYUH BHYTPHU CHUC-
TEeMbI. YPOBHHU MPUMEHUMBI HE TOJBKO K (pu3nyueckuMm BenmunHaMm. Hampumep,
YPOBEHb OCBEJAOMJICHHOCTH CYIIIECTBEHEH NpPHU MPUHATUH pElIeHUs. YPOBHU
MIPEICTABIISIOT COOOM 3HAYCHUS TIEPEMEHHBIX, HAKOIUICHHBIE B pe3yJIbTaTe pas-
HOCTH MEXy BXOJSIIMMH U UCXOSIIMMHU TToTokaMu. Ha auarpammax u3obpa-
YKAKOTCS MPSMOYTOJIbHUKAMU,

— nomoxu — CKOPOCTU U3MEHEHUs1 ypoBHel. Hampumep, nmotoku mHbopma-
IIMU, 3aKa30B, JICHEXKHBIX CPEJICTB, padoyeit cuiibl. [ToTOKM MOTYT OBITH HaIpaB-
JICHBI K YPOBHIO WJIH OT Hero. M300pakaroTcsi CIUTONTHBIMY CTPEIKAMH;

— ¢ynkyuu pewenuti (6enmunu) — (HYHKIUHA 3aBHCHMOCTH ITOTOKOB OT

ypoBHel. Ha nuarpammax m3o0paxkaroTcsi IByMsI TpEyrojibHUKaMH B BUE 0a-
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00ouku. OYHKIMS pelIeHUs] MOKET UMETh (POPMY MPOCTOTO ypaBHEHUs, ONpe/e-
JSIOIIETO PEAKLHUIO TOTOKA HA COCTOSIHUE OJHOTO WM ABYX YpOBHEWU. DyHKINH
3aJ1al0T MPaBUJIO BHIOOpA pPEIICHUMN, CBS3aHHBIX C BEIMYMHAMHU TEKYIIUX TEM-
noB. Bcee pelenust kacaroTcsi MPeACTOSIINUX IEHCTBUN U BbIpaxaroTcs B popme
TEMIIOB IIOTOKA,;

— KaHanwl ungopmayuu, COSTUHSAIONINE BEHTWIN C ypoBHsIMU. M300paxa-
I0TCS IUITPUXOBBIMU CTPEJIKAMU;

— aunuu 3a0eparcku (3anazoviéanust) — CIyKaT ISl IMATAIIMH 33JICPIKKHU T10-
TOKOB. XapaKTEpU3yIOTCs MMapaMeTpaMH CPEAHETO 3alas3fblBaHUs U THUIIOM HeE-
YCTAaHOBHMBLIEHCA peakuny. BTOpon mapaMeTp XapakTepU3yeT OTKIMK 3JIEMEHTA
Ha U3MEHEHHME BXOJHOIO CUTHAJA. Pa3HbIEe TUIIBI JIMHUN 3a1€PKKA UMEIOT pas-
JIMYHBIA TUHAMAYECKUMN OTKIIUK;

— gcnomozameibHvle nepeMerHvle — PACIojaraloTcs B KaHajgax uHdopma-
OUU MEXIy YpPOBHSAMHU U (YHKUUSMU PEIICHUH U ONPEIENsIOT HEKOTOPYIO
¢bynkuuio. M300paxarorcs KpyKKOM.

OCHOBOM MMHTALIUM CIIY>)KMT YHCIIEHHOE peIlIeHuEe cucteM AudQepeHin-
aNbHBIX ypaBHeHUI. MH(popMals o Moenu NoCcTynaeT OT pa3InyHbIX HaKOMU-
Tenell 00 YPOBHSAX M OT Pa3HBIX KaHAJIOB CBS3M O TeMItax. Ha ocHoBe »TOM MH-
dbopmani Ha KaXABIA IIAr HMMHUTAIMM BbIPAOATHIBAETCS YINPaBIAIOIICE
BO3JCHCTBUE, T.C. TEMI YIPABIAEMOro NMOTOKAa. KakIplii pemarnmni 31eMEHT
BbIpabaThIBaeT TEMI JIsl BO3IEUCTBHUS HA OJJHY CBSA3b.

OcCHOBHBIE 3TalNbl CHCTEMHO-TMHAMUYECKOTO MOJECIUPOBAHUS:

1) omnpeneneHue neel MOICIUPOBAHUS;

2) KOHIENTyaJIbHOE OMHCAHUE UCCIICTyeMOW CHCTEMBI;

3) omnpezeneHre CTPYKTYPBI MOJICITU M €€ KITFOUEBBIX TIEPEMECHHBIX

4) omnmcaHHe TIOBEJICHUS CUCTEMBI;

5) mocTpoeHue CUCTEMHOU uarpamMel,

6) dbopmanu3anus 3aBUCUMOCTEH U IOCTPOCHNUE YPABHCHHUM
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7) mondop 3HAYCHUH MapaMeTpPOB;
8) TectupoBaHHE MOJICIIH,;
9) BBIYMCIIUTENBHBIA SKCIICPUMECHT.
Ipumep cucmemno-ounamuuecxou modenu [8,10]
PaccmoTpuM Mozens pactipoCTpaHeHUsT HOBOTO MPOIYKTa, WM WHHOBAIIUU

(puc.2.3).

[Haggzrlenbl AdOpHDn [Haggzﬂ?nbl MaremaTu4yeckan Mmodenb
[noTox, Rate
Potential flow] di Potential Adopters Vdt =
Adopters E h Adopters - Adoption Rate
di Adopters J/idt =
Adeption Rate
Total . 2
: Adopfion Rate =
Adoptlo Adoptlon Population Adoption from Advertising +
+ from B from __'.__,/ ) Adoption From Word of Mouth
Advertising Word of Mouth Adoption i P
Adopfion from Adverfising =
\\ . ‘H—-"’/ Fraction Adverfising Effectivenass *
.!E\d‘u"ﬁfl"t ISINg Contact Fotential Adopters
Effectiveness
Rate Adoption from Word of Mouth =
Contact Rate * Adoption Fraction *
Fotential Adopters ¥ Adopters
C Hakonutenu, NnoTokn U WX NPUYKHHBIE 3ABUCHMOCTH. / Total Population
CTpyKTypa Kak B3aumogencTene 00paTHLIX CBA3EA

Puc. 2.3. Monens cucremuont nunamuku: Bass Diffusion B VensimTM

[Torennmansabie kiueHThl (Potential Adopters) craHoBsTcs KiMeHTaMu
(Adopters) co ckopocThto quddy3uu, pacnpoctpanenus (Adoption Rate), koTo-
pasi 3aBUCUT OT PEKJIaMbl U “YyCTHOUW peKJambl’, T.€. OOIICHUS KIUEHTOB C HE-
KJIIMeHTaMU. BiisiHue pekiaMbl MOJCTUPYETCS CIETYIIMM 00pa3oM: HEKUH T0-
CTOSTHHBIN TPOIIEHT MOTEHIMAIbHBIX KIueHTOB (Advertising Effectiveness =
0.011 B aTO¥t cTaThe) BCE BpeMs CTaHOBATCSA kKiueHTamu. Mx mosst 8 Adoption
Rate paBHa, cooTBeTcTBeHHO, Potential Adopters * Advertising Effectiveness.
Uto kacaercsi yCTHOM PEKIIAMBI, Mbl JI€JIAEM IPEIAINOJIO0KEHUE, YTO B HALICH

rpynie JitoJied Bce KOHTAaKTUPYIOT cO BceMU. KonruecTBO KOHTAaKTOB YeslOBEKa

B eIMHUILY BpeMeHH 0003HauuM kak Contact Rate (100). B cinyuae ecnu kiveHT
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00IIasICs ¢ MOTEHIIHAIBHBIM KIMEHTOM, IMTOCIEAHUN CTAHOBUTCS KIIMEHTOM C Be-
positHocThio Adoption Fraction (0.015). Takum o0pa3om, B €AHHUILY BpEMEHH
Bce kinueHThl o0paTsaT Adopters * Contact Rate * Adoption Fraction * [Potential
Adopters / (Potential Adopters + Adopters)] noTeHIHAIBHBIX KJIUCHTOB B KIIH-
CHTOB. BhIpakeHHe B KBaJPaTHBIX CKOOKAaX — BEPOATHOCTH TOTO, YTO TOT, C KEM

OBLI KOHTAKT Y KIIMCHTA, GHIé HC KJIMCHT.

2.4.3 Moneau THHAMHYECKHX CHCTEM
JlaHHAs TEXHOJIOTHS MOJACIUPOBAHUS HUCIIOIB3YETCS B MEXaHUKE, JIEKTPO-
HUKE, DPHEPreTUKe, XUMHUH KaK 9acTh CTAaHIAPTHOTO Tporiecca paspabotku. Ha

pucyHke 2.4 TmokazaHa TUOUYHas Oyok-cxema B sa3pike  MATLABTM

SimulinkTM [8].

aiNIA HISTRATOR]

Gravity (TR | Velocity Martemarvueckas moaens
-9 81}-—. A< 3/ Veloctey ) dy = - Gravin
|

1 1 r | Position i Porttion )d; = Velocin
e [V o e

s | &~ | When{ Posttion <= 0 and Velociy < 0

’ [15] : Uallad 4 __A"'L,'.'.W = - Blasticiy * Vesocin

|
—<08 r 5 =

YCHDEHIN no (MKrerparop, Younurens, 3agepxea ... )
Elasticity ™! ctth S ek = ASp
Bnoyxas anarpamma ¢ 0BpaTHbIMK CBRIRMU

Puc. 2.4. Monenb IMHAMUYECKOW CUCTEMBI: TIPBITAIOIINI MAYHK B

MATLABTM SimulinkTM [8]

CooTBeTcTBYIOIIas MaTeMaThuyeckas MoJielb, Kak u B ciiydae CJI, Oyzaer co-
CTOSITh U3 HabOpa TEPEMEHHBIX COCTOSHMSI U  CHUCTEMBI  airedpo-
nuddepeHnnanbHbIX ypaBHeHUN HaJ HUMU. B otimane ot CJI, 31ech nmepeMeH-
HbI€ COCTOSIHUSI UMEIOT MPAMOMN “(U3HMUECKU” CMBICI: KOOPAMHATA, CKOPOCTb,
JaBJICHWE, KOHLEHTPALMs, U T.J.; OHU €CTECTBEHHO HEIPEPBIBHBIE U HE SIBISIOT-

csl arperaraMu (KOJIMYECTBAMHU) TUCKPETHBIX 00BEKTOB. Maremaruueckoe pas-
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HOOOpa3ne M CIOXHOCTh B IMHAMHYECKUX CHCTEMax MOTYT OBITh 3HAYUTEIHHO
BEIIIIC, Y€M B CUCTEMHOW JUHAMUKE, TaK 4To B mpuHIuIe aodas CJ-nmpobiema
MOJKET OBITh peIIcHa MHCTPYMEHTAMH JIJIT MOJCITMPOBAHUS TUHAMHYCCKUX CHC-
TEM, U JaXKe C Jy4YlIell TOYHOCTHIO (3a CU€T Oosiee COBEPIICHHBIX YUCIECHHBIX

MeTo10B) [8].

2.4.4 AreHTHOE MO/IeJIMPOBAHNE

ATEHT — 3TO pa3BUTHE U3BECTHOTO MOHATUA "OOBEKT", MPEACTaBISAIONIETO
a0CTpaKIMI0 MHOXECTBA IK3EMILIAPOB MPEIMETOB PEaIbHOTO MUPa, UMEIOIINX
OJIHM U T€ K€ CBOMCTBA W IMpaBUJia MOBeAeHUS. TOUHOE Olpe/ielieHue areHTa Ha
CETOJIHSIIHUN JIEHb OTCYTCTBYET. B OCHOBHOM HCHOJIB3YyETCSl OMPENEIICHHUE,
MPUHATOEC Ha KOH(MEPEHUUH MEXKIYHAPOIHOM AaccOIMallud IO JIMHTBUCTHUKE
FIRA (Federation of Intelligent Physical Agents) B okTs0pe 1996 rona B Tokuo:
"ATreHT — 3TO CYIIHOCTb, KOTOpasi HAXOJUTCS B HEKOTOPOU Cpefe, UHTEPIPETH-
PYET UX U UCHOJIHSIET KOMaH/Ibl, BO3JIEHCTBYIONIUE HA Cpely. ATEHT MOXKET CO-
JiepKaTh MPOrPAMMHBIE U anmnapaTHble KOMIIOHEHTbl. OTCYTCTBUE YETKOTO OIl-
peleieHusT MUpa areHTOB U MPUCYTCTBUE OOJBIIOT0 KOJUYECTBA aTPUOYTOB, C
HUM CBSI3aHHBIX, @ TAKXKE CYIIECTBOBAaHUE OOJBIIOTO pa3sHOOOpa3usi MPUMEPOB
areHTOB TOBOPST O TOM, UYTO areHThl — 3TO JOCTATOYHO 00Iasi TEXHOJIOTHUs, KO-
TOpasi AKKYMYJIUPYET B ce0€ HECKOJIBKO pazNuyHbIX obdnacteit” [12].

Kak npaBuio, ucnonb3yst moHsITHE "areHT", Ka)KIblil UCCIeq0BaTENb OIpe-
JIETISIIOT CBOETO areHTa ¢ KOHKPETHBIM HAOOpPOM CBOMCTB B 3aBUCUMOCTH OT IIe-
Jeil pa3palOTKH, pelaeMbIX 3a/ad, TEeXHUKH peaiu3auuu, KputepueB. Kak
CJI€JCTBUME, B paMKaxX JAHHOIO HAaIpaBJICHUS MOSBUJIOCh MHOXECTBO THUIIOB
areHTOB, HAIPUMEP: aBTOHOMHBIC areHThI, IEPCOHAIbHBIC ACCUCTEHTHI, UHTEII-
JIEKTyaJIbHbIE areHThl, COLIMAIbHBIE areHThl U T.A. B 3aBUCUMOCTH OT CTENECHH

BO3MOXXHOCTH BHYTPEHHEIO NMPEACTABICHUS BHEIIHEr0 MHUpa U crocola MoBe-
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JICHUSI areHThl KJIacCu(UUUPYIOTCA KaK JOKallbHbIE, CETeBble, MOOWIbHBIC, WH-
TepQeiicHble, TPAaHCIUPYIOLIUE, MAPIIPYTU3AINH U T.JI.

Wness MHOTOareHTHOCTH IPEAIOJIaracT KOONEpalulo areHTOB MpU KOJUICK-
THBHOM PELICHNH 33J1a4. B MHOroareHTHOM CHCTEME areHT, KOTOPBIA HE CII0CO-
O€H pelnTh HEKOTOPYIO 33/1a4y CaMOCTOSITENIbHO, MOXKET OOpPaTUThCA K APYTHM
are’taMm. [Ipyroii BapuaHT, KOrja HEOO0XOoAMMa KOOIEpalus- 3TO UCIOJIb30Ba-
HUE KOJUICKTHUBA areHTOB JJIS PEIICHUs OJHOUW ob0mel TpyaHou 3amaun. [Ipu
3TOM AareHTbl MOTYT CTPOMUTB IIJIaHbI IEHCTBUI, OCHOBBIBASICh YK€ HE TOJIBKO Ha
CBOMX BO3MOXHOCTSIX, HO M “AyMaTh’ O IUIaHAX U HAMEPEHHUSIX APYTUX areHTOB
[12].

BaxxHoe nmpernMyIecTBO areHTHOIO MOJIEJIMPOBAHUS B TOM, UTO pa3paboTka
MOJIeJId BO3MOKHA B OTCYTCTBHH 3HAHMS O IN100ATBHBIX 3aBUCHUMOCTSX: BBl MO-
JKETEe 3HaTh OYEHb HEMHOI'O O TOM, KakK BELIY BIIMSIOT APYr HE Jpyra Ha IJIO-
0anpHOM YpOBHE, WJIHM KakoBa rjo0aibHas IOCJIENOBATEIbHOCTh ONepalui, U
T.II., HO, IOHUMAasl UHAVWBUAYAJIBbHYIO JIOTHKY ITOBEICHUS YYaCTHUKOB IIpoILiecca,
Bbl CMOXETE MOCTPOUTh areHTHYIO MOJENIb U BBIBECTH U3 HEE Ii100alIbHbIE 1MO-
BeacHue [8].

CoBMecTHOE MOBEEHUE PA3NUYHBIX 00BEKTOB U3y4YaeTCsl B paMKaX MHOTUX
HAy4YHBIX JUCUUIUIMH. BbIaenum cpeau HUX Te, KOTOpbIE NPEACTABIISIIOTCS Hau-
OoJiee aJIecKBaTHBIMU UJI€€ KOJUIEKTUBA UHTEJUICKTYaJIbHBIX areHToB [12].

— pacnpedenennwiil uckycemeennwlil unmeniexkm [13, 14]. Drta obaactp wc-
KYCCTBEHHOI'O MHTEJUJIEKTa 3aHMUMAETCsl CaMbIMU OOILIMMHU acClEeKTaMHu KOJUICK-
TUBHOTO MOBEJACHUS Ar€HTOB. 3/1ECH OCHOBY COCTABJISIOT PE3YJIbTAThI, IOJIYYEH-
HbIE B TEOPUH PACIIPEAEIICHHBIX CHCTEM U TEOPHUH NPUHATHS PELLICHUI;

— meopusi uep [15]. Anmapar Teopuu UIp 4acTO UCIOJIB3YETCS JJIs HUCCIIe-
JIOBaHUS KOJUIEKTUBOB MHTEJUIEKTYaJIbHBIX ar€eHTOB. MHOIME CUTyalu, BO3HHU-
KAlOI€ B MHOTOAreHTHOM CHCTEME, HAXOIAT MOAXOMSIINE aHAJIIOTU B TEOPUH

Hurp. I/ICCJICILYIOTCH KOOIICPATUBHBIC UI'PbI, PA3JIMYHBIC CTPATCTHUN BEACHUSA TOP-
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roB (IEPEroBOPOB), UTPHI B Pa3MENIECHUS U JIp., KOTOPHIE SBIISIIOTCS aHAJIOTaMu
psiza Mojieseil KOJIEKTUBHOTO TTOBE/ICHUSI ar€HTOB,;

— meopus KOIIeKMUeHo20 nogedenus aemomamos [16]. OHa uccnenyert mo-
BeJIeHNEe OOJIBITUX KOJUIEKTHBOB aBTOMATOB C MPUMUTUBHBIMU (pyHKIUsAMU. [1o-
BEJICHUE aBTOMAaTa MOXET PacCMAaTPUBATHCS KaK HEJIETEPMUHUPOBAHHOE, UTO
MO3BOJISIET CTPOUTH pa3lIMYHbIe BEPOSITHOCTHBIE Mojenu. Jlomyckaercs oOyde-
HUE aBTOMAaTa MPHU MOMOIIIH MTPadoB U MOOMPEHUH. ABTOMAT MOXET OBITH Ha-
JIeJIeH MaMsThI0, B KOTOPOW OH B HEKOTOPOH (hopMe 3alIOMUHAET MPEIbIIYIIHIe
mTpadbl U MOOMIPEHUS, U MOXKET UCIOJIb30BATh 3TY UH(POPMAIUIO JJIsl yIIydIlle-
HUSI CBOETO M KOJIJIEKTUBHOTO TMOBEACHUS B COOTBETCTBUU C HEKOTOPOU (yHK-
LHEN J0X0/a;

— Ouono2uieckue, IKOHOMU4YeCcKue U CoyuaIbHble Mooeu.

Ipumep acenmmoii mooenu ([Juuamuxa nacenenus cmpanst) [8]
B »T0if Mozenu moBeneHre areHTa 3aJaHo KapToil cocTosiHui (statechart).

Mopnenb cpenbl MOXKET BKIIIOUYATh KWIbE, paboyre MecTa, TPAaHCHOPTHYIO MH-

bpactpykTypy u T.1. (puc. 2.5).

[NosepneHue areHTa AreHTbl B3aMMOASNCTBYIOT NPAMO W KOCBEHHO Cpena

[kapTa cOCTORHWA,
statechart]

Child

hildbearing

Senior

A WHauemayanoHbie 06beKThI C NOKanbHbIMKU Npasunamm
noseneHua. Cpega Takke MOXET UMETb AUHAMUKY

Puc. 2.5. Tunnynas apXuTeKTypa areHTHON MOJEIIH.

[ToBenenue (kapta cocrosinuii) B AnyLogicTM
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Bomnpocs k riiase 2

1. B uem cnenudurka IMUTAIIMOHHOTO MOACTUPOBAHNS?

2. Henocratku 1 mpenMyIiecTBa UMUTALIMOHHOTO MOJIEIUPOBAHMSL.

3. Cdepa npuMeHEHHUS] IMUTALMOHHBIX MOCIICH.

4. OcHoBHble 3Tanbl M.

5. Kakue knaccu(pUKalMOHHBIE TNPU3HAKM HMUTAIMOHHBIX MOJEJEH BBI
3HaeTe?

6. Kakue cBoiicTBa MMUTAIIMOHHON MOJENH, U3Y4atOTCs JJis OLEHKU €€ Ka-
yecTBa?

7. TlepeuncnuTe TEXHOJOTUN UMHUTALMOHHOTO MOJICTHPOBAHUSI.

8. Ilepeunciure OCHOBHbIE KOMIIOHEHThI CUCTEMHO-IMHAMUYECKON MoOjie-
T

9. Jlns ommcaHMsl KakMX MPOIECCOB MCHOJIB3YIOT TUCKPETHO-COOBITHIHOE
MOJIeJIMpOBaHUE?

10. OnummmTe Uaer areHTHOTO MOJISTUPOBAHMS.
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TJTIABA 3 MOJIEJIH JIJISI UCCJIEJOBAHUSI 3ABUCUMOCTEMN

3amauu, CBA3aHHBIE C YCTAHOBJICHHEM 3aBHUCHUMOCTEM aKTUBHO H3Yy4aroTCs
yxe 0onee 200 net, ¢ MoMeHTa pa3padotku K. I'ayccom B 1794 1. MeTona Hau-
MEHBINX KBaapaToB. Ha ero ocHoBe pa3paboTaHO OTPOMHOE KOJTHMYECTBO METO-
JIOB U MHCTPYMEHTOB KOTOPBIC YCIICIIHO HCIIONB3YIOTCS B HACTOSIIEE BpPEMSI.
Tem HE MeHee, 3a MOocaeaHES BpeMsl TTOSBUIINCH AIbTEPHATUBHBIC TTOIXO I JIS
pelieHus 3aad aHaiau3a 3aBUCUMOCTel. K HUM MOXHO OTHECTH SKCHEPTHBHIE

MeTOo1bl, ap(OUHUTUBHBIA aHATIU3 U TIP.

3.1 PerpeccHOHHBbI aHAJIN3

3ajaun, CBSA3aHHBIE C YCTAHOBJIEHUEM 3aBUCHUMOCTEM aKTUBHO H3Yy4aroTCs
yxke 6onee 200 net, ¢ momenTta pazpadotku K. 'ayccom B 1794 1. MeTona Hau-
MEHBIIIUX KBaJapaToB. B MareMaTnueckoil CTaTUCTUKE C ITOTO BPEMEHH OBLIO
pa3pabOTaHO OTPOMHOE KOJIMYECTBO METOJOB U MHCTPYMEHTOB JJISl PELICHUS
TUX 3a1a4d. PaccMoTpuMm oauH U3 Hanbosiee 3HAYMMBIX W PACIPOCTPAHEHHBIX
MOAXOJI0B — PETPECCUOHHBIN aHaJU3.

B oOmem cimydae, perpecCHOHHBIN aHalM3 TPEICTaBIseT cOOOM 3amady o
BBISIBJICHUY BHYTPEHHUX CBOMCTB OOBEKTA MO UMEIONIUMCS IaHHBIM O BXOJaX U
BbIxoJax. Tepmun "perpeccust” Obu1 BBeA¢H . ["anibroHOM (1886) M cHavana o
HCITOJIB30BAJICSI B OMOJIOTUYECKOM CMBICTIE. B cTaTrcThKe TEPMUH CTall UCTIONb-
30BaThCA nocie onyonukoBanus padoT K [Tupcona (Pearson) B 1908 r.

Pezpeccuonnan mooenn f(W,X) — 310 mapameTpuueckoe CeMeMcTBO (PyHK-
IIUH, 3a]1a10111ee 0TOOPAKEHUE

f: WxX—Y,
rie WE W — mpocTpaHCTBO mapamMeTpoB, XEX — MPOCTPAHCTBO CBOOOHBIX TMEpe-

MCHHBIX, Y- MMPOCTPAHCTBO 3aBUCUMBIX IICPCMCHHBIX.
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Tak Kak perpecCHOHHBIN aHajlu3 MPEIOJIaraeT MOMCK 3aBUCUMOCTH Mare-
MaTHYECKOTO OXHJaHUS CIy4ailHOW BENMYHHBI OT CBOOOJHBIX IMEPEMEHHBIX
E(y[x) = f(x), To B €€ cocTaB BXOAWT aJINTUBHAS CydaiiHas BEIMYHHA &:

y =f(wX) + . (3.1)

[TapameTpsl MOJICIIM HACTPAUBAIOTCS TAKUM 00pa3OM, YTO MOJENIb HAWITy4-
muM 00pazoM npubIMkaTh JaHHbie. Kputepruem kauectBa npuOabkeHus (1e-
JeBoi (yHKIMEH) OOBIUHO SBISIETCS CpeAHEKBaApaTHUHas ommnoka. [Ipenmona-
raercs, 4To 3aBUCHUMasi IEPEMEHHAs €CTh CyMMa 3HaUeHUI HEKOTOPOU MOJIENH U
CIIy4yallHOW BeJWYMHBI. OTHOCUTENBHO XapaKTepa PacupeicsieHUs CIy4yalHOU
BEJIMYMHBI Y JIETA0TCS MPEANONI0KEHNUs, Ha3bIBAEMble THTIOTE30M MOPOXKICHUS
JNaHHbIX. J{715 MOATBEPKIEHUS UM ONPOBEPKEHUS ITOM TMIOTE3bI BBIIOIHSIOT-
Csl CTATHCTUYECKHUE TECTHI, TAKUE KaK, Harpumep, F-tect, nimm kpurepuit Ouie-
pa.

C moMOIIBI0 PErpecCCHOHHOrO aHallu3a HCCIEIYIOTCS BHYTPEHHHE MeXa-
HU3MBI PacCMaTPUBAEMOTO SIBJICHHSI, U OIICHUBAETCA POJb OTACIBHBIX (haKTO-
pOB.

OcHOBHBIE 337]a4H PErPECCUOHHOr0 aHAJIM3a CIIETYIOLIUE:

— OmnpeaeseHus BUuaa u (popmMbl 3aBUCUMOCTH;

— OILICHKA IapaMeTPOB YPAaBHEHUS PETPECCUU;

— MPOBEpKa 3HAUMMOCTH YPAaBHEHUS PETPECCUH;

— MPOBEpPKa 3HAUUMOCTHU OTJIEIbHBIX KOA(D(PUIIMEHTOB ypaBHEHMUS,

— MOCTPOECHHE UHTEPBATBHBIX OLIEHOK KOA((DUIIEHTOB;

— HCCIIEIOBAaHUE XaPAKTEPUCTUK TOYHOCTH MO/IENH;

— MOCTPOCHHE TOYEUYHBIX M HHTEPBAIBHBIX IPOTHO30B PE3YJbTUPYIOLIEH
IIEPEMEHHOM.

3amaya HaXOXKJEHUSI PErPECCHOHHON MOJENN CTaBUTCS CIEAYIOIUM 00pa-
30oMm [17]. 3agaHa BbIOOpKA — MHOXECTBO {X1, Xy, ..., Xy |X € R} 3HaueHuii cBO-

OOMHBIX MEPEMEHHBIX U MHOXECTBO {Vi,Ys, ..., Vx|V € R} cooTBeTCTBYyIOMMX
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UM 3HAYCHHUI 3aBHCHMOW MEPEMEHHOW. DTH MHOXKECTBa 0003HayaroTcs kak D,
MHOKECTBO MCXOJHBIX JaHHBIX {(X,Y);}. 3amana perpeccuonnas moxens (5.1)
3aBHCSIIAs OT mapameTpoB W € R u cBoOoaHbIX mepeMeHHBIX X. TpeOyercs
HalTH HanOoJiee BEPOSITHBIC TapaMETPhl W.

MeTobl pErpecCCUOHHOTO aHau3a JAENAT HA MHO2OMEPHblEe U 0OHOMEPHbIE B
3aBUCUMOCTH OT YMCJIa HE3aBHUCHUMBIX IEPEMEHHBIX, JUHElHble U HelUHEelHble.
JIns HaxoKIeHUs MMapaMeTpPOB HEJIMHENHBIX PETPECCUOHHBIX MOJENEN UCIIONb-
3YIOTCS METOJABI ONTUMHU3ALUHU, HAIIPUMEP METOX CONPSKEHHBIX I'PAJUEHTOB,
meton Herotona-I'aycca u T.1.

JIns peann3anyi MHOXXECTBEHHOM PETPECCUN CYIIECTBYET MHOKECTBO TOJ-
xo10B. Hanpumep, maroselii U cTyneHdaTelii meton [18], Meron rpymnmoBoro

yuera aprymentoB (MI'YA) [19].

3.1.1 Moaeanb JuHeiiHOH perpeccun
JIuneliHast perpeccus npearnonaraet, 9to GyHKIUS f 3aBUCUT OT Mmapamert-
poB w snHelHO. [Ipu 3TOM NMHEHast 3aBUCUMOCTb OT CBOOOHOM MepeMEHHOM
X HeoOs3aTesbHa.
y=fwx)+v=3L wgi(x)+v (3.2)
B cinyuae, korma ¢yukuus g;(x) = x;, Torga JMHEHHAs PErpeccusi MMeeT
BU]I
y=YN wix;+v=(wx)+v (3.3)
3J1ECh X; — KOMIIOHEHTHI BEKTOpPA X.
3HaYeHHUs TapaMeTPOB B CiIydae JMHEWHOM PErpeccui HaXOMAT C TOMOIIBIO
METO/Ia HAMMEHBIITMX KBAPaTOB.
Pasnoctu y; — f(x;) Mexny pakTHUECCKUMH 3HAYCHUSIMHA 3aBHCHMOM Tepe-
MCHHOW ¥ BOCCTAHOBJICHHBIMHU HA3BIBAIOTCS pecpecCcUOHHbIMU ocmamrkamu. B

JIUTCPATYPC UCIIOJIB3YIOTCA TAKKEC CHHOHUMBIL. HE6A3KU U OUUOKU.
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3.1.2 lllaroBwlii perpeccuOHHBIH MeTO]
[TaroBeiii perpeccuonnsiii Meto (IIIPM) peanusyeT ciienyromiyro mocie-
JIOBaTEJIbHOCTH AecTBui [18]:
Beruncnsatorea k03(pGUUUEHTB KOPPEISALUU Iy, Fy,...,lyx» U IEPBOI BBO-
JUTCSL B YPAaBHEHHUE PETPECCUU MEPEMEHHAsi ¢ HOMEpOM Wi, NIl KOTOPOMl BbI-

IMOJIHACTCA YCIIOBHUC

2ty

(3.4)
Crpoutcs ypaBHEHUE
p= aO(l) + awl(l) X (3.5)
3anuchIBaeTCsl IOJIHAS JUCIIEPCHS KaK CyMMa JHCIIEPCHM, BBI3BAaHHOM
BIMSIHUEM (DaKTOpa Xy, U AUCIIEPCUM, BBI3BAHHOM BIUSHUEM HEYUTEHHBIX (ak-
TOPOB G, T.€.

0,=0,+0, (3.6)

[Ipeanonaraercs, 4To X,. U € He3aBUCUMBIL. Toraa

02’1 =V|Oi; Oi: Oi—oi,l =(1_vl)oi (37)

w

Jlanee BBIYMCISIOTCS YacCTHBIC KOA(M(GUIMEHTH KOPPEISIUU IEPBOrO I10-
PAAKA My IS | # W1 ¥ = 2,...,M. B ypaBHEHHE perpeccun BBOAUTCS Ta IIe-

pEMEHHas1, HanpuMep, Xy., KOTOpasi UMeeT HauOOIbIINNA YaCTHBINA KO3(DPUIUEeHT
KOPpEJSILIAY NTEPBOTO NOPSAIKA, T.€.
VZ = max{rz 7"2 }

Py Koy XXy 277020 X,

(3.8)
TOF}Ia JJIA HOHHOﬁ Bapnaum/l 3aBUCUMOTI'O (baKTopa, BBIUHCIJIICHHOT'O OJIA sz,

UCKITFOYas BIUSHUE Xy, OYIET
_ 2
V2 - (1 - ryxm )' ryxwz oXwl (3-9)

PesynpTHpyroniee ypaBHEHUE PErPECCUU 3ANUILETCS B BHUJIE, COOTBETCTBY-
IeM

= a® + an® X + 8 * Xun (3.10)
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o, =(+n)o; (3.11)
a 0CTaTO4HAasl TUCIIEPCUs
o, ==y -w)o;. (3.12)
IIponomkas gajibplie 3TOT MPOLIECC, MOKHO BBECTH KaXIY0 U3 OCTABIIMXCS
M — 2 HEe3aBUCHUMBIX NEPEMEHHBIX U TaK Jlajee aHAIU3UPYys OCTaTOYHbIE THUC-
IIEPCHUH, TTOJTYyYaeM JTaHHBIE O CYIIIECTBEHHOCTH BBEICHHOU IIEPEMEHHOM.
OcHOBHas ujest NIaroBOro METOJIa COCTOUT B HAXOXKIEHUU PETPECCHUU C He-
CKOJIbKUMU NEPEMEHHBIMU B BUJE CEPUN JINHEMHBIX PETPECCUOHHBIX 3aBUCHMO-
CTEeil U B IpeoOpa30BaHNUU UCXOIHON KOPPEIALMOHHON MAaTPULIBI IIAr 3a [LIArOM.
Ha kaxaom 1mare noiay4aroT pe3yiabTaThl Ul aHadu3a JUCIEPCUHN C ITOMOIIBIO
F-kputepust ayis mpoBEpKH JIBYX THUIIOB TMIIOTE3: OJHA JJIsi BKIIOUEHHS Iepe-
MEHHOW B YPAaBHEHUE PErPECCUH, ApyTras IS UCKIIIOYEHUS U3 HETO.
BoeluucnurenbHas npoieaypa COCTOMT B TOM, YTOObI TPUMEHUTH JIMHEHMHOE

npeoOpa3zoBaHUEe K MATpULIE

Rxx rxy E

T
A=\r, r, D
-E B C

: (3.13)
rae

Ry — KOppessioHHas MaTpuiia pamepa mxm;

Iy — BEKTOP-CTPOKA KO3(DPUIIMCHTOB KOPPEIIALINY;

I'ty — BEKTOp-CTOJI0€e1 KOO(QPHUINEHTOB KOPPEIALHH;

E — eaunnyHas Marpuna pasmepa mxm;

Iy — K03 duireHT Koppemsuu (Iy, = 1);

D — BekTOp CTpoKa ¢ M HYJIEBBIMU 3JIEMEHTAMH;

B — BekTOp cToNIOCI C M HYJIEBBIMU DIIEMEHTAMH,

C — Marpura pazmepa MXM ¢ HyJI€BBIMHU JJIEMEHTAMH.
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3.1.3 MeToa rpynnoBoro y4yera aprymeHToB (MI'YA)

Teopus camoopraHuzay Mojesel, nojiokeHHass B ocHoBy MI'VA [19],
OTBEpraeT MyTh PACHIMPEHUS U YCIOKHEHUS MOJENH, YBeJIW4YeHuss oObeMa
BXOJHBIX JAHHBIX, IMOCTYJHUPYS IPU ITOM CYLIECTBOBAHME ONTHUMAJIBHOIO, OTr-
pPaHUYEHHOTO pa3Mepa 00JIACTU MOJIETUPOBAHMS U €IMHCTBEHHOW MOJENHU OIl-
TUMaJIBHOM CI0KHOCTH. VIX MOKHO HAalTH MPU NOMOIIM CAMOOPTaHU3aLINH, T.€.
nepedopa MHOTHUX MOJENICH MPETEHACHTOB (KOHKYPHUPYIOIIMX MOJIENeH) 1o 1ie-
Jecoo0pa3HO BbIOpaHHBIM KpUTEpUsM. B oTiuune oT TpaAMLIMOHHBIX METOJOB
PErpPECCHOHHOTO aHAJIN3a, WCIOJB3YIOIMUX KPUTEPHUM CPENHEKBAAPATHYECKON
OLLIMOKH, KOTOPBIN SIBJIETCS BHYTPEHHUM (PACCUUTAHHBIM IO BCEM TOYKaM BbI-
OOpKHM), MHAYKTUBHBII METOJl CaMOOpPIraHM3allMd OCHOBAaH Ha IMPUMEHEHHUH
BHEIIHUX KPUTEPHUEB, IS ONPEACIICHUS KOTOPBIX HCIIOJIB3YIOT BXOAHBIE TaH-
HbIE, HE 3aJIECTBOBAHHBIE B IPOLIECCE CTPYKTYPHO-IIAPAMETPUYECKON UICHTH-
¢ukauuu moaenu. JIxo6oil BHyTpEeHHUI KpUTEpUN CPaBHEHUS KOHKYPUPYIOLIUX
MOJENEN MTPUBOJUT K JIOKHOMY MPABUILY: YEM CJIOKHEE CTPYKTYpa MOJEIIN, TEM
OHa TOYHEE.

Cornacno MI'VA BxoaHbie gaHHble Z JENSATCS, MO KpailHel mepe, Ha JBe
4acTH, Ha3bIBacMble 0Oyuaromei Z, u IpoBEpOYHON Zg MOCIEI0BATENILHOCTMU.
IIpu aTOM

dimZ,=n, x (m+ 1), dimZz = ng x (m + 1), n = n, + ng.

CpennekBanpaTuyeckas omuoOKa, onpenensieMas Ha MPOBEPOYHON MOCTIE0-
BaTEJIbHOCTH, SIBJISIETCS OAHUM W3 KPUTEPHUEB BBHIOOpPA CTPYKTYPHI MOJIENH, MO-
Jy4aeMoU 0 JaHHBIM 0Oy4YaroIieil mocie10BaTeIbHOCTH. B KauecTBe BHEITHUX
KputepueB B anroputMax MI'Y A ucnons3yrOTCs KpUTEPU PEryJIIPHOCTH, MU-

HUMyMa cMeleHus u ap. Kpurepuit perysisipHOCTH UMEET BU:

n
>.L Gi-y»?

n
Z:i=B1 A

Ag®= (3.14)
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Jlis pacuera KpUTepus MUHUMyMa cMenenns N? cHadana uaeHTuuIupy-
ercst mogensb § = f,(4i,X) mpu ycnosuu, uto Z, — oOyuaromasi, Zs — IpOBEpOYHas
MOCIIEZIOBATEIbHOCTH. 3aTeM uneHTudunupyercs moaens § = fg(4;,x), mpu ycio-

BUM, 4TO Z — 00yuaromas, a Z, — IpOBEPOYHas IOCIEA0BATEIBHOCTH.

D [ACROERACHSY
ian‘,y?

N

(3.15)
3ajadya CTPYKTYpHO-TIApaMETPUUECKON UISHTU(PUKALMU MOJEIN ONTHU-
MaJbHOW CIIOKHOCTH peInaeTcs B ABa 3Tana. Ha mepBoM sTane U3 MoJHOro Ha-
O0opa Mozenell pa3aM4HON CIOXKHOCTH OTOMpPAOTCS MO OAHOMY M3 BHEIIHUX
KpUTEPHEB K JIydmmx CTpyKTyp, mapameTpbl KOTOPBIX Ha BTOPOM JTare Imepe-
CUUTBHIBAIOTCSA TO Bceil BhIOOpke N. Ha ocHOBe cpaBHHTenbHOro aHamm3a K
CTPYKTYp HOJIYYEHHBIX MOJEJIEH U COOTBETCTBYIOIIMX 3HAYEHUN BHEIIHUX KPU-

TEepHUEB BHIOMpAETCA JTyUIiasi MOJIEIb.

3.1.4 OuneHka Ka4ecTBA MOJIEJIH perpeccun

[IpoBepka kauecTBa ypaBHEHHUS] PETPECCHM BKIIIOYAET MPOBEPKY €€ 0O1ei
TOYHOCTH, @ TaKX€ TOYHOCTH OLIEHOK MapaMerpoB. i1 3Toro HeoOX0IUMO
IIPOBEPHUTH:

a) ABJIAETCS JIX MOJEIb U €€ MapaMeTpbl CTaTUCTUYECKH 3HAYMMBIMU (T1O-
3BOJISIET JIM UMEIOUIAsICSl BHIOOPKA CYAUTH O TEHEPATIbHON COBOKYITHOCTH);

0) KakoBa MpaKTHUYECKasl LIEHHOCTh MOJIETHN (HACKOJIbKO MH(popMalus, mo-
Jy4eHHas MO MOJIEJM, CHUMAeT HEONpPEeIeeHHOCTh B OTHOIICHUH perpeccopa
Y).

CHmxeHne KauecTBa MOJIETN MOXKET ObITh BBI3BAHO:

— HaJINYUEM BBIOPOCOB;

— HaJU4HUeM BIUSTENbHBIX HAOII0ICHUM;

— HApYLIEHUEM OCHOBHBIX MPEANOJIOKEHUI PErPECCHOHHOIO aHAIN3a;
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— HaJINYUC MYJIbTHUKOJIJIMHCAPHOCTH.

HawnOoiiee mpocTbIMU KPUTEPUAMH MOKHO CUHTATh CpeoHue abconiomuoe u
omnocumenvroe omknonenus («mean absolute error» u «mean absolute percent-
age error»):

n
MAE =12 \
o

, (3.16)

n _ *
MAPE = 12 el 1000
Nial Y . (3.17)

[lepBbIit KpUTEpUii BEIpAKAETCS B TEX K€ €AUHUIAX M3MEPEHHUSI, YTO U MO-
TETUPYEMBIN PSIT TUHAMHKH, TTO3TOMY OH MOXKET OBITh HCITOJIB30BaH TOJBKO
JUTSL CpaBHEHUSI MOJIeNIel OJIHOTO U TOTO ke psja quHaMuku. C Apyroi cTopo-
HBI, OH TIO3BOJISIET OIICHUTh «(PU3UUECKOE COACPIKUMOE» TOTPEITHOCTA MOJIETH-
pOBaHMUSI.

CpenHee OTHOCHUTENIBHOE OTKIIOHEHUE SIBISIETCSl Oe3pa3MepHON BEITUYHMHON
Y TIO3BOJISIET CYJIUTh O TOYHOCTH MOJICTH M CpaBHUBATh WX MEXAy coboi. On-
HAKO €€ 3HAUYCHUE TaK)Ke BO MHOTOM 3aBUCHUT OT YPOBHEH psifa nuHaMuKU. Eciu
3HaueHus1 Yy BEJIUKHU MO CPaBHEHUIO CO cBouM pazbpocom, To MAPE-onenka
Oynet manoi, a eciau Yy 6u3ku K vy, To MAPE-orienka 0yaet 007b1110i1 BHE
3aBUCUMOCTH OT TOYHOCTH MOJenu. Ecnu ke uMmerorcs HaOoJeHus, CTPOro
paBHBIE HYJIO, TO WCIOJb30BaTh OTHOCUTEIBHBIC BEIMYUHBI BOOOIIEC HEBO3-
MO>KHO.

OpHoM M3 BaXXHBIX OIEHOK KPUTEPUs KauyecTBa TMOJYUYCHHOW 3aBUCHUMOCTHU

ABIIACTCA CymMma Keadpamoe ocmamkos.

2
SSE = %L (yi — f(w,x))". (3.18)
Koaghdpuyuenm xoppensayuu (BBIOOpOUYHBIIN) onpeneisieT CUIy JIMHEHHOM 3a-

BHUCHUMOCTH MCIK/Y ITOKa3aTCIISIMH:
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Myx — My My
S (3.19)

-1 <rx<1.

fyx =Ixy =

Yem Ommxe Momyiib |ryx| k 1, Tem Tounee moaens. Ipu |ryx| = 1 mexnay X u
Y cymiectByeT (yHKIMOHAIbHAS 3aBUCHUMOCTB, IIpH |Fyx| = O nuHeiiHas CBS3b
TIOJTHOCTBIO OTCYTCTBYET.

3HaK Iy ONpeJeIseT HalPaBICHHE 3aBUCUMOCTH (TTOJIOKUTEIIbHAS WU OT-
puLaTenbHas).

JInsg HeqWHEHHBIX Mojeneld Kod((GUIIMEHT KOPPEJSIHMA PACCUNUTHIBACTCS
JUI MX JIMHEApU30BaHHON (DOPMBI, HApUMep Ui JIorapu(MUUECKONU MOJIEITH

pacCcUnThIBACTCA

_ Myinx =My Myp x
Sy Sin x _ (3.20)

OOBIYHO CYUTAIOT, YTO eciu |Fyx| < 0,5, TO AMHENHAs 3aBUCUMOCTh OTCYTCT-
ByeT, eciu |ryx| < 0,7 — 3aBucuMocTh ciabast, eciu |ryy| > 0,9 — npucyTcTBYeT
CHJIbHAS JIMHEHWHAS 3aBUCUMOCTb.

Kosppuyuenm demepmunayuu R*:

kzri‘{(Yk* —Yk )2 Zri‘,ef

R?=1-k =1- K
S(e-my ) D (e-my )’
=L k1 , (3.21)
n . 2 n
Z(Yk _Yk) :Zglf
k=1 k=1

(cymMma KBaJpaToB OTKJIOHEHMI) — Mepa OCTaTOYHOTO, HE OOBICHEHHOTO MOjIe-

JIBI0 pa30poca UCXOTHBIX TAHHBIX.
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(oOmras cymma KBaapaToB) — Mepa 001Iero paccenBaHus Yy OTHOCUTENIBHO JIHU-
HUM MaTeMaTHYECKOI0 OKHUIaHUS My.

Cwmbica R%: kaxas oJIs 3aBHCHMOTO TOKA3aTelsi HE SBISCTCS CIIy4ailHOM,
T.€. OIHUCHIBACTCS MOJIEIIBIO.

s muHelHBIX Mopenei 0 < R?< 1. Yem Oamxe Kod(pdULIMEeHT JeTepMUuHa-
UM K €IMHULIE, TEM TOUHee MoAeib. [Ipu R?*= 1 Mozels MPOXOJUT TOYHO Yepe3
HCXOJIHbIC TAaHHBIE.

JIns HemMMHEHHBIX Mojeel Kod(phUIIMEHT AeTepPMUHAIIMM MOXKET OBITh OT-
pumarensHsM R? € (—o0;1], eciid MOJENIb COBEPLICHHO He OOBICHSET MMOKa3a-
Tenb (JaXe Xy)Ke, 4eM IMPOCTO TFOpU3OHTANIbHAs MpsiMasi). [IpuumHONl MOXKET
OBITh, HaIIPUMEP, BBIYUCIUTEIbHAS OIIMOKA, HEBEPHBIM BHIOOP (DYHKIIMOHATH-
HOT'O BHJIa MOJICIIH.

J1J1s1 TMHEWHBIX MOJeIIeH R? = rxyz.

OCHOBHBIM HexocTaTkoM R siBisieTcst To, 4To IIPU YCIOKHEHUU MOJICNIM OH
BO3PACTAET U MOITOMY HE MOXKET CIYKUTh JOCTOBEPHBIM KPUTEPUEM BbIOOpA
OJHOW MOJENN U3 HECKOJIbKUX.

Kpumepuu Quwepa (F-mecm)

F-xpurtepuii @urepa 3akarodaercs B IpoBEpKe TUNOTE3bl H, o cmamucmu-
YecKoU He3HAUuUMocmu ypasHenus pezpeccuu. JIjist 3TOro BBITIOITHSAETCS CpaBHE-
Hue (axkTnaeckoro Fyue M KpuTHyeckoro (TabmuyHOro) Fi.s, 3HadeHmn F-
kpurepus Oumepa. Fgyu Onpenensercs U3 COOTHOLIEHUS 3HaYeHUH (PaKTOpHOI
U OCTaTOYHOM JUCIIEPCUI, paCCUUTAHHBIX HA OJIHY CTENEeHb CBOOOJbI. BhIMoJ-
HAETCS CPaBHEHHME Fyu; M KPUTHYECKOrO (TaOMMYHOIO) Frp6, 3HaUeHW F-
kpurepust Oumepa. Ecnu TabnmvyHOe 3HaUYeHHE MEHbIIe (haKTHISCKOT0, TO MpPH-
3HAETCS CTATUCTUYECKash 3HAYUMOCTh M HAJIe)KHOCTh XapaKTEPUCTUK, €CIIU Ha-
000pOT, TO MPU3HAETCS CTATUCTUYECKAsT HE3HAYMMOCTbh, HEHAIE)KHOCTh ypaBHe-

HUS PErPeCcCu.
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3.2 Tlpumep nocTpoeHusi perpecCHOHHOI Moae/IH
Hccrnenyem 3aBHCHMOCTH TIOCEIIaeMOCTH Web-caiiTa, TpeaoCTaBIISIONIETO
UHGPOPMAIMIO JUIsl TIOUCKA pabOThl, OT pa3IM4HbIX (aKkTOpoB. MoaenupyeMbIM
MIOKAa3aTelIeM B 3TOM MCCIIEJOBAaHUU SIBJISIETCA KOJUYECTBO YEJIOBEK, MOCETHUB-
X CAUT 3a JICHB.
BriOpanHble 715 pelieHns JaHHOM 3a/lauM JaHHbIE [IPEICTaBICHbI B TaOJIN-

e 3.1.

Ta6m. 3.1. JlanHbBIC AJI TOCTPOCHUS MOCIH

Koua-Bo 3arpy:keHHOCTh .
YesI0BeK BHYTpeHHeii ceTu Koar-so Bakancaii
B 1eHb (Y) (uen/nen) (P) Ha TeKyumii 1ens (V)
11 651 165
18 1046 200
19 944 312
11 1084 341
15 1260 296
10 1212 264
12 254 78
14 1795 599
9 2851 622
15 1156 261

Hatitn K03 GUIIHEHTHI pEeTPEeCcCUU MOXKHO MCTIONIb3YS OJIUH U3 MaKeTOB CTa-
TUCTHYECKOTO aHajiu3 OWUOJHUOTEKH S3bIKOB IporpamMmupoBaHus. Hckomoe
ypaBHEeHHE MHOecTBeHHOU perpeccuu: Y = 0.018-V + 12.567 — 0.005-P.

Koadpdpumment nerepmunamuu R = 0.69. 310 o3HavaeT, 4To (HaKTOPHI, BO-
IISAIINE B MOJICNIb OOBSCHSIIOT U3MEHEHHUE KOJIMYECTBA IMOCCTUBIIUX CAWT JIO-
e Ha 69%. CnenoBarenbHO, 3HAYEHUA, MOJYYEHHBIE C MTOMOIIBIO JTUHEHUHON
MOJEINH, OJIN3KU K (PAKTUUECKUM.

MO>KHO cIesiaTh BBIBOJ O TOM, YTO YBEJIMYEHUE KOJMYECTBA BAKAHCHM CBSI-

3aHO C, KOJIMYECTBOM ITOCEIICHUN calTa.
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3.3 AdppuHUTHBHBII aHAIN3

Iens addunutuBHOTO aHanm3a (affinity analysis) — mcciaenoBanue ucce-
JIOBaHMS B3aMMHOMW CBSI3M (aCCOIUAINI) MEXIY COOBITUSMHU MPOUCXOISIUMHU
COBMECTHO M UX KOJIMYCCTBCHHAS OlleHKA. Pe3ysIbTar BBITONICHHNS apUHUTHB-
HOT'0 aHajM3a — HabOop accolMaTHBHBIX MpaBui. (association rules).

[TpumepamMu IPHUIIOKEHHUST ACCOIIMATUBHBIX MPABUJI MOTYT OBITH CIIEAYIOTHE
3aJ1aun:

— BBISIBJICHUE HaOOpPOB TOBApOB, KOTOPBIC B CYIIEPMApKETax 4acTo MOKYIa-
IOTCSl BMECTE MJTM HUKOT]Ia HE TTOKYIAIOTCSI BMECTE;

— ONpEIEICHUE IO KIMEHTOB, MOJIOKUTEIHHO OTHOCAIIUXCS K HOBOBBE-
JICHUSM B X OOCITY)KHBaHUH,

— omnpeneneHue npoduiis MoceTUuTeNe Bed-pecypea;

— ONpEJEICHUE JIOJI CIy4aeB, B KOTOPBIX HOBOE JICKAPCTBO ITOKAa3bIBAET
ormacHbI TOOOYHBIN A (PEKT;

— BBISABJICHUE CBS3M MEXK]y IapaMeTpaMH O0OOpYIOBaHUS U IOJy4aeMBIMHU

Ka4YCCTBCHHBIMHA XaPaKTCPUCTUKAMM IIPOJAYKTaA.

3.3.1 OcHoBHbIe NOHATHS APPUHUTHBHOIO AHAJIN3A

bazoBbiM nonsiTemM adGUHUTUBHOTO aHAIU3a SIBISICTCA MPAH3aAKYUus — He-
KOTOPO€ MHOKECTBO COOBITUM, TPOUCXOSAIIUX COBMECTHO.

B pesynpraTe adbPuHUTHBHOTO aHanmM3a Mbl YCTAaHABIMBAEM 3aKOHOMEP-
HOCTh cleayromiero Bujaa: "Ecnu B TpaH3aKIMU BCTPETUIICS HA0OpP AJIEMEHTOB
A, TO MOXHO CJIeJIaTh BBIBOJ, YTO B ITOM e TPaH3aKIUU JIOJDKEH MOSBUTHCS
HaOop anmeMeHToB B". YcTraHoBiIeHre Takux 3aKOHOMEPHOCTEW JaeT HaM BO3-
MOHOCTbh HaXOJIUTh aCCOIIMATHBHBIC MPABUIIA.

AccormatuBHOe mipaBuiio umeeT Bu: "3 coOwsitust A cnemyet cobbitue B":
A—B. OCHOBHBIMH XapakTEPUCTUKAMU AaCCOIMATUBHOTO MpaBWiia SBIISIIOTCS

noaacpKKa U JOCTOBCPHOCTD IIpaBUJia.
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Iloooepoicka accoyuamusnozo npasuia — 3TO YUCIO TPAH3AKIIMM, KOTOPBIE
CoJiepKaT KakK ycloBHe, Tak W cieacTtBue. Hampumep, ansa accouuanuu A—B
MOkHO 3anucaTth S(A—B)=P(ANB)= (xoinuyecTBO TpaH3aKIMH, COACPIKAIIUX
A u B)/(oOmee uucno tpauzakiuii) [IpaBuino mmeeT mommepxkky s, eciau $%
TpaH3aKIUil U3 Bcero Habopa cojiep>KaT OJJHOBPEMEHHO HAOOPHI JIEMEHTOB A U
B unu, npyrumu cioBamu, couepxkar oda ToBapa.

Jlocmoseprocme npasuna MOKa3bIBa€T, KAKOBA BEPOSTHOCTh TOrO, YTO W3
cobpiTuss A cneayer coObiTe B. JlocTOBEpHOCTH accOMATHBHOIO IpaBuia
A—B npencrasnsier co00il Mepy TOYHOCTH MPaBHIIA U ONMpPENENseTcs KaK OT-
HOIIICHUE KOJIMYECTBA TPAH3aKIIUN, COAECPIKAIINX M YCIOBUE U CIEACTBHE, K KO-
JNYECTBY TpaH3aKIuH, COJEpIKaIINX TOJIBKO yCIIOBHE:!
C(A—B)=P(A|B)=P(ANB)/P(A) (konu4ecTBO TpaH3aKIUi, coaepKammx A u
B)/(konudecTBO TpaH3akiui, coaepxanux Toibko A). [Ipasuno "U3 A crnenyer
B" cnpaBeiinBO ¢ JOCTOBEPHOCTBIO C, €clu €% TpaH3aKIUH U3 BCETO MHOXKECT-
Ba, COJIEpKaIINX HAbOp PIEMEHTOB A, TakKe cozepkat Habop 1eMeHToB B.

I panuyvl nooodepocky u 00CMOBEPHOCMU ACCOYUAMUBHO20 NPABUILA

[Tpu moMoIIHM MCIOBF30BaHUs AITOPUTMOB TTOMCKA ACCOIMATUBHBIX MPaBUI
aHAJIMTUK MOKET MOJIyYUTh BCE BO3MOXKHbBIE NpaBuia Buaa "13 A cienyer B", ¢
pa3IMYHBIMM 3HAYEHUSMHU MOAJIEPKKH U TOCTOBEpHOCTU. OHAKO B OONBILNH-
CTBE CIy4aeB, KOJWYECTBO MPaBUI HEOOXOAMMO OTpaHWYHMBATH 3apaHee ycTa-
HOBJICHHBIMM MHHUMAJIbHBIMA U MAKCUMAJbHBIMU 3HAYEHUSMU TOICPKKH H
noctoBepHOCTH. Ecnu 3HaueHWe MOANEPKKH MpaBWiIa CIWIIKOM BEJIHKO, TO B
pe3ynbrate paboThl aropuTMa OyAyT HalIeHbI MPaBUjIa OUYEBUIHBIC U XOPOIIIO
u3BecTHble. CIMIIKOM HHU3KOE 3HAUYE€HHE MOJJCPKKU MPUBEIET K HAXOXKIACHUIO
OUYEHb OOJIBIIOTO KOJUYECTBA MPaBUJl, KOTOpPbIE, BO3MOXKHO, OyIyT B OoJiblIeh
YaCTH HEOOOCHOBAHHBIMHU, HO HE MU3BECTHBIMU U HE OUYEBUIHBIMH JJIsI aHATTUTHU-
ka. Takum 00pa3zom, HEOOXOUMO ONPEAETUTh TAKOH MHTEPBAN, KOTOPBIN C OJI-

HOM CTOPOHBI obecrneunuT HaXOXXACHUC HCOYCBHUAHBIX IIPAaBHII, 4 C ﬂpyroﬁ - UX
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000cHOBaHHOCTh. Ecnu ypoBEHb OCTOBEPHOCTH CIIMIIKOM Mall, TO IIEHHOCTH
IpaBujia BBI3BIBACT CEPhE3HBIC COMHEHMS. Hampumep, mpaBuiio ¢ J0CTOBEPHO-
CThIO B 3% TOJBKO YCIIOBHO MOKHO Ha3BaTh MPABUIOM. AHAJIUTUKU MOTYT OT-
JaBaTh MPEATIOYTEHUE TPABIIIAM, KOTOPhIE UMEIOT TOJIBKO BBICOKYIO TOIECPIK-
Ky WIH TOJIBKO BBICOKYIO JIOCTOBEPHOCTD, WJIM 00a 3TuxX nokasarens. [IpaBuna,
JUISL KOTOPBIX 3HAYEHUS MOJJEPKKU WM JOCTOBEPHOCTH MPEBBIMIAIOT OMpE/e-
JICHHBIN, 3aIaHHBIN TIOJI30BATEJIEM ITOPOT, HA3bIBAIOTCS CHJILHBIMU TIPaBUJIAMHU.

MeTroauku MOMCKa acCOIMATUBHBIX MPaBUJI OOHAPYKUBAIOT BCE accoIlha-
ITUH, KOTOPBIE yIOBJICTBOPSIIOT OTPAHUICHHUAM Ha MOACPKKY U TJOCTOBEPHOCTD,
HaJI0’)KEHHBIM TI0JIb30BaTeIeM. DTO MIPUBOJANUT K HEOOXOIMMOCTH paccMaTpUBATh
JIECATKH M COTHH THICSIY aCCOLMAIIUMA, YTO JIeJIaeT HEBO3MOXKHBIM 00pabOTKy Ta-
KOTO KOJIMYECTBA JTAHHBIX BPYYHYIO. UHCIIO TPaBMII JKEJIATEIhHO YMEHBIIUTH
TaKUM 00pa3oM, 4TOOBI MPOAHAIU3UPOBATH TOJIBKO HAaNOOJIee 3HAUNMBIE U3 HUX.
3HAYMMOCTb YacTO BBIYHMCIISIECTCS KaK Pa3HOCTh MEXY MOJIEPKKON MpaBuiia U
B IICJIOM M TIPOU3BEACHUEM TOIISPIKKH TOJBKO YCIOBHS U TOJIJIEPKKH TOJIBKO
cienctBusi. Eciam ycioBue u ciaeicTBUE HE3aBUCHMBI, TO TOJJIEPKKA MpaBHIIa
MIPUMEPHO COOTBETCTBYET MPOM3BEICHUIO TTOICPKEK YCIOBUS U CICACTBUSA, TO
ectb SAB=SASB. DT0 3Ha4UT, 4TO XOTS yCJIOBHUE U CJIEACTBUE YaCTO BCTpeya-
I0TCSI BMECTE, HE MEHEE YaCTO OHU BCTPEYAIOTCS U TIO OTACIBHOCTH.

CybvexmugHble Mepbl 3HAYUMOCTU ACCOYUAMUBHBIX NPABUTL

Jlugopm Beramcnsiercs cnexyronmm odpazom: L(A—B)=C(A—B)/S(B). Jludt
— 3TO OTHONICHHUE YaCTOTHI TOSIBJICHUS YCIIOBHS B TPAH3AKITUAX, KOTOPBIC TAKKE
COJIEpKaT W CJIENICTBUE, K YAaCTOTE TOSBIICHHUS CIICJACTBHUS B ILIEJIOM. 3HAYCHHUSI
mudTa, 6ombIHMe, YeM |, MOKa3bIBAIOT, YTO YCJIOBHE Yallle MOSBISETCS B TPaH-
3aKIUSAX, COJEPIKAIIUX CJICACTBHE, YeM B OCTAJbHBIX. MOXHO CKa3aTh, 4YTO
TUQT SIBISETCS OO0OOIIEHHOW MEpOU CBS3U JIBYX IMPEAMETHBIX HAOOpPOB: TPH
3HaueHusx JudTa O0ombine 1 CBSI3b MOJOXKUTEIbHAS, TPU | OHAa OTCYTCTBYET,

IIPpHU 3HAYCHUAX MCHBIIIC 1-— OoTpuIaTciIbHasid.
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Jlesepeooic BeuMCHseTCs crnenyrommM  obpazom: T(A—B)=S(A—B)-
S(A)S(B). JleBepemx — 3TO pa3HOCTh MEXKY HAOII0/Ia€MOW 4acTOTOM, C KOTO-
poil ycioBHE U CJIEACTBUE MOSBISIOTCS COBMECTHO (T.€. C MOMAJIEPIKKOM acco-
IIMAIMN), U TPOU3BEICHUEM YaCcTOT TMOSBICHUS (MTOAMEPKEK) YCIOBUS U CIIE/I-
CTBUS IO OTAeIbHOCTH. M3 acconmanuii ¢ 0MHAKOBBIM JHU(PTOM accolUalus ¢
OOJIBIINM JIEBEPEIKEM MPEACTABISIET OOJIBIINI HHTEPEC, TAK KaK 3TO TOBOPUT O
TOM, YTO JAHHOE TPABWJIO BCTPEUAIOTCS YaIe. YIJIYYIICHUE BBIUUCISCTCS Clie-
nayrommm  obpazom: [(A—B)=S(A—B)/(S(A)S(B)). Yayumenue mnoka3bIBaer,
MOJIE3HEE JIM MPaBWIO ciaydaitHoro yranaeiBanus. Eciu [((A—B)>1, 310 3HauwT,
YTO BEpOSITHEE MPEICcKa3aTh HaMuune Habopa B ¢ moMoripio mpaBwiia, ueM yra-

JIaTh CIIy4YaiHo.

3.3.2 MeToabl MOMCKA ACCOUMATHBHBIX MPAaBUJI

B mporecce noucka accolMaTUBHBIX MPABWII MOXET MPOU3BOJIUTCA OOHA-
pY’KEHHE BCEX accolMalui, MoAJAep>KKa U JOCTOBEPHOCTh JJISI KOTOPBIX Tpe-
BBIIIAIOT 331IaHHBIA MUHUMYM. [IpocTeninii anroputM MoMcKa acCOLUATUBHBIX
MpaBWJI paccMaTpUBaeT BCE BO3MOXHBIE KOMOWHAIIMK YCJIOBUM W CIEJCTBUM,
OLIEHUBAET JJI1 HUX MOJIEPKKY U JOCTOBEPHOCTH, a 3aT€M MCKJIIOYAET BCE ac-
COIMAIIMU, KOTOPBIE HE YAOBJIETBOPSIOT 33JJaHHBIM OTpaHHYCHUSIM. YHCIIO BO3-
MOXHBIX acCOILMAIUi C yBEIWYEHUEM YHCJIa MPEIMETOB PacTET SKCIOHEHIIU-
anbHO. [losTOMy B mpoliecce TreHepaluu acCOLUUATHBHBIX MPaBWI IIHPOKO
UCIIOJIB3YIOTCSI METOJAMKHU, TTO3BOJISIONINE YMEHBIIUTH KOJMYECTBO aCCOLUAIINH,
KOTOpO€ TpeOyeTcsl MpoaHaIu3upOBaTh.

Bnepsrie 3amaua moucka acCOIMATHBHBIX TMpaBUJI ObLIa MPEAJIOKEHA IS
HaXO0XJICHUSI TUIMMYHBIX IA0JIOHOB MOKYTOK, COBEPIIAEMBIX B CyllepMapKeTax,
MOPTOMY WHOTJA €€ €IIe Ha3bIBAIOT aHAM30M PBIHOYHOW KOp3WHBI (market

basket analysis) [20].
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Anzopumm AILS

[TepBbIil anTOPUTM TIOWICKA AaCCOIMATHUBHBIX TpaBW, HasbiBaBmuics AlS,
ObLT pa3paboTaH COTPYIHHKAMHU HCClenoBaTebckoro neurpa IBM Almaden B
1993 rogy. C stoii paboTHl HA4aJCs MHTEPEC K aCCOLMATUBHBIM MpaBUiIaM; Ha
cepenuny 90-x roloB MPOUUIOrO BEKa MPHUILENCS MUK UCCIEIOBATEIbCKUX pa-
00T B ATOI 00JACTH, U C TE€X MOP KAXKIBIA TOJ MOSBISAETCS HECKOJIBKO HOBBIX
JITOPUTMOB.

B anroputme AlS kanaumaaThl MHOXECTBa HaOOPOB IMEHEPUPYIOTCS W TOJ-

CUUTBIBAIOTCA «HA JICTY», BO BPCMA CKaHUPOBAHUA 0asbl JaHHBIX.

Anzopumm SETM

Cozmanue TOro anropuTMa ObLIIO MOTHBHPOBAHO JKEIIAHUEM HCIIOIH30BaTh
s3pIk SQL /1711 BBIYMCIIEHUS YacTO BCTpEYaronuxcs HabopoB ToBapoB. Kak u
anroput™ AlS, SETM Ttaxxe hopmMupyer KaHANIATOB «HA JIETY», OCHOBBIBASCH
Ha TpeoOpa3oBaHUAX 0a3bl JAaHHBIX. UTOOBI MCITONB30BATh CTAHIAPTHYIO OTIE-
panuio oobeauHenns si3bika SQL mrst popmupoBanus kanaumaara, SETM otne-
nseT popMupoBaHUE KaHIHUIATa OT UX mojcdera. HeymooctBo anmroputmoB AlS
u SETM — m3nuimHee reHepupoBaHUE W TOJCUYET CIIUIIKOM MHOTHX KaHIHa-
TOB, KOTOpbIE B pe3yjbTaTe HE OKa3bIBAIOTCS YacTO BCTpedaromumucs. [is

YIIYYIICHUS UX PabOTHI OBLT MPEIIOKEH alropuTM ApPriori.

Anzopumm Apriori
PabGoTta maHHOTO aJrOpMTMa COCTOWT M3 HECKOJBKHX 3TaIlOB, KAKIBIM U3
ATANOB COCTOUT M3 CJICIYIONTUX I1aroB:
— ¢dopMupoBaHUE KaHIUIATOB;

— IIOACYCT KaHANAAaTOB.
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dopmupoBaHUE KaHIUIATOB — 3TAIl, HA KOTOPOM aJITOPUTM, CKaHUPYs 0a3y
JAHHBIX, CO3/Ia€T MHOXKECTBO I-2JIEMEHTHBIX KaHIuAaToB (I — HoMmep dtama). Ha
ATOM JTare MoAJePKKa KaHIUJaTOB HE PaCCUNTHIBACTCSI.

[TomcyeT KaHAMIATOB — 3TAIl, HA KOTOPOM BBIUUCIISICTCS TOICPIKKA KaXK0-
ro I-3JIECMEHTHOTO KaHJIUAaTa. 371eCh )K€ OCYIIECTBIIACTCS OTCCUCHUE KaHIWIa-
TOB, MOJIEP’KKa KOTOPHIX MEHBIIIE MUHIMYMa, YCTAaHOBIEHHOTO IOJTh30BaTEIIEM
(min_sup). OcTaBmmecs i-3JieMEeHTHBIC HAOOPHI Ha3bIBAEM YACTO BCTPEUAIOIIH-
mucs [21].

OnHako anroput™M Apriori yMEHbBIIAET KOJWYCCTBO KaHIUIATOB, OTCEKAs —
apUOPH — TEX, KOTOPHIC 3aBEIOMO HE MOTYT CTaTh YaCTO BCTPEUAIOIIUMICS, HA
OCHOBE MH(OpPMAITMK 00 OTCEUYCHHBIX KaHAMIaTaX Ha MPEIbIIyIINX dTanax pa-
OOTBI AJITOPUTMA.

AnroputM Apriori pacCUMTHIBAET TAK)Ke MOMAJEPKKY HAaOOPOB, KOTOPBIC HE
MOTYT OBITh OTCEUYCHBI aPUOPHU. DTO TaK Ha3bIBaeMasi HEraTWBHAsl 00JacTh, K
HEeH TpuHaIeKaT HAOOPbI-KaHIUIAThl, KOTOPBIC BCTPEUAIOTCS PEAKO, UX CAMHX
HEJIb351 OTHECTH K YacTO BCTPEYAIOIIMMCS, HO BCE IMOJMHOKECTBA JTaHHBIX Ha-

60pOB SBJIIAIOTCA 4aCTO BCTPCHAOITUMHCS.

Ilocneoosamenvhovle uadnonbl

JIns paciidpeHusi BO3SMOKHOCTEN aHaIN3a TPaH3aKIMOHHBIX JAaHHBIX C y4e-
TOM BPEMEHHOTO aCIEKTa, MOCIEAOBATEILHOCTH MOSBICHUS IPEAMETOB U OPU-
CHTHPOBAaHHOCTH Ha KOHKPETHOrO KJIHEHTa CyIlecTByeT 3amada Data Mining
10JT Ha3BaHUEM nocredosamenvuvle uiabronvr (Sequential pattern, time-serial
sequential pattern) [22].

Teopus mocienoBareabHBIX IIA0JIOHOB BO MHOTOM OCHOBaHAa Ha TEOPHUH
aCCOIMAaTUBHBIX MPABUII U, 10 CYyTH, SIBIIIETCS €€ pacliupeHueM. B vactHocTH,
0a30BBIMH TIOHSITHSIMU B HEW TaKXKe SBISIOTCS TPAH3aKIUS, PEAMETHBIA HA00D,

qacCToTa Ha60pa, moaacpKKa 141 T.AO. KpOMC 9TOTO, JJIA ITIOHUCKa
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MOCJICIOBATEIbHBIX ~ MTA0JIOHOB  IIMPOKO  HWCIOJIB3YETCS — aJanTUPOBAHHBIN
anroputM  Apriori u ero wmoaudukammu. Ho mpu  paccmoTpeHuH
MIOCJICIOBATCIIBHBIX ITA0JJOHOB HEOOXOJMMO YYHUTBHIBATH PSII 0COOCHHOCTEH.
[maBHAas W3 HUX 3aKIIOYAETCS B TOM, YTO €CJIM B aCCOIMATHUBHBIX IMpaBUIIAX
paccMaTpHWBacTCs TOJBKO (DAKT COBMECTHOTO ITOSIBJICHHS TOBapOB B OJIHOH
TpaH3aKIMM, TO B  IIOCICJAOBATCIbHBIX  IMA0JIOHAX  paccMaTpUBaCTCS
MOCJIEIOBATEIIBHOCTh TOSBICHUs TOBapoB. [locienoBarensHblil mabioH — 3TO
BCETJIa MOCJEI0BATEIbHOCTD MOSBICHUS MTPEAMETOB U UX TPYIIIL.

NHTYUTUBHO MOHATHO, YTO THUIUYHOM MOCIIEI0BATEILHOCTHIO (111a0JI0HOM)
MOKET OBITh TOJNBKO TaKas IMOCJIEIOBAaTEIBHOCTh, KOTOpasl BCTpedaeTcs B 0ase
JAHHBIX JOCTAaTOYHO dYacTo. [loaToMy Tmpu TOUCKE TMOCIEI0BATEIbHBIX
mabJOHOB BO3HHUKAET Ta K€ MPOOJeMa, YTO M TPH TIOUCKE acCOIMATHBHBIX
npaBui. bomiblnoe 4nciio paccMaTpyUBaeMbIX MPEIMETOB MOPOKIAET OrPOMHOE
KOJIMYECTBO BO3MOXKHBIX MOCJIEIOBATEIIbHOCTEH, YTO MPUBOAUT K CEPbE3HBIM
BBIYHMCIIUTEILHBIM 3aTpaTaM TpH HCIIOJIB30BAaHUHM IMOJIHOTO Tiepebopa. Ho m
31eCh TPUMEHUM TPUHIUI AHTUMOHOTOHHOCTH — TOCIIEJOBATEIbHOCTH,
COZIEpIKaIlIe PEIKUE COOBITHS, HE MOTYT OBITh YaCThIMH, YTO TIO3BOJISICT
CYIIECTBEHHO CHU3UTh MPOCTPAHCTBO MOUCKA.

[IpumeneHnre mocCeOBATEIbHBIX IIA0JIOHOB BBIXOJUT 3a PaMKU aHaIu3a
PBIHOYHOM KOP3UHBI. Onn TTO3BOJISIFOT BBISIBIISITH TUTTAYHBIC
MOCJIEIOBATEIBHOCTH  COOBITHI B CaMbIX Pa3HOOOPA3HBIX  MPEAMETHBIX

o0J1acTsx.

Anzopumm AprioriAll
SIBnsiercst Momubukarnuen amroputma Apriori. Ha xaxmom mpoxome
UCTIONIB3YIOTCST YacThle IOCICIOBATEIILHOCTH, IMONyUYECHHBIC HA MPEAbIIYIIEM
OpoXoae, [UIs TCHEPAlMH  IOCIIeA0BATeIbHOCTEH-KaHANAaTOB, a 3aTeM

BBIYHUCICTCA UX IMOAACPIKKA B IIPOLCCCC HOBOI'O ITPOXO/a. B I[aJ'ILHeI\/'IHICM OHa
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UCHOJNB3yeTCs JUIsl  OMpeNeNeHHus 4YacThlX ToclenoBaTenbHocTe. Yacteie
MpeIMeTHbIE HAaOOpBI, HaWJEHHBIC HA TMEPBOM TPOXOJE, SIBISIIOTCSA, MO CYTH,
qacTBIMH  |-mocrienoBarebHOCTAMUA. MHOTHA 93TOT TMPOIECC Ha3bIBAIOT
uHuIManu3anued. Ha kaxmom mpoxoze 0as3pl JaHHBIX anroput™ AprioriAll
00pabarkIBaeT MOCIEIOBATEIIBHOCTH TOJBLKO onpeaeicHHON amuHbl K. [Tpu aTom
aHaJIM3 TIOCIIEOBAaTEIbHOCTEH BCEX JJIMH MOXKET OKa3aThCs 3aTpaTHOM I10
BPEMEHH IIPOLIETYPOU.

Anroputm AprioriAll dopmupyet gacTbie MOCIe10BaTENbHOCTH-KaHNIAThI
BCEX BO3MOXKHBIX JUIMH. OIHAKO €ClM M3 4YHuCia MOCIEI0BaTEIbHOCTEN
OTIPENENICHHON JUTMHBI (OPMUPYETCS MaJl0 YacThIX IOCIEN0BaTEIbHOCTEH, TO
ATy JJIMHY MOXHO TPOIYCTUTh. AJITOPUTM HCIOJIB3YeT KakK MapaMmerp JIHHY
MIOCIICZIOBATEIbHOCTEH, aHaNM3UPYeMbIX Ha MPEAbLAyIIEM MpoXone, W
BO3BpAIllAeT JJIMHY MOCIIE0BATEILHOCTEH, KOTOPbIE OyIyT aHaTM3UPOBATHCS Ha
cienyronieM. WMHBIMU CJIOBaMH, JJMHA TOCJIEI0BATEIbHOCTEH, HCKOMBIX Ha
CIIEAYIOIEM  TIPOXOAE, OMpEeAeNseTcs JIUHOW  MOCIEIOBaTEIbHOCTEH,

HaWJICHHBIX Ha Ipeablayiem [22].

Bomnpocs! k riiase 3
JlaiiTe onpeneaeHue MOHATHIO CTOXaCTUYECKAs 3aBUCUMOCTb.
Kaxkue 3amauu pemaet MHOKECTBEHHAsI perpeccusi?
UTto Takoe ypaBHEHUE perpeccuu’?

Onummre HNJICH0 MCTOJa HAMMCHBIIIUX KBAJAPAaTOB.

o & W Do

[lepeunciure n3BecTHble BaM mokazarenu kayecTBa ypaBHEHUs perpec-
CHUHU.

6. Kak ucnonsiyror kpurepuit duiiepa as OLIEHKHM KayecTBa Mojelnei
perpeccun?

/. Kaxkoli Bua UMEIOT acCOllMaTUBHbIE MpaBUiia?

8. OObsicHUTE CyTh MOHATHE MOAJIEPIKKA MTpaBuUIIa.
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9. JlaiiTe onmpeneneHne MOHIATHIO TOCTOBEPHOCTh MPABHJIA.

10. OcHoBHBI€ TIaru anroputma Apriori.
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IJTABA 4 METOAbI MOAEJIUPOBAHUS HA OCHOBE TEOPUU
HEYETKHUX MHOXXECTB U MATKHUX BIYMCJIEHUIA

Marematrnueckasi TeOpUsi HEYETKUX MHOXKeCTB (fuzzy sets) m HedeTKas Jio-
ruka (fuzzy logic) sBistroTcst 0000IIEHUAMEI KIIACCUYECKOW TEOPUH MHOXECTB U
KJlaccuyeckor GopmanbHOM JIOTUKHU. J[aHHBIE TTOHSTHUS ObUIM BHEPBBIEC MPEJIO-
*eHbl amepukanckuM yaeHbiM Jlotdu 3ane (Lotfi Zadeh) B 1965 . [23].

Konienuuys HEYEeTKOro MHOXKECTBA 3apoAWIach y 3ae “KaKk HEYJIOBJIETBO-
PEHHOCTh MaTEMaTUUYECKUMU METOIaMH KJIACCUUECKON TEOPUHU CUCTEM, KOTOpast
BBIHYkJaja JOOMBATHCS HMCKYCCTBEHHOM TOYHOCTH, HEYMECTHOM BO MHOTHX
CUCTEMaX pEaJbHOr0 MHpa, OCOOCHHO B TaK HAa3bIBAEMbIX T'YMAaHHCTHYECKHX
CHCTEMax, BKIIOYAKOIINX JIrojei” [24].

Hauanom npakTuyeckoro npuMeHEHUs TEOPUH HEUYETKUX MHOMXKECTB MOYKHO
cuutath 1975 1., korma Mammanu u Accwimadn (Mamdani and Assilian) mo-
CTPOWJIM TIEPBBIM HEUETKUU KOHTPOJEpP JJis YIpaBJIEHHUSI MPOCTHIM IMapOBHIM
nsurareneMm. B 1982 Xoam6man u Ocrepraa (Holmblad and Osregaad) pazpa6o-
TaJIM NEPBBIA NPOMBIILIEHHbBII HEYETKUH KOHTPOJUIEP, KOTOPbIN ObLT BHEAPEH B
yIpaBJICHHE MPOIECCOM O0XHUTa IeMeHTa Ha 3aBojie B [lanuu. Ycmex mepBoro
MPOMBIIJICHHOTO KOHTPOJIEPA, OCHOBAHHOTO HAa HEYETKHX JIMHTBUCTUYECKHUX
npaBwiax “Eciam — T0” mpuBEN K BCIUIECKY MHTEPECA K TEOPUU HEUETKUX MHO-
JKECTB Cpeau MaTeMaTUKOB U WHxkeHepoB. Heckonbko mo3zxe baprtoinomeem
Kocko (Bart Kosko) Obuta jgokasana Teopema O HEUETKOM ammpOKCUMAaIlUH
(Fuzzy Approximation Theorem), corjiacHo KOTOpOil Jit00asi MmaTeMaTH4ecKas
CUCTEMa MOXET OBITh alllIPOKCUMHUPOBAHA CHUCTEMOMN, OCHOBAHHOW HA HEUETKOU
joruke. [[pyrumu cioBamu, ¢ MOMOIIBIO €CTECTBEHHO-S3BIKOBBIX BBICKA3bIBa-
Hui-ipaBun “Ecimm — 10”, ¢ mocnenyromei ux (opmanusanuend CpeacTBaMu
TEOPUU HEUETKUX MHOXKECTB, MOXKHO CKOJIbKO YTOJHO TOYHO OTPa3UTh MPOU3-

BOJIbHYIO B3aUMOCBA3b “BXOI[BI-BLIXOI[” 0e3 MCIOoJIL30BAHUS CI0KHOT'O alriapa-
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Ta quddepeHInaTbHOT0 U UHTETPAIbHOTO UCUYHUCICHHUM, TPAAUIIMOHHO MpUMe-
HSIEMOTO B YIIPaBJICHUU U HeHTUUKanuu [25].
Hcnonp30BaHne HEUETKUX MHOXKECTB JAET psf] MPEUMYLIECTB JUIsl MOJEIIH-

poOBaHM:, T.K. IIO3BOJIACT:

BKJIFOYATh B dHAJIN3 KAYCCTBCHHBIC IICPCMCHHBIC,

ONIEPUPOBATH HEUCTKUMU BXOJHBIMH JTAHHBIMH;

— ONEPUPOBATH JUHTBUCTUYECKUMU KPUTEPUSIMU;

— OBICTPO MOJCIMPOBAThH CIOKHBIC JUHAMUYECKHE CHUCTEMbl U CPaBHHMBATh
X C 3aJaHHOM CTENECHbIO TOYHOCTH;

MeTonbl Ha OCHOBE TEOPUU HEUETKHMX MHOXKECTB MCIIOJIB3YIOTCS JJISl pelie-
HUS OOJIBIIIOrO KpyTa 3a1a4:

— AHAJIN3 HOBBIX PHIHKOB;

— OUPIKEBBIC UTPHI,

— OILICHKA TOJIUTUYECCKUX PEUTHHTOB;

— BBIOOp ONTUMAJIBHON 1IEHOBOM CTPATETUU U T.IL.;

— HOBBIE APXUTEKTYPBI KOMITBIOTEPOB JIJIsI HCUETKUX BBIYUCIICHUM;

— DJIEMEHTHas 0a3a HEYETKUX KOMIBIOTEPOB U KOHTPOJLJIEPOB;

— MHCTPYMEHTAJbHBIE CPEACTBA Pa3pabOTKH;

— WHXXEHEPHBIE METOABI pacyeTa M pa3pabOTKU HEYSTKHX CHCTEM YIIpaBlie-

HMS, U T.II.

4.1 OcHOBHBIC IOHATHUS TEOPUU HEYETKHUX MHOMKECTB
XapaKTEepUCTUKOM HEYETKOrO MHOXECTBA BBICTYNACT @YHKYUS NPUHAO-
neaxcnocmu (Membership Function). O6o3naunm yepe3 MF(X) — crenenp mpu-
HaJIJISKHOCTH K HEUETKOMY MHOkecTBY C, mpeacTaBisitonieit coooi 06o01eHne
MNOHSTUS XapaKTepUCTUUECKOW (PyHKIIMK OOBIYHOrO MHOXKecTBa. Torma neuem-

Kum muoxcecmeom (C Ha3BIBAETCI MHOXKECTBO YHOOPAJOYCHHBIX IIdp BHUAA
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C={MF(x)/x}, MF(x) [0,1]. 3naueane MF,(X)=0 o3HayaeT OTCyTCTBHE MNpH-
HaJIJICKHOCTH K MHOXKECTBY, 1 — MOJIHYIO NPUHAJIC)KHOCTb.

Ilpumep [26]. ®opmanuszyem HETOUHOE omnpeaeneHue "ropsiunii dait". B ka-
yecTBe X (00JaCTh paccykaeHui) OyAET BHICTYIATh IIKajla TEMIEPaTyphl B rpa-
nycax Llenscusa. OueBuaHo, 4yTo oHa Oyaer uaMensercs ot 0 1o 100 rpamgycos.
HeueTkoe MHOeCTBO 1Jisi MOHSTHS "TOPSYUI yail" MOXET BBIMJISIACTD CIAEAYIO-
UM 00pa3oMm:

C = {0/0; 0/10; 0/20; 0,15/30; 0,30/40; 0,60/50; 0,80/60; 0,90/70; 1/80; 1/90;
1/100}.

Tak, yaii ¢ Temneparypoit 60 °C nmpuHaIIEKUT K MHOKECTBY [ opstanii”
co creneHbto npuHayiexxHoctu 0,80. [l ogHOroO 4enoBeka 4yai Mmpu Temrmepa-
Type 60 °C MOXET 0Ka3aTbCs TOPSTYUM, JJISI APYTOTO — HE CIIUIIKOM TOPSYUM.

JIJisi HEeYeTKUX MHOKECTB, KaK W JJisi OOBIYHBIX, OMpPE/IeTICHbl OCHOBHbBIC
joruyeckue omnepanuu. CaMbIMA OCHOBHBIMH, HEOOXOJIMMBIMHU JUIsI PAcUETOB,
SBJISIOTCS IEPECEUCHNUE U 00bETUHEHNE.

llepeceuenue 06yx mneuemxux mHoxcecms (umeuetkoe "U"): A B:
MF ag(X)=min(MFa(x), MFg(X)).

Obvedunenue 08yx Heuemkux muodcecme (Heuerkoe "WJIN"): A B:
MFAB(X):maX(MFA(X), MFB(X))

B Teopun HedyeTKUX MHOXKECTB pa3padoTaH OOIIMI MOIXO0J K BBITIOTHE-
HUIO OTIEpaTOPOB MIEPECEUCHMUsI, O0BETMHECHUS U JOTIOTHCHHS, peau30BaHHbBIN B
TaK Ha3bIBAEMBIX TPEYTOJIbHBIX HOpMaxX U KOoHOpMax. [IpuBeeHHBIC BhIIIEC pea-
JU3alliM Orlepanui nepeceyeHuss 1 00beIuHEHNs — HauOoJiee paclpoCTPaHEH-
HbIE c1y4yau t-HOpMBI U t-KOHOPMBI [26].

JI1st onuvcaHus HEUETKUX MHOYKECTB BBOJISITCS TTOHSATHUSI HEUETKON U JIMH-

I'BUCTHYECKOM IICPCMCHHBIX.
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Heuemxas nepemennas onuceiBaetcst Habopom (N,X,A), rme N — 310 Ha3Ba-
HUE MEPEMEHHOM, X — YHHUBEPCAIbHOE MHOXKECTBO (00JIaCTh paccyKaeHuil), A —
HEYETKOE MHOKECTBO Ha X.

Jlunzeucmuueckas nepemenHas

JIMHIrBUCTUYECKON HA3bIBACTCS MEPEMEHHAsA, MPUHUMAIONIAS 3HAYCHUS W3
MHOYKECTBA CJIOB MJIM CIIOBOCOYETAHUN HEKOTOPOTO €CTECTBEHHOI'O WJIM UCKYC-
CTBEHHOTO $13bIKa. MHOXECTBO JONMYCTUMBIX 3HAYECHUW JIMHIBUCTUYECKOM Iie-
PEMEHHON Ha3bIBAECTCSI TEPM-MHOKECTBOM. 3aJaHUE 3HAYCHUS I1IEPEMEHHOMN
CJIOBaMHM, 0€3 MCIOJb30BAHMS YUCEN, JJIA YesloBeKa OoJiee ecTtecTBEHHO. Exe-
JTHEBHO MBI MPUHUMAEM PEUICHUS Ha OCHOBE JIMHTBUCTUYECKOW MHMOpManuu
Tumna: "O4eHb BhICOKas TemriepaTypa'; "nimuTenbHas moe3aka'; "ObICTpBIA OT-
Betr"; "KpacuBblid OykeT"; "rapMoHHUYHbIN BKyc" U T.11. IIcMXonoru ycTaHOBWIIH,
YTO B YEJIOBEYECKOM MO3T€ IOYTH BCsl UMcoBas MH(popMalus BepOalibHO Iepe-
KOJIUPYETCS U XPAHUTCS B BUJE JIMHIBUCTUUECKUX TEPMOB [25].

3HAUYCHUSIMU JIMHTBUCTUYECKON MEPEMEHHON MOTyT ObITh HEYETKHUE Iie-
pEeMeHHbIE, T.€. JUHIBUCTUYECKAsl NEpEeMEHHash HaXOAUTCsS Ha 0oyiee BHICOKOM
YpOBHE, YEM HEYETKasl IepEeMEHHasI.

Kaxnas auneeucmuuecxkas nepemennas COCTOUT U3:

— Ha3BaHUS;

— 0a30BOro TepM-MHOXKecTBa [. DJIeMEHTbl 0a30BOr0 TEpPM-MHOKECTBa
IPEJICTaBISIIOT COOON HEUETKHE TEPEMEHHBIE;

— YHUBEpCAJIbHOTO MHOXECTBA X;

— CHHTAaKCHUYeCKOro npasuiia G, mo KOTOpPOMY FeHEPUPYIOTCS HOBbIE TEPMBI
C MPUMEHEHHEM CJIOB €CTECTBEHHOTO UJIH (POPMAIIBHOTO SI3bIKA;

— CEeMaHTHYEeCKOro rnpasujia P, koTopoe KaX10My 3HAUEHHIO JIMHIBUCTUYE-

CKOM nepeMeHHoﬁ CTaBHUT B COOTBCTCTBUC HCUCTKOC ITIOAMHOXCCTBO MHOXXCCTBA

X.
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IIpumep [26]. PaccMoTpuM Takoe HeueTkoe noHstue kak "Llena akumun".
DTO W eCTh Ha3BaHWE JIMHTBUCTHYECKOW mepeMeHHou. Chopmupyem mis Hee
0a30BO€ TEPM-MHOXKECTBO, KOTOPOE OYAET COCTOSTh M3 TPEX HEUETKHUX Tepe-
MenHbIX: "Huskaa", "Ymepennas", "Boicokas" u 3agaaum o0jacTh paccyxjie-
Huii B Busie X = [100;200] (egunun). [locneanee, 4To ocTasock caeiaTh — I0-
CTPOUTH (PYHKIIMU MPUHAIJICKHOCTH JIJISl KQXKJI0TO JIMHTBUCTUYECKOTO TepMa U3
0a30BOro TEpM-MHOKECTBA |.

CoBOKYNHOCTh (PYHKIMH MPUHAJJIEKHOCTH Ul KaKIOro TepMa u3 06a3o-
BOI'O TE€PM-MHOKECTBA | OOBIUHO M300pa)karoTCsi BMECTE Ha OJHOM TrpaduKe.
KosruecTBO TEPMOB B JINHTBUCTUYECKOW NTEPEMEHHON peako npespimaet 7. Ha
pucyHke 4.1 npuBeleH MpUMeEp ONKMCAHHOM BBIIIE JIMHTBUCTUYECKON NTEPEMEH-

Hoit "llena akuun".

LleHa aKLmMM
_— .
'
HHzkaa '
¥MEperHaA

Belcokan

100,00 MF(13=0.00 MF(2)=0.75 MF({3)=0.40 200,00

Puc. 4.1. Onucanue TUHrBUCTHYECKOM nepemenHoi "l{ena akuuu"

Heuemkasa ucmunnocmo
B knaccuueckoil 10TMKe UCTUHHOCTh MOKET MMPUHUMATh TOJIBKO JIBa 3Ha4e-
HUS: UICTUHHO U JIOHO. B HeueTko#l joruke UCTUHHOCTH "pa3mbitas’. s 3a-
JaHUsI HEYETKOM MCTUHHOCTU 3aj]ie MPEMIOKIWI Takue (QYHKIMH MPUHAIJICKHO-

CTH TEPMOB "UCTUHHO" U "IMOXKHO":
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[

O, D=u<a
u-a 2 a+1
u ulll] = 2 E— ' a<lUusE —
Huernmo (4 = 9 {1—3} 5
2
1-2-(”_‘1J RELAPHPS
| 1-a 2

B nosendt (U0 = Hepempnne (- 1)  HE H.1] ’
rae a € [0,1] — mapameTp, onpeaensIomuid HOCUTENIN HEUETKUX MHOXKECTB "HC-
TUHHO" W "noxHO". [[7s HEeueTKoro MHOXeCTBa "MCTHUHHO" HOCUTENEeM OyaeT
uHTepBan (a,1], a st HeyeTkoro MHOXkecTBa "oxkHO" — [0,a).
OYHKIUY MPUHAIIEHKHOCTH HEUETKUX TEPMOB "MCTUHHO" M "HOXKHO" HM30-

OpaxxeHbl Ha pucyHke 4.2 [25]. OHM MOCTPOEHBI NPHU 3HAYEHUH MapaMeTpa a =
0.4.

0 (1-a)2  1-a a (1+a)2 1

Puc. 4.2. Jluarsuctuyeckas nepeMeHHas "HCTUHHOCTS' 110 3aje [25]

4.2 HedeTKHH JIOTHYECKUH BLIBOI
Heuemkxum nocuueckum 6b16000M HA3BIBAECTCS TMOJYUYEHUE 3aKIIOUCHUS B
BHUJIE HEUETKOTO MHO>XECTBA, COOTBETCTBYIOIIETO TEKYIIIUM 3HAYEHHUSIX BXOJIOB,
C UCITOJIb30BAaHUEM HEUSTKOM 0a3bl 3HAHWHN M HEYCTKHUX OTEpaIUid.

OCHOBy HCYCTKOI'O JIOI'MYCCKOI0 BbIBOJA COCTABJIICT KOMIIO3HMIITMOHHOC

Y

npaBuio 3aze [27]: eclii U3BECTHO HEUETKOE OTHOIIEHHE R Mex Iy BXOIHOMH (X)
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Y BBIXOJHOM (Y) MEpEMEHHBIMH, TO IIPU HEUETKOM 3HAYEHUU BXOJHOM MEepEeMEH-

HOM *= A HEUYETKOE 3HAYCHHS BBIXOJHOM IIEPEMEHHON OIPENEIAETCS TaK:
y=AoR
]
IZ1€ = — MAaKCMHUHAsI KOMIIO3ULUS.

Ipumep [26]. Jano neuerkoe npasuto "Ecim x=A | 1o ¥=B" ¢ newerkumu

MHOYKECTBAME: &=0/1+0.1/2+05/3+08/4+1/5 y B=1/5+08/10+0.4/15+0.2/20

Onpenenuthb 3HAYCHUE BBIXOJTHOM MEPEMEHHOU Y, eciu

w=C=03/1+05/2+1/3+07/4+0.4/5 ]

Bnauaine pacCUuTacM HCUYCTKOC OTHOIICHHUC, COOTBCTCTBYIOLICC IIPABHIIY

"Ecim x=A, 10 ¥=B" npumenss B kauecTBe t-HOPMBI ONEPAIMIO HAXOKICHHS

MUHUMYMa:

o 0 o 0
o1 01 01 04
05 05 04 02
g 08 04 02
T 08 04 021

En
1l

Teneps, o popmyne ¥° CoR paccunuTaeM HEUYETKOE 3HAUYCHUE BBIXOJIHOU
IIEPEMEHHOM:

y =0.7/5+0.7/10 + 0.4/15 + 0.2/20.

OcCHOBOI 11 IPOBEAEHUS OlEpallid HEYETKOrO JIOTUYECKOrO BBIBOJAA SIB-
asieTcst 6aza mpaBWI, cojiepiKalias HeueTKue BhICKasbiBaHUs B ¢opme "Eciam —
T0" U (QPYHKIIUU TPUHAMJIEKHOCTH JIJII COOTBETCTBYIOIIUX JMHTBUCTHYECCKUX
TepMoB. [Ipu 3TOM TOKHBI COOMIOAATHCA CIEYIOIINE YCIOBUs [26]:

— CYUIECTBYET XOTS Obl OAHO MPABWJIO IJsl KAKIOTO JMHTBHUCTHYECKOTO
T€pMa BBIXOJAHOM ITEPEMEHHOMN;

— 27151 J1I0OOTr0 TepMa BXOJHOM MEPEMEHHOM MMEEeTCsl XOTs Obl OJHO MpPaBU-
JI0, B KOTOPOM 3TOT TE€PM HCIIOJIB3YETCs] B KAUYECTBE MPEANOCHUIKU (JIEBasi 4acTh
npaBuia).

B IMPOTHUBHOM CJIY4a€ NMCCT MECTO HEIIOJIHAsA 0a3za HEYCTKUX IIpaBHIJI.
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ITycTh B Oa3e mpaBui UMEETCS M IpaBUIl BUAA:
Rqi: ECJIM Xy 910 Ay ... ... X, 910 Ay, TO Y 31O By
Ri: ECJIU X; 310 Ajp ... U ... X; 910 Ajp, TO Y 3710 B;....
Rm: ECJIN X, 310 Ajp ... U ... X 910 A, TO Yy 310 By,
rae Xy, K = 1..n — BXOJHBIC NEpPEMEHHBIC; Y — BBIXOJIHAS MEepeMeHHas; Ay — 3a-
JTaHHBIE HEYETKHE MHOKECTBA C QYHKIUSAMH NPUHAIIIECHKHOCTH.
Pe3y/IbTaTOM HEYETKOTO BBIBOJA ABISIETCSA YETKOE 3HAYCHHE IEPEMEHHOM Y
Ha OCHOBE 3aJ[aHHBIX YETKUX 3HAYCHUI Xy, K = 1..N,
B o0miem ciiyyae MexaHW3M JIOTMYECKOTO BBIBOJA BKJIIOYAET CIEAYIOIINE
JTambl: BBEJIEHNE HEUETKOCTH ((ha3uduKaliys), HEUETKUN BBIBOJ, KOMIIO3ULIUA U

MPUBEACHUE K YETKOCTH, Ui Aedazudukanus (cM. puc. 4.3).

MpHEE AEHHE K MpHBE AEHHE K
— HEUETHOCTH UETKOCTH I
. {hazmdrrarop) {aedazmdmKarop) y
qETKaA JETEaA
EENHMHMHA BENHMUMHA

HEYETKHI
NOFHYECKMA
BLIE0A

Puc. 4.3. Cucrema HEUETKOTO JTJOTUYECKOTO BBIBOJIA [26]

AJNTOPUTMBI HEYETKOTO BBIBOJIA PA3JIMYAIOTCS TJIaBHBIM 00pa3oM BUIOM HC-
MOJIb3YEMBIX MPABUJI, JOTUUYECKUX OMEpalii U pa3sHOBUIHOCTHIO MeTo1a Jeda-
sudukanuu. PazpaboTranbl Mojenu HEYETKOTO BhiBosIa Mammanu, Cyreno, Jlap-
ceHa, Llykamoro.

Paccmotpum moapoOHee HedeTKui BBIBOJI HA MMpUMEpe MexaHnu3sma Mamja-
Hu (Mamdani). 3to Hanbonee pacrpocTpaHEeHHBIN CIIOCO0 JIOTHYECKOTO BHIBOIA
B HEUETKHX CUCTEMaX. B HEM MCIONIb3yeTCs MUHUMAaKCHAasA KOMIIO3UIMS HEUET-
KHX MHOECTB. JIaHHBIN MEXaHU3M BKJIIOYACT B CEOs CIEAYIONIYIO MOCTIEA0Ba-

TEeIbHOCTDH JICUCTBUM.
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I'eomeTpuyecKknii CMBICI TAaKOI'O0 3HAYEHHsI — LEHTP TSHKECTH I KPUBOU
MF(y). Pucynok 4.4 rpadgudeckn IOKa3bIBacT MPOIECC HEYSTKOTO BHIBOJA ITO

Mawmpaanu 11 IByX BXOJHBIX NTEPEMEHHBIX U JBYX HedeTKHX InpaBmi R1 u R2.

R1
HF{x1]

MF(y)

2%
:

Puc. 4.4. CxeMa HeueTKoro BbIBOJIa 110 MamMianu [26]

1.Tlpouenypa dazudukanuu: OMPENeSIOTCS CTENEHU HCTUHHOCTH, T.€.
3HaYeHUs] (YHKIUN TPUHAIJICKHOCTH Ui JIEBBIX YacTeld KaKIOro MpaBuja
(mpeanocwuiok). Jlyist 6a3el IpaBuiI C M MpaBUiiaMyd 0003HAYUM CTEMIEHHW UCTHH-
HocTH Kak Ai(Xy), 1I=1..m, k=1..n.

2.Heuetkuii BeiBoj. CHauaga onpenesitoTcs YpOBHU "oTcedeHus" 1Is jie-
BOM YaCTH Ka)J0ro 13 MPaBuUJIL:

alfsi= rniin TR )
Hanee Haxoastes "yceueHHbIE" PYHKIIMU MTPUHAIICKHOCTH:
Bi"(y)= min (i, Biy))
3. Komnosunus, nin o0beAMHEHNE TOMYyYEeHHBIX YCEUCHHbBIX QYHKIUH, s

YCro UCIO0Jb3YCTCA MaKCHUMaJIbHass KOMITIO3UIIHUA HECUYCTKUX MHOXKCCTB!

ME(y)= max @ ())
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rne MF(Y) — pyHKIMs npuHAAIE)KHOCTH UTOTOBOTO HEYETKOTO MHOKECTBA.

4. lepazudukanms, wiv npuBeAeHne K 4eTKocTU. CyIIecTByeT HECKOJIBKO
MeTonoB faedasudukanun. Hampumep, MeTon cpeHero eHTpa, Wik HEeHTPOU/I-
HBIM METOL!

MF(y)= max (B

4.3 Msirkue BbIYHCIEHHUS

B pesynbraTe 00beIMHEHUS HECKOJIBKHUX TEXHOJIOTHH MCKYCCTBEHHOTO WH-
TEJJICKTA TOSIBWIICS CICIUAIBHBIA TEPMHH — "Msrkue BblumciacHus (SOft
computing), kotopsrii BBea JI. 3aae B 1994 romy [28].

OCHOBHO NMPUHIUIT MATKUX BBIYUCICHUA — 3TO y4€T HETOUYHOCTH, HEOIpe-
JIEJICHHOCTH, YACTUYHON MCTUHBI M alllPOKCUMAITUH JJI TOCTHKEHHS O0JIBIIETO
COOTBETCTBHS C PEATbHOCTBHIO, YCTOWYMBOCTH PEIICHUS, CHYDKCHHS 3aTpaT Ha
€ro MOJIy4CHHE.

B Hacrosmiee BpeMs MATKHE BBIYUCICHUS OOBEAUHSIIOT TaKWe 00JacTH Kak:
HEYETKasl JIOTHKA, UCKYCCTBCHHBIC HEWPOHHBIC CETH, BEPOSITHOCTHBIE PaCCyX-
JICHUSI W DBOJIIOIMOHHBIE alTOPUTMbI. OHU JOMOJHSIOT APYT APyra U UCIOIb-
3YIOTCS B PA3IMYHBIX KOMOWHAIIMSAX JIJIST CO3/IaHUS THOPUIHBIX HHTEIICKTYaTh-
HBIX CHCTEM.

Hwxe npuBoasTCS HEKOTOpPHIE MPUMEPHI METOI0B, KOTOPhIE MOXHO OTHE-

CTHU K «MSITKUM BBIYUCICHUSIMY [26].

Heuemkue neitponnsie cemu
Heuetkue ueitponnsie cetu (fuzzy-neural networks) ocyIiecTBasIOT BbIBO-
JIbI Ha OCHOBE aIllapaTa HEYETKOM JIOTHMKH, OJIHAKO MapaMeTphl PYHKIUN TPHU-
HA/JIC)KHOCTH HACTPAMBAIOTCS C HMCIIOJNB30BaHUEM airoputMoB oOyueHust HC.
[ToaToMy m1st momOopa mapaMeTpoB TaKUX CETEH MPUMEHUM METOH OOpaTHOTO

PaClIpOCTPpAHCHHUA OHII/I6KI/I, HN3Ha4YaJIbHO HpC,Z[J'IO)KGHHBIﬁ JJIA 06y‘ICHI/I}I MHOI'O-
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CJIOMHOTO nepcenTpoHa. s 3Toro Moayinb HEYETKOTO YIPABJICHUS MPENCTAB-
asieTcst B popMe MHOTOCTIONHOM cetu. HedeTkast HelipoHHas CeTh Kak MPaBUIIO
COCTOMUT U3 YETBIPEX CJIOEB: €0 (pa3uPUKAUN BXOJHBIX NEPEMEHHBIX, CIIOS
arperupoBaHUs 3HAYEHUN aKTHUBALMU YCJIOBHS, CJIOS arperupoOBaHUs HEUYETKUX
IIPaBUJI U BBIXOJIHOTO CJIOS.

Haubonbiiee pacripocTpaHeHHE B HACTOAIIEE BPEMs MOJIYUYUIIN APXUTEKTY-
pol HeueTkol HC Bupa ANFIS m TSK. JlokazaHo, YTO Takue CETU SIBISIOTCS
YHUBEPCAIBbHBIMH ANNPOKCUMATOPAMHU.

beicTppie anroput™Mbl OOYYEHHS] MU HHTEPHPETUPYEMOCTHh HAKOILJIEHHBIX
3HAHUM — 3TU (PAKTOPBI C/EIAIN CErO/IHS HEYETKNE HEMPOHHBIE CETU OJTHUM U3

CaMBIX IICPCIICKTUBHBIX U B(i)(bCKTHBHBIX HHCTPYMCHTOB MAT'KHX BBIUKCJICHUH.

AodanmueHnvle HeuemKue cucmemaol

Krnaccuueckre HeyeTKHE CHCTEMbl O0JIaIal0T TEM HEIOCTaTKOM, YTO IS
bopmynaupoBaHus paBuad U QYHKIMA TPUHAIIEKHOCTH HEOOXOIUMO TPUBIIE-
KaTh JKCIEPTOB TOW WJIM MHOW TPEIMETHON O00JacTH, YTO HE BCEr/a yAaeTcs
obecrnieunTh. ATanTHBHBIC HeueTKHe cucTeMsl (adaptive fuzzy systems) pemaror
3Ty npobiemy. B Takux cucremax moadop mapaMeTpoB HEYETKON CHUCTEMBI
MPOU3BOUTCS B MpoIlecce 00y4YeHHUs Ha SKCIEPUMEHTAIBHBIX JTAHHBIX. AJTO-
PUTMBI OOYYEHHUSI aJaNTUBHBIX HEYETKUX CHUCTEM OTHOCUTENIBHO TPYIOEMKH U
CJIOHBI 110 CPABHEHUIO C aJITOPUTMaMHU OOYyYECHHs] HEMPOHHBIX CeTeH, W, Kak
MPABUIIO, COCTOSIT U3 IBYX CTAJUU:

1. T'eneparusi TUHTBUCTUYECKUX TTPABUIL.

2. KoppexTupoBka (GyHKIHA PUHAIC)KHOCTH.

ITepBas 3amaua OTHOCUTCS K 3aj1a4€ MepeOOPHOTO TUIIA, BTOPAst — K ONTUMH-
3alluM B HENPEPBIBHBIX MpOCTpaHCTBaxX. [Ipu 3TOM BO3HUKAET OMpeAcieHHOE
MIPOTUBOPEYHE: I TEHEPAIMH HEYETKUX MPaBWI HEOOXOAUMbI (DYHKIINHU TPU-

HAaJJIC)KHOCTH, a IJIA IPOBECACHHUA HCUCTKOI'O BBIBOJA — IIpaBHJIA. KpOMC TOIO,
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IIPY ABTOMATHYECKOU T€HEPAIH HEUETKUX MPaBUI HEOOXOIMMO 00ECIIeYUTh UX
MOJIHOTY U HENPOTUBOPEUUBOCTb.

3HauuTeNbHAs YAaCTh METO/IOB O0yUYEHHUS HEUETKHX CHUCTEM HCIIOJNb3YET Te-
HETUYECKUE AJITOPUTMBI. B aHIIOSI3bIYHON JUTEpaType TOMY COOTBETCTBYET
crenuanbHbIii TepMuH — Genetic Fuzzy Systems.

3HAYUTENbHBIN BKJIaJ B Pa3BUTHE TEOPUH U MPAKTUKU HEUYETKUX CUCTEM C
ABOJIIOLIMOHHON aJlanTallMel BHECIA TPYyMIa MCIAHCKUX MCCIENOBATEIIEN BO

rinaBe ¢ @. Xeppepa (F. Herrera).

Heuemkue 3anpocwi
Hederkue 3ampockl k 6azam ganHbIx (fuzzy queries) — mepcrnekTHBHOE Ha-
IIpaBJI€HUE B COBPEMEHHBIX CUCTEMax 00paboTku MHpopManuu. J[aHHBIA UHCT-
PYMEHT JIaeT BO3MOXXHOCTh (JOPMYJIUPOBATH 3AIPOCHI HA €CTECTBECHHOM SI3bIKE,
HarpuMep: "BBIBECTH CIUCOK HEOPOTHX MPEIUIOKEHHH O CheMEe JKUIIbsI OJIH3KO
K IEHTPY ropozaa", YT0 HEBO3MOXKHO MPHU KCIIOJb30BAHUK CTAHIAPTHOTO MeXa-
HHU3Ma 3anpocoB. J{Jst 3TOH 1enn pa3paboTaHa HeYeTKasi pelsIMOHHas anreopa

Y CIIEHMAJIbHBIE pacIIMpeHus s136IKOB SQL 17151 HEeUeTKUX 3aIrpocoB.

Heuemxkue accoyuamugnsle npasuna
Hederkue acconmatuBHbie paBmia (fuzzy associative rules) — uactpymeHT
IUTsL U3BIICUYEHUS 13 0a3 TaHHBIX 3aKOHOMEPHOCTEH, KOTOpbIe POPMYIHUPYIOTCS B
BUJIC JIMHTBUCTUYECKUX BbICKa3bIBAaHUH. 371€Ch BBEJICHBI CIICIIMAIbHBIC TTOHATHUS
HCUYCTKOW TPaH3aKIIUH, MOAJICPKKUA M JOCTOBEPHOCTH HEYETKOTO aCCOIMATHB-

HOT'O IIPaBUIIA.
Heuemkue kocnumuenbsle Kapmaol

Heuerkue xoruutuBHbIE KapThl (fuzzy cognitive maps) ObUTH HPEIIOKEHbI

b. Kocko B 1986 r. u ucnonb3yroTcs Ajisi MOACIUPOBAHUS TPUUMHHBIX B3aUMO-
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CBSI3€, BBISIBICHHBIX MEXY KOHIIENTaMU HEKOTOpoil oOnactu. B ornuume ot
MIPOCTBIX KOTHUTUBHBIX KAPT, HEYETKNE KOTHUTUBHBIE KAPTHI MPEACTABIISIOT CO-
00 HEYETKUN OPUEHTUPOBAHHBIN T'pad, y3JIbI KOTOPOTO SBISIOTCS HEUETKUMHU
MHOkecTBaMu. HampaBneHnHbsie pebpa rpada He TOJBKO OTpa)XaroT MPUYUHHO-
CJICJICTBEHHBIC CBSI3M MEXIY KOHILIENTAMH, HO U ONPEACIISIOT CTEICHb BIUSHUA
(BeC) CBSA3BIBAEMBIX KOHIICNITOB. AKTHBHOE HCIOJb30BAaHUE HEUETKUX KOTHH-
TUBHBIX KapT B KAYECTBE CPEACTBA MOJCIMPOBAHUS CHCTEM OOYCIIOBIECHO BO3-
MOKHOCTBIO HArJISIIHOTO TPEJICTABIICHUS AHAIU3UPYEMOM CHCTEMBI U JIETKO-
CTBI0 MHTEPHPETALMU MPUYUHHO-CICACTBEHHBIX CBS3€M MEXAY KOHIIENITaMH.
OcHoBHbIE TTPO0JIEMBbI CBSI3aHBI C MPOIIECCOM MOCTPOCHUSI KOTHUTUBHOM KapThl,
KOTOPBIM He mozamaeTcs popmanuzanuu. Kpome Toro, HeoOX0auMMO J0Ka3aTh,
YTO TIOCTPOCHHAsl KOTHUTHMBHAA KapTa aJCKBAaTHA PEaJIbHOM MOJEIHPYEMOU
cucreme. Jlms perieHus JTaHHBIX IpoOJieM pa3padoTaHbl aIrOPUTMBI aBTOMATH-

YCCKOTI'0O IIOCTPOCHUA KOTHUTHUBHBIX KapT HAa OCHOBC BI)I60pKI/I JaHHBIX.

Heuemkasa knacmepu3zayus
HeueTkne Meroabl KiacTepu3aluu, B OTIIMYHME OT YETKUX METOJOB (Ha-
npumep, HelpoHHble ceTH KoxoHeHa), MO3BOJIAIOT OTHOMY U TOMY K€ OOBEKTY
IIPUHALJIEKATh OJHOBPEMEHHO HECKOJIBKUM KJIACTEPAaM, HO C pa3JIMYHOU cTene-
Hbl0. HeueTkas knacrepusaiusi BO MHOTMX CUTyalusx Oojee "ecTecTBeHHA',
YeM 4YeTKasl, Halpumep, A1 00bEKTOB, PACIIONOKEHHBIX Ha IPAHULIE KJIACTEPOB.
Haunbonee pacnpocTpaHeHbl: aJlITOPUTM HEUYETKON caMOOpraHu3aluu C-means u

ero o6oO1eHue B Bujie anroputma I'ycradcona-Keccens.

Bomnpocs! k ri1aBe 4
1. Jlaiite onpeneneHne NOHATHIO «HEYETKOE MHOXKECTBO.
2. Kaxwue onepanuu npuMeHUMbI K HEUETKUM MHOXKECTBaM?

3. I[aﬁTC OIIPCACTICHUC IMMOHATHUIO «JIMHTBUCTUYCCKAsA IICPEMCHHAN).
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4
S,
6
7

8.

IIpuBenuTe npuMep JIMHIBUCTUYECKON TEPEMEHHOM.

[IpuBenuTe npuMep HEYETKOTO MTPABUIIA.

Urto nonumaetcs noa dazzudukanueii?

[TpuBenute npumep Pazzuduxarmu Bxoanoi JII1 «ckopocTs BeTpay.

HpI/IBe,ZIHTe NpuMCp arpCrupoBaHuA OJI1 HCUYCTKHUX BbICKA3bIBAHUI:

«TEMIICpaTypa BO3AyXa CPCAHAA» MU «CKOPOCTb BCTpa HC6OJ]I>IH3§I)), 3a1aB

IpeaBapUTeIbHO (QYHKITUN MPUHAAICKHOCTH.

9.

Uro noHumaeTtcs noj aedaz3uduxarmeii?

10. Kakne MeToIbl MOKHO OTHECTH K TEXHOJIOTHU «MATKHAX BBIYUCICHUI)?

B uem ux ocoOGeHHOCTD?
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IYTABA S METO/IbI KOHIEITYAJIBHOI'O MOAEJINPOBAHUA

5.1 OcHOBHBbIE OHATHS KOHLENTYAJIbHOT0 MOJAEJIMPOBAHUS

KoHuenryanbHO€ MOAETUPOBAHUE — 3TO BUJ MOJEIUPOBAHMS, IPU KOTOPOM
C MOMOIIBI0 HEKOTOPBIX CHENUATIBbHBIX 3HAKOB, CHMBOJIOB, ONl€palliii HaJl HUMU
WJIU C MOMOILBIO €CTECTBEHHOTO MJIM UCKYCCTBEHHOTO SI3bIKOB MCTOJIKOBBIBAET-
Csl OCHOBHAsI MBICJIb (KOHIIEMIIMSI) OTHOCUTEIBHO UCCIETYEMOTO 00bEKTA.

KonuenryanbHast MOJENIb — MOJENb MPEAMETHON 00JIaCTH, COCTOAILIECH W3
NEpPEYHs] B3aMMOCBA3aHHBIX MOHATHI, UCIOIb3YEMBIX ISl ONMUCAHUSA 3TOU 00-
JacCTH, BMECTE CO CBOMCTBAMHM W XapaKTEPUCTUKAMH, KJIacCHU(pUKALMEH 3THUX
MOHSATHUH, IO TUIAM, CUTYyallusIM, IPU3HAKAM B JJAaHHOM 00JIaCTH U 3aKOHOB IPO-
TEKaHUS MPOLIECCOB B HEH [29].

OcHoBHas 3aJlaya KOHIIENTYaJIbHON MOJENH — OOJIErYeHrne BOCIPUSITHS WH-
dbopmari OOBIYHBIM TOJIB30BaTEIeM. UTOOBI JOOUTHCA JTAHHOTO pe3yibTaTa,
HE0OXOIMMO B MEPBYIO OUYEPEIb CAENATh 3Ty MOJENIb HauboJee MpocToi. A BO-
BTOPBIX, MOCTAPATHCS MAKCUMAaJIbHO OPUEHTHUPOBATH €€ Ha BBINOJHEHUE OMpe-
JleJIeHHBIX 3a1a4 [30].

Co31aHne KOHLENTYaIbHOW MOJEIH MPECIENYET CIECTYIOUINE IEJIH:

1) co3nath MPOCTYIO, MOCIEAOBATEIbHYIO H YIOOHYIO B UCIOJIB30BAaHUU U
u3ydeHuu cTpykrypy. C 3Tol 1enbto 00JacTu 3a7a4 pa3faesstoTcs Ha MOHSTHS,
KOTOPbIE MOKHO MCTIOJIb30BaTh JJIsi PaOOTHI C pa3HBIMU 00BEKTAMH,

2) COXPaHUTh YCTOHYMBOCTH TEPMHUHOJOTMU. DTO JIOCTUTACTCS TEM, YTO
KOHILIENTyaJIbHAst MOJENb TaHHBIX, COCTOAIAs] HA HAYAJIbHOM JTalle U3 CIIOBAPA
TEPMUHOB, UCIIOJIB3YETCS JJIS PACIIO3HABAHUS KaXKJIOTO JICUCTBHS U OOBEKTA,
pacnucaHHOTO B MPOrpaMMeE.

BriiensroT Tpu Bua KOHIIENTYallbHBIX Mozenel [30]:
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— Jn02uxo-cemanmuyeckue. Onucanue o0bEKTa B TEPMUHAX COOTBETCTBYIO-
[IUX TPEAMETHBIX 00JacTel 3HaHWM. AHAIU3 TaKUX MOJIEIEH OCYIECTBISETCS
CPEACTBAMH JIOTUKHU C IPUBJIICUCHUEM CIIELIMAIBHBIX 3HAHUN;

— cmpykmypHo-@yuxyuonanvusie. OObEKT pacCMaTPUBAETCS KaK 1IETOCTHAS
CUCTEMA, KOTOPYI) PACWICHSIOT HAa OTIEIbHBIE MOJCHUCTEMBI WM SJIEMEHTBHI.
Yactu cHUCTEMBI CBA3BIBAIOT CTPYKTYPHBIMH OTHOLIECHUSIMH, OMHCBHIBAIOIINMU
MMOJYMHEHHOCTD, JJOTHYECKYIO U BPEMEHHYIO TOCIIEI0BATEIBHOCTh PEIICHUS 3a-
aad,

— npuyunHo-creocmeennsle. CIyX UT i1 00ObSICHEHHUS U MPOTHO3UPOBAHUS
noBeJIeHUsI 00beKTa. Takue MOJIeTu OPUEHTUPOBAHBI HA PEILICHUE CIEAYIOIIUX
3ay1ay: 1) BBIABJIICHHE TJIaBHBIX B3aUMOCBS3EH MEXKIy MOJACHUCTEMaMU; 2) BbISB-
JICHUE OTPEJICICHHOTO BIUSHUS PA3JIMUHBIX (DAKTOPOB HA COCTOSIHUE OOBEKTA;
3) onucaHue TMHAMHUKY WHTEPECYIOIMX pa3paboTynKa rnapaMeTpoB.

Paspabomka konyenmyanvrnou mooenu

[TocTpoeHne KOHIENTYAIBHOM MOJIENIA BKIIFOUAET CIIeAyIomue 3tansl [31]:

1) ompenesieHUE THIIA CHCTEMBI;

2) omnucaHWe BHEIIHUX BO3JICHCTBUM;

3) IEKOMITO3HUIUS CHCTEMEI.

Ha nepBom stamne ocymiectBisiercs cOop (hakTUUYECKUX MaHHBIX (HA OCHOBE
paboThI C IUTEPATYPOl U TEXHUYECKON JOKYMEHTAILMEH, MPOBEICHUS HATYPHBIX
HKCIIEPUMEHTOB, COOpa IKCIEPTHOM UH(OPMAITUH U T. 1I.), @ TAKKE BHIIBIKCHHE
TUIIOTE3 OTHOCUTEJIBHO 3HAYEHU TTapaMETPOB U MEPEMEHHBIX, ISl KOTOPBIX OT-
CYTCTBYET BO3MOXKHOCTbh MOJy4eHUSI (DAKTUUECKUX TaHHBIX.

Ha BTOpOM 3Tane mpoucxoauT CO3JaHHEe MOJAEIM BHEUIHUX BO3JCHCTBUMU.
Mogens BHemHUX BozjaeicTBuil (BB) mommkHa 00nanath CleayrOIIMMUA OCHOB-
HBIMH CBOWCTBAMMU:

— COBMECTHUMOCTBIO C MOJIEIIBIO CUCTEMBI;

— NPpCACTAaBUTCIbHOCTBIO;
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— YHOPaBIIIEMOCTHIO;

— CHCTEMHOW HE3aBUCHUMOCTBIO.

CBOICTBO COBMECTUMOCTH NPEANOJIAraeT, 4To, BO-TIEPBbIX, CTENEHb JETa-
nu3anuu onvcanus BB cOOTBETCTByeT neranu3anuy ONMUCAHUS CUCTEMBI, BO-
BTOPBIX, MOJiesib BB nomkHa ObITh chOpMyIUpOBaHa B TEX K€ KaTErOPHsX
peIMETHON 00JacTH, YTO U MOJIEJIb CUCTEMBI (HAIIPUMED, €CJIM B MOJIENU CHC-
TEMBI UCCJIENYETCSl WCIIOIh30BAaHUE PECYpPCOB, TO JOJKHBI OBITh BBIPAKCHA B
3anpocax Ha pecypcsl) [31].

[IpencraButensHOCT, MOJenu BB ompexaensercs ee criocOOHOCTBIO aieK-
BAaTHO mpeAcTaBuTh BB B cooTBercTBHM ¢ LensiMu uccienoBaHus. Jpyrumu
cioBaMu, Moenb BB HoiKHBI OTBeYaTh LENsAM HCCienoBaHUsl cuctembl. Ha-
MpUMeEp, €CJIU OLICHUBAETCS MPOITYCKHAsI CIOCOOHOCTh, TO JOKHBI BHIOUPATHCS
BB, «naceimatomue» cucreMmy. lloa ympaBissieMOCTbIO MOHUMAETCS BO3MOXK-
HOCTh M3MEHEHMS IapaMeTpoB Moaenu BB B HekoTOopoM auamnasoHe, onpene-
JIEMOM LEJISIMUA UCCIIENOBAHUS.

CucreMHasi HE3aBUCHUMOCTh — 3TO BO3MOXHOCTh nepeHoca Mojenu BB ¢
OJIHOM CUCTEMBI HA JIPYTYIO C COXPAHEHUEM €€ MPEIACTABUTEIBHOCTH. JlaHHOE
CBOMCTBO Hau0oJiee BaXKHO MPHU PEIICHUU 3a7]a4 CPABHEHUS PA3IHYHBIX CUCTEM
WM pa3IMYHbIX Moaudukanuii oqHoi cucrembl. Eciu monens BB 3aBucut ot
KOH(UTYpaLMK UCCIETYEMON CUCTEMBI WU JIPYTUX €€ MapaMeTpOB, TO UCIOJIb-
30BaHME TAKOW MOJIENH JIJISl PEIICHUS 3a/1a41 BEIOOpA HEBO3MOXKHO.

Ha nmocnenneM stamne mpou3BOAMTCSA AEKOMITO3UIMS CUCTEMbI MCXOIA W3
BBIOPAaHHOTO YPOBHS JICTAIM3ALUN MOJCIIH, KOTOPBINA, B CBOIO OYEpE/ib, Opeie-
asieTcst Tpems hakTopamu:

— UEIAMU MOJICIUPOBAHUS;

— 00BEMOM anpruopHON WH(MOPMAITUHU O CUCTEME;

— TpeOOBaHUSIMH K TOYHOCTU U JOCTOBEPHOCTH PE3YJIHTATOB MOJICIUPOBA-

HUA.
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Cnocobwvi npedcmasieHus KOHYenmyaibHulx MOOeIel.

— pa3nuyYHbIe BapuUaHTHl auarpamMMm cymHocTb-cBsi3b (Entity Relationship
Diagram — ER-auarpammbi);

— nuarpammsel IDEFO;

— nuarpammel B UML;

— KOHILENTYaJIbHbIE KapThl (rpadml);

— KOI'HUTHBHBIC KapThI U IIP.

5.2 KonuenryajbHble KapThl

KoHnentyanbHOM KapTOW WM KOHLENTYAJIBHOW CXEMON HA3BIBAIOT CXEMY,
KOTOpasi U300pakaeT OTHOLIEHUS MEXIy MOHATUAMM (KOHLIENITaMu). DTO rpa-
(duyeckuii UHCTPYMEHT, KOTOPBIM HCIIOJNB3yeTCs OU3ailHepaMH, MH)KEHEpaMH,
TEXHUUYECKUMHU MUCATENIMU U JPYTHUMH, YTOOBI OpraHU30BaTh U CTPYKTYPHUPO-
BaTh 3HaHUA. KoHuenTyanbHble KapThl CIOCOOHBI Pa3BUTh JOTMUECKOE MBbIIILIE-
HUE U HaBBIKM OOYUYEHHMs MO BBISBJICHHIO CBSI3€HM, a TaK)K€ MOMOTalOT YBUIETH,
KaK OTAEJIbHBIC UEH 00pa3yIoT OOJIBIIYIO LENYIO HACHO.

BrnepBblie KOHUENTyallbHbIE KapThl ObUIM MpeaioxkeHsl HoBakoM B Hauale
70-X TT. IpU M3YYEHUU JIETCKOTO MBINIICHUS U (OPMUPOBAHUS TEPBBIX HAyY-
HBIX MOHATHNA. DTO KCCIeI0BaHUE UCTIOIb30Balo uaeu J»suna Acyoens o ¢op-
MUPOBaHUU MOHITUIHOTO MblIUIeHHs. KoHIleNTyanbHble KapThl OKa3aJIUCh d (-
(EeKTUBHBIM HHCTPYMEHTOM OTOOpaXeHHUsS MOHATUHHOM CHUCTEMBI YelIOBEKa
[32].

KonnentyanbHbple KapThl UCIONB3YIOTCS ISl CTUMYJIUPOBAHUS T€HEPALIMHU
UJeH, YBEIUYEHUS] KPEaTUBHOCTH, a TAKXKe JUIsl MO3rOBOro mrypma. @opmanu-
30BaHHBIEC KOHILIETITYaIbHbIE KAPThl UCIIOIB3YIOTCA B pa3paboTKe NpOrpaMMHOIO
obecrieuenus (Hanpumep, auarpammbl UML). Kpome sTor0, KOHIIENTYaabHbIC

KapThl IIMPOKO UCIOJNIB3YIOTCA B chepe oOpa3oBaHus U OU3HeEcA.
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Emie ogHuM mpenmyIecTBOM KCIOIb30BaHUS KOHILIENTYaJbHbIX KapT B Ka-
YECTBE CPEACTBA CTPYKTYPUPOBAHUS 3HAHUU SIBISIETCS CUCTEMHBIM MOAXOJ K
n3ydeHuro nmpeamernon oomactu [33]. Ilpu aTom nocturarorcs:

— CHCTEMHOCTb — KOHIIENTYyaJlbHasl KapTa NPeICTaBIIAeT UEIOCTHBIN B3I
Ha IPEJIMETHYIO 00JIaCTh;

— enuHooOpasue — MaTepuall, MpeJACTaBICHHbBIN B eAMHON (popme, ropaszao

Jy4dlie BOCOPUHUMAETCS U BOCHPOU3BOIUTCS;

— HAYYHOCTh — IIOCTPOEHUE KOHILIENTYaJIbHOW KAPTHI MO3BOJISIET BOCCTAHO-
BUTH HEJIOCTAIOUIUE JIOTHUYECKHUE CBSA3H BO BCEH MX MOJIHOTE.

[IprMep KOHLIENTYaJIBHOW KapThl, OMMCHIBAOIIEH, YTO TAKOE KOHILIETITYaJIb-

Had KapTa, IPpCACTAaBJICH HAa pPUCYHKC 5.1.

KoHUenTyankHeie KapTsl

npeacTaensawT

’J CTpYKTYPHPOBAHHLIE SHAHKMA J\
BTO——_b

‘;___fBTO [ KoHuenTyankHeie 3EBMCMMUC[M]
Mpeanonaraemble | garg KoHuenTel
38KOHOMEPHOCTH 3Ta HeobxoaumMo Ans
BrOYaeT \*
MpeanoxeHna

SddperTusHOE
obyueHune
AccouMaTUBHbIE

B aTo
CofibiTua
MNMEeHOoBaHHbI e Hyecrea
WNiA BNMAHWA aq){ileKTMBHﬂe
MOFyT BbiTs NoHWMaHHe
uem yeM HWepapx1yHo
CTRYKTYPHPOBAHHEI

Mepece4eHua
Cumeons \6
Cnosa cnocoberey ot —W

HayuHaeTcs C

(oome)e —

TeopuecTBo

noKask|BawT

CMexHble OTHOLIEHWA

HaUMHAETCH C
PazHblie
!
KOHLENTBI KapThi Mexd

Puc. 5.1. KonuenryansHast mozelb noHsaTus «KoHuenryanbHas kapta» [34]

uTOBBI YBUAETE

Buowt konyenmyansnvix kapm
Knacmepnvie kapmor (puc. 5.2.). DTU KapThl ABISIOTCA MOJE3HBIM CPEJICT-
BOM, ITPH TTOMOIIM KOTOPOTO MOKHO T'€HEPHPOBATh W OPTaHU30BHIBATH HJICH B
X0J1e MO3TOBOTO IITypMa U MPOCJIEKUBAThH CBSI3U MEX1y HUMH. PaboTa Hax HU-
MU MOKET OBITh MCIIOJIb30BaHA KaK HAaYaJIbHAsl TOYKA B OOJBIIIOM MPOCKTE WIIH

KaK 3a/laHue, BBITIOJIHSIEMOE TIepe ] Ha4aJloM MCCIIeIoBaTeIbCKON padboThl [34].
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[bIXaHWA BECHI
[HM CTAHOBATCA
AnvHHE: _‘______._F:-:Toﬂ_.______‘_‘_._[

Puc. 5.2. Knacrepnas kapta «4To Takoe JbIXxaHHu€e BECHBD [34]

¥ WBOTHEIE

CTaHOBATCAH
AKTHEHEE

FemMna orranaae-'r]

Tennaa noroga

Kapmor npuyun (puc. 5.3) [34]. DTu KapThl IOMOTAIOT CO3/1aBaTh rpaduye-
CKH€ 00pa3bl MPUUUHHO-CIICACTBEHHBIX OTHOIICHUN. AHAIN3 MPUYUH U CIECT-
BU KpailHEe BaXKHO JIJIST IOHUMAHUS CIIOKHBIX CUCTEM, TAKUX KaK NCTOPHUCCKHEC

CO6BITI/IH, POMaAHbI, UBMCHCHUS B CPCIC 00UTaHUS >KUBOTHBIX.

¥poBeHkb
NpHBBINM

-

n +
BMAET BNWAET +

Konvuecteo
dupm BNMAET - LleHbl
NPEOMIBOAMTENSA HE NPOAYKLIAID

YpoBEHb

BNWAET +

snuster +—— 7| KOHKypeHuuy

npoayKuAH
Ob6bem
NPOoOMIBOAMMOM

BNWAET -
NPOAY KL

BNWAET -

BNWAET +

YpoBeHb

NOXOA0B YpoBeHb

cnpoca

noTpetuTenei

Puc. 5.3. Kapta npuunH «9koHOMHUYECKast CUTyalus (AHaIU3 MPOIaxK)»
Kapma uepapxuui (puc. 5.4) [34].

Konyenmyanvuas xkapma omnowenuti («xapma-nayk») (puc. 5.5). Yacto

HCIIOJIB3YCTCs, KOrJda riiaBHas T€Ma COACPKUT OYCHb MHOTO OTBETBJICHUH U KO-
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raa H606XOI[I/IMO ITOKa3aThb COIPOBOKAAOIIHNC YCIOBUSA WU ITOHATH IMCPBUIHOCTD

Y BTOPUYHOCTH CBOMCTB 00beKTa [34].

Bangaet Ha BAMABT HA
AOMWHWCTPaTOP AOMUHKUCTPATOD
Bl MarazInvHea B0 2 Margag3He
BITUACT Ha BJMAET HA

[MEHEﬂ}KEp WMEHCKOrD 3ana] [MEH'E.‘.D.}KED My}i{cmrn 3ana ]
Eum:neT Ha EIJ'IHHET Ha

Puc. 5.4. KapTa uepapxuil "Opranuzanus ciiy)auux Marazuta'

ITO
ITO

HEobX0aMMD CKONBKD

DTJ:I bIX OTcyTCTBME CTpecca

KaK A0CTHY L
3..EIDDCIEI:|E

OBpas ®H3HK
— _._'_'_'I
10 CEKONBRD

3ITO
JaHATHE

3 paza B AeHb
CNOPTOM

Puc. 5.5. Kapra otHomenutt "31oposne"

Kapma 6nok-cxemor (puc. 5.6) [34]. Tlo3Boaser mocMOTpeTh MPOIECC U

YBUACTH MHOKCCTBO BAPUAHTOB PCIICHUA.
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IocTpa He ropuT

Hafo—m| BRNKYKUTE

Het

Haﬂ.D—-.-[ MNoaKNYMTE K DGEETKE]

Namna ecte? — P Her

Hajlo——P BKDYTWUTE naMny

NaMna pabotaer?

[ MoYMHUTL mompy]

Puc. 5.6. Kapra 65ok-cxema "Bxitouuts moctpy”

Imanst nocmpoeHus KOHYEnmyaibHvlX Kapm

B npocreiiem ciyyae mocTpOEHUE KOHLUENTYaJIbHON KapThl CBOJUTCS K:

— OIpPEACIICHUI0 KOHTEKCTa IMyTeM 3aJIaHUsi KOHKPETHOTO (HOKYCHUPYIOIIETO
BOIIPOCA, OMPEIEIISIONIErO IIaBHYIO0 TEMY U T'PAaHULIbI KOHLIENTYaJIbHOU KapThl;

— BBIJICJICHUIO KOHIIENITOB — 0a30BbIX MOHITUH JaHHOW MpeaMeTHOoN obJac-
TH (00bIYHO He 60osee 15-20 nousTHIN);

— IOCTPOEHHIO CBSI3€M MEXIAy KOHLENTAMHU — ONPEAECIEHUI0 COOTHOLIEHUN
1 B3aUMOJCHUCTBHI 0a30BBIX MOHATHI;

— ymopsiiodeHuto rpada — yTOYHEHUIO, YAAICHHIO JUIITHUX CBsI3ed, CHATUIO
npoTuBopeunii [33].

IIpumenenue konyenmyanwvuwix kapm [34]:

— KpaTKOe U3JI0KEHNE TPOOIEMBI;

— BBISIBJICHUE 3HAHU;

— BBIABJICHHE KOHIIEILMM, B3aUMOJCUCTBUN HMEPAPXUM U3 aHAIM3a HUCTOY-

HHKOB;
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— FeHEpUPOBAHUE HOBBIX 3HAHUI;

— TpaHc(hopMaIus CKPHITHIX 3HAHUW B SSBHBIE CTPYKTYPHUPOBAHHBIC,

— COXpPAaHEHHE JIAHHBIX B ACCOIMATUBHBIX CBS3SIX;

— MOJIEJIMPOBAHUE COBMECTHBIX IPYIIIOBBIX 3HAHUM;

— 00OMEH MHEHUSAMH I10 IPOrHO3aM, TeHACHIIUSIM B pa00UMX Ipynmax;

— C1oco0 3aTOMUHAHUS TPU U3YUYECHUH TE€X WA UHBIX SBJICHUM;

— r1y0OKO€ OCBOCHHE MaTepuaa;

— KOJUJIEKTUBHOE Pa3BUTHE HUJIEH;

— MO3TOBOM WITYpM (OpEeHHCTOPMHUHT);

— aHAJIU3 CTPYKTYPbl KOMILJIEKCHBIX HJIEH;

— BBICTPaMBAHME LIETIOYEK APTyMEHTALUH, BBISIBICHUE HAPYLICHUS apry-
MEHTAIIMOHHOM JIOTUKH (OLIMOKH, pa3pbIBbl, IPOMYCKHU U T.I1.);

— M3yYECHHE MEXAHU3MOB II03HAHMS;

— 00y4eHHE OpaTOPCKOMY UCKYCCTBY.

5.3 KorHuTHBHOE MOJE/IMPOBaHUE
5.3.1 OcHOBHBIE IOHATHS KOTHUTUBHOIO AHAJIN3A

MeTonoJioruss KOTHUTUBHOTO MOJEIMPOBAaHUS, IPEAHA3HAUYCHHAs ISl aHa-
JM3a U IPUHSTHUS PEIICHUN B IJIOXO ONPEACIICHHBIX CUTYaIUsX, ObLIa MPeaJio-
)keHa AkcenbpoaoM [35]. B oCHOBE METOI0JIOTMM KOTHUTUBHOTO MOJICIMPOBA-
HUS JIGKUT KOTHUTUBHAS (TIO3HABATEIHHO-1I€NIEBAsI) CTPYKTYypH3aIvs 3HAaHUN 00
00BEKTE W BHEIIIHEH JJIsl HETO cpefie, MpuueM OOBEKT M BHEIIHSS cpejia pasrpa-
HUYMUBAIOTCA «HEYETKO». Llenb Takou CTPYKTypU3aLUU COCTOUT B BBISBICHUU
HamOoJiee CyIIECTBEHHBIX (0a3UCHBIX) (DAKTOPOB, XapaKTEPU3YIONIUX «IIOTpa-
HUYHBIID CJIOM B3aMMOJEHCTBUSI OOBEKTa M BHEUIHEH Cpelibl, U YCTAaHOBJICHUU
KaueCTBEHHBIX (IPUUYUHHO-CIIC/ICTBEHHBIX) CBS3ECH.

Koenumuenoe mooenuposanue — 310 UccieoBaHue (yHKIMOHUPOBAHUS U

pPa3BUTHUS CIIA0OCTPYKTYPUPOBAHHBIX CHUCTEM M CUTyallud MOCPEACTBOM I1O-
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CTPOEHUSI MOJEIIH CIOKHOM CHUCTEMBI (CUTyallMl) HA OCHOBE KOTHUTUBHOM MO-
nenu. KorHutuBHas Mojens OoTpakaeT CyOBEKTHUBHBIC MPEACTABICHUS (MHIH-
BUJTyaJIbHbIC WJIA KOJUJIEKTUBHBIC) HCCIIEyeMOM TPOOIeMbl, CBA3aHHOM C PyHK-
LMOHUPOBAHUEM M pa3BUTHEM cUCTEM. OCHOBHBIMU 3J€MEHTAMU KOTHUTHBHOM
MOJICNIU SIBJISIIOTCS 0a3uCHBbIE (DAKTOPHI U MPUUMHHO-CIICACTBEHHBIE CBSI3U MEXK-
ny HUMU. bazuchsie ¢pakmopsl — 3T0 (PaKTOPBI, KOTOPBIE ONPEILISIOT U Orpa-
HUYMBAIOT HAOJIOJAaeMbIE SIBJICHUS U IMPOIECCHl B CUCTEME U OKpPY’Karolleh ee
Cpelie U MHTEPIPETUPOBAHBI CYOBEKTOM YIIPaBJICHUS KaK CyIIECTBEHHbIE, KIIIO-
YEeBbIC [TAPAMETPHI, IPU3HAKU ITUX SIBJICHUM U IpoLeccos [35].

KauecTBeHHBIE MOJENM CIOXHBIX U OYEHb CIOKHBIX CHUCTEM JIOCTATOYHO
3(p(EKTUBHO CTPOATCS HAa OCHOBE MAaTEeMAaTUYECKOrO armapara 3HAaKOBBIX U
B3BEUIEHHBIX TpadoB, KOTOPbIE MO3BOJSAIOT (HOPMAIN30BaTh B3aUMOJICUCTBHE
OCHOBHBIX IOJIO)KUTENBHBIX M OTPUILIATEIbHBIX OOpaTHBIX CBSI3EH, CYLIECTBYIO-
MIMX MEXIY MPOLECCaMU, ONpPENeSIOIMMHE (GYHKIIMOHUPOBAHUE U pa3BUTHE
CJIIOHOM COIMATbHO-TTOIUTHYECKOW, IKOHOMUYECKOW MM SKOJOTUYECKON CHC-
TeMmbl. [Ipyu mocTpoeHuu Takux Mojeseld MOXKeT ObITh MCIOJIb30BaHa HEMoJHa,
HEYeTKas U Jaxke MPOTUBOPEUYUBast HHPOpMaLUAL.

[lenb KOTHUTUBHOM CTPYKTYpH3aLMH COCTOUT B (POPMHUPOBAHUHM U YTOUHE-
HUU TUTIOTE3bI 0 (QYHKIIMOHUPOBAHUU HUCCIEAyeMOro o0bekTa. YToObI MOHATH U
MIPOAHAIIM3UPOBATH MOBEACHUE CIIOKHOW CHUCTEMBI C MOMOILBIO KOTHUTUBHOIO
MOJIX0/1a, CTPOUTCS CTPYKTYpPHAsl CXeMa NMPUUMHHO-CIEICTBEHHBIX CBs3€e (Koe-
HUMUBHASI KApma).

KornutuBHas xapTa — 3T0 CyObEKTUBHOE IMPEACTABICHHUE DKCIEPTa O MPo-
Heccax B CJIOKHOM TWHAMUYECKOW CUTyalud, (OpMajbHO IMPEACTaBIsSEMOE B
BU/JIC OPUEHTUPOBAHHOTO 3HAaKOBOTO rpada [36].

BrepBrie noHsATHE «KOTHUTHBHAS KapTa» ObLI0 BBeZeHO B 1948 r. mcuxoro-
rom J. TonmeHoMm kak 00pa3 MpocTpaHCTBEHHOTO OKpykeHus [37]. KorHuTus-

Has KapTa Kak o0pa3 BHYTPEHHHUX MPEJCTaBICHUN CyOBbEKTa CIIY)KUT «UHCTPY-
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MEHTOM 17151 POPMHUPOBAHUS U YTOUHEHUS TUIOTE3bI O (PYHKIMOHUPOBAHUH HC-

CIIeyeMOro 00BEKTa, pACCMAaTPUBAEMOTO KaK CIIOKHas cuctemMay [38].

5.3.2 Tunibl KOTHUTHBHBIX KapT

Cnabo ¢opmanuzosannsie kocnumusnoie kapmol (COKK) [39,40] ucnosnb-
3YI0TCS, KaK MpaBuiio, Ajig GOpMUPOBaHUS OOIErO MPEICTABICHUS O CUTYAINH
U aHaJM3a (CpaBHEHMS) TOUYEK 3pPEHUSI CyObEKTOB OTHOCHTEIBHO HEKOTOPOM CH-
Tyallid, a WHOTAA JUIsi MOJCIUPOBAHUS MOHMMAHHUS MEXaHW3MOB BBIPAOOTKHU
pemenuil. @opmanvuvie koenumusuvie kapmol (OKK) ucnons3yrorcs s ana-
JU3a U MOJEIUPOBAaHUS CIA0OCTPYKTYPUPOBAHHBIX CUTyallud, MCTOYHHUKOM
3HAHHUM 0 KOTOPBIX CIY>KaT MPEJICTaBICHUs CYObEKTOB [38].

dopManbHO, 003aTEIBHOM OCHOBOM BCEX TaKUX MOJENEH SBIIAETCS OpUECH-
TUPOBAHHBIX r'pad, BEPIIMHBI KOTOPOTO COOTBETCTBYIOT JIEMEHTaM (KOPOTKHE
dpazer st COKK u nounsitusa, gakropsl unu nepemennsie st OKK), a nyru
WHTEPIIPETUPYIOTCS KaK MpsIMble MPUYUHHBIC BIUSHUS MEXAY JJIEMEHTaAMH.
OO0bIyHO 0a3UC BKIIIOUAET HEKOTOPHIC MapaMeTPhl TaKKe, Kak 3HAK BIUSAHUS (Kak
st OKK, tak u gt COKK) unu cuna Biusinus. Ha ocnope COKK pazpuBarot-
Csl METOJIbI TIOCTPOCHHM S, aHAJIM3a M CPABHEHHS KapT Ha 0asze Teopun rpados.

[To ocobennoctu npeacranisiembix curyanui ®KK moryT ObITh friHAMUYE-
ckumu u ctatudeckumu. ®KK cooTBeTcTByeT TeopeTrudeckas (001ias) MOAeb,
KOTOpasi BKJIIOYaeT (OpMabHOE OIMKMCAHWE KapThl U SIBHYIO WU HESBHYIO
GyHKIUIO arperupoBaHus BiIUsSHUM Ha ¢daxkTop. Paznmuunas uHTEpmpeTarus
BEPIIMH, TyT U BECOB, TAKXKE KaK pa3IMuHble PYHKIIUHU arperupoBaHUs BIUSHUM
Ha (pakTOp, MPUBOAUT K PA3IUYHBIM THUIIAM TeopeTrdeckux mojeneit KK (umm
tunaM O®KK) u popManbHbIM CpeIcTBaM WX aHAJIN3a.

ODYHKIIMK arperupoBaHusl BIUSHUA Ha (AKTOp M MapameTpbl KapT MOTYT

COJepKaTh BpeMs B SIBHOM BHUJE, Toraa OyneM roBOPUTH O KapTaX C CHIIBHOM
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TuHAMUKOU. B apyroMm ciydae — OyaeM TOBOPUTH O KOTHHTHBHBIX KapTax CO
c1aboil TUHAMUKOM.

K KOTHUTHUBHBIM KapTaMm cO cIa00W TUHAMUKOW MOMXHO OTHECTH HEYETKHE
KOTHUTUBHBIE KapThl Kocko [41], ormyeckrue KOTHUTUBHBIE KapThl C pEIAIlU-
OHHOM anreOpoil u Jp., BEpOSITHOCTHBIE KOTHUTUBHBIE KapThl BenmeHna u ux mo-
nudukamnmm [42].

Hamnpumep, KOTHUTUBHBIM KapTaM JIOTUYECKOTO THIA COOTBETCTBYET (YHK-
I[Usl ONpeieNIieHus MOJHOTO d(pdeKrTa BIUIHUS MEePEMEHHON-TIPUYNHBI Ha Tepe-
MEHHYIO-CIICICTBUE U OHU BOCHPOU3BOJAAT UHMYUMUGHbIE MEXAHU3MbI BBIBOJA,
HanpuMep, NPy MOJACIUPOBAHMM MHOTOAreéHTHBIX CHUCTEM B 3aJadyaxX KOJUICK-
TUBHOTO B3aUMOJICHCTBUS U MTPOTHO3UPOBAHUS MoBeaeHUS [43].

KorauTuBHbIE KapThl C CHIIBHOW JUHAMUKOW pa3iinyaroTcs Mo TUIy (PyHK-
[IUI arperupoBaHus BIUSHUN Ha GaKkTop.

PaccMmoTpum xocHumusHvle kapmul ¢ CUIBLHON TUHAMUKOW M 0a30BOM JIH-
HEWHOW WMIYJbCHOW MOJIEIbIO, MPEII0KEHHOM Ha 3HAKOBBIX (B3BELICHHBIX)
rpadax (COOTBETCTBYIOIIMM KapTaM) JUIsl PEIICHUS 3aa4d MPOTHO3UPOBAHMS
TOBEJICHUSA CJIOKHOM cucteMbl [44]. Maes sToro mogxoaa oCHOBaHA Ha aHAJIM3E
UMITYJIbCHBIX TIPOLIECCOB HA 3HAKOBBIX Tpadax. WMIynbCHBIN MPOIECC MOXKET
MOJIBEPTaThCs BO3JECHCTBUIO BHEIIHUX UMITYJIHCOB B JIIOOOW MOMEHT BPEMEHU U

Torna (pyHKIMS BEIYMCIICHUS 3HAaYeHUs (DaKTOPOB B MOMEHT BpeMeHH t+1 umeer
BUJ [44]:

vit +1) =v;(8) +pl(t + 1) + I 1 sgn(w;, ui)p;(©) (5.1)
rae p](-) (t) BHEIIHUI UMITYJIBC UK H3MEHCHUE B BEPIIUHE Uj B MOMEHT 1.

1, eCJIU AyTa Uj, U; TIOJIOKUTE/IbHas
Sgn(uj, ui) ={ —1,ecnu ayra u;, u; oTpuaTebHAs
0, ecu fiyra u;, U; OTCYyTCTBYET

JIJist KOTHUTUBHBIX KapT C BECaMU COOTBETCTBYoIIas (hopmyia OyneT UMETh

BUJI:
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x;(t+1) = x;(t) + Xjer, a;jAx;(t) +g,(t) (5.2)
rae Xj(t+1) u x;(t) 3mauenus i-ro pakropa B MOMeHT BpeMmeHu t+1 u t, coorBeTcT-
BeHHO, Ax;(t) = x;(t) — x;(t — 1) — npupamenue (ummyisc) pakropa Xj, ajj —
BEC B3aMMOBIIHSHUSI MOXIY (aKTOpamMu Xj U X, |j — MHAEKCHI IPSIMO BIHSFOIINX
axTopoB Ha (axTop X;; g;(t) — BHeIIHee BO3/EHCTBIE (HAapUMep, yHpasie-

HHUE).

5.3.3 AHaJuiu3 BJIMSHUI B KOTHUTHBHBIX KapTax

[Ipu aHanuze cuTyarui, OnUpArOIEMCs] Ha OMMCAHHBIE BBIIIE MOJCIHN KOT-
HUTUBHBIX KapT, pEHIalOTCs JBa TUIA 3aJa4: cmamuiecKue u OUHAMUYECKUe.
Cmamuueckuti anaau3 — 3TO aHAJIW3 TEKYIIEH CUTyalluH, 3aKIIOYAIOIIUNCS B
BBIJICJICHUN U COIMOCTABJICHUU IyTeH BJIMSHUSA OJHUX (PAKTOPOB Ha JIpyrue ue-
pe3 TpeThH (Kay3aJbHBIX LIENoYeK). JMHaMuueckuil aHaiu3 — 3TO TeHepaus u
aHaJIM3 BO3MOXKHBIX CIIEHAPUEB PAa3BUTHS CUTYyallMu BO BpeMeHU. MaTeMmarude-
CKUM alllapaToM aHaju3a SBIIIETCS TEOpUs 3HAKOBBIX I'paOoB U HEYETKUX TI'pa-
¢doB.

3aaun CTATUYECKOTO aHajii3a, pacCMaTpMBaeMble B TEPMHUHAX 3HAKOBBIX
rpadoB, 3TO HCclieOBaHNE BIMSHUN OJAHUX (PaKTOPOB Ha JIpyrue, UcCieaoBa-
HUE YCTOWUYMBOCTH CUTYallUHU B IIEJIOM U MOUCK CTPYKTYPHBIX U3MEHEHUU IS
NIOTy4EHHs YCTOMUUBBIX CTPYKTYp. DaKTop Vi BaUAET Ha (AKTOp Vj, €CIH CylIe-
CTBYEeT OPHEHTHPOBAHHBIM IyThb OT BEpIIMHBI Vi B BepuiuHy Vj. CymmapHoe
BIIMSIHHE Vj HA Vj TIONOKUTEIBHO, €CIIM BCE ITyTU OT Vj K Vj ITOJIOKHUTENBHBI; OTPH-
LATeJIbHO, €CIIM BCE MyTH OTPHUIATEIbHbI; HEOMIPEAEIEHHO, €CIIN CPEAUN ITUX MY-
TeH €CTh KaK MOJIOKUTENbHbIC, TAaK U OTPULIATEIIbHBIE.

OnHa U3 OCHOBHBIX 3aJ1a4, PEIIaeMbIX B TEPMHUHAX 3HAKOBBIX IpadoB — 310
3a0aua 06 ycmouuusocmu. B 9Toit 3amaye pedpa rpada HHTEPIPETUPYIOTCS KaK

HCKOTOPLIC (HGO6H38.T€JIBHO KaYSaJIBHBIG) OoTHOIICHUs. ECau OTHOILIEHUS CHUM-
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METPUYHBI, TO CUTyalUsl NPEACTABIISIETCS HEOPUEHTUPOBAHHBIM 3HAKOBBIM I'pa-
(oM, BEpIIMHBI KOTOPOTO COOTBETCTBYIOT CYOBEKTaM OTHOIICHHI.

HeopuenTupoBaHHbIi 3HAKOBBIN rpad coarancuposan, €Ciii BCE €0 LUKIbI
MOJIOKUTENBbHBL. B 3TOM cilydae Bce BEpIIMHBI MOKHO pa3OWUTh Ha JBa Kiacca
TaK, 4To pedpa, COEAUHSIOIIME BEPIIMHBI OJHOTO Kjacca, IOJOKUTENbHBI, a
pedpa, coennHAIIINE BEPIINHBI pa3HbIX KJIACCOB, OTpHULATENbHbL. B cOanancu-
POBAHHOH CUTyallMU BCe CyOBEKThI OTHOIICHHS Pa30OUTHI HA JIBE KOAIUIUH, Ha-
XOIsIIMeECs B ONIO3ULMU. Takas cuTyalus yCTOMYMBA B TOM CMBICIIE, UTO BBU-
Iy OJHOPOJHOCTY OTHOLICHHWM YIEHOB OJHOW KOAJIWLMH KakK APYT K APYyTy, Tak
M K 4YJI€HaM JPyroyd KOAIWLMH, HET NPEANOCBHUIOK JJISi U3MEHEHHUs CUTYAIUH.
IIpumep - AByxmapTuiiHas IapjaMEHTCKas cucreMa. /[MHaMuKa pa3sBUTHS CU-
Tyallid MPHU 3TOM HE PACCMATPUBAETCS; IMPOTHO3 COCTOUT B TOM, YTO €CIIH CH-
Tyallus yCTOMuYMBa, OHA OyJEeT COXpPAHATHCS U B JAJbHEHILEM; €CIIU e OHA He-
yCTOMYMBA, TO XapaKTep CBA3EH ckopee Bcero OyneT MEHSThCS.

Ecnu otHomenuss mexnay (akTopaMu HECUMMETPUYHBI, TO KOTHUTHBHAs
KapTa SIBJISIETCS OPUEHTHUPOBAHHBIM 3HAKOBBIM rpadom. [1010KUTEAbHBIN IIUKIT
— 3TO KOHTYpP MOJIOXKHUTEIBHOW OOpaTHON CBSI3U; €clid (PaKkTopaM MpHJIaHbI He-
KOTOpBIE€ Beca (3Hau€HUs), TO yBeJIWYeHHE Beca (akTopa B LIMKIJIE BEJIET K €ro
JAJbHEUIIEMY YBEIMYEHUIO M, B KOHEYHOM CYE€Te, HEOTPAHUYEHHOMY pOCTY.
OTpuuaTenbHblii UK MPOTUBOJACUCTBYET OTKIOHEHUAM OT HA4daJbHOIO CO-
CTOSIHUS, OJTHAKO BO3MO’KHA HEYCTOMUMBOCTH B BUJI€ 3HAUYUTEIIbHBIX KOJeOaHUH,
BO3ZHMKAIOIIMX MPHU MPOXOKICHUU BO30YKIEHUs N0 HuKIy. Paznuyaror ciydau
JUHEWHOTr0, SKCIMOHEHIIMAIIBHOTO pOCTa 3HAYeHUW (DAKTOPOB, a TaKkKe Clydaid
3HAaKOIEPEMEHHOI0 U3MEHEHUS M pOoCTa 3HaYeHUI (PakTOpoB (pe30HAHCA).

AHanu3 ycTOMYMBOCTH Tpada MpeanojgaraeT moucK CTPYKTYPHBIX M3MEHe-
HUM rpada s MOTyYeHUs: YCTOMYHBOW cOalaHCUPOBAaHHOM CTPYKTYpHhI. Cyriie-
CTBYET PsiJ METOJOB, HAMPABJICHHBIX Ha TIOUCK CTPYKTYPHBIX U3MEHEHUH rpada

JUTS TIOJTyY€HUS YCTOMUYUBBIX CTPYKTYP.
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5.3.4 Dtanbl KOTHUTUBHOTO MOJAEJIMPOBAHUS

KoruutrBHOE MOAEIUPOBAHKUE MPEJICTABISIET COOON MUKIMYECKUM Mpo1ece
1 COJICP)KUT HECKOJIBKO B3aMMOCBSI3aHHBIX JTAIOB:

— KOTHUTHUBHAs CTPYKTYpU3ALIHS;

— CTPYKTYPHBIA aHAIU3 KOTHUTUBHOW MOJIEJIH;

— CLIEHapHOE MOJICIMPOBAHUE PA3BUTHS CUTYAIlUH;

— OILICHKA U UHTEPHPETAIUs PE3YIbTaTOB MOJICTUPOBAHUS;

— MOHHUTOPHUHT CUTYyallUH.

Ha navanbHOM 3Tame MPOBOAUTCS KOZCHUMUGHAA CHMPYKHMIYPU3AUUA VH-
dbopmalnuu 0 CUTyallud W Mpolieccax, OKa3bIBAIOIIUX BIUSHHUE HA €€ Pa3BUTHE.
DTan KOTHUTHBHOM CTPYKTYypHM3alluM BKJIFOYAET B ceOs cOOp, aHaIW3 U CUHTE3
(cTpyKTypHu3alup) nHPopMaIu, T. €. TOCTPOCHUE KOTHUTHUBHOW KapThl, OIH-
CBHIBAIOILIE MEXAHU3M M YCJIOBHUS Pa3BUTHsI cUTyalnu. KOrHUTUBHAST CTPYKTY-
pHU3aIys IPOBOJUTCS € IebI0 (POPpMUPOBaHKS MHOXKECTBA 0a3UCHBIX (PAaKTOPOB
U OTNIPEICIICHUS] TPUUMHHO-CJICACTBEHHBIX OTHOLICHUN MEXIY HUMHU.

Ha xaxmom stane hopMUpOBaHHUS MOJCITH MPUXOJUTCS MPUHUMATH peIlle-
HUSI, OT COBOKYITHOCTH KOTOPBIX, B KOHEYHOM CU€Te, 3aBUCUT aJIeKBATHOCTb MO-
CTPOCHHOM MoJenu. B unciio Takux 3agay BXOJSAT:

— BBIOOp CaMOM MOJICTIH;

— ¢dopmupoBaHue Habopa (aKTOPOB U CBA3EH MEXKIy HUMU (BKJIHOYAsi 3HAK
CBSI3U);

— BBIOOD IIIKAJI U BECOB CBA3EH;

— BBIOOpP METOJIOB BHIYMCIICHUS BIMSTHUM.

MHoxecTBO 0a3uCHBIX (DAaKTOPOB, MPHYMHHO-CIICJICTBEHHBIC OTHOIICHUS
MEXIy HUMU U MapaMeTpbl (JaKTOPOB U OTHOIIECHUM OTIPEACIISIFOTCS 10 Pe3yJib-
TaTaM aHaju3a TEKCTOB, COJICPKAIIUXCS B MH(POPMAIIMOHHO-aHAIMTHIECKOM 0a-
3¢, U aHKETUPOBAHUS WJIM MHTEPBBIOMPOBAHUS SKCIEPTOB U JIMI], NIPUHUMAIO-

nux pemenus (JITIP).
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N3 MmHoxecTBa 6a3UCHBIX (DAKTOPOB CUTYyallMH BHIOMPAIOTCS MOJIMHOMKECT-
Ba LIEJICBBIX U YMPABJIAIONINX (PAKTOPOB, a TAK)KE HaYaIbHBIC TCHACHIIUU Oa3uc-
HBIX (pakTOpoB. B kauecTBe ympaBisitonux BeIOUparoTcs (akTopbl, OTHOCSIIIHE-
Csi K OOBEKTY yIpaBlIeHUS WM K BHEIIHEH cpelae, Ha KOTOpbIe CYOBEKT
yIpaBiICHUS] UMEET BO3MOKHOCTh BO3/IEHCTBOBATh; B KAYECTBE IEIEBBIX — (haK-
TOpBI, B HAMOOJIBIICH CTENEHH XapaKTePU3YIOIINE COCTOSHUE OOBEKTa YIpaB-
JICHUS ¥ €T0 ENH.

CmpykmypHbill aHanu3 KOCHUMUBHOU MOOelU

Jlns 6onee >PpheKTUBHOTO YMpaBICHUSI CUTyalluel HEoOXOAUMO 3HATh €€

CTPYKTYpHBIE CBOWCTBa (puC. 5.7), T. €. 0COOEHHOCTH MPUYNHHO-CIIEICTBEHHBIX

OTHOILICHUI MeXay 0a3uCHbIMU (paKTOpaMu.

- BbIABMNEHWE NPOTUBOPEYNI MeXay
uensmu

- aHanus3 cornacoBaHHOCTH
ynpasneHui ¢ uenamu

- aHanm3 3MdEKTUBHOCTH
MHTErpanbHOro BNWSHNA yNpaBneHui
Ha uenm

Puc. 5.7. CTpyKkTypHBI aHAIN3 KOTHUTHBHOW MOJIEIH

CyTh 3a7aHusi HEMPOTHUBOPEUMUBOTO BEKTOpA IIE€JIiel COCTOUT B TOM, YTOOBI
JKeJaTeIbHOe U3MEHEHHUE OJHUX IIEJeBhIX (DAKTOPOB HE MPUBOJUIIO K HEXesa-
TEJIbHBIM U3MEHEHUSM JPYTHX.

YnpaBieHne CUTyaller 3aKI0YaeTCsd B TAKOM M3MEHEHHU YNPABISIOLINAX
(hakTOpOB, KOTOPOE MPUBOJIUIIO OBI K JKeJaTeIbHBIM U3MEHEHUSIM 1IEJICBBIX (paK-
TOPOB, T. €. B HANPABJIICHUH OIICHKU NWHAMHUKHU. B CBsI3U ¢ ATUM HEOOXOAMMO
UCCJIEeIOBATh yIpasJsitonue (akTopbl Ha COTJIACOBAHHOCTH C IEJISIMU U Ha 3(¢-

(GEeKTUBHOCTH UX BO3EHCTBUA Ha 1iesieBbie (hakTopbl. COrIacoBaHHOCTh yNpaB-
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JSOIINX (PAKTOPOB C BEKTOPOM LIE€TIEH COCTOUT B TOM, UTO HUKAKO€ UX U3MEHE-
HUE HE BBI30BET U3MEHEHMS HHM OJHOW W3 LIEJIEW B HEXKENATEIbHOM HaIlpaBiie-
HUU. D()PEKTUBHOCTD YIPABIAIOIIETO (akTopa ONPEIENIeTCs CUJIOW U Xapak-
TEPOM €T0 BIMUSHUS Ha IIeJIeBbIE (PaKTOPHI.
Cyenapnoe mooenupoganue pa3eumus Cumyayuu

MopnenrpoBaHue MOXKET IPOBOJUTHCS B PEKMMAX CaMOPa3BUTHS U yIPaB-
asiemoro pa3Butus (puc. 5.8). 3HaueHUE «TEHACHUUN» (PaKTopa B KaXAbI MO-
MEHT ONpeeNsieTcs KaKk cymMMa 3Hau€HUsl «TEHICHIMW» (akTopa B MPEAbIAY-
M1 MOMEHT U BCE€X BIUSHUMU, MPUUIEAIINX OT «COoceaHux» (aktopos. lIpu
OIPEIEICHUH PE3yJIbTUPYIOIIETO 3HAUCHHSI «TEHJIEHUIUN» (DAKTOpPA YUUTHIBAIOT-

cs KaKk COOCTBEHHO TCHACHI NN BJIMAIOIINX (b&KTOpOB, TaK 1M CHJIa UX BJIMAHUA.

NPOINDAUND IR
oo s

§ HOSTEOMGR OO
8 c

WEMATDHAN MENCEWULW

Pexumbi MoaenupoBaHua

CaMOpa3BMTHe yn pasnsaemoe
410 GYA0T, CAN MNSSrO MO A8NITH7 passutTne
[
npsamMas 3agava obparHan 3apgava
sto Gyaer, ecom,.? NTO HARO CORNaTE, Yrobul,..?

Puc. 5.8. CuenapHoe MoJieTupOBaHUE
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Camopa3BuTHE MNPEANOJIAraeT COXPAHEHHE CYLIECTBYIOUIMX TEHJECHUUN
(bakTOpOB U, O CYTH, MPEACTABISIECT COOON FKCTPANIOISAIUIO TEKYIIETO MOJI0XKe-
HUS C yY4E€TOM B3aMMHBIX BIMSHUN Oa3HCHBIX (DAaKTOpOB. YIpaBisieMoe pa3Bu-
TUE CHUTyallud MOJPA3yMEBAET LIEJICHANPABIECHHOE BO3JEHCTBUE HA OJUH WM
HECKOJIbKO (DaKTOpOB, T. €. B KaU€CTBE YIPABIEHUS BBHICTYNAeT U3MEHEHHUE Te-
Kylieil TeHJaeHIuu (QakTtopa mnepeaaBaeMoe Ha Jpyrue (akTopbl MO IEMOYKe
BIIMSTHUM.

Oyenka u uHmepnpemayusi pe3yibmamos MoOeIupo8aHus.

Jist oleHKH 3()(PEKTUBHOCTU MPUHATHIX PELIEHUH KCIONb3YEeTCsl CUCTEMA
MOKa3aTesen, XapaKTEPU3YIOIINX:

— CTEMNEeHb JOCTIKEHUS LEeNH — KO3()PUIMEHT 1eNeI0CTUKEHUS;

— crenenb OnaronpustHocTH curyauuu g JIIIP — xkoadduumuent Gnaro-
HOPUATHOCTH CUTYALINU;

— 00bEM U IIEHHOCTh PECypCOB, HEOOXOIMMBIX JJIsl peaju3aluu yIpaBlIeH-
YECKOT'0 PEIICHHUS], — PECYPCOEMKOCTh YIIPABIECHUYECKOTO PEILICHHUS;

— k03¢ durreHT 3PPEeKTUBHOCTH PEIICHUS, XapaKTEPU3YIOITUNA OTHOIICHHE
CTENEHU JOCTHMXKEHUS Leell K 00beMy M LEHHOCTH PEeCypcoB, HEOOXOIUMBIX
JUISl peaju3alii COOTBETCTBYIOLIETO PEIICHHUS.

Koenumusnuiti monumopune cumyayuu

Ha 3akmrounTensHOM 3Tane B ciiydyae U3MEHEHUs TEeKYIEeW CUTyaluu IMpo-
U3BOJIUTCA KOPPEKTUPOBKA KOTHUTUBHOM MOJENH, U IOBTOPSIIOTCS MPOLECCHI
CTPYKTYPHO-LIEJIEBOTO aHAJIN3a U MOJICIMPOBAHUS Pa3BUTHS CUTYyaIlUH.

Ilpumep xocnumusHot mooenu

PaccMoTpuM npuMep MOCTpOEHUs] KOTHUTUBHOM MOJENH ISl aHallu3a Mpo-
OneMbl TOTPEOIICHHSI AIEKTPOIHEPTHH B pervone [44] (puc. 5.9).

B cootBercTBUM C [44] nccneayeMyto mpoOieMy TOCTATOYHO TOJIHO MOYKHO

omucath cembro gakropamu F, J, P, Q, R, C, U. Jlyramu Ha pucynke 5.9 otme-
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YCHbI CYHICCTBCHHBIC ITPUYMHHO-CICACTBCHHBIC OTHOICHWA, BJIMIHUCM OCTaJIb-

HBIX MO>XHO MPEHEOPEYb.

Puc. 5.9. KoruutusHas kapra «lloTpebieHne 31eKTpO3HEPTHUU B PETUOHE

Hyra (Q, P) umeet 3HaK « + », Tak KaK yJIydIlIeHUE OKPYKarOLIel cpe/ibl Be-
JIeT K YBEJIMYEHHIO YHUCJIA KUTEJIEH, a YXYALIEHHE COCTOSIHUS OKPYKAroLIen
cpenbl BbI3biBaeT OoTTOK HaceneHus. Jlyra (U, Q) umeeT 3HaK « — », TaKk Kak yBe-
JUYEHUEe TOTPEOJICHUS] SHEPTUU YXYIIIAeT COCTOSIHUE OKpPY’KaroIled cpenbl, a
YMEHBIIIEHUE MOTPEOJICHUS SHEPTUU OJIArOTBOPHO CKA3hIBACTCA HA €€ COCTOSI-
Huu. Jlyra (P, U) umeer 3Hak « + » B BHAY TOTO, YTO POCT YMCIA >KUTE-
JieH BBI3BIBAET YBEIMYCHHUE MOTPEOJICHUS dHEPTUM M, HA00OPOT, YMEHBIIICHUE
HACEeJICHUS IPUBOJIUT K MAJICHUIO MTOTPEOJICHUS YHEPTUU.

3ajaB HauyajdbHbIC 3HAYEHUS M pPACCUMTAB 3HA4YeHUs (PAKTOPOB IMOJYyUUM
CJIEIYIOITUH CIIEHAPHI pa3BUTHUS cuTyanuu (Tadi. 5.1).

JIns ynydiieHus CUTyaruu (COCTOSTHUE OKpPYIKAIOIIEH cpejbl), MOBBICHM

CTOMMOCTb JJIEKTpOdHEpruu (100aBuB ympasiswoniye Boszaericteue 0.5) (Tad:.

5.2).
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Ta6n. 5.1. Cuenapuii caMopa3BUTHS

HavanbHble 3HAYeHUSI Camopa3Burtue
Uwucno npeanpusTuit 0,25 0,30
Uwucno pabodynx MecT 0,25 0,40
YucIeHHOCTh HACEJIEHUS 0,25 0,36
CocTosiHuE OKPYIKAOIIEH CPeIb 0,10 -0,03
CTOUMOCTB AJIEKTPOIHEPTUH 0,05 0,03
DHEPreTUYeCKre MOIITHOCTH 0,10 0,15
[ToTpebaeHne IeKTPOIHEPTHH 0,05 0,26

Tabu. 5.2. Cuenapuil ynpapisieMoro pa3BUTHs

HavaabHble Yupasiasiemoe
3HAYeHUs pa3BuTHE
Ywuco npeanpusTrii 0,25 0,29
Uucno pabodynx MecT 0,25 0,39
YuclieHHOCTh HAaceJIEHUS 0,25 0,37
CocrosiHue OKpy»Karolen cpeabl 0,10 0,01
CTouMOCTb IIEKTPOIHEPTUU 0,20 0,22
DHepreTU4ecKue MOIHOCTH 0,10 0,13
[ToTpebiienne IeKTPOIHEPTUN 0,05 0,17

BI/II[HO, 4qToO IpH YBCIIMYCHUHN CTOMMOCTH JJICKTPOOHCPIrHU, HaM YIAAJIOCh

Bonpocsl k riiase 5

1. Yto Takoe KOHLENTYyaJbHOE MOJAEIUPOBAaHNE?

2. 3aja4u ¥ 1eIM KOHIUENTYaJbHbIX MOJICIICH.

90

YIIYUIIUTh COCTOSIHUE OKPY>KArOUIEH Cpebl, HE3HAUYNUTEIbHO YBEIUYHUTHh YHUC-
JIEHHOCTb HACEJICHUsI, IPU 3TOM CHU3UB MOTPEOJIECHUE AINEKTPOIHEPTUU B PETHUO-

HE, HO MOTEPSIB HEKOTOPBIN MTPOLEHT SHEPTETUYECKUX MOIIHOCTEM.




3. Bumabl KOHIIENTYaTbHBIX MOJIEIICH.

4. Metononoruueckue moaxoabl B 00JaCTH KOHIENTYaIbHOIO0 MOJAEIHPO-
BaHUS.

5. Ilepeuncnure TUIBI KOHIIENTYaTbHBIX KapT.

6. s kakux 3a/1a4y UCIOJIb3YIOTCS KOHIICNTYaJIbHbIC KApThI?

7. CdopmynupyiTe 3a1a4y KOTHUTUBHOTO MOJICTUPOBAHUS.

8. JlaiiTe ompenesieHue MOHATHIO «KOTHUTHUBHAS MOJCITBY.

9. Ilepeuncnure 3Tarbl KOTHUTUBHOTO MOJCIUPOBAHUS.

10. YTo Takoe CTpyKTypH3aIys IpeIMETHON 00IacTH?
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IJTABA 6 CPEAbI MMUTALIMOHHOI'O MOAEJIMPOBAHUSA

JIro60# anropuT™M MOJEIUPOBAHUS MOKET OBITh 3alMCaH Ha OOBIYHOM IPO-
LIElypHO OPHUEHTHUPOBAHHOM SI3bIKE IpOorpaMMupoBanus. IIpenmymecTsamu mo-
NOOHOM OpraHU3aIui padOThI SBISIOTCS:

- OTCYTCTBHE HEOOXOIMMOCTH B CIIELIMAJIBHOM IIPOrpaMMHOM obecrieye-
HUU U €r0 U3YUYCHUU;

- «IPO3PAaYHOCTBY» JIOTHMKU MOJENU HE TOJNBKO JJIs pa3pabOTUMKOB, HO U
JUISL IIKPOKOTO KPyra NporpaMMHUCTOB;

- JIOCTYIHOCTb BCTPOEHHBIX (YHKUUN, OMOJIMOTEYHBIX MOANPOrpamMM,
CPEIICTB CTATUCTUYECKOIO aHalIM3a, pPEeJaKTHPOBAaHUSA BBIBOAA U JPYrMX BO3-
MOKHOCTEH, OOBIYHO MPEAOCTaBISAEMBIX CUCTEMaMH NPOrpaMMHUpPOBAHUS IIH-
POKOT0 Ha3HAYEHUS;

- OTCYTCTBHE€ OIPAHMYEHHH Ma COCTAB U JIOTUKY MOJEIH, UCKIIr0UYasl Hajla-
raeMmble KOH(pUrypanuei MoJeaupyrolled BbIUYUCIUTEIbHOW YCTAHOBKM U pe-
KUMOM €€ MCIOJIb30BAHMUS;

- BO3MOJKHOCTb YINPABJICHHUS 3KCIIEPUMEHTOM, HEOOXOAMMAs, B YaCTHO-
CTH, JIJIsl peajii3aliii METOI0B YMEHBIICHUS TUCTIEPCUN PE3YIIbTATOB.

Tem He MeHee, COCTAaBIIEHHE MMUTALMOHHBIX MOJEJIEH C MCIIOJIb30BAHUEM
CTaHAAPTHBIX AJITOPUTMHUYECKUX SA3BIKOB BECbMa TPYJOEMKO IO CIEIYIOLIUM
IPUYUHAM:

- TIOCTOSIHHO BO3pAacTaeT KOJIMYECTBO AJIEMEHTOB M OTCJIEKHBAEMBIX MPO-
LIECCOB B MOJICJIUPYEMBIX CUCTEMAX;

- MMUTALMOHHBIE MOJIENU CJIOKHBI B OTJIaJKE M3-3a OOraToi JOTMKHU, B3a-
WMHOM 3aBUCUMOCTH BETBEH ajlropuTMma, OOJBINONW TPYJAOEMKOCTH MPOTOHOB H
HU3KOM TOYHOCTH pPE3yJIbTaTOB, CIIOCOOHON B pAlie CIy4yaeB 3aMacKUpPOBATH
OLIUOKY;

- HE3HAUUTEIbHBbIE M3MEHEHHUS MOJENU TPeOyIOT BHECEHHUS B MPOrpaMMy

MHOTOYHCJICHHBIX ITOIIPABOK U IIPOBEACHUA OTJIAAKH IMMIPAKTUYICCKHU 3aHOBO.
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BBIX0/10M 371€Ch MOKET CIYXUTh UCIOJIb30BAHUE HEKOTOPBIX CTaHAAPTHBIX
CXEM B KayecTBE€ MOJENEeH Kiacca cucTeM. BO3MOXXHOCTh CO3[1aHUs THUIIOBBIX
Mojieselt 6azupyercs Ha IByX 0OCTOSATENbCTBAX:

1) axxe B CIIOKHBIX MOJENSX C ThICSYaMHU 3JEMEHTOB KOJMYECTBO BHUJIOB
JEHCTBUI OCcTaeTcsl BECbMa OrPAaHUYEHHBIM. Takue EHCTBUS €CTECTBEHHO OIU-
CBIBATh KaK MOJANPOTrPAMMBI — IPU HEOOXOAMMOCTH C JOIOJIHUTEIbHBIMU Ia-
pameTpamH.

2) UMuTanmoHHbIE MOJENN JOCTaTOYHO IIUPOKUX KJIACCOB PEAbHBIX IMPO-
neccoB (pabota koMOMHaATa OBITOBOTO OOCTY>KMBAHMS, BBIYMCIUTEIBLHON CHC-
TE€MbI KOJUIEKTUBHOT'O TOJIb30BaHMS, IPOBEICHUE PEMOHTHBIX M PErIIAMEHTHBIX
paboT Ha TEXHUKE, pacHpOoCTpaHEHUE HMHUAEeMUU U Ooppba Cc Hell, cucrema
CHAOKEHMsI 3aIM4acTsIMHU aBuadasbl B MEPHOJ OOEBBIX NEUCTBUM U T.I.) UMEIOT
CXO/IHYIO JIOTHKY, OTIpeAe JIsIeMyI0 001ell MaTeMaTHYeCKON MOJIEIBIO.

S3pIKM MOZIEIMPOBaHUS MO3BOJIIOT IMHCATh UMUTALMOHHBIE ITPOTrPaMMBbl B
Takou (popMe, KOTopast HAMOMHUHAET OMUCAHNUE MOACIUPYEMOUN CUCTEMBI, U MPHU-
TOM TakK, 4TO MaJIbIM U3MEHEHHSIM CUCTEMBI COOTBETCTBYIOT Majble U3MEHEHUS
B IIPOrpaMMe, YTO 00eCleYnBaET OBICTPOTY U MPABUIBHOCTh COCTABJICHUS MPO-
rpaMM MojenupoBaHus. YeM yxxe nmpobiieMHasi OpueHTal|s, TeEM MEeHbIle padbo-
ThI 110 IPOrPaMMHUPOBaHUIO. B mpenene MOXHO JOOUTHCS MOJHOW MapameTpu-
3allMM CUCTEMBI, U TOT/Ia 33JJaHue KOHKPETHON MOJeNn OyJeT COCTOSTh JUIIb B
yKa3aHUU YUCIIOBBIX 3HadeHUM mapameTrpoB. O0630p 350 sS3BIKOB MOACIMPOBA-
Hus npuBoautcs B kuure Kunjepa E. «SI3b1ku MoenupoBaHus».

Co BpeMeHeM MOSBUJIMCh HOBbIE MHCTPYMEHTBI MOJIETUPOBAHMS, KOTOpPbIE
IPEJICTaBIISIIOT BECh apCceHall HOBEHIINX HHPOPMAIIMOHHBIX TEXHOJIOT U, BKITO-
yasi pa3BUThIE rpaduueckue 0OOJOYKU i KOHCTPYMPOBAHUA MOJENEeH U MH-
TEPIPETALNH BBIXOJIHBIX PE3YJIbTATOB, MYJIbTUMEAUIHBIE CPEACTBA M BHJIEO,
MOJIICPKUBAIOIUME AHUMALIMI0O B PEAJbHOM MaciiTabe BpeMEeHH, OOBEKTHO-

OpPUEHTHUPOBAHHOE MPOTrpaMMHUpOBaHue, Internet — pereHus u zp.
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B pab6ore JIsruknnoit H.H. «CoBpeMeHHbIE TEXHOJIOTMM HUMHUTALMOHHOIO
MOJICTIMPOBAHUS U HX NMPUMEHEHHE B MH(POPMAIIMOHHBIX OW3HEC-CHCTEMaxX U
CUCTEMAX IOJJEPKKU NPUHATHS PEIICHHUI» MPEICTABICHBl TEXHOJOTUYECKUE
BO3MO>KHOCTH COBPEMEHHBIX CHCTEM MOJECIMPOBAHUs, KOTOPHIE XapaKTEpHU3y-
I0TCA:

- YHUBEPCAJIbHOCTBIO M THOKOCTHIO 0a30BOM U aJIbTEPHATUBHOM K 0a30BOM
KOHIEMNINIA CTPYKTYpHU3auH U (POpMaIN3aluid MOACTUPYEMBIX TUHAMUYECKUX
IIPOLIECCOB, 3aJI0KEHHBIX B CHCTEMY MojaeanpoBaHus. CeroiHs IOMYJISPHBI
Cpeau  CHCTEM  MOJEIUPOBAaHWA  AUCKPETHOIO  TUIA  IPOLIECCHO-
OpPHUEHTUPOBAHHBIE KOHUEIINUHA CTPYKTYPU3allMH, OCHOBAHHBIE HA CETEBBIX Ila-
pagurMax, aBTOMaTHOM ITOAXOJ€E U HEKOTOPBIE APYrue; Cpear CUCTEM MOJIEIIHU-
POBaHHUsI HENPEPHIBHOTO TUIIA — MOJEIIA U METOJIBI CUCTEMHOW TMHAMUKHY;

- HaAJMYMEM CPEICTB MPOOJIEMHON OpHUEHTAlMH, KOTJa CUcTeMa MOJEIH-
POBaHMSI COAEPKUT HAOOPHI MOHITHUI, A0CTPAKTHBIX 3JIEMEHTOB, S3bIKOBbIE KOH-
CTPYKLMH U3 IPEIMETHON 00aCTH COOTBETCTBYIOIIETO UCCIIEI0BAHUS;

- NpUMEHEHHEM OOBEKTHO-OPUEHTUPOBAHHBIX  CHEIHMAIN3UPOBAHHbBIX
A3BIKOB MPOTPAMMUPOBAHUsA, MOANECPKUBAIOIINX aBTOPCKOE MOAEIUPOBAHUE U
IIPOLIEAYPHI YIIPABIEHUS IIPOLECCOM MOAECIUPOBAHUS;

- HaNM4MeM YAOOHOro W JIETKO MHTEPIPETUPYEMOTo Ipaduyeckoro MH-
Tepdeiica, Koraa O0JOK-CXEMbl ITUCKPETHBIX MOJENEH U CUCTEMHbIE MOTOKOBBIE
JyarpamMmbl HETPEPHIBHBIX PeaIn3ylOTCsl Ha HeorpapuyeckoM ypoBHeE, mapa-
METPBI MOZEJIEH ONPENEIAIOTCS Yepe3 MOAMEHIO;

- HWCIIOJb30BAaHWEM PA3BUTOM JIBYX- U TPEX-MEPHOM aHUMALIMU B peajib-
HOM BpPEMEHH;

- BO3MOXHOCTBIO JUJISl pEANIM3allMM HECKOJIBKUX YPOBHEW NPEACTABICHUS
MOJIEIH, CPEACTBAMU ISl CO3JaHus cTpatuduurpoBaHHbIXx onucanuil. CoBpe-

MEHHbIE CHUCTEMbI MOJICTUPOBAHUS MPUMEHSIOT CTPYKTYPHO-(QYHKIIMOHATbHBIN
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MOJIXO0/I, MHOTOYPOBHEBBIC MEPAPXUYECKUE, BIOKECHHBIE CTPYKTYPHI M APYTHE
CIIOCOOBI TIPECTABICHUS MOJICTICH Ha pa3HBIX YPOBHSX OIMCAHMSI;

- HaJIWYUEM JIMHEEK M MHCTPYMEHTOB JUIsl IPOBEJCHUS U aHAIN3a Pe3yJib-
TaTOB CIICHAPHBIX, BAPHAHTHBIX PACUETOB HA HIMUTAIITMOHHON MOJIEIIH;

- MaTeMaTUYeCKOM W MH(POPMALMOHHON MOAJIEPXKKOM Mpolenyp aHain3a
BXOJIHBIX JIJAHHBIX, aHAJIM3a YYBCTBUTEIHLHOCTH U IIMPOKOTO Kjacca BBIYUCIIU-
TEJBHBIX MPOIEAYP, CBSI3aHHBIX C IJIAHUPOBAHUEM, OPTaHU3AINECH W MPOBEJe-
HUEM HalpaBJICHHOTO BBIYHCIUTEIHLHOTO SKCIIEPUMEHTA Ha UMUTAIIMOHHOU MO-
JIeTu.

- DKCHeprMEHTAIbHBIC HWCCJICIOBAaHMS HAa HWMHUTAIIMOHHOW MOJACIHA WH-
dbopMaTHUBHBI, MOATOMY HeoOxoauMma peanm3anus mnoaxoga Simulation Data
Base, ocHOBaHHOTO Ha JOCTyNE K 0a3aM JaHHBIX MOJCIUPOBAHUA. TEXHOJIOTH-
YECKU ATO PEIIAeTCs MPHU MOMOIIM COOCTBEHHBIX CIEIUATU3UPOBAHHBIX aHATU-
TUYECKUX OJIOKOB CHCTEMBI MOJICIUPOBAHUS UM 33 CYET UHTETPAIMH C JPYTHU-
MU TTPOTPAMMHBIMH CPEIIaMU;

- UCHOJIHUTEIBHBI MOMIYJh MOXXET (YHKIIMOHUPOBATH BHE CPEAbl IS
pa3pabOTKU MOJIEIIH;

- TPUMEHEHUEM MHOTOMOJIb30BATEIbCKOTO peKuMa pabOThl, UHTEPAKTHUB-
HOTO pacCIpeeICHHOTO MOJICTMPOBaHMs, pa3padoTKaMu B 00JIaCTH B3aUMO/ICH-
CTBUSI IMUTALIMIOHHOTO MOJICIMPOBaHUs CO BCceMUpHOI mayTUHOMW U JIp.

[lepedenp mporpaMMHOTO OOECTICUCHHS] U MHCTPYMEHTAIBHBIX CPEICTB
UMUTAlIMOHHOTO  MOJCIHMPOBAHUS  MOXXHO  TIOCMOTPETh  Ha  cailTe
http://dic.academic.ru/dic.nsf , a Takxke Ha cailite HammonaipHOro oOIlecTBa
MMHTAITMOHHOTO MOJeIupoBanHusa: www.simulation.su. Hmwke npuBeneHo kpart-
KOC OTHMCAHHUE TPEX CHCTEM.

6.1 Simulink

[Iporpamma Simulink sBnsercs npunoxennem Kk mnaketry MATLAB.

Simulink - wHTepakTHBHAs cpema s MOJCIUPOBAHHUS W aHaAIM3a IIHPOKOTO
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KJjlacca AMHaMuuyeckux cucteMm. Simulink nmpegocrasiseT nonap3oBaTento rpadu-
yeckuil uHTep(denc i KOHCTPYMPOBAHUSA MOJENEH U3 CTaHAAPTHBIX OJIOKOB
pu momoIy TexHojoruu "darg-and-drop”.

B Simulink BxomuT Oonplast OnONMMOTEKa OJIOKOB, IO3BOJIAIONIAS JIETKO
co37laBaTh MOJIEIH, TIepeMelIasi KOMIIOHEHThl U3 OUOIMOTEKH B pabouyro 00-
JacTh U coeAuHsss ux. [pynmupys OJOKM B MOJCHUCTEMBI, MOXXHO CO3/1aBaTh
uepapxuyeckue Mojenu. Yuciao 6JI0KOB U CBsI3el B MOJIEIH HE OTPAHUYEHO.

brok-guarpamer Simulink o0ecrieunBalOT UHTEPAKTUBHYIO CpENy ISl HETU-
HEHHOro MoJenupoBaHus. MoJIeIUpOBaHUE BBIMONTHIECTCS C MOMOIIBI0 MEHIO
WIA U3 KOMaHAHOHN CTPOKHU. Pe3ynbTarsl MoaennpoBaHusi 0TOOpakaroTcs B TIPO-
necce pabotsl. [lapameTpsl MoJenM MOKHO MEHATH B IPOLECCE MOJAEIUPOBA-
HUSL.

Simulink  sBIsSleTCs  JOCTaTOYHO  CAMOCTOSITEBHBIM ~ MHCTPYMEHTOM
MATLAB u npu pabote ¢ HUM coBceM He Tpebyercs 3HaTh cam MATLAB u
OoCTallbHble ero mnpujoxeHus. C JOpyrol CTOPOHBI JOCTYN K (PYHKIUSAM
MATLAB u npyrum €ro UHCTpyYMEHTaM OCTAa€TCs OTKPBITBIM U UX MOXKHO HC-
noJsib3oBaTh B Simulink. YacTe BXOASIIMX B COCTAaB MAKETOB UMEET MHCTPYMEH-
T, BcTpanBaeMbie B Simulink (nampumep, LTI-Viewer npunoxenus Control
System Toolbox — makera s pa3pabOTKu cHCTeM ymnpaBicHus). MMerorcs
TaK)Ke JIOMOJIHUTENbHbIE OMOTMOTEKN OJOKOB JJIsl pa3HbIX 00JacTed MpUMEHe-
Hus (Hanpumep, Power System Blockset — MopenupoBaHue 37e€KTpOTEXHUYE-
ckux yctpoucts, Digital Signal Processing Blockset — Habop 6;10k0B 117151 pa3pa-
OOTKH LUPPOBBIX YCTPOUCTB U T.1).

[Tpu pabdote ¢ Simulink monp30BaTens UMEET BO3MOKHOCTH MOJICPHUZHPO-
BaTh OMOJIMOTEUHBIEC OJIOKH, CO3/IaBaTh CBOM COOCTBEHHBIC, a TAKIKE COCTABIISITh
HOBBIE OMOIMOTEKHN OJIOKOB.

[Ipn MozenupoBaHMM TONH30BATENh MOKET BBHIOMpPATh METOJ PELICHUS

muddepeHnanbHbIX YPaBHEHHM, a TakKe ClI0c00 M3MEHEHUS! MOJIEIBLHOTO Bpe-
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MeHHU (¢ (UKCHUPOBAHHBIM WJIU MEPEMEHHBIM maroM). B xome mMomenupoBaHus
UMEETCS] BO3MOXHOCThH CJIETUTH 3a MPOILIECCaMU, MPOUCXOA[IIUMHU B CHCTEME.
JI71s1 3TOr0 UCTIONB3YIOTCA CHEIUaIbHbIE YCTPOICTBA HAOIIOICHHUS, BXOISIIUE B
coctaB 6ubnuorexku Simulink. Pesynbratel MogenupoBaHusi MOTYT OBITH TIPE-
cTaBjeHbl B Buje rpadukoB win Tabmui. [IpenmymiectBo Simulink 3akmtovaeT-
Csl TAK)KE B TOM, YTO OH IO3BOJIET MOMOJHITH OMOTUOTEKH OJIOKOB C TOMOIIBIO
noANporpaMM HamucaHHbIX Kak Ha sisbike MATLAB, Ttak u Ha sa3bikax C++,
Fortran u Ada. C momomisio Real-Time Workshop Ber Mmoxere renepupoBars C
ko Moxeieit Simulink
6.2 Model Vision Studium (noBoe nHazBanne Rand Model Designer)

Buptyansnsiii ucnbitatenbabiii crens Model Vision Studium (MVS) - ato
rpaduveckas cpena MOJCITUPOBAHHS W MPOCKTUPOBAHMS CIIOKHBIX THHAMMYC-
CKUX CHCTEM, WCIOJIb3YIONas OOBEKTHO-OPUEHTUPOBAHHYIO TEXHOJOTHUIO.
[IpakTyeckn BakHbIE CIOXKHBIE JNUHAMMUYECKHE CHUCTEMBbI Yallle BCEro u3yda-
IOTCSL C TIOMOIIbIO THOPUAHBIX MOJENEH, OAHOBPEMEHHO OTPAXKAIOIIUX HETpe-
pPBIBHBIE U JIUCKPETHBIE CBOMCTBA peajbHOrO MoBeneHus oobekta. MVS - 310
COBPEMCHHBIM MHCTPYMEHT JIJIsl pa3pabOTKH M WU3YYCHUS THOPHIHBIX MOJEIeH
CJIOXKHBIX (DU3UYECKUX U TEXHUIECKUX OOBEKTOB.

OO0pa3 ucHbITaTEILHOTO CTEH/Ia W MPUBBIYHAS ISl MHXKEHEpPA TEXHOJOTHUS
MIPOEKTUPOBAHMS COCTaBUIM OCHOBY TexHojoruu MVS. I'papuueckue oOpa3bl
OTJICTILHBIX KOMITOHEHT MOJEIUPYEMbBIX YCTPOMCTB pa3MeNIaloTCs U COCIUHS-
I0TCSl HA BUPTYaJIbHOM CTE€HJI€ B €/InHOe ycTpoicTBO. K coOpanHOMY ycTpoiicT-
BY TIOJICOCAUHSIOTCS BUPTYaJIbHBIC H3MEPHUTEIBHBIC MPUOOPHI M TEHEPATOPHI
BHEIIHUX Bo3zeicTBuil. Monenupyemoe noBeaeHne 00beKTa BOCIIPOU3BOIUTCS
B peajbHOM BpEeMEHH. B 1000 MOMEHT MOXHO NMPUOCTAHOBUTH UCIBITAHHS H
BMEIIIATHCS B XOJ DKCIEPUMEHTa, YTOObI M3MEHUThH MapaMeTpPhl WU BHEIIHHE

BoznericTBUs. [lnpokuii HAOOP BUPTYATBHBIX YCTPOMCTB U BO3MOXHOCTbH JIETKO
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Y HaJIe’KHO CO3/aBaTh HOBBIE YCTPOMCTBA, MMO3BOJISIET NPUMEHATh MVS npakTu-
YECKHM BO BCEX 00JIaCTSIX HAYYHOU U MHKEHEPHOU JEATEIbHOCTH.

Cucrema pazpabaTbiBalics TpU MOAJEPKKHA COTPYIHUKOB Kadeapsl "Pac-
IIPEIEJIEHHBIX BBIYMCICHUI U KOMIIBIOTEPHBIX ceTei" (hakynpTera TexHU4YeCcKou
Kubepueruku Cankr-IletepOyprckoro I'ocynapcrBenHoro TexHuyeckoro YHu-
Bepcuteta. C 2014 ronma npoaykt noayuwmn HazBaHnue Rand Model Designer u
MOJJIEPAKUBACTCS KOMITaHHUEN MVSTUDIUM Group
(http://www.mvstudium.com/index.htm).

CucrteMa Mo3BOJISIET ONMUCATh MOJIEIh Ha CHEHUATBHOM TpauuecKoM sI3bl-
K€, a 3aT€M aBTOMATUYECKH MOCTPOUTH MPOrpaMMy i1 BOCIPOM3BEICHUSA €€
MOBEJICHHUSI, UCTIOJIB3YIOUIYIO I 3TOTO COBPEMEHHbBIEC YHCIEHHbIE MeTOIbI. [1a-
KET MpeHa3Ha4YeH JIJIsl UCCIIe0BaHusl THOPUIHBIX cucTeM. [ MOpuaHbIMU Ha3bI-
BAaIOT CHUCTEMBI, 00JIaaloIIie OJHOBPEMEHHO 'HENpephIBHBIMU'" U "THUCKpPET-
HbIMU' CBOMCTBaMHU.

B ocHoBe f3bIka MOJIETUPOBaHUs, peaTu30BaHHOrO0 B MVS, nexxur cnenu-
anbHas (popMa HAIISIIHOTO TPEACTABJICHUs] TMOpHUIHOTO ToBeAeHUs - Kapta
[ToBenenus. Mcnonb30BaHWe KapThl MOBEACHUS MO3BOJIAET CO3AaTh MPOCTON U
YIOOHBIM WHCTPYMEHT JJIE MOJEITUPOBAHUS TUOPUIIHBIX CUCTEM, OPHEHTHPO-
BAaHHBIN Ha MIMPOKHUI KPYT MPUKIAJAHBIX MOJb30BaTENEH (MHXKEHEPOB, MTPENnoaa-
BaTeliel, aCUPAHTOB, CTYJICHTOB U, KaK MOKA3bIBAET OMBIT, J]AXKe IITKOJILHUKOB).

Kapra noBegenust

Kapra moBenenust (bihavior chart wim B-chart) - 3to opueHTHpOBaHHBII
rpad, B KOTOPOM y3JiaM IPHUITHUCHIBAIOTCS HEKOTOPbhIE JTOKAJIbHbBIEC TTOBEICHUS, a
JyTaM, Ha3bIBAEMbIM MEPEXOJAMHU, - YCIOBUS MEepexoaa OT OJHOTO MOBEACHUS K
JIPYTOMY U BBIIIOJIHSEMBIE IIPY 3TOM JAEUCTBHUS. ¥Y3€l, B KOTOPOM CUCTEMa Haxo-
JIUTCS B KaXJbli1 KOHKPETHBII MOMEHT BPEMEHHM, Ha3bIBaeTCs TeKyIuM. OIUH
U3 y3JI0B JOJDKEH OBITh MPEIBAPUTEIHLHO MTOMEYCH KaK Ha4aJbHbBIN, OH aBTOMa-

THYCCKHM CTAHOBUTCA TCKYHIMM IIpU CO3JaHHWH KapThbl coctossHuM. COOTBETCT-
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BYIOLLEE €My HayaJlbHOE MOBEACHUE CO3/1a€TCA MPHU CO3/IaHUU IK3EMIUISIPA yCT-
porictBa. CMeHa TEKYIIEro y3i1a MPOUCXOAUT B pe3yibTare cpabaTbIBaHUS Iie-
pexonoB. Korga y3en cTaHOBUTCS TEKYIIMM, CO3/1A€TCSl SK3EMIUIAP MPUIHCAH-
HOT'O €My JIOKaJIbHOro noBeaeHus. CO3aHHbIN AK3EMIUISIP YHUUYTOKAETCA, KaK
TOJIBKO y3€JI IEPECTAET ObITh TEKYIIIM.

JIokanbHOE MOBEACHUE MOXKET OBITH ONHUCAHO KaK

a) HEMPEPHIBHOE MOBEACHUEM,

0) kapTa noBeAeHUs (B TOM CiIydae y3€J Ha3bIBaeTCs THIIEPY3JIOM) WU

B) cuMTaThCs MycThiM noBeaeHrnem NULL.

I'padpuueckuit 00pa3 KapThl MOBEAECHUS IO3BOJSIET B HAIVSIAHOW (opMme
IIPENCTABIIATh MHOKECTBA JTOIIYCTUMBIX JIOKAJIBHBIX ITOBEJEHUI YCTPOUCTBA, UX
oOnacTu onpezeneHus B (pa3oBOM MPOCTPAHCTBE U BPEMEHA MEPEXOJ0B OT O/I-
HOTO JIOKAJIBHOTO MOBEAEHUs K Apyromy. lIpn ommcaHumM JIOKaabHBIX HOBEAE-
HUH, IpeIyCMOTPEHa BO3MOKHOCTh BBOAMTH JIOKAJIbHBIE NEPEMEHHBIE (aHAIO-
T'MYHBIM JIOKQJIbHBIM [TEPEMEHHBIM MPOrPaMMHBIX eIUHHUILL). B npunsarom B MVS
NIOJIXOJI€, KOT/1a JIOKAJIbHBIE IMOBEICHUS CO3/Ia0TCSl U YHUUYTOXKAKOTCS OJJHOBpE-
MEHHO C W3MEHEHUEM IOBEJEHUSI CHUCTEMbI, TEKYIIUH (DA30BbId BEKTOP MOXKET
MEHATH Pa3MEPHOCTD.

B o6mem ciayuae nepexon T u3 HavanbHOrO y31a Nb B KoHEUHBIN y3en Ne
XapakTepU3yeTcs: OXpaHAIoNIUM npeaukatoM G, 3amyckarnum coobitueM E, u
nerctBusiMu A. Bo3MOXXHBI TpH THIIA 3aITyCKAIOMIETO COOBITHS:

1) HeKOTOpOE JTOrUYeCcKOe YCIOBUE CTAJI0 UICTUHHBIM (change event);

2) mocTynu BHEIIHUN curHain (signal event);

3) UCTEKJIO OMpeeICHHOE BpeMsl MOCiIe TOTO Kak HavdalbHbIN y3en Nb cran
TeKymuMm (time event).

CemanTtuka mepexona cneayromasi. Eciau y3zen Nb sBisercs TeKylUM U
npeaukaT G MCTUHEH WIM OTCYTCTBYET, nepexol T CTaHOBUTCA OTKpPBITHIM, B

NPOTUBHOM cllydae mepexos 3akpbIT. Eciu cobbitue E He ykazaHo, TO OTKpBHI-

99



TBI Tepexo] HeMeaneHHOo cpabateiBaeT. Ecnu ykazano coOwitue E, To OTKpBI-
ThII mepexo1 cpaboTaeT TOJbKO MPHU €ro MOSBJICHUH U UCTUHHOCTH IpeauKaTa
G (mo nosiBnenus codwitus E nepexon MOXKET 3aKpbIThCs, eciu npeaukar G me-
pectaetr ObITh UCTHHHBIM WK y3ed Nb Tekymum). CpabaTeiBaHHE MPEACTABISET
CO00M CIEeNYIOUIYIO [TOCIIE0BATEIbHOCTh MTHOBEHHBIX JEHCTBUIA:

1) y3en Nb niepectaet ObITh TEKYIIINM;

2) BBITIOJHSETCS MMOCIIeI0BATEILHOCTD ASHCTBUN A;

3) y3en Ne CTaHOBUTCS TEKYILLIUM.

HemnpepsiBHOE mMOBeaeHHME B OOHIEM CiIy4yae 3aJaeTcsi COBOKYITHOCTBIO
OOBIKHOBEHHBIX U (PepeHInanbHbIX M aareOpanvyeckux ypaBHEHUU , a Tak-
xe hopmyI BUAa

<BBIPQ)KCHHE, HC 3aBUCAIICC OT S=.

VYpaBHeHust u GopMysbl MOTYT 33/1aBaThCsl KaK B CKaJIIPHOW, TaKk U B Mat-
pudHoOii popme.

B neiicTBusX Mepexo10B U MPaBbIX YACTAX YPABHEHHUUN U (POPMYIT BO3MOKHO
UCIOJIb30BaHUE AJITOPUTMUYECKUX (PYHKIMM M TpoLEedyp, 3aJaBaeMbIX JHOO ¢
MIOMOILbIO BCTPOCHHOT'O AJITOPUTMUYECKOTO A3bIKA - MOJAMHOKECTBA si3bIka Ada,
A100 BO BHELIHUX MPOrPAMMHBIX MOJYJISIX.

Kapra noBenenus npenacraisieT coOOOH MPOCTYIO U HATJSAAHYIO0 GOpMy OINHU-
CaHWs Ipoliecca CMEHbI MOBEACHUN. B 4acTHOM cilyyae yCTpPOWMCTBa C YHUCTO
JMCKPETHBIM MOBEJICHHEM (HAlpuMep, KOHTPOJUIEp B mpumepe 1), BceM y3nam
KapThl TIOBEICHUS CJEyeT MPUMKCATh MYCThIE JOKAJIbHbIC MMOBEACHUS U TOTA
OHa MpeBpaIlacTcs B 0OBIUHYIO KapTy COCTOSIHUM (statechart) ¢ emMHCTBEHHBIM
OTIMYUEM. DTO OTJIMYME CBSI3aHO C HEBO3MOXHOCTBIO MEPEX0JA B JIOKAIBHYIO
KapTy NoBeJieHus 1o komanae "mokaxu npeguctoputo” ("history indicator"). B
HalleM CIy4dae MOBEIECHHE - 3TO NapaMETPHU30BaHHBIM KJACC, KOHKPETHBIN JK-
3eMILIP KOTOPOIrO CO3/1a€TCs MPU BXOAE B y3€J KapThl IOBEJACHHS U YHUUTOXKA-

€TCA IIPHU BBIXOAC M3 HETO. DJEeMEHT C YHUCTO HCTIPCPLIBHBIM IMOBCACHHUEM (Ha-
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npuMep, 0OBEKT yIpaBJieHUsI B IpuMepe 1) TpakTyeTcsi Kak THOPHUIHBIN C Kap-
TOM MOBEJEHUS, COCTOSIIIEN U3 €JUHCTBEHHOIO Yy3J1a, KOTOPOMY IPHUIIMCAHO He-
npepbiBHOE ToBeAeHUe. TakuM 00pa3oM, TUCKPETHBIE aclEKThl MOBEACHUS OT-
paXaroTCs C TOMOIIBIO XOpOIIO 3HAKOMOIO fA3bIKAa KapT COCTOSHHUA, a
HEIPEPHIBHBIE ACMEKTHI - C MTOMOIIbIO MPUBBIYHOTO SI3bIKA CUCTEM YpaBHEHUU U
bopmyiL.

biioku u cBsi3u

OCHOBHBIM “‘CTPOUTENBHBIM 3JIEMEHTOM ™ omnucanus B MVS sgBnsercs yct-
poiictBo (device). YCTpoMCTBO - 3TO0 HEKOTOPBIA aKTHBHBIM OOBEKT, (PYHKIIHO-
HUPYIOIINA NapajuleIbHO U HE3aBUCUMO OT JAPYTHX OOBEKTOB B HEMPEPHIBHOM
BpEMEHU . YCTPOMCTBO SIBISIETCS OPUEHTUPOBAHHBIM OJIOKOM, T.€. BCE B3aUMO-
JENUCTBUS YCTPOMCTBA C OKPYKAIOIIMM MUPOM OCYIIECTBIISIFOTCS TOJBKO Yepes3
€ro BXOJIbI U BBIXO/JIbI, COCTaBJIsIONINE HHTEPdEiC ycTpoiicTBa. Bee ocranbHbie
CBOICTBa yCTpONCTBA MHKAIICYJIMPOBAHbBI BHYTPU HETo. B 0011eM ciydae B omnu-
CaHUU YCTPOMCTBA COAEPKATCS CIEAYIOIIME SJIEMEHThI: BXObI, BBIXObI, NTapa-
METpbl KOHCTPYKTOpA, MEPEMEHHBIE COCTOSIHUSI, TTOBEJICHUE, JIOKAJIbHAsI CTPYK-
Typa, aHuManus. BxXojbl, BBIXOAbBl W TEPEMEHHBIE COCTOSHUS SIBJISIFOTCS
($a30BbIMU TIEPEMEHHBIMU U BCE BMECTE COCTABIISIOT (pa30BbIN BEKTOP YCTPOU-
ctBa. nenTrdukatopsl 6OJI0KOB U MEPEMEHHBIX MOTYT OBITh PYCCKHUMU.

Tunbl TaHHBIX BKJIIOYAIOT B CE€0sl CKaJISpHBIC, PEryJsIpHbIE U KOMOWHUPO-
BaHHBIE TUIIBI, & TAKXKE THUIIBI, OMIPeIeIieMble TIoJib3oBaTesieM. CKaIsipHBIC TUIIBI
3TO - BEUIECTBEHHBIE, 1IeNble, OyJIEBCKUM, EPEUUCINMbIE, CHMBOJIBHBIN U CTPO-
KOBBI THIBI. PerylsipHBIMH THITAMH SIBJISTIOTCS OJHOMEPHBIC W JIBYMEPHBIC
MAaCCHBBI C MPOU3BOJHHBIMH JJIEMEHTAMHU, MATPHUIIBI U BEKTOPHI C BEIICCTBEH-
HBIMHU DJIEMEHTAMHU, a Takke Crucku. KoMOMHMPOBAHHBIC THUIIBI MPEICTABISIOT
co0O0¥1 3amucH C TOJISIMHU PAa3IMYHBIX THIOB. J[J1s mepenayn nHbOpMAaIl O JHC-

KPETHBIX COOBITUSX UCIIOJIb3YETCS CIIMAIbHBIN TUT "curHan'.
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Onucanue ycTpoicTBa BCerjla CTPOUTCS KaK OMUCAHUE KJlacca YCTPOUCTB.
JI71s1 KOHKPETHBIX 3K3EMILIIPOB YCTPOKWCTBA MOTYT OBITh YKa3aHbI CIIELUAJIbHbIE
3HAUYEHUS MMAPAMETPOB KOHCTPYKTOPA. Y CTPOMCTBA MOTYT COCIUHSITHCA MEXKIY
co00if OHOHATIPABIEHHBIMUA (DYHKIIMOHAIBHBIMH CBSI3IMU U BXOJUThH B COCTaB
JIPYTUX YCTPOMCTB, 00pa3ysd uepapxudeckyro cTpykTypy. Ilpu ommcanuu jo-
KJIBbHOM CTPYKTYPbl BO3MOKHO HCIIOJIb30BAHUE CIIOKHBIX MHOTOKOMIIOHEHT-
HBIX CBSI3€M, arperupoBaHUE M PACIICIUICHHE CBA3EM. BO3MOXKHO HCIONIB30Ba-
HUE PETYJISIPHBIX CTPYKTYP YCTPOMCTB (MAaCCUBOB U CIIUCKOB)

KoHkpeTHass mozenupyemasi CUCTEMA, C KOTOPOW OyJeT HNpOBOAUTHCS BbI-
YUCJUTENIbHBIN 3KCIEPUMEHT, COOMpAETCs B OKHE pPENaKTOopa BUPTYaIbHOTO
CTEHJIa M3 3K3EMIUIIPOB KJIACCOB, ONpPENEICHHBIX B JAHHOM IPOEKTE, W/WIH
OMOIMOTEUHBIX KIACCOB.

OOBEKTHO-OPUEHTUPOBAHHOE MOJIEIMPOBAHHE

B MVS onucanne ycTpoiicTBa BCera CTPOUTCS Kak ONMCAHHWE Kiacca yCT-
poicTB. CTaTHYECKHUIN SK3EMIUISP JIOKAIBHOTO YCTPOWMCTBA CO3NAETCA aBTOMA-
TUYECKH MPU CO3AAHMM IK3EMILIIPA COCTABHOrO yCTpoicTBa. CTaTHUECKUH K-
3eMIUISIP  T[JJABHOTO  YCTPOMCTBA  MPOEKTA  CO3MAETCS NPH  3aIlyCKe
BBIYHCIINTEIBLHOTO ONBITA U YHUYTOXKAETCS IO €r0 OKOHYAaHUH. J[MHaMHUYeCcKHue
AK3EMIUISIPBl YCTPOMCTB JAOKHBI OBITh SIBHO CO3JaHbl WM YHUYTOXEHBI C I10-
MOUIBIO CIENUATIBHBIX OIEPATOPOB B JEUCTBUAX NEPEXOIOB.

BBoauMmbIi KitacCc yCTPOMCTB MOKET HACJIEIOBaTh CBOMCTBA JIPYTrOro Kiac-
ca. Bce ycrpoiicTBa SBISAIOTCA IOTOMKAaMHU MPENONPENEIICHHOTO Kjacca
CDevice, KOTOpOMY MPUIHCAHBI BCE MPEAOIPEACIICHHbIE COTJIAIEHUs O B3au-
MOJEHUCTBUM ¢ UcoHstoen cuctemoid MVS. Tlpu HaciienoBaHuM, Bbl MOKETE
BBOJIUTh HOBBIE MapaMeTpbl, (a30Bble IEPEMEHHBIC, KOHCTAHTHI, aJrOPUTMHUYE-
CKHUE MpoUeAypsl U (PyHKLNH, JOKAJIbHBIE TOBEACHMS, JIOKAJbHbIE YCTPOICTBA U
CBSI3H, y3JIbl U MIEPEXO0/IbI B KAPTE MOBEACHMS, aHUMALIMOHHbIE OKHA U aHWMAllU-

OHHBIC KOMIIOHCHTEI, a TaKXC ICPCONPEACIIATE U ICPCrpyKaTh aJIropuTMHUUC-
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CKHE€ TPOIEAYPHl U (PYHKITUHU, TTOBEACHUS, Y3JIbI U MEPEXOJbl B KapTe MOBEC-
HUSI, aHUMAIlMOHHBIE OKHA U AHUMAIIMOHHBIC KOMIIOHEHTHI.

Kiaccol ycTpoiicTB 001a/1a10T CBOMCTBOM MOJMMOpP(HU3Ma: BMECTO dK3EMII-
Jsipa KJlacca-mpeJika MOKET UCIOJIb30BAThCS HK3EMILIAP Kilacca-MOTOMKA.

K mpoekty Moryr ObITb NPHUCOEIWHEHBI paHee CO3JaHHble OMOIMOTEKU
KJIACCOB U IIPU CO3/IaHUU CBOEW MOJIEJIA Bbl MOXKETE UCIIOIb30BATh YKE TOTOBBIE
KJIACChl YCTpOMCTB. JIF0OOM NPOEKT MOXKET ObITh MpEBpalleH B OHOIMOTEKY
KJIACCOB M JII0OOM KJIacC M3 Balllero MPOeKTa MOXET ObITh 100aBJI€H B CYIIECT-
BylOIyt0 Oubmuoreky. I[laker mocraBisieTcss €O CTaHIApPTHOM OMOIMOTEKOM
kiaccoB SysLib, conmepxanieid Habop HanboJiee TUMOBBIX JIMHEHHBIX OJIOKOB,
HEJIMHEHHBIX OJIOKOB, U UCTOYHUKOB CUTHAJIOB.

6.3. AnyLogic

Cucrema paspabarteiBaetcst AnyLogic Company (http://www.anylogic.ru/).

AnyLogiC - eTMHCTBEHHBIH MHCTPYMEHT MMHMTAIAOHHOTO MOICITUPOBAHMSI
(MM), xoTopblii TOAACPKUBAET BCE MOAXObl K CO3JaHUI0 UMUTALIMOHHBIX MO-
Jieieil: MPOIECCHO-OPUEHTUPOBAHHBIN  (AMCKPETHO-COOBITUIMHBIN), CHUCTEMHO
JTMHAMUYECKUM 1 ar€HTHBIN, a TaKXe JII0OYI0 X KOMOWHAIIUIO.

AnyLogic npumeHsieTcss B Auana3oHe OT MHUKPO-MOJENEeH «HU3UIECKOTO)
YPOBHS, TJI€ BaXKHBI KOHKPETHBIE Pa3Mepbl, PACCTOSIHUS, CKOPOCTH, BPEMEHA, 10
MaKpoO-MOJIeJIe «CTPAaTErHYeCKOro» YpPOBHS, HA KOTOPOM pacCMaTpUBAETCS
riio0ayibHasi TMHAMHUKA OOpATHBIX CBS3EH, TEHJEHIIMU HA JUIUTEIbHBIX BPEMECH-
HBIX OTPE3Kax U OIICHUBAIOTCS CTPATETUUECKUE PEIICHUS.

AnylLogic o0ecrieunBaeT MOAACPKKY BCEX ATANlOB MMHUTAIIMOHHOTO MOJIE-
JUPOBAHMS: JUTSI PA3JIMYHBIX TUTIOB TUHAMUYECKUX MOJIEIEH — JUCKPETHBIX, HE-
npepbIBHBIX U THOpUHBIX. Co3/aHUe MOJIEIH, €€ BBIMOJHEHUE, ONTUMU3AIUS
napamMeTpoB, aHAJIW3 TOJYYCHHBIX PE3YJIbTaTOB, BEpU(PUKALMSI MOJIEIN — BCE

9TH dTanbl yI00HO BBIOIHATH B cpene AnyLogic.
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AnylLogic mogaep>KuBaeT Bce 3JE€MEHThI CUCTEMHON TUHAMHUKHU (HAKOTHUTE-
JIM, TIOTOKH, OOpaTHBIE CBSI3H, 3aJCP)KKH, BCTIOMOTaTeIbHBIC TTIEPEMEHHBIC, Ta0-
JUYHbIe (DYHKIMHM, MACCUBBI U YpaBHEHUS HAJ HUMU U T.1.), HO, B OTJINYUE OT
TPaJANIIMOHHBIX HHCTPYMEHTOB, O0ECIIEYMBACT CYIIECTBEHHO JIYUIIYIO CTPYKTY-
pHU3alMio Mojienel 3a cuéT moHsATUsl 00beKTa, nHTepdeiica u uepapxun. Kpome
Toro, B AnyLogic BO3MOXXHO ONpEeIUTh CKOJIb YTOJHO CIOKHYIO JTUCKPETHO-
COOBITUIMHYIO JIOTUKY (HampuUMep, IPU MOMOIIY AUarpaMM COCTOSIHUM WJIU JTha-
rpaMM IPOIIECCOB) U CBSI3aTh €€ ¢ CUCTEMHO-TMHAMUYECKON YaCTbI0 — TOJIBKO
YBS3aB CTPYKTYpPY M MOBEACHUE, BO3MOXKHO 3(PHEKTUBHO MOJEIUPOBATH B3au-
MOJICHCTBUE KOMITAHUU U €€ OKPYKECHUSI.

Opnum 13 HauOoliee BaXHBIX MpeuMyIiecTB AnylLogic sIBISIETCS BO3MOX-
HOCTb OBICTPOTO MOCTPOCHHUSI MHOTOAreHTHBIX MOJIeNIel, KOTOPYIO HEe NaET HU
OJIMH U3 CYIIECTBYIOIIUX UHCTPYMEHTOB. AKTUBHbBIE 00beKThl AnyLogic MoryT
CO3/1aBaThCAd U YHUUTOXKATHCSA JUHAMUYECKHU, TIEPEMENIaThCsl, O0IaThCs APYT C
JIPYyroM, UMETh TMOBEJEHUE, 3HAHMS, 1IeJIU, CTPATErMi0 — TO €CTh 00JIaJIatoT
BCEMU CBOMCTBAMM areHTOB. [Ipy moMoum areHToB MOAEIUPYIOT PHIHKU (areHT
— TOTEHIIMAJIbHBIN MTOKYIATEb), KOHKYPEHIUIO U IIEMOYKH MTOCTABOK (areHT —
KOMITaHHUsI), HACEJICHUE (areHT — CEeMbsl, KUTENIb ropoja WM W30uparesb) U
MHOTO Jipyroe. TOabKO areHTHbIE MOJIENN MO3BOJISIIOT MOJMYYUTh MIPEACTABICHHUE
00 00111eM MOBEACHUU CUCTEMBbI, UCXOJI W3 MPETOI0KEHUN O MOBEICHUN €
AJIEMEHTOB MPU OTCYTCTBUM 3HAHUS O TJIOOATBHBIX 3aKOHAX — TO €CTh B HaW-
OoJiee 0011IEM CiTyUae.

KomOuHUpyst cucTteMHyr0 NMHAMUKY Ha YPOBHE CTpATerMH C areHTHBIMHU
MOJEISIMA PBIHKA U JUCKPETHBIMU MOJEIISIMU TPOU3BOJICTBA M JIOTUCTHUKH,
MO>KHO JOOUTHCSA HauboJee aIeKBaTHOTO MPECTaBICHUS TJI00aTbHON 1LIEeTOYKU
MOCTaBOK, 00€CTIeUnB HAIEKHBIN 0a3UC 1)1 MPUHATUS PEIICHUH U, TAKUM 00pa-

30M, IIOJIYYCHHUA KOHKYPCHTHOI'O IPCUMYIICCTBA.
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AnyLogic numMeeT UCKIIOUUTENHHO Pa3BUTHI 0A30BBIN SI3bIK TUCKPETHOTO U
CMEIIIaHHOTO JAUCKPETHO/HEMPEPHIBHOTO MOJAEITUPOBAHUS, HA OCHOBE KOTOPOTO
MOCTPOEHBI peIlIeHUs JUIsi KOHKPETHbIX oOnactei: Oubnmoreka Enterprise
Library, a taoke Material Flow Library (motoku marepuanoB) u Healthcare
Library (paboTa MEAUIIMHCKUX YUYPEKJICHHI ), BKIIOUCHHBIC B COCTAB MPOAYKTA.
Enterprise Library comepxut TpagulimoHHbIE OOBEKTBHI: OUEpEeaH, 3aICP>KKH,
KOHBEHEPHI, peCypcChl, U T.I., TAK YTO MOJIEIb U aHUMAIUsl OBICTPO CTPOSITCS B
CTUJIC «IIePeTaIlUTh U 0CTaBUTh» (drag-and-drop) u o4eHs THOKO MapamMeTpu3y-
eTcsl.

Peanuzanus crannapTHBIX OOBEKTOB OTKpPBITA JJIs MOJIb30BaTEN, UX (PYHK-
IUOHAJILHOCTh MOKET OBITh KaK YroJJHO pacllipeHa, BIJIOTh A0 CO3/IaHus cOO-
CTBEHHBIX OMOIMOTEK. VIcTONb3ysl HepapXui0 U PETYIISIPHBIE CTPYKTYPhl 00OBEK-
TOB, MOYKHO CO3/1aBaTh MacuITabupyeMble Mojienu. CrenuanbHo pa3paboTaHHas
TEXHMKa aHUMAIMU MO3BOJIET OBICTPO CBSI3aTh MOJENb C TEXHUYECKUMHU Yep-
TeXaMHU.

Jlnis perieHuss MHOTHX 3a/lad HEOOXOJMMO YYUTHIBATh HE TOJBKO MPHUBBIYU-
HbI€ BCEM IapaMeTpbl, TAKUE, HAIPUMED, KaK BPeMsi, CKOPOCTb UJIM PACCTOSIHUE,
HO ¥ (PU3UYECKHE pa3Mephl, TEOMETPHIO U MOBEIEHNE 00BEKTOB (areHTOB) M OK-
pyXarouieit ux cpefibl, 4To TpedyeT OT MHCTPYMEHTAa UMUTAIIMOHHOTO MOJEIH-
pOBaHUSI 3HAYUTENIBHOW T'MOKOCTH M MPOMU3BOAUTENIBHOCTH, KOTOPBIE MPENOC-
taBasier AnylLogic. brnaromaps ecTecTBEHHON MOAJIEPKKE  areHTHOTO
MozenupoBaHusi, AnyLogic mo3BoJisieT 3a1aBaTh pa3InyHble MOJEIH MOBEICHUS
WHIANBUIYYMOB M MX B3aWMOJCUCTBHS JPYT C APYTOM U OKPYXKAIOIIEH cpenoil,
BIUIOTH JI0 MCHOJIb30BAaHUS 3JIEMEHTOB MCKYCCTBEHHOTO HMHTEJUIEKTa, YTO IO-
3BOJIsIET 0OJIee aZIeKBATHO MOICIIUPOBATH CUCTEMY.

BusyanbHas cpega moaenupoBanusi AnylLogic moanepXuBaeT mpOeKTHPO-
BaHueE, pa3paboTKy, TOKYMEHTHPOBAHUE MOJIEIIH, BHIMOTHEHUE KOMITBIOTEPHBIX

9KCIICPUMCHTOB C MOJCJIbIO, BKIIIOYas pa3JIMYHbIC BHU/JbI aHAJIM3a — OT aHaIn3a
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YYBCTBUTEIBHOCTH, aHAJIM3a PHUCKA /10 ONTUMH3ALUU MapaMeTpOB MOJEIU OT-
HOCHUTEJIBHO HEKOTOPOTO KPUTEPUsl, PETUCTPALMIO U 3alIOMHUHAHUE PE3YIIHTATOB
MOJIETIMPOBaHUs B 0a3e AAHHBIX U BO3MOKHOCTH HX IOCJIEIYIOIIET0 UCIOJb-
30BAaHMS M aHAJIU3A.

HNHucTpyMeHT 001aiaeT O0IbIINM CIIEKTPOM Pa3sHOOOPa3HbIX BO3MOXKHOCTEH
IPOBEJECHUS KaK OTAENIbHBIX NMPSAMBIX dKcriepuMenToB tuna “If-then (Ecnu-rto)”,
TaK U CepUil TaKUX SKCHEPUMEHTOB IJIs PELICHHUS Pa3HOOOpa3HbIX OOpPATHBIX
3a1ay.

B KaXIoM KOMIIBIOTEPHOM JKCIIEPUMEHTE IMOJIb30BaTElIb MOXXET YCTaHO-
BUTH CBOM IMapaMmeTpbl (PakTopbl) BCEX 0OBEKTOB MOJEIH, OT KOTOPBIX 3aBHUCHUT
ee TMOBEJEHHE, YCTAHOBUTH CHEIU(PUUECKHE YCIOBUS OCTAHOBA BBIIIOJHEHUS
MOJIEJIA U TIPOBEICHHSI SKCIIEPUMEHTA, MEHITh YCTAHOBKU IPH BbIOOPE YUCIICH-
HBIX METOJIOB U TP€OOBaHUM K TOYHOCTH PEIICHUS U T.II.

TuUnel 3KCIEPUMEHTOB, MOAACPKUBAEMBIX B CUCTEME MOJACIUPOBAHUS
AnyLogic:

[TpocToil 3KCIEPUMEHT — 3TO IKCIEPUMEHT ‘‘UTO-ecin’ (Koraa MOJEIb BbI-
MOJIHAETCS 3aIaHHOE BpeMs MpU (PMKCHUPOBAHHBIX HAYaJIbHBIX 3HAUCHUSX Mapa-
MeTpoB). E€ THIIMYHOE MCIIONIB30BAaHUE - 3TO MPOCMOTP AHUMALUHA MOJEIN WIH
coop cratuctuku. [IpocToil SKCIIEpUMEHT MOXKET OBITh 3ammylieH Kak B peaib-
HOM TaK U BUPTYaJIbHOM PEXKUMaX BPEMEHH, PE3YJIbTATHl IKCIIEPUMEHTA MOTYT
OBITh COXPAHEHBI, a PE3YJIbTaThl HECKOIBKUX IKCIEPUMEHTOB MOKHO NPEICTaB-
JSTh B BUJIE AUArPAMMBI.

OnTuMu3alMoHHbIA SKcriepuMeHT B AnylLogic mo3BoJisieT HalWTH Hauyd-
Iiee peuieHue, T.e. TaKhue 3HAYeHMs MapaMeTpOB MOJENHU, NMPU KOTOPHIX 0Opa-
1[aeTcsi B MUHUMYM WJIM MaKCUMYM HEKOTOpas OIpEAesICHHAsl MO0JIb30BaTelieM
neneBast pyHkuusa. 3HaueHUe LeaeBo (QyHKUMHU MOoJcCUUThIBatoTCs B AnyLogic
KQKJbIM pa3 IO OKOHYAHUHM OYEPETHOTO BBIIIOIHEHUS MOJEIH, U AJITOPUTM OII-

THUMHU3allM1 aBTOMAaTHUYCCKH BI)I6I/IpaCT HOBBIC 3HAUCHHUA IIapaMETPOB AJIA OYC-
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penHoro 3amycka moaenu. Onrumuzanus B AnyLogic peann3oBaHa ¢ UCIOIB30-
BanueM maketa OptQuest pupmbr OptTek. [nga ontumuzanmmm moib30BaTeNb
JOJDKEH B COOTBETCTBYIOIIMX OKHAX 334aTh (DyHKUMOHAJ, KOTOPBIN ClEAyeT
MUHHAMH3UPOBATH JTMOO MAKCUMU3HPOBATh, 331aTh MapaMeTpbl U OTPaHUYCHHUS
UX JMaNa3oHa, B KOTOPBIX JOJDKHA BBIMOJHATHCS ONTUMHU3ALMS, a TaKXKE yKa-
3aTh OIPAaHUYEHHUS, ONPEICISIONINE KiIacC IOMYCTUMBIX pElIeHU. 3alaB BCe
3TO, MOJB30BATENb MOXKET 3allyCTUTh ONTUMM3aLui0, U naker OptQuest mocie
HEKOTOPOT0 YHcJia MPo0 aBTOMATUYECKU BBIOEPET HAWIYUIIUHA METOJl ONTHUMHU-
3alMM JJI1 JAHHOW MOJIENH CPEeIHd TEX METOJ0B, KOTOPhIE HaX0AATCs B €ro Ouo-
JMOTEeKEe, U OyAeT cleloBaThb BbIOPAHHOMY ONTHMH3ALMOHHOMY AJITOPUTMY.
WnTepdeiic AnyLogic m03BOJISET MMOJIB30BATEII0 TAK)KE UCIIOJIb30BATh CBOU all-
TOPUTM ONTHUMH3ALINH.

AHanu3 4yBCTBUTEIBHOCTH OPUEHTHPOBAH HA aHAJIU3 MOBEACHMS MOJEIH B
3aBHCHUMOCTH OT Bapuallid BXOJHBIX MMApaMETPOB WIM HaXOXKJICHUE MapaMeT-
POB, K ”3BMEHEHHIO KOTOPBIX MOIENIb Hau00JIee YyBCTBUTEIbHA.

Hecranpgaptabiil skcriepuMenT. Eciin moap30BaTeNi0 HE MOAXOAUT HU OJUH
U3 CTaHJAPTHBIX 3KCIEPUMEHTOB, OH MOXKET CO3/1aTh CBOM COOCTBEHHBIN JKCIE-
PUMEHT, Ucnoib3ys Java. [Ipy onMcaHuM 3KCIEPUMEHTAa MOKHO BBI3BIBATH JIFO-
ObIe Ipyrye SKCIIEPUMECHTEI.

AnyLogic mo3BOJISI€T MOCTPOUTh KOMIBIOTEPHYIO aHMMAIIMIO IOBEIEHUS
MOJIEJIH, OTIPEACIUB TUHAMUYECKUE IPaPUUECKUe JIEMEHTHI, PEACTABISAIONINE
MPOLIECC, U CBA3AB C KaXAbIM U3 3THUX JIEMEHTOB NepeMeHHble Mojenu. M3me-
HEHHUE TIEPEMEHHBIX OyAeT 0TOOpaXaThCsl B U3MEHEHUU KOOPJIUHAT MOJIOKEHUS
U pa3MepoOB COOTBETCTBYIOIIUX IpaUUECKUX 3JIEMEHTOB, UX OPUEHTAIMH, [[BE-
Ta, BUAUMOCTU U JIPYTUX XapakTepucTukax. MHIUKaTOphl MO3BOJISIOT OTPA3UTh
U3MEHEHHUE TIEPEMEHHBIX HE TOJIBKO rpauKoOM.

Monenn AnyLogic MOXHO TOMEIIaTh Ha Web-CaliThl B BHJIE aIIJIETOB. DTO

YHUKAJIBHOC CBOMCTBO IO3BOJISIET y,IIaJ'IéHHBIM ITOJIB30BATCJIAM 3aIlyCKAaTb MHTC-
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pakTUBHBIE MOJieNH B web-Opay3epe 0e3 HeoOX0IMMOCTH yCTaHaBIMBATh KaKoe-
100 TIpOorpaMMHOE 0OECTIICUCHHE.

Mopenu, noctpoerHbie B AnyLogic, UMEIOT OTKPBITYIO apXUTEKTYpy U MO-
ryT paboTaTh ¢ J100bIM 0(UCHBIM WM KopropaTuBHbBIM [10, a Taxke ¢ moip30-
BaTEJIbLCKUMHU MOJYJISIMU, HATUCAHHBIMU Ha PA3JIMYHbIX sI3bIKaX. Mojenb MOXKeT
JTMHAMUYECKU YUTaTh U COXPAHATH JIaHHBIE B AJIEKTPOHHBIX Tabiuiax, 6azax
JaHHBIX, CUCTEMax IUIaHUPOBaHUsl KopropaTuBHBIX pecypcoB (ERP) u ympas-
JeHusl B3auMooTHomeHusMu ¢ kiueHtamu (CRM), a taxke ObITh BCTpOEHA B
MIPOM3BOJICTBEHHBIN WJIM KOHTYP YIIPABICHUS.

AnyLogic monnepuBaeT Kak CTOXaCTUYECKHE TaK M JIETEPMUHUPOBAHHBIC
Mozenu. CylmecTBYIOT pa3IMyHble COCOObI ONMMCAHUS CTOXAaCTUYECKOrO MOBE-
JICHUS: MCTIOIb30BAHKUE PA3IMUHBIX 3aKOHOB PACHPEICICHUS W/WUIN CTaTUCTHUKU
JUISL OTIMCAHUS BPEMEHU MEXAY COOBITHSIMU; peayd3aliusi HelIeTepMUHUPOBAH-
HBIX aJITOPUTMOB, HAIPUMeEp, 3asIBKA TEPAETCS C OMPECIIEHHON BEPOSATHOCTBIO.
B ciydae, eciy HECKOJIBKO COOBITHI JOKHBI MPOU30UTH B OJTHO U TO K€ Bpe-
Ms1, AnyLogic mo3BoJiieT BEIOpaTh COOBITHE, KOTOPOE JAOJKHO TTPOU30UTH, CITY-
YaifHO, HCTIOIB3YysI pABHOMEPHOE pacTpe/IeeHue.

AnylLogic noanepxxuBaet Stat::Fit, cnennanu3upoBaHHOE MPOTPAMMHOE
oOecrieueHue i1 00pabOTKU CTaTUCTUKH, KOTOPOE MO3BOJISIET MOAOUpaTh pac-
npejieeHus 10 UMEIOIIeHCs BBIOOPKE.

HenpepriBHOE MOenpoBanue

B AnyLogic 00bekTbl MOTYT nepemeniatbes B HenpepsiBHOM 2D u 3D npo-
CTPaHCTBE, OCTHIBATh W HArpeBaThCs, BO3JICHWCTBOBATH HA JIPYTHE OOBEKTHI H
T.J., YTO JAaeT BO3MOXKHOCTb YAOOHOTO MOJIEIMPOBAHUE HEMPEPHIBHBIX MPOLIEC-
coB B AnyLogic, HarpuMmep (PU3HUECKUX CHCTEM, XUMHUECKUX PEaKIINH, JJICK-
TPUYECKUX CETEN, COCTOSHUS KUIKOCTEW WM Ta30B U T.1.

AnyLogic n3HauanbHO CIIPOCKTHPOBAH M Pa3palbOTaH IJIsi MOJEIUPOBAHUS

BCCX TPEX TUIIOB IMPOLECCOB: AIMCKPCTHBIX, HCIIPEPBLIBHLIX U FI/I6pI/I,ZIHBIX.
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AnyLogic noaaep’uBaeT HECKOJIbKUX TUIIOB yPaBHEHUM:

— Huddepenmmansunie: d(x)/dt = f(x,y,t)

— Anreopanueckue: g(x,y,t) = 0, find(x)

— @opmynsl: Z = h(x.v.t)

B «umurtannonusiii ucnonnutens» AnylLogic Bctpoen Pemiarens ypaBHe-
HUM, TakuM O0Opa3oM,ypaBHEHHUSI PEIIAIOTCS YUCICHHO.UHMCIIEHHbIE METO/IbI
BKIIOUaloT: Jinepa. Pynre-Kyrra, PanayS. Ilaysmia, HetoToHa, MeToabl AJis
pELIEHHUS )KECTKUX CUCTEM U T.J.

®yHkuuu, peanuzyeMbie B AnyLogic

— Maremarnueckue QyHknuu. B AnyLogic BCTpoeHBI 4acTO HCIONb3ye-
MbI€ MaTeMaTU4YeCKUEe (QYHKIIUH.

— AJroputMudeckue (pyHKIMU MO3BOJIAIOT MUCIOJIB30BaTh Java IS 3aja-
HUS cIoXHBIX anroputMoB (if-then-else, loops, DB access, etc)

— Tabnuunble QyHKIIMN TPEIOCTABISAIOT MPOCTON CIIOCOO MCTIOIH30BAHUS
TaOJUYHBIX JTaHHBIX B Mojaenu. AnylLogic moaaep>KuBaeT MOIMHOMHUATIBLHYIO
anmpoKCUMAalMI0 W TPU THUIA UHTEPIHOJISUHUH: CTYIIEHUYATy, JUHEHHYIO U
CILJIaiiH.

bubmuorexkn AnylLogic — 3T0O MHOXECTBO KJIACCOB aKTHBHBIX OOBEKTOB,
aHUMAaIIMH, KJIacCOB cooOIIeHM 1 Java Moaysei, pa3paboTaHHBIX JIJIs YIIPOIIle-
HUSI CO3JaHUs MoOJieJiel B KaKON-HUOYab KOHKPETHOM 00JjiacTu, KOTophie obec-
MEYMBAIOT TPOCTOTY MOBTOPHOTO UCIOJIb30BAHUS OOBEKTOB B PA3HBIX MOJICTISX.
Cy1iecTByeT BO3MOXKHOCTb CO3/1aHHsI COOCTBEHHBIX OMOJIMOTEK.

AnyLogic Bkmouaer o6udmuorexu: Enterprise library, Material flow library,
Dynamic Systems library, Business Graphics Library, Agent Based Library u
Pedestrian Library

6.4. IlporpamMublii KoMmILIeKe «MoaeJnpoBaHue B TEXHUYECKHX YCT-

poiictBax» (IIK «MBTY»)
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[Iporpammubiil koMmmuieke «MBTVY» npeaHazHaduen mjisi ucciaeqoBaHUsA
JUHAMUKH U MPOEKTUPOBAHUS CaMbIX Pa3HOOOpAa3HBIX CUCTEM U yCTpoMcTB. [1o
CBOMM BO3MO>KHOCTSIM OH SIBJISIETCS allbTEPHATUBOMN aHAJIOTMYHBIM 3apyOeKHBIM
nporpaMMHbIM TpoaykTaMm Simulink, VisSim u ap. Y100HBIH pegakTop CTpyK-
TYpHBIX CXeM, OOIIMpHas OWOIMOTEKa TUMOBBIX OJIOKOB M BCTPOEHHBIN SI3BIK
POrPaMMUPOBAHUS TO3BOJISIIOT PEAIU30BBIBATH MOJIETN MPAKTUYECKU 000
CTENEHU CJIOKHOCTH, OOecreunBas IMpu 3TOM HarJIAJHOCTh UX MPEJICTABICHUS.
[IK «MBTYVY» ycremHo npuMeHsieTcs sl MPOEKTUPOBAHUS CUCTEM aBTOMAaTH-
YECKOI'0 YINpaBJIEHUS, CIEIAIIUX MPUBOAOB U POOOTOB-MAHUITYJISITOPOB, SAEP-
HBIX U TETUIOBBIX YHEPTreTUYECKUX YCTAHOBOK, a TAKXKE JIJISl PEIICHHS HECTaluO-
HapHBIX KPaeBbIX 3a/1ay (TEIJIONPOBOJHOCTh, THApOAUHAMUKa U Ap.). [lupoxo
UCITIOJIB3YETCSl B YUEOHOM IpoLecce, MO3BOJIsA MOACIUPOBATh Pa3IMUHbIC SIBJIE-
HUS B (PU3UKE, AIIEKTPOTEXHUKE, B JUHAMHUKE MAIIMH U MEXaHU3MOB, B aCTpO-
HOMMHU U T.1. MOXET PyHKIIMOHUPOBATh B MHOTOKOMITBIOTEPHBIX MOJEIHPYIO-
IIMX KOMIUIEKCaXx, B TOM YHCJIE€ M B pEXKUME YyAAIEHHOTO J0CTyna K
TEXHOJOTMYECKUM U UH(POPMALIMOHHBIM PECYPCAM.

[IK «MBTYVY» peanusyer ciaeayroue pexxuMbl padOoThI:

- MOJIEJIMPOBAHMUE, oGecrieunBarominii:

- MOJEJIMPOBAHUE MPOLIECCOB B HEMPEPHIBHBIX, JUCKPETHBIX U THOPHUIHBIX
JTUHAMUYECKUX CHUCTEMaxX, B TOM YHWCIE W MPU HAIMYUM OOMEHa JaHHBIMH C
BHEILIHMMH [IPOrpaMMaMU U yCTPONCTBaMU;

- pedakTHpOBaHHUE MapaMeTPOB MOJEIH B peXUMe «on-liney;

- pacuer B peaibHOM BPEMEHHU WJIM B PEKMME MACIITAOMPOBAHUS MOJEIIb-
HOT'O BPEMEHU;

- pecTapT, apXUBaILMIO U BOCIIPOM3BEICHHUE PE3YIbTATOB MOJEIUPOBAHNUS;

- CTaTUCTUYECKYI0 0OpabOTKy CHTHAjOB, OCHOBaHHYIO Ha OBICTPOM Ipe-
oOpazoBanuu Oypee.

- OIITUMMUM3AILINS, no3BOAIOIINN peliaTh 3a4a4u:
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-  MHUHUMHU3AIUU (MAaKCUMM3ALMN ) 3aJaHHBIX [MOKAa3aTeliel KauecTBa;

- HAXOXJEHUS ONTHUMAJBHBIX NapaMEeTPOB NPOEKTHUPYEMON CHUCTEMBI B
MHOTOKPUTEPUATILHON MOCTAHOBKE NMPU HAJIMYMKA OTPAHWYEHUW HA MOKa3aTeNH
KAaueCTBa U ONTUMU3HPYEMBIE TAPAMETPBHI.

- AHAJIN3, oOecrieynBaroInin:

- pacyer ¥ MOCTPOEHHUE YaCTOTHBIX XapaKTEPUCTUK U roorpados;

- pacder nepenaTouHbIX (QYHKIUH, UX TOJIIOCOB U HYJICH;

- peanuzanuio Metoja D-pa3OueHus Ha INIOCKOCTH OJHOIO KOMILIEKCHOTO
napamerpa.

- CHHTES3, no3BossAronuii KOHCTPYUPOBATh PErYJIATOPHI:

- 110 33JIaHHBIM KEJIAaEMbIM YaCTOTHBIM XapaKTEPUCTUKAM;

- 110 33/IaHHOMY PACHOJIOKEHUIO TOMUHUPYIOIIUX MTOJIOCOB.

- KOHTPOJIb U YIIPABJIEHHME, no3Bonsitomuii co3iaBaTh BUPTyalb-
HbIE AHAJIOTH:

- NIYyJbTOB YIPaBJIEHUS C U3MEPUTEIBHBIMU MPUOOpPAMU U yNPABIIAIONIM-
MH YCTPOWCTBAMU;

- MHEMOCXEM C MYJIbTUMEAUNHBIMU U AaHUMALIMOHHBIMU 3 (heKTamu.

K nocronnctBam IIK «MBTV» oTHOCATCS:

- OTKPBITOCTH 3a CYET BCTPOCHHOIO S3bIKA M pEATN3alUd HECKOJIBKUX Me-
XaHU3MOB OOMEHA JAHHBIMU C BHEIIHUMU MTPOTrpaMMaMu;

- MPOCTOTa MOCTPOCHHUS CIIOXKHBIX MoJenel Ojaroaapsi UCIOJIb30BAHUIO
BJIO’KEHHBIX CTPYKTYp, BEKTOPHU3allMd CUTHAJIOB U QJITOPUTMOB THIOBBIX OJI0-
KOB, YIOOHBIM CpPEJCTBAM 3a/IaHUsl TAPAMETPOB U YPaBHEHUI;

- 3¢ ¢eKTUBHBIC YUCICHHBIC METO/IBI,

- 0oJpIIOE YMCIIO OOYyYaroUIMX M AEMOHCTPALMOHHBIX MPUMEPOB C MOJ-
POOHBIMU KOMMEHTAPUSIMHU.

Jlyis oTedecTBEHHBIX MoJib30BarTeneil ynoocTBo pabotsl ¢ [IK «MBTVY»

OOYCJIOBJIEHO TaKXe PYCCKOS3bIYHBIM HHTEp(hENcoM M HAIMYUEM OOLIUPHOU

111



JIOKyMEHTAIIMU Ha PYCCKOM si3bIKe. YueOHas u nmeMoHcTpanuonHas Bepcun [TK
«MBTYVY» BMecTe ¢ MONTHOW JOKyMEHTAaIMeld W HaOOpOM JIEeMOHCTPAIIMOHHBIX
IPUMEPOB PACIIPOCTPAHAIOTCS CBOOOIHO. B yueOHOM Bepcuu ecTh OrpaHUYCHUS
Ha CJI0KHOCTb MOJIEH: OPAAOK AuddepeHInaIbHbIX ypaBHeHUN He Bbie 30,
a yucio 61okoB He 6osiee 100. B neMoHCTpalinOHHOM BEPCUU TaKUX OrpaHUYe-

HUM HCT, HO MOJCJIb HCJIB3A COXPAaHUTD.
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IJTABA 7 OCHOBBI ATEHTHOI'O MOJAEJINPOBAHUA B CUCTEME
ANYLOGIC

7.1 Kparkue cBenenusi 0 cucreme AnyLogic
AnylLogic — oreuecTBeHHBIH TpO(ecCHOHANBLHBIH HWHCTPYMEHT HOBOTO
IIOKOJICHUS, KOTOpBIA MIpeJHa3HaueH i pa3pabOTKM M HCCIEIOBaHMS
UMUTAUUOHHBIX Mojeneil. Pa3zpaborumk nponykra — komnaHust «Okc Jlxei
Texnonomxuc» (XJ Technologies), r. Cankr-IleTepOypr; 3JIeKTpOHHBIA ajpec:

Www.X|tek.ru.

AnyLogic ocCHOBaH Ha 0OBEKTHO-OPHEHTHPOBAHHOM KoHUenuuu. pyroi
0a30BOM  KOHIICMIIMEH SIBISIETCS MpEACTaBICHUE MOJACIM Kak Habopa
B3aMMOJICHCTBYIOIIUX, MapauielbHO  (QYHKIIMOHUPYIOIIUX  aKTUBHOCTEH.
AKTHBHBIM 00bekT B AnylLogic — 3TO OOBEKT CO CBOMM COOCTBEHHBIM
(GYHKIIMOHUPOBAHUEM, B3aUMOJCHCTBYIOIIMK ¢ OKpykeHueM. OH MOXeT
BKJIIOUATh B ce0s J1I000€ KOJIMYECTBO IK3EMIUISIPOB JIPYTUX aKTUBHBIX OOBEKTOB.
[paduueckas cpega MoOIETUPOBAHUS  TOJJACPKUBACT MPOEKTUPOBAHHUE,
pa3palboTKy, JOKYMEHTHUPOBAHHE MOJCIH, BBINOJHEHUE KOMIIBIOTEPHBIX
AKCIIEPUMEHTOB, ONTHUMHU3AIMI0 [apPAMETPOB  OTHOCHUTEIBHO HEKOTOPOTO
KpUTEpHS.

[Ipu pa3paboTke MOAEIM MOXKHO HMCIOJB30BaTh 3JIEMEHTHl BU3YyaJIbHOU
rpaduKu: TuarpaMmbl COCTOSTHUHN (CTEHTYAPTHI), CUTHAJIBI, COOBITUS (TaliMephI),
NopThl W T.J.; CHHXPOHHOE M AaCUHXPOHHOE IUIAHUPOBAHHE COOBITUH;
OMOIMOTEKH aKTUBHBIX OOBEKTOB.

Jlnst  peanuzanuy  CHEIUATBHBIX BBIYMCICHUN W OMHCAHUS JIOTMKHU
noBeieHus1 00bekTOB AnyLogic mo3BoJIsieT UCIIONIb30BaTh A3bIK Java.

OCHOBHBIMH CTPOUTEIBHBIMH OJokamMu Monenu AnylLogic sBIsStOTCS
aKTUBHBIE OOBEKTHI, KOTOPHIC TO3BOJISIOT MOJEIHPOBATh JIOOBIE OOBEKTHI

pCajibHOro Mwupa. Knacc OIIpCACIIACT Hla6JIOH, B COOTBETCTBUHN C KOTOPBLIM

113


http://www.xjtek.ru/

CTPOSITCS OTAENBHBIE DJK3EMIUIAPHI Kjacca. JTH HK3EMIULIPBl MOTYT OBITh
OTIPE/ICIICHBl KaK OOBEKTHI JPYTUX AKTHBHBIX OOBEKTOB. AKTHBHBIA OOBEKT
SBIIIETCS SK3EMIUISIPOM KJlacca aKTUBHOTO OOBEKTA. AKTHUBHBIE OOBEKTHI MOTYT
COJIEPIKaTh BIOKEHHBIC OOBEKTHI, IPUUEM YPOBEHb BIIO)KCHHOCTH HE OTPaHUYCH.

AKTHBHBIE OOBEKTHl HMEIOT YETKO OIpelielieHHble HHTepdeichl
B3aUMOJICHCTBUSI. DTO 00JEryaeT Co3aHue CUCTEM CO CIIOXKHOUM CTPYKTYpOH, a
TaK)Xe JIeJIaeT aKTUBHBIE OOBEKTHl MOBTOPHO HCMOIb3yeMbiMH. CoO37aB Kiacc
aKTUBHOTO OOBEKTa, BBl MOXETE CO3/1aTh J000€ KOJIMYECTBO OOBEKTOB —
HK3EMIUISIPOB JAaHHOTO Ki1acca.

OCHOBHBIMH CpEACTBAMH OITMCAHUS TTOBEACHUS OOBEKTOB SIBIISIOTCS
NepeMEeHHbIC, COOBITHS W JUarpamMmbl COCTOSHUU. IlepeMeHHbIe OTpa’karoT
W3MCHSIONTUECS XapaKTEPUCTHKH 00BbekTa. COOBITHS MOTYT HACTyMmaTh C
3aJIaHHBIM UHTEPBAJIOM BPEMEHU U BBIMOJHSATH 3aJlaHHOE JeicTBUE. JlnarpaMMbl
COCTOSIHUM (WJIM CTEHTYApPThI) MO3BOJISIOT BU3YaJbHO MPEACTABUTH MOBEIICHUE
00BeKTa BO BPEMEHHU MO/ BO3/ICUCTBUEM COOBITUHN WU YCJIIOBUM, OHU COCTOSIT U3
rpaduuecKoro u300pakeHUs COCTOSIHUM U MEPEX0/I0B MEXKIY HUMH (T.€. IO CYyTH
9TO KOHEUHBIA aBTOMAT). JIF0Oast CIIOKHAS JIOTHKA TIOBEACHHUSI OOBEKTOB MOJIEITH
MOXXET OBITh  BBIpaKEHA C  TMOMOIIBI0  KOMOWHAIMKM  CTEHTYapTOB,
muddepeHnnanbHbIX U anredpandyeckux ypaBHEHUH, IEPEMEHHBIX, TAUMEPOB U
nporpaMMHOro koma Ha Java [45]. AnreOpanveckue u nudepeHIuaibHbIe
ypaBHEHUSI 3alUCBHIBAIOTCSA aHanMuTHUYecKu. HWHTeprperamus mo00ro uucia
napajieIbHO TPOTEKAIIMX TpoleccoB B moaenu AnylLogic CKpbITa OT
nosib3oBaress. Hukakumx ycwnmii pa3paboTduWka MOJCITH Il OpraHU3AIHH
KBa3uIlapauieIu3Ma HHTEPIpPETAllid He TpeOyeTcs; OTCIEKUBAHUE BCEX
COOBITHI BBITIOJHSAETCS CUCTEMOM aBTOMAaTHUYECKHU.

Arentsl B AnyLogic

ATEHT — 3TO HEKoTopas CYIIHOCTh, KOTOpas 00JagaeT aKTHBHOCTHIO,

ABTOHOMHLBIM ITIOBCACHHUEM, MOXKCT IIPHHUMATL PCHICHHA B COOTBCTCTBHHU C
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HEKOTOPHIM HAOOpPOM TPaBWJI, MOXET B3aWMOJICHCTBOBATH C OKPYXKCHUEM H
JpYTMMH areHTaMu, a TaKXe MOXET HU3MEHATHCS (PBONIOIUOHUPOBATH).
MHoroareHTHble (MM TMPOCTO AareHTHbIE) MOJAENIU HCHOJB3YIOTCA A
WCCJICIOBAHUS JICIICHTPATN30BAHHBIX CHUCTEM, TWHAMHUKA (YHKITMOHUPOBAHUS
KOTOPBIX ONpe/essieTcss He Mo0aTbHbBIMU MPaBUJIaMU U 3aKOHAMH, a, HA000pOT,
9TU TIIOOAJbHBIC TPaBUJIa U 3aKOHBI SBISIOTCA PE3YJAbTAaTOM HHAUBUAYaTbHOU
JEATeIbHOCTH 4i€HOB rpymmnbl. llenb areHTHeIX Mojeneid — MOJy4YUTh
npencTaBieHrue 00 o0IIeM MOBEACHUH CUCTEMbI HCXOIS U3 3HAHUM O TOBEICHUU
€€ OTIENbHBIX AaKTUBHBIX OOBEKTOB W B3aUMOJICHCTBUHM JTHUX OOBEKTOB B
cucreme [46].

B cpene AnyLogic areHT co3maeTcs C IOMOIIBIO 0a30BOTO 3JIEMEHTa
AnyLogic — akTuBHOTO 00beKTa. B MOmenn MOKHO CO31aBaTh KJIaCChl aKTUBHBIX
O00BEKTOB U Jjajee HMCIOJb30BaTh B MOJEIH JIFOOO€ YHCIO JK3EMIUIIPOB ATHX
KJIAaCCOB. AKTHUBHBI OOBEKT HMMEET MapaMeTphl, KOTOPhIE MOXHO H3MEHSTh
W3BHE, MEPEMEHHbIC, KOTOPhIE MOXKHO CUWTATh MNaMSThIO areHTa, a TakXe
MOBEJICHHUE.

CrelT4apThl ¥ TakMEPbl MOTYT BBIpaXaTh MOBEACHUE: COCTOSTHUS arcHTa
¥ U3MEHEHHUE COCTOSIHHM IO/ BO3JIEUCTBUEM COOBITUI U ycioBuid. Kpome Toro,
areHT MOXKET UMEeThb MHTep(enc Ui B3aUMOACHCTBUS C OKPYKEHUEM, KOTOPHIii
peanusyeTcs ¢ MOMOIIbI UHTEPPEHCHBIX OOBEKTOB: MOPTOB M MHTEP(PEHCHBIX
MEPEMEHHBIX.

7.2 Pa6ora B cucreme AnyL.ogic

ITocTtaHoBKa 3a1a4u

Coznmaaum MoJenb NIl MOJISTMPOBAHUS MPOIIecca MPHOOPETEHHST HOBOTO
NPOAYyKTa TOJ BIMUSHUEM PEKJIAMHOW KaMITaHWUHU, MPOBOJUMONU C IEJBIO
BBIBEJICHHSI HOBOTO MPOAYKTa HA CIIOKUBIIHICS PBIHOK [47].

B »TOil MOIenu HMHTEHCUBHOCTh PEKJIaMbl M BEPOSITHOCTH TOTO, YTO

MMPpOOAYKT 6y,Z[€T HpI/IO6pCTCH noa €€ BIMAHHCM, IIOJJararoTcsa II0CTOAHHBIMMU.
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[TosTomy MbI 3agaauM 3(G(HEKTUBHOCTD PEKJIaMbl KOHCTaHTON. D (EKTUBHOCTh
pEKJIaMbl  OINIPENENAETCA KOJIWYECTBOM JIFOAEH KyNUBUIMX MPOIYKT IOJ
BO3JICVICTBUEM PEKJIAMBI.

Ilar 1. Co3panue npocreiilieil areHTHON MoJeJIn

1. 1llenkHuTEe MBIMBIO 0 KHOINKE MaHend MHCTpyMeHToB Co3garh G,
3agaiTe UM HOBOW MOZEIHN U COXPAHUTE MTPOEKT.

2. llenxaute MBIIBIO 10 KHOMKE Jlajee. OTKpoeTcss BTopas CTpaHHUIA
Macrepa co3nanus Moaesau. 31ecCh IpearaeTcsi BRIOpaTh madioH MOJIEH, Ha
0a3e KoToporo OyneT pazpadaThiBaThCsi MOACHb. BoiOepuTe AreHTHAasi MOJ€eJb B
PAacHoOJI0KEHHOM CIHCKE.

3. Jlanee HeoOXoauMO 3a/1aTh UMs KJlacca areHTa U KOJUYECTBO areHTOB,
KOTOpO€ OyIeT W3HaYajIbHO CO3[aHo. 3a/laiiTe B KaueCTBe MMEHHU Kiacca Person
u BBeauTe B mosie HayanbHoe koamuyecTtBo areHToB 500. ABromaruyecku Oy-
net co3gano 500 areHToB (TO €CTh, IK3EMILTAPOB Kilacca PErson, xaxabiii U3 Ko-
TOPBIX OyZIET MPENCTABIATh OTAEIBHOTO areHTa).

4. Tlocne Haxarus kHonKHU Jlajee OTKpoeTCs Clieayrolas CTpaHuIa s
3aJlaHus CBOMCTB MIPOCTPAHCTBA, B KOTOPOM OyAyT IE€MCTBOBATH areHThI, U BBHI-
6opa Gurypsl aHUMaIlMK areHTa.

5. Ycranosute ¢uaxok JJ06aBUTH MPOCTPAHCTBO U BBHIOEPUTE HIUKE
TUIl 3TOro mpoctpaHcTBa: HemnpepbiBHOe. 37ech XK€ MOXHO 3aJaThb pa3Mep-
HOCTh TIpocTpancTia: B nose llupuna Beenem 600, a B mose BeicoTa — 350.

6. Ilpu oTkpbITHH creayroliei cTpanuibl Macrepa HEOOX0OUMO OMpe-
JeNUTh OyJIEeT JIM 3aJjaHa CETh B3aMMOCBsI3€l areHToB. YcTaHoBuTe (uaxok Uc-
M0J1b30BaTh CE€Th U OCTaBbTE BbIOpaHHOM ommuio Ciy4yaiiHoe.

7. Tlocne wHaxatuss kHoONkW Jlajee OTKpOETCS TOCHEAHSST CTpaHUIIA
Macrepa co3nanusi Mmoaesn. YcraHoBuTe Ha Hell duiakok J[o0aBUTH mpocToe

IOBCACHHUE U1 CO3AaHMA ArUarpaMMbl COCTOSIHUH.
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Ilonvzoeamenvckuii unmepgheiic AnyLogic

B neBoit yactu paboueit obmactu HaxoauTces maness IlpoekTsl (puc. 6.1).
[Tanens IIpoekThl 0OecreunBaeT JETKYI0 HABUTAIMIO MO AJIEMEHTaM MOJEIeH,
OTKPBITBIM B TEKyIIMHA MOMEHT BpeMeHH. [[OCKOJIbKY MOJEnb OpraHr30BaHa
UepapxXuyecku, TO OHA OTOOpa)kaeTcs B BHUJE JIepeBa: caMa MOJIeNb oOpa3yer
BEPXHUN YPOBEHb JIEpEBa; IKCIIEPUMEHTHI, KJIACChl aKTUBHBIX OOBEKTOB U Java
KJIacChl 00Opa3yloT CJEAYIOUMNA YPOBEHb; DIIEMEHTHI, BXOJSIIME B COCTaB
aKTUBHBIX OOBEKTOB, BIOXEHBI B COOTBETCTBYIOIIYIO MOABETBb JIEpEBa Kilacca
aKTUBHOTO OOBEKTa U T.J1.

B mpaBoii yactu paboueit obmactu otobOpakaercs nanenb IlaauTpa, a
BHU3Y — mnaHenb CpoucrBa. [lanens Ilagurpa comepXuT pas3AeieHHbIC IO
KaTeropusiM 3JEMEHThI, KOTOpbIE MOTYT OBITh J00aBiI€HBI Ha TpadUUECKYIO
JTuarpaMMmy Kjacca akTUBHOTO 0OBeKTa WiH skcniepuMmenTta. [lanens CBolicTBa
UCIIOB3YETCS IS MTPOCMOTpa U MU3MEHEHHUS! CBOMCTB BBIOPAHHOTO B JIAHHBIN
MOMEHT 3JIeMeHTa (WJIA AJIEMEHTOB) MOJICTIH.

B nentpe paboueit obnactu AnylLogic HaxoguTcst rpaguueckuil peaakTop

B KOTOPOM OTOOpakaeTcst tuarpamma kiacca Main.

4 AnyLogic Professional [= 5=
®afin Mpaska Mawens Mogens Orvo  Cnpaska
@-c U@ G|l EER Ba-0-s 5@
100% | ®+] | 3¢ OBpatuTeea 33 oMo
% Mpoexr &2 = B/ & Main 51| & Person = O & Neaurpa 2 =8
4 [53) Modelll “ ||| % OchosHas 8 R
© Mai
@ Persan @ peoplel] ) @ Moporerp
@ Simulation: Main £ Cobwine
@ Annamuaeckoe co Bmae
€ ment @ Mpocras ne, pemenman
& Konnery
@ Oymeuna
@ Tabanunas dynew
® Mepr
3, Coea 7
@ Cpeas

e ¥ = O E Ceoiicrea B

Onncanme @ Main - Knacc aKTHBHOI0 06beKTa

Boigenenme X=348, ¥=201

Puc. 6.1. OkHo mipoekTa
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Co3manHas MoJelb OyleT ColepiKaTh KJIACChl aKTHBHBIX 00bekToB Main
u Person. AxtuBHbplli 00BeKkT PErson Oymer moaenmupoBarh areHTOB (JTromei).
DTOT KJIacC aKTUBHOTO OOBEKTa OB aBTOMATUYECKHU OOBSIBICH areHTOM (TeM
CaMbIM OH TOJIYYHJI JJOCTYII K CTICIIHATbHON (DYHKITMOHATLHOCTH areHTa).

IIar 2. MoaeJupoBaHnue NPOAAK MO/ BJAUSTHHUEM PeKJIaMbl

XapaKkTepUCTUKH MOJISTH 3aJIal0TCA € TOMOIIBI0 MapamMeTpoB. MBI
3alaquM TIapaMeTpbl B Kiacce Person, moroMy 4YTO HAIlM areHThI 3aJal0TCS
AK3EMILIIpaMH UMEHHO 3TOTO Kjacca. 3aJiaB 3HAYCHHE MapaMeTpa B KJIAcCe, MBI
3a/laeM €ro JIJIs BCEX areHTOB OJHOBpeMeHHO. Ho mpu HEoOXOmUMOCTH MOYKHO
3aJ1aTh XapaKTePUCTUKHA WHINBUIYAITBHO TS Ka)KJIOTO areHTa

OTtkpolite nuarpaMmmy kiiacca Person, caemas ABOMHOM IIETUYOK MBIIIBIO
o 3neMeHTy Person B manenu IIpoeKkThl.

1. Tleperamure snement Hapamerp & u3 namurpsr OcHOBHAs Ha Ha-

rpamMMy Kjacca:

Gl Main 3] Person 23
|

@ statechart
@.ﬂ\dEf‘fectiveness

2. Ilpu momemieHny 5>JI€MEHTa Ha JUarpaMMmy Kjacca, dTOT JJIEMEHT Oy-
JIET CYUTATHCS BHIOPAHHBIM, M TOSBUTCSI BOBMOXHOCTh M3MEHSTH CBOMCTBA DJIe-
MEHTa B pacIoJIOKEHHOW B HIDKHEH yacTu paboueit odnactu nanenu CBoiicTBa.
B nanpHetimeM st ”3MEHEHHUS CBOMCTB 3JIEMEHTA HY)KHO OyzieT BHa4Yase mesd-
KOM MBIIIN BBIACIUTH €ro B rpad)MuecKoM pelaKTope WU B JIEpEBE DJIEMECHTOB
Mojiesii, oToOpaxkaeMoM B naHenu IlpoekTsl.

3. Ilepeiinute Ha ctpanuily OcHoBHBbIe maHenu CBo#cTBa, YTOOBI U3-
MEHHUTh CBOMCTBA CO3/IaHHOTO MMapaMeTpa.

4. W3menute nms napametpa. Beenure AdEffectiveness B mone Ums.
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5. B none 3nauenue mo ymonuanuro seeaute 0.01.

6. OtkpoiiTe aguarpamMmmy kiacca Person, caemaB JBOMHOW IMICITYOK MbI-
1Ibio 1o 31emMeHTy Person B manenu IpoekTsl. Ha quarpamme kiacca Boi yBu-
JUTE CIEIYIONIYIO JUarpaMMy COCTOSTHUIL:

il Main @l Person 2
!

@ statechart

7. W3menute ums BepxHero cocrosiHus Ha Potential Adopter (mone Ums
Ha CTpaHUIIE CBOMCTB Mepexoaa) ITo HavaiubHOe cocTosinue. Ecnu nuarpamma
COCTOSIHUN OyJeT HaXOAWTHCS B ATOM COCTOSHHH, TO 3TO OyIeT O3HadaTh, YTO
ATOT YEJIOBEK €Ile HE Ky POTYKT.

8. Crenyromiee coctosiuue HazoBeM Adopter. Eciu 310 cocrosiHue aua-
rpaMMbl OyJeT aKTHBHBIM, 3TO OyJeT O3Ha4daTh, YTO ITOT YEJIOBEK YK€ KYIHII
MPOIYKT.

9. Ilpomecc mpuoOpeTeHHUS MPOAYKTA YEITOBEKOM MOJCIUPYET MEePEXO/,
BEYIIMH M3 BEPXHETO COCTOSHMS B HUXkHee (puc.6.2). Ham Hy)XHO U3MEHHTH
€ro CBOMCTBA, YTOOBI OH cpabaThIBaj B HY>KHbII HAM MOMEHT BPEMEHH.

10. Bpems1, depe3 KOTOpO€ 4YEIIOBEK KYIUT MPOAYKT, IKCIOHEHITMATHHO
3aBUCHUT OT d(PPEKTUBHOCTH peKIIaMbl MpoaykTa. [lockoabKy Bpems, HEOOXOau-
MOE€ YEJIOBEKY, YTOOBI MIPUHSATH PEIICHHUE O MOKYIKE MPOAYKTa SKCIIOHCHITHATb-
HO 3aBHUCUT OT IMOABEP>KEHHOCTH ATOTO YEJIOBEKA BIUSHHUIO PEKJIaMbl, TO BbIOE-
pute u3 Bbmazatomiero cnucka IpoucxonuT ¢ 3a1aHHONW WHTEHCUBHOCTHIO U
BBEIUTE B M0JI€ CBOMCTBA MHTEHCHUBHOCTH 3TOr0 IEPEXOAAa UMS CO3JAHHOTO

HaMu ToJbKO uTo mapamerpa AdEffectiveness.
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&l Main &3] Person &3
|

@ statechart

11. Beenute AdEffectiveness B pacnonoxkeHHOM Hibke mosne UHTeHCcHB-
HOCTb. UTOOB! OTKpBITH MacTep, IIEIKHUTE MBIIIbIO B TOM MeCTe Mo (B Ha-
mieMm ciaydae — 1nojsi MHTeHCMBHOCTB, Kyna Bel xoTuTe moMecTuTs UM, a 3a-
teM Haxkmute Ctrl+npoben (mpu padore Ha Mac OS: Alt+npo6en). [TosBurcs
okHO MacTtepa MoICTAaHOBKH KO/Ja, IEPEUUCIISIONIETO IEPEMEHHbBIE MOIETH H

(YHKIUU, TOCTYIIHBIE B TEKYIIEM KOHTEKCTE.

| CeoMcTea 23

% transition - Mepexon

OcHOBHEIE Mma:  transition OToBpaxaTe MMA Mckntoqute Ha BepxHem ypos
OnKcaHme
MpoucxogT: C 3afaHHOM MHTEHCKMEHOCTEHD  +
C 338aHHOM MHTEHCHMEHOCTEHD: -ﬁ-dl
. @ AdEffectiveness  double - Person o
AedcTEmMe:

C] Adjacencylist - sunsecurity.provider.certpath
C] AdaptorBootstrap - sunimanagementsnmp
fon. yonosue: @.ﬂ\ddressHelper - org.omg.CosMaming.Maming ContextExt

G.ﬂ\djustable - java,aut
C Adapterlnactive - org.omg.PortableServer,POAManagerP:
@AdapterlnactiveHelper - arg.orng.PorableServer,POAMar
@AdapterManagerIdHelper - org.omg.Portablelnterceptor
@.ﬂ\dapterNameHelper - org.omg.Portablelnterceptor

1 @AdapterStateHelper- org.omg.Portablelnterceptar i

m

Fl T 3

Puc. 6.2. 3amanue cBoMCTB mepexosa
12. Yoanute mepexo, BEAYIIUH M3 HIKHETO COCTOSIHHS B BEpXHEe, I10-
CKOJIbKY MBI ITOKa CO3[aeM MPOCTEHINYIO MOMIEb, B KOTOPOM YeI0BEK, OTHAKIbI
NpUOOPETIIHIA MPOAYKT, HaBCErJa OCTACTCS €ro MOTPeOMTEeNIeM, B COOTBETCT-
BEHHO mepexoaa u3 cocrosaus Adopter B coctosiuue Potential Adopter moka uto

OBITH HE JIOJKHO.
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Ilar 3. Hacrpoiika 3amycka Mojaeu

B nanenu IIpoeKTbl 3KCIIEPUMEHTHI OTOOpPa)KAlOTCSI B HUKHEH YacTU
nepeBa monenu. OIUH SKCIEpUMEHT, Ha3BaHHBIA Simulation, cosmaercst 1o
YMOJIYAHUIO. DTO MIPOCTON 3KCIEPUMEHT, MO3BOJIIIOIIUIN 3allyCKaTb MOJAEIb C
3aJaHHBIMU  3HAYEHUSIMU  [1apaMETPOB,  NOIACPKUBAIOIIUA  PEKUMBI
BHUPTYaJIbHOTO U PEaJIbHOTO BPEMEHH, AaHUMAIIMIO U OTJIAJIKY MOJEIH.

s Mpoekr &2 = O

Bass Diffusion Sgent Based
£y Main
€9 Person
€3 Simulation: Main

CyllecTBYIOT TaKK€ U JPYrHe TUIIbI SKCIIEPUMEHTOB (ONTUMHU3ALIMOHHBIN
OKCIIEPUMEHT, JKCHEPUMEHT I OLUEHKHM PHUCKOB, JKCIEPUMEHT IS
BapbUPOBAHMS I1aPaMETPOB), KOTOPBIE HCIIOJIB3YIOTCS B TEX CilydasiX, KOrzaa
napamMeTpsl  MOJIEIM  UIPalOT  CYIIECTBEHHYK  poOjb, M  Tpedyercs
[IPOAHAIM3UPOBATh, KAK OHU BJIMSIOT Ha MOBEIECHUE MOJEIM, WIA KOTAa HYKHO
HalTH ONTHMAJIbHBIC 3HAYEHUS TapaMETPOB MOJEIIH.

[Ton emuHuIel MOJETBHOTO BPEMEHM MNPUMEM OJMH TOJ, a MPOIECC
pacnpoCTpaHeHUs NMPOAYKTa B ’TOW MOJAEINN JUIUTCSI IPUMEPHO & JIET.

1. B nanenu IIpoexTsl, BbaenuTe skcriepuMeHT Simulation:Main.

2. Ha crpanuue MoneabHoe Bpemsi nanenu CBoiicTBa, BbiOepute B
3aJJaHHOe BpeMs U3 BblNajarouiero crnucka OCTaHOBUTHb U BBEAUTE B IOJE
nudpy 8.

Ilar 4. 3anyck Moaesn

1. Haxwmwurte Ha kHOnKYy IlocTponuTs Moae/b.

2. lllenkHHUTE MBIIBIO IO KHOMKE MAaHEIW UHCTPYMEHTOB 3amyCcTHTh U
BBIOEpUTE U3 OTKPBIBILIErOCS CIHCKA SKCIIEPUMEHT, KOTOpbIA Bbl XoTHTE 3amyc-

TUTDb.
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http://www.anylogic.ru/anylogic/help/topic/com.xj.anylogic.help/html/config/Creating%20an%20Experiment.html

3. TlosButcs okHO mpe3eHTanuu Moxenu. AnylLogic aBromMmaTndecku mo-
MELIAeT Ha MPE3EHTAUI0 KaXXA0r0 MPOCTOT0 SKCIIEPUMEHTA 3ar0JIOBOK U KHOII-
KY, TO3BOJISIIONIYIO 3aIlyCTUTh MOJIETb U MIEPEHTH Ha NPE3EHTallUI0, HAPUCOBAaH-
HYIO JIJIsl TNIABHOTO KJIacca akKTUBHOTO 00BEKTa 3TOro 3KcrepuMenTa (Main).

4. Ha npe3eHTalud MOXXHO YBUIETh MOJACIUPYEMbIX areHToB. Kaxabii
areHT oToOpa)xaeTcsi CBOe (PUrypKoi, KOTOpasi MEHSIET CBOM IIBET B 3aBUCHUMO-
CTH OT TOTO, IPUOOpEI I JaHHBIN areHT paccCMaTpUBAeMbId HAMU MPOAYKT WIIH
HeT. JInHusIMU Ha mpe3eHTaluu OynyT COSAMHEHBI T€ areHThI, MEXIY KOTOPHIMU
CYLIECTBYIOT CBSI3HM (B JAHHBI MOMEHT 3TH CBSI3U T€HEPUPYIOTCS CIydalHbIM
oOpazom).

Ilar 5. Ilogcuer morpeduTe e NPOAYKTA

J1o6aBHM BO3MOKHOCTh OTCJIEKHBAHUS TOTO, CKOJIBKO JIIOAEH YXKe KyIHIO
IIPOAYKT, & CKOJIBKO — €I HET.

1. OrtkpoiiTe quarpamMmy kiacca Main.

2. Bwimenurte Ha qarpaMMe BIOXKECHHBINH 00beKT people.

3. Tlepeniaute Ha crpanuiy CrarucTuka nanenu CBoMCTBA.

4. lllenkHute MbIIIBIO N0 KHOMKE /[00aBUTH (yHKIHIO cOOpa cTATH-
CTHKH.

5. Bgemute potential Aadopters (ums GpyHkiuu) B noje Ums.

6. OcraBbre BeIOpaHHbIi 10 yMomyanuio Tun ¢pynkunn: KoJi-Bo.

/. 3apaiite YcJioBue:

item.statechart.isStateActive(item.Potential Adopter)

Orta QyHKUMS OyAeT BECTH MOJCYET KOJIMYECTBA areHTOB, JJII KOTOPBIX
BBITIOJIHAETCS. 3a/IaHHOE YCJIOBHUE, T.€. TEX AareHTOB, KOTOPBbIE HAXOIATCS B
TEKyIIMi MOMEHT BpeMeHH B cocrosHuu Potential Adopter (sBnstoTcs
NOTEHIMAIBHBIMH MOTPEOUTEISIMU MTPOAYKTA). 31eCh IteM — 3TO areHT (3JIEMEHT

perumIupoBanHoro oobekTa people).
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8. AmHanmornyHO co3maiTe emie oaHy (QYHKIMI0 cOOpa CTaTUCTUKH 00
areHTax, KOTOpbIE YK€ IPUOOpETH MPOAYKT.

9. JloGaBeTe BpeMeHHOW Tpaduk, OTOOpaKarOUUi JTUHAMUKY H3MEHE-
HUS YUCJIICHHOCTEH MOTpeOuTeNel M MOTCHIUAIBHBIX MOTpeOUTenel mpoayKTa.
Jliis TOro OTKpOWTEe auarpaMMmy kiacca Main, cienaB IBOMHOMN INEIYOK MbI-
1Ibt0 1o eMenTy Main B manenu IpoekTsl.

10. Ileperamute snemenT Bpemennoii rpaduk u3 nanutpsl CTaTuCTH-
Ka Ha Juarpammy Kjacca.

11. Ilepeiinure Ha crpanunly OcHoBHbIe maHenu CBOMCTBA U 3adaiiTe
AJIEMEHTHI TAaHHBIX TpaduKa:

- BBeaute people.potential Adopters() B mose Boipakenmue.

- BBexute Potential adopters B mose 3aromoBok. Jta cTpoka OyaeT oTo-
OpakaThCsl B JIET€HJIE AMArpaMMBbI JIJIsi JAHHOTO AJIEMEHTA JIaHHbIX.

12. Ananoru4Ho n06aBbTe €lie OJANH EMEHT JaHHBIX — KOJUYECTBO IO~
TpeduTeNel MpoyKTa, BO3BpAIlaeMOe JPYroi Halllel CTaTUCTUYECKON (DyHKIU-
eit: people.adopters(). 3amaiite Adopters B kauecTBe 3arojOBKa STOrO dJIEMEHTA
JAHHBIX U U3MEHUTE CBOMCTBA BHEIIHErO BUJA, KaK U B MPEIBIAYIIEM Clydae

BpemenHoii tuana3zon (puc.6.3)
] Cooficroa i
. plot - BpereHHoR rpagHe

OononHLIE Wma:  plot OTpEpa W AT MME Wepnsmoyute ) Ha BEQEHEM YR ONHE

Jononsurentss e

DAHamHuECKme Jeranosns Adopters @ Brapymeqne Hafiop ganHes

BHewsHuiA EMg

e Brapaixeme: pecple.adoprers () CTifis MEpKepa: = Llu'\':
-

o | Pucosats AuHEeD  Toaupama auHHs: lpt

it 1 Wumepnonayma MiaHedinag

people.potential kdoprer:

Brapamenme: Cruns maprepa: = Ueer:

Saronosok: [Potenml ndophers @ Tpu Erie Habap ganneo

o | PucosaTe AMHMKD TomuMHY AHHHH 1pt i ergpnonou“g MiHedanas

B fobanuTe anesenT ganmb:

BpemMeHHOR gHENAZOH:
i

Puc. 6.3 3ananue cBoiicTB rpaduxa
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13. 3anmyctute Momenb. C momomplo auarpammbl (puc.6.4) MoxHO Ha-

OJI0aTh 32 IMHAMUKON MOJIETUPYEMOTrO Mpolecca.

= el N | Q@ | 1 [ G, | & @ (53 |xopHesoii:Main - ¢ | [ ¥ AnyLogc ||
O Pt RN

i i ] ’ L
@ environment .‘ i ] 1 ] (] J ] i " t !
500 arenTos [] L] 1] i [} ] ' ] i "

Z2 4 ]
— Potential adopters — Adopters

Nporou: 0 £ 3asepwen | Bpemsa: 8.00 | Nporon: ‘“" b, | Namate: [INEE = 51¢ | T | 7.9 cex

Puc. 6.4. OToOpakeHne MoIeTUPyeMOTO TIpoiiecca

KoHTpo/bHbIEC BONIPOCHI:

1. Yro Takoe areHTt?

2. HazoBuTe OCHOBHBIC CPEICTBA OMKMCAHUS TMOBeACHUS 00BheKkTOB. Ka-
KOBBI X OCOOEHHOCTH?

3. OnummuTe 0OCHOBHBIE BOBMOXXKHOCTH MakeTa AnyLogic 6.

4. Yro Takoe BHENIHMA MHTEpPEC MONETH U KaKUe BO3MOXKHOCTH JIJIS
uX co3maHus npemiaraet AnyLogic?

5. Kakme cpenctBa Busyaim3anuu pabOThl MOJACIM  Mpejjiaraet

AnyLogic?
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6. Kakoii oOmmuii amroputm peanmuszoBaH B AnyLOQIiC mis co3maHus
areHTHBIX MOJCIICH?

7. Kaxue ecTb BOSMOXXHOCTH JJIsSI OpTaHU3aIlMU TPOCTPAHCTBA IS "9KU3-
HEICATEIIPHOCTH' areHTOB B MOJICIH U JIJISL YETO 3TO MCTIOIB3YeTCs?

8. Uem oTMUalOTCs HEMPEPHIBHOE U AUCKPETHOE MOJICIBHBIE TPOCTPaH-
cTBa?

9. Uro Takoe «AKTHBHBIA 00beKT» B ANYLOQIC W Kak OHHM CO3AAr0TCS?

10. Yro Ttakoe 00bekT «Environmenty (okpy»karolias cpeia areHTOB), KakK
¥ 3a9€M OH BKJTFOUAETCS B MOJICIIH?

Kak B AnyLOgiC MOXHO 3a7aBaTh W yIPABIISATH IBKCHHEM areHTOB?
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IJTABA 8 3AIAHUA HA TABOPATOPHBIE PABOTbI

8.1 Jladoparopnas padora Nel. U3yueHnne 371eMeHTOB CHCTeMbl UMHUTAIH-
onHoro moaeauposanusi ANYLOGIC
Heab padorbl — BBIPAOOTKA HABBIKOB pPa3palOTKH M HCCIEIOBAHUS

UMHUTAIMOHHBIX MOJIENIEH TPOIeCCOB (PYHKIIMOHUPOBAHUS HH()OPMAIIMOHHBIX
cucteM B cucteme AnyLogic.

Copep:xkanue padboThbI:

1. 3yunTh TEOpETUYECKHE OCHOBBI.

2. IonyuuTs 3aaHKe Y TIPEOaBaTes.

3. Paspabotare Mojenb B cpeae AnylLOQIC B COOTBETCTBUU C WHIMBHIY-
QJIBHBIM 33IaHHCM.

4. IToArOTOBUTH MPOTOKOJ M OTYUTATH JIAOOPATOPHYIO pabOTY.

KonTpoJsbHbIie Bonmpockl K 1adoparopHoii padore Nel
1. Ilepeuncnute 3Tanbl pa3pabOTKU MaTEMaTHYECKUX MOJIEICH.

2. Chopmynupyiite 0COOEHHOCTH TOCTPOCHUS MOJEIeH MMUTAIMOHHOTO
MozenupoBanus B cpeae AnyLogic.

3. Kakme »onemMeHTBHI CHUCTEMHOW JMHAMHUKH TIOAJEPKHUBAaeT cpea
AnyLogic?

4. Kakue TUOBI OKCIEPUMEHTOB MOIIAEPKUBAIOTCA B  CHCTEME
moaenupoBanusi AnyLogic?

5. YTo BCTPOCHO B «MMUTAIIMOHHBIN UCTIONHUTENb» AnyLogic?

8.2 Jlaboparopnas padora Ne2. Moge/iupoBaHue CHCTEM MaCCOBOTO
Oo6cayxuBanus (CMO)
Iear pabdorbl — BbIpabOTKAa HaBBIKOB MozenupoBanue CMO

aHAJIUTUYECKUMHU METO/IaMU TEOPUH MacCOBOTO OOCTYKUBAHHUSL.
Conep:kanue padoThbI:
1. M3yunTh: moaxonpl K MOAEIMPOBAHMIO CIIyYaWHBIX BEIUYHUH; MOJEIb

MHOTOKaHanbHOM CMO; Momens MHOToKaHaabHOM CMO ¢ OTKazamMu; MOACIb
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onHokaHanbHOM CMO C OrpaHM4eHHOW M HEOTPAHWYEHHOW OYepeabl0; MOJEIb
CMO c orpaHUYEHHBIM BPEMEHEM OXKHUIAAHUS.

2. [MonyuuTs 3a1aHKe y NpernoiaBaress.

3. IlocTpouTts MOzIEINb B CPEAE UMUTALIMOHHOTO MOAEITUPOBAHUSL.

3. [loAroToBUTH MPOTOKOJ U OTUYUTATH JaOOPATOPHYIO paboTYy.

KoHTposibHBIE BONIPOCHI K J1aGopaTopHoii padore No2

1. 3 kakuX OCHOBHBIX 3JIEMEHTOB COCTOUT CHUCTEMa MAacCOBOTO OOCIy-
»kuBaHus? Kakue npoieccol B Hel MPOUCXOIAT?
2. Yem otnmuuarorcss CMO 0T cucteM MaccoBOTO cepBuca?
3. Haiite knaccudukanuo CMO u ux o003HaueHUE.
4. [laiiTe XapaKT€pUCTUKY IPOLECCOB B CUCTEMAaX 00CITyKUBaHUSI.
5. N300pa3ute rpaduuecku 3aBUCUMOCTh KOJIMUECTBA BPEMEHU OOCITYXKHU-
BaHMs OT BPEMEHMU.
6. UTo Takoe Mepuoj 3aHsATOCTU U CBOOOBI CUCTEMBI OOCITY>KUBAHUS?
7. N300pa3ute npuMep 3aBUCHUMOCTH YHCIIa KIIMEHTOB B CUCTEME OT Bpe-
meHH. Kak oHa cBsi3aHa ¢ KOJIMYECTBOM BPEMEHHU, HEOOXOIUMBIM I OC-
BOOOXIEHUS CUCTEMBI OOCITY>KMBaHUs?
8. Kakue OCHOBHBIE ITOKa3aTead HCHOJB3YIOTCA ISl XapaKTEPUCTUKH
CMO?
9. YeM MHTEHCUBHOCTH MOCTYIUICHHUS KIIMEHTOB B CUCTEMY OTIIMYAETCS OT
WHTEHCUBHOCTH MOCTYIUIEHUS KIIMEHTOB B O4€peb?
10. ChopmynupyiiTe OCHOBHBIE MPUHIUITBI ONTUMHU3AIMN CUCTEM 00CITY-

JKHUBaHUI.

127



CIIMCOK HUCITOJNBb30BAHHBIX NCTOYHHUKOB

1. bycnenko, H. I1. Monenuposanue cinoxusix cuctem / H. I1. Bycnenko. — M. : Hayka,
1978.

2. Coseros, b. fI. Monenuposanue cuctem / B. 5. Cosero, C. A. fIkoBieB. — M. :
Bricmas mxona, 2007.

3. KomecoB, 0. b. OObeKTHO-OPUCHTUPOBAHHOE MOJICIUPOBAHUE  CIIOKHBIX
mnaamuyeckux cucreM / 0. b. Konecos. — CII6. : U3g-so CIIOT'IIY, 2004. — 240 c.

4. Komnecos, 0. b. MogenupoBanue cuctem. [luHamudeckue U rUOpUHbIE CUCTEMBI /
1O. b. Konecos, 0. b. Cennuenkos. — CII6. : BXB-IletepOypr, 2006. — 224 c.

5. lllennon, P. UMuTanmoHHOEe MOJCIMPOBAHHE CHUCTEM — HMCKYCCTBO W Hayka / P.
[llennon. — M. : Mup, 1978. — 420 c.

6. Jlprukuna, H. H. HmutanuonHoe MoaeaupoBaHUE SKOHOMUYECKHX MPOLECCOB.
YueOHoe nocobue nis ciymareneit mporpammsl eMBI / H. H. JIsiukuna. — Axkagemust AiiTu,
2005. — 164 c.

7. CennuenkoB, lO. Bb. Illkoma mopmenupoBanusi 2003. Ypox 2. MonenupoBaHue
neuxkeHust oobekta B cpeae MVS / 1O. b. Cennuenxos, H. B. Makaposa, 10. ®@. Turosa //
KomnbrorepHble HHCTpYMEHTHI B o0pazoBanuu. — 2003. — Ne2. — C. 75-83.

8. bopmés, A. B. Ot cucreMHOl TUHAMHUKA B TPATUIIUMOHHOTO UM — K MpaKkTUYeCKUM
AreHTHBIM MOJIEJSM: PUYHHBI, TEXHOJIOTHS, HHCTPYMEHTHI [DnekTpoHHbIi pecypc] / A. B.
Bopmér. — Pesxxum moctyma @ http://www.gpss.ru/paper/borshevarc.pdf.

9. Forrester, J. Urban Dynamics / J. Forrester. — Portland : MIT Press, Productivity
Press, 1969. — 287 p.

10. Sterman, J. Business Dynamics — Systems Thinking and Modeling for a Complex
World / J. Sterman. — McGraw-Hill Higher Education, 2000.

11. Wooldridge, M. Agent Theories, Architectures, and Languages: A Survey / M.
Wooldridge, N. R. Jennings // Intelligent Agents: Proceedings of the ECAI-94 Workshop on
Agent Theories, Architecture and Languages. Amsterdam, The Netherlands, August 8-9, 1994,
(Eds. M.J.Wooldridge and N.R.Jennings). — Springer Verlag, 1994. — P. 3-39.

12. Toponeukwuii, B. 1. MuoroareutHbie cuctemsl (0030p) / B. U. Toponeukuii, M. C.
['pymmackmii, A. B. Xa6anos // HoBoctr nckycctBeHHOTO MHTEIIeKTa. — 1998, — No2. — C,
64-116.

13. Wooldridge, M. Towards a Theory of Cooperative Problem Solving / M. Wooldridge,

128



N. Jennings. — 1994. — 152 p.

14. Wooldridge, M. Agent Theories, Architectures, and Languages: A Survey / M.
Wooldridge, N. R. Jennings // Intelligent Agents: Proceedings of the ECAI-94 Workshop on
Agent Theories, Architecture and Languages. Amsterdam, The Netherlands, August 8-9, 1994,
(Eds. M.J.Wooldridge and N.R.Jennings). — Springer Verlag, 1994. — P. 3-39.

15. Zlotkin, J. S. Rosenschtein, Mechanisms for Automated Negotiation in State
Oriented Domain / J. S. Zlotkin // Journal of Artificial Intelligence Research. — 1996. — No. 5.
—P. 34-48.

16. Bapmasckuii, B. . Opkectp urpaer 6e3 aupmwxkepa / B. W. Bapruasckuii, 1. A.
[Tocrienos. — M : Hayka, 1984.

17. Npeiinep, H. [Tpuknaanoit perpeccuonHblii aHamus : B 2-X 1. / H. [peiinep, I. Cmut.
— MockBa : @uHaHch 4 craructuka, 1987. — T. 2 — 185 c.

18. TlerpoBuu, M. JI. PerpeccroHHBIi aHaau3 UM €ro MareMaTH4eckoe 0OecCreueHue Ha
EC DBM: Ilpaktudeckoe pykoBomctBo / M. JI. IlerpoBmu. — MockBa : DuHAHCH U
craructuka, 1982. — 199 c.

19. Upaxnenko, A. I. WHAYKTUBHBIA METOJ CaMOOPTraHU3ALUU MOJAEJCH CII0KHBIX
cucreM / A. I. MBaxnenko. — K.: Hayk. nymka, 1982. — 360 c.

20. Maxuau, A. BBeneHre B aHaIU3 acCOIMATHBHBIX MPAaBUJ [ DJIEKTPOHHBINA pecypc] /
A. [axuman. — 2015. — Pexum JIOCTYyTIa
http://www.basegroup.ru/library/analysis/association_rules/intro/.

21. YyOykoBa, 1. A. Data Mining: yue6Hoe mocobue / 1. A. UybykoBa — M.: HTepHeT-
yHHUBepcuTeT HHpOpMamoHHbIX TexHomoruii: BUHOM: JlaGoparopus 3nanwmii, 2006. — 382
c.

22. OpemikoB, B. Ilouck mocnenoBarenbHBIX MAOIOHOB [DNeKTpOHHBIN pecype]| / B.
Openikos. - 2012. - Pexxum JIOCTyTIa
http://www.basegroup.ru/library/analysis/association_rules/sequential_patterns_1/

23. Zadeh, L. Fuzzy sets / L. Zadeh // Information and Control. — 1965. — Ne8. — P. 338-
353.

24. 3ane, JI. TloHsiTHEe NMHIBUCTUYECKOM MEPEMEHHON M ee MPHUMEHEHHE K MPUHATHIO
npulmkeHHbIX perenuit / JI. 3ane. — M.: Mup, 1976. — 167 c.

25. lToB6a, C. /I. BBenenne B TEOPHIO HEYETKMX MHOXKECTB W HEUETKYIO JIOTHUKY
[Onekrponnsiii  pecypc] [/ C. JI. Illrodba. — 2014. — Pexum jgoctyna
http://matlab.exponenta.ru/fuzzylogic/book1/

129



26. BaseGroup Labs. Heuerkas jnormka — mareMaTHyeCKHE OCHOBBI [DJIEKTPOHHBIN
pecypc]. — 2017. — Pexxum poctyma : https://basegroup.ru/community/articles/fuzzylogic-
math#comments

27. Zadeh, L. Fuzzy Logic, Neural Networks, and Soft Computing / L. Zadeh //
Communications of the ACM, March 1994. — P. 77-84.

28. JleonenkoB, A. Heuerkoe mopmenupoBanue B cpene MATLAB u fuzzyTech / A.
Jleonenkos. — CII6. : BXB-IlerepOypr, 2003. — 736 c.

29. TonkoBBI CJIOBaph IO HMCKYCCTBEHHOMY HHTEIUIEKTY [DJIEKTPOHHBIM pecypc]. —
2017. — Pexxum moctyma : http://www.raai.org/library/tolk/aivoc.htmI#L306

30. Yro Takoe KOHLENTyalbHas Mojaenb [DnekTpoHHbIH pecypc]. — 2017. — Pexum
noctymna : http://fb.ru/article/144365/chto-takoe-kontseptualnaya-model

31. Knaccudukannonuple MNpu3HAKKM U Kiaccudukanus wMojened [DIeKTpOHHBIH
pecypc]. — 2017. — Pesxxum moctyma : http://sernam.ru/book_mm.php?id=8

32. Concept map [DnexkTpoHHbIi pecypc] / Bukumneaust — 31eKTpOHHAS SHIIUKIOTC IS, —
2017. — Pexxum noctyna : http://en.wikipedia.org/wiki/Concept_map

33. Mypomues, JI. 1. KonuenryansHoe MonenupoBaHue 3HaHuii B cucreme Concept
Map. / 1. 1. Mypomres. — CII6. : CII6 I'Y U'TMO, 2009. — 83 c.

34. KonuenryanbHble KapThl [DnekTponHbii pecype] / Intel. — 2017. — Pexxum noctyna :
http://www.intel.ru/content/dam/www/program/education/emea/ru/ru/documents/project-
designl/instructional-strategies/graphic-organizers/concept-maps.pdf

35. Axelrod, R. Structure of Decision: the Cognitive Maps of Political Elites / R.
Axelrod. — N.Y. : Priston Univ. Press, 1976. — 246 p.

36. Apneena, 3. K. KorautuBHOE MOAENUpOBaHWE JUIS PEIICHHS 3a1ad YIIPaBICHHS
ciabocTpykTypupoBaHHbIMU cucTeMamu (cutyarusmvu) / 3. K. ABneesa, C. B. Kospura, JI. U.
Makapenko // YnpaieHue O0NbIIMMU cucTeMaMu: cOopHUK TpymoB. — 2007. — Ne 16. — C.
26-39.

37. Tolman, E. C. Cognitive maps in rats and men (aurt.) / E. C. Tolman //
Psychological Review. — 1948. —\ol. 55, no. 4. — P. 189-208.

38. AneeBa, 3. K. dopMupoBaHue cTpareruyl pa3BUTHS COLMATBHO-d)KOHOMHYECKHX
00bekToB Ha ocHoBe KoruuTHBHBIX KapT / 3. K. ABaeesa, C. B. Kospura // Saarbrucken: LAP
LAMBERT Academic Publishing GmbH & Co. KG, 2011. — 184 c.

39. Eden, C. The Practice of Making Strategy: Step by Step Guide / C. Eden, F.
Ackerman, I. Brown. — L. : Stage. 2005. — 460 p.

130



40. Huff, A. S. (1990). Mapping strategic thought / A. S. Huff // Mapping strategic
thought. — Chichester, UK : Wiley, 1990. — P. 11-49.

41. Kosko, B. Fuzzy cognitive maps / B. Kosko // International Journal of Man-Machine
Studies, 1986. — Vol. 1. — P. 65-75.

42. Pena, A. Cognitive maps: an overview and their application for student modeling / A.
Pena, H. Sossa, A. Gutiérrez // J. Comp. y Sist.. — 2007. — \Vol.10, no. 3. — P. 45-52.

43. Chaib-draa, B. Causal maps: theory, implementation, and practical applications in
multiagent environments / B. Chaib-draa // J. IEEE Trans. on Knowledge and Data
Engineering. — 2002. — Vol.14, no. 6. — P. 26-39.

44. PoGeprc, @. C. JIMCKpeTHbIE MaTeMaTHYECKHE MOIEIH C TPUWIOKEHHEM K
COIIMATIbHBIM, OHOJIOTHYECKUM U dKosornueckum 3amadam /| @. C. Pobeprc. — M. : Hayka,
1986. — 280 c.

45. Kaprio, 10. [I. HMmuranmoHHOoe MoAeIMpOBaHHWE CHCTeM. BBencHue B
monemmpoBanue ¢ AnyLogic 5/ 1O. I'. Kapnos. — CI16. : BXB-IletepOypr, 2009. — 400 c.

46. Manukos, P. @. [IpakTHKyM 10 UMHUTAIIMOHHOMY MOJEIIMPOBAHHIO CIIOKHBIX CHCTEM
B cpene AnyLogic : yue6. mocobue / P. ®. Manukos. — Yda: U3a-so BI'TIY, 2013. — 296 c.

47. Kucenesa, M. B. ImutannonHoe MozienupoBanue cucteM B cpeae AnyLogic : y4e0.-

meton. mocodue / M. B. Kucenépa. — ExarepunOypr : YI'TY-VYIIU, 2009. — 88 c.

131



YyeOHOE U3gaHue

Haranbs [lerpoBna CaioBHMKOBa
[Manuna Cepreesuu Ilapbirnn
Tartpsina BragumuposHa Eperenko
Huxomnait Muxainosuu PameBckui

HMMHUTAIIMOHHOE MOJAEJIUPOBAHUE
Vuebrnoe nocobue

Penaxrop JI. H. Poiorcux

Temmutan 2021 1. (yaeOuuku u yaeOHbIe TOc0oOms). [To3. Ne 109.
[Toanucano B medats 00.00.2021. @opmar 60x84 1/16. bymara razetHasi.
Capuutypa Times. [Teuars odcernas. Yeu. neu. 7. 4,0. Yu.-u3n. u. 5,05.
Tupax 100 5x3. 3aka3

Bousrorpaackuii rocyiapCTBEHHbBINM TEXHUYECKU YHUBEPCUTET.
400005, r. Boarorpan, npoci. B. U. Jlenuna, 28, kop. 1.

Ortnevyarano B tTuniorpaduu UYHII Boar['TV.
400005, r. Bonrorpan, npocn. B. U. Jlenuna, 28, kopr. 7.



