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1. UENM OCBOEHUA YYEBHOW ONCUMNINHDI

LenssMu ocBoeHUsS Yy4e€OHOM JUCHUIUIMHBI  SIBJISIOTCS: YCBOGHHUE CTYJEHTaMU
OCHOBHBIX MOHATUI U MapaJiIiT'M MAaTEMAaTUYECKOr0 ¥ UMUTALMOHHOTO MOJEIUPOBAHUS MPU
U3YYEHUHU OOBEKTOB PA3TUYHON TPUPOJIBI.

OCHOBHBIMM 33/lauaMH Kypca SIBIIIIOTCA: 3HAKOMCTBO CTYJEHTOB C IPUHLUIIAMHA
MaTeMaTUYECKOr0 M UMUTAIMOHHOTO MOJIEIUPOBAHUSA, C METOJAMU KOHCTPYUPOBAHUS U
UCCIICIOBAHUSI ~ MAaTEMAaTUYECKUX  MOJIeNield, MIPOTrpaMMHO-SI3bIKOBBIMM  CpEJICTBaMH,
UCIIOJIb3YEMbIMU IIPU MOJICIIUPOBAHUM, a TAKKE C MTAKETAMU MPUKIAJAHBIX TPOTPAMM.

VYueOHbIll Kypc TMpu3BaH MPUBUBATH HABBIKM CAMOCTOSATEIBHOTO UCCIIEIOBAHMS
CIOXHBIX  MOJEJIEM  MaTeMaTUYeCKUMU  METOJaMH, a  Takke  IPOU3BOJUTH
HKCIEPUMEHTAIIBHOE UCCIIEIOBAHNE CO3AAHHBIX MOJIEIIEH.

2. MECTO YYEBHOW ONCLMNIIMHBI B CTPYKTYPE OOIM BMO

I[aHHaSI yqe6Ha;1 JUCHUIITIMHA BXOIHUT B O6H3&T€J’IBHYIO 4aCcTb BapHalWOHHOI'O
KOMIIOHCHTA y‘—I€6HOF0 IJ1a”Ha. I[JI)I YCBOCHUA JUCHUIIIIMHBI HGO6XOI[I/IMBI 3HaHUA,
IIOJIYUCHHBIC B CpGI[HCﬁ O6Hl€06p&30BaTeHBHOﬁ IOKOJIC, a4 TAKXKC B BY3C B PC3YIILTATC
OCBOCHHA JTUCHHUIIIMH ((MaTCMaTI/IKa», ((I/IH(bOpMaTI/IKa», ((MOI[GJ'IHpOBaHI/IG Oou3Hec-
IIpOoLCcCCOB».

3HaHusA U YMCHUA, YCBOCHHBIC CTYACHTAMH B IIPOHCCCC H3YUCHHUA AUCHHUIIIMHBI,
HCO6XOIII/IMI>I B Ka4UCCTBC MGTO,Z[OJIOFH‘-IGCKOﬁ OCHOBBI JJIs1 UCCIICAOBAaHUA MOI[GJ'IGﬁ CJIOKHBIX
CHCTCM.

3. KOMMNETEHUWA CTYOEHTA, ®OPMUPYEMBbIE B
PE3YJIbTATE OCBOEHNA YHEBHOW ONCUUTTTIMHBI (MOOYNA)

Hucrumnaa «KoMIbIOTEpHBIE TEXHOJIOTUH B HayKEe U MPOU3BOJICTBEHCIIOCOOCTBYET
(GbOpMHUPOBAHUIO CIEAYIONIMX KOMMETeHINH, npeaycMoTrpeHHbix @I'OC-3 o HamnpaBlieHHIO
noarotoBku BITO «2OkxoHOMUKa»:

npogeccuonanbubie (I1K):

® CHOCOOHOCTBHIO PYKOBOAMTH SKOHOMHUYECKUMH CITY’K0aMU U TOJpa3ieIeHUSIMHI Ha
MNPEANPUATUIX U OPraHU3ALUSIX Pa3TUYHbIX (POPM COOCTBEHHOCTH, B OpraHax
roCyJapCTBEHHOHN 1 MyHuIunansHou Biacty (ITK-11);

e CIOCOOHOCTBIO pa3pabaThiBaTh BAPUAHTHI YIPABICHUYECKUX PEIIEHU 1 000CHOBHIBATH

UX BBIOOp Ha OCHOBE KPUTEPUEB COlMATLHO-3KOHOMUYecKor A dextuBrocTr (ITK-
12)

B pe3ynbTaTe 0CBOCHUS TUCIUTIIMHBI CTYACHT JTOJDKEH:
3HATD.



® OCHOBHBIE  TMOJIOKEHUS  TEOPUH MaTeMaTHYECKOT0 HM  HWMHTAIIMOHHOTO
MOJICTUPOBaHUs1, 0COOCHHOCTH METO/IOB M 3TAIOB,;
® MOJIEJIU CHUCTEM MacCOBOI'O OOCTY>KUBAHUS;
® [IOHATHE O TEXHOJOTUSIX MOJCTUPOBAHUS CIy4allHBIX (PAKTOPOB B Pa3IMUYHBIX
CHUCTEMaX;
® METOJMKHU IUIAHUPOBAHUS U PEATU3ALNU SKCIIEPUMEHTOB C MOACIISIMH.
YMmern:
® CTaBUTh M peEIIaTh KOHKPETHBIE 3aJaud 1O pa3paboTKe MaTeMaTHYECKUX H
MMHTAIIMOHHBIX MOJICTICH;
® MPaBWIHLHO BHIOUPATh KPUTEPHUH U IMOKA3ATEIHN aICKBATHOCTH MOJIEIICH;
® OCYIIECTBIISITh AaHAIU3 U UHTEPIIPETALUIO PE3YIBTATOB MOJCIUPOBAHUS
Baanern:
® [pueMaMHU KOHCTPYMPOBAHUA MaTEMAaTHYECKUX W HMHUTALMOHHBIX  MOJEJIEH B
Pa3IMYHBIX 00JIACTAX YETOBEUECKON NEATEIbHOCTH;
® HaBBIKAMHU NPOBEICHUS IKCIEPUMEHTAIBHBIX MCCIEIOBAaHUM CO3JaHHBIX MOJEIEH C
OLICHKOM WX aJICKBATHOCTU UCXOJIHBIM MPOTOTHUIIAM.

4. METOONYECKME MATEPUWAIBLI K TABOPATOPHOMY
NMPAKTUKYMY

lpakmukym 1. 3Hakomcmeo ¢ nakemom AnyLogic

1.1. Humepdheiic npozpammot.

[Ipu 3anycke Anylogic oroOpaxkaeTcsi ctapToBas crpaHuiia. Co CTapTOBON CTpaHUIIbI
MOKHO CO3/aTh HOBBII MPOEKT, OTKPHITH MPOEKT, C KOTOPHIM HEAaBHO padOTalH, WU
OTKPBITh OJIMH M3 YK€ pa3zpaboTaHHbIX npuMepoB mojaeneit AnyLogic. AnyLogic npu
OTKPBITHH IPOEKTa BCETJa OTKPHIBAET Cpeay pa3pabOTKU MPOEKTa - rpapuuecKuil peJakTop
mozenu. Ha puc 1.1 moka3zaHbl OCHOBHBIE COCTABIISIOIINE IOJIB30BATENBLCKOIO MHTEp(deiica
3TOr0 penakropa. Paccmompum ux noouepeono na npumepe moodenu Balls, komopyro
HYJICHO 3a2py3umbs u3 OUPeKmopuu, yKa3anHoi npenooasamenem.

Oxno IlpoekT obecreynBaeT HaBUTAIMIO IO dJeMEHTaM mpoekTta (puc. 1.2 mias mopenu
Balls). Tlpoekt Bcerma opraHusyercs HEepapXHUECKH, MOITOMY OH OTOOpakaeTcsi B BUJIC
nepea: caM mpoekT (¢ mmeHeM balls) oOpasyeTr kopeHb AepeBa pabodero MpoeKTa, KIacchl
AKTUBHBIX OOBEKTOB U COOOIICHHI - CIICAYIONIMIA YPOBCHb, B KJIACCaX aKTHBHBIX OOBEKTOB
MOTYT OBITh BKJIIOUCHBI aHUMAIHs, PYHKIUU U T. I. AKTUBHBINH O0OBEKT SBJIIETCS OCHOBHBIM
CTPYKTYPHBIM 3JIeMeHTOM Mojaenun B AnylLogic. AKTHBHBIM OOBEKTOM HAa3bIBACTCS
CYIIHOCTh, KOTOpas HHKAINCyJupyeT (BKJIO4aeT B ceOs) naHHble (aTpuOyThl OOBEKTA),
byHKIIMA (METOIBI) U TIOBEICHHE KaK €ANHOE Ielioe. AKmUGHbI 00beKm CTPOUTCS Kak
KJIacC, KOTOPBIA MOXET BKIFOYaTh B KA4€CTBE COCTABHBIX 3JICMCHTOB 3K3EMIUISAPHI APYTHX
KJIacCOB aKTUBHBIX 00bekTOB. Har mpoekt balls Bkarouaer aBa kitacca akTHBHBIX OOBEKTOB:
kiacc Ball u xmacc Root.
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Puc. 1.1
Ha nepeBe mpoekra (puc. 1.2) xak cocraBHble 3neMeHTHl kiacca Ball mokazaner Koo u
cTeTyapT ¢ uMeHeM Statechart, y ximacca ROOt cocTaBHBIME €ro JeMEeHTaMHu MoKa3zaHbl Koo
¥ aHUMaIls ¢ UMeHeM animation.

OxkHO mpoekTa

Onmna W3 BeTBel B JepeBe TNPOEKTa HMMEET Ha3BaHWe JIKcnepumenmuvl, ITOT OOBEKT
O0BEIUHSCT TPYIIY 3KCIEPHUMEHTOB, KOTOPbIE MOTYT OBITh BBHIMIOJIHEHBI C MOJEIbIO. B
OTKPBITOM HaMH MPOCKTE B TPYIITY IKCHEPUMEHTOB BXOIUT TOJBKO OJHMH KCIIEPUMEHT C
uMmereM Simulation, BeIgeNeHHBIH KUPHBIM MIPUPTOM - 3TO TEKYUIHH SKCIICPUMEHT,
UMEHHO B COOTBETCTBUU C YCTAaHOBJICHHBIMH B TEKYIIEM SKCIIEPUMEHTE IMapaMeTpaMu Oyaer
IPOMCXOUTH BHITIOJTHEHUE MOJEIH MOCIIE €€ KOMITHIISIIHH.

OTKpBITh OKHO MPOEKTA, ECIIU OHO 3aKPBITO, MOXKHO C IIOMOIIBIO IETYKA MBILIBIO 110 KHOIIKE
IlpoexT naHenu WHCTpyMeHTOB wiu komanziod Bua / IlpoekTt u3 rimaBHoro MeHro. OKHO
1100010 AJIEeMEeHTa JAepeBa MpoeKkTa (KIaccoB aKTUBHBIX 00BEKTOB, CTEUTYAPTOB, AHUMALIUU U
T. T.) MOXHO OTKPBITh JBOMHBIM LIETYKOM MBIIIBIO [0 UMEHU ITOTO 3JIEMEHTa B JE€peBe
npoekTa. OTKphITasi HaMu cpefa co3faHus npoekta (puc. 1.1) coaepXUT HECKOIBKO OKOH.
CTpykTypa akTUBHOTO OOBEKTa 3adaeTcsl Irpa@Uyeckd B CHEIUAIbHOM OKHE pelakTopa -
cmpykmypnoii ouazpamme. B oxne Ball.statechart npencrasnen cmeiumuapm (unu xapra
COCTOSIHUI), KOTOPBIA OMNpeleiseT pPeaklMy aKTUBHOTO OO0OBEKTa Ha BHEIIHHE COOBITHA -
JIOTUKY €ro JeuWctBuil BO BpemeHU. CTedTdapT sBAseTcs YAOOHBIM pacUIMpeHUEM
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i B rpa(bnquKoro IMPpCACTABJICHUA KJIIACCHUYCCKOTI'O KOHCYHOI'O

MpoekT o x v
l = f@» " l aBTOMaTra, OH COCTOUT M3 COCTOSIHHMHM U TIICPCXOJ0B MCKIAY
=]~ 0AENE
=1 balls COCTOSIHUSAMM. B OKHE aHuMaIluu MOYKHO IIOCTPOUTDH
=& Ball AHMMHUPOBAHHOE TOBEICHNE aKTUBHOTO O0BEKTA.

Ko

R statechan || 110JI€ B JIOOOM OKHE MOXHO [IBHraTh, Ha)XaB Ha HEM IIPaBOW

=& Root KHONIKOM MbImM. [Ipm 3TOM Takke MOXXHO MEHATh MacIiTad
::ifnatim N300pakeHUsl B 3TOM II0JIE C IOMOIIbIO JBYX KHONOK M OKHa
a8

EI@ BKCNEPHMEHTLI MaCHITa6a, CCJIM OKHO aKTHUBHO.
.- Simulation 3akpoii - ball
POUTC U OTKPOUTE OKHO ITPOCKTA allS, a TaKke KaKao€ U3 OKOH
QJICMCHTOB, BKIIIOYCHHBIX B JCPCBO IIPOCKTA. N3smenure macurrad

MU300paKCHUI B OKHAX.
Puc. 1.2

1.1.1. CtpykTypHas aiuarpamma

[Ipu nmoctpoeHuu a000K MOJIENTH 3aaeTCs €€ CTPYKTypa (T. €. €€ KOMIIOHEHTHI U CBSI3M ITUX
KOMIIOHCHTOB) W TIOBEJIEHHUE OTHEJIbHBIX KOMIIOHEHTOB. B Anylogic akTHUBHBIA OOBEKT
UMeeT CTPYKTypy u TmoBeneHue. CTpPyKTypy aKTHBHOTO OOBEKTa COCTABJISIOT €ro
napameTpbl, IEPEeMEHHBIC, CTEUTYAPTHI, @ TAK)KE IK3EMIUTAPHI IPYTUX aKTHBHBIX OOBEKTOB,
BKJTFOUCHHBIC KaK KOMITOHEHTHI B JTAHHBIN aKTUBHBIA OOBEKT (U, BOSMOYKHO, UX CBSI3H).

Ha puc. 1.1 qig Hamero npocToro npuMepa CTpyKTypHasi [ruarpaMma aKTUBHOTO OOBEKTa -
MsYa - 3a7aeTcs B okHe ¢ uMeHeM Ball mpsMoyroiabHUKOM, BHYTPH KOTOPOTO COJIEPIKATCS
€ro MepeMeHHbIe (KOOPAMHATHI Ms4a X, Y U €ro ckopoctd VX u Vy) U UKOHKA TIOBEJACHHUS C
umeHem Statechart. ITockonbky 3T0oT mpocroit o0wekT (Ball) He comepxut sK3eMILIIPOB
IpPYTHX OOBEKTOB, TO B MPAMOYrojbHHKEe ¢ uMmeHeMm Ball Her npyrux BIOKEHHBIX
psSIMOYTOJIBHUKOB U cBsi3eit (puc. 1.3).

CBs13b MEPEMEHHBIX JIPYT C IPYTroM 00eCIeYuBaAETCA YPABHEHUSIMU:

d
VX:%’ Vy:ﬂ, —d(\/x)zo, —(\/y):g
dt dt dt dt

~=10| x|

-]
i Baill ® Dvx i

o -
i C:3{5_5I:ate-:hart i

« _ P

Puc. 1.3

CtpykTypa KOPHEBOTO akTMBHOro oObekTa ROOt 3amaHa B okHe ¢ uMeHeM Root. limenHo
KOPHEBOW aKTHUBHBIM OOBEKT SIBISIETCS BEPXHUM YPOBHEM CTPYKTYPHOW HEpapXvu B HaIIEM
npoekte. B mogenu (puc. 1.1) aktuBHBIM 00beKT ROOU COMEPKUT OAWH MPSMOYTOJHHUK C
umerneM ball - onun sx3emmsap aktuBHOTO 00BEKTA Ball.



1.1.2. OxkHa CBOIiCTB 00LEKTOB MOJIEJIH

B penaktope AnyLogic mis KaKIoro 3J1eMeHTa MOJENH CYIIECTBYET CBOE OKHO CBOMCTB, B
KOTOPOM YKa3bIBAIOTCS CBOMICTBa (IapaMmeTpsl) 3TOro sjaeMeHTa. IIpu BbIIEIEHUN KaKoro-
a100 31eMeHTa B JIIOOOM U3 OKOH PENakTopa (B OKHE CTPYKTYpPhl, OKHE IOBEJIECHUS, OKHE
aHUMallMM WJIM B OKHE IPOEKTa) CIpaBa NOSBISETCS OKHO CBOWCTB HMMEHHO 3TOrO
BBIJICJICHHOTO 3JIEMEHTA. BBIIETUTh 3JIEMEHT MOKHO IIETYKOM JIEBOM KHONKM MBIIIW Ha
sToM 35eMeHTe. OkHO CBoiicTBa (puc. 1.5) wcnonp3yercs s MPOCMOTpa U U3MEHEHMS
CBOMCTB 371eMEHTOB. OTKpBITh 3TO OKHO, €CJIH OHO 3aKpBITO, MOKHO KHOINKoW CBOHMCTBa
NAHEIU UHCTPYMEHTOB.

| CEORCTES o x

CELLHE | MzobpaseHne | CINHCaHHE |

MmMA knacca: I R.oak
Baz0ELIA KNacc: I
MapameTpe:
MmA | THn |
g real (rnoba. ..
Puc. 1.4

Hampumep, mpu BBIIEIEHHOM OKHE pelakTopa CTpyKTyphl oObekTa Ball cnpaBa mosButcs
OKHO CBOWCTB, KOTOpo€ coneputT 3 Bknaaku: Oo0mme, U3o0paxkenue nu Onucanue. Ha
BKiIaJIke O0ImmMe KpoMe UMEHHU 3TOr0 OOBEKTA yKa3aHbl €ro napamerpbl. CMBICI TapaMeTPOB
OUYEBUJICH: § — YCKOpEHHE CBOOOIHOTO MajeHws, I - pamguyc Msda U K - Kod(pQUIHEHT,
ONPENECTAIOIINN YMEHBIIIEHHE CKOPOCTH MsS4a MPU KaXJIOM OTCKOKE, X0 u y() - HayalabHbIE
3HA4YEHHsI KOOpAUHAT.

1.1.3. OkHo noBeAeHHS AKTHBHOI'0 00HLEKTa

[ToBenenne wmsiva mpexacraBieHo B okHe Ball.statechart, coxepxamem mpocTeimmii
cTeUTYapT (KapTy COCTOSIHHI ), KOTOPBIA MOKHO CUMTATh PACIIMPEHHBIM rpaoM NEPEX010B
KOHEYHOr0 aBTOMATa.

[
(o).

K1 [ | 4
Puc. 1.5
CreiiTuapT Mojeau npbiraromiero Mada (puc. 1.5) cocTout U3 0JJHOTO0 COCTOSIHHSI C UMEHEM
Movement u onnoro nepexona. Ilepexosa cpadaTbiBaeT NMpU HACTYIJICHUHU COOBITUSI KacaHUs
MOBEPXHOCTH 3€MJIM TP JBUKEHUU MsS4a BHU3. YCJOBHE HACTYIUICHUS] ITOTO COOBITHS
MOYHO 3alKCaTh BEIPAXKECHUEM:

y>=y0-r&&Vy>0
DTO BBIpAXKEHHUE O3HAYAET, YTO BEPTUKAJIbHAS KOOpPAMHATA ) IIEHTpa MsA4a C paguycom I
OTCTOHUT OT MOBEPXHOCTH (OmpeaensieMoi koopauHaToi Y0) Ha I' ¥ TIpH 3TOM CKOPOCTh Ms4a
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Vy nHampaBieHa BHH3, B CTOPOHY YBEIMYEHHS KOOpAUHATHl ). VIMEHHO 3TO BBIpa)KEHHE
3anucano B nose CoObITHe OKHA CBOMCTB mepexoaa (puc. 1.6), koTopoe OTKpbIBaeTCs Mpu
BBIJICJICHHOM Tiepexojie cTeirtyapTa. [Ipu HacTymjaeHnn JaHHOTO COOBITUSL MY OTCKAaKHUBAET,
T. €. €r0 CKOPOCTh MEHSIET CBOM 3HAK, YMEHBINASCh MPU ITOM Ha JIOJIO K, MOKa3bIBAIOIIYIO
HOTEPIO PHEPTHHU ITPH OTCKOKE. ITO OTpaXkeHO B 1oJie JleficTBME OKHA CBOICTB Mepexoa.

CEORCTES Q=

OELWLHE | OMHCaHKE

lMA:

| transition

MpovcxoanT:
|I‘Iu:- coBEITHHD -

CoBHTHE
ye=y¥0-r && V¥ = 0
Tapm

[ ercTEMe
Vy=-[1-k) *Vy; |

Puc. 1.6

Takum 006pa3om, cTedTYapT B 3TOM MOJIETH CJIETUT 3a coObITUsAMU. [Ipu HacTyIIeHUH
HY>KHOT'O COOBITHSA BBITIOJIHSIETCS HE0OX01MMoe ecTBue. M yciaoBue HacTyIIeHUs
COOBITHS, M CAaMO JIEHCTBUE, MEHSIOIIEE MIEPEMEHHBIE MOJICIH, 3aITMChIBAIOTCS 371€Ch
OOBIYHBIMU aNTeOPandeCKUMU COOTHOIICHUSIMHU.

B mHactosmiee BpeMs cTeWTYapThl IIMPOKO HCIIOJNB3YIOTCS Kak yAOOHOE CpEeICTBO
BU3yaJIbHOTO OMUCAHUS TIOBEJEHUS CIIOXKHBIX CUCTEM. B 4acTHOCTH, CTEUTUYAPTHI SBISIOTCS
OCHOBHBIM cpeacTBOM mpenactaBieHuss noBefeHus B s3bike UML (Unified Modeling
Language).

1.1.4. OxHO pegakTOpa aHUMAIIMH AKTHBHOT0 00bEKTA

B 3TOM OKHE [UIs1 MOJENM CTPOMTCS ABYMEPHOE aHMMALMOHHOE MPECTaBIEHUE, KOTOPOE
MOKAa3bIBAET, YTO MPOUCXOJUT C MOJIENBIO C TEUCHHEM BpeMeHHU. IMEHHO 371eCh BU3yaJlbHO
NPECTABISACTCS UMHUTALUS TIOBEACHUS MojenupyemMoi cuctemsl. J{inst monenu Balls B oxne
aHUMAallMi TMOCTPOCHO H300pa)kKeHUE Ms4a, MPEICTABICHHOIO 3aKpallleHHbIM KpyroMm. B
JPYTOM OKHE MOYKHO MOCTPOUTh TPEXMEPHOE aHUMALIMOHHOE MPEJCTaBICHUE.

Anumanus B AnyLogic co3aaeTcsi B BUJie AMHAMUYECKUX rpaduueckux 00BEKTOB, KOTOPHIC
JAI0T BO3MOKHOCTh HAIJISIIHO MPEACTaBUTh JUHAMUKY MOJEIHPYEMOM CHCTEMBI, T. €.
NOBEZICHUE €€ BO BpeMeHH. OCHOBHAsI HJies 3/1€Ch COCTOMT B TOM, YTO ITapaMeTPhl 3JIEMEHTOB
aHUMAIIMOHHOW KapTUHKH (IJI Kpyra 3TO €ro KOOpAMHATHI LEHTpa, pajuyc, IBET U T. II.)
CBA3BIBAIOTCS C IEPEMEHHBIMU M ITapameTpamMu MoJenH. M3MeHeHue NmepeMeHHbIX MOJEIU
BO BpPEMEHHU 3acTaB/II€T M3MEHATHCS BO BpeMeHHM rpaduueckuil oOpa3, YTO MO3BOJISET
HaIIAIHO NPEICTAaBUTh JUHAMUKY MOJEIUPYEMOW CHUCTEMBI C IMOMOIUBI JHHAMHUYECKH
MeHstomelicss rpadukn. Ha puc. 1.7 mokazaHo, 4To Korja B HaIlle MOACIH B OKHE
aHUMAallMW BbIICJIEH CUHUN KPYT (ILIETYKOM MPaBOM KHOIMKOW MBIIIM), TO B OKHE CBOWCTB
IPE/ICTaBIICHbl CBOMCTBA 3TOro Kpyra. A uMeHHO KoopauHatel X u Y 1eHTpa Kpyra
AHUMAIMOHHOW KAapTUHKM HMMEIOT CTAaTMYECKHE 3HA4YeHHs (3HAUYCHMsI TUX I[apaMeTpoB B
penaktope) 90 u 400, a B moJjie TMHAMUYECKUX 3HAYCHUN ATUX MapaMeTPOB OHU CBSI3aHbBI C
nepeMeHHBIME X U ) dk3eMIuisipa ball akruHoro oobekra Ball. Takum o6pazom, n3meHeHue
JAHHBIX MEPEMEHHBIX Oy/IeT BhI3bIBATh MEPEMEILICHHE LIEHTpa Ipaduueckoro oopaza Msaya Ha
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AaHUMAITMOHHOW KapTHHKE TIPU padOTE MOICIIH.

[[lenKHUTE MBIIIBIO HA HECKOJIBKHUX JIEMEHTAaX OKOH pe/lakTopa (Ha MEPEeMEHHBIX U Ha TOJIe
OKHa PEelaKTopa CTPYKTYpPhI, HA MEPEXOJIE U COCTOSHUM OKHA CTEeHTYapTa, Ha rpaduyecKux
2JIEMEHTAX OKHA peJaKkTopa aHMMaIluH, Ha o0ObekTe Simulation nepesa mpoekta u T. 1.). Bb
YBUIUTE, YTO ISl KaXJOrO 3JEMEHTa MOJIEIM OKHO CBOMCTB MMEET CBOIO CTPYKTYpY M
COJIEPXKUT cHeUpUYECKYI0 HHPOPMALMIO M TMapaMeTphbl, XapaKTEepPU3YIOUIUEe HMEHHO
JTAHHBIM s7eMeHT. Hampumep, IIENKHUTE MBIIIBIO B OKHE AaHUMAIMU Ha MOACHSIOUIEM
TekcTe. B okHe cBoiicTB Ha Bkiajgke TekeT OyleT MpeacTaBiieH TOJIbKO OJUH MapaMerp -
caM TekcT. Ero MOXHO pelakTUpoBaTh U HAOJII0AaTh, KaK B MOJIE€ TEKCTa OKHA aHUMAIIUU OH

HU3MCHSCTCA.

]

0 @E W ESEBEH R W B

wr v XEIO000OWMN ¢ El BEE B E B

Dot| 17X CEONCTES [EIES|
Ofime | OEan | OnHoaHHe
Ima: |0val
% EX | bl ~|
T |2E| |ball.y j

Coo| cmepeaauedadepran oo oD o] MEEeEaT |D @ | +| paa

BEI MOKETE MSHEHATE CRaAARpOM — - [ 0

oo | yoKopeRKe cBOBOAHOTONEABHHAG: | "

o | KOMpUpHMUKMEHT NOTEPM BHEPMK, & - - - | - . - o Wrprta: |4'EI | J
Lo | TaRMEpAAMYCWARE | D00 LD
e BricoTa: |4EI | J
<o | Foopesee cEODONHOTO THMEBELI (ZY - o - o - | o oo oo
B === - R R LIBET sanmekH: _|'|| j
s s | e [ | <]
cooo| - Homepasmeprzm(ky oo oo
| e—e— | D) s T =]
D S e I BHAHMOCTE! |

CPampemspale) oo oo |

1 L KonHuerTEn: |

==~ ——— VU R IR
D [ CoxpaHATs MponopumA
D [ OTofpaxats HmA
L [~ BpemeHHo HCKAKHKHTE
ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ:
£ >
Puc. 1.7

1.2. Peotcum eévinonenus mooeiu

1.2.1. 3anyck mojean

Jliga 3amycka MOJENH LICJIKHUTE KHOMKY 3alyCTHUTh Ha MaHENIM HHCTPYMEHTOB. DTHUM
JEUCTBUEM 3aIyCTUTCS KOMIWISATOP, KOTOPBIA MOCTPOUT HCIOJHSIEMBIM KOJ MPOEKTa Ha
A3bIKE Java, OTTpaHCIMpPYeT €ro M 3aTeéM 3alyCTUT MOjeNb Ha ucnonHeHue. IIpu stom
OTKPOETCS OKHO AaHMMAIIMH C MPBITAIOIIMM MI40M;

Kpome oknHa HaOmojeHuss mpu paboTe MOAEIU MOTYT ObITh OTKPBITBI M JPYTHME€ OKHAa,
HanpuMep, KHONKON CoObITHS MaHET WHCTPYMEHTOB MOKHO OTKPBITH OKHO COOBITHI (B
KOTOpOM (UKCUPYIOTCS OyAyliue coObITHs, 3alUIaHUPOBAaHHbIE K JAHHOMY MOMEHTY
UCIIOJTHUTENIbHOM CcUCTEMOM), KHONKOW OO0mmid skypHaa xypHan (Log), Kyna nomagaroT
KOMMEHTapuu KOMIIWJISTOpa W KyJa pa3pabOTYMK MOXET BBIBECTH OTJIAIOYHYIO
uH(pOpMaIIHIO.
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1.2.2. DkcnepuMeHTHI ¢ MO/IEJIbI0

B nanHOM mpmMmepe B OKHE aHMMAITUU KPOME JBIDKYIIETOCS H300paKEHUS MsS4a MOXKHO
BUJICTh TEKCTOBBI KOMMEHTapUi U TaKk Ha3biBaeMmble 'craiiaepbl" wim "OeryHku" -
MOABWKHBIEC YKa3aTelau I U3MEHEHHUS NMapaMeTpOB MOJEIU BO BPEMS €€ BBIIOJHEHHUS.
JlBuras crnaiaepsl, MOKHO MEHSITh B 9TOW MOJEIIN JIBa IMapaMeTpa - YCKOPEHHE CBOOOIHOTO
najcHus ¢, T0JI0 K TOTepr CKOPOCTH TMPBITAIOIIUM MSYOM TPU KaXKJIOM OTCKOKE Paryc
mapuka. Mi3MeHeHne napaMeTpoB MO3BOJISIET UCCIAEA0BATh MOBEACHUE MOJEIH B Pa3IMUHbIX
YCIOBUSIX - O3TO U €CTh KOMIIBIOTEPHBIM »JKcHepuMeHT. M3MeHeHue mapamMeTpoB U
NEPEMEHHBIX BO3MOXHO TaKXe M 0e3 craiaepoB. JIBOMHONW MIEIYOK MBIIIM Ha EPEMEHHOM
WU TlapaMeTpe B OKHE ¢ MMeHeM ROOt ocTtaHaBiuBaeT BBIMOJHEHHE MOAEIH U OTKPHIBACT
JMAJIOT C TEKYLIMM 3HAY€HHEM STON XapaKTepUCTUKU, KOTOPOE MOXHO PEIaKTHUPOBATh.
[Tocnenyronuii 3anyCK NPUBEAET K MPOAOIKEHUIO BBINIOJIHEHUS MOJIEIIN YKE C U3MEHEHHBIM
3HAYEHUEM.

Jl1st mpoBeieHHs] KOMITBIOTEPHBIX AKCIIEPUMEHTOB HEOOXOJMMO HCIIOIb30BaTh (KpoMe yxe
W3BECTHOM KHOMKH 3amyCTHTh KOMIIWJISIIMKM M 3allyCKa MOJENIM Ha BBIMIOJIHEHHUE) TakKxKe
CIEAYIOIINE KHOTIKU:

® 3alycKa BBIINOJHEHUS MOJEIH 1O 1araM — BeINOJIHUTS 1Iar;

e may3bl — [lay3a;

® [OBTOPHOIO 3aIlyCKa C UICXOJIHBIMU HauallbHbIMU yc0BUAMU — [lepe3anmycTuts;

e pa3pylIeHHs] CKOMITMJIMPOBAHHOW MOJIENIN U BO3BpaTa B peaakTop — OCTAHOBHUTH.
BMecTo 3TUX KHOITOK MOXHO B OCHOBHOM MEHIO Mo/eJib BBIIOJIHUTh KOMaHbl 3alyCTUTh,
BbINOJHUTSH WIAT U T. II.

AKTUBHOCTh KHONMKHA OCTAHOBHMTH TOKAa3bIBAET, YTO HCIOJHUTEIbHAS CHUCTEMa 3amyllieHa
(Monmenb paboTaeT MO0 NPUOCTAHOBJIEHA B TMay3e), MaccuBHAs (HETOpsIas) KHOMKa
MOKa3bIBAET, YTO BbI HAXOJUTECh B PEIAKTOPE.

[IpoBenuTe HECKOJBKO SKCIEPUMEHTOB C MOJECINIBIO, U3MEHSA TMapaMeTpbl U MEePEMEHHBIC
Mojzenu Jubo craiaepaMu, JUOO BBI3bIBAs 3TH TapaMeTpPhl JBOMHBIM IIEITYKOM IS
u3MeHeHus B okHe Root.

1.2.3. YnpasjeHue cKOPOCTbIO BHINOJIHEHUS] MOIeJIH U H300paskeHueM

B AnyLogic cKOpOCTbh BBINOJTHEHUS MOJEIN MOXET ObITh YCTAHOBJIEHA MAaKCUMalIbHOU (M
MOJIeIh OYJIET BBHITIOJIHITHCS B PEXKUME BUPTYAIBHOTO BPEMEHHU C MAKCUMAIIBHO BO3MOXKHOM
CKOPOCTBIO BBIIIOJIHEHUS! COOTBETCTBYIOIIETO IPOrPaMMHOTO KOJa) JINOO COOTBETCTBYIOLIEH
(mp¥ BO3MOKHOCTH) peadbHOMY (HU3UYECKOMY BPEMEHH C HEKOTOPBIM KOI(PQPHUIIUEHTOM.
EnuHnna MoaensHOro BpEMEHM IMPH 3TOM paBHA OJHOW CEKyHAE (U3NYECKOTO BPEMEHHU.
[lepexmtoueHne Mexay BUPTYaldbHbIM U pEAJIbHBIM BPEMEHEM MCIIOJHEHUS MOJAEIU
OCYIIECTBIISIETCS KHONMKOW BuHpTyajbHOoe BpeMsl MaHEIM WHCTPYMEHTOB, a YMEHbILIECHHE
MaciTaba BpeMeHH (Maciradba MOJEITHbHOTO BPEMEHN OTHOCUTENHHO (PU3UYECKOTO TOJBKO B
pEeXHMME pPEaTbHOTO BPEMEHHU) BBIMIOJHSAETCS C IMOMOIIBI0 JABYX KHOMOK YMEHBIIUTH
CKOPOCTh, YBEJIUYHTh CKOPOCTh U PACIOIOXKEHHOTO MEXAYy HUMHU TONsA. DTO TOoJje
yKa3bIBaeT KOA(PPUIMEHT YCKOPEHHSI MOJEIBHOTO BPEMEHH OTHOCUTEIBHO (HHU3MUECKOTrO
(3mech 1x 03HAYaeT eNMHUYHBIN KOYPPUIUEHT YCKOPEHHUS).

BEIOTHUTE HECKOJBKO SKCIIEPUMEHTOB C PA3IUYHBIMUA CKOPOCTSMHU BBITTOJIHEHHSI MOJICIH,
UCIIOJIB3YS KHOTIKM OCTaHOBA, PECTapTa, 3aIycKa.
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1.2.4. IlpeaBapuTe/ibHO ONpeeJeHHbIe IKCIIEPHUMEHTHI ¢ MOJEJIbI0

3amyck MOJeNd Ha BBINOJIHEHHE mpou3BoauTcs B AnylLogic B cOOTBETCTBUH C
OnpeAeNeHHbIM Ha0OpOM 3HAu€HUN MapamMeTpoB MOJEIH, a TakkKe C HEKOTOPbIMU
JIOTIOJIHUTEIbHBIMU YCTAHOBKAaMU (HAIpUMEP, TOYHOCTD, IIar YUCIEHHBIX METOJAOB U T. IL.).
COBOKYITHOCTB BCEX YCTAaHOBOK ISl POBEIEHUSI KOMITBIOTEPHOIO 3KCIIEPUMEHTA C MOJIEIIBIO
Ha3eiBaeTcsi B ANyLOQiC 3Ixcnepumenmom. Bce SKCIepUMEHTHI, BO3MOXHBIC —JUISI
BBINIOJIHEHHS B JAHHOM MPOEKTE, MPEACTABIECHbI KAaK 3JIEMEHTHI IpyNIbl (KOPHS) C UMEHEM
Okcnepumenmuvl B OKHE mpoekta. OIWH TakoW SKCIEPUMEHT ¢ Ha3zBaHuem Simulation yxe
MOCTPOEH MpPHU CO3JIaHUH HOBOT'O IMPOEKTA ¢ YCTAHOBKAMH IO YMOJYaHHUIO, OH U BbIOpaH B
Ka4yeCTBE TEKYIIETO (Ha3BaHUE TEKYIIETO SKCIIEPUMEHTA MOKAa3aHO KUPHBIM MIPUPTOM).
3HauYeHHs ApAMETPOB, PEXKUM PEATBHOr0 JIMOO BHUPTYAJIbHOIO BPEMEHU IPHU BBIIIOTHEHUU
DKCIIEPUMEHTA, YCJIOBHE IIPEKPAIICHMS BBIIOJHEHHUS HKCIIEPUMEHTa W MHOTOE€ JpYroe,
OTHOCHIIEEC K IIPOBEICHUIO DKCIIEPUMEHTa, MOXKHO JI0 3aITyCKa MOJIEIIN YCTAHOBUTH B OKHE
cBOMCTB 00BekTa Simulation, sBnsromierocst B JaHHOM MPOEKTE €IUHCTBEHHBIM AJIEMEHTOM
rpynnsl Dxcnepumenmsl B epeBe KiaccoB moaenu. B okne CBoiicTBa oObekTa Simulation
BBl MOXETE YBHUJACTb JTH IAapaMeTpbl U IOMEHATH YCTAHOBKH, NPEXKIE YEM 3allyCTUTh
Mozenb. Hanpumep, Ha Bkinaake {onoJHUTEeIbHBIE MOKHO OIIPEAEIUTD YCIOBUE OCTAHOBKU
BBITTOJTHEHUSL MOJENM 110 BPEMEHH KaK LEJI0€ YMCIIO €IWHMI] MOJIEIIBHOTO BPEMEHU U 3aITyC-
TUTh MOAEIb. [1oHbBIN HAOOp CBOMCTB AKCIIEPUMEHTOB ONMCAH B PYKOBOJICTBE MOJIb30BATENS
AnyLogic.

Jnst onHOM M TOM ke Mmoxaenu B ANyLogic MOXHO OINpEeAeTUTh HECKOJbKO Pa3JIMYHBIX
DKCIEPUMEHTOB Ha JTaIl€ [IOCTPOEHUS MOJIEIIN.

1.2.5. PadoTa ¢ okHAMH

PaGorate ¢ okHamu mpu pa3pabOTKE M HCCIENOBAHUU MOJEIU TpeOyeTcs MOCTOSHHO.
[ToaTOMy HEOOXOUMO YMETh OTKPBIBATh HY’KHBIE OKHA, U3MEHSTh UX pa3MeEpbl, 3aKPbIBATh,
CBOpauMBaTh U pa3BOPAYUBATh.

BHOBB oTKpoOiiTe penakTop npoekra Balls. B pemakrope u npu pabore MOAETH OTKPHITHE U
3aKpbITUE OKHA MPOEKTa U OKHA CBOMCTB BBIMOJIHSIETCS COOTBETCTBEHHO KHOMKaMu IIpoekTt
u CpoiicTBa naHenu MHCTpYMEHTOB. KpoMe TOro, OTKpBITh 3TH OKHa MOKHO, BBIOpaB B
rJIaBHOM MeHI0 koMauasl Bua / Moaens u Bua / CBoiicTBa coorBeTcTBeHHO. OTKpOMTE U
3aKpONTE OKHA HECKOJBbKO pPa3 B PENaKTOpe M B OKHE HAONIOACHUS NPU BBINOJIHEHUU
MOJEIIH.

OKHa CTpYKTypbl, HOBEACHUS WM aHUMALMU MOKHO OTKPBITh ABOMHBIM IIETYKOM MBIIIN Ha
UMEHaX COOTBETCTBYIOIIMX OOBEKTOB JiepeBa IMPOEKTa, €cld OHM 3akpbIThl. [lompoOyiiTe
3aKpbITh M OTKPBITh HECKOJBKO pa3 KakI0e U3 OKOH pepakropa. [ms ymodbctsa
peaaKkTUPOBaHUS JTF0O0E OKHO MOKET ObITh MAKCUMAJIBHO YBEJIIMUEHO TaK, YTOOBI OHO 3aHSJI0
BCE MOJIE peAakTopa. B 3ToM cilyyae KHONKM yHpaBJiCHHUS TaKUM OKHOM pPa3MELIAlOTCs B
npaBoM BepxHeM yriy. C mo0biM 00beKTOM (Tpadrkom, NepeMeHHOM, aKTUBHBIM 0OBEKTOM
B OKHE peJakTopa U T. M.) B penakrope AnylLogic CBsI3aHO KOHTEKCTHOE MEHIO, KOTOpOe
NOSIBJISIETCS MPU BBIICIEHUU 3TOr0 00bekTa. Pa3Mepbl OKOH MOXHO MEHATh, KaK U B JHOOOM
Windows-nipunoskenuu. JIns moMerieHus: n300pakeHUsl B IIGHTP OKHA IOCJIC M3MCHCHHUSI
pa3MepoB OKHA B €r0 KOHTEKCTHOM MeHIO BeiOepute komanay IlepeiiTu B ueHTp.

Kaxxioe OkHO penakropa cAenalTe aKTUBHBIM, LIEJIKHYB HAa HEM MBIIIBIO, U3MEHUTE €ro
pa3Mepsl, IOMECTUTE U300paKeHHEe B IIEHTP HOBOI'O OKHA, M3MEHHUTE MacIITad N300paKeHUs
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B Ty U APYT'YIO CTOPOHY.
3amycTuTe MOJENb Ha BBHIMNOJHEHHE MO IaramM. B mosBUBIIEMcs OKHE HAOMIOACHUS MOXKHO

3aKpBITh U 3aTE€M OTKPBITH OKHO (C mpeaonpeneacHHbIM nMeHeM ROOt) cTpykTypsl Mozenu,
MOKa3bIBAIOIIEe TEKYIIME 3HAYEHHS] BCEX MEPEMEHHBIX M MapaMmeTpoB MOAeNU (KOMaHIOM
Buja | KopHeBoii 00beKT MoJIeIH I KHOIIKOH J/lepeBo 00'beKTOB MaHeIM HHCTPYMEHTOB).
JIBOWMHOW HIETYOK MBIIIA HA MIEPEMEHHON WIIA MapaMeTpPe B 3TOM OKHE BBI30BET MOSIBIICHUE
auanora Juisi Moaudukanuu gaHHoro oObekTa. ToT ke 3PdeKT BbI30BET M KOMaHJa
HN3MeHuTh KOHTEKCTHOTO MEHIO 3TOT0 00BhEKTa (KOHTEKCTHOE MEHIO BBIJIEJIEHHOTO 00BhEKTa
BCET/Ia BBI3BIBACTCS MPaBOi KHOMKOW MbIm). Komanna Bua / AHMMAanusi OTKPOET OKHO
AHUMALIMU MOJEIH, €CIIA OHO 3aKPBITO.

3aMeThTe, UTO 3aKPBITHE OKOH TpadKOB YHHUTOKAET X, OHU HE COXPAHSIIOTCSA U WX HYKHO
Oyzaet cHoBa co3iaBarh. Ecnu BBl yaanuwimu rpaduk, MOKHO 3aKPBITh MPOEKT (HE COXpaHss
CIieJlaHHbIE U3MEHEHUsI) U CHOBA €ro OTKPHITh. BBeJeHHE M UCKIIIOYEHUE NMEPEMEHHBIX U3
rpaduka BBIMOIHSAETCS BHIOOpOM KoMaHIbl CofepkuMoe TUarpaMMbl KOHTEKCTHOTO MEHIO
rpaduxka.

1.3 lopadomka modenu BALLS

BeImotHUM  HEKOTOpBIE yIpakHeHHs ¢ Moxaenbto Balls, xoropeie mamyr HekoTopoe
NpeCTaBICHUE O CPEACTBAX pa3paboTku Mozenei B AnyLogic.

1.3.1 U3meHeHHe nBeTa MSIYA B AHUMAIUH TPH 0TCKOKe

Jly1st 6onbIIel HarIsAHOCTU JOTIOJTHUM aHUMAaIIMOHHOE MPEICTaBICHUE MTOBECHUS MsI4a Tak,
YTOOBI TP OTCKOKE MsYa €ro IBET Ha MTHOBEHUE N3MEHSIICS Ha KpacHBIN. JJIs 9TOTO HYKHO
3apUKCHUPOBATH MOMEHT OTCKOKA (3allOMHUTH 3HAYCHHE MOMEHTA BPEMCHH HACTYIUICHHS
ATOTO COOBITHS) M YCTAHOBUTH KPACHBIM IIBET IIapa B aHUMAIIMU Ha HEOONBIION WHTEPBaJ
BPEMEHHU, CJICTYIONTUI 32 STUM MOMEHTOM.

Brengute cHauana mepemennyro tBounce, kotopas OyneT guKcHpoBaTh MOMEHT OTCKOKA.
Jliis 3TOro chenaiTe aKTHMBHBIM OKHO CTPYKTYphl akTuBHOro oObekTa Ball m mepenecute

BHYTPb OrPaHUYMBAIOIIETO MPSIMOYTOJIbHUKA UKOHKY - (ITepemeHnHas), IICIKHYB JICBOM
KHOIIKOW MBIIIY CHayasa I10 3TOM MKOHKE Ha HHCTPYMEHTAJIbHOW NIaHEIIH, a IIOTOM B OKHE. B
nosiec IMsi OTKpBIBIIIETOCSI OKHA CBOMCTB 3TOW TepeMeHHou BBenute tBounce, a B mone
HauanbHoe 3Hauenne BBeaute -1 (puc.1.8).
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P Balls.alp - AnyLogic [osHakomvTEnbHAA nHLeH3KMA] - =&l

E@aﬁn Opagka Bra BrTaeka  Prcoadke  Moasne  Cepekic  OkHo  Cnpaska

0 EHd | dmaXx Al cEen@iprndn 608000 R e E s E %8s

gEx 3@ YBEf ¢ A [y S0 FIBOLAR OO @6 D

MpoekT 2 X g Roet @Ball| 4 b x |CenvicTea nx
5--@Monenb

- El-fjp bals

Ofiupe | Onmcatre |

E‘@ Ball Mg tBounce
Bl B o o
LGy statechart Lo oLl ~Tun
B E-l§ Root B A
‘ v N i o) redl -
Kon ) pm———— Lo Cranap
-8y animation N Bal e e
i | . l—
Eé’ SKCMEPHMEHTE Fooodbana I o . DL " Matprua  Crpok:
) . | %statechart
L% simulation Fe o| [ M S o oo oo afprao|[aaccoaaas
Fo | o Cronfiuoe:

£ Maccne PasmepHocTH

HanpagneHke: [Het HanpaeneHuA i

—YpaBHEHHE

Bra: HeT ypaeHeHHa 'I

,Haqa/_maﬂoe SHAMEHME ! \ d
=

Jlns Toro utoObl mepemenHas tBounce ¢ukcupoBasia MOMEHT OTCKOKA, HY)KHO 3HAYCHHE
TEKYIIer0 BPEMEHH B MOJICIU IPU HACTYIUICHUU COOBITHS "OTCKOK" 3allOMHUTH B ITOM
MEPEMEHHOM. 3a HACTYIUICHHUEM JAHHOTO COOBITHS CJICAUT CTEUTUYapT, MOITOMY CHEJIailTe
aKTUBHBIM OKHO cTeiiTuapTta (puc. 1.9), B Hem BbiOepute mepexon u B moie [leiicrBue
[mepexona] mobaBbTe ACHCTBUE:

Puc. 1.8 Benenue HOBOI nepeMeHHOM B aKTUBHBIN 00BbekT Ball

tBounce = getTime();
[Tpu kax oM BbI30Be QyHKIMs getTime maet Tekyliee 3HaYeHHUE MOACITHFHOTO BPEMEHH.

Ilepemennas tBounce wmMeer HaudanpHOE 3HauYeHHE -1 W Tpu pabOTE MOAEIH XPAHUT
3HAYEHUE MOMEHTAa BPEMEHM IMOCJHEIHEro OTCKOKa. [l Toro 4roObl KaKIblil pa3 mpu
OTCKOKE Ms4Ya €ro LBET H3MEHsUICSd Ha KpacHbI (ckaxeMm, B TedeHue 0.5 c), HYXHO
ycTaHoBUTh B nojie L{Ber 3aamBKH rpaduueckoro n3oOpakeHus Msya B OKHE aHUMAalUU
JTMHaMUYeckoe 3HaueHue 1seta (puc. 1.10):
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R e 0 WSS
OWVNe®Ee® &

q b % | CenficTea ax

OAlWHE | OnHEaHHe

kma:

: * . Ball.statechart |Transitinn

MpoHCxoaHT!
II'ID COBBITHID j

CoBETHE ﬂ
¥ o= E && vy < 0
Fapm

[EMCTEME
vy=- (1K) Ty
ounce = getTime();

Puc. 1.9

getTime() < ball.tBounce+0.5? Color.red: Color.blue
910 YCJIO0BHOC BBIPAKCHHUC YCTAHABINBACT IBCT 3aJIMBKH H306pa)KGHI/I$I msya ball KpaCHBIM B
teuenune 0.1 C ITIOCJIC KaXXA0ro OTCKOKa.

e | 0Ban | Onvcanke |

([=H I oval

i | 290 | ball.x

Led Ll

W IZU Iball.y

L«
=)
g

MoeopoT! I 1] S I

LLlpkHa: I 40 I

BreicoTa: I 40 I

LIEET SanHekH: | _Ivl I getTime() <ball tBounce+0.57 Calar.red: Color.blue =

LLEET MHHHH! | _l'l I

LLIMpkHA AkHEK: I 1 I

Led Lol Lef Lef Ll

-|

Puc. 1.10. 3anomuHanne BpeMEHN B MOMEHT OTCKOKa

1.3.2. BBeieHre BTOPOro Msiya B MojieJb

Beeaute B moxaens BTOpoM Ms4. s 3TOro caenaWTe akTUBHBIM OKHO CTPYKTYpHOM
auarpaMMbl ROOt W mepeHecHTe B HEro eIle OJUH JK3eMIUIAp Msda, MICIKHYB JICBOH
KHOMKOW MbIIK cHavajga mo uMeHu Ball B okHe mpoekTa, a MOTOM B OKHE CTPYKTYPHOM
nauarpamMmmbl ROOt. TlosiBuBIIMiics 00bekT aBTromMaTnyecku moaydut ums balll (puc. 1.11).
[lpu sTOM cmpaBa OTKPOETCS OKHO CBOWCTB BBIJICJICHHOIO 00BEKTa (HOBOTO 3K3eMILIApA
Ms4a), B KOTOPOM YCTAHOBJICHBI T€ 3HAYCHHMSI TAPAMETPOB Msiua, KOTOPbIE OBLIH ONPE/ICIICHBI
JUI akTUBHOTrO 00bekTa Ball.

15



MpoexT ax
EHig Moaens

o Bl bals
£ Ball——— |
H §E Koa
: 9 statechart
Root
Koa

H B2 animation
E@ SBKCNEPHMEHTE!

- simulation

i Root ‘ @ Ball | ¥ Ball.statechart | ¥y Root |

Puc. 1.11. BeeneHre HOBOTo K3eMILIApa Ms4a B MOJICIIb

VYcranoBuTe HavallbHbIE 3HaUYEHUA X() U Y0 KOOPAUHAT X U y HOBOro Msiya paBHbIMU 400 1
400. OcTasibHbIE 3HAYEHHUS — TAKUX K€ KakK JUIsl IepBoro mapa. YToOsl JBUKEHHE HOBOTO
Msiya OTOOpPa3uTh B aHUMAlIMU, B OKHE aHUMallUK MPOAyOIupyiiTe n3oopaxenue msya. Js
YEeT0 HAXXMUTE JICBOW KHOIIKOM MBIIITH Ha H300paKEHUN MS4a U TP HAXKATOW KIIaBHUIIIE
<Ctrl> mepenecure 310 N300paXeHHE B IPYroe MECTO TOJIs aHUMAIHH. J1JIsT HOBOTO
M300paKEHUS KpyTa B TIPABOM YaCTH OKHA PEIaKTOPa MOSIBUTCSI OKHO CBOMCTB, B KOTOPOM
TUHAMWYECKHUE 3HAYCHHSI TapaMeTPOB (KOOPAMHAT U IIBETA) CBSI3aHBI C XapaKTEPUCTUKAMH
urapa ball.

OhWHE | CEan | CnHcaH1e

bimA: | ovall

% | 370 | ball1 \ |
¥ | 20 \| ball1 / |
MNoBopoT: |D @ ]\ - | paa
LLkpHHa: |40 | =]
BricoTa: |40 | |
UgeT sanver: | I | -| | getTime(i<ball tBounce-+0.57 Color.red: Color.blue = |
LIEET MHHHM: _Iv| | ﬂ
WikpkHa nkim: [ 1 | |
. .

Puc. 1.12. Beenenue n3o00pakeHus HOBOTO SK3EMILIApa Msiua KOMTUPOBAHUEM
CYIIECTBYIOIIECTO H300paKEeHUS

VX HyXHO CBSI3aTh C HOBBIM 00BEKTOM - 1mapom ¢ umeHnem Balll. MuapiMu ciioBamu, BMeCTo
Ball.x, Ball.y u Ball.tBounce B cooTBeTcTBYIONIMX MOJSX HY:KHO TocTaBuTh Balll.x, Balll.y
u Balll.tBounce (puc. 1.12). Touno Taxke Ha Bkiagke OBaj 3TOro OKHA IS 3HAYCHUS
pamuycoB Paouyc 1 n Paduyc 2 nyxHo ycranosutb Balll.r BmMecro Ball.r.

3amyctute Mozelb. B Monenu teneps OylyT UMUTHPOBATHCS HE3ABUCUMBIE JIBUKECHUS ABYX
IIapOB.

[IponemMoHcTpHpYiiTE CBOIO MOJIEb MPEINOIaBATENIO.

1.3.3. [Ipou3BosibHBIE epeMenIeHus MsiYa

B nanHON Monenu MsSYM JBHXKYTCS BEpPTUKAIbHO, OTTAJKMBAsCh OT TMOBEPXHOCTH C
koopauHaToil Y0. 9T0 MPOUCXOIUT MOTOMY, YTO HaYaJIbHasl CKOPOCTh MsUEl MO KOOPJIUHATE
X paBHa 0. Eciiu Mbl IBMEHUM HAYAJIbHBIE CKOPOCTH MSIUEH MO 3TOM KOOPAMHATE, CACIAB UX,
HaIpuMep, CIydyaHbIMU, HaM HEOOXOAMMO 3a/1aTh, KaKk Msiud OyyT ceOsi BECTH IPU BCTpeUe
C TIOTOJIKOM M BE€PTHKAJIbHBIMH CTEHKaMHU.

BepHemcsi cHOBa K JKCHEPUMEHTaM C OJHUM MSYOM. YJaluTe€ M3 OKHA CTPYKTYpPHOH
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nuarpamMMmel 00bekTa Root o0wvexT Balll, a u3 okHa anuMarum yganute map ¢ umeHem ovall,
otoOpakaBimii ABrkeHue mapa balll.

Cnenaem cHayaia CilIy4alHBIMHA HadalbHble 3HadeHUs ckopocter VX u VY wMsua.
AXTHBH3HPYHTE OKHO CTPYKTYpHOM JIuarpamMmbl akTHBHOro oOwbekTa Ball, BeImemute
nepeMeHHyto VX u B noje HayajbHOoe 3HaYeHHe ATOH MepeMeHHO 3aMeHuTe 3HayeHue 0
Ha 3Hadenue uniform(-100, 100). Tem caMbIM HadallbHas CKOPOCTh IO KOOpAUHATE X Y
Pa3IMYHBIX JK3eMIUIIPOB aKTUBHOrO oObekra Ball Oymer BeIOMpaTbes ciyuaitHO U3
nuarazona (-100, +100) MeTpoB B CeKyHIy Kak peajnu3aius CIy49aiHON BeJIWYHHBI,
PaBHOMEpPHO paclpesielIeHHON B 3ToM nuana3one. To ke camoe cienaiite i IepeMeHHOI
Vy.

Jlnist ydeTa OTTAJKMBaHUSI Ms4a OT MOTOJKA HYXKHO COOBITHE BCTPEYU IMPEMSATCTBUS MSIOM
Ha TIEepexojie CTeWT4apTa W3MEHHUTh. Pa3Mmephl MO, B KOTOPOM JBUTAIOTCS MSIUH,
ycranoBieHsl 200x400, naunnas ¢ koopauHatel X = 250. B nmone Co0bITHEe OKHa CBOWCTB
nepexoa cTelTyapra akTuBHOTO 00bekTa Ball Beiparkenue:

y>=Yy0-r&&Vy=>0

CJIeZlyeT TOTIOHUTE:

y<=r&&Vy<0|y>=400-r && Vy >0

JleiicTBre, KOTOPOE BBHIMOJIHSAETCS U B TOM, M B JIPYTOM cllydae, OyJIeT TeM jKe: U3MEHEHHE
HarnpaBJIeHUs: CKOpOCcTH VY ¢ YaCTHYHOU ee MOTEPei.

Jlnist Toro 4toObl y4ecTh OTTAJKMBAHME Ms4a OT BEPTHKAIBHBIX CTEH, HY)KHO YYECTh ITO
COOBITHE B CTEUTYAPTE BBEICHUEM JIOTIOJIHUTENBHOTO nepexoaa. Cuemnaiite OKHO cTeTyapTa
aKTUBHBIM U J100aBbTe K COCTOsHUIO MOvement IOMOSHUTEIBHBIN TEPEXOd, HCHOIb3YS
WKOHKY TaHEM WHCTPYMEHTOB. II[eNKHYB MBINIBIO HA ATOM MKOHKE, TOMECTUTE YKa3aTelb
MBI HA TPAHUIE COCTOSHHSI W TPOJBUTAWTECh IO TOJIO OKHA CTEHTUYapTa, IIeNKast
KHOIIKOW MBIIIIN B TEX MECTaX, IJI€ JOJDKHBI PaclioyiaraTbCsi TOYKH M3ruda JIMHUU Mepexo/ia.
JIBOWHOI MIETYOK MBI 3aKaHYMBACT PUCOBAHHE TIepexoaa cTpenkon (puc. 1.13).

>N PAE HEBEEEH| R oW B
" MIEIE O L3R 0ONNO e 0 @
4

b |CBDHCTBa (@) I

Ofiwme | OnHcaHHe

* Ball.statechart
lAmA:

I transition1
MpoMcxoanT:

II'ID CoBBITHID ;I

CofETHE
¥{=250+r &6 V<O || x>=450-r s& Vx>0
Tapno

TeficTEME
Vx=-(1-k)*¥x;
tBounce=getTine () ;

B T R = R ————— ™
Puc. 1.13. PucoBanue nepexona

B mnosiBuBIIEMCS CcrmipaBa OKHE CBOMCTB 3TOro Iiepexona B 1ojie IIpoucxoaur HYX)HO
BbIOpaTh BapuaHT 1o coObITHIO, B 11071 COOBITHE CJICIYET BCTABUTh YCJIOBUE HACTYILJICHUS
COOBITHS KacaHUs MsA4a O BEPTUKAIBHYIO CTCHKY:

x <=250+r && Vx <0 || x>=450-r && Vx>0

a B mosie JlelicTBMe YCTaHOBUTH JEHCTBHUSI M3MEHEHUsI HANpPaBJICHUS COCTaBISIONmEeH VX
CKOPOCTH MsYa U MOMEHTAIbHOE U3MEHEHHE 1[BETA Msiua MpU CTOJNKHOBeHUH (puc.1.13):

Vx =-(1-Kk)*Vx;

tBounce = getTime();
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3amycTuTe MOAENIb Ha HCNONMHEeHue. Mcnonb3ys crnaiepbl, MOXKHO U3MEHATh PaJNyC Ms4a,
KOA(pGUIIUEHT MOTEPU CKOPOCTH NPU BCTpeue C MPENATCTBUEM, YCKOpEHHE CBOOOJHOTO
nasieHus, mpespaias M4 B BO3AYIIHbIH map npu §<O wiu B Omnnuapansiil map npu g=0.
[IponeMOHCTPUPYHUTE CBOKO MOZEND IPENOAABATEIIO.

1.4. Camocmoamenvnan paboma no eapuanmam

1.

2.

18

N3menuTe Mozennb TakuM 00pa3oM, 4TOObI MPU KaXKJIOM OTCKOKE U3MEHSUICS JUaMeTp
Ms4da Ha 20%.

HN3menuTe Mojenb TakuM 00pa3oM, 4TOOBI OJUH U3 MSYEH MPUTATUBAICS BHU3, a
BTOPOM BBEPX.

N3menuTe Mojelb TakuM 00pa3oM, 4TOOBI MOJCUYUTHIBAIIOCH KOJIUYECTBO OTCKOKOB
Ms4a.

H3meHnuTe MoAeNb TaKUM 00pa3oM, YTOOBI MOJICYUTHIBAIOCH BPEMs, MPOLIEIIIEE C
MOMEHTA MOCIEIHET0 OTCKOKA Ms4a.

W3meHnute Mojenb TakuM 00pa3oM, YTOOBI MpU MOJETe BBEPX MY OBLI KPAaCHOTO
L[BETA, a IIPH IMOJIETE BHU3 - TOIYOOrO.

W3menuTe Mozienb TakuM o0pa3oM, YTOOBI Ha OJMH MAY CHJIA TSKECTH JEHCTBOBaja
1o ocH X, a Ha IPYyTrou 1o ocu Y.

W3menuTe Mozenb TakuM 00pa3oM, 4TOOBI MPU OTCKOKE OT TOPU3OHTAIBHBIX CTECHOK
M4 CTAHOBHJICS KeNThIM Ha 0,5 CEK., a IPU OTCKOKE OT BEPTUKAJIBHBIX — 3€JIEHBIM.
W3menute mMozenb TakuM oOpa3oM, yToObl Msid Nel meHsn cBOHM LIBET Torjaa, Koraa
M1y Ne2 coynapsieTcsi CoO CTEHKaMu.

W3meHuTe Mojaenb TakUM O0pa3oM, YTOOBl MOJEIHMPOBAJIOCH JBIKEHHE MsA4Ya B
MPOCTPAHCTBE B (POpME OKPYKHOCTH (BapUAHT JJIsl IPOJABUHYTHIX CTY/IEHTOB) .



IIpakTukym 2. IlocTpoeHne AHHAMHYECKHX MOJeJIei.

2.1. I[Tocmanoexa 3adauu

MBI paccMOTpUM MPOCTEUIYI0O JUHAMHYECKYIO MOJIeNIb Ha IpUMEpe MNPOCTOM MO/,
OTIMCBIBAOIIEH MPOIECCHl, KOTOpPhIE IMOXOXXM Ha OueHue cepiana. Mojenb dTa 3amaercs
napoi 1udpepeHunanbHbIX YPaBHEHUH IEPBOTO MOPSAKA:

dx/dt = (x — x° - b)/eps,

db/dt = x — x0,
IJIc X TPEIACTaBISIeT paauyc cepama, x( - ero 3HaYeHWEe B HaYaJlbHBIA MOMEHT, D —
NEepEeMEHHasi COCTOSIHUS, a €pPS - mmapaMeTrp. OJTa MOJEIb - OJHA U3 MPOCTEHIINUX,
OTIMCHIBAIOIINX TUHAMUKY PabOTHI Cep/aria.
[{enpr0 MOCTPOCHUS AAHHOW MOJENH SIBISIETCS HCCIIENOBAHUE XapaKTepa 3aBUCUMOCTEN
IIEPEMEHHBIX COCTOSIHHS X M D 0T BpeMeHHU mpu pa3HbIX 3HAYCHHSIX IMapaMeTpa eps, a TakKe
aHanu3 (a30BOi quarpaMMbl H3MEHEHUS pajuyca x OT 3HaueHus D. OueBHUIHO, YTO BCE ITU
BEJIMYMHBI BEIIECTBEHHBIC (C MUIaBarome To4koi). s moctpoeHus MOAEIr HEOO0XO0IUMO
3aJ1aTh HaYaJIbHBIC 3HAYCHHS ITEPEMEHHBIX X U D, a Tarxke 3HaueHUE mapameTpa eps.

2.2. llocmpoenue mooenu

Jlns XpaHeHHWsl BalllUX MPOEKTOB HEOOXOAMMO co3daTh HOBYyIO mamnky. Co3gaiTe, Mamnky:
MyModel na Pa6ouem crone. 3amyctute AnyLogic. /i1 mOCTpOEHHsSI HOBOTO MPOEKTa B
Balleil manke wieqkHUTe KHONMKY Co3aaTh MaHETd WHCTPYMEHTOB, JMOO IIEIKHUTE IO
kHonike HoBBIN MpoeKT cieBa BHU3Y OKHA, JIMOO BbIOEpUTE B OCHOBHOM MeHIO Paiij /
Co3nars.

B nosBUBIIEMCSI JUATIOTOBOM OKHE YCTAaHOBUTE HY)KHYIO paOouylo Manky, B HEH HaOepure
heart xak ums mpoekTa (3TO UMsI HOBOTO (aiisia, B KOTOPOM OyAeT XPAaHUTHCS Balll HOBBIM
npoekt) u menkaute OK. HoBelii mpoekT moj Ha3BanueMm heart Oyaer co3gan (oOparute
BHHMAaHKE, YTO Ha3BaHUE MPOEKTA JIOJKHO OBITh HAITMCAHO CO CTPOUYHOM OYyKBbI). 3MeHuTe
UMs KOpPHEBOro OOBEKTa Halleld MOJENH, Ha3BaB ero Heart (BMecTo yCTaHOBJIEHHOIO IO
ymouanuio umenn Main). ins storo B mone Mmsa kiaacca Biaaku OOmme OKHA
CpoiicTBa KOpHeBOro oObekTa BBeaute Heart Bmecto Main. B okHe kinaccoB ums
KOPHEBOTO 00BEKTa cpa3y U3BMEHUTCS.

Hama 3amaya - moctpoeHue Mojienn, B KOTOPOH NPUCYTCTBYIOT JBE IEPEMEHHBIE COCTOSTHUSA,
x 1 b, u 1Ba mapamerpa — x0 u eps, rae x0 - HayasbHOE 3HaueHue X. HauanbHoe 3HaueHue
NepeMEHHOM b 3a1aluM KOHCTAHTOM.

J1ns1 BBe1eHUs IEPBOM MIEPEMEHHOMN X IIEJIIKHUTE MBIIIBIO HA KHOIIKE ITIEPEMEHHOU

NaHEeI UHCTPYMEHTOB, MOCIIE YEro IIEIKHUTE MBIIIBIO B KAKOM-IM00 MECTe NOJisi OKHA
penakropa cTpykTypbl oo0bekta Heart. [TukrorpaMma mosiBUTCS B MOJIE€ pelakKTOpa C UMEHEM
var. OTHOBPEMEHHO CIpaBa BMECTO OKHA CBOMCTB 00bekTa Heart MOSIBUTCS OKHO CBOWCTB
nepeMeHHOM (MMEHHO 3Ta MepeMeHHasl ceiluac BblaeneHa). B a3To okHo B nmosne umenu (Mms)
BMECTO IIPEIONPENEICHHOTO UMEHH var BBeAuTe X (puc. 2.1) u Haxkmure knaBuiry < Enter>.
[Ipu BeIAEIEHHON MMKTOTPAMME IIEPEMEHHON €€ UMSI MOXKHO ITEpEMENIATh MO MOJIK0 OKHA
CTPYKTYpPBI U U3MeHATh. CaMy NUKTOrpaMMy IEPEMEHHOM TaKXKE MOKHO NIEPEMEILATH 110
TIOJIFO TP HAKATOM HA HEW JIEBOW KHOIIKE MBIIIIH.
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B mMozenu nepemennas x onpenensiercs nudpdepeHIranbHbIM ypaBHEHUEM
dx/dt = (x — x° - b)leps

C HayaJIbHBIM 3HAYE€HUEM X, PaBHBIM X0, u ¢ mapametpoM eps. B AnyLogic MoxHO nogo0HbIe
3aBHCHMOCTH 337]aBaTh UMEHHO B TAKOM aHAIUTUYECKOM Buje. s TOro 4rodbl onpeaennThb
nepeMeHHyl0 X, B moine Bua okHa ee cBoOicTB BbIOepuTe BapuanT HWHTerpajg WM
HAKOMUTEJIb B BBINAIAIONIEM MEHIO U ONpEACTUTE 3HAUYCHHE B 3TOM II0JIE€ B CTPOKE HUXKE
yKe ycraHoBiieHHoro dx/dt = kak: (X-x"3-b) /eps (pwuc. 2.1). 3ameThTe, 4TO MEpeMEHHas,
ompeneneHHas kak MHTerpajn MM HAKONUTEAb, B T0JIE CTPYKTYphl MOJeTu Oyner
n300paXkaThCst (PUONIETOBBIM NMPSMOYTOIEHUKOM CO CKPYTJIEHHBIMU YTJIaMH.

B mone HawanmpHOTO 3HaueHus 3anmmute x(. Brtopas mnepemenHas b ompenensiercs
mudepeHnanbHbIM ypaBHeHUEM db/dt = x — x(. JIeficTBUS 1O ee BBEIEHHUIO B MOJEIb
aHAJIOTUYHBI TEM, KOTOpbIe ObLIM CAENaHbl paHee g nepeMeHHou x. IlycTh HauanbHOE
3HaueHue b pasHo 0. B noine HavanbHoe 3HaYeHHe OKHA CBOWCTB MEPEeMEHHON D BenmnunHy
0 MOXXHO He 3allMCBIBaTh: €CIM 3TO MOJE MyCTO, MO YMOJYAHUIO 3HAUYCHHE IMEPEeMEHHOMN

CUUTACTCA HYJICBBIM.

ERHeart.alp - AnyLogic [03HaKoMUTenbHaR nuensual = _1= x|
S wmafin  Opaska Brua  Beraska BHCOBAaHHE Monene  Cepskc  OkHo  Crnpaeka
e lly=N = N el N SECRNT BRSO Sca N el R N RS T e s [N RS . e
= N N - i Y R e s T e - e e )
MpoekT 2 X[ g Heart | 4 b x |[CeofcTea n x
E-{@ Moaens = Ofi o
e § heart ~10i x| | crucaee |
: E@ Heart j‘ ey [
B ScneprmenTel Lol ol
i..%8 simulation ~Thn
& cranap  [real =
© Matprua  CrRek: |
Cronfiuce: |
£ Maccus PasmeproeTi
HanpagneHHe: |Het Han) PaENEHAA LI
pamrene
N rveer— =

dix)sde =

(x-x*3-h) seps
Hemasmsos sHawerme:
=0

Puc. 2.1 Bregenue nepeMeHHON B aKTUBHBIN OOBEKT

JI71st mpoBepKH MPaBUIIBHOCTH CUHTaKcuca ((popMaIbHBIX MPAaBUIT) MOAEIH B 000 MOMEHT
IIPU €€ MOCTPOCHUH MOYXHO MCMOJb30BaTh KHONKY IlocTpouTs nanenu nuuctpymeHToB. Eciu
HIEJIKHYTh Ha 3TOW KHOIKE, TO BBIMNOJHUTCA KOMOWISLMS pa3padaThiBA€MOM MOJENIU B
IporpaMMHbIN Koa Ha A3bike Java. lllenkaure no xHonke IlocTrpours. B Hamem npumepe
oOHapyXuJIMch OmUOKH (puc. 2.2): NeHCTBUTEIHLHO, HAMU HE OIpPEACNICHbI mapaMeTpsl x0 u
eps.

Ha nanuune ommOku yka3pIBaeT MOSBHUBIIHICS CUMBOI [ X] CTpOKe cTaTyca OKHA peAaakTopa.
Ecnu mipu TpaHcnsiMy mpoeKTa B HEM HaMJIEHbI OLIMOKH, TO TOCTPOSHUE MPOrpaMMbl Ha
Java He 3aBepiaercs, U B MOSBHUBIIEMCS OKHE BbIBOA BHHU3Y 5KpaHa OyJeT NMpeAcTaBiieH
CIIUCOK OOHAPYXEHHBIX OMMOOK ¢ WHpopmarmern o HUX. JIBOWHOW MIETYOK MBIIIN TIO
CTpOKe, B KOTOPOM yka3zaHa uHpopmalus 00 omulOKe, OTKPHIBAET OKHO U MECTO B HEM, TJIe
KOMITUJISITOP OOHAPYKHUII 3Ty OLIHOKY.
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B2 Heart.alp - AnyLogic [03HaKoMUTERbHAR MU EH3MA] — &l x]

S mafin  Opaeka Bua  BrTaeka  PMcoBaHMe  Moaens  CepeMc  OkHo  Chpaska
o ESHA | smEXx AL |9 clGenFirendE |y HE DD [R e B s w8y
@ | RBHEGYE L A ] x| o XA AR O e ® e @

MpoekT 2 X[ g Heart | 4 b x |[CEoficTea o x

- Moaens Ofimre | OrkcaHre
é--@heart & Heart 1ol =i ‘ l
2§ Heart iy || [

Bl SKEnepHMEHTEI
Simulation

~Thn

& Ceanap  [real =

© Matprus  Crpoe: |

Cranfuce: |

£~ Maccue PastiepHocTH

Hanpsenenve: [Het nanpasnerina =
—¥paerenie

Ena: [Wirrerpan nan naronnTens = |
d(b)dt = = |
% - x0

HauaneHoe aHeHMe :

[6-Mpoexr | & Gubnuo.. |

BbiB0a 7 x
Crmcanme —— T S

= T symbol: variable <0 \Projects\Haart\heart|Haar

Fannat resalve symbol: variable eps \ProjectsiHeart\heartiHeart

& esalve symbol: variable <0

iProjectsiHeart{heartiHeart =
il _'l_I

™ BpemenHo McknurTE

¥ oToBpakate vna

™ CoxpaHaTe cTopkio

Puc. 2.2. Ommoka KOMIWIAIAN

JIns 3aBepIICHHs MOCTPOEHUS MOJEIH yKa3aHHBIE IMapaMeTpsl HYKHO 3a1ath. Ilycte x0 =
0.5, eps = 0.01. [TapameTpsl ATH SIBISIFOTCS MTapaMeTpaMu aKTUBHOTO o0bekTa Heart, moromy
OHH BBOJSITCS B OKHE CBOMCTB JaHHOro oObekTa. [ 3amanus x() caemaiiTe akTHBHBIM OKHO
penakTopa cTpyKTypbl o0bekTa Heart. [TosButcs okHo CBoiicTBa 3TOro 00BEKTA.

B naHHOM OKHE IUId 3aJaHMs [TapaMETPOB CIIEAYET LIECJIKHYTh MBIIIBIO Ha KHONKe HoBbIi
napaMeTrp pacrnoyioxeHHoil mnoj mosiem Ilapamerpsl, 100 ABaXIbl MICIKHYTH JIEBOM
KHOIIKOW MBI B JII0OOM Mmecte »Toro moisia. [losButcs nuanor Ilapamerpsl s
OIIpEJICNICHHUsT HOBOTO MapaMeTpa. Y HEero yxe MpeaornpeneicHo uMs param, tun real u
nycroe none ¢ uMmeHeM I[lo ymouyaHuio (ciemoBaTenbHO, MO YMOJYAHUIO 3TO Oyner
BEIIECTBEHHAs MEpEeMEHHasi U ee 3HaueHue OyJeT HyJeBbIM). 3aMEHUTE MMs MapaMmeTpa Ha
x0, B mose 3HaueHus ycranosure 0.5, a Tun ocraseTe real. OcraiabHbIE MO TAKXKE OCTABHTE
0e3 u3menenus. Ilpu Haxxatum kaonku OK storo oxkna B noje Ilapamerpbl OKHa CBOWMCTB
HaIllero akTUBHOTO o0bekTa Heart mosiBurcs crpouka Umsi: x0 Tum: real. [lepemennas eps
co 3nagenneMm 0.01 3amaetcs Tak ske. CHOBa BBITIOJIHUTE MPOBEPKY CUHTAKCHCA: HAKMUTE
kHonky IlocTpouts. B pesynbrare Ha 9kpaHe BbI OJIYUUTE CIEayoIee - puc. 2.3.
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Puc. 2.3. Ilepemennsie u mapamerpsl Mmojenu Heart
3aMeTbTe, 4TO BHU3Y NOJ 1osieM ¢ uMeHeM Ilapamerpsl a1 ynoO6cTBa MaHUITYJIMPOBaHUS B
3TOM TMOJ€ CO CHHCKAaMH MapaMeTpoB TMOMEIIEHBl IIEeCTh KHOMOK CO CIEAYIoLIeH
¢dbyHKIIMOHATBHOCTHIO, Pric.2.3:

e BBgeJieHME HOBOTO TTapaMeTpa

e PenakTtupoBaHue BBIIECICHHOTO MTapaMeTpa

e VYjaneHue BBICICHHOTO IapaMeTpa

- e,
e [lepemMelieHue BbIICIIEHHOTO TTapamMeTpa T X 4
e JlyOnupoBaHM€e BBIJIEJIEHHOIO MapaMeTpa

[TocTpoeHune Mojieny 3aKOHYEHO. Puc. 2.3. Knonku

yIpaBJICHUS MTapaMeTPaMHu
2.3. 3anyck mooenu

[
H_ICJ'IKHyB Ha KHOIIKC g 3aI1yCKa BBIIIOJHCHUA MOACIIM I10 miaraM, IIOCJIC KOMIIWJIAINU B

OKHE HaOJIIOJEHUS YBUAUM OTKPBITHIM TOJIBKO OKHO OOt mepeMEeHHBIX U MapaMeTpOB C UX
HaYaJIbHBIMH 3HaYCHUSMU (puc. 2.4).

[IpenonpenenenHoe uMs oot 1aHO € AMHCTBEHHOMY 3K3EMILISAPY €IUHCTBEHHOTO KOPHEBOTO
kiaacca Heart. IlepemeHHble B 3TOM JepeBe MomeueHbl TpeyronbHukamu (D u X), a
KOHCTaHTHI - Kpy>kkamu (eps u x0).

3 root —Iof x| 3anyck moxenn > IPUBEIET K TOMY, 4TO [IEpeMEHHbIE b 1 x B
= root OTOM OKHE HAaYHyT M3MEHATHCA B COOTBETCTBHHM C
fo [ b= 0.17530351 005541763
D x—0.pse04zmzerazys | OTIPGACTCHHBIME UL HHX  YABHEHHSMH. CI/ICTCMEI
@ eps=0.01 maddepeHnnanbHBIX W anreOpanyeckuX — YpaBHCHUH,
@ x0=0.5 omnpejienieHHble B TpoekTax Anylogic, Tpu BBINOJTHEHUU

MOJICIIM  PEIIAIOTCAd OJHHM H3 BCTPOCHHBIX UHCIICHHBIX
MeTonoB. CaM MeToJx M HeoOXOoauMasi TOYHOCTh PEIICHHS
BBIOMPAIOTCS CHUCTEMOW aBTOMATHYCCKH, €CIIH IT0JIh30BaTCIIb
el HE M3MCHHT IPEIBAPUTEIbHBIC YCTAHOBKH B OKHE CBOICTB
oobekra Simulation. Ilo ymona4aHHIO BBITOJHEHHE MOJICITH
3aKOHYHUTCS, KOTJla CYETYMK MOJIETbHOrO BpemMeHu noiaeT 10 100 (3To ycioBue OCTaHOBKHU
IKCIIEPUMEHTA TAKXKE MOXKET ObITh H3MEHEHO B OKHE CBOMCTB 00bekTa Simulation).

Puc. 2.4. Oxno root moxenu Heart

AnyLogic 0o3BOJISIET HATJISAHO MPEACTABUTD MTOBEIEHNE MOJICIN, B YaCTHOCTH, MTPEICTABUTh

l
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M3MEHEHHS BO BPEMEHH BCEX €€ MEPEMEHHBIX. BBeneM rpaduky M3MEHEHHs TIEPEMEHHBIX X
ub.
(6=

1. 3amyctute MOJ€nb HA BBINOJIHEHUE IO IIaram WA HAXMUTE KHOIIKY pecTapra
MOJEIH.
2. BriOepute B riiaBHOM MeHi0 komMaHnay Bua | HoBas nmarpamma wiM IIEJIKHUTE

KHOTIKY 9 ya manemn MHCTPYMEHTOB.

3. B mone oxHa mosiBuBIIErocsl rpaduka MepeTanuTe W3 OKHa FOOl mepeMeHHyHo X,
Ha)KaB HA 3TOW NEPEMEHHOM JIEBOW KHOIKON MBIIIIH.

4. Bropoii rpaduK MOCTPONTE TaK: B KOHTEKCTHOM MEHIO TIepeMeHHOo# b (B oxHe root)
BbIOEpHUTE BapuaHT JAuarpamma.

5. BBenute enie oauH rpaduk 1 BKIIOYUTE B HETO 00€ MepeMEHHbIE IO0YEPETHO.

6. 3amycTtuTe MOJENb HA BhIMOJHEHUE. B okHax OynyT pucoBaThCsl rpa@uKku 3HAYEHUUN

OT BpEMCHHU COOTBCTCTBYIOIIHUX IICPCMCHHLIX.

Y Heart.alp - AnyLogic [03HAKOMUTERBHAA NWLENSAA] S =] x|
: adin [paska Bung Beraska  Pucosamve  Moaens  Cepeqc  OkHo  Crpaska
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G oot B3] root ‘ B8 root.b | [ roct.x | pdj rost.x (root.b) |
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Puc. 2.5. I'padpuxu moaenu Heart

Hactpoiika mapameTpoB rpadukoB MPOU3BOAUTCS C TOMOIIBIO OKHA CBOMCTB, BHI3BIBAEMOTO
komannoi Ilapamerpsl amarpaMmbl M3 KOHTEKCTHOTO MEHIO JaHHOIO TIpaduka.
KontekctHoe MeHIO rpaduka, kak W Jro0oro oobekta Moaenu AnylLogic, BbI3bIBaETCS
MISTYKOM MPABOM KJIaBUIIIEH MBIIIH, TOMEIIEHHOW Ha 3TOM o0bekTe. [loskcnepuMenTupynTe
C YCTaHOBKOH IIBeTa Tpa)MKOB, BO3MOXXHOCTBIO YCTAaHOBKH OILUN OTOOpaXEHUS KaxI0Tr0
HaObopa JaHHBIX Ha cBoeM rpaduke, pa3zMepamMu OTOOpakaeMOTro OKHa JIaHHBIX, C
BO3MOXKHOCTBIO OTOOpakeHHst (Da3oBOM aMarpaMmbl, Korja mo o0euM ocsiM rpaduka
OTKJIaJbIBAIOTCS 3HAUEHUSI IEPEMEHHBIX, U T. TI.

3aMmeTbTe, YTO TIEpPEMEHHBbIE U TMapameTpbl Hame wmonenu B okHe Copaep:kumoe
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AUATPAMMbI KOHTEKCTHOTO MEHIO JIF0O0TO Tpaduka UMEIOT UMEHA BUAA: <uMs 00bekma™> u
yepe3 TOUKy <ums nepemenHou & amom odvekme>. Hampumep, ccbuika Ha MEPEMEHHYIO X
3leCh 3amhcaHa Kak root.x. DTO CTaHAApTHBIA TIpUeM OOBEKTHO-OPHUEHTHUPOBAHHOM
paspaborku. [lepemennbie x, b u mapamerpbl x0 W €pS ONpPECIICHbl KaK 3JIEMEHTbI
KOPHEBOTO OOBEKTa CO CTAaHJAPTHBIM UMeHeM oot (cM. puc. 2.4), MOTOMY OHU HMEIOT
3]1eCh COOTBETCTBYIOIINE CCHIIKH.

[IpoBenuTe CcepUI0 DKCIEPHUMEHTOB C MOJIEIbIO, Tepe3alyckas €€ C PpasIuIHbIMU
napaMeTpamu.

W3MeHATh mapamMeTp, Kak YK€ TOBOPHJIOCH, MOXHO B OKHE JTOr0 TlapaMerpa, Io-
SIBJISIFOIIIEMCSI B PE3YJIbTaTe ABOMHOTO KJIMKA HA HEM B OKHE OOl Win mpu BEIOOPE KOMaHIBI
M3MeHHTHh KOHTEKCTHOTO MEHIO JAaHHOTO Mapamerpa (puc. 2.5).

BepHutech B pemakTop, pa3pylldB CKOMITWIIMPOBAHHYIO MOJENb (KHOMKOW ). J[BaxIsI
HIEJKHYB Ha oObekTe Simulation okna kiaccoB mpoekta, B okHe CBOMCTBa BBl MOXETE
YBUICTh W M3MEHUTh HAYaJbHbIC YCTAHOBKM KOMIBIOTEPHOTO HMHUTAIIMOHHOTO
DKCIEPUMEHTA, KOTOPBIM MOKHO BBIIIOJIHUTH C IOCTPOEHHOM Mozenblo. Ha Bknaake O01mme
3TOT0 OKHA MOXHO BBIOpaTh OOIIME YCTAHOBKH - BapUaHT BBIMOJHCHUS MOJCIH B
BUPTYAIBHOM, JIMOO B pEalbHOM BpPEMEHHU (C 3a/JaHHBIM COOTHOIICHHEM MOJEIBHOTO W
(U3MUECKOTO BPEMEHH), a TaK)K€ M3MEHHTh MUMEHHO JIJISl ATOTO 3KCIICPUMEHTA MapaMeTphl
monenu. Ha Briaake JlomOTHUTENbHbIE MOXKHO YCTAaHOBHTH YCJIOBUE IPEKpAIlCHHS
BBIIIOJTHEHUSI MOJICIH, BBIOPATh YHMCICHHBIH METOJ PEUICHUS CHCTEMbI OOBIKHOBEHHBIX
muddepeHanbHBIX ypaBHEHUH u ero mnapamerpbl. [lo ymonuanuio wmeron Oyxaer
BBIOMPATHCSl aBTOMATUYECKU HA OCHOBE aHAJIN3a CHCTEMbI YPaBHCHUIA.

[Tonp30BaTEelb MOXKET CrE€HEPHPOBAaTh HECKOJIBKO OSKCIEPUMEHTOB Ppa3IM4YHBIX THUIIOB,

KOTOPBIE€ MOKHO BBITIOJIHUTB C OJTHOM U TOM ke Mojienbto. LIlenkHuTe Ha KHOMKE i MaHEJIHN
WHCTPYMEHTOB WM BbiOepuTe KomaHay HOBBIN 3KCHEPMMEHT B KOHTEKCTHOM MEHIO
o0bekTa Ixcnepumenmsi. B MOSABUBIIIEMCS OKHE MOXHO BBIOpaTh JIFOOOW M3 JTOCTYIMHBIX
TUTNOB >KcnepuMeHTOB: IIpocToil 3kcnepumMeHT, ONTUMU3ANMOHHBINA IKCIEPUMEHT U T.

II.
2.4. Anumayus mooenu

JIist mydiero NOHMMaHUsS TUHAMHUKA MOJICTTH W HAOJIOICHNS, pa3BUBAIOIINXCS BO BPEMEHHU
npoueccoB, B AnylLogic mnpemycMoTpeHa BO3MOXXHOCTh TMOCTPOCHHS AHUMHUPOBAHHOTO
U300PKEHUSI, COCTOAIIECTO W3 JUHAMUYECKUX TpaduyuecKkux IJIeMEeHTOB. [ 'paduueckue
JIEMEHTHI 37IeCh HA3bIBAIOTCSA JUHAMHYECKHUMH, I[IOCKOJIBKY BCE UX TapameTpbl -
KOOPJIMHATHI, pa3Mep, IBET U JaKe UX BUJIMMOCTD - B TIPOLIECCE BHITTOJIHEHHS MOJIETTH MOKHO
ceNnaTh 3aBUCUMBIMU OT TIEPEMEHHBIX M MapaMeTPOB, KOTOPHIE MEHSAIOTCSI CO BpEMEHEM TIPU
BBITIOJTHCHUH MOJICITH.

BepHurech B pemakTop, paspyliMB CKOMIWJIMPOBAHHYIO MOJEIb M, IIEIKHYB TIPaBOi
KHOIIKOW MBIIIM B OKHE KJIacCOB Ha WMeHH Heart B jgepeBe mpoekra, BeiOepuUTe B
MOSIBUBIIIEMCSI KOHTEKCTHOM MEHIO 3TOT0 OOBEKTa JICBOM KHOMKOW MBIHM KomaHay HoBasi
anumanms. [locie menuka no kHonke OK B mosiBUBIIEMCs Iuajore, B OKHE peaakTopa
MOSIBUTCSI OKHO aHUMAIlMH. 3aMEThTe, YTO ITOT OOBEKT MOSBHIICA ¢ UMEHEM animation B
JiepeBe MpOoeKTa KaK cocTaBHas yacTh kiacca Heart. Ecnu okHO aHMManuu OyAeT 3aKphITo,
OTKPBITH €r0 MOKHO JIBOWHBIM IIETYKOM MBIIIK TIO0 3TOMY HUMEHU B OKHE KJIACCOB WIIH
BBEIOOpOM KOMaH/Ibl OTKPBITH B €70 KOHTEKCTHOM MEHIO.
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OKHO aHUMAIMH TPEACTABIIICT COO0H IMIOCKOCTh ¢ cucTeMon koopauHat (X, Y) ¢ marom
HaHeceHHON ceTkn 10 mmkcenedl. Tak Ke, KaK €IUHUIY MOJEIBHOIO BPEMEHU MOXKHO
CUMTaTh JIIOOBIM HWHTEPBAJIOM pEaJbHOTO BPEMEHHU, pPa3MEp OJHOIO IMHUKCENIs B OKHE
aHUMAIlMM MOXXHO acCOIIMUPOBATH C JIHO0OM eauHuIeil jmHbl. Hayano xoopauHaT M ux
HaIpaBJeHUs OTMEYEHBl T'OJIyObIMU CTpPEIKAaMU B IIEHTPE MOJS; 3TU CTPEJIKU HE OyIyT
BUJIHBI IPY aHUMAIIUU. 3aMEThTE, UTO OCh Y HalpaBiieHa BHU3.

[IITpuxoBOM MPSMOYTOJIBHUK Ha MOJE IOKA3bIBAET pPAMKy — Ty YacTh IOJISI aHUMAIlUHU,
KoTOpas OyJeT BuAMMA Ipu padore monaenu. PazMmernieHue paMKu OTHOCUTENBHO Haudala
KOOpJIMHAT M €€ pa3Mepbl, MOKHO M3MEHATh. Bbigenure rpaHuily pamku (IITPUXOBYIO
JIMHUIO), IIEJIKHYB HAa HEW JIEBOM KHONKOW MBI, U B MOSBUBIIEMCS OKHE CBOMCTB paMKH
ycTaHoBUTe cienyromue 3HadeHus koopawHaT: X= -300 m Y= -200. D10 KOOpAMHATHI
JIEBOI'O BEPXHEr0 yrja paMKd OTHOCUTENBHO €€ Hauana koopauHat. lllupuny u BbICOTY
pamku ycraHoBute paBHbIMU 600 1 400 B COOTBETCTBYIOLIMX NOJIAX OKHA €€ CBOMCTB. JTOT0O
K€ TOJIOKEHUS M Pa3MEPOB MOXKHO JTOOUTHCS MAHUIMYJSIIUSIMU C PaAMKOW C MOMOIIBIO
MBIIIIH.

Byaem cTpouTh aHMUMAIMIO TMHAMUKU paOOThl CEPACUHON MBIIIIBI KaK U300paxKeHusi Kpyra
(oBasna), paguyc KOTOpOro OyJIeT MEHSAThCA. DTOT paauyc ABIseTCs PYHKIMEH OT 3HaYCHUS
nepeMeHHou x mojenu. Bo-mepBbiX, moctpouM n3o0pakeHue oBaia. Jjis 3Toro, MIEIKHYB
MBIIIbI0 HA TIAHEIM HHCTPYMEHTOB MO KHOMKe OBaJji, HApUCYyeM B JIIOOOM MECTE MOJs
aHUMaIMu Kakoi-HuOyabs oBai. CrnpaBa nosiBuTcs okHO CBoiicTBa 3Toro opana. CBoiicTBa
OBaJjia y’K€ yCTAaHOBJICHBI IO YMOJYAHUIO, U Mbl MOXKEM UX pelakTUpoBaTh. [0 yMomuaHuto
uMs 3Toro oowvekra Oymet oval, koopauHaThl X 1 Y COOTBETCTBYIOT MECTY, KyJa MBI IIOMEC-
TAJW OBaj B TMOJIe aHUMAIMU, a IIMPUHA W BBICOTA COOTBETCTBYIOT TOMY, UYTO MBI
HapHUCOBAJIH.

Ecau Mb1 3ammycTUM MOJIE/Ib Ha BBIMIOJHEHUE, Mbl YBUIUM, YTO B OKHE aHUMAIIUK 3TOT OBaJ
HaXOJUTCSl HEMOJBI)KHO MMEHHO B TOM MECTE, KOTOPOE€ OIpPEIEICHO €ro 3aJaHHbIMU
KOOpJMHATAMH, ¥ C YCTAaHOBJICHHBIMH HaMu pa3Mmepamu. Kak yxe ropopmiocsk, B AnyLogic
E— . TPHUHATa  CIENyIomas — KOHIEMIHS:  Kaknas
Ofume | Ozan | Ormcarme | XapaKTepUCTHKA rpagu4ecKkoro AJIEMEHTA,
MOMEIIEHHOI0O B OKHO aHWMallud, WMEET [Ba
3HAQUEHUS:  CTAaTUYECKOE U JUHAMHYECKOE.
Craruueckoe 3HAYCHUE OTpeneIIsieT
XapaKTEePUCTUKY (KOOPJMHATY, YroJi MOBOPOTA, LIBET
U T. 1.) 00ObEKTa B OKHE aHUMAIIMM B CTaTHUKE KakK
KOHCTaHTY B npoiiecce peaaKTUpPOBaHUSL.
Junamuueckoe — ompenensieT  3HaYEHUE  ITOU
A XapaKTEPUCTUKHU B MPOIIECCE BHITIOJHEHUS MOJEITH U
snmocrer | MOJKET OBITH ONPEACICHO KaK 3HAYeHHe JII000i
commiecreo: | MEPEMEHHON MOJIeNIM U Jaxe Kak Jro0as QyHKIHs
™ Coxpanns npenopun OT TepeMeHHBIX Mojaenu. I[loaTomy 0OBIYHO
[ oTospeTs XapaKTepUCTHKa rpaguueckoro oObeKTa UMEET JBa
MOJII B OKHE CBOWMCTB OOBEKTa: JIEBOE MOJE s
CTaTUYECKOTrO  3HA4Y€HHUs,  MpaBoe -  JUIs
JUHAaMHYeckoro 3HaueHus (puc. 2.6). Ecmum
JTUHAMUAYECKOE 3HAUYCHUE HE OMPEIENICHO, B JMHAMUKE XapaKTePUCTHUKA 3TOTO rpapuIecKoro
00BbEKTa COXpaHsSET CBOE CTAaTHYECKOE 3HaueHWe. Hampumep, BBIIETUTE MITPUXOBYIO
TpaHuIly MOJi aHUMAllUd U 3aMEThTE, YTO B OKHE €€ CBOMCTB IPaBbI€ MOJISI XapaKTEPUCTUK
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3a/1aTh HENb35. OTO W TOHATHO: pa3Mepbl M KOOPJAWHATHI MOJS aHUMAlMd HE MOTYT

W3MEHATHCS MIPU BHITTOJTHEHUN MO/IETH.

Puc. 2.6. OkHO CBOICTB OBaJjia B OKHE aHUMAIUH

Boienure oBai, KOTOPBIM OyneT NpeACcTaBIsITh IMHAMUKY Obtomierocs cepana. Cratuueckue

3HAUYEHMUSI €r0 XapaKTepUCTHK 3a/laiiTeé TaK: B OKHE CBOWCTB OBajla B JIEBBIX IIOJISIX

ycTaHoOBUTE KoopauHaThl 1eHTpa X U Y paBHbIMH 150 u -100 COOTBETCTBEHHO, IMIMPUHY H

BbICOTY 10 120, HBET 3aJMBKU OMNpENEIUTe OOpIOBBIM, LIBET JUHUU TPAHUIIBI - KPACHBIM;

HMIMPUHY JIMHUY TPaHUIbl YCTAHOBUTE 2.

JluHaMu4ecKkue 3HaYeHUsl XapaKTepUCTUK OBajla JOJDKHBI OTpaXKaTh ">KU3HB" ATOTO 00BEKTa
CEOACTER B Imponccce BBIITIOJTHCHH L MOJACIN.
Ofiuwe | Osan | ommcarme | N3menenne  oO0bema  cepama — Oyaem

II TAaBJISTh MCHJ NMCiA )51 M
Paapye 1: |E.|:| /rllil*{x+5} \ LI peacraBlisa CHSIIOIIL C paanyco
oBaJia. PaI[I/ch OoBaJjiIa 3a1acTCId B OKHEC €ro

Peac2: | 0 W =l | cpoiicte Ha Bkuagke OBan. Ompeennte
pajgnychl OBajJia KaK MEHSIONIMECS B 3a-

BHCHMOCTH OT IIEPEMEHHOM X TakK, KaK MoKa3aHo Ha puc. 2.7.
Puc. 2.7. JlunHamMruueckue CBOKWCTBA oBaja
3amycTtute Mojenb. [IpoBennuTe SKCIEPUMEHTHI ¢ YCTAHOBKOW Pa3IMYHBIX KOA()PUIIHMEHTOB
MEXy pEaJbHBIM M MOJICIBHBIM BpeMeHeM. KpoMe TOoro, MOXXHO U3MEHSTH IMapameTphl
moenu (x( u eps) u HaOJII1aTh, KaK U3MEHSETCS XapaKTep cepAncOneHus.
[lenpro pa3pabOTKU ATOW MOJCNN SIBJISCTCS WCCICAOBAHWE BIUSHHUS €€ TapaMeTpoB Ha
MOBEJICHNUE CHCTeMBl. BBegeM rpaduk HeEmocpeacTBeHHO B rmosie anuManuu. Il[enkHyB Ha

kHonike MHaukaTtop-amarpaMmma “ nanem MHCTPYMEHTOB, IMOMECTUTE IpaduK B IOJIE
aHUMAallMU W, U3MEHSS MBIIIBIO MOJOKEHUE M pa3sMEphl TaHHOTO IpaUyecKoro oObEKTa,
no0enTech, YTOOBI B OTKPBIBIIEMCS OKHE CBOMCTB 3TOTO HOBOTO 00BbEKTa Ha BKIIagke O0mme
yCTaHOBWJINCH ctatndeckue mapamerpsl X = 20, Y = 50, IMupuna = 260, Beicora = 100.
Takoro xe 3ddexra MOXKHO TOOWTHCS, €CIU JaHHbIE 3HAYEHHUS OyAYyT YCTaHOBJIEHBI
HEMOCPEICTBEHHO B COOTBETCTBYIOIIMX MOJSAX (CTATUYECKUX 3HAUEHUH MapaMeTpoB) OKHA
CBOMCTB 3TOr0 0OBEKTA.

UtoObl cBsizaTh Tpaduk ¢ TEPEeMEHHBIMM MOJENIHU, OTKpoWTe Bkianky WHamkaTop-
AUarpaMMa OKHa CBOMCTB 3TOro rpaduka U yCcTaHOBUTE B Tojie OToOpaxkaeT UM X, B TOJIE
Pa3mep oxkHna 3HaueHue 10, B nmonssx Munumym u Makcumym 3HaueHus -1.5 u 1.5, L[Bet
rpaduka (LIBeT MHAMKAIMU) U I[BET HAAMUCEH y KoopauHATHBIX juHuN (LlBeT mikaJibi)
BBIOEPUTE M0 JKEJIaHUI0. 3aITyCTUTE MOJIENb HA BBIIOJHEHHE.

BBeaute B mosje aHMMaluHd OPSIMOYTOJBHUK Tak, 4TOObI KOOPAMHATHI X M Y €ro BEpXHEro
neBoro yria osutn 0, -200, a mupuHa u BeicoTa ObuH Ob1 300 1 400. LIBeT 3anMMBKH 3TOTO
00bekTa BeIOepUTe uepHbId. [[1s Toro utoOwl 3Ta urypa Obiia GOHOM M HE 3aKpblBaJia
Ipyrue u300pakeHusi, B KOHTEKCTHOM MEHIO JIaHHOTO NPSIMOYTIOJIbHUKA BBIMOJHUTE
komannay Ilepenecru Ha3az.

Jpyryio NOJOBUHY MOJS aHUMAIUU 3ajieiTe KaKUM-IT100 (GOHOM (BBEAUTE MPSMOYTOJIbHUK
U 3aloJHUTE €ro HYXKHBIM I[BeTOM). B 3TOH yacTH moJyis Mbl MOMECTHUM Trpaduyeckue
AJIEMEHTBI YIPABJICHUS SKCIIEPUMEHTOM.

[IenkHUTE MBINIBIO HA KHOIIKE claijepa (0ezynka) naHelid THCTPYMEHTOB U IIOMECTUTE €ro
B ToJie aHuManuu ¢ koopauHatamu X = -270, Y = 80, ¢ mmpuHOM M BeIcoTOM 240 m 20,
cootBercTBeHHO. B mos1e Ilepemennasi Bkiagku beryHok BrIOepUTe B BHINAIAIONIEM MEHIO
13 BO3MOKHBIX IEPEMEHHBIX UMl €PS, 2 MUHUMAJIbHOE U MaKCUMaJIbHOE 3HAYEHUSI, KOTOPbIE

MOYHO perynupoBath cnaitaepom, yctanoure 0.01 u 0.5. 3amycture Mozens.
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JlBuras cnaiiziep, MOXXKHO HaOIIOAAaTh W3MEHEHHME XapaKTepa Iyjbca Ha rpaduke. B okne
root, coxepxxameM IEepeMEHHbIE U IIapaMETPhl MOJENIM, MOXXHO BHUAETb, KaK 3HaYCHUE
napameTpa €pS M3MeHseTcs INpU ABWXKEHUM cianjaepa. Konedno, ums mapamerpa U €ro
TEKyIllee 3Hau€HUuEe yIO0OHO OTOOpa3uTh pAIOM CO ciailnepoM. BepHyBumMch B penakrop,

HICJIKHUTE MBIIIBIO MPYU AKTUBHOM OKHE aHUMAIlUU KHOIKY 4 nanesn MHCTPYMEHTOB U
3aTeM WIEJIKHUTE Y JIEBOTO BEpXHEro yria ciaiiiepa. B mosiBuBmiemcs y ciaiiepa moje
HaOepute TekcT eps =. C 3TUM TEKCTOM CBsi3aHO OKHO cBoiicTB. Ha Bkiaake Teker 3toro
OokHa y mapameTrpa TekcT ecTh ABa Mojisi: BepxHee (sl BBEACHUSI CTATUYECKOTO TEKCTa) U
HIDKHEE (11 BBEICHUSI TMHAMUYECKOTO TEKCTa, MOSIBISIONIETOCS B MPOIIECCE BBIMOIHECHUS
Mozenu). B BepxHeM yke MOsSBUJIACh CTpOKa epS =, HaOpaHHas HaMH B IOJIE aHUMAITUH.
371ech, B OKHE, €€ MOXKHO HU3MEHUTh, JOMOJIHUTh U T. II. HO 3TO moje moka3pIBaeT JuIllb
CTATUYECKUN TEKCT, KOTOPBIA MPHU ITyCTOM HIKHEM TT0JIe OyIEeT CTAaTUYECKH OTOOPaKaThCs B
OKHE aHUMAIMU MpU MOporoHe Mojenu. OcTaBbTe€ AaHHBIM TEKCT 0€3 U3MEHEHHUs, MOoJie
JTUHAMUYECKUX 3HAYCHUH TAK)KE€ OCTABHTE MYCTHIM.

Jlnst ipeAcTaBiIeHUs 3HAYCHUS MapaMerpa €pPS MOMECTUTE PSAIOM C TEKCTOM epS = B MoJie
aHUMAIIMU €Ile OJNH TEKCT U3 HECKOJIbKUX CHMBOJIOB, Hampumep: 123. Bribepute ero mnpet
CHHUM. OJTO TaKXK€ CTaTHMYECKHI TEKCT, HO B JIMHAMHUKE OH MOXET O0ToOpaxaTh TO, YTO
3aMycaHo B T0JIE JAMHAMUYECKOTO 3HadeHusi 3Toro oObekTa. [lomectute Tynma wums
napameTpa eps (puc. 2.8). B nporiecce BBIMOTHEHUST MOJIETH HAa MecTe TekcTta 123 Temnephb
OyZeT oToOpaXkaThCs YUCICHHOE 3HAUCHHE ITapaMeTpa eps.

3anycTuTe MoJelb W YOenuTech, YTO 3HAYEHUE Napamerpa €pPS Mnpu H3MEHEHHH €ro
claliepoM MOXKHO BHUJIETh HEMOCPEACTBEHHO y crnaiaepa. [loctpoiite mogoOHbIN craiaep
Take aisa napamerpa x0. Ilpenensl U3MEHEHUsT PETyJIMPOBaHUS YCTAHOBUTE Kak ISl €ps,
T.€., 0T 0.01 10 0.5

CEOHCTES

CEwke | TekcT | CINHCaHHeE |

TercT: 123

EZ =]
LEeT: I | ] I'I I LI
LUpkichT: | AaBbCo BblﬁpaTbI

Puc. 2.8. 3aganne TekcTa B MoJjie aHUMAIUU
B BepxHIOI0 JIEBYIO YaCTh NOJISI aHUMALIMM BBEAUTE MOSICHAKOLIMK TEKCT. B pemaktope nmpu

WHCTPYMEHTOB M TIOCJIE 3TOTO IICIKHUTE B ITI0JIC aHWMAIMd B BEPXHEM JICBOM YIIIy.
VYcTaHOBUTE B MOSBUBILIEMCSI OKHE CBOMCTB TeKcTa koopauHathl (X, Y) saToro oobekra (-280,
-170) na Bkiagke OO0mmue. B mone Tekcer Bkiaaku TekeT AaHHOrO OKHA 3a7aauM
CTaTUYECKUU TeKCT Mooenv cepoya, KOTOPBIA OyJeT oToOpaxaThCs B 3TOM MECTE IO
anumaruu. HaxxaB kHomky BbIOpaTh OKHa CBOWCTB 3TOTO OOBEKTa, MOXKHO BBIOPAThH
napameTpsl (cTuib, pasmep) Tekcra. Beidoepure mpudtr Century Gothic, ctuns Bold,
pasmep 22. Crnenyroomuil TEKCT, COJEpX AU TMOSICHEHUE K MOJENH, BBEIUTE B IOJE
cratrueckoro tekcra ¢ koopauHatamu (-290, -120): Dmo npocmas modenv Ounamuxu
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cepoeunvlx cokpawenuti. Modenv onucvieaemcs 08ymst Oup@epenyuanrbHbiMu yPaeHeHUsIMU:
dx/dt = (X-x"3-b)/eps u db/dt = x-x0. Bvr mooiceme mensmov napamempuvl u HaOIOOAMb
usmenenue pumma u popmul nyavcayuil. Ipu snavenuu x0 = 0.6 cepoye ocmanasiueaemcs.
Bce npyrue nmapaMeTpsl TEKCTa OCTaBbTE YCTAHOBICHHBIMH 110 YMOTYaHHIO. J[J1st TOrO 4TOOBI
TEKCT YMECTHJICS B OKHE aHUMAIIMH I10 INHPUHE, B HYKHBIX MECTax CJIEAyeT MMOCTABUTH
HIEPEBO/] CTPOKH.

2.5 Camocmoamenvnasn paboma no eapuanmam

1. TlomecTtuTe psiIOM € U300pAKEHUEM CEpALA TEKCT C JTMHAMHUYECKUM 3HaYE€HUEM
MEPEMEHHON X.

2. IlomectuTe B 1oJsie aHUMAIIMK TEKYIEE 3HAYEHUE BPEMEHHU.

3. M3mMeHuTe aHUMALIMIO cep/Ilia TaK, YTOOBI OBaJl CKMMAJICS IO OCH Y UM pacUIupsUICS 10
ocu X U HA0OOPOT.

4. VI3MeHUTe aHMMAIIMIO Cep/lla TaK, YTOObI OBAJl, UMUTUPYIOIIUNA CepALle Bpallajcs
BOKPYI' BEPTUKAJIBHOU OCH.

5. M3meHunTe aHuManuio cepua Tak, 4To0bl 0Bajl, UMUTHPYIOLIUI CEp/Lle Bpalaics
BOKDPYT TOPHU30HTAJIBHOU OCH.

6. V3mMeHnTe aHMMAIIMIO TaK, YTO MPH C)KUMAHUU CEpIle MEHSJIO I[BET, HAPUMED, Ha
CUHUH, a IIPU PACIIUPEHUN CTAHOBUIIOCH OISITH KPACHBIM.

lMpakmukym 3. Cucmembl Maccog020 obcnyxueaHusi: Yacmb 1: ucnonb3oeaHue
6ubnuomeku cmaHdapmHbIx 06bLeKMos

3.1. Ilocmanoeka 3a0auu

PaccmotpumMm cuctemy maccoBoro o0ciyxuBanus (CMO), MoAenupyIolyto OlepalOHHbINA
3an OaHKa, OHa SBIAETCA TUIMYHOM JUIsI IIMPOKOrO Kpyra CHCTEM, MOJEIUPYIOIIUX
cepBucHoe oOcuyxuBanue. [pyrumu npumepamu CMO sBisitOTCA NApUKMaxepcKue,
Teae(OHHbIE CTAaHUUHU, Mara3uHbl, OEH30KOJOHKM W T.M. B MoIensx TakuxX CHUCTEM
TUMUYHBIMA OOBEKTaAMU SBJISIOTCS 3asiBKM U OOCIYKUBAIOIIUE UX TMPUOOPHL. 3aseéKu
MOJICJIMPYIOT KJIMEHTOB, 3aKa3bl HA BHIMIOJIHEHUE padoT, Teae(OHHbIE BbI30BBI, IOKyNATENEH,
aBTOMAalIMHbBl U T. 1. Ilpudopwr obcayrycusanus MOIETUPYIOT KACCHPOB, MPOAABLOB B
MarasuHe, Tu(Thl, JIMHUU NepeJadyu JaHHbIX U T. . CaM npouecc odcayycueanus — ¢ TOYKU
3peHUus MOJENIN — 3TO MPOCTO BpeMeHHas 3aaepxkka. Kaxnas CMO cocTouTt u3 Kakoro-to
yuciia npuOopoB 0OCITY)KMBaHHs U UMEET Ha BXO/I€ MOTOKU 3asiBOK, MOCTYMAIOIINUX OOBIYHO B
ciy4yailHple MOMEHTHl BpeMeHu. OOciyxuBaHHME 3asiBKU KaxabiM mpudbopom CMO
MPOUCXOUT OOBIYHO TAKXKE B T€UEHUE CirydaitHOro BpeMeHu. Pazmumunbie CMO oTiandaroTcst
XapaKTepUCTHUKAaMHU CIy4YailHbIX BXOJHBIX IIOTOKOB 3asBOK, YHCJIOM OOCIY>KMBAIOIINX
npuOOpOB U AUCUUIUIMHON 0Ocayx’uBaHusA. CHCTEMbl MacCOBOTO OOCITYKUBAHUS SIBISIIOTCS
TUTIAYHBIMH CHCTEMaMH COOBITHIHO-TUCKpeTHOTO THNA. Codbimuem B CMO sBnsiercs
NOSIBJICHUE B CUCTEME OUEPETHOM 3asiBKH, IOCTAHOBKA 3asiBKU B O4Yepe/lb Ha 0OCTy>KUBaHUE,
HayaJio ¥ OKOHYaHHE 00CITyKMUBaHUS U T.1I.

M3-3a OAHOTUIIHOCTH, TMOXOXKECTH 3a7ad, pPEIIAEMbIX MOJEISAMH CUCTEM MacCOBOTO
oOcnmyxuBaHusl, YIOOHO OTHEIbHBIE OJIOKH (TeHepaTopbl 3asiBOK, OOCIYyXHBaroUUe
npuoOOpsl, OYEpPEeU U T. I.) pean30BaTh Kak HaOOp (OMOIMOTEKY) OOBEKTOB, U3 KOTOPBIX
MOXXET COOMpaTbCi CTPYKTypa KOHKPETHOM MOJEIM U MapaMeTphl KOTOPBIX MOXHO
HACTpauBaTh B 3aBUCUMOCTH OT XapaKTEPUCTUK MOJIETUPYEMOM CUCTEMBI.
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HNmenno mns »tmx nenedr B AnylLogic cozmana OubGmmorexa Enterprise Library. Ona
IPEIOCTABISICT BBICOKOYPOBHEBBIA UHTEpdENc s ObICTPOro CO3JaHUsl JIUCKPETHO-
COOBITUIHBIX MOJIENICi ¢ MOMOIIbI0 OsoK-cxeM. [locTpoMM C TMOMOIIBIO 3JIEMEHTOB
OMOIMOTEKH MOJICNTh CUCTEMBI, TIPEIOCTABIISAIONICH CEPBUCHI — OTNIEPAIIMOHHBIN 3aJ1 OaHKa.

3.2. IlTocmpoenue mooenu

PaccMoTpuM mpocTyio cHCTeMy, MpPENOCTABIAIONIYI0 CEpBUCHOE OOCTy)KMBaHUE -
OIlEepaIMOHHBIN 3a)1 OaHKa. B OaHke ecTh J1Ba MEHEIKepa, OTBEYAIOIINE 3a 1B PA3IUYHBIX
TUIIA Ollepalyil: Bbllayy UHBECTULIMHN U paboTy co cueToM. K MeHepkepaM B ouepeiu CTOST
nocerutenu. Ilocae oOcaykuBaHUS MEHEIKEPOM KaKIbli KIMEHT UAET B Kaccy, Moiydas
0o cnaBas neHbru. Ouepenp B Kaccy o0mast.

KnuenTs! npuxoaaT B 0aHK OOBIYHO B ClydyallHbIe MOMEHTBI BPEMEHH. Y Ka)JI0Tr0 KIMEHTa
CBOM BOIIPOCHI IO CBOEMY CUETy WM 10 Oyaylmemy KpeauTy, IO03TOMYy BpeMs
oOciykuBaHUsl ToXe ciaydyaiiHo. Oruiata B Kacce 3aHUMAET CIydallHOE BpeMsl, MOCKOJIbKY
OJIUH TIOCETUTENb MOKET NPUrOTOBUTh TOYHYIO CyMMY, a APYrOMYy HYKHO JaTh claady.
OnepallMOHHBIA 3al1 0aHKa SBJSETCS TUIMYHOM CHCTEMOM MAaccOBOTO OOCITYXKHUBAHHUS
(CMO). Takyro cucTeMy MOXHO TMpEJICTaBUTh MOJEIBI0O C HEOOJIBIIMM YHUCIOM THUIIOB
a0CTPaKTHBIX OOBEKTOB: KIIMEHTHI IPEJICTABIISIOTCS 3asBKaMU Ha 00CITy>)KMBaHUE, @ OOBEKTHI,
BBINIOJIHAIOIIME O0O0CIy)KMBaHUE (MEHEIKEpbl, KacCUpbl), MPEACTABISAIOTCA MpUOOpamu,
oOpabOatbiBatoniuMu  3asBKM. OOBEKTHl THHA '"ouepedp" HUMUTHUPYIOT OXuAaHue 0e3
00pabOTKH.

CrpykTypa HMMHTALlMOHHOM MOJENH, KOTOpass JacT OTBET Ha ITOCTaBJIEHHBIE BOIPOCHI,
JOJDKHA OTpa)kaThb CTPYKTYpPY pe€albHOM CHUCTEMBI MAacCOBOTO OOCIYKUBAHMS: 3asiBKH
(knueHThl OaHKa) TEeHEpUpPYIOTCA (BXOAAT B CHUCTEMY), CTAHOBATCA B O4YepeaId K
o0CIyKMBAIOUIUM TpUOOpaM, a IOCJI€ IOJHOrOo OOCITYXUBAaHUS TMOKUAAIOT CUCTEMY.
XapaxTtepHoil oco0eHHOCcThI0 CMO sBNIsieTCsl cTOXacTUYECKask MPUPOa OMUCHIBAIOIINX 3TH
cUCTeMbl XapakTepucTuk. CTpyKTypa MOJEIM OIEPalMOHHOIO 3aja OaHKa B JAHHBIX
TEpMHHAX UMeeT BuJ puc. 3.1.

I'eneparop .| Ouepens 1 .| Ob6cmyx.
3aBOK 1 g "| mpuGop 1
Brerxon
Ouepenb 3 .| Ob6cmyx. S| 3asBoK M3
mpubop 3 CHCTEMBI
I'eneparop .| Ouepens 2 .| Ob6cmyx.
3as1BOK 2 g "| mpu6op 2

Puc. 3.1. Ctpykrypa MOzenu omnepaoHHOTo 3a1a OaHka

Ha puc. 4.1 renepatopbl 3asiBOK UMUTHPYIOT COOBITUS MPUXOAA HOBBIX KIMEHTOB, KOTOPBIC
JUTSE MOJIETA BCE OJIMHAKOBHI 32 UCKITIOYEHUEM TOTO, YTO KaXKIIbIF U3 KIMEHTOB OyJIeT UMETh
CBOIO COOCTBEHHYIO HCTOPHIO OOCIY)KMBaHMS U OXHIaHUs B odepedsx. I[lostomy
UMUTHPYIOIINE KIMEHTOB 3asBKM MOTYT XPaHUTh TaKyl) HMCTOPHUIO - MOMEHTHI BPEMEHU
BXOJla B CUCTEMY, Hauajla U KOHIa O0OCiIyXuBaHus U T. 1. Ouepear UMUTHUPYIOT peasibHbIC
ouepenu roaei. OOcIyXuBaromue MpuOOPbl UMUTHUPYIOT PabOTy MEHEKEPOB B Kaccupa.
SIcHO, YTO 7S OIIEHKHU KauecTBa 0OCIY>KMBaHUS B ONEPAllMOHHOM 3aJjie 0aHKa HE BaKHBI HU
pacrnosoxeHne 0OCITyKMBAaEMOIo NepcoHasla, HU Jlaxe BUA paboOThl, KOTOPYIO BBIMOJIHSET
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KOHKpETHBIN ciyxamuid. C TOYKK 3peHus MMOCTaBICHHOH 3a7aun (aHanmm3a 3P GeKTUBHOCTH)
BOXHO TOJBKO BpeMs OOCITYXUBaHWsS, W WMEHHO OTUM OTJIMYAIOTCS Pa3IMYHBIC
oOcnyxuBatouue npuOopsl B 310l Moaenu. [lockonbky Bpemsi 00CITy>KMBaHUSI CIy4yalHO,
npuOOpPHI MPOCTO 33JACPKUBAIOT 3a4BKM HA HEKOTOPBINA CIydyalHbIN Mepuoji BpeMeHu. biok
"Bpixon 3agBOK M3 CHUCTEMbI" TOJIYy4aeT 3asgBKU M MOXKET IMOACUUTATh HHTErpajibHbIC
BPEMEHHBIE XapaKTePUCTUKH, OITUCHIBAIOLINE UCTOPUIO 00CITY)KMBaHHUS 3a5IBOK B CHUCTEME.

SOLIFCE quELE delay
FARR o d SZCAP
| = O—Cssssssir—0] @
» ¥ [
REM AN 2 LAST WAL quEUIES delayz sink:
LTTL
0o aIfCAP NBRR
sesnan) — ] (0=
X !
sourcel quexueg, delayl AV 52 L.iLI;I_Is“Lr WAL IHTERARE
KERR -0 :
| > O—COsssessi—0] @
» ¥ r
MEM AT, LAAT WAL
LITIL

Puc. 3.2. Ctpykrypa Mojaenu 0anka B cpeae AnylL.ogic
[TocTpoiiTe Monens onepanoHHOrO 3ajia Oanka. Co3jgaiiTe HOBBIA MPOEKT, HA30BUTE €rO,
Hanpumep Ochered, (oOpaTuTe BHUMaHUE HA TO, YTO B HA3BaHWU MPOCKTA, KAK U B MMEHAX
00BEKTOB, MOXHO HCIOJB30BaTh TOJBKO JATHUHUIYY U IUdpel). OTKpoiTe OHOIUOTEKY
Enterprise Library u B OKHO CTpYKTYpbl KOPHEBOT'O aKTHUBHOTO 00bekTa MeTogoM drag-and-
drop BHecuTe u3 OMOIMOTEKU Cieayrolre IeMeHTsl — puc. 3.2. bioku serverA, serverB u
serverC - 3to sx3emIusipbl 61oka Delay onbnmorexku. CoequHuTe OJ0KH HY)KHBIM 00pa3oM H
3alyCcTUTE MoOjJeNib Ha BbinmojgHeHHe. (CoenuHstoTcss OOk OUOTMOTEKH TakK JKe, Kak
UHTEp(EHCHbIE IEPEMEHHBIE WIH TTOPTHI. )
Hactpoiika mapamMeTpoB BKJIIOYEHHBIX B MOJIEIb OJIOKOB U3 OUOTMOTEKH TOXKE HE 3aliMeT
MHOTO BpeMeHH. I[lyCThb B COOTBETCTBHUH C

| CBoAcTBA 2. u3MepeHusMH (WM TPEANOJIOKEHUSIMU) TMOTOK
CIALLHE | KonMHecTED | ONMCAHKE KIIMCHTOB K TIICPBOMY MCHCIDKCPY  ABJIACTCA
CIIy4ailHbIM, WHTEPBAJIbI BPEMEHU  MEXKIY
i | source KJIINEHTaMU B HEM pacrnpeeneHbl
THR: Icu:um.xj.an';.flcugic.lil:u.enterprise_lil:urar';.f.Su:uuru:e OKCIIOHCHIIHAJIbHO CO CpCAHHUM 16.5 MHH., IIOTOK
NapaweTpsr KO BTOPOMY MEHEKEPY — TOXE
Him EY | OKCIOHCHIIMANBHBI CO  CPENHUM HMHTEPBAIOM
onE it BPEMEHU MEXAY NMPUXOAaMU KIMEHTOB 12.5 MUH.
newE ntity Brinenure 010k SOUNCe, ¥ B OKHE CBOMCTB DTOTO
generationType distribution o0BeKTa B CTpOYKe mapamerpa interarrivalTime
frsturivalT ime D _ sanumure  exponential(1/16.5). 3amerum, 49rTO
interarrivalT ime exponential[ 1/16.5 ] .
e : napamerpoM (yHKnuu exponential (koropas mpwu
Y s oOpallleHu K HEH TeHEepUpyeT peaau3aiuio
cariw a0 Ut e CIydyalHOM BEJIWYUHBI C  DKCIIOHCHIMAIbHBIM

3aKOHOM pacrnpeeneHust) SIBIIACTCS
WHTEHCUBHOCTh TOTOKa COOBITHI, oOpaTHasi CpeJHEMY BPEMEHU MEXIYy COOBITUIMH.
OcTtanbpHbIC TAPAMETPHI TOTO 00BEKTa HE U3MeHsiTe. Ha puc. 7.3 BUAHO, 4TO M3MEHEHHBIC
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3HAQYEHUS [apaMeTPOB B COOTBETCTBYIOIIMX IOJSX CBOWCTB OJIOKOB  BBIACISFOTCS
MOJTY>KUPHBIM HIPU(TOM.

AHaJIOrMuyHO M3MEHHUTE 3HaUeHHUE mapameTpa interarrivalTime y apyroro reHeparopa moroka
3asBOK sourcel.

[Tycts Bpemsi 00pabOTKM 3asBOK OOOMMH MEHEKEpaMU M KacCHPOM TOXKE CIIy4alHO, W
e NyCTh OHO PACHPEICICHO 3KCIIOHCHIUAIBHO  CO
cpenuumu  3HadeHusimu 15, 10 u  6.5. Benure

OBLHE | KonH4ecTED | CNHCaHHE |

COOTBETCTBYIOIIME 3HaducHHs mapamerpa delayTime y
Mg | delay sk3emiuisipos delay, delayl u delay2 (puc. 4.4).
THm: Iu:u:um.xj.anylu:ugiu:.IiI:u.enterprise_lil:urar';.f.DeI- 3aHyCTHTe MOJCIIb Hau BHHOHHeHI{e' HCJ'IBIO
n MOICINPOBAHUA HOI[OGHOI/I CCPBHUCHOU CHUCTCMbI
apamMeTpel:

ABJIAACTCA, KOHCYHO, HC IIpOCTO nMuTanuda
Mraa 2HEYEHHE
anEnter (GYHKIIMOHUPOBAHUS €r0 CIHY)KallluX ¥ TOBEACHUS
anE st KIIMCHTOB, a OIPCACICHHUC TCX IIApaMCTPOB, KOTOPBIC
delayTime exponential] 1/15] XapaKTCPU3YHOT Ka4CCTBO CCPBHUCA MW 3aTpaTbl Ha
ranacit ! oOecrieueHWe STOTO CepBUCAa TMPU  OMNPEICICHHBIX

XApaKTCPUCTHUKAX BXOIHOI'O IIOTOKA KIHMCHTOB M CTPYKTYPbI CHCTCMBI. B HYaCTHOCTH,
CpGI[HCﬁ JJINHBI oqepezleﬁ, 3aHATOCTD O6CJIY)KI/IBaIOHI€FO IIepCoHaIa U T.II.

OxHo root monenu Oanka mocie oOpaboTku MpuUMEpHO 33 ThIC. 3asIBOK MPEJICTABICHO Ha
puc. 3.3. Ha Hem BuaHO, uto 14 397 3asBKkM mpouuty yepes nepBoro MeHemxkepa (delay), 19
104 3asBKM - yepe3 BToporo meHemkepa (delayl) m 33 500 3asBok 00pabOTaHO KaCCHPOM.
Jlanee Ha STOM JK€ PHUCYHKE BHJIHO, YTO B JaHHBIA MOMEHT BpPEMCHH 10 TEHEpaIuu
O4YepeIHOM 3asBKU 00BEKTY SOUrCce octanoch 12.64 muH., a sourcel - 6.84 muH., B ouepeau K
MIEPBOMY MEHEIDKEPY CTOUT 16 3asBOK, KO BTOPOMY - 3 3asBKH, a K Kaccupy - () 3asBOK.

Bce ot 3HaueHus morydeHbl 0e3 KaKuxX-I1u00 YCHUIIHI O CTOPOHBI pa3paboTurKa MOIEIH.
OHU npeacTaBIISIIOTCS MPU paboTe OMOIUOTEUHBIX OJIOKOB aBTOMaTU4YECKH. bioku
oubnuotexu Enterprise Library umerot u apyrue BcTpoeHHBIE CpeicTBa coopa
CTATUCTUYECKON MH(POPMAIIUH, OJTHAKO 110 YMOTYAHUIO COOP YaCTH CTATUCTUKH OTKIIIOUEH
JUTSI TIOBBILIIEHUST TPOU3BOIUTEILHOCTH.

& root =10/ x|

soUrce CUeLE delay

14414 1/1
D [ {1 w[ ] Q
14414 16/100 14394

12.64 7.630 e queLe? delay2 sinl:
- 1/1 33500
[—(]=
0,100 13501 33500
12.326 11.382 7.075
sourcel queuel delay 1 0.922

19108 0f1
o>o—0—sso—0 ()
19108 3/100 19105 19104

5,54 3,075 3,174

0,805

Puc. 3.3. OxHo root Mmojieiii 0aHKa
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B okne cBoiicTB O10Kk0B queue, queuel u queue2, a taxxke delay, delayl u delay? B mone
3HaueHu# napamerpa StatsEnabled Bmecro false BcraBbTe U3 BhINagaromero MEHO 3Ha4CHUE
true. 3amycTHuTe CHCTEMY Ha BBIIOJIHEHHE OIS Th.

Ha puc. 3.3 npencraBieHo okHO Fo0t Mojenu 6aHKa, B KOTOPOM SISl SK3EMIUISIPOB aKTHBHBIX
o0wbexToB Queue u Delay BkiroueH cOop cTaTHCTUKH. B cucTeme coOnpaeTcsi CTaTUCTHKA T10
JuHaM ouepeneil s Queue W craTUCTHKA MO KOd(D(HIMEHTY HWCIOJIB30BaHUS (OIS
BPEMEHU 3aHATOCTH) A1 O0JokoB Delay, npeacrapisionumx B HalleH MoieIn MeHeKepoB. B
cucteme oopaborano Gomnee 33 ThicSY 3asiBOK. BUIHO, YTO cpemHssl JMHA ouepenu queue
paBHa 7.636, ouepenau queuel pasua 3.075, a ouepenu queue2 paua 12.326. Koaddurment
VCIYJIb30BaHUS JBYX MEHEIKEPOB U Kaccupa cooTBeTcTBEHHO 0.906, 0.805 1 0.922.

Ha ocHoBe 3TOro anajimza MOXHO C YBEPEHHOCTBIO CKa3aTh, YTO MPU YKa3aHHBIX paHee
BXOJIHBIX TIOTOKAaX KJIMEHTOB M MPOU3BOJUTEIHLHOCTH OOCTY>KMBaHHS 3a(UKCHUPOBAHHAS B
MOJIeNIM CTPYKTYypa OMEPaIMOHHOTO 3ajila OaHKa HeyJoBieTBOopUTenbHA. [lepBbiii MeHemKEp
(kotoporo moaenupyet 0ok delay) u xkaccup (6mok delay2) meperpyskeHsl, cpeaHss IIuHa
ouepezeil kK HUM 8-12 yenosek. KimeHTsl OaHka OyAyT HE yJIOBJIETBOPEHBI.

4.3. Camocmoamenwvnasa padoma no 6apuanmam

1. Tlepepacnpenenure KIMEHTOB MEXAYy JABYMS MEHE[KepaMu Oojee ONTHMAIbHO.
NHTEHCHBHOCTH BXOJHBIX MOTOKOB OCTaBbTE MPEKHUMH, a [JII HUX pa3JeieHUs
ucnonb3yite o0bekT SelectOutput, T.e. oT 00OMX HCTOYHHUKOB 3asBKU JOJDKHBI
MOMacTh Ha BXOJ[ 3TOTO OOBEKTa, a C €r0 BBIXOJOB 3asBKU JIOJDKHBI MOCTYNHUTH B
ouepe K MEHeIKepaM. YCIOBUE pa3/ielIeHUs: KIMEHT JOJKEH HITH K TOMY
MEHE/KepY, Oouyepenb K KOTOpoMy MeHbIne. Pa3smep ouepenn MOXKHO Y3HaTh U3
nepeMeHHbIX queue.size( ) u queuel.size( ). O mpaBmiIax HUCHOJIL30BaHUSA OOBEKTA
selectOutput npoutute B nokymenTaruu k EnterpriseLibrary.

2. To ke, 4TO B BapWaHTE 2, HO MPOMHIINTE YCIOBHUE Pa3/IeiCHUS TOTOKOB KJIMCHTOB B
oobekTe selectOutput , Takum oOpa3om, YTOOBI OYepeIb KO BTOPOMY MEHEIKepy ObLia
B 2 pa3a MEHbIIE, YEM K IIEPBOMY.

3. HobGaBbTe B MOENIb BTOPOrO Kaccupa CO CpEeIHUM BpeMeHeM oOpaboTku 3asiBok 10
MUHYT, MUHUMAJIbHBIM 7 MUHYT, @ MAaKCUMaJIbHBIM 20 MUHYT (/7151 5TOTO UCTIOJIb3YHUTE
TpeyronsHoe pactpenenenue triangular (7., 10., 20.)) u gopaboraiite Moenb, BBEIS
oobekt selectOutput, I ONTUMAIBLHOTO pacHpeieicHUs KIMCHTOB MEXIY
KaccupaMu. Y CJIOBHE pa3/eNieHUs: KIHEHT JOJDKEH UATH K TOMY KacCHpy, o4epelb K
KOTOpPOMY MeHbIlie. Pa3Mep odyepean MOXKHO Y3HATh U3 MEepeMeHHBIX queue.size( ) u
queuelsize( ). O mpaBuiax ucHoib3oBaHus oObekra SelectOutput mpourute B
nokyMeHTaruu k EnterpriseLibrary.

4. To e, 4TO B BapuaHTE 3, HO MPOIUIIUTE YCIOBHUE pa3C/ICHUs ITOTOKOB KJIMEHTOB B
oobekre selectOutput , Takum 0Opa3oM, 4TOOBI OUEpeIb KO BTOPOMY Kaccupy Obuia B 3
paza MEHbIIIE, YeM K IIEPBOMY.
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Pa6ota 4. OnTuMmn3auusa: moaenb cepBuca MOOUIILHOU CBA3U

4.1. MocmaHo8Ka 3adayu

B »T0i1 pabore Mbl OyaeM pemaTh CIEAYIOUYI0 MPOoOJeMy: MOCTaBIIMK CEpBUCA IS
MOOWJIPHOW CBSI3M BBIOMpaeT 00OpYyJOBaHHE AaBTOMATHYECKOW TelehOHHON CTaHIMH U
3aJIaeTCsl BOMPOCOM, CKOJIbKO MOTpeOyeTcs TenedOHHBIX KaHAJIOB IS MOJyYeHHUS MaKCH-
MabHON TpUOBUTH? ECIM MOCTaBIIMK cepBHCAa UMEET TeNeOHHYIO CTaHIUI0 C MajbIM
YHCIIOM KaHAJIOB, TO y HEro OyaeT OOJbIIOE YHCIIO HEYIOBICTBOPCHHBIX aOOHEHTOB.
Hanpotus, ecnu TenedoHHas cTaHIHS 000pyI0BaHA CIUIIKOM OOJBIIUM YHCIIOM KaHAJIOB,
TO CTOMMOCTh €€ OOCIY)KMBaHUSI MOXKET MEPEKPHITh BCIO MpUOBUIL. OYeBUIHO, €CTh
HEKOTOPOE ONTUMAIBHOE KOJMYECTBO Tele(OHHBIX KAaHAJIOB, 3aBHUCAIIEE OT MHOXKECTBA
pa3IUYHBIX (HaKTOPOB.

Chopmynupyem Hamry mpoOjeMy B ciaydae MOCTaBIIMKa cepBuca Oonee TouyHO. IlycTh
npaBuia Tapu(HOTrO IUIAHA TaKOBBI, UYTO KaXJbld OOCITY>KEHHbINH Tele(OHHBIH BBHI30B
MPUHOCUT HEKOTOPBIM MOXOJ, a 3a KaXIblil OTKJIOHEHHBIM BBI30B IOCTABIIUMK CEpPBHUCA
noibkeH 3armatuth mrpad. [lokynka o6opynoBanus ATC u comepxaHue KakI0ro KaHaja
00X0/IATCSI B HEKOTOPYIO CyMMYy, 3aBHUcsIlyr0 oT yucia kaHaioB ATC. Bapeupys uucio
KaHaJIOB, MOXXHO HAWTH TO ONTHMAJbHOE HX YHUCIO, KOTOPOE MPUHECET MAaKCHUMAaJIbHBIMI
0X0A. AHaJIUTHYECKH MPOOJEeMy ATy PEIIUTh HENb3s, MOCKOJbKY BCE (PYHKIUMU 37ECh
HeaHaIUTUYeCKue. PerieHrne mpoOjeMbl BO3MOXHO C TOMOIIBIO ONTHUMHU3AIUU, KOTOpas
UCIOJIb3YEeT UMUTAIIMOHHYIO MOJEINb JJIsl HAXOXKJCHUsI 3HAYEHUS 3aJlaHHOTrO (DYHKIIMOHAJa
IPU KOHKPETHBIX 3HAYCHUSX MapaMeTPOB.

Ha

['enepato Ectp O6cmyxuBaro Breixox Nel
P 3a5BOK CBOOOTHBII it mpudop »|  3asBOK U3

pecypc? CUCTEMEI

A
Her
Pecypcsl

Brixog Ne2

3as4BOK U3

\ 4

CHUCTCMBI

Puc. 4.1. CtpykTypa Moje/u OIIEHKH MPUOBLIN TIPU NMPEJOCTABICHUH CEPBUCAa MOOMIBHON
CBSI3U

Ha puc. 4.1 npexacraBieHa CTpyKTypa HWMHUTALlMOHHONW MOJENHM, C TOMOIIBIO KOTOPOM
pemraercss  »Ta mpobnema. ['eHepaTtop 3asgBOK  HWMHUTHUPYET TIPUXOJ  BBI3OBOB.
OOcny>kuBaroIuii MPUOOP B TAHHOM CIIydyae MOXET OOCITYXUTh BBI30B, TOJIBKO €CIIU €CTh
CBOOONHBIN pecypc (kaHanm coemuHeHusi). bnok "Pecypcwv" WMUTHpYET HalIA4due
OTPAaHUYECHHOTO0 YHUCJa PECYpPCOB, 3TO YKCIO MOKHO 3aJaTh mapameTpom. biok "Auanusz"
HaNpaBIsieT MOCTYNHUBIIME BBI3OBBHI JHOO Ha OOCTYyXHUBAIOIIMK NpuOOp, €cilu ecTh
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CBOOOIHBIN pecypc (kaHai), OO HA BBIXOA M3 CHUCTEMBI MPU OTCYTCTBHHM CBOOOJIHOTO
KaHaJa.

JUiga Toro 4rtoOBl ONPENENUTh 3aBUCUMOCTb MPUObUIM OT 4yuciaa N KaHaJIOB, HYXHO
IIOJICUNTATh CTOMMOCTh ITOKYIIKM CTaHLMU M COJEpKaHWS KaHAJIOB, IPHU MOJCIHPOBAHUU
MOJICUMTATh JI0XO[l 332 BCE OOCIYKEHHBIE BHI30BBI B TEUEHHE HEKOTOPOIO BPEMEHU M IITPAP
3a BCE HEOOCITY)KEHHBIE BBI30BBI 3a 3TO BpeMsa. M3menss mapamerp N HMMHTalMOHHOM
MOJIETH, MOXKHO JJISl KaXJ0r0 €ro 3HAa4eHHs MOJIYYHTh BO3MOXHYIO MPUOBUIH U BHIOpATh
HaWIydlllee, ONTUMaJbHOE 3HaueHHe mapameTpa. B AnylLogic BCTpoeH ONTUMHU3ATOP
OptQuest - anropuTM TMOMCKAa ONTUMYMa HEAHATUTHYECKHX (PYHKIHMHA, KOTOPBIH
aBTOMAaTU3HUPYET ONMCHIBAEMYIO IIPOLIEYPY.

Yr1oObl HACTPOUTH oNTUMHM3AIHIO B AnyLogic, Hy’)KHO BBIIIOJIHUTH CJIETYIOIINE IIaru:

1. Co3znath B pazpabOTaHHOW MOJIENIA ONTUMHU3ALUOHHBIA SKCIIEPUMEHT.

2. 3anaTh ONTHMHU3ALMOHHBIC TAPaMETPhI U 00JIACTH UX U3MEHEHHUSI.

3. 3amaTh ycioBHE OCTaHOBKU MOJIENH TOCTE KaKIOTO MPOroHa. DTO MOXKET OBITH MO0
OCTAaHOBKa MO BPEMEHU BBINOJHEHUS MPOTOHA, JIMOO OCTAHOBKA IO YCIOBUSM,
HAKJIa/IbIBA€MbIM Ha IEPEMEHHbIE MOJEIIH.

4. 3amate ueneByr0 (yHKUHIO - Ty (QYHKUMIO, 3HAY€HUE KOTOPOH OTpakaeT
IPEINOYTUTEIBHOCTh BEKTOpAa HMCXOIHBIX (DaKTOpOB. 3HAU€HUE LEIEBOW (PYHKIMU
JOJDKHO OBITh JOCTYIIHO B KOHIIE Ka)XJ0ro TIpOroHa MOJIENH, OHO OyJer
VCITOJIB30BATHCSI ONTUMU3ATOPOM.

5. 3amaTh OrpaHMYEHHs, €CIUM HEOOXOAMMO, KOTOpblE€ B KOHIE KaXXJIOT0 MpPOroHa
ONPEEISIOT, IOMYCTUMO JIM 3HAYEHUE BEKTOPA UCXOJHBIX (DaKTOPOB.

6. 3anaTh yciaoBHs MpEeKpalleHus: ONTUMHU3ALINH.

B cnenyromeM pasnene Mbl pacCMOTPUM IPUMEP ONTUMH3ALMHU, B KOTOPOM BCE 3TH LIATH
KOHKPETHU3UPOBAHBI.

byaem cuurtarh, 4TO 3a KaXAbl OTBEPTHYTHIM BBI30B IUIaTUTCA ITpad (ycpeaHeHHbIE
MOTEpU OT HEYJOBJICTBOPCHHOCTH KIMEHTA), a OOCTY)KEHHBIC BBI3OBHI MPHHOCAT JTOXOI.
ViMest CTOMMOCTB TTO/IEpKUBAEMBIX KaHAJIOB CBSI3U, MOYKHO B KaueCTBE IIeJIeBOM (DYHKITUH B
3TOM MOJIeNM BbIOpATh MPUOBLIL, ONPEAETIEMYI0 KaK Pa3HOCTh JOXOA0B 3a 00CITyKMBaHUE
Tene(OHHBIX BBI30OBOB M PAcXOJI0B Ha 000pyAOBaHUE, OOCTY>KMBAHUE CTAHIUMU U IITpadHbl.
[TpuObLTL OymeM MOACUMTHIBATH B CPEIHEM 3a CAWHHILY BPEMCHH, HAPUMEp 3a MHUHYTY.
OHa paBHa J0OXOIy MHUHYC pacxolbl Ha oO0OpyJdoBaHUE (BMECTE€ CO CTOMMOCTBIO
oOcnmyxuBaHus) U mTpadsl 3a 0TKa3 B OOCTY>KUBaHUM (BCE MPUBEICHHOE K CTOMMOCTU B
TEUCHUE OJTHON MUHYTHI).

4.2. Ilocmpoenue moodenu
CrpykTypa Moaenu npecraBieHa Ha puc. 4.1.

OTkpoiiTe HOBBIN MPOEKT, HazoBuTe ero MobileCom. 13 manutpsl Ochosnas oubnuomexa
C TIOMOIIHIO MBIIIN MEPEHECUTE OJIOKH CTPYKTYPHI CUCTEMBI B TOJIE pelaKTopa CTPYKTYPHI
MOJICJT U COSAMHHUTE WX B COOTBETCTBHUU C puc. 4.1. HaM Hy)XeH OJIMH MCTOYHHK 3asBOK
(6;0k source), 0JIOK, peIIarolnii, OTKa3aTh WK HET MPUILEIIIEH 3as1BKe B 00CTy)KMBAHUH B
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COOTBETCTBUU C HEKOTOPHIM ycioBueM (selectOutput), 6110k 00pabOTKH BXOJHBIX 3asBOK C
UCTIOJIb30BAaHUEM PECYpCOB — B HAIIeM Clydae KaHAJIOB CBs3H (SErvice), OJIOK pecypcoB
(resourcePool) u nBa G;10ka cToka (sink u sink1).

OueBHIHO, YTO MOTOK IIOCTYMAKOLIMX 3asiBOK M TIOTOK OOCIYKMBAaHHUA HMEIOT Be-
POSITHOCTHYIO Mpupoay. i mpocTtoTel OyAeM CUHMTAaTh, YTO OHHU SKCIOHEHIHMAIbHBIE.
Beenem B monenb Tpu mapamerpa: uenblii N (4UcCiio JIMHUN CBA3W) U JIBAa BEIIECTBEHHBIX
lambda (MHTEHCHMBHOCTH MOCTYIJICHHUS 3afBOK) U MU (MHTEHCUBHOCTh UX OOCTYKHBaHUS
Ka)KIbIM KaHaJoM). Y CTaHOBUM HauajbHble 3HaUeHUs Uit HUX N=3, lambda=1.5 u mu=0.5.

ITapameTrpsl Moaesn

I[JBI OIIPCACICHUA XapPaKTCPUCTHK 3(1)(1)CKTI/IBHOCTI/I CUCTEMbI YCTAHOBUM CJIICOYIOIIHNC
mapamMeCTpbl AJIA OJIOKOB CHCTEMBI.

= buaok source. VY mapaMmerpa J3aseKu npuodvléarom co2nacHo octaBuM (110
yMOJI4aHuto), 3HaueHue Mumencuenocmu (B 3TOM cllydae 3asBKUA T'€HEPUPYIOTCS B
COOTBETCTBUHM C JKCIIOHECHIUAIBHBIM pACIpEACICHUEM), HO YCTAaHOBUM Yy JTOTO
pacripenenenus napamerp Aumencusnocms npudvimus — lambda.

» buaok selectOutput moceutaeT TMPHUHATHIE 3asBKM HAa CBOW BBIXOJA IIPH YCIIOBHH,
UCTUHHOCTH NapaMmerpa Yecnoeue. B Hamieil Mojenu 3TO YCIOBUE JIOJIKHO OBIThH
UCTHHHO TOJIBKO B TOM CiIydae, KOoTja Iporieccop Service mmeer cBOOOIHBIC JTUHHH.
Yucio oOpabaThiBa€MbIX B 3TOM OJIOKE 3asiBOK MOKHO IMOJYYUTh, OOPAaTUBIIUCH K
¢yakmuu busy(). Mrak, B mone mapamerpa Ycaoeue Onoka SelectOutput wyxHO
ycraHoBuTh resourcePool.busy()<N.

» BJjok service. 3xech mapamerp Bpemsi 3amep:kku ycTtaHoBHTe Kak exponential(mu).
OcranpHBIC TMapaMeTphl OCTaBbTC HEW3MEHCHHBIMH. B dYacTHOCTH, mapaMeTrp
KosnuuecTBo pecypcoB ompeienseT YUCiIO PEeCypcoB Ha OJHY BXOJTHYIO 3asiBKY, OH
y’Ke€ yCTaHOBJIeH B 1, mapametrp Bmecmumocms ouepedu ornipenensier AJIMHY oYepeau
B MPOIECCOpe, HO Y HAC JUIMHA OdYepenu He OyJeT BIUATh Ha pabory Ojoka (MbI
OTIPEJIEIIIIN, YTO B OJIOK MPUXOUT 3asiBKA, €CIIU TOJBKO ISl HEE €CTh Pecypc).

» Buaok resourcePool tpeOyer ycTaHOBKH TOJIbKO OAHOrO mapamerpa — KoJjumdvecTBo
pecypcoB, YCTAaHOBUTE AJisl HETO 3HaueHue N.

3anmycTUTE MOJIENb B PEKUME BUPTYAIbHOTO BpeMEHU. Uepe3 HECKOJIBKO CEKYH]I HEKOTOPhIE
U3 TpeOYEeMbIX XapaKTEPUCTHUK YK€ MOSBITCS B AaHUMHUPOBAHHOM OKHE CTPYKTYPHI.

W3 ctatucTuku MOJIeTH BUIHO, YTO 65% BBI30BOB OOCTY>KEHO, OCTaJIbHBIM OTKa3aHO. Takum
00pa3oM, OTHOCUTEIbHAS MTPOITYCKHAs CIOCOOHOCTh CUCTEMBI, T. €. CPEIHSIS OIS
MPUIIEIINX 3a5BOK, 00CITYy)KMBAEMbIX CUCTEMOH ~ 65%, a BEpOsITHOCTh OTKa3a 3asBKE B
00CITyKUBaHUU

~35 %.

OnHAaKO CTAaTUCTUYECKHE XAPAKTEPUCTUKUA CUCTEMBI UTPAIOT JIMIIb BCIIOMOTATEIBHYIO POJIb
MpU aHAIM3E CUCTeM. JIEHCTBUTEIBHOM MEIBI0 MOAECIUPOBAHUS SIBJISIETCS  aHAIN3
BO3MOXXKHOM MPHUOBUIH TPH Pa3IMYHBIX 3HAYCHHUSIX BEKTOpPA BXOIHBIX ITAPAMETPOB CHCTEMBI.
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B namei 3a/1a4€ CANHCTBCHHBIM TAKUM ITApaMETPOM ABJIACTCSA N - gucio NMOAACPIKUBACMBIX
KaHaJIOB CBA3U.

IIpobsaema onTumuzanuu. [eneBass pyHkuus

BBenem nousitue Tapugrnoeo niana - ananora Coenawenusi o kavecmee cepsuca (Service
Level Agreement), koTopoe IIMPOKO UCIOIB3YeTCS B COBPEMEHHBIX CHCTEMax
NPEIOCTaBICHUS] CEPBHCA ISl pacyeTa CTOMMOCTH cepBHca. B TakoM coriameHnu oObIYHO
OTOBapUBAIOTCS KaK CTOMMOCTH CEpBHICA TMPH €ro HaJaJeKameM KadecTBe, TaKk W ITpad
MOCTaBII[MKAa CEpBHCAa 3a HHU3KOE KadecTBO oOcmykuBaHHs. [lycTh B COOTBETCTBHH C
Tapuguvim naanom ¥axmas oOCTyKEHHas 3asBKa MPHHOCUT IIOCTABIIMKY CEpBHCA
HEKOTOPBIN JOXOJ] B COOTBETCTBHH C MPABHJIOM MOCEKYHIHON Tapu(UKAIMK MOCIIe TIEPBOi
MUHYTHI, a 33 KOKIYI0 OTKJIOHEHHYIO 3asBKYy IIOCTABIIMK CEpBUCA JIOJDKEH 3aIUIaTUTh
mrpad. Iloxynka oGopynoBanusi ATC u coaepkaHue Kaxaoro KaHajia OOXOIATCS B
HEKOTOPYIO CYMMY, 3aBUCAINYIO0 OT MakcuMalibHOTO urciia kaHanoB ATC. [IpuGbuie, moiy-
yeHHyo BiajaenbieM ATC, MOKHO BBIYHCIIUTD KaK JOXOJ 3a 00CTyKUBaHUE BHI30BOB MUHYC
mTpad 3a OTBEPrHYTHIE BEI30BBI M PACXO/Ibl HA 000PYI0BAHUE:

npuowine = /10X0/] - wmpagh — cmoumocmuv 060pyoosanus

VYBenuueHue uducia KaHalloB, O0OECIIEUMBAIOLIUX CBSI3b, YMEHBIIAET MTpad U MOBBIIIAET
JI0OXOJ, HO MPU 3TOM pacTyT M pacxolsl Ha 000pynoBaHue. Bapbupys 4nciao KaHaIoB MpHU
KOHKPETHBIX 3HAYEHUSX OCTAJIbHBIX MapaMeTPOB CHUCTEMbI, MOKHO HAWTH TO ONTUMAJbHOE
YHUCJIO KAaHAJIOB, KOTOPOE MPUHECET MAKCUMAJIbHYIO IPUObLIL. IMEHHO 3HaYeHue MPUObLIN B
3TOM 3aJjaue UrpaeT poJib 3HaUYEHUS! QYHKIMH MOJIE3HOCTU — LIEeJIeBOU (PyHKIUU.

Jloxoa OT KaxkI0i OOCTY>KEHHOW 3asiBKM 3aBUCUT OT BPEMEHHU COCIAMHEHHS (HAIpPHUMED,
MOCTABIIUK CEPBUCA XOUET OOBSBUTH TOBPEMEHHYIO TapU(PUKALIUIO TTOCIIE IEPBON MUHYTHI).
OtHecss CyMMapHbIi J0X0a (HA30BeM e€ro B Mojeiau INCOME) Kk BpeMEHHOMY MEPHOIY
MO/JICIMPOBAHUS, MOJYYHUM JOXOJ B CAMHUIYy BpeMeHHM (Ha3oBeM ero gain). Jloxom B
CAMHUITY BPEMEHHU SBIIACTCS CIIYYalHOW BETMYMHOM, MBI OyJIeM UCIOJIb30BaTh €r0 CpelHee
3HAaUYCHHUE.

PaccmoTpum tenepp pacxonbl. OHU cOCTOAT U3 ITPadoB 32 OTBEPTrHYTHIE BBI3OBHI U 3aTpaT
Ha oOopynoBaHue. BrimuiaunBaemsplil mTpad HyKHO MOACYUTHIBATH JJISI BCEX OTBEPIHYTHIX
BbI30BOB. [lycth penalty - cpemumii mrpad B eAWHHMIy BPEMEHH MO BCEM OTBEPTHYTHIM
BbI30BaM. OJTO Takke CiydailHas BeJIMYMHA, CpeJAHEee 3HaueHue KOTOpou Oyner
UCITOJIB30BATHCS MPHU MOUCKE MUHUMYMa 11eJIEBOU (DYHKIIUH.

Ha0opbl JaHHBIX

B nareii 3a7jaue moaydeHHbBIN B KaXIbIA MOMEHT BPEMEHH CPEIHUN TOXOJ Jain Tak e, KaK
¥ MHOTHE JIpyTHE 3HAUYCHUS B MOJICTISIX CUCTEM MAacCOBOTO OOCTY)KHMBaHUs (JJIMHA OYepen U
BpeMsI HaxXOXXJACHUS KaKI0 3asBKM B O4YepeIrd B HEKOTOPHI MOMEHT BPEMEHHM U T. II.),
OyZeT TONBKO KOHKPETHOW pealM3alieil COOTBETCTBYIONIMX BEIUYHMH, HWMEIOIINX
CTOXaCTUYECKYIO pupoay. B obmiem ciydae Bce mapaMeTpsl TPOU3BOAUTEILHOCTH CUCTEM,
GYHKIMOHUPYIOIMKUX B YCIOBUAX HEOIMPEACIEHHOCTH, SIBIISIOTCS cToxXxacTuueckumu. [lpm
aHAJIN3€ TAKUX CUCTEM MPEACTABIISIOT UHTEPEC HE KOHKPETHBIE 3HAUCHUS ITUX MMapamMeTpPOB,
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KOTOpBIE SIBIISIFOTCS CIIyYaWHBIMU BEIIMYMHAMH, 4 CTATUCTHUYECKUE XAPAKTEPUCTUKHU BCETO
Habopa peanu3anuii TaKuX CIy4ailHBIX BEJIUYHH - CPEIHEe, MAaKCUMAIIbHOE ¥ MUHUMAJILHOE
3HAYEHHS], JOBEPUTEIIbHBIN UHTEPBAI U T. II.

st ynoGcTBa paboThl ¢ TakuMHu Habopamu naHHbIX ANyLogic uMeeT psii HHCTPYMEHTOB,
KOTOpbIe coOpaHbl B manutpe Cmamucmuka. TIOHATHO, 9TO CIydaiiHbIC BEJIMYMHBI gain M
penalty B Hammeil Mojenu JOKHBI OBITh BHEBPEMEHHBIMHU (HE 3aBUCSIIMMUA OT BPEMEHH)
JUCKPETHBIMU HabOpamMu JaHHBIX.

Jlns cOopa peanuzanmii CIy4allHBIX BEJIMYMH gain W penalty BBenuTe nBa 3JeMeHTa
Cmamucmuka 13 NAIUTPBI C TEM K€ Ha3BaHHEeM. KpoMe HMEHU HUKAKUX JIPYTUX Mapamer-
POB B OKHE CBOMCTB 3THX 0OBEKTOB MEHSThH HE HA/IO (TI0 YMOJIYAHUIO OHU JUCKPETHBI).

B mameit Mmogenmu caemaem ciemyrontue mob6asieHus. Bee 1ieHpr Oynem cuuTtaTth B Y. €.,
eIMHMIIA MOJICTILHOTO BpeMEeHH OyAEeT COOTBETCTBOBATH OJHOM MUHYTE PE€aIbHOTO BPEMEHHU.

Jliist moAcyeTa AIMTEIBHOCTH COCTOSABIIETOCs TeNe()OHHOTO pa3roBOpa BBelIeM HOBBIM Java-
KJacc cooOmieHuid, KoTopbiii HazoBeM Call. Dtor Tun OymeT HaciemoBaThes OT 0Aa30BOTO
kinacca Entity u uMeTh 1Ba BelIeCTBEHHBIX mojsi: tStart w  tFinish (puc. 4.2.). [ns
CO3JIaHus KJIacca IIEJIKHUTE MPaBOM KHOMKOW 10 OKHY [Ipoexkmul v BBINIAAIONIEM MEHIO
BeIOepuTe > Co3zdamb > Java-knacc. B okne HoBOro kiacca B mosne Mms seeaute Call, B
nonie bazoeviit Knacc Bwvioepure Entity. Illenxknute mo momio /laiee W BBEIWTE JBa
napameTtpa tumna double: tStart tFinish (cm. puc.4.2)

B Gitoke service mapametp JleiicTBHe MpU BXO/1€ ONPEICINM KaK:
((Call)entity).tStart=time();
a, napameTp JleicTBHE NPHU BHIXOJE KaK:

((Call)entity).tFinish=time();

F=" = ETIN0.

= — ~
iﬁ Hoswii Java knacc - [ ] - Elﬂlg

Mona knacca

Hobaebte nona Java knacca

q Anan Tun Joctyn HauaneHoe zHave...

tStart double

L
; tFinish double
Ll

Co3aTh KOHCTPYKTOP
Cosgate metog toString()

Hanee > [ [oToBo J [ OTMEHWT

Puc. 4.2. HoBslli TUIT COOOIIIEHUS
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Bo Bcex Omokax Enterprise Library umst texymero oobsekta (COOOMICHHUS) M0 YMOTYAHHUIO
yCTaHOBJICHO Kak entity. JIyiss Toro 4To0BI MOJIB30BAThCS AIEMEHTAMHU CTPYKTYPBI TEKYIIETO
cooOienus (3mech - manHeiMu tStart u tFinish), HeoOxoauma omepalius SBHOW KOHBEPCHU
tunoB (Call)entity), ykassiBaroias, uto 3toT 00bekT umeeT Tun Call. Oneparus kactunra
UMEET MCHBIINN MPUOPUTET, YeM TOUYKa, MO3TOMY BBIPRXKEHHE ATO HYKHO B3ATh B CKOOKH,
yTOOBI 3aTEM UCIIOJIB30BaTh ""TOUCUHYIO" ONepaluio 10CTyNa K TaHHBIM 3TOT0 OOBEKTAa.

Tenepsr mocne 0O0pabOTKM Kakaas 3asBKa Oy/IeT XpaHHUTh MOMEHT Hadaja ¥ MOMEHT KOHIIa
pasroBopa. DTH 3HAYEHUS HYXXHBI ISl TOTO, YTOOBI HAYMCIWTH IUIATYy 3a OOCITy)KHMBaHUE
3asIBKU.

IToxcuer mpudbLIN

3amaauM Ternephb MPaBUiIO pacdeTa 3a COCTOsBIINECs TenedoHHbIe MeperoBopbl. Ero yno0Ho
OTIpeNIeINTh anropuTMudeckor ¢ynkmuend. I[leperamure  kHomky F (®yHkuous) wu3
OCHOBHOHM MAJMTpPBI B Mojeib M HazoBute ¢ynkmuio callPrice. Y nee momkeH ObITh OquH
BEIICCTBCHHBIN MmapameTp Tuma Oouble, koTopeiii Mbl HazoBeM t (BKiamgka: Apeymenmuol
¢ynukyuu). Camy QyHkuuio Ha Bkiaake Koo ompenenure Tak:

return t<=1? minPrice : t*minPrice;

®dynkuus callPrice(t) ompenmenser cTOMMOCTh pa3roBopa TakK: €CIU JUIMTEIBHOCTH t
pasroBopa He OOJbIIIe OJHOH MHHYTHI, TO B3UMAaeTCS IUIaTa 3a OJHY MHHYTY B pa3Mepe
minPrice, ecau Oosbie, To t*minPrice. ITapamerp mMinPrice (1ieHa MHHYTBI Pa3roBOpA)
3aJ]aliTe KaK BEIIECTBEHHBIN MMapamMeTp MoAenu co 3HaueHueM 0.12.

BBeaure B MOfeNb BELIECTBEHHYIO IEpEMEHHYI0 INCOMeE, CyMMUPYIOLIYIO MOTY4YEHHBIN C
TEYEHUEM BPEMEHU JI0XOJ OT NPEIOCTaBICHUS COE€IMHEHHUA (C HadadbHbIM 3HayeHueM 0).
Kaxnplii pas, kak oOcCiTy>xeHHas 3asBKa mnomnaaaer B 010k Sink, Benwumna Income mosmkHa
BO3pacTaTh HA BEJIUYHHY:

callPrice(((Call)entity).tFinish — ((Call)entity).tStart );

Kak Tonbko MoJiyueHO HOBOE 3HAUY€HHWE CYMMAapHOW BENUYMHBI J10X0Aa INCOme, MOXHO
BBIUUCIIUTh HOBYIO pEaIM3allMI0 CPEIHEro naoxona Qgain, koropas paBHa Income/time().
[Toaromy B mosie ¢ umeneM Jeiicmeue npu éxoode Bkiaaku Ocnosnbie 01oka Sink cremyer
BCTaBUTh CJIETYIOIINE ONEPATOPHL:

Income += callPrice( ((Call)entity).tFinish - ((Call)entity).tStart ); gain.add (
Income/time() );

IlITpad 3a HeoOc1y:KeHHBIE BHI30BbI

B cootBercTtBuM ¢ TapudHbIM TUIaHOM 3a KaXIbld HEOOCTY>KEHHBIM BBI30B IMOCTABIIMK
cepBuca ImIatuT QukcupoBaHHbl mTpad. I[lpumem 3Hauenume storo mrpada 1 y. e.
[Togcuntaem cymmy mTpacda 3a BCce MPOIYIICHHBIE BBHI30OBBHI. BBeauTe HOBBIN MapaMeTp
mogenu penaltyPercall (tpad 3a HeoOcykeHHBIH BBI30B) co 3HaueHueM 1.0. Kpome Toro,
BBEJEM B MOJelb mnepeMmeHHyro Penalties mis moacuera monHOH cymmbl mTpada ¢
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HavyaJIbHBIM 3HaueHueM 0. J[s mosrydeHus Bce CyMMBI ImTpada Kaxkabli pa3, KaK TOJIBKO
3asBKa OTOpachIBAaeTCs, CIIEyeT YBEIMYUThH CyMMapHoe 3HaueHue mrpada Penalties na
BenmmunHy penaltyPercall, a Taxxke no0aButh B Habop nmaHHBIX penalty ee HOByO
peanmzanuto, paBHyro: Penalties /time() .

Bce HeoOcmy:xeHHBIC 3asiBKM B MOJICIIH HarpaBiisitorcest B 010k Sink1. /s moxcyera mrpada
HaM HE HY)KHbl HUKaK{e MapaMeTpbl HOBOW MpPHILIEANIEH B 3TOT OJOK 3asBKH, Ba)KEH JIHIIb
caMm (akt mpuxoja 3asBku. [loaTromy ans ydera mrpada B none ¢ umeHem /leiicmeue npu
éxo00e Bkiagku Ocnosnwle SINK1 BCTaBbTE OMEpaTophl:

Penalties += penaltyPercall; penalty.add(Penalties/time());

Hamomunm, uto nepemenHas Penalties npuanMaeT 3HaueHne oOmiero mrpada, B TO BpeMs
KaKk Habop AaHHBIX pPenalty — sto ciyuaiiHas BenwuWHA, paBHas cpeaHeMmy mTpady 3a
CIIMHUILY BPEMCHHU.

IIpuBeneHHAs CTOMMOCTH 000PY/10BAHUS

OmnpenenumM Tenepb (QyHKLUHIO 3aBUCUMOCTH 3aTpaT Ha O00OpYyJIOBaHUE OT YMCIA KaHAJIOB.
OTtHecst 3aTpaThl Ha OOOpPYAOBaHUE K MEPUOAY MOPAIBHOIO YCTApEBAHHS 0OOPYIOBAHUSA
(Hanpumep, 5 JeT), MOJTYYUM 3HaUYCHUE MTPUBEJCHHBIX KAMUTAIbHBIX 3aTpart.

[Tycts mist opranuzamnuu ATC MoXeT ObITh 3aKyIJIEHO 000pY/J0BaHUE PA3HBIX TUIIOB, TaK
YTO CTOMMOCTh MOJJEpkKaHUA OJHOTO KaHajda 3aBUCUT OT YHCIIAa KaHAJIOB CIIOKHBIM
obpazomM. Ilycts npocras ATC, oGcmyxuBaromias 10 10 kaHaIOB OJHOBPEMEHHO, BMECTE C
3aTpaTaMy Ha NOJJEPKKY KaHaioB B TeueHue 5 jer crouT 0.012 y.e. B mepecuere Ha 1
MUHYTY, €CIU Hucnoiab3oBaTh Bce 10 kaHanoB, HO Tonbko 0.01 y.e, ecnu ucnons3oBaTth 1
kaHai. bonee npoasunytas ATC, oGcnyxkuBaromass no 50 kananos, crout 0.05 y.e. (B
nepecyere Ha | MUHYTY OOCITY>KMBaHUSI B TEUCHHUE S5 JIET), HO €CJIM UCI0JIb30BaTh TOJIBKO 11
ee kaHajyoB, ctout 0.013 y.e. u T. .

VYyer 3aTpar Ha 000pyIOBaHHUE U €r0 OOCTY)KMBAHHE, 3aBUCAIINX HEJIMHEHHBIM 00pa3oM OT
yucia kKaHaioB N, BBIMIOJHUM C TMOMOIIBI0 TabmuuHOM QyHkiuu. HazoBeM ¢yHKIMIO,
JAIOIIYI0 3HAYEHUE 3aTpaT Ha OOOPYJOBaHUE OT YHCJIA KAHAJIOB, NMPUBEIECHHOE K MUHYTE
Bpemenu, equipmentPrice. 3agaaum ee Tabauuno. s 9TOro BBIOEPUTE U3 MAIUTPHI
Ocnoenasn Brianky TadaumuHasi pyHKIMSA ¥ Ha30BHUTE ee equipmentPrice.

B nosiBuBIIeMcst okHe OcHogHble 3TOTO 00BeKkTa equipmentPrice. onpeaenure QyHKITUIO
equipmentPrice coriacho puc. 4.3.
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@ equipmentPrice - TaanuHaa dyHKuMA

—
Octosnbie WMma:  equipmentPrice Orobpaxats uma || Mckniounts Ha npesentaumn
Onucanne
Ypoeens goctyna: | public i Cratnyeckan
[ icnonbzosats eavHuue n3MepeHna  EAMHALE NSMEpEHMS:
WHTepnonauwa: JNuneiiHan -
Ecnm aprymeHT BenoguT 3a npegener: | Ownbka -
TabnuuHEIE JaHHEIE:
AprymeHt 3HaueHne @ 04
1 0.01
LE

10 0.012
1 0.013 wil
50 0.05
51 0.05
100 0.08
101 0.08 0-
1000 03

-0.2 T T T T T T T T
-400  -200 0 200 400 600 800 1000 1200 1400

Puc.4.3 ®yHKuMs OUEHKH CTOMMOCTH 000PYA0BaHUSA

Pacxompl Ha 00OpymOBaHHE IMpH 4YKCiIe KaHAIOB N, NMPUBEACHHBIC K €IUHHIIE BPEMEHH,
TETNeph MOXHO TMOACYUTATh BbI30BOM (yHKItnu equipmentPrice(N).

IeneBast pyHKuus

Cpenuuii 10X0J B HaIleld MOJCIH ONpEICNIACTCS CAy4YalHOW BeIMYWHOW Qain, cpemHuii
mrpad ompenensercs ciaydaiiHoW BenmduHOW penalty, crtomMocTh o0OOpymoBaHuUs, YKe
OpUBEAEHHAss K  €IMHMIIE  MOJEIBHOIO  BpPEMEHHU,  ompeaensercs  (QyHKIHMeH
equipmentPrice(N). Jlns moncdera mpuObUIM (B SIWHUILY BPEMEHH) BBEIUTEC B MOJICINb
BCIIOMOTATENIbHYI0 _miepeMeHHyl0 BenefitMean (cpemHioro mnpuObUIE) H3  HAIKTPBI
Cucmemnan ounamuka, onpeaensieMyro Gopmyson Tak:

gain.mean() - penalty.mean() - equipmentPrice(N)

3neck gain.mean() u penalty.mean() - MmaTemMaTHdyecKrue OXKUIAHKS BEIMYMH gain u penalty.
Cozpnaiite cBa3b (yHKIMH ¢ TapameTpoM N.

3amycTute MOoAeNlb. MOXHO BHJETh, YTO MNPUOBUIbL B €IWHUIy BpeMEHHU (IepeMeHHas
BenefitMean) mpu ycTaHOBJGHHBIX MapaMeTpax OTpUlaTelbHa. V3MeHuTe 3Ha4YeHHE N,
yctanoBuB ero 20. [IpuOblip crana nmojiokutenbHol, nopsaka, 0.375 y.e. B munyty. llpu
yucie kaHanoB N, paBHoMm 100, npuObuib cTaHOBUTCSA MeHble, nopsaka 0,3 y.e. B MUHYTY.
CnepoBaTenbHO,  CYIIECTBYET  ONTHMaJIbHOE  YHCJIO  KaHAJIOB, oOecreuynBaroniee
MaKCHUMaJbHYIO MPUObLIb.

JInst HaXOXKIEHUS ONTUMAJIBLHOTO YHCJIa KaHAJOB, JAIONIETO0 MaKCUMAJIbHYIO MPHUOBLIb,
MOXXHO JT1OO mepedparh Bce 3HadeHuss N ot 1 mo, Hanpumep, 100 B skcrepumMeHTe s
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BAPBUPOBAHUSA I1APAMETPOB, HO MOXHO M HCIIOJIb30BAaTh JKCIIEPUMEHT C ONTHMM3ALMEH.
OnTUMH3aIMOHHBIM 3KcnepuMeHT B AnylLogic TMo3BONSIET HAWTH Takhe 3HAYCHHS
napaMeTpoB MOJIENH, MPU KOTOPHIX OOpallaeTcss B MUHUMYM WIM MaKCHUMyM HEKOTOpas
omnpejesieHHass TOJb3oBaTesleM LeneBass (QyHKUMs. 3HaueHUs LeneBod  (QyHKUIUU
nojcuuThiBatoTcd B Anylogic Kaxaplii pa3 MO OKOHYAHUM OYEPEIHOTO BBIIOJHEHUS
MOJIEH, U JITOPUTM ONTUMHU3ALIMU aBTOMAaTUUECKHU BbIOMPAET HOBbIE 3HAUECHHUS I1APAMETPOB
JUIsL OYEPENHOrO 3aIlyCKa MOJEIIN.

Ontummzaims B AnyLogic peann3oBaHa ¢ UCHOJIb30BaHUEM BCTpoeHHOTO nakera OptQuest.
JlJis onTUMH3AIMH TT0JIb30BATENb TOJDKEH B COOTBETCTBYIOIIMX OKHAX 3a1aTh (PYHKIIMOHAI,
KOTOPBIA CIIeAyeT MHUHUMHU3UPOBATh JIMOO MAaKCUMHU3UPOBaTh, 3aJaTh MapaMeTpbl U
OTpaHMYEHUS WX JMala30Ha, B KOTOPBIX JOJKHA BBIMOJHATHCA ONTUMHU3AIMSA, a TaKkKe
yKa3aTb OTPaHUYEHUs, ONPEAEIIAIOIINE KIAcC AOMYCTUMBIX PEIICHUN. 3aTeM IO0JIb30BaTelb
JOJDKEH 3alyCTUTh ONTHUMM3aIMio, U nakeT OptQuest OyaeT UCIoIb30BaTh META3BPUCTUKY
paccessHHOTO TOMCKa JJisi BhIOOpAa OYEpEAHbIX 3HAYCHWH BXOJHBIX I1apaMeTpoOB Ha
OCHOBaHUU 3HAYCHUU 11eJIeBON (DYHKIIUH, TOJTYICHHBIX HA TMPEIbITYIUX MPOTOHAX MOIEIIH.

[enkuute no kHonke Co30amb NaHENN UHCTPYMEHTOB U B MOSBHUBIIEMCS OKHE BbIOEpUTE
OnTuMHU3aIUOHHBIA IKCIEPUMEHT. B OKHE CBOMCTB SKCIIEpUMEHTA YCTAHOBUTE B MOJIE
Ilenesasn ¢hynxuun: root.BenefitMean B xavectBe 1eneBoro (GpyHKIIMOHANA U TIOCTaBbTE
bnaxok Maxkcumuzuposams. VIzmensembiM napamerpoM sasisiercst N (BKIaaka napameTpsbl),
U3 BBINIAJAIONIETO MEHIO BbiOepuTe Tun: Ouckpemmsviii, yCTAHOBUTE HIDKHIOI TpaHUILy 3,
BepxHIOK0 100, 4nCI0 TPOTrOHOB ISl HAXOXKICHUSI ONTUMAIBHOTO YUCJa KAHAJIOB CHEJIANTe
100 (mapamerp Konuuecmeo umepayuii), cOpocbTe QKoK B ToJjie Aemomamuyeckas
OCMAHO6KA, HTO TO3BOJUT IPOrpaMME OCTAHOBUTH HKCIIEPUMEHT J0 HCTEUYEHMs 4ucia
UTEepaIuil , €M U3MEHEHHUS I11eJIeBOM CTaHyT He3HAYUTeNIbHbIMU (puC. 4.4). IllenkuuTe 10
kHotike Co30amb unmepgheiic — TporpamMMa CO3/1aCT CTaHAAPTHBIM uHTEpdenc s
OTCIIC)KUBAHUS PE3YJIbTATOB ONTUMM3AIMOHHOTO HKCIIEPUMEHTa (IuarpamMmbl UHTEepdeiica
JIOJKHBI TTOSIBUTHCS B OKHE DKCIIEPUMEHTA).
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% Optimization - ONTUMKM3aLMOHHBIIA IKCNEPUMEHT
|

Octiontibie Wms:  Optimization Kopresoit knacc mogenn: | Main - | [ WernroumTs

JononHutensHble ~
- Cozpate wHTepdeiic

MogenbHoe Bpema

MpesenTauna leHepaTop Cny4aiHbX YACEN:
OkHo @ CnyuaiiHoe HauanbHOE YNCNo (YHUKABHBIE "NporoHs")

QOrpaknyenma () MKkcvpoBaHHOE HAYaNEHOE YMCno (BocnponsEcanmMele 'NperoHe”) HavansHoe uncno: | 1
Pennmnkaumn .
() HectanaapTHelA redepaTop (nogknace knacca Random): new Random()
Onweanne

Llenesan dyHkLmA: () MHHUMUINPpOBATE (@) MAKCUMUIMPOBATE

root.BenefitMean

[l

YcnoenA 0CTIHOEKN ONTHMUZALINK
Konuwuecteo urepayuii 1000

ABTOMaTMYECKAA 0CTAHOBKA

MNapametpse

3HaueHwne

Mapamerp Tun Mun, Makc. Llar HauansHoe

N ANCKPETHBIA 3 100 1 3
lambda dukcupoBadHelid 1.5
mu dukcuposantbiid 0.5
minPrice dukcrposadrei 012
penaltyPercall dukcrposadHeid 1.0

Puc. 4.4. [TapameTpbl ONTUMU3AMOHHOTO SKCIIEPUMEHTA

SaHYCTHTG MOICIIb. OHTI/IMI/ISaI_[I/IOHHI:Jﬁ OKCIICPUMCHT HaﬁHeT HanuJIydlmce 4ucCjI0 KaHaJloB,
MaKCHUMAaJIbHYIO HpI/I6BIJ'IB B MUHYTY.

Camocmosamenvnas paﬁoma no éapuanmam

1. V3menuTe nporpamMmy Tak, 4TOObl ONTHMAJIBHOE YHCJIO KaHAJOB PACCUUTHIBAIOCH
P MCTIOIB30BAHUH TapU(HOTO TJIaHa C TTOCEKYHIHOM OTLIATOM.

2. Paccuuraiite mpuObUIH MOCTaBIIMKA CEPBHUCA MPU ONTHUMAIBHOM KOJUYECTBE
KaHaJIOB CBSA3U U ONTUMAJIbHOM CTOMMOCTH | MUHYTHI pa3roBopa Mpu yCJIOBUH, YTO
CpeaHsisl JIMTEIBLHOCTh Pa3roBopa MU 0OpaTHO MPONMOPIIMOHATIBFHA CTOUMOCTH
pasroBopa minPrice cornacHo dopmyire: mu = 0,06 / minPrice.

3. PaccunraiiTe onTHMaNIBHOE YMCIIO KAHAJIOB, €CJIM B CUCTEME OOCTY)KUBAHHUS BHI30BOB
3a/IeiCTBOBAaTh ouepebr B 00beMe 2 abOHEHTOB  (HYKHO HW3MEHUTH YCJIOBHE
OTKJIOHEHHUS 3a51BOK).

4. PaccuMraiiTe ONTUMAIBLHOE YHUCJIO KAHAJIOB CBA3W IMPU YCIOBUM, YTO CPEIHSSA
JUTMTEIIbHOCTh pa3roBopa MU oOpaTHO MPOIMOPIIMOHAIEHA CTOMMOCTU pPa3roBopa
minPrice cornacHo Tabiwie:

mu minPrice
0,5 >=0,12
1,5 0,06

50 <=0,03

Jlns peuieHus 3TOM 3aJa4yM CIEAyeT IMOMUMO ONTHUMAJIBHOIO YHMCJIA KaHAJIOB HAWTH
ONTHUMAaJIbHYI0 CTOUMOCTh MUHYTBI Pa3roBopa.
5. PaccuutaiiTe ONTUMaabHOE YHCIO KAHAJIOB CBA3UM MPU YCIOBUHM, YTO CPEIHSA
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WHTEHCHUBHOCTh BXOJIAIIUX BBI30BOB lambda oOpaTHO mpomoprimoHaibHA CTOMMOCTH
pasroBopa MInPrice coriacHo TabuIIe:

lambda minPrice
0 >= 0,2
1,5 0,12

20 <=0,03

Jns perieHus 3TOM 3ajadd CieAyeT MOMHUMO ONTHUMAJbHOTO YHCJIAa KaHAJIOB HaWTH
ONTUMAJbHYIO CTOUMOCTh MUHYTHI pa3roBopa.

Haiinutre onTumanbHOE 4YHMCIO KaHAIOB sl ciyyas, korga crtoumMocte ATC B
nepecuyere Ha 1 MUHYTYy oOcCiykuBaHHUs B TeueHue 5 ser cocrasiser 0,1 y.e., u He
3aBUCHUT OT eMKocTH camoit ATC.

PaccuuTaiiTe onTMMaibHOE YHUCIIO KaHAJIOB MPH HMCIOJIb30BAaHUU TapuU(PHOro IUIaHa
«KaXk/1ast BTopasi MUHyTa — OECIUIaTHOY.

[epenenaiite Moeab TAKMM 00pa3oM, YTOOBI HCKIIOYHMTh U3 HEEe HAOOP JaHHBIX gain
(17151 9TOTO HYXKHO IIPEIyCMOTPETh BRIYKMCICHUE BEIMYMH gain.mean, gain.add).
[lepenenaiite Mojenb TakuM 0Opa3oM, YTOOBI UCKIIOYUTh M3 HEe HaOOp JaHHBIX
penalty (st 3TOro Hy>XHO NPEIyCMOTPETh BBIYUCIICHHWE BEIWYHMH Penalty.mean,
penalty.add).

10.Haiiaure onTUManbHOE YUCIIO KaHAOB MPH YCIOBWH, YTO HHU OJIHA W3 3asBOK HE

OTKJIOHSIETCSI (OHH BCE CTaBSATCS B OYepedb), HO CTOMMOCTh OIUIATHl Pa3roBOpa
(minPrice) mMeHsieTcss 0OpaTHO MPOMOPIMOHAIBHO BPEMEHH OXKUIAHHS B OYCPEIH I10
3akoHy: MinPrice = 0,12/(1+0,5Ty) , roe Ty — Bpems oxunaHus B odepenu (B
MUHYTax).

Pabota 5. AreHTHOe moaenupoBaHue. Auddysna bacca

1. Co3paHue moaenu

JlaBaiiTe co31aIuM NPOCTEUIIIYIO ar€HTHYIO MOJIEIb, KOTOpAsi JA€T BO3MOKHOCTh U3yYUTh
BIIMSIHUE PEKJIAMBI Ha ITPOJAXKH TOBapoB. Moens npenoxkena baccom B 60-x rogax
MPOIIIOTrO BeKa U nojyuniia HazBanue «Juddysus baccay. [{ns cozmanust Moieu Mbl
Bocrnojab3yeMmcsi Macrepom. LllenkHUTE MBIIIBIO IO KHONIKE MaHeI HHCTpyMeHTOB Co31aTh
5, TTostBUTCS nuajgorosoe okHo HoBasi Mojelib.

1.

2.

3anaiite uMsa HoBoi mojsienu. B monme Umst moaesu BBenute Bass Diffusion Agent
Based.

Bri6epure kaTanor, B KOTOpoM OyayT coxpaHeHsl (aitibl monenu. Ecnu Bol xoTtuTe
CMEHUTH MPEIOKEHHBIN 110 YMOJIYAHUIO KaTaJIOT Ha KAKOM-TO Apyrou, Bel Moxere
BBECTH ITyTh K HEMY B T0Jie MeCTOMoJI0:KeHre UK BEIOpaTh ATOT KaTaJoT ¢
MTOMOIIIBIO JTHAJIOTa HAaBUTAIIUU 110 (PailIoBOM CHUCTEME, OTKPBIBAIOIIETOCS 110 HAXKATUIO
Ha KHONKY BbIOpaTh.

[IlenxkauTe Mbibio o kHOTKE J{asiee. OTkpoeTcs BTopas ctpanuiia Macrepa
co3aanus Mojeau. 31eck Bam Oyner npeioskeHo BeIOpaTh 11a0I0H MojIed, Ha 0ase
KoToporo Bel Oynere pazpabateiBaTh Banry mojenb. [10CKOJIbBKY MbI XOTUM CO3/1aTh
HOBYIO areéHTHYI0 MOJeJb, ycTaHOBUTE (hiiakok Ucnmosib30BaTh Ia0JI0H MOAEJIHU U
BBIOEpUTE AreHTHAsl MOJIeJIb B PACTIONIOKEHHOM HUXKe criucke Boibepure meTos
MO/eJIUPOBAHUA.
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4. HlenkHute MbIIbIO 10 KHOMKE Jasee. OTkpoeTcs cneayronias crpanuiia Macrepa
co3xanusi Moaesu. [TockobKy epBbIM IaroM MpHu CO31aHUH ar€HTHON MOJEIH
BCET/la sIBJISIETCS CO3J]aHue areHToB, TO 3/1ech BaM kak pa3 npejaraercs 3a1aTb UMs
KJIacca areHTa U KOJIMYECTBO areHTOB, KOTOpoe OyAeT U3HAYaJIbHO CO3/]aHO B HaIlIeH
Mozienu. 3a/iaiiTe B KauecTBe UMEHU Kiiacca Person. u Beeaute B noje HayajabHoe
KoJin4ecTBO areHToB 500. ABTOMaTHUYECKH B HallIe Mojienu Oyaet co3aano 500
areHToB (TO €CTh, IK3EMIUISIPOB Ki1acca Person, kaxxipiit 13 KOTOpbIX OyaeT
MPEACTABIATh OTACIBHOIO areHTa).

5. llenknute mbibio o kHorke Jdasee. OTkpoetcs cienytronias ctpanuiia Macrepa
co31aHusA Moaesan. 3aech Bam Oyner mpeaioxkeHo 3aaTh CBOWCTBA MPOCTPAHCTBA, B
KOTOpOM OyIyT OOMTaTh areHThl, a TAKXKe BHIOPATh (GUTYPY aHUMAIIUHU arceHTa.

6. YcranoBure ¢iaxxok Jl00aBUTH NPOCTPAHCTBO U BEIOEPUTE HUXKE TUII ITOTO
npoctpanctBa: HenmpepsiBHoe 2D . 31ech sxe Bbl MoxeTe 3a1aTh pa3MEpHOCTH 3TOTO
npocTpaHcTBa: qaBaite BBeneM B noje Hupuna 600, a B nosie Beicora 350. Tem
cambIM, B pe3yJIbTaTe HaIIM areHThl OYAYyT pacroyiaraTbCs KaKUM-TO 00pa3oM B
npejenax HempephIBHOTO MPOCTPAHCTBA, OTOOPAXKAEMOT0 Ha MPe3eHTAIIUU Moieei
obnacThio pazmepom 600*350 mukcenen.

7. He mensiiTe 3HaueHus1, BRBIOpaHHBIC B BhINajaomux cnuckax HavaabHoe
pacnosioKeHue 1 AHMMAIHA: ITyCTh ar€HThl H3HAYAJIBHO PACCTaBIISIIOTCS MO
MIPOCTPAHCTBY CIy4ailHBIM 00pa30M, a aHUMHUPYIOTCS C TOMOIIBIO0 (PUTYpKHU
4eJI0BEUKaA.

8. IllenxauTe MbImBIO O KHOTIKE Jlajiee. OTkpoeTcs ciemyromias ctpanua Macrtepa
co3ganus Moaenu. 31eck Bam Oyner BoiOpath, XxoTuTE 1M BbI, 4TOOKI ObLIa 33/1aHa
CETh B3aMMOCBSI3€1 areHTOB, U €CJIU /14, TO KAKKUM 00pa30M JI0JKHBI YCTaHABIUBATHCS
CBSI3U MEXJy areHTaMH.

9. VYcranoBure draxox Mcnosib30BaTh ceTh M OCTaBHTE BRIOPAHHOM OIIIHIO
CuayuaiiHoe.

10.1IlenxauTe MBITITBIO 110 KHOTIKE [lasiee. OTkpoeTcs mocneanss ctpanumna Macrtepa
CO3/IaHUsI MOJIeJIU. Y CTaHOBUTE Ha HeW (uiaxkok [00aBUTH MPOCTOE MOBEIEHUE.
Tewm cambIM, y HaIIero arenra Oyiet co3jgaHa auarpamMmma. Mbl 3aKOHYHIIA
KoH(purypupoBanue mabdioHa cozaaBaeMoit Mmojenu. lLlenkHuTe MBIIIBIO 10 KHOTIKE
I'oToBO, UTOOBI 3aKOHUUTH MPOLIECC CO3/IAHUS MOJEIH.

Haia Mmonens Oynet coaepxkaTh co3ianHbie MacTepoM co31aHusl MO/IeJIU KJIacChl
aKTUBHBIX 00beKTOB Main u Person. AKTUBHBIC 00BEKTHI SIBISIOTCS OCHOBHBIMU
CTPOUTEITBHBIMH OJIoKaMu Mojaenn AnylLogic. AKTHBHBIE 00BEKTHI MOTYT MOJICTUPOBATH
JT00BIe 00OBEKTHI PEaTbHOTO MUPA: MAIIIWHBEI, JIFOJICH, CTAHKH, 3/IaHUS, allllapaTHOES
obecrieuenue u T.1. B HaileM ciyyae akTUBHBIN 00BbEKT PErson Oyaer MoeanpoBarth
arenToB (mozeit). B manenyu IIpoeKThI Takoi K1acc 0TOOpakaeTcs 3HaUKOM &3,

2. MoaeanpoBaHue MPOAAK MO BIAUSTHAEM PeKJIaAMbI

W3meHuM MoJienb ClieyomuM 00pa3oM: MyCTh Hallla MOJAENIb MOJEIUPYET MPOLECC
npUOOPETEHNs] HOBOTO MPOAYKTA, HO TTOKA TOJIBKO MO/ BIMSHUEM PEKJIAMHOW KaMIIaHUH,
IIPOBOJMMOM C LIEJIBIO BBIBEACHUS HOBOTO MPOAYKTA HA CJIOKUBILHICS PBIHOK.

B 5T0i1 MOsIe T THTEHCUBHOCTH PEKJIAMbl U BEPOSITHOCTD TOTO, YTO TPOJYKT OyAeT
MPUOOPETEH MO/ €€ BIMSHUEM, TIOJIaratoTcs MOCTOsTHHBIMU. [ToaTOMy 3amagnm
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3¢ (HEeKTUBHOCTH peKJIaMbl KOHCTAaHTOU. D(H(PEKTUBHOCTD PEKIAMBI ONIPENETSAET, KaKas IO
JIOAEH KYIUT NPOAYKT BCIACACTBHUE €€ BIHSIHHUSL.

1. OtkpoiiTe auarpammy kiacca Person, cienaB ABOMHOM MIETUYOK MBIIIBIO MO
anemeHTy Person B nanenu IIpoekTsl.
2. Tleperammre 3nement Hapamerp & n3 mamutper OcHOBHAsS Ha IMArpaMMy Kilacca

3. U3mennte nms mapamerpa. Beenure AdEffectiveness B mone Ums.
4. B none 3navyenue no ymoauyanuro seeaute 0.011.

[ToBeneHue areHTa OOBIYHO ONMKMCHIBACTCS BU3YalIbHO B KJIACCE ATOr0 areHTa (B HaIei
MOJIEJIH 3TO Ki1acc Person) ¢ moMoIbio duazpammol coCmMosiHUII.

H3menure Anarpammy CoCTOAHUSA

1. OtkpoiiTe auarpammy kiacca Person, cienaB ABOMHON METYOK MBIIIBIO MO
aneMmeHTy Person B nanenu IIpoekTsl.

2. amenuTe uMs BepxHero coctosiaus Ha PotentialAdopter (mosie Mms Ha cTpaHuie
CBOMCTB Mepexo/1a) IT0 Ha4aJlbHOE COCTOSIHUE, O YEM CBHUJIETEIbCTBYET 3JIEMEHT
Hauano ouacpammer cocmosinuii, HanpaBJIeHHBIN B 3TO cocTosiHUE. Ecnu quarpamma
COCTOSIHMM OyJIeT HaXOJAUTHCS B ’TOM COCTOSIHUH, TO 3TO Oy/IeT 03Ha4aTh, 4TO 3TOT
YEJIOBEK €IlI€ HE KYMMI MPOAYKT.

3. HazoBwure ero Adopter. Eciu 5T0 cocTosiHue TrarpaMMbl OyIeT akKTHBHBIM, 3TO OyIeT
03HA4aTh, YTO 3TOT YEJIOBEK YK€ KYIHII TPOIYKT.

4. B namreii moyienu coctostaue Adopter ToJpKHO CTaHOBUTHCS aKTHBHBIM B MOMEHT
npuoOpeTeHus areHToM npoaykra. [Ipouecc mpuoOpeTeHust mpoyKTa TUM
YEJIOBEKOM MOJIEIUPYET nepexoo, BENYIIH U3 BEPXHEr0 COCTOSIHUSA B HIKHee. Ham
HY>KHO U3MEHHUTH €ro CBOMCTBA, YTOOBI OH CpadaThiBaJl B HY>KHBIA HAM MOMEHT
BPEMEHHU.

5. Bpewmsi, uepe3 KoTOpoe YeIOBEeK KYIMUT MPOAYKT, SKCIIOHEHITMAIIBHO 3aBUCUT OT
3¢ (HEKTUBHOCTH peKiIaMbl TTpoIyKTa. [lockonbKy BpeMsi, HEOOXOIMMOE YETIOBEKY,
YTOOBI MPUHATH PEIICHHUE O TTOKYMKE MPOIyKTa IKCIIOHEHIIUATBLHO 3aBUCUT OT
MOJIBEP>KEHHOCTH 3TOTO YEJIOBEKA BIUSHUIO PEKIIAMBI, TO BEIOEpUTE U3
Bbinajatomiero cnucka lpoucxoaur C 3adannoii unmencugHocmuvio U BBEIUTE B
noJsie cBoiicTBa MHTEHCMBHOCTB 3TOTO NepexoAa UMs CO3IaHHOTO HAMH TOJIBKO YTO
napametpa AdEffectiveness.

& Main o] Person &2
!

“@ statechart

6. Beenure AdEffectiveness B pacnonoxxeHHoM Huxke noje UHTeHcuBHOCTD. UTOOBI HE
nevaTaTh NOJHOCTHIO UMEHA (DYHKIUHI U IEPEMEHHBIX B OpMyJIax, MOKIETE
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M0JIb30BaThCs MacTepoM nmoacTaHOBKH KoJa. UToObI OTKpHITE MacTep, MEeTKHUTE
MBIIIBIO B TOM MECTE M0JIs (B HalIEeM citydae - nojisi UHTeHCMBHOCTD, Kyja Bbl
XOTUTE TOMECTUTH UM, a 3aTeM Haxmute Ctrl+npoben. [losiBurcst okHo Mactepa
MOJICTAHOBKY KOJ/1a, IEPEUHCIIAIONIET0 NePeMEHHbIE MO/IeNI U (PYHKIIMU, JOCTYITHBIE
B TEKYIIEM KOHEKcTe. [IpokpyTHTE CIMCOK K UMEHH, KOTOPOE BBl XOTHTE BCTABUT,
WJIM BBEJUTE TIEpBbIe OYKBBI UMEHU, TIOKA OHO HE OYET BBIJIEJICHO B CIIHCKE.
JIBOMHBIM IIETYKOM MBIIITH TI0 UMEHH I00ABHTE €T0 B T0JIC (DOPMYIIBI.

T Ceoiictea &2

Q. transition - Nepexon

OcHoBHbIE Flma:  transition OToBpaxaTs Mma lckaroquTe Ha BepxHem ypos

OnucaHme

MpoucxogHT: C 33A3HHOM MHTEHCHMEHOCTEHD =

C 334aHHOM MHTEHCMEHOCTEHY Rdl

@ AdEffectiveness double - Persan o

deitcTsme: ® Adjacencylist - sunsecurity.provider.certpath

m

(C] AdaptorBootstrap - sun.management.snmp
Aon.yonoeue: @AddressHeIper - org.omg.CosMaming.MamingCorntextht

(1] Adjustable - Java.awt
C] Adapternactive - orq.omg.PortableSercer POAManagerP:
@AdapterlnactiveHelper - org.omg. Portable Server, P OSkAar
@AdapterManagerIdHelper - org.omg.Portablelnterceptor
@AdapterNameHelper - org.omg.Portablelnterceptor

1 @AdapterStateHelper - org.omg.Portablelnterceptor 8

4 m 3

7. Y nanute mepexo, BEAYIIHA U3 HIKHETO COCTOSHUS B BEPXHEE, TOCKOIBKY MBI ITOKa
CO3JIaeM MPOCTEHIITYI0 MOJIE]Ib, B KOTOPOH YEJIOBEK, OAHAMKIbI PHOOPEBIIHIA
IPOJIYKT, HABCETIa OCTACTCS €ro MOTPEOUTENIEM, B COOTBETCTBEHHO MEPEXoa 13
cocrostaust Adopter B cocrostaue Potential Adopter moka 9to ObITH HE JTOJDKHO.
YroObl yIaauTh Nepexo/l, BIICIUTE ero Ha auarpamme u Haxmute Del.

Ecnu Mbl ceifyac 3amycTuM MoJiesb, TO oHa OyeT pabotath 6eckoHeuHO. [10CKOIbKY MBI
XOTUM HaOJI0JIaTh TTOBEJACHUE MOJIEIH TOJIBKO TOT/a, KOTJa IPOUCXOIUT TIPOLIece
pacmpocTpaHeHus MPOIyKTa, HaM HY>KHO OCTaHOBUTH MOJIENb, KOTJ]a CUCTEMa MPUJIET B
TOYKY paBHOBecHsl. [I0CKONBKY MO/ €IMHULICH MOACIBHOTO BPEMEHH Mbl OyJIeM TOHUMATh
OJIMH TOJI, @ TIPOIECC PACTPOCTPAHECHHS MPOAYKTa B 3TOW MOJEIH JJIUTCS PUMEPHO 8§ JIeT,
TO HaM HYXHO OyJIeT OCTaHOBUTbH MOJIEIIb MOCIIE § €AMHUI] MOJIEILHOTO BpeMeHH. Jliis
3TOTO:

1. B nanenu [IpoekTsl, BoIIETUTE SKCIEpUMEHT Simulation:Main meTYKOM MBIIIIH.

2. Ha ctpanuiie MoaenbHoe Bpems nanenu CBoiicTBa, BeiOepute B 3amanHoe Bpems
U3 BbIMaaaomero cniucka OctaHoBUThL. B pacnonokeHHOM HIDKE ToJie BBeauTe 8.
Mojenb 0OCTaHOBUTCS MOCIIE TOT0, KaK UCTEKYT 8 €IMHUI] MOJEIBHOTO BPEMEHU.

3anyctute Mozenb. [IpumepHast kapTrHa TOro, 4to Bhl yBUINTE, IPUBEACHA HA PUCYHKE
HIKE.
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I'maBHas 3a7a4a MOJICIIM PaCIIPOCTPAHEHUS MPOIYKTa — U3YUCHHE TOTO, KaK OBICTPO JIFOIU
MOKYTAIOT HOBBIM MpoayKT. [ToaToMy cefidac MbI J0OOABHMM BO3MOXKHOCTH OTCJICKHUBAHHUS
TOTO, CKOJIBKO JIFOJICH y)Ke KYITHIIO IIPOAYKT, a CKOJIbKO — eIie HeT. MbI OyieM
IOJICUMTBHIBAThH YHCIIO IIOTPEOUTEIICH U TOTCHITMAIBHBIX IIOTPEOUTEIICH ITPOTYKTa C
TIOMOIIBIO CIICIMAIBHBIX (QYHKIUH cOOpa CTaTUCTHKU 110 areHTaM. Co3naguM QyHKIHH
cOopa CTaTHUCTUKH.

1. Otkpoiite Auarpammy kiacca Main u 6bIICUTE HA TUArPAMME BIOKEHHBIN 00BEKT
people.

2. Ilepeiinute Ha ctpanuily CtatucTuka naHenu CBOMCTBA U MIETKHUTE MBIIIBIO 110
kHoTike Jlo0aBuTh ¢-10 coopa cratucTuku. OTKPOETCS CEKIUsI CBOMCTB st
3a/1aHus CBOMCTB HOBOU (DyHKIIMH cOOpa CTATUCTUKH MO AJIEMEHTaM 3TOTO
perMIupoBaHHOro 00beKTa (people).

3. Beenute potentialAadopters B osie Umsi. D10 OyaeT MMEHeM HameH QyHKIUH,
ocTaBbTe BbIOpaHHBIN o ymondanuto Tun @yukiuu: Kos-Bo.

4, 3anatite Y cJoBue:.
item.statechart.isStateActive(item.Potential Adopter)

Ota QpyHKIMS OyJIeT BECTH MOJACUET KOJIMYECTBA ar€HTOB, ISl KOTOPHIX BBITIOJIHSIIETCS
3aJIaHHOE YCIIOBUE, T.€. TEX areHTOB, KOTOPHIE HAXOASATCS B TEKYIIUH MOMEHT
BpeMeHHM B cocTostnun Potential Adopter (sBasitoTcest oTeHIIMATBHBIMA
MOTPEOUTENISIMU TIPOIYKTA).

31ech item - 3TO areHT (3JMEMEHT PEILIMIIMPOBaHHOTO 00bekTa people).
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= - - 0
E Ceaicrea &2 B8

OCHOBHEIE
Ama: | potentialddopters

MapameTpel

CrarmcimKa Tun: @ Kon-go Cyrama Cpeanee P, kakc, .

QOnMcaHKe

¥CAoEMe: (-itern. statechart.isitatelotive [(itemn. Pntential.ﬁ.dopter]-]

SR fofaenTe d-r cHOpa CTATMCTHEM

AHAJIOTUYHO CO3/IalTe elie OHY (PYHKITUIO0 cOOpa CTATUCTUKH.

1. HazoBurte ec adopters. OctaBbTe BbIOpaHHBIN 110 yMomdanuto Tun ¢pynkiumu: KoJi-
BO.

2.3anarite Ycaosme: item.statechart.isStateActive(item.Adopter)
Orta (pyHKIHsa OyAeT BECTH MOJCYET KOJIMYECTBA ar€HTOB, KOTOPBHIE HAXOISITCS B
coctostuuu Adopter (To ecTb, yKe MPUOOPETH MPOAYKT).

CoznaguMm auarpaMmy, 0TOOpaxarolyro JMHAMUKY U3MEHEHHS Ynciia TOTpeOuTeNe u
MOTEHIIMAIBHBIX OTPEOUTENICH MTPOTYKTA.

1. OtkpoiiTe quarpammy kiaacca Main u nepetamuTe 31eMeHT Bpemennoii rpadux [
u3 nanuTpbl CTaTUCTUKA Ha AUarpaMmy kiacca. M3menure pasmep rpaduka u
pa3sMETUTE €ro TaK, KaK II0Ka3aHO Ha IIPUBEIECHHOM HUXKE PUCYHKE:

Bl Main 52 | &) Person |

& people ] @

u] =1 ] 100

2. Ilepeiinute Ha cTpanuily OcHoBHbIe aHenu CBoiCTBA U YKaXKUTE, YTO UMEHHO BbI
XOTUTE 0TOOpaXaTh Ha rpauKe - TO €CTh, 3aIAUTE 21eMeHmbl OGHHBIX ITOTO
rpaduka. J{Jis 3TOro meIKHUTE MBIIIBIO 10 KHOMKE {00aBUTH 3/1eMeHT JaHHBIX U B
OTKPBIBILLIENCS CEKIIMU CBOMCTB 3aJ1aiiT€ CBOMCTBA 3TOTO JIEMEHTA.

3. Beenure people.potential Adopters() B mosie 3HaueHnme. 31eCch MbI 3a/1a€M BhIpaXKCHHE,
pe3yJIbTaT BBIUUCICHHUS KOTOPOTo OyeT 0ToOpaXkaThCs Ha HalleM rpaduke - B HaIlleM
CJIyyae Mbl TIOMeIaeM 37e€Ch BHI30B paHee CO3/JaHHONM HaMH (YHKIIMU cOopa
CTATUCTUKU IO areHTaM, BO3BpalllatolIel TeKYIllee KOJIMYECTBO MOTEHIIUATbHBIX
noTpeduTeNe MpoayKTa.
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4. Beeaute Potential adopters B mosie 3arosoBok. Ota cTpoka OyaeT 0ToOpakaThes B
JIETeH]Ie JUarpaMMBbl IS TJAHHOTO 3JIEMEHTA JAHHBIX.

5. AHanornyHo 100aBbTE €Ile OJUH 3JIEMEHT JaHHBIX. [IycTh OH oTOOpakaer
KOJIMYECTBO MOTpeOuTeNel MpoyKTa, BO3BpallaeMoe Ipyrou Hallel CTaTuCTUYECKON
byukuueii: people.adopters(). 3amaiite Adopters B kauecTBe 3arojioBKa 3TOro
AJIEMEHTA JIaHHBIX U U3MEHUTE CBOICTBA BHEIIIHETO BU/IA, KaK U B MPEbIAYIIIEM
ciydae.

6. 3anaiite BpemenHoii nuana3on: 8. TeM caMbIM MbI 3a71a€M JIMaria30H BPEMEHHOM OCH
rpaduka. [TockoyibKy B TeKyIlleld MOJEIN BCE BPEMsI MOJICTUPOBAHMS PABHO BOCHMU
SAMHHUIIAM MOJICTLHOTOO BPEMEHH, TO MBI MOKEM OTPAaHUYHUTHh U BPEMEHHYIO OCh
aHAJIOTUYHBIM 3HAUYCHUECM.

| Ceoictea &3 l =l KDHCDJ‘Ib| - 7 =0

[&Z plot - BpeMeHHoii rpadguk
e

OcHOBHME

3

Mz Iplot O Ovotipasare a1 Wekmows Ha eepxHet ypoeHe
JononHurensHele

JuHaryeckue -
@ 3nauenwe O Hadop ganHe 3aronosor: |Potential Adapters
BHELWHWE B1a

OnucaHue SHaueHKe: people.potentialidopters ()
Tl User [IOCEEEERE |

PUCOBATE MHHMIO ToAWMHHE AHHKK: | 1 pt————— = |1 MHrepnonaums; |[TuHediHas ;I

4 < B2

CTune mapkepa; I

@ Znaverme O Hatop aanmb Saronoeok; IAdopters
SHaueHue: people.adopters ()

j Lger: I;I

CTune mapkepa: I

PUCOBETE MWHMD TonwwHa avHuy; | 1 pt———— = |1 Wrrepnonauws: [uneinan x|

| 8h NofasuTs 3nemeHT ,ClaHHbI:-:l

BpemeHHoli granason: 2]

BepTHkanbHaa Wkana:  BETO ;l O o oo 1

| «

Temnepp Hailla quarpaMMa ycreuHo J00aBieHa U CKOHPUTypHpoBaHa Ha OTOOpaKeHUE
YUCIICHHOCTEW MHTEPECYIOIIUX HAC IPYIII JIOACH.

3anyctute Mozenb. C MOMOIIBI0 TuarpaMMbl Bel MokeTe moHa0r01aTh 32 TUHAMUKON
MOJICJIUPYEMOTO Tporiecca. Bel yBUAMTE, UTO MO BIUSHUEM PEKIIAMBI KAXIYIO CIUHULLY
BPEMEHH TIOCTOSTHHAS JIOJISI OT OOIICH YHCIICHHOCTH MOTEHITHAIBHBIX MOTPeOUTEIeH
MPOIyKTa MproOpeTaeT u3ydyaeMblii HAMHU TIPOIYKT.

3. Yci10:KHEeHHe MOeJIN: Y4eT BJIAUSHUS 001eHHs JII0JAeH U MOBTOPHBIX MOKYIOK

B texymiet Moaenu a0y mpruoOpeTaroT MPOAYKT TOIBKO MO/ BIUSHUEM pekiiaMmbl. Ha
caMoM Jielie, peKiIamMHbIi YQPEKT urpaeT 3HAUUTETHHYIO POJIb TOJIBKO B MOMEHT BBHITTyCKa
MIPOJYKTa Ha PHIHOK. B manpHeieM Bce O0MbINyI0 poiib OyIeT UrpaTh OOIICHHE JIFOICH C
TEMU CBOMMH 3HAKOMBIMH, KOTOPBIE ATOT MPOAYKT yKe nmpruodpenu. B ocHOBHOM 011
MPUOOPETAIOT HOBBIEC MPOTYKTHI UMEHHO O/ BIUSHUEM YOCKIECHUS CBOUX 3HAKOMBIX; 3TOT
MIPOLIECC YEM-TO MOX0K Ha PACHPOCTPAHEHHE SUIECMUU.
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YTtoOBI YUCCTb BJIIMAHHC O6HIGHI/I$I J'IIOI[CI\/'I, MbI JOJIKHBI BHCCTH B HAIlly MOACJIb HCKOTOPLIC
N3MCHCHUA: 3a1aTh CPCAHCTOJO0BOC YUCJIO BCTPCHY U ITAPpaAMCTP Y6GI[I/ITCJ'IBHOCTI/I 4CJIOBCKA. .

OTtkpotite nuarpammy kiacca Person. u co3paaiite HOBbIM napamerp ContactRate.
[Ipeanonoxum, 4To YeIOBEK B cpeaHeM BeTpeuaercs co 100 monpmu B roa. Beibepure
Tun int u BBenuTe B nosiec 3navyenue mo ymoauanuio 100.

JloGaBbTe elie 0IMH mapaMeTp, 3a1al0Uil CHITy YOEKICHHS YeIoBeKa - JOJI0
OOIIABIINUXCS C BIAACIbIIEM POAYKTA JIOACH, KOTOpask MPUOOPETET STOT MPOIYKT MO/
BiustHAEM oO1eHus. HazoBure atoT mapamerp AdoptionFraction. 3anaiite 3naueHue mo
ymosryanuio 0.015.

W3menuTe quarpaMMy COCTOSIHUN areHTa: OTKpOTe quarpaMmy kiacca Person u 000aBbTe
BHYTPECHHUH 1epexo]1 B cocTosiaue Adopter.

& Main 3] Person 2
!
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@ statechart

(& AdEffectiveness

(#® ContactRate

(* AdoptionFraction

OToT nepexon OyJIeT MOAECINPOBATh OOIIICHIE YEIOBEKa CO CBOUM 3HAKOMBIM, B
pe3yibTaTe TOT MOXKET ObITh YO€XKICH B MOKYIIKE HOBOTO MPOAYyKTa. UHTEHCUBHOCTD
cpabaThIBaHUs ATOTO Mepexo1a OyAeT 3aBUCETh OT MHTEHCUBHOCTH OOIIIEHUSI 3TOTO
YeJI0BEeKa.

Bri6epute Ha cTpaHUIE CBOMCTB ATOTO MEPEX0/Ia U3 BHITIAJAIOIETO CITUCKA
IIpoucxoauT ¢ 3a0anHOl UHMEHCUGHOCMbIO U 33/1AITE HOBOE

3HaueHue MHTeHCMBHOCTH cpabaTbiBaHus 3Toro niepexoza: ContactRate

3anaiite leiicTBue Toro niepexoa: send("Buy!", RANDOM);

DTOT mepexo/1 MOChIAET COOOIICHHE CITyYailHO BEHIOpaHHOMY uenoBeky. [lo3aHee mbl
c/IeJiaeM TakK, YTO BCJIEJICTBUE ITOTO OYJET CpadaThIBaTh MEPEXO TUATPAMMBI
COCTOSIHUS 9TOTO YeJIOBeKa, MOJCIUPYIONTUI MOKYNKY UM mpoaykta. Merox send()
OTChUIAET cooOIIeHre ApyroMy areHTy. [1epBolil apryMeHT 3aaeT coooiieHue, KOTopoe
OyZeT mociiaHo, a BTOPOM 33/1a€T areHTa, KOTOPOMY ATO cO00IIeHne OyIeT aapecoBaHo.
B HameMm ciyuae MbI mocku1aeM cooOIeHne KakoMy-TO CIIy9aifHO BRIOPAHHOMY areHry,
MO3TOMY B Ka4€CTBE 3HAUYCHHUSI 3TOTO apTyMEHTa MbI HCTIOJIb3YEM CIEIUATBLHYIO



koHcTanTy RANDOM.

T Ceofictea &2 ¥ =0
& transition1 - MNepexon

Ochostbie Wma:  transitionl OTobpaxaTe MMa; MekamamTe
CnucaHme

MpoWcxogHT: C 3383HHOM MHTEHCMBHOCTEN

C 33A3HHOMA MHTEHCMEHOCTRHD: ': ContactRate |

NelcTEME:

(send("Bugr! . RAMDOM) ,:]

fon. yonogwe:

JloGaBbTe emre oauH nepexoy u3 cocrosaus Potential Adopter B cocrostaue Adopter.
DTOT nepexoi MOJICTUPYET NpoliecC MPUOOPETEHUS MPOYKTA MO BO3ICUCTBUEM
OOIIEHUS CO 3HAKOMBIM.

N3menute cBoiicTBa 3TOr0 nepexona. He kaxaoe o0Cyx1eHne JOCTOUHCTB IPOAYKTA CO
CBOMM 3HAKOMBIM IPUBEJIET K HEMEIJICHHOMY PEIICHUIO O IPUOOPETEHUH 3TOTO
npoAyKTa. BeposiTHOCTh Takoro pa3BUTHsI COOBITUN OYIET 3aBUCETh OT TOI'0, HACKOJIBKO
JaHHBIN OTEHIMAIBHBIN MOTPEOUTEND MOIBEPKEH BHYIICHHIO. B Haeit mogenu
JlaHHas XapakTepucThka 3anaercs napamerpom AdoptionFraction. [lepelinute Ha
CTpaHHMILy CBOMCTB 3TOro nepexona u Beeaure randomTrue(AdoptionFraction) B mosie
Jlom. ycaoBHe. OTO TONOJHUTEIBLHOE YCIOBUE MPUBENET K TOMY, YTO MPOAYKT OyAeT
pUoOpeTaThCs C BEPOSITHOCTHIO, 3a7aBaeMoil mapamerpom AdoptionFraction.

OtoT nepexo OyaeT cpabarpiBaTh, KOT/Ia IMarpaMma COCTOSTHUI 3TOT0 areHTa MOJIyYUT
coobmenue "Buy!" (to ects, "Kynu") oT npyroro aresra - cBoero 3HakoMoro. YtoOb1
ATOT MEPeXo] cpadaThIBa MPHU MOJTYUCHUH COOOIIESHUS, Ha CTPAHHUIE CBOWCTB 3TOTO
nepexojia BeiOepuTe U3 Beinagatomiero cnvucka Ipoucxoaur Ipu nonyuenuu
coobueHus.

Teneps HaM HYKHO yKa3aTb, 4TO niepexo OyAeT cpadaThiBaTh TOJIBKO MPHU MOJYyYEHUN
COOOIIEHHS] COOTBETCTBYIOLIETO coAeprkanud. [Ijist 3Toro BeIOEpUTE U3 TPYIIBI KHOMOK
Tun cooburenust omuto String, Beioepute HIke onmuio Eciu coodiieHue paBHo u
BBeauTe 'Buy!" B pacnosioxkeHHOM HUKE TOJIE.
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[ CeodcTa &4 B

& transition? - Mepexon

OcHoBHBIE

Mma:  transitiond OTobpaxaTe MM MeknryuTE
OnAMcaHme
MporcxoguT: (_I'Ipm Moy HEHKMK CooBLLEHKA v]
Tun cooberums: boolean int double {i@ String | Apreroi
Ohject
CloyL e cTENATE Nepexo g EezycnoEHD

@ Ecnu coobieHMe pagHo
"Bu?l r

Ecnu BRINOAHARTCA WCAOEME

NecTEME:

Jan. ycnoewe: (randDmTrue ildnptiDnFractiDn-J]

q 1l &

Teneps HaM HY)KHO H3MEHUTH HEKOTOPBIE CBOMCTBA areHTa, JIJIs TOT0, YTOOBI MOTydaeMble
UM COOOIIICHUS OT IPYTUX areHTOB MEPEHANPABIILINCH B €T0 JUArpaMMy COCTOSIHUHN H
00padaThIBAIUCH €10 B COOTBETCTBUU C 3aJaHHOM JIOTUKOM.

[IlenxkHuTe MBIIIBIO IO Kiaccy Person B nanenu IIpoeKThl, YTOOBI OTKPBITH €r0 CBOICTBA B
naneny CBOMCTBA U NEPEUINTE HA CTPAHUILY CBOWCTB ATICHT.

B nonie [leiicTBue nmpu nmoJiydeHuH coodmeHust BBeauTe statechart.receiveMessage(msg);
Teneps KOTJ1a areHT MOJIYYUT COOOIICHHE OT KaKOro-TO JPYroro areHTta, oH Oyier
MIepEHaIpPaBJISITh €r0 B CBOIO JUarpaMMy COCTOSIHUH, T/ie OHO OyJieT 00pabaThiBaThCA TaK,
KaK MBI C BAMH 3TO 3aJaJT¥ (2 UMEHHO, BBI3bIBaTh CpabaThIBAHUE TIEPEXO0Aa, MOACITHPYIOIIETO
npruoOpeTeHNE MPOAYKTA MO BIUSHUEM JJMYHOTO OOIIICHNUS).

[=— ._, - B9
] Cpodctea &4 8

& Person - Knacc aKkTHBHOMo o6LeKTa

DcHoBEHEE Twn npocTpadcTea: @ HenpepeisHoe AuckpeTHoe MAc

,ﬂ,DI‘IDJ‘IHMTEJ‘I bHEIZ

| HauaneHoe pacnono¥eHWe 3adaeToa cpeaold
Arenr P P

HaqaneHele KooparHaTEL
MNpegs. npocmaoTp

CnKcaHme

m

MapameTpbl ABM¥EHKA:
CrkopocTe:!

MogopoT:

,ﬂ,EI:iETBME ApK A0CTH X EHKMI MECTa HASHaYeHKMA:

AefcTEME NpK NoAYYeHMM CO0BLEHKA:

N @tatechart Jreceivelessage (mSg) ;]
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3amycTuTe MOAENH U U3yYUTE TMHAMUKY Tpolecca MpUoOpeTeHus MpoaykTa. Bel MmoxkeTe
YBUJIETb, UTO M3-3a yUe€Ta BIUSHUSA YCTHOTO OOIIEHHS STOT MPOLECC CTall MPOUCTEKATh
3HAYUTENIBHO ObICTpEE.

Ceituac JIroAu B HalIEd MOJENH CIIyYalHO PacloyiararoTcs B MPSIMOYTOJIbHOM IPOCTPAHCTBE
650x300 kumoMeTpoB (WU APYTUX YCIOBHBIX €AMHUIL paccTosiHus). M Hatra Mojens
JOMyCKaeT O0IIeHHE JII000ro YeJIOBeKa C KaXAbIM, BHE 3aBUCUMOCTH OT TOT0, HA KAKOM
PacCTOSTHUU APYT OT Apyra oHU HaxoAsaTcsi. OOBIYHO K€ y YeJIOBEKa €CTh ONpeIeICHHBIM
KpYT 3HAKOMBIX, KOTOPBIE )KMUBYT B HETIOCPEACTBEHHOM OJM30CTH K HEMY, 1 HMEHHO C HUMU
oH u ob6maercs. [ToaToMy MbI XOTUM, UTOOBI B Halllel MOJIENTU OOLIAIKNCH TOJIBKO TE JIOJIH,
KOTOPBIE HAXOAATCS HE Jaliee ONPEIEICHHOTO pacCTOSHUSA APYT OT APYTa.

JaBaiiTe caenaem Halry MoJiellb 00jiee peaITuCTUYHOM, TOMYCTUB BO3MOKHOCTh OOIIICHUS
TOJIBKO TEX JIOEH, KOTOPbIE HAXOAATCS IPYT OT Apyra Ha pacCTOSHUU, HE
IIPEBBIIAOIIEM 25 KUIOMETPOB.

CaoiicTBa opMUpOBaHUS CETEH KOHTAKTOB areHTOB, KAK U MHOTHE JIPyrue
CBOMCTBA areHTHOM MOJEJH, 3aJal0TCsI B 00BEKTE cpeda.

1. Otkpoiite auarpammy kjaacca Main u 6bIIENUTE HA TUarpaMMme 00BEKT environment

&/, 3amarommit HACTPOMKH CPeIbl, B KOTOPOil OGUTAIOT AreHTHL.

2. Ilepeiinute Ha cTpaHUILy CBOMCTB JlomoTHUTE/IbHBIE U U3MEHUTE THIT CETH
KOHTaKTOB. BriOepute CorsacHo paccTOSIHHIO U3 BbINaiarolIero cnucka Tum ceTu
Y BBEAUTE 25 B paclooKeHHOM HWXke nosie Paguyc coeqmHeHus.

= o = =2
El Ceofictea 232 ]

@ environment - Cpena

Ocrosneie Tun npocTpadctea: @ HenpepeisHoe AurckpetHoe rac

ﬂDI'IlJ)IHM'IEﬂbeIE

LWupuHa: &oa
Jnucanme P

BricaTa: 350
100

plulu]

Myposo -

Tun pacnanaxenma; | Caydainoe - V| MpumeHuTE NpK sanycke

Tun ce (CDI’HBEHD pACCTOAHMHD v] o TpHMEHUTE NpK 3amycee

1

Pagiyc coeaMHERMA @

0.95

10

Teneps HaM HYKHO U3MEHUTDH JUArpaMMy COCTOSIHUM areHTa, 4Toobl coobnienue "Kymnu
npoaykT!" OTChUIATIOCH HE CIy4yallHO BEIOPAHHOMY areHTy, a TOJIbKO TOMY areHTy, KOTOPbIA
SIBJIIETCS] 3HAKOMBIM JaHHOTO areHTa. J{Jis Toro oTkpoiite nuarpammy kiacca Person u
n3menute JleiictBue storo nepexonaa Ha: send("Buy!", RANDOM_ CONNECTED);
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% transition1 - Nepexon

OcHOBHBIE Mma:  transitionl OTobpaxkaTe MMa MoknoyuTe
QnucaHne

HFICIMCXD,B,MT: C3a,ﬂ,aHHDLT1 WMHTEHCHMEHOCTEHD =

C 338aHHONH MHTEHCMEHOC TR ContactRate

DefcTeme:

(-send("Bugr! ", RANDOM COMNECTED) ]

Aon, yonoeue:

B HameM ciayyae Mbl IOCBUIaEM COOOIIEHNE KAKOMY-TO CIIy4ailHO BBIOPDAHHOMY areHTy
U3 YHCJIa T€X, C KOTOPBIM JIaHHBIM areHT 3HAKOM, [MI03TOMY B KaU€CTBE 3HAUCHUS
MOCJIETHEr0 apryMeHnTa Meroza send Mbl TeTephb UCIIONIb3YyEeM CHEIUATbHYIO

koHcTaHTy RANDOM_CONNECTED. Teneps 3TOT nepexo/i HOChLIaeT COOOIIEeHNE
CIIy4ailHO BBIOpaHHOMY 3HAKOMOMY 3TOTO YEJIOBEKA.

3anmycTuTe MOJENbh U TOCMOTPUTE, KAK M3MEHWIACH JUHAMUKA TPUOOPETEHUS TTPOIYKTA.
MOHO yBUAETH, YTO TENEPH ar€HTHI COEIMHEHBI TOJIBKO C TEMU, KOTOPBIE HAXOIATCS OT
HUX HA PACCTOSIHUH, HE MPEBBIMIAIONIEM 25 €UHHUIL, @ CaM MPOLIECC PACIPOCTPAHEHUS
MPOAYKTA MPOUCXOJUT MEJIJICHHEE.

CoznanHas MOJIEIb HE YUUTHIBAET TOTO, YTO CO BPEMEHEM IPOIYKT MOXKET ObITh
U3PACXOJ0BaH WUJIU MPUNUTU B HETOJHOCTh, YTO BBI30BET HEOOXOIUMOCTh €TI0 TIOBTOPHOTO
npuoOpeTeHusi. Mbl TPOMOJIEIHPYEM TOBTOPHBIE MOKYTIKH, T0JIarasi, 4To MoTpeouTenu
MIPOJIYKTa CHOBA CTAHOBSITCS OTEHIIMAIIBHBIMU MTOTPEOUTEISIMU, KOTJIa TPOYKT, KOTOPHIi
OHM MPUOOPEITH, CTAHOBUTCS HETPUTOJIeH. BHauane Mbl 3a1aJIUM CPOK CITYKOBbI ITPOJTYKTA.
[Ipeanonoxxum, 94To CPEIHUM CPOK CITY>KOBI HAIIETO MPOYKTa - 1 roI.

Ortkpoiite nuarpammy kiaacca Main. Cosnaiite mapamerp DiscardTime. co 3HaueHuEM 110
ymodanuio 1. Temeps Hy)KHO H3MEHUTH TUArpaMMy COCTOSIHUI TakuM 00pa3oM: 100aBbTe
nepexoj u3 cocrosiaus Adopter B coctosinue PotentialAdopter (mpemuti no

cuemy). CBOMCTBa nepexo/ia: nepexoj Oyaer cpadaThIBaTh MO MPOIIECTBUU CPOKA CITYKOBI
HAIllero MPOIYKTa, 3aJaHHOTo napamerpom DiscardTime, mocine Toro, Kak ynpaBicHHE
JrarpaMMBbl coCcTOsIHUM TiepeiineT B coctosiaue Adopter. [Toatomy octaBbTe B

coiicte IlpoucxoauT Mo MpUHITOE MO YMOJTYaHUIO 3HaUeHUE Tatimaymy v BBEIUTE B MOJIE
TaiimayT get_Main().DiscardTime. Metox get Main() 31ech BO3BpaIiaeT 3K3eMILISP
kjacca Main, B KOTOpoM MbI 3a1ainu napametp DiscardTime.
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% transition3 - Mepexon

OcHoOBHLIE [ cknroqmTe

KMma:  transition3
OnucaHme

MpowucxoamT: | Mo Tadmayty -

Mo rafimayTy: (get_l‘lain(] .DiscardTime]

HelfcTEme:

Aon, yonoewe:
‘| 1 | 3

Teneps MBI XOTUM HUCCIIEA0BATH MPOIECC TPHOOPETCHMS POAYKTA B TEUCHHE OoJiee
JUTUTEIHHOTO TIepHOa BpeMeHU. Y 0epuTe 3aJJaHHOE paHee YCI0BHE OCTAHOBKH MOJEIHU IO
MPOIIECTBUN OMPEICICHHOTO YHCIIa €AMHUI] MOJICTLHOTO BPEMEHH, YTOOBI MO
BBITIOJIHSJIACH OECKOHEYHO, MTOKA €€ HE OCTAaHOBUT IOJIb30BATEb.

B nanenu IIpoekTsl, BbiieuTe 3kciepuMenT Simulation:Main memukom Mbimua. Ha
ctpanuiie MoaeiabHoe BpeMmsi aHenn CBolcTBa, Beioepute Her U3 BbINaaroniero
criucka OCTaHOBHUTb.

3aHYCTHT€ MOACJIb U C IIOMOIIBIO JUarpaMMBI IIPOCIICAUTC TUHAMUKY U3MCHCHUA YU CJIa
HOTpe6HTeJIeﬁ IIPOAYKTaA. Mpl BHAUM, YTO HACBINICHUC PBIHKA B MOJICIIN C IIOBTOPHBIMHU
INOKYIIKaMH HC JOCTHUI'aCTCA.

@ peooe

i
® g A N A LA
i i i LAY ) ]

) E)isca|'dTime

I T

] T
0 =]
— Potential adopters — Adopters

Mporon: 0 a BoinonHaeTcA | Bpema: 79.31 % | Mporowx: Bpema ocTaHOBKM HE 3348H0 b NamAaTo: |
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