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Beenenne

YuebHoe mocobue mpeAaHazHaueHO i 00y4YaeMbIX, H3YyYalOMIUX
KypC UMHUTAIIMOHHOTO MOJIENIMPOBAaHUS B paMKax TUCIUILIHAH IO/ pas-
HBIMH Ha3zBaHuAMHU: «KoMmbroTepHOEe MomenmpoBaHmey», «Moaemnpo-
BaHUe», «MoJieMpoBaHne cucTemM», « IMUTallMOHHOE MOJCITUPOBAHHUE
CUCTEM YIPABICHUSD H T.II.

Lenpio MpOEKTHPOBAHUS SBIAETCS OCBOCHHE MPAKTHIECKUX MpPHE-
MOB HMMHTAIIMIOHHOTO MOJICIMPOBAHUS, IIAHUPOBAHHUS, TPOBEACHUS U
00pabOTKM NAaHHBIX KOMIBIOTEPHOTO SKCHepUMeHTa. MmwuranuoHHoe
MOJIEJIMPOBaHNE BHIOPAHO MOTOMY KaK MHPOBas MPAaKTHKA HAYIHBIX
WCCIIEIOBAaHUN CBHJIETENHCTBYET O TOM, YTO METOJBI NMHUTAIHOHHOTO
MOJIENMpOBaHus 3aHMMatoT okono 70 % B obmem o0bEMe HccenoBa-
TEIBCKOTO WHCTPYMEHTAPHSL.

B nHacrosimee BpeMsi B UMUTAIIMOHHOM MOJISIUPOBAHNUHU BBIIEISIFOT
TPU TOAXOJA: CUCTEMHOW JUHAMHMKH, JUCKPETHO-COOBITUHHBIA U
arcHTHBIN. M3 3TUX MOJIX0JI0B B paMKaX MHOTHX JUCIUIUIMH U3y4aeTCs
JIUCKPETHO-COOBITHIHBIN MTOAX0/, 00eCTIeunBarOInii YHUBEPCATLHOCTh
1 3QPEeKTUBHOCT, UMUTAIMOHHOTO MonenupoBanus. OH OpUEHTHPO-
BaH Ha MCCIEJOBAaHKE IIMPOKOrO KJIacca CIIOKHBIX CHCTEM, MpeAcTa-
BUMBIX B BHJIE CHCTEM MaccOBOTO oOcmykuBaHMs. PazButnio u mupo-
KOMY PaclpOCTPaHEHUIO JAHHOTO TOAXO0/a B 3HAYUTEIHHOW CTEIEHU
CIIOCOOCTBOBANIO HAJMYHME Y Pa3pab0TUYMKOB MMHUTAIIMOHHBIX MOJIEIEH
CIEIMATM3UPOBAHHBIX CHCTEM WMHTAIMOHHOTO MOJIEIIMPOBAHUs, OC-
HOBaHHBIX Ha s3blke GPSS. HempepbiBHas SBONIONHS ITUX CHCTEM,
oepymas Hayano ot cuctembl GPSS 1, coznannoit xeddpu opmo-
HOM B 1961 r., TI03BOJISIET B TEUYCHUE YK€ OOJICe MSTHIACCATH JIET HC-
nmoJib30BaTh A3k GPSS Ha HOBBIX THax DBM, B HOBBIX OIepalyioH-
HBIX CHCTE€MaX, PacIIupsisi BOSMOXKHOCTH CaMOTO S3bIKa. J{oCTymHOCTh
yueOHBIX BEpCHI TaKUX HanboJiee W3BECTHBIX CHCTEM MOJCITUPOBAHUS
u3 oroii cepun, kak GPSS/PC u GPSS World, a rtarxxe y4eGHO-
Metoandeckoro obecreuenust [1, 2, 3], co3maér ycnosus a1 sddek-
TUBHOW OpraHu3alMy y4eOHOTO Tpoliecca 0 WMHUTAIOHHOMY MOJie-
JMPOBAHUIO CJIOKHBIX CHCTEM.

Cucrema AnyLogic paspaborana xomnanueii XJTechnologies B
1991 1. 310 0OBEKTHO-OpHEHTHPOBaHHAs cucTema. OHa A IOCTpoe-
HUSI MOJIEJICH TTO3BOJISIET UCIIOJIb30BATh CUCTEMHYIO JIMHAMUKY, areHT-
HBIH M JHUCKPETHO-COOBITHUHHBIN momxonsl. Takxke, Hapsgy ¢ GPSS
World, nonyywia npu3HaHUe U MIHPOKOE PACIIPOCTPaHEHHE.
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B 3aBucuMocTu OT 3alaHUi Ha KypcOBBIE U TUILIOMHBIE IIPOCKTHI
9KCHEPUMEHTHl HA UMHUTALIMOHHON MOJENIH MOTYT BBINMOJHATHCA C HC-
MOJIb30BAaHUEM aBTOMATHYECKH CO37]aBaeMbIX T€HEPaTOpPOB JKCIEpU-
mentoB GPSS World u AnyLogic.

IToMuMo >kecTKuX TpeOOBaHM MO O(GOPMIICHHIO MOSCHHUTEIHHOMN
3allUCKH, B IIOCOOMH JaHbl PEKOMEHAALNH 10 PACKPBITHIO COACPIKaHMS
pas3zfenoB ¢ NPHUBEICHUEM CIPAaBOYHBIX MAaTepuasioB. B HEKOTOpHIX
ClIydasiX aBTOPbI COWIM HEOOXOOUMBIM JaBaTh CChUIKM HA MCTOYHUKH,
rae o0y4aemMble MOTYT HOIY4UTh 0oJiee OAPOOHBIE CBEACHUSI.

[TocoOue COCTaBIEHO C YYETOM TOTO, YTO HCIOIHHUTEIH MPOCKTOB
YCBOWJIM COOTBETCTBYIOLIME AUCLMIUIMHBI B 00bEME OCHOBHBIX y4eO-
HBIX ocoOuii, Hanpumep [1, 7].

Jnst oO0ydaeMbIX MpeaycMOTpeHa BO3MOXKHOCTh CaMOCTOSITEIILHOTO
BBIOOpa TEMBI KYpPCOBOI'O MJIM TUILIOMHOTO IPOEKTUpoBaHus. B moco-
Oun Taroke NpUBEIEH Psil 3aJaHNI Ha IPOEKTUPOBAHUE, TEMBI KOTOPBIX
HaunOoJiee aKTyalnbHBI Ui NpoQecCHOHATBFHONH OpHeHTalun obOyuae-
MBIX.

Hosble HampasiieHus: B NPUMEHEHUH UMUTALIMOHHOTO MOJAEINPOBa-
HUA CBA3AHBI C UX HUCIIOJIB30BAHUEM [JId PCUICHHA 3aJad IMPOTrHO3UPO-
BaHMsI U IPUHSTHS PELICHUM B IIPOLIECCE YIPABJICHHS CIOKHBIMHU CHC-
TEMaMHu.

B mocoOun ydreH OMBIT KypcOBOTO MPOEKTHpOBaHUS B BoeHHOI
aKaJIcM1U CBA3WM U JPYIrUX BBICIIHX y‘IeGHbIX 3aBCACHUAX. HUcnons3o-
BaHbl MaTepHalibl, OMyOJMKOBaHHbIC Ha caiite Www.Xjtek.ru [9]. Ha
ITOM caiiTe TaKkXkKe JOCTyITHa O3HaKOMUTebHas Bepcust AnyLogic 6.

ABTOpBI OJlarojapHel JOKTOPY TEXHUYECKHX Hayk, mpodeccopy
N. b. Caenko 3a peneH3upoBaHHE NMOCOOHS, COTPYAHHKAM KOMITAHUU
XJTechnologies T1. A. Jle6eneBy u C. A. CycioBy 3a peKOMeEHIAILMN
110 IOCTPOEHUIO Mojienel, a Takxke J[. B. boeBy 3a noneuarHyro mnoj-
TOTOBKY.

ABTOpBI


http://www.xjtek.ru/

I'naBa 2. Cucrema moaeaupoBanusi AnyLogic

2.1. O0ume cBeieHUsI 0 cUcTeMe MoJeanpoBanus AnyLogic

Cucrema AnylLogic, paspaborannas kommanueii XJTechnologies
(Poccwust), 3TO cpeia KOMIBIOTEPHOTO MOJICTMPOBAHUS OOIIEro Ha3Ha-
YeHUsl. DTO KOMIUIEKCHBI MHCTPYMEHT, OXBATHIBAIOLINI OCHOBHBIC B
HACTOsIIee BpeMsl  HAmpaBlCHHsS MOJEIHPOBAHHA:  JTUCKPETHO-
COOBITHHMHOE, CHCTEMHOM HIMHAMHMKHM, areHTtHoe. lMcmonas3oBaHue
AnyLogiCc naeT BO3MOXHOCTb OIEHUTHh 3(Y(HEKT KOHCTPYKTOPCKHX pe-
HICHUH B CIIOKHBIX CUCTEMaX PealbHOTO MHpA.

OtedecTBeHHBIH TTPOGECCHOHAIBHBIN HHCTPYMEHT UMHUTAIIOHHOTO
MonennpoBanust AnylLogic HOBOro MOKOJEeHHS, KOTOPBIA pa3padoTaH
Ha OCHOBE COBPEMEHHBIX KOHIICTIIUI B 00NacTH WHPOPMAIMOHHBIX
TEXHOJIOTHHA U PEe3yNbTATOB MCCIIEJOBAHUN B TEOPUU THOPHUIHBIX CHC-
TeM U 00BEKTHO-OPHUEHTHPOBAHHOTO MoAenupoBanus. [locTpoernas Ha
X OCHOBE WHCTpyMEHTalbHas cucrtema AnylLogic He orpaHuYMBaeT
MOJIb30BaTENs] OAHON €JMHCTBEHHOUN MapagurMoil MOJAEIMPOBaHUs, YTO
SIBIISIETCS] XapaKTEPHBIM JIJISl CYIIECTBYIOIINUX HA PHIHKE HHCTPYMEHTOB
MoaenupoBanus. B AnyLogic pa3paboTuuk MOKET THOKO HCIONb30-
BaTh Pa3MYHbIC YPOBHU aOCTparupoBaHMs U Pa3IWYHbIe CTUIN U KOH-
LN U CMEIINBATh UX TIPU CO3/IaHUM OJHOM M TOU e MOJEIIH.

MopeanpoBaHue CUCTEM ¢ JUCKPeTHbIMH coObITHAMH. Ha pbIH-
K€ CYIIECTBYET MHOKECTBO MAaKETOB, OOJIErYaroluX pa3padoTKy IuC-
KPETHO-COOBITUIHBIX MOJIENIeH W MPOBEICHUE SKCIIEPIMEHTOB C MOJIe-
JISIMU B 3TOU TPaJUIIMOHHON 00JacTH MOJenupoBaHus. B mepByro oue-
penb 3to GPSS, koTopsIii cTan peBotoiueii Oonee 50 JieT Ha3amd, 33/1aB
napajurmMy MOJEIHPOBaHUs B 3TOW 001acTH B BUJIE OJIOKOB M TPaH3aK-
TOB. TpaH3aKThl 0TOOPAKAIOT TUHAMHUYECKHE OOBEKTHI MOJIEITHPOBAHUS
(3asBKH), a OJOKH — OOBEKTHI, 00padaTHIBAIOIINE ITH 3asBKH. bBoIb-
IMIMHCTBO JIPYTMX MHCTPYMEHTOB MojeiupoBanus (Arena, Extend,
ProModel, SimProcess u zip.) TakyKe UCIOIB3YIOT 3Ty Mapagurmy.

CucreMHasi JTMHAMMKA — 3TO METOJIOJIOTHS U3YyUYCHHS U MOJIEIIHU-
pPOBaHUsI CHUCTEM, XapaKTepH3YIOUIUXCS IMKIAMH OOpaTHBIX CBsi3eit
B CIIO’KHBIX B3aUMHBIX IPHYMHHBIX 3aBUCUMOCTSIX MX TlapameTpoB. Ma-
TEMAaTU4eCKd 3TH CHUCTEMBI OIMCHIBAIOTCA CHCTeMaMu IuddepeHnn-
ANBHBIX YpaBHEHUH, MpuBeleHHBIX K (hopme Komu. Ity Monxenu npu-
MEHSIFOTCSL JUISI KOPIOPAaTHBHOTO TUIAHUPOBAHUS W aHAIM3a IMOJUTHK
yIpaBlieHHsT KOPHOpaLUuel, MOJUTHUK YHPABICHUS COLMAIBHBIMH U
SKOHOMHYECKHUMU CUCTEMaMHU, B 3Kkoioruu u T.1. B 1961 r. Ixeit op-



pecTep 3aJI0KUI METO0JIOTHIECKHE TTPUHITUIBI CUCTEMHON THHAMUKN
C WCIOJB30BAaHUEM TPaPUUECKOr0 MPEICTABICHUS NPUYHMHHBIX 3aBU-
CHUMOCTEH MEepEeMEHHBIX, B BHJE Tak HasbiBaeMbix «Stock and flow
diagrams», kKoTopble U ceidac SIBISIFOTCS OCHOBOH MHCTPYMEHTOB MO-
JIeTMPOBaHUS, KOHKypUPYIOIMX Ha peiHKe: VenSim, PowerSim, Stella,
ModelMaker u ap.

JuHaMuyeckne cHCTeMbI, OO0JAaCTh MOJCIHPOBAHUAA CHUCTEM
yrpaBieHus, (PU3NIEeCKUX, MEXaHIYECKUX CHCTEM, CHCTeM 00paboTKh
curHanos u T.11. lllupokoe nmpuMeHeHHe B 3TOH 0OJIACTH WMEET MaKeT
MoaenupoBanus Simulink, SBASIOMMNACS COCTaBHOM YacTbIO TaKeTa
Matlab. IlakeT nmeeT OGHMOIMOTEKY TIpEIONPEAETCHHBIX OJOKOB, U3 KO-
TOPBIX MOXKHO MeTojoM «drug-and-drop» cTpouTh OJOYHYIO CTPYKTY-
Py, aHAJIOTHYHYIO OJIOYHOH CTPYKTYpe MOJEJNeH, KOraa-To JaBHO, JIET
40 Hazas HaOMpaeMbIX /IS UX PEIICHUS Ha aHAJIOTOBBIX BHIYHCIUTEIh-
HBIX MAalllMHAX W3 MHTETPaTopoB, YCUIIHUTEIEH, CyMMaTOpOB, HCTOYHU-
KOB CUTHAJIOB H T. II.

AreHTHOe MojaeaupoBaHue. [log areHTOM NOHMMAETCS AKTUBHBIN
00BeKT, O0Namaromuii MOBEIEHUEM W WMEIOIIN BO3MOXKHOCTH B3aH-
MOJICUCTBUS C APYTUMHU areHTaMu U CO cpeiod. MHOroareHTHOe MoJjie-
JMPOBaHUE MO3BOJISIET BBHIBECTH XAPAKTEPUCTHUKU 1IETOr0 (MHOXKECTBA
areHTOB) M3 COBOKYITHOCTH JIOKAJIBHBIX TOBEACHUNA M XapaKTEPUCTHK
OTJENBHBIX aKTHUBHBIX 3JIEMEHTOB IIEJIOr0, paclpelieliecHHBIX B Cpelie.
MogenupoBaHue MHOTOAreHTHBIX CHCTEM HCIIONIL3YETCsl B aHaIH3e CO-
[MUATBHBIX TPOIIECCOB, MPOIECCOB YPOAHU3ANNU U JaKe TPU HCCIea0-
BaHWU pHIHKA B aHAIM3€ MPEANOYTEHUH pPa3IHMYHBIX COIHMAIBHBIX
TPYII WX KOPIOPAIKi, BRICTYMAIONINX KaK areHThl CO CBOUM IOBEJIe-
HueM. CyllecTByeT HECKOJIBKO SKCIEPUMEHTAIbHBIX WHCTPYMEHTOB,
MOJIJICPKUBAIOIINX MOJIETUPOBaHNE B 3TOW oOiacTu; Hamboiee wu3-
BECTHBIE M3 HUX — 3TO Swarm, pa3zpaboTaHHblil B YHuBepcurete Can-
ta ®e u RePast, pazpaborannblii B Unkarckom YHuBepcuTeTe. ITH
aKaJeMUYeCKie WHCTPYMEHTHI TPEIOCTABISIOT II0JH30BATEN0 OHO-
JIMOTEKH MPOTPAMMHBIX MOJYJIEH, HECKOJILKO YIPOINAONINX pa3padoT-
Ky areHTHBIX MOJIEJICH TI0 CPAaBHEHHUIO C pa3pabdOTKOM WX «C HYJs» Ha
SI3bIKE MTPOTPaMMHUPOBAHUS, HO OHU HHKAaK HE MOTYT MPETEHJ0BAaTh Ha
POIb TIPOYKTA JUIsl MPO(ECCHOHATIOB-CUMYJISIIMOHUCTOB.

[IporpammMubiii  mpoaykr AnNyLOgiC ocHOBaH Ha OOBEKTHO-
OpUEHTUPOBaHHOHN KoHIeniuu. OObEeKTHO-OPUEHTUPOBAHHBIN MOIXO0/]
K MPEJCTABICHHUIO CIIOKHBIX CHCTEM SIBIISICTCS JIyYIIMM Ha CETOIHSIII-
HUI JIeHb METOJIOM YIPABICHHS CIOKHOCTHIO MHQOpMAIIMH, 3Ta KOH-
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LENUUs HO3BOJIAET IPOCTHIM U €CTECTBEHHBIM 00pa3oM OpraHHU30BaTh
Y TIPEICTaBUTh CTPYKTYPY CIOXKHOH cucTeMbl. Takum oOpa3oM, UieH u
METO/bI, HallpaBJICHHBIC HA YIPaBJICHUE CIOKHOCTHIO, BRIpaOOTaHHEIE
B IIOCTIEIHUE ECSATWIETHS B O0JIACTH CO3aHHS IPOIPAMMHBIX CHCTEM,
MO3BOJISIOT pa3paboTunkaM Mojeneil B cpeme AnyLogiCc oprann3oBarhb
MBILIJICHHE, CTPYKTYPHPOBATh pa3padOTKy U, B KOHEYHOM CUETe, YIpO-
CTUTb U YCKOPUTh CO3AaHUE MOJEIEH.

Hpyroit 6a3oBoii koHmemnwer AnylLogic sBisieTcs mpeicTaBlieHIe
MOJENM Kak Habopa B3aMMOJACHCTBYIOIIMX MapajuleNbHO (YHKIHOHH-
pyromux akTuBHOCTEH. Takoi moaXoa K MOJASTUPOBAHUIO HHTYUTHBHO
OUYCHb IOHSTEH M €CTECTBEHEH BO MHOIUX HPUIOKEHUSX, IOCKOJIBKY
CHUCTEMbI peaHBHOI\/'I JKU3HU COCTOAT M3 COBOKYIIHOCTH aKTHBHOCTCﬁ,
B3aMMOJICHCTBYIOIIUX C JPYIUMH OOBEKTaMH. AKTHUBHBIH OOBEKT
AnyLogic — 3T0 00BEKT CO CBOUM COOCTBEHHBIM (DYHKIIHOHHPOBAHHU-
€M, B3aHMOJICHCTBYIOIINH ¢ OKpy)eHrneM. OH MOXKET BKIIFOUaTh B CeO0
M1000€ KOJTMYECTBO IK3EMIUISIPOB APYTHX aKTUBHBIX OOBEKTOB. AKTHB-
Hble 00OBEKTHI MOTYT AMHAMHYECKH MOPOXKIATHCS W MCYE3aTh B COOT-
BETCTBUU C 3aKOHAMHU (DYHKIIMOHHPOBAHMS CUCTEMBI. TaKk MOTYT MoJie-
JIMPOBATHCA COLUAILHBIC T'PYIIIbI, XOJIAWHTH KOMHaHI/II\/'I, TpaHCIIOPT-
HbIC CUCTEMBI U T. II.

I'padmueckast cpema mopenmpoBanust Anylogic momaepKuBaeT
MPOEKTHPOBaHKE, pa3padoTKy, JOKYMEHTHPOBAHHE MOJIENH, BHITIOJIHE-
HHUE KOMITLIOTEPHBIX 3KCIIEPUMEHTOB C MOJIEINBIO, BKIIOYAsl pa3inIHbIe
BUJIBI aHAJIN3a — OT aHaJM3a YyBCTBUTEJILHOCTH 1O ONTHMHU3ALMH Ta-
paMeTpoB MOJIENIH OTHOCUTEIBHO HEKOTOPOTO KPUTEPHSI.

B pesynbrare Anylogic He OrpaHMYMBAcT MOJL30BATENS OIHOM-
€JIMHCTBEHHOM MapaJIuTMON MOJIEIMPOBAHHUS, UTO SIBISETCS Xapakrep-
HBIM (aKTUYECKH AJIsl BCEX MHCTPYMEHTOB MOJEIHPOBaHUS, CYLIECT-
BYIOIIIUX CETOJHS Ha peiHKe. B AnyLogic pa3paboTyrk MOKeT THOKO
WCIIOJIE30BaTh Pa3InYHbIe YPOBHH a0CTPardpOBaHUs, pa3indHbIC CTH-
JIM ¥ KOHLIENIIMH, CTPOUTh MOJIENIM B paMKaxX TOW MJIM MHOW MapaaurMbl
M CMELIMBATh WX NMPH CO3JaHUU OJHOW M TOH K€ MOJENIH, UCIIOJIB30-
BaTh paHee pa3pabOTaHHBIE MOAYJIH, COOpaHHBIE B OMOIMOTEKH, IO-
NOJIHATH M CTPOUTH CBOM COOCTBEHHBIE OMOMMOTEKH Monyiei. [lpu
paspaboTke mMonenu Ha AnylLogic MOXHO MCIONB30BAaTh KOHIETIINH U
CpeJICTBa M3 HECKOJBKUX «KJIACCHUYECKHX» 0OJacTedl MOeTrpOBaHus,
HanpuMep, B areHTHOW MOJIEM UCI0JIb30BATh METOJIbI CUCTEMHOU JIU-
HaMMKH JUIS TIPEJICTABIICHNS! U3MEHEHUH COCTOSHHS CpEeNbl MU B He-
HpepLIBHOﬁ MOICIIN HHHaMH‘IeCKOﬁ CUCTEMbI YUCCTb OAUCKPETHBIC CO-
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opiTusa. Hampumep, anamm3 IT-uHQpacTpyKTyphl KOMIIAHUW (aHATH3
MPOU3BOJUTENBHOCTH CEPBEPOB, Y3KHX MECT JIOKAJIbHOW CETH U T. IL.).
OH JIerKo MPOU3BOJIUTCS C MMOMOILBIO METOAOB JUCKPETHOTO COOBITHIA-
HOTO MOJICITMPOBAHUSA, IMEET HEMHOTO TOJB3bI, €CIIH B MOJAEIH HE OT-
paKEHO BIHSHHE BO3MOXKHBIX W3MEHEHWH MapaMeTpoB 3ToW HHGpa-
CTPYKTYpHl Ha OW3HEC-TIPOLIECCH M, B KOHEYHOM CYeTe, Ha MPHOBLIb
KOMIIaHWH, a TaKas CBSA3b B MOJETN HE MOXKET OBITh peaji30BaHa TOIb-
KO CpeacTBaMu TIUCKPETHO-COOBITHITHOTO MOJICTTPOBAHHSL.
B AnyLogic nerko crpositcs nogoOHble MOAETH ¢ TpeOyeMbIM ypOB-
HEM aJIcKBaTHOCTH, MO3BOJIAIOLINE OTBETUTh HA MHOTHE BOIPOCHI, WH-
Tepecyromre uccieaoparens. borateie BO3MOKHOCTH aHUMAIIUN W BH-
3yallbHOTO TPEACTaBICHHUS Pe3yIbTaTOB B Ipolecce paboThl MOAETH
IMMO3BOJIAIOT MOHATH CYTh IMPOLCCCOB, MPOUCXOAANIUX B MonennpyeMoﬁ
CHUCTEME, YITPOCTUTH OTIAIKY MOJICIH.

YnoOubi wHTEpdEiic ¥ MHOTOYUCICHHBIC CPEACTBA TMOIACPKKH
paspaboTku Mozeneil B AnylLogic nenaroT He TONBKO HCIIONB30BaHUE,
HO ¥ CO3/IaHNe KOMIBIOTEPHBIX HMUTAIIMOHHBIX MOJIENIEH B 3TOH cpefie
MOJICTTMPOBAHHUS JJOCTYITHBIM JTaXKe JUISI HAUHHAIOMTHX.

2.2. dTanbl HMUTAIIMOHHOTO MOieJiInpoBaHus B AnyLogic

HmutanioHHOe MOJICTHPOBAHUE COCTOUT M3 BYX OOJIBIIUX ATAIIOB:
CO3JaHM MOJEIM M aHAIN3a IMOJYYEHHBIX C MOMOIIBIO MOZEIH pe-
3yJIbTATOB C LENbIO IPUHATHS PEIICHHUS.

IIpu neTtambHOM PACCMOTPEHUM, IOCTPOCHUE IECHCTBUTENIBHO IIO-
JIe3HOH MMUTALMOHHOW Mojenu TpelGyeT Oonbinoi paborel. CHauasa
pa3paboTUYMK MOJENTH IOJDKEH OINpeleNuTh, Kakue 3ajadu OyIayT pe-
aThCs ¢ €€ IOMOIIBIO, T. €. MOJCIUPOBAHHUIO B JIIO0OW ero Qopme
JOJDKHA TIPe/IIecTBOBaTh (OPMYIMPOBKA IeTH MojenupoBanus. OT
LIEJI 3aBUCUT TO, KaKUe MPOLIECCH B PeajbHOM cCUCTeME CIIeLyeT Bhle-
JUTh ¥ OTPA3HUTh B MOJIENH, @ OT KaKUX MPOIIECCOB adCTparupoBarhCes,
KaKhe XapaKTepUCTHKH 3THX MPOIIECCOB YUMTHIBATh, a KaKHE€ — HET,
KaKHe COOTHOIICHHS MEXAYy NEPEMEHHBIMHM M TapaMeTpaMH MOAEIU
JOJDKHBI OBITH OTPa)KeHbI B MOJIENH. JJaHHBIH 3Tall MOXKHO OXapaKTepH-
30BaTh KaK CO3/IaHHE KOHIENTYaIbHOU (ComepikaTensHoM) Momenu. Ha
HEM MPOUCXOAUT CTPYKTYpPHU3ALUs MOJIENH, T.€. BBIAECICHUE OTACIBHBIX
MOJICUCTEM, OIPEJEICHNE IEMEHTapHBIX KOMIIOHEHTOB MOJAEIU U HX
CBA3EH Ha Ka)XK/IOM YPOBHE HEPapPXUH.

B uMHTanOHHOM MOJEIMPOBAHUM CTPYKTypa MOJAETH OTPakaeT
CTPYKTYPY PEaIbHOTO 00BEKTa MOJECITUPOBAHUS HA HEKOTOPOM YPOBHE
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abcTpakLuy, a CBA3M MEXIy KOMIIOHEHTaMH MOJENIH SBJLIOTCA OTpa-
JKEHUEM PeabHBIX CBS3eH. DJIEMEHTHI CUCTEMBI, UX CBSI3HU, apaMeTpPhl
U TEpEeMEHHBIE, a TaKKE€ UX COOTHOIIEHHS U 3aKOHBl MX H3MEHEHUs
JOJDKHBI OBITH BBIPQKEHBI CPEICTBAMH Cpellbl MOJICIUPOBAHHUSA, T.C.
B 3TOM Cpefe AOJDKHBI OBbITh ONpEneNeHbl IEPEMEHHBIE U MapaMeTphl
MO/JIEJIH, TOCTPOEHBI MPOLEAYPH! BEIUNCICHNS U3MEHEHUS IEPEMEHHBIX
Y XapaKTEPUCTHK MOJEIN BO BPEMEHH.

[Ipu HEoOxoauMocTH 11 GOJBIIETO NOHMMAHUS MPOLIECCOB, MPO-
TEKAlIIUX B MOAEIH, JODKHO OBITh pa3paboTaHO aHMMAIOHHOE
MIPEJICTABJICHUE 3TUX MTPOLIECCOB.

3areM NOCTpOeHHas MOJENb JOKHA OBITh MPOBEPEHA C TOUYKH 3pe-
HUSI KOPPEKTHOCTH €€ peatn3alyu.

Crnenyronuii 3Tan — 3T0 KanuOpOBKa WM HUACHTU(UKALUS MOJIe-
7M1, T.e. cOOp NaHHBIX U NPOBEICHUE M3MEPEHUH TeX XapaKTEPHUCTHK
B PEAIbHOW CHUCTEME, KOTOPBIE JOJKHBI ObITh BBEIEHBI B MOJIENb B BU-
Jle 3HAYEHUH apaMeTPOB U paCIpeneICHUN CIIy4ailHbIX BEJIMYUH.

Hanee, HeoOXOAUMO BBITIOIHUTH MPOBEPKY MPABHILHOCTH MOJCIH
(ee BanMIanuio), KOTOpasi COCTOUT B TOM, YTO BBIXOJ MOJIENIN TIPOBEPSI-
€TCsl Ha HECKOJBKUX TECTOBBIX PEXHMMaxX, B KOTOPBIX, XapaKTEPUCTHKU
MIOBEJICHUS PEANbHONW CUCTEMBI N3BECTHBI MO0 odeBUAHbI. [locnennum
3TaroM padoThl C MOJEIBIO SIBIISICTCS KOMIBIOTEPHBIH SKCIEPHUMEHT,
T. €. COOCTBEHHO TO, PaIH Y€r0 M CO31aBAIACh MOJIEINb.

B npocreiiniem citydae 3KCHEPUMEHT — 3TO BBIINOJIHEHUE MOJEIU
NpY Pa3TUYHBIX 3HAYCHHSAX €€ CYNIECTBYIOIIMX MapameTpoB ((akro-
pOB) M HaOINIIOJICHUE €€ TOBEJICHHUS C PETHUCTPALMedl XapaKTePHCTHK
MOBEICHUS. DTOT BHJI UCTIOIB30BAHNS MOJEIN Ha3bIBAETCS IPOrHO30M,
WIN SKCIIEPUMEHTOM THIA «4TO OyneT, ecid...». KommbrorepHoe Mo-
JISIIMPOBAHKE MO3BOJIIET HE TOJIBKO MOJYYUTh IMPOTHO3, HO U OMpENe-
JIUTH, KaKUe YIPABISAIONINE BO3JEHCTBUA Ha CUCTEMY NMPHUBEAYT K Oia-
TONPHUSITHOMY pa3BUTHIO COOBITHH. Boilee cloXHBIE IKCIIEPUMEHTEHI
TO3BOJISIFOT BBIMIOJHUTH AHAJIN3 YYBCTBUTEIBHOCTH MOJENH, OLIEHKY
PHUCKOB PA3JINYHBIX BapUAHTOB YIPABISIOIUX PEIICHHH, & TAKXKe OIl-
TUMU3ALUIO 711 ONpEAETICHHs TapaMeTPOB U YCIOBUN PallMOHAIBHOIO
(GYHKIMOHUPOBAHUS MOJEIIH.

OpnuH U3 BaXKHBIX BOIPOCOB — MPECTABIECHNE W aHAJHN3 pe3yJibTa-
TOB MOJAETHpPOBaHMs. {7 3TOr0 B WHCTPYMEHTAJHHOW CpEle MOTYT
OBITH WCIIOJIB30BAaHBI CHEIHMaIbHBIE CPEACTBA A 0OpabOTKH CTaTu-
cTHYecKod MH(pOpManuu, il NPEeACTaBICHUS B CTPYKTyPHUPOBAHHOM
WK rpadUuecKoM BUJE MONyYSHUs JaHHBIX, HHTETPaLsl ¢ BHEITHUMU
0a3aMu JaHHBIX U T.I1.
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Tab6muma 2.1

ITanbl KOMIBIOTEPHOT0 MO/JeTHPOBAHMSA

Ne
Hazpanue sTana Pesynbrar
1./1.
1 AHanu3 cucTeMsl IlonumaHue TOro, 4To MPOUCXOIUT B
cucreMe, MojjieXkalled aHaausy, Ka-
KOBa €€ CTPYKTYpa, KaKue NPOLIECCh B
HEHU IIPOTEKAIOT
2 dopMynupoBKa eI’ Crucok 3aza4, KOTOpbIE IpeAarnosara-
MOJCIUPOBAHUS CUCTE- eTCsl PEelIUTh C TMOMOIIBI Oymymien
MBI Mozend. CHucoK BXOAHBIX U BBIXOA-
HbIX IIapaMeTPOB MOJEIH, CIHUCOK
HCXOJHBIX JAHHBIX, KPUTEPUU 3aBEp-
LIEHHOCTH OYyJIyIIero uccie oBaHus
3 Pa3paboTka KOHIETITY- CrpykTypa MOIENH, COCTaB CYyHIECT-
AJIBHOM CTPYKTYPBI BEHHBIX IPOLECCOB, MOJUIEKALIUX
MOJIENN OTOOpaKCHHIO B MOJIEIH, 3a(UKCUPO-
BaHHBIH ypOBEHb aOCTpakuumu IS
Ka)XJJOH TTOICUCTEMbI MOJICIH (CIHCOK
JOITyIIIeHUH), ONMCaHHE YIPaBIIAIO-
11eH JIOTUKHU JJIs IOJICUCTEM
4 Peannzanus mozxenu B PeannszoBaHHbIE MOACUCTEMBI, UX Ma-
cpelie MOAEIUPOBaHUS paMeTpsl M INEPEMEHHBIE, HX IMOBEJE-
HUE, PEalM30BAaHHAs JIOTUKA U CBSA3U
HIOJICUCTEM
5 Peanuzanus anumanu- AHHMAaIlMOHHOE TIPEACTaBICHHE MO-
OHHOTI'O IIPE/ICTaBICHUS Jienu, nHTepdeiic moap30BaTess
MOZEIU
6 IIpoBepka KOPpeKTHOCTH | YOEkAEeHHE B TOM, UYTO MOZEIHh KOp-
peanu3anyuy MoAeIu PEKTHO OTpa)kaeT Te MPOLECChl pe-
IBHOI CHCTEMBI, KOTOpbIe TpeOyeTcs
AHAJIU3UPOBATh
7 Kamnbposka monenu @duxcanus 3Ha4YeHUN MapaMeTpoB, KO-

3¢ QUIMEHTOB ypaBHEHUII W pacripe-
JICTICHUH CIy4ailHbIX BEJIMYUH, OTpa-
KAIOUIMX T€ CUTYalWH, JUIl aHaJIu3a
KOTOpPBIX MO OyAeT WCIoib30-
BaThCsI
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8 IInanupoBanue u nipoBe- | Pe3ynbrarel MoAenUpoBaHUS — Trpa-
JICHAE KOMITBIOTEPHOTO ¢ukn, TaOIHIBI U T.II., JAFOIINE OTBE-
SKCIIepUMEHTA THI HA TIOCTABJICHHBIC BOTIPOCHI

YacTo MMHTAIMOHHAS MOZIETh HCHOJNB3YyeTCS B KAauecTBE MOIYIIS
OoJbIICH CHCTEMBI HNPUHATHS PEIICHUS, MOJTydYaroleld B pekuMe pe-
AIBHOTO BPEMEHH JIJaHHbIE MOHUTOPHHTA COCTOSIHUS YIIPABJISIEMO CHC-
TEMBI, OLICHUBAIOIEH, K KaKUM ITOCJIEACTBUSIM MOXET MPUBECTU TEKY-
masi CUTyalysi, ¥ IpeUlarallieil onTuMaabHOe (MM IPOCTO PAIHo-
HaJIbHOE) YIpaBJISIONIee PELICHUE TSI MUHUMHU3AIUH OTPHLIATETBHBIX
MOCJIECTBUN pa3BUTHA CHUCTEMBI B OyaymeM. s sToro oObIuHO Tpe-
OyeTcst MHTETpaIys MO C IPYTUMH MH(POPMAIIMOHHBIMH CHCTEMA-
MU U pa3paboTKa CrieluaibHOTo HHTEpdeiica moap30BaTes.

2.3. OcHOBHBIE KOHIIENIHH, peau3yembie AnyLogic

JIBe (pa3bl MMUTAIMOHHOrO MojaeaupoBanusi. B AnyLogic ase
¢a3bl UMHUTAMOHHOTO MOJIEIHPOBAHUSA — pa3paboTKa MOJEIH W €€
aHaJM3 — sIBHO pa3zieicHbl. Pa3paboTka MO BBIMIOIHSICTCS B Cpesie
pemaktopa AnyLogic, aHamH3 MOIETH MPOUCXOIUT B CPEe HCIOIHE-
Hus. B xaxmoit ¢ase CyIecTByIOT CBOHM cpencTBa yrpasieHus. llepe-
X0A W3 OnHOW (a3l B APYrYIO0 NMPOHM3BOAMTCS OYEHB JIETKO. MOXKHO
MHOTOKPATHO HCIIOJIB30BaTh MEPEXoa Mexay (azaMu peJaKTHPOBAHUS
Y MCTIOJTHEHUST MOJIENIN TIPU pa3pabOTKe MOJIEIH.

AKTHBHBIE 00bEKTbI, KJIACChI U IK3eMILISPbI AKTUBHBIX 00beK-
ToB. Kiacc B mporpaMMHpOBaHUM SIBISETCS MOIIHBIM CPEICTBOM, IO-
3BOJISIIONINM CTPYKTYPHUPOBATh CIOXKHYIO cuctemy. Kimace ompenernser
m1abJI0H, B COOTBETCTBUHU C KOTOPBIM CTPOSTCS OTJEIBHBIC SK3EMILISPHI
KJacca. DTH 9K3eMIUIIPBI MOTYT OBITH OIpeJesieHbl Kak 00BEKTHI Y-
I'MX aKTUBHBIX 00OBEKTOB.

B AnyLogiC OCHOBHBIM CTPYKTYPHBIM OJIOKOM TIPH CO3JaHHH MO-
JIeJield SIBIISFOTCS KJIACChl aKTHBHBIX 00BEKTOB. VCronb30BaHNE aKTHB-
HBIX OOBEKTOB SIBJISIETCSl €CTECTBEHHBIM CPEJICTBOM CTPYKTYpHU3AIHU
MOJIETH CJIOKHBIX CHCTEM: MHP COCTOUT M3 MHOXKECTBA MapajlieNbHO
(GYHKUMOHUPYIOIIMX U B3aUMOACHCTBYIOIINX MEXIYy COOOW CYIIHO-
creil. Pa3muyHble TUIBI 3TUX CYLIHOCTEH M IPENCTABISIIOT Pa3HbIE aK-
THUBHBIC OOBEKTHI.

Yro0Obl co3nath Moaenb AnyLogiC, Hy>)KHO cO31aTh KJIacChl aKTHB-
HBIX 00BEKTOB (MM HCIIONB30BaTh 00BEKTHI OmOIHOTEK ANnyLOogic).
Onpe/ieieHde aKTUBHOIO 00bEKTa 3ajaeT 11a0JIoH, ¥ OTAeIbHbIE 00b-
€KThl, IOCTPOCHHBIE B COOTBETCTBUHU C 3THUM IIA0JIOHOM (K3EMILISIPBI
AKTUBHOTO 00BEKTA), MOTYT UCIOJIBb30BaThCA 3aTEM KaK JIEMEHTHI ApY-
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TUX aKTUBHBIX OOBEKTOB. B 11000i KiTacCc MOTYT OBITH BKIIIOYCHBI HE-
CKOJIBKO 3K3EMIUISIPOB JPYTUX KIJIACCOB, KOTOPbIE MOTYT pa3in4aThCs
CBOMMM IapaMeTpaMu. Bcerna oauH kiacc B MOJIENU SIBIISIETCS KOpHe-
BoiM. [l Hero B momenu AnyLogiC moposkmaeTcs OaMH 3K3eMILIIp
C TIpeoTIpeIeICHHBIM UMEeHEeM 001, OH ¥ 3aIyCKaeTcs WCIOTHHUTEIh-
HOH cuctemoii AnyLOogiC Ha BeinonHeHue. MMs Kilacca KOPHEBOTO aK-
THBHOTO 00bEKTa MOYKHO MEHSATH B OKHE €r0 CBOHCTB.

Kaxnpiii akTUBHBIA OOBEKT WMEET CTPYKTYPY (COBOKYITHOCTB
BKJIIOUCHHBIX B HETO aKTHBHBIX OOBEKTOB U MX CBS3H), a TAK)Ke TOBE-
JICHUE, OIpeNeNIIeMOe COBOKYIHOCTHIO IEPEMEHHBIX, MapaMeTpoB,
CTEUTYApTOB | T. 1. Kaxkaplii 3K3eMIISAIp aKTHBHOTO 00BEKTa B pado-
Talomed MOJIEId WMeeT cBoe coOcTBeHHOoe moBeaeHue. OH MOXKET
UMETh CBOY 3HAUCHHS MapaMeTpoB, OH (PYHKIIMOHUPYET HE3aBUCHMO OT
JIPYTHX 00BEKTOB, B3aUMOICHCTBYS C HUIMH U C BHEIITHEH CpeIoi.

O0beKTHO-OPpHEHTHPOBaHHbII moaxoa. AnyLogic wucmons3yer
00BEKTHO-OPUCHTHPOBAHHBIN TIOJIX0A K IPEICTABICHUIO CIIOKHBIX
CHUCTeM. DTOT TOJXO TO3BOJSET MPOCTHIM M €CTECTBEHHBIM 00pazoM
OpPTraHM30BaTh M TMPEICTABUTH CTPYKTYPY CIIOKHOH CHCTEMBI C MTOMO-
HIbI0 Mepapxuu abcTpakuuid. Hanpumep, Ha HEKOTOPOM ypoBHE abCT-
paKoumn aBTOMO6I/IIH) MOKHO CUUTaTh HCKUM C€IHUHBIM OG’LCKTOM. Ho
OoJee mETaNBHO €ro MOYKHO TPEACTaBHTh KaK COBOKYIHOCTH B3aHMO-
JICUCTBYIOIIMX MOJCUCTEM: JIBUTATENSA, PYJIEBOTIO YIPABIECHUS, TOPMO3-
HOM cucTeMbl U T. I. Kaknas u3 3THX MOJCUCTEM MOXKET OBITh MPEJi-
CTaBJICHA, €CIIM ATO HEOOXOAMMO, CBOCH CTPYKTYpPOW B3aMMOJIEHUCT-
BYIOIIHX TOJCHCTEM.

HMMeHHO Takylo uepapxuio aOCTpakIUil MO3BOJSET CO34aTh AnNy-
Logic mpu pa3paboTke Mojeneii. Bcro Moieap MOKHO pacCMaTpuBaTh
KaK eIuHbIN 00bekT root. [Ipu meradpbHOM paccMOTPEHUH BUIHO, YTO
3TOT 00BEKT MOXKET COJIEp)KaTh, K MPUMEPY, JIBa dK3EMIUIApa Kiacca
MyClass ¢ umenamu myClass u myClass1l. Cam xkmacc MyClass moxer
UMETH CBOE CIIOKHOE CTPOEHHE, KOTopoe OyIeT CKphITO B Kitacce ROOt.
Taxast uepapxust CTpyKTYpbl MOKET OBITh IPOU3BOJIBHOM TTyOHHBI.

Busyaannasg paspa6orka mogenu. llpm moctpoeHuMu MonenH
B cpene AnyLogiC He mpeaycMoTpeHa BO3MOXKHOCTH HCIHOJIB30BAHUS
HUKaKUX JPYTUX CPEICTB, KpPOME CpPEACTB BH3YalbHOM pPa3paboTKu
(BBeZeHHS COCTOSHUM M TEPEeXOJ0B CTEHTYapTa, BBEIACHHS IHKTO-
Ir'paMM NEPEMEHHBIX U T. H.), 3aaHNs YUCJIICHHBIX 3HAUECHHH rnapameT-
POB, aHAJIUTHYECKUX 3aMHUCEN COOTHOIIEHUN MEPEMEHHBIX M aHAIUTH-
YECKUX 3aIMCell yCIOBHI HACTYIUIEHUS! cOOBITHI. OCHOBHOW mapajur-
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Mo, puHsATOi B AnyLOgiC mpu pa3paboTke MOJENEH, IBISETCS BU3Y-
aNbHOE TPOEKTUPOBAHUE — TMOCTPOCHUE C TOMOINBI0 TpadUuiIecKux
00BEKTOB M MMUKTOIPAMM HUEPAPXHM CTPYKTYPHI U TIOBEICHUS aKTUBHBIX
00BEKTOB.

Berpoennsbrii si3pik Java. AnyLogiC sBasercs HaaCTpOHWKON Han
S3BIKOM JaVa — OJHUM U3 CaMbIX MOIIHBIX U B TO K€ BPEeMsI POCTHIX
COBPEMEHHBIX O0BEKTHO-OPUEHTUPOBAHHBIX SA3BIKOB IIPOrpaMMHUpPOBa-
HUs. Bce 0OBeKTHI, OmpenesneHHbIE I0JB30BAaTENIEM INPH pa3paboTke
mMozenn Ha ANyLOQIC ¢ moMompio ero rpaduyeckoro pemaxkropa,
TPaHCIUPYIOTCA B KOHCTPYKLIMH sI3bIKa Java, a 3aTeM MPOUCXOAUT KOM-
MAJIAIAS BCeW coOpaHHOM mporpaMMbl Ha Java, 3amaromeid Mojenb, B
HUCIOJIHIEMBIN KOJI.

XoTs mpH OCTpoeHUH Mozenn Ha AnyLogic paspaboTyrk UCTOIb-
3yeT KOHCTPYKLMHM S3blKa Java B OoJbIell WIM MEHBIICH CTEICHH,
B ICHCTBUTEJILHOCTH OH HUKOTAA HE pa3padaThiBaeT MOJIHbIE IPOrpaM-
MBI, OH HE MPOrpPaMMHUPYET, a JIMIIb BCTaBIsAET pparMeHThl KOja B Clie-
UAJIBHO IPEAyCMOTPEHHBIE IS 3TOro 1mojisi okHa Ko 1 oKoH CBOHCTB
00BEKTOB MOZAeNH. DTU (ParMEeHThl BBIPAKAIOT JIOTUKY KOHKPETHBIX
I1aroB WK JIeHcTBUM B Mozenu. Kak u Bce Apyrue BKIIOYEHHbIE B MO-
JIeNlb TPOTpaMMHbBIE (ParMEHTHI, 3TH BBIPAXKEHUSI JOJDKHBI OBITH CHH-
TAKCUYECKH MPaBUIBHBIMHU KOHCTPYKLUSAMH Java, ToToMy pa3paboTyuk
Mozeseit AnyLOogiC 10JDKeH UMETh HEKOTOPOE MPE/CTaBICHHE 00 ITOM
S3BIKE.

CpencrBa onucanus nopeJeHUs 00beKTOB. OCHOBHBIM CPENCT-
BOM cCrHenu(UKaIK MoBeAeHUsT 00beKTOB B ANyLOQIC sABIAIOTCS ITe-
pEMEHHbIE, TalMepbl W CTEUTUYapThl. llepeMeHHBIE OTpa)karoT H3Me-
HAIOIIHUECS] XapaKTePUCTUKU 00BbekTa. TaliMephl MOXKHO B3BOJIUTH Ha
OIIpeJIeJICHHbI MHTEPBAJI BPEMEHH U 10 OKOHYAHUH 3TOr0 MHTEpBaia
BBITMIOJHATh 337aHHOe JeiicTBrue. CTeUT4apThl MO3BOJISIIOT BU3YallbHO
MIPEICTaBUTH MOBEACHNUE 00BEKTa BO BPEMEHHU I10J] BO3JIEHCTBHEM CO-
OBITHI MM YCIIOBUM, OHH COCTOST U3 IpauuecKoro n300paKeHus co-
CTOSIHMH M MEPeXo0B Mexay HUMU. JIrobast croxHas JIoruKa moBejie-
HUsE 00beKTOB Mojiesi B ANyLOQIC MOXeT ObITh BbIpaXKeHa C IIOMOII[IO
KOMOMHAIUM CTEeHTYapTOB, AU(PPEpEeHIHATBHBIX H anre0pandeckux
YpaBHEHUH, NMEPEMEHHBIX, TalilMEPOB M MPOrPaMMHOTO KoJa Ha Java.
Anrebpandeckue u qudpepeHInalbHble YpaBHEHHS, KaK U JIOTHIECKUE
BBIPAXKEHHSI, 3aMUChIBalOTCS B ANYLOQIC aHAIUTHYESCKH.

Hmutanusi HeCKOJIbKUX MapajliesibHO NMPOTEKAIOIIMX Mpouec-
coB. MHaTepnperanus 1000ro yucia napauieaIbHO TPOTEKAOIMUX MPo-
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meccoB B Mozenu AnyLogiC ckpeita OT monb3oBarens. Hukakumx Ka-
neHaapeit coopiTrii paspabotunk moaenu Ha AnylLogic He Bemer, oT-
CIIe)XKMBaHUE COOBITHH BO BCEX MPOIECCaX, ONPENENICHHBIX B MOJCIH,
BBITIONHSIETCS CHCTEMOW aBTOMaTHYeckdn. Hukakux ycmmmii pa3paboT-
YyHMKa JJIs1 OpraHU3aluy KBa3UIapaulen3Ma HHTEPIPETALUH IIPU 3TOM
He TpeOyeTcsl.

MoaenbHoe U peajbHoe Bpemsi. [loHsTHE MOJIETLHOIO BpPEMEHU
aBysieTcs: 0a30BBIM B CHCTEMaxX MMUTALIMOHHOIO MozeiaupoBaHus. Mo-
JeNIbHOE BPEeMsI — 3TO YCJIOBHOE JIOTMYEeCKOe BpeMs, B €IMHHULIAX KOTO-
POro OIpeAeNICHO MOBEICHNE BCEX 0OBEKTOB MOJETIH.

B mogmensx AnyLogiC MomensHOE BpeMs MOKET M3MEHATHCS THOO
HETPEPHIBHO, €CITU TOBeJIeHHEe 00BbEKTOB omHchiBaeTcs Auddepeniu-
ANBHBIMU YPaBHEHHUSMH, JTHOO AUCKPETHO, MEPEKIIOYAsCh OT MOMEHTa
HACTYIJICHUS! OJHOTO COOBITHS K MOMEHTY HACTYIUICHHs CJIEIyIOLIETO
COOBITHSL, €CJIM B MOAEIH IIPUCYTCTBYIOT TOJBKO TUCKPETHBIE COOBITHSI.
MOMEHTBI HACTYIUICHHsI BCEX IUIAHHUPYEMBIX COOBITHI B JMCKPETHOM
MOJENIM UCIIOJIHUTENIbHAS CUCTEMAa XPAaHHUT B TaK HAa3bIBAEMOM KaJlCH-
Jape cOOBITHH, BBIOMpas OTTyAa HambOosee paHHee COOBITHE IS BbI-
TIOJTHEHUS! CBSI3aHHBIX C HUM JCHCTBUH. 3Hau€HHE TEKYIIEr0 BPeMEHH
B Moziesisix AnyLogiC MokeT ObITh MOJy4eHO oOparieHreM K QyHKIHH
getTime ().

EnunHuiy mMomenbHOr0 BpeMEHH pa3pabOTYMK MOJEIH MOXKET WH-
TEPIIPETUPOBATH KaK JIIOOOH OTPE30K BPEMEHHU: CEKyH/y, MHUHYTY, 4Yac
win Toll. BaxkHO TOJIBKO, YTOOBI BCE MPOLIECCHI, 3aBUCSIIIE OT BpeMe-
HH, ObUIN BBIPAXXEHBI B OJHUX M TeX ke eanHuuax. Ilpm monmenuposa-
HUHM (U3UUECKUX TPOIECCOB BCE MapaMeTpbl U YPaBHEHHUS JOJKHBI
OBITh BBIPRKEHBI B OJHOM M TOH K€ cUCTeMe (U3MYECKUX BEIUYMH.
Hanpumep, Bce ¢usmueckue BeIMUMHBI BbIpaxkaroTcsi B cucteme Cu,
B KOTOPOW eIMHKIIA BPEMEHN — CEKYH/Ia, a eUHUIA JUTHHBl — METP.

WHTepniperaisi MOJENU BBINONHSAETCS Ha KoMmmbioTepe. Duznde-
CKOE BpeMs, 3aTpauuMBacMO€ NPOLIECCOPOM Ha MMUTALHUIO NEHCTBUI,
KOTOpbIE JOJDKHBI BBIOJIHATHCA B MOJAEIH B TEUCHUE OJHOW €IMHHIIBI
MOJIEILHOTO BPEMEHH, 3aBUCHT OT MHOTHX (akropos. [TosTomy, Ko-
HEYHO, €JUHMIA (PU3NYECKOTO M €IWHHMIA MOJEIBHOTO BPEMEHH He
COBIIAIAIOT.

B AnyLogiC npuHsTBI Ba peXHMa BBITIOJHEHUS] MOJCIICH: PEKUM
BUPTYaJIbHOTO BPEMEHU U PEXHUM PEabHOTO BpeMeHU. B pexxume Bup-
TyaJbHOTO0 BPEMEHH MPOLEcCOp paboTaeT ¢ MaKCUMaJIbHON CKOPOCTHIO
0e3 MPUBSI3KU K (PUIUUECKOMY BPEMEHH. DTOT PEXKHUM HCIONIB3YeTCs
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Ui (DaKTOPHOI'O aHaIM3a MOJIEJIU, HA0Opa CTATUCTHKH, ONTUMM3ALUI
napamMeTpoB MOZAEIH U T. 1. [IoCKONBbKY aHWMAaIMs U Ipyrue OKHa Ha-
OMIOZICHUST 32 TOBEACHUEM MOJAETH OOBIYHO CYIIECTBEHHO CHIDKAIOT
IPOU3BOAUTENBHOCTh KOMIIBIOTEPA, AT IIOBBILICHUSI CKOPOCTH BBIIOJI-
HEHHS MOJEIH 3TH OKHA HY’KHO 3aKpBITh.

B pexxume peanbHOTO BpeMEHH MOJIb30BaTeNb 3a/1a€T CBSA3b MOJIEIb-
HOI'O BPEMEHH C (PU3NYECKUM BPEMEHEM, TO €CTh yCTAaHABIMBAETCS OT-
paHHYEHUE HA CKOPOCTH pabOTHI IIpoIeccopa MPH BIOJHEHUN MOZE-
nu. B aTOoM pexunmMe 3amaeTcs KONUYECTBO €IUHUL MOJEIFHOTO BpeMe-
HU, KOTOpBIE AOJDKHBI BBIMOJIHATHCS TPOLECCOPOM B OIHY CEKYHAY.
OOBIYHO [aHHBIA PEXHUM BKIJIIOYAETCSl Al TOTO, YTOOBI BH3YaJlbHO
NpeAcTaBUTh (HYHKIMOHUPOBAHHUE CHCTEMBI B pEAIbHOM TEMIIE HACTYII-
JIeHUs! COOBITHIA, TPOHUKHYTH B CYTh MPOILIECCOB, TPOUCXOAALINX B MO-
JIeIy.

CooTtHomeHHe (U3NIECKOTO0 W MOJAEITHFHOIO BpEeMEHH Mpu pabdote
MOJIENT B PEKUME PEallbHOTO BPEMEHH MOXHO MOHSTH Ha CIIeIyIoIeM
npumepe. [Ipu koaunrente yckopeHus 4, eciu mporeccop ycreBaeT
BBITIOJTHUTH MEHee 4eM 3a 1 ¢ Bce omepanuu, KOTOpbIE B MOJEIH OIpe-
JeNICHBl B T€UEHHE YETHIPEX CIUHMI] MOJCIBHOIO BPEMEHH, OH OyaeT
JKAaTh 10 KOHLA CeKyHAbl. Eciu ke mporeccop He ycHeBaeT CHenaTh
9TO, TO y HEero He OyleT MHTepBaja OKUIAHHS, U KOd()(UIIHEHT yCKO-
peHus OyeT MeHbIE TOro, KOTOPBIA YCTAHOBIIEH MTOJIb30BATEIIEM.

AHMManus MOBeIeHUs] MOJeTU. YIOOHBIE CpelCTBa pPa3paboTKu
AHMMAIlMOHHOTO TIpe/ACTaBicHus Momaenn B AnyLogic mo3BomsioT
NpeAcTaBUTh (PYHKIMOHUPOBAHHE MOJEIUPYEMON CHCTEMBI B JKUBOU
dbopMe TUHAMUYECKOW aHMUMAIlUH, YTO TIO3BOJISIET «yBHJETH)» MOBEJIE-
HHE CII0KHOW CHCTEMBI.

CpencTBa aHUMAIIMH TTO3BOJISIOT MOJIB30BATENIO JIETKO CO3/1aTh BUP-
TyaJbHBIH MUpP (COBOKYITHOCTh IpaguecKruX 00pa3oB, OXKHUBIIYIO MHE-
MOCXEMY H T. II.), YIPABJISIEMbI TUHAMHUYECKUMH ITapaMeTpaMH MoJe-
T TI0 3aKOHaM, OTpEJIENIEHHBIM T0JIb30BaTeNieM C IIOMOIIBIO ypaBHe-
HUH U JIOTMKH MOJENUPYEeMbIX 00BeKTOB. BusyanbHoe npeacTaBieHue
MOBEJICHUSI CHUCTEMbI TIOMOTAeT IOJIb30BATENI0 NMPOHUKHYTh B CYTh
MPOIIECCOB, MPOUCXOJISIINX B CHCTEME.

NHTepakTUBHBIN aHAJAU3 MoJeJu. MHOTHE CUCTEMBl MOJEIHPO-
BaHUsI TIO3BOJISIIOT MEHSTh MapaMeTphl MOJICITH TOJBKO JIO 3aIyCKa MO-
nenu Ha BeinonHeHne. Cucrema AnyLOQIC npeocTaBiiseT moibp30Bare-
JII0 BO3MOXKHOCTH M3MEHATH HapaMeTpbl MOAEIH B XoJe ee (PpyHKIHo-
HUpoBaHUs. [103TOMY OKHO aHMMAIUH MOXKHO Ha3BaTh «CTEHIOM» JJIS
NPOBEEHU KOMIBIOTEPHOTO 3KCIIEPUMEHTA C MOAebio. OCHOBHBIM
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IPUMEPOM CPEICTB, M3MEHSIOMNX IapaMeTPbl MOJENH, SBISIOTCS
crnaiepsl (OeTyHKN).

2.4. Oowextnl Enterprise Library

bubmmortexa AnyLogic Enterprise Library mognep:xuBaer AucKpeT-
HO-COOBITHHHBIA Toaxon MoaenupoBaHus. C moOMOIIbIO 00BEK-
toB Enterprise Library Mo>kHO MOAETUPOBATh CUCTEMBI PEAILHOTO MU-
pa, IMHAMHKAa KOTOPBIX IIPEACTABISETCA KakK I0OCIEI0BATEIBHOCTD
omepauuii (mpuOBITHE, 3aJepKKa, 3aXBaT WIM HEJOCTATOK pecypca,
paszierneHue, ...) HaJ HEKHMMH CYIIHOCTSAMH (entities, MO-pyccKd —
TPaH3aKTHI, 3a5IBKH).

CywHOCTSIMH MOTYT OBITh, COOOIIEHMS, 3alpOChl, JAOKYMEHTHI,
3BOHKH, MAKETBI JaHHBIX, TPAHCIIOPTHLIC CPCACTBA, TCXHUYCCKHUC YCT-
POMCTBA U T. . DTH CYIIHOCTH NAcCUBHBI M CAMU HE KOHTPOJIHPYIOT
cBOI0 AuHamMuKy. Ho oHu MoryTt obnazaTth onpenesnéHHbBIMU aTpulyTa-
MU, BJIMSIOIIMMU Ha MPOLECC WX 00pabOTKH (HAmpHMEp, THII 3BOHKA,
CJIO’KHOCTB paboThI, [UTMHA COOOIECHHS) WIIN HAKAIIMBAIOLUIMMHU CTATH-
cTuKy (0b1ee BpeMst 0KUIaHKs, CTOMMOCTh, BpeMsi 00pabOTKH).

[Mpouecce! 3anarotcsi B hopMe MOTOKOBBIX AHarpamm (OJIOK-CXeM).
To ecThb B rpaduyeckoM NpeAcTaBICHUH, TPUHSATOM BO MHOTHUX o0Jiac-
Tsax (MPOU3BOACTBE, OM3HEC-TIPOIeccax, MEHTPaXx 0OPabOTKH 3BOHKOB,
KOMMYTAIlUH COOOILCHHA, JIOTUCTUKE, 3APABOOXPAHEHUH U T. 11.). Ilo-
TOKOBBIe auarpamMMel AnyLogic mepapxuuHbl, MacmradupyeMsl. OHU
TaKXe paclMpsieMbl U OOBEKTHO-OPHEHTHPOBAHBI, UYTO IO3BOJIIET
MI0JIb30BATEII0 MOJIEJINPOBATH CJIOKHBIE CHCTEMBI JIFOOOTO YPOBHS Jie-
tanbHOCTH. [Ipyroii BaxxHON ocobeHHOCTHIO Enterprise Library siBisier-
Csl BOBMOKHOCTh CO3/IaHUSI IOCTATOYHO CIIOKHON aHUMAaIlMU MOJIENEH.

B Enterprise Library Taxxe BXOAST 00BEKTHI, pa3padOTaHHBIE IS
MOJIEIIMPOBAHUS IPOLIECCOB, MPOMCXOSMUX B MPOCTpaHCTBE. TO ecTh
TaKUX TPOLECCOB, Te OOBEKTHI-3aBKH M PECYPCHI MEPEMEIIAI0TCs
B HEKOH ceTH. DTO MOJMHOXKECTBO OOBEKTOB 3HAYUTEIILHO YIPOILIAET
MOJIEJIMPOBaHNE HEKOTOPHIX THUIIOB CHCTEM, HalpHMep, MPOU3BOICTBA,
BHYTPU3aBOJICKOH JIOTUCTHKH, CylIepMapKeTa, CKJaJia, TOCIUTAas, Mac-
TEPCKOM.

Jis Mcrionb30BaHMs 3TOTO MOJX0/a, Ha3bIBAEMOT'O0 CETEBBIM MOJIE-
JUPOBaHUEM, HEOOXOJMMO ONPEJICIHUTh TOTOJOTHIO CeTH (Hampumep,
UCIIONB3YS BEKTOPHYIO rpaduky AnyLogic oBepx IlaHa WK 4epTexa
3/IaHUSI WK COOPYKEHUS), MHOXKECTBO PECYpPCOB (CTATUYECKUX, JIBU-
KYIIMXCS WM TIepeMellaeMblX), U coOcTBeHHO mpotecc. llpomecc
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B JJAHHOM CJIy4ae — 3TO KOMOMHAIHS OOBEKTOB THIIA «II€PEMECTUTHCS
TyJa-To» WIH «OPUCOSAMHUTH K cede pecype» (Takux, Kak
NetworkMoveTo, NetworkSeize, NetworkSendTo) u oObIuHBEIX 00BEK-
toB Enterprise Library (Queue, Delay, Service). 3asBku u pecypcs! aB-
TOMATHYECKH aHUMHUPYIOTCS IBIKYIIIMHCS 00BEKTaMH 110 CerMEeHTaM
CeTH WIM HaXOAAUIMMHUCS B e€ y3lax. DTa aHHMalusi MOXET TaKxKe
KOMOWHHPOBATHCS C OOBIYHOW aHUMAITHEH.

Hepapxuyeckue MoJeau U NMOBTOPHO HCHOJIb3yeMble MOJEIb-
Hble KOMNOHeHTbI. Ecnu Momenupyemasi cuctemMa CIOXHA, HMEET
CMBICI pa30uTh €€ MoJeNlb Ha KOMIOHEHTH (IOJNPOLECCH) U IOMEC-
TUTH KAXIOBIA U3 HUX B OTAEIBHBIA aKTUBHBIA 00BEKT. BBl MOXeTe OI1-
pelleNuTh BXOABI U BBIXOJBI U3 MOAIpOIecca, IOMECTUTh UX Ha BHEII-
HUIl WHTEepdeiic akTUBHOTO O00BEKTa M CKPBITh €ro peanuzanuioo. Ha
BEpPXHEM ypOBHE BBI OyJIeTe OMEPUPOBATh TAKUMHU OOBEKTAaMH Kak 0110-
KaMH, COeIMHSS X BXOMBI ¥ BBIXO/ABI. BBl MOXKeTe c031aTh HECKOJIBKO
9K3EMIUIIPOB aKTHBHOTO OOBEKTa C Pa3HBIMH IMapaMeTpaMu, B TOM
YHUCIIe U B IPYTHX TPOEKTAX.

[Ipumep: BaM MOHAIMOOWIIOCH CO3/IaTh B MOZEIH adpOIOpTa TaKHe
KOMIIOHEHTBI, KaK PermcrTpaumus, [IacnopTHEMKOHTPOJb, [1o-
cazmka U T. . B GJI0K, MOJETUPYIONUi 30Hy PErHCTpaIii, BB MOXKe-
T€ JHUIIL IUHOXKIBI J00aBUTh 00BEKT CTOoMKaPerMcTpaumn U clie-
JaTh €ro perUIMIUpPOBAHHBIM. Pecypchl Mojenn MOTyT pa3iensThes
MEXJIy pa3iINYHbIMHA aKTUBHBIMH OOBEKTAMH, TaK YTO BBl MOXKETE, Ha-
npuMep, HMCIOJb30BaTh OOLIMH KOMIOHEHT VMubopmaumonHasCy—
cTema, MPEeJOCTABISIONINN PECYPCHI ISl 3THX TOANPOIIECCOB.

Pacmmpenue npoueccHbIx Mmoaedieii. Kak u Bce B AnyLogic, nipo-
[eCCHAsT MOJIeNIb MOXeT OBITh paclIMpeHa J0 J0oro Tpedyemoro
YpOBHS JIETATBHOCTH C HEOOXOAMMON HECTaHAAPTHOW (yHKIIMOHAITb-
HOCTBIO.

Bo-niepBbix, 6a3oBbie kiaccel Entity u ResourceUnit moryt ObiTh
pacuIpeHsbl BallUMU COOCTBEHHBIMHU KIJIACCAMH C JIFOOBIMH JIOTIOJTHH-
TEJIbHBIMU TIOJSIMM M METOAAaMHU. YKa3aB 3TU KJacchl B Mapamerpax
KJIACCOB OOBEKTOB, BhI MO3BOJIMTE OOJIee IPOCTON JOCTYII K BaIlIUM TIO-
qsim (Oe3 SIBHOTO TPUBEICHUS THUIIOB, Kak 3To Oblio B AnyLogic 5).
Hanpumep, B Mozenu asponopra BaM MOMKET MOHAZOOUTHCS CO3/1aTh
CrHenralbHbIE KIacChl, MOACTHUPYIOILINE acCaKUPOB, Oarax, ohuiepos
0e30MMacHOCTH U T. 1.

Bo-Broprix, y kaxxgoro oonsexra Enterprise Library ects cienuans-
HBIE «TOYKH PACIIMPEHUs» — MecTa, IJie BBl MOXETE 3aJaTh KaKUe-TO
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JEHCTBUS WM BBIpaXEHHUA. TaKUMH TOYKaMU PaCIIMPEHHs SBISIOTCS
JUHAMUYECKUe MapaMmeTpbl (IIOMEYCHHBIE B OMUCAHUSIX OOBEKTOB Kak
[mmHaMuueckue]), BHIYUCIAEMBbIE BO BpeMs BBIIIOJIHEHUS] MOJCITH NpU
MPOXOXKIEHUU 3asBOK dYepe3 MPOIeCCHYI0 auarpammy. Hampuwmep,
B 00nekTe Delay, mopenupyroiieM pacrnevaTKy mocago4HbIX TAJTOHOB B
o0BekTe PermcTpauns, BBl MOXKETE MPHUCBOUTH MMACCAXKHUPY BBIXOJ
(reiiT), HamucaB entity.gate=main.gateof (entity.flig-
htno) B mapamerpe IericTBMe NPH BBIXOAE. 31Mech gate (TEHT) n
flightno (Homep monera) — moJs Kiacca Passenger, Moaenupyro-
IIeT0 TacCaXupoB, a gateof — (yHKIMA, 3a7aHHAT B KOPHEBOM
obbekTe mozgeu Main.

OO0paTtuTe BHUMaHKE, 9YTO Y Bac €CTh AOCTYII K JFOOOH 4acTu MoJe-
7Y 13 JII000# Apyroi 4acTu MOAEH, U 00Jiee TOro, MOCKOJILKY BbI ITH-
mrere Java Koj, BbI MOXKETE B3aMMOIEHCTBOBATL C JIFOOBIM BHEIIHUM
MPOrpaMMHBIM 00ECIIEYeHHEM W/WIIA HCIIONB30BaTh JII0O00H U3 OTpoM-
HOT'O KOJIYECTBa Java ImaKeToB.

Co3nanne aHUManMu JJIsl MPOIECCHBIX MojeJeil. buOinoreka
Enterprise Library TecHO MHTETrpHpOBaHa C aHUMAIIMOHHBIMU CPENCT-
BaMu AnylLogic u Mo3BONIIE€T CO3/1aBaTh aHUMAIIUU TIPOIIECCOB JTFO00i
CTEIIEHHU CJIO)KHOCTH, B TOM UHUCIIE HEPAPXUYECKUE U C HECKOIBKUMHU
pa3MYHBIMU TpadUYecKuMH MpeacTaBIeHUsIME Tpoliecca. Hanpumep,
BBl MOXKETE OTPEACTUTH NI00aTHHBIN B3TIISA]] HA MPOIECC MPOU3BOJICTBA
C HECKOJIbKHMH arperupoBaHHBIMU UHIUKATOPaMHU, a TAKXKE JIETaIbHbIC
aHMMAaI[MH KOHKPETHBIX OTepalyii — W HePeKIIoYaThCsi MeXITy HUMH.

st GompmHCTBa 00BeKTOB Enterprise Library annmanus 3amaercs
clenyroImuM o0pa3oM: BBl pucyete Gurypy, ckaxem, JOMaHyO, YKa3bl-
BaeTe ee B mapameTpe Purypa aHuMaIuu, ckaxem, oowekrta Delay u
ompezenseTe 3TOMy OOBEKTY, YTO BBl XOTHTE OTOOpaXaTh 3asBKH, 3a-
JIEPKUBAIOIINECS B 3TOM OOBEKTE, IBMKYIIMMUCS IO SToi (urype
annMarun (cM. AanMmanms o0bekToB Enterprise Library). 3atem BHI
pucyere npyrytoo ¢urypy (wim rpymmy Guryp), u aenaere ee Ourypoit
aHUMaIlMK 3asBKH, HallpuMep, B o0bekTe Source. Toraa moka 3asiBKU
OynyT Haxoauthcs B oObekTe Delay, anumarmm 3THX 3asBOK OymyT
OTOOpaXaThCS B COOTBETCTBYIOIIMX TOYKAX ATOU JIOMAHOM.

B ceTeBoM MOJenTMpOBaHUM BBl PUCYETE CETh Y3JIOB U CETMEHTOB, U
3aBKM aBTOMATHYECKH OTOOPaKaloTCsl ABWKYIIUMHUCS BIIOJIb CETMEH-
TOB WJIM OCTAIOIIUMHUCA B y371ax (OoJee moapoOHy0 MHPOPMAIHIO BB
MOKeTe MOIYy4YHTh 371ech [9]).
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Kom0nHupoBaHHe MPoOUECCHBIX MoJesieil ¢ MOAeIAMH U KOHCT-
PyKuusiMu apyrux TumoB. OIHHM U3 TJIABHBIX TNPEHMYILIECTB
AnyLogic siBasieTcss BO3MOKHOCTh KOMOMHUPOBAHHS Pa3IHYHBIX CTHU-
Jeil MOAEMMPOBAHUS, MTO3BOJIAIONIAS OTPAYKATh KOMIDIEKCHOCTh M HE-
OTHOPOJHOCTH CHCTEM pealbHOTO MHpa. BBl MokeTe KOMOWHUPOBATH
Ballld MPOIECCHBIE MOJETH, IMOCTPOCHHBIE € MoMoIIbo Enterprise
Library, ¢ MomensiMu cHCTEMHOW TUHAMWKH I ar€HTHBIMHA MOJETIS-
MU, WJIH )K€ TPOCTO CO3/1aBaTh BaIlld COOCTBEHHBIE OOBEKTHI C MTOMO-
mplo 0a30BBIX 37eMeHTOB AnylLogic u BKmoYaTh UX B AWArpammy,
OTIMCHIBAIONIYIO Ball ITPOLECC.

EcTtp MHOXeCTBO clTOCOO0OB KOMOMHUPOBAHUS MOIX0J0B MOIEIHPO-
BaHUsI, MBI TIPUBEJIEM JIUIIb HEKOTOPHIC IPUMEPHI:

BrnusiHne cHCTEMHO-IMHAMUYECKON AMarpaMMbl IIOTOKOB U HAKOIIHU-
TeJel Ha MPOLECCHYI0 MOJAEITh MOXKET OBITh Peajr30BaHO, HAIPUMED,
Kak O0OBEeKT SOUrCe, co3Maromuid 3asBKA C MHTEHCHBHOCTHIO, yIpaB-
JII€MOU TMHAMUYECKOU MEPEMEHHOM.

OO0paTHas CBA3b MOXKET OBITH MPEICTaBICHA, HAIPHMED, CUCTEMHO-
MUHAMHYECKAM HAKOIUTENIEM, YBEIMYHBAIOIINM CBOE 3HAYCHHE MpHU
Ka)XJIOM MIPUOBITUH 3a5IBKH B O0BEKT MPOLIECCHO# Auarpammbl Sink.

B onpeneneHHbIli MOMEHT CBOETO JKU3HEHHOTO IIMKJIA areHT MOYKET
CTAaHOBUTHCS 3asABKOW W BCTaBIATECI B TIPOIECC C MOMOIIBIO
oJsioka Enter (1 Ha000POT), MJTH KE areHT MOKET CYIIECTBOBATH Mapai-
JIENBHO C 3asIBKOM M B3aHMOJIEMCTBOBATH C HEM.

Ecnu Bam Hy)eH 00BeKT co crierupuieckoil (yHKIIMOHATBHOCTBIO,
OTIUYHON OT (YHKIIMOHAIBHOCTH, IMPENOCTaBIsIEMO OOBEKTaMHU
Enterprise Library (¥ HeZOCTH)XUMOW TyTeM KOMOWHHMPOBAHHS STHX
00BEKTOB), BBl MOXETE CO3/1aTh Balll COOCTBEHHBIM KJacC aKTHBHOTO
o0bekTa W HCIOJb30BaTh 00BeKkTHI EXit m Enter B kauectBe unTEp-
¢eiicHbIX dmeMeHToB. Toraa Bel CMOKETE BCTABIISTh SK3EMIUIAPHI JIaH-
HOT'O Kjlacca aKTHBHOIO OOBEKTa B Ballly MPOIECCHYIO IHarpammy.
B TakoM akTHBHOM O0OBEKTE MOXKHO HCIOJB30BATh JUArPaMMBI CO-
CTOSIHMH, COOBITHS, IEPEMEHHBIC U T. JI.

Krnaccel aktuBHBIX 00BekTOB OubmMoreknm AnyLogic Enterprise
Library sBnsitoTcs 0J0KaMu, C MOMOIIBIO KOTOPBIX CTPOSTCS OJIOK-
CXEMBI, MOJEIHPYIOIINE IPOLECCh, KOTOpbIE OYyOyT NPOUCXOIUTDH
C 3a5IBKaMH.

bubnuoreunsie kimaccel Entity u ResourceUnit sensiroTest 6a30BeIMH
KJlaccaM# Ui 3asBOK M PECYpCOB COOTBETCTBEHHO. OOBEKTHI YCIIOB-
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HO JIETSITCS TI0 CBOSH (PYHKIIMOHAILHOCTH HA HECKOJILKO KaTeropui, HX
KpaTKOE OMHUCAHKE JAHO HIDKE.

2.4.1. llomok 3as60k

@ Source
@ Sink
‘Q Enter
B.. Exit
5:‘ Hold
[Ei Split
+
OF:H Combine
1
E::: Selec-
= tOutput
Queue
N[a[®
Em!f.] Match
Restricted
’ AreaStart

Co3maer 3asBKH.

VHUYTOXKACT TIOCTYIIAIOIINE 3asABKH.

Bcerapnsier yxe CyliecTBYOLIHE 3asiBKH B OIPE/ICIICHHOE
MECTO BHYTPH Ipolecca, 3aJJaHHOT0 TOTOKOBOH JTHa-
TpaMMOM.

HM3BnexaeT nmocTynarouye B 00beKT 3asiBKU U3 Ipoliecca,
3a/IaHHOTO IIOTOKOBOM AMAarpaMMOM, IIPeJOCTaBIIssA
MOJI30BATENIO PEUIATh, YTO AEIATh C STUMH 3asBKaMH.

Bbrokupyet/pa3010KupOBEIBAET ITOTOK 3asSBOK Ha OIIpe-
JICTICHHOM Y4acTKe OJIOK-CXEMBI.

JList KaXKIoi TIOCTYTAroMIeH 3asBKHA 0OOBEKT CO3JIAeT 3a-
JTAHHOE YHCIIO HOBBIX 3a5SBOK W IEPECHUIACT UX JalbIIIe.

JoxuaaeTcst MOCTYIUICHHS IBYX 3asBOK B MOPTHI iN1 u
iN2 (B MpOHM3BOJIBHOM MOPSAKE), & 3aTEM CO3/1aeT HOBYIO
3asiBKy W HalpaBlIsieT €€ Ha BBIXOJHOMN MOPT.

Hanpagiser BXoasiye 3assBKH B OJTUH U3 ABYX BBIXOJI-
HBIX TIOPTOB B 3aBUCUMOCTH OT BBITIOJTHEHHSI 32IaHHOTO
YCIIOBHA.

XpaHUT 3asBKU B OTIPEICICHHOM Mopsiike. Monenupyet
ouepeb 3asiBOK, OXKHIAOIINX [TpHeMa 0ObEKTaMH, Clie-
JIYIOIIMMH 32 JaHHBIM B IOTOKOBOM Juarpamme.

CHHXpOHU3UPYET JBa MOTOKA 3asSBOK IIyTEM HaxoJie-
HUS 11ap 3as1BOK, yIOBJIETBOPSIOIINUX 33JaHHOMY KpUTE-
PHIO COOTBETCTBUSL.

O06o3Hauaer BXOa B 00J1aCTh mnmpounecca, B KOTOpOﬁ OJJHO-
BPEMEHHO MOXKET HAXOJAUTLCA OTPAHUYCHHOEC KOJINYCCT-
BO 3as4BOK.
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O6o03Ha4aeT BBIXOA U3 00JIaCTH Ipolecca, B KOTOPOi

Restricted
MOXET HAXOOUTHCA TOJIBKO OFpaHI/I‘leHHOG KOJIMYECTBO
AreaEnd A5BOK

2.4.2. Paboma c cooepicumvim 3as6Ku

0o

Batch [IpeobpasyeT 3a1aHHOE KOTMYECTBO MOCTYIAIOIINX B

00BEKT 3asBOK B OJHY 3asBKY-MAPTHUIO.

N3Bnekaet Bce 3as1BKU, COAEPIKAIINECS B TOCTYNAOLIEH

Unbatch  3asBke-maptuu, u nepecbutacT ux ganee. Cama 3asiBKa-
TIAPTHUS TIPU STOM YHHYTOXKACTCS.

Vnanser 3agBKU U3 33JaHHOTO 00bekTa Queue u mobaB-
Pickup JISET UX K CONIEPKUMOMY TOCTYTAIOMIeH 3asBKHU-
KOHTEHepa.

VY nanset uzbpaHHbIe 3a9BKH U3 MOCTYMAIOIMIEH 3asSBKH-

Dropoff .
KOHTCHUHECPA U MCPEChUIACT UX AaJICC.

& &

2.4.3. Obpabomka

C% Delay 3azepKUBaeT 3asABKU Ha 3aJaHHBIA MEPUO]] BPEMEHH.

2.4.4. Paboma c pecypcamu

3agaer HabOp pecypcoB, KOTOPBIE MOTYT 3aXBAaThI-

ResourcePool
BAaTbCA U OCBO60)KI[aTI>C$[ 3asiBKaMU.

Seize 3aXBaTLIBaGT JJIs 3asiBKU 3a1aHHOC KOJIMYECTBO pe-
CYPCOB OIIPEJIEIIEHHOr O TUIIA.

Release OcBo00>/1aeT paHee 3aXBauCHHbIE 3asBKOH pECYpCHI.

3axBaThIBaeT /IS 3a5BKHU 33JJAHHOE KOJINYECTBO pe-
Service CypCOB, 3aJICp)KUBACT 3asBKY, a 3aTeM OCBOOOKIacT
3axXBauCHHEIC €10 PECYPCHI.
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2.4.5. Tpaucnopmuposka

®

Mopgenupyet konseiiep. Ilepemeriaer 3asaBKu 10

Conveyor

MyTH 3aJaHHOHN JIMHBI C 3aJaHHONW CKOPOCTHIO (OIH-
HAKOBOH IS BCEX 3asBOK), COXPaHSS UX IMOPSIOK U

OCTaBJIAA 3aJaHHBIC IPOMEKYTKN MEXKY HUMMU.

2.4.6. Mooenuposanue mpancnopmusix cemeit

W D EeR@BHEED

Network

NetworkEnter

NetworkExit

NetworkMoveTo

NetworkResource
Pool

NetworkRelease

NetworkSeize

NetworkSendTo

NetworkAttach

NetworkDetach

3aaet TOMONOTHIO CETH U YIPABIISIET CETCBBIMU
pecypcamu.

Peructpupyet 3adBKy B CETH U IIOMEINAeT e
B 3aJIaHHBIN y3€JI CETH.

Vaansaer 3as1BKy U3 CETU.

HepeMemaeT 3a4BKY B HOBOC MCCTO CCTH.

3anaet HaOOP CETEBBIX PECYPCOB, KOTOPHIE MO-
T'YT 3aXBaTBIBAThCS 1 OCBOOOKIATHCS 3asIBKaMHU.

OcBo0OoXk/1aeT paHee 3aXBadCHHBIE 3asBKO ce-
TEBBIE PECYPCHI.

3axBaThIBACT JUIA 3a5BKH 33JaHHOE KOJIMIECTBO
CETEBBIX PECYPCOB.

[Mocsunaer (epemMeniaeT) ykazaHHbIE ABHXKY-
IMecs/TIepeHOCHBIE CETEBBIE PECYPCHI M3 UX
TEKYIIEro MECTOIIOJIOKEHUS B 33JaHHBIH y3eI
CETH.

HpI/ICOCIH/IHSIeT K 3ad4BKE YKa3aHHBIC JIBUXKY-
HII/IGCH/HGPGHOCHBIG CCTEBBIC PECYPCHI.

OTcoennHAeT OT 3a8BKH paHee MPHCOeINHEH-
HBIE PECypPCHI.
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2.4.7. Mooenuposanue 30H XpaHeHus é cemu

Mogenupyet aABa CTOAIMNX APYT HAIPOTHB ApYyTa

NetworkStorage
CTEJIJIaXKa U IPOXO0a MEXKAY HUMH.

Mopenupyet 30Hy XpaHeHHUs, COCTOSIIYIO U3
Habopa CTeJUTaXeH U MPOXO0B MEXIY HUMH
NetworkStorage (MozmenupyeMbIMH C TIOMOIIBIO 0OBEKTOB

Zone NetworkStorage), mpemocTaBisronuii eHTpa-
JIM30BAHHBIN OCTYI U YIPABICHHUE STHMHU CTElI-
JaXKaMu.
HW3Briekaet 3asBKy U3 SYEUKH CTEIUIAKA HITH 30HBI
NetworkStorage .
Pick XPAHCHHS U [IEPEMEIIIACT e¢ B 3aaHHBIH y3e
CeTH.
[Momemnaet 3asBKy B ST4€HKY 33JaHHOTO CTEILIaXa
NetworkStorage » Y Y 3al
Put NetworkStorage wnu 30HbI XpaHeHUs

W W W

NetworkStorageZone.

2.4.8. Bcnomozamenwvnwie 00veKkmut

OT06pa>i<aeT TCKYIIEC MOJACIIBHOC BpEMS U AaTy B BUAC
qaCoB.

Clock

@
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I'nasa 3. Pazpadorka mozeneit B AnyLogic

3.1. Co3nanue Moae/IM ¢ HCHOJL30BaHHEM IIA0JI0HA

IloctanoBka 3amaum. CepBep 00pabaThIBaeT 3alpOCHl, TOCTY-
MAloIIfe ¢ aBTOMAaTU3UPOBAHHBIX Pa0OYMX MECT C MHTEpBaJaMH, pac-
NpeAeNieHHBIMU TI0 TOKa3aTeIbHOMY 3aKOHY CO CPEIHHUM 3HaueHHEM
2 muH. BpeMst 00paboTKu cepBepoM OJTHOTO 3alpoca pacipeesieHo 10
SKCIIOHEHIIMAIBHOMY 3aKOHY CO cpemHUM 3HaueHueM 3 muH. Cepsep
UMeeT BXOJIHOU Oydep eMKOCTBIO 5 3aIpOCOB.

[TocTpouTh UMHUTALIMOHHYIO MOZEJb JUIS OTpPENeICHHs OLCHKH Ma-
TEMaTHYECKOTO OKHIIAHUS BEPOSITHOCTH 00paObOTKH 3apOCOB.

Cepsep mpecTaBiseT co0oi ogHO(a3HYI0 CHCTEMY MacCOBOTO 00-
CITy>KMBaHMs pa30MKHYTOI'O TUIA C OTPAHUYEHHON BXOAHON €MKOCTBIO.

Bepcust 6 AnyLogiCc npu co3qaHuu MOJOOHBIX MPOCTEHIIIAX MOJIC-
JIeH TIpeoCcTaBIsIeT BO3ZMOKHOCTD UCTIOIB30BaHMS MAOJIOHOB MO/IEIEH.
To ecTh BBITIOJIHEHUE NEPBLIX OAHUX M TCX KC IIArOB MOYKHO II€PCIIO-
pyunts MacTepy co3ganusi Moaeau. Bce, 4To Hy)KHO MOJIB30BAaTEIIO,
3TO yKa3aTh, KAKOW METOJ MOJIEIUPOBaHUS OyJaeTe MPUMEHSTh U BHI-
OpaTh Te oMU, KOTOPBIE HYXKHBI B MoJienu. [lociie sToro Macrep aB-
TOMAaTHYECKU CO3JaCT MPOCTEHINYI0 MOAeNb. [lajiee mpu HEOOX0IUMO-
CTH MOXXHO TIPOJIOJDKUTH €€ pa3paboTKy, U3MEHSIS IECTalH.

ITockonmpKy MBI TOJBKO TIPHCTYIIaeM K pazpaboTke mozeneii B Any-
Logic, To Boctoip3yemcst mabdaoHoM. B manmsHeleM, Ipyu H3MEHEHUH
Y JIONOJTHEHUH MOJIEJIH COTJIACHO ITOCTAaHOBKE 33J]a4d, BaM CTaHET I10-
HSTHO, KaK HAYWHATh Pa3padOTKy HE TOJBKO MPOCTEHIIei, Ho U Oomee
CJIO’KHOHM MOJIENH «C HYJIS.

3.1.1. Co30anue ouazpammol npouecca

1. BeimonHuTe KOMaHAy ®aiin/Cosnars/Mogeap =) nHa nanenn
uHCTpyMeHTOB. [losiBuTCs uanorosoe okHo HoBast Momensn (puc. 3.1).

2. 3apaiite uma HoBoM Mozaenun. B mosie UMsi Momem BBeguTe
Server.

3. BriOepute Karajnor, B KOTOPOM OyayT coXpaHEHbI (haijisl Moje-
mu. Ecii XoTHTEe CMEHUTH MPEATIOKEHHBIA TI0 YMOIYaHHUIO KAaTalor Ha
KaKoi-TO Jpyroi, TO MOXETE BBECTH MYTh K HeMy B moiyie MecTomo-
JIO3K€HHE WJIM BbIOPAaTh 3TOT KAaTajor ¢ MOMOIIBIO JUajiora HaBUTraluu
mo (aiyoBol cucTeMe, OTKPBIBAIOMIETOCS HaKaTHEM KHONKH BbI-
Opats.
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| ;}‘ Hoeas monens [
Hoeas mogenob
CosaaHue Hosol Mogenw
Mma mogenin: | Server
MecTononomenme: | G:\BOEY Beibpate...
| - |
Java nNaKkeT: | server
BYRET CO30EHE CNEAYIOWAA MOAEN::
G:\BOEV\Server\Server.alp
Oanee > QTMeHa
et ] |- |

Puc. 3.1. Imanmorosoe okao HoBasi Moaejib

4. llenkuure xkHonky Jasee. OTkpoeTcs Bropas crTpanuiia Mac-
Tepa co3nanus Moaenu (puc. 3.2).

5. 3nech OyzeT mpemIoKeHO BHIOpaTh IIa0JIOH, HA 0a3e KOTOPOTO
Oyznere pa3pabaTbiBaTh MOAEIb. [I0CKOIBKY MBI XOTUM CO3JaTh HOBYIO
JICKPETHO-COOBITHIHYIO MOJIENIb HE «C HYJS», YCTAaHOBUTE (IIAKOK
HUcnonb3oBats maGJoH Mogedd u  BbiOepure JluckpeTHo-
co0bITHIiHOE MOJIeTUPOBAHUE B PACIIOIOKEHHOM HMXKE CIIHCKE.

6. Llenxuute kHonky Jlajee. Ha cnenyromieii crpanuiie Macrepa
OyzeT MmpeUIoKEeHO BBIOPATh: XOTHTE JIM BBl Cpa3y ke T00aBUTh B CO3-
JaBaeMyr0 MOJEINb pecypchl, rpaduK, OTOOpaXKaroIuil ATMHY odepenn
K CEpBUCY, aHUMAIIUIO OOCITY>KUBAIOIINXCSA W OXKHUIIAIOIINX OOCITYKH-
BaHMs 3a5BOK MJIM TUCTOTPAMMY, OTOOPaXKAroIlyl0 pacrpejelieHHe
BpeMeHH NpeObIBaHMs 3asBOK B Mojaenupyemoi cucreme. [lockonbky
MBI XOTHM JIMIIb CO3JaTh ¢ nomouibto Macrepa mpocTeiuryro ana-
TpaMMy mponecca, a OCTAJIbHBIC IIarv BBIIIOJHATH COBMECTHO IIO IIa-
ram, 4ToObl BBl 3HAIU, KaK J00aBISTH PECYPCHI, CO3/IaBaTh aHHMAIIHIO
MOJENM U cOOMpaTh CTATUCTUKY M MOIJIM B JajbHEHIEM JenaTb 3TO
CaMOCTOSITETIbHO, TO OcTaBbTe (naxkok HMcmoab3oBaTh pecypebl
C6pOHIeHHI)IM 1 3aKOHYUTE CO3JaHUC MOJCIIN, HICJIKHYB MBIIIIBIO KHOII-
ky I'oToBo.
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p .
i Hosas monens

Hoeaa Mogeno

BeibepuTe, XOTUTE NK Bel MCNONL30B3TE 0AWMH W3 WabnoHoB MOAENER MAW HA4aTE
MOAEMMPOBEHKE "€ HyNnA"

() HayaTb cosaaHME MOZENW "C HyNA" (BYAET CO3AEH YHCTEIA XONCT NPESEHTALIMN),

(®) Mcnonkz0BaTh WafinoH Mogen

BelfepuTe METOA MOAENMPOBAHKA:

CHCTEMHER AMHEMUKS ﬂ
EMokpeTHO-CcoDBITHMIHOE MOLENMPOEaHNE
MogenMpoBaHe TPEHCMOPTHBIX CETEA
AreHTHOE MOAENMPOBaHWE

@ MogenMposaHe ABMHKEHNA MEWEN0L0E Ll

CozgaeT guarpammy npocTEAWErD NPoUECca (MCTOMHNK - DYEPEGE - CEPENC - NPHEMHUEK) C
BO3MOMHOCTEI0 WCNONE30BaHNA pecypcoB, cBopa cTaTUCTHRN, 4oBaBnNeHns guarpamMm u aHUMAELHK.

B gancHeiwem Bel CMOMETE PACWMPATE M M3MEHATL NPOUECE, A0GaBUTL CETh, 8 Takse gobaBnATs
KOMMOHEHTHI CHCTEMHON GUHAMMEN WHNW GreHTHOMD MOZENUPCEaHNSA,

| < Hasaa [! Hanee = | OTMena

Puc. 3.2. Bropas crpanuua quanorosoro okHa Hosast Mogennb

7. BblI co3manu HOBYIO Mojielb. Jlanee mo3HAKOMUMCS C MOJIb30Ba-
TenbckuM uHTepdeiicom AnyLogic (puc. 3.3).

8. B neBoit wactu paboueii obnactn Haxoautcsi maHens [Ipoexr.
[Manens IlpoekT oOecneyrBaeT HABHUTALMIO MO JIEMEHTaM MOJIEIeH,
OTKpPBITBIX B TEKYIIMI MOMEHT BpeMeHH. II0CKOIbKY MOJENIb OpraHu-
30BaHa MEPAPXMYECKH, TO OHA OToOpakaeTcsi B BUje aepeBa. Cama Mo-
Jenb 00pa3yeT BEPXHUI yPOBEHB JiepeBa. DKCIIEPUMEHTHI, KIAaCChl aK-
THUBHBIX OOBEKTOB M Java Kiacchl OOpasyloT CIEAYIOLIHH YPOBEHb.
9JICMCHTI)I, BXOAAIIME B COCTAB aKTHBHBIX O6’I)CKTOB, BJIOXKCEHBI B COOT-
BETCTBYIOILYIO TTO/IBETBb JIepeBa Kilacca akTHBHOT'O OOBEKTA U T. JI.
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9. B mpaBoii paboueii obnactu OymeT oroOpaxarbes maHenb Ila-
JINTPa, a BHU3Y B cpelHEd yacTu uHTEepdelica — nanens CBoicTBa.
[anens [MamuTpa COACPKUT Pa3ACICHHBIC 110 KATCTOPUAM 3JICMEHTEI,
KOTOpbIe MOTYT OBITh JOOABJICHBl HA JUAarpaMMy Kllacca aKTHBHOTO
o0bekTa win dkcrepuMenTa. [lanens CBoMCTBA HCIONB3YeTCS JUIS
MPOCMOTPa U U3MEHEHHsI CBOWCTB BEIOPAHHOTO B JIAHHBI MOMEHT 3JIe-
MeHTa (WJIH 3JICMEHTOB) MOJICIIH.

10.B nentpe paboueit obmactu AnyLogic HaxonuTcs TpaduuecKuii
PeIaKTOp AHAarpaMMBI Kilacca akTHBHOTO 00bekTa Main.

11.B neBoii HWKHEH 4YacTH pacrojioxkeHa naneidb Omudku. Ona
0TOOpakaeT OMMOKHM B MOJIETH U TTIOMOTAET MX JIOKATH30BAaTh.

3ameuanue. Ilpn pabore ¢ MozeNbl0 HE 3a0bIBAlTE COXPAHSThH MPO-
HU3BOJANMBIC Bamu u3mMeHeHus c IIOMOIIBIO HaXXaTHUs KHOIIKU ITaHCIN
UHCTPYMEeHTOB COXPaHMTh.

3.1.2. H3menenue ceoiicme 610K06 modenu, ee HACMPOUIKA U 3aNYCK

[TomMHUM, 9TO MBI XOTUM CHauaja CO37aTh IIPOCTEHIIYIO MOJIEIb,
B KOTOpPOW OyJeM paccMaTpuBaTh TOJIHKO 00pabOTKY 3alpocoB cCepBe-
poMm.

B ocHOBe KaXIOW JMCKPETHO-COOBITUHHONW MOJEIH JICKHUT Jua-
rpaMMma TpoIecca — IMOCIeA0BATEILHOCTh COCIUHEHHBIX MEXIY CO-
oot 61moxoB (B AnyLogic 3To Ommokn 6mbnmortexu Enterprise Library),
3aJIal0IIMX TOCJEI0BATEILHOCTh OIEpalluii, KOTOpbie OyayT IIPOU3BO-
JIUTHCS HAJ] IPOXOSIIIMMH 10 JrarpaMMe IIpoliecca 3assBKaMHu.

OO0paTtuTe BHIMaHKE Ha AuarpaMMmy kiacca Main. Bel yBuaute, 9to
JuarpaMma Haiero npocreiiiero npomecca (puc. 3.4) Oblma aBTOMa-
THYECKH co3/1aHa MacTepoM co31aHus MOJeJIH, TIOCKOJBKY TaKas Mo-
JIeNib SIBJSIETCS HUYEM HWHBIM, KaK MPOCTEHIled CUCTEMOH MacCOBO-
ro 00CTyXKHUBaHMsI, HAN0OJIEEe YaCTO MCIIONIL3YEMON B KAYeCTBE OTIPAB-
HOM TOYKHW CO3/aHMsI TUCKPETHO-COOBITUHHBIX Moaeneil. [loaTomy oHa
1 BbIOpaHa B KauecTBe 0a30BOro mabdjioHa MpH pa3paboTKe AMCKPETHO-
COOBITUMHBIX MOJIEIEHN.

Huarpamma nporecca B AnylLogic co3maercss mytem H00aBIeHUS
00BEKTOB OMOJIMOTEKH M3 MAJMTPHI HA JUarpaMMmy Kiiacca aKTHBHOI'O
00BeKTa, COSAMHEHUS UX MIOPTOB U U3MEHEHUS 3HAYCHUH CBOMCTB OJ10-
KOB B COOTBETCTBUU C TPEOOBAHUSIMH MOJICIIH.

Bce, 910 HaM HYXHO, YTOOBI celaTh CO3JaHHBIA MAOIIOH MOJEIH
aJIeKBaTHBIM ITOCTAHOBKE 3a/1a4d — 3TO U3MEHHUTHh HEKOTOPHIE CBOMCT-
Ba 00BEKTOB.
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&l Main 52 =8

sOurce quele delay sink

()= IEE]I[EH—@—@—EI—@

F L[] »
Puc. 3.4. IlnarpaMma npocTeHIiel CHCTeMBI MAaCCOBOTO OOCITYKHBAHUS

3.1.2.1. U3meHeHHe CBOWCTB OJI0KOB AMATPaMMbI MpoIecca

CaoiicTBa 00BeKTa (Kak W Jr0boro apyroro siementa AnylLogic)
MO>KHO U3MEHUTH B nanenu CBoiicTBa.

OO0paTtuTe BHUMaHUE, 4TO MaHeab CBOMCTBA SBISETCS KOHTCKCTHO-
3aBucuMoii. OHa 0TOOpaXkaeT CBOWCTBA BBIIEICHHOTO B TEKYIIHH MO-
MeHT 3j1eMeHTa. [loaToMy JuIs M3MEHEHUs CBOWCTB JJIEMEHTa HYXKHO
6yI[CT MpeABAPUTEIILHO HICTYKOM MbBIIINU BBIACIUTL €TI0 B Fpa(bH‘{CCKOM
penaktope uiu B nanenu Ilpoekr.

Urto0b!1 Becerna Oblila YBEPEHHOCTH B TOM, YTO B TEKYIIUH MOMEHT
B paboueM NpPOCTPaHCTBE BHIOpAH MMEHHO HY)XHBIM 3JIEMEHT, U UMEH-
HO €ro CBOMCTBa BBl penakThpyere B maHenu CBoiicTBa, oOpariaiite
BHHMMaHHE Ha MIEPBYIO CTPOKY, MOKa3biBaeMyo B naHenu CBolcTBa —
B Hell oToOpakaeTcss WMs BBIOPAHHOTO B TEKYIIMH MOMEHT BPEMEHHU
JJIEMEHTA U €ro THUII.

CornacHO TPUHATHEIM CTaHAapTaMm, OJIOKH B JAMarpamme mpoliecca
00BIYHO pacHoararoTcs IEMOYKON CIeBa HAIPaBo, MPEICTABIISAT COO0H
MOCJIeIOBATENFHYIO OUEPEHOCTD Olepaluii, KOTOpble OyIyT MPOU3BO-
JUTHCS HaJl 3aIBKOM.

IlepBpIM 00BEKTOM B JUarpaMme IMporecca sSBISETCS OOBEKT THIIA
Source. O0beKT SOUrCe reHepupyeT 3assBKU ONPEICIICHHOrO THIA. 3a-
SIBKH TIPEJICTABIISTIOT CO00H 0OBEKTHI, KOTOPBIE TTPOU3BOIATCS, 0Opabda-
TBIBAIOTCS, 0OCITY>KUBAIOTCS, W €llle KaKUM-HUOYIb 00pa3oM MmojBep-
raroTcs JEHCTBUIO MOAEIMPYEMOIo MPOLECcca: 3TO MOTYT ObITh KIMEH-
ThI B CUCTEME O6C.]'Iy>KI/IBaHI/IH, AC€TAJIM B MOJECJIN ITPOU3BOJCTBA, TpaHC-
IMOPTHBLIC CPEACTBA B MOACIIN IIEPEBO30OK, JOKYMECHTBI B MOJICIIN JTOKY-
MEHTO0000poTa U T.A. B Hamem npumepe 3asBkaMu OyIyT 3ampochl Ha
00pabOTKy JaHHBIX, @ 00BEKT SOUrCe OyJeT MOACIMPOBATh MOCTYILIE-
HUE 3allPOCOB Ha cepBep.
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El ceoiicrsa 53 | Bl Koncoms (im|

4
OcHoBHbIE Wna: | source W] OTofpakats wma [0 MekmoumTs [0 H
MapameTpel
CETET Tun: Source<T extends Entity> Knacc saaskm: Entity
OnucaHme £
MNawkeT: |com.xj.anylogic.libraries.enterprise vJ
Sanskn npubbiBalOT cornacHo (O MHTEHCMBHOCTM (@) Bpemer
Bpema Mexcay npubbiTuamm” | exponential( 1/2 )
KonmuecTeo 3amB0K, npubbisarowmy sa oamH pas” | 1
Or paHMYEHHOE KOMMYECTED NprbEITIiA |
Hosan samsxa® | new Entity( ]| ’J
4 il r

Puc. 3.5. CoiicTBa oOBekTa Source

B Hamewm ciaydae oOBEKT CO3MaeT 3asiBKM Yepe3 BpeMEHHOW MHTEep-
BaJI, pacrpe/IeeHHbIH MO MOKa3aTeJIbHOMY (3KCIOHECHIMAIbHOMY) 3a-
KOHY CO CpeJHHM 3HaueHHeM 2 MHH. Boizenure oObekT Source. Ycra-
HOBHUTE, 4TO 3aIPOCHI MIOCTYNAIOT corjacHo Bpemenn mMexxkay npuobi-
THAMH (puc. 3.5). YcTaHOBUTE COTJIaCHO MOCTAHOBKE 3a/1ayll Cpe/iHee
3HaYeHHE HMHTEPBAJIOB BPEMEHU IOCTYIUIEHHS 3alpocoB Ha CEpPBep,
W3MEHHUB CBOHCTBa 00BeKTa source. [l atoro BBeaute B oie Bpems
MeKIy MpudbITHAIMH exponential (1/2) Bmecto exponential(l).

Crnenyromumii 00bekT — Queue. Bwigenure ero. OH MopaenupyeT
ouepeab 3asBOK, OXKUAAIOUIMX NpUeMa OObEKTaMH, CIECAYIOLUIMMHU 32
JaHHBIM OOBEKTOM B JHarpamme npotecca. B Hamem ciydyae oH Oynet
MOJIEIIUPOBATh OYepelb 3aIPOCOB, KIYIINX OCBOOOXKICHHS CepBepa.

NzmenuTe cBoiicTBa 00bekTa queue (puc. 3.6).

1. 3amaiiTe MakCUMaNIBHYIO UITHHY odepeny. Beeaure B mome Bme-
cTuMocTh 5. B ouepenu OynyT HaxoauThes He Ooliee S5 3ampocoB.

2. YcraHoBuTe (uaxxok BKJIIOYHTHL €OOP CTATHCTHKM, YTOOBI
BKJIIOUHTH COOp CTaTUCTUKHU AJIs 3TOro o0bekTa. B aToMm cityyae o xo-
JIy MOJIETUPOBaHuUsI OyJieT cOOMpaThCs CTATUCTHKA MO KOJMYECTBY 3a-
NpOCOB B ouepenn. Ecin ke BBl HE yCTAaHOBUTE 3TOT (IAXKOK, TO JIaH-
Hasl QyHKIIMOHAJIBHOCTD OyIeT HEAOCTYIIHA, TIOCKOJIBKY 110 YMOITYaHHIO
OHa OTKJIFOUEHA AJISl TIOBBILIEHHUS] CKOPOCTH BBIIIOJIHEHHS MOJIEIIH.

CrnenyromyM B Halllell Juarpamme Ipoliecca pacroiiokeH OOBEKT
Delay. OH 3anepxuBaeT 3asBKH Ha 3aJJaHHBIN MEPUOJI BPEMEHH, MPE-
CTaBJIsIsl B HALIE MOJENIM HEITOCPEICTBEHHO CepBEp, Ha KOTOPOM 00pa-
0aTBIBAIOTCS 3aIIPOCHI.
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3! queue - Queue

4l

OcnoBhbie

WMMs: | queus | Orofpasate vma ] MoxmoumTe  [] Ha sepxHen yposie [V
MapameTpel
Ciepicie Tun: Queue<T extends Entity = Knacc sanskd: | Entity
Ovcime MakeT: |com.xj.an\;logic‘I\braries‘enberprise vJ
BMecTHMOCT B | 5
MaKCUMENBHAR BMECTUMOCTE O
Oedictsme npu sxone” | 3
[effcTawe Npu noaxoae K seixony” |
Oefcrave npu Beixone’ |
PaspewnTe yXo4 no TaiMayTy (]
Pa3peimTh BeITECHEHME ]
DUrypa aHMMaLn |
TN SHUMALYAM
HanpasneHWe aHAMaLMN "é" Bnepeg { :" Hazan
Binrountb chop craTheTkm ™ 7]
| ] | v

Puc. 3.6. CpoiicTBa 00bekTa Queue

N3mennte cBoiicTBa 00nekTa delay (puc. 3.7).

1. OOpaboTKa OJHOTO 3aMpoca 3aHMMAET MPUMEPHO 3 MUHYTHI. 3a-
Jlaiite BpeMs 00CITy>)KUBaHUs, paclpeaesIeHHOE TI0 IKCIIOHEHITHATEHOMY
3aKOHY CO CpEJHUM 3Ha4YeHHEeM, paBHbIM 3 MuH. [y 3Toro BBeamte
B nosic Bpems 3agepaxkn exponential (1/3). @yHkuus exponen-
tial() sBistercst cranmapTHOW (DyHKIMEH reHepaTopa CIy4alHbIX YHCEN
AnyLogic. AnyLogic npenocTaBinseT QyHKIUNA U APYTUX CIyYalHBIX
pacripeniefieHuli, TAKHX KaK HOpMallbHOE, paBHOMEPHOE, TPEYTOJILHOE,
u T. 1. JleranpHOE onrcaHue BceX PyHKIUH BEPOSATHOCTHBIX pacIiperie-
JeHuii gaHo 31ech [9]. Mbl yCTaHOBWIIM CpeliHee BpeMsl MOCTYILICHHUS
3alpOCOB U CpeHee BpeMs 00paOOTKH 3amnpocoB B MuHyTax. OJHAKO
UMEeTCsl BO3MOXKHOCTh YCTaHOBHTH BpEMsl B dacaX, CEKyHHaX, IHAX,
HEJIEeNsAX, B 4eM Bbl yOeauTech HecKoJbko mo3anee (1. 3.1.2.2), korma
Oyzere ycTaHABIMBATh MOJIEIIEHOE BpEMSI.

2. Vcranosure (prakok BRIOYATE CHOP CTATHCTHKH.

[locrneqnum B quarpaMmMe Hamieil AUCKPETHO-COOBITUHHOW MOAENH
HaxoauTcs 00beKT SiNK. DTOT 00BEKT YHHYTOXKAET MOCTYIMHUBIINE 3a-
sBkr. OOBIYHO OH HMCHOJB3YETCS B KauecTBE KOHEYHOH TOYKH MOTOKA
3asBOK (M AMarpamMMsbl Ipolecca COOTBETCTBEHHO). B Hamem cirydae oH
BBIBOAUT U3 MOJIEJIN 00paboTaHHbBIE CEPBEPOM 3aMpOCH.
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o delay - Delay
|

OcHOBHBbIE

WMma: | delay # OTofparkate uMa [
MapaMeTpol
CTaTucThka Tun: Delay<T extends Entity = Knacc 335
O

nAEarne MNakeT: |com.xj.anylogiclibraries.enterprise vJ

(@ AsHo () Kak anaHa nyTH/oxe

SanepkKa 3anaeToa

BpEHRBﬂnEp}HKMD | exponential( 1/3 )

L[]

BmecTrMoCTb | 1

MaKCHMManEHaA BMECTMMOCTE (|

Oefictene npu sxoael |

OefcTene Npu seixone’ |

DPUrypa SHUMELUAK |

BRAMKYHT b CBGP CTaTHCTHKH M vJ
1| m

Puc. 3.7. Caoiicta 06bekTa Delay

Tun anuMaLn

o

3.1.2.2. HacTpoiika 3amycKka MoeJIn

Bol MOXeTe CKOHQUTypHUpPOBaThH BBITIOTHEHHE MOJIENA B COOTBETCT-
BUU C BallUMH TpeOOBaHUSIMHA. MOJIENb BBITIOIHSIETCS B COOTBETCTBUU
¢ HabOpOM YCTaHOBOK, 33/1aBa€MbIM CIEIHMaJIbHBIM 3JEMEHTOM MOJie-
JI1 — 3KCIIEPUMEHTOM. BBl MOXKETEe c03/1aTh HECKOIBKO SKCIEPUMEH-
TOB C Pa3TMYHBIMH YCTAHOBKAMU M H3MEHSATH Pab0dyro KOHPUTypaIHio
MOZEIIH, IPOCTO 3aIycKasi TOT WM UHOU SKCIIEPUMEHT MOJIETIH.

B nanenu IIpoeKT 3KCHIEPUMEHTBI OTOOPAXKAIOTCS B HIDKHEH YacTH
nepesa mojenu. OiH SKCIIEpUMEHT, Ha3BaHHbIH Simulation, co3maer-

CS MO YMONYaHHIO (CM. CIIpaBa). =5

DTO TPOCTOH IKCHEPUMEHT, MO3BO-
JSIFOIIMM 3aIlyCKaTh MOJEIb C 3a-
JTAHHBIMU 3HAYEHHUSAMHU NTapaMeTpOB,
MOJJEPKUBAIOIINI  PEKUMBI  BUP-
TyaJlbHOTO W PEAJbHOTO BPEMEHH,
AHUMAIMIO U OTIAJKy MOJIEIN.

% Mpoexr &2

= Server
[ ﬂ Main
=€) Simulation: Main

Eciu MBI 3amycTuM Mozenb, TO MOJAETUpPOBaHHE OyJeT MPOJ0i-
xathcs 100 equHUI] MOIETHLHOTO BpeMeHH (YCTaHOBJICHBI IO yMOTYa-
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HUIO), TIOCJIe Yero OyneT ocrtaHoBJIeHO. Ecnu BBl XOTHTE HaONIONAThH
NOBE/ICHUE MOJICNN B TEUCHUE JIMTEILHOTO Mepruoa (10 TOro MOMEH-
Ta, MOKA Bl CAMH HE OCTAHOBUTE BBHIMOJHEHUE MOJICIN), HY)KHO H3Me-
HUTH COOTBETCTBYIOIINE HACTPOUKH IKCIICPUMEHTA.

Ybepure yciaoBUE OCTAHOBKH MOJETH 0 WCTCUCHHH 3aJJaHHOTO
BpeMeHH (puc. 3.8). s aToro:

1. B manenu IIpoekT, BuigenuTe sKcepumenT Simulation:Main.

2. Ha crpanuie MoaeabHoe Bpems mnaneinud CBoiicTBa BbIOEpH-
Te HeT U3 BBINAaroero cniucka OCTaHOBUTS: .

3. YcranoBute EQUHMIIBI MOTEIBHOTO BPEMEHU: MIIHY THL

— . =
] cooiicrea i3 | Bl Koncons m]

€ Simulation - NpocToii skcnepumeHT

OcHoBHEIE EAMHMLIE! MOAENEHOTD BPEMEHI: [[] NicnonbsosaTe KkaneHaaps

[oNonHATENEHBIE
MoaenbHoe BpeMA OCTaHOBKTb: Het
MpeseHTawMa

OrHo

MNapameTpel HauaneHoe spema: | 0.0
OnmcaHe

| i ,

Puc. 3.8. ITlanens CBoiicTBa

3.1.2.3. 3anyck moaesn

[Toctpoiite Barry MOAENb C IIOMONIBIO KHONKH MaHEeTH MHCTPYMEH-
toB 1m0 (F7) IocTpouth Mojenb (MpH 3ToM B paGoueii obnactu
AnyLogic nomkeH ObITh BBIOpaH KaKOH-TO 3JIEMEHT HMEHHO 3TOW MO-
nenu). Eciu B MoJzienn ecTh Kakue-HUOy b OIHOKH, TO MMOCTPOCHHUE HE
OyneT 3aBepIleHo, u B TaHess Omudkn Oyaer BeIBeieHa HH(OpMALH
00 ommOKkax, 0OHapyKEHHBIX B MOJIENU. [|[BOMHBIM MIETYKOM MBIIIH 10
omuOKe B 3TOM CIHCKE BBl MOXKETE NMEPEHTH K TIPENOoIaraeMoMy Mec-
Ty OMIMOKH, 9TOOBI HCIIPABHUTH €€.

[Tocne Toro, Kak BBl UCIIPABUTE BCE OMIMOKH M MOCTPOUTE MOJIEID,
BbI MOXKETE €€ 3aITyCTUTh. 3aIyCTUTE MOJIEIb:

1. IllenkHUTE MBIIIBIO KHOIKY IaHEId WHCTPYMEHTOB [} ] 3amyc-
THTh (Wi HaxMuTe F5) 1 BEIOEpUTE U3 OTKPBIBIIETOCS CITUCKA IKCIIE-
PUMEHT, KOTOPBIA BBl XOTUTE 3aIlyCTHTh. DKCIEPUMEHT 3TOH MOJETU
Oyner HaseBaThes Server/Simulation.
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Gaiin Mpaeka MaHene Mogens OkHo Crpaeka

BrElE Y9 | L RER  EB@mI-0 -

i 3¢ OBpaTMTLCA 33 NOMOWBIO

.g Mpoext 4 = 0O || @l Main 3 =0
B = zrvs;in source queue delay sink 4
Smulation: Main @_@—@EEEB—@—@E—E—@ L

< i ]

Puc. 3.9. Bribop skcniepumenTa

2. B nanmpHelIeM Mo Ha)KaTHUIO KHOMKH 3amyCTUTh (MM HAKATHIO
F5) Oyner 3amyckaThCsi TOT AKCIEPUMEHT, KOTOPBII 3aIycKaJicsi BaMU
B mocnemHud pa3. UToOBl BBIOpaTh KAKOW-TO IPYrod SKCIEPHMEHT,
Bam OynmeT HyXKHO WIENKHYTh MBIIIBIO IO CTpPEJIKE, HaXOJsIIeHCs
B IIPaBOM YaCTH KHOMKHU 3aMyCTHTh, ¥ BEIOpaTh HYXKHBIA BaM DKCITe-
PUMEHT M3 OTKPBIBIIErOCs CIMCKa (WIM LIEJIKHYTh NPaBON KHOINKOM
MBIIIH TI0 3TOMY dKcrepuMeHTy B nanenu IlpoekT u BeiOpats 3amyc-
TUTB U3 KOHTEKCTHOTO MEHIO).

3. Ilocne 3amycka MOAenu Bbl YBHUAWUTE OKHO NPE3EHTALUU 3TOH
momenu (puc. 3.10). B Hem OymeT oToOpakeHa MpPE3EHTAIMS 3aIly-
HIEHHOTO PKcrepruMeHTa. AnyLogic aBToMaTHUeCKH TIOMEIIaeT Ha Tpe-
3€HTALMIO0 KKIO0I0 MPOCTOro 3KCIIEPUMEHTA 3aroj0OBOK U KHOIIKY, T10-
3BOJIIOLIYIO 3allyCTUTh MOJENb M MEPEHTH Ha MPE3CHTALHNI0, HapuCOo-
BaHHYIO BaMH JUIs TJIABHOTO KJIacca aKTUBHOTO OOBEKTa 3TOr0 JKCIe-
pumenra (Main).

. Server : Simulation - AnyLogic University [MCHOMb30BATD TONMBKO B MC... | o o |

B‘ 0 | Gy ® x1 (8 G @ @ B |sccnepimenT: Server : Simulation | -

Server

Cmpanuya Hacmpoer sKenepLMeHma

3anycTHTE MOGENL W OTKPLITE NPEISHTALMID knacca Main

Nporown: 0 a Motos  Bpems: 0.00 NMporox: BEpeMa oCcTaHOBKKW He 330aH0 [ MamAaTe: ;¥ #=

Puc. 3.10. OxHO npe3eHTanuu MOAEIH
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e el [ Gy ™ x1 (8 G & @ (5 |<opresoii:Main| - L ¥

source quele delay gink

NMporox: 0 'ﬂ' BenonHaeTca | Bpemna: 18.49 NMporod: Bpema ocTaHOBKK HE 38AaH0 [+

Puc. 3.11. ABTOMaTHYeCKH cO31aHHAasI OJIOK-CXeMa mporiecca

4. lllenkHuTEe MAHHYIO KHONKY. DTHM ILIEITYKOM BBl 3aIlyCTHTE MO-
JeNlb U TepereTe K Mpe3eHTallud KOPHEBOro Kilacca akKTUBHOTO 00b-
€KTa 3allyLICHHOIO 3KCcHepuMeHTa. (s Kaxaod mMonenu, CO3AaHHOU
B Enterprise Library, aBromarndecku co3gaercs O6JI0K-cxema ¢ HarsiI-
HOH BU3yanu3alued Ipolecca, ¢ NOMOIIBI0 KOTOPOH BBl MOXKETE HU3Y-
4aThb TCKYIIEC COCTOAHUEC MOJC/IN, HAIIPUMED, JJIMHY O4YCpPCan, KOJINYC-
CTBO 00pabOTaHHBIX 3allpOCOB U Tak gainee (puc. 3.11).

5. st kaxmoro o0ObeKTa ONpeAeCHbI MpaBuiia, MPpU KaKUX YCIIO-
BUSIX TIPUHUMATh 3asBKH. HekoTopble 0OBEKTHI 33JEpPKUBAIOT 3asBKH
BHYTpU ce0sl, HEKOTOpble — HeT. s 00BEKTOB TaKKe ONpEeAEIICHBI
IpaBUiIa: MOXKET JIM 3asiBKa, KOTOPasi AOJKHA IOKUHYTh OOBEKT, OKU-
JIlaTh Ha BBIXOJIE, €CIIU CJICIYIOINN 00BEKT HE TOTOB e¢ MPUHAThH. Eciu
3asBKa JIOJDKHA TOKUHYTh OOBEKT, a CIEeIYyIOUIHid 00BEKT HE TOTOB €€
NPUHATH, W 3asBKAa HE MOXXET JXIaTb, TO MOJEJb OCTaHABIMBAETCS
¢ omnOkoi (puc. 3.12). Ommbka o3HaYaeT, 4TO 3aMpoC HE MOXKET BOU-
TH B OJI0K (JUEUE, TaK KaK ero eMKOCTb, paBHas 5, 3aII0JIHEHA.

| By & x1 W G, & @ [ |kopHesoi:Main = [

source queue delay sink

java.lang.RuntimeException: kopHesoi.source: out: An entity was not able to leave this port
Consider increasing capacities and/or throughputs of the subseguent object(s)
Bonee nogpoBHas MHbOPMELWA 4OCTYMHE B naHenu KoHcons.

Puc. 3.12. Mogenb 0OCTaHOBMIIACEH C OIIHOKOI
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6. Haxmure OK. Jlanee u3mMeHuTe, CBOMCTBA 00BbeKTa UEUE, T. €.
yBeIMYbTe JUIMHY o4epenu (cM. puc. 3.6). [lnsg 3Toro BBeauTe B TOJIE
Bmectumocts 12, Moxere yOeaUThCs, UTO TIPH YBETUYEHHUH €MKOCTH
B mpezenax 6 ... 11 mozens mo-rpekHeMy OCTaHAaBIMBAETCS C ATOH XKe
ommOKoH. MOMEHT MOSBICHHS OIIMOKH 3aBHCHUT OT JUIMTEIBHOCTH
BpPEMEHH MOJICINPOBAHHS.

7. CHOBa 3aITyCTUTE MOJEIb.

8. BBl MOXeTe M3MEHHTh CKOPOCThH BBIIIOJIHEHHS MOJEIH C ITOMO-
IIBI0 KHOTIOK 3aMeqJIMTh 1 Y CKOPUTH NaHEIH HHCTPYMEHTOB.

9. BbI MOXeTe CIenuTh 32 COCTOSIHHEM JI000T0 OJIoKa AuarpamMMel
mporiecca BO BpeMs BBITIOJIHEHUSI MOJIETH C ITOMOIIBI0 OKHA MHCIIEKTa
3TOT'0 O6’bCKTa. qTO6I)I OTKPBITh OKHO MHCIICKTA, MICJIKHUTC MBIIIBIO 110
3HAYKy HYXHOro Oyioka. OKHO HHCIIEKTa, MOABEIs Kypcop, MOXKHO
CBOOO/IHO TepeMelIaTh B HY)KHOE BaM MecTo. Taxke, IToBe/Isl Kypcop
K TIpaBOMY HIDKHEMY YTy OKHA MHCIIEKTa, MOKHO M3MEHSTH €r0 pas-
Mephl. B okHe mHcnekta Oyner otoOpakeHa 6a3oBasi HHPOpMAIHS 11O
BEIJIETICHHOMY OJIOKY: HampuMmep, 1 omoka Queue Oyaet oroOpaskeHa
BMECTHMOCTh OYEpEe/d, KOJIMYECTBO 3asBOK, IPOIIEAIIEe Yepe3 Kak-
JbIil OpT 00BbeKTa, U T. 1. (puc. 3.13).

TR e
| Server : Simulation - AnyLogic Professional [MCNONAB30BATD TONBHO B O3H... i
yLogy
bl 00 Iy B xt (O Gy | @ @ [ |kopuesoitMain| - | [ #§ Anylogic
source queue delay sink
0= | 1
queue b4 delay %
wopHesofi. queue: Jueue popHepof. delay: Delay
Capacity: 12 Capacity: 1
Timeout: disabled in: 976 [readyl
Freemption: disabled EiRe a7g
izl Zfied Utilizmation: 0.£41
out 8978 [ready] Contains: 1
Length {avi: 1.134 0.055 17144849
Contains: 2 (0 with timecut)
£87210%
8952510
7481258
. | =1
Mporon: O ﬂ BeinonHseToR Bpema: 501,81 Mporox: EpeMa oCTAHOBKK HE 330aH0 |> Mamare:

Puc. 3.13. OxHO HHCIIEKTA
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10.Korzaa BBI 3aXOTHTE OCTAHOBUTDH BBIIIOJIHEHNE MOEIH, HIEIKHHU-
Te MBIIBI0 KHONKY IIpeKpaTuTh BBINOJIHEHWE TAaHEIN YIpPaBICHUS
OKHa MPEe3eHTALNH.

11. /It ipemoTBpaIeHns OCTAHOBOK MOJEIH TIO0 paHee YKa3aHHOMN
OIMOKe MBI YBEIHUYWIH €MKOCTh Oyoka gqueue. OmHako MOXKHO OBLIO
OBl U3MEHATH CpefHEee BpeMsl MMHUTALUU 3alpocoB OJOKOM SOUrce u
cpenHee BpeMsi 00pabOTKH 3alpOCOB CEPBEPOM, T. €. CpEIHEe BpeMs
3ajiepKKu Onoka delay, ocTaBiisisi HSM3MEHHOI JUTHHY O4Yepean U J00u-
Basich Oe30mmnO0yHON paboThl Moxaenu. KoHewHo, Npu H3MEHEHHH
CBOWCTB OJIOKOB MOZEIH HY)XHO 0053aTeIbHO MCXOAWUTH U3 IIeTiel ee
HOCTPOCHHUS. MBI )K€ He BBITOJIHIIN YCIOBHH, YKa3aHHBIX B IOCTaHOB-
K€ 3a/la4M, IO3TOMY K BBIIIOJHCHUIO UX BEPHEMCA I1O3KE.

3.1.3. Co3oanue anumayuu mooenu

MoxHo 6bUT0 HaOMIOAATh, AHATU3UPOBATH U HHTEPIPETHPOBATH Pa-
00Ty 3aIyLeHHOW MOZETH C MOMOIIbIO BU3yaJIHM3UPOBAHHON JHarpam-
MBI mipotiecca (cM. puc. 3.11, 3.13). Ognako ynoOHee uMeTh Ooee Ha-
ISIHYI0 BU3YaJH3alMI0 C IOMOIIbIO aHUMaluKl. B 3ToM npumepe Mbl
XOTHUM CO3aTh BHU3YaJM3UPOBAHHBINA MPOLECC MOCTYIUICHUS 3alpOCOB
Ha cepBep U 00pabOTKH 3aPOCOB CEPBEPOM.

Tak kak B JaHHOM cily4yae Hac HE MHTEpeCyeT KOHKpETHOEe pacrio-
JIOKEHUE OOBEKTOB B MPOCTPAHCTBE, TO MBI MOXEM IPOCTO J00aBUTH
CXEMaTHYECKYIO aHUMAIIHIO HHTEPECYIOIINX HAC OOBEKTOB — CEpBEp U
ouepe]b 3aIIPOCOB K HEMY.

AHNMaLus MOAEIH PUCYeTCs B TOW e auarpaMme (B rpaduaeckom
pelakTope), B KOTOpOW 3ajaeTcs M AuarpamMma MOAEIHPYEMOro Ipo-
necca.

Hapucyiite npsiMOyrojibHUK, KOTOPbIH OymeT o0o3HayaTh HA aHU-
MaIiH cepBep.

1. Brayane otkpoiTte 3aknanky Ilpesentamusi nanenu IlanuTpa
(puc. 3.14). UroObl OTKPBITh KaKyrO-IH00 3akiaaky maHean IaauTpa
(B manpHEHIIEM NAJWTPa), HYKHO LIETKHYTh MBIIIBIO IO 3arOJOBKY
3TOU MATTUTPBL.

2.MMamutpa Ilpesentanusi (puc. 3.15) comepkuUT B KadecTBe
3JIEMEHTOB IPUMHUTHBHBIE (UIYpHI, HCIOJB3yEeMble AJISI PUCOBAHMS
Mpe3eHTaMid Mojeeil. DTo JIMHWA, JIOMaHas, KpuBas, OBaJ, IyTa,
TOUKa, H300pakeHHe, KHOIKa, Quaxok uap. Mmerrcs Takke
SJIEMEHTHI YNpPaBJIEHUs, C TOMOIIBIO KOTOPBIX BBl MOXXETE CHeNaTh
BaIllM NIPE3EHTALNH HHTEPAKTUBHBIMHU.
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Puc. 3.14. Ilanens [MaauTpa

Puc. 3.15. [Tanurpa Ipe3entanus

3. Beigenure 1mienukoM Mblmd  3jeMeHT [IpsiIMOYyroibHMK Ha
namutpe IIpe3eHTamusi W TepeTamMTe €ro Ha AWarpaMMy Kiacca
akTUBHOTO 0oObekta. [lomectrre amemeHT [IPpAMOYTroIbHHMK Tak, Kak

nmokaszaHo Ha puc. 3.16.

4. JlapaiiTe cmenaeM Tak, 4TO IBET TOTO MPSMOYTOJbHUKA OymeT
MEHSTBLCS B 3aBUCUMOCTH OT TOTO, 00padaThIBaeT JIM CEpBEP B JIAHHBIN
MOMEHT BPEMEHH 3aIpoC WA HET.
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&3] Main &2 =0

source queue delay sink

o]
1]

ﬂ i

Puc. 3.16. DnemenT [IpsiMOYroJILHUK Ha AUarpamme

L

5.[ns o3TOrOo BBHIOENUTE HAPUCOBaHHYIO Hamu (Gurypy Ha
auarpaMMe W Iepedaure Ha CcTpaHuuy JIMHaMu4eckue TaHenu
cBoicTB (puc. 3.17). 3mech BbI YBHIUTE CIHCOK IOJICH, B KOTOPBIX
3aJaf0TCs 3HAYCHHS JUHAMUYCCKUX CBOMCTB (DUTYPHI.

Ecnu Hy)HO, 4TOOBI 110 XOAY MOJIEIHPOBAHMS TO WJIM MHOE CBOWCT-
BO (hUTYphl MEHSJIO CBOE 3HAYCHHE B 3aBUCUMOCTH OT KaKUX-TO YCJIO-
BUH, TO MOXXETE BBECTH B IOJE€ COOTBETCTBYIOLIETO JUHAMHUYECKOIO
CBOICTBa BBIpaKEHUE, KOTOPOE OyAET MOCTOSIHHO BBIUMCIATHCA 3aHOBO
IpY BBIOJIHEHUH MOJIEIIH.

e — = =
El Ceoiicrea 52 | B Koncons O

] rectangle - NMpamMoyronbHuk

|
OCHOBHbIE KonmyecTtso: | |

fononHUTENEHbIE

OnHamuueckne BunumocTe: | |

QnucaHue

LiBeT sanMeKH; delay.zizel() >0?Ied:w’nite| |

LLvpwHa:

BricoTa:

i

Puc. 3.17. Crpanuma JuHaMuyecKkue aHeId CBOMCTB
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Bo3sBparaemslii pe3ynbTaT BeIYUCIEHUS OyneT MPUCBAMBATHCS Te-
KyIIEeMy 3HaYeHHIO 3TOTO CBOMCTBA. MBI XOTHM, YTOOBI BO BpeMs MO-
JICIUPOBAHUS MEHSIICS I[BET Hamied (Urypbl, MOSTOMY NepehanTte
B osie l{BeT 3aJMBKM U BBEAUTE TaM CIEAYIOLIYIO CTPOKY:
delay.size()>0?red:white

3neck delay — 310 mms Hamero oObekra Delay. @ynkums Size()
BO3BpAIllaeT YHUCIO 3alpocoB, OOCITYy)KWBAaeMbIX B JaHHBIA MOMEHT
BpeMeHH. Ecim cepBep 3aHSAT, TO IBET Kpy»XKa OyIeT KpacHBIM, B TIPO-
THBHOM CJ1y4Yae — 3€JICHbIM.

6. Hapucyiite nomanyto, kotopasi Oyaetr o603HauaTh Ha aHUMALUU
ouepens K cepepy (puc. 3.18). UroObl HApHCOBATH JIOMAHYIO, ClIeaii-
T€ JBOWHOW WIENYOK MBIIIBIO MO 3JIEMEHTY Jlomanas I B TTAJINTPE
(Ipu 3TOM €ro 3Ha4YOK JIOJDKEH MOMEHSATHCS Ha ITOT: .’»2). Teneppb BbI
MOJKETE PUCOBAThH JIOMAHYIO TOYKa 32 TOYKOM, MOCIe0BaTeIbHO IIe-
Kasi MBIIIBIO B TEX TOYKAX AUArpaMMbl, KyJla Bbl XOTUTE INOMECTUTH
BEPIIMHBI JJOMaHOW. UTOOBI 3aBEpIINTh PHCOBaHUE, JOOABBTE MOCIE-
HIOIO TOYKY JIOMaHOM JIBOMHBIM IIEITYKOM MBIILIH.

OueHb BaXXHO, KAKyI0 TOYKY JIOMAaHOH BBI CO3/1aeTe MEepBOM. 3asBKU
OyIyT pacrionaratbCs BIOJb HAPMCOBAHHON BaMH JIOMAaHOH B Harpas-
JIEHUU OT KOHEYHOH TOYKHM K HayainbHOU Touke. [loaTomy Haunurte pu-
COBaHME JIOMAHON ClieBa M MOMECTUTE PSIOM C CEpPBEPOM KOHEUHYIO
TOYKY JIOMaHOM, KOTOpasi OyJeT COOTBETCTBOBATh B 3TOM CITydae Hada-
JIy Ouepeu.

& Main 23 = O
|

source queue delay sink

1

S NN NNEEEEEE Or-F =TT =TT 0
i 2 i
; N® :
NN RN U B U A &
|
1 i k|

Puc. 3.18. Jlomanas
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7. Temepb MBI JOJKHBI 32J1aTh CO3/IaHHBIC aHUMAIIMOHHBIE 00BEK-
Thl B KaueCTBE AHMMAIMOHHBIX (QUTYp OJIOKOB JWAarpaMMbl HalIero
nporiecca. 3ajaiiTe JOMaHyIO JMHHUIO B KauecTBe (UTyphl aHUMAIUU
ouepenu. Ha ctpanuiie cBoiicTB oObekTa (UEUE, BBeauTe polyline
B nojsie durypa anumanuu (puc. 3.19).

8. 3apaiiTe mpsAMOYrOJIBHUK B KauecTBe (PUTyphl aHUMAIMU CEpBe-
pa. Beenute B nose ®@urypa aHuMAanuM UMs HAIIETO MPSIMOYTOJIbHU-
ka: rectangle (puc.3.20). BoibepuTe ©3 BBIIANAIOIIETO CIIH-
cka Tun ammmanuu Odurounas. bonpmmHCTBO 00BekTOB Enterprise
Library nogaep:kxuBaeT HECKOIBKO aHUMAITMOHHBIX cTrjiei. Hampumep,
ouepeab MOXET OTOOpaKaThCsl B BUAE JIMHUH, YHOPSIOYEHHOTO WIN
HEYNOPSIIOYSHHOT0 Habopa 3JIeMeHTOB. B Haiem ciydae, eciiu cepBep
OyzneT 3aHAT, TO MBI OyeM TOKa3bIBaTh B UTYpe cepBepa o0padarthl-
BaeMOr0 B HEM 3aIpoca, a MOCKOJIBbKY SAMHOBPEMEHHO HAIll CepBEp HE
oOpabaTtbeiBaeT 0OJIbIIE OJHOTO 3aMpoca, TO MBI U BEIOMpaeM THUIl aHH-
maru OOuHoyHas.

Tenepb BB MOXETE 3aIYCTHTh MOJIeIb. [ yckopeHus: paboThl MO-
JeNi TIePEKIIOYUTECh B PEKUM BHUPTYaJbHOTO BpPEMEHH, LICIKHYB
MBIIIBIO KHOTIKY PeaibHOe/BHPTya/ibHOE BpeMsl TIaHEIN HHCTPYMEH-
TOB. B pexkuMe BHPTYyalbHOTO BPEMEHU MOJENb OYAET BBITIOITHSATHCS
OBICTPO, O€3 IPUBSI3KU MOJICIIBHOTO BPEMEHU K PEaTbHOMY.

—_ . - =
= croiicrsa 22 | B Korcons i}

i@} queue - Queue

4
‘OcHoBHbIE sz | queue W Orobpakate uma [ Maxnoumts O] Ha e
MapameTpsl
e Tun: Queue <T extends Entity > Knacc safsku: Entitcy
OnucaHne
MNakeT: |com.xj.anylogic.Iibraries.enberprise vJ
BMECTHMOCTb | 12 3
MaKoMansHas BMECTMMOCTE [
Oelictere npu sxoae’ |
[eficTEme Mpy Noaxoge K ssxoay” |
OeficTeme npy seixone’ |
PaspelwmTs yXo4 no TaHMayTy [}
PazpewwmTs BeITecHeHe [
DUrypa aHuMaLi | polyline ’J
4| i ’

Puc. 3.19. 3aganue toMaHoit B kKauecTBe PUIyphbl aHUMALIUHU OYePEIn
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| Ceoiictea 2 | El Koncons = =0

delay - Delay
| L=

¥ CrofipamkaTte vma [

OCcHOBHBIE - | delay

MapameTpbl

CTaThCTHKa

Tun: | Delay<T extends Entity > | Knacc sas

QnMcaHmne

MNakeT: |corn.:nj.anylogic.Iibraries.enterprise vl

ZanepwKa sanasTca @ AsHo (O Kar gmmna nyTifoxe _
Bpemna BEHEPMKP | exponential{ 1/3 )
BrmecTvMocTb | 1

MarKoManbHas EMeCTMMOCTD [

Neficrene npu sxone’ |

[eiicTene npu Boixoael |

DUrypa aHuMaLn | Iest.anglel
] | ol

Puc. 3.20. 3aganue npsIMOYTroJIbHUKA B KadecTBE (GUTypHl aHUMAIIMH CepBepa

9. 3amycture MoOJenb. BBl YBHAWTE, YTO y MOJENIHU TeNepb €CTh
npocTelInas aHuMalMs — CepBep M OuYepelb 3alpocOB K HEMY
(puc. 3.21). Liget ¢urypsl cepBepa OyaeT MEHSITHCS B 3aBUCUMOCTH OT
TOTO, 00padaThIBaETCS JIM 3aIIPOC B JAHHBII MOMEHT BPEMEHH WITH HET.

n“l Server : Simulation - AnylLogic Professional [MCHO/IB30BATD TOMIBRO B O3... T=F0 X |

> w0 %W xt ¥ G € @ (|copsesoian|c| b ¥ Antog

source quele delay sink
F T 1

w(F)= ;E]]IEH—@—@—E—@

Mporon: 0 ﬂ BuinonHaeTcs = Bpewms: 55.75 NMporon: Bpema oCTEHOBKK HE 3a4aH0 [ MNamaTb

Puc. 3.21. Aunmanusa moaenn
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3.1.4. Coop cmamucmuxu ucnoib306anus pecypcoe

AnyLogic mpenocTaBiseT MOJIb30BATENI0 yAOOHBIE CPEACTBA JUIS
cOopa cTaTUCTHKH N0 padoTe GJIOKOB AnarpaMmsl npouecca. OObeKThI
Enterprise Library camocTosiTenbHO MPOM3BOASAT cOOpP OCHOBHOM CTa-
TUCTUKU. Bce, 4To BaM Hy)XHO chenaTb — 3TO BKIIIOUUTH cOOp cTaTu-
CTHKH JJIsl OOBEKTA.

ITockonbKy MbI YK€ caenanu 3To aast oobektoB delay u queue, To
Tenepb Mbl MOXKEM, HalpUMeEDP, IIPOCMOTPETh UHTEPECYIOIIYI0 HAC CTa-
TUCTUKY (CKa)XeM, CTaTUCTUKY 3aHATOCTH CepBepa M UIMHBI OUepen)
C TIOMOIIBIO AUATPAMM.

Ho6aBbTe ararpaMMy aiisi OTOOpaKeHUS CpeTHEN 3aHATOCTH CepBe-
pa:

1. Otkpoiite nanutpy CTaTHCTHKA. DTa TATUTPA COJEPKHUT dJIe-
MEHTHI cO0pa JaHHBIX U CTATUCTHKH, a TAK)Ke AUArpaMMsbl 1Jis BU3ya-
JM3alKHU JaHHBIX U PE3YJIbTaTOB MOACIUPOBAHUSL.

2. [lepetamure snemMeHT CTONOMKOBASI IMATPAMMA U3 TTATTUTPHI
CraTucTHKa Ha AMarpaMMy Kijlacca ¥ U3MEHHTE ee pa3Mep, Kak IoKa-
3aHO Ha puc. 3.22.

3. Tlepetimute Ha crpanuily OcHoBHBIe maHenu CBolicTBA.
lenxkaure wmpimp0 KHONKY Jlo6aBuTHL 3jemeHT aaHHbIX. [locie
IIeNTYKA MOSBUTCS CEKLHs CBOWMCTB TOTO dJeMeHTa JaHHbIX (Chart —
Croa0uKoBasi AMarpaMma), KOTopblii OyaeT 0ToOpakaThCsi Ha ITOM
mquarpamme (puc. 3.23).

@l Main 22 - o
|
source queue delay sink

®-= = IFs—=e-D-s—sQ

Ct T 11

. 0.5
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0.5

n

4
1 e k|

Puc. 3.22. Onement CTo10MKOBasi THATPaAaMMa Ha TUarpaMMme Kiiacca
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BHELWHWIA BIKA
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Hf No5aEHTb SNEMERT A3HHLIX

Mot C
(Z) He 0fHOBNATE GETOMATHHECKM
(8) OBHOBNATE ABTOMATHHECKM Mepuoa: 1 -J
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Puc. 3.23. Ctpanuna OcHoBHble naHenu CBoiicTBa

4. W3menwnte 3arooBok Ha SERVER utilization.

5. Beemute delay.statsUtilization.mean () B mojie
3Hauenne. 31eck delay — 3T0 UM Harrero oosekta Delay. V kax-
noro oobekta Delay ects BcTpoenHblit Habop manubix StatsUtilization,
3aHUMAIOIHICA COOPOM CTATHCTHUKH HMCIIOJB30BAHUS DTOTO OOBEKTA.
Oyukuus mean() Bo3BpaliaeT cperHee U3 BCeX M3MEPECHHBIX 3THM Ha-
0OpOM JTaHHBIX 3HAYCHHUU. BBl MOXeTe HCIOIB30BATh U APYTHE METOJIBI
cbopa craructukd, Takue, kak Min() wiu max(). IonHpli criEcok Me-
TOJIOB MOKHO HAiTH Ha CTpaHHIIEe JOKYMEHTAIIUH 3TOTO Kiacca Habopa
maHHbIX: StatisticsContinuous (Ha aHrIHCKOM S3BIKE).

6. Ilepeiimute Ha cTpanully BHemnuii Bua nanenn CBoiicTBa
(puc. 3.24).

— - =
= Ceoiicrsa &4 | B Korcons g

ik chart - Cronbukoean Aanarpamma

el
OcHOBHEI2 OBnacTe guarpamMel  CMeleHme no ocn X | 40

OononHATEMbHEIE
CHeweHne no o ¥: | 20

OuHaMMYecKre 5
F——— LseT dora: -
OnucaHie
E[ NereHpa
PacnonoseHme:
LipeT TekcTa: VJ LLipiHa: 1?'D|
|
4| n r|

Puc. 3.24. Crpanuia Buemrnuii Buja nanenn CBoiicTBa
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, Bl SERVER utilization: 0,152

1
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Puc. 3.25. 3sMeHeHHBIN B CTOIOMKOBOH THArpaMMEL

7. Bribepute nepByro onmuio u3 Habopa kHOmok Pacmosio:kenne,
4TOOBI U3MEHUTH PACIIONOKEHUE JIETeHIbl OTHOCHTEILHO AWarpaMMEbI
(MBI XOTHM, YTOOBI OHa OTOOpakanack crpama). Pazmep auarpamMMel
B ITpaueckoM pPEJaKTOpe M3MEHHWTE TakK, 4TOObl OHA NPHHSIA BHJ,
MOKa3aHHBIN Ha puc. 3.25.

8. AmnHajornyHbsIM 00pa3oM JA00aBBTE €Ille OJIHY CTOJOMKOBYIO
auarpaMmy JAJsl OTOOpaskeHHs CpeHel [UIMHBI odepenu. 3aro10BoK U
3HavyeHHMe N3MEHHUTE TaK, Kak IM0OKa3aHo Ha puc. 3.26.

= - - 0
=l caoiicrea 52 | Bl Koncons |

[ilh chartl - Cron6ukosaa awarpammMa

OcHoBHBbIE

Wma: | chartl [C] Ovrobpasats uma  [T] Mooy
OononHUTenEHeIe
OHHEMMYECKHE
- Saronosok: | Quele length Uger: |[[Hakorange ] - |
BHELLIHMIA B
OnucaHme SHaYeHME: | gueue.statsSize.mean|)

Bf [oB3eEnTs 3NEMEHT AaHHRIX

acua; K

':_:' He 0BHOBNATE BETOMETHYECKK

(8) OBHOBNATE BETOMATHHECKN Mepuoa: 1
&l | B

Puc. 3.26. Ctpanuna OcHoBHbIe anenn CBolcTBA
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OcHoBHbIE OBnacTe AMarpamMel  CHELLEHWE No oo X | 40
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Puc. 3.27. Crpanunia Buemnnii Bug nanenu CpoiicTBa

9. 3mecw queue — sto mMs Hamrero oobekTa Queue. Y kakmoro
obbekTa Queue, kak u oobekta Delay, Takxke ecTh BCTpOCHHBINH HAOOP
JaHHbIX StatsSize, 3aHMMarOIHIACs COOPOM CTATUCTUKH UCTIOIB30BAHHS
3TOro 00BekTa. DyHKIHsS Mean() Takke BO3BPAIIAET CPEIHES U3 BCEX
W3MEPEHHBIX 3THM HA0OPOM JTaHHBIX 3HAYEHUH.

10. Ilepetinute Ha crpanuily Buemnuii Bua nanenn CBoiicTBa u
BbIOEPUTE B CeKIUM CBoO¥cTB HampamijieHMe T1epByl0  OIIIMIO
(puc. 3.27), 94T0OBI CTONOIBI BO BTOPOi CTOJIOMKOBOM AHarpaMmme, pac-
MOJIO’KEHHON TOPU30HTAIBHO, POCIH BIIEBO (pHc. 3.28).

&l Main 52 =0
source queue delay sink ﬂ
|
O:; = = & = &)
S E— 0.2 -
o N D B SERVER utilization: 0,152
0.6 0.4 0.z o 018 3
GQueue length: 0,495
o1
o o
0,05
0
k4
4| n -+

Puc. 3.28. JloGaBnena BTopas CTOIOMKOBAs JUarpaMma
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Puc. 3.29. HabnromeHne 3a MOJENBIO C IBYMSI CTOJIOMKOBEIMHE JHarpaMMaMi

11. 3amycTtuTe MOJMENb C NBYMS CTOJNOWKOBBIMH THArpaMMaMH U
MoHa0ro1alTe 3a ee paboroit (puc. 3.29).

3.1.5. Ymounenue moodenu coznacno emkocmu 6xo0Hozo oygepa

Ha puc. 3.29 (caumoK cnemaH, MOXKHO CKa3aTbh, B CIly4ailHBIH MO-
MEHT BPEMEHH, paBHBIN 558,69 enuHuIlaM) BUAHO, YTO AJUHA OYEPEIU
paBHa 10 3ampocaM npu YCTaHOBJIECHHOW MakcuMalbHOM miuHe 12. Ho
BeJlb B ITIOCTAHOBKE 3aJ1a4M eMKOCTh Oydepa Oblia omnpeseneHa B 5 3a-
npocoB. Ham He ynanoch 0 3TOTO MOCTPOUTH MOJIENb C TaKOH eMKO-
CThIO M3-32 omMOKH (cM. puc. 3.12) — HEBO3MOKHOCTH OYEPETHOTO
3ampoca MOKWHYTH OJOK SOUrCe, Tak Kak JUIMHA O4Yepeld yke Oblia
paBHa 5 3ampocaM. Ham mpurnutock Bo n30exaHne 3TON OIMMOKH yBe-
JMYUTH EMKOCTh Oydepa g0 12 3anpocos.

A BO3MOXXHO JIM BBITIOJIHUTH JaHHOE YCIIOBHE ITOCTAHOBKHU 3a/1a4d
cpenctBamu AnyLogic? OkasbiBaeTcs, 9YT0 MOKHO. IIpuuem, pasimd-
HBIMHU CIIOCOO0aMHU. Y TOUHHM MOJIENb COTJIACHO MTOCTAHOBKE 3aJaud O/1-
HUM U3 3THUX CITIOCOOOB.

O0BexT Queue MOAEIHMPYET OUepeb 3asBOK, OXKHMIAIOMINX IpUeMa
00BbEKTaMH, CIEAYIOMIMMH 32 HUM B NOTOKOBOW JAMAarpamme, WM XKe
MOJIENTUPYET XPaHWIUIIIE 3asBOK 00IIero HazHaveHus. [Ipu HeoOxou-
MOCTH BBl MOXKETE 33JaTh MaKCHMaJIbHOE BpeMs OXHIAHHS 3asBKU B
ouepean. Bl Takke MOKeTE ¢ IOMOIIBIO HAMCAHHOW BaMU MPOrpaM-
MbI U3BJIEKATh 3asBKH U3 JFOOBIX MTO3UIHI B OUEPE/IH.

3asBKa MOXET MOKUHYTh 00BEeKT Queue pa3InIHBIME CIIOCOOAMH:
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OOBIYHBIM CTIOCOOOM Yepe3 MOpT OUt, Korzma OOBEKT, CIIETyFOIIHA
B OJIOK-CXEMeE 3a 9TUM 00BEKTOM, TOTOB MIPUHSATH 3asIBKY;

yepe3 mopt OutTimeout, eciu 3asiBKa MPOBEAET B OYEPEIH 33aJaHHOE
KOJIMYECTBO BPEMEHH (€CITH BKIIFOUEH PEXUM TaiiMayTa);

4yepe3 mopt OutPreempted, Oymy4u BBITECHEHHO# APYro# MmocTy-
MUBILIEH 3agBKOM MpH 3allOJHEHHOW oYepeny (Ecld BKIIOYEH PEKUM
BBEITCCHEHUS);

«BPYYHYIO», TyTeM Bbi30Ba (yHKImu remove() wiu removeFirst().

B mepBom ciydae oO0bexkT Queue MOKUAACT 3asBKa, HaXOSAILIASCS
B CaMOM Hauase odepenu (B HyJeBod mosunmu). Ecnu 3asBka Hampas-
neHa B opt outTimeout mmu outPreempted, To OHa MOMKHA TOKWHYTH
00BEKT MIHOBEHHO. Ecny BKIfOUeHa OMIMS BBITECHEHHS, TO OOBEKT
Queue Bcerja rotoB MPHHSATH HOBYIO 3asIBKY, B IPOTHBHOM cllydae Mpu
3aIOTHEHHOW OYepe/iy 3asBKa MPUHATA He OyIeT.

[loctymaromue 3asiBKM MMOMEIAIOTCS B OYEepelh B OIMPEIEICHHOM
nopsiake: nubo cormacHo npasuny FIFO (B mopsinke mocTyrmiieHHs
B oUepe/p), 100 COTIACHO MPHOPHUTETaM 3asBOK. lIpmopurer mMoxeT
OBITE MO0 SBHO XPAaHUTHCA B 3asBKe, JIMOO BBIYHCISATHCS COTIACHO
CBOWCTBaM 3asiBKM M KaKUM-TO BHEUIHMM ycioBusiM. Ouepenp ¢ mpu-
OpUTETaMH BCETJla MPUMET HOBYIO BXOJSIIYIO 3asiBKY, BBIYUCIHUT €€
MIPHOPUTET M TIOMECTHT €€ B O4Yepeb B MO3UIIHIO, COOTBETCTBYIOIIYIO
ee npuopureTy. Eciam odepennr OyneT 3amoiHEHa, TO MPHUXO]] HOBOI
3asBKH BBIHYJUT TOCIICTHIOK XPAaHSIIYIOCS B OYEpeIH 3asBKY MOKH-
HYTb 00BeKT 4epe3 moptT outPreempted. Ho eciu npuopumem Ho801I
3as6KU He Oyoem npesvlulams npuopumem nocieoHell 3aa6Ku, mo mo-
20a emecmo Hee Oyoem GblmMeCcHeHa UMEHHO 9Ma HOBAsL 3ds6KA.

J1isl BBITIOJTHEHUSI YCIIOBUS TOCTAHOBKHU 3aJ1a4X BOCIIONb3YyeMcs 110~
CIIETHUM CIIOCOOOM BBITECHEHHs. Bce 3ampockl, BeIpabaThIBaeMbIe
0J10KOM SOUrCe, UMEIOT OJIMH U TOT Xke npuopureT. [lostomy mpu mod-
HOM 3aII0JTHEHUH HaKOMUTeNs (5 3arpocoB) TepsIThest OyaeT MoceTHUMI
3arpoc.

YTO4YHUTE MOJEIB!

1. Boigenure Omok queue. Ha crpanune OcHOBHBIE TaHEIH
CaoiicTBa n3menute Bmectumocts ¢ 12 Ha 5 3anpocos.

2. Ha atoii xe cTpaHuie ycTaHoBuTe Pa3peminTsh BoITeCHEHUE.

3. Jlnst yHUYTOXEHHS MOTEPSHHBIX 3allPOCOB BCIIEACTBUE MOJHO-
T'O 3aI0JIHEHHs] HAKOMTUTEN ST HeOOX0IMMO 100aBUTH BTOPOi 00K Sink.
Ortkpoiite B Ilaautpe 6ubmmoreky Enterprise Library u meperammre
6ok Sink Ha quarpammy (puc. 3.30).
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Puc. 3.30. YTounennas Moaeib

4. Coenmunute mopt OutPreempted Giioka queue ¢ BXOIHBIM TIOP-
tom InPort 6;10ka Sinkl. Yto6sl cOeTUHUTE TOPTHI OJIOKOB APYT C IPY-
IOM, CHEJIAWTe NBOMHOW LIEIYOK MBIIIBIO [0 OJHOMY IOPTY, HalpH-
Mmep, outPreempted, 3aTtem mociie0BaTeIbHO MICIKHUTE B TEX MECTaxX
JUarpaMMbl, TI€ Bbl XOTUTE MOMECTUTh TOUKHM M3ruba COCTUHUTES.
3aBepiInTe MPOIECC COSAUHEHUS BOMHBIM IIEIYKOM MBIIIHU 1O BTO-
pOMy TIOpTY.

5. Tlocne gBOWHOIO LIETYKa IO BTOPOMY HOPTY BBl yBUIHUTE, YTO
MOSIBUTCA COEIMHUTENb. ECIIH BBIETUTH €T0 MBIIIBIO, TO B TOM CIy4ae,
€CJIM BBl MPABUIIBHO COETMHUTE TOPTHI, KOHEUHBIE TOUKH COEIUHHUTENS
JOJDKHBI OYAYT MOACBETUTHCS 3€JI€HBIMU TOUKaMu. Eciu Bbl He yBUAU-
T€ 3TOr0, TO 3HAYMUT, YTO TOUYKH HE OBLJIM MOMEIIEHBl TOYHO BHYTPb
MIOPTOB, U MX HY)KHO OyZIeT Ty/la IIepeIBUHY Th.

6. 3amycTuTe YTOUHEHHYIO MOJEJb U MOHA0MI0AalTe 3a ee pado-
toil. CpaBHute puc. 3.31 ¢ puc. 3.12. Ha puc. 3.31 BugHO, 4TO 3aIIpOCHI
MIpH JUTMHE OYeped B 5 3alpOCOB TEPSIFOTCS, W OMMOKH TPU 3TOM He
BO3HHKaeT. TakuMm 00pa3oM, MOJIEIb 110 YCJIOBUIO OIPaHUYEHUS] eMKO-
CTH BXOJIHOTO Oydepa v 3HAYSHUSIM JPYTUX [1apaMeTPOB COOTBETCTBY-
€T MIOCTAaHOBKE 3aIa4H.

OpnHako COTIacCHO MOCTAHOBKE 33ja4yd TpeOyeTcs OIlpeneinTh Ma-
TEMaTU4eCKOe OXKHMIaHKWE BpeMEHH 00pabOTKH OIHOrO 3ampoca U Ma-
TEMaTU4eCKOE OKUIaHNE BEPOSITHOCTH 00pabOTKU 3alPOCOB.

[MpucTynuM K peanusanuu dSTUX TPeOOBaHHIA.
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Puc. 3.31. PaGota Moz€eNH COriIacHO IMOCTAHOBKE 3a1a4u

3.1.6. Coop cmamucmuxu no nokazamensam oopadomKu 3anpocos

Entity (3asBka) ABIAIOTCS 6A30BBIM KJIACCOM IS BCEX 3aiBOK, KO-
TOpBIC CO3/AIOTCS U PAbOTAOT C PECypcaMu B MPOIEcce, OMHCAHHOM
BaMH C TOMOIIbIO JUArpaMMbl M3 00BEKTOB OuOmMoTekn AnyLogic
Enterprise Library. Entity mo cymiectBy siBisieTcsi 00bI9HBIM Java Kiiac-
COM C TeMH (YHKIIMOHAIbHBIMUA BO3MOKHOCTSIMH, KOTOpPbIE HEOOXO -
MbI ¥ JIOCTaTOYHBI [UIsi 00pabOTKU M OTOOpaKEHHs aHUMAIIUH 3asBKU
obobektamu Enterprise Library. Dtu ¢yHKimoHanbHbIE BO3MOXXHOCTH
MOYKHO PACIIUPUThH JT00ABJICHUEM JOMOJHHUTEIBHBIX MMOJCH U METO/IOB
U paboTOi ¢ HUMHU U3 OOBEKTOB UArPaMMbI, OMMCHIBAIOLICH MOJIEIH-
pYEMBIIi TIpoI1IeCC.

CoracHo MOCTAHOBKE 3a/1auH, KaK Y)e OTMEYanoch, HY)KHO OTMpe-
JIENATh MaTEeMaTHYECKOE OXKUIaHUE BPEMEHH U BEPOSITHOCTH 00paboT-
KU 3aIPOCOB CEPBEPOM.

MaremaTtiyeckoe 0XKHIaHUe WK Cpe/IHee BpeMsi 00pabOTKU OHOTO
3ampoca OIpeieNseTcss KaK OTHOIICHHE CYMMapHOTO BpEeMEHH o0pa-
OOTKH N 3aIpoCOB K MX KOJIUYECTBY, T. €. K N. [l onpeneneHus cym-
MapHOTO BPEMEHH HYXXHO 3HaTh BpeMsi 00paboTkH i-ro 3ampoca. Jlis
3TOTO BBEJEM JONOJIHHUTENbHBIC MOMA: time vxod — Bpems BXoJa
3anpoca B Oydep cepBepa, time vixod — Bpems BbIXOza 3ampoca
¢ cepBepa (Bxona B 0710k Sink). Toraa

time obrabotki=time vixod-time vxod
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BeposiTHOCTh 00pabOTKH 3alpPOCOB CEPBEPOM OIPEACISIeTCS Kak
OTHOLIICHHE KOJIMYECTBa 00pabOTaHHBIX 3alpPOCOB K KOJIMYECTBY BCEX
MOCTYMUBIIUX 3aPOCOB. 3HAYUT, HY’KHO BECTH CUET 3alpOCOB Ha BbI-
X0l HCTOYHHKA 3aIIpOCOB M Ha BEIXOJIE C cepsepa (Bxome B 010k Sink).
Jns 5TOro TakkKe BBEJEM JIONOJNHHUTENbHBIE MONA: col vxod —
KOJIMYECTBO  IIOCTYNMBIUMX  BCEr0  3ampocoB, col vixod—
KOJTMIECTBO 00pabOTaHHEBIX cepBEPOM 3ampocoB. Torma

ver obrabotki=col vixod/col vxod

3ameuanue. Huaero HeOOBIYHOTO BO BBEICHHBIX JOMOJHHUTEIHHBIX
MOJISIX HET. DTO MapaMeTphl peallbHbIX AJIEMEHTOB MOTOKOB, B JaHHOM
ciydae 3ampocoB. AnyLOgIiC mpemocTaBisieT BO3MOXXHOCTh CO3/1aBaTh
3aIpOCHI C TEMU MapaMeTpaMH, KOTOPbIe HEOOXOIMMBI B MOJIEIIH.

3.1.6.1. Co3naHue HECTAHAAPTHOIO KJIacca 3aIBOK

s BBOZa B 3ampochl JOTOJTHHUTEIBHBIX ITOJIEH HEOOXOIUMO CO3-
JlaTh HECTAaHAAPTHBIH KJIacc 3asBKH.
Co3zpnaiite Kiacc 3adBOK Inquiry.

1. B nanenu IlpoekT menKHATE PaBO KHOMKOW MBIIITH SJIEMEHT
MOJIENT! BEPXHEro ypoBHs aepesa u Bbibepute Co3narb/Java kiiace u3
KOHTEKCTHOT'O MEHIO.

2. llosBurcs muanoroBoe okHo HoBwlii Java kiacce (puc. 3.32).
B moe Umsi: BBeuTe MMs HOBOTO Kilacca: Inquiry.

3. B mone ba3oBbIii Ki1acc: BEIOEPUTE W3 BHIMAAIOIIETO CITHUCKA
com.xj.anylogic.libraries.enterprise.Entity B ka-
yecTBe 0azoBoro knacca. [llenkaure kHonky [aJiee.

lk‘ Hosbik Java wnacc

Java wnacc

CozaaHwe HoBoro Java Knacta

WMma: | Inguiry

Bazommii knace: | com.xj.anylogic.libraries. enterprise, Entity| -

Qanese > | | ToToB0 | | CTHeHa

Puc. 3.32. Inanorosoe okno Macrepa co3nanust HoBelii Java knace
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;}‘ Hoew Java knacc

Mona knacca

ONobaeeTe NonA Java knacca

Mma Tun Ooctyn Ha4aneHoe 3Ha4eHue
time_vxod double

time_vixod double

col_wxod float

col_vixod float

¥ CosaaTth KoHCTpYKTOP

E CoznaTe MeTod toString()

< Hazaa | ToToBo [ | OTMeHa

| E=— | |

Puc. 3.33. Bropas crpanumia Macrepa co3nanus HoBsiii Java kiace

4. TlosBurcsa BTOpast cTpaHuia Macrepa co3ganusi Java kiacca
(puc. 3.33). JlobaBpTe mons Java knacca: time vxod Tuma double,
time vixod tuna double, col vxod Tmmma float,
col vixod tuma float. Tumel nonel BEIOMPArOTCA M3 BBINANAIO-
niero cnucka. HadanpHble 3HaYeHUs! BCeX MapaMeTpoB, MMOCKOIbKY HE
YKa3aHbI, 10 YMOJIYaHUIO OYAyT YCTAaHOBJICHBI paBHBIMH HYITIO.

5. OcraBbre BbHIOpaHHBIMH (raxkkn Co3AaTh KOHCTPYKTOP H
Co3zagarb mMetoa toString (). Torma y kimacca OyayT cO37aHbl cpa3y JBa
KOHCTPYKTOpa: OJIMH, MO0 YMOIYaHWIO, 0e3 TMapaMeTpoB, U BTOPO,
¢ mapaMeTpaMy, WHULUATU3UPYIOIKUMH TONsS Kilacca. JTH KOHCTPYK-
TOPBI UCHONB3YIOTCS 00bEKTaMH, CO3IAOIIMMK HOBBIC 3asBKH, TaKHe,
Kak Source.

6. Ulenknure kHonky I'oToBO. BBI yBHIUTE pepakTop Koaa, B KO-
TOpoM OyZeT MOKa3aH aBTOMAaTHYECKH CO3JAaHHBIN KOX Bamiero Java
kiacca (puc. 3.34). M3yunrte 3TOT KOJI U BBISICHHUTE, KaK MOKHO Camo-
CTOSATEIHHO JOOABIIATH B KIIACC 3asBKU HOBBIE TIOJISI M METOMBI. 3aKpOii-
T€ PEIaKTOp, IEIKHYB KPECTHK B 3aKJIaJKE PAJIOM C €r0 Ha3BaHHEM.
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@l Main [ Inquiry.java &3 =0

| ¥

* Inguiry
puoblic class Inguiry extends com.xj.anylogic.libraries.enterprise.Entity
double time wxod;

double time vixod;

float col_wxod:

1]

float col_vixod:

, VHEMIMATMIMDYEILG DOJHE
public Inguiry(double time wvxod, double time wvixod, fleoat col vxod,
this.time_vxod = time vxod;
this.time_vixod = time_ vixod;
this.col_ wvxod = col_wxod;
this.col_vixod = col_vixod;
! 4
4 i | »

Puc. 3.34. OkHO penakTopa Koja CO3JaHHOTO HECTaHIapTHOIO Kilacca

3.1.6.2. JlobaB/ieHHE 3JIEMEHTOB CTATHCTHKH

Jnst cOopa craTUCTUYECKUX MAaHHBIX O BPEMEHH ITOCTYIUICHUS 3a-
MPOCOB W BpPEMEHHU 3aBepIIECHUs O0OpabOTKH CEepBEpPOM HEOOXOIUMO
00aBUTH DIIEMEHT CTATUCTHKH. DTOT 3JIEMEHT OyJIeT 3allOMHHATH CO-
OTBETCTBYIOIINE 3HAUEHUS BPEMEH ISl KakJoro 3ampoca. Ha ocHoBe
3TOTO OH TPEIOCTABHUT TIOJH30BATEII0 CTAHAAPTHYIO CTATUCTHYECKYIO
uHpopMaImio (cpeaHee, MHHAMAIbHOE, MaKCHUMAJIbHOE M3 HW3MEpPEH-
HBIX 3HAYCHHUM, CPETHEKBAAPATHIHOC OTKIOHEHHE, JTOBEPUTECIHHBIN
WHTEPBAJ IS CPeIHEro  T.1.). JJo0aBbTe 3j1IeMeHT cOOpa CTaTHUCTHKH.

1. Yto0bl 100aBUTH OOBEKT COOPA JAHHBIX THCTOTPAMMBI Ha JHa-
rpaMMmy, TepeTammuTe 3JeMeHT JlaHHbIe THCTOrpPaMMbl C TAIHTPHI
CraTHCcTHKA Ha JUarpaMMy aKTHBHOTO Kjlacca.

2. 3apnaiite cBolicTBa dneMenTa (puc. 3.35):

nsmennte Mms: Ha time obrabotki;

cnenaiite KoJs-Bo mHTEepBaIoB: paBHBIM 50;

3anaiite Ha4y. pasmep naTepBana: 0.01.
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0

@) time_obrabotki - laHHbie THCTOrpaMMbl

OcHOBHBIE ma: | time_obrabotki W OTofipakate Mma ] MokmounTs

OrcaHme

SHaueHMe:

Kon-so wHTepsanos: | 50

1 [

OWENas0H SHEHEHMI:

(8) BrifMpaeTcA BETOMETUHECKM  Hau, pasMep MHTepBana: 0.01
n | ’

Puc. 3.35. DnemeHT c60pa CTATUCTHKH O BPEMEHH 00pabOTKH 3aIpOCOB

|

JloGaBbTe erie 1eMEeHT cOopa CTaTHCTHKU JUIS OIPEIeTICHUs BEpO-
ATHOCTH 00pabOTaHHBIX 3aIIPOCOB.

1. Teperamute smemMeHT JlaHHBIE THCTOTPAMMBI C TATUTPHI
CTaTHCTHKA Ha THarpaMMy aKTHBHOTO KJlacca.
2. 3anaiite cBoiicTBa snmemenTa (puc. 3.36):
n3mennte Mms: Ha ver obrabotki,
caenaiite Kos1-Bo nuHTepBaJIoB: paBHBIM 50;
3anaiite Hau. pasmep unrepBaia: 0.01.

3.1.6.3. I3MeHeHUe CBOICTB 00bEKTOB THATPAMMBI
UToOBI cO371aBaTh 3asBKU HECTAHJIAPTHOTO THUIIA, KAK B HAIIIEM CIIY-
yae Inquiry, BaM HY>XHO TIOMECTHTh BEI30B KOHCTPYKTOPA 3TOTO TH-
na B nosic HoBast 3asBka oObekra Source. Ho, HecMOTpst Ha TO, 4YTO
3asBKU B MTOTOKE TeNephb U OyayT THNa Inquiry, ocTadbHble 00BEKTHI
JrarpaMMbl OYIyT MPOJIOJDKATh UX CUUTATh 3agBKaMU THUNA Entity.
£l ceoiicrea 22 | B Koncons ¥ =0

@ ver_obrabotki - [laHHble rHCTOrpaMMbl

2
OcHoBHbIE Wma: | ver_obrabotki ¥ OTofpasate vMa  [] MoxmiounTs

OnucaHue

SHa4eHue:

111}

Kon-so wHTepsanos: | 50

OWanasoH sHaqeHui:

() dwcmposaHHent o

{b BbiOMPEETCA BETOMETUHECKM  Hau, pasMep MHTEpBana: a. 01| ,J

ﬂ | 3

Puc. 3.36. DnemeHT c60pa CTAaTUCTUKU O BEPOSITHOCTH 00pabOTKHM 3alIpOCoB
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Puc. 3.37. Inarpamma mnocie 1o0aBiieHHs 2JIEMEHTOB cOOpa CTAaTUCTUKU

[TosTOMY OHHM HE TMO3BOJAT SBHO OOpamaTrbcs K JOTOJHUTEIHHBIM
noJsiM Kiacca Inquiry. YToOBl pa3pemuTs TOCTYI K IMOJSM Ballero
HECTaHJIapTHOI0 KJlacca 3asiBKU B KOJE IWHAMHYECKUX IapamMeTpoB
00BEKTOB TIOTOKOBOHW AMAarpaMMBbI, BaM HY)KHO yKa3aTh MMsI HECTaH-
JIAPTHOTO Kjacca 3asBKH B kadecTBe Kiacca 3asiBKM 3TOrO OOBEKTA.
B Hamreli moToKoOBOW JuarpamMme ¢ yd4eToM OJioka SOUFCE BCEro MATh
00BekToB. I3MeHnTE MX CBOWCTBA.

1. Wsmenwure cBoiicTBa 0OBbekTa Source (puc. 3.38):

BBeauTe Inquiry B mone Kmace 3agBkM:. DTO MO3BOJIMT Ha-
MPSIMYIO0 00paIaTbcs K IMOJNSAM Kilacca 3asgBKM Inquiry B KOJA€ JU-
HAMHUYECKHX ITapaMeTPOB 3TOTO OOBEKTA,

BeenuTe new Inquiry() B mone HoBas 3asBka. Teneps 3TOT
00BEKT Oy/IeT co3AaBaTh 3asiBKH HAIIEro THHa Inquiry;

BBeIMTE entity.time vxod=time (); B mone JeiicTBue
npu BbIxoge. Kox Oyner coxpaHsATh Bpems CO3JaHUs 3asBKH-3aIpoca
B [IEPEMEHHON time vxod Hamlero Kjacca 3asBKM Inquiry.

OyHKIUA time () BO3BpallaeT TEKYIEE€ 3HAYEHUE MOJIEIBHOTO
BpPEMEHHU.

2. H3menwure cBoiicTBa 00beKTa QUEUE:

BBeauTe Inquiry B none Kiace 3asBku:.

3. Usmenute cBoiictBa oObekTa delay:

BBeauTe Inquiry B none Kiace 3asBku:.
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-
OcHoBHBIE J
Wma: | source ¥ OTofipakaTe uma ] MocmounTe [0 Ha Bepx
MapameTpel
SErET Tun: Source<T extends Entity = Knacc zanskn: Inguiry
OnmcaHme - — - -
MakeT: |com.xj.anylogic.libraries. enterprise vJ =
3anexn npubbIBA 0T COrNacHo -Z:::Z- WHTEeHMBHOCTKH 'Z§Z' BpemeH Mess
Bpema mexay npnboiTuamn’ | exponential( 1/2 )
KonMuecTso 3aAB0K, MpMBLIBAOWMY 33 0aMH pas’ | 1
OrpaHi4EHHOE KOMMYECTED NpMOLITIIA [}
Hosasn sanska’ | new Inguiryi()
NeicTene npn sbixope” T‘] entity.time vxod=time () :| 'J
4 m r

Puc. 3.38. O0bexT SOUrCe ¢ M3MEHEHHBIMU CBOMCTBAMU

4. Hsmenwnrte cBoiicTBa 00BbekTa Sinkl:
BBeauTe Inquiry B noie Kiace 3asaBku..

5. U3menute cBoiictBa o0bekTa Sink (puc. 3.39):
BBeauTe Inquiry B noie Kiace 3asaBku:;
BBEAUTE B noJje JleidcTBHE NPU BXoje:

time obrabotki.add(time()-entity.time vxod);

DTOT KO J00aBIIsET BpeMsi 00pabOTKM OJHOTO 3ampoca B OOBEKT
cOopa JaHHBIX rUcTOrpaMmbl time obrabotki. JlaHHoe Bpems oI-
pelenseTcs Kak pasHOCTb MEXAY TEKyIIMM MOJEIBHBIM BPEMEHEM
time () ¥ BpeMEHEM BXOJa 3ampoca B Mozeib. add — BCTPOEHHAs
¢GyHKIMS 00aBICHHS DIEMEHTa B MaCCHUB.

entity.col vixod=sink.count();
entity.col vxod=source.count();

DTH KOABI 3aHOCSAT KOJIMYECTBO 3alPOCOB, BOLICAINX B 010K SINK 1
BBIIEAMIMX K3 OJOKa SOUrCe COOTBETCTBEHHO. count () —
BCTpOCHHAs (DYHKITUS 3TUX OJIOKOB, BO3BPAIIAET KOJIHUYECTBO BOIIE/I-
muX B 0J10K SINK M KOJIMYECTBO BBIIIEAIINX U3 OJIOKa SOUICE 3asiBOK.

ver obrabotki.add(entity.col vixod/entity.col vxod);

OTOT KOI 100aBJIsIET OTHOCUTEIBHYIO JI0JII0 00paboTaHHBIX 3aIpo-
COB B 00BEKT cOopa JaHHBIX TMCTOrpaMMbl ver obrabotki mpu
HOCTYIUIGHUH Ka)XJ10ro oOpaboranHoro 3ampoca B 6ok Sink. Ha ocHo-
BE MHOXECTBA TaKUX OTHOCHTEIBHBIX JOJEH OmpenessieTca MaTeMaTh-
YECKOe 0’KHUJIaHHE BEPOSATHOCTH 00PAOOTKH 3aIPOCOB CEPBEPOM.
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3.1.6.4. Ynanenue u 100aBJIeHHe HOBLIX I0JIEH KJIacca 3asiBOK

OOparuTe BHMMaHHME, YTO BaM HE IPUIIIOCH HCIIOIL30BATH IOJE
time vixod, Tak Kak BMECTO Hero ObLIa HMCHOIb30BaHA (DyHKIHs
time (), BO3Bpamarmas, Kak BaM y)K€ MU3BECTHO, TEKYILlE€ 3HAYCHNE
MOJIEJIFHOTO BPEMEHH.

Yaamure noste time vixod.

1. B mone IIpoekT nBaxkapl MIEIKHUTE KHONKY Inquiry. OT-
KpOETCs peakTop koma (cM. puc. 3.34).

2. Ypamurte oOBIYHBIM 00pa30M Bce, UTO Kacaercs time vixod.
ITomyuawnTe K01, MpeAcTaBIeHHbIH Ha puc. 3.40.

3. 3akpoiite penakrop koza.

@ Main [E] Inguiry java &3

|»

* Inguiry
public class Inquiry extends com.xj.anylogic.libraries.enterprise.Enti
double time vxod:

float col_ wixod;

float col wxod;

]}

MEMUMAMMSHMDYRING OOAS

public Inquiry(dooble time wxod, fleoat col wvixrod, fleoat col_wxod) {
this.time_ wvxod = time wxod;
this.col vwixod = col_wvixod;
this.col_vxod = col_vxod;

H

@Cverride
public String toString()
return
"time wvxod = " + time_vwvxod +" " +
"ool wixod = " 4+ col_wixod +" " 4+
"col wvxod = " + col wxod +" ";
H -
<« | o

Puc. 3.40. PegakTop kozma mocie yxaneHus nons time vixod
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W3 mpouenypsl ynaneHus TOJS CIEAYET, YTO TaK K€ MOXKHO BBO-
JIUTH HOBBIC JIOMOJHUTEIILHBIC TIOJIS HECTAHAaPTHOTO KJIacca 3asBOK.

Wtak, Bce yclnoBHsI TOCTAaHOBKHM 3aJaudl BBIMOJHEHBI. 3aIyCTHUTE
Mozenb. Beibepure BupTyansHoe Bpems. Habnromaiite 3a paboToit mMo-
nemn. Mconp3yiiTe mpu 3TOM 1 OKHa WHCTekTa (puc. 3.41).

3.1.7. lobasnenue napamempog u 31eMeHmMOo8 ynpasieHus

AKTUBHBIN 00BEKT MOXET UMETh MapaMeTphl. IlapamMeTpsl 0OBIIHO
UCTIOJB3YIOTCS IS 3aJaHusl CTATUYECKUX XapaKTepUCTHK o0bekTa. Ho
3HAUEHUS MMAPaMETPOB MPU HEOOXOJUMOCTH MOXKHO M3MEHSATH BO BpE-
Msl pabOTHI MOJICITH.

Bl ™ x1 (& Gy 2 @ (5 xopHesoit:Main AN ¥ Arylogic
sink1
source queue delay sink
" 5 T 1
@)= I s = Qs—=0
S ———— 0s
0.8 0.6 0.4 0.z 0 ' B SERVER utilization: 0.646
Cueue length: 0.8 0.6
0.4
0.2
0
0 ver_obrabotld time_obr abotki
% 202 Wamepenwri [0.2...1]. CpeaHee=0.9:5 203 Wamepenni [0.001.,.2.686], CpegHee=0.725
ver_obrabotki x time_obrabotki X
Kom-so 203 = Kom-go 203 |
Cpeguee 0.565 Cpegmee 0.725
M 0.z M 0.001 =
Mawmc 1 Marc Z.E8BE
CpexnerBanp. oTeIcHemwe 0.087 = CpefHerEBanp. oTENoHerme 0.582
AoBEpMT. MHTEPBAN INA cpelHero 0.01Z2 JoBepHT. MHTepBan ITML cpeiderc 0.08
Cyrmaa 195.931 Cynma 147.051
Or Ko IInoTHOCTE BEPOATHOCTH ar To IINoTHOCTE BEpROATHOCTI
0.z 0.3 1 -0.04 0.1z 22
0.3 0.4 1 0.1z 0.28 28
0.4 0.5 o o.28 0.44 Z5
0.5 0.8 1 0.44 0.8 35 J
0.8 0.7 1 - b
J-I 0.6 0.7 14 if}
NMporoux: 0 Naysa Bpema: 102.23 NMporox: Bpema 0CTEHOBKM HE 330aH0 [ NMaMATh: |51 @2 53 ﬁ

Puc. 3.41. ®parmeHT paboThl MOJETH
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Jlns aTOrO HYXKHO HamucaTh Koj 00paboTdMKa COOBITHS, TO €CTh
JIEHCTBHIA, KOTOPBIE TOJKHBI BBITIONHITHCA MPU U3MEHEHUH 3HAYCHUS
napaMmerpa.

Co3snaiite mapameTp time mean oObekTa delay.

1. B IMaaurtpe Boigenure OcHOBHAS.

2. lleperamure snement [lapameTp Ha nuarpammy kiacca Main
U pa3MecTuTe cBepxy o0bekTa delay, 4TOOBI OBLIO BHAHO, K KAKOMY
00BEKTYy OTHOCHUTCS MapaMeTp.

3. Ilepetimute Ha crpanuiny OcHoBHble TmaHenu CBolicTBa
(puc. 3.42).

4. B none Mms BBEaMTE MM mMapaMeTpa time mean (cpenHee
Bpems). [1o aTomy uMeHn napameTp OyaeT JOCTYICH U3 KOJa.

5. 3apaiite Tun napamerpa double.

6. B momne 3nauenue mo ymoa4yaHuio ycraHosure 3. Ecnm 3Ha-
4yeHHe He OyJeT 3aJaHo SBHO, TO IO MpaBWiaM Java oHO OyaeT paBHO
HYITIO.

7. Bsigenute 00bekT delay.

8. Ha crtpanune OcHoBHble naHenu CBoiicTBa B mosic Bpems
3aJlep:KKH BMECTO BBIpakeHHs exponential (1/3) BBeaure ex-—
ponential (1/time mean).

IlycTh BBl XOTUTE M3MEHATH CpelHEE BpeMsi 0OpabOTKH 3ampocoOB
time mean B Xole MojenupoBaHus. Mcnonb3yite mis 3TOro die-
MEHT YIPaBJICHHS — GEryHOK.

— - - =
= caolicrea % | B Koncons 8

@ time_mean - Napametp

|
OCHOBHBIE VMg | time_mean ¥ Otofipawato uma [
Macce
PepakTop Tum: (Obodlean  (Dint (@ double |
Onucanue =
[[] Macous
3HEHEHME MO YMONHEHMID!

| 3

] OvHammecanii W] CoxpaHaT NPy COXPEHEHMM COCTOAHMA MOLENH vJ
4| i 3
Puc. 3.42. OxHO ycTaHOBKH CBOWCTB 31eMeHTa [lapametp
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OcHoBHEIE Mms: | slider1 [[] OTobpakaTe A
OononHWTenEHsIE
OuHaMHUYecKHe OpyeHTaLMA: 'Z§i' MopHMIoHTaNEHSR 'Z::Z' BepTHkansHas T
OnucaHune

¥ Censats o | Time mean

MWUHMMANEHOE 3HAYEHKE: 1

MaKoMManesHoe SHaYeHHe: | 20 'J

1 T ’

Puc. 3.43. OkHO ycTaHOBKM CBOMCTB 3J1eMEHTa ynpaBiicHus berynok

1. Ortkpoiite mamuTpy JJaeMeHTbl yNpaBJeHUs] U TEPeTaIInTe
s5eMeHT BeryHok U3 naiuTpel Ha Juarpammy Knacca Main.

2. Ilomecture OeryHok moj napaMeTpoM time mean, 4TOOBI
OBLJIO MOHATHO, YTO C IOMOIIBIO 3TOr0 OeryHKa OyJIET MEHATHCS Cpeli-
Hee BpeMst 00paboTKH 3armpocoB oobekToM delay.

3. Ilycts BB XOTHTE BaphupoBaTh cpeanee Bpems ot 1 o 20. Ilo-
sToMy BBemuTe 1 B mone MunumanabHoe 3Haudenue, a 20 — B 10-
ne MakcumasiabHoe 3Hadenue (puc. 3.43).

4. VYcranosure (iaxoxk CBS3aTh €. U B aKTUBU3UPOBAHHOE T0OJIE
BBeaUTE time mean.

[lycTh Temeps Bl XOTHTE TaK)Ke U3MEHATh EMKOCTh Oy(depa B Xoe
MoJenupoBanusl. Micnonb3yiTe A 3TOro TakkKe OeryHOK.

1. Ortkpoiite manutpy JJieMeHTbI yNpaBJeHUsl U IEpeTalliuTe
s5ieMeHT BeryHok U3 najuTpel Ha Juarpammy Kinacca Main.

2. llomectute OeryHok moj oOBeKTOM (uUeUe, 4yToOBI OBLIO IIO-
HSTHO, YTO C IIOMOIIBIO 3TOr0 OeryHKa OyJaeT MEHSTHCS BMECTUMOCTD
JAHHOTO 00BEKTa, IMUTHPYIOLIETO BXOIHOU Oydep.

3. TlycTp BBl XOTHTE BapbHpPOBaTH €MKOCTh Oydepa or 0 1o 15
3arpocoB. [Toaromy BBequTe 15 B mojie MakcHMaabHOe 3HAYEHUE.

4. YcranoBure (iaxok CBs3aTh €. ¥ B aKTUBH3UPOBAHHOE TIOJIE
BBEANMTE queue.capacity (puc. 3.44).

5. 3anycture mozenb. Termepb Bl MOKETE W3MEHSTH B TpoIiecce
MOJICJIMPOBAHMS €MKOCTh BXOJHOro Oydepa W cpeaHee BpeMs oOpa-
OOTKM 3ampoCOB C IMOMOIIBI0 OeryHKoB. MoeTe TakKe KOMaHAOM
IpuocTaHOBUTH IPUOCTAHOBUTH PaOOTY MOJIEIH, H3MEHHTh 3HAUYCHHUSI
napamMeTpoB, a 3aTeM MPOJIOJDKUTH MOJICITUPOBAHHE.
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OnmcaHme

1] m 3

|

Ama: | slider [[] OTobpataTe uMa

OpHeHTauMA: 'Z§Z' [opU30HTaNEHAA '3:::3' BepTuKaneHaA =
¥ Cenzate o | gueue.capacity

MWHWUMANBHOE SHAYEHKE! | 0

MaKIMManNEHDE 3HAYeHKWe! | 15

|

Puc. 3.44. OxHO yCTaHOBKHU CBOMCTB 3JIEMEHTa ynpaBicHUs berynok

3.1.8. lobasnenue cucmozpamm

Tenepb 1006aBUM Ha AUArpaMMy HAIETO [MOTOKAa THCTOTPaMMy, KO-
Topas OyJeT oToOpakaTh COOPaHHYI0 BPEMEHHYIO CTATHCTHKY.

1. Tleperammre 3nemeHT I'merorpamma u3 nanutpsl CTaTHCTH-
Ka B TO MECTO rpau4ecKoro peakTopa, KyJa XOTHTE €€ TIOMECTUTb.

2. VYkaxwre, K

aKo# 3JeMeHT cOopa MaHHBIX XPAaHUT JaHHBIC, KO-

TOpBIE BbI XOTUTE OTOOpaKaTh Ha T'HCTOTpaMMe: LICITKHUTE MBIIIBIO
KHOTIKY /l00aBUTH TaHHbIE U BBeaUTE B 1oJie JlaHHbIe UMSs COOTBET-
CTBYIOLIETO JIeMeHTa: time obrabotki (puc. 3.45).

= - - =
= Ceoiictea 52 | Bl Koncons ]

|
OCHOBHBIS Mma: | chart2 [[] OTobpaskaTte MMa [
OononHUTENEHEIE
OuHEMHYECKIE # OTofpaaTe MNoTHOCTL Bep-TH  [[] OTofpamaTs d-+0 pacnpeaensr
BHELIHMIA BML
Onucanie 3aronosok: | Histogram Time obrabotki =
NaHHbIe: | time obrabotkl
LIEET NNOTHOCTH BER-TH: vJ
1pt
50 JoSaeKTs AatHbe 'J

4

I

o |

Puc. 3.45. OxHO ycTaHOBKH CBOMCTB 371eMeHTa I'merorpamma
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Puc. 3.46. ®parMeHT paboTH MOZENH C 3JIEMEHTAMH YIPABICHHUS U THCTOIPaMMOA

3. B mone 3arojsioBok: BBequTe Histogram Time obrabotki.
4. 3amycrture Moaenb. PparMeHT paboThI MOKa3aH Ha puc. 3.46.

3.2. Moaenb GyHKIHMOHHPOBAHUA MAPUIPYTH3ATOPA COOOIIEHMIT

3.2.1. Ilocmarnoexka 3a0auu

Ha mapiipyTusaTop mocTynarT COOOLICHHs Yepe3 CydaiHbIe mpo-
MEKYTKH BPEMEHH OT N, aDOHEHTOB CO CPEJAHUMHU MHTEpBalIaMH Bpe-
MeHu T, =T /n,. CooOuieHust MOryT ObITH TPEX KaTeropuii N, ¢ Bepo-
ATHOCTSIMH HOSIBICHUS P, P, Py (P + Pey + P =1) 1 Bbrumcnn-

TEIBHBIMHU CIIOKHOCTSIMH HX 00paboTku S;, S;, Sz omepanuii COOTBET-
ctBeHHo. Ilepenatorcst coobuieHus Mo K HampaBieHUsIM C BEPOSTHO-

cTaMA P, P,y Py (P + Pn + Pz =1) .

Mapupyruzarop umeer BxojnHou Oydep 1 emkoctsio L, OaliT ams
XpaHeHUsl COOOIIeHnH, oxkuaarmux o0padoTku. Coobmienus 1-i ka-
TEropuM 00JIaJal0T OTHOCHUTEJIbHBIM IMPHOPUTETOM I10 OTHOIICHHIO
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K COOOIIEHNsM OCTaJbHBIX KaTeropwii mpu oOpaboTke. B HakommuTeme
cooOmIeHus pa3MeIaTces coriacHo npuoputeram. Coobuienus obpa-
0aTBIBAIOTCSl C MPOM3BOAUTEIBHOCTRIO Q omepanuii/c. Ilpu 3amosHe-
HuM Oydepa 1, mocTymarome cOOOIIEeHUs TEPSIOTCS.

ITocie 06paboOTKN COOOIICHHS B 3aBUCHMOCTH OT HalpaBIICHUS ITe-
pelayu MocTynarT B COOTBETCTBYIOIIHE Oy(depsl, CTOSIIUE Ha BXOAAX

KaX0r0 i-ro HampasieHus cBsizu, | =1k . Kaxapiit Oydep numeer em-
kocth L, OGaiit, i=1k. B cinyuae 3anonnenus Oydepa HampaieHus

coobmenue tepsierca. 13 OydepoB coolienns nepesarTcs Mo CBOUM
HanpapieHnuaMm. Kaxjoe HanpasieHue uMeer N, KaHauos cBs3u. Cko-

POCTB Tiepeaur COOOIIEH I 0 KaHaaaM CBS3U KayKJ0ro W3 HarpasJie-
Huit V,; out/e, i=1Kk.

3.2.2. Hcxoouwle oannble
Exponential (T, ) = Exponential (T, ) ... = Exponential (T, ) =
= Exponential (18/n,); n, =10; n, =3,
k=3, p,=04p,=035 p,=0,25
n,=3p,=03p,=0,2; p,=0,5Q=3600 or/c; L, =5000000;
Normal(S,, S, ) = Normal (530000, 6100);
Normal(S,, S, ) == Normal (860000, 5000);
Normal(S,, S, ) = Normal (660000, 7000);
V., =5000 6ur/c, n, =1, L,, =200000,i= 1,3.
VHTepBasbl MOCTYIUICHNS] COOOLICHNI PACTIPEeISIOTCS [0 IKCIIO-

HeHIManbHOMY 3aKkoHy (Exponential), a BeraucIUTEIbHBIC CIIOKHOCTH
coobieHnit — mo HopMasbHOMY 3akonHy (Normal).

3.2.3. 3aoanue na uccneoosanue

Pa3zpaboraTh WUMHTAIMOHHYIO MOJIENIb (QYHKIMOHHPOBAHHS Map-
HIPYTHU3aTOpa C LEIbI0 UCCICI0BAHUS BIMSIHUS EMKOCTH BXOAHOTO OY-
depa 1, uHTEpBaANIa BpEeMEHH TOCTYILICHHS COOOIEHNH, MX BBIYUCIH-
TEJNIBHBIX CJIOKHOCTEH M JPYTHX MapaMeTpoB Ha CpejiHee BpeMs Iepe-
Jadu cooOuieHni, K03()HUIMEHT MPOMYCKHON COCOOHOCTH IO Karte-
TOpUsIM COOOIIIEHUH, HAMPABJICHUSAM U B IICJIOM COOOIIECHHM BCEX KaTe-
TOpHH 4Yepe3 MapLIpyTHU3aTOp, a TaKKe OLEHKH HEeOOXOAMMOCTH MpHU-
MEHEHHS Mep IO MOBBILEHNUIO 3PPEKTUBHOCTH €r0 HCIIOIb30BaHUSI.
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3.2.4. ®opmanuzoeannoe onucanue mooenu

[peacTaBuM MapHIpyTH3aTOp Kak CHCTEMY MacCOBOTO OOCITy:KUBa-
Hus (puc. 3.47).

— 1

HMcTouHuKkH cooOLIeHH

v

biok koHTpons 1

[ToTox NOTEPAHHBIX

i | L—) cooGmennii

[ToTok coobLeHui
Haxonurtens BKKC Ha nepejady npu
I'I)’CTOM HaKOIMUuTee

$— BKKC
—4

BKKC

s v

Bnok koutpons 2

[ToTok noTepsiHHBIX

i |_> co0GLIeHHiT

— 6
Hakonurenb KaHalOB CBA3H
|_7_____________|
Kanane! cBsizn | k HanpasieHuit
Hanpagnenue 1 v Hanpasnenune k |
S U
1-it kanan | ... | n-it kanan 1-if kanan | ... | m-it kanan |

IToToK nepenaHHbIX
cooOueHwmii

Puc 3.47. MapiipyTu3aTop Kak CHCTEMa MacCOBOIO 00CITy)KUBAHHS
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BunHo, 4TO MapIipyTH3aTOp MPEACTABIAECT COOOH MHOTO(a3HYO
MHOTOKaHAJIBHYI0 CHCTEMY MaccoBOIO OOCITYy>KMBaHHS Pa3OMKHYTOTO
THUIA C OTPAaHUYCHHBIMU €MKOCTAMH Oy(depoB (HakomuTeneil).

Haznauenue u QyHKIMM BBIAEICHHBIX B CTPYKTYpE MapLIpyTH3aTO-
pa 0JIOKOB OyzIeT pacCMOTPEHO MO3KE B XOA€ M3JIOKEHHUS TEXHOIOIUU
noctpoenust Moaenu B AnyLogic.

Crnenyer UMETh B BUY, YTO BO3MOJKHBI U APYI'H€ BAPUAHTHI JEKOM-
MO3MLMHM MapLIpyTU3aTOpa Kak cucTeMsl. Tem Oosiee, YTO HaMU B3SATa
¢ y4eOHOI TOUKHM 3peHHsI OJTHA U3 MPOCTBIX €r0 CXEM.

Coo0uieHns, NOCTYNarIe Ha MapLIpyTH3aTop, AOJKHBI HMETh
CIIEeIyIOIINE TTapaMETPBI:

NumIst — HOMEp UCTOYHHKA COOOLICHNUH;

NumKat — HOMep KaTeropuu COOOIIeHHS;

NumNapr — HOMEp HaIlpaBJcHUS MepeIadl COOOIICHUS;

time post — BpeMs NOCTYIUIEHHs COOOLIECHUS;

D1lina — JaauHa COOOILEHMS, OaT;

TimeObrabotki — Bpemst 06pabOTKH COOOIICHHUS,

TimePered — BpeMs nepesiadud COOOIICHHS.

DTy mapaMeTpbl MOJIy4aroTcsl IyTeM PO3BITPHIINIA 0 CIAEAYIOIINM
WCXOJHBIM JIAHHBIM:

KolIst — KOJMYECTBO HCTOUYHUKOB COOOIICHHIA;

TimeMean — cpenHee BpeMs MTOCTYIUIEHHUS] COOOIEHUH OT OJTHOTO
HUCTOYHHKA;

Kat={katl, kat2, kat3} — BEpOATHOCTH pPACHpPEICIICHUS BH-
JTIOB KaTeropuit coobmmenwmii, katl+kat2+kat3=1;

Napr={naprl, napr2, napr3} — BEPOATHOCTH pacIpeacIcHUs
HaIpaBJICHUI Mepeiaun cooOIeHu, naprl+napr2+napr3=1;

Dl1Kat={dlKatl, dlKat2, dlKat3} —cpeaHue IIUHBI
COOOIIeHu, OaiiT, TIepBOl, BTOPOI U TPEThEeW KATErOpuUil COOTBETCT-
BEHHO;

D1Kat0O={dlKat0l, dlKat02, dlKat03} — cranmaprHsle
OTKJIOHEHHS JJIMH COOOLIeHNUH, OaliT, IepBOii, BTOPOW U TpEeThel Kare-
TOpUNA COOTBETCTBEHHO;

Proizvod — Npou3BOIUTEIBHOCTh MapLIpyTH3aTopa mpu oOpa-
60TKe coobuenus, on/C;

Skor pered={skor peredl, skor pered2, skor pered3}
— cpeaHee BpeMs Iepelad COOOLIEHWH MO TNEepBOMY, BTOPOMY H
TPEThEMY HAIIPABIIEHUSM COOTBETCTBEHHO;
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Kol kan Napr={kol kan Naprl, kol kan Naprz,
kol kan Napr3} — KOJIMYECTBO KAHAJIOB CBA3M IIEPBOrO, BTOPOrO U
TPETHErO HAIIPABICHUM COOTBETCTBEHHO.

B xozxe mogenupoBanusi coOupaeTcs ClIeAyIomas CTaTACTHKA!

Kol post kat={kol post katl, kol post katZ2,
kol post kat3, kol post} — KOJIHMYECTBO IOCTYIHUBIINX €000-
LIEHUH IIEPBOM, BTOPOH, TPEThEN U BCEX KATETOPUM COOTBETCTBEHHO;

Kol pered kat={kol pered katl, kol pered kat2z,
kol pered kat3, kol pered} — KOJIHYECTBO MEPEAAaHHBIX €000-
LIEHUH IIEPBOM, BTOPOH, TPEThEN U BCEX KATETOPUM COOTBETCTBEHHO;

Kol post Napr={kol post Naprl, kol post Naprz,
kol post Napr3} — KOJIMYECTBO IOCTYIMBIIMX COOOLICHUH JyIs
Iepeayu 1o MepBoOMYy, BTOPOMY U TPEThEMY HAIIPaBICHUSIM COOTBET-
CTBEHHO;

Kol pered Napr={kol pered  Napr 1, kol pered
Napr 2, kol pered  Napr 3} — KOJHYECTBO NEPEAAHHBIX CO-
o0IIeHUI Mo TepBOMY, BTOPOMY U TPEThEMY HAIIPaBJICHUSM COOTBET-
CTBEHHO.

ITo 3TUM CTaTUCTHYECKUM TaHHBIM PACCUUTHIBAIOTCS:

Koef prop kat={koef prop katl,
koef prop kat2, koef prop kat3} — kodpduiueHTs mpo-
MTyCKHON CIIOCOOHOCTH M0 KaTETOPUSIM COOOIIEHHIA;

Koef prop Napr={koef prop Naprl, koef prop Napr2,
koef prop Napr3} — K03((QUIMEHTH MNPOMYCKHOH CIIOCOOHOCTH
10 HAIPABIICHUSIM;

koef prop sposob — KOIQPUIUEHT NPOIMYCKHOH CHOCOOHO-
CTH MapLIpyTU3aTOpa.

B Mozenu taxke 1S BBIIIOJIHEHUS YCJIOBUN OTPaHUYEHUSI EMKOCTEN
OyhepoB HEOOXOMMO UCTIONH30BATh:

emkost bufera 1 — eMKoCTb BXOaHOro Oydepa, Oaiir;

tek emkost buferal — Tekymlas eMKOCTb BXOJHOro Oydepa,
OaliT;

Emkost bufera Napr={emkost bufera Naprl, em-
kost bufera Naprz, emkost bufera Napr3} — eMKOCTH
Ha BXOJIaX KaHAJOB CBSI3U IIEPBOTO, BTOPOI'O U TPETHErO HANPABIECHUMN
COOTBETCTBEHHO, OaMT;

Tek emkost bufera Napr={tek emkost bufera Naprl,
tek emkost bufera Naprz, tek emkost bufera Napr3} —
TeKylie €MKOCTM Ha BXOJAaX KaHAJIOB CBA3U IIEPBOrO, BTOPOIO H
TPETHETO HANPaBJIEHUH COOTBETCTBEHHO, OaT.
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3.2.5. B600 ucxoonwix 0annvix

Jns BBOZ@ MCXOJHBIX AAHHBIX HCIodb3yeM aneMeHT Ilapamerp u
aneMeHT ympaeieHus BberyHok (cm. 1. 3.1.7). Dnement I[Mapamertp
MOJKET pa3MELIaThCsl Ha AuarpaMMme Kijacca akTHMBHOIO OOBEKTa WIH
skcniepuMeHTa. Mcnonb3dyem nepBoe. B 3ToM ciydae B X0lle MOJENU-
poBaHUsI OyIOyT BHIHBI 3HAUCHHS MapaMETPOB, KOTOPBIE C MOMOIIBIO
0eTyHKOB MOXKHO OyJIeT H3MEHSTb.

HcxonHele naHHble pa3o0beM Ha IBe Ipymnnsl. B mepByro rpymmy,
HazoBeM ce Initial_data_1, BrioYMM XapakTEpUCTUKH COOOILCHUIA,
a BO BTOpyro rpymmy ¢ uMmeHem Initial_data 2 — xapakrepuctuku He-
MOCPEICTBEHHO MapIIPyTHU3aTOpa.

1. Brmonnaute komanay ®aiia/Co3nars/Mojaesib Ha TaHEINd WH-
ctpyMeHToB. [losiButcst auanorosoe okHo HoBasi Mogeib (cm. puc. 3.1).

2. 3apaiite M HOBoM Mozenu. B mone Ums mopenun BBeaute
Router. Bribepure karamor, B KOTOPOM OyIyT COXpaHEHBI (ailiTbl
MO/JICJIH.

3. Ilenxuute xHOMKY Jasee. OTkpoercs BTOpas cTpaHuiia Mac-
Tepa co3xanus moaean (cM. puc. 3.2). Beidbepure Hauatb coznanue
MoaesH «c HyJs». [llenkHure kHonky JlaJiee.

4. B IManutpe Boigenute Ilpesentauus. [leperammre smeMeHT
CKpyrieHHbI NPAMOYT0JbHHUK B HY’)KHOE MECTO.

5. lleperamure snement text u Ha crpanune OCHOBHbIE MaHEIN
Caoiicrsa B nose Teker: Beaute Initial data 1.

6. B Ilanutpe Bwimenute OcHoBHas. lleperamure >1eMEHTHI
ITapamerp Ha oneMeHnT ¢ umeHeM Initial data 1 um pasmectute
UX TakK, KaK IOKa3aHo Ha puc. 3.48. 3HaueHHsI CBOMCTB YCTAHOBUTE CO-
riacHo Tabm. 3.1.

7. Jlns m3aMeHeHHs pa3Mepa MpsIMOYTOJIbHUKA BBIIEIHUTE €Tr0. Be
YBHJIUTE HECKOJIbKO MAJICHBKHMX T'OYOBIX MPSIMOYTOJILHUKOB TI0 Kpasm
¢urypsl. Onu OynyT 0003HA4YaTh T€ TOYKH, KOTOPHIE BBl CMOXKETE Tie-
peTacKMBaTh MBILIBIO JJIsl K3MEHEHHS Pa3MepoB (GUTYPHI.

8. Tleperamure MBINIBIO (C HAa)KaTOH JIEBOW KHOMKOW) MPSMO-
YrONIGHUK, JISKAIIUH Ha TOW TrpaHuIle (QUTYpBI, KOTOPYIO BBl XOTHTE
nepeABHHYTH (100, €ciM ke Bbl XOTUTE MEPEABUHYTH Cpa3y JABE I'pa-
HUIIBI — TO NPSMOYTOJBHUK, HAXOAAUIMNCSA B yriy (urypsl, o6paso-
BAaHHOM 3THMH JIBYMsI TpaHHLIaMH) B TpeOyeMOe MECTOIOJIOKEHHE.

9. B Hanutpe Bolaenute JiieMeHThbI ynpasJenus. [leperamute
sneMeHThl berynok Ha snemenr ¢ umeneMm Initial data 1 u pas-
MECTHUTE UX Tak, KaK MOKa3aHO Ha puc. 3.48. 3HaueHUs CBOWCTB ycTa-
HOBHUTE TaKXe corjiacHo tabm. 3.1.
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Puc. 3.48. Pa3zmerenue snementoB [lapamerp u Berynok Ha Initial_data_1

Tabauma 3.1
DJieMeHThI U UX CBOMCTBA
ITapameTtp Bberynok
3HaveHune Munn- Makcu-
Nwms Tun 0 yMOJ4a- Cas13aThb C MajbHOE MaJIbHOE
HHIO 3HAa4YCHHUC 3HAUYCHUC
Kol _Ist int 10 Kol _Ist 2 100
Time_mean double 18 Time_mean 1 50
katl double 0.5 katl 0 1
kat2 double 0.3 kat2 0 1
kat3 double 0.2 kat3 0 1
diKatl double 53000 diKatl 10000 100000
diKat2 double 86000 diKat2 10000 100000
diKat3 double 66000 dIKat3 10000 100000
diKat01 double 6100 diKat01 2000 10000
diKat02 double 5000 dIKat02 2000 10000
dIKat03 double 7000 dIKat03 2000 10000

1. B ITaautpe Boimenute Ilpe3enTaunms. Ileperammure sieMeHT
CkpyriaeHHbIH NPAMOYTOJbHHUK B HY)KHOE MECTO.

2. lleperamure >nement text u Ha crpanuiie OCHOBHBIE ITAHEIH
Cpoiictea B none Teker: Beenure Initial data 2. Bsoauts
TEKCT MOXXHO M Ha PYCCKOM SI3BIKE, YTO MBI B Oy/IeM JIenaTh aajee.
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3. B Maamutpe Boimenure OcHoBHas. [leperaimure 37¢MEHTHI
IMapamerp u IIpocras mnepeMeHHassh Ha »JJEMEHT C HMEHEM
Initial data 2. Pasmecture MX Tak, KaKk IOKa3aHO Ha puc. 3.49.
3Ha4YeHUs CBOMCTB YCTAHOBUTE COTNIacHO Tabu. 3.2.

4. B IlanuTtpe BoiAenuTEe JJieMeHTHI ynpaBienus. [leperamure
HY)KHOE YHCJIO 3JeMEeHTOB beryHok Ha 31eMeHT ¢ WMeHeM Ini-
tial data 2 u pa3MecTuTe HMX TaK, KaKk IOKa3zaHoO Ha puc. 3.49.

3HaueHNs CBOHCTB YCTAaHOBUTE TaK)Ke COTrIacHO Tabm. 3.2.

Tab6muma 3.2
JJ1eMeHTBI H HX CBOMCTBA
ITapamerp Berynok
3HaueHue
MunumansHoe | MakcuMmaibHOe
Nms Tun |no ymonga- Cas3ath C
HHIO 3HAa4YCHHUC 3HA4YCHHUC
emkost_ 5000000 |emkost_ 1000000 5000000
bufera_1 int bufera_1
tek_emkost_
bufera_1 int 0
Proizvod double| 36000 |Proizvod 10000 100000
naprl double 0.4 naprl 0 1
napr2 double 0.35 napr2 0 1
napr3 double 0.25 napr3 0 1
kol_kan_Naprl | int 1 kol_kan_Napri 10000 100000
kol_kan_Napr2 | int 1 kol_kan_Napr2 10000 100000
kol_kan_Napr3 | int 1 kol_kan_Napr3 10000 100000
emkost_bufera_ emkost_bufera_
Naprl int 200000 |Napri 0 500000
emkost_bufera_ emkost_bufera_
Napr2 int 200000 |Napr2 0 500000
emkost_bufera_ emkost_bufera_
Napr3 int 200000 |Napr3 0 500000
tek_emkost_
Naprl int 0
tek_emkost_
Napr2 int 0
tek_emkost_
Napr3 int 0
skor_pered_ skor_pered_
Naprl double| 50000 |[Naprl 10000 100000
skor_pered_ skor_pered_
Napr2 double| 50000 |Napr2 10000 100000
skor_pered_ skor_pered_
Napr3 double| 50000 |[Napr3 10000 100000
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3.2.6. Opzanuszayus év1600a pe3yibmamos MoOeuUpOSaAHus

Jns BeIBOAA pe3yNbTaTOB MOJECIHMPOBAHUS HCIIOJIB3YEM 3JIEMEHT
IIpocTas mepemennasi. /[ns BeIBOJa cpelHEro BpEMEHM Iepeau co-
obmenunit — smeMeHnT JaHHble rucTorpaMmmsl (puc. 3.50).

1. B ITaautpe Beimenute Ilpe3senTanms. Ileperammure 3iIeMeHT
CKpyrJ/ieHHbI MPAMOYToJIbHHMK B HY’)KHOE MECTO.

2. Ileperamure snement text u Ha crpanuiie OCHOBHbBIE ITAHEIH
Caoiicra B none Teker: BBeaute Results of modeling.

3. B IHaaurpe Boigenure OcHoBHas. [leperaiiure 3I¢MEHTHI
IIpocrasi mepemMenHasi Ha 3IEMEHT ¢ UMEeHEM Results of mod-
eling, pa3MecTUTEe UX M JaiTe MMEHA TaK, Kak moka3aHo Ha puc. 3.50.
Tun Bcex nepemennbix double. 3Hauenune mo ymoayanuio pasHo 0.

4. DneMeHT time pered yCTaHOBHM IO3XE.

3.2.7. Ilocmpoenue cobbimuiinoii Yacmu mooeu

IToctpoenune cobwITHIHOW wacTu Mozean B AnyLogic 6ymem ocy-
IIECTBIIATH MOCIIEA0BATEIbHOM peann3anieil OJI0KOB, MPUBEACHHBIX HA
puc. 3.47 (1e nyrtaiite 0;10KH MapipyTu3aropa ¢ 6iokamu AnyLogic).

3.2.7.1. Baox UcTtouHnku coo0ueHuii

JanHplii 650K mpenHa3HAa4YeH U1l UMHUTALUH HUCTOYHUKOB COOOIIE-
HUM, TMOCTYIJICHUSI UX Yepe3 CIydaiiHble WHTEPBaJbl BPEMEHHU, PO3bI-
IpBIIIA MTAPaMETPOB COOOIIEHUH U CUeTa KOJIMYECTBA MOCTYIUBIINX Ha
MapHIPYTU3ATOP COOOIICHUH 0 KaTerOpHsIM, HApaBICHUAM Mepeaadn
M BCEro, 3allOMUHAHMS BPEMEHH IOCTYIUICHHS KaXXIIOro COOOLIeHHS,
UCIIOJIB3YEMOTO B MOCIIEIYIONIEM JIJIsl pacyeTa BpeMEHH Tepe/iadu.

Anroputm 6110ka McTouHukm coo01ennii mprseeH Ha puc. 3.51.

B AnyLogiCc o peanusyercst myTeM HPOrPAMMHOIO OMUCAHHsS OC-
HOBHBIX NTapaMeTPoB 0JioKa SOUICE — PEIUTMLUPOBAHHOIO SK3EMILIIpa
craniapTHoro oobekTa (cM. 1. 2.4.1) 6ubnuorexku Enterprise Library.

1. Pa3mecTure 31€MEHTHI IS BBOJIA UCXOJHBIX JaHHBIX U BBIBO/A
Pe3yIbTaTOB MOAEIMPOBAHUS Tak, YTOOBI Oymynire 0ObEKThl MOJICIH
BbI MOTJIM pa3MelaTh BbIe ux. s mepeMenieHusl, HalpuMep TPYIIbI
Initial data_ 1, HICIKHUTE MBIIbIO JIEBEEC U BHIIIEC JIEBOIO BEPX-
HETO yIiia NpsSMOYTOJbHHUKA TPYIIBI M, HE OTIyCKas KHOIMKY M JBHra-
SCh BIIPABO, BBIJIEIIUTE BCE JIIEMEHTHI TPYNIbI. Termepb OTIMyCTHTE
KHOTIKY, HaBEJIUTE Kypcop Ha BBIJCICHHYIO TPYIIITY JIEMEHTOB U CHOBA
HIETKHUTE MBILIBIO U, HE OTIIYCKas ee, MepeTalinuTe TPYIILy JIEMEHTOB
B HY’)KHOE MECTO.
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Hauano

[eHepauus 3asBOK THNA
Message

— 2
Posbirpei napamer-
pOB COOOLICHHH

— 3

C6op crarucTh-
YECKMX JaHHbIX

— 4
Otnpaska coo0b1eHHs
Ha 0J10K KOHTpOJIA |

Konelt

Puc 3.51. Anroput™m 6710ka MCTOYHUKH cO00IIeHT T

2. B MNammrpe Boigenute Enterprise Library.

3. Ileperamure 00BEKT SOUICE Ha qUArpamMmy.

4. Jlns BBOAa B COOOIEHHS JOTONHUTENBHBIX TONEH IS 3aIicu
M XpaHEHUs] NapamMeTpoB HEOOXOOMMO CO3JaTh HECTaHAAPTHBIA Kilacc
3asBKku. Co3maiiTe Kiacc 3aiBKu Message.

5. B nanenu IIpoeKT 1menKHNUTE TPaBOil KHOIMKOW MBIIIN 3JIEMEHT
MOJIENIM BEpXHETO YpOBHS AepeBa U Boioepute Co3nartb/Java kiace.

6. Ilosieurcs nuamoroBoe okHo Hoeblii Java kiace (cm.
puc. 3.32). B none Ums: BBeuTe MM HOBOTO Kiacca: Message.

7. B mone ba3oBblii Kjacc: BEIOEpUTE M3 BHIIAAIOIIETO CIHCKA
com.xj.anylogic.libraries.enterprise.Entity B ka-
yectBe 0azoBoro knacca. [llenkaure kHotky [laJiee.
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[ -
;E' Hoewik Java rnacc

Mona wnacca

DNobaeeTe nonA Java Knacca

ma Tun OocTyn HavaneHoe 3HadveHue ;I
MumIst int

Mumkat int =
MumMapr int B
time_post double

Dlina int

TimeObrabotki  double

TimePered double Ll

¥ CosnaTh KoHCTpYKTOP

M CosnaTe MeToa toString()

< Haszaa | loToBO | | OTmMeHa |

Puc. 3.52. JlononHuTeNbHBIE MOJIA KJIacca 3asBOK Message

8. TIlosgBurcs BTOpas cTpaHuua Macrepa co3ganus Java Kiacca.
JobasbTe moutst Java kimacca, oka3aHHble Ha puc. 3.52.

9. OcraBbre BBIOpaHHBIMH (raxkkn Co3AaTh KOHCTPYKTOP H
Co3znatb meton toString ().

10. Illenxaure kHONKY I'0TOBO. BBHI YBUANTE pepakTop Koaa, B KO-
TOpOM Oy/IeT MOKa3aH aBTOMAaTHYECKH CO3JaHHBIA Koj Bamrero Java
KJacca.

11. JomomHuTe ero cTpokamu Java xoma Vixod, BBLIEIECHHBIMH
B IIPUBEICHHOM HIJKE JIMCTUHIE XHUPHBIM MPUPTOM. M3 KOMMEHTapHs
CJIETyeT, 9TO 3THUM KOJOM Pa3bITPHIBAIOTCS HOMEpa HCTOYHUKOB COO0-
LIEHUH, UX KaTeropuil U HalpaBJICHUH IIepeiayn.

/**

* Message

*/
public class Message extends
com.xj.anylogic.libraries.enterprise.Entity imple-
ments java.io.Serializable {
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int NumIst;
int NumNapr;
int NumKat;
double time post;
int Priority;
int Dlina;
double TimeObrabotki;
double TimePered;
/**
* KOHCTPYKTOP IO YMOJIYaHMIO
*/
public Message () {
}
void Vihod (double katl, double kat2, double kat3,
double naprl, double napr2, double napr3, double
KolIst) {

double a=0;
double b=Kollst;

/**
* POBHIPHII HOMEPa MCTOYHMKA COOBWeHus
*/
a=uniform(1l) ;
for (int i=1; i< (KolIst+l); i++)
{if (a<=((1/KollIst)*Db))
NumIst=i;
b=b-1;}

/**
* POSHIPHII HOMepa HalpaBJIeHUsl NepefadM CooBmeHMs:

*/
a=uniform(1l) ;
if (a<=(naprl+napr2+napr3)) NumNapr=3;
if (a<=(naprl+napr2)) NumNapr=2;
if (a<=naprl) NumNapr=1;

/**
* POBHIPHII HOMEpa KaTeropmuM M npuopureTa Coob-
WeHMsT
*/
a=uniform(1l) ;
if (a<=(katl+kat2+kat3)) NumKat=3;
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if (a<=(katl+kat2)) NumKat=2;
if (a<=katl) NumKat=1l;

/**
* HaBHaueHMe NpuUOpMUTeTa COOOIEeHMI INepBOM KaTe-
Topun
*/
if (NumKat==1) Priority=1;
}
/**
* KOHCTPYKTOP, MHULUMANUIUPYOWMIN I10JIS
*/

public Message (int NumIst, int NumNapr, int Num-
Kat, double time post, int Priority, int Dlina,
double TimeObrabotki, double TimePered) {

this.NumIst = NumIst;

this.NumNapr = NumNapr;

this.NumKat = NumKat;

this.time post = time post;

this.Priority = Priority;

this.Dlina = Dlina;

this.TimeObrabotki = TimeObrabotki;

this.TimePered = TimePered;

}

@Override
public String toString() {
return
"NumIst = " 4+ NumIst +" " +
"NumNapr = " + NumNapr +" " +
"NumKat = " + NumKat +" " +
"time post = " + time post +" " +
"Priority = " + Priority +" " + "Dlina = "
+ Dlina +" " +
"TimeObrabotki = " + TimeObrabotki +" " +
"TimePered = " + TimePered +" ";
}
/**

* 9TO UMCJIO MCIIOJIL3YETCs NPU COXPaHEeHUM COCTOSHUS
Momenu<br>

* ETO pEeKOMeHIyeTCsd M3MEHMTH B CJlydae M3MEeHEeHUIH
KJjacca

*/
private static final long serialVersionUID = 1L;

}
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12. 3akpoiite peaakTop Koja, IICJKHYB KPECTHK B 3aKIaIKe PAIOM
C er0 Ha3BaHHEM.

13. IleperamuTte 31emeHT text u Ha cTtpanuie OCHOBHBIE MaHEIN
CaoiicTBa B rosre TekeT: BBequTe VICTOUHMK COOBMEHMINA.

14. Beigenure Onok source. Ha crpanurie OcHOBHBIE TaHEIN
CaoiicTBa (puc. 3.53) yoepute ¢uaxxkok OTodpaxkars umMs. B momsax
Kanacc 3aaBku: u HoBasi 3asiBka Entity 3amenure Message. Yc-
TaHOBHTE, YTO 3asiBKU NMPHOBIBAIOT cOr1acHO Bpemenu Mexay npu-
ObITuAMH. Beequre exponential (1/ (Time mean/KolIst))s
nosie BpeMsi Me:k1y npuOBITHAMM.

15. B mone /leiicTBue MPH BBIX0A€ BBCAWTE NMPUBEICHHBIN HIDKE
Java koz. DTUM KOJIOM Pa3bIIPHIBAKOTCS JJIUHBI COOOIICHUN, OCYIIECT-
BJIACTCA MOACYET NOCTYNIMBIINX COO6H1€HHI>'I, 3allIOMHUHACTCA BPEMS I10-
CTYIUICHHS, OTIPEACISCTCS BpeMs 00pa0OTKU U Mepeiadu COOOIICHUSI.

int a = 0;
double b = 0;
entity.Vihod(katl, kat2, kat3, naprl, napr2, napr3,
KollIst);
if (entity.NumKat == 1)
{b = normal (dl1Kat01l, dlKatl);
kol post katl++;}
kol post++;
if (entity.NumKat == 2)
{b=normal (dl1Kat02, dlKat2);
kol post kat2++;}
if (entity.NumKat == 3)
{b = normal (d1Kat03, dlKat3);
kol post kat3++;}

a = (int)b;

b = (double)a;
entity.TimeObrabotki = b/Proizvod;
entity.time post = time();

if (entity.NumNapr == 1)
{entity.TimePered =(b/skor pered Naprl) *8;
kol post Naprl++;}
if (entity.NumNapr == 2)
{entity.TimePered =(b/skor pered Napr2) *8;
kol post Napr2++;}
if (entity.NumNapr == 3)
{entity.TimePered =(b/skor pered Napr3) *8;
kol post Napr3++;}
entity.Dlina = a;
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151 BeIBOZIA PE3yJbTaTOB MOJEIMPOBAHMS HAMH HCIIONb30BaH 3JIe-
MeHT [IpocTasi mepeMeHHasi, HO MOXHO ObLTO ObI B3ATh 3neMeHT [la-
paMeTp, KOTOPBIH OOBIYHO WCIIOJIB3YETCS IS 3aJaHUs CTATHYCCKHX
XapaKTePUCTHK O0BhEKTa. 3HAUCHHE MapaMeTpa B X0 MOJICITHPOBAHUS
MOXXHO H3MEHATH, €clim cOpomreH ¢iakok JAuHamudveckmii. Torma
3HaueHUs mapaMerpa OyayT U3MEHSAThCS TPH BBI3OBE (PYHKIUU
set <mMs napameTrpa> () (IpU IPOCTOM NPUCBaMBAHHMH, HAIPH-
Mep, Kak parameter=5, KOJ BbI3bIBaThCs HE Oyer). 3HAUCHHE Ma-
pameTrpa OyaeT W3MEHSTHCS, HAMpHUMEP, IPH BBI30BE (PYHKIMU
set kol post(kol post+l); wu Apyrux QyHKUHUHA, UMA KOTO-
PBIX HAYMHACTCA C set .

3.2.7.2. baok xouTpoas 1

brok mpenHasHaueH UIsi KOHTPOJIS TeKylled emkoctu Oydepa 1
MapmpyTtu3atopa. OH aHanu3upyeT Hajwmuaue B Oydepe 1 cBobomHOM
MaMATH, JOCTATOYHOW JUIS XPaHCHHUS IOCTYIUBIIETO COOOIICHHUS, U
B 3aBUCHMOCTH OT pe3yJibTaTa aHanu3a cooOlieHue I1ubo moMenaeTcs
B Oydep 1, mubo yHUUTOXKASTCS.

Anroputm padotsl bioka konTposs 1 mpencrasieH Ha puc. 3.54.

( Hauano )

|
[octynnenne coodweH s
OT HCTOYHHKA

Het — JlocTaTouHO 11 CBOOOIHOTO
2 Venorne o0bema namatu Oydepa 1
1A TIPHHATHA
MOCTYIHBLLEIO COOOLIEHH s ?
na
3 4
YHHYTONKEHUE Ornpaska coolineHus
coodueHust B Oydep 1

[ Kouery )

Puc. 3.54. Anropurm pabotsl Biaoka konTpoas 1
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o] Main 3 = O

Bnok KkoHTRONA 1
MCTOYHWE

cooBweHni ]

®-=—

sink

|
s s A

Puc. 3.55. JIo6asnenst 6;10ku SelectOutput u sink

B AnyLogic stoT anroputm peanusyercst 6imokamu SelectOutput u
sink — sk3eMIutsipamu 00bekTOB OHOIHOTeKH Enterprise Library.

1. Tleperamure 610ku selectOutput u sink Ha quarpammy kiacca
Main, pasMecTuTe 1 COSTMHUTE MX TaK, Kak MOKa3aHo Ha puc. 3.55.

2. B Haautpe Boinenute Ilpe3entamus. Ileperamure snemeHT
Ipsimoyroasnuk Ha 610ku SelectOutput u Sink u pasmecture Taxk,
Kak MOKa3aHo Ha puc. 3.55.

3. lleperamute snement text u Ha crpanune OCHOBHbIE MaHEIN
CroiicTBa B nojie TekcrT: BBeUTE Biiok KOHTPOJS 1.

4. Bwigenute o0bexT SelectOutput. O6wexT selectOutput ma-
NPaBJsieT BXOJSIINE 3asBKH B OJIMH U3 JIBYX BBIXOJHBIX MOPTOB T U F
B 3aBUCHMOCTH OT BBITIOJHEHUSI 33J]aHHOTO YCIIOBHS. YCIIOBHE MOXKET
3aBUCETh KaK OT 3asBKH, TaK U OT KAKUX-TO BHEIIHUX (akTopos. [lo-
CTYNHBILAs 3asBKa MOKHIAET OOBEKT B TOT XK€ MOMEHT BpeMeHH. Mo-
JKET HCIOJNB30BaThCs Ul COPTHPOBKU 3asfBOK COTJIACHO 3aJaHHOMY
KPUTEPHIO, JUIsl CIIy4alHOTO pa3JieNieHusl TIOTOKa 3asiBOK (3aJaHueM Be-
POSITHOCTEW) HA YacTH U T. 1.

5. B none Ums: Bmecto selectOutput BBenure BlokKontrol 1.

6. B mone Knacc 3asBku: Ent ity 3amenure Message.

7. YcranoBute Bbixox true BuiOupaercs IIpu BBINOJHEHUM
yCJI0BHS.

8. B moine YcaoBue BBeIUTE YCIOBUE:
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emkost bufera l-tek emkost buferal>=entity.Dlina

[Ipu BBINIOJHEHUU YCIIOBUSI 3asiBKa HAMpaBIsieTCsl HA BBIXOA T (BBI-
XOJTHOM TIOPT JUTsl 3as1BOK, JJIsl KOTOPBIX BBIOMpAeTCsi BBIXON trUE) u Ha
BBIXOJ] F (BBIXOJHOW MOPT IJIsI 3aBOK, JUIS KOTOPBIX BHIOMPAETCS BbI-
xo false), eciu ycIOBUE HE BBIOIHACTCS, COOTBETCTBEHHO.

OO6bexThl Kiacca SiNK yHUYTOXKAIOT BXoAsiiue 3asBKU. Jns yc-
HENTHOTO YHHYTOKCHHUS 3aBKH HY>KHO BBITIOTHEHHE TPEX YCIIOBHIL:

1. Ecnu 3asiBKa HaXOAMUTCS B CETH, TO OHA JOJDKHA OBITH yaneHa U3
3TOH CeTH ¢ TOMOIIBI0 00BeKTa NetworkExit.

2. 3asBKa HE JOJDKHA 00JIaaTh pecypcamH.

3. Ecnm 3asiBKa comepUT ApPYrue 3asBKH, TO OHU TOXKE JOJIKHEI
YIOBJIETBOPATH BBHIIICYKa3aHHBIM YCIOBHSM.

Ecnu kakoe-To ycaoBHe He BBIIONHSETCS, SINK BbIAaeT OIHOKY.

3.2.7.3. baok Bydgep 1
Anroputm pabotsl 0sioka Bydep 1 npuseneH Ha puc. 3.56.

( Hasano )

D—

tek_emkost_buferal=
tek_emkost_bufera1+Dlina

PR

3aHAThH ouepelb

3 ToroB 1 Comp NpHHATD
Venosue - - ~ o
coobuerne Ha obpadoTky?

Jna
— 4

Hanpaeuthb coo0iieHHe

OceoboaTe o4epens [ Ha obpaboTky Comp

tek_emkost_buferal=
tek_emkost_buferal- Dlina

( o )

Puc. 3.56. Anroputm paboTte! 610ka Bydep 1
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o) Main &3 — O

Bnok KoHTponA 1 Bydiep 1
FICTOUHKE
co00WeHWA O [
P-u— | ol
gink

‘|
‘ ] 3

Puc. 3.57. loGasien 610k queue

biok Bydep 1 npegHazHaueH A TpUeMa, pasMELIEHUs U XpaHEHUs
COTJIACHO MPUOPHUTETY MOCTYIAOINUX Ha 00pabOTKY COOOIIECHHIA.
B AnyLogic anroput™ 610ka Bygep 1 peanusyercs 06;10koM qUEUE,
KOTOpBIX BeIMOHAET ¢pyHKmu odepenu (FIFO).
1. Tleperammute 670k uUeue m3 6mbmmorexu Enterprise Library,
pasmectute u coenunute ¢ biok kouTpossn 1 tak, kak Ha puc. 3.57.
2. B Haautpe Boimenute Ilpe3entamus. Ileperamure snemeHT
IpsimoyroabHuk Ha OJIOK QUEUE 1 pa3MecTHTE Tak, Kak Ha puc. 3.57.
3. Ha crpanune OcnoBuble nanenu CpoiicTBa B osie Ums: oc-
taBbTe Rectangle. He ycranasnuBaiite diiaxox OTodpakarbh HMs.
4. Beigenute 00beKT (UEUE.
5. B none Uma: BMecTo queue BeeanTe bufer 1.
6. B mone Kmacc 3asiBku: Ent ity 3amenure Message.
7. YcranoBute (pnaxkxok MakcuMaJbHasi BMECTHMOCTb.
8. Ilpu nmomemniennu cooOmieHus B Oydep ero Tekymias eMKOCTb
YBEJIMYMBAETCS, TOATOMY B 1oJie deiicTBUe MPHU BXO/e BBEUTE:

tek emkost buferal += entity.Dlina;

9. Ilpu BeIXOmE cooOmieHuss u3 Oydepa ero Tekymas eMKOCTb
YMEHBILIAETCS, T03TOMY B 1oJie JleiicTBHE NP BBIX0/AE BBEIUTE!

tek emkost buferal -= entity.Dlina;

10. [ocraBbTe (uiaxkok BKJIWOYNTH COOP CTATHCTUKH.
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Hauano

1
3ananue BpemeHH 00paboTKH
MOCTYMHBIIETO COOOIIEHMS

2

HMmuraums o0padoTkn

o]

—_— 2

Ornpagka coobuieHus
Ha nepeaa4vy

Konen

Puc. 3.58. Anroputm paboTs! Biioka 00pa6oTku coooLIeHAI

3.2.7.4. Bjok 00padOTKH COOOIIEeHMIT

bnok npeanasHaveH Ui UMHATAIMHA 00PaOOTKH COOOIICHUSI.

Anroput™ paboTsl O10Ka npuBe/ieH Ha puc. 3.58.

Jns peanmmzanum anroputma Biaoka o6paéorku coobmennii B Any-
Logic ucnone3yercst 610k delay — sk3emmuisp kiacca Delay.

1. Tleperammre 6nok delay w3 6ubamorexu Enterprise Library,
pasMectute U coeaunute ¢ bufer 1 Tak, kak Ha puc. 3.59.

2. B Haautpe Boimenute Ilpe3entamus. Ileperamure snement
Ipsavoyroasnuk Ha 610k delay u pa3mectute Tak, kak Ha puc. 3.59.
Ha crpanune OcHoBHble nmanenu CBoiictBa B noje Ums: octaBbTe
Rectangle. He ycranaBnusaiite diaxoxk OTodpaxars UMs.

3. Brigemute oobekT delay.

4. Ha crpanunie OcHoBHble Tanenu CsoiictBa B mone Ums:
BMmecto delay BBemuTe Computer.

5. B mone Knace 3asaBku: Ent ity 3amMeHute Message.

6. 3agep:kka 3agaercsi ycTaHOBUTE SIBHO.
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3 Main &2 = O

El

Brok KoHTponA 1 EBydep 1 Enok oBpaboTkn
coofWweHWA

el | eda ||

sink

E|

| 1 ¥

Puc. 3.59. Jlo6asnen 610k delay

7. B mone Bpems 3amep:kku BBequTe: entity.TimeObrabotki
8. Ocrassre BMecTUMOCTD 1.
9. VYcranoute Qraxok BKIOYNTH cO0P CTATHCTHKH.

3.2.7.5. Bjaok koHTpOJH 2

Biok KOHTpOJsA 2 TpenHa3HAYeH I paclpeieieHus COOOIeHu
M0 HAIPABIICHUSM M KOHTPOJISI TEKYIIUX eMKocTel OydepoB (Hakomu-
TEJICH) HaNpaBJICHUN TIepeadn COOOIICHHMIA.

Anroputm pabotsl Biioka koHTposs 2 npuseneH Ha puc. 3.60.

( Hauano )

-

IocTynnenue cooOIEeHNs

JlocTaTouHo JIH CBODOIHOIO

Her
T — _ | obvema namaTu HakonuTena
Hal'lpaBJ'leH}’lH JUTA l'lpl’]HﬂT[/IH
obpaboTantoro coodmenns?
na

3 4

VYHuuTOKEHHE Ornpaska cooOLLeHHs

cooDIeHNs B HAKOMUTEIb

HarnpaBlIeHUA

( corer )

Puc. 3.60. Anropurm Groka Biiok koHTpoJIst 2
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Brauane ompenensercs HoMep HalpaBIEHHS, IO KOTOPOMY JTOJDKHO
OBITH TIepelaHo MOCTyIUBIIEe cooOIIeHne. 3aTeM OonpeesIeTcs] Hallu-
4yHue J0CTaTOYHOM cBOOOAHOHN mamsTH B Oydepe 3TOro HampaBJCHUS.
IIpu OTCYTCTBHH HYKHOTO 00beMa aMSTH COOOIIIEHUE TePSIETCS.

B AnyLogic Biiok KOHTpoJIsi 2 peanr3yeTcsi YeThIPbMs 00bEKTaMU
selectOutput u 6;oxom Sink.

1. Tleperammure uetsipe Omoka SelectOutput u ommu 610K SinK
u3 oubnmoreku Enterprise Library wa auarpammy wimacca Main, pas-
MECTHUTE U COCTUHUTE UX TaK, Kak Ha puc. 3.61.

2. Beigenure 6ok selectOutput, Bxox KOTOPOro COCIMHEH C BbI-
XxogoM Computer.

3. Ha crpanune OcHoBHble manenun CpoiicTtBa B mnoine Ums:
BBeauTe kontr Naprl.

4. B mone Kimace 3asgBku: Entity 3aMennre Message.

5. Bbixoa true Boioupaercst ycranosure [Ipu BbInoJHeHMH yc-
JIOBHHI.

6. B mnosne YcaoBue BBequTe entity.NumNapr==1.

ol Main £3 = 0O

Enok KoHTponA 2

kontr_bufer_Maprl

m

Bnok ofpafoTkwn

C00BWEHMI kontr_Naprl

kotr_bufer_Mapr2
kontr_Mapr2

sink2

kontr_bufer_Mapr3

e I a

Puc. 3.61. [lob6asnenst 610ku selectOutput u sink
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7. Brimenure 6ok selectOutput, Bxom KOTOPOro COeanHEH C BEI-
xozoM true 6ioka kontr Naprl.

8. Ha crpanune OcHoBHble maneaun CpoiictBa B moine Mms:
BBeaMTe kontr bufer Naprl.

9. B mone Knacc 3asBku: Ent ity 3amenure Message.

10. Bsixon true Beioupaetcs ycranosute IIpu BbINOJIHEHUH yc-
JoBus. B noine YcioBue BBeure:

emkost bufera Naprl-tek emkost Naprl>=entity.Dlina

11. Beirenute 610k SelectOutput, BXo KOTOPOTo COSANHEH C BbI-
xonoM false 6;1oka kontr Naprl.

12. Ha crpanniie OcHoBHble maHenu CpoiictBa B mone Hms:
BBeaMTE kontr Napr2.

13. B mone Knace 3asiBKH: Ent ity 3aMeHuTe Message.

14. Bwixop true Beioupaercs ycranosute IIpu BbINOJIHEHHH yc-
aoBusi. B mone YciaoBue BBenuTe. entity.NumNapr==2.

15. Beimenute 610k SelectOutput, BXo KOTOPOTo COEANHEH C BbI-
xozoM true 6ioka kontr Napr2.

16. Ha crpanniie OcHoBuble manenu CpoiictBa B mone Hms:
BBEIUTE kontr_bufer_Napr2.

17. B none Knace 3asiBku: Ent ity 3aMeHuTe Message.

18. Bwixox true Beioupaercs ycraHoBute IIpu BbINOJHEHUH yC-
JoBus. B nosie YcJjioBHe BBEAUTE!

emkost bufera Napr2-tek emkost Napr2>=entity.Dlina

19. Beimenute 610k SelectOutput, BXo KOTOPOTO COSANHEH C BbI-
xonoM false 6;1oxa kontr Napr2.

20. Ha crpanunme OcHoBHble naHenun CBoiicTBa B mone HMms:
BBeauTe kontr bufer Napr3.

21. B moae Knacc 3asiBku: Ent ity 3amenuTe Message.

22. Bwixon true Bpioupaercs ycraHoBuTe Ilpu BbINOTHEHUH Y-
JoBusd. B none YcioBue BBeauTE:!

emkost bufera Napr3-tek emkost Napr3>=entity.Dlina

23. B MNamwmtpe Boyienute Ilpe3sentamus. Ileperamure 3aeMeHT
IIpsamMoyroabHUK Ha T00aBICHHBIE OJIOKM U pa3MECTHTE Tak, Kak Ha
puc. 3.61.

24. Tleperamute 3neMeHT text u Ha crpanuiie OCHOBHbBIE ITAHEIH
CroiicTBa B mojie TekcT: BBeAUTE BiIOK KOHTPOJII 2.
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] Main 22 = 0O

Bnok koHTponA 2 Byiep 2
bufer_Maprl

SSliizs

bufer_MNapr2

kontr_bufer_Maprl

L[]

kontr_Naprl
kotr_bufer_Napr2

kontr_Mapr? 0

sink2

bufer_Mapr3

a0

kontr_bufer_MNapr3

| in |
Puc. 3.62. JloGasieHs! 610k quUeue

3.2.7.6. baok Bydgep 2

brok Bydep 2 npennazHadeH i nmpueMa U XpaHEeHUs: COOOIICHUH,
nepeaBacMbIX 10 KaHayiaM HampasjieHuid. OH cOCTOUT U3 Tpex Oyde-
POB — JUIS KaXK/IOTO HAIIPaBIICHUs CBOU Oydep.

AnroputMm paboTsl Oydepa Kaxa0ro U3 HanpaBJICHAN TaKOH ke, Kak
1 airopuT™ padoTel Oydepa 1 (cm. puc. 3.56).

Peanmsyercs kaxaprit u3 Oydepos Takke 610kOoM (UEUE.

1. Tleperamure Tpu Gioka queue u3 Oombmmotexu Enterprise Li-
brary ma gmarpammy kmacca Main, pasMecTuTe W COEIUHHTE WX Tak,
Kak Ha puc. 3.62.

2. Broigenure 610k qUEUE, BXOJl KOTOPOTO COEJHHEH C BBIXOJIOM
kontr bufer Naprl.

3. Ha crpanune OcnoBHble manenu CBoiictBa B mone Ums:
BeeanuTe bufer Naprl.

4

4. B none Knacc 3asgBku: Ent ity 3amenure Message.
5. ¥Ycranosute duaxok MakcHMaIbHasi BMECTUMOCTD.
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6. B mose /JlelicTBHe Npu BXOJ€ BBEIUTE:

tek emkost Naprl += entity.Dlina;

7. B mone /leiicTBue mpu BbIX0/€e BBCINTE:
tek emkost Naprl -= entity.Dlina;

8. YcranoBute (Gaxok BKIYHTHL COOP CTATHCTHKH.

9. Bsigenute 070K qUEUE, BXOA KOTOPOTO COEIMHEH C BBIXOIOM
kontr bufer Napr2.

10. Ha crpannne OcHoBHble nadHenn CpoiictBa B mone Mms:
BBequTe bufer Napr2.

11. B mone Knace 3asiBkm: Ent ity 3aMeHuTe Message.

12. Ycranosure pnakok MakcuMaabHasi BMECTUMOCTb.

13. B nosne [leiicTBHe Mpu BX0J€e BBEIUTE:

tek emkost Napr2 += entity.Dlina;

14. B none [lelicTBHe NMPHU BHIX0/€e BBEIANTE!
tek emkost Napr2 -= entity.Dlina;

15. Ycranosure Gaxoxk BKIIOYHUTH cOOpP CTATHCTHKH.

16. Beigenure 610K (UEUE, BXOJ KOTOPOTO COETUHEH C BBIXOIOM
kontr bufer Napr3.

17. Ha crpanune OcHoBHble maHenu CpoiicTBa B mone Hmsa:
BBequTe bufer Napr3.

18. B mone Knace 3asBku: Ent ity 3amMeHuTe Message.

19. Ycranosure pnakok MakcuMaabHasi BMECTUMOCTb.

20. B none /leiicTBHe mMpH BXO/1€ BBEIUTE!

tek emkost Napr3 += entity.Dlina;
21. B none /leficTBHe TPH BBHIXO/€ BBEIUTE!
tek emkost Napr3 -= entity.Dlina;

22. YcranoBure Quaxxoxk BKIIOYHTH ¢HOP CTATHCTHKH.

23. B INanutpe Boiaenute Ilpesentaunms. Ileperamure sneMeHT
IIpsiMmoyronbHuK Ha J100aBieHHbIE OJOKHM U pa3MecTUTE TakK, Kak Ha
puc. 3.62.

24, Tleperamure 3nemMeHT text u Ha crpanuiie OCHOBHbBIE ITaHEIH
CroiicTBa B mose TekcT: BBeauTe Bydbep 2.

25. He ycranaBnuBaiite ¢axoxk OTodpaxars uMsl.
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o Main 23 = O

E

Bydep 2 KaHansl HanpaeneHWi
bufer_Maprl kan_Naprl
O
adllins
bufer_MNapr2 kan_MNapr2
. sink3
O
L TP m L= >EI—®
bufer_Mapr3 kan_Napr3
O
adllias

E n i
Puc. 3.63. Jlo6asaens! 6iroxu delay u sink

3.2.7.7. baok Kanajasl HanpaBJIeHUH

JlaHHbI# OJI0K MpeJHa3HAuCH JIJIsl HMUTALUH [IepeIadr COOOIICHHUA.

s ero peanmzanuu B AnyLogic ucmons3yrores Tpu 6ioka delay,
KaKIbI U3 KOTOPBIX ¥ UMHTHPYET Iepeiady COOOMICHHUS MO KaHaly
CBA3M C TMOMOINBI0 BCTpoeHHOTO Merona delay(), BwImosHSIONIIETO
(bYHKITHIO 3a/IePKKH BPEMEHH.

1. Tleperammre Tpu Osioka delay u oqun 610k SinkK n3 GudmHoTE-
ku Enterprise Library na nuarpammy kiacca Main, pasmectute u co-
eIMHUTE WX Tak, Kak Ha puc. 3.63. brok sink HeoOxomum [uist 3aBep-
IIEHUS TIOCTPOCHHS MOJIEITH.

2. Broigenure 6ok delay, BXoa KOTOPOro COSTUHEH C BBIXOJOM
bufer Naprl.
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3.

Ha crpanuiie OcHoBHble manenn CBoiicTBa B mone HMms:

BBeauTe kan Naprl.

© oo N oA

10

Ycranosure diaxkok OTodpaxkaTh HMSI.

B none Knnace 3agBkm: Entity 3amenure Message.
3agepikka 3agaercs ycTaHOBUTE SIBHO.

B none Bpems 3aaepakku Beequte entity. TimePered.

B mone Bmecrumocts BBequre kol kan Naprl.
YcranoBute raxkok Bkiaouurs c60p CTATHCTHKH.
Brigenure 6ok delay, BXox KOTOPOrO COEIUHEH C BBEIXOIOM

bufer Napr?2.

11.

Ha crpanuiie OcnoBHble manenn CBoiictBa B moe Mms:

BBeaUTE kan Napr2.

12.
13.
14.
15.
16.
17.
18.

Ycranosure graxxok OTO0paKaTh UM,

B none Knacce 3asiBku: Entity 3aMeHuTe Message.
3anep:xka 3aaeTcs ycTaHOBUTE SIBHO.

B none Bpems 3aaepaxku BBequte entity.TimePered.

B none Bmecrumocth BBenute kol kan Napr2.
Ycranosure Qraxkok BKIOYHMTH ¢HOp CTATHCTHKH.
Beigenure 610k delay, BXoa KOTOPOTo COCIMHEH C BBIXOJOM

bufer Napr3.

19.

Ha crpanunie OcHoBHble manenun CBoiictBa B mone Ums:

BBeaUTE kan Napr3.

20.
21.
22.
23.
24.
26.

B none Knacce 3asiBku: Entity 3aMeHUTe Message.
3agepikka 3agaercsa ycTaHOBUTE SIBHO.

B none Bpems 3apepaxkku BBequte entity. TimePered.

B none Bmecrumocts BBeuTe kol kan Napr3.
Ycranosure Qpraxkoxk BKIIOYMTH ¢HOP CTATHCTHKH.

B HNauutpe Boigenure Ilpe3enTtanus. [leperamure 3nemMeHT

IpsiMoyroabHUK Ha 100aBJICHHbBIE OJIOKM M pa3MeCTUTE Tak, Kak I10-
Ka3aHo Ha puc. 3.63.

27.

HepeTaH_II/ITe syieMeHT text u Ha CTpaHUIIC OcHoBHBIE ITaHEIU

Caoiicrsa B none Teker: BBeaute Initial data 1.

28.

Ha crpanune OcnoBHble manenu CpoiictBa B mnone HMms:

BBeIUTE Kan Napr.

25.
26.
27.

Ycranosure Qraxxok OTOOpaKATH UMSI.
Brigenure 0110k Sink.
Ha ctpanuue OcnoBHble nanenu CsoiicTBa B nojie Kiace 3a-

SIBKU: BBenuTe Message (puc. 3.64).
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28. B mone JleiicTBue mpM BXoJe BBCAWTC NMPHUBCACHHBIA HUKE
Java xox:

if (entity.NumKat==1)
{kol pered katl++;
koef prop katl=kol pered katl/kol post katl;}
kol pered++;
koef prop sposob=kol pered/kol post;
if (entity.NumKat==2)
{kol pered kat2++;
koef prop kat2=kol pered kat2/kol post kat2;}
if (entity.NumKat==3)
{kol pered kat3++;
koef prop kat3=kol pered kat3/kol post kat3;}
if (entity.NumNapr==1)
{kol pered Naprl++;
koef prop Naprl=kol pered Naprl/kol post Naprl;}
if (entity.NumNapr==2)
{kol pered Napr2++;
koef prop Napr2=kol pered Napr2/kol post Napr2;}
if (entity.NumNapr==3)
{kol pered Napr3++;
koef prop Napr3=kol pered Napr3/kol post Napr3;}
time pered.add(time()-entity.time post);

[Moctpoenne Bapuanta mMojaenn (QYHKIMOHMPOBAHWS MapUIpyTH3a-
TOpa 3aBEpPILEHO.

3amycTute MOJIETh U TIpOBeANTE HccieaoBaHne. dparMeHT paboTh
MOJIeNIU TIPUBEICH Ha puc. 3.65, a pparMeHT AaHHBIX O HANPABICHUAX
cBa3u Initial data 2 u pesynbrarax MOZAENMpPOBaHMA Results
_of modeling— Ha puc. 3.66.

JanpHeiiee cOBEpLIEHCTBOBAHIE MOJIEJIN BBl MOXKETE MPOIOJKUTh
caMOCTOsITeNTbHO. Hampumep, TOMOIHATE MOJIETh OOBEKTaMU U KOJOM,
MO3BOJISIOLIMMH JETTUTH COOOLICHUS Ha MAKEThl, YIUTHIBATh IPUOPHTE-
TBI COOOIIEHUH U T. [I.

Kpome Toro, nogymars 00 yHUBEPCATLHOCTH MOJIEIH, TO €CTh, YTO-
Obl oHa He TpeOoBaja Obl CyIIECTBEHHOW MOAMMDUKALMN TP yBEIHYe-
HUH KOJINYECTBA HATIPABJICHUH CBSI3H.
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3.3. Moaenb pyHKIIMOHMPOBAHUS CHCTEMBI CBSI3H

3.3.1. Ilocmarnoexa 3a0auu

Ha nexxypcrse Haxogsrces nl cpencts cBszu (CC) n2 tumos (n21 +
n22 + ... + n2n2 = n2) B TeUeHNE N3 YaCOB.

Kaxmoe CC MoxeT B 11000 MOMEHT BPEMEHH BBIATH W3 CTPOSI.
B sTOM ciyyae ero 3aMeHSIOT pe3epBHBIM, MpUYEM JUOO cpasy, Jubo
II0 Mepe ero mosiBieHus. TeM BpemeHeM, Beimeamnee u3 crpos CC pe-
MOHTHPYIOT, II0CJIE YEero COAEPKaT B KauecTBe pe3epBHOro. Beero ko-
nuecTBO pe3epBHBIX CC — n4.

Pemont Hencnpasubix CC npousBoasar n5 macrepos. Bpems T1, T2,
..., I'n2 pemoHTa ciy4aitHoe u 3aBucHuT OoT Tuna CC, HO HE 3aBUCUT OT
Toro, kakoit Mmactep 3to CC pemontupyet. MuTepBansl Bpemenu 121,
T22, ..., T2n2 mexnay otkazamu CC, HaXOmSIIUXCS Ha JEKYpPCTBE,
CIy4aiHble.

[Tpubsuts or CC, HaxomAIMXCS Ha AEXKYpPCTBE, cocTtaBiseT S1 ne-
HEXXHBIX eAWHMI] B 4ac. [louacoBoll yOBITOK NpU OTCYTCTBUH Ha Jie-
)KyperBe ogHoro CC — S2 neHexHbIx eauHul. OriaTa macTtepa 3a
peMoHT HeuctnpaBHoro CC — S31, S32, ..., S3n2 neHeXHbIX €IUHHIIL
B yac. 3aTpaThl Ha coaepxaHue onuoro pesepsHoro CC cocraBistor S4
JCHCXKHBIX €IWHUIL B Hac.

3.3.2. 3aoanue na uccneoosanue

Pa3paboTaTh MIMUTAIIMOHHYIO MOJIENIb OM3HEC-TIpoliecca MPe0CTaB-
JIEHHSI YCIIYT TIO CPENICTBaM CBsi3H B TedeHue 25 cytok (1000 gacoB).

UccnenoBate vepe3 npomexytku BpemeHu AT = 5%40=200 (msatsb
HeZeNnb) BIMSHUE HAa OXXKHAAEMYIO NPHOBUIb PAa3IMYHOIO KOJIMYECTBA
pesepBHbIX CC 1 MacTepoB.

Onpenennuts aGCOMOTHBIE BETMYUHBI U OTHOCUTEIbHBIE KO3 QHIIU-
€HTBI 0’KUAaeMON NPUOBLIH AJI51 KQKIO0T0 MPOMEXKYTKA BPEMEHH.

Cnenatb BbIBOJIBI 00 mcnonb3oBanuu CC, MacTepoB MO MPOMEKYT-
kaMm BpemeHH AT 1 He0OXOIMMBIX Mepax 10 COBEPIIEHCTBOBAHUIO CHC-
TEMBI CBS3H.

3.3.3. @opmanuzoeannoe onucanue mooenu

VsacuuMm 3amady Ha pa3paboTKy UMHTAIIMOHHOM MOJENH, IIpeIBapu-
TEJIBHO TIPEJICTABUB CTPYKTYPY CHUCTEMBI TPEIOCTABICHUS YCIYT CBSI3H
(puc. 3.67).
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A TloTok 06C¢yKEHHBIX

3aABOK
¢ Peseps cpencts
—> V3en ceazu p 'p A
IMorok ¢ CBA3H
3a8BOK A
Ha YCIYIH _I Her Jla
CBA3H Y
PemoHTHOR ) Bce s cpencrea
nojpasjesneHue CBA3H Ha JIeKypeTBE?

Puc. 3.67. Cucrema cBsa3u kak CMO

CucreMa CBSI3M TPEACTaBIACT cO00H MHOTro(a3zHyl0 MHOTOKaHAIb-

HYIO CHCTEMY MacCOBOI'0 00CITy>KHBaHHsI 3aMKHYTOT'O THIIA.

Taxum O6p330M, MOACTIb CUCTEMBI CBA3H AOJI’KHA COCTOATH M3 CJIC-

JYIOIUX cerMeHToB (puc. 3.68):
MMHTALMH IOCTAaHOBKH Ha exypcTBo CC;
umutauuu gexypcrsa CC;
UMHTAIMH QYHKIIMOHUPOBAHUS PEMOHTHOTO MOIPa3 IeIICHHUS;
BBIBOZIA PE3YJITATOB MOACIHPOBAHHUSL.

[Tocranoska CC
Ha JIEKYPCTBO
(ornpaeka e pesepe CC)

.y

DYHKUHMOHUPOBAHHE
CHCTEMBI OCKYPCTBaA

1

PeMOHT BBILIEAWINX

u3 crpoa CC

Puc. 3.68. KOHHGHTyaJ’IBHaH CXeMa MOACIN CUCTEMBI CBA3U
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3asBKM KakK CpPEICTBa CBSI3M, MOCTYNMUBIINE Ha JEXYPCTBO, JOJKHBI
HUMETh CIIEAYIONINE mapaMeTpsl ( moJs):

tipCC — xop tuma CC;

timeMeanOtkaz — cpeaHee Bpems mexay otkazamu CC;

timeMeanRem — cpemHee BpeMs pemonTta ogHoro CC;

nach — BpeMms Hayajla peMOHTa B PEMOHTHOM TO/pa3fcieHNH;

konec — BpeMs OKOHYAHHS PEMOHTAa B PEMOHTHOM ITOApa3JIeie-
HUMH.

Kox tumma CC B Buae umcen 1, 2, 3, 4, 5 onpenensercs B caMoM Ha-
qajie MOAETUPOBAHUS U OCTaeTcsd HEM3MEHHBIM. [ ero omnpeaencHus
WCTIONB3YIOTCS CIIEAYIOIINE UCXOIHbIC TaHHbIE:

KCC1 .. KCC5 — xommuectBo CC mepBOro ... MATOTO THUIIOB CO-
OTBCTCTBCHHO,

KCCP1 .. KCCP5 — xommuecTBO pe3epBHbIX CC mepBoro ... ms-
TOTO THIIOB COOTBETCTBEHHO.

[To >Tum ke gaHHBIM omnpenenstoTcsa konudecTBa Bcex CC mo Tumam
KolCC1l .. KolCC5, a takxke obmee kommuectBo CC Bcex THIIOB
KolCC.

B mapamerp timeMeanOtkaz 3aHOCHTCS MHTEHCUBHOCTh BBIXOJA
u3 ctpost coorBercTBytoulero tuna CC. NHTEHCUBHOCTh pacCUUTHIBA-
€TCA 110 CPCAHUM 3HAUCHUAM MHTCPBAJIOB BbIXO4a U3 CTPOA CcC IIEpBO-
rO ... OATOro THIOB timeOtkazl .. timeOtkazb.

B napamerp timeMeanRem 3aHOCUTCS MHTEHCHBHOCTb PEMOHTA
cootBercTBytomero tuma CC. MHTEHCHBHOCTH PACCUUTHIBACTCSA I10
cpenHuM 3HaueHUsiIM BpemeHH peMoHTa CC COOTBETCTBEHHO IEPBOTO
... IATOro TUNOB timeReml .. timeRemb.

PaccuntanHble MHTEHCHBHOCTH, Hampumep, timeMeanOtkaz =
1/timeOtkazl UCHONB3YIOTCS JIg OOpalleHUS K TeHEpaTOpy eX-—
ponential (timeMeanOtkaz).

ITapameTpsl nach u konec U3MEHSIOTCA NPU KaXkJIOM IOCTYILIE-
ann CC B peMoHTHOE mofpaszzaencane. OHU UCTIONB3YIOTCS TIPH pacue-
Te 3arpar Ha peMoHT HeucnpaBHoro CC. B HuX 3aHOCHTCS Bpems Ha-
yaJia ¥ OKOHYaHHUSI PEMOHTa COOTBETCTBEHHO.

Kpome paccmotrpennsix, CC UMEIOT ele Cleaylomue mapaMeTpsl
(HE 3aHOCUMBIC B TOTIOJTHUTEIIBHBIE TIOJIS 3asiBOK, UMHUTHPYIouX CC):

doxDegCCl .. doxDegCC5 — moxox OT mexypctBa ogaoro CC
IIEPBOIO ... IIATOr0 TUIIOB COOTBETCTBCHHO,
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zatrResCCl .. zatrResCCh —3arparbl Ha COAEp:KaHUE pe-
3epBa ogHoro CC mepBoro ... MSITOT0 TUIIOB COOTBETCTBEHHO;

stoimReml .. stoimRem5 — cTouMOCTh peMoHTa onHoro CC
MIEPBOTO ... ISTOrO TUIIOB COOTBETCTBEHHO.

B xone monmenupoBaHus depe3 KaKIyH €IMHUIY BPEMEHH pacuu-
TBIBAKOTCSL:

PribCC1l .. PribCC5, SumPribil — abOCOIIOTHBIE BEIUYUHEI
OXHJaeMOH puObLTH 10 KaxaoMy tuty CC u B 1Ie5I0M;

KoefPribCCl ... KoefPribCC5, KoefPribil —

OTHOCHTENbHBIE KOA((DUITMEHTHl 0KHIAeMON MPUOBLIN 10 KaXKIOMY

tury CC # B 11eom.

PaccMoTpuM BbIYMCIEHME ATUX TTOKa3aTelen Ha npuMepe PribCCl
u KoefPribCCl.

[Ipennonaraercs, 4To MakcUMalnbHbI A0x04 DoxMaxCCl ot ne-
XKypcTBa OyzeT B cirydae, korna Bce CC nmepBoro tumna OyayT HOCTOSIH-
HO HaXOJUTHCS HA JIEKYPCTBE, TO €CTh:

DoxMaxCCl=DoxMaxCCl+KCC1l*doxDegCCl.

®dakrruecknii 10xo7 DoxDegCC1 ot aexypersa CC nepBoro tumna
COCTaBUT:

DoxDegCCl=DoxDegCCl+degCCl*doxDegCC1,

rae degCC1l — konmuuectBo CC mepBoro Tumna, HaXOAUBLIMXCS HA Je-
JKypCTBE B JaHHBIH MOMEHT BPEMEHHU.

ITpu orcyrcrBum Ha aexypcrBe CC mepBoro Tuma yOBITOK cocTa-
BUT:

UbitokCC1l=UbitokCCl+ (KCCl-degCCl) *ubitCC1l,

rae ubitCCl — yOwiTok nipu orcyrctBuun CC mepBoro Tuma Ha Jie-
JKYpCTBE.

3a eAMHHUIly BPEMEHHU 3aTpaThl Ha peMOHT HeucnpaBHbIXx CC n Ha
coaepxanue pe3epBHbIXx CC cOCTaBAT:

ZatrRemCCl=ZatrRemCCl+ (konec—-nach) *stoiRemCC1l;
ZatrRemCCl=ZatrResCCl+KCCl*zatrResCCl.

AOcoroTHas BEMYWHA OKAIAEMOM MPUOBLTNA COCTABHT;
PribCCl=DoxDegCCl- (ZatrRemCCl+ZatrRemCCl+UbitokCC1) .

OTHOCHTENBHBINA KOA(GUIMEHT MPUOBUIN PaBEeH:
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KoefPribCCl=PribCCl/DoxMaxCC1l.
[Tokazarenu B LIENIOM 32 CUCTEMY CBSI3H:

SumPribil=SumDoxDeg-
(SumZatrRes+SumZatrRem+SumUbitok),
KoefPrib=SumPrib/SumDoxMax,

rae SumDoxMax, SumDoxDeg, SumZatrRes, SumZatrRem,
SumUbitok — COOTBETCTBYIOLIME JOXOABI U 3aTPATHl 32 CUCTEMY.

3.3.4. Ceemenm Ilocmanoexka na oexcypcmeo

CerMeHT npeAHa3HaueH AJISi UMHUTALMH MOCTYIJICHHUS OCHOBHBIX H
pesepBHBIX CC BCcex THIOB M IOCTAHOBKH HX HA JIEKYPCTBO.

1. Bemonuute koMmanay ®aiia/Co3gars/Moaesb Ha MaHEINd WH-
ctpyMeHToB. [losiBuTcst auanorosoe okHo HoBasi MogeJib (cm. puc. 3.1).

2. 3apaiite nMs HoBOM Mmozenu. B mome Ums Momenu BBeguTe
ComSystem. Beibepurte kaTanor A coxpaHeHus QaisioB MOAEITH.

3. Ilenxuute xHOMKY Jasee. OTkpoercs BTOpas cTpaHuia Mac-
Tepa co3xanus mMoaean (cM. puc. 3.2). Beidbepure Hauatb coznanue
Mozeau «c Hyas». llenkaure kHonky JdaJiee.

3.3.4.1. Ob6aacTb NpocMoOTpa

B ciydae cnoxHBIX MOJieTield, akTHBHbIE 00BEKTHI KOTOPBIX COJep-
ar OOJIBIIOE KOJIMYECTBO 3JEMEHTOB, MOXET BO3HHUKHYTh HEym00CT-
BO: BCE DJIEMEHTHl aKTHBHOTO OOBEKTa MOTYT NPOCTO (PU3UYECKU HE
MOMECTUTLCS B Ty 00JIACTh JHMArpaMMbl, KOTOpas OyJeT oToOpakeHa
B OKHE MPE3EHTAIH BO BPEMS BBIITOJIHEHHUS! MOJIEIH.

Bepcus 6 AnylLogic npenocTaBiser B pacropsiKeHHe I0JIh30BaTe-
Jiel CrieUaibHBIN DIIEMEHT ISl pellieHHs 3TOW MpoOIeMbl — 00aacmb
npocmompa. C TIOMOIIBIO 3TOTO 3JIEMEHTa Bbl MOXKETE BBIJIEIUTH Ha
JuarpaMmMme akTUBHOTO OObEKTa HEKOTOphIE 00JacTH, coaepsKallue Jo-
THYECKH 000COOJIEHHBIE TPYIIIBI AIEMEHTOB MIIM YYAaCTKH JUArPaMMBbI.
3anaB Takue 00JIaCTH, BBl CMOXKETE JIETKO MEePEKITI0YATHCS MEKYy HUMHU
BO BpPEMsI BBIITOJIHEHUS MOJIEH C TIOMOIIBIO CIIEUAIBHBIX CPEICTB Ha-
BUTALIUH, YTO MO3BOJIUT OBICTPO MEPEXOANUTH K TOMY MM HHOMY Y4acT-
Ky AMarpaMMbl akTHBHOTO oOBekTa. lIpm 3TOM B OKHE Tpe3eHTaruu
3ammyIIeHHOW MOoJaenu OyAyT OTOOpa)kaThCs T€ DJIEMEHTHl aKTHBHOTO
00BbeKTa, KOTOpble MONAIX B 3aJaHHyl0 Bamu paHee u chenaHHYIO B
TEKYITUH MOMEHT aKTUBHOM 00JIacTh TPOCMOTpA.
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Hcmons3yem Tpu obacTu mpocMoTpa. B mepBoii o0mactu mpocMoT-
pa paszMmecTuM dieMeHTHl cermeHTa IlocTaHOBKa Ha J1€3KYPCTBO, BO
BTOpOi — cermenTa Umuranmusa ae:xkyperBa CC u cerMeHTa MMHTa-
U (QYHKITMOHMPOBAHUS PEMOHTHOTO TOJIpa3/Ie]eHNus, B TPETheld —
cermeHTa CTaTHCTHKA.

[lepByto W TpeTbl0 00JIACTH MPOCMOTPa MOMECTUM HA JUArpaMmy
Kiaacca Main, a mas Bropoif 06IacTH IIPOCMOTpa CO3JadMM HOBEIM
KJIacc akTuBHOTO 00BekTa Degurstvo.

Co3snaiite 061acTh MPOCMOTpPA Ha TUarpamme kiacca Main s pas-
MeIleHHs 3JIeMeHTOB cerMeHTa [locTaHOBKa Ha 1esKypCTBO.

1. B ITaautpe Beimenute Ilpe3senTanms. Ileperammure 3i1eMeHT
Oo6sacTh NPOCMOTPA B HY’KHOE MECTO.

2. Bbl yBuuTE Ha AMarpaMMe 3Ha40K sKOpsl 9TOi 00IacTu npo-
CMOTpa ¥ . Yro6m B JMalbHERIIIEM U3MEHUTEL CBOMCTBA 3TOM 00JACTH,
Bam HyxHO OyZAeT BBIACTUTH 3TOT 3HAYOK MBIIIBIO.

3. llepeiimute Ha cTpanuy OcHoBHbIe Tanenn CBOiCTBA.

4. B none Uma: BBeaure Postanovka.

5. 3apaiite, Kak OyzaeT pacmonaratscsi 00JacTh MPOCMOTpPa OTHO-
CUTEIIFHO €e SKOPsI, C TOMOIIBIO dJIeMEHTa YIpaBlieH!s BoIpaBHUBATH
II0: BEepxXH. JIEBOMYy YyIUly.

6. BeiOepure pexum MacmTabUpPOBaHUS M3 BBITAIAIONICTO CITH-
cka MacmrtabupoBanme: [IonoTHATE IOL OKHO.

3.3.4.2. BBoa MCXOOHBIX JAHHBIX

HcxonmHble TaHHBIE, ApYrHe HEOOXOAMMBIC TapaMeTphl Pa3/ieiuM U
pa3MecTuM B TOW 00JacTH WM B TOM CErMEHTE MOJEJH, IJe OHH, IO
HallleMy MHEHHIO, HyXXHbI 1 UX Y00HO HCIIOIb30BaTh.

Opranusyiite BBOJ MCXOAHBIX MaHHBIX st cermenTa IlocTaHoBKa
HA J1e5KyPCTBO.

1. Tleperamure snement IIpsimoyrojbHUK Ha 31eMeHT O0JaCcTh
NPOCMOTPA, €CJIM BBl XOTUTE BUAETH JaHHBIE B XOJE MOJCITUPOBAHUS.
Ecnu HeT, moMecTuTe 3TOT 3JIEMEHT BHE 00J1aCTH MPOCMOTPA.

2. lleperamure >nemenT text u Ha cTpanune OCHOBHbIE MAHETH
Caoiicra B nosie Teker: BBequre Initial data PD (3mece PD —
ITOCTAaHOBKA HAa JIEKYPCTBO).

3. B Hanurpe Brigenure OcHoBHas. [leperammre 35meMEHTHI
ITapamerp n beryHok Ha oneMeHT ¢ uMeHeM Initial data PDw
pasMecTuTe UX TaK, Kak okazaHo Ha puc. 3.69.

4. 3HaueHMs CBOWCTB yCTaHOBUTE COIIacHO Tadu. 3.3.
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ﬂ KolCCl
G KolCC2
ﬂ KalCC3

a KolCC4
) KolCcs

) Koalcc
a NumCC

Initial data FD

(# zatrResCC1

(# doxDegCCl

q
-

q
=

(# zatrResC2 (& doxDegCC2
I [

(& zatrResCC3  (# doxDegCC3

- | - |

€] Iatrﬁnisccﬂr * dnx[ﬁlgc@q
= =

-

(# zatrResCCS

=

(# doxDegCCs

q
-

q
-

Puc. 3.69. Pazmewienue anementoB [lapamerp u berynok

IIpocteie

[IEPEMEHHBIE  C

NMCHaMH

KoICC1...KolCC5 —
koimyectBo CC mo tunam, a KolCC — konnuectBo CC Bcex THIIOB.
OTH mepeMeHHble Mbl OyJeM BBIYHCISATH 110 HMCXOIHBIM 3HAUYCHHSIM
KCC1 ... KCC5 u KCCP1 ... KCCP5 u ncnons3oBaTh IpH FeHEpauu
pasroro 3Hauenuto KoICC 3asBok, umutupyrommx CC. KoauyectBo
CC M3MEeHSTh MOXKHO TOJIBKO TI€pe]l HaualoM MOJEIMPOBAHMA, TaK KakK

3asABKH, UMUTHUPYIOIIUC CC, TCHCPUPYIOTCA TOJIBKO OAWH Pas.

[pocras mepemennas NumCC mnpennasHadeHa Ui TOPSIKOBOMN

Hymeparnuu Beex CC.

Usmenenue 3arpar Ha cogepkanue pesepBHbix CC zatrResCCl...
zatrResCC5, a takxe moxoma doxdegCCl... doxdegCC5 ot nexypcTsa
omgaoro CC MOXHO TIPOW3BOJUTH B XO0JI¢ MoJeaupoBanus. s 3Toro

HCIIOJIb30BAHbI 2JICMCHTBI YIIPABJICHUS BeryHOK.
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Ta6nuna 3.3
CsoiicrBa 31emMeHTOB Ha Initial data PD

Vst Tum 3HaueHue 1o OTtobpaxarhb
YMOJI4YaHUIO UM

KolCC1 int 0 VYcraHoBUTH
KolCC2 int 0 ¢maxox BO BCex
KolCC3 int 0 JJIEMEHTaX
KolCC4 int 0
KolCC5 int 0
KolCC int 0
NumCC int 0

doxdegCC1 double 20

doxdegCC2 double 24.2

doxdegCC3 double 32.8

doxdegCC4 double 23

doxdegCC5 double 255

zatrResCC1 double 21

zatrResCC2 double 24.2

zatrResCC3 double 28

zatrResCC4 double 26

zatrResCC5 double 25.5

3.3.4.3. BbIBoa pe3yJIbTATOB MOJEJIMPOBAHUS B CETMEHTE
Postanovka

Jns BBIBOJA PE3YNTATOB MOJICTUPOBAHUS HCIONB3YHTE TaKkKe
aneMeHT [IpocTas mepemMenHasi. XOTs MOXHO ObLTO ObI HCIOIB30BATh
U JIpyTHE CPEJCTBa, HApuMep, PyHKINHU, MaccuBbl. [l BBOa HCXOI-
HBIX JaHHBIX TaK)K€ MOXKHO OBIIO MCIIOI30BaTh MACCHUBBI, YTO CIIOCO0-
CTBOBAJIO OBl HEKOTOPOW yHUBEpCAILHOCTH Mojenn. OCBOMB Ipeiyia-
raeMbie B JJaHHOM TIOCOOMH MPHEMBI IOCTPOCHUSI IMUTAIIMOHHBIX MO-
neneir B AnyLogic, Bam HeTpyaHO OyaeT pa3o0parbCs U MPUMEHSThH
(YHKIIUH, MacCHUBBI U JIP.

1. TIleperamure snementsl [IpocTast mepeMeHHasi U pa3MecTHTE
Tak, Kak Ha puc. 3.70.

2. Jlaiite umena coriacHo puc. 3.70. YcraHoBuTe BO Bcex diie-
MeHTax (raxok OTodpaxars umst 1 tin double.

3. Jlnst pacueTa ¥ BBIBOJIA PE3yJIbTATOB MOJICIUPOBAHHS BOCIIOIb-
syemcsi criocobom Cobwimue. Kax 310 jgenmaercsi, paccCMOTPUM
B 1. 3.3.7, korga OyayT MOCTPOEHBI BCE CEIMEHTHI MOAEIH U CTaHYT
W3BECTHBIMU HYXHBIE JIJIsl pacueTa pe3yIbTaTOB MOJCIMPOBAHUS UACH-
THU(UKATOPBI C yueToM TpeOoBaHMH s3bIka Java u AnyLogic.
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3.3.4.4. UmuTauust NOCTYIJIEHHSI CPECTB CBSI3H

1. Ileperamute smemeHnT CKpYIJIeHHbII NPAMOYroJbHUK Ha
anemeHT O0jgacTh mpocmorpa. Ha Hem MBI Oynmem pasmemiaTh diie-
MeHTHI cerMeHTa [locTaHOBKA HA 1eXKyPCTBO.

2. lleperamurte snement text u Ha crpanune OCHOBHBIE TTaHETN
CgoiicTBa B nosie TekcT: BBeauTe [IoCTaHOBKA Ha OEXYPCTBO.
IlomecTuTe 3TOT TEKCT MOCPENUHE B BEpXHEH yacTu neMeHTa CKpyr-
JICHHBIi IPSAIMOYTOJILHUK.

3. Tleperammre smeMeHT SOUrce m3 OmbOmmorekm Enterprise Li-
brary na nuarpammy kmacca Main.

4. Jlnsa 3anvicu u xpaHenus napametpoB CC B JIONMONHUTEIBHEIC
TIOJISL 3asIBOK HEOOXOAMMO CO3/IaTh HECTAHIAPTHBINA Kiacc 3asBKu. Co3-
Jaiite knacc 3asBku ComFacility.

5. B nanenu [IpoeKT IeNKHNUTE TPABO KHOMKOW MBIIIN 3JIEMEHT
MOJIEJIN BEpXHETO YPOBHS JiepeBa u BriOepuTe Co3naTe/Java kiaacc.

6. IlosBurcs pauwanmorooe oxkHo Hobiii Java kiace (cm.
puc. 3.32). B mose Mmsi: BBeuTe MM HOBOTO Kiiacca ComFacility.

7. B mone ba3oBblii Kjacc: BEIOEpHUTE U3 BBINAIAOIIETO CIHCKA
com.xj.anylogic.libraries.enterprise.Entity B Ka-
yecTBe Oa3zoBoro kiacca. llenkanre kHOTIKY JlaJee.

8. TlosiBuTcs BTOpast cTpaHuIla Macrepa co3aanus Java kiacca.
JlobaBbTe cnemyromnye mojis Java kiacca:

int tipCC;

double timeMeanRem;
double nach;

double konec;

double timeMeanOtkaz;

9. OcraBbre BbIOpaHHBIMU (Iaxkku Co31aThb KOHCTPYKTOP H
Co3znatb Meton toString ().

10. Ulenkuure kHomky [oTomBo. Bbl yBHauTE penakTop Koaa U
B aBTOMAaTH4ECKU CO3JIaHHBIN KOJ Ballero Java kiacca. 3aKponTe KOJ.

11. [eperamure >nemenT text u Ha cTpanuie OCHOBHbIE MaHETH
CsoiicTBa B nnosie Tekcer: BBeauTe ViMmTanya noctrynjedmsa CC.

12. Beimenure Omok source. Ha crpanuiie OCHOBHBIE TTaHETH
CaoiicTBa yOepure ¢naxoxk Otodpaxkats umsa. B momax Kaace 3a-
sisku: 1 HoBas 3asBka Entity 3ameHure Message. YCTaHOBHTE:
3asiBkn npuObIBalOT coriacHo UHTencuBHOCcTH. OcTanbHbIE CBOM-
cTBa — Kak Ha puc. 3.71. SOUrce crenepupyer TOJIbKO OJIHY 3asIBKY.
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4
7

Puc. 3.72. Jlo6asnenst 6oku split u sink

13. B nosie [lelicTBHe mpH BBIXOAE BBEIAUTE Java KOJ, KOTOPBIM
onpenensercs konuyectBo CC Bcex THIOB, BKIIOYAsh M pPE3EPBHBIC
cpeacTBa CBsi3U. DTH JaHHbIe HeoOxomuMbl B Oioke Split. Koinuectsa
CC kak WCXOJHBIE JIaHHbIEe OyQyT pa3MelleHbl Ha aKTHMBHOM Kilacce
Degyrstvo, KOTOpBIii MBI CO3JaIUM IIO3KE, TOITOMY B KOJE HCIOJIb3Y-
eTCs IOCTYI K HUM B BUjie, Hanpumep, degyrstvo.KCC1.

KolCCl=degyrstvo.
KolCC2=degyrstvo.
KolCC3=degyrstvo.
KolCC4=degyrstvo.
KolCC5=degyrstvo.

KCCl+degyrstvo.
KCC2+degyrstvo.
KCC3+degyrstvo.
KCC4+degyrstvo.
KCC5+degyrstvo.

KCCP1;
KCCP2;
KCCP3;
KCCP4;
KCCP5;

KolCC=KolCC1l+KolCC2+KolCC3+KolCC4+KolCC5;

14. Beinenute 6ok split. Ycranorurte cBoiicTBa kak Ha puc. 3.73.
B none /leiicTBue nmpu BhIX0J€e KONMUM BBEIUTE Java KO

NumCC = NumCC + 1;
if (NumCC <= KolCC)

entity.tipCC =

5;

if (NumCC <= (KolCCl+KolCC2+KolCC3+KolCC4))
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entity.tipCC = 4;

if (NumCC <= (KolCCl+KolCC2+KolCC3))
entity.tipCC = 3;

if (NumCC <= (KolCCl+KolCC2))
entity.tipCC = 2;

if (NumCC <= KolCCl)
entity.tipCC = 1;

B mone entity.tipCC 3amoMuHaeTCss COOTBETCTBYIONIMH KOJ THIIA
CC.
brnok sink yHHYTOXa€eT 3asBKY-OPUTHHAI.

3.3.4.5. Pacnipeneiureiib CpecTB CBSI3H

bnok Pacnpenennresb cpeacTs cBs3M NpeAHA3HAUCH IS pacipe-
nenennss CC corfacHO WX THIIaM, T. €. 00Iee KOJIMYECTBO MOCTYITUB-
mnx CC oH IOJMKEH Pa3desiuTh MO TUIIAM.

JMannslii 670Kk peanusyercs deTeIpbMs Onokamu SelectOutput u
oxuuM Os10koM ueue (puc. 3.74).

brok queue npemHa3HaueH IS MpHEMa, XPAaHCHUS M OTIPABKU Ha
JIeXKypCTBO MocTynaroiux u3 pemonta CC.

ol Main &3 = O

Pacnipemermerens CC J
cci -
| )
CC3
EE cC4
CC o3 peMoHTa CC5

1 | 4
Puc. 3.74. lo6asnenst 61oku SelectOutput u queue
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1. Tleperamure ueThipe Goka SelectOutput u oxuu 610K quUeue
u3 6ubnmmoreku Enterprise Library wa muarpammy kmacca Main. Co-
e/IMHUTE UX TaK, KaK MOKa3aHo Ha puc. 3.74.

2. VYcranoBute Ha ctpanuie OcHoBHble maHean CBoiicTBa

cBoiicTBa 6110k0B SelectOutput cormacuo Tab6m. 3.4.

Tab6muua 3.4
NAms OtoGpa- Knacc saspin; | DPIxoatrue Ycaosue
KATh UMSI BbIOHpaeTcs
CC1 | YcranoBute | ComFacility Ipu Beimon- | entity.tipCC==
cC2 (hmaxku ComFacility HEHHUH entity.tipCC==
CC3 ComFacility YCIOBHS entity.tipCC==
CC4 ComFacility entity.tipCC==

3. CC msaroro tuma OymyT HampaieHbl Ha Bbixon false Gioka
CC4, noaromy misathiit snement SelectOutput He Hy*xeH.

4. OcraBbTe MMs OJIOKa (JUEUE W HE yCTaHaBJIMBaTE (JIaKOK
OTo0pakaTh UMsl.

5. ¥YcranoBute Bmectumocth 100 u (hnaxoxk BkiawunTs coop
CTATHCTUKH.

6. Ileperamure u3 nanutpsl [Ipesentanmus Tpu snemenra text u
B COOTBETCTBYIOIIMX NOJsAX TeKeT: BBeInUTe TEKCT, Kak Ha puc. 3.74.

3.3.4.6. Co3aaHne HOBOI'0 KJIacCa aKTHBHOI0 00LEKTA

Ha puc. 3.75 nokazan B okoH4aTtenbHOM Bue cermeHT IlocTaHoB-
Ka Ha JeXKYPCTBO 1ocie nodarienus O0joka Ha pexxyperso. s no-
OaBJIeHUsI ATOTO OJIOKA, KOTOPBIM JIOJIKEH BBITIOJHUTD «CBSA3b» MEKIY
cermeHToM [locTaHOBKa Ha Je:KypcTBO U cermeHTOM UMmuTanus ae-
JKypPCTBAa, CO3/1a]IMM HOBBIH KJIACC aKTHBHOTO OOBEKTA.

1. Ha nanenu IIpoeKT mieNKHUTE MPaBOi KHONKON Mbi Main,
C KOTOpPBIM BHI pa0oTaeTe B JaHHBIA MOMEHT, W BbiOepure Co03-
aatb/Kiiacc akTHBHOI0 00beKTAa 13 KOHTEKCTHOT'O MEHIO.

2. Ortkpoetcst okHO HoBBIN KJIacc aKTHBHOTO 00hEKTA.

3. 3apaiite B mone Mms: umst HoBoro kiacca Degurstvo.

4. Ecmu Hyx)HO, B nojie Onucanue. BBEIUTE ONMUCAHHUE CYIIHO-
CTH, MOJICTIUPYEMOU 3TUM KIIACCOM.

5. Ilenxuute kHOMIKY I'0TOBO.

Co3paiite o0nacTe mpocMOTpa Ha auarpamMe kmacca Degurstvo
JUISL pa3MEIIeHUs] JIEMEHTOB cerMenTa UMuTanus 1e:kypcTBa.

1. B ITaautpe Beimenute Ilpe3senTaunmsa. Ileperamure 3iieMeHT
Oo6acTh MPOCMOTPA B HY)KHOE MECTO.
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E} Degyrstva &5 1

Oo0oonoaad
O

Puc. 3.76. Jlo6aBnens! Ha Degyrstvo mects nopToB

2. [llepeiinute Ha cTpanuily OcnoBHble nanenu CBoiicTBa.

3. B mone Ums: BBenuTe Degyr.

4. 3apnaiiTe, kak OyaeT pacrmonaratbcs 001acTh MPOCMOTPA OTHO-
CUTEIIBHO €€ SKOPsI, C TOMOIIIBIO 3JIEMEHTA yIipaBiieHus BoIpaBHUBATH
II0: BepxXH. JIEBOMYy YyIUly.

5. BriOepute pexxuM MaciiTaOMPOBAaHUS W3 BBIMAJIAIONICTO CITH-
cka MacmradupoBanme: [[ogOTHATE IO OKHO.

3.3.4.7. Co3aanne 3J1eMEHTA HOBOI'0 KJIACCAa AKTHBHOI0 00LEKTA

Co31aHHBIN HOBBIM KJIacC aKTUBHOTO 0ObekTa Degyrstvo smusercs
BJIOKEHHBIM 00BeKTOM. Kak BBl MOMHHTE, HAM HY)XHO CIeNaTh Tak,
yto0b1 CC mepenaBalich Ha JEKYpCTBO B cerMeHT MmuTamus ae-
sKyperBa u3 cermenta IloctaHoBka Ha IesKypCcTBO, a OTPEMOHTHPO-
BaHHble CC mocie peMoHTa u3 cermMeHTta UmMuranus aexypcrsa Bo3-
Bpamaiuch B cerMeHT IlocTaHOBKa Ha JeXKypCTBO.

1. Ileperammre mecTh 3neMeHTOB IlopT LI naauTpbl OCHOB-
Haf ¥ pa3MECTHTE TaK, KaK MOKa3aHO Ha puc. 3.76. ABTOMAaTHYECKH
OHU OyAyT OOBEIUHEHBI MPSIMOYTOJILHUKOM (C MYyHKTUPHBIMHU JIMHUS-
MH) U MOSIBUTCS HAIHUCH JHAYOK.

2. Bo3sBparutech Ha quarpamMmy kiacca Main.

3. Ha manmenu IlpoekTt Bbzenure Degyrstvo, meperamure Ha
auarpaMmy kiacca Main u coenHuTe Tak, Kak Ha puc. 3.75.
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3.3.4.8. IlepexioueHne MeKIy 00J1aCTAMH MPOCMOTPA

OO6macTi MpoCMOTpa UCIIONB3YIOTCS Kak JJIsl HABUTAIMX 10 Tpadu-
YECKOMY PEIAaKTOpy BO BpPEMs CO3AaHUsI MOJAEIH, TaK U JJIs1 HABUTALUU
M0 OKHY MPE3EHTALIMU BO BPEMSI BHITTOJTHEHUS] MOAETH.

YroObl MEpelTH K IPYroil 00IacTH MPOCMOTPa B PEXKHUME CO3TaHUS
MOJCIIU:

1. [lenkHHUTE MBIIIBIO B IpadMuECKOM PEAAKTOpPE, YTOOHI CAETaTh
€ro aKTUBHBIM.

2. lllenxHuTe MO KHOMKE MaHeIW WHCTpyMeHTOB OQ6JacTu mpo-
CMOTpa ¥ BeIOEpHTE W3 BHINANAIONIETO CIHCKA, K KaKOH MMEHHO 00-
JIACTH MIPOCMOTpa BBl XOTUTE TIEPEHTH.

UToOb! TIepelTH K APYroi 006JacTH MPOCMOTPa B PEXKHUME BBHITTOIHE-
HUS MOJECIIU:

1. IlenkHuTe MpPaBO¥ KHOMKOM MBIIIN B 00JIACTH OOPUCOBKH OK-
Ha TIpe3eHTallH, BHIOEPUTE MYHKT KOHTEKCTHOTO MeHI0 O6JacTh H
3aTeM BBIOEpUTE M3 CIHCKA, K KaKOH MMEHHO O0JIaCTH MPOCMOTpPA BBI
XOTHTE NIEPEUTH.

2. Wnm xe mMENKHUTE KHONKY naHenu nHcTpyMeHToB [oka3ath
00J1aCTh... ¥ BEIOEPHUTE U3 BBHIMAJAIOIIETO CITUCKA, K KAaKOW MMEHHO 00-
JIACTH TIPOCMOTPA BBl XOTUTE MIEPEUTH (3Ta KHOMKA MPUHAICKUT CEK-
UM TaHeJIH UHCTPYMEHTOB BMJ, 1 BO3MOXKHO, 4TOOBI OHA CTalla BH/I-
Ha, Bam HyxHO Oyzner BHauayie NoKa3aTh 3Ty CEKIHIO NaHEeIn HHCTPY-
MEHTOB).

Bb1 MoxeTe Takke M00aBIsATH CBOM COOCTBEHHBIE AIIEMEHTHI TIpe-
3EHTAIIMH, IETYKOM Ha KOTOPBIX OyJeT MPOU3BOUTHCS MEPEXO/I K TOM
WM WHOW 00JacTv IpocMoTpa. Bocons3yiTecs MOCIeTHIM.

1. B Hanurtpe Bbinenure Ilpesentamus. [leperammure sneMeHT
text, pasmecture u BBeauTe B noje Teker: [locTaHoBKa Ha Ine-
XyPCTBO, Kak Ha puc. 3.75.

2. Ha nanenu CBoiicTBa BhiZiciuTe JIMHAMHYECKHE U B TIOJIC
JelicTBMe M0 mIETYKY: BBEAWTE CICAyIOIUA Java Ko
get Main () .Postanovka.navigateTo();

3. lleperamute BTOpOH 3meMeHT text, pasmecTUTe M BBEAUTE
B nosie TekeT: MiMuTanumsa mexypcTea.

4. Ha mamenu CBoiicTBa BbienuTe /lHHAMHYecKHe W B TIOJIE
JelicTBMe 1O mIENYKY: BBeaUTe Cleaylmuid Java  Kom:

get Main() .Degyr.navigateTo();
5. TIlponmemaiite To ke mist CraTucTuka. Beemure Java xon:
get Main() .statistika.navigateTo();
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3.3.5. Ceemenm Hmumayus oexicypcmea

3.3.5.1. BBoa NCXOOHBIX JAHHBIX

OpranusyiiTe BBOJ MCXOIHBIX NaHHBIX Al cerMeHTa MMuTanus
AexkyperBa. {1 BBOJA MCXOJHBIX JAHHBIX HCIOJB3YWTE TAKXKE dIle-
MeHT Ilapamerp, a And U3MEHEHHs MX B XOJE€ MOJEIUPOBAaHUSA —
3neMeHT beryHok.

1. TIleperamute 31emenT IlpsiMoyroabHuk Ha 31eMeHT O0JaCcTh
NMPOCMOTPA, €CIU BBl XOTUTE BUJIETh JJAHHBIE B X0JI€ MOJEIUPOBAHUSI.
Ecnu HeT, moMecTuTe 3TOT 3JIEMEHT BHE 00J1aCTH IPOCMOTpa.

2. Ileperamute snement text u Ha crpanuie OCHOBHbIE ITAHEIH
CeoiictBa B none Teker: BBenure Initial data D (3mech D —
JIEXKYPCTBO).

3. B Iaautpe Bwimenute OcHoBHas. [leperammre >1eMEHTHI
ITapamertp u Ilon3yHok Ha d1eMeHT ¢ MMeHeM Initial data Dwu
pa3MecTHUTe UX Tak, Kak Moka3aHo Ha puc. 3.77.

4. Ha crpannue OcnoBHble naHeny CBoiicTBa KaKI0TO dJIEMEH-
ta [TapameTp ycTaHoBHUTE CBOICTBa cornacHo tabai. 3.5.

5.  Ha crpanune OcHoBHble maHenyn CBOiCTBA KaXI0TO dIIEMEH-
Ta beryHok stoimReml .. stoimRem5 u timeReml .. time-
Rem5 ycraHoBute: MuHUMaibHOe 3HauYeHue: 1, MakcumajiabHoOe
3HayeHue: 100.

6. Ha crpanune OcnoBuble naneny CBoiicTBa KaXKI0TO dJIeMEH-
Ta BeryHok timeOtkl .. timeOtk5 ycraHoBute: MUHMMAJIBHOE
3HaYeHne: 1, MakcuMmaabHoe 3HadeHne: 1000.

7. 'V Bcex anemenToB berynok ycranosute duaxok CBA3aTh C:
U B I10JIE BBEJUTE UMsI COOTBETCTBYIOIIEro 31nemenTa [lapamerp.

3.3.5.2. BoIBoj pe3yJIbTATOB MOIEJIHPOBAHUS

3nech BBIBOASTCS TOJBKO 3aTPaThl HA peMOHT HeucmnpaBHbIX CC 1o
ux tamam u B renom 3a Bce CC (cm. puc. 3.77).

1. Teperamure smemeHT [IpAMOYroJILHMK M PACIONIOKHUTE €TO0
TaK, Kak Ha puc. 3.77.

2. Ileperamute snemenT text u B mone Texker: BBenuTe 3aTpa—
TEL Ha PEMOHT.

3. lleperamure mects 3nemeHToB Ilapamerp m pasmecture Hx
B MIPSIMOYTOJIHUKE COTJIacHO puc. 3.77.

4. Jlaiire umeHa snementam Ilapamertp cormacHo puc. 3.77. Yc-
taHoBuTe (1axxok OTodpaxkaTh uMs 1 i double.
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Tabmuma 3.5

CaoiicrBa 31emenToB Ilapamerp na Initial data D

st Tun 3HaveHue MO Oto0paxkars
yMOJI‘-laHPIlO nmMs
KCC1 int 55 Y CcTaHOBUTH
KCC2 int 100 ¢maxox BO BCex
KCC3 int 60 3JIEMEHTax
KCC4 int 45
KCC5 int 60
KCCP1 int 2
KCCP2 int 4
KCCP3 int 4
KCCP4 int 3
KCCP5 int 4
stoimRemCC1 double 17
stoimRemCC2 double 18
stoimRemCC3 double 16
stoimRemCC4 double 20
stoimRemCC5 double 21
timeRem1 double 6.5
timeRem?2 double 4.2
timeRem3 double 2.8
timeRem4 double 3.0
timeRemb5 double 55
timeOtkazl double 373
timeOtkaz2 double 301
timeOtkaz3 double 482
timeOtkaz4 double 325
timeOtkaz5 double 470
kol_master int 3

3.3.5.3. CoObITHiiHAsI yacTb cerMenTa UMuTanus aexxypersa

Peanuzaiiust cOOBITHITHOM YacTH CErMEHTa IOKa3aHa Ha puc. 3.78.

1. Tleperammre Ha amarpammy kiacca Degyrstvo mocnemosa-
TENBHO: MATH OJOKOB (Ueue, msaTh OiokoB delay, msare 610K0B (UEUE,
onuH 010k delay u coenuHuTe MX Tak Kak Moka3aHo Ha puc. 3.78.

2. Ha crpannne OcHoBHble nanenn CBolcTBa KaXI0ro 0Jioka
YCTaHOBUTE CBOMCTBaA corjacHo Tabm. 3.6.

3. Ileperammute Tpu smementa IIpsiIMOYroJIbBHHK M pa3MECTUTE
WX TaK, Kak Ha puc. 3.78.

4. TIleperamute TpH 31aeMeHTa teXt n BBeauTe Ha3BaHMS B COOT-

BeTcTBytomue moist TekeT: cormacHo puc. 3.78.
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Tabmuma 3.6
DemeHThbI cermenTa UMuTaINS 1e:KypCcTBA U UX CBOICTBA

queue

Nma BMmectumocTts JelicTBue npu BeIXoze

rezl KCCP1 entity.timeOtkaz=1/timeOtkazl

rez2 KCCP2 entity.timeOtkaz=1/timeOtkaz?2

rez3 KCCP3 entity.timeOtkaz=1/timeOtkaz3

rez4 KCCP4 entity.timeOtkaz=1/timeOtkaz4

rezb KCCP5 entity.timeOtkaz=1/timeOtkaz5
neisprl KCC1 entity.timeMeanRem=1/timeReml;
neispr2 KCC2 entity.timeMeanRem=1/timeRem2;
neispr3 KCC3 entity.timeMeanRem=1/timeRem3;
neispr4 KCC4 entity.timeMeanRem=1/timeRem4;
neisprs KCC5 entity.timeMeanRem=1/timeRem5;

delay

Nmst Bpewmst 3anepxku BwmectumocTh
degCCl |exponential (entity.timeOtkaz) KCC1
degCC2 |exponential (entity.timeOtkaz) KCC2
degCC3 |exponential (entity.timeOtkaz) KCC3
degCC4 |exponential (entity.timeOtkaz) KCC4
degCC5 |exponential (entity.timeOtkaz) KCC5
remont |exponential (entity.timeMeanRem) 3

Ilpumeuanue.

st Bcex aiieMeHTOB MOCTaBHUThH (priaxkok BKJIIOYUTH cOOp cTaTH-
CTHKH.

s smementa delay ¢ mmenem remont taxke BBeCcTH Java KOZIBI
B CJIEAyIOIIUE CBOMCTRA!

JelicTBHe IPH BXOJe entity.nach=time () ;

JeiicTBHe IpU BbIX0E

entity.konec=time () ;
if (entity.tipCC == 1)
{ZatrRemCCl=ZatrRemCCl+ ((entity.konec-
entity.nach) *stoimRemCC1l) ;
SumZatrRem=SumZatrRem+ ( (entity.konec-
entity.nach) *stoimRemCC1l) ; }
if (entity.tipCC == 2)
{ZatrRemCC2=ZatrRemCC2+ ( (entity.konec-
entity.nach) *stoimRemCC2) ;
SumZatrRem=SumZatrRem + ((entity.konec-
entity.nach) *stoimRemCC2) ; }
if (entity.tipCC == 3)
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{ZatrRemCC3=ZatrRemCC3 + ((entity.konec-
entity.nach) *stoimRemCC3) ;
SumZatrRem=SumZatrRem + ((entity.konec-
entity.nach) *stoimRemCC3) ; }
if (entity.tipCC == 4)
{ZatrRemCC4=ZatrRemCC4+ ( (entity.konec-
entity.nach) *stoimRemCC4) ;
SumZatrRem=SumZatrRem + ((entity.konec-
entity.nach) *stoimRemCC4) ; }
if (entity.tipCC == 5)
{ZatrRemCC5=ZatrRemCC5+ ( (entity.konec-
entity.nach) *stoimRemCC5) ;
SumZatrRem=SumZatrRem + ((entity.konec-
entity.nach) *stoimRemCC5) ; }

3.3.5.4. IlepexiiroueHue Me:xRk1y 00J1aCTAMM IPOCMOTPa

1. B Haautpe Boimenute Ilpe3entamus. Ileperamure smemeHT
text, pasmecture u BBeauTe B nojie Teker: [locTaHoBKa Ha Ine-—
XyPCTBO, Kak Ha puc. 3.78.

2. Ha mamenm CwoiicTBa BolAcnuTe JIMHAMHU4YecKHe U B II0JIC
HeficTBMe 1O mIEJNYKY: BBeOUTEe CleAylomuid Java  Kom:
get Main () .Postanovka.navigateTo();

3. Ileperammrte BTOpoOii 3memeHT text, pasmecture u BBeIUTE
B nojie Teker: ViMyTaliMs IexypCTBa.

4. Ha manenu CBoiicTBa BhienuTe JIMHAMU4YECKHE U B TOJE
HelicTBMe 1O mIENYKY: BBeOUTe CleQylomuid Java  Kom:
Degyr.navigateTo () ;

5. TIlponmenaiite To ke it CrarucTuka. Beemure Java xon:
get Main() .statistika.navigateTo();

3.3.6. Cezcmenm Cmamucmuka

PesynbTaTel MopenupoBaHus BBIBOJSATCS B cerMeHTax IlocTanoBka
Ha Ae:kypcrBo 1 Umutanus nexypersa. TeM He MeHee, OpraHuzyeM
BBIBOJI p€3yJIbTaTOB MOJEIMPOBAHUS, MOKHO CKa3aTh, B 0oJiee Ipe3eH-
tabenbHoM Buue. /[t aroro coszmanum cerMeHT CraTHCTHKA
(puc. 3.79).

1. Bepuurech Ha auarpammy kiacca Main. Cozmaiite oOnacth
IIPOCMOTpa VISl pa3MelleHHs JIeMEHTOB cerMeHTa CTaTHCTHKA.

2. B INaautpe Boiaenute Ilpesentaums. Ileperamure snemeHT
OobJs1acTh MPOCMOTPA B HY>)KHOE MECTO.

213



EMHLIMLEBLY) LHOWIJ)) "6/ € "OHd

0 a 0 0
2’0 z0 20 2’0
#0 +'0 +0 0
20 20 0 9'0 o0
20 2'0 20 2'0 &0
T T T T T
(%0°001) £51'0 :500 = (20°001) S¥E£'0 10D = (%0°001) 858'0 €20 Ml (0'001) 617°0 200 = (%0°001) $19'0 1120 =
nesa9 a1oads gounl EMHegosaUoudN I9LHaunnddeo)
BWWAD
neEas a1owads weunt ou soadasad suHexdaod eH 191edies
ennin eNNAD BWWAD BWWAD BUWAD
] S S S S
14 14 4 14 14
€ € € £ €
Z e rA A Z
I I I 4 2
29 WeluL ol 29 WELNL Ol BlHed0EqLoUIMN 29 WeumnL 22 WeLKL ou 29 WeuuL ou Toxoy
uuondu 1I9tHaunudicheoy Lo auEmondu seHdeWwwA) ou elHowad aLronnol) ealdrdixat 1o Hoxo WISHaUeWNINEN
BUHVEO0dUUATON 190V 19LUrAe3d

EMHIJHIELD) ealddORaY BIITe LN 0L OKAY eH eMEOHELIOT]

214



3. Ilepetimute Ha cTpanuily OcHoBHbIe nanean CBoiicTBA.

4. B mome Ums: Beenute Statistika.

5. 3apaiiTe, kak Oyzmer pacmonaratbcsi 001acTh MPOCMOTPA OTHO-
CUTEIIFHO €€ SKOPsI, C TOMOIIBIO dJIeMEHTa yIpaBiieH!s BbIpaBHUBATH
0. BepxH. JIeBOMYy YyIUly.

6. BeiOepure pekuM MacmITaOMPOBAHUS M3 BBIIAAIOIICIO CIIH-
cka MacmradupoBanme: [[0OQOTHATE 10X OKHO.

7. lleperamure 3nemenT IIpAMOYroIbHUK U pa3MecTUTE Kak Ha
puc. 3.79.

8. [Ileperammre 3nemeHt text u B mone Teker: BBemUTEe Pe-
3YJIBETATEl MOIOEJIMPOBAHMA.

9. TIleperackuBas 31eMeHT text, pasmecTuTe U BBEIUTE B COOTBET-
cTByromue nois Teker: HaamucH, Kak Ha puc. 3.79.

3.3.6.1. Ucnoan3oBanmue 3j1eMmenta TekcToBoe moJje

TexcroBoe moje SBISETCS MPOCTCHIIMM TEKCTOBBIM 3JIEMEHTOM
YIIPaBICHUsI, MTO3BOJISIIOLINM TOJIB30BATEIII0 BBOAUTH HEOOIbIINE 00B-
eMbI TEeKCTa. Bbl MOXeTe Takke CBsA3aTh ITOT 3JEMCHT YIpPaBICHHS
C TIepeMeHHOH WK napameTpoM tuna String, double unu int.

1. Teperamute snemenT TexcToBoe mose EI NaJIuTpsl JJe-
MEHTBI YNIPaBJIeHUsI 1 Pa3MECTHTE COTIIacHO puc. 3.79.
2. Beimenss mocienoBaTeNbHO KaXIbId d1eMeHT TeKkcToBoe Mmo-
Je, nepexoanute Ha ctpanuiy OcHoBHble aHenu CBoiicTBa U B moJie
Wmsi: naBaiiTe MMs 3JIEMEHTY COIIacHO TaoJI. 3.7.
Tab6muma 3.7

HNmena 31emenToB TexcToBoe moJjie

1 | 2 | 3 | 4 | 5 | 6
Maxkcumaneabiid goxox no tunam CC

editbox1 | editbox2 | editbox3 | editbox4 | editbox5 | editbox
Hoxon ot nexxypersa o tunam CC u Becero

editbox11 | editbox12 | editbox13 | editbox14 | editbox15 | editbox16
Croumocts pemonTa 1o tTunam CC u Bcero

editbox21 | editbox22 | editbox23 | editbox24 | editbox25 | editbox26

CymmapHnas npuObLIb OT uenonb3oBanust CC u Beero
editbox31 | editbox32 | editbox33 | editbox34 | editbox35 | editbox36
Koap¢punnents! npudsiam no tunam CC u Bcero
editbox41 | editbox42 | editbox43 | editbox44 | editbox45 | editbox46
3atpartsl Ha conepxanue pesepBos 1o tunaM CC u Bcero
editbox6 | editbox7 | editbox8 | editbox9 | editbox10 | editbox17
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3.3.6.2. Ucnoab3oBaHue dieMenta JJuarpamma

C nomourpio nuarpamMm AnylLogic 103BosIsseT TUHAMUYECKH BHU3Ya-
JU3UPOBATh AaHHBIE, cOOMpaeMble B pe3yipTare padoTsl Monenu. Ha-
00p AuarpaMM CXOX ¢ TeM, 4To mpeiaraercs nporpammoii MS Excel.
bubnuoreka oOnamaeT MOUIHBIM M YIAOOHBIM HMHTEpdeiicoM, HE Tpe-
OyIOIIMM NPH CO3AaHUM AUATPAMMBI IIPOTPAMMHUPOBAHUS.

TepMuH nquarpamma HCHOJb3YyeTcs Uil 0003HaYCHHS, KaK OOBIYHBIX
auarpaMmM, Tak ¥ TUCTOrpaMM. [ 'MCTorpaMMbl OTOOpaKatOT CTaTUCTH-
4ecKH 00paboTaHHBIE JaHHBIE B BHJE (DYHKIIMH MIOTHOCTH BEPOSTHO-
ctu (PDF) u unarerpansaoit ¢pyakmnun pacnpenenenus (CDF), yuutsi-
BalOIIME BCE KOrja-iubo No0aBlieHHbIE HAa TUCTOTPAMMY 3HAYCHUS.
JuarpamMmbpl 0TOOpaXarOT TEKyLIHE 3HAYCHUS SJIEMEHTOB NAaHHBIX (a
HEKOTOpBIE — TAaK)K€ HEJABHIOIO UCTOPUIO U3MEHEHHS 3HAUCHU).

AnyLogic noanep:KuBaeT HECKOJIBKO BUJIOB IHArPaMM.

IIpocTtele nuarpamMmel:

CTONOWKOBas AMarpaMma,
JuarpaMMa ¢ HakoIUICHHUEM,;
KpyroBas [uarpamma.

Juarpammel ¢ uctopueit (BpeMEeHHBIE THArpaMMBl):

rpaduk;

BpEMEHHOH rpaduk;

BpEeMEHHas ArarpaMma ¢ HaKOIIJICHUEM;
BpEMEHHas LIBETOBAs JUarpamMmma.

Ucnonp3yiiTe nuarpamMmy ¢ HaKOIIJIEHUEM.

[umarpamma ¢ HakoIUIEHHEM TMOKa3bIBae€T BKJIAJl HECKOJBKUX die-
MEHTOB JIaHHBIX B CYMMHPYIOLIMH Pe3yibTaT B BUAE CTOJIOLOB, pacmo-
JIOKEHHBIX JAPYT HaJ Apyrom. BeicoTra Kaxmoro croidua mpomopLuo-
HaJbHA 3HAYEHHUIO COOTBETCTBYIOIIETO 3JIEMEHTA JaHHBIX.

Camblif HIDKHUH CTOJIOEL] COOTBETCTBYET 3JEMEHTY AaHHBIX, 100aB-
neHHoMy Bamu Ha numarpammy mepsbiM, U T. 4. He gomyckaercs mpu-
CYyTCTBME OTPHIATEIbHBIX 3HAYEHWH — B 3TOM ClIlydyae BO3HUKHET
ommnOKa. Bl MOkeTe W3MEHWTH HaIpaBIIEHHE POCTa CTOJOIA W €ro
HIMPUHY ¢ ToMoIbio cBoiicTB Hampassenne n OTHOCHTEIbHAS 1IN~
puHA (OHHM HAXOJSATCS HAa CTPAHUIIC CBOWCTB BHeIIHUI BU).

1. Ileperamute 3nement {uarpaMma ¢ HaKONJIEHHEM U3 MaJIHUT-
pbl CTATHCTHKA U pa3MECTUTE COTIAcHO puc. 3.79.

2. Boimenss mocnenoBaTeNbHO KaxIblid 3j1eMeHT Jlmarpamma
C HAKOIUICHMEM, IEPEXOJUTe Ha CTpaHMLly BHemHuil BMI naHenu
CBoiicTBa U yCTaHOBHUTE:!
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CMmemenune mo ocu X: 40

CMmemenue mo ocu Y: 20

IMupuna: 92

Beicora: 138

OTHocHTE/IbHAS] IIMPUHA: 52

Hanpasienue: sepTrkabHOE

I[BeT TekcTa, LBET (pOHA M I[BET I'PAHUIBI YCTAHOBUTE IO CBOEMY
YCMOTPEHHIO.
IIocne ycTaHOBKH 3TUX CBOMCTB BBIACIINATE JIEBBIA 3JIEMEHT.
[lepeitaute Ha cTpanuily OcHoBHBbIe TTaHe I CBOMCTBA.
Illenkuute /l06aBUTH 3J1eMEHT JAHHBIX.
B none 3arosioBok: BBeaure CC1.
B mose 3Havenme: BBeguTe Java Koj

No ok~w

degyrstvo.degCCl.statsUtilization.mean ()

8. VYcranopute MacmrTad: dvkcupoBaHHE U (OOHOBJIATH
aBTomaTnuecku. [[per cronbuka, KOTOpEIA OyaeT oTOOpaXkaTh KO3(-
¢unmeHT ucnons3oBanus rpynmnsl CC OIHOTO THIA, YCTaHOBUTE MO
CBOEMY YCMOTPEHUIO

9. llpomenaiite mm. 3...7 Ans ocTampHBIX 2...5 snementoB /ua-
rpaMma ¢ HakomienueM. IIpu »Tom B mosne 3arosi0BOK: BBOIUTE:
Cc2, CC3, CC4, CC5 COOTBETCTBEHHO.

10. B mosie 3navenne: BBOAUTE Java KOIbBI TaKXKeE JUIS DJIEMEHTOB
2...5 COOTBETCTBEHHO:

degyrstvo.degCC2.statsUtilization.mean
degyrstvo.degCC3.statsUtilization.mean
degyrstvo.degCC4.statsUtilization.mean
degyrstvo.degCC5.statsUtilization.mean

Ha stom pcam3anus CErMmeHTa CraTucTruka 3aBCpLICHA. Ocranocn
TOJIBKO OPraHMU30BaTh NEPCKIOYCHUC MCIKAY oOnacTaMu npocMoTpa.

3.3.6.3. IlepexioueHne MeKIy 00J1aCTAMH MPOCMOTPA

1. B Haaurtpe Boyzenure Ilpesentauus. Ileperamure smeMeHT
text, pasmectute u BBeauTe B nose Teker: [locTaHOBKa Ha ne-
XYPCTBO, Kak Ha puc. 3.79.

2. Ha mnanenu CBoiicTBa BhifciuTe JMHAMHYECKHE U B TI0JIC
JelicTBMe M0 mIETYKY: BBEAWTE CICAYIONUHA Java Ko
Postanovka.navigateTo () ;
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3. Ileperammre BTOpOi 37eMeHT text, pasmecTHTe W BBEIUTE
B nosie TekeT: VMyTauma IexypcTBa.

4. Ha manenmu CBoiicTBa BblmeauTe JIMHAMHYECKHE U B IIOJIE
HeiicTBMe 1O mIeNYKY: BBeOuUTe Cleqylomuil Java  Kom:
degyrstvo.degyr.navigateTo () ;

5. Tlponenaiite To xe mns CrarucTmka. Beeaure Java kon:
statistika.navigateTo () ;

Bce Tpu cermeHnTa Moaenu NOCTpOeHbI. Tenepb BEpHEMCS K BBIBOY
pe3yIBTAaTOB MOJIETMPOBAHNUS C HCIIOB30BaHNEM CIIOCO0a COOBITHE.

3.3.7. Hcnonvzoeanue cnocooa Coovimue

Cobvimue SBIAETCSI CaMbIM MPOCTHIM CIOCOOOM TUTAHUPOBAHUS
neiicTBuil B Mozenu. COOBITHS 9acTO UCIONB3YIOTCS U MOJIEIINPOBa-
HUS 3aJ€PKEK U TaiiMayToB. Bl MOXeTe caenaTh 3TO U C HNOMOILBIO
cpabaTpIBAIOIIMX IO TallMayTy MEPEeXOAO0B AWarpaMM COCTOSIHHMM, HO
WCTIONB30BaHNE COOBITHH SBISIETCS OoJiee palrOHATBHBIM. B HEkoTO-
PBIX CIy4asX MOBEIEHUE MOXKET OBITh CMOJEITUPOBAHO TOIBKO C TIO-
MOIIBIO TalIMEPOB.

EcTh Tpu THTIA COOBITHIA.

Cobwvimue, npoucxodsaujee no ucmeyeruu matimayma. OHO HCIIONb-
3yeTcs Toraa, Korga Bam Hy»HO 3aruiaHupoBaTh BBHITIOJHEHHE KaKOIo-
TO JEWCTBUA HA ONpPEEIEHHBII MOMEHT BpeMEHHU (OTCTOSIIMI Ha 3a-
JTAHHOE KOJIMYECTBO BPEMEHU (TaiiMayT) OT Tekymiero momeHTa). Co-
OBITHE, TIPOUCXONAINEE MO0 MCTCUCHUIO TaMayTa, MPEOCTABISET J0-
MOJTHUTENbHBIE BO3MOXHOCTH: BBl MOJKETE CJlIeaTh COOBITHE HUKINYE-
CKHM, JIU0O e BOOOIIE YIPABISATH STUM COOBITHEM «BPYUHYIO.

Cobvimue, npoucxoosujee npu BblNOIHEHUU 3AOAHHO20 YCIOBUAL.
OHo wucnonb3yeTcst Toraa, koraa Bam HyXHO OTCleXHUBaTh BBITOJHE-
HUE OIpPEAEJICHHOT0 YCIIOBUS U MPOU3BOJUTH KaKOE-TO NEHCTBUE MpU
€ro MPOUCXOKICHUU.

Cobvimue, npoucxodsyee ¢ 3a0annou unmencusHocmoio. OHO HC-
MOJIB3YETCS I MOJISITUPOBAHUS TIOTOKAa HE3aBUCHUMBIX COOBITHH (ITy-
ACCOHOBCKMH MOTOK). DTO yacTto TpedyeTcs MpH MOAEIMPOBAHUH TIO-
CTYIUICHUSI, HAIIPUMED, 3asBOK B CHCTEMaX MacCOBOT'0 OOCITy>KUBaHHA.

AnyLogic nojiepuBaeT elie 0JWH THI COOBITHS, 3aJIaBACMBII yiKe
JPYTUM MOZEJIBHBIM 3JIEMEHTOM — OuHamMuyeckoe cobvimue. JJnHamu-
YeCcKHe COOBITUSI UCIONB3YIOTCS AJIsl TUIAHUPOBAHUS CPa3y HECKOJIBKHX
OTHOBPEMEHHBIX M HE3aBUCUMBIX cOObITHA. Hampumep, kaHan cBs3w,
napauiejbHO NepeAaroIInil MPOU3BOJILHOE KOJIMYECTBO COOOIICHHMIA,
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MOXET OBITh CMOJCIUPOBAH C IIOMOIIBI0 AMHAMHUYECKUX TaitMepoB,
CO3/1aBaeMBIX I KaXOro COOOIICHUS.

st BEIBOZIA pE3yJIbTATOB MOJICIMPOBAHMS BOCIONB3YHTECh COOBI-
THEM, TIPOUCXOIAIIAM IO HCTCUCHUH TalMayTa.

1. Teperamure snemenT CobObiTHEe # U3 manuTpel Moaeab Ha
JuarpaMMmy Kiiacca akTUBHOTO oO0bekTa. Mi3MeHuTe ero uMs Ha
ResulsModeling. Haxmure Enter.

2. YcranoBure ¢uaxok OTodpakaTh HUMS.

3. C momompio Bbmagaromero cniucka Tum co0biTHs: BeIOEpHUTE
ITo TaiimayTy.

4. Ycranosure Pexum: Lluxkinueckui.

5. Bpems mnepBoro cpadéarbiBaHusi (a0COJIIOTHOE) YCTaHOBHTE
paBHbIM 0.

6. VYcranosure llepuon: 1.

7. B momne /leiicTBue BBemuTe Java KOJ, KOTOPBIH OyaeT BBIMOJ-
HATHCA IPU MOSIBIIEHUH 3TOTO COOBITHSL.

//PacueTr pesynsTaToB no CCl
DoxMaxCCl=round ( (DoxMaxCCl+degyrstvo.KCCl*doxDegCC1l)*100) ;
DoxMaxCCl=DoxMaxCC1/100;
DoxDegCCl=round ( (DoxDegCCl+degyrstvo.degCCl.size () *
doxDegCC1l) *100) ;

DoxDegCCl=DoxDegCC1/100;

ZatrResCCl=round( (ZatrResCCl+degyrstvo.KCCP1*
zatrResCC1l) *100) ;

ZatrResCCl=ZatrResCC1/100;
ZatrRemCCl=round ( (degyrstvo.ZatrRemCC1l) *100) ;
ZatrRemCCl=ZatrRemCC1/100;

PribCCl=DoxDegCCl- (ZatrResCCl+ZatrRemCC1l) ;
koefPribCCl=round ( (PribCC1l/DoxMaxCC1l)*1000) ;
koefPribCCl=koefPribCC1/1000;

//Pacuer pesynsTaToB no CC2
DoxMaxCC2=round ( (DoxMaxCC2+degyrstvo.KCC2*doxDegCC2) *100) ;
DoxMaxCC2=DoxMaxCC2/100;
DoxDegCC2=round ( (DoxDegCC2+degyrstvo.degCC2.size () *
doxDegCC2) *100) ;
DoxDegCC2=DoxDegCC2/100;
ZatrResCC2=round ( (ZatrResCC2+degyrstvo.KCCP2*
zatrResCC2) *100) ;
ZatrResCC2=ZatrResCC2/100;
ZatrRemCC2=round ( (degyrstvo.ZatrRemCC2) *100) ;
ZatrRemCC2=ZatrRemCC2/100;
PribCC2=DoxDegCC2- (ZatrResCC2+ZatrRemCC2) ;
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koefPribCC2=round ( (PribCC2/DoxMaxCC2)*1000) ;
koefPribCC2=koefPribCC2/1000;

//Pacuer pesynsTaToB mo CC3
DoxMaxCC3=round ( (DoxMaxCC3+degyrstvo.KCC3*doxDegCC3) *100) ;
DoxMaxCC3=DoxMaxCC3/100;
DoxDegCC3=round ( (DoxDegCC3+degyrstvo.degCC3.size () *
doxDegCC3) *100) ;

DoxDegCC3=DoxDegCC3/100;
ZatrResCC3=round ( (ZatrResCC3+degyrstvo.KCCP3*
zatrResCC3) *100) ;

ZatrResCC3=ZatrResCC3/100;
ZatrRemCC3=round ( (degyrstvo.ZatrRemCC3) *100) ;
ZatrRemCC3=ZatrRemCC3/100;

PribCC3=DoxDegCC3- (ZatrResCC3+ZatrRemCC3) ;
koefPribCC3=round( (PribCC3/DoxMaxCC3)*1000) ;
koefPribCC3=koefPribCC3/1000;

//PacueTr pesynsTaToB no CC4
DoxMaxCC4=round ( (DoxMaxCC4+degyrstvo.KCC4*doxDegCC4) *100) ;
DoxMaxCC4=DoxMaxCC4/100;
DoxDegCC4=round ( (DoxDegCC4+degyrstvo.degCC4.size () *
doxDegCC4) *100) ;

DoxDegCC4=DoxDegCC4/100;

ZatrResCC4=round( (ZatrResCC4+degyrstvo.KCCP4*
zatrResCC4)*100) ;

ZatrResCC4=ZatrResCC4/100;
ZatrRemCC4=round ( (degyrstvo.ZatrRemCC4) *100) ;
ZatrRemCC4=ZatrRemCC4/100;

PribCC4=DoxDegCC4- (ZatrResCC4+ZatrRemCC4) ;
koefPribCC4=round ( (PribCC4/DoxMaxCC4)*1000) ;
koefPribCC4=koefPribCC4/1000;

//Pacuer pesynsTaToB no CC5
DoxMaxCC5=round ( (DoxMaxCC5+degyrstvo.KCC5*doxDegCC5) *100) ;
DoxMaxCC5=DoxMaxCC5/100;
ZatrResCCS=round ( (ZatrResCC5+degyrstvo.KCCP5*
zatrResCC5) *100) ;

ZatrResCC5=ZatrResCC5/100;
DoxDegCCb=round ( (DoxDegCC5+degyrstvo.degCCb.size () *
doxDegCC5) *100) ;

DoxDegCC5=DoxDegCC5/100;
ZatrRemCCb=round ( (degyrstvo.ZatrRemCC5) *100) ;
ZatrRemCC5=ZatrRemCC5/100;

PribCC5=DoxDegCC5- (ZatrResCC5+ZatrRemCC)) ;
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koefPribCCh=round ( (PribCC5/DoxMaxCC5) *1000) ;
koefPribCC5=koefPribCC5/1000;

//PacueT CyMMapHHX pPeByJIbLTAaTOB
SumZatrRes=ZatrResCCl+ZatrResCC2+ZatrResCC3+
ZatrResCC4+ZatrResCC5;
SumDoxMax=DoxMaxCCl+DoxMaxCC2+DoxMaxCC3+DoxMaxCC4+
DoxMaxCC5;
SumDoxDeg=DoxDegCCl+DoxDegCC2+DoxDegCC3+DoxDegCC4+
DoxDegCC5;
SumZatrRem=round ( (degyrstvo.SumZatrRem) *100) ;
SumZatrRem=SumZatrRem/100;
SumPribil=round ( (SumDoxDeg-
(SumZatrRes+SumZatrRem) ) *100) ;
SumPribil=SumPribil/100;

koefPribil=round( (SumPribil/SumbDoxMax) *1000) ;
koefPribil=koefPribil/1000;

//BHBOL MaKCHMMAJILHOT'O AOXOHAa, HOXOHa OT HeXypCTEa
editboxl.setText (DoxMaxCCl) ;
editboxll.setText (DoxDegCCl) ;
editbox?2.setText (DoxMaxCC2) ;
editboxl12.setText (DoxDegCC2) ;
editbox3.setText (DoxMaxCC3) ;
editbox13.setText (DoxDegCC3) ;
editbox4.setText (DoxMaxCC4) ;
editboxl4.setText (DoxDegCC4) ;
editbox5.setText (DoxMaxCC5) ;
editbox15.setText (DoxDegCC5h) ;
editbox.setText (SumDoxMax) ;
editboxl16.setText (SumbDoxDeq) ;

//BHBOL cTOMMOCTM peMOHTa no Tumnam CC m Bcero
editbox2l.setText (ZatrRemCC1l)
editbox22.setText (ZatrRemCC2) ;
editbox23.setText (ZatrRemCC3) ;
( )
( )
( )

’

’

editbox24.setText (ZatrRemCC4
editbox25.setText (ZatrRemCC5
editbox26.setText (SumZatrRem

’

’

//BHBON umMcTONi nNpuMBHIM OT MCHoJsb30BaHMsi CC
editbox31.setText (PribCC1l)
editbox32.setText (PribCC2) ;
editbox33.setText (PribCC3) ;
)
)

’

’

editbox34.setText (PribCC4
editbox35.setText (PribCC5

—~ o~ o~ —~

’
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editbox36.setText (SumPribil) ;

//BrBOL KO®bduUMenTOR npmubrumm no Tunam CC m BCero
editbox4l.setText (koefPribCCl)
editbox42.setText (koefPribCC2) ;
editbox43.setText (koefPribCC3) ;
editbox44.setText (koefPribCC4)
( )
(

’

’

’

editbox45.setText (koefPribCC5
editbox46.setText (koefPribil);

//BHBOL BaTpaT Ha cojepxaHue pesepBoB CC
editbox6.setText (ZatrResCCl) ;
editbox7.setText (ZatrResCC2) ;
editbox8.setText (ZatrResCC3) ;
editbox9.setText (ZatrResCC4) ;
editbox10.setText (ZatrResCCHS) ;
editboxl7.setText (SumZatrRes) ;

W3 xoma u KOMMEHTapHs K HEMY CIIEyeT, YTO LIMKJINYECKH OymyT
PacCUUTHIBATHCS U BBIBOAUTCS PE3YJIbTAThl MOJICINPOBAHHUS

Jns okpyrieHusi pe3yibTaTOB MOJACIMPOBaHUS (KO3(PPHUINEHTOB
npuObUIn 10 TPEX 3HAKOB IIOCHIE 3amATOH, a aOCOIIOTHBIX BEIWYHMH
OpUOBLIM U 3aTpaT — JI0 IBYX 3HAKOB) MCIOJIL30BaH Metos round().
IIpenBapurensHo pe3ynbrarhl ymMHOkanuck Ha 1000 u 100 cooTBeTcT-
BEHHO, a TIOTOM JICJIMJIMCh HA 3TH K€ BEJTUUMHBI.

s BeIBO#a pE3yNBTATOB MOJAEIMPOBAHHUS B TEKCTOBBIE MOJI
editbox ucnonsdyercsa QpyHkuus setText (), B KauecTBe apryMeH-
Ta KOTOPOW YKa3bIBaeTCsi MMSI COOTBETCTBYomlero 3neMenra Ilapa-
MeTp.

3amyctute MoJienb. [Ipu Hanmunu omuooK, ycrpanute ux. Cucrema
AnyLogic umeer poctatouHo 3GQGeKTUBHBIN OTIaT4uuK. [Ipu 1BOWHOM
mienuke omMnOKkH B OkHe OIIMOKHM OTKPBIBAETCS KOJ C BBIACICHHOM
omunOKoit b0 coobiaercs, HampUMep, 0 TOM, YTO MapaMeTp He WHU-
UATN3UPOBAH.

Ha puc. 3.80 u puc. 3.81 nokazans! ¢pparMeHTsl pabOTHI MOJEIH.

Jis Hax o AeHUsI ONTUMAIIBHOTO COCTaBa PE3EPBHBIX CPEACTB CBSI3U
¥ MacTepOB-PEMOHTHHUKOB C IEJIBIO MOTYYEHUS] MAKCHMAIILHOW MPUObI-
T TeperaéM K pacCMOTPEHHIO BO3MOXHBIX SKCHEPUMEHTOB B Any-
LogiC u MeToiuKe MPOBEACHHS MHTEPECYIOUIEro HAC ONTUMM3AIHMOH-
HOT'O DKCIIEPUMEHTA.
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3.3.8. Ilposeoenue IxchepumeHmos

AnyLogic mpenocraBiseT MOJIb30BaTEII0 BO3MOXKHOCTh MPOBECTH
CJIeIyIOIINe SKCIIEPUMEHTBI:

MPOCTOM 3KCIEPHUMEHT;

ONTAMU3AIINS;

BapbUPOBAHHE MTEPEMEHHBIX;

CpaBHEHHE TIPOTOHOB;

Mounre-Kapio;

aHaJIN3 YyBCTBUTEIIBHOCTH;

KaJTMOpPOBKa;

HECTaHAapTHBIN.

[TocnenHue mATh IKCIEPUMEHTOB JOCTYIHBI TOJIbKO B AnyLogic
Professional.

3.3.8.1. IIpocroii 3xcIEepUMEHT

[IpocToil 3KCIIEpUMEHT 3aIyCKaeT MOJENb C 3aJaHHBIMUA 3HAUEHUS-
MU TapaMeTPOB, MOJJICPKUBACT PEIKUMBI BUPTYaITBHOTO M PEaTbHOTO
BpPEMEHH, aHUMAIIHIO, OTIaKy MOJIEIH.

[Tpu co3maHumM MOAENM aBTOMATHYECKH CO3AAeTCsl OAMH IMPOCTOMH
9KCIIEpUMEHT, Ha3BaHHbIH Simulation. VIMeHHO Takoi 3KCIIEPUMEHT
MBI C BAMHU ¥ PACCMATPHUBAJIH 10 CHX IOP.

OKCIIEPUMEHT 3TOT0 TUIA HMCIOIb3YeTCs] B OONBIIMHCTBE CIIy4YacB.
Jlpyrue sKCIEepUMEHThI HYKHBI TOTZIa, KOTJIa BAXKHYIO POJIb HIPAOT
3HAYCHHUS TapaMeTpoB Mojelu. TO €CTh BaM HYXHO MPOAHATU3HPO-
BaTh, KaK OHU BIIUSIOT Ha NOBeIeHUE WK 3()(HEKTUBHOCTh MOJICIIUpPYe-
MOW CHUCTEMBI WIIM €CIIM BaM HY)KHO HalTH ONTUMAallbHBIE ITapaMeTphI
Balled MOJENIH.

Jlanee B paMKax JaHHOTO MOCOOWS Mbl OCTAHOBHUMCS Ha JKCIEpH-
MEHTaX ONTUMH3AIWU ¥ BapbUPOBAHHS MEPEMEHHBIX, OBIIAJEB METO-
JIUKaMH TIPOBEJICHUS KOTOPBIX, BBl CAMOCTOSITEJIBHO CMOYKETE BBIMOJI-
HTh B ANYLOQiC 1 apyrue SKCrepuMeHTHI.

3.3.8.2. Cesa3biBaHUE NapaMeTPOB

Hauwnas co3naBate Monenb B AnyLOQIiC, MbI HUYEro He TOBOPHIIH
00 IKCIepUMEHTaX U OCOOCHHOCTSX MX MpoBeaeHus. [Io3ToMy Bce uc-
XOJIHbIC JaHHbIe pasMecTrnu Ha Initial_data_PD (puc. 3.69) u Ini-
tial_data_D (puc. 3.77) Tak, kak HaMm NPEACTABISIIOCH yIOOHBIM JUIS
MOCTPOSHHUS MOJISITH U YIIPABJICHUS €10 B XOJI€ MPOBEICHHUS ITPOCTOrO
IKCTIEPUMEHTA.
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OpHako Npy NPOBEICHUU 3KCIIEPUMEHTOB U HAJIMUUH B MOJIEIIH, KaK
B HallleM CITydae, BIOKEHHBIX 00bEKTOB, HEOOXOJMMO CBS3HIBATD Ma-
paMeTpbl, pa3MelIeHHbIE HA KOPHEBOM OOBEKTE U BIOKEHHBIX 00BEK-
tax. CBs3pIBaHUE HEOOXOIUMO IIOTOMY, YTO U3MEHSATh B XOZE DKCIIe-
PUMEHTa MOKHO TOJIBKO NapaMeTpbl KOPHEBOI'O OOBEKTA.

B pesynbraTe cBsA3bIBaHUS 3HAYCHUE TapaMeTpa JII0O0Tr0 YpOBHS
BJIOYKEHHOTO 00BEeKTa Oy/IeT paBHO 3HAYEHHIO ITapaMeTpa o0beKTa ca-
MOTO BEPXHETO YPOBHSL.

Ho cnenyeT uMeTs B BUAY, UTO C8A3b18aI0MCsL MONLKO NAPAMEMPbL
00HO20 Muna U 4To nepeoaid 3HaveHus napamempa npou3eo0Umcsi
UL napamempy o0vexma, Haxo0AWe20Cs HUdxice YPOGHEM 6 Uepapxu-
yeckom depese modenu. To ecTh CBA3BIBAIOTCS MapaMeTPhI IOCIIEI0Ba-
TEJIEHO OT OJJHOTO YPOBHS K APYTOMY, a HE Yepe3 YPOBEHb WIIM YPOBHH.

Pasmecture 31emenTsl Ha Initial_data_D u Initial_data_ PD Ttaxk, xak
nmokaszaHo Ha puc. 3.82 u 3.83. BHecuTe COOTBETCTBYIOLINE U3MEHEHUS
B Mozienb. OOpaTrTe BHUMaHUE Ha pa3iiMyie UMEH CBSI3bIBAEMBIX Ta-
pametpos, Harpumep, KCC 1 u KCC1.

CBsKkuTE MapameTpsl KOpHeBoro obbekra Main ¢ mapamerpamu
BJIOKEHHOT'O 00BbekTa Kitacca Degyrstvo.

1. Ortkpoiite quarpaMMy Kjiacca akTUBHOTO oObekta Main.

2. BeiOepuTe Ha quarpaMme BIOKEHHBINH 00BbeKT degyrstvo.

3. Tlepeiinure Ha cTpanuily [Tapamerpsl nanenu CBoiicTBa.

4. B rtabnuue [apametpsl B nosie 3HaYeHne BBEAUTE UMS Mapa-
MeTpa Kiacca oObekTa-Biajesbiia Main, 3HaueHHe KOTOPOro HYXKHO
nepeaBaTh ATOMY MapaMeTpy BIOXEHHOro o0bekTa. B pesymbrare y
Bac JIOJDKHO OBITH TaK, KakK Ha puc. 3.84.

Initial data D

@ kccr @ kcepr (P stoimRemccy (B timeRemd (& timeOtkazl
(dkccz (A Kcerz () stoimRemc2 (& timeRem2 (& timeOtkaz2
P kces @ keers (B stoimRemces (B timeRem3 (B timeOtkaz3
@ Kkccd @ Keers (@ stoimRemcpd (@ timeRemd (@ timeOtkazt

@ Kces (B Keeps (B stoimRemCes (# timeRem5 (@ timeOtkazs

Puc. 3.82. Pa3merenue snementos Ha Initial_data_D mis sxkcriepumeHTOB
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= -
= ceoiicrea 52 | B Koneons = =0

OCHOBHEBIE

KCC1 | ®xec 1 |
:ai":::' Kcc2 | ®ee 2 |
. KCC3 | ®ec s |

KCC4 | ®ec |

KCCS | ®ec s |

KCCP1 | ®cee 1 |

KCCP2 EZSE |

KCCP3 | ®cce s |

KCCP4 | ®ccp 4 |

KCCPS | ®cep s |

stimRemcCl | StoimRemcC 1 |

stoimRemCC3 | stoimRemCC 3 | |

stoimRlemCC2 | stoimRemCC 2 | 1

stomRemCC4 | StoimRemCC 4 |

StomRemCC5 | StoimRemCC_5 |

Kol_master | Kol mast |

timeRem1 | timeRem 1 |

timeRem2 | timeRem 2 |
timeRem3 | timeRem 3 |
timeRem4 | timeRem 4 |
timeRem5 | timeRem 5 |
timeOtkaz1 | timeotkaz 1 |
timeOtkaz2 | timeotkaz 2 |
timeOtkaz3 | timeotkaz 3 | ||
timeOtkaz4 | timeotkaz & |

k-

Puc. 3.84. ®parment crpanuusl Ilapamerpsl nocie CBsI3bIBaHUS TapaMeTPOB
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3.3.8.3. OkcnepuMeHT ONTHMH3ANHUSA CTOXACTHYECKHX Moeeii

DkcrepuMenT ONTHMH3AIUA MOXET IIPOBOIUTHECS B AnyLogic or-
tuMu3atopom OptQuest i 1eTepMHHUPOBAHHBIX W CTOXACTHYECKHX
MOJICIEeH.

Hama momens ComSystem croxactuyeckas. Co3naiite onTUMu3a-
LMOHHBIN AKCIEPUMEHT CTOXAaCTHYECKONH MOJENHU C LIEJIbI0 OIperelie-
HUSI MAaKCHMABHOTO KOX(QQHIMEHTa MPUOBUIN B 3aBUCUMOCTH OT KO-
nudecTBa pe3epBHbIX CC U MacTepoB-PEMOHTHHKOB.

1. B manenu IIpoeKT mMIETKHATE TPABO KHOTIKOM MBIITH JICMEHT
momenmu ComSystem M u3 KOHTEKCTHOro MeHo BeIOepure CO3aarh/
IJKCIepUMEHT.

2. B mosBUBIIEMCS ITUATOTOBOM OKHE M3 crnvicka Tum ’kcnepwu-
MeHTa: BeIOepuTe OnTumusanus (puc. 3.85).

3. B mone Umsa BBenuTe WMs SKCIIEPUMEHTa, Hanmpumep, Opt-—
ComSystem. M skcepuMEHTa AOJKHO HAUYMHATBCA C 3arjlaBHOMU
OYKBBI — TaKOBO MPaBWJIO HA3BaHMS KJIAcCOB B Java.

4. B none KopneBoii kiacc moxmenau: BpiOepure Main. Dtim
JEHCTBHEM BBl 3aJalli KOPHEBOW (TJIABHBIM) KJAcC SKCIIEPHMEHTA.
OO0mBexT 3TOro Kiacca OyIeT WrpaTh pojib KOPHS MEPApXUUECKOro 1e-
peBa OOBEKTOB MOJIETH, 3allyCKaeMOW OINTHMHU3AIMOHHBIM SKCIEpHU-
MEHTOM.

5. Ecam Bl XOTHUTE MPUMEHHUTH K CO3/1aBAEMOMY 3KCIIEPUMEHTY
BpPEMEHHbIE YCTAaHOBKHU JIPYTOr0 3KCIIEPUMEHTA, OCTaBbTE yCTAHOBIICH-
HbIM (raxxok KonmmpoBaTh ycTaHOBKH MO/IeJILHOTO BPEMEHH M3 U
BBIOEpUTE HKCHEPUMEHT W3 PACHOJIOKEHHOI'O CIIpaBa BHINAAAIOLIETO
CIHCKA.

6. OcraBbre BbIOpanHOH om0 CilydyaiiHoe HaYaJIbHOE YHCJIO0
(YHMKaJbHbIe MPOroHbl). B 3ToM ciyvae mpu KaskaoM 3amycke Moje-
T TE€HepaTop CiIydalHbIX 4Hcen OyaeT MHUIMATU3UPOBATHCA APYTUM
yucioM. [loaToMy mporons! OyayT YHHKaJIbHBIMH, HEBOCIPOU3BOJIH-
MBIMH TIPH OYEPETHOM 3aITyCKEe MOJIEIIH.

7. Illenxaure xHOnKy I'otoBo. IlosButcs crpannna OcHOBHbIE
nanenu CoiicTBa (puc. 3.86).

8. VYcranoBuTe oNnuo MAKCHMHU3HPOBATD.

9. OcraBbTe ycTaHoBieHHbIM ¢uiaxkok KoamdyecTBo MTepanmii:.
[lon urepauuneit monnmaercst oJuH onbIT (0AHO HaOmoAeHue). Konnyue-
CTBO UTEpAIM — 3TO [EeJb CTPATETHYECKOTO TNIAHUPOBAHUS dKCIIEpPH-
MEHTa — ONpeeIeHne KOJIMuecTBa HaOII0IeHUH U ypoBHEH (hakTopoB
B HUX JUIS IOJTYYEHUs TTOJTHON M JOCTOBEPHON HH(pOpMaIMK O MOJENH.
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0 -
;}‘ HoBwil akcnepHmMeHT

IKCNepHMeHT

BrlfepiiTe THA 3KCNEPUMEHTE, 3803MTE 1MA 1 BelbepuTe
KOPHEBOH KNACC MOdEnH.

MMa: | OptComSystem

KopHeEOM Knacc Mogenu: | Main -

Tun IKCMEPUMEHT a.

B MpocT ol SKCEpHMEHT MWeT 3Ha4YeHna NapaMeTpoE, NpK

%D KOTOPLIX AOCTMIEETCA ONTHMANEHOE

NI EsLL SHEHEHME 3848HHON LENEB0N

€3 BapruposaHie napaMeTpos dyHKLAM, MoeT BbITh 338aH pan

€3 Cpasrenne "npororos” OrPaHWYEHMA Ha SHEYEHWA NapaMeTpoB
M MEPEMEHHBIX MOLENH,

MoHTe-Kapno

e P ONTHMWZELMA B YCNOBHAX

QAHEHM HYECTEMTENEHOCTH HeonpeaeneHHoOCTH NPoOM3B0AWTORA C

%Kanmﬁpgﬁma MOMOLLIBHD PEMAMKALIMA,

OTobpawaeTcA rpadik Nporpecca

[ 26 HecTaHAEPTHBIA
: BEINOMHEHMA ONTHMASELMA,

MEHEPETOR CNYYSIAHED YMCEN:
(@) CnyuaiiHoe HaYanEHoe YMCno (YHWKaNEHEIE TporoHs!")

() DUKCMPOBEHHOE HAYANBHOE YMCND (BOCNPOMZE0AMMEIE TIPOroHE!")

¥l KonuposaTh YCTaHOBKM MOAENEHOrD BPEMEHM M3: | Simulation -

| [oToBo | | OTHEHE |

Puc. 3.85. IuanoroBoe okHo HoBbIii 3xcnIepUMeHT

10. B nameil Mopenu HYXHO MEHATh KOJIMYECTBO PE3EPBHBIX
cpencts cBsizu KCCP_1...KCCP_5 u xonmuectBo Mactepos Kol_mast,
TO €cTh Bcero M=6 Qakropos. [IpumeM, 4TO KaKAbli (akTop UMeeT
Tpu ypoBHs k=3, Toraa uncio urepamuii | =k™ =3° =729 [1].
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= cediicrea &2 | B Koncons

2 OptComSystem - ONTHMHZALMOHHDIN SKCNEPHMEHT

OcHoBHBIE
QononHWTeneHsI2
MoaensHoe BpemMa
MpezeHTauma
OrHo
OrpaHi4eHHa
Pennukam

OnucaHue

Puc. 3.86. Bkmangka OcHOBHBbIE ONITHMHU3AIIIOHHOTO SKCIIEPUMEHTA

4]

Wma: | OptComSystem

TEHEPATOR CNYYSHHEIX JMCEN:

(8) Cnyuaiitoe HaYansHoe YMono (YHUKENEHsIE TporoHe")

KopHEEOM KNaco Moaes

() DUKCMPOBAHHOE HE4ANEHDE YHCND (EOCMPOMIE0AMMEIE TPOroHE

L1}

Uenesas dyHkwa: (L) MUHMMM3MPDOEaTE (@) MAKCMMUSHPOBATE
[ root.®oefpripil
YCNOBMA OCTSHOBKM OMTHUMA3ELMN
Iﬂ KonuuecTeo uTepaumi; 500
[[] ABToMaTHMUYECKaA OCTEHOBKS
MapameTpel:
3HEYEHKNE
MapameTp Tun MiaH. | Makc. | LWar |
zatrResCC1 fuKcMpoBaHHER 21
zatrResCC2 uKcMpoBaHHE 24,2
zatrResCC3 fMKCMpOBaHHEIR 28
zatrResCC4 DUKCMpOBaHHEI 26
zatrResCCS PUKCMpOBaHHEI 25,5
doxDegCC1 duKcMpoBaHHEI 20
doxDegCC2 PUKCMpOBaHHBIR 24,2
doxDegCC3 PUKCMpOBaHHEIR 32,8
doxDegCC4 dUKCMpOBaHHEI 23
doxDegCCs PUKCMpOBaHHEI 25,5
KCC_1 MKCMpoBaHHBEI 55
KCC_2 UKcMpoBaHHEIR 100
KCC_3 dUKCMpOBaHHEI &0
KCC_4 PUKCMPOBaHHEIR 45
KCC_5 uKCMpoBaHHEIR 60
KCCP_1 AWCKPETHEIA 1 3 1
KCCP_2 AWCKPETHEIA 1 3 1
KCCP_3 AMCKPETHEIA 1 3 1
KCCP_4 OMCKPETHEIA 1 3 1
KCCP_5 AMNCKPETHEIA 1 3 1
Kol_mast AWCKPETHEIA 1 3 1

I
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11. OcraBere 500 B mosre KosimuecTBO MTepamuii:, Tak KaK JgaH-
Has Bepcusi AnyLOgIC orpaHrYeHa TUM KOJIMUYECTBOM HTEpAIIHUil.

12. 3anaiite mapamerpbl, 3HaYEHUSI KOTOPBIX OyayT MeHAThCs. B
Tabnuie Ha puc. 3.86 IEPEUNCIICHBI BCe TTapaMeTphl KOPHEBOTO 00BEK-
Ta Main.

13. YtoObl pa3pemnTh BapbUPOBAHHE MapaMETPOB ONTHMH3ATO-
poM, mepeianTe Ha cTpoky ¢ mapametrpomM KCCP_l. llenkHute MBI-
mpio B sueiike Tum. Beibepute Tm mapameTpa, OTIIMYHBIA OT 3HAYE-
HUsl pukcupoBanHblil. Tak kak mapamerp KCCP_1 nenouncrieHHbIH
tHmna int, BEIOepyUTe AMCKPETHBI.

14. 3apaiite quama3oH JOITyCTUMBIX 3HAYeHHUN mapamerpa. s de-
ro BBeIUTE B siueiiky MMH MUHUMalIbHOE 3HaueHue 1, B sueiiky Makce
MaKkcHUMalbHOE 3HaueHue 3. Tak Kak mapaMeTp ITUCKPETHBIH, B sdelike
Ilar ykaxxute BeIUYuHy mara 1.

15. 3agaiite Tax ke ocTaidbHBIE TApaMETPHI, Kak Ha puc. 3.86.

16. [epeiinute Ha cTpanuny Penymkanum nanenn CaolicTBa
(puc. 3.87).

17. Ycranosure dnaxxox Ucnoabp30BaTh peminKanum.

18. Yucno permkanuii (mporoHoB) B OAHOHM UTepaunu (Haboe-
HUH) MOXKET OBbITh (DMKCUPOBAHHBIM WIIM MEPEMEHHBIM. DUKCUPOBAH-
HOe YUCNIO peniuKkayuli, HalpuMep, NPH JOBEPUTEIBHON BEPOSATHOCTH
o =0,95, rounoctu £=0,1 u crangaptHoM otkioHeHNH o =0,1 Mo-
eT OBITh orpeeseHo o Gopmye [1]:

2 2
N=t2 7 —1062 2% _38416~4,
£ 0,1

rae t, =1,96 — raGynupoBaHHsblii aprymeHT GyHkuun Jlamnaca.

B03MOXHOCTb hnepemenHo20 KoIuvecmea penauxayuii I03BOJIET
onrummzaropy OptQust mpoBepsITh Ha CTATHCTHYECKYIO 3HAYUMOCTD
PasHUIly MEXIy CpPEeIHUM 3HAa4eHHUEM LEeJIeBOH (YHKIMHM B TEKyILIEH
uTepauuu (TeKyllee CpeiHee 3HAuYeHHUE) M JIyYlIMM 3HaueHHEM, Hai-
JIEHHBIM 3a TIpeapIAyIne urepanuu (Jrydiree 3HadeHue). Llenpro takoi
NPOBEPKU SIBIISIETCA yalleHUE XyIIINX PEelIeHnui 0e3 moTepu BpeMeHH
Ha UX nonydeHue. Takum 00pa3om, mporecc MOXKeET ObITh 3HAYUTEIILHO
YCKOPEH 3a CYET MPEKPAaIleHNs IOMCKA HETIOIXOIAIINX PEIICHUH BMe-
CTO BBITIOJTHEHUS 33JIAHHOTO MAaKCUMAaJIbHOTO KOJIMYECTBA PeaTi3alnii.

19. Bribepure onuuio ®UKCHPOBAHHOE KOJHYECTBO PelIHKA-
IMif ¥ B COOTBETCTBYIOIIIEM I10JIE YCTaHOBHUTE 4.
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@l OptComsystem 52 =0

— - - =
= ceoiicrea &2 | Bl Koncome B

% OptComSystem - ONTHMHZALMOHHBIH SKCNEPHMEHT

3
CICHOBHEIE ¥ Mcronb3osaTs pENmMKaLIN

OononHUTENEHEIE (8) PUKCMPOBAHHDE KONMYECTED PEMMMKALIAA

MoaenbHoe Bpems Kon-B0 PENMMKSELMIA 38 UTEPALMIO: 4

Te=nlh (I NepemerHoe Kon-Bo penankawi (OcTaHoS Nocne Bing)
OkHo

OrpaHu4eH1a

PennuKkaymn 1

Onvcarme S Y
1 i k|
Puc. 3.87. Crpannua Penyimkaumm onTHMU3allMOHHOTO SKCIIEPUMEHTA

20. Bepuurecp Ha crpanuily OCHOBHBIE U ILEJIKHUTE KHOIKY
Co3narp uHTepgeiic. KHonmka HaxoauTcs B NMPaBOM BEpPXHEM YIIIy
crpanuubl OcHoBHbIe. [locne menuka ygansercs COIEpXUMOe Ipe-
3CHTAlMU SKCIIEPUMEHTA U CO3AaeTcsl HHTEp(EC IKCIepUMEHTa 3aHO-
BO (puc. 3.88) coriacHo ero TeKyImM ycTaHoBKaM (Habopy ONTHMH3a-
IIMOHHBIX TTapaMeTpPoB M UX CBOMCTBaM H T. 1.). [loatomy cozdasams
unmepetic HyJ’CHO MONLKO NOCIE OKOHUAHUS 3A0aHUsI NAPAMEMPO8
axcnepumenma. Ha wHTepdeiice BUIAHBI 3HAKM BOMPOCOB HAMPOTHB
ONTUMH3AIMOHHBIX [TAPaAMETPOB.

21. B mento 3amyck Boinmosinute ComSystem2/OptComSystem.

22. Ulenkaute 3amycTUTh oNTHUMU3ANMUI0. HauHeT BBIOTHATHCS
JKCIepUMEHT. Bo BpeMsi dKCIepUMEHTa MOXHO BUJAETh Ha Tpaduke
n3MeHeHue 3HaveHus neneBoit ¢pynkiun. [locme 500*4=2 000 mporo-
HOB (cM. puc. 3.89) sKCIIepUMEHT OCTAaHOBUTCSI.

23. Pe3ynbTaThl ONTHMHU3AIIMOHHOTO 3KCIIEPUMEHTA ITPHBEICHBI Ha
puc. 3.89. Hamnyumiee 3Hauenue neneBord GyHKun — koddduiment
npubsun — pasHo 0,95. Ilonyueno oHo Ha 263 uTepauuu mpH ciie-
IYIOIIUX  ONTUMAIBHBIX  3HaueHWsx  mnapamerpoB: KCCP 1=
KCCP_2=2, KCCP_3= KCCP_4=KCCP_5=1, Kol_mast=3.

3ameyanue. Bo3aMOXHO, 4TO pe3ybTaT ONTHMU3ALMOHHOTO JKCIIe-
puMeHTa OyleT OTINYaThCs Mo Ko3(uuueHTy npuObuM B OOJBIIYIO
CTOpPOHY IIPU CHATHH orpanndeHus B 500 uTepanui.
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1]

ComSystem?2 : OptComSystem

O.’ImILWJSGI}IJGHH blil IRCNEPUMERM

JanycTUTE ONTHMH3ALWMID

Ternuee yqwee

MTEpauna; ? ? 0.8 7

HELOMYET. HEgonyeT.
Pennukauum; ? ?

0.6
dyHkumoHan: T ? ?

MapaMerpol — 04
zatrResCCA
ZatrResCC2 0.2 A
zatrResCC3
zatrResCC4 o I —
zatrResCC5 0.2 0.3 .
doxDegCe1 Texyuies I
doxDegCC2

doxDegCC3

doxDegCC4d

doxDegCChs

KCC_1

KCC_2

KCC_3

KCC_4

KCC_5

KCCP_1 ?
KCCR..2 2

m

— Nyywee aonycl

KCCP_3 ?
KCCP_4 ?
KCCP_& ?
Kol_mast ?
stoimRemCC_1
stoimRemCC_3

1| .| Y

4

Puc. 3.88. MHTEpdeiic onTUMHU3AIIMOHHOTO IKCIIEPUMEHTA
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> b Y # AnyLogic

ComSystem2 : OptComSystem

O.JEP?QILWJS'GI;MC‘HH blli FKENEPUMEHM

TR r-oo2el
ATepauma: 500 263

Pennukavmm: 1 4 003 s e Ry g

dyHegmonan: T 0.931 0.95 ]
0.92 4L 2wy

MapameTpbl

091 4-=
zatrResCC1

zatrResCC2
zatrResCC3

0.9 1

zatrResCC4 0,59 ; .
zatrResCCa 0 100 200
doxDegCCi Teryuies

doxDegCC2
doxDegCC3
doxDegCC4
doxDegCCs
KCC_1

KCC_2

KCC_3

KCC_4

KCC_5
KCCP_1
KCCP_2
KCCP_3
KCCP_4
KCCP_5
Kaol_mast
stoimRemCC_1

— Mydwee A0nyCTHMOE

La L L L — bk
Ly = = = k3 k2

Mporown: 2,000 ﬂ JEEepled  JKCMNEpHMEeHT: NMporon: EpeMa 0CTAHOBKM HE 33aaH0 [

Puc. 3.89. Pe3ynbpTaThl ONTUMHU3aLMOHHOTO SKCIIEPUMEHTA
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3.3.8.4. DkcnepumeHT BapbupoBaHnue napamMeTpoB

OkcnepumeHT BapbupoBaHne nmapaMeTpoB TaKXe MOXKET IPOBO-
JUTHCS 7151 NETEPMUHUPOBAHHBIX U CTOXAaCTUYECKUX MOJEINEH.

Co3paiite sKcriepuMeHT BapbupoBaHue nmapamMeTpoB [UIsl cTOXac-
THaeckoi Mmonmenn ComSystem c nenbro HaOMIOACHUS 32 U3MEHEHHUEM
KoaduIenTa TpuOBLIN B 3aBUCHMOCTH OT JOXOJla 33 JEXKYpPCTBO
CPEJICTB CBSI3H.

1. B nanenu [IpoeKT mIETKHUTE MPaBOK KHOMKOW MBIIIH JIEMEHT
mozean ComSystem2 u M3 KOHTKCTHOro MeHI0 BbiOepure Co3aaTh
IKCIEPUMEHT.

2. B mosBuBmIEMCS OUanoroBoM OKHe M3 crmucka Tum 3xcmepwu-
MeHTa: BeiOepuTe BapbupoBanue mapamerpos (puc. 3.90).

IKCNepHMeHdT
BrIbEpUTE TN SKCNEPMMEHTA, SAASATE MMA 1M BEIBEPUTE KOPHEBOH KNacc
MOAENM,
Mma: | ParVarComSystem
KopHeBo#i Knacc mogenm: | Main -

TWN 3KCNEpHUMEHTa:

" -

a MpocToli KcnepHMeHT a | BeINOMHAET HECKONLKD TPOroHOE ™ MOAEnM ©

%HCI | EapPEMPOBAHWMEM OOHOMD MAKM HECKONBKHX
MTAMAZELMA = | nNapaMeTpoB, C BOSMOMHOCTEED MCMONEI0EaHWA

aBapbmpDBaHME NapaMeTpos PEMMMKELMIA,

EE]CDEIBHEHME "mporoHos” . BnocnegcTterK Bel MOHETE CO3AATE ANA

- .- _I SKCMEPHMMEHTE MHTEpdERC NBoA CNOMRHOCTH,

MEHEPETOP CAYHAMHBIX YMCEN:

(8) CnyyaliHoe HaYanEHoE YACNo (YHIUKaNEHEE MparoHe™)

() DMKOMpOBAHHOE HEYaNEHOE YUMo (EOCMPoMSE0AMMEIE TIPOroHEl")

[ KonupoBaTh YCTaHOBKKM MOAENBHOMD BPEMEHI 3! Simulation -

| [oToBO | | QTMeHa |

Puc. 3.90. Oxno HoBblii 3KcIepUMEHT C BRIOPAaHHBIM YKCIIEPUMEHTOM
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3. B none Umsa BBeguTe MMS DKCIEPUMEHTa, HapuMmep, Var-—
ParComSystem.

4. OcraipHbIE YCTAaHOBKH OCTaBbTE€ TaKUMH, Kak Ha puc. 3.90.
Hasnauenne nx ToXe, 9TO U B ONTUMHU3AIMOHHOM SKCIIEPHUMEHTE (CM.
c. 229).

5. Hlenxaure kHOnKy I'oToBo. IlosBuTcs crpanuma OcHOBHBbIE
nanenu CoiicTBa (puc. 3.91).

6. OOparure BHUMaHUe, YTO Ha cTpaHulie OCHOBHBIE TI0 CpaBHe-
HUIO C ONTHMHU3AIMOHHBIM KCIIEPUMEHTOM OTCYTCTBYIOT ONLUK MH-
HUMM3HPOBATH, MakcuMu3upoBarh, KoauuectBo urepaumii. Ilo-
ciennee omnpeaensercss AnyLOQiC B 3aBHCHMOCTH OT JHAMA30HOB M
[1Iar0B U3MEHEHUS I1apaMeTPOB.

E ceoiicrea 23 | B Koncons ¥ =0
(%} ParVarComSystem - 3KCNnepHMeHT BapbHpOBaHHA NapaMeTpoB

E

OcHOBHBIE

Wma: | ParWarComSystem KopHEBOI KNac: Moaeny
[ononHTENEHEIE
MopensHoe Bpena TeHepaTop CYYaiHEIX YWCen:
MpeseHTaLMA (8 CryuaiiHos HavansHoe ono (YHWKaNEHEE TiporoHs!) ]
Do () OMKCMPOBaHHOE HA4aNbHOE YMCno (SOCTPOM3E0AMMEIE TIPOTOHE")
PennukaLiin
OnmcaHme Mapanetpe: (8 BapevposaTs & avanasone () MpoMssonsHo
SHa4eHue B
MapameTp Tun MiH, | Makc, | War
zafrResCC1 DUKCMpOBEHHER 21
zatrResCC2 DukoMpoBaHHel 24,2
zatrResCC3 DUKCMpOBaHHEI 28
zatrResCC4 DUKCMpoBaHHEIN 26
zatrResCCS DUKCMpoBaHHEI 25,5
doxDegCC1 OuanazoH 13 24 0.5
doxDeaCC2 NuanasoH 20 25 0.5
doxDeaCC3 NuanasoH 28 34 1
doxDeaCC4 NuanasoH 19 27 1
doxDeaCCh NuanasoH 23 25 1 j

0 | 5]

Puc. 3.91. Crpanunia OCHOBHBIE SKCIIEPUMEHTA BapbUPOBAHUS APaMETPOB
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7. 3amaiite muama3oH MOIYCTHMBIX 3HadYeHH# mapamerpa dOX-
DegCCLl. Ilepeiinute B Tabmune Ha puc. 3.91 Ha CTPOKY ¢ ATHM Tapa-
metpoM. lllenkuuTe MBIIBIO B siueiike Tum. Beioepure T mapamerpa,
OTJMYHEI OT 3HaueHMs (ukcupoBanublii. ITapamerp doxDegCCl
tuna double, mosTomMy OH MOXeT U3MEHSAThCS B AuMama3one. Beioepure
Juana3on. B sueiiky MuH BBeIUTE MHUHHMAJIBHOE 3HAaueHUE 18, B
saueliky Make — MakcuManbHOe 3HaueHue 24, B syeiike Ilar ykaxu-
Te BennuuHy mara 0. 5.

8. 3apmaiiTe TaxKe OCTallbHbIC TapaMeTPhI, Kak Ha puc. 3.91.

9. [Iepetinure Ha ctpanunyy Pennukanuu nanenn CBoiicTBa U
ycraHoBuTe ¢uaxoxk Hcemoab3oBath pemukanun. B none Koga-Bo
PeIIMKALMIA 32 NTEPALMIO, YCTAHOBUTE, KaK U B MPEABIAYIIEM DKC-
IIEpUMEHTE, 4.

10. Bepuutech Ha crpaHully OCHOBHBIE U INEIKHUTE KHOIKY
Co3aarb uHTEpdeiic.

11. B skcnepumente BapbupoBanue nmapamMeTpoB B OTINYHE OT
skcnepuMeHTa OnTuMu3anust WHTEpQeEHc co3AaeT MOJIb30BaTENb.
CBs13aHO 3TO C T€M, YTO BBIXOJHBIMHU pe3yJbTaTaMH JJAHHOTO IKCIEpH-
MEHTa MOT'YT OBITH JIF00BIE TIOKA3aTENIN MOIEIUPYEMOIl CHCTEMBI.

12. Co3zpaiite unTepdeiic, nokazanHbi Ha puc. 3.92. 31ech BbI BU-
ouTe TpaduK, KOTOpbId OyaeT oToOpaxarh 3HaueHHe KoddduimeHrta
NpUObUIN 71 KaXKI0M UTepanuu.

13. Ileperammre 3nement I'paduk u3 namutpel CTaTHcTHKA Ha
Juarpammy akTUBHOTO Kjlacca.

14. Illenkuaute /J06aBUTH HAGOP TAHHBIX.

15. VYcranosute onmuio HaGop naHHbIX. 3aroyioBok: KoefPri-
bil. HaGop nannbix: dataset. Ycranosute He 00HOBJIATHL aBTO-
MATHYECKH.

16. Ilepeiinute Ha cTpanuily /lomoaHuTe/IbLHBIE 1 ycTaHOBUTE: X!
260, Y: 100, Hupuna: 510, Beicora: 400, LiBet poHa: HeT 3a-
suekxy, [{BeT rpaHunbl: HeT JiMHMNA.

17. TIlepeitnute Ha cTpanully BHemnmii Bua. Ycranosure: CMme-
menue mo X: 40, Cmemenne no Y: 20, upuna: 450, Beicora:
330.

18. Taxke n3 mamutpsel CTaTHCTHKA niepeTaiute ieMeHT Hadop
AaHHBIX. YcraHoBute onuuio He 00HOB/ISITH aBTOMATHYECKH.

19. U3 nanutpel OcHoBHasi neperamute sneMeHT Ilpocrasi me-
pemennas. Ha crpanuiie OcHoBHBbIe manenu CBoiicTBa B moe Ums:
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Beequtre valueOfKoefPribil. YcraHoBuTe YpoBeHb [J0CTyma:

public. Tum: double.

20. lllenknurte nuarpammy kiacca. [lepeiinure Ha ctpanuiyy Jlo-
NMOJIHMTe/IbHbIe TaHean CBOCTBA U BBEUTE KOJIBI:
B niosie JlelicTBMeE MmOCJie MPOroHa MOJIEJIH:

valueOfKoefPribil

= root.KoefPribil;

B noJie JlelicTBHe mocJie HTepaluu

dataset.add (getCurrentIteration(), valueOfKoefPribil);
ComSystem2 : ParVarComSystem
SrenepuMERM EADLUDOSAHNT NADAMEMPOE
3EI'I'5|'CTL-1Th SECNEPUMEHT |
0.4
MTepauua: ?
Pennukauua; ? .35 -
Mapamerpsb|
0.3
zatrResCCH ?
zatrResCC2 ? 095
zatrResCC3 ?
?
zatrResCC4 : 07 -
zatrResCCA ?
doxDegCCl ?
0.15 A
doxDegCC2 ?
doxDegCC3 ? i
doxDegCCe ? '
doxDeqgCCh ?
KCC_1 ? i
KCC_2 ?
0 T T r
?
Keed ) a 0.1 0.2 0.3
KCC_4 ? .
KCC_& ?
KCCP_1 ’ @ dataset L) valueOfKoefRibil

Puc. 3.92. UnTepdeiic skcriepiMeHTa BApbUPOBaHUS TapaMETPOB
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21. B mento 3amyck BeimonauTe ComSystem?2/ VarParComsSys-
tem.

22. lllenxaute 3amycTUTH IKCHepUMeHT. HauHeT BBINONHATHCS
IKCIIEpUMEHT. Bo Bpems sKceprMEHTa MOXKHO BHIETh Ha Ipaduke
M3MeHeHNe 3HadeHus kKoddduimenta npuosum. OparMeHT pesynbra-
TOB BBIMOJIHEHMS dKCTIepuMeHTa BapsupoBaHnue napamMeTpoB IpuBe-
IleH Ha puc. 3.93.

23. DKcIeprMeHT ObLI IPUOCTAHOBIEH Iocie 177 mporoHa, To
ectb Ha 177:4 — 45-i1 urepaunu. Kosdpunuent npudbuu cocTaBiseT
0,918 mpu doxDegCC1 = 20,5, doxDegCC2 = 21,5, doxDegCC3 = 28,
doxDegCC4 = 19, doxDegCC5 = 23.

B o0oux skcmepuMeHTax Mbl Hcnojib3oBanu omnuuio Coay4yaiinoe
HaYaJbHOe YucI0 (YHUKAJIbHBIE MPOroHbl). [losToMy npu Kaxmaom
HOBOM 3aITyCKe MOJAEJH IeHEePaTop CIyYyalHbIX YHCEN HHULUAIN3UpYe-
Cs1 IpYTUM YHUCIIOM U PE3yJIbTaThl ONTHMHU3ALMH MOTYT OTJINYATHCSL.

Ecnu BpiOpana onums PUKCHpoOBaHHOe HAYAJILHOE YHUCI0 (BOc-
NPOU3BOAUMBIE NPOrOHbI), TO TEHEPATOP CIyYalHBIX YHCENT MOACIH
OyzeT Bcera MHULMAIN3UPOBATHCS OJHUM U TeM K€ HadalbHBIM YHC-
soM (oHO 3anaetcd B noje HayanbHoe 4MCII0), TO3TOMY BCE 3aITyCKU
MoJenu OyIyT UISHTUYHBIMA 1 BOCTIPON3BOIUMBIMH.

Cozpaiite ontummu3anonHbd dkcrepuMmerT OptComSysteml, ko-
TOpBIH OyneT oTimdyarbes or OptComSystem nuis BRIOpaHHOM OMITH-
eii @uKcHpoBaHHOE HAYATbHOE YHCI0 (BOCIPOU3BOJUMBIE MPOTo-
Hbl). B nose HayanbHoe uncsio ykaxure 1133.

3armycTuTe SKCHEpUMEHT. BBl Mony4nTe CleyIoline pe3ysbTaThl.
Hauny4mee 3HaueHue 1eaeBoil GyHKIUN — KOIQQUIUEHT MPUOBLIH
— paBHo 0,949. [Tonyuyeno ono Ha 120 uTepauuu npu CAeayrOMUX OI-
TUMaNbHBIX 3HaueHusx napamerpos: KCCP_1=2, KCCP_2=KCCP 3=
KCCP_4=KCCP_5=1, Kol_mast=3.

3.3.9. Dxcnopm modenu kax Java anniema

Mogenu AnylLogic SBISIOTCS NPHIOKEHHWEM Java, MO3TOMy HX
MOYKHO 3aIycKaTh Ha OOJBIIMHCTBE COBPEMEHHHBIX IIaT(opM, a Tak-
Ke TIOMeIIaTh Ha Be0-CalfThl B BUIE allTUIETOB.

Hannuune Takoi BO3MOXKHOCTH MO3BOJISIET YJAJIEHHBIM I10OJIb30BaTe-
JIIM 3aIlyCKaTh WHTEPAaKTHBHBIE MOJETH B BeO-Opay3epe mpu OTCYTCT-
BUU CHUCTEeMBbl MojenupoBanus AnylLogic WM kakoro-nmubo Ipyroro
nporpaMMHOro obecrieueHus. B 3ToM ciiyyae Ha KIIMEHTCKOW MallHe
OyayT 3amycKaTbcs CKOIMPOBAaHHBIE W3 CETH (ailjibl MOJENN C TAaKOH
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K€ TIONACPKKOH WMHTEPAKTHBHOW pPabOTBI, 4YTO HW TIPH 3aIyCKe
AnyLogic.
Oxcnoprupyite moaens ComSystem? B Buje Java anruiera.

1. Hlenkaure B manenu IlpoexkTsl Mogens ComSystem2 u BbIOe-
puTe £1IKCNOPT... U3 KOHTEKCTHOTO MEHIO.

2. OrkpoeTcs IUAloroBoe OKHO JkemopT moxeau. lllemuxom
MBIIIN PACKPOUTE CIUCOK IKCHOPTHPOBATDH IKCIEPUMEHT U BHIOEpH-
te B HeM Simulation. Hactpoiiku 3Toro skcrepuMenTta OyayT mpHMe-
HEHBI K SKCIOPTHUPYEMOI MOAETH.

3. B mone Karamor aas co3maBaembIx (QailioB yKaxuTe Kara-
JIOT, B KOTOPBI BBl XOTUTE IOMECTHUTH (haliiIbl SKCIIOPTHPYEMOI MOjIe-
. MOXKHO Take BBIOpaTh KaTajor ¢ MOMOIIBIO JUaJOrOBOTO OKHA,
KOTOpO€ CTAaHOBUTCS TOCTYIHBIM IPH HAXKaTUH KHOMKK BbIOpaTh.

4. W3 rpynmsl KHOMOK JKCHOPTHPOBATH KAK BEIOCPUTE OIIHIO
Java anmier (3amyckaercs B BeG-0Opay3sepe).

5. OcraBbTe ycTaHOBICHHBIM (QIaXOK OTKPBITH ammjier Moje-
J1 B Be0-Opay3epe.

6. Ulenxaure kHOMKY I'oTOBO. OTKpOETCS MMATOTOBOE OKHO, B
KOTOpPOM OyZeT cOOOIIeHHe 00 YCIEUTHOM 3aBEpIICHUH SKCIIOPTHUPO-
Banust mojenu ComSystem?2.

Mopnenb, 3KCIOPTUPOBAaHHAS Kak Java amruieT, mpeacTaBIseT co0oi
HaOop cienyromux daiinos (puc. 3.94):

daiin .html, ucrions3yemsblii 175t 3anmycka Java amniera;

daiin  (com.xj.anylogic.engine.jar)  HCIOJHSIOMIErO  MOJYJIS
AnyLogic;

CKOMIIMJIMPOBAHHbIH .jar ¢aiin mozaenu (model jar);

.Jjar ¢aiiiel ¥ KJIacchl, HEOOXOUMBIE JIJISl TIOCTPOCHUS MOJICIIH.

[Ipy nmyOnukamuu anmiera MOAEIH B ceTH MHTepHeT HyXHO Ipe-
JOCTaBUThH JOCTYI KO BCEM 3TUM (aiijlaM U3 Koja ammiera. To 3Ha-
YUT, YTO €CJIU BbI J0OaBseTe CChUIKY Ha .html daiin Monmenu Ha BeO
CTpaHHMIly, TO HEOOXOANMO Pa3MECTUTh Bce 3TH (pailibl B TOH xe 1u-
pexTopuu, rae u 3tot .html dain. J{ns nokasza ammiera Ha cBoeil BeO
CTPaHUIIE CJIEAYET CKOMMUPOBATh KOJ amiera u3 .html ¢aiina moxesnu B
KOJI CBOEH CTpaHHUIBI, U J0OABUTH Bce (ailyibl, CreHEPUPOBAHHBIE TIPH
9KCTIIOPTE MOJENH, B TOT K€ KaTajor, B KOTOPOM HaxOJUTCS Balla
CTpaHHIIA.

3amycTuTe ammieT MOIENH, ABaXIsl meakHyB ComSystem2.html.
®parMeHT pabOTHI anmieTa okasaH Ha puc. 3.95.
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3.4. Moaeab GyHKIMOHMPOBAHUS MPeINPUITHSA

3.4.1. llocmanoexa 3a0auu

HpCHHpI/I}ITI/Ie UMEET N, OEXOB, NPOU3BOAAIIMNX N, TUIOB 6J'IOKOB,

T. €. KOKIBIA IIeX TPOU3BOAUT OJIOKH omxHOro Tuma. Ce0ecTOMMOCTH
KomiekTytonux o6naokos C,,C,,...,C_,. CTOUMOCTH H3rOTOBIEHUSA

omoxos C_,C ,C

ST oS WuTepsanb BhiTycka 61m0kos Ty, Ty, ..., Ty
— ciy4aineie. M3 n, THIOB 6110KOB COOMPAETCS OJJHO U3JIEIIHE.

n3rnl *

Ilepen cOOpkoii Kaablil THIT OJIOKOB ITPOBEPSETCS HA Ny, Ny, , ..., Ny,

COOTBETCTBYIOILHX ITOCTaX KOHTPOJIA. JTUTEeNbHOCTH KOHTPOJIS OJTHOTO
omoka T,.,T, T,, cayvaifneie. CTOMMOCTH TPOBEPKH OJIOKOB

110 7120t n
Copts Cippr 0 C Ha kaxnom mocty Opakyercsi 0, O,..., Oy, %0

0JIOKOB COOTBETCTBCHHO. 3a0pakOBaHHBIC OJIOKM B JNAJIBHEUIIIEM IPO-

riecce COOPKH HE yJacTBYIOT U YIAISIOTCS C TOCTOB KOHTPOJIS B Opaxk.
[Mpomeanme KOHTPOIIb, T. €. HE 3a0paKOBaHHbIC OJIOKU MOCTYHAIOT

Ha OJMH M3 N, IyHKTOB cOopku. Ha myHkTe cOOpKHM OJHOBPEMEHHO

mipnl *

cobupaetcs TOJbKO ojHO m3nenue. COopka HAYMHAETCS TOJIBKO TOT/A,
KOI'JIa MMEIOTCs BCE HEOOXOUMBbIE N, OJIOKOB pa3aMYHBIX THIOB. Bpe-

M cbopku T, cimyuaiinoe. CToumocTs c60pku oguoro usaenus C .
[Tocne cOOpKkH M3AEIHME NOCTYNAET HA OJMH M3 N, CTEHIOB BBIXOJ-

HOro KOHTposid. Ha oHOM CTeH1e OZIHOBPEMEHHO IIPOBEPSAETCSI TOJIBKO
oJHo uszenue. Bpems npoepku T, ciaydaiiHoe. CTOUMOCTb NIPOBEPKH

oxgnoro msgenust C_. Ilo pesynpraTtam nposepku Opakyercsa ¢, % u3-

Jenuid. B Takom m3aenuu ¢ BeposTHOCTAMH B, ... MOTYT OBbITh 3a-

km
OpaxoBaHbl M GJIOKOB € MOPSAAKOBBIMUA HOMepamMu U3 1...1n,.

3a0pakoBaHHOE HW3/EJKEe HANPABISETCS B 1eX cOOpKH, Tae Hepabo-
TOCIIOCOOHBIC OJIOKM 3aMEHSIOTCS HOBBIMU. Bpemst 3amenbr T, . ciy-

3ami

yaiinoe. CTonMocCTh 3aMeHkI i-ro 6ioka C [Tocne 3amensl OI0KOB

3ami "
H3ACJIME BHOBD IMOCTYIIAET HA OAWH U3 CTCHAOB BBIXOJHOT'O KOHTPOJIA.
Hpomeﬂmee CTCHA BBIXOAHOI'O KOHTPOJIA HU3ACIHME IIOCTYIAT B
OTACT TNPUEMKH. BpeMS[ IIPUECMKHU Tnp OOHOT'O H3ICIINA CHy‘IaﬁHOG.
CtouMOCTh MMPUCMKH OOHOI'0 HU3ACIIUA Cn . Ilo pe3yiibTaTaM IMPUEMKH
6paKyeTc51 q3 % H3I{eﬂﬂﬁ, KOTOPBIC HAIIPABJIAKOTCA BHOBb Ha CTCH/ BbI-
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XOJTHOTO KOHTpoJs. [IpuHATHIE pHEeMKO W3/enus HampaBiIsIoTC Ha
CKJIaJ] IPEIPHUSITHSL.

3.4.2. Hcexoonvie oannvie
n=4T =19T, =13 T, =15T, =18;
C.,=350C,=32C,=43C, =48
C. =35¢C.,=21,C,,=36C,_, =37,
n,=2n,=2,n,=2,n,=2,T,=12,T, =16, T, =21, T, =17,
Cpn=12,C,,=23C, ;=32C,, =28
0y, =0,02; q,, =0,03; g, =0,04; g, =0,06;
n,=2,T, =22,C,=67;n,=2,T =26;C,=74,0, =0,05;
m=1PR,=10;P,, =025F,6 =0,25F,;=025F,6 =025
T =12T_,=15T_ .,=12,T , =21
C..=34C_,=46,C_,=38C,_, =54
n,=2T, =18 C, =53 q,=015

usrd

HHTepBaisl BpeMEHH MEXIY BBITYCKaMH OJOKOB, BPeMs KOHTPOJIS
0JIOKOB M U3ZCIUH, COOPKU U TpUeMa U3JICIHIA OJYMHEHBI SKCIIOHEH-
[HATbHOMY 3aKOHY.

3.4.3. 3aoanue na uccneoosanue

Pa3paboTaTh MMHTAIMOHHYIO MOETh (DYHKIIMOHUPOBAHHS TPE]I-
TPUATHS TIPU U3TOTOBRJICHUH U3JICITUI U3 OJIOKOB.

HccnenoBarh BIMSIHAE KAauyeCTBa M3TOTOBIICHHS OJIOKOB M JIPYTHX
napaMeTpoB (MHTEPBAJIOB BHINTyCKa OJIOKOB M3 LIEXOB, CE0ECTOMMOCTH
KOMITJICKTYIOIIUX, CTOMMOCTH U3rOTOBJICHUS OJIOKOB, MMPOBEPKH, cOOP-
KH 1 JIp.) Ha ce0ECTOMMOCTh U3JIeINH.

CrenaTh BBIBOIBI O 3aTPYKEHHOCTH TOIPA3ISICHIIA IPEATTPUITHS 1
HEOOXOUMBIX MEPax MO CHIKEHUIO C€0SCTOMMOCTH TPOAYKIIUH.

3.4.4. ®opmanuzoeannoe onucanue mooenu

IIpencraBuM CTpYKTYpy ONPEIIIPUATHS 110 U3TOTOBJIEHUIO U3ACIUNA B
BHJIE CXEMBI, TIOKa3aHHOM Ha puc. 3.96.

BunHo, 9To mpeanpusTHE NMPEACTaBISLET COO0H MHOTOKaHAILHYIO
MHOTO()a3HYyI0 CHCTEMY MacCOBOTO OOCITYXHBAaHHS Pa3OMKHYTOTO TH-
1a, XOTs Ha OTACJbHBIX €€ (ha3ax UMEIOTCS 00OpPaTHBIC CBS3H.

246



1-if 1ex 2-it uex 3-it uex 4-i nex
Mcrounuk Gioxor| | MecTounuk On1okos HUcrounuk dnoxoe | [HMerounuk 6nokos
1-ro THIoA 2-ro THNA 3-ro Tuna 4-ro Tuna
Vlr \ 4 ) 4 l
ITocThl [TocTht ITocThl [locThl
KOHTpoOsA 1 qll koutpona 2 | ql2 | xourpona3 | ql3 KOHTpOA 3 ql4
III---IEIT II]T (.. III---IE*]1
Y
w Tl w T12 w113 w14
IMoTtok ucnpasHeIX O10KOB ¢ —— Ilorok Gpaka
ITyHKTE COOpKH H3aETHH ————
IMorok
W3IeHI Ha
[ToToK M3aeImit Te CTeHax
Y KOHTPOISI

CTeHIBl KOHTPOIS H3eHii

3a0paKoBaHHBIX
[ToTok nposepennLIX H's,'leJIHﬁl Tn W3IeITHi
MIPHEMKOH

q4

[TyHKT npuema u3ienuii

TTOTOK MPUHATHIX H3ICTHI i Trp

CKI1az TOTOBBIX M3IETHIT

Puc. 3.96. [IpennpusiTie kak cucTeMa MacCOBOT'O 0OCTYKUBaHUS

Mojenb, UCXO U3 CTPYKTYPHI NPEANPUATH, OIKHA COCTOSTh U3
CJIETYIOIINX CErMEHTOB:

BBOJIa UCXOJHBIX JAHHBIX;

MMUTAIAN Pa0OTHI IEXOB MO M3TOTOBJIEHUIO OJIOKOB;

MMUTAIAN PaOOTHI IOCTOB KOHTPOJISI OJIOKOB;

MMHTALUH PaOOTHI IIYHKTOB COOPKHM M3IEJINH;

MMHTALH PaOOTHI CTEHAOB KOHTPOJISI COOPaHHBIX U3JEIHi;

MMUTAIAX PaOOTHI ITYHKTOB MIPHEMa U3IENHN;

MMUTALMN CKJIa/la TOTOBBIX U3JEINMI;
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UMHUTAIMH CKJIaJa OpaKOBaHHBIX OJIOKOB;

BBIBOJIA PE3YIbTATOB MOJEIUPOBAHUS.

biiokn ¥ u3nenus B MOJENIU CIELyeT UMUTUPOBATH 3asiBKAMH CO
CIIeTyFOIIAMH TOJISIME (TTapaMeTpaMu):

block — HOMep 1exa (koasl 1...4 COOTBETCTBEHHO), BBIMYCTHB-
IIeTo OJIOK;

signl — mpu3Hak Opaka Ha MOCTaX KOHTPOJsI OJIOKOB M CTEHAAX
KOHTPOJISL U3JIEIHH;

sign2 — mpu3HaK Opaka Ha MyHKTaX MMpHeMa W3/IeNIH;

numBlBrakl ...numBlBrak4 — mpu3Haku 3a0paKOBaHHBIX
0710K0B 1...4 COOTBETCTBEHHO;

timeSbor — BpeMs COOpPKHU U3eTus (3aMEHBI OJIOKOR).

Vka3zaHHbIE NOJISI IPEAHAZHAYEHBI ISl OTCIEKUBAHUS TEXHUUECKO-
TO COCTOSIHHS OJIOKOB M M3JIENIMH U B 3aBUCHMOCTH OT 3TOT'0 MPOXOXK-
JIeHUs UX 110 $a3aM U3TOTOBIICHUS U3IEIHSL.

[Tone timSbor BBeaeHO Wi yI0OCTBa MOCTPOSHUST MoJeNu. B aTo
MOJIE 3aHOCUTCS JIMOO BpeMs COOPKH U3JCIUS U3 YEeThIpeX OJIOKOB, JIH-
00 BpeMs 3aMeHBbI KaKuX-IM00 3a0pakoBaHHBIX OJIOKOB B YK€ COOpaH-
HOM M3/IENHH.

Jns obecrieueHust pabOTHI MOJIEIH BBOJATCS CIIEMYIONIUE apameT-
PBI TIpOIIECCa U3TOTOBIICHUS U3AETHUil U3 OJIOKOB:

aveTimeShopl..aveTimeShop4 — cpegHue MHTEBAIBI BpeMe-
HU BBITycKa 6710k0B 1...4 nexamu 1...4;

stKomplBlockl..stKomplBlock4 — CTOUMOCTA  KOMILJIEK-
Tyomux 0J0K0B 1...4;

stIzgBlockl..stIzgBlock4 — CTOMMOCTb U3TOTOBJIEHUS
010Ko0B 1...4;

postKontrl..postKontr4 — KOJIHWYECTBO IIOCTOB KOHTPOJISA
010Ko0B 1...4;

procBrakBlockl..procBrakBlock4 — npoueHTsl Opaka
6s10k0B 1...4 Ha mocTax KOHTPOJISI OJIOKOB;

stTestBlockl..stTestBlock4 — CTOUMOCTH TECTUPOBAHMUS
(omHOTO 6110Ka) 6;IOKOB 1...4;

kolPunSborki — KOIMYECTBO IIYHKTOB COOPKH U3/EINH;

timeSborki — cpenHee BpeMs COOPKH OAHOIO U3CIIHS;

stSborki — cTOMMOCTbH COOPKH OJTHOTO M3IENHS;
kolStendKontr — KOJIMYECTBO CTEHAOB KOHTPOJS COOpPAaHHBIX
HU3JICITHHT;
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timeKontrIzd — cpenHee BpeMs KOHTPOIL HA CTEHIE OIHOIO
CcOOpaHHOTO W3JICIVS;

procBrakIzd — mpoueHT Opaka cCOOpaHHBIX W3AETHH HA CTEH-
J1aX KOHTPOJIS;

stKontrIzd — CTOMMOCTb KOHTPOJIS Ha CTEHIE OAHOIO co6paH—
HOT'O U3Jeus;

verBlockl — BepOATHOCTH TOTO, YTO 3a0pPaKOBaHHBIM B yXeE CO-
OpaHHOM M3JETUN OKAKETCS OJTUH OJIOK;

verBlock2 — BepoOATHOCTh TOTO, YTO 3a0paKOBaHHBIMH B YKe
COOpaHHOM H3JICJIUU OKAXKYTCs 1Ba OJI0Ka;

verB1Numl..verB1Num4 — BeposSTHOCTH Opaka Ha CTEHIIE KOH-
TpoJs 6:10K0B 1...4;

timeZamBlockl.. timeZamBlock4 — cpegHee BpeMs 3aMe-
HBI (0gHOTO 6110Ka) 0JI0KOB 1...4;

stZamBlockl..stZamBlock4 — cTOMMOCTh 3aMEHBI (OJHOTO
0J10Ka) 0110K0B 1...4;

kolPunPriem — KOJMYECTBO NYHKTOB MpHEMa H3AECIUH, MpO-
LIEAMUX IYHKTbI KOHTPOJIS;

timePriemIzd — cpelHee BpeMs IIPUEMa OQHOTO U3EIINS,;

procBrakPriem — mponeHT Opaka W3JeNuil Ha MyHKTaxX Mpue-
Ma;

stPriemIzd — CTOUMOCTD npueMa OJJHOIo U3JACIIusl.

B xone mMonenupoBaHus Ha OCHOBE IPUBEIEHHBIX MCXOAHBIX JaH-
HBIX (OpMHpYETCS ¥ BBIBOJWTCS Ha TEKyIllee MOJEILHOE BpeMsl clie-
Iyro1nast ”HOpMaIusi:

kolIzBlockl..kolIzBlock4 — KOIMYECTBO H3TOTOBJIIEHHBIX
0710xoB 1...4;

kolTestBlockl..kolTestBlock4 — KOIUYECTBO IPOTECTHU-
pOBaHHBIX OJIOKOB 1...4 (Kak HCIPaBHBIX, TaK U 3a0paKOBaHHBIX);

brakBlockl..brakBlock4 — Konn4uecTBO 3a0pakOBaHHBIX Ha
1ocTax KOHTpOJIs 010KO0B 1...4;

gotBlockl..gotBlock4 — KOJIMYECTBO H3TOTOBJIEHHBIX BCETO
rOTOBBIX 0JI0KOB 1...4;

ostGotBlockl..ostGotBlock4 — KOJIMYECTBO  OCTaBIINUXCH
rOTOBBIX 0JI0KOB 1...4;

kolSobrIzd, testSobrIzd, brakSobrIzd-— KoJIHAYECT-
BO COOpaHHBIX Ha MYHKTax COOPKH M3JIENUi, MPOBEPEHHBIX U 3a0paKo-
BAHHBIX HA CTEHAAX KOHTPOJIS;
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kolPriemIzd, brakPriemIzd— KOJIMYECTBO MPUHATHIX U
3a0paKOBaHHBIX PUEMKOM U3JICIHI COOTBETCTBCHHO;

zamBlockl..zamBlock4 — KOJIMYECTBO 3aMEHCHHBIX OJIOKOB
1...4, 3a0pakoBaHHBIX Ha CTEHAAX KOHTPOJS M MyHKTaxX MpHeMa h3fe-
TNt

allBrakBlockl..allBrakBlock4 —Bcero 3a0pakOBaHHBIX
610Kk0B 1...4;

kolGotIzd — KOJIMYECTBO MOTOBBIX H3JENIWNA, OTHPABICHHBIX Ha
CKJIaz.

Ha Tekymee MojenbHOE BpeMs COOMpAcTCsl CTaTUCTHKA IO Clie-
JYIOIIMM CTOUMOCTHBIM IMOKa3aTeIIsAM:

costTestBlockl..costTestBlock4, costTestBlock —
CTOMMOCTH TeCTUpOBaHUs OJOKOB 1...4 Ha MOCTax KOHTPOJS U CyM-
MapHasi CTOMMOCTh TECTUPOBAHHUS BCEX OJIOKOB;

costIzgBlockl..costIzgBlock4,costIzgBlock —
CTOMMOCTH M3TOTOBJICHHS OJI0KOB 1...4 ¥ cymMMapHasi CTOMMOCTb H3r0-
TOBJICHHUS BCeX OJIOKOB (0€3 yueTa CTOMMOCTH TECTUPOBaHUS OJIOKOB);

sumCostBlockl..sumCostBlock4d, sumCostBlock —
CyMMapHbIE CTOMMOCTH W3TOTOBJICHUS OJIOKOB 1...4 C y4yeTOM TeCTH-
POBaHUS U CYyMMapHasi CTOUMOCTb U3TOTOBJICHUS BCeX OJIOKOB;

costSborIzd, costTestIzd, costPriemIzd— cTou-
MOCTH COOPKH, IPOBEPKU U IPUEMKH U3JIEIIHIA;

costBrakBlock — cyMMapHbIe 3aTpaThl Ha BCe 3a0paKOBaHHbBIE
0JI0KH;

costGotIzd — 3aTpaThl Ha BBIIYCK FOTOBBIX U3AEIIUNL;

costIzd— CTOMMOCTH OJTHOTO HU3ACIIHS;

koefIncrCostIzd — ko3pPUIMEHT yBEIMYEHUsI ceOeCTOUMO-
CTH U3IEIUSL.

MunumainbHas ce0eCTONMOCTD U3IeNnUi OyAeT Tora, Koraa He Oy-
JIeT OpaKOBaHHBIX OJIOKOB W M3jeauil. B TepMHHAX MMOCTAHOBKY 3aj1a4
3TO yCIIOBUE UMEET BUA!

C

min

= Cl/]3ﬂ : N

it

rac Nmzl — KOJIMYCCTBO I'OTOBBIX I/I3,Z[CJ'II/II>i (HOCTyHI/IBIIII/IX Ha CKJ'Ia,I[);

C . ce0eCcTOMMOCTD MMpoOu3BOACTBA OAHOT'O U3ACIIUS, BBIYUCACT-

u3,

¢ 1o hopmyre:

)+CC6 +C +C,.

w3ri npi

Cp = nzl(qi +Cpi +C,
i=1
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B cnyuae Hajguuus Opaka ce0€CTOUMOCTD IIPOU3BOAUMOM MTPOIYK-
nuu yBenuuures u coctaBut C . . To ecTb K03hGULUUEHT yBeIUIECHUS

cebecToumMocTu OyAET paBeH
Kc = Cmax /Cmin :
3anuiieM B HACHTH(UKATOpaxX MCXOMHBIX JAaHHBIX U PE3yJbTaTOB
MOJICIIMPOBAHUS TO JKE CaMOe:

C..n =[(stkomplBlockl+stkomplBlock2 +stKomplBlock3+
+ stkomplBlock) + stShorki + stKontrlzd + stPriemlzd]- kolGotlzd;

C...x = costKomplBlock + costlzgBlock + costTestBlock +
+ costSborki + costTestlzd + costPriemkilzd + costBrakBlock;

K. = koefincrCostlzd = gﬂ
min
3ameuanue. B mpuBeeHBIX AJIS pacueTa pe3yIbTaToB MOAEITUPOBa-
HUS BBIPOKEHUSX MBI HE YUUTHIBAIN T€ OJIOKH, KOTOPHIE OBLIH TIPOU3-
BEJIEHBI, HO HE OBUIN MCIIOIL30BAHEI IS C60pKI/I U3EINM.

3.4.5. B600 ucxoonwix oannsix

st BBOZIa MCXOAHBIX TaHHBIX UCTIONB3yeM dneMeHTHl [lapamerp u
Berynok (cMm. . 3.1.7).

1. Bemonuute komanay ®aiija/Co3gars/Moaesb Ha TaHEN WH-
CTPYMEHTOB.

2. B mone Umsa moxenu nuanorosoro okHa Hoeasi Momens (cm.
puc. 3.1) BBenute Enterprise. Beibepute karanor, B KOTOpoM Oy-
IyT coxpaHeHs! (haiiinpl mojenu. [llenkanTte kHOTIKY [lasee.

3. Ha otkpeiBiIeiics BTOpoii cTpanuiie MacTtepa co3naHusi Mo-
neau (cM. puc. 3.2) BeiOepute HauaTh co3maHme MOmeNIH «C HYJISD».
[Ilenkuure kHONKY [anee.

4. B Ilanxutpe Boinenurte [Ipe3entamus. Co3naiite o0iacTh mpo-
cMoTpa Data A pa3MeleHHs JIEMEHTOB HCXOAHBIX JAHHBIX.

5. Ileperamurte 3memeHT IIpsIMOYroJILHMK B HY>KHOE MECTO.

6. Ileperammute smemeHt text u Ha cTpanuiie OCHOBHBIE TTAHETH
CsoiicTBa B nnosie TekcT: BBeauTe VicXOOHEIE IaHHEE,

7. B Hanurpe Beigenure OcHoBHas. Ileperammre 351eMEHTHI
IlapameTp Ha 27€MEHT ¢ UMEHEM Vicxonuele nauHble. Pasmecture
UX TakK, KaKk IoKa3aHo Ha puc. 3.97. 3HaueHUs CBOICTB yCTAHOBUTE CO-
riacHo taom. 3.8.
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Tabnuma 3.8

DJ1eMeHTbI M UX CBOIiCTBA

ITapameTp berynoxk
3HaueHue
MunumansHoe | MakcumaibHOe
Wmsa Tun |no ymonua- Cs3arts ¢
HITIO 3HA4YCHUC 3HAYCHUC
aveTimeShopl |double 19 aveTimeShopl 10 100
aveTimeShop2 |double 11 aveTimeShop2 10 100
aveTimeShop3 |double 15 aveTimeShop3 10 100
aveTimeShop4 |double 18 aveTimeShop4 10 100
stkKomplBlockl |double 35 stkomplBlockl 20 100
stkKomplBlock2 |double 32 stkomplBlock?2 20 100
stkomplBlock3 |double 43 stkomplBlock3 20 100
stkomplBlock4 |double 48 stkomplBlock4 20 100
stlzgBlockl double 35 stlzgBlock1 20 100
stizgBlock2 double 27 stlzgBlock?2 20 100
stizgBlock3 double 36 stlzgBlock3 20 100
stlzgBlock4 double 37 stlzgBlock4 20 100
postKontrl int 2 postKontrl 1 20
postKontr2 int 2 postKontr2 1 20
postKontr3 int 2 postKontr3 1 20
postKontr4 int 2 postKontr4 1 20
procBrakBlockl doublef 0.02  procBrakBlockl 0 0.35
procBrakBlock2 double 0.03  procBrakBlock2 0 0.35
procBrakBlock3 (doublef  0.04  procBrakBlock3 0 0.35
procBrakBlock4 |double)  0.06  |procBrakBlock4 0 0.35
timeTestBlockl (double| 12 timeTestBlockl 10 100
timeTestBlock2 |double 16 timeTestBlock2 10 100
timeTestBlock3 |double 21 timeTestBlock3 10 100
timeTestBlock4 (double| 17 timeTestBlock4 10 100
stTestBlockl double 12 stTestBlockl 10 100
stTestBlock2 double 23 stTestBlock2 10 100
stTestBlock3 double] 32 stTestBlock3 10 100
stTestBlock4 double| 28 stTestBlock4 10 100
kolPunShorki int 2 kolPunShorki 1 20
timeSborki double| 22 timeSborki 10 100
stSborki double| 67 stSborki 30 100
kolStendKontrizd| Int 2 kolStendKontrizd 1 20
timeKontrlzd double 26 timeKontrlzd 10 100
procBraklzd double  0.05  |procBraklzd 0 0.35
stkontrlzd double 74 stkontrlzd 40 120
\verBlockl double  0.99  erBlockl 0.8 1
\verBlock2 doublel 0.9999 |verBlock2 0.9 1
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Oxonuanue 1ab1. 3.8

DJ1eMeHTbI M UX CBOiiCcTBA

ITapametp berynoxk
3HaueHne
MunuManeHOe | MakcuManbHOE
Nma Tun |no ymonua-| Css3aTb ¢
3HAYCHUEC 3HAYCHUEC
HUIO
\verBlockNum1 doubley  0.25 iverBlockNum1 0 0.35
\verBlockNum2 |double| 0.25 erBlockNum2 0 0.35
\verBlockNum3 |double| 0.25 erBlockNum3 0 0.35
\verBlockNum4 double  0.25 \verBlockNum4 0 0.35
timeZamBlock1|double| 12 timeZamBlock| 10 60
timeZamBlock2/double| 15 timeZamBlock?2) 10 60
timeZamBlock3|double 12 timeZamBlock3| 10 60
timeZamBlock4idouble 21 timeZamBlock4| 10 60
stZamBlockl |double| 34 stZamBlock1 20 100
stZamBlock2 |doublé 46 stZamBlock2 20 100
stZamBlock3 |double 38 stZamBlock3 20 100
stZamBlock4 |double| 54 stZamBlock4 20 100
kolPunPriem int 2 kolPunPriem 1 20
timePriemlzd |double 18 timePriemlzd 15 100
procBrakPriem [double  0.15  procBrakPriem 0 0.35
stPriemlzd double 53 stPriemlzd 40 100

8. B Haautpe Boigenure JiaeMeHThl ynpapiaeHus. [leperammre
1eMeHThl BeryHok Ha 3JIeMEHT C MMEHEM VICXOIHEIe HIaHHEE U
pa3MecTHTe HX Tak, Kak MOKa3aHo Ha puc. 3.97. 3HaueHUs CBOMCTB yc-
TAHOBUTE TaKKe corjacHo tadum. 3.8.

3.4.6. Bb1600 pe3yibmamos Mooeauposanus

s BBIBOZA pPE3yNIBTaTOB MOJCIHPOBAHUS HCIOIB3YEM DJIEMEHT
IIpocras mepemennas. J{ns ynobcrsa 0003peHUs M aHAN3a Pe3yib-
TaTOB MOJICIIMPOBAHUS pa3AeIUM WX Ha JIBE TPYIILL. B mepByro rpymmy
BKJIFOYHMM JIaHHBIE O KOJHMYECTBE IMOATOTOBIECHHBIX U 3a0paKOBaHHBIX
OJIOKOB W W3/IETHil, BO BTOPYIO TPYIIy — CTOUMOCTHBIE TOKa3aTelu
(YHKIIMOHUPOBAHUS TIPEATIPUITHS.

1. B Hammtpe Boigenute llpesentanmsa. Co3gaiite ob6macts npo-
cMoTpa Result misa pasmenienns 3aeMeHTOB IlpocTas mepeMeHHast.

2. lleperamure snement text u Ha crpanuiie OCHOBHBIE ITAHEIH
CsoiicTBa B 110j1e¢ TekeT: BBeauTe JaHHEE O KOJMUYECTBE I[IOI—
TOTOBJIEHHEIX U 3a0pakKOBaHHBIX OJIOKOB U M3IOEJIUMN.
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3. Ileperamure BTOpOIi 351eMeHT text u Ha crpanuile OCHOBHbIE
nanenn CpoiicTBa B mosie TekeT: BBenuTe CTOMMOCTHEE I[IOKA-
3aTenr QYHKUMOHMPOBaAHMA NPEeONpUaTHULI.

4, B Iaautpe Boeimenute OcHoBHas. [leperammre >3IeMEHTHI
IIpocras nmepemenHas. Pazmecture ux U AalTe UM MMEHA TaK, KaK
nokazano Ha puc. 3.98. Tum BcexX NMEPEMEHHBIX, MCHOIb3YEMbBIX JUIS
BBIBOJIa KOJTMYECTBA ITOATOTOBICHHBIX W 3a0paKOBaHHBIX OJIOKOB U W3-
JIeUil Ha TeKyllee MoJeabHoe BpeMs — int. Tun nepeMeHHbIX AJid
BBIBOJIa CTOMMOCTHBIX TIOKa3aTeliell paboThl npeanpustus — double.
3HavyeHHe MO yMOJTYaHHUIO paBHO 0.

3.4.7. llocmpoenue cobbimuiinoii yacmu mooenu

B co0bITHiiHYI0 YacTh MOZENH BKJIIOYMM YKa3aHHbBIE PaHEE CErMEH-
TBI COTJIACHO MPEACTABICHUIO NMPEANPHUATHS KaK CHCTEMBI MacCOBOTO
oOcayxuBaHus (cM. 1. 3.44).

1. B Ianutpe Boinenute Ilpesentanus. [leperamure smeMeHTs
CpyrJieHHbIH NPSIMOYTOJIbHUK U Pa3MECTUTE TakK, Kak Ha puc. 3.99.

2. lleperamure 3neMeHTH teXt 1 Ha cTpanulic OCHOBHBIE IaHe-
mu CpoiicTBa B mosie TekeT: KaXJ0ro 3jieMeHTa BBEAWTE Ha3BaHUS
AJIIEMEHTOB, MTOKa3aHHbIE Ha puc. 3.99.

Mogenb Oyner cojiep)kaTh TP aKTUBHBIX 00BEKTA, JIEMEHTHI KOTO-
PBIX HE MOTYT (PM3NYECKH BMECTUTHCA B O0JIACTh JUAarpaMMbl B OKHE
MPE3EHTAlUN TIPU BBIIOJHEHUM MOJENIN, MOJTOMY HCIOIBb3yeM s
Ka)XJIOT0 aKUBHOT'O OOBEKTa CIIEUANBbHBIN JIEMEHT — 00acmy npo-
cmompa. BriocneicTBUM OpraHu3yeM MepeKiIioueHre Mex Iy o0macTs-
MU IPOCMOTpA.

Co3paiiTe 001acTh MPOCMOTpPa JAJIsl pa3MEILEeHHs 3JIEMEHTOB Ha ua-
rpamme Kiacca Main.

1. B ITaautpe Boeimenute Ilpe3sentaunmsa. Ileperamure 3iieMeHT
O0JaacTh MpoCcMOTPA B JIEBBIH BepXHHUH yrou (cM. puc. 3.99). Ha nua-
rpaMMme MOSBUTCS 3HAYOK SIKOPS 3TOH 00J1acTH MPOCMOTpA.

2. TIlepeiigure Ha crpanuily OcHoBHbIe maHeau CBoiicTBa.

3. B noxe Uma: BBeauTe Mainview.

4. 3apaiiTe, kak OyAeT pacrmojaratbcsi 00acTh IPOCMOTPA OTHO-
CUTEIIBHO €€ K0P, C TOMOIIBIO 3JIeMeHTa yIipaBieHus: BoIpaBHUBATH
o: BepxH. JeBoOMy yIJly.

5. BreiOepute pexuM MaciITaOUPOBAHUS U3 BBIMAJIAIONIETO CITH-
cka MacmrabupoBanme: [[0O0OTHATH IOX OKHO.
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3.4.7.1. AmuTaums padoTsl EeX0B NMPeANPUSITUS

JlaHHBIH CeTMEHT IpeaHa3HAa4YeH IJI MMHUTAlUU paboThl LEXOB, TO
€CTh M3TOTOBJICHUS U BBIITyCKa OJIOKOB 4epe3 Cly4ailHble WHTEPBaJbl
BpPEMEHH, CUeTa KOJMUYECTBA U3TOTOBJIECHHBIX OJIOKOB, CTOMMOCTH KOM-
TUIEKTYIOINX W3TOTOBJICHHBIX OJOKOB MO THIAaM W 3a MpEINpHsiTHE,
CTOMMOCTH H3TOTOBJICHUS OJIOKOB IO THIIAM U CYMMAapHOI CTOMMOCTH
3a MpeanpusiTue.

1. B Ilaautpe Boyienute Enterprise Library.

2. Tleperamurte s;meMeHT SOUrSe Ha jauarpamMmy kiacca Main u
pa3MecTHTe B CKPYTJIEHHOM MPSIMOYTOJIbHUKE C UMEHEM Llexa.

3. Jlnst 3amucu v XpaHEHHs TapamMeTpoB OJOKOB M M3ACTHA B J0-
MOJIHUTENBHBIE MOJII 3a4BOK HY)KHO CO3J1aTh HECTaHAAPTHBIA KIacc
3agBku. Co3maiiTe Kitace 3asBKu Product.

4. B nanenu [IpoeKT IENKHNUTE TPABO KHOMKOW MBIIIN 3JIEMEHT
MOJIENIM BEPXHETO ypOBHSA AepeBa U Boioepute Co3naTth Java Kiacc.

5. TlosiButcs auamoroBoe okHo Homwiid Java kiace (cM. pwuc.
3.32). B mone Um#a: BBeAuTE NMS HOBOTO Kjlacca Product.

6. B mone ba3oBblii kjacc: BeIOEpHUTE U3 BBHINMAAIOIIETO CIIHCKA
com.xj.anylogic.libraries.enterprise.Entity B Ka-
yecTBe OazoBoro kiacca. [l{enkaure kHOTIKY JlaJiee.

7. llosButcs BrOpas crpannna MacTtepa co3nanus Java Kiacca.
JobGasbTe cnenmyrompe moist Java kimacca, KOTOpble MOTPEOYIOTCS B
JabHEeHeM py pa3padoTKe MOJIEIH:

int numBlock;
int signl;

int numBlBrakl;
int numBlBrak?2;
int numBlBrak3;
int numBlBrak4;
double timeSbor;

8. OcraBbre BBHIOpaHHBIMH (raxkkun Co3AaTh KOHCTPYKTOP H
Co3znaTtb Meton toString().

9. Illenxuure kHOomKy I'oToBO. IlOSIBUTCA pepakTop KoAa U aBTO-
MaTHYECKH CO3JaHHBIA KOJ[ BaIIero Java kimacca. 3aKkponTe KoJI.

10. Beigenure snemeHT sourse. Ha crpanuiie OCHOBHbBIE MaHEIN
CBoiicTBa yCcTaHOBUTE CBOICTBa coriacHo puc. 3.100.

11. IllenxHuTe BBIAENEHHBIA SOUISE MpaBOi KHOMKOW MBIIIN U B
KOHTEKCTHOM MeHI0 BeiOepuTe KonupoBats.
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12. BcTtaBbTe B CKPYIVICHHBIA NPSIMOYrojbHHUK ¢ umeHem Ilexa
elie Tpu dieMeHTa Sourse. PazmecTuTe MX BEPTUKAIBLHO OIUH IO
npyruMm. Bo BpeMs BCTaBKM HMEHa DJICMEHTOB OYAyT W3MEHSTHCS:
uex?2, uex3, uex4.

13. OnHako oCTalbHBIC CBOMCTBA OCTAHYTCS TAKUMHU XKe, Kak U Y
aneMeHTa 1ex1. [loaToMy, mocaea0BaTENBHO BBIAEISS BTOPOH, TPETUI
Y YETBEPTHIM 31eMEHTHI SOUNSE, CKOPPEKTUPYUTE UX CBOMCTBA COIJIAC-
HO Taoi. 3.9.

3.4.7.2. AmuTauus paéoTbl MOCTOB KOHTPOJISI 0JI0KOB

Kaxnpiii 1ex uMeeT OoCThl KOHTPOJIsl OJIOKOB OHOTO THma. [TocThl
KOHTPOJISI TIPEeJHA3HAYCHBI IS IpHUeMa OJIOKOB M3 I1eXa, TECTUPOBAHHS
WX, OTIIPABKH UCIIPABHBIX OJIOKOB Ha MyHKTHI COOPKU U3MeNnH, a Opaka
— Ha ckJa 3a0pakoBaHHBIX OJIOKOB.

st pa3menienus: 3IeMEeHTOB, IMUTHPYIOIIMX PadOTy MOCTOB KOH-
TpOoJIs OJI0KOB, CO3/IaliTe HOBBIN KJIacC aKTUBHOTO 00beKTa Test.

1. Ha nanenu IIpoekTt mienkaute Main, ¢ KOTOpbIM BbI ceifdac
paboTaeTte, MpaBOil KHOMKOW MBIIIN ¥ BEIOCPUTE U3 KOHTEKCTHOTO Me-
Hio Co3narb/Kitacc akTHBHOT0 00beKTA.

Tabmuma 3.9
CBoiicTBa 3JIEMEHTOB Sourse

Nms CsolicTBa 3HaueHus
nex2|0robpaxars UMs Ycranosure Qiaxkok

Krnacc 3asBku Product

3asBKH MPHUOBIBAIOT CO-

rJ1acHO Bpemenn Mexay npuOBITHIMA

Bpemst Mexty npuOBITHS-

MU exponential (1/aveTimeShop2)

KonngecTBo 3asBOK, npu-
OBIBAIOIIMX 32 OJMH pa3

HoBas 3asgBka 1
HeiicTBue npu BeIxoe New Product ()
kolIzgBlock2++;

entity.numBlock = 2;
costKomplBlock2 +=
stKomplBlock2;

costKomplBlock +=
stKomplBlock2;

costIzgBlock2 += stIzgBlock2;
costIzgBlock += stIzgBlock2;
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Krnacc 3asBku

3asiBKU MPHUOBIBAIOT CO-
TJ1aCHO

Bpems mexay npuObITHS-
MU

Kommyecto 3asBOK, npu-
OBIBAIOIINX 33 OJIUH pa3
HoBas 3asgBka

JeiicTBue npu BeIX0z1€

Oxonuanwue Tabm1. 3.9
Nwms CpoiicTBa 3HayeHNs
nex3|0Tobpaxars UM YcraHoBUTE (QrIakoK

Kunacc 3aaBku Product

3asBKH MPUOBIBAIOT CO-

TJIaCHO Bpemenu mexay npuObITHAMA

Bpems mexay npuObITHS-

MH Exponential (1/aveTimeShop3)

KonunuectBo 3asBoK, pu-

ObIBaroIIMX 3a oaMH pa3 |1

HoBas 3asBka New Product ()

JlelicTBue mpu BBIXO/IE kolIzgBlock3++;
entity.numBlock = 3;
costKomplBlock3 +=
stKomplBlock3;
costKomplBlock +=
stKomplBlock3;
costIzgBlock3 += stIzgBlock3;
costIzgBlock += stIzgBlock3;

uex4|0Orobpaxarb UMs YcranoBure (iaaxok

Product
Bpemenu Mexay npuObITUAMU
Exponential (1/aveTimeShop4)

1
New Product ()
kolIzgBlockd++;
entity.numBlock =
costKomplBlock4 +=
stKomplBlock4;
costKomplBlock +=
stKomplBlock4;
costIzgBlock4 += stIzgBlock4;
costIzgBlock += stIzgBlock4;

4;

2. Otkpoercst okHo HoBBIif Kj1acc aKTHBHOTO 00bEKTA.

3. B mome UMms: 3amaiite nMst HOBOTO Kitacca Test.

4. Ecmu HyXHO, B moie QOnucanue: BBEAUTE ONMUCAHUE CYIITHO-
CTH, MOJIETIUPYEMOM 3TUM KIIACCOM.
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5. Ilenxaute kHONKY I'0TOBO.

Co3paiite 001acTh MPOCMOTpa Ha nuarpaMme kiacca Test s pas-
MEIIEHUS JIEMEHTOB cerMeHTa I10cThI KOHTPOJIst 0J10KOB.

1. B Haautpe Boimenute Ilpe3enTamus. [lepetamure sneMeHT
O0/1acTh IPOCMOTPA B HYXKHOE MECTO.

2. lIlepeiigure Ha crpanuiyy OcHoBHble nanenu CBoiicTBa.

3. B mome Ums: BBenute Kontrol.

4. 3apaiite, Kak OyJeT pacronaratbcsi 00JacTh IPOCMOTPa OTHO-
CUTEIIBHO €€ SKOPsl, C OMOILBIO 3JIEMEHTA yIpaBieHusl BoIpaBHUBATH
0. BepxH. JIeBOMYy YIJIY.

5. BpiOepute pexxuM MaclITaOMPOBAHUS W3 BBINAAAIONICTO CIIH-
cka MacwrabupoBanme: [lonoTHATL [I0L OKHO.

CornacHo yka3aHHOMY paHee Ha3HA4YeHHUIO IIOCTOB KOHTpoJisi Oio-
KOB HYXKHO CJIeJIaTh TaK, YTOOBI YeThIpEe THIA OJIOKOB MepeAaBaluch U3
[CXOB Ha CBOM ITOCTBI KOHTPOJIA, UCTBIPE TUIIA TCCTHUPOBAHHBIX U HUC-
NpPaBHBIX OJIOKOB MOCTYNAJIM HAa MYHKTHl COOPKM H3IENHH, a 4eThIpe
THTa 320paKOBaHHBIX OJIOKOB — Ha CKJIa]l 3a0paKOBaHHBIX OJIOKOB.

Co3paiiTe 2IeMEHT HOBOTO Kilacca akTUBHOTO 00bekTa Test.

1. W3 Iamutper OcHoBHas meperammre dmeMeHT Ilopt m pas-
MECTHTE CBEpXY B KpaitHem JeBoM psay (puc. 3.101).

Puc. 3.101. Pazmemenne anementoB Ilopt Ha oO6bekte Test
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2. Ha crpanune OcHoBHbIe manenn CBoOMCTBA MM port 3ame-
HUTE UMEHEM Biiok1.

3. Ckomupyiite anement IlopT ¢ umenem Biiok 1.

4. Bcraere Tpu anmementa Ilopt (cm. puc. 3.101). Ilpu BcTaBke
MOCIIEOBATENIbHO OyAyT HW3MEHSAThCS WX HMEHa: BJjiok2, BJok3,
Brnox4.

5. W3 IManutper OcHoBHas neperammte d>nemeHT Ilopt u pas-
MECTHUTE CBEPXY B cpenHeM psaay (cm. puc. 3.101).

6. Ha crpannie OcHoBHble manenn CBoOMCTBA MM port 3ame-
HUTE UMEHEM Bpakbiil.

7.  Cxomupyiite anement Ilopt c nmenem BpaxBiil.

8. Bcrasete Tpu smementa Ilopt (cm. puc. 3.101). [Ipu BcTaBke
MOCIIEIOBATENEHO OyIyT U3MEHATHCSA UX UMEeHa: BpakBi2, BpakBn3,
BpaxBmn4.

9. U3 IManmurpel OcHoBHasi neperantute 31emeHt Ilopt u pas-
MECTUTE CBEPXY B KpaiiHeM mmpaBoM psaay (cM. puc. 3.101).

10. Ha crpanune OcHoBHble naHenn CBoicTBa UMs port 3ame-
HUTE UMeHeM T'oTBiIl.

11. Cxomnwmpyiite snemenT Ilopt c umenem I'oTE1l.

12. Bcrasbre Tpu 3nementa Ilopt (cm. puc. 3.101). IIpu BcTaBke
IIOCJIEI0BATEIIHFHO 6yzLyT M3MEHATBCS MX MMEHa: I'oTBn2, I'oTBiu3,
T'orBn4.

13. Tlo mepe pasmenienusi 3nemMeHToB IlOpT OHM aBTOMAaTHYeCKH
OyayT 0OBEANHATHCS IPSIMOYTOIBHUKOM (C MYHKTUPHBIMU JTUHUSMU) U
MOSIBUTCS HAAMHUCh 3HAUOK.

14. Bo3sBparuTech Ha auarpammy kjiacca Main.

15. Ha mamemu IIpoekTt BbImenuTe Test, meperamure Ha JHa-
rpaMMy Kiacca Main smemeHTt kiacca Test, pa3MecTHTE W COEAMHHUTE
Tak, kak Ha puc. 3.102. [lopter bpakbnl.. . bpakbn4 coeaunure c aie-
MeHTOM sink cermenta Ckyiaa 6paKkoBaHHBIX 0JI0KOB, IPEIBAPUTEITD-
HO pa3MeCTHB €ro TaM.

16. DnemeHT AMarpamMMbl aKTHBHOTO Kiacca Test cozgan. Bosspa-
TUTECh Ha AnarpaMmy kiacca Test.

s umutanuu paboThl MOCTOB KOHTPOJISE OJIOKOB OHOTO THMA (0.1
HOT'O 1IeXa) HaM NOTPeOYIOTCS JIEMEHTHI:

gqueue — UMHTALKS CKIa/la H3TOTOBJIEHHBIX 1IEXOM OJOKOB;

delay — mmMuTaIist BpeMEHH TECTUPOBaHHUs OJIOKa;

selectOutPut — umuTanus npouecca OpaKOBKH OJIOKOB.
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Puc. 3.102. JIo6aBneH sneMeHT quarpaMMsl kiiacca Test

JlobGaBbTe Ha quarpaMmy kiacca Test ajemMeHTsI kitacca Queue.

1. U3 6ubmmoreku Enterprise Library neperamrure snement queue
U pa3MEeCTUTE ClIeBa CBEPXY, Kak Ha puc. 3.103.

2. Ha crpannne OcnoBHble maHenu CBOWCTBa 3aMEHUTE UMS
queue nMeHeM CKJIV3TBsl (CKIaa U3TOTOBJICHHBIX OJOKOB Iiexa 1).

3. B mone Kiacc 3asaBkn: Entity 3amenure Product.

4. YcranoBute BMecTHMOCTB: MakCUMaJsbHAS.

5. CkomupyiiTe 2JIeMEeHT ¢ UMeHEeM CKJ/3TBI1l.

6. BcraBeTe M pasmectuTe TpHU 3JieMeHTa Kiacca Queue (cwm.
puc. 3.103).

Jlo6aBbTe Ha nuarpamMMy Kinacca Test anementsl kiacca Delay.

1. U3 6ubamorexku Enterprise Library meperamure anement delay

W pa3MEeCTHTE CcIIpaBa pPsIOM C JJIEMEHTOM CkJIVM3TBil, Kak Ha
puc. 3.103.

2. Ha crpanuiie OcHoBHbIe nanenu CBoiicTBa 3ameHute ums de-
lay umenem nocTKouTpBsiok1 (MOCTH KOHTPOJIsS OJIOKOB 1exa 1).

3. B mone Kiacc 3asaBkn: Entity 3amenure Product.

4. Beenute B moiie Bpemsi 3amepiKku: exponential
(1/get Main() .timeTestBlockl).
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5. Beeaute get Main () .postKontrl B none BMecTumMocTb:.

6. [eiicTBue npu BbIX01€
get Main() .kolTestBlockl++;

get Main () .sumCostBlockl=get Main () .costKomplBlockl+
get Main() .costIzgBlockl+get Main() .costTestBlockl;
get Main () .sumCostBlock=get Main () .sumCostBlockl+
get Main () .sumCostBlock2+get Main() .sumCostBlock3+

get Main () .sumCostBlock4;
7. CkomupyiiTe 3JIEMEHT C UMEHEM rocTKoHTpBsiok 1.
8. BcraBbTe 1 pasmectute Tpu dneMenTa delay (cm. puc. 3.103).
9. TlocnenoBarebHO BBIAEINTE U BHECHTE MPABKU B UX CBOWCTBA
('Ta6m. 3.10). BHecuTe mpaBku U B cBOMCTBO JlelicTBHE MPH BHIXOJE.

Tab6muma 3.10

Nwmst Bpewms 3anepxku BmectumocTh
noctKontpbnok2 |exponential get Main() .
(1/get Main () .timeTestBlock?2) postKontr2

noctKoutpbiok3 |exponential get Main() .
(1/get Main () .timeTestBlock3) postKontr3

noctKontpbnok4 |exponential get Main() .
(1/get Main () .timeTestBlock4) postKontr4

Jlo6aBbTe Ha auarpamMmy Test anemenTsl kiacca SelectOutPut.
1. Tleperamure snement SelectOutPut u pasmecture cmpaBa psi-
JIOM C d5eMeHToM rnocTKoHuTpBnok1, kak Ha puc. 3.103.
2. Ha crpanune OcnoBHble nanenu CBoiicTBa 3aMEHUTE UMS SE-
lectOutPut umenem Or6paxBiiok1 (oTOpakoBKa 0JIOKOB mexa 1).
3. YcraHoBuTe CBOHCTBA 3JIEMEHTA cOracHo puc. 3.104.
4. CkonmpyiTe 35IeMeHT ¢ uMeHeM OT6pakBioxl.
5. BcraBbre TpH 21emenTa kinacca SelectOutPut (puc. 3.103).
6. IlocnemoBarenbHO BBLAEIUTE BCTABJICHHBIC HJIEMEHTHI U CKOP-
PEKTHPYHTE 3HAUYEHUsI UX CBOMCTB coriacHo Tadu. 3.11.
7. CoeanHuUTE BXOIBI M BBIXOJBI 3JIEMEHTOB JHAarpaMMbl Kiacca
Test cornacnHo puc. 3.103.
Kon B cBoiictBo JeiicTBHe mpu BbhIxoae (true) BBemeH s ydera,
Hampumep, i mnexa 1:
gotBlockl — xonmyecTBa roTOBBIX OJIOKOB Iexa 1;
costTestBlockl — croumocTn koHTpOIIS 010KOB 1IeXa 1;
costTestBlock — cronmocT KOHTpOJISt OJIOKOB BCEX IIEXOB.
Kon B cBoiicte [leiictBue npu Boixoae (false) obecrnieunBaer cuer
xonmuectBa brakBlockl 3abpakoBanHbIX 010KOB 11eXa 1.
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Tabmuma 3.11

CBoiicTBa

3HaueHHne

Nmsa
Brixon true Beroupaercs
BeposrrocTts [0...1]

OrbpaxkBiok?2
C 3amaHHOI BEPOSTHOCTHIO
l-get Main() .procBrakBlock2

Brrxon true Berbupaercs
BepostHocts [0...1]

HetictBue npu Boixoje (true) | get Main () .gotBlock2++;
get Main() .costTestBlock2 +=
get Main() .stTestBlock2;
get Main () .costTestBlock +=
get Main() .stTestBlock2;
Heiicteue  mpu  Beixoge | 9et_Main () .brakBlock2++;
(false) entity.signl = 1;
entity.numBlBrak2 = 1;
Nwms OrBpakxBiox3

C 3aaHHOI BEPOSITHOCTBIO
l-get Main() .procBrakBlock3

Brrxon true Beroupaercs
BepositHocTs [0...1]
HeiictBre mpu Beixoze (true)

etictBue
(false)

Ipyu  BBIXOJE

Jelicteue npu BeIxoze (true) | get Main () .gotBlock3++;
get Main() .costTestBlock3 +=
get Main() .stTestBlock3;
get Main() .costTestBlock +=
get Main() .stTestBlock3;
Jeiictue  mpu  Beixoge | 9et_Main () .brakBlock3++;
(false) entity.signl = 1;
entity.numBlBrak3 = 1;
Nwms OrBpaxBrox4

C 3a1aHHOI BEPOSITHOCTBIO
l-get Main () .procBrakBlock4

get Main () .gotBlock4d++;
get Main() .costTestBlock4 +=
get Main() .stTestBlock4;
get Main() .costTestBlock +=
get Main() .stTestBlock4;
get Main() .brakBlock4++;

entity.signl = 1;
entity.numBlBrak4 = 1;

B mone entity.signl 3amuceiBaeTcs 1 — mnpu3Hak Opaka Ha TIOCTax
KOHTPOJISI, @ TAaKXKe eIMHMIIA 3amuchiBaeTcst B moiie entity.numBlockl.
OT0 HYXXHO JUIA Pa3/IelIbHOTO cueTa 3a0paKkoBaHHBIX OJIOKOB.

[epetiquTe Ha TUarpammy kiacca Main.
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3.4.7.3. AmuTaums padoTsl NyHKTOB COOPKH M3 TN

IIyHKTBI COOpPKM MBS TTpeIHAZHAYCHBI IS TIpreMa TPOIIE X
TECTHPOBaHHUE OJIOKOB C TTIOCTOB KOHTPOJIS, COOPKH M3AETHil U3 OJIOKOB,
3aMeHBI 3a0paKOBaHHBIX OJOKOB M OTIPAaBKU MX Ha CKJIaj 3a0pakoBaH-
HBIX OJIOKOB.

Jns pa3MerieHnss 3JIeMEHTOB WMHUTAIMH PabOTHl MyHKTOB COOPKH
W3IEIIANA CO3IaliTe HOBBIN KJlacc aKTUBHOTO 00bekTa Shorka.

1. Ha nanenu IIpoekT menkaure Main npaBoii KHOIKOW MBI U
BEIOEpUTE M3 KOHTeKCTHOro MeHI0 Co3marh/Kimace akTHBHOIO 00b-
eKTa.

2. Ortkpoetcs okHO HOBBIN KJIacCc aKTUBHOTO 00HEKTA.

3. B mone Ums: 3apaiiTe umst HOBOTO Kilacca Sborka.

4. Ecmm HyxHO, B mone Onucanue: BBEIUTE ONMCAHUE CYITHO-
CTH, MOJIETIUPYEMOM 3TUM KIIACCOM.

5. Ilenxuute xkHOTIKY I'0TOBO.

Co3snaiite 007acTh MPOCMOTpa Ha auarpamme Kiacca Sborka mis
pa3MelieHus A1eMeHTOB cerMeHTa IIlyHKThI cO00pKH M3/1eTuil.

1. B Maaurtpe Boinenure Ilpe3enramus. Ileperammure 371eMeHT
Oo6s1acTh IPOCMOTPA B HYKHOE MECTO.

2. Ilepeiigure Ha crpanuiyy OcHoBHble maneny CBoiicTBa.

3. B mome Ums: BBemuTe Sbor.

4. 3apnaiite, kak OyaeT pacroiaratbcsi 00JIacTh IPOCMOTPa OTHO-
CUTEIIBHO €€ SKOPs, C TOMOIIBIO 3JIeMEHTa yIipaBiieHus1 BoIpaBHUBATH
no: BepxH. JIeBOMY YIULY.

5. Bribepute pexxuM MacmTaOMpOBaHUS W3 BHIMAJAIONIETO CITH-
cka MacmradupoBanme: [[oOgOTHATE IO OKHO.

CornacHO Ha3HAYEHUIO MYHKTOB COOPKH W3AENUH U CBSI3U HX C
JIPYTHMU CETMEHTaMH MOJIEIH HEOOXOANMO MMETh: YEThIPE MOpTa JJIs
MpreMa TOTOBBIX OJIOKOB C TIOCTOB KOHTPOJIS U OJUH MOPT — JJIS OT-
MIPaBKU COOPaHHBIX U3ZETUI Ha CTEHAB! KOHTpoJs. Takke HyKeH OJIMH
MOpPT — /ISl TipreMa OpaKOBaHHBIX W3JIENHNA C TENBI0 ONMpPEeIICHUus U
3aMEHbI B HUX 3a0paKOBaHHBIX OJIOKOB M OIMH MOPT — JUISI OTIIPABKU
3a0paKkoBaHHBIX OJIOKOB IMOCJE WX 3aMEHbl Ha CKJIaJ 3a0paKOBaHHBIX
0JIOKOB.

1. U3z MNamutper OcHoBHas neperamute 3neMedT Ilopt u pas-
MECTUTE CBEpXY B KpaiiHeM JieBoM psay (puc. 3.106).

2. Ha crpanune OcHoBHbIe manenn CBoO#CTBAa UMs port 3ame-
HUTE UMeHeM I'oTBiok 1.

3. Ckommupyiite anement Ilopt ¢ umenem I'oTBsiok 1.
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MNotThnl CobGplsa
O O

NoTbnZ Bpakiisa
O O

MNotbms
O

Notbmt Bpakbn
O O

Puc. 3.106. Pasmemenne snementos Mopt Ha o6bekTe Shorka

4. Bcraebre Tpu 3nementa [Mopt (cm. puc. 3.106). IIpu BcTaBke
IIOCJICIOBATEILHO 6yI[yT U3MEHAThCA UX MMeHa: I'oTBjiok2, I'oTB-
Jok3, T'oTBiiok4.

5. W3 Tlanutper OcHOBHAas TepeTalIUTe eIe TPH 3JIEMEHTa
HopT, pazmecTuTe UX U AaiiTe UMeHa Kak Ha puc. 3.106.

6. BozBparutech Ha quarpammy kiacca Main.

7. Ha manmenmu [Ilpoekt Bbienute Sborka, meperamunTe Ha aua-
rpammy kiacca Main anemeHT sborka, pasmecTure W coeluHHUTE Tak,
kak Ha puc. 3.107. ITopt Bpakbn coenunute ¢ aemMenToM sink cermen-
Ta Cryag OpaKoBaHHbBIX 0JI0KOB.

8. DieMeHT aumarpamMmbl akTUBHOTO Kiacca Shorka cosman. Bos-
BpaTUTECh Ha TUarpammy Kiacca Shorka.

Jns peanuzanuy cerMeHTa UMHUTAIMH pabOTHl ITYHKTOB COOpPKU U3-
JeNUi HaM MOTPEOYIOTCS 3JIEMEHTHI, HO TIPEXIe MBI PACCMOTPUM Ba-
pHAHT MOCTPOEHUS 3TOTO CETMEHTA.

COopka W3aenusi HauWHaeTcsl TOT/a, Korga OyAyT TOTOBBI YeThIpe
6J10Ka (110 OIHOMY KaXKIOTo U3 YeThIpex TUmoB). [lomaraem, 9to Bpems
TOTOBHOCTH OJIOKOB pa3iinuHOEe. 3HAYHT, HY)KHO BOCIOJIB30BaThCS Ta-
KuMH 21eMeHTamMu AnyLogic, koTopble npenHa3HauYeHbl sl CHHXPO-
HU3AIMM JIBIDKCHHS 3asSBOK (B JTAHHOM Ciydae OJIOKOB). DJIEMEHTHI
Kiacca Match mpeaHa3zHadeHbl UMEHHO JUIsi CHHXPOHH3AIHH JIBHKCHUSI
JIBYX 3a51BOK.
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Lexa MocTkl KOHTpONA MyHKTBI CEOPKN
GroKoe H3genui
uexl Bnokl  BpakBnl MoTtEnl loTenl Cobplsa

—a = ] O

Lexd Bnok2 | Bpakbm2 Motbn2 [oTBrZ Bpakksn

—l = fa] O
uexd Enox3 | EpakBrd TotEmd FoTEm3
O & &
uexd Bnokt | BpakBmd FotEmd loTbmt Bpakbn
Ox: & C &
\ VAN AN J

Puc. 3.107. obaBiieH aeMeHT quarpaMMsl Kiacca Shorka

Ilocne TOTOBHOCTH 4YeThIpeX OJIOKOB ISl JaJIbHEHINEH MMHUTAIMH
mporecca COOPKH HYXKHO STH YEThIPE 3asBKH OOBEAWHUTH B OJIHY H
HHTEPIPETUPOBATh €€ Kak u3zaenne. B AnyLOgiC HMEIOTCS 3JIEMEHTHI
HEKOTOPBIX KJIACCOB, KOTOPBIC MO3BOJISIOT OCYIIECTBUTH HYKHOE HaM
obobenuuenue. [IpumennM anemeHTsl Kiacca Combine, mo3Bosisitomue
U3 JIBYX 3asBOK MOJYYHTh OJTHY.

IMpouecc oObearHEHUST OyIEeT MPOUCXOJUTH MO MEPe TOTOBHOCTH
0JIOKOB, 3HAYUT, HAa MyHKTE COOPKU OYAET CO3/IaBaThCsl OYepe.lb, JJIs
AMUTAIIHA KOTOPOH HYXXHO MCITOJIB30BaTh 3JIEMEHT UEUE.

JIyiss UMHTAIMK HEMOCPEICTBEHHO Mpoliecca COOPKHU CenyeT B3ATh
aneMeHT delay, a Juis pasjielieHus MOTOKa W3S Ha COOpaHHbIE Iep-
BUYHO W HA W3JIENIHS C 3aMEHHBIMHU OJIOKaAMH IOCie OpaKOBKU — dJie-
MeHT selectOutPut.

Peanu3syiite, COrlacHO H3I0KEHHOMY, 4aCTh CETMEHTa WMHTAIUH
paboTHI MYHKTOB COOPKH.

1. U3 6ubmmorexu Enterprise Library meperamure deTsipe site-
MeHTa match u tpu snementa combine. PacmonokuTe u COeTUHUTE UX
Tak, Kak Ha puc. 3.108.

2. Tleperammute smements queue, delay, selectOutPut, pasmectu-
T€, COEIMHUTE U JAailiTe UM uMeHa coriacHo puc. 3.108.
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IToouepenHO BBIAETUTE KaXKIBIM M3 3THX 3JEMEHTOB M Ha CTPaHHU-
nax OcHoBHbIe naHenu CBOWCTBA YCTAHOBUTE JIJIS:

match...match3:

Kaaccsl 3asBok: Bxoal, Bxoa2: Product, Product

YcnoBus coorBeTcTBUS true

MaxkcumaabHasi BMECTUMOCTD 1

MaxkcumanbHasi BMECTHMOCTD 2

combine...combine2:

Kaaccsl 3asBok: Bxoal, Bxoa2, Beixoa: Product, Product,
Product

O0bennHeHHAs 3aABKa entityl

queue:

Kaacc 3agBkn: Product

MakcumanbHasi BMECTUMOCThD

selectOutPut:

Kaacc 3agBkn: Product

Boixoa true Beionpaercs [Ipu BeIOTHEHUH YCIOBUS

YceaoBue entity.signl == 0

OnemeHTH match u matchl oGecriednBalOT CHHXPOHHU3AIUIO JBU-
skeHust 0710koB 1 u 2, 3 U 4 COOTBETCTBEHHO. A 31eMeHTHl match2 u
match3 — 6mokoB 1 u 3, 2 u 4 COOTBETCTBEHHO. TakuM 00pa3oM,
obecreunBaeTcsl CHHXPOHU3AIMS IBHKEHISI YETHIPEX OJIOKOB.

Vka3aHue cBoiicTBa entityl B snmemenrtax combine...combine2 mo-
3BOJIIET TOJYYHTh Ha BBIXOJE CHadaima Combine, a morom combine2
3asBKy, UMHUTHPYIOIIYI0 W3HadabHO Oyiok 1. Ho Temepsr sta 3asBka
Oyner mmutHpoBath u3nenue. [loaromy Tompko aiis Hee paHee ObLIO
oTpezieNieHo 3HaYeHre NoJs entity. timeSbor (cM. puc. 3.100).

Nzpenus nocne aneMenTa nyHkTCOOPKM pa3JIesaioTcs Ha ABa MO-
TOKa: COOpaHHbIe M3eNusl MepBUYHO (entity.signl=0) u uzmenus
C 3aMEHEHHBIMH OJiokamu (entity.signl=2). Pa3nenenue HeoOXo-
JIUMO JJIsL ydeTa KOJIMYeCTBa U3JIeNINi ¢ 3aMEHEHHBIMU OJIOKaMH U KO-
JIMYECTBA 3aMEHEHHBIX OJIOKOB Pa3JIMYHBIX THIIOB, 3aTPaT Ha MEPBUY-
HYI0 COOpKY M31IesInii 1 Ha 3aMeHy OpakoBaHHBIX 070k0B (puc. 3.109).

Pasnienenre motoka HM3MENUN OCylIecTBiseTcs 3jeMeHToM Selec-
tOutPut o ycrmoButo entity.signl == 0, Tak KaK B cily4ae, €Clid
uzenre ObUTO 3a0paKkoOBaHO Ha CTEHAAX BBIXOJHOI'O KOHTPOJIA WIH Ha
MyHKTax MprueMa U3AeIui, Ipu3Hak entity.signl Oynet paBeH 2.

Caoiicta aemenTa delay ycranosute cormacuo puc. 3.109.
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[IpogomkuM MOCTPOEHHE CETMEHTa WMHUTAUKA DPAa0OTHI ITYHKTOB
cOopku u3nennii (puc. 3.110).

BpakoBanHble HM31€nUs NOCTYNAKOT yepe3 nopt Bpaxlzno. B 3ass-
K€, IMUTUPYIOLIEN TaKkoe u3Jenue, noie etity.signl = 2. B ox-
HOM W3 Tojled etity.numBlBrakl .. etity.numBlBraki4
ATOM JKe 3asBKM TaK)Ke 3alycaHa eIMHHIA. 3alicCh MPOU3BEACHA PH
OTOpaKOBKE Ha CTEHAAX KOHTPOJIS WM IyHKTaX IMpueMa U3Aeiauid. JTo
MBI clieNlaeM (3amuiieM) o3Ke TPy MOCTPOCHUH 3THX CETMEHTOB. J{iis
ompezaeneHus, Kakoi n3 610koB 1 ... 4 3a0pakoBaH B U3IEINH, HYKHO
UCIIONB30BaTh dimeMeHT SelectOutput5. DToT sieMeHT B OTIHYHE OT
anemenTa SelectOutPut mo3BossieT MpoBEPSTH MATh YCIOBHN M B 3aBH-
CHUMOCTH OT pe3yJIbTaTa MPOBEPKHU HAMPABIISAET 3asiBKY Ha OUH U3 TISATH
BBIXOJIOB (0OpaTHTe BHMMaHHWEe Ha MMeHa 3eMeHToB: SelectOutPut u
selectOutputb).

I'oToBBIE OMOKHM TOCTYMarOT 4epe3 MmopTel I'orBil .. T'orBmd.
[TosTomy ux Hazmo OBLITO OBI COETUHUTH C COOTBETCTBYIOIIMMH BXOJaMHU
anemMeHToB match ... matchl. Ho B 3a0pakoBaHHOM HW3/€IHUU HYXHO
3aMEHHTh KaKOW-TO M3 OJIOKOB. 3HAUYUT, B clydyae HaJu4yus 3a0pako-
BaHHOTO W3JIENHS HA/IO HAMPABUTH W3 MOCTYIMAIOIMINX OIIOKOB COOTBET-
CTByIOIIMHK ONOK Ha 3aMeHy. CrenaTrh 3T0 MOXKHO C HCIOJIb30BaHHEM
anementoB SelectOutPut. Kaxmeiii mopr TorBnil .. T'orBnd  co-
€IMHUTH C BXOJOM COOTBETCTBYOIIEro iemMenta SelectOutPut. Beixo-
JIbl true 3THX 3JIEMEHTOB COEJUWHUTH C COOTBETCBYIOUIMMHU BXOJaMHU
aneMeHToB match ... matchl. Takum oOpa3om, ¢ BBIXOIOB true roro-
BbIe OJIOKH OyAyT HAIlpaBIATHCS ISl TIEPBUYHON COOpPKM M3AENHH, a C
BbIx0/10B false — i 3amensl OpakoBaHHBIX 0JI0KOB. B kauectBe yc-
JIOBUSI pa3JIeNIeHns] TOTOKOB MOKHO HCIIOJIb30BaTh MPOCTHIE MEPEMEH-
Hble BpY3nBnl .. Bpl3nBmn4. Hanpumep, ecnu BpUz3nBn2 # 0,
TO UMeeTCs 3a0paKoBaHHOE H3/IeiHe ¢ OJIOKOM 2.

Jlnst nanbHeHIel peau3aliy nporecca 3aMeHbl 0JI0Ka HY)KHO 00b-
eIVHNUTH JIBE 3asBKM — WMUTHUPYIONIYIO 3a0pakOBaHHOE HW3JENHe U
MMHUTHUPYIOILYIO OJNOK AJisl 3aMEeHbl — B OAHY 3asBKy. s oObeauHe-
HUA ABYX 3as4BOK B OJJHY BOCHOHBSyI:ITCCB YK€ U3BECTHBIMH BaM JJIC-
MeHTamu combine.

C BBIXO/IOB 2JIEMEHTOB COMDINe 3asBKM, UMUTHUPYIOLIHE W3/CIHUS
JUISL 3aMEHBI OJIOKOB, HANPABIIAIOTCS B ouepeas ouepCOY 31 Ha BXOJE
HEIMOCPEICTBEHHO ITYHKTOB COOPKH M3ENHN Ty HKTCOOPKIA.

Kak yxe ormeuanoch paHee, U3€nUs MOCIE MyHKTOB COOPKH pas-
JIENSFOTCA Ha JIBa MOTOKA.
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CoOpaHHBIE TIEPBUYHO M3IEIHS C BBIXO/a true smementa SelectOut-
Put HanpaBisSOTCS HA CTEHIBI KOHTPOJIS, TO3TOMY 3TOT BBIXOJ HYXHO
COCIMHUTE ¢ IOPTOM COoOpPN31.

Wznenme ¢ 3aMeHEeHHBIM OJIOKOM HY>KHO BHOBH HAIPaBUTh HA CTEH-
JIbI KOHTPOJS. B TOke BpeMsi ero Hy)KHO y4ecTh Kak 3a0pakOBaHHBIN
0JIOK M OTIPABUTH HA CKJIaJl 3a0paKOBaHHBIX OJIOKOB. 3HAYUT, HEOOXO-
MO W3 OJHOW 3asBKU CAENATh ABE. I ATOr0 UCIONB3YyUTE 3JIEMEHT
split. OmuH BBIXOA TOrO DJIEMEHTa COETUHHTE C IOPTOM BpakBuii, a
JIpyroit — ¢ noproM Coop¥3m.

BrimomHUTE M3M0KEHHBIE peKOMEHIAINH pakTrdecku. [leperamu-
Te yeThIpe dnaemenTa kinacca SelectOutPut (vu meperaimuTe OuUH 31e-
MEHT, a OCTaJbHBIC TPH CKOMHUPYWTE), OAMH dJIeMEHT Kiacca Selec-
tOutPut5, wetkipe amemenTa kimacca Combine, OIWH 3JIEMEHT Kiacca
Split u 4eTbIpe MPOCTHIX NIEPEeMEHHBIX. Pa3mecTuTe, naiite UM UMEHa U
COEJIMHUTE Tak, Kak Ha puc. 3.110.

IloovyepeaHo BBIAETUTE HOBHIE IEMEHTHI M YCTAHOBUTE UX CBOWCT-
Ba coryacHo Tabm. 3.12.

Tabmnuua 3.12

CaoiicTBa | 3HaueHue
selectOutPut ... selectOutPut3
Nwms T'orBookl
Brixon true Berbupaercs IIpu BBINIOJIHEHUU YCIOBUS
YcioBue BpaklznBnl == 0
Nwms T'oTBnok2
Brrxon true Beroupaercs IIpu BBINIOJIHEHUU YCIIOBUS
Vcnoeue BpaklznBmn2 == 0
Nwms ToTByox3
Brrxon true Beroupaercs IIpu BBINIOJIHEHUU YCIOBUS
VcnoBue Bpaxl3nBn3 == 0
Nwms ToTBnok4
Brrxon true Beroupaercs [Ipu BBINIOJIHEHUU YCIOBUS
YcnoBue Bpaxl3nBn4 == 0
selectOutput5

Nms Bpakl3nenusa
Hcnonws3oBath VYcenoBus
Yenosue 0 entity.numBlBrakl == 1
Ycenosue 1 entity.numBlBrakl 1
Ycnosue 2 entity.numBlBrakl 1
Ycnosue 3 entity.numBlBrakl 1
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Oxonuanue 1abma. 3.12

CgoiicTBa 3HayeHUe

combine

Ums n3nBiokl

Knaccer 3asBok: Bxoxl,

Bxon2, Berxon Product, Product, Product

HeiictBue npu Bxoze 1 if (entity.numBlBrakl == 1)
BplznBnl ++;

OO0beuHEHHAS 3asBKa entityl

JleificTBHE NP BBIXOJIE if (entity.numBl1Brakl == 1)
BplznBnl --;

Nwms n3n0BJIoK2

Kuaccel 3asBok: Bxonl,

Bxon2, Beixon Product, Product, Product

HeiictBue npu Bxoze 1 if (entity.numBlBrak2 == 1)
BpM3nBn2 ++;

OObenrHEHHAs 3asIBKa entityl

JleiicTBre MpH BBIXOJIE if (entity.numBlBrak2 == 1)
BplzoBn2 --;

Nms n3nBiok3

Kraccrl 3asBok: Bxoxl,

Bxon2, Berxon Product, Product, Product

HeiictBue mpu Bxoze | if (entity.numB1lBrak3 == 1)
BplznoBn3 ++;

OObeauHEHHAS 3asBKa entityl

JleiicTBrE MPH BBIXOJIE if (entity.numB1Brak3 == 1)
BpM3nBn3 --;

Umsa n3nBiok4

Kiaccrl 3asBok: Bxoxl,

Bxon2, Berxon Product, Product, Product

HeiictBue npu Bxoze 1 if (entity.numBlBrak4d == 1)
BplznBnd ++;

OObenHEHHAS 3asBKa entityl

JleiicTBHE ITPH BBIXO/IE if (entity.numBlBrak4 == 1)

BpliznoBnd --;

split
Knaccer 3asBok: Opurunan,
Komnus: Product, Product
KonnuectBo konuii 1

Hosgas 3asBka (xomms)
JeiicTBue NIpHU BBIXOJ€ KOIIUU

new Product ()
entity.signl = 0;
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3.4.7.4. AmuTtanus padoThl CTEHA0B KOHTPOJISA M3 THI

CrteHapl KOHTPOJIS U3ENUN MTpeIHa3HaYeHBI IS IpreMa MEPBUIHO
COOpaHHBIX W3IEINH W HM3IENHN TOocie 3aMeHbl 3a0paKoBaHHBIX OJ10-
KOB, HEMOCPEJICTBCHHO TPOIeCcCa KOHTPOJS HM3ACIUi, OTIPaBKUA MpPO-
HISIINX KOHTPOJIb M3JCIUil HA MyHKTHI NMpHEeMa, 3a0paKOBaHHBIX W3-
JIeNMid — Ha TMYHKTHI COOpPKH, a TaKKe I MpHeMa 3a0paKOBaHHBIX
W3JICNIUN C ITYHKTOB MPUEMa U3]IEITHIA.

Ha ctenmax Oyaer co3maBaThCs ouepellb, JJII UMHTALUU KOTOPOH
HCIIOJIB3YWUTE 3IEMEHT (JUeue.

Jns iMuTanuy HETIOCPEACTBEHHO Tpollecca KOHTPOIS U3AETHil nc-
noJab3yiTe aement delay.

Ilo pesymbraTtaM KOHTPOJS HEKOTOpHIE H3AENUs OyAyT MpPU3HAHBI
6paxom. J{iist oTOpakoBKH pHMeEHHTE deMeHThI SelectOutPut.

1. Tleperamute 3meMeHThI queue, delay u nBa smemenrta Selec-
tOutPut Ha mpsmMoyronbHuK ¢ UMeHeM CTeHIbl KOHTPOJS W3IeJuii
nrarpaMmbl kiacca Main.

2. Pa3MecTuTe U COCIMHHUTE UX coryiacHo puc. 3.111.

3. Berigenute ayieMeHT (UEUE U yCTaHOBUTE Ha cTpaHuiie OCHOB-
Hble na"enu CpoiicTBa:

Nwms: ouepCreuKoHTP

Kuaacce 3asaBku: Product

MakcumanbHasi BMECTUMOCTH

4. Beigenute dnieMeHT delay B ycTaHOBUTE €0 CBOWMCTBA:

Kaacc 3asaBku: Product

3anep:xka 3agaercs SIBHO

Bpems 3agepixkkn exponential ( 1/timeKontrIzd )

BMmectumocTs kolStendKontrIzd

JelicTBHe IpH BbIXoAe testSobrIzd++;

5. Beimenure sebiii asement SelectOutPut m ycranoBute ero
CBOMCTBA:

HNwms: BpllyuKon

Knacc 3agBku: Product

Broixon true BpiOupaercst [1py1 BHIIOJIHEHUM YCJIOBUS

YceaoBue entity.signl == 0

HeiictBue npu Boixoje (false)
double a=0;
int numBlockl = 0;
a = random() ;
if (a < 1) numBlockl = 4;
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if (a <= (verBlNuml+verBlNum2 + verBlNum3)) numBlock=3;
if (a <= (verBlNuml + verBlNum2)) numBlockl=2;

if (a <= verBlNuml) numBlockl=1l;

if (numBlockl == 1) {entity.numBlBrakl = 1;
entity.timeSbor = exponential (1/timeZamBlockl) ;}
if (numBlockl == 2) {entity.numBlBrak2 = 1;
entity.timeSbor = exponential (1/timeZamBlock?2) ;}
if (numBlockl == 3) {entity.numBlBrak3 = 1;
entity.timeSbor = exponential (1/timeZamBlock3) ;}
if (numBlockl == 4) {entity.numBlBrakd = 1;

entity.timeSbor =
entity.signl = 2;

exponential (1/timeZamBlock4) ;}

6. Beigenure npabiit anement SelectOutPut u ycranosure ero

CBOMCTBA:

HNwms: BpCTKou

Kuacc 3aaBkn: Product

Bbixoa true BeiOnpaercs C 3anaHHOM BEPOSTHOCTHIO

BepositHocTb[0..1] 1-procBrakIzd

JeiicTBue npu BbIxojae (true) costTestIzd += stKontrlzd;

HeiictBue nmpu Boixoje (false)

double a = 0;

int numBlock = 0;

entity.signl = 2;

a = random() ;

if (a < 1) numBlock = 4;

if (a <= (verBlNuml+ verBINum2 + verBINum3)) numBlock=3;
if (a <= (verBlNuml + verBlNum2)) numBlock = 2;
if (a <= verBINuml) numBlock = 1;

if (numBlock == 1) {entity.numBlBrakl = 1;
entity.timeSbor = exponential (1/timeZamBlockl) ;}
if (numBlock == 2) {entity.numBlBrak2 = 1;
entity.timeSbor = exponential (1/timeZamBlock?2) ;}
if (numBlock == 3) {entity.numBlBrak3 = 1;
entity.timeSbor = exponential (1/timeZamBlock3);}
if (numBlock == 4) {entity.numBlBrak4 = 1;

entity.timeSbor
brakSobrIzd ++;

= exponential (1/timeZamBlock4) ;}

Kon B cBoiicteo JleiictBue nmpu Boixoae (false) oboux snemeHTOB
selectOutPut BBesieH Juts po3bITPHINIa HOMEpa 3a0paKOBAaHHOTO B M3JIe-

Il OJIoKa.

B pesynbraTe
entity.numBl1Brakl..

po3bITphIllIa B OAHO U3 TOJIEH
entity.numBlBrak4 3anHocurcsa 1 —
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npu3Hak Opaka. B mone entity.timeSbor — Bpems 3aMEHBI COOT-
BeTCTByIOmero Oioka Ha myHKTe cOopkw. llomro entity.signl
TIpUCBanBaeTCs 3HAUYCHNE 2 — MPU3HAK Opaka B H3ICIHU.

3.4.7.5. AMmuTanus padoThl MyHKTOB MpHeMa U31eIui

[IyHKTBI TpHeMa U3eNnii peaHa3HauYeHBI TS [TPHeMa TIPOIIEIINX
CTEH/Ibl KOHTPOJS W3JENHN, HEMOCPENCTBEHHO MpUeMa H3AENIuil, OT-
MPaBKU MPOMICAMINX MpPHUEM H3JENUN Ha CKJaJ TOTOBBIX H3JENUH, a
3a0paKOBaHHBIX U3ENNH — Ha CTEH/IBI KOHTPOJIS.

Ha mynkTax mpuema OyZer co3fmaBaThCsl Odepenb, I WMHUTAIHH
KOTOPOH UCIOJIb3YHTE 3JIEMEHT (UEeUe.

Jns iMATanMM HETIOCPEACTBEHHO TpoIlecca MpreMa W3IeNud Huc-
nosb3yiite anement delay.

ITo pe3ymnbraTaM KOHTPOJS HEKOTOpBIE M3AETHS OYAyT NMPH3HAHBI
6pakom. J[iist 0TOpaKOBKH BOCIIONB3YHTECH dmeMeHTOM SelectOutPut.

1. Tleperammre 3:1emenThl queue, delay u selectOutPut Ha mpsimo-
yronbHUK ¢ ITyHKTHI mpueMa u3nenunii fuarpamMmMel Kitacca Main.

2. Pa3MecTuTe M COCIMHMTE UX coryiacHo puc. 3.111.

3. Brigenute amemeHT qUEUe u ycTaHoBUTe Ha ctpanuie OCHOB-
Hble na"enu CpoiicTBa:

Hmna: ouepllpuem

Kaacc 3agBkm: Product

MaxkcumanbHasi BMECTUMOCTD

4. Beigenute a5ieMeHT delay v ycTaHOBUTE €T0 CBOWMCTBA!

Kaacc 3agBkm: Product

3agepakka 3agaercs SIBHO

Bpems# 3agep:xkku exponential ( 1/timePriemIzd )

Bmectumocts kolPunPriem

JeficTrBue npu BeIxoAe kolPriemIzd++;

5. Beigenure aement SelectOutPut u ycranoBuTe ero cBoicTBa:

Kuaacce 3aaBkn: Product

Bbixoa true BeiOMpaercsa C 3a0aHHOM BEPOSTHOCTHIO

BepositHocTh[0..1] 1-procBrakPriem

JleiicTBue npu BbIxoae (true) costPriemkilzd+=stPriemIzd;

HeiictBue nmpu Boixoje (false)

entity.signl = 2;

brakPriemIzd++;

Kon cBoiictBa [eiicTBHe MpH BbIXoae dj1eMeHTa delay BBeneH st
cyera KonndyecTBa kolPriemI zd NPUHATHIX BCErO U3ENNH.
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Kon croiictea HdeiictBue npu Beixoae (false) smementa selectOut-
Put camTaeT xonmdecTBo brakPriemIzd 3a0paKOBaHHBIX H3ACIHNA U
nomo entity.signl npucBauBaeT 2 — MpU3HAK Opaka B H3JICITUH.

3.4.7.6. UmuTanms CKJIaAa rOTOBBIX M3A€EJIHil

Jns uMuTanuu ckiaga TOTOBBIX H3AEIUN HCIOJB3YWTE 3IEMEHT
sink co CleIyrOIIUMHU CBOWCTBAMU:

Hms: ToTtlsmenus

Kaacc 3asgBkn: Product

[JelicTBHe IpH BBIXO€
kolGotIzd++;
costGotIzd+=(stKomplBlockl+stKomplBlock2+
stKomplBlock3+stKomplBlock4) +
(stIzgBlockl+stIzgBlock2+stIzgBlock3+stIzgBlock4)+
(stTestBlockl+stTestBlock2+stTestBlock3+
stTestBlockd4) +stSborki+stKontrIzd+stPriemIzd;
koefIncrCostIzd = (costGotIzd+costBrakBlock) /costGotIzd;
ostGotBlockl = gotBlockl - kolGotIzd - zamBlockl;
ostGotBlock2 = gotBlock2 kolGotIzd - zamBlock2;
ostGotBlock3 gotBlock3 kolGotIzd - zamBlock3;
ostGotBlock4 = gotBlock4 kolGotIzd - zamBlock4;

Kon coiicTBa [deilicTBHe MPU BBIX0/1€ BBEACH IS CUETa KOJIUYECT-
Ba kolGotIzd TOoTOBEIX HM3JENHI, X CTOMMOCTH costGotIzd m
kodpdummenta koefIncrCostIzd yBemuueHHs CeOECTOMMOCTH
U3JIeNHs BCIICICTBUE HATMUMS Opaka.

Kpome Toro, Bemercss c4eT TOTOBBIX sl COOpKH OJIOKOB, TO €CTh
W3TOTOBJICHHBIX LIEXAMH M IIPOBEPEHHBIX Ha NOCTaX KOHTPOJSA, HO HE
WCTIONIb30BaHHBIX ISl COOPKU W3JENUN OJIOKOB IO THIaM OstGot-—
Blockl.. ostGotBlock4 Ha Tekyllee MOAEIbHOE BPEMSI.

3.4.7.7. AmuTanus CKJIaga OPaKOBaAHHBIX OJIOKOB

Panee (cMm. . 3.4.6.2) s IMHATAIUK CKIlaJia OpaKOBaHHBIX OJIOKOB
OBLJIO PEKOMEHI0BAHO MCIIOJIL30BaTh OJMH 0JIOK sink.

[IpenmnoynoxuM, 9T0 TpeOyeTCss BECTH pPa3AeibHBIA ydeT 3a0pako-
BaHHBIX OJIOKOB Ha IIOCTaX KOHTPOIS IIEXOB M 3a0paKkOBaHHBIX Ha
CTEH/IaX KOHTPOJIS M IMyHKTaX MpueMa u3aenui. s pasneneHus moTo-
Ka Opaka moito entity.signl npucBanBaIuch Mpu3Haku 1 u 2.

1. Tleperammre smementsl SelectOutPut u sink Ha mpsMoyross-
HUK ¢ nMmeHeM Ckiajg OpakoOBaHHBIX O0JOKOB guarpaMMbl Kiacca
Main.
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2. Pasmecture n

COCIMHUTE WX coryiacHo puc. 3.111.

3. TlooyepenHo BBIOENUTE DJEMEHTHl MMHUTALUM CKiIafa Opako-
BaHHBIX OJIOKOB, HaumHas ¢ 3neMeHTta selectOutPut, u ycranoBute
cBOiicTBa coriacHo Tadum. 3.13.

Konbr B cBoiicTBe /leiicTBHMe MpH BbIX0Ae 00OMX 3JIEMEHTOB Sink
onvHakoBble. OHM MIpeIHa3HAYEHBI I cUeTa:

CTOMMOCTH costzbrakBlock 3a0pakoBaHHBIX OJIOKOB HE 1O THU-
nam, a B LIEJIOM BceX OJIOKOB;

KOJTMYIECTBA 3a0paKkOBaHHBIX OJIOKOB IO THTIaM allBrakBlockl..

allBrakBlock4.
Ta6muua 3.13
CaolicTBa 3HaueHue
selectOutPut
Knacc 3asBku: Product
Beixon true BwiOupaet-|IIpu BRIIOTHEHNN YCIOBUS
cs entity.signl == 1
Ycnosue
sink
Nms BpBn3am
Kunacc 3asBku: Product
Heticteue mpu Beixome |1f (entity.numBlBrakl == 1)

{costBrakBlock += (stKomplBlockl +
stIzgBlockl + stTestBlockl +
stZamBlockl) ;

allBrakBlockl++;}

if (entity.numB1Brak2 == 1)

{costBrakBlock += (stKomplBlock2 +
stIzgBlock2 + stTestBlock2 +
stZamBlock?2) ;

allBrakBlock2++; }

if (entity.numB1Brak3 == 1)
{costBrakBlock += (stKomplBlock3 +

stIzgBlock3 + stTestBlock3 +
stZamBlock3) ;

allBrakBlock3++; }

if (entity.numB1Brak4 == 1)
{costBrakBlock += (stKomplBlock4 +
stIzgBlock4 + stTestBlock4d +
stZamBlock4) ;

allBrakBlock4d++;}
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Oxonuanue 1abmn. 3.13

CBolicTBa 3HaueHHne

Ums BpllocTKoHTP

Knacc 3asaBku: Product

JlelicTBue TpU BBIXO- if (entity.numB1lBrakl == 1)

e {costBrakBlock += (stKomplBlockl +
stIzgBlockl + stTestBlockl);
allBrakBlockl++;}
if (entity.numBlBrak2 == 1)
{costBrakBlock += (stKomplBlock2 +
stIzgBlock2 + stTestBlock2);
allBrakBlock2++; }
if (entity.numB1lBrak3 == 1)
{costBrakBlock += (stKomplBlock3 +
stIzgBlock3 + stTestBlock3);
allBrakBlock3++; }
if (entity.numBlBrak4d == 1)
{costBrakBlock += (stKomplBlock4 +
stIzgBlock4 + stTestBlock4);
allBrakBlock4d++; }

3ameuanue. MOXHO 00OMTHCH MU OJHHUM DJIEMEHTOM Sink ISl UMU-
TalluU CKJIaja OpakoBaHHBIX OJIOKOB. [[yist 3TOro Hy»)HO 00a Koma (CM.
tabi. 3.13) 3anectu B ero cBoiicTBo JlelicTBHe MPH BbIXO/E.

B nHauano nepBoro koga 100aBUTh:

if (entity.signl == 1)

{ xom mia BpllocTKoHTP }
a BO BTOPOTO

if (entity.signl == 2)

{ xom mia BpBn3awm }

KomnmuecTBeHHBIH pe3ynbTaT OyIeT aHaJIOTHYHBIM, TOJIBKO BO BPeMs
MOJICTIMPOBAHMS HE CMOXKETE BU3yallbHO HAOIIOJAaTh pa3ielibHbIC T0-
TOKH 3a0paKOBaHHBIX OJIOKOB.

3.4.7.8. Oprann3amnusi NepeKJTIOYEHIs MeKIY 001aCTAMHA
npocMoTpa
JloGaBbTe CBOM COOCTBEHHBIE JJIEMEHTHI IPE3EHTAIMM Ha paHee
co3nmanubie obmactu mpocmotpa Mainview, Data, Result, Kontrol u
Shor, memukoM Ha KOTOPBIX OyIET MPOU3BOANUTECS MEPEXO K TOW HITH
uHOW oOmactu mpocMoTpa. Crenaite Tak, 4TOObl W3 THO00K 00MacTu
MOJKHO OBLIO MEPEXOUTH B JTHOOYIO APYTYIO 00JIACTb.
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MyHkTel c6opki | WcxogHble PesynbTatbl

E‘@npennpmme MocTbl kKoHTpONA
! nagenui AaHHbIe MogaennpoBaHna

Bnokoe

Puc. 3.112. DnemMeHTsI Ipe3eHTaluu IS EPEKITI0UEeHUS

Jlist aTOrO pasMecTuTe Ha Kaxaod 00JacTH MPOCMOTpa JICMEHTHI
MIpe3eHTaIlNH, TIOKa3aHHbIe Ha puc. 3.112.

Haunure ¢ o6mactu mpocmoTpa Mainview.

1. B Haaurtpe Boyienute Ipesentauus. Ileperamute smemeHT
text Ha obmacTe mpocMoTpa Mainview, pasMecTuTe U BBEIUTE B MOJE
Tekcr: MpennpusaTue (puc. 3.112). Ha ctpanune OcHOBHBIE MaHe-
nu CeoiicTBa ycranosute B mosie IlBer: black, a takxe BeiOepuTe BBI-
paBHUBaHHE TEKCTa U MIPUQT.

2. lleperammure BTOpO# d1eMeHT text, pasmecTuTe W BBEAWTE
B one Teker: [HocTel koHTpoJsS OnokoB. Ha ctpanuue OcHOB-
Hble nanenu CBoiicTBa ycraHosute B moiie LIBer: blue, a Takke BbI-
Oepute BhIpaBHMBaHKE TekcTa U mpudrt. Ha manenmn CBoiicTBa Bbize-
nure JAunamudeckue u B nosie JelicTBHe MO MIETYKY: BBEAUTE KO
test.Kontrol.navigateTo () ;

3ameuanue. Moxere BEIOpaTh W IPYTHE IBETA DIEMEHTOB INPE3EH-
taruu. [Ipu 3TOM HY)XHO HCXOTUTH W3 TOTO, YTOOBI Pa3IHYaIUCh 1O
I[BETY TEKCT OTKPBITOW OOJIACTH MPOCMOTPA M TEKCThI 3aKPBITHIX 00-
JlacTel mpocMoTpa.

3. lleperammre Tperuii smemeHT text, pasmecTuTe W BBEIUTE
B osie Teker: IIyukTel cOopku uznesuti. Ha nanenun CoiicTBa
BblJIenUTEe JJuHaMmu4yeckne U B noje JelicTBHe MO IIEJTYKY: BBEIUTE:
sborka.Sbor.navigateTo () ;

4. Tleperammre yeTBepTHIN dneMeHT teXt, pasmecTtuTe U BBeIUTE
B moyie Teker: VMcxonuule naduele. Ha nmanenn CBoicTBa BbIICIN-
Te [AuHamuyeckue u B 1noyie JleiicTBHe MO MIETYKY: BBEAUTE:
Data.navigateTo () ;

5. Tleperammre maThii 3memMeHT text, pa3mecTuTe W BBEIUTE
B nosie TekeT: PesynbraTe MomenupoBauus. Ha nanenu CBoid-
crBa Bbigenutre Junamudveckue u B mnose [leiicTBHe MO WIETYKY:
BBeAuTE: Result.navigateTo () ;

Takum oOpa3om, ¢ 001acTu mpocMoTpa Mainview MOXXHO OyIeT Ie-
peXoauTh Ha JTI00YI0 U3 YeThIpex obnactel mpocMotpa. [Ipu atom aite-
MEHT TPE3CHTAINHA OTKPBHITONH OO0JIACTH BBHICBEUMBAETCS YEPHBIM IIBE-
TOM, a OCTAITBHBIC DIIEMEHTHI TIPE3EHTAITMN — TOJIyOBIM I[BETOM.
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1. CkomnupyiiTe dJIEMEHTHI MPE3CHTAIIMN TaK, KAK OHU TOKa3aHBI
Ha puc. 3.112.

2. TlocnemoBarenbHO MEpEXOAWTE HA OCTalbHBIE 00JAacTH IMpPO-
CMOTpAa, BCTABLTE CKOMMPOBAHHBIC JIEMEHTHI MPE3CHTAIIMN ¥ BHECUTE
MIPaBKH B UX CBOMCTBA COTJIacHO Tabi. 3.14.

Tabmuua 3.14

DJIeMeHT Mpe3CHTallun

JlelicTBHe O LIETUKY

Data

[Ipennpustue

[Mocter kOHTpOIIS GIIOKOB
[TyHKTBI COOpKH M3ETHI
VcxonHble naHHBIE

Mainview.navigateTo () ;
test.Kontrol.navigateTo () ;
sborka.Sbor.navigateTo () ;

ITocTel KOHTPOIIS GJIOKOB
[TyHKTBI COOpKH M3ETHI
Hcxonuble naHHbIE

Pesynbrats

MOJICIIUPOBAHHUS Result.navigateTo () ;
Result

[Ipennpusitue Mainview.navigateTo () ;

test.Kontrol.navigateTo () ;
sborka.Sbor.navigateTo () ;
Data.navigateTo() ;

ITocThl KOHTPOJIS GIOKOB

Pesynbrats
MOJIETTMPOBAHUS
Kontrol
[Ipennpusitue get Main() .Mainview.navigateTo ()

ITocThl KOHTPOJIS GIOKOB
[TyHKTBI COOpKY U3
Hcxonuble naHHBIE
Pesynbrats
MOJIEINPOBAHHUS

IMynxTel cbopku n3menunii | get Main () .sborka.Sbor.navigateTo () ;
Wcxoauble 1aHHbIe get Main().Data.navigateTo();
Pesynbrats
MOJIEIMPOBAHUSI get Main() .Result.navigateTo();

Shor
[Ipennpusitue get Main() .Mainview.navigateTo ()

get Main().test.Kontrol.navigateTo();
get Main () .Data.navigateTo();

get Main() .Result.navigateTo();

[MocTpoenne Mozesu Jisi IPOBEJCHUSI TIPOCTOTO IKCIIEPUMEHTa 3a-
BepiieHo. Teneph OTNIaAbTe MOJIENb M MPOBEAHMTE dKCIIEpUMEHT. Pe-
3yJbTaThl MOJEINPOBAHUS NTpUBeAEHbI Ha puc. 3.113 u puc. 3.114. Uz-
rotoBiieHo 44 n3nenus (kolGotlzd). ITpu srom ko punment ysenuue-
Hust cebecronmocTr m3zennii coctasua 1,093 (koeflncrCostlzd).
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3ameuanue. Ilpu KaxmoMm 3alrycke MOJEIH PE3yibTaThl OYAyT IO-
BTOPATHCS, €CIIM B MOJENTH HCHOIb3YIOTCS TOJNBKO paclpeaeiacHus U

€CJIi  BMECCTO

Hampumep,

AnyLogic.
uniform(1) ucrons3osare random(), koropas siBasiercst GyHKIeH Java,

GyHKIMU U3
TO pe3yJIbTaThl MOACTUPOBAHUS BOCIPOU3BOIUTEHCS HE OYIyT.
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I'maBa 4. 3ananus Ha npoexTupoBanue. OCHOBHbIE
HaNpaBJIeHUs

BapuanTt 1

ITocTanoBKa 3agaun

Hampanenue cBsi3u COCTOUT U3 nl OCHOBHBIX, N2 pe3epPBHBIX KaHa-
JIOB CBSI3H, OOIIEr0 HAKOIMMTEISI eMKOCThIO Ha L cooOiienuii, n ucTou-
HukoB. MaTtepBaner T1, T2, ..., Tn moctynnenus cooOImeHn# cirydai-
Hele. [Ipu HopmansHOH paboTe cooOLIeHNUS TEPeaaroTCsl 0 OCHOBHBIM
kaHajgaMm. Bpems Trl, Tn2, ..., Tnn nepenaun cirydaifHoe.

OcHOBHBIE KaHANBl TOJBEP)KEHBI OTKa3aM. HTepBambl BpemeHH
Totl, Tot2, ..., Totnl Mexay oTkazamu ciydaitasie. Eciau oTkas mpo-
HUCXOOUT BO BpeMs NEpeaadn, TO OTbICKUBACTCA HCHpaBHBIﬁ u CBO60}1-
HBIIl OCHOBHOM KaHall. Eciu Takoro HeT, BKIIIOYAETCSl OOUH U3 PE3epB-
HBIX KaHAJIOB, €CJIM OH MCHpaBeH u cBoOojeH. Bpems Tekl, TBx2, ...,
TBKN2 BKIIOUEHHUS MOCTOSIHHOE JUIsl COOTBETCTBYIOIIEro kanama. Co-
oOmieHne, rmepenaya KOTOporo Oblia TpepBaHa, IMepenaeTcs Mo BKIO-
YEeHHOMY pe3epBHOMY KaHany. Bpems Tnpl, Top2, ..., Topn2 nepena-
4M CIIy4alHOE.

Ortka3aBlIMi OCHOBHOM KaHal BoccTaHaBnuBaeTcs. Bpems Tgl,
Tg2, ..., TBnl BoccTaHoBieHus ciydaiiHoe. Ilocie BoccTaHOBIEHUS
pe3epBHBIN KaHa BBIKJIIOUACTCS, M BOCCTAHOBJICHHBIH KaHAaJ IPOJIOJI-
JKaeT paboTy C Mmepeaayu O4ePeHOrO COOOIICHUS.

PesepBHBIE KaHANBI TaKXKe TOBEPKEHBI OTKa3aM. MHTepBasbl Bpe-
menu Totpl, Totp2, ..., Torpn2 Mexay oTkazamu ciydaiiHsle. OTKa-
3aBIIMK pe3epBHBIA KaHAT BoccTaHaBiuBaeTcs. Bpems Tepl, Tsp2, ...,
TBpn2 BoccTaHOBIEeHHs ciydaitHoe. J[nsi TpepBaHHOTO COOOIEHUS
OTBICKMBAETCSI BO3MOXKHOCTH Tepefadd 10 JO0OMY HCHPaBHOMY H
CBOOOHOMY KaHay.

B ciy4yae moiHOTO 3armoiHeHUs HaKOIUTEIs, IMOCTYHAIoIIHe co00-
IICHUS TEPSFOTCA.

3anaHue Ha McciIelOBaHHE

Pa3pabotaTh HIMUTALMOHHYIO MOJENb (QYHKIMOHHUPOBAHHS HAIPaB-
neHus cBsa3u. MccnenoBars BINSHUE EMKOCTH L HaKomuTeNs, MHTEpBa-
JIOB BPEMEHH IMOCTYIUIEHHUS] COOOIIEHNI Ha BpeMs TIepeiayyl Harpasiie-
HueM cBs3u N coobwmenuii. IlpoBectn aucnepcuonHslid aHanus. Dak-
TOPBI M UX YPOBHH BHIOpAaTh CaMOCTOSITENBHO. Pe3yabpTaTsl MOAEIHPO-
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BaHMS HEOOXOIMMO TOJIYYHUTHh ¢ TOYHOCTHIO € = 0,1 M mOBepHUTEIBHOI
BepOsTHOCTHIO 0 = 0,95.

CraenaTb BBIBOJBI O 3aTPYKEHHOCTH KaHAJIOB CBS3U M HEOOXOAUMBIX
Mepax IO0 MOBBHIIEHUIO dPPEKTUBHOCTH (PYHKIIMOHUPOBAHUS HAIPaB-
JICHHUS CBSI3U.

Bapuanr 2

IHocranoBka 3agaumn

Hampanenune cBs3u cOCTOUT U3 nl OCHOBHBIX, N2 Pe3ePBHBIX KaHa-
JIOB CBsI3H, OOIIET0 HAKOMHTENS €MKOCThIO Ha L cooOmeHwuii, n ucTou-
HukoB. UurtepBanst T1, T2, ..., Tn moctyminenus cooOImEH cirydaii-
Hele. [Ipun HOpMaTbHON paboTe COOOIICHUS TepeaaroTCs TI0 OCHOBHBIM
kaHajaMm. Bpems Trl, Tn2, ..., Ton nepenaun ciydaiiHbIe.

OcHOBHBIE KaHaJbl TOJBEp)KEHBI OTKa3aM. HHTepBanbl BpeMeHU
Totl, Tot2, ..., Totnl Mexnay oTkazamu ciydaiiHsle. Ecnu oTkas mpo-
UCXOIUT BO BpeMs MEpeAayu, TO OTHICKMBAETCS UCIIPABHBIA M CBOOO-
HBII OCHOBHOM KaHaJI. ECIIM Takoro HeT, BKIIIOYAETCSl OJUH U3 PE3EpB-
HBIX KaHAIIOB, €CJIM OH WCIpaBeH U cBoOoaeH. Bpems Tekl, TBk2, ...,
TBKN2 BKIIOYEHHsI HNOCTOSHHOE ISl COOTBETCTBYMOLIEro kanama. Co-
o0mieHue, mepegaya KOTOporo ObLIa MpepBaHa, MepefaeTcs Mo BKIIO-
YeHHOMY pe3epBHOMY KaHany. Bpemsa Tnpl, Tnp2, ..., Tnpn2 nepena-
4y Cliy4aiiHoe.

OTtka3aBmIMii OCHOBHOM KaHajd BoccTaHaBiuBaercsi. Bpems Tgl,
Ts2, ..., TBnl BoccTaHoBimeHus ciydaitHoe. Ilocime BoccTaHOBIEHUS
Pe3epBHBIN KaHall BBIKJIIOYAETCS, U BOCCTAHOBJICHHBIA KaHAJl MPOIOJI-
’aeT paboTy ¢ nepeaayn O4YepesHOro COOOUICHNUSI.

Pe3epBHBIE KaHaJBI TakXkKe MOABEPKEHBI 0TKa3aM. MIHTepBaibl Bpe-
menu Totpl, Totp2, ..., Torpn2 Mexay oTkazamu ciydaiiHsle. OTKa-
3aBUIMI pe3epBHBIN KaHaa BoccTaHaBiuBaeTcs. Bpems Tepl, Tep2, ...,
TBpn2 BOccTaHOBJICHHS CiydaitHoe. [[is mpepBaHHOTO COOOIIECHUS
OTBICKMBAETCSI BO3MOXKHOCTh Tepefadyd 1o Jr00My HCIPaBHOMY U
CBOOOJHOMY KaHay.

B ciyyae momHOro 3amoyiHeHHsT HaKOMMTEINs, MOCTYMaroImue coo0-
IICHHUS TEPSIOTCA.

3aganmne Ha HMCcJIeOBaHNeE

Pa3paboTaTh HMUTALIMOHHYIO MOJIeNTb QYHKIIHOHUPOBAHHS HATIPAB-
JICHUS CBA3U. HCCHG}IOB&TB BJIMSHUEC €EMKOCTH HAKOITUTECIIA, I/IHTepBaJIOB
BPEMEHH TIOCTYILUICHUS COOOIIEHNH M KOJIMYECTBa KAHAIOB Ha BEPOST-
HOCTh OTKa3a B Iepeaade cOOOMEHN OT KaKI0T0 NCTOYHHKA U 110 Ha-
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MpaBJICHUIO CBS3U B 11eoM. Bpems moaenupoBanus — T 4dacos. IIpo-
BECTH JUCIICPCUOHHBIN aHanu3. DakTopbl U UX YPOBHHU BhIOpATh Camo-
CTOSITENBHO.

Crienath BBIBOJIBI O 3aTPy’KEHHOCTH KaHAJIOB CBS3H U HEOOXOTUMBIX
Mepax IO0 MOBBHIIEHUIO dPPEKTUBHOCTH (PYHKIIMOHUPOBAHUS HAIIPaB-
JICHUSI CBSI3H.

Bapuant 3

ITocTanoBKa 3agaun

Hanpasnenue cBsi3u cocTOUT U3 nl OCHOBHBIX, N2 Pe3epBHBIX KaHa-
JIOB CBSI3HU, OOIIEr0 HAKOIMUTEISI eMKOCThIO Ha L cooOiienuii, n ucTou-
HukoB. UartepBanel T1, T2, ..., Tn moctymiuenus cooOIIEHHA CiTydai-
Heie. [Ipu HOpMabHON paboTe COOOIECHUS MTEPENAIOTCS 0 OCHOBHBIM
ka"anaM. Bpems Tnl, T2, ..., Tnon nepenauu ciayyaiHele.

OcHOBHBIE KaHANBl TOJBEP)KEHBI OTKa3aM. HTepBambl BpemeHH
Totl, Tot2, ..., Totnl Mexay oTkazamu ciydaitasie. Eciau oTkas mpo-
WCXOAWT BO BpEMs Mepelavyr, OTHICKHBAETCS UCIIPABHBIN U CBOOOIHBII
OCHOBHOW KaHal. Eciu Takoro HeT, BKIIOYAETCS OJUH M3 PE3EPBHBIX
KaHaJIOB, €CJIM OH UcHpaBeH u cBoOoaeH. Bpems TBk1, TBK2, ..., TBkn2
BKIIIOUCHUSI TTOCTOSIHHOE JJIsi COOTBETCTBYMoMIEero kaHana. CoobuieHue,
nepesavya KOTOporo OblIa MpepBaHa, mepenaeTcs o BKIIOYEHHOMY pe-
3epBHOMY KaHaiy. Bpems Tmpl, Top2, ..., Tnpn2 nmepemaun ciydai-
Hoe. OTKa3aBIIMKT OCHOBHOM KaHaj BoccTaHaBiuBaeTcs. Bpems Tsl,
Tg2, ..., TBnl BoccTaHoBieHus ciydvaitHoe. Ilocne BoccTaHOBIEHUs
pE3epBHBIN KaHaT BBIKIIOYAETCS, ¥ BOCCTAHOBIICHHBIN KaHAT MPOJIOJ-
JKaeT paboTy C MmepeIayu O4epPeHOrO COOOIICHUS.

PesepBHBIE KaHAIIBI TaKXKe MOJBEPKEHBI OTKa3aM. MHTepBanbl Bpe-
menu Totpl, Torp2, ..., Torpn2 Mexay oTkazamu cirydaiiHble. OTKa-
3aBIIMI pe3epBHBIA KaHAT BoccTaHaBimuBaeTcs. Bpems Tepl, Tsp2, ...,
TBpn2 BOccTaHOBJICHHS CiydaitHoe. [[is mpepBaHHOTO COOOIIECHUS
OTBICKMBAETCSI BO3MOXKHOCTh Tepefladud 10 JOOOMY HCIPaBHOMY H
CBOOOJHOMY KaHay.

Coo0Omenns uctounuka 1 00yaaaT abCOMOTHBIM IPHOPUTETOM 10
OTHOIICHHIO K COOOLICHUSIM APYrMX HCTOYHMKOB. BeienctBue storo,
€CJIM MIPU MOCTYIUIEHUH COOOIIEHHs OT UCTOUYHHUKA | Bce KaHANbI 3aHs-
THI TAKXKE Mepefadeii cooOIeHnit OT UCTOUHHUKA 1, TO MpephIBaHUs HE
MPOUCXOJIMT U 3asiBKa CUUTAETCs OTepsiHHOM. Ecim ke ecth nepemaaya
co0OwIeHni OT JPYruX UCTOYHMUKOB, TO Mepeaaya JIito0oro u3 HUX mpe-
pBIBaeTCS M HaUMHAETCA Iepefada cooOmeHus oT ucrouynuka 1. Coood-
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mieHns 6oiee HU3KUX KaTeropuil TepsaioTca. B cinydae momHoOro 3amost-
HEHUS HAKOIUTEJISA, TIOCTYIAIONIUE COOOIICHUS TEPSIOTCS.

3aganue Ha McciielOBaHHe

Pa3paboTaTh HMHTAINOHHYIO MOJeNbh (QYHKIMOHUPOBAHUS HAIpaB-
JIeHWs1 CBSI3W B TeueHHe | vacoB. VcciiemoBarh BIHMSIHUE €MKOCTH Ha-
KOTIUTEJNSI, MHTEPBAJIOB BPEMEHH ITOCTYIUICHHS COOOIICHUI M KoInde-
CTBa KaHAJIOB HA BEPOATHOCTh OTKAa3a B Iepenade cOOOIEHHUH OT KaxkK-
JIOTO MCTOYHHKA U TI0 HAMIPABJICHUIO CBSI3H B IIEJIOM.

[TpoBectn nucnepcuoHHBIN aHaau3. QakTOpPhl U KX YPOBHU BHIOPATH
CaMOCTOATENBbHO. Pe3ynbTaThl MOJETHPOBAHUS HEOOXOIUMO MOTYIUTh
¢ TogHocThio € = 0,01 u noBepuTenbHOI BeposTHOCTHIO o = (,95.

C)ICHHTI) BBIBOJLI O 3arpy>X€HHOCTHU KaHAJIOB CBA3U U HCO6XO}Z[I/IMI>IX
Mepax IO MOBBIIEHUIO dPPEKTUBHOCTH (PYHKIIMOHUPOBAHUS HAIPaB-
JICHUS CBSI3M.

Bapmuanr 4

IHocranoBka 3axaumn

[Mpeanpusitue umeer N1 1exX0B, MPOM3BOIAIUX N1 THIIOB OJIOKOB,
T. €. K&KIBIH 1IeX MPOWU3BOIUT OJIOKM OJHOTO THMa. MHTepBanbl BbI-
mycka 6mokoB T1, T2, ..., Tnl — cmyqaiineie. M3 N1 G6moxoB cobupa-
eTCst OJTHO U3/IeIIHe.

[Mepen cOopkoli KaxKAbI THT OJIOKOB MpoBepsieTcst Ha N11, n12, ...,
N1n coOTBETCTBYIOMIMX MOcTaX. JIJIMTETHbHOCTH KOHTPOJS OJHOTO CO-
otBercTByromero 6ioka T11, T12, ..., T1lh — cnyuaitaeie. Ha xaxmaom
nocty Opakyercs 11, ql12, ..., g1n % OJ0KOB COOTBETCTBEHHO. DTH
OJIOKHM B JalbHEWIeM mporecce COOPKH HE YyYacTBYIOT M YAAJSIOTCS
C MIOCTOB KOHTPOJISI.

[Mpomeanye KOHTPOIIb, T. €. HE 3a0paKOBaHHbIE OJOKH TOCTYHAIOT
Ha OJIMH M3 N2 MyHKTOB cOOpkH. Ha kaxmoM myHKTEe COOpKH OJTHOBpE-
MEHHO COOHMpaeTcs TOIbKO 07HO m3jenue. COOpKa HAUMHAETCS TOJIBKO
TOT/a, KOrJa UMEIOTCSl Bce HeoOXxonumble N1 OGJIOKOB pa3iM4HBIX TH-
noB. Bpems cOopku TC cinyqaitHoe.

[locne cOopku m3aenre NOCTynaeT Ha OAWH U3 N3 CTEHAOB BBIXOJ-
HOro KOHTpossA. Ha oHOM cTeHie OTHOBPEMEHHO MTPOBEPSETCS TOJIBKO
omHO m3aenue. Bpems nmpoepku T ciyqaitaoe. [lo pesyiasTaTam mpo-
BepKH Opakyetcst (2 %o U3IeIHid.

3abpakoBaHHOE M3ZETHE HANpaBiseTcs B eX cOOpKH, Tae Hepabo-
TOCIIOCOOHBIE OJIOKHM 3aMEHSIOTCSI HOBBIMU. Bpemst 3ameHbl T3 ciydvaii-
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Hoe. [locne 3ameHBl GIIOKOB W3JENHe BHOBb IOCTYIMAET HA OIWH W3
CTCHJIOB BBIXOJTHOT'O KOHTPOJISI.

[Ipomene CTEHI BBIXOMHOTO KOHTPOJIS W3JICNUS TOCTYMAKOT
B OTJIEJI BOGHHOU MpreMKu. Bpems npuemkn Trp oqHOTO MU3IeNus CiIy-
yaitHoe. [lo pesynbraTtam npuemkn Opakyercs 44 % uznenuii, KOTOpbIS
HATPAaBJISIOTCS BHOBb HA CTCHJ] BBIXOIHOTO KOHTPOJIS.

IIpunsiThIE BOEHHON MPUEMKOU U3/IETIUs HAMPABJISIIOTCS Ha CKIIA].

3aganue Ha HccJIeJOBaHHE

Pa3zpaboTaTh MMHTAIMOHHYIO MOJeNb (DYHKIMOHWPOBAHUS TPE.-
npusitus. VccnenoBarh BIMSHUE MHTEPBAJOB BhITycKa OJOKOB M3 Iie-
XOB Ha KOJIMYECTBO M CpellHEeE BpeMs MOJATOTOBKH M3ICIHMA, TPUHSATHIX
BOCHHOW MPUEMKOW B TEUCHHUE HEAEIH.

[IpoBecTn mucnepcrnoHHbIHN aHann3. PaKkTOPHI ¥ X YPOBHU BHIOPATh
CaMOCTOSITENbHO. Pe3ynbTaTel MOAETHMPOBAaHUS HEOOXOIUMO MOJIyYUTh
C TOYHOCTBIO € = | U AOBEpUTEIHHON BEpOATHOCTHIO o = 0,95.

CraenaTb BBIBOJBI O 3aTPYKEHHOCTH MOAPA3AEIICHUM NPEANPHUITUS U
HEOOXOJMMBIX Mepax IO TOBHIMEHUIO 3PPEKTUBHOCTH HX (YHKIIHO-
HUPOBAHUSI.

Bapuant 5

ITocTanoBka 3agaun

[Mpeanpusitue umeer N1 1eX0B, MPOU3BOIAIIUX N1 THIIOB OJIOKOB,
T. €. K&K 11eX MPOWU3BOJIUT OJIOKM OJHOTO THMa. MHTepBanbl BbI-
mycka 6iokoB T1, T2, ..., Tnl — cnyqaiinsie. M3 nl1 GioxoB cobupa-
€TCsI OJTHO U3ZCTHE.

[Mepen cOopkoli KaxKAbI THT OJIOKOB MpoBepsieTcst Ha N11, n12, ...,
Niln cooTBeTCTBYIOMMX MocTaX. JIMTETLHOCTH KOHTPOJS OJHOTO CO-
otBercTByromero 6ioka T11, T12, ..., T1lh — cnyuaitaeie. Ha xaxmaom
nocty Opakyercs 11, ql12, ..., g1n % OJ0OKOB COOTBETCTBEHHO. DTH
OJIOKHM B JalbHEWIeM mpolrecce COOPKH HE YyYacTBYIOT M YAAJSIOTCS
C TIOCTOB KOHTPOJISL.

[Ipoweame KOHTPOIb, T. €. HE 3a0pakOBaHHbIE OJIOKH MOCTYMAIOT
Ha OuH U3 N2 MyHKTOB cOOpku. Ha KakmoMm ImyHKTE COOPKU OTHOBpE-
MEHHO cOOHMpaeTcsi TOJIbKO oAHO u3aenue. COOpka HaUMHAETCS TOIBKO
TOT/a, KOrJa UMEIOTCSl Bce HeoOXonumble N1 OGJIOKOB pa3iM4HbBIX TH-
noB. Bpems cOopku TC cinyuaitHoe.

[Tocne cOopky u3/eNre MOCTyNnaeT Ha OJWH U3 N3 CTEHJIOB BBIXO/I-
HOTr'0 KOHTpoJisi. Ha 0HOM cTeH/e BBIXOIHOTO KOHTPOJISI OTHOBPEMEH-
HO MOXKET TIPOBEPSATHCS TOJIBKO OJHO coOpaHHOE u3zenue. Bpems mpo-
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Bepku Tm cimydaitHoe. [lo pesympraTam mpoBepku Opakyercs 2 % us-
TeTINH.

3abpakoBaHHOE M3ZEIHE HampaBisieTcs B 1eX cOOpKH, Tae Hepabo-
TOCTIOCOOHBIE OJIOKH 3aMEHSFOTCSI HOBBIMHU. Bpemst 3aMeHbI T3 cirydaii-
Hoe. Ilocme 3ameHpl OJIOKOB W3JeNWe€ BHOBH IOCTYHAaeT HAa OIUH
U3 CTEH/IOB BBIXOJHOTO KOHTPOJIS.

[Ipomenmie cTeHA BBIXOAHOTO KOHTPOJS H3AEHHS IMOCTYHArOT
B OTJIEJI BOGHHOU MpreMKu. Bpems npuemkn Trp OgHOTO U3IENns CiIy-
vaiiHoe. [lo pe3ymnbraTam mpuemku Opaxyetcs G4 % uzaenuii, KOTopble
HAIMpaBJISIOTCS BHOBb HA CTEH]I BBIXOJHOTO KOHTPOJIS.

IIpunsiTHIE BOEHHON MTPUEMKOWN U3/IETMs HAMPABJISIIOTCS Ha CKIIA].

3anaHne Ha Hccilel0BaHUe

Pa3zpa0oraTth MMHTAMOHHYIO MOJENb (DYHKIMOHHPOBAHMS IpeE-
npusitus. VccnenoBarh BIMSHUE MHTEPBAJIOB BhITycKa OJOKOB M3 Iie-
XOB M MX KayecTBa Ha BPEMs BBIIYCKa IPHUHSTHIX BOCHHOW NPUEMKOMN
N u3nenuii.

[IpoBecTn mucnepcrnoHHbIHN aHanu3. PaKkTOPHI ¥ X YPOBHU BHIOPAThH
CaMOCTOSITENbHO. Pe3ynbTaTel MOJCTHPOBAaHUS HEOOXOIUMO MOTyYUTh
¢ ToyHocThIo € = 0,1 1 nOBepUTENHHON BeposATHOCTHIO o = 0,95.

CraenaTb BBIBOJBI O 3aTPYKEHHOCTH MTOPA3e/ICHUIA NPEATIPUITUS U
HEOOXOUMBIX Mepax IO TOBBIIIEHUIO d3PPEKTUBHOCTH ero (PYHKIHO-
HUPOBAHMUSL.

Bapuanr 6

IMocTanoBka 3agaumn

[Mpeanpusitue umeer N1 1eX0B, MPOU3BOIAIIUX N1 THIIOB OJIOKOB,
T. €. K&KIBIH 1IeX NMPOW3BOIUT OJIOKM OJHOrO THma. MHTepBanbl BbI-
nycka OnokoB T1, T2, ..., Tnl — cnyuaiinsie. M3 nl1 GiiokoB coOupa-
eTCst OJTHO U3/eTIHe.

Ilepen cOopkoit Kax bl Ti 6JI0KOB TpoBepsercs Ha N1l, n12, ...,
Nniln cooTBeTCcTBYIOUMX MocTax. JJIMTENHOCTH KOHTPOJS OJHOTO CO-
orBercTByroIiero Ojoka T11, T12, ..., T1ln — ciyuaiineie. Ha xaxmaom
nocty Opakyercs 11, q12, ..., g1n % OI0OKOB COOTBETCTBEHHO. DTH
0JI0KM B JanmbHEWIIeM mporecce COOPKH HE YYaCTBYIOT U YAAISIIOTCA C
MOCTOB KOHTPOJISL.

[Mpomeanivie KOHTPOIIb, T. €. HE 3a0paKOBaHHbIC OJIOKU MOCTYHAIOT
Ha OJUH U3 N2 myHKTOB cOOpku. Ha kakaom myHKTe cOOpKH OHOBpE-
MEHHO cOoOHMpaeTcsi TOIbKO OJHO n3jenue. COOpKka HAYUMHAETCS TOJIBKO
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TOTa, KOIJja UMEIOTCS Bce HeoOxonumble N1 GJIOKOB pa3iIM4HbBIX THU-
noB. Bpems cOopku TC ciaydaiiHoe.

[Tocne cOopky u3menue MOCTynaeT Ha OAWH U3 N3 CTEHIOB BBIXOI-
HOro KoHTpois. Ha onmHOM cTeHIe OJHOBpPEMEHHO MpPOBEPSAETCA OIHO
m3nenne. Bpems mposepku T ciydaiinoe. [lo pe3ympraram mpoBepku
Opakyercs 2 % wuznenwuii. [I[puanHoii Opaka MOKET OBITH OT OAHOTO JI0
g3 G110KOB.

3abpakoBaHHOE W3/IEIHE HAMPABIAETCSA B IIeX COOpKH, e Hepabo-
TOCIOCOOHBIE OJIOKH 3aMEHSIOTCS HOBBIMH. Bpemst 3aMeHbl T3 oJHOTO
onoka ciryuaitnoe. [Tocie 3aMeHbI OI0KOB U3€He BHOBb IIOCTYHAeT Ha
OJIUH W3 CTEHJOB BBIXOJHOIO KOHTpOJis. biioku, koTopeie Obun 3ame-
HEHBI TOJILKO OJIMH pa3, BHOBb HAIIPABISIOTCS HA COOTBETCTBYIOIIHE
MOCTBI BXOJHOTO KOHTpOJIsl. biioku, 3aMeHeHHbIe Ooliee 0JJHOTO pasa, B
JanpHeHeM B mpouecce COOPKU M3eNUs He yYacTBYIOT U YAAJSIOTCA.

[Ipomeamue CTEHA BBIXOAHOTO KOHTPOJIS H3AEIHS IOCTYHAroT
B OT/IeTl BOGHHO mpreMku. Bpems npuemkn Trp oHOTO M3/AEIHS CITy-
yaifHoe. [lo pe3ynbpraTtam npuemku Opakyercst g4 % uznenui, KOTopble
HaIpaBJIIOTCS. BHOBb HA CTEHJ BBIXOJHOT'O KOHTPOJISL M CHOBA IIPOBE-
PAIOTCSI.

IIpunATEIE BOGHHON PUEMKOW U3/IEIIUs HAIIPABJISIFOTCS Ha CKIIA.

3anaHne Ha Hccllel0BaHUe

Pa3zpaboraTh MMHTAIIMOHHYIO MOJENb (DYHKIIMOHUPOBAHUS IpE]-
npusitus. MccienoBaTh BIMSHHE KauecTBa HM3TOTOBJICHHS OJIOKOB Ha
KOJINYECTBO MPUHATHIX BOCHHON NPUEMKON U3AEIHUN B TEUEHHE HEACTH
(42 ygacos).

[MpoBectyn nmucniepcnoHHbIl aHanu3. @akTOpsl U HX YPOBHHU BHIOPATH
CaMOCTOSITENbHO. Pe3ynbTaTel MOAETMPOBAaHUS HEOOXOIUMO MOJIyYHUTh
C TOYHOCTBIO € = | U AOBEpPUTEIHHON BEPOSTHOCTHIO o = 0,99.

CrenaTb BBIBOJIBI O 3aTPYKEHHOCTH MOJIpa3 ieNIeHU IPEATIPUSTHS 1
HEOOXOJMMBIX Mepax IO MOBBIMICHUI0 3()(PEKTHBHOCTH ero (YHKIIHO-
HUPOBAHUSI.

Bapuanr 7
IlocTanoBka 3agaun
Ha BerancnurensHbIil kommieke kommyTarun coobmennii (BKKC)
MOCTYMAIOT cooOImeHus OT n1 aOOHEHTOB ¢ MHTepBaIaMu BpeMeHu T1,
T2, ..., Tnl. CooOmeHust MOTyT OBITh N2 KAaTETOPHiA C BEPOSITHOCTIMH
pl, p2, ..., pn2 (pl+p2+...+pn2 = 1) ¥ BEIYUCIUTEIHLHBIMHA CJIIOKHOCTSI-
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mu S1, S2,..., Sn2 omeparuii (01) COOTBETCTBEHHO. BhIMHCIHUTEIHHBIC
CIOKHOCTH ciydaitabie. CooOmenust 1-if kareropun o0yafaloT OTHO-
CUTEJIBbHBIM MPHOPUTETOM MO OTHOIICHHIO K COOOIICHUSM OCTaIBHBIX
kareropuii. BKKC mmeeT BXomHO#M HaKOTHTEb eMKOCTRIO L1 GaitT myst
XpaHEHUs! COOOIICHNA, OXUAANUX Mepenadn. B Oydepe coobmenus
pasMelamTcs B COOTBETCTBIH C IPHOPUTETOM.

BKKC o6pabatbiBaeT cOOOIIEHHUS ¢ MPON3BOAUTEIHHOCTEIO Q o11/C.
ITocne oOpaboTKHM COOOIIEHHUS TTepeaAOTCS IO N3 HaNpaBICHUAM, Ka-
xnoe u3 kotopeix umeet K1, k2, ..., kn3 kananos cBs3u. BepostHocTn
nepeaayr COOOLICHUH 10 HANPABJICHUSIM OT JI000T0 UCTouHUKa Pl, P2,
..., pn3 (p1+p2+...+pn3 = 1). CxopocTs mepempaun Vi 6ur/c.

Ecnu mocne 06paboTku coOOIIeHNs BCe KaHAJbI CBSI3M HATIPABICHUSI
3aHATHI, TO 00paboTaHHOE COOOIICHHE MOMENIAETCsl B HAKOMUTENb Ka-
HAJIOB CBSI3U, €CJIM B HEM eCTh MecTo. IIpu oTCyTcTBUM MecTa B HaKO-
NUTEJIEC KAHAIOB CBSI3M COOOLIeHME TepsieTcsi. EMKocTh Hakomurens
KaHaJIOB CBs3M orpaHuyeHa L2 cooliieHusamu.

BKKC u kaHaibl CBSI3U UMEIOT KOHEUHYIO HaJCKHOCTh. IHTEpBaibl
BpeMeHu Torl u Tot2 Mmexny otkazamu BKKC u xaHanoB cBs3u ciy-
yaiineie. JlnmurensHocTu BoccTtaHoBlieHus TB1 u T2 BKKC u kananoB
CBSI3U CIIy4aiiHbIE.

IIpm oTkaze kaHana CBs3M MepefaBaeMble COOOIIEHUs 1-i karero-
PHH COXPAHSIOTCS B HAKOIMTENE KaHAIIOB, €CITH B HEM eCTh MecTo. [Ipu
Beixojie u3 crtposi BKKC ¢ BepositHocThio Pc Bce cooOmieHust B HaKo-
nurene BKKC u HakonurTene kaHaloB CBSA3M COXPaHAIOTCS, 0OpadaThl-
BaeMoe coobmieHne Tepsercs, a npueM BKKC u nmepemxaua coobmenuit
MO KaHajaM CBS3M mNpekpamaercs. [loctynaromue B 3T0 BpeMsi co00-
HICHUS TEPSIOTCS.

3aganue Ha HcciIeJ0BaHHe

Pazpaborate mmuTanuoHHyro moxaenb (yHkuuonupoanus BKKC.
HccnenoBare BAMSHUE €MKOCTEH BXOJHBIX HAKOIUTEJEH, HHTEPBAJIOB
BpPEMEHH U BEpOsSITHOCTEH Ha Bpems iepeaayn N cooOmieHuii u cpennee
BpeMsi 00pabOTKH OJTHOTO COOOIIIEHUSI.

[IpoBectu nucnepcuoHHbIH aHanu3. PaKTOPhl U UX YPOBHU BBIOpAThH
CaMOCTOSITENbHO. Pe3ynbTaTel MOAETHMPOBaHUS HEOOXOIUMO MOJIyYUTh
¢ TogHoCThIO € = (0,1 1 MOBepUTENHHON BeposATHOCTHIO o = 0,99.

Cnenate BBIBOABI 0 3arpyxkeHHocTH 3neMeHToB BKKC 1 Heobxo-
JUMBIX Mepax IO MOBBILICHUIO YPPEKTUBHOCTH €ro (PyHKIMOHUPOBa-
HUSL.
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Bapuanr 8

ITocTanoBKa 3agaun

Ha BeraucnurensHpiil komiuieke kommyTaruu coobmienuii (BKKC)
MOCTYMAIOT coobmieHust oT nl aboOHEeHTOB ¢ WHTEpBaiaMu Bpemernn 11,
T2, ..., Tnl. Coobmenust MOTyT OBITh N2 KATETOPUI C BEPOATHOCTAMHU
pl, p2, ..., pn2 (pl+p2+..4+pn2 = 1) ¥ BEIYUCIUTEILHBIMU CJIOKHOCTSI-
mu S1, S2,..., Sn2 omeparii (01) COOTBETCTBEHHO. BhIUHCIHUTEIHHBIC
cinoxHocTH cirydaiiasie. BKKC nMeeT BX0qHON HaKOIMHUTEIh EMKOCTHIO
L1 Gaiit nns xpaHeHUs: cOOOIICHUH, oxkuaromux nepenadun. Coodie-
HUs 1-i KaTeropuu 00JIaAal0T OTHOCHTEIBHBIM HMPUOPHTETOM IO OT-
HOIIICHWIO K COOOIICHHSM OCTAJILHBIX KaTeropuil mpu oO0paboTKe Ha
BKKC. B Oydepe coollieHus pa3MemaTcs B COOTBETCTBUH C IPH-
OpPHUTETOM.

BKKC o6pabaTsiBaeT coo0meHus ¢ MpOU3BOAUTENHFHOCTRIO (Q orr/c.
Ilocne 0OpaboTKH COOOIIEHNUS TIEpPEeNAIOTCs 0 N3 HaIlpaBIIEHUSIM, Ka-
s moe u3 koTopbix umeer K1, k2, ..., kn3 kananos cesa3u. BepostHocTH
nepeaun COOOIIEHHI 110 HAaIIPaBJICHUAM OT JIF000T0 cTouHuka pl, p2,
..., pn3 (p1+p2+...+pn3 = 1). CkopocTts nepeaayn Vi out/c.

Ecnu mocne 06paboTku coOOIIEeHNs BCe KaHAJbI CBSI3H HATIPABICHUSI
3aHATHI, TO 00paboTaHHOE COOOIICHUE MMOMENIAeTCsl B HAKOMUTEINb Ka-
HAJIOB CBSI3W, €CITU B HEM eCTb MecTO. [Ipu OoTCyTCTBUM MecTa B HaKO-
nUTele KAaHAJIOB CBSI3M COOOIIeHHe TepsieTcsi. EMKOCTh HakomuTens
KaHaJIOB CBsi3M orpaHuueHa L2 cooliieHusamu.

BKKC u xaHaibl CBSI3U UMEIOT KOHEUHYIO HaJECKHOCTh. IHTEepBaibl
BpemenH Torl n Tot2 mexnay otkazaMmu BKKC u kanHanos cBs3u ciy-
yaitueie. JnurensHocT BocctanopieHus Tl u T2 BKKC u kananos
CBSI3U CIIy4aiiHbIE.

IIpu oTkaze kaHana CBs3M IepefaBaeMble COOOIIeHus 1-if karero-
PHH COXPAHSIOTCS B HAKOIMTENE KaHAIIOB, €CITH B HEM eCTh MecTo. [Ipu
Bbixoze u3 crpos BKKC ¢ BepositHocThIO PC BCe cooOrmienns B HaKo-
nurene BKKC u HakonmTene kaHaIoB CBSA3M COXPaHAIOTCS, 0OpadaThl-
BaeMoe coobmienue Tepsercs, a npueM BKKC u nmepenaua coobmenuit
MO KaHajaM CBSI3M TpeKpaniaercs. Bee moctymaromnue B 3T0 BpeMsi co-
0OIIEeHUS TEePSIOTCS.

3agaHue Ha uccleJ0OBaHHe

Paspaborats uMuTanmonuyo mozaens ¢ynknuonuposanus BKKC.
UccnenoBarh BIUSIHAE €MKOCTEH BXOJIHBIX HAKOMMTENEH, HHTEPBAJIOB
BpeMeHH, BeposiTHocTel, Q ¥ VII Ha BEpPOATHOCTH Iepeaadn coooiie-
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HUH o kateropusM u B 1esioM uyepe3 BKKC B teuenne T gacos. [Ipo-
BECTH TUCIIEPCUOHHBIN aHanu3. DaKkTophl U UX YPOBHU BHIOPATh Camo-
CTOSITENBHO. Pe3ynpTaTel MOJECTUPOBAHUS HEOOXOAMMO TOJIyYUTH
¢ TouHocTsio € = 0,01 1 HOBepUTEIHHOM BeposSTHOCTHIO . = 0,99,

Crenatp BeIBOABI O 3arpykeHHocTtH dnmeMeHToB BKKC n Heobxo-
JUMBIX Mepax IO MOBBILICHUIO dPPEKTUBHOCTH €ro (QPyHKIHOHHPOBa-
HUSL.

Bapuant 9

ITocTanoBKa 3agaun

Ha BeraucnurensHbiit Kommuieke kommyTarmn coobmennii (BKKC)
MOCTYMAIOT coo0ImIeHust OT nl aOOHEHTOB ¢ MHTepBaNaMu BpeMeHH T1,
T2, ..., Tnl. CooOueHust MOTYT OBITh N2 KAaTETOPHIA C BEPOSITHOCTIAMH
pl, p2, ..., pn2 (pl+p2+..+pn2 = 1) 1 BEIYUCIUTENEHBIMHA CIIOKHOCTS-
mu S1, S2.... , Sn2 omepanuii (0) COOTBETCTBEHHO. BRIUUCINUTENBHBIE
cnoxxknoctu ciydaitasie. BKKC nmeer BXoqHOM HAKOMUTENNh €MKOCTBIO
L1 Gaiit mns xpaHeHUs: cooOIIeHnH, oxxuaaromux mnepenadn. Coodie-
HuUs 1-1 KaTeropuu o0IaJar0T aOCOMFOTHBIM IPHOPUTETOM 10 OTHOIIIE-
HUIO K COOOIICHUSIM OCTaNbHBIX KaTeropuii mpu oopaborke Ha BKKC.
B 0ydepe coolriieHus pa3MeniaroTcs B COOTBETCTBUH C IPUOPUTETOM.

BKKC o6pabaTsiBaeT coo0ImeHus ¢ MpOU3BOAUTENHHOCTRIO (Q orr/c.
ITocne 0OpaboTKK COOOIICHUS MEPEIAIOTCS 10 N3 HAIpaBJICHUSAM, Ka-
s moe u3 koTopbix umeer K1, k2, ..., kn3 kananos cesa3u. BepostHocTH
niepeIaun COOOIIEHHH 110 HAIIPaBJICHUAM OT JIFO00T0 cTouHuKa pl, p2,
..., PN3 (p1l+p2+...+pn3 = 1). CkopocTH mepeadu 1o JOoMy KaHATy
HanpasneHuit Vil, V2, ..., Vin3 6ut/c COOTBETCTBEHHO.

IIpu nepenaye cooOiienus 1-i kateropuu 00Ja1al0T aOCOIIOTHBIM
MPHOPUTETOM TI0 OTHOIICHUIO K COOOMIEHUsIM Mpyrux kateropuid. [lo-
3TOMY €CJIM TI0CjIe 00pabOTKU COOOIIEHUS BCE KaHAJIbI CBSI3U HaIpaB-
JICHUSI 3aHATHI, 00pabOTaHHOE COOOIIEHUE OMEIIACTCS B HAKOMUTEIh
KaHaJIOB CBSI3U, €CIIM B HEM €CTh MECTO, WHade — TepsieTcs. EMKoOCTh
HAKOMUTENS KaHAJIOB CBSI3U orpaHuyeHa L2 coolmeHusMu.

BKKC u xaHaibl CBSI3U HMEIOT KOHEUHYIO HaJACKHOCTh. IHTEpBaIBI
BpemenH Torl u Totr2 mexny otkazamu BKKC u kananoB cBszu ciy-
yaiinble. JlnmrenbHocTH BoccTaHoBieHuss TBl u T2 BKKC u kananoB
cBsa3M ciyvaitaele. Ilpy oTkase kaHaja CBSI3W TMepeaaBaeMble cooOIIe-
HuUs 1-H KaTeropuu COXPaHSIOTCS B HAKOIUTENEC KaHAJIOB, €CJIM B HEM
ectb MecTo. IIpu Beixone u3 ctpost BKKC ¢ BepostHocThIO PC BCe co-
obmenus B Hakonutene BKKC u HakommTene KaHAIOB CBS3M COXpa-
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HAIOTCS, oOpabaTeiBacMoe coobmienue Tepsercs,a nmpueM BKKC u me-
penada cooOIEeHNH 0 KaHajlaM CBSI3U Mpekpamaercs. Bee mocrtymnaro-
KM€ B 3TO BPEMsI COOOIICHUS TEPSIOTCS.

3agaHue Ha ucclieJOBaHHE

Pa3pabotats uMuTanmonnyo mozpens ¢ynknuonupoBanus BKKC.
HccnenoBath BIUSHUE €MKOCTEH BXOJHBIX HAKOMNMTENEH, HHTEPBAJIOB
BpEMEHH, BeposiTHOCTeH, Q 1 VI Ha BEpOATHOCT Nepeadll u CpeaHee
BpeMs1 00pabOTKH OHOTO COOOIICHHUS.

[TpoBectn nucnepcroHHbIN aHanu3. OakTOphl U KX YPOBHU BHIOPATH
CaMOCTOSITENbHO. Pe3ynbTaTel MOAEIMPOBAaHUS HEOOXOIUMO MOJTyYUTh
¢ TounocThio € = 0,01 u noBepuTenbHOM BeposTHOCTHIO o = 0,95. Bpe-
MSI MOJICTTHPOBAHUSI — | YacoB.

Crnenatp BBIBOABI 0 3arpykeHHocTH dneMeHToB BKKC n Heobxo-
MUMBIX MEpax MO MOBBIIEHUIO YPPEKTUBHOCTH €ro (QYHKIIMOHHPOBA-
HHA.

Bapuanr 10

IlocTanoBka 3agaumn

Ha BpruncnurensHblil KoMIuieke kommyTtanuu coodmennii (BKKC)
MOCTYMAlOT coobmeHus oT nl aDOHEHTOB ¢ WHTEpBasaMu Bpemernn 11,
T2, ..., Tnl. CooOuieHust MOTYT OBITh N2 KATETOPHIA C BEPOSITHOCTAMH
pl, p2, ..., pn2 (pl+p2+...+pn2 = 1) ¥ BEIYUCIUTEIHLHBIMHA CJIIOKHOCTSI-
mu S1, S2...., Sn2 omepanuii (01) COOTBETCTBEHHO. BEancnuTe pHbIe
cioxkHocTH cinyyvaitaeie. BKKC nmeer BXoqHOM HAKONMUTENh €MKOCTBIO
L1 GaliT ans XxpaHeHus: cooOeHnH, oxunaromux nepenaun. CooOie-
Hus 1-i kaTeropuu o001aat0T a0COFOTHBIM IPUOPUTETOM IO OTHOIIIE-
HHUIO K COOOLIEHUSIM OCTalIbHBIX KaTeropuii nmpu oopadorke Ha BKKC.
B O0ydepe coolriieHus pa3MeniaroTcss B COOTBETCTBUH C IPUOPUTETOM.

BKKC o6pabatbiBaeT cooOIIeHUs C TPOU3BOAUTEILHOCTHIO Q or1/C.
ITocne 0OpaboTKu cooOIIEeHHs MEepeaaroTcsl 0 N3 HarpaBJIeHUAM, Ka-
xnoe u3 kotopeix umeet K1, k2, ..., kn3 xananos cBs3u. BepostHoctn
nepeayr COOOIICHUH 110 HANPABJICHUSIM OT JF0O0T0 MCTOYHUKA Pl, P2,
..., PN3 (p1+p2+...+pn3 = 1). CkopocTH Nepenayu 1o JOoMy KaHaTy
HanpaeneHuit Vil, Vo2, ..., Vin3 6ut/c COOTBETCTBEHHO.

[Ipu nepenaye coobmenus 1-i kareropuu 06Ia7aI0T aOCOTIOTHRIM
MPUOPUTETOM TI0 OTHOIIEHHIO K COOONIEHUSIM Jpyrux Karteropuid. [lo-
3TOMY ecii mocjie 00paboTKK cOOOIIEHUs] Bce KaHAJbl CBS3M Halpas-
JICHUSI 3aHSAThI, 00pabOTaHHOE COOOIIEHHE MOMEIIACTCS B HAKOIUTENb
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HampaBJeHNs, €CTM B HEM eCTb MECTO, WHadye — TepseTcs. EMkocTu
HAKONUTENCH HampaBJeHW CBsA3U orpanudensl L21, L22, ..., L2n3
COOOIICHUSIMH COOTBETCTBEHHO.

BKKC u xaHanbl CBSI31M UMEIOT KOHEYHYIO Ha/IeXKHOCTh. MHTEepBabI
Bpemern Torl u Tot2 mexmy otkazamu BKKC u kaHanoB cBs3u ciry-
yaiiaeie. JlnmutensHoctu BoccTtaHoBiieHus Tl u T2 BKKC u kananoB
CBSI3U CIIy4aiiHbIE.

IIpn oTka3e kaHana CBSI3W TepelaBaeMble cOOOMEHus 1-if KaTero-
PHH COXPaHSIOTCS B HAKOMHUTENE KaHAJIOB, €CITH B HEM eCcTh MecTo. [Ipu
Beixoe u3 crtpost BKKC ¢ BepostHocThio Pc Bece cooOmieHust B HaKo-
rmutene BKKC n HakomuTene KaHaJoOB CBSI3H COXPAHSIOTCS, 00padaThI-
BaeMoe cooOiieHue Tepsercs,a npuem BKKC u nepenava cooOiieHuit
M0 KaHajaM CBSI3M MpeKpamiaercs. Bece moctymatomue B 3T0 BpeMsi co-
OOIIEHHST TEPSIFOTCSL.

3aganue Ha uccieJ0BaHHe

Pazpaborate uMmuTaIMOHHYIO MoAens ¢yHkuoHupoBaHus BKKC.
HccnenoBate BIMSHUE €MKOCTEH BXOIHBIX HAaKOMWUTEJEH, HHTEPBAIIOB
BpeMeHH, BeposiTHOCTel, Q 1 VI Ha BepOsSTHOCTD Mepeaay U cpeHee
BpeMsi 00paboTku ofHoro cooOmeHus. [IpoBecTn AnMCHIEpCHOHHBIN
aHanu3. GakTopsl U UX YPOBHU BBIOPATh CAaMOCTOSATENBLHO. Pe3ynbpTaThl
MOJICJIMPOBAHMS HEOOXOIUMO MOIYYHUTh ¢ TOUHOCTHIO € = 0,01 u j0Be-
puTenbpHOM BeposiTHOCTRIO o = 0,95. Bpemst mogenupoBanuss — T ua-
COB.

Crnenatp BBIBOJBI 0 3arpykeHHocTH dneMeHToB BKKC n Heobxo-
JUMBIX Mepax IO TOBBIIICHUIO d3PPEKTHBHOCTH ero (yHKIIMOHUPOBa-
HUSL.

Bapuanr 11

IlocTanoBka 3agaumn

Ha mexypctee Haxoznsarcs nl cpencts cBszu (CC) n2 tumos (n21 +
n22 + ... + n2n2 = n2) B TeueHHE N3 YacoB.

Kaxmoe CC moxer B 00O MOMEHT BPEMEHH BBINTH M3 CTPOSI.
B 3TOM ciiyyae ero 3aMeHSIIOT pe3epBHBIM, IpUYEM JUOO cpasy, Ju0o
10 Mepe ero nospieHus. TeMm BpemeHeM, Boienuiee u3 crpost CC pe-
MOHTHPYIOT, TTIOCJIE YeTO COJIep’KaT B KauecTBe pe3epBHOT0. Bcero ko-
mmaectBO pesepBHBIX CC n4.

Pemont Hencnpasubix CC npousBozar n5 macrepos. Bpems T1, T2,
..., I'n2 pemonTa ciryqaitHoe u 3aBucut ot Turna CC, HO HE 3aBUCUT OT
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Toro, kKakoir mactep 310 CC pemontupyet. MHTepBamsr Bpemern 121,
T22, ..., T2n2 Mexny oTkazamMu Haxoasamuxcs Ha aexypcrse CC ciy-
YyalHBbIE.

IIpubsute ot CC, HaxomAmIMXCs Ha JEXKYpCTBe, cocTaBisieT S1 ne-
HEXXHBIX eAnHHIl B 4ac. [louyacoBoii yOBITOK MpW OTCYTCTBHH Ha Je-
xKypctBe ogHoro CC — S2 nenexHslx eauHul. Omata MacTtepa 3a
pemont HemcmupapHoro CC S31, S32, ..., S3n2 neHEXHBIX €IMHUI]
B 4ac. 3aTpaTsl Ha coaep:kanue ogHoro pe3epsHoro CC cocraBistor S4
JICHSXKHBIX SUHUIL B Yac.

3aganue Ha McciielOBaHHe

Pa3paboraTh UMUTAITMOHHYIO MOJIETh PYHKIIMOHUPOBAHHS CHCTEMBI
pemonta CC. MccrenoBaTh BIUSHAE HA OXKHUIACMYIO IPUOBLTH Pa3iind-
Horo KonmmdectBa pezepBHBIX CC u mactepoB. Omnpenenuts abCOMOT-
HbIE BEIMYMHBI U OTHOCUTENIbHBIE KOI()(UIMEHTH! 0’KUIAEMON pUObI-
mu no kaxnomy tuny CC u B 1iesioM 3a cucreMy. Pe3ynbTaTsl Mojieinu-
pOBaHHA HEOOXOAMMO MOIYYHTh ¢ TOYHOCTHIO € = 0,01 u moBepuTenh-
HOH BeposATHOCTHIO o = 0,99.

C)IGHHTI) BBIBOJIBI O 3arpy’>XCHHOCTHU CPCACTB CBA3U, MAaCTCPOB U HE-
O6XOZII/IMI>IX MEpax 1o COBCPHICHCTBOBAHNIO CUCTEMbBI pPEMOHTA.

Bapmuanr 12

IlocTanoBka 3agaumn

Ha mexypctse Haxoznsarcs nl cpencts cBsizu (CC) n2 turmos (n21 +
n22 + ... + n2n2 = n2) B TeUyeHHE N3 YacoB.

Kaxnoe CC mMoxer B 1000H MOMEHT BPEMEHHU BBINTH U3 cTposi. B
9TOM CJIydae ero 3aMeHSIOT Pe3epBHBIM, MIpUieM 100 cpazy, JIMOOo 1o
Mepe ero nosBiieHus. Tem BpemeHeM, Boimieniiee u3 ctposi CC pemoH-
THPYIOT, TIOCTIE YeTo cofepKaT B KadecTBe pe3epBHOro. Beero xomuye-
cTBO pe3epBHbIX CC n4.

Pemont Hencnpasubix CC npousBosat nS mactepos. Bpems T1, T2,
..., I'n2 pemoHnTa ciydaitHoe u 3aBucHuT oT Tuna CC, HO HE 3aBUCUT OT
Toro, Kakoit mactep 310 CC pemontupyet. MHTepBansl Bpemenu 121,
T22, ..., T2n2 Mexny oTkazaMu Haxomsuxcs Ha nexypctse CC cuy-
yaliHbIe.

[Ipubsie ot CC, HaxoAsSImUXCS Ha ASKYPCTBE, cocTaBiseT S1 me-
HEXXHBIX eAWHMIl B 4ac. [louyacoBoil yOBITOK MpW OTCYTCTBHHM Ha Je-
xKypctBe ogHoro CC — S2 neHexHsIx eauHuu. Omata MacTepa 3a
pemont HeucupapHoro CC S31, S32, ..., S3n2 neHEXHBIX €IMHMII
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B 4ac. 3aTpaTsl Ha coaep:kanue ogHoro pesepsHoro CC cocraBistor S4
JICHSXKHBIX SUHUIL B Yac.

3aganue Ha McciielOBaHHe

Pa3paboTaTh NMHTaIMOHHYIO MOJIENb (PYHKIMOHHUPOBAHUS CHCTEMBI
peMoHTa cpecTB cBs3M. VccnenoBars yepes mpoMexyTku BpeMeHn AT
BIIMSTHYE HA 0XKHUJAEMYIO TIPHOBUTH PA3IMYHOTO KOJTMYECTBA PE3EPBHBIX
CPEZICTB CBsI3M M MacTepoB. OmnpenenuTs aOCONIOTHBIE BETHYMHBI H
OTHOCUTENbHBIE KOI(OUIMEHTH OKUAaEMON MPUOBUTH ISl Ka)XIIOTO
npomexyTka AT 1o KaKIoMy THITy CPEACTB CBS3U U B 1eJoM. Pesynb-
TaThl MOJICITHPOBAHHUS HEOOXOAMMO TOJIYYIHTH ¢ TOYHOCTHIO € = 0,01 u
JIOBEpUTENIbHOM BepoaTHOCThIO o = 0,99.

CI[CHHTI) BBIBOABI O 3arpyX€HHOCTU CPCACTB CBA3H, MACTCPOB IIO
npoMexxytkam AT ¥ HeoOXOIMMBIX Mepax IO COBEpPIICHCTBOBAHHIO
CHCTEMBI PEMOHTA.

Bapmuanr 13

ITocTanoBka 3agaun

Ha nexypctBe Haxozsrest nl cpencts cBsizu (CC) n2 tumos (n21 +
n22 + ... + n2n2 = n2) B Te€4eHUE N3 YaCOB.

Kaxngoe CC moxer B MOOOW MOMEHT BPEMEHH BBIUTH H3 CTPOSL.
B aToM cnydae ero 3aMeHsIOT pe3epBHBIM, MPUYEM JIMOO cpazy, Jubo
1o Mepe ero nosBieHus. Tem BpemeHneM, Boimieniiee u3 crpost CC pe-
MOHTHPYIOT, II0CJIE Yero COAEP)KaT B KauecTBe pe3epBHOro. Beero ko-
nnaecTBo pesepBHbIX CC né4.

Pemont HeucnpaBubix CC npousBoasaT n5 mactepos. Bpems T1, T2,
..., I'n2 pemonTa ciryqaitnoe u 3aBucuT oT Tuna CC, HO He 3aBHCHUT OT
Toro, kakol Mactep 310 CC pemontupyet. MHTEpBansl Bpemenu T21,

T22, ..., T2n2 Mexny oTkazamMu Haxomsammxcs Ha aexypcrse CC ciy-
YalHbIE.
C BeposiTHOCTAMH pl, p2, ..., pn2 HeucnpaBHeie CC N2 THIIOB COOT-

BETCTBEHHO HE MOJIeKaT peMoHTy. CUmTaercsi, YTO YMEHBIIWIOCHh
gucio pesepBHbIX CC, ecim onu O0piH. Uepe3 T 9acoB He moIeKaIme
pemonty CC 3aMeHsIeTCS HOBBIMH, CTOMMOCTBH Ka)JOTO U3 KOTOPBIX
S51, S52, ..., Sbn2 neHeKHBIX €IUHHI] COOTBETCTBEHHO.

[Ipubsie or CC, HaxomsmUXcs Ha ASKYPCTBE, cocTaBisieT S1 fe-
HEXHBIX eAMHMI] B 4ac. [louacoBol yOBITOK NMpH OTCYTCTBUH Ha Jie-
)kyperBe ogHoro CC — S2 neHexHbix eaunull. OriaTa macTepa 3a
pemont HemcupapHoro CC S31, S32, ..., S3n2 neHEXHBIX €IWHMII
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B 4ac. 3aTpaTsl Ha coaep:kanue ogHoro pesepsHoro CC cocraBistor S4
JICHSXKHBIX SUHUIL B Yac.

3aganue Ha McciielOBaHHe

Pa3paboTaTh NMHTaIMOHHYIO MOJIENb (PYHKIMOHHUPOBAHUS CHCTEMBI
peMoHTa cpecTB cBs3M. VccnenoBarh yepes mpoMexyTku BpeMeHu AT
BIIMSTHYE HA 0XKHUJAEMYIO TIPHOBUTH PA3IMYHOTO KOJTMYECTBA PE3EPBHBIX
CPEZCTB CBsI3M M MacTepoB. OmnpenenuTs aOCONIOTHBIE BETHYUHBI H
OTHOCUTENbHBIE KOI(OUIMEHTH OKUAaEMON MPUOBUTH ISl Ka)XIIOTO
npomexyTka AT 1o KaKIoMy THITy CPEACTB CBS3U U B 1eJoM. Pesynb-
TaThl MOJICITHPOBAHMS HEOOXOAMMO TOJIYYIHTH ¢ TOYHOCTBIO € = 0,01 n
JIOBEpUTENbHOM BepoaTHOCThIO o = 0,99.

CI[CHHTI) BBIBOABI O 3arpyX€HHOCTU CPCACTB CBA3H, MACTCPOB IIO
npoMexxytkam AT ¥ HeoOXOIMMBIX Mepax IO COBEpPIICHCTBOBAHHIO
CHCTEMBI PEMOHTA.

Bapmuanr 14

ITocTanoBka 3agaun

ABtomarnueckas teiedonnas cranims (ATC) obcnyxupaer nl Te-
nedounbix anmaparos (TA) nepsoii kateropuu (TA1), n2 TA BTOpOI
kareropun (TA2) u umeer n3 BBIXOIOB B CeTh CBs3U. MIHTEpBaN Bpeme-
Hu T1/nl mexnay 3BoHKamu ¢ TA mepBoi kareropuu ciydaiHbid. Be-
POSITHOCTH 3BOHKa ¢ i-ro TA mepBoii kareropuu pli = 1/nl. Beposr-
HOCTb TOT'0, YTO MPHU 3TOM JJISl pa3roBopa noTpedyeTcst BHEIIHSS JTUHNS
cB3u  P2=n3/(n2+n3), coemuHenme ¢ TA BTOpOH KaTeropuu
p3 = n2/(n2+n3). [Ipu 3T0M MOKET OBITH 3aHATA JI00ast CBOOOIHAS -
HHS CBSI3H, a BEPOSTHOCTh 3BOHKA Ha j-ii TA BTOpO# KaTeropuu p4j =
1/n2. ImutensHOCTS t1 pasroBopa ¢ TA mepBoii KaTeropuu cirydaiiHasi.
Bpewms toxx1 oxkunmanus npu 3aHsTocTd TA WM BHEITHUX JTUHUN CBSI3U
cinyvaiinoe. BepositHoCTh TOTO, uT0 TA BTOpPOIT KaTEropuu HE OTBETUT,
p5. Ilpu aToM Bpems toxk2 TakKe ciydaiHoe.

WntepBan Bpemenu T2/n2 mexny 3BoHKamMu ¢ TA BTOpO# Karero-
pum ciydaiiHelid. BepostHocTh 3BoHKA ¢ k-ro TA BTOpO# Kareropuu
p6k = 1/n2. BeposiTHOCTH TOTO, YTO MPH ITOM JUISi pa3roBopa MOTpe-
OyroTcst BHemrHss JmHUA cBs3u P7 = n3/(nl+n3), coegunenune ¢ TA
nepBoii kareropuu P8 = nl/(nl+n3). [y pa3roBopa MOKET ObITh 3aHs-
Ta JM00ast cBO0OIHAS BHEIHSS JIMHUA CBSI3M, 3 BEPOATHOCTh 3BOHKA Ha
I-it TA nepBoit kareropun P91 = 1/nl. [iutenbHOCTh t2 pasroBopa
¢ TA Bropoii xateropumn ciydaitnad. Bpemsa tox3 mpu 3amstoctn TA
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WM BHEITHUX JIMHUW CBSI3W CiydaiiHoe. BepostHocTh TOTO, uTo TA
nepBoi kareropuu He oTBeTUT, P10. IIpu 3TOM Bpems tox4 Taxxke ciy-
4yaitHoe.

3BoHkn ¢ TA mepBoit kKareropur 00Jagar0T aOCOMIOTHBEIM TIPHOPH-
TETOM IO OTHOIIEHMIO K 3BOHKaM ¢ TA BTOpOMH KaTeropuu mpu 3aHsTo-
CTH BHEIIHETO BBIXOJIa B CETh CBA3M. BcneacTsue 3Toro, €ciu npu mo-
CTYIUIEHUHU 3asBKU HA Pa3roBOp IO BHEIIHEMY BbIxoay ¢ TA mepBoit
KaTEeTOpPHH BCE BHEITHHE BBIXOABI OyIyT 3aHSATHI Pa3rOBOpPaMH TaKXkKe
¢ TA nepBoii kaTeropuu, TO IpPEephHIBaHUS HE IMPOUCXOIUT M 3asBKa
cuuTaercs morepsHHor. Eciu ke HEeKOTOpble BHEITHHE BBIXOABI OyayT
3aHATHI pa3roBopamu ¢ TA BTOpPOH KaTeropuu, TO mocie toxx1 onuH u3
3TUX Pa3roBOPOB MpephIBaeTCs (TepsieTcs) U HauMHAeTCsl pa3roBOp IO
3ToMy BbIXOAY ¢ TA mepBoit KaTeropuu.

3aganue Ha HcciIeJ0BaHHE

Pazpaborate umuTanmoHHy0 Mojens (yHkiuoHupoBaHus ATC.
HccnenoBath 3aBUCHMOCTH BEPOSITHOCTH pa3roBopoB ¢ TA mepBoi u
BTOPOH KaTeTOPUM OT HWHTEPBAJIOB BPEMEHH, BPEMEHH DPa3rOBOPOB H
BEPOSITHOCTEM.

[TpoBecTn mUCTIEpCHOHHBIN aHAIN3, (PAKTOPBI M 3HAYECHHS UX YPOB-
HEH BBIOpATh CaMOCTOSATENFHO, BKIIOUUTH B YACIO (PaKTOPOB IKCIEPH-
MEHTa M KOJIMYECTBO TeJIE()OHHBIX ammaparoB. Pe3ynbTaTsl MOIEIHPO-
BaHMS HEOOXOIUMO MOIYYUTH ¢ TOUYHOCTHIO € = 0,01 1 moBepuTENHHOU
BeposTHOCTHIO 0 = 0,99.

Bapmuanr 15

IlocTanoBka 3agaumn

ABromaTtnyeckas Tenedonnas cranuus (ATC) obcmyxuBaer nl Te-
nedounbix anmaparoB (TA) nepsoii kateropuu (TA1), n2 TA BTOpOI
kareropuu (TA2), n4 TA Tperbell KaTeropuu M UMeeT n3 BBIXOJIOB
B CETh CBSI3H.

Wntepsan Bpemenu T1/nl mexnay 3Bonkamu ¢ TA mepBoii karero-
puu ciy4aitaeiii. BepositHocTh 3B0HKa ¢ i-ro0 TA mepBoii kateropuu pli
= 1/nl. BeposATHOCTb TOTO, YTO MPHU 3TOM JUIsl Pa3roBopa MoTpedyercs
BHEILHSS TUHUA CBsA3u P2= n3/(n2+n3), coenunenue ¢ TA BTopoi Ka-
teropuu p3 = n2/(n2+n3). [Ipu >TOM MOXKeT ObITH 3aHsTa JFO0AsT CBO-
0ojHasl JTMHUS CBSI3M, a BEPOSITHOCTh 3BOHKA Ha j-i TA BTOpOIi Karero-
pun p4j = 1/n2. dnurensHocTh tl pasroBopa ¢ TA mepBoil kareropuu
ciayuaitnas. Bpems tox1 oxumanus mpu 3aHATOCTH TA WM BHEITHHX
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JTUHUN CBsI3W ciydaiiHoe. BepositHOocTh Toro, uto TA BTOpOil Karero-
pun He oTBETUT, PS. IIpu aTOM BpeMms tox2 Takke ciiydaifHoe.

Wnrtepsan Bpemenu T2/n2 mexnay 3BoHKamu ¢ TA BTOpoi#l Karero-
pun ciydvaitaeiii. Bepoarnocts 3BoHKa ¢ k-ro TA BTOpO# KaTeropuu
p6k = 1/n2. BeposATHOCTH TOTO, YTO IIPH 3TOM JUIS Pa3roBOpa MOTpe-
OyroTcst BHEWIHSS JimHUS cBs3u P7 = n3/(nl+n3), coequnenue ¢ TA
nepBoit kareropun P8 = nl/(nl1+n3). [l pasroBopa MOKeT OBITEH 3aHS-
Ta J1r00ast cBOOOJHAs BHELIHAS JIMHUS CBA3H, & BEPOSATHOCTH 3BOHKA Ha
I-it TA nepBoit kareropuu P9l = 1/nl. [nutenbHocTh t2 pasroBopa
¢ TA Bropoii kaTeropun ciaydaiinas. Bpems tox3 npu 3anstocta TA
WM BHEUIHUX JIMHUW CBSI3U ciaydaiiHoe. BepostHocTe TOro, uro TA
nepBoit kareropuu He oTBeTUT, P10. IIpu 3TOM Bpems tox4 Taxxke ciy-
yaiiHoe.

Nurepsan Bpemenn T3/n4d mexay 3BoHkamu ¢ TA TpeTheil Katero-
pun ciydaiinenii. BepostHOCTh 3BOHKA ¢ k-ro TA TpeTheil kareropun
pllk = 1/n4. [lnsa pasroBopa Bcerga TpeOyeTCsi BHEIIHSS JTHHUS, TaK
Kak 3B0HOK Ha TA nmbo mepBoii, 1160 BTOPOH Kateropuii. 3BOHOK Ha
nro6oit u3 atux TA paBHoBepositen Pl2k=1/(n1+n2). JnutenpHocTh t4
pasroBopa ¢ TA TpeTbeii kareropuu ciy4aiinas. Bpems toxb npu 3aHs-
toctd TA WM BHEIIHUX JIMHUHK CBS3U ciydaiiHoe. BeposTHOCTH TOTO,
yto TA mepBoii wnu BTOpo# Kareropuu He oTBeTHT, P13. [lpm sTom
BpeMsI XD TaKKe CIyJaifHoe.

3BoHku ¢ TA mepBoi kaTeropuu o0iaga0T aOCOMOTHBIM ITPHOPU-
TETOM I10 OTHOIIEHUIO K 3BOHKaM ¢ TA BTOpOH KaTeropuu MpH 3aHATO-
CTH BHEIIHETO BBIXOJAA. BceiencTBue 3TOro, €ciau MpH MOCTYIUIEHUU
3adBKM Ha Pa3roBOp IO BHEIIHEMY BbIXony ¢ TA mepBoil kaTeropuu
BCE BHEUTHHE BBIXOBI OyIyT 3aHATHI pa3roBopamu Takxke ¢ TA nepBoit
KaTE€rOpHH, TO NPEPHIBAHUS HE MPOUCXOAUT U 3asiBKa CUUTAETCS MOTe-
psHHON. Ecnm ke HeKoTOopble BHEUTHHE BBIXOJbI OyJIyT 3aHATHI pasro-
Bopamu ¢ TA BTOpOil WM TpeTheit KaTeropuu, To mnocie tox! panblie
HAuaBIIMICS U3 3TUX PasrOBOPOB IpepbIBaeTcs (Tepsercsl)) U HauuHa-
€TCs pa3roBOp 1o 3TOMy BbIXoy ¢ TA mepBoii kaTeropuu.

3aganue Ha HcCJIeJOBaHHE

Pa3paboraTs uMHTaMOHHYIO MOJenb (yHKiuoHupoBanus ATC.
HccnenoBath 3aBHCHMOCTD BEPOSATHOCTH pazroBopoB ¢ TA mepBoil u
BTOPOM KaTeropuu OT MHTEPBAJIOB BPEMEHHU, BPEMEHHU DPA3rOBOPOB U
BEPOSATHOCTEH.

[TpoBecTn MUCTIEPCHOHHBIN aHAN3, (PAKTOPBI M 3HAYEHHS UX YPOB-
HEH BBIOpATh CaMOCTOSATENBFHO, BKIIOUUTD B YACIO (PAKTOPOB HKCIIEPH-
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MEHTa U KOJUYECTBO TeJe(OHHBIX anmnapaToB. Pe3ybraTel MOICIHPO-
BaHUsl HEOOXOUMO TOIYYHUTh ¢ TOYHOCTHIO € = 0,01 1 HoBepUTEIHHOMN
BepOsTHOCTHIO 0 = 0,99,

Bapuanur 16

ITocTanoBKa 3agaun

B opranmzamim nokanbpHas BeramciaurensHas ceth (JIBC) mmeer n
aBTOMaTHU3UPOBAHHBIX pabounx Mecta (APM) u cepBep, COCTUHEHHBIX
obmeli mmuoii. B JIBC opranmsoBaHa pacmpeneneHHas oOpaboTka
JaHHBIX. 3ampockl NocTynaioT ot APM, koTopeie UMEIOT CBOU 0Oa3bl
mauabix (bM1). [locTynatomme 3anpocsl TEpBUYHO 00pabaThIBArOTCS Ha
APM. C BepostHocThio P1, P2, ..., Pn TpeOytomasicst undopmanums 00-
HapyxuBaetrca B b/ APM, mocne dero mpomospkaercs AalbHEHIas
o0paboTka 3ampoca. B mpoTuBHOM ciydae HEOOXOIUMa IMOCHIIKA 3a-
mpoca Ha cepsep. llocie moceuky 3ampoca Ha cepBep APM o6pabaTsi-
BaeT JApyrue MocTymalue Ha Hero 3anpockl. [lomyyuB oTBeT ¢ cepBe-
pa, APM 3aBepmaer o0paboOTKy 3ampoca.

WHuTepBansl BpeMeHH MOCTYIUIeHUs 3anpocoB HAa APM pacnpenene-
HBI TI0 3KCIIOHCHIIMAIHLHOMY 3aKOHY CO cpeJHUM 3HaueHueMm T11, T12,

.., T1n,

Kanan nepenaun nannsix, coenunsaoomuii APM u cepeep, He UMeET
HaKOMHTENEeH U mepeaaya 1Mo HeMy BO3MOKHA TOJBKO TOT/A, KOTJa OH
cBoOozaeH. Korma on 3ansar, APM HaxomuTcs B pexXUMe OXUIAHUS U
TOJIBKO TIOCJIe OCBOOOXKIEHHS KaHaja mnepesaer 3ampoc. [Ipu nepengaue
JIAHHBIX C cepBepa 1o 3ampocy APM 3TUM NaHHBIM TPHCBAaWBaETCS
0oJsiee BRICOKHI MPUOPHUTET 110 CPABHEHMIO € MOCTynaromumu Ha APM
3ampocaMu. OTHM  OOecleuMBaeTCs JWCHUILTAHA — OOCITY>KUBaHHS
«paHbIIIe TPUIIIET — paHbIlle 00CITy>KEH» NPH 3aBepIIeHUH 00paboTKH
3ampoca Ha APM mocJe moimy4deHust OTBETa ¢ cepBepa.

Ha cepBepe umeroTcs nBa Hakomwmrtens. Hakomurens 1 mpemnasHa-
YeH IS MOCTYMAIOIINX 3aPOCOB, & BTOPOH — JIJIS TIePeIaBaeMbIX OT-
BETOB Ha 3arpockl. EMkocTh Hakomwutens 1 orpanuueHa Ha Emkl 3a-
MPOCOB, TO €cTh Moctymaromue ¢ APM 3ampocsl MOTYT TepsThCS
B Cllyyae MOJHOTO 3amojHeHus1 Hakonuress 1. EMkocTs Hakonurens 2
MPaKTUYECKU HEOTpaHUUEHHA, TO €CTh OTBETHI Ha 3anpockl C APM He
TEPSIFOTCS.

Bpewmst mepBuuHON 00pabOTKH 3ampoca, ero rnepejaadd npu Hajno0-
HOCTH Ha cepBep, 00paboTku Ha cepBepe M OOpaTHOW MepeAayd Ha
Hy)kHOe APM 1moIurMHEHBI SKCTIOHCHIINATIEHOMY 3aKOHY.
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3agaHue Ha ucclieJOBaHHe

Pa3zpaboraTth mMuTanMOHHYIO Mozenb. [IpomoaenupoBaTe QyHK-
uuonnposanue JIBC B reuenue T yacos.

OnpenennTb:

palMOHAIBHYIO €MKOCTh HaKONUTENS | Ha cepBepe, Npu KOTOPOH He
MIPOUCXOANT HOTEPH 3anpocoB ¢ APM;

BEPOATHOCTh OTKa3a B OTBETE Ha 3ampoc ¢ APM BciencTBue mojiHo-
r'0 3aI0JIHEHUS HakonuTens 1 Ha cepsepe;

Bpems peakuuu JIBC Ha 3ampoc nonb3oBarens;

BEPOATHOCTU 0OPaOOTKH 3aMpPOCOB, MOCTyNaromux Ha APM;

3arpy3ky APM, kanana mepenayu JaHHBIX U CepBepa.

IIpoBecTn nucnepcUOHHBIN aHanu3. PaKkTOpbl U 3HAYECHMsI YPOBHEU
(baKTOpOB BEIOpPATH CAMOCTOSITENBHO.

PesynpraTtel MomenupoBaHus HEOOXOAUMO MOMYYUTh C TOYHOCTHIO
€ = 0,01 u noBepurenpHOIl BeposATHOCTHIO 0, = 0,99.

ITo IMOJIYYCHHBIM PpE3yJibTaTaM MOZACIUPOBAHUA CHACIATh BBIBO/IbI
0 COBEPIIEHCTBOBAaHNU HH()OPMAIIMOHHBIX TTIOTOKOB B OpPTaHU3AI[HH.

Bapuanr 17

IlocTanoBka 3agaumn

B oprammzanmu nokanpHas BeraucnuTenbHas ceth (JIBC) mmeer n
aBTOMATH3UPOBAHHBIX pabounx mMecta (APM) u cepBep, coennHEHHBIX
obmeit mmuoii. B JIBC opranuzoBana pacnpejeiieHHass o0paOoTka
JaHHBIX. 3anpockl noctynaioT or APM, koTopbele MMEIOT CBOU 0as3bl
nmaaHbix (BMl). Ioctrynaromue 3ampockl MEpBHYHO 00padaTHIBAIOTCS
Ha APM. C BeposrtHocThio P1, P2, ..., Pn tpebyromasics nadopmanms
obnapyxmuBaetcs B b/ APM, mocinie 4ero mpojoikaeTcs JalbHeHIas
o0paboTka 3ampoca. B nmpoTuBHOM ciiydae HeoOXoanma MOCHUIKA 3a-
npoca Ha cepsep. [locie nmoceliku 3ampoca Ha cepBep APM o6pabaTsi-
BaeT JApPyrue MOCTYyMaollre Ha Hero 3anpockl. [lomyduB oTBeT ¢ cepre-
pa, APM 3aBepiaer o0paboOTKy 3amnpoca.

MHTepBanel BpeMeHU NMoCTyIIeHUs 3arpocoB Ha APM pacnpenene-
HBI 110 9KCIIOHCHIIMAILHOMY 3aKOHY CO cpeaHuM 3HaueHuem T11, T12,

., T1n.

Kanan nepenaun nanusix, coeaunsitoriniit APM u cepsep, He uMeeT
HaKOMHTENEeH U mepeaaya 1Mo HeMy BO3MOJKHA TOJIBKO TOT/Ia, KOTAa OH
cBoOoneH. Korma o 3amsat, APM HaxomuTcs B peXuMe OXUIAHUS U
TOJILKO TIOCJIE OCBOOOXKIEHHUS KaHaia mepenaet 3anpoc. [lpu nepenaye
JAHHBIX C cepBepa mo 3ampocy APM 3TUM NaHHBIM NPHCBAWBAETCS
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0oJiee BRICOKHI MTPHOPUTET IO CPABHECHUIO € TIOCTyHaronuMu Ha APM
3armpocaMu. OJTUM O0ECIEeUMBACTCS JUCHUIUIMHA OOCTYKUBaHHS
«paHbIIIC TPUIIICT — pPaHbIIIe 00CITYKEH» NPH 3aBEPIICHUN 00pabOTKU
3anpoca Ha APM nociie nosgydeHust OTBETa C cepBepa.

Ha cepBepe umerorcst nBa Hakonutens. Hakonurens 1 mpeagHasHa-
YeH JUIsl MOCTYMAIONINX 3allPOCOB, a BTOPOM — Ui MepelaBaeMbIX OT-
BETOB Ha 3ampockl. EMkocTh HakomuTens 1 orpanmueHa Ha Emkl1 3a-
MPOCOB, TO ecTh moctymapmue ¢ APM 3ampocskl MOTYT TepsThCS
B CJIy4ae TOJTHOTO 3aroJiHeHUs HakonuTens 1. EMkocTh Hakomutens 2
MPAaKTHYECKH OECKOHEYHA, TO €CTh OTBETHI Ha 3alIPOCHI HE TePSIOTCS.

Bpewms mepBudHON 00paboTKK 3ampoca, ero mepemads mpu Hamgo0-
HOCTH Ha cepBep, 0OpabOTKHM Ha cepBepe M OOpaTHOW Iepenayu Ha
Hy)kHO€ APM moaurHEHbI SKCIIOHCHIIUATIEHOMY 3aKOHY.

3aganue Ha HcciIeJ0BaHHE

Pa3paboTaTh UMHTAIIHOHHYIO MOJIEIb.

Onpenenurp:

cpenHee BpeMst 00padotku N 3ampocos;

paloHANbHYI0 EMKOCTh HaKonuTens 1 Ha cepBepe, Ipu KOTOPOit He
MIPOUCXOIUT MOTEPH 3ampocoB ¢ APM;

BEpOSITHOCTh OTKAa3a B OTBETE Ha 3anpoc ¢ APM BcieacTBue nojHo-
IO 3aIl0JIHEHUs HaKonuTeNs 1 Ha cepBepe;

Bpems peakuuu JIBC Ha 3ampoc nonp3oBares;

BEPOSITHOCTU 00pabOTKH 3alpOCoB, MocTymnaromux Ha APM;

3arpy3ky APM, kaHana nepegayul JaHHbBIX U CEPBEPA.

IIpoBecTu nucnepcUOHHbIN aHanu3. PaKkTOpbl U 3HAYEHMsI YPOBHEU
(baKTOpOB BHIOPATH CAMOCTOSITEIBHO.

PesynpTaTthl MOAETMPOBAaHUS HEOOXOJUMO MOJIYYUTH C TOYHOCTHIO
€ = 0,01 u noBepuTenLHOM BepOosATHOCTHIO 0, = 0,99,

Ilo momy4eHHBIM pe3yibTaTaM MOJETUPOBAHUS CHEIaTh BBIBOJBI
0 COBEPILEHCTBOBAHUU MH(OPMALIMOHHBIX TOTOKOB B OPraHU3aLUH.

Bapuanr 18
IHocTranoBka 3anaun
B opranmzanmu sokanpHas BeraucinutensHas ceth (JIBC) nmeer n
aBTOMAaTHU3UPOBAHHBIX pabounx mecta (APM) u cepBep, coennHEHHBIX
obmeit mmuoii. B JIBC opranuzoBaHa pacnpejeiieHHass o0paOoTka
JAHHBIX. 3ampockl noctynatoT ot APM, xoTtopble WMEOT cBou 06a3bl
nansbix (B1). [Moctynaromue 3ampocsl epBUYHO 00padaThIBatOTCsl Ha
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APM. C BepositHocThio P1, P2, ..., Pn TpeOyromiasics nadopmanus 00-
HapyxkuBaetrca B b/ APM, mocne yero mpomosnkaercs AallbHEHIas
o0OpaboTka 3ampoca. B mpoTHBHOM ciiyyae He0OXoIuMa IMOChUIKA 3a-
mpoca Ha cepep. [locie mocbutky 3ampoca Ha cepBep APM o0pabaTsi-
BaeT ApPyrye MOCTYMAaINIre Ha Hero 3anpockl. [lomyduB oTBeT ¢ cepre-
pa, APM 3aBepiaet 00paboTKy 3ampoca.

WHTEepBansr BpeMeHu mocTymieHus 3ampocoB Ha APM pacnpenene-
HBI 110 AKCIIOHCHITUATLHOMY 3aKOHY cO cpefHuM 3HadenueMm T11, T12,

.., T1n.

3ampocsl ¢ APM1 umeroT abCONMIOTHBIH NPUOPUTET TIO OTHOIICHHIO
K 3arpocam ¢ octanbHbIX APM. TlosTOoMy ecnu o KaHally niepenaeTcs
3amnpoc ¢ Apyrux APM, To nepenada nmpepeIBaeTCs U 3apoc TepseTcs.
Taxxe npepwiBacTcs 00paboTka 3amnpoca ¢ npyrux APM Ha cepepe.

Kanan nepenaun nannsix, coenuusaoomumii APM u cepsep, He UMeeT
HAKOMHTEJEeH U mepeaaya 1Mo HeMy BO3MOXKHA TOJIBKO TOT/Ia, KOTAa OH
cBoOoneH. Korna on 3ansar, APM HaxomuTcs B pexXUMe OXKUIAHUS U
TOJIBKO TIOCJIe OCBOOOXKIEHUS KaHaja mepesnaer 3ampoc. [Ipu nepegade
JaHHBIX ¢ cepBepa mo 3amnpocy APM »TUM HaHHBIM MPUCBAUBACTCA
0oJiee BBICOKMI IPUOPHUTET MO CPABHEHUIO C MOCTyMaromuMi Ha APM
3ampocaMd. OTHM  OOecleuMBaeTCs JUCHUILTAHA OOCITY>KUBaHHMS
«paHbIIIe TPUIIIET — paHbIIle 00CITyKEeH» NIPH 3aBepIIeHHH 00paboTKH
3ampoca Ha APM mocie moimydeHust OTBEeTa ¢ cepBepa.

Ha cepBepe umeroTcs nBa Hakomwmrens. Hakomurens 1 mpegHasHa-
YeH IS TOCTYMAIOIINX 3aPOCOB, & BTOPOH — IS TIePeIaBaeMbIX OT-
BETOB Ha 3arpockl. EMkocTh Hakommtens 1 orpanuueHa Ha Emkl 3a-
MpOCOB, TO €cTh Moctymnamomue ¢ APM 3ampocsl MOTYT TepsThCs
B CIy4yae TOJIHOTO 3aroyiHeHust Hakonwtens 1. EMkocTs Hakomutens 2
MPaKTUYECKU HEOTpaHUYEHHA, TO €CTh OTBETHI Ha 3anpockl C APM He
TEPSIFOTCH.

Bpems mepBuuHOl 00paboTKH 3ampoca, ero nepejaadd npu Hajao0-
HOCTH Ha cepBep, oOpaboTKH Ha cepBepe W OOpaTHOW Iepenayu Ha
Hy’)kHOe APM 10 {4MHEHBI SKCIIOHEHITUAIIEHOMY 3aKOHY.

3aganue Ha HCCIeTOBAHUE

Pazpaborats mmuTanmoHHyr0 Mojenb. [IpomonenupoBars (GyHK-
nnonuposanue JIBC B reuenue T qacos.

Onpenennrs:

palMOHAIbBHYIO €eMKOCTh HaKomUTeNs 1 Ha cepBepe, Npu KOTOPOi He
MPOUCXOANT TOTEPH 3ampocoB ¢ APM;
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BEpPOSTHOCTH OTKa3a B OTBETE Ha 3ampoc ¢ APM BcieacTBre MOTHO-
T'0 3aI0JIHCHUS HAaKOMUTeNs 1 Ha cepBepe;

BpeMs peakuuu JIBC Ha 3anpoc noas30BaTes;

BEPOATHOCTH 00PaOOTKH 3aIPOCOB, MOCTynaromux Ha APM;

3arpy3ky APM, kanana mepenadu JaHHBIX U CepBepa.

[IpoBectu nucnepcuoHHbId aHannu3. DakTOpel U 3HAYEHUS YPOBHEN
(haKTOpPOB BEIOPATH CAMOCTOSITEIIBHO.

PesynbpraTtel MomenupoBaHUS HEOOXOAUMO MOMYYUTHh C TOYHOCTHIO
€ = 0,01 u noBeputensHOI BepossTHOCTHIO 0, = 0,99.

[To momydeHHBIM pe3yNbTaTaM MOJCIUPOBAHUS CHENAaTh BBIBOJIBI
0 COBEPIIEHCTBOBAaHNU HH()OPMAIIMOHHBIX TOTOKOB B OpPTaHU3AIIH.

Bapuanr 19

ITocTanoBka 3agaun

N3roroBneHne B 1iexe AETalIH HAYMHACTCS Yepe3 ClydailHOe BpeMs
TH. BelnmonaHeHUro omnepanuil MpeAlecTByeT IOATOTOBKA. JlmuTeinsb-
HOCTb MOJATOTOBKHM 3aBHUCHUT OT KayecTBa 3arOTOBKH, U3 KOTOPOH Oyner
caenaHa neTainb. Beero pasnnuHbIX BUIOB 3aroTOBOK Nl.

BpeMst oAroToBkM NOJYMHEHO 3KCIIOHEHIMAIBLHOMY 3aKoHy. Yac-
TOTa TOSBJICHUS Pa3jIUYHBIX BUJIOB 3arOTOBOK M CPEIHHME 3HAYCHHUS
BpPEMEHHM MX IOATOTOBKH 3aJaHbl CIEAYIOIIEH TaOiuIel JUCKPETHOrO
pacnpeneneHus:

YacToTa 0,05 0,13 0,16 0,22 0,29 0,15

CpenHee BpeMs 10 14 21 22 28 25

JI1s M3rOTOBJICHUS JETAIN TOCIEA0OBATEILHO BBITOIHIIOTCS N OITe-
paruit, mpogommkutensHocTsMu T1, T2, ..., Th coorBercTBenHo. [locie
KaXI0# oneparuu B Teuenne Bpemenn Tkl, Tk2, ..., Tkn ciexyer koH-
TpoJb. Bpems koHnTpons — ciryuaiinoe. Kontpons He poxomsr (1, g2,
..., N % neraneit COOTBETCTBEHHO.

3abpakoBaHHBIE JETAIH MOCTYIMAIOT B OKOHYATENBHBIN OJIOK KOH-
TPOJS U TPOXOAAT B HEM NPOBEPKY B TEUCHHE CIIy4alHOTO BPEMEHU
Tokl, Tok2, ..., Tokn. B pe3ynbprare u3 o0IIero KoJn4ecTsa He Mpo-
HIeAnMX KOHTpob aeranei q(n+1) % neraneii uayt B Opak, a ocras-
mmecs 1-q(n+1) % merasneit moyiexaT MOBTOPHOMY BBITIOJIHEHUIO TEX
oTiepaIyii, 1mocie KOTOPhIX OHM HE MPONUIA KOHTpoJb. Ecimu perans
MOBTOPHO HE MPOXOJUT KOHTPOJIb IOCJIE€ MOBTOPHOI'O BBIMOJHEHHS
omepanuu, OHa OpaKyeTcsl.
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3agaHue Ha ucclieJOBaHHe

Pa3zpaboraTh MMHUTAIIMOHHYIO MOJIENb MPOIECCa U3TOTOBICHUS Jie-
Tajiei. MoJienb TOKHA MO3BOJISATh OMPENSISATh a0COTIOTHOE U OTHOCH-
TETbHOE KOJIMYECTBO TOTOBBIX M 3a0paKOBaHHBIX JeTajieil, cpemHee
BpeMsI M3TOTOBJICHUS OJHON netand. McciaemoBaTh 3aBUCHMOCTD KOIIH-
YeCTBA M3TOTOBJICHHBIX JETaliei OT KaueCTBA BHITIOJIHEHHUS OTICPAIIUiA.

IIpoBectu nucnepcuoHHbI aHan3. PAKTOPBI U 3HAYEHUS] YPOBHEHN
(haKTOpPOB BEIOPATh CAMOCTOSITEIILHO.

Pe3ynprartel MonenupoBaHus HEOOXOAUMO MOJYYUTh C TOYHOCTHIO
€ = 0,01 u noBepurenbHOl BeposaTHOCTEIO 0. = 0,95. Bpems monenupo-
BaHUS — | YacoB.

CI[CHaTI) BbIBOALI O 3arpy’K€HHOCTHU IIYHKTOB BBIIIOJHCHUA OII€pa-
L[I/Iﬁ u HCO6XO}Z[I/IMI)IX MEpax IO MOBBINICHHUIO KOJIWYCCTBA U3rOTOBJIC-
HUS JETaJEH.

Bapmuant 20

IlocTanoBka 3agaumn

WzroroBneHre B 1iexe JeTand HAYMHASTCS Yepe3 ClydailHoe BpeMs
TH. BrimonaHeHuto omnepanuili MpeAlecTByeT MOArOTOBKa. JmuTenb-
HOCTb TIOJITOTOBKH 3aBHCHUT OT KayeCTBa 3arOTOBKH, U3 KOTOPOH OyaeT
c/ellaHa JieTallb. Bcero pasinuHbIX BUIOB 3aroTOBOK N1.

BpeMst moArOTOBKM MOJYMHEHO 3KCIIOHEHIMATFHOMY 3aKoHY. Yac-
TOTa MOABJICHUSA Ppa3IMYHBIX BHUJO0B 3aroTOBOK MW CPCIHUEC 3HAYCHUSA
BPEMEHM MX IOJIOTOBKH 3aJ[aHbl CJICAYIOIIEH TaOIUIIeH TUCKPETHOTO
pactpeneneHus:

YacroTa 0,05 0,13 0,16 0,22 0,29 0,15

Cpennee Bpemst 10 14 21 22 28 25

Jl1s1 M3roTOBICHUS E€TalN MOCIEA0BATEILHO BBIMOIHIIOTCS N Ore-
pauuit, npogospkutensHocTsiMu T1, T2, ..., Tn coorBerctBenHo. [locne
KaXI0# oneparuu B Teuenne spemenn Tkl, Tk2, ..., Tkn ciemyer KoH-
Tpousb. Bpemst kouTpons — ciy4daiinoe. Kontpons He npoxonsat ql, 92,
..., N % neraneit COOTBETCTBEHHO.

3a0pakoBaHHbIE JETANIN MOCTYMAIOT B OKOHYATEIHHBIH OJIOK KOH-
TPOJIA U TMPOXOIAT B HEM IPOBEPKY B TEUCHHE CIyYalHOTO BPEMCHH
Toxkl, Tok2, ..., Tokn. B pe3ynprare u3 00mEro KoJIuIecTBa HE MPO-
HmIeANMX KOHTpoJb Aeraneid q(n+1) % meraneid uayT B Opak, a ocTas-
mmecs 1-q(n+1) % merasneit moyiexaT MOBTOPHOMY BBITIOJIHEHUIO TEX
OTIepaIlHii, MOCJIE KOTOPBHIX OHHM HE MPOIUIM KOHTpoib. Ecim meranms
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MOBTOPHO HE TPOXOJUT KOHTPOIb MOCJE TMOBTOPHOI'O BBITIOJHEHUS
orepalyy, oHa Opakyercs.

3aganue HA MCCJIeN0OBAHUE

Pa3zpaboraTe HMHTAIIIOHHYIO MOJIENb MPOIecca U3TOTOBIEHUS Je-
Tajiei. MoJienb ToKHA MO3BOJISATh OMPENSISATh a0COTIOTHOE U OTHOCH-
TEeTLHOEC KOJMYECTBO TOTOBHIX W 3a0paKkOBaHHBIX JeTajied, cpemHee
BpeMsi U3rOTOBJIEHUA OoAHOW netanu. MccienoBarh 3aBUCUMOCThH Bpe-
MeHU m3roToBieHus N feTaneil OT KauecTBa BBITIOJHCHHS OTICPAITHiA.

[IpoBectu nucnepcuonHbld aHanmnu3. DakToOpel U 3HAUEHUST YPOBHEHN
(haKTOpPOB BEIOPATh CAMOCTOSITEIIEHO.

PesynpTaTel MOAenUpOBaHUS HEOOXOAUMO TMOMYYUTh C TOYHOCTHIO
€ = 0,1 u moBepuTenbHOI BeposiTHOCTHIO o = 0, 99.

CrenaTp BBIBOJBI O 3arpy’KE€HHOCTH IYHKTOB BBIIOJHEHUS OIepa-
Ui 1 HEOOXOAMMBIX Mepax IO COKPAIICHUIO BPEMEHH M3TOTOBICHUS
JIeTalei.

Bapmanr 21

IlocTanoBka 3agaun

B pemontHoe monpazaenenue cpenacts cpsaszu (CC) mocTymaroT He-
ucnpaBHaeie CC N TUIOB C BEpOSTHOCTAMH pl, p2, ..., pN COOTBETCT-
BeHHO. MHTepBasibl BpeMeHH T MeXay ABYyMs O4YepeTHBIMU IMOCTYII-
nenusimu ciyvaiiaeie. Kaxnoe CC nroboro Tuma Moxet TpeOoBaTh 0J1-
HOTO U3 TPEX BUJOB peMOHTa C¢ BeposiTHOCTsIMU pll, p21 unu p31 co-
OTBETCTBEHHO.

B pemonTHOM moapasneneHuu uMmeroTcs N1, n2, ..., NN rpynmn Mac-
TepoB mist pemonTa CC Ka)0ro THIa COOTBETCTBEHHO.

Macrtepa rpynmnsl N1 pemonTupyrot CC nepsoro thna. Ecinu ux HeT
u mactepa N2, ..., NN TPy 3aHATHI, OHU peMOHTUpPYIOT CC 3TuX TH-
noB. [Ipu aToM nocrynatormue CC nepBoro Tuia 0XUIal0T X 0CBOOO-
HKJICHUSL.

Macrtepa rpynmnsl N2 pemonTupytoT CC BTOporo tumna. Ecin ux Het
u macrepa N3, N4, ..., NN rpynm 3aHsAThl, oHU peMOHTHPYIOT CC 3THX
tunos. IIpu stom nocrynatoniye CC BTOPOro THMA 0XKHUAAIOT UX OCBO-
O0oxneHusa. AHaJOruyHble OOS3aHHOCTH M Y MAacTepoB OCTAJIbHBIX
rpynmn. Jlums mactepa mocneaned rpynmnsl NN pemorTHpyoT CC TOMND-
KO OJTHOTO N-TO THIIA.

Bpewms pemonra n-ro tuna CC ciyyaiiHOe, HE 3aBUCUT OT MacTepa,
a 3aBHUCHUT TOJBKO OT Buma pemonTta: T11, T12, T13 — msa CC mepBoro
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tuma, T21, T22, T23 — mnsa CC Broporo tuma, ..., Tnl, Tn2, ..., Thn —
s CC n-ro turma.

[Ipuem u pacnpenenenue HeucnpaBHbIx CC MeXIy MacTepamu
OCYIIECTBIISIETCS TUCTIeTYepoM. Bpewmsi, 3aTpaunBaeMoe IUCIIETIEPOM
Ha omHo CC, ciydwaitHoe. /[ucmeTuepoM He JOMyCKaeTcs K PEMOHTY
g % CC Bcex THUIIOB.

3agaHue Ha McciielOBaHHe

Pa3paboTaTh UMHTAIMOHHYIO MOJIENIb (PYHKIIHOHHUPOBAHHS PEMOHT-
HOTO mozpaszeneHus. MccnenoBaTh 3aBUCHMOCTh BPEMEHH U BEPOSIT-
HocTel BbinonHeHust peMoHTa CC 1mepBoro u BTOPOro TUIIOB OT UHTEP-
BaJIa ¥ BEPOATHOCTEN IOCTYIUICHUS UX B PEMOHT.

IIpoBecTn nucniepCUOHHBIN aHanu3. PakTOpbl U 3HAYECHUs] YPOBHEU
(haKTOpOB BHIOPATH CAMOCTOSITENIEHO.

Pesynprartel MOAEenMpoBaHUsT HEOOXOOUMO MOJIYUYUTh C TOYHOCTHIO
€ = 0,01 u noBeputenpHOH BeposTHOCTHIO o = 0, 95.

CraenaTb BBIBOJBI O 3arpy>KEHHOCTU KaKIOW IPYIIBI MacTE€poB H
HEOOXOMMBIX MepaxX IO TOBBIIICHHI0 3()(PEeKTHBHOCTH pabOTHI pe-
MOHTHOTO TO/Ipa3/IeciCHUsI.

Bapmuanr 22

IlocTanoBka 3agaumn

B pemontHoe monpazaenenne cpenacts cpsaszu (CC) mocTymaroT He-
ucnpasHele CC N TUIOB ¢ BEPOATHOCTAMH pl, p2, ..., pN COOTBETCT-
BeHHO. MHTepBasnbl BpeMeHu T MexIy IByMs O4epeIHBIMH IOCTYII-
nenusimu ciyvaiiaeie. Kaxnoe CC nroboro Tuma Moxer TpeOoBaTh 0J1-
HOTO M3 TpeX BUAOB peMOHTa ¢ BeposiTHOCTsMH pll, p21 umm p31 co-
OTBETCTBEHHO.

B pemonTHOM moapasneneHuu uMmeroTes N1, n2, ..., Nn rpymnn Mac-
TepoB s pemoHTa CC KaXaoro THUMa COOTBETCTBEHHO. Mactepa
rpynnsl N1 pemonTupyror CC nepsoro tuna. Ecnu nx HeT m mactepa
N2, ..., NN rpynn 3aHATe, oHM peMoHTupyoT CC stux THnos. llpu
stoMm noctynaronue CC mepBoro THma 0XHIAIOT X OCBOOOXKICHHS.
Macrtepa rpymnmsl N2 pemonTHpyroT CC BTOporo tuma. Eciu ux HeT u
mactepa N3, N4, ..., NN rpymn 3aHsaThl, OHU peMoHTHpYIOT CC 3THX TH-
nioB. [Ipu sToM nocrynaromume CC BTOpOro Tuma 0xXUIAIOT KX 0CBOOO-
KICHUS. AHAJIOTHMYHBIE 005 3aHHOCTH U Y MAacTE€POB OCTANBHBIX TPYIII.
JInme MacTepa nocienHed rpynmnsl NN peMoHTHPYIOT CC TOIBKO OJHO-
ro N-To THUMAa.
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Bpewms pemonTta n-ro tuma CC ciydaifHOE, HE 3aBUCUT OT MacTepa,
a 3aBHCHT TonbKo OT Buaa pemonrta: T11, T12, T13 — qna CC nepBoro
tuna, T21, T22, T23 — gns CC Broporo tuna, ..., 1nl, Tn2, ..., Thn —
g CC n-ro Tura.

IIpwem wu pacmpenenenne HeucipaBHbIXx CC MeXIy MacTepamu
OCYIIECTBIISIETCSL AUCTIeTYepoM. Bpems, 3aTpaunBaemMoe JUCTIETIEPOM
Ha omHo CC, ciydwaitHoe. /[ucmeTdepoM He JOMyCKaeTcs K PEMOHTY
g % CC Bcex THIOB.

3aganue Ha HccJIeJOBaHHE

Pa3pa0oraTh UMUTALIMIOHHYIO MOJIENIb (DYHKIIMOHUPOBAHHUS PEMOHT-
HOTO mojpasneneHus. MccnenoBaTh 3aBUCHMOCTh BPEMEHHU U BEPOSIT-
Hoctell BeimoaHeHus pemonta N CC BceX THITOB OT MHTEpBajia U BEPO-
ATHOCTEH NOCTYIUICHUS X B PEMOHT.

[IpoBecT aucnepcUOHHBIN aHanu3. PakTOpbl U 3HAUYECHUS YPOBHEU
(aKTOpOB BHIOPATH CAMOCTOSITEIBHO.

PesynpraTtel MOAEnMpOBaHUsT HEOOXOOUMO MOJIYYUTH C TOYHOCTHIO
€ = 0,01 u noBepuTensHOI BeposiTHOCTHIO o = 0, 95.

Crenatp BBIBOJBI O 3arpy>KEHHOCTH Ka)KIOW TPYMIBI MacTepoB U
HEOOXOMUMBIX Mepax IO MOBBIIIEHUIO 3(deKkTuBHOCTH paboTHl pe-
MOHTHOT'O ITO/IPa3/ICICHUsL.

Bapuanr 23

IlocTanoBka 3agaun

Cetb 1epeiauu TaHHBIX (BapuaHT Ha puc. 4.1) npeacrapiser coboit
CMO Bujga: MHOro(ha3Has, MHOrOKaHaIbHAs, C HECKOJIbKUMU HEOIHO-
POJHBIMH TTOTOKAMH 3asSBOK Ha OOCITY)KHBaHUE, Pa3OMKHYTas, KOHEY-
HOW Ha/Ie)KHOCTH, C OUYEPEISIMH OTPAHNYEHHON €MKOCTH Ha OTJAENIbHBIX
¢azax obcmyxuBanus. Baemnsist wacth cetn (BC) opranmsyercs y3na-
mu tuna K2 u K3. Kaxnenit yzen K2 Bmecte ¢ y3nmamu tuna K1 obpa-
3ytoT JIBC. UcTounnku nadopmanm Haxosates Ha y3nax Kl1.

CeTb UMEET CIEYIOINE XapAKTEPUCTHKH:

KOJIMYECTBO AJIEMEHTOB CETH Pa3IMYHBIX THIIOB;

KOJINYECTBO UCTOYHHKOB U BUIOB COOOIICHHIA;

CpEJIHUE MHTEPBAIBI BPEMEHHU MOCTYIUIEHHUS 3alIpOCOB Ha Mepeaavy
c000IIeHIT BceX BUIOB OT BCEX UCTOYHHKOB;

CpeJIHUE MHTEPBAJIBI BPEMEHH MEXKTy OTKa3aMHU 3JIEMEHTOB CETH;

CpeJiHEe BpeMsl BOCCTAHOBJIEHUSI SJIEMEHTOB CETH;

E€MKOCTH Hakonuresei (0y(dhepoB) 3JIEMEHTOB CETH;
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CpeHMe TMHBI COOOIIEHHH BCeX BUIOB OT BCEX HCTOYHUKOB;

JUTUHBI JIMHUNA CBSI3U MEXKIY Y3JIaMH CETH;

CKOPOCTH 00pabOTKH COOOIICHUI IIEMEHTAMH CETH;

MapIIpyThl Iepeaad COOOIICHUH.

Heobxomumo pa3zpaboTaTh METOIMKY OIIEHKH KauecTBa 00OCTyKHBa-
HUSI CETH T10 CICAYIOIINM MOKa3aTesIM:

T10JT

Po = 5 BEPOATHOCTh IPOIYCKHOM CIOCOOHOCTH CeTH, S,

— KOJIMYCCTBO MOJYUCHHBIX aipeCcaTaMn COO6IH€HI/II>1, Som — KOJIM4EC-

oTII

CTBO OTIIPABJICHHBIX COOOIIEHH (TIOCTYIIMBIINX Ha BXOJIbI CETH);

T
t, :S‘ﬂ — cpeaHee BpeMs Tepenaun coobmenus, T, — CyM-

T10J1

MapHOe BpeMs nepefaun S, = COOOIIEHHH;

noT

P =1—P,, — BEpOATHOCTH NIOTEPH COOOLICHHUI.

Metoauka OLIeHKH JOJDKHA COCTOATh U3 ABYX vactell. [lepBas yactp
— uHTepdelic Ko BTOPOH YacTH — MMHTAIMOHHON MOJEIH B Cpelie
GPSS World.

3ananue 1 Ha uccjienoBanue

PaspaboraTth uHTEpdEC C UCIOIB30BAHUEM CUCTEMbI BU3YaJIbHOTO
nporpamMmupoBanus Delphi unn Cut++. OH npeHasHaveH JUIst:

MIOCTPOEHUS CETH B Buze rpada;

BBOJIa XapaKTEPHUCTUK CETH;

HaXO0XKJEHUS KpaTdalluxX MyTed MeXIy y3JIaMH CETH IO METONY
Huiikctpel uiu no merony dnoiaa;

pa3OueHus ceTH Ha 3JEMEHTHI, HEOOXOIUMBIE [T UMHUTAIHOHHOTO
MOJIEJTMPOBAHMUS;

MOPSAKOBOH HyMEpaluX JJIEMEHTOB CETH;

COCTaBJICHHsI MaTPHUI] KpaTYallInX MaplIpyTOB IMepeaadr cooolie-
HUI B HOMEPAX HJIEMEHTOB CETH;

npeo0pa3oBaHMs UCXOIHBIX JAHHBIX B (hopMy, «moHsATHYI0» GPSS
World;

3aIycKa UMUATAIIMOHHOW MOJENH 1 BBIBOJIA PE3YJIHTATOB MOAEIHPO-
BaHUS;

CPaBHUTEJBHON OLGHKM CPEIHHUX BpPEMEH IMepeiadd COOOILICHUH,
MOJIYYEHHBIX 110 MeToy JuikcTpsl niau dnoijga, Co CpeIHUMU BpeMe-
HaMH, [TOJTy4€HHBIMH TI0 PE3yJIbTaTaM MOJEINPOBAHUSI.
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3anaHue 2 Ha HcclleI0BaHUe

Paspaborats B cpene GPSS World Bropyro 4acte mMeToauku —
UMHUTALHOHHYIO MOJENb (YHKIUOHUPOBAHUS CETH Iepefadn JaHHBIX,
ITOPUTM KOTOPO¥ TIPUBEIEH HA pHC. 4.2.

B Gi10ke 1 BBOASTCS MCXOMHBIC NaHHBIC. bIoK 2 mpemHa3HaueH s
UMHTALMH UCTOYHUKOB cooOmienuii. [IpunsaTo, 4To cpennee BpeMs UH-
TEpBaJIOB MOCTYIUIEHUsS COOOLICHUH AJISI BCEX MCTOYHHMKOB OJUHAKO-
Boe. MHTepBabl Jk€ MOCTYMJICHUS COOOLIEHUH OT OJHOTO MCTOYHHKA
pacrpeneneHsl Mo SKCIOHEHIIMAIEHOMY 3aKOHY.

B Gnoke 3 mo 3amaHHOMY KOJMYECTBY Y3JIOB, HCTOUHUKOB MH(OP-
Mallu{ U KaHaJIOB CBSI3H, COIJIACHO KOTOPOMY IIPOBEIEHa MO3JIEMEHT-
Hasl IGKOMIIO3UIHSI CETH U Ka)XJIOMY 3JIEMEHTY IPUCBOCH MOPSIKOBBIH
HOMED, pa3birPhIBACTCS afpec OTMPABUTEINS. 3AECh K€ Pa3bIrPhIBACTCS
M UCTOYHUK (BUA mHpopMmanmu). [aHHBIE agpeca OTIpaBHUTENs 3aHO-
CSTCS B COOTBETCTBYIOIUE [TAPaMETPhl TPAH3aKTa-COOOIIECHUS.

B Gnoke 4 Mo 3KCIOHEHIMATBHOMY 3aKOHY Pa3bIrphIBacTCs IJTHUHA
COOOIIIEHUS U TAKXKe 3aHOCUTCS B MapaMeTp TPaH3aKTa-COOOIIEHUSI.

AnpecHble AaHHBIC MTOYYaTelIs pa3bllPhIBAIOTCS B OJI0KE 5 U 3armo-
MHUHAIOTCSI B MapaMeTpe TPaH3aKTa-COOOIIEHMsI TaK Ke, KaKk U ajapec-
HBIE IaHHBIC OTIIPAaBUTENS B OJIOKE 3.

B Onoke 6 cpaBHUBAIOTCS JaHHBIE aJPECOB OTIPABUTENS U IOJIy4a-
tenst. [lo pe3ynpTaTy cpaBHEHHs OTpeAessieTcsl HaXOXKAeHUE Toyda-
tenst. Ecim monmyuatens Haxoautes Ha K1, Bxomsmum B JIBC otnpaBu-
TeJIsA, TO B IapaMeTp TPaH3aKTa-COOOIIEHMS 3aHOCUTCS IPU3HAK Mepe-
nauu 1o JIBC (6nok 7). B npotuBHOM cinyyae — B Os10ke 17 npusHak
repeiayu 1Mo BHEIIHEW CEeTH.

ITocrie 3TOrO COryIaCHO 3aHECEHHOMY INPHU3HAKY B OJoke 8 wmiu 0J10-
ke 18 coollienne nenuTces Ha MaKeThl, TO €CTh 100 U3 0j0Ka 8, 1u00
u3 61oka 18 BBIXOAST TPaH3aKTHI, KOJIMYECTBO KOTOPHIX PAaBHO KOJHYE-
CTBY IIAKETOB B TpaH3aKTe-co0OmeHnn. Kaxplii TpaH3aKT-MakeT nMme-
€T Te >X€ 3HA4YCHHUS MapaMeTpOB, UYTO W IOPOJMBILEE WX TPaH3aKT-
cooOuieHue.

Tpan3akTeI-TakeTsl U3 0yI0Ka 8 mocTymaroT Ha 670k 9, a u3 Ooka
18 — na 6ok 19.

[Ipenmonoxum, 4To cooOIIEeHHE TOJKHO OBITH mepenaHo o JIBC.
Tornma TpaH3aKT-cOOOIIEHNE Pa3/IeieHO Ha TPAH3aKThI-TIAKEThI B OJIOKE
8 1 oHM moctymnaroT Ha 670Kk 9. Ha 3T0T *e Oyok 9 moctymaioT TpaH-
3akThl-nakeTsl U3 BC, KoTOphle Takke NOJDKHBI OBITH NEpeAaHbl IO
nannoit JIBC K1-nomydaresro.
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Puc. 4.2. AnropuT™ MIMHTaIMOHHOM MoJienH (Havyaso, JIuCT 1)
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Puc. 4.2. Anroput™M HMHUTaIIMOHHON MOJIeNTN (OKOHYaHHUE, JIUCT 2)
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B 6moke 9 mpoucxoauT pasaercHNue BXOIHOTO IMMOTOKA TPAH3aKTOB-
MaKeTOB Ha JBa MOTOKA: MOTOK TpaH3akToB-nakeToB n3 BC u moTok
TpaH3akToB-nakeToB oT K1-ormpasureneit nannoi JIBC.

Ilycte Tpamzakra-maker noctymuia u3 BC (ma K2 mamnoit JIBC).
brokoMm 9 on mrepemaercs B 6510k 10, B KOTOpOM CTaBUTCS B 04Yepe/b Ha
nepeaady, Tak Kak oOmas MIMHA MOXKET ObITh 3aHsATa. Kak Tonbko 00-
11as1 IIMHA CTAHOBUTCSI CBOOOIHOM, TPaH3aKTa-IaKeT IOCTyHaeT B OJIOK
11, wvmuTHpyrommii mnepenady Tpansakrta-makera w3 BC ma Kl-
MOJTy4aTeb.

B Omoke 12 wumMuTHpyeTcs mpueM TpaH3akToB-laketoB Kl-
nmomydaTteneM, a B Ojoke 13 — cOop («cmmBaHWe») TpPaH3aKTOB-
MAKETOB OJHOTO COOOIICHHUS.

[Mocne «cmmBaHUs» yXKe TPaH3aKT-cOOOIIEHHE MOCTyHaeT B OJOK
14, KOTOpBIN OCYIIECTBIAET COOP CTATUCTHKH O MEPEIaHHBIX, TO €CTh
JOUIEOIINX [0 IOoJydaTeneil COOOLICHHMAX, W BBIBOX TPAaH3aKTOB-
cooOuieHuit U3 MoJenu.

Bepuemcs x 0moky 9. Tereps mpeArnonokumM, 9To TpaH3aKT-TaKeT,
noctynin He u3 BC, a momken ObITh mepenan ¢ kakoro-moo K1 man-
Hoii JIBC taxxe Ha K1 atoii ke JIBC. Toraa on nepenaercs B 610k 15,
KOTOPBI OCYIIECTBISIET MOCTAHOBKY B ouepenb Ha Kl-ormpaButerne.
3arem, KOrzia HaCTyMaeT Ouepeab 3TOr0 TPaH3aKTa-IIaKeTa, OH MePexo-
JuT B Osiok 16, nmutupytomuii nepempady no JIBC. Jlanee TpaH3akrt-
nakeT ¢ K1 oOpabateiBaetcst Giiokamu 12...14 aHaNOTHYHO TpaH3aKTy-
nakety n3 BC.

Bosspatumcs k Gmoky 18, xorma coobmenne ¢ Kl-otnpaBurens
naunoit JIBC nomkHo ObiTh niepenano nmo BC Kl-nomydarento apyroit
JIBC.

TpanzakT-naker u3 610ka 18 mocrymaer B 0110k 19, KOTOPBIA UMU-
tupyet nepenady ¢ K1-ormnpasurens Ha K2 gannoit JIBC.

B Gyioke 20 uMHTHPYETCS IPUEM TPaH3aKTa-1akera, a B 0Jioke 21 —
onpezensiercss Homep K2-nonydarens BC.

biioku 22...26 uMHTUPYIOT epeavy TpaH3akTa-nakera no BC.

CHayvayia B Ojioke 22 coryiacHO TaOJjMile MapIIpyTU3alliy BbIOUpa-
eTcs KaHaJl CBSI3W Ul Iepeladyd TpaH3akTa-lakera cieaytomemy K2
MapuipyTa.

3atem B OmoKe 23 MpOBEPSAETCS UCIIPABHOCTH ATOTO KaHaja, TO €CTh
BO3MOXXHOCTh Tiepe/iadyd 1o Hemy. [Ipu OTCYyTCTBHH TaKOW BO3MOXHO-
CTH Tiepeliada He MPOM3BOJUTCS O TEX IOp, MoKa paboTOCIOCOOHOCTD
KaHaja He OyZIeT BOCCTaHOBIICHA.
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Ecrmu kaHan cBsi3n paboOTOCHOCOOCH, TpaH3aKT-TIAKeT MOCie0Ba-
TeJNBbHO MPOXOAUT Ostoku 24 u 25. IlepBrlii U3 HUX UMUTHPYET Mepea-
4y 10 KaHally CBsI3H, a BTOpoi — npueM Ha K2-TpaHsuTHOM. 31ech ke
aHAIM3UPYETCSl eMKOCTh BXomHOTO Oydepa K2-tpansurtHoro. Ecim Oy-
(ep 3armonHeH, TO TPaH3aKT-TIAKET TEPSIETCA.

Opmnako K2-tpan3utHbiii MoxkeT okazatbes K2-momyuatenem. Ilpo-
BepKka 3Toro mpom3Boautcs B 0ioke 26. Ecim K2-tpamsuTtHbiii He K2-
MoJTy4JaTellb, TO TPaH3aKT-TIAKeT IepeaaeTcs B OJI0K 22 ¥ mporecc NMH-
TalMy Hepenadu K cuenyroomemy K2 mapupyra noBropsiercs.

Ecnu e K2-tpansutHslii okaxerca K2-nomyuarenem, To TpaH3akT-
MaKeT TMepenaeTcsl CHaJaia B OJOK 27, UMHUTHPYIOIIUI €ro mpueM Ha
K2-nmonyuarene, a 3arem B Omok 28 mis nepemaun no JIBC Kl-
MOJTY4aTellto, TO €CTh B OJIOK 9.

briok 29 umuTHpyeT BBIXOA U3 CTPOS KaHANOB CBA3H. IIpUHSATO, 4TO
WHTEPBaJbl BpEMEHN MEXIY OTKa3aMH M BPeMs BOCCTAHOBIICHHS KaHa-
Jia CBSI3M paclpeleNieHbl M0 dKCIOHEHIHaNbHOMY 3aKony. [Ipu dyHk-
[IMOHUPOBAaHNN a0OHEHTCKOW CETH B AYIUIEKCHOM pEXHME BO3MOKHA
UMUTAIHS OTHOBPEMEHHOTO BBIXOJ]a U3 CTPOS M BOCCTAHOBIIEHUS IIPS-
MOTO ¥ 00paTHOT'O KaHAJOB, & TAK)KE HEOJHOBPEMEHHBIH OTKa3 U BOC-
CTaHOBIIEHHE PabOTOCMOCOOHOCTH TPSMOTO M OOpPaTHOTO KaHAJIOB.
TpaH3akT-TIakeT, HAXOAIIWIACS B KaHajie B MOMEHT BBIXO/a €Tr0 U3
CTpOSL, TepsieTCsl.

bnok 30 3amaeT ycioBusi OKOHYaHUSI MOJICTUPOBaHus, 00padaThiBa-
€T HAKOIIJICHHBIE CTATUCTHYECKUE JTaHHBIC JUIS MTOTyYeHHs Pe3yIbTaTOB
MOJICTTUPOBAHMSL.

3ameuanue. 3amanus 1 U 2 BBIMOJTHSIIOTCS B KOMIUIEKCE JIBYMS HC-
NOJHUTENSIMU. VICTIONHUTENb TIEpPBOTO 3aJaHusl B TOSCHUTEIBHOH 3a-
MUCKE TIPEJICTABIsET CBOM pPa3pabOTKH, a BTOPOW HCIIOIHUTENb, HC-
MOJIB3Ysl X, MPEJCTaBIsIET OKOHYATENBLHBIE PE3yJbTaThl METOJTUKU —
MOKa3aTeN! OLEHKH KadecTBa 00CTy)KUBaHHsI CETH TIepelavn JTaHHbIX.

3ananun 3 u 4 HA HcCaeI0BaHHE

Ha mnardopme AnyLogic pa3pabotarh THITOBBIE OOBEKTHI MOJIENIH-
POBaHHUS MPOIIECCOB CETH Tepeaadn NaHHbIX (puc. 4.1) cormacHo airo-
pUTMYy, TpeacTaBlieHHOMY Ha puc. 4.2. B kadectBe 0OBEKTOB MOTYT
6wt JIBC 1 MapmipyTru3atop, U3 KOTOPBIX U MOXKET CO3AaBaTHCS UMHU-
TalMOHHAS MOJIETh (YYHKIIMOHUPOBAHUS CETH.

3ameuanue. 3ananus 3 u 4 BBINOJIHSIIOTCA B KOMIUIEKCE ABYMS UC-
MOJHUTEIAMU. KaXkplii UCIIOHUTEND MTPEICTABISIET CBOU Pa3pabOTKH.
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3akao4eHue

[Tpu mepexoze OT TPaJUIMOHHBIX TEIEKOMMYHUKAIIHOHHBIX CETEH
K MYJIbTUCEPBUCHBIM CeTsM CBsi3u cienyromiero mokonenus (NGN —
Next Generation NetWorks), nx npoeKTHpOBaHHH CTAIKHBAIOTCS C Psi-
JO0M Tpo0seM: oIpeesieHre THIIOB U apaMeTpPOB CETEBOr0 000PYHO-
BaHUsI, BBIOOP apXWUTEKTyphl ceTH. Cpeind MHOMKECTBAa TEXHOJOTHYe-
CKUX, METOAOJIOTUYECKUX U APYIHX HpoOJIeM LEHTPaJIbHOE MECTO 3a-
HUMaeT mpobiiema obecriedeHus: TpeOyeMoro KauecTBa 0OCITyKUBAHUS
(QoS — Quality of Service) mis pa3nmuuHbIX BUIOB TpaduKa, Onpese-
JICHUS 3arPYKEHHOCTH KaHAJIOB CBS3U CETU IPH 3aJaHHBIX €€ mapameT-
pax, a TaKxKe HCClIeIOBaHNe TOBEACHUS TpadrKa pa3HbIX KJIACCOB.

KadecTBo 00CITyKUBaHUS XapaKTEPU3YIOT CIEAYIOHINE TTIOKA3aTEIH:

BEpOATHOCTH (K03(h(pHUIIMEHT) MPOITYyCKHON CIIOCOOHOCTH CETH;

cpemHee BpeMs epeaadu (3aepiKKu) cooOIIeHnH (TTaKeToB);

Bapuanyst 3aJIepIKKH;

BEPOSITHOCTh TIOTEPU COOOIIEHNH (ITAKETOB).

B coBpemeHHO# ceTH 0JHOBPEMEHHO TiepenaeTcs nHhopMaIus pas-
HBIX BUJOB (BHIEO- U ayAHoMH(OpMAaIHs, cKaTas BUACO- U ayTUOWH-
¢dopmanusi, a TakKe JaHHbIE, MEHEEe UYBCTBHTENBHBIC K 3allEPyKKam)
C pa3HBIMH TOKa3aTesIMM KadecTBa OOCIyXHBaHUS, HA ee padoTy cy-
IIECTBEHHO BIMSIOT METOIBI ympasieHus Tpadukom. s co3maHus
MOJIENI CeTH (B TOM 4HCIIE 3aJlaHus €€ TOIOJOTHUH, XapaKTEPUCTHK
3JIEMEHTOB CETH), a TAKKE AMHAMHYECKOTO MOJIEIUPOBaHUA €€ paboThl,
aHalM3a M ONTUMM3ALUU €€ XapaKTePHCTHUK, YHpaBIeHUs Tpadukom,
HECOMHEHHO, HY>KHO HCIOJb30BaTh OJWH W3 MOIIHEHIMX HHCTPYMEH-
TOB HMCCJIEJIOBAHUS CIIOXKHBIX CUCTEM — WMHTAIIOHHOE MOJCIHpPOBa-
HHE.

B Hacrosimee Bpemsl M3BECTEH psi CIEUUATU3UPOBAHHBIX IPO-
rpaMMHBIX IpoayKToB (COMNET III, BONeS DESIGNER, OPNET
Modeler, ns2 u np.), NPeIHa3HAYCHHBIX HEIOCPEICTBEHHO IS
MOJICIIUPOBAHNUS ceTel nepenaun TaHHbIX. OJHAKO M0 pa3HbIM PUYH-
HaM OHHU He HallUIW JOCTaTOYHO LIMPOKOTO PACHpPOCTPaHEHHS B HAIEH
cTpaHe. B ToM umnciie u M3-3a BBICOKOW CTOMMOCTH, HE OINpPAaBIbIBAIO-
el SJKOHOMHYECKH PEIeHNE 3aJaul OIEHKH KauecTBa 00CITyKUBaHHS
TOM MJIM UHOM ceTH.

B ynmoMsiHYTBIX MpOTrpaMMHBIX HPOIYKTaxX CETh MepeJadd JaHHBIX
paccMaTpUBaeTCsl KaKk CeTh MacCOBOTO OOCTY)KMBaHUsI, a JIJIsl MOJIEIIH-
POBaHUsI MCIOJIB3YETCsI TUCKPETHO-COOBITUHHBIA METON. DTOT Ke Me-
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TOJ] PEATM30BaH M B M3BECTHBIX CHCTEMaX MOJICIHPOBAHMS oOIeresne-
Boro HazHaueHus: Anylogic u GPSS World.

B HacrosiieM mocoOuu, B TOM YUCIIE U 110 3TUM NPHYMHAM, OCHOB-
HOE BHMMAaHHE M OBUIO Y/EJICHO METOIHMKaM pa3pabOoTKH MMHTALMOH-
HBIX MOJIENICH M MPOBEJCHUS MCCIEIOBAaHMI C NMPUMEHEHHEM CHCTEM
mozaenupoBanuss GPSS World u AnyLogic. Meroauku pa3paboTKu
UMUTAIMOHHBIX Moieneil B AnyL0giC MpUMEHUTENbHO K JaHHOW JTHC-
[UTUTHHE U3JI0’KECHBI BIIEPBEIE.

PexoMeHJ0BaHbI OCHOBHBIC HAIPaBJICHHS BO3MOXHBIX TEM KypCO-
BBIX U JMIUIOMHBIX IPOEKTOB. B CBSI3M ¢ METOHOIIOTMYECKON U TMPAKTHU-
94eCKOW HEOOXOIMMOCTBIO OJHUM M3 aKTYaJIbHBIX HAIlpaBJICHUN Tpes-
CTaBJIICTCS CO3[aHUE MPOrPaMMHOTO KOMIUICKCA, MpeIHa3HAYEHHOTO
JUTS. IMUTAIMKA PabOThl M MPOCKTUPOBAHHSI COBPEMEHHBIX MYJIBTHCEP-
BHUCHBIX CETEeH CBS3M BOGHHOTO Ha3HaueHMs. KOMIUIEKC TOIDKEH MMETh
0a3y MaHHBIX CETEBBIX YCTPOWCTB, MO3BOJIIOUIYIO CTPOHUTH CETh HYXK-
HOH TOTOJIOTHH TTyTEM BBIOOpA M3 HUX HEOOXOIUMBIX MOJICIICH, C HYXK-
HBIMH XapakTepucTukaMu. [lociie 3Toro KOMIUIEKC J0JDKEH MPeaoCcTaB-
JSTh BO3MOXKHOCTh MMHUTALMH PAabOTBI CETH, IIOCTPOCHHOH M3 peab-
HBIX djieMeHTOB. OCHOBOM [UIS CO3JAaHUS MMUTAIIMOHHOM COCTAaBIISIO-
e MOKeT MOCIYKUTh BapuaHT 23 3a/1aHus Ha MPOEKTHPOBAHUE.

Komrutekc Mmoxet ObITh co3an Ha 6aze GPSS World ¢ npumenennm
BU3YQJIbHBIX O0BEKTHO-OPUEHTHPOBAHHBIX CHUCTEM IPOrpaMMHPOBa-
Hus, Ha Twiardpopme AnyLOQIC min Ipyrux CUCTEM MOJCITHPOBAHUS H
HpOrpPaMMHUPOBAHHSL.

B pamkax pa3paOoTKH mporpaMMHOTO KOMIUIEKCAa MPOSKTHPOBAHUS
COBPEMEHHBIX CeTeil CBA3M 00yd4aeMbIM PEKOMEHIYETCS C MMOMOIIBIO
npernoiaBarelieii 1 cCaMOCTOSITENIbHO CTaBUTh M Pa3padaThiBaTh Kypco-
BBIC U JIMTUIOMHBIE TIPOEKTHI, JaBaTh OLUEHKU Pe3yJbTaTOB UMHUTAIMOH-
HOTO MOJICJTHPOBAHUS, MOJTYYCHHBIX B Pa3HbIX CHCTEMax MOJCIHPOBa-
HUSL.
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