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BCTYII

Kypc npusHaueHuil nans MOTJIMOJEHOTO BHUBYEHHS CHUCTEMH IMITALliHOTO
monemtoBanHss GPSS  World 3 wMeroro 1ii 3acTtocyBaHHS IS JOCTIIKEHHS
XapaKTepUCTUK (PYHKITIOHYBAHHS TEICKOMYHIKAI[IMHUX CUCTEM 1 MEPEXK.

OcHOBHY yBary MpHAUICHO peamizamii JUCKPETHO-TIOMIMHOTO MPUHITUITY
MOJICJIIOBAHHS, PO3IIMPEHUM MOXIUBOCTSIM cuctemMu GPSS  ans  moGynosu
KOMOIHOBaHUX MojeNeH (IMiTalllfHO-aHATITUIHHX ).

OnucaHo TmpaBWiIa KOPUCTYBAaHHS OCHOBHUMH KOMaHIHUMH OJIOKamu,
ocepelkaMH MaM'siTi, KOMaHJaM YMOBHHMX IMepexoiiB. PO3MIsiHYyTO MOXIJIMBOCTI
rpadiuHoro iHTepQency KopucTyBaua Jjisl aHalli3y Mpolecy MOJEIIOBaHHS Ha eTarl
HAJaro/PKeHHs MporpaMd 1 CTAaTUCTHYHIM OIMHII Pe3yJibTaTiB MOJEIIOBAHHS.
HaBeneno mojeni ogHO-Ta GaraToKaHaJIbHUX CHUCTEM OOCIYTrOBYBaHHS 3 PI3HUMHU
JUCHUIUIIHAMU OOCITyTOBYBaHHSA, a TaK CaMO MOJENb (PYHKIIOHYBaHHS PO3MOJLIIB

Mepexi 3B'SI3KY 3 TMHAMIYHOIO MapIIPyTH3AII€I0 (32 METOJIOM peNbediB).



1. IMITAIIIfIHE MOJEJIOBAHHSI CUCTEM 3B'SA3KY
1.1. MeToau MOeTI0BAHHSA

MonentoBanHst — eQEKTUBHUNA METOJ JOCHIDKEHHS CKJIQJHUX CHCTEM,
BKJIIOUAIOYH TEJIEKOMYHIKAI[IITHI Mepexi.

Mopens — cyTHICTb / 00'€KT, KM BimoOpakae MpOIECH, IO TMPOTIKAIOTH B
peallbHUX CHCTEMax 3a JOTIOMOT0I0 MaTeMaTUYHUX a00 HATYpHUX 3aCO01B.

Monenb — yMOBHE B1JI00pa’K€HHS peaibHOI CUCTEMH.

YMOBHICTB MOB'A13aHA 3 MOXKIIMBICTIO (pOpMalti3allii OMUCy MpoLecy i B3a€EMO3B'SI3KIB
HOro MoKa3HUKIB.

B Mozensax BimoOpaskaroThCsi POLIECH Y BUTJISAII B3a€MO3B'sI3K1B TTOKA3HUKIB
IpolLieCy 1 Ha 11l OCHOBI 3/11MCHIOIOTHCS OLIIHKU XapAaKTEPUCTHUK (3aJIEKHOCTEN) Ta /
ab0 mapameTpiB MPOIECIB TOCHTIKYBAHUX CHCTEM.

MeToau MoaenoBaHHS:

e HaTypHi a00 (1314HI BUIIPOOYBAHHS (JIOCIHIIKEHHS) ;
® aHAJITUYHE MOJICIIOBAHHS,
e MiTallliiHE MOJIEIIOBAHHS;

e KOMOIHOBaHI METOIUA MOJEITFOBAHHS.

OCHOBH1 YMOBH BUOOPY METOY:
e [I0CTAaHOBKA 3aBIaHHSI,
® CKJIAaJ0M, XapaKTepPOM 1 00CATOM BUXIIHUX JaHUX;

® YacoM Ha pIIIeHHS AOCTIAHUIBKOI 3a/1a4i.

HarypHe (piznune) Moaer0BaAHHS:
® BHUMIPIOBAHHS XapaKTEPUCTHUK 3/IIHCHIOETHCS Ha TOCHIIKYBAHUX
CUCTEMaX B peajJbHOMY Yaci (MpOBeIeHHS EKCTIEPUMEHTIB) ;
® JaHi AOCTITHUK OTPUMY€E BEIyUHr CIIOCTEPEIKEHHS 3a MPOIECaMH B

pealibHIi cucTeMi.



llepesacu:
® BHCOKA a/ICKBaTHICTh MOJIEIIl peabHIl chUCTeMI;
® BHCOKAa TOYHICTb PE3YJIbTaTIB.
Heooniku:
® BHCOKA BapTiCTh CTBOPEHHS MOJIEN;
® BEJIMKI YacOB1 BUTPATH;
® HEOOXIHICTh JOONPALIOBAHHS OKPEMUX BY3JIiB PEaJIbHOI CUCTEMU JIJIS
IPOBEJICHHS HATYPHUX €KCIIEPUMEHTIB;

[Mpuxman: gociiKEeHHS XapaKTepPUCTUK HAAIIHOCTI aBTOMOO1IB (crash test).

AHaTITUYHE MOIETIOBAHHIA:

e MOJEJIb NPEeACTaBIeHa CYKYITHICTIO aHAITHYHUX BUPA3iB, SIK1
B1JI00paXkaroTh sIBH1 (DYHKIL1OHAJIBHI 3aJIEKHOCT] MK IMapaMeTpamMu
peanbHOI CUCTEMH B Mpoliec ii poOoTH:

O JIHINHI 1 HEMHIAHI PIBHAHHSA;
o audepeHIlianbHi Ta IHTerpaibHi PIBHIHHS;
O 1MOBIPHICHI 3QJIEKHOCTI,

® AHATITUYHI MOJIEJI 3aCTOCOBYIOTHCS JJIsl BITHOCHO ITPOCTUX CUCTEM, JJISI

JOCTIIPKEHHS XapaKTePUCTHK SIKUX HE BUMAaraeTbCs BUCOKA TOUHICTb.

Tomy aHamiTHYHA MOJIETH — IPyOe HAOIMKEHHS 10 IACHOCTI.

Ilepesacu:

® [POCTOTA 1 HU3bKA BapTICTh MOJEI,

®  MOXJIMBICTh IIBUAKO OTPUMATH YHCEIIbHI PE3YJIbTAaTH.
Heoonixu:

® BEIMKE YMCIIO MPUITYIICHD 1 0OMEKEHB;

® HEBHMCOKa TOYHICTb PE3yJIbTATIB,;

® BIJINOBIJIHICTh PE3YJIbTATIB IEBHUM YMOBAM;

® BeJMKA CKJIAJHICTh aHAITUYHOTO ONMUCY (PYHKITIOHATBHUX 3aJIC)KHOCTEH.



1.2. ImiTaniiine Mo/1e/IIOBAHHS CUCTEM 3B'SI3KY

ImiTartiiine MomemtOBaHHS — 1€ METO JOCIIKEHHS, TIPU SKOMY JOCIIHKyBaHa
CHUCTEMa 3aMIHIOETHCS MOJICIUTIO, SIKAa 3 JIOCTATHBOIO TOYHICTIO OIMUCYE pPEabHY
CUCTEMY, 1 3 HEIO MPOBOJSATHCA €KCIIEPUMEHTH 3 METOI0 OTpUMaHHs 1HpopMallii Ipo
III0 cucTeMy. ExcniepuMeHTyBaHHS 3 MOJEIUTIO HA3WBAIOTh IMITAII€r0 (IMITAIlisl — 11e
30arHeHHs CYyTi SBUIINA, HE BJAAIOYUCH JI0 EKCIICPUMEHTIB Ha peaIbHOMY 00'€KT1).

ImiTamniine MonemoBaHHS — 116 OKPEMUM BHIIQJIOK MaTEMaTUYHOTO
MonetoBaHHsA. IcHye kiac 00'€KTiB, AN SKUX 3 PI3HUX NPUYUH HE PO3pOOIIEHI
aHAJITAYHI MOJeNi, ad0o HE po3po0JIeHI METOAM PO3paxXyHKY OTpHMaHOi mojaeini. B
bOMY BHUIIQJKy MaT€MaTH4YHa MOJEIb 3aMIHIOETHCA 1IMITaTOPOM a0O0 IMITAllHOIO
MOJIEIIIIO.

ImiTamiiine cTaTUCTMYHE MOJICTIOBAHHS SBJISIE COOOI YHCENbHUM METOJ
npoBefeHHss Ha EOM  o0uuciioBaJIbHUX €KCIEPUMEHTIB 3 MAaTeMaTUYHUMHU
MOJICNISIMH, IO IMITYIOTh MOBEIIHKY pEalbHUX OO0'€KTIB, MPOIIECIB 1 CUCTEM Yy Haci
MPOTSATOM 33JJaHOTO MEPIOY.

ImiTamiitHe MoOAENIOBaHHS — 1€ CYKYIHICTh METOJAIB  ajIropuTMi3alii
byHKIIOHYBaHHA O0O0'€KTIB JIOCTIIKEHb, MPOrpaMHOi peanizallili aaropUuTMIYHHUX
OMKCIB, OpraHizailii, TJaHyBaHHS Ta BHKOHaHHS Ha EOM o06uuCIIOBAIBHUX

eKCHepI/IMeHTiB 3 MaTCMaTUYHHUMH MOOCIISAMU.

Tlepesazcu imimayitino2o MoOen08AHH!

® BHCOKA aJICKBATHICTh MK (PI3MYHOIO CYTTIO OMTUCYBAHOIO MPOIIECy 1 HOTo
MOJICILITIO;

® MOXJIUBICTh OMMCATH CKIIAJIHY CUCTEMY Ha JJOCUTh BUCOKOMY PiBHI
JeTam3alii;

e 3HaYyHO OUIBIIE 00JIACTEH JOCIIKEHHS, HI>K aHAIITUYHE MOJICITIFOBAHHS;

® BIJICYTHICTh OOMEXEHb BIIOOPAKEHHS B MOJIETI 3aJIEKHOCTEH M1k
napameTpaM# MOJIEN;

® MOXJIMUBICTh OLIIHKY (DYHKIIOHYBAHHSA CUCTEMH HE TUJILKHU B CTAlllIOHAPHUX

CTaHax, aje 1 B epexiHuX pexumax (mpoiecax) ;
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® OJIep’KaHHs 3HAYHOI KIJIBKOCTI JAHUX MPO JTOCIIKYBaHUN 00'€KT (3aKOH
PO3MOIUTY BUTIAAKOBUX BEJIMYWH, YUCIIOBI 3HAYCHHS a0COIOTHI Ta
BIJIHOCHI, 1 6arato iHI10TO) ;

® HaOLTBIN parlioHaTbHE CTABICHHS «PE3yJIbTaT - BUTPATHY IO

BiJTHOIICHHIO JI0 aHAJTITUIHOTO 1 (PI3UIHOTO MOJICTIOBAHHIO.

Heoonixu imimauitinoco mooentosanms:
® pO3poOKa XOPOIIOT MOJIEII YacTO 0OXOAUTHCA IOPOKUE, HIXK aHAJITUYHA 1
BUMarae OUTbIIe Yacy Ha CTBOPEHHS 1 HAJIArOJ[KEHHS
® CKJIQJHO OLIHUTH CTYMIHb TOYHOCTI MOJIEII, i1 aIeKBaTHICTh
JOCITI)KYBaHOMY MPOILIECY;
® BIJHOCHO BMCOKI BUMOTH /10 KBasi(ikailii JOCIITHUKA JJIs1 HAITMCAHHS
MOJEII;

® CIUIBHICTh 3aCTOCYBAHHS Ta 1HIUBIIYaIbHICTh peai3arlii.

KoM0iHoBaHi MeTOaH MOI€IIOBAHHS .
® MOJIETb MPEJCTABIAETHCS Y KOMOIHAIIT METO/I1B MOJICTIOBAHHS;
® HaWOUIBII IMPOKO 3aCTOCOBYIOTHCS 1IMITAlIHHO-aHAIITHYHI MOJEIII;
® CTYIIIHb 3aCTOCYBaHHS METO/IIB MOJICIIFOBAaHHS BU3HAYA€E JOCIITHUK,
BHUXOJISTYH 3 IOCTABJICHUX 3aBJ/IaHb, HASBHUX PECypcCiB (3HaHb,
KOMM'tOTepa) 1 yacy Ha MPOBEACHHS JOCTIAHUIIBKOI pOOOTH.

ImiTaris, sk MEeTO BUPIIICHHS HETPUBIAJLHUX 3aBAaHb, OTPUMAaJia TOYaTKOBUM
PO3BUTOK y 3B'si3Ky 13 cTBopeHHsM EOM B 1950-x —1960-x pokax. OmgHum 3
OCHOBHHMX BHIIB IMITAIlIHHOIO MOJIEIIOBAHHS € CTAaTUCTUYHE IMITAI[IHE
MOJIETIOBAHHS.

CratucTyHAa MOJENb BUITAIKOBOTO TIPOIECY — II€ aJlTOPUTM, 32 JOIIOMOTOIO
SKOTO IMITYIOTh POOOTY CKJIAaJHOI CHCTEMH, CXUJIbHOIO BHUMAJKOBUM 30ypEHb;
IMITYIOTH B32€MOJIIIO €JIEMEHTIB CUCTEMHU, 1110 HOCSThH IMOBIPHICHUHN XapakKTep.

O061acTi 3aCTOCYBaHHS IMITAIIMTHOTO MOJICJIFOBAHHS:

® TEJIEKOMYHIKaIIHI CUCTEMHU Ta MEPEXi;

e (Oi3HEC MPOIIECH;
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e (00MOBI Aii;
e MHaMIiKa HACEJICHHS;
e I[T-indpacTtpykrypa;
® MaTeMaTU4YHE MOJIEIIIOBAaHHS ICTOPUYHUX MPOIIECIB;
® JIOTICTHKA (JIAHIIFOTH TIOCTABOK) ;
e [IIIIOXIJHA JUHAMIKA;
e BYJWYHHU PYX;
® BUPOOHUIITBO, PUHOK 1 KOHKYPEHIIIS;
® CEpBICHI LICHTPH;
® VYMpaBIIiHHS MPOEKTAMH;
® CKOHOMIKa OXOPOHH 3/J0POB'S;

® CKOCHCTEMH;

[Tpu peamzanii Ha EOM CTaTUCTUYHOIO iMITAlIHHOIO MOJEIIOBAHHS BUHUKAE
3ajaya oTpuManHsd Ha EOM BUNaAKOBUX YHMCIIOBUX IOCHIIOBHOCTEH 13 3aJaHUMU
WMOBIPHICHUMHU XapaKTEPUCTUKAMH.

YucenbHUl METON, SIKUAWA BUPINIyE 3aJadyy TEHEPYBAHHS IOCIHIIOBHOCTI
BUIAJKOBUX YHUCEN 13 3aJaHUMH 3aKOHAaMHU PpO3MOALTYy, OTpUMaB Ha3By '"MeTO.
CTaTUCTUYHUX BUIPoOyBaHp' abo "meTon Monte-Kapio".

Ines nanexuts CranicnaBy Yiaamy, sSIKAA PO3KJIQJAal04YM TAChSHCH, 3aJ1aBCs
NUTAHHSIM, SIKa UMOBIPHICTb TOTO, IO MACBSIHC «CKJIAJAEThCsA». Inesd nonsrae B Tomy,
[0 3aMICTh TOTO, 00 BUKOPUCTOBYBATH 3BUYAWHI ISl TOMIOHUX 3aBllaHb
MIPKYBaHHsSI KOMOIHATOPUKH, MOKHa TPOCTO TPOBECTU «EKCIIEPUMEHT» BEIIUKE
YHUCJO pa3iB 1, TAKAM YMHOM, MipaxyBaBUIM YKCIIO BIAJIUX PE3YJbTATIB, OLIHUTHU 1X
UMOBIpHICTb. BiH k€ 3anponoHyBaB BUKOPUCTOBYBATH KOMIT'FOTEPHU /ISl PO3PAXYHKIB
MmeTonoM Monte-Kapiio.

MeToa CTaTHCTUYHOIO IMITALIHHOrO MOJECIIOBAHHSA — I€ CIOCIO BHUBYEHHS
CKJIQHUX TPOIECIB 1 CHUCTEM, IO MAJAIOThCS BUITAJKOBUM 30ypEeHHSM, 32
JIOIIOMOT'O0 IMITALIIMHUX MOJEIJIEH.

MCTO,Z[I/IKa CTaTUCTUYHOI'O MOACIOBAaHHA CKIIAJA€ThCA 3 TAKHUX CTalllB:
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1) MognemoBanas Ha EOM 1miceBIoBHIIAAKOBUX MTOCIIJOBHOCTEH 13 3aaHOI0
KOPEJISIIEI0 1 3aKOHOM po3MoIiTy iiMoBipHOCTell (MeTon Monte-Kapio),
110 iMiTYtoTh Ha EOM BuUNaKoB1 3HaYEHHS MapaMeTPiB IPHU KOKHOMY
BUIIPOOYBaHHI.

2) IlepeTBOpEeHHS OTPUMAHUX YUCIIOBUX IMOCIIIIOBHOCTEH Ha IMITALIMHUAX
MaTEeMaTUYHUX MOJEIISIX.

3) CraructudHa oOpoOKa pe3yIbTaTiB MOJICITIOBAHHS.

VYHIBepCcanbHOTO 3arajbHOr0 Coco0y Mmooy 10BY aJeKBaTHUX MOJEINIEH HE 1CHYE.
AnexBatHicth (Big nar. Adaequatus — TpHUpIBHAHUN, pIBHHM) Moaeni — 30ir
BJIacTUBOCTEHN ((yHKIIH / mapaMeTpiB / XapaKTEPUCTHK 1 T. T1.) MOJAEII 1 BIIMOBITHUX
BJIACTUBOCTEN MOJEIbOBAHOTO 00'€KTa. AJIEKBATHICTIO HA3MBAETHhCS 30ir MOjeni 3
MOJIETbOBAHOIO CUCTEMOIO Y BIIHOILICHHI METHU MOJICITIOBAHHS.

[Tapagurma (Bim rpeu. [lopddetrypo, «mIpukiIag, MOAENb, 3pa30K») — 3arajlbHO
MPUIHATO PO3YMITH ITiJl TEPMIHOM HapaJurMa — MEeTO MPUMHSTTS PillleHb HA OCHOBI
Mozeni. Hampuknazn, mronuHa npuiiMae pIMICHHS HAa OCHOBI CBO€i BHYTPIIIHBOI
mozeni cBiTy. [lapagurma monentoBaHHS (TpOrpaMyBaHHs) BU3HA4Ya€ TE, B SKUX
TEpMiHAX MPOrPaMiCT OIMHUCYE JIOTIKY Iporpamu. IMiTamiiiHi Mozaenl — 1e CKopiuie

00'€KTH MHUCTEIITBA, HI’K CTaHJAPTHI MPOTPAMHU.

Buau iMmiTaniiiHOro MoaeJII0BaHHA

CucremMHa JWHaMiKa — TapaurMa MOJCIIOBAHHS, A€ IJIsS JOCIITKyBaHOL
CUCTEMU OYIyIOThCS TpadidHi AiarpaMu TPUUYUHHUX 3B'SI3KIB 1 TI00ATBHUX BIUIUBIB
OJIHUX MapaMeTpiB Ha 1HII B Yacl, a MOTIM CTBOPEHA HA OCHOBI LIKMX JiarpaM MOJEJb
IMITYETBHCSI HA KOMIT'FOTEPI.

[To cyTi, Takuii BUJ MOJACIIOBAHHS O1IbIIE BCIX IHINMX IApPagurM J0IOMarae
3pO3YMITH CYTh TOTO, 1110 BiJI0OYBA€ThCSl BUSBICHHS MPUUYUMHHO-HACIIKOBUX 3B'S3KIB
MDK O0'€KTaMH 1 SBUIIAMH. 3a JOMOMOTOK) CHUCTEMHOI JUHAMIKK OYIyIOTh MOJEI
O13HEC-TIPOIIeCiB, PO3BUTKY MICTa, MOJENI BUPOOHUIITBA, IWHAMIKH TOMYJISIIIT,

€KOJIOT1i Ta pO3BUTKY emijgemii. Metos 3acHoBanuii ®oppectepom B 1950 poxkax.
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MeToau iMiTAlliHHOTO MOJAEJIIOBAHHSA

AreHTHe MojJeaOBaHHA — BigHocHOo HoBe (1990-2000 pp.) Hampsimox B
IMITaI[iIfHOMY ~ MOJICJIIOBaHHI, SKMH  BHUKOPHUCTOBYETBHCS  JUISL  JIOCIIJKEHHS
JICIICHTPATI30BaHUX CHUCTEM, AMHaMiKa (YHKI[IOHYBAaHHS SKUX BU3HAYAETHCS HE
r100aJpHUMH TIpaBUJIaMU 1 3aKOHaMU (K B 1HIIMX TapagurMax MOJCIIIOBaHHS), a
HaBnaku. Konu 1mi rmioGanpHI HpaBujia 1 3aKOHH € Pe3yJIbTaTOM 1HJHUBITYaJIbHOT
aKTUBHOCTI WICHIB TPYIIH.

Arentae mozemoBanHs (agent-based model (ABM)) — meroa iMiTamiifHOrO
MOJICTIOBAaHHS, SIKHM TOCHIKY€ MOBEAIHKY JIELIEHTPai30BaHUX areHTIB 1 T€, SIK Taka
MOBE/IIHKA BU3HAYA€ MTOBE/IIHKY BCI€1 CUCTEMU B LILJIOMY.

Ha BigmiHy BiJl CHCTEMHOI JUHAMIKH aHAJTITUK BH3HAYA€ IMOBEAIHKY arcHTIB Ha
1HAMBITyaJIbHOMY PiBHI, a TJI0OaJIbHA MOBEAIHKA BUHUKAE SIK PE3yJIbTAT AISUIbHOCTI
0aratb0X areHTIB (MOJEIIOBAHHS «3HU3Y BrOPY»).

ATeHTHE MOJICITIOBAHHS BKJIIOYAE E€JIEMEHTH Teopil 1rop, CKIAAHUX CHUCTEM,
MYJIBTHAreHTHUX CHCTEM Ta €BOJIOIIMHOTO MporpamyBaHHs, MeToan MorTte-Kapio,
BUKOPHCTOBYE BHUIAIKOBI YHCIIA.

Meta areHTHUX Mojened — OTpUMAaTH YSBJIEHHS Mpo I IoOanbHI MpaBuia,
3arajbHy TIOBEIIHKY CHCTEMHU, BUXOJIYM 3 TMPUIYIICHb MPO IHIWBIAYyaTbHY
MOBEIHKY 1i OKpEMHUX aKTUBHUX O0'€KTIB 1 PO B3aEMO/IIIO IIMX 00'€KTIB B CUCTEMI.

ATEHT — JiesKa CYTHICTh, 1110 BOJIOJI€ aKTUBHICTIO, aBTOHOMHOIO MOBEIHKOIO,
MOKe TIPUMMAaTH PIIIeHHS BIAMOBIIHO 0 JACSKUM HAOOpPOM MpaBWJ, B3AEMOJIATH 3
OTOYCHHSM, a TAKOXK CAMOCTIHHO 3MIHIOBATHCH.

JMuckperno-noaieBe  (Jduckpemuo-coovimuiinoe — Poc.) MOJCITIOBAHHI —
X1 10 MOJACIIOBAHHS, 10 MPOIMOHY€E a0CTparyBaTucs BiJ] HEMEPEPBHOT MIPUPOIH
noAid 1 po3risfgaTH TUIBKA OCHOBHI TOMII MOJIETbOBAHOI CHUCTEMH, TakKl SK:
«OYIKyBaHHS», «0OpOOKa 3aMOBJICHHS», «PyX 3 BAHTAKEM», «PO3BAHTAKEHHI» Ta
1HIIII.

JIMCKpeTHO-TIO/IIEBE MOJICJIIOBAHHS HAWOUIBII PO3BHHEHE 1 Ma€ BEJIMYE3HY
chepy 3acTocyBaHb — BIiJ JIOTICTUKM Ta CHCTEM MAacOBOIO OOCIYrOBYBaHHS M0

TPAHCIIOPTHUX 1 BUPpOOHNUMX cucteMm. Lleit Bua MoaentoBaHHS HaWOUIBII M1IXOIUTh
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JUTSL MOJICJTIOBAHHS TIPOIECIB B  TEJICKOMYHIKAIIMHUX MeEpexaxX. 3acCHOBAHHM
Jxeddpi 'opnonom B 1960x pokax.
SAx B cucremi macoBoro oOciayroByBaHHs (CMO) B TenekoMyHIKalliitHiN
CUCTEMI TIPOTIKAIOTh HACTYIHI TIPOIECH:
® HAJIXO/DKCHHS 3a5IBOK;
e BHUOIp 00CIYTrOBYIOUOT0 MPHUCTPOIO;
e 00CIyroByBaHHS;

e 3BLIbHEHHA.

Jlnst BimoOpaskeHHsI IMX TPOIECIB B IMITAIlIHIA MoJeNl MaloTh OyTH 3aco0w,
10 JI03BOJISIIOTh IMITYBaTHU:
e BXIJIHUH ITOTIK 3a5BOK;
® VYMPaBIIHHS / PO3NOILIOM 3as1BOK;
e 00CITyroByBaHHS;
e BUXIJHHH MOTIK 3aBOK;

® CTaTUCTUYHY OOpOOKY BXIJHMX 1 BUXIJHUX IMAPAMETPIB;

JInst noOynoBY IMITALIITHUX MOZENIE BUKOPUCTOBYIOTHCS:
e cremiansHi cuctemu mozaemoBanHsa? (MATLAB, ....) ;
e crieriajabHI MOBH MOJICIIFOBaHHS (3arajJbHOI0 3aCTOCYBaHHS 1 IPOOIEMHO-
OpIEHTOBAHI) :
GPSS / PC, GPSS / H, GPSS World,;
GASP (General Activity Simulation Programming) ;
SIMSCRIPT (SIMulation SCRIPT) ;

Object GPSS, Arena, SimProcess, Enterprise Dynamics, Auto-
Mod, SIMPAS Ta iH.

e yHiBepcanbHi MoBU MojientoBaHHs: ALGOL, BASIC, FORTRAN, PL,
SIMULA, PASCAL, CI.

© O O O
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Bucnoexu

e MeToa CTaTUCTHYHE IMITAIIMHOIO MOJIEIIOBAHHS — L€ Crocl0O BUBYEHHS
CKJIQTHUX TIPOIIECIB 1 CUCTEM, IO MiAMAIOTHCS BHUMAJAKOBUM 30ypeHHSIM, 3a
JIOIIOMOT OO IMITAIlIHUX MOJIEJIEH.

e ImiTaliiiHe CTaTUCTUYHE MOJCIIIOBAHHS SIBJISIE COOOK0 YHCEILHHH METOJ
npoBeaeHAs Ha EOM 0o04nCIIIOBaIbHUX €KCIIEPUMEHTIB 3 MAaTEMAaTHIHUMH
MOJIETISIMH, 1[0 IMITYIOTh TIOBEIIHKY peabHUX 00'€KTiB, MPOILECIB 1 CUCTEM

y 4aci MpoTsIroM 3aJIaHOTO MEPIoy.

KOHTpoJbHI 3anUTaHHS.

e JlaiiTe BU3HAUYECHHS MOHITTIO «MOJICITIOBAHHS.

e SIKi ICHYIOTb OCHOBHI METOJIM MOJEIIOBaHHA?

[TosICHITh CYTh IMITALIHHOTO METOAY MOJIEITFOBAHHS.

o [losSCHITB PI3HUINIO MK aHATITUYHUM TaM IMITalllTHUM MOJIETIOBAHHSIM.

¢ (ki nepeBarn KOMOIHOBAaHUX METOIIB?

e ki iCHYIOTh €Tany CTaTUCTUYHOT'O MOJICITFOBAHHS?

e [losicHiTh cdepi 3acToCyBaHHsS IMITAlliiHOrO MojeNOBaHHSA. HapemiTh
TIPUKJIAIH.

e SIKi OCHOBHI TIPOILIECH TPOTIKAIOTh B CHCTEMI MAacOBOTO OOCITyrOBYBaHHS
(TenekoMyHIKaIiiHINA cucTemi)?

e B uoMy monsrae pi3HULS MDK areHTHUM Ta JIUCKPETHO-TIOAIEBUM
MO/ICTIOBAHHSIM.

e Hagenith npukiiagu yHiBepCaIbHIUX MOB MOJICITFOBAHHS.
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2. IPUHIIAIIA CTATUCTUYHOTI' O IMITAIIAHOI'O MOJEJIOBAHHS

2.1 Moae/iloBaHHSI CTATHCTUYHHUX PO3MOAiJiB BUNIAJKOBHUX BeJTHYHH

B imitamiitaiit Mmoxeni tenekomyHikariitaoi cucremu (IM TKC) moBunHI OyTH
BiT0OpaskeH1 Taki MPOLECH:
® HAJXOJKEHHS 3aBOK;
e BuUOIp 00CTYTrOBYIOUOTO MPUCTPOIO;
e 00CITYyroByBaHHS;
¢ 3BUIbHCHHS.
IM BxrOUa€ 3aco0u, 110 T03BOJISIIOTH IMITYBaTHU:
e BXIJHUH ITOTIK 3a5BOK;
® VYNOPAaBIIHHS / PO3NOALIOM 3as1BOK;
e 00CIyroByBaHHS;
e BUXIJHHI MOTIK 3aBOK;
® CTaTUCTUYHY OOpOOKY BX1THMX 1 BUXIJHUX MMapaMeTpiB.
ImiTaitist BXiTHOTO MOTOKY 3asIBOK
Ilomix 3as60k — 1€ TOCHIIOBHICTh 3asBOK (BUKJIMKIB), 110 HAIXOISTh B
CHUCTEeMY OOCITyrOBYBaHHS y BU3HAYEHI MOMEHTH 4acy: 11, t2, 13, ..., ti, ..., tc, ..., me ti -
1€ BHUMIPIOBAaHUI MapameTp, SKUM MOXe MNpUHAMaTH BU3HAUYEHI a00 JOBLUIbHI
3HAYCHHS.
Jlemepminosanuii nomix — MOTIK 3asBOK y ()IKCOBaHI MOMEHTH 4acy.
Cmoxacmuunuil (6unaoxkoeuti) nomix — TOTIK 3agBOK y BHUIAJKOBI MOMEHTHU
qacy.
JIns BU3HAYEHHS MOTOKY 3asiBOK HEOOXIJTHO OIMUCAaTH IHTEpBAI 4Yacy MK
CYCIAHIMHU 3asIBKaMH:
A=ty - tk1 (2.1)
JIst MozienmioBaHHST BUITAIKOBOTO TMOTOKY 3asBOK HEOOXITHO 3adaTH (YHKIIIO

posnoaiuty F(At) iHTepBaity yacy MixK CyCIAHIMU 3asiBKAMH.
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Haii6inpmn yacto Anst JOCHIIKEHb CHUCTEM 3B'SI3KY BUKOPHUCTOBYETHCS MOJIEI
HANMPOCTIIIOTO MOTOKY.
Jns  HaWmOpoCTIMIONO0 TOTOKY BHKJIMKIB PO3IOII  YHCIa BHUKJIUKIB, IO
HAJXOJATH 32 yac t BU3HauaeThes 3a popmynoro [lyaccona:
(M) a
R(t)="—"e
il (2.2)
Pi(t) — fiMOBIpHICTP HAJXOJDKCHHS B TOYHOCTI | BUKIWKIB HAWIIPOCTIIIOTO
MIOTOKY 3a B1APi30K yacy t.
HalinpocTimmii TOTIK TaKOX Ha3WBAIOTh CTAlllOHAPHUM IyaCCOHIBCHKUM
MOTOKOM.
OCHOBHI ITapaMeTpu HAMIIPOCTILIOTO MOTOKY:
® PO3MOJLT KUIBKOCTI 3as1BOK 1 3a 1HTepBaJI yacy t
® PO3MOJLI IHTEPBAILY Yacy MiXK CYCIIHIMU 3asiBKAMU B MOTOILI1
® MaTeMaTUYHE OYIKYBaHHA 1 JAMCHEPCis YKciia 3asBOK MOTOKY 1 4acy Mixk
CyCiAHIMHU 3asBKaMH B TTOTOIII.
[TapameTpy HAUMPOCTIMIOTO MOTOKY:

® DO3MOJiN KiIbKOCTI 3aBOK | 3a inTepBan yacy t = 1:

i
pi(t=1)= %e_l (2.3)
e (dyHKUIS PO3MOALT i1HTEpBaldy yacy Al MiX CyciIHIMM 3asiBKaMH B
HaNIPOCTIIOMY MOTOLII:
P(At) = P(t<At)=1- le ™ (2.4)
[To-cyTi, 116 ¥MOBIPHICTH TOTO, IO 3a 1HTEepBaN Al Hamiiiae oauH 1 OLIbINE
BUKJIUKIB.

® IUIBHICTH PO3MOLITY UMOBIPHOCTI At:

p (At) = le (2.5)

TakuM YuHOM, PO3MOAUT MPOMDKKIB 4Yacy MIX BHUKIMKAMH HAUMPOCTIIIOrO

MOTOKY  MIATOPSIKOBYETHCS  MOKa30BOMY  (HETaTHBHOTO  €KCIOHCHIIIAJIBHIIM)

3akoHOM. DYHKITIA p (At) 3aJIEKUTH BiJl TapaMeTpa MOTOKY A.
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e MarematuyHe CHOOAIBaHHS, JUCIEpPCii Ta CEepeAHbOKBAIpPATHUHE

BIIXWJICHHS YMCTIa 1 3aBOK B HAUTIPOCTINIIOMY TTOTOIII:

M(i):TiPi(t)dt:/u
D(i) = At

o (At) =J At
IIput=1:
M@ =D ()=
[{s piBHICTh XapaKTepHa 1 JJI1 HAWIPOCTIIIOrO MOTOKY, 1 HJs
CTalLllOHAPHOT'O Ta OPJIMHAPHOIO TIOTOKY.
Cepennss TpuBajicTh IHTEpBay uYacy At MK cyciaHIMHU

PO3PAX0OBYETHCA AK MATCMATHYHC OLIiKYBaHH}I Y BUT JBII[i:

M (At) = [tP(At)dt = [tledt :%
0 0

JMucnepcis At:

D(At) = jtzp(At)dt —~M?(At) = Itlee‘”dt —% = %
0 0
CepenHboKBaIpaTUUHE BIAXUIIECHHS iHTEpBaly At:

1 1
o(At)= .| = =—
A A
PiBHICTP MaTEMaTUYHOTO OYIKYBaHHS 1 CEpEIHbOKBAJAPATUYHOTO

IHTEpBay 4Yacy MiX CYCIIHIMHM 3asiBKaMd B MOTOLI — L€ TaKOX

ITIOKa3HUKOBOI'O pOSHOI[iJ'Iy BI/IHaI[KOBO'l. BCJINMYHHU.

(2.6)

(2.7)

(2.8)

(2.9)

OyIb-KOrO

BUKJINKaMH

(2.10)

(2.11)

(2.12)
BIIXUWJICHHS

€ O3HaKoro

BaxnuBe criBBiJHOUIEHHS MK IHTEHCUBHICTIO ITOTOKY Ta IHTEPBAJIOM 4acy MiX

CYCIAHIMHU 3asIBKaMH:
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1 —

A== . t= .
A - (2.13) (2.14)

N

ne K’[ —CepeIHIM IHTepBall Yacy MK CyCIAHIMU BUKJIMKAMHU.

A — iHTEHCUBHICTH OTOKY 200 KiIbKiCTh BUKJIUKIB, SKi 32 OJMHUIIIO YaCy.

BnactruBOCTI HAUMIPOCTINIOTO MOTOKY:

® CTaIllOHAPHICTB;
® OpAMHAPHICTH;
® BIJICYTHICTb TiCISAII.

[Ipukman. Hexait € Mara3uH, B KWW dYac BiJl 4acy 3axoAaTh MOKyIi. [Ipwu
MEBHUX JOMYHIEHHSAX Yac MK TOsIBAaMU JIBOX TIOCHIJOBHUX TIOKYMINB OyJe
BUMAJKOBOIO BEJIMYMHOIO 3 EKCIOHEHIIaIbHUM pos3noaioM. CepenHiii dac
OUIKYBaHHSI HOBOT'O MOKYIIS (JTUB. HUXKYE) JOPIBHIOE %

Cam napamerp % TOJ1 MOX€e OYTH IHTEPIPETOBAHUM SIK CEPETHE YUCIIO HOBUX
MOKYTI[IB 32 OJUHUIIO Yacy ad0 IHTEHCUBHICTb MTOTOKY.

Jlnst  oTpuMaHHS 3HAYE€Hb BUIIAJKOBHX BEJIMYMH, SKI XapaKTepU3YIOTh

MO/IEJIbOBAHUN TOTIK 3asiBOK BUKOPUCTOBYETHCS METOJ], 3aCHOBAaHUU HA HACTYITHIM

TeopeMi: SKWO BUNAOKOB8A SelUHUHA p MAc witbhicmb posnodiny f(p), mo
PO3Nn00iNl BUNAOKOBOL BelUdUHU & € pieHOMIpHUM Ha iHmepasai [0,1]

¢ =T F (x)d (%) (2.19)

Busnauennss € nus QyHKINT €KCIMOHEHINIATBLHOTO PO3MOJLTY, BHU3HAYECHOI Ha
auckpeTHoMy vaci 1j:

f(X)=p (t) = de (2.16)

Bupimryroun naHe piBHSHHS BIJHOCHO JETEPMIHOBAaHMX BEJIMYMH {0} MOXKHA

oTpuMaTH (popMyIity i1 PO3paxyHKy 3HaUEHb BUIAIKOBO BEJIMUUHU D

1
MZ—Zm& (2.17)
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Je & — BUIAJKOBa BEJIMYMHA, PIBHOMIPHO po3mojiieHa Ha iHTepBami [0; 1].

Kopuctytounch 1i€ro GopMyao0 MOXKHA OTpHUMATH Oe31idu 3HaYeHb pPI, sKi OyIyTh
BI/IMOBIaTH €KCIIOHEHITIAJIbHIHN IIUTBHOCT PO3MOLTY.
Ha OCHOBi MOCHIOBHOCTI BUNAJKOBMX BEIMYMH Pl MOXHA OTpHMATH
[MOCJIIIOBHICTh MOMEHTIB HAJIXOKEHHS BUKJIMKIB B ITIOTOLII:
t1=p1;
=11 tp2=p1 tp2,
t3= 1o+ p3 = p1 tp2 +p3.
3aranpHUN BUpA3 YISl PO3PAXyHKY MOMEHTIB HAIXOHKCHHS 3asSBOK B ITOTOII
IPU €KCMOHEHIIATbHOMY PO3MOJILI THTEPBAIY Yacy MDK CYCIAHIMHU 3asBKaMHU Mae

BUTJISI;

i i 1
t=t,+p0 =) p =z—z|”‘91 (2.18)

=1 =

@®opMyBaHHA Yacy 3aHHATTA KaHAJIB.
CyKynHICTh Yacy 3BUIBHEHHS KaHaJ1B MOK€ OyTH BU3HAUE€HA HACTYITHUM

YUHOM:
t ooen = titTi (2.19)
Je Ti —d4ac 0OCIyroByBaHHS 3asiBKM (3aHSTTS KaHay), 0 HAIHIIIA B MOMEHT
vacy {i.
VY npumnyiieHHi, Mo 9ac 00CIyroByBaHHS PO3IMOAUICHO MO €KCIIOHEHIIATbHOMY
3aKOHY, IIUJIbHICTH PO3MOALTY Ma€ TAaKUWA BUTJISI:
o(t) = ue ™ (2.20)
Jie [t — TTapaMeTp MOTOKY 00CIIyrOByBaHUX BUKJIUKIB.
[lapameTrp  moToKy  OOEpHEHO  TPOMOPIINHUN  CEepPeIHbOMY  dYacy

00CITyroByBaHHS:

=l (2.21)
T

AHaNOr14HO, TPUBAIICTH 00CITYTOBYBAaHHS MOYKHA BU3HAYATH Y BUTIIS/IL:

r=—tine (2.22)

L u
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Jiist 1 > 1 TpuBaticTh 0OCTYTOBYBaHHS T MOYKHA PO3paxyBaTH 3a (HOPMYJIOH0:
i i 1
n=rate= p=2, e (2.23)
j=1 =1 M

Jie & — po3irpaHe 3HAYEHHS BUITAJIKOBOI BeIMYMHM Ha iHTepBadi [0; 1] mo
PIBHOMIPHOMY PO3MOILITY.

Meton po3paxyHKy 3HA4eHb BHITAJIKOBUX BEJIWYWH, IMIAMOPSIIKOBAHUX
3aJITaHOMY PO3MOJIIy Ha OCHOBI IeHepallii pIBHOMIPHO PO3MOJICHUX BHUIAIKOBHX
BenuuuH B iHTepBami [0; 1], mo3BoJisge 3agaTH MOTOKH 3asBOK Y BUTJISAMI IMITaIlii
JMCKPETHUX MOMEHTIB 4acy iX BUHUKHEHHs. Ilo-cyTi, B Takuil croci® iMITyeThCs

MPOoILIeC HATXOKEHHS 1 00CTyroByBaHHs 3asBOK B KaHaui, i, KL mepex 3B's3Ky.

2.2 Moaeab eKCIOHEHIiaJILHOr0 MOTOKY B cuctemi MS Excel

[Mpuxnaa iMitamiigoi Mmoaent M/M/1

Mopnenb iMiTye poOOTYy OJHOKAaHAIBHOI CHCTEMH OOCIYyTOBYBAaHHS 3 SIBHUMHU
BTpaTaMH MPH YMOBAX:
® BXIJHMI MOTIK BUKIMKIB — HAUMPOCTIIIHI 3 TapamMeTpoM I;
® yac 00CIIyrOBYBaHHs Ma€ €KCIOHEHITIABbHUIN PO3IMOILUT 3 TapaMeTpom M;
® Y4ac — JUCKPETHUM;
® CHUCTEMa Ma€ JiBa CTalllOHAPHUX CTaHU KaHAIIY:
O BUIBHHH,
O 3alHATHH,
3MmiHa cTaHy BiIOYBa€ThCSA MPU HAAXO/KEHHI 1 3aBEpIICHHI OOCIyrOBYBaHHS
3asBKU. ToOTO, cucmema o06caye08y8ants 8i0obpadicac OUCKPEmHO-NOOIE8Ul

npuHyun MOOeNO8AHHSL.
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BxignHn noTik
CraH
MacwvB BunagkoBux ymucen <
PiBHOMIPHO pPO3MNoAineHnx Ha napameTp Kawany Sz
inrepsani [0 : 1] noToky obcnyrosy- © 3
BaHHS =) g
t Mk T-vac S5
. cycCigHiMm | HagxomkeHHs | O - BinbHWN & 8
ATA BXIAHOTO ans vacy Ne 3aHBK.M 3aaBKamMn y 3asBOK Ha /1- e
rioToky o6cnyroByBaHH 8 rioTou BXiZHOMY obcnyrosy- | 3savHATUN
A noToL, BaHHS
0,449966563| 0,034569003 1| 0,798582004| 0,798582004 1 1
0,399012501| 0,486572825 2| 0,918762533| 1,717344537 0 0
0,425216868| 0,790931955 3| 0,855155963 2,5725005 0 0
0,203503703| 0,176394894 4] 1,59207108| 4,16457158 1 1
0,361451752 0,56620045 5] 1,017626713| 5,182198292 0 0
0,26448398| 0,915773275 6] 1,329974596| 6,512172889 1 1
0,069255409| 0,415544812 7| 2,669954026| 9,182126915 1 1
0,05986412| 0,579422826 8| 2,815677956| 11,99780487 1 1
0,434979545| 0,591988453 9| 0,832456273| 12,83026114 1 1
0,281611343| 0,204845967 10| 1,267227376| 14,09748852 1 1
0,707028348| 0,945984825 11| 0,346684517| 14,44417304 0 0
0,8387859| 0,976367112 12| 0,17579979| 14,61997283 0 0
0,006697944| 0,489901858 13| 5,005954716| 19,62592754 1 1
0,186605128| 0,363290035 14| 1,678760511| 21,30468805 1 1
0,167204858| 0,864563165 15| 1,788535526| 23,09322358 1 1
0,69462348| 0,694473672 16| 0,364385335| 23,45760891 1 1
0,219880072| 0,019677654 17] 1,514673009| 24,97228192 1 1
0,944163746 0,86886128 18| 0,057455668| 25,02973759 0 0
0,575364934| 0,345318873 19| 0,552750771| 25,58248836 0 0
0,44867489| 0,152118963 20| 0,801456729| 26,38394509 0 0
0,612700639| 0,463628852 21| 0,489878817| 26,87382391 0 0
0,033456162 0,18805175 22| 3,397519281| 30,27134319 1 1
0,888993474| 0,776639421 23| 0,117665384| 30,38900857 0 0
0,605670245| 0,029390709 24| 0,501419591| 30,89042816 0 0
0,568164148| 0,318257637 25| 0,565344909| 31,45577307 0 0
0,981723057| 0,548586101 26| 0,01844603| 31,4742191 0 0
0,027487627] 0,917098114 27| 3,594019313| 35,06823842 1 1
27 14 14

52%

Puc.2.1. Moaenb HalTIpoCTimoro moToky B cuctemi MS Exel

Monens M/M/1 (3 BTpatamu) (A =1, p=1)
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Puc.2.2. I'ictorpama po3irpaHux 3Ha4€Hb IHTEPBAIY MK CYCITHIMU 3asiBKaMHU.

O1iHKa YaCcTOTH 3HAYEHD

llepesacu:
e mpocToTa peaizaiii (Ha OCHOBI BOymoBaHuX QyHKIii EXxel);
® HEBEJIMKI BUTPATH Yacy Ha CTBOPEHHS MOJEN;
® J103BOJISIE OI[IHIOBAaTH OCHOBHUM MOKAa3HUK — UMOBIPHICTh BTPATH 3asBOK
gyepes3 3aHATICTh 00CTYTOBYIOUOTO MPUCTPOIO;
® aKTHUBI3yE 0Opa3HE MUCIICHHS.
Heoonixu:
® MOJIETb IPALIOE B PYYHOMY PEXHMI, HE MPAIIO€ CAMOCTIHHO;
® KUIBKICTh «IIPOTOHIB» OOMEKEHO;
® CTaTUCTHUYHA OOpPOOKA BUKOHYETHCS BPYUHY.
JlaHnii  TpUKIaj  JOEMOHCTPYE€ PYYHHM PEXKHMM  IPOTOHY  MOJIEIBHUX
eKCIIEPUMEHTIB IMITAlIHHOI MOJEIN MPOIECIB HAIXOKEHHS Ta OOCIyroByBaHHS

3as41BOK.
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[Ipu 30inblIEHH]I YUCIAa €KCIIEPUMEHTIB TOYHICTh OI[IHKKA BTPAT 301IBIIYETHCS
(HaOmKaeTbCsl 10 TEOPETUUYHUX  OIIHOK), TOOTO OIIHIOBAaHUN  pe3yJbTaT
HaOJIMKAETBCA JIO TOYHOIO 3HA4YCeHHS abo 30iraerbcsa. 300pakeHO 30DKHICTH
PO3MOTY BHITAIKOBOT BEMYMHH 3 HOPMAJIBHUM PO3IMOALIOM A0 MaTeMaTUYHOTO
criofiBaHHs. Sk MOXKHa TOOAYUTH 3 JIAHOTO PUCYHKY, 31 301IBIIECHHAM KIJIBKOCTI

EKCTICPUMEHTIB 3pOCTA€E CTYIiHb 301)KHOCT1 BUIIAIKOBOT BEJTUYMHHU.

yacToTa nogin

1.0+

0.9e

lp/ VI". A

A
Vg

ok
L

0.7+

0.6 .

0.Se —— e e e ¥

0.4 ¥

0.3

0.2 . .
KinbKictb

eKCNepUMEHTIB

N - '., - -
] SO N’? N;;f 36) 150 .ZN,Q‘ 200 250 300

yacToTa noain

1.0e
099

080

Z:'me
W

0.51

0.4 A A
W
0.3

0.2e

014 Kinekicte
eKCrNepuMeEHTIB
NKP 1 NKPZ MK b3 100 150 200 250 300

0)



24

010000
9600 .
TeopeTnyHa 3anexHiCcTb

KiNIbKOCTI EKCNEPUMEHTIB,
HeobXiaHMX Ans 3abe3neyeHHs
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0.95

KputnuHe uncno

ToOuYHICTb € . T
eKCrnepuMeHTIB NKp

0.1 96
96, 0.01 9600

0 0,01 01 & 0.001 960000

B)
Puc.2.3. ImtocTpaiiist mporecy 301KHOCTI PE3yNbTaTy €KCIEPUMEHTY J0
TEOPETUYHOTO PE3yNbTaTy:

a) 300paxkeHO 301KHICTh PO3MOALTY BUMAJAKOBOI BEJIWYUHU 3 HOPMAIbHUM
PO3MOAIJIOM JI0 MAaTeMaTUYHOTO CHOMAiIBaHHs. SK MoXHa MOOAYUTH 3 JIAHOTO
PUCYHKY, 31 30UIBIICHHSIM KITBKOCTI €KCIIEPUMEHTIB 3pPOCTAa€ CTYIiHb (IIBUIKICTh)
301KHOCTI BUTIQJIKOBO1 BETUYHHH.

0) DaHuM PHUCYHOK UIIOCTPY€E CHUTYAIll0: JUIsl PI3HUX KPHUBUX HOPMAJIBHOIO
pPO3IOIITYy BHUIAJKOBOI BEIMYMHM MOXJIMBA Pi3HA KIUIBKICTh  HEOOXITHUX
€KCIIEPUMEHTIB JIJIsl AOCATHEHHS MEBHOTO (PIKCOBAHOTO JOBIPUOIO IHTEPBAIY;

B) LIIOCTpalis HEOOX1IHOI KIIBKOCTI €KCIIEPUMEHTIB, SIKI HEOOX1AHO MPOBECTU
JUTs1 30UTBIIIEHHS] TOYHOCTI PE3y/bTaTiB Ha TOPSJIOK.

BucHoBkn

e Meroa po3paxyHKy 3HAa4eHb BHUIMAJAKOBUX BEIWYHMH, ITiAMOPIIKOBAHUX
3alaHOMYy pPO3MOJUIYy Ha OCHOBI TeHepalii PIBHOMIPHO PpPO3MOIIIECHUX
BUITAJIKOBUX BenW4HH B iHTepBadi [0; 1], m03BOJIsi€ 3a0aTH MOTOKH 3asBOK y

BUTJISII IMITAIlli JUCKPETHUX MOMEHTIB Yacy 1X BUHUKHEHHS.
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e Mogens B cucremi Exel imiTye poOOTy OJHOKaHaJIbHOI CHCTEMH
0OCITyroByBaHHs 3 IBHUMHU BTpaTaMH, ajieé B pyYHOMY PEKHMI KEPYBaHHS Ta

CTaTUCTUYHOI OOPOOKH.

KoHTposibHI 3anTuTaHHS.

e [llo Ttake «moTik 3asaBok»? 110 mOTpiOHO /711 BU3HAUCHHS TOTOKY 3asBOK?

e ki nBa BUIM MOTOKY 3asgBOK Bu 3HaeTe (B 4acOBOMY KOHTEKCTI MUTaHHS)?
Hagenith mpukitagy 3 Mo KO>XKHOMY 3 BHIIB.

e [lepeniuiTh OCHOBHI IapaMeTPH HAUMPOCTIIIOTO MTOTOKY.

e CdhopMynoiTe TEOpeMy CTOCOBHO PIBHOMIPHOTO PO3MOALTY BHMIAIKOBOI
BEJIMYMHH.

e Uu € ceHC B 30UIbIIECHHI KUIBKOCTI €KCIIEPUMEHTIB B MOJIE JJisl OLIHKU
BTpaT. BianoBige aprymMeHTyure.

e ki OCHOBHI mapaMeTpy MarOTh OyTH 3aJIaHi JIJIsi MOJEIIOBaHHS?

e SIxi ocHoBHi ¢pyHkuii EXEL notpiOH1 jyist MoaentoBaHHS ?

¢ B gomy mossrae TOYHICTh CTATHCTHYHOTO OIIHIOBAHHS?

e [lpuBeniTe mpukiIaja 3actocyBanHs Mojenai MMI1 3 peanbHOTO KHUTTSL.
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3. 3AT'AJIBHA XAPAKTEPUCTUKA CUCTEMM GPSS

3.1. Bigminni ocoduBocti cucremu GPSS World

GPSS World — sarambHOIiZBROBa CHCTEMA IMITAIIHHOTO MOIEIIOBAHHS, IO
MIPEJICTABIIIE COOOI0 TOTYXKHY Cepely KOMITIOTEPHOTO MOJCIIOBAHHS 3araJilbHOTO
MpU3HAYCHHS, po3pobiieHy i mnpodecioHaiB B 00JacTi  MOJICTIOBAHHS.
Po3pobuuk — kommaniss Minuteman Software (CIA).

GPSS World — xoMmIuleKCHHMI MOMAEIIOIUNN 1HCTPYMEHT, SKHH OXOILTIOE
00J1acTi K JUCKPETHOTO, TaK 1 HEMEPEPBHOTO KOMI'IOTEPHOTO MOICITIOBAHHS, M€
BHUCOKHI PIBEHb IHTEPAKTUBHOCTI Ta Bi3yaJbHOT'O MPEACTaBICHHS 1H(OpMaIi.

GPSS World po3pobnenuit mjis omepaTuBHOTO OTPUMAHHS JIOCTOBIPHUX
pE3yNbTATIB 3 HAMMEHIIMMU 3ycHIUTIIMH. B cuctemi 1o0pe onpanboBaHa Bizyami3amis
MpoLIeCy MOJICTIOBAHHS, a TakoXX BOYJOBaHI €JEMEHTH CTAaTUCTUYHOI OO0pOoOKHU
nanux. B ocHoBi GPSS World mnoknaneHo opuriHaibHy CHUCTEMY KOMITHOTEPHOIO
MmonemoBaHHsT GPSS.

General Purpose Simulation System — 3aranpHOIIb0Ba CHCTEMa MOICIIOBAHHS,
ska Oyna po3podiieHa criBpodiTHHKOM Gipmu IBM — JIxedpi 'opronom B 1961 pori
(ms EOM IBM) 1 npu3HayeHa JJii MOJEJIIOBaHHS MPOIECIB B CUCTEMaX MacOBOIO
oocnyropyBanus (CMO). GPSS World — 11e npssMuii pO3BHTOK MOBH MO/ICITFOBAHHS
GPSS/PC pmnas  OC Windows Mae pO3IMIMPEHI MOXKIMBOCTI, BKJIIOYAIOYH

HaJAIITOBYBaHY Cepely 3 IHTErpOBaHUMH (PYHKITISIMU poOOTH 3 [HTEpHET.
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Taomung 3.1

Po3Butok cucremu GPSS

GPSS GPSS/PC GPSS World
Benuki EOM (IBM, EC- [lepconaibHi [lepconainbHi
1045, EC-1060) koM rotepu (PC) koMt totepu (PC)

OcHoBHI Bepcii:

e GPSS 1 (1961) (IBM);,

e GPSS 1 (1962) ;

e GPSS 11 (1965) ;

e GPSS/360 (1967) ;

e GPSSV (1975);

e GPSS/H (1978) (Wolverine Software) ;

e GPSS/PC (1984) (Minuteman Software) ;

e Micro-GPSS (1) (1990);

e GRAMOS-GPSS (1993);

e GPSS World (1993) (Minuteman Software) ;

e Micro-GPSS (2) (1996, cnpoiiena Bepcis, mpHU3HAYCHA Il BHBYCHHS
MoBu GPSS 1 po3po0ku HAUTIPOCTIMIMX IMITAIIIMHUX MOJIeNIel B MEpexi
[aTepHer).

Cunvna cmopona GPSS World — ue iioro npo3opicts ayig kopuctyBada. CyTh
MIPO30POCTI ISl KOPUCTYyBaya — BAJ IMITAIlIiTHI MOJEII € AyXe IIHHUMH 1 TPUIaTHI
MPOTATOM TPUBAJIOTO Mepioay yacy. OIHUM 3 HaHOLIbIT ePEKTUBHUX, ajieé HAMMEHIIT
BIJOMHUX TIepeBar KOMI'IOTEPHOTO IMITAIIHHOTO MOJENIOBAaHHSI € MOXIIMBICTh

IPOHUKHEHHSI B caMy CyTh IOBEAIHKM CHUCTEMHM, KOJU JOCBIIUEHHUM mpodecioHan B
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001acTi MOJENIOBaHHS MOK€ 0auuTH BHYTPILIHIO TUHAMIKY B HaWOUIbII Ba)KJIHMBI
MOMEHTH Yacy MPOIECY MOIETIOBAHHS.
Ocranns Bepcigs GPSS World 5.2.2. (2007 p) Bkitovae B cedbe eeKTuBHI 3ac00U

MOJICTIIOBAaHHS, OPIEHTOBAH1 HA KOPUCTYBaya.

TpancasTop

BucokoedextuBamii TpaHcasTop € yactuHoro mporpamu GPSS World, sika
ctBoproe 00'extu "lIporec monmemoBanns". [lepen BxmroueHHsIM B 00'ekT "Ilporec
MOJICJIIOBaHHA" BCl OMEpaTOpu MOENI MPOXOASTh TpaHCisMito. B Takuit camwuii
croci® 1HTEpaKTUBHI OMEpaTOpy TPAHCITIOIOTHCS B TIOOANBHIN 00JaCTi BHIMMOCTI

NepIl HI’K BOHU OyyTh nepeaani 10 icHyrouoro o0'ekra "[Ipouec moaentoBanHs".

ApxiTeKkTypa

Ha piBHi 1HTepdeiicy GPSS World siBisie coboro peanmizanito apxiTeKTypu
"MOKYMEHT-BU", 3araJIbHOT I BCIX JOJATKIB (NMIPUKIAJIHUX MPOTpaM) orepariiHol
cuctemu Windows. O0'ekTH MOXYTh OyTH BIJIKpUTI B JIEKUIBKOX BIKHAX, 3MIHEHI 1
30epekeHl Ha TOCTIMHMX HOciAX 1H(popmarllli. 3BUYHE MEHIO TOJIOBHOIO BIKHA 1
OJIOKyBaHHS HEJOCTYITHUX KOMaHJ MEHIO, HE BIJBOJIIKAIOYM YBaru, HampaBliie
KopuctyBaua g0 kiHueBoi Metu. GPSS World 6yB po3pobiienuit 3 MeTor0 A0CITTH
TICHOI 1HTEPaKTUBHOCTI HaBiTh B 0aratro3ajaqyHoOMy CEpEeIOBHIII 3 BUKOPUCTAHHSIM
BIPTYaJIbHOI MaM'sITi.

Bbararo3aga4uicTs

bararopiBaeBa apxitekrypa GPSS World no3Bonsie pazom 3amyckatd KiulbKa
MIPOIIECIB MOJICTIOBAaHHS Ta EKCIepuMeHTIB. OTHOYAaCHO BHKOHYIOTHCS HE TUIBKH
OHOBJICHHS BIKOH, BBEJCHHS KOpHCTyBaueM 1H(}opmalii, AUCKOBE BBEICHHS-
BHUBEJICHHS, APYK 1 MPOIIEC MOJCITIOBAHHS, — TaKOXX B OJUH 1 TOH e yac MOxe OyTH

3aMyIIeHo OyAb-sAKY KUTBKICTh ITPOIIECIB MOJICTIOBAHHS.

Bipryaabna nam'saTh
[Ipouiecu monenmtoBaHHsT Oe3MOCepEeHBO HE OOMEXYIOTHCS PO3MIpOM (Hi3UIHOT
nam'siti 3 JgoBUIbHUM jgoctynioM (O3Y), B skiii BukOHYyeThcsi 00'exT "lIporec

MojietoBaHHA". BUKOPUCTOBYIOUM MeXaHI3M BIpTyalbHOI Mam'sTi, MOJAEI MOXYTb
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nocsratd po3Mipy n0 rirabaiTta. KimbkicTh 00'€KTIB TakOX OOMEXKYETHCS TUTBKH
po3MipoMm ainy miakadyku. s JOCATHEHHS ONTHUMAIBHOI MPOJYKTHBHOCTI
HEOOX1JITHO BUKOPHUCTOBYBAaTH 3HAYHUM O0OCAT peanbHOI mam'ati. BumimeHHs Tta
yIOpaBIiHHSA TaM'ATTIO JUIsI O0'€KTIB BiIOyBa€TbCcs HEBUAMMO JJIsi KOPHCTyBada.
OO0'ekTH aBTOMAaTUYHO CTBOPIOIOTHCS J0 TUX ITIp, MOKU HE Oyjie MoTpiOHA J01aTKOBA

iH(dopMarris.

InTepakTUBHICTH

GPSS World miaTpumye BHCOKHMII piBeHb 1HTEPAaKTUBHOCTI HaBIThb IiJ 4ac
MPOIIeCY MOJICTIOBaHHs. BHKOpHUCTOBYIOUM KOMaHy TOJJOBHOTO MEHIO BiKHA MOJEII
Command (Komanma), mpHCKOpIOOYI KJIaBimi a00 HACTPOWKH  MOJEI,
3aKpIIUIIOIOYM 32 (DYHKI[IOHAJIBHMMH  KJIaBIIIaMU BJacHI KOMaHJU, MO>KHA
nepeaaBatu Oyab-sKUil omepaTop icHyrouoMmy o0'ekty "llpoyec moodenrosanus". €
MOXJIMBICTh ~ BUKOPHCTOBYBAaTH  JiajmoroBe BikHO "Simulation Command"
("Komanna") mis BBeJEHHS OMNEpaToOpiB, BIJICYTHIX Y BHUIMAAal04OMy MEHIO, a 3a
nonomororo  komanau INCLUDE wmoxHa mnocwiatd mpouecy MOJEIIOBAHHS

IHTEpPaKTUBHI OllepaTopu OY/b-sSKOi CKJIaTHOCTI.

Bizyaaizauis

GPSS World  Bigpi3HA€TbCSI  BHCOKMM  pIBHEM  Bi3yamisalii  MpoIriecy
MojentoBaHHsA. Jlns crmocTepekeHHS Ta B3a€EMOJIi 3 MPOIECOM MOJCITIOBAHHS
BUKOPUCTOBYIOTHCSI JIBaAISITh PI3HMX BIKOH, IO BIJMOBIIAIOTH OUIBIIINA YacTHHI
o0'exktiB GPSS. [Ins oTpumanHs, 30epeKeHHS 1 APYKY BI3yaJIbHOTO MPECTaBICHHS
CTaHy TPOIIECY MOJCIIIOBAHHS HE MOTPIOHO JOMATKOBUX 3yCHJIb, KpPIM OIllepariil 3

BIKHAMMU.

AHiManis

Y GPSS World ichye psa animamiiHux MoOXxiIuBOcTed. PiBeHBb iX peasnizaiii
3MIHIOEThCS BiJ a0CTpaKTHOI Bizyaui3allii, 10 HE BUMarae HisIKUX 3yCHJIb, 1O BUCOKO
peaTiCTUYHUX JHUHAMIYHHUX 300pakeHb, IO BKIIOYAIOTh B ceOe CKIIQIHI €JIIEMCHTH,

CTBOpPEHI KOPUCTYBAYEM.
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AOcTpakTHA aHiMaNia

Y GPSS World BOynoBana ¢yHKIlIS KOMIUIEKCHOI CTHII30BaHOi aHiMaiii. [s
GyHKIIISA 3a0€3MeUy€eThCsl BEIMKOIO KIJIBKICTIO BIKOH, SIK1 IMHAMIYHO BIJI0OpaKaroTh
o0'ektu GPSS B mporeci MonentoBaHHs MO Mipi 3MiHHU iX cTany. [[ns cTBopeHHs
Takoi aHiMallli He MOTPIOHO MO0AATKOBHX 3ycwib. ['padiuHi 300pa’keHHS MOXKYTh

OyTu 30epekeH1 sl BKIFOYSHHS B 3BITH 1/ 200 pO3/IpyKOBaHi.

IHocT-npouecopua animaunist

GPSS World mae 3o0BHIIHIN iHTEpdEiic, SKUI MOXe MATPUMYBATH aHIMAIIHHI
NakeTd, KepoBaHI JaHUMH. Takum cmocoboM MOXyThb OyTH  po3poOiieHi
doTopeanicTuuHi aHimarii. i1 BUKOpPHUCTaHHS IbOTO 1HTEpPEicy HEOOX1IHO
CTBOPUTHU BHXIJHUW TOTIK, 3MICT 1 (opMaTyBaHHS JaHUX SKOTO 3aJJ0BOJIbHSE

MpaBWiaM aHIMaLIHOT O MaKETy, [0 MOCTaBISETHCSI CTOPOHHIM PO3POOHUKOM.

OneparuBHa aHiMawis

GPSS World wmae wna6ip PLUS-mpouenyp AuHaAMIYHOTO BHKJIHKY, IO
JI03BOJISIFOTh BUKJIMKATH (DYHKIIIT Y 30BHIIIHIX BUKOHYBaHUX (hainax (exe-gaiinax).
[le 3abe3meuye omepaTWBHUM 3B'S30K 3 aHIMAIIWHUMU TAaKeTaMU 1HIIUX
PO3pOOHUKIB.

PLUS — e nHeBenuka, mpote edeKTHBHA MPOIEAypHA MOBA MPOTpaMyBaHHS,
cTtBopeHa 13 12 tumiB omeparopiB. o ckinamy PLUS Bxoauth Benmuka 6i0mioTeka
npoueayp, wio micmumov mamemamuyni @ynkyii 1 QYHKUIT MaHITYISAMn 3
psIKaMH, 1 BEJIUKUN HAOlp MMOBIPHICHMX PO3MOAUIIB. 3a JOMOMOTOK MiJACHCTEMH
PLUS MoHa peasii3oByBaTH aHAIITUYHI PO3PAXYHKH 1 aITOPUTMI3alLlii0 POLECIB.

Biaminnocti GPSS Word Big GPSS / PC:

e GPSS World 6asyerbcs Ha imei, mo TekcToBuii o0'ekT "Mopenn"
dbopmyeThes 1 / a00 MOAUGIKYETHCSA, a MOTIM TPAHCIIOETHCS 3 METOIO
ctBopeHHs o0'ekta "lIporiec monentoBanus". 1luM BiH BiJIPi3HAETHCS BIT
GPSS / PC, B ss5KkOMy BUKOPUCTOBYIOTHCSI TIOHATTS (hailly mporpamu Ta

npoueCy MOJACIIOBAHHA.
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e V GPSS World Oyna moBHICTIO 3aMiHEHa oOmepallis 3aBaHTAKEHHS
Mozeni, mo BukopuctoByBajack B GPSS / PC. 3amicTe mociniioBHOTO
BBEJICHHSI 1 MEPErJIsily KOXKHOTO psiaKa, ogHoro 3a oguum, B GPSS World
3aCTOCOBYETHCS TTOBHOCKPAHHUI TEKCTOBUN PENAKTOpP 1 KOMaHJla MEHIO
Create Simulation (CTBopuTH npoiec MoaeJI0BaHHSI).

e GPSS World BuxopuctoBye Tpanciastop Mozeni. Lle mpuckoproe uac
3aBaHTaXEHHSI MOJIedl B COTHI pasiB. [IoOMUIIKM BUSABISIIOTHCS TPOTATOM
TPaHCISIIT Ta MOXYTh OyTH BUIIPaBJICHI 3a JOMOMOTOI0 kKoMaHmu Next
Error (Hactynna mommJika) 3 menio Edit (IIpaBka) rooBHOro BikHa.

e MOoXIJIMBO, HAaWOLIBII MOMITHOKO 3MiHOKO B nopiBHAHHI 3 GPSS / PC e
BIJICYTHICTh HEOOXITHOCTI B HyMmepauii psakiB, ska (PaKTUIHO
irHopytotecss B GPSS World. Tlpu BukopucTaHHI pEeXUMY PYyIHOTO
MOJICJIIOBAaHHsI 30€pIraeTbCs BHCOKMI piBEHb IHTEpakTHUBHOCTI. lle
O3Hauae, M0 OyAb-sIKUH OMepaTop MOKe€ BUKOPHUCTOBYBATHCS MPOTSATOM
IPOLECY MOJIETIIOBAHHS B SIKOCTI IHTEPAKTUBHOI'O OIlepaTopa.

e VYV GPSS World 0yB 30epexeHunii BUCOKHI pIBEHb IHTEPAKTUBHOCTI. by1b-
KU Omlepatop MOJedi MOoXe OyTH TepeJaHuil A BHUKOHAHHS
BUKOHYBAaHHMX TIpolieciB MojemoBanHs. PLUS-nponienypu MoxyTh OyTH
BHU3HAUeHI a0o HaBiTh mnepeBu3HayeHl "Ha JnboTy". Komangum GPSS
MOXYTb BHKOPUCTOBYBATHUCA JUId TEpeBU3HAUYeHHs 00'ekta abo
yIpaBIiHHSA pOLIECOM MO/JIETFOBAaHHSI. broxu MOXYTb
BUKOpPUCTOBYBaTuCs, Tak camo, ik 1 B GPSS / PC, nns crBOopeHHA
TUMYacOBOTO OJIOKY, B SIKUW HANPaBJSIETHCS aKTUBHUM TpaH3akT. Bee 11e
BUKOHYETHCS TICIS TPAHCIALIT Mojeli 3a JgornoMoror meHto Command
(Komanna).

o VYV GPSS Word peanizoBana apxiTekTypa MyJibTU3aaaqHocTi. OnepaTuBHE
OHOBJICHHSI BiKHa BHKOHYETHCS 32 JOTIOMOTOIO YEprd TOBIIOMIIEHB, IO

HAJIXOJISITh BiJl TPOIIECY MOJICIIFOBAHHS.
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e AHanoriyHo, OUIBIIICT, KOMaHI, oOTpuManux o6'ektom "Ilporec
MOJICITIOBAHHSA", TepeJ, BUKOHAHHSIM TIOMIIIAIOTHCA B YEPry KOMAaH]

mpoueccy MOACIHOBAHHA.

3.2. IlpouexypHe MoaeI0BAHHSA, IOT0 0COOJIMBOCTI
Po3Butok cucremu GPSS World
HesBaxatoun Ha mouaTkoBy opieHTamnito GPSS Ha MojemoBaHHS CHCTEM
MacoBOrO OOCIIyTOBYBaHHs, CHCT€Ma BHIBWJIACA HAMpPOUyd JIOBIO KUBYUOIO 1
3JIaTHOIO0 JI0 PO3BUTKY. TPYIOMICTKICTh OMHCY MOJEIbOBAHUX CHUCTEM B TEpMIHAX
O13Hec-TIpoLeciB MOXKE OyTH 3HM)KEHA 32 PaXyHOK 3aCTOCYBAHHSI TaKUX MPOIYKTIB,
gk Object GPSS a6o ISS 2000. 3oxpema, ctBopenuir y HTYY «KIII» mix
kepiBaulTBoM B. H. TomameBcekoro naker ISS 2000 siBnisie co0010 JTIHTBICTUUHMI
IpoIecop, 3a JOMOMOTOI0 SIKOTO KOPHUCTYyBad B J11aJIOTOBOMY PEXHMi CTBOPIOE
apromatnuHo GPSS-niporpamy 1 3amyckae ii Ha BUKOHaHHSI.
ImiTanis 00cryroByBanHsi a00HEHTIB TaKcO(poHOM
Onuc mporecy:
e iMiTallisl MTOTOKY NMPUXOAY a0OHEHTIB (d4epe3 MPOMIKKH Yacy);
® OUIKyBaHH$ 3BUJIbHEHHS TaKCO(OHA;
® 3aHATTS TakcOPOHa;
® BHUKOPUCTAHHA TakcopoHA B ITUIMHI TPHUBAIOCTI PO3MOBH (30UIbIICHHS
4yacy Ha TPUBAIICTh PO3MOBH) ;
® 3BUIbHEHHS TaKCO(OHA;
e BHjaJIcHHI a0OHEHTA.
Mopnens mOBMHHA MICTUTH OJIOKM, MO BiIOOpa)KalOTh IepepaxoBaHi eTanu
poLeCy.
Oco06mnuBictio cuctemMu GPSS € Te, 1110 TpUBaIICTh MOAEIIOBAHHS BU3HAYAETHCS
HE TPUBAIICTIO 1HTEPBAJIIB Yacy MDK MOJMISIMHU, a YUCJIOM TOJIii, 1[0 BUHUKAIOTH B
cuctemi. MoJieslb yTBOPIOEThCS 3 MOJICIBHUX OJIOKIB Ta MOJEIBHUX O0O0'€KTIB.

MogenbH1 0J10KM BUKOHYIOTH MpoIecH imiTarii Aid. MojeabH1 00'€eKTH MOXKYTh OyTH
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dikcoBaHUMU 1 AuHaAMiYHUMU. J[MHAMIYHI OO0'€KTH CHCTeMH - 1€ BUMOTHU Ha
OoOCITyroByBaHHS — TpPaH3aKTH. TPaH3aKTH CTBOPIOIOTHCS, MEPEMINTYIOThCS Uepes
MOJIEIbH1 OJIOKH, 3aTPUMYIOTHCS 1 3HUIYIOTHCS (BUBOIATHCS 3 Mojeni). DikcoBaHi
00'extu — 11e eneMentd CMO: uepru, npoainu, 6araTokaHaabHI IPUCTPOI.

[Mpukmaa koay g cuctemu GPSS World:

GENERATE (POISSON (1,40)) ; renepariis MOTOKY TPaH3aKTiB ;
[ToTik TpaH3aKTiB MyaCOHIBCHKUH 13 CEpeIHIM

iHTepBasioM 40 OJIMHUITL

QUEUE mainQ ; YBIMTH B peecTparop uepru
SEIZE F0O07 ; Cipo0a 3aiiHATH IPUCTPI
DEPART mainQ ; IIoKHHYTH peecTpaTop Yepru

ADVANCE (Normal (1,35,4)) ; MonuenroBaHHs IpoIiecy 0OCIyroByBaHHS.
; Hac o0OciryroByBaHHS pO3MOiICHUI 32
; HOpPMAJIbHUM (TayCOBHM) 3aKOHOM
; 13 MAaTEMaTUYHUM OYIKYBaHHM 35 1

; CCpCIHBOKBAAPATUYHUM BiI[XI/IJIeHHHM 4

RELEASE F007 ;3BUIBHUTH MIPUCTPIH
TERMINATE ; BUJIAJICHHS TPAH3aKTa

MopenbH1 OJI0OKH MarOTh OTICPaHIH:

Block name A, B, C, D, E, F, G, H

TpaH3akTh MarOTh MapaMmeTpH, SKI MICTATh YMCIOBI 3HaueHHA. L{i mapamerpu
HA3UBAIOTHCS CTaHIAPTHUMH 4ucioBuMu atpuOyramu (CHA) - Standard numeric
attributes (SNA). TpanzakT € nmpoo6pa3om 3asBku B Tepminosorii CMO. Y nporeci
MOJICITIOBAHHSI TPAH3aKTH 'CTBOPIOIOTHCA" (3asiBKM HAAXOMATh) 1 "3HUIIYIOTHCS'
(3asBKM HAYTh) Tak, SK 1€ HEOOXITHO 3a JIOTIKOI MOJENi. 3 KOXXHUM TPaH3aKTOM
MOKe OyTH MOB'SI3aHO NIEBHE YMCIIO MMapaMeETPiB, 110 HECYTh HEOOXIAHY 1H(hOpMAIIiIo

npo 1ek TpaH3akT. KpiM Toro, TpaH3akTH MOXYTh MaTu pi3Hi npioputetu. Jis
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THYYKOCTI MOJICJTIOBAHHS, B CHCTEMI € 3MiHHI, MaTpuIli, TabmuIl, QyHKIi, JOT14HI
nepeMuKaui.

TpaunzakTu

JIMHaMI4HICTh MOJEIBHOTO 00'€KTa «TpPaH3aKT» MPOSABISETHCS B MeEXaHi3Mi
«MPOCYBaHHM» TpaH3aKTa B MoJeli (depe3 MojesbHi Oj0oku / omepatopu). Ilporec
MOJICTIOBaHHS MPEJICTABIISIETHCS MTOCTIJOBHICTIO YaCOBUX MO11i1 0OPOOKH TpaH3aKTiB.

TpaH3akT MOXYyTh ICHYBaTH B MOJENl SK CaMOCTIWHI OJWHMIN, TaK i
PO3LICIUTIOBATUCA HAa TPAH3aKTU 3 OJHAKOBUMM CTAHIAPTHUMHU YHUCJIOBUMHU
atpuOytamu  (CYA). Ilo-cyTti, MexaHI3M TpaH3akIlii BimoOpakae TmpoIlec
«TOJII€EBOT0» (COOBITUHHOIO — POC.) Tepediry mporecy.

Bci nmoxii B Moaeni mos's3adi 31 3SMIHAMU:

® HAIXOKCHHS 3aIBKH B CHCTEMY;

® 3AHATTSA 00CTYTrOBYIOYOTO TPUIIALIY;

® 3BUIBHEHHS NIPUIIATY;

® BUBEJCHHS 3aBKHU 3 CUCTEMHU.

Benuka KUIBKICTH TapaMeTpiB TpaH3akTa MICTUTh i1H(OpMaIilo Hpo MNoaii
(moB'si3aH1 3 TpaH3aKTaMH), NMPO CBOE MICIICMIOJIOXKEHHS B MOJENl 1 MPO MOTOYHUI
CTaTyc.

Cmanu mpau3zaxkmis 6 Mooeii.

e ACTIVE — TtpaH3aKkT 3HaxXOAUTHLCS B JIAHIIO31 MOTOYHUX Mol — Current
Events Chain (CEC).

e SUSPENDED - mnpu3ynuHEHWH TpaH3aKT, SKHA OUIKYye B JIAHIIO31
MaitOyTHii moxiit (the Future Events Chain — FEC) momeHTy cBOTO
MIPOCYBaHHS 110 MOJIE1, TOOTO MOMEHTY KOJIU BiH CTaHE aKTUBHHM.

e PASSIVE - TpaH3aKkT, IO 3HaXOOUThCA B KOPUCTYBAJTbHHUIILKOMY
nanmrory nogin  (User Chain, Delay Chain, or Pending Chain), i dekae
YMOBH CBO€T «aKTUBI3ALII».

e TERMINATED - tpan3akT, BUBEICHHI 3 MOJIEITI.
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Hapamempu mpanzakma — MHOXHWHA YHUCJIOBUX BCIMYMWH, 10 XaPaAKTCPU3YIOTh

IHIUBITyaJIbHI BIIACTUBOCTI TPaH3aKTa:

IIPIOPUTET;

MITKa 9acy (MOMEHT BX0/KeHHs B 0j10k MARK) ;

HOMED aHcaMmOJto (TIpH MO / po3MHOXKeHH1 Tpan3akTa y 6mori SPLIT) ;
1HAMKATODP 3aTPUMKH;

IHAMKATOP TpaCyBaHHS;

MOTOYHOTO OJIOK (HOMEp MOTOYHOTO OJIOKY);

HacTynmHUM OJI0K (HOMep OJIOKY, B AKW Oy/ie IPsAMYBaTH TPAH3aKT);

JJAHIOIOT CTaHy.

ﬂanoeu Cmary mpansaxKma

ACTIVE — TpaH3akT 3HaXOJMThCS B JIAHITIO31 MOTOYHUX mojaik - Current
Events Chain (CEC).

SUSPENDED - mp3ynuHEHHI TpaH3aKT, SKHA OYIKy€ B JAHITIO31
MaitOyTHii monit ( the Future Events Chain - FEC) momeHTy cBoro
IPOCYBaHHS 110 MOJIEJN1, TOOTO MOMEHTY KOJIM BiH CTaHE aKTUBHUM.

PASSIVE — TtpanzakT, mo nepedyBae B KOPUCTYBAIbHUIIBKOMY JIAHIIIO31
nonai (User Chain, Delay Chain, or Pending Chain), 1 sxuii ouikye
YMOBHU CBO€1 «aKTHBI3aIIi».

TERMINATED — Tpan3akT, BUBEEHUM 3 MOJIEI

Tpanzaxm 3a63#co0u 3HAX00UMBCA 6 OOHOMY 3 JIAHUI0ZI8, 8IONOBIOHO 00 11020

cmanuy.

OcHoBHi onepatopu moBu GPSS

OmnepaTop — 11 crietianbHe iM'st (MO3HAYEHHs) /s BU3HadeHol aii (omepartii)

HaJ omnepaHaamu (naHuMmu). HaBeneHo nepesnik HailOUIbII 4acTO BUKOPUCTOBYBAaHUX

OTepaTopiB MOBHM IMITAI[IHHOTO MOJIEIIOBAHHSA 3 KOPOTKMMM TIOSICHEHHSIMHU 1X

IMPU3HAYCHHA
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Tabmuns 3.2.
Onepamop Onepanou Onucanns
GENERATE AB,C,D,E,F,G,H | 3reaepyBatu BUMOTY
QUEUE AB 30UTBIITUTH BMICT YepTH
DEPART A,B 3MEHIIUTH BMICT Yepru
SEIZE A 3aifHATH KaHaJ 00CITyrOByBaHHS
RELEASE A 3BUIBHUATHU KaHaJ 00CITyrOBYBaHHS
ENTER AB 30UTBIIUTH MICTKICTh HATPOMAJI>KyBaya
LEAVE A,B 3MEHIIUTH MICTKICTh HarpOMaJ>KyBaua
ADVANCE AB 3aTpuMarty nepeMileHHs BUMOTH
ASSIGN AB MoaudikyBatu napameTp BUMOTH
PREEMPT AB,C,D,E YcyHyTH BUMOTY Bijl 0OCITyrOBYBaHHS
BigHoBuTH (IMOBEpHYTH) KaHAI
RETURN A
0o0cnyroByBaHHs A
BUFFER ﬁTH «B XBICT» JIAHI[}OTa TOTOYHUX MOI1i
GATE AB [lepeMicTUTH B 3aJIEXKHOCTI BiJ] CTaHY
LINK A 3adekaT CopigHEH] BUMOTH
UNLINK AB,CDEFG BBectu B naHIIOr KOpUCTYBaya
<Im’sn>STORAGE | A BuBectu 13 naHiora KOpucTyBaua
MARK A Bu3HauuTH MICTKICTh HArpOMaJXKyBada
MATCH A CTBOpPUTH TUMYACOBY MITKY
SELECT ABCDEEG 3auekaTH iHILy BUMOTY (Bubpamu
e ejiemenm)
SAVEVALUE AB.C MoaudikyBaTu 3HaUEHHS, 110
30epiraeThbCst
Onepamop Onepanou Onucanns
MSAVEVALUE AB MoaudikyBaT 3HAYCHHS MaTPHII
PRIORITY AB 3MIHUTH TPIOPUTET
SPLIT AB,CD Pozninutu BuMory
TABULATE AB 3i0paru TabIUYHI JIaH1 eJIeMeHTa
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TERMINATE A 3HUNUTH (YCYHYTH) BUMOTY
TEST A,B,C [TepemicThTH 3TiTHO MOPIBHSIHHS
TRANSFER AB,CD [lepenaTtu B HOBE MicCIle pO3TalllyBaHHS
ASSEMBLE A 3i0paTu cropigHEH1 BUMOTH
EQU A,B Bu3HaunTH €KBIBaJICHTHICTD
MATRIX A,B,C 3amatu MaTPUITIO
INITIAL A,B [HimianizyBaTu
RMULT A,B,C,D,E,F,G BcTranoButr 3HaueHHs reHepaTtopa
<Iw’s>VARIABLE | A Busnauutu 11iny 3MiHHY
<Iw’s> FVARIABLE | A BuzHnauutu giiicHy 3MiHHY
<Im’s > BVARIABLE | A Buznauutu OyseBy 3MiHHY
<Im’sn>FUNCTION | AB Busnauntu QyHKIIIO
<Iw’sn > TABLE AB,C,D,E BusnaunTu Tabnmio
QTABLE A,B,C,D BusnaunTu Tabnuiro 1S yepru
LOGIC A 3MIHUTH JIOTTYHHUI TepeMUKay
LOOP AB 3MIHUTH NTapaMeTp BUMOTH Ta 3aI[UKIUTH
REPORT [ToBimoMuTH
COUNT AB.CD,E [TomicTuTH 1HIEKC 00’ €KTa BCEPEAUHY
napameTpa
TRACE [Touatu TpaccupoBKy
UNITRACE 3aBepLINTH TPACCUPOBKY
INDEX AB 30UTbIIMTH apaMeTP BUMOTH
EXECUTE A BukonaTtu 6104Hy ornepariito eJIeMeHTa
WRITE Po3MmicTuTH TEKCTOBY CTPOKY (PSAJIOK) B
MOTOIl JJAHUX
Onepamop Onepanou Onucanns
READ 34NTaTH TEKCTOBY CTPOKY 3 IMOTOKA JaHUX
RESET CkunytH
ADOPT 3MIHUTH HOMEP aHCaMOITIO
CLOSE 3aKpUTH MOTIK TAHUX
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JOIN 30UTBLINTH TPYIY WICHIB
ALTER 3MIHUTH aTpUOYTH BUMOTHU
DISPLACE [TepemicTuTi BUMOTY 710 OJI0KY
EXAMINE JloCmUTH YJieH IPyIH
FAVAL 3pobuTH KaHaT 0OCITyTOBYBaHHS
JOCTYITHUM
3pobuTH KaHa1 00CIyrOBYBaHHS
FUNAVAL
HEJOCTYITHUM
ITEGRATION Bximrount a00 BUKIIIOUHATH
1HTErpyBaHHSI
PLUS Omninutu PLUS-Bupa3
SAVAL 3poOuTH HArpoMaKyBad JIOCTYITHUM
SANAVAL 3pobuTH HarpoMaKyBad HEJIOCTYITHUM
REMOVE 3MEHIINTH IPYIy YJICHIB
BcTaHoBUTH MO3UIIIIO B MTOTOII1 IAHUX
BignoBuTtH iHpOpMallio TPyNH YJIEHIB

BucHoBKkHn

e GPSS World - xommiaekcHH MOJCTIOIOYHI THCTPYMEHT, SIKHH OXOILIIOE
obmacti  SK  JUCKPETHOTO, TaK 1 OE3MepepBHOrO  KOMII'FOTEPHOTO
MOJICTIIOBaHHS, 1[0 BOJIOJI€ HAWBHUINUM PIBHEM IHTEPAKTHBHOCTI 1
BI3yaJIbHOTO TMIPEICTABIICHHS 1H(pOpMAIIi]..

e OcoOmuBicTio cucreMmu GPSS € Te, 10 TpUBAIICTh MOJEIIOBAHHS
BU3HAYAETHCSI HE TPUBAIICTIO IHTEPBAJIB Yacy MDK MOMISIMH, a YHCIOM
MOJIiH, 1[0 BUHUKAIOTh B CUCTeMi. MoJiesib yTBOPIOETHCS 3 MOJIETIbHUX OJIOKIB
Ta MOJEIBLHUX 00'€KTIB.
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KoHTposibHI 3anTuTaHHS.

YoMy crucreMa MOJISTIOBAaHHS BUHUKIA Y 60-X poKax MUHYJIOTO CTOJITTS?
Uum Bigpizuserbes cucteMa GPSS Bi iHITUX CUCTEM MOJICTIOBaHHS ?
[MosicuiTh apxitekTypy inTepdeiicy GPSS World.

SIKUM YMHOM MIATPUMYETHCS IHTEPAKTUBHICTD MPOLIECY MOACITIOBAHHS?

B doMy quHaMidHICTh TpaH3aKTIB?

o Take «cTanmaptHi yucyioBi aTpuOyTu(CHA)»?

BkaxiTh OCHOBHI CTaHU TPAaH3aKTiB B MOJIENi?

[Ilo € onepatopom MmoBu GPSS?

HaBeniTe npukiaau onepaTopiB Ta iX MpU3HAYCHHS.
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4. OCHOBHU MOJAEJIIOBAHHA B CUCTEMI GPSS WORLD

4.1 OcuoBHi 0J10kH i koMmanau MmoBu GPSS

Ocnoeni mooenwvui 010Ku:
bnok reneparii TpaH3aKTiB:
GENERATE A,B,C,D, E

A — 9ac M CyC1IHIMU TeHepaIisiMu.

B — moaudikaTop 3Ha4YeHHsS A: 1HTEpBaJ 4acy PIBHOMIPHO PO3IMOJIIJICHUNA B
iHTepBani [AB, A + B].

C — yac CTBOpEeHHsI TpaH3aKTa.

D — rpaHuuyHe 4YMCIO TPaH3aKTIB, AK€ MOXE€ OyTH BBEJACHO B MOJIENb uepes
nanmii 610k GENETATE.

E — npioputeT TpaH3aKTiB.

brokx GENERATE imiTye moTik 3asBOK, II0 HAIXOJSATh B CUCTEMY IILISXOM

3aBJaHHS IHTEPBATY Yacy MIXK CYCIJTHIMH 3asiBKaMU B MOTOII].

[Tpukiaan ooucy BXIIHOTO IIOTOKY.

GENERATE 60; 3anae renepaiiito 3asBOK uepe3 KoxkH1 60 0 uHUIb Yacy

GANARATE 60,5; I'enepaiiisi 3asBOK 3 1HTE€pPBAjJOM 4acy, 3HAUYEHHS SKOTO
PIBHOMIPHO PO3MO/IJIEH] B Jl1ana3oHi [55; 65].

[Tpu MonenroBaHHI BaKJIMBO BUOpATH BIAMOBIIHICTH MOJEIBHOTO Yacy 3 4aCOM
pealbHUM TIPOIIECY.

1 on. moaenbHOTrO Hacy € {1 c, 1xs, 14, 0,001 c, 1pik, ...}

BiamoBiHICTh MOJAENBHOTO Yacy pEaJbHOTO 3a7a€ JOCIITHUK caM (Tepen
HanucaHHsM Mojent)! Hanpukan:

GENERATE 1; renepariist 3asBoK pasiB Ha XBwinHY (1 ox. Moa. gacy = 1 XB)

GENERATE 60; renepatiist 3asBoK pa3iB Ha XBWIMHY (1 ox1. Mof. yacy = 1 ¢)

biiok BujaneHHs TpaH3aKTiB 3 MOJIEIII:

TERMINATE A
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A — HeoOOB'SI3KOBHIA OTepaH/, 3aJa€ 3HAYCHHS 1HKPEMEHTAILHOTO 3MEHIIICHHS
JIYUIBHUKA YHCIIA 3aBEPIIEHb MOJIETIbHUX IPOTOHIB
3agaHHs 3HAUCHHS JIYUIbHUKA 3aBEPIICHb:

START A

A — BemMUuHA TIYMIIBHUKA 3aBCPHICHD.

EneMenTapHa Mozieb MOTOKY 3asiBOK:
Mogens 1 (piBHOMIpHHI TOTIK)
GENERATE 10,5
TERMINATE 1
Start 1000

Mopnens imitye motik 3 1000 3asBOK, B SIKOMY 3HAa4Y€HHS 1HTEpBaIy dYacy

PIBHOMIPHO PO3MOICHO B JianasoHi [5,15].

biok 3aTpuMKH TpaH3aKTiB:
ADVANCE A, B

A — OO0OB'SI3KOBUY oOllepaH/, 3a7a€ CEpPEeIHE 3HAYEHHS 4Yacy, MICHS SKOTO
TpaH3aKT MOBUHEH BUWTH 3 JIAHIIOra MalOyTHIX MOJiHA, TOOTO 3aTpUMaHU 10
MOMEHTY HAaCTaHHsI TOJIii TPOIOBKEHHS PYXY 110 MOJICITBHUM OJI0KaM.

B — 3HauenHs BiaxuieHHs abo ¢yHKIISL, M0 MOAUGIKYE BETUYUHY A
(piBHOMIpHE BiIXUJIEHHS B iHTepBaii A + B).

[Tpuknany.

ADVANCE 60 ; 3a6e3mneuye 3atpuMky Ha 60 0. MOJEIBHOTO Yacy

ADVANCE 101.6, 50.3; TpaH3zakT 3aTpUMyeThCSd Ha Yac, PIBHOMIPHO
posnoxinene B intepsani (101,6 - 50,3; 101,6 + 50,3).

biok cratuctnanoi 00poOKH:

TABULATEA, B
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A — iM'st Tabunuil, 300py Ta OOPOOKM CTATUCTUYHHUX JAHUX.

Hanpuknan, konu Tpan3zakt Bxoaats B 010k TABULATE:

TABULATE Sales ; 3aificHIO€TbCS cTaTHCTHYHA 00pOOKa IapaMeTpa, 3a1aHoro
B TaOiui Sales, omucanoi B komadal Table.

Komanna TABLE Bu3zHavae cTaTUCTUYHY YaCTICTh 3HAYCHD.

NAME TABLEA,B,C,D

Mitka / Onepany

NAME — miTka (im's1) 00'exTa.

A — aprymeHT TabnuIll, 3HAUEHHS AKOTO TaOyNIOIOTHCS Yy BUIJISI/II YaCTOTHOTO
PO3IOILTY.

B — HKHI 1HTEpBas 3HaYeHb (BEPXHS MEKa MEPIIOro YaCTOTHOTO KJIAcy)

C — mupuHa iHTEpBAaIy.

D — KiIBbKICTh 1HTEPBaTIB (4YACTOTHUX KJIACIB)

[Tpuknan:
Sales TABLE M1, 0,0.5, 10

Jlana koMaHa HaKa3ye (pikcyBaTu yac nepeOyBaHHS TPaH3aKTiB B cuctemi (M1-
napaMeTp TpaH3akTa (CUCTEMHUN YUCIOBUM aTpUOyT),

BU3HAYa€ cepenHl 3HadeHHss M1; OyayBatu TicTOorpamy 4acTOTH MOTPAIUISHb
3HaueHb M1 B koxkHu#t 3 10 iHTEpBaIiB MOICIBHOIO Yacy B Aiana3oHi BiJ 0 3 KpokoM
0,5. Ouinka yacrocti nonagaHHs B iHTepBanu Big 0 10 5 3 kpokom 0.5. Bewvoro 10

IHTEpBaJIB:

05]10]15]20]25]...|5
4.2 TlodynoBa moaeei B cuctemi GPSS

EnemenTtapHa Mojieib HAUMPOCTIIIOTO MOTOKY 3asIBOK.
Mopnens 2 (3 po3paxyHKOM IHTEpPBAIY)
Tinter Table M1, 0,0.5,20 ; TaGymsis Big 0 3 kpokom 0.5 20-Tu iHTEpBasIiB
TSRV FVARIABLE -1 # LOG ((1 + RN1) / 1000); inTeHcuBHICTb - 1 3as1BKa ;/

lox.MonenpHOTO Yacy

GENERATE 1
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ADVANCE V$TSRV

TABULATE Tinter

TERMINATE 1

Start 10000

Y wmoxens BBomsATbe 10000 Tpan3akTiB. KokeH 3aTpuMyeThes OJIOKOM
ADVANCE Ha TtpuBanicte Tsrv (BIANOBIAHO pO3IrpaHUM 3HA4YeHHSIM At 3a
excroHeHuiansHuM posnoaiiom). biok TABULATE BpaxoBye po3irpane 3Ha4eHHs
At 1 6ok TARMINATE BuBoauTh TpaH3akTH 3 MoAedl (JYMJIBHUK 3aBEPIICHb
3MEHIIYEThCA Ha 1).

Po3paxyHok 3HaueHHs 3MiHHOT TSRV

TSRV FVARIABLE -1 # LOG ((1 + RN1) / 1000)

B nanomy Bumanky, 3ajaHa iHTEHCUBHICTH - 1 3asBka/loJI.MOJEIBHOTO Hacy.
Po3paxynok 3nauenb 3MiHHOI TSRV 3acHoBaHuMif Ha 3aCTOCYBaHHI CITIBBIIHOIIIEHHS
Mk 3HaYeHHAM JICY € 11 eKCIOHEHIIabHO PO3MOIICHOI BEJIMUUHM Ati:

At :—%mgi (4.)

InTepBan wacy Ati MK CyCIOHIMH 3asiBKaMd B HAWIPOCTIIIOMY MOTOLI
(EKCTOHEHITIaILHUM PO3MOILITIOM Ati) MAMOPSIKOBAHUM PO3IOILITY:

P(At) = P(t<At) = 1- ke t; p (At) = Ae M (4.2)

['eneparop BumnaakoBux uucen (I'BU) RNI Bugae BumaakoBe Iiijie 4YMCIO B
mianasoni 0 ... 999.

Po3paxyHok 3HaueHHs 3MiHHOT TSRV:

TSRV FVARIABLE -1 # LOG ((1 + RN1) / 1000)

AnroputMm TeHeparlii rnceBaoBumaakoBux uucea B GPSS World 6a3yerbest Ha
anroput™i Jlemepa. Ilepion mocmigorocTi mopiBHioe 231-2 i Bim He Bkmrouac 0,
TOOTO aJITOPUTM Ja€ ITICEeBJAOBHNAAKOBI umcia Ha iHTepBam [0; 2147483647] 1
reHepye 2147483646 yHIKadbHUX BUIMQJKOBUX YHUCEN JI0 MOMEHTY iX MOBTOPEHHSI.
Cuctemuuii yucnoBuid atpuOyt kimacy RN Bumae umcna Big 0 mo 999 BxirouHoO.
Jlnst oOumciieHb BUIMAJIKOBUX (YHKIIN BUKOPUCTOBYIOTHCS BHUIIAJKOBI YHCIIA B

miama3oni Big 0 1o 0,999999 BxirouHoO.



: GPSS World - [Model 2 lNpocte MiunHi NoToK © pacyeTom HHTe peana -45.1 - REPORT]
B Fil= Edit Search Miew Command  window  Help

DS E &8 S 28
Saturday, Aucust 21, 2010 lo:59:Z21
ATART TIME END TIME ELOCES FACILITIES STORAGES
0. o000 953927.363 4 0 0
NAME VALUE
TINTER lo0oa.aoo
TERW l000l.000
LABEL LOC BLOCE TYPE ENTREY COUNT CURRENT COUNT RETEY
1 GEMERLTE 10001 0 ]
2 ADVANCE lo00l 1 ]
3 TABULATE o000 0 ]
4 TERMINATE o000 0 ]
TABLE ME AN ATD.DEV. RANGE RETEY FEREQUENCY CIIM. %
TINTER 0.93:2 0.965 0
- o.oon 1z 0.1:2
g.ooo - 0.500 3923 39,35
g.s00 0 - l.000 2439 63,74
l.000 - 1.500 1445 8. 22
l.500 - 2.000 g5h a6, 77
2.000 - 2.500 5449 92. 26
2.500 - J.000 298 a5, 24
J.oo00 0 - J.500 211 a7, 35
J.500 0 - 4,000 102 a5, 37
4000 - 4500 53 Q5. 90
4500 - S.00n0 6l 99._ 51
S.000 - 5.500 a2z Q9. 73
S.500 - &.000 13 99,36
c.ooo - 5.500 g 99,94
&.500 - F.0on = a0, 00
FEC xN PRI EDT ASSEM CUREENT NEXT FPARAMETEER VALUE
laooz 0 9597655 laooz ) 1
10001 0 9599, 253 10001 2 3
For Help, press F1 Report is Complete,

Puc.4.1 Bukonanust mporpamMu MOJICTIOBaHHS HAUTIPOCTIIIIOTO MOTOKY 3asBOK



& Model 2 lpocTeHwmhk NoToK c pacueTom MHTEe peada .46.sim:2 - TABLE WINDOW

TINTER

Mean: 0.982 S.D.: 0.965
6000 _
0 =

o 05 T 1.5 2 2.5 3.5 A 45 U R PR

For Help, press FL Report is Complete.

Puc.4.2 [liarpama 3Ha4€Hb IHTEPBAIY YaCy MiXk 3asBKaMU

EnemenTapHa Mojiens HAUMPOCTIIIOTO MOTOKY 3asBOK
(Ha ocnoBi BOynoBanoi (ynkiiii Exponential)

Monensb 3
Tinter Table M1, 0,0.5,20
GENERATE 1
ADVANCE (Exponential (1,0,1))
Tabulate Tinter
TERMINATE 1
Start 10000

Y Mojes11 BUKOPUCTOBYEThCSI BOyJ0BaHA (PYHKIIISI €KCIIOHEHIIIAIbHOTO PO3IOALTY

Real = EXPONENTIAL (Stream, Locate, Scale)
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ApryMeHTu:

Stream — HoMep reHepaTopa BUNAAKOBUX uuced (I[JIE YHCIO).
OO6oB's13k0BU. JIi1HiCHE II1JIe YHCIIO.

Locate (A) — 3HaueHHS 3CyBY , SIKE BHUKOPHUCTOBYETBCS [UISI OIUCY
posnoauty. O6oB's3koBui. [lificHe uncino. Moske BU3HAUaTUCA 3 BUpPA3y
Expression.

Scale (B) — mokasnuk po3mnoiay. CTporo NO3UTHBHHM. IMO3HTHBHUM.

O6oB'sa3koBuil. [ificHe unciao. Moxe BU3HavyaTucs 3 Bupaszy Expression.

3HaueHHs PYHKITIi:

Real - nificHe uymcrno, sike BHIAEThCS SK OKpEeME 3HAYCHHS iMOBIPHICHOTO

PO3IOILTY.

OyHKIIIA MTBHOCTI HMOBIPHOCTI:

s

1 oenis x> 4.3)

f(x)= Vi,
0

imiTaii  po6oTH  00CIYrOByHOUMX TMPHCTPOIB 3  CHCTEMOI)

BUKOPUCTOBYIOTHCS OJOKHU:

SEIZE — npu Bxoi B OJIOK TpaH3aKT BUKOHYE CIPOOy OTPUMATHU IPaBO
OBOJIOJIITH MTPUIIATIOM.

RELEASE — npu BXozi TpaH3akTa B OJIOK TpHiiaj 3BUIHHIETHCS
PREEMPT — mpu Bxoai B OJOK TpaH3aKT BUKOHYE CIpOOy OTpUMAaTH
IPaBO OBOJIOJITH MIPUIIAJIOM, 3 MOKIIMBICTIO TIEPEMIIIICHHS PaHillle 3aifHsB
IpUJIaJ] TpaH3aKTa.

RETURN — mpu BXxoal TpaH3akTa B OJIOK TOBEPTAETHCS MPABO
BUKOPHUCTAHHS MTPHIAI0OM

FAVAIL — mpu BXoal TpaH3akTa B OJOK Mpuiiaj MEPEeBOIUTHCS B CTaH
JIOCTYITHOCTI.

FUNAVAIL — npu BXoji TpaH3akTa B OJIOK IIpUIaJl IEPEBOUTHCS B CTaH

HEJOCTYMHOCTI.



bJyoku, 10 MOEJIOITH POOOTY B Yep3i:

o biiok 3aHATTS Yepru:
QUEUE A

A — iM's uepru

e bIlOK 3BUIBHEHHS YEpru:
DEPART A

A — 1M's uepru
JlaH1 6JIOKM BeTyTh CTATUCTUYHHUMA OOJTIK TTapaMeTPiB dep3i:

® JIOBXHUHY Y€pru
® CepeHIO IOBKUHY YEPTH
e yac nepeOyBaHHs TPaH3aKTa B Yep3l.

Baoku 6ararokanaabHoro npucrporo (BKII):

3ananasg emHocTti BKIT:

A STORAGE B

A - iM'st 6araTokaHaJILHOTO MPUCTPOIO.

B - emHicTh OaraTokaHaJIBLHOTO IIPUCTPOIO.

baox BKII:
ENTER A, B
A - iM's punany.
B - uncno oguHMIE EMHOCTI, Ha K1 Tpeba 3MEHIITYBaTH EMHICTD
0araTokaHaJbHOTO TIPHUCTPOIO MTPH BXOKEHH1 B OJIOK TpaH3akTa (3a

3aMOBUYyBaHHsAM B = 1).

Baoxk 3BiabHennsa BKII
LEAVE A, B
A - iM's iputany.

B - yucno oguHMIE EMHOCTI, Ha K1 TpeOa 301IBIITUTH EMHICTh

47
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OaraTokaHaILHOTO MPHUCTPOIO (3a 3aMOBUYBaHHSM B = 1) mpu BXOKeHH1 B

OJIOK TpaH3aKTa.

baoku npumycosoi 3minu ctany BKII
SAVAIL — neperoauts BKII B nocTynHuii craH.
SUNAVAIL - nepeBoauth BKII B HeoCcTymHUH cTaH.

BucHoBkn

e GPSS World Bxkirouae oCHOBHI MOJiebHI OJIOKH, SIKM IMITYIOTh T'€HEpAIliio
MOTOKA 3aMOBJICHb Ta POOOTY CUCTEMHU OOCIyTOBYBaHHSI.

e KoxeH MozaenbHMIl 00K Mae BOyJOBaHy CTaTHCTHUYHY OOpOOKY MapaMeTpiB
MOJIETIIOBAHHS.

KoHTponbH1 3anuTaHHs.

e OnuiiTe GJIOK reHeparlii TpaH3aKTiB.

o [losicHiTh apryMeHTH BOYI0BaHOI (DYHKIIIT €KCIIOHEHITIaTLHOTO PO3MOILTY.

e Yomy /Ui MOJAENIOBAHHA OOCIYTrOBYIOUOTO MPUCTPOIO Ta OaraTOKaHAIBHUX
MPUCTPOIB BUKOPUCTOBYETHCS Mapa MOJEIbHUX OJI0KIB?

e SIki OJOKM BUKOPUCTOBYIOThCS JJIA IMITalii pPoOOTH OOCIYroBYIHOUHX
MPUCTPOIB 3 CUCTEMOIO?

o [Ifo Bu 3naeTe npo O610KM MO/EIOBaHHS POOOTH 3 Uepramu?

¢ B oMy mossirae ctatuctTuyHa 00poOKa y TaOIHIll CTATUCTUYHUX JaHUX ?
e Sk dikcyerbes 06’ em BKIT?
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5. MOAEJIIOBAHHA B CUCTEMI GPSS

5.1 Moaeb po00TH MEPEroOBOPHOI0 MYHKTY

Mopenb o0cTyroByBaHHs a0OHEHTIB Ha TIEPETOBOPHOMY ITYHKTI OMHCYE MPOIIEC
oOciTyroByBaHHsi a0OHEHTIB OJHMM TakKCOOHOM TEpPEroBOPHOTO  ITYHKTY/
Omnwuc npouecy MOJEIIOBaHHS:

IMITaIlisl TOTOKY MPUXOAY aOOHEHTIB (Yepe3 MPOMIKKH dacy)
OYIKyBaHHS 3BIJIbHEHHsI Takco(oHa
3aHATTA TaKCO(POHA
BUKOPHUCTAHHA TaKCO(OHA B IJIMHI TPUBAIOCTI PO3MOBH (301JIBIIICHHS
yacy Ha TPUBAJICTh PO3MOBH)

® 3BUIbHEHHS TakcopoHa

® BUJAJIECHHS aOOHEHTa
Jlomny1ieHHs B MOJIei:

® TOTIK a0OHEHTIB — HAUMPOCTIIIHIA
® TPUBAJICTh PO3MOBH MiANOPSIKOBYETCS €KCIIOHEHIIAbHUM PO3MOILIIOM
® Yac OYIKYBAaHHS 3BUIBHEHHS TAKCOPOHA HEOOMEKEHO

Monens 4 cki1agaeTbCs 3 IBOX CETMEHTIB:

e Cermenr 1 - ['eHepaiiisi IOTOKY 3aBOK 1 MOJIETTIOBaHHS TIPOLIECY
00CIyroByBaHHs
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Puc. 5.1 Moaens o0cinyroByBaHHSI aOOHEHTIB Ha MIEPETOBOPHOMY MTyHKTI



+ Mogenb 4
= FUNCTION DEFINITION(S)
XPDIS FUNCTION RN1,C24

0,0/.1,.104/.2,.222/ .3,.355/ .4,.509/ .5,.69/ .6,.915/ .7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/ .9998, 8

=

* SAVEVALUE INITIALIZATION(S)
INITIAL X$AVER,300
INITIAL X$AVTALK, 180
INITIAL X$TIMER, 200000
* VARIABLE DEFINITION(S)
*TALK VARIABLE ~ X$AVTALK#FN$XPDIS
B b b b e b R T R
* MODEL SEGMENT 1

FEFFFFFFFFFFIF I I T I T FIFFFITFFFFIIITITFIFTFFITFETFF T TR T FFT TR

GENERATE X$AVER,FN$XPDIS

QUEUE QPHONE

SEIZE PHONE

DEPART QPHONE

ADVANCE  VS$TALK

RELEASE PHONE

TERMINATE
FEFFEFFEFFEFEFEFFETFFFFFFFFFEFEFFRF R F T IR R R R R R R R e S
* MODEL SEGMENT 2

B b b i e e T e S ]

GENERATE X$TIMER
TERMINATE 1

Puc. 5.2 Mopaenb 06cayroByBaHHs a0OHEHTIB Ha IEPETOBOPHOMY ITYHKTI:

KO/ ITpOrpaMu

o1



LS5 World simulation Report - Untitied Model 1.1.1

Friday, August 27, 2010 13:57:52

START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 200000.000 9 1 0
NAME VALUE

AVER 10001.000

AVTALK 10002.000

PHONE 10006.000

QPHONE 10005.000

TALK 10004.000

TIMER 10003.000

XPDIS 10000.000

LABEL LOC BLOCKTYPE ENTRY COUNT CURRENT COUNT RETRY

1 GENERATE 663 0 0
2 QUEUE 663 0 0
3 SEIZE 663 0 0
4 DEPART 663 0 0
5 ADVANCE 663 0 0
& RELEASE 663 0 0
7 TERMINATE 663 0 0
8 GENERATE 1 0 0
9 TERMINATE 1 0 0

Puc. 5.3 Moaenb 06ciyroByBanHsi aDOHEHTIB Ha NTEPErOBOPHOMY MTYyHKTI:

pe3ybTaT MOJICITFOBAHHS
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FACILITY ENTRIES UTIL. AVE. TIME AVAIL. OWNER PEND INTER RETRY DELAY

PHONE 663 0.559 168.500 1 0 0 0 0 0
QUEUE MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME AVE.(-0) RETRY
QPHONE 6 0 663 292 0.577 174.028 310,999 O
SAVEVALUE RETRY VALUE

AVER 0 300.000

AVTALK 0 180.000

TIMER 0 200000.000

FECXN PRI BDT  AS5EM CURRENT NEXT PARAMETER VALUE
665 0  200000.426 665 O 1
666 0 400000.000 e66 0O 8

Puc. 5.4 Mopnenb 06ciryroByBaHHsI aDOHEHTIB Ha MIEPErOBOPHOMY ITyHKTI:

CTAaTUCTUYHI JaH1

5.2 BJIOKH YMOBHOTO Nepexoay

biiok TRANSFER peanizye yMOBHY niepeiauy TpaH3akTa B HOBUI OJIOK
TRANSFER A, B,C, D

Onepangu:

A — pexum nepenaui: BOTH, ALL, PICK, FN, P, SBR, SIM, fraction, Name,
PosInteger, ParenthesizedExpression, SNA, SNA * Parameter, or Null.

B — HoMmep Onoky abo miTKa.

C — HoMep 610Ky 260 MiTKa a0 IHKPEMEHTAIbHOTO BETUYHHA
nu1st pexkumib: FN 1 P,

D — monudikarop Homepu 60Ky ais pexumy ALL Mode.

3a 3aMOBYYBaHHSM 1.

[Tpuknan.
TRANSFER .75,, New_Place

[Tpu nagxomxenni Tpan3akta B 010k TRANSFER 3 fimoBipHicTio 0.75 TpaH3akT

nepexoauTs B 010k 3 iM'ssMm NEW PLACE. V pemrtu 25% Bunaakis, TpaH3aKTU
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nepexoasaTh B 0110k, HacTynmHui 3a 6;10koM TRANSFER (sikmio Bkazanuii onepann B,

TO B OJIOK, 3a3HAYCHHI onepaHaoM B).

Pexxum "Both" ("Both Mode")

Y mpomy peknumi, Koiu Tpan3akT BxoauTh B 010k TRANSFER, mepeBipsieTbes
0JI0K, TTO3HaUeHHM omepanoM B. SIkio 1ei 6JI0OK «TOTOBUM» MPUMHATH TPaH3aKT,
TO TpaH3aKT MNEPEeXOAUTh B IIeH OJIOK, 1HAKIlIe TpPaH3aKT IEepPeXOJuTh B OJIOK,
no3HaueHu# onepangom C. SKimio i 11eit 670K «HEe TOTOBHM »,

TpaH3aKT MICTUTHCS B OJIOI].

Pexum "ALL" ("ALL Mode")

[Tpu HapxomxenHi Tpan3akra B 610k TRANSFER, nepeBipserbcs 010K,
Mo3Ha4YeHUM onepan oM B, SIKIIO BiH «TOTOBUI» MPUUHSITH TPAH3AKT, TPAH3AKT
NEePEXOAUTh B HHOTO. SKILO Hi, NEPEBIPSIIOTHCS MOCIIIOBHO BC1 HACTYIHI 10 OJIOKY
3a3HayeHoro ornepanaoM C (BKIOYHO), TOOTO BCl OJIOKH BiJl MOKAKYUKA B ONEpaHi
B 1o mokaxxuuka B onepani C. TpaH3aKT nepexouTh B TOM OJOK, SIKUii (IEPIIUM Y

11i MOCIIJOBHOCTI OJI0KIB) TOTOBUM MOTO MPUUHSTH .

[Tpuknan.
TRANSFER BOTH, First_Place, Second_Place

Komu tpanzakt Bxomuth B 010k TRANSFER, Tectyerhcs 00k 3 iM'M
First Place. fIkimio TpaH3akT MOke B HROTO YBINTH, TO BiH MEPEXOIUThH B LIeH OJIOK.
Axmo 6ok First Place He Moxe NpUAHATH TPaH3AKT, MEPEBIPAETHCA OJIOK 3 IM'sIM
Second Place. fIkmio TecT MO3WTUBHUIN, TPAH3aKT MEPEXOJIUTh B 1€ OJOK. SKIIo
ook Second Place He Mo)e NMPUIHATHA TPaH3aKT, TPAH3aKT 3aTPUMYETHCS B OJIOI

TRANSFER 110 HaitbiMK40ro MOMEHTY, KOJIU BiH Oy/ie BUBEJECHUM.

[Tpukian,
TRANSFER ALL, First_Place, Second Place, current

[Tpn magxomxkenni Tpan3akra B 010k TRANSFER, tectyeThcs Onok 3 iM'ssm
First Place. fIkmio TpaH3akT MoOk€ B HOTO YBIWTH, TO BiH IEPEXOIUTH B Ieil OJIOK.

Axmo 6nox First Place He mMoxe NpUIHATH TpaH3akT, NEPEeBIPSIETbCS HACTYIHUN 3a
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HUM OJIOK Ha «MOKJIUBICTh IPUHOMY TpaH3aKTa». AX 10 OJOKY 3 iM'siM, 3a3HaYEHUM
y omnepanzi C.

Cenc pexumy «ALL» B TOMy, 110 TIEpEBIPSIOTHCS BC1 OJIOKM BiJl TOKAXYHKA B
ornepanni B nmo mokaxuuka B omepanai C. V omepanai D dikcyerbes moKakduk
0JIOKY, SIKU 3MIT IPUIHSATHA TPAH3aKT.

Sxkio *ozeH 3 OJI0KIB HEe MOXKe "MPUNHATU" TPaH3aKT, TPAH3AKT 3aTPUMYETHCS
B Onoui TRANSFER no HailGnmx4oro MOMEHTY, KOJU BiH OyJe BUBEICHHIA.
[lepeBipka TaKOTO MOMEHTY 3/IIMCHIOETHCS B KOKHUH MOMEHT MOJIETILHOTO Yacy. Jliis
peaizallii MexaHi3My CTpUMYyBaHHS (3aTpuUMKH) TpaH3akTiB B 61okax TRANSFER B
CHUCTEM1 BUKOPUCTOBYEThCS JaHIOr moBTopHuX crpod (Retry Chain). ¥V nanuor
HNOBTOPHHUX CIPOO TPaH3aKTH MOTPAIUISIOTH KOJM BOHM MEPEXOASITb B OJIOKH
NEPEBIPKA YMOBU MOKIIMBOCTI TMOJAJIBUIOTO MNPOCYBaHHS: aHaJi3y MOJIMBOCTI
NEePEMICTUTH TPaH3aKT B OJI0KH, 3a3HaueH1 B onepanaax B 1 C.

[ToniOHMit MexaHi3M niepeBipku (1 TpU HEOOXIAHOCTI CTPUMYBAHHS (3aTPUMKH)
TPaH3aKTiB) BUKOHYETHCS KOJIM TPAH3AKT HAMAraeTbCsl yBIUTH B OJIOKU:

o GATE,

o TEST,

e TRANSFER ALL,
e TRANSFER BOTH.

brox GATE 3MiHIO€ HAaPSIMOK pyXy TPaH3aKTiB 3aJIEKHO BiJ] CTaHy OJIOKY
GATEOA,B

Onepangu:

O - omeparop mepeBipkH (TECTyBaHHS) YMOBH MOXMJIMBOCTI YBIMTH B OJIOK.
Ywmosu niepeBipku: FNV, FV, I, LS, LR, M, NI, NM, NU, SE, SF, SNE, SNF, SNV,
SV, U.

A - Tlokaxumk OJOKYy, /10 SKOTO BXOJWTh TPAH3aKT MPU TO3UTUBHOMY
TECTyBaHHI. [Toxaxuunk Ipurmae 3HAYECHHS: Name, PosInteger,

ParenthesizedExpression, SNA, or SNA * Parameter.
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B - Ilokaxuumk ONOKy, A0 SKOTO BXOJWUTh TPAH3aKT NPU HETATUBHOMY
TECTYBaHHI. ITokax4uk npumMae 3HAYEHHS: Name, PoslInteger,

ParenthesizedExpression, SNA, or SNA * Parameter.

[Tpuknany.
GATE SNF MotorPool

AxTuBHMI TpaH3aKT BXOAUTh B 010K GATE sKII0 €eMHICTh GararokaHaibHOTO
npuctporo (CKY) MotorPool He noBHicTro 3aitnsita (Storage Not Full) 1 mpoxoauts y
HacTynHui Onok. Skmo emuicte BKII moBHICTIO 3aifHsiTa, aKTUBHUN TpaH3aKT
osokyetbest B 0ol GATE 10 MOMEHTY, MOKM HE 3BUIBHUTHUCSA X04a O OJMH KaHAl
BKII MotorPool.

GATE SNF MotorPool, EXIT

VY naHomy npukiiaji, sSKIO B MOMEHT HaJXO/KeHHs TpaH3akTa B 010k GATE,
emuicth BKII MotorPool moBHiCTIO 3aifHsTa, TpaH3aKT MEPEXOJUTh 10 OJOKYy 3
nokaxynukoM EXIT. ko € BUIbHAa €MHICTb, TPAH3AKT MEPEXOAUTh y HACTYITHUN
OJIOK.

GATE SNE MotorPool, CupboardisBare

VY nanomy mpuKIaal akTUBHHUM TpaH3aKT 3aBXKau BXoauTh y 0ok GATE. ko
emHicTh (Storage Entity) BKIT MotorPool wue mopoxkus (Storage Not Empty), To6TO
3aHATUM XOY OAWH KaHaj), TPaH3aKT MEePEeXOJUTh y HACTyMHHM Oyok. SKiio Bci
KaHaiu BUIbHI (unsuccessful test), TpaH3akT mepexoauTh B OJOK 3 MOKAKYUKOM
CupboardlsBare.

3Ha4YeHHS ornepaTopa nepeBipku (YMOBH):

e FNV — nepesipka crany npunany (Facility), 3a3Hadenoro onepanmom A.
TecT NO3UTUBHUMI, SKILO NPUCTPIN 3AUHITHIA.

e FV — nepesipka crany npuiany (Facility), 3a3Hauenoro omnepangom A.
TecT MO3UTUBHUM, SKIIO TPUCTPINA BUTBHO.

e | —mepesipka crany npunany (Facility), 3a3nauenoro onepangom A. Tect

MO3UTHUBHUM, AKIIO MPUCTPIA B CTaHI MEPEPBAHOTO OOCTYTrOBYBaHHS.
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NI — mepeBipka crany nmpunany (Facility), 3a3nauenoro omepanmom A.
Tect mO3UTHBHMIA, SAKIIO TPHUCTPIA B  CTaHI  HEMEPEPBHOTO
00CIIyrOByBaHHS.

NU — mepeBipka ctany npuiany (Facility), 3a3nauenoro omnepangom A.
TecT MO3UTHUBHUH, SKIO MPUCTPi HE BUKOPUCTOBYETHCS. SE - mepeBipka
crany OaratokaHanbHoro npuctporo (bBKII), 3a3nauenoro onepanmom A.

TecT MO3WTHUBHMM, SKIIO BCI KaHadd MPHUCTPOi HE MPaILIOOTh (HE

BUKOPUCTOBYIOTHCSA )
SF — nmepesipka crany bKII, 3a3nauenoro omepangom A. Tect
MO3UTHUBHUM, AKIIIO BCI KaHaJlu MPUCTPOi MPaIoI0Th
(BUKOPUCTOBYIOTHCH).
SNE - mepeBipka crany BKII, 3a3nauenHoro omepanmom A. Tecr

NO3UTUBHUM, AKIIO 3aiHATI BC1 KAHAIH IPUCTPOL.

SNF — mepesipka crany BKII, 3a3naduenoro omepangom A. Tect
MO3UTHUBHHM, AKIIO € XOY OJJMH JOCTYIHUMN KaHAJ JJIsi BAKOPUCTAHHS.

SNV — mepesipka crtany bKII, 3a3naueHoro omepanaom A. Tect
no3uTUBHAN, AKIO bKII HenocTynmHui.

SV — mepeBipka crany bBKII, 3a3nauenoro omepanmom A. Tect

no3utuBHUU, sIKIO0 bKII noctynauii

5.3 Moaean cuctemu M/M/1 3 BigzmoBamu

ImiTamiitna MoaeIb OJTHOKaHAIBLHOT CHCTEMH 00CTyroByBaHHs 3 BimMoBamu (M/M/1)

JonyuieHHs:

BxigHuil TOTIK BUKIIMKIB — HAUMPOCTIIINN 3 TapamMeTpom 1.
Yac oO6cmyroByBaHHSI Ma€ €KCIIOHEHIIMHUAN PO3MOALT 3 TapaMeTPOM m.
Yac — nquckpeTHe.
Cucrema Mae Ba CTalliOHAPHUX CTaHU KaHAITY:
O BUIbHHI;

O 3alHATHUH;



e 3MiHU

MacwuB BunagkoBux ymcen
PiBHOMIPHO po3nogineHnx
Ha iHTepBani [0 ;1]

HAJIXOKEHHI]

Onsa BxigHoro
NMoTOKY

Anst yacy
obcnyroByBaH
HA

0,18051029
0,86604943
0,29982801
0,11354302
0,97052346

0,2439422
0,01685721

0,5024482

0,8063043
0,71773613

0,4891089
0,02198413
0,94178127
0,61689675
0,88651882
0,35720987
0,37862757
0,76640549
0,94603447
0,85061571
0,11949486
0,00830979

0,8485322
0,45344179
0,05261555
0,42814246

0,1018261

0,8011015
0,169069294
0,651001891
0,510233967
0,332662424
0,504071646
0,993387993
0,990417998
0,964078983
0,400660063
0,899064609

0,50022758
0,754576453

0,93331324
0,925469455
0,616074092
0,326763397
0,653172432
0,188676148
0,737746928
0,903779638
0,327259629
0,155360254
0,032556908
0,902733515
0,184268421
0,069912314

CTaHy BIOOYBalOTbCS TMpHU
00CITyTOBYBaHHS 3asBKH.
BxigHun noTik
CT1aH kaHany
napameTp 1 obcryroByBa
NOTOKY
HHS
t.Mm.< T -vac
CycCigHIMn q =
Ne 3aaBku HagxomkeHHst | O - BinbHUA /
.| sasBkamuy o o
B rMoToui ) 3as1BOK Ha 1 - 3aHATUIA
BX'D'HOMV obcnyroByBaHHS
noToL
1| 1,711967521| 1,711967521 1
2| 0,143813297| 1,855780818 0
3] 1,20454628| 3,060327097 1
4] 2,175573508( 5,235900606 1
5] 0,029919699| 5,265820305 0
6| 1,410823971| 6,676644276 1
7] 4,082976815| 10,75962109 1
8| 0,68826273| 11,44788382 1
9| 0,21529407| 11,66317789 1
10| 0,331653285| 11,99483118 1
11| 0,715170125 12,7100013 0
12| 3,817434269| 16,52743557 1
13| 0,059982225| 16,58741779 0
14| 0,48305361 17,0704714 0
15| 0,120452921| 17,19092433 0
16| 1,029431787| 18,22035611 1
17] 0,971202211| 19,19155832 1
18] 0,26604389( 19,45760221 0
19| 0,055476277| 19,51307849 0
20| 0,161794831| 19,67487332 0
21| 2,124481917| 21,79935524 1
22| 4,790321354| 26,58967659 1
23| 0,16424724| 26,75392383 0
241 0,79088837 27,5448122 0
25| 2,944743638| 30,48955584 1
26| 0,848299288| 31,33785513 1
27| 2,284488865] 33,62234399 1

Mopens 5

ImiTaniiina mogens M/M/1 (3 BinmoBamu) B cuctemi GPSS Word

Ttime TABLE M1, 0,0.5,20

Puc. 5.5 Mopens B nporpami Excel

GENERATE (Exponential (1,0,1))
QUEUE wait
TRANSFER both, metl1, met2
metl SEIZE Channel

DEPART wait

ADVANCE (Exponential (1,0,1))

16
59%
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3asBku, Wwo 6ynu obcnyrosai
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RELEASE Channel
met2 TABULATE Ttime

TERMINATE 1
Start 1000
| GPSS World Simulation Report - Model 5 MM1c otkazamu .26.1
Friday, August 27, 2010 15:27:19
START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 097.949 9 1 0
NAME VALUE
CHANNEL 10002.000
MET1 4.000
MET2 8.000
TTIME 10000.000
WAILT 10001.000
LABEL LOC BLOCK TYPE  ENTRY COUNT CURRENT COUNT RET
1 ENERATE 1001 0 0
2 QUEUE 1001 0 0
3 TRANSFER 1001 0 0
MET1 4 SEIZE 504 0 0
5 DEPART 504 0 0
6 ADVANCE 504 1 0
7 RELEASE 503 0 0
MET2 8 TABULATE 1000 0 0

Puc. 5.6 ImiTaniiina moaens M/M/1 (3 BiiMOBaMHM): 3BIT PO BUKOHAHHS IPOTPAMHU



FACILITY EMTRIES UTIL. AVE. TIME AVAIL. OWMNER. PEND INTER RETRY DELAY

CHANNEL 504 0.504  0.999 1 1000 0 0 0 0
QUEUE MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME AVE.(-0) RETRY
WAIT 497 497 1001 504 253.184 252.412 508.380 O
TABLE MEAN STD.DEV.  RANGE RETRY FREQUENCY CUM.%
TTIME 0.503 0.866 0
_ - 0.000 497  49.70
0.000 - 0.500 202 69.90
0.500 - 1.000 120 81.90
1.000 - 1.500 64  88.30
1.500 - 2.000 44 92,70
2.000 - 2.500 25  95.20
2.500 - 3.000 23 97.50
3.000 - 3.500 11 98.60
3.500 - 4,000 5 99,10
4.000 - 4.500 5 99.60
4.500 - 5.000 2 99.80
5.000 - 5.500 1 99.90
5.500 - 6.000 0 99.90
6.000 - 6.500 0 99.90
6.500 - 7.000 0 99.90
7.000 - 7.500 1 100.00
FEC XN PRI BDT  ASSEM CURRENT NEXT PARAMETER VALUE

Puc. 5.7 CratuctuuHi naHi

GO0

] I X

0.5 1 1.5 i 2.5 T 4 a8 5 B B BAT F [ Ty

Puc. 5.8 PesynbTaT MmonemtoBanHs (rpadivHo): BiZOOpaKEHHS €KCITOHEHI1aTbHOTO

PO3MOILTY 00CTYyrOBYBaHUX 3asBOK.
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BucHoBkn

e DYHKIIOHATBHICTE YMOBHHX II€PEXOAIB 3HAYHO IIIJBUINYE MOXKIHUBICTD
MOJICTIOBAHHS.

e Moaens B cucremi GPSS mae mmpoki MOXIHMBOCTI TO BiOOpaKEHHIO
MIPOIIECY MOJICITIOBAHHS B PEAIBHOMY Yaci.

KoHTposbHI 3anuTaHHs.

e Slxoro Bu Gaumte monens neperoBopHoro nyHkty? IlporisHbTe Mojaens y
MIPUKJIaJIl Ta 3aIPOTIOHYHTE 1HIIN BapiaHTH peajizariii.

e ki O;oxku yMoBHOro niepexoy Bu 3naere?

e B skux pexxumax npaigroe 6ok TRANSFER?

e Onumrite pyx Tpanzakrta yepe3 6ok TRANSFER B cratuctuunoMy pexumi
Ta B pexkumi «ALLy.
Jli1st woro BukopuctoByeTbest 6110k GATE?
Yu € npunnumnosa pizauig Mix 6mokom GATE 1 TRANSFER?
SIK y TpaH3aKTaX BH3HAYA€THCS HOMEp OJOKY ISt MPOJOBKEHHS il ?

[ ]
([ ]
([ ]
¢ B sxux mapamerpax TpaH3aKTiB PIKCYETHCS Yac 3HAXOJKEHHS Y MOJIET1?
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6. MOAEJIb POBOTHU CALL-EHTPY

6.1 Mopeanb podoru Call —ieHTpy

Mopnens Call - uentpy BimoOpaxkae pobory Call-uentpy, B AKoMy 3asiBKH
0OCIIyTOBYIOTh JIEK1IbKa ONepaTopiB.

Mopnenb CKIIaJa€eThCs 3 BOX CETMEHTIB:

e (CerMeHT MOJICJIIOBAHHS MPoIlecy 00CITyrOByBaHHS.
e (CermMeHT ynpaBJliHHS MOJIETIBHUM YaCOM.

Y moneni BUKOpUCTOBY€eThbes bacamokarnanvruti npucmpiu (BKIT) HOTLINE.
Crartuctuky 30upae it 06pooisie 6ok QUEUE QHOTLINE. Bxianuii noTik 3asiBOK
Halmnpoctimuid. CepeHe 3HaYEHHS THTEPBAIY MK CYCIAHIMU 3asiBKAMH 334a€ThCS
smiaHOI0 X $§ AVER. TpuBaiicTs po3MOBH 3 OIepaTOPOM ITiIOPSAKOBYETHCS
CKCITOHCHIIIATbHOMY PO3IOJLTY 1 po3paxoByeThes 3a popmynoro AVTALK # FN $

XPDIS, ne AVTALK — cepenniii yac po3MOBH.
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1-ii ceamenm mo0eri

: ®opmyBaHHS
GENERATE PRO— BM30BA GGOH%Hza ANS PO3MOBM
et e e e na, . 3 onepatopom CALL-LeHTpy
............... ................A..6.o.l-.{.e;-‘.1:.C.T-.a.el...'........-
QUEUE 'mefld‘o’ oooooooooooooooooooooooooooo : B ye B OLHK BOHHI :
. : o -
........'...ﬁgq.a}.o.K...o.al.M.o.é.M.....'.'.'..:
ENTER  leeeeosssrrocasssssscazssesssonsss 3 onepaTopompCALL-ueHpr :
HOT E R el iy e st e
Y : Buxin aboreHTa s "
b o® uepru aboHeHTiB,
DEPART ‘"E"‘ ....... oo O, OMIKYFOTR QOCIYTOBYBOHHA. . ... .0

v :. ........ ﬁ.ota.M..o.B.&.s..o.'%Oeip.a..;élpOOOOM. ...... E
ADNANCE eeesesssaaesss apei TR Ha npoTsasi uacy TALK
V$TALK X X X R XA LR R AL LR esecesscsceescesscssnnes seeccsce®
v oooooooooooooooooooooooooooooooooooooooo .
. 3aKiHYeHHS PO3MOBM .
LEAVE  [NHONE ressssszsssinnsd s onepatopom CALL-LerTpy

2-il ceamenm mooeri
3akiHueHHs vacy
I L bbbt MOAENFOBAHHS :
tvesesenstnsrsziiiIiILLL B s O R L T TR
: 3aKiHYeHHa
S NEIE RN NIIRINILELTLIIIEIIITEs S we e MOAEJIFOBAHHA s

®e0ccesccssscscsccsscsncssscsee

Puc. 6.1 biok-cxema moneni
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* Mopens 6. MoaenuwposaHue CALL-ueHTpa

® FUNCTION DEFINITION(S)

#

XPDIS FUNCTION RN1,C24
0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9998,8

*

* SAVEVALUE INITIALIZATION(S)
*
INITIAL  XSAVER,S0
INITIAL  XSAVTALK,300
INITIAL  XS$TIMER,300000

= = VARIABLE DEFINITION(S)

*

TALK VARIABLE XSAVTALK#FNSXPDIS
*

* STORAGE CAPACITY DEFINITION(S)
*

HOTLINE STORAGE 5

S R R R R R e e R

® MODEL SEGMENT 1

FEEEERE R R R R R R R R R R R R R R R R R R R R
GENERATE X$AVER,FN$XPDIS
QUEUE  QHOTLINE
ENTER  HOTLINE
DEPART  QHOTLINE
ADVANCE VSTALK
LEAVE  HOTLINE

TERMINATE
RO R R OO R R R R KR R F
* MODEL SEGMENT 2

S R R R R R e e R

GENERATE XSTIMER
TERMINATE 1

Puc. 6.2 Monens pobotu Call —11enTpy: mpukiaa peaiizaiii mporpamMu
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GPSS World Simulation Report - Untitled Model 1.1.1
Monday, August 30, 2010 17:56:17

START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 300000.000 9 0 1
MNAME WVALUE
AVER. 10001.000
AVTALK 10002.000
HOTLINE 10005.000
QHOTLINE 10006.000
TALK 10004.000
TIMER 10003.000
XPDIS 10000.000
LABEL LOC BLOCKTYPE  ENTRY COUNT CURRENT COUNT RETRY
1 GEMNERATE 3330 0 0
2 QUELE 3330 0 0
3 ENTER 3330 0 o
4  DEPART 3330 0 0
o ADVANCE 3330 S 0
6 LEAVE 3325 0 0
7 TERMIMATE 3325 0 0
8 GENERATE 1 0 0
9 TERMIMNATE 1 0 0
QUEUE MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME AVE.(-0) RETRY
QHOTLINE 11 0 3330 2327 0.542 48.872  1p2.258 O
STORAGE CAP. REM. MIN. MAX, ENTRIES AVL. AVE.C. UTIL. RETRY DELAY
HOTLINE 5 0 o 5 3330 1 3345 0.66% 0 0
SAVEVALUE RETRY WALUE
AVER 0 90.000
AVTALK 0 300.000
TIMER. 0 300000.000

FEC XN PRI BDT  AS5EM CURRENT NEXT PARAMETER  VALUE

3327 0 300019.533 3327 5 )
3332 0 300076.095 3332 0 1
3331 D 300101.577 3331 5 )
3326 0 300145.565 3326 5 )
3330 0 300462.074 3330 5 )
3329 0 301519.775 3329 5 b
3333 0 B0O0000.000 3333 0 8

Puc. 6.3 CraructuuHi pe3ynbTaTu



66

VY naHomy npHKiai BUKOPUCTOBYETHCA S-TH KaHAbHUN HIPUCTPIM.

3a vac mojemoBaHHS Ha 00cmyroByBaHHS Haainuio 3300 BUKIMKIB 3 SIKUX
3325 oOcmyxeHl. 5 TpaH3aKTiB, SIKI  3aJIMIIMINCS, 3HAXOIATHCS B JIAHIIO31
ManoyTHix moxiit (FEC).

VY cepennbomy B BKII 6yro 3aiinsTo 3,345 kanamis.

Koedimienr Bukopuctands BKII (iHTeHCHBHICTH HaBaHTaKCHHS, 10 Oyra
oOciayroBana) cTaHOBUTH 0.669.

MakcuMainbHO B uep3i nepedyBasio 11 TpaH3akTiB

Cepennst nosxuna uepru 0,542.

Cepenns TpuBalicTh OYIKyBaHHs ckiana 48,872 MOIEIbHUX OJIMHULID YacCy.
6.2 CucremHi yncaoBi aTpudyTH

Cucmemni uucnogi ampubymu (CHA) — 11e 4uciioBi aTpuOyTH Pi3HUX 00'€KTIB
mogeni (Mozeni, mpuctpois, BKII, yepr, TpaH3akTiB, KOMIpOK mam'siTi, ...).
VYV CYA BKa3ylOThCS YUCENbHI 3HAYEHHS TapaMeTPiB MOJIEIbHUX 00'€KTIB:
e imena CYA 3apes3epBoBaHi;
® IM's CKJIQIa€ThCA 3 IBOX YaCTHH:
O TpymnoBe IM's;
O KOHKPETHHUH YJIEH B TPYIIL.
[Ipsima agpecarris:
CUAj,

1ie ] — HoMmep o0'ekTa.

[Tpuknany.

Q3 - moBxuHa yepru HOMeEp 3.
FR2 - xoedirieHT BUKOPUCTAHHS IPUCTPOIO 2.
Q $ Base - nosxwuHa uepru 3 im'sim Base.
X1 - ocepenok mam'sti 1.
Hemnpsima agpecarris:
BUA *j,

7€ j - HOMep MmapaMeTpa akKTUBHOTO TPAH3aKTa
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BYA * name,

Jie name - iM'st mapaMeTpa aKTUBHOTO TPAH3aKTa, 1[0 MICTUTh HOMEpP MOTPiIOHOTO
0JIOKY

[Ipuknanu.

Q * 3 - noBXKMHA Yeprd HOMEP SIKOi 3HAXOJIWUTHUCS B MapaMeTpi 3 aKTHBHOI'O
TpaH3aKTa.

SR * Rem - xoeo¢iuient Bukopuctanus mnam'sti (BKII), HOMep skoro

3HAXOJMTHCS B MapaMmeTpi 3 iM'siM Rem akTUBHOTO TpaH3aKTa.



Cucremni yncioBi arpudyru GPSS

Kon 3HaueHHSA Ipumitka
Cucmemni uucnosi ampubymu OKY
Fj  |3aiiusricts npuctporo j. Lline 1 — zaitusatuit; 0 — He 3aiiHsaTuil. Moxe OyTu
3HAYEHHS. smiHennii  Onoxkamu  SEIZE, RELEASE,
PREEMPT i RETURN.
Flj |Ilepepsanicts npuctporo j. [line 1 — mepepBanuii; 0 — He mepepBanuii. Moxe
3HAYEHHS. Oyru 3Mminenmii Onokamum PREEMPT i
RETURN.
FVj |Hdocrynnicts npuctporo j. Iline 1 — pocrynnuii; 0 — He moctymHHil. Moxe
3HAYCHHS. Oyru 3mineHuii Onokamu FAVAIL 1 FUN
AVAIL.
FRj |KoeoirieHT BUKOPUCTAHHS MIPUCTPOIO | BUpaaeTbcst B THUCSYHHMX —YacTKax, aje
J- 3HaueHHI CYA — misie, TOOTO SKIIO KoedilieHT
piBuuii 0,88, To Frj piBawmii 880.
FCj |KimbKicTh TpaH3aKTiB, 10 3aliMaiid 301IbIIYEThCST TIPH BXOJ1 TpaH3aKTa B OJIOK
MIPUCTPIH j. SEIZE a6o PREEMPT.
FTj [Cepenniii yac BUKOPHCTAHHS BusHauyaeThcst CHCTEMOIO aBTOMATUYHO.
MIPUCTPOIO j OHUM TPAH3AKTOM.
Cucmemni yucnosi ampubymu uepe
QJ |TloTtouna moBxkuua uepr# j. Line 301IbIIYETHCSI MPU BXOA1 TpaH3aKkTa B OJOK
3HAYEHH. QUEUE 1 3meHmyeTbcst mpu BXOAi B OJOK
DEPART.
QA] |Cepenns nosxuna uepru j. Jificue 3BakeHE 3a YacOM KUIbKICTh TPAH3aKTIB Yy
3HAYCHHS. qep3i j.
QMj [MakcumanbHa noBxuHa depry j. Llize |MakcumanbHa — KiIBKICTH — TPaH3aKTiB IO
3HAYEHHS. nepedyBaJli OJJTHOYACHO B 4Yep3i j.
QCj |3aranphe uncio BXoaiB y yepry j. Llie |ABTOMATHYHO 30UIBIIYETHCS CHCTEMOKO IPH
3HAYECHHS. BXOJIl TPaH3aKTa B 4epry j.
QZj |Yucno BXOIB 3 HYTbOBHUM Y4aCOM Yucno BXOAIB TpaH3aKTIB, 4ac 3HAXOJKEHHS
nepeOyBaHHs B uep3i j. AKUX y 4ep31 I0PIBHIOE HYIIIO.
QTj |Cepenniit yac nepeOyBaHHs TpaH3akTa |Po3paxoByeThcss 3 ypaxyBaHHSM HYJIbOBUX
B 4ep3i j. BXOJIIB.
QXj |Cepenniit yac mepeOyBanHs Tpan3akTa |Po3paxoByeThcsi 0e3 ypaxyBaHHS HYJIBOBHX
B 4ep3i j. BXO/IIB.
CucmemHmi uucnogi ampubymu KOMIpoK i Mampuyb KOMipoK
Xj |Bwmict komipok j. Iline, milicHe abo 3minHtoeThes 61okoM SAVEVALUE.
CTPOKOBE 3HAYCHHSI.
MX; Bwmict komipok matpui j. Lize, 3HaueHHs KOMIPKHM B psAAKYy a il crtoBmmi b.
(@b 3mintoerbest  O6mokom  SAVEVALUE. i

nilficHe a00 CTPOKOBE 3HAYCHHS.

MaTpullh, [0 MAIOTh OUTBIN JBOX BHUMIpIB, BCl
I 1HJIEKCH BBaXKaloThes piBHUMH 1. Ha
BimMiny Bin CYA xmacy MX, Plus-Bupasu
MOXYTh 3BEpPTAaTHUCA JO0 OyIb-SKOTO €IeMEHTa

0GaraToOMipHUX MaTpHIIb.

68
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Cucremni yncioBi arpudyru GPSS (nponosxenns)

Kon 3HauyeHHs I[pumirka

MPj |Yac npoxomKeHHs TpaH3akToM Jeskol | OOYHCITIOEThCS K PI3HUIIS TOTOYHOTO
TUTSTHKY Mojeni. JlificHe 3HaueHHS. a0COTIOTHOTO MOJICTTLHOTO Yacy W 3HaYeHHS j-10

napameTpa akKTHUBHOTO TpaH3akTa. Pi3HuIs —
TPAH3UTHHI Yac — 30epiraeThCs B j-My mapamMeTpi.
Ml  |Yac nepebyBanHs B MOjEi aKTUBHOTO | OGUHCIIOETHCS SIK PI3HHIIA aOCOIIOTHOTO
Tpan3akTa. J{ificHe 3HaYeHHS. MOJIEJIbHOTO Yacy ¥ MO3HAYKU Yacy aKTUBHOTO
TpaH3aKTa, y sKii 30epiraerbcs abo vac
HAJXOJ/KEHHS TpaH3aKTa B MOJIeNb, a00 yac
OCTaHHBOTO TIPOXOKEHHS TPAH3AKTOM OJIOKY
MARK 6e3 onepanna A.
Cucmemni uucnosi ampubymu 6J10Ki6

Nj 3arajibHe YMCIIO BXO/IIB TPAH3aKTIB B j- [ 30UIbLIYEThCS IPU KOXKHOMY BXO/11 TPaH3aKTa B j-
1 6;10k. L{iste 3HAUCHHS. 1 OJIOK.

Wj [[ToTouHe YMCIIO TPAaH3aKTIB, IO 301IbIIYEThCS IPU KOKHOMY BXO/Il TPaH3aKTa B j-
nepeOyBaroTh B j-My Oori. [ine i OJIOK 1 3MEHIIYETHCS ITPU KO)KHOMY BUXO/TI
3HAYCHHSI. TpaH3aKTa 3 j-ro OJIOKY.

Cucmemni uucnosi ampubymu BKII (nam'ami)

Sj  |[lorounuii BMicT mam'sti j. Iine 3miHtoeThes Onmokamu ENTER 1 LEAVE.
3HAYEHHS.

Rj  |Ywmcio BiIbHUX OJUHHUI TAM'STI j. 3mintoethes Omokamun ENTER i LEAVE.

I{ise 3HaYeHHS.

SR} [KoedirieHT BUKOpUCTAaHHS MamM'siTi j. | BupaskaeTbes B THCIYHHMX YacTKaX, ajie 3HAUCHHS

JlilicHe 3HAYCHHS. CUYA — nine, To0TO KO KOe(DillieHT piBHUIMA
0,65, To SRj piBHO 650. MOXe OyTH HELIUM.

SAj |CepenHe 3HaueHHs 3allHATOMY MaM'siTi |3BakKeHE 32 YaCOM CepeIHs KiJIbKiCTh 3aiHATHX
J. JificHe 3HaYeHHS. €JIEMEHTIB TTaM'ATi.

SMj [MakcumainbHa KiJIbKiCTh €JIEMEHTIB MakcumanbHa KUTBKICTh €JIEMEHTIB TIaM'sIT1, sIKa
3aitHsATOl mam'sTi j. Lline 3HaueHHsI. Oyna 3aifHATa OJJHOYACHO B TIPOIIeci

MO/ICJIFOBAHHS.

SCj |JliunnpHUK BUKOPUCTAHHS Mam'siTi j.  |3araibHa KiUIBKICTh €JIEMEHTIB MaM'sITi j, 110

Lline 3HaueHHS. BUKOPHCTOBYBAIUCH. 301BIIY€ETHCS MIPH
KO>KHOMY BX0j1 TpaH3akTta B 010k ENTER.

STj [Cepenniit yac BUKOPUCTaHHS OJHOTO  |BH3HAYa€THCSI CHCTEMOIO aBTOMATHYHO.
€JIeMEHTa Iam'sTi j.

SEj |3aiiHsTicTh MaM'SITI j. 1 — e 3aitnsra; 0 — 3aiiHsTa.

SFj |3amoBHeHiCTh maM'sTi j. 1 — 3anoBHeHa; 0 — He 3amoBHEHA.

SVj |HoctymHicTh mam'sri j. 1 — nocrynHa; 0 — HegoCTyMHA.

Puc. 6.4 llpukinamu cucteMHUX yrciioBux arpuOyTiB (CHA)
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3MiHHI KOPUCTYyBayva.
3aBaaHHs KOPUCTYBAIBKUX YHCIOBUX 1 CTPOKOBUX 3MIHHHX:
e Ver EQU 2,65
e Stroka EQU 11
e Stolbez EQU 8
e Name EQU "Customer"; miTka omepaTopa
e CYA xoMipKH mam'siTi.

Komipku mam'sti — 30epiratoTh 3ajaHi 3HaueHHs. Jlo HUX MO)KHA 3BEPHYTHCS B
OyAb-IKuil MOMEHT 4acy 3 Oyab-skoro wmicus moaeni. Lle cmanoapmmui uucnosi
ampuoymu  (CYHA). Ilepen modarkoM  MOJENIOBaHHS 3HAYEHHS OCEPEIKIB
nopiBHioe 0.

3amatv 3HAYCHHSI KOMIPKHY TIaM'Ti MOXHa 3a JOIIOMOTOI0 KOMaH !

INITIAL A, [B]

A — HOMep abo0 1M'st KOMIPKH.

[Tosnauenus: X dooamue yucno - x32, X $ im's - X $ DEF.

B — 3HaueHHs 3MiHHOI.

[ToyaTkoBe 3HaYEHHSI KOMIPKH MaM'sTi 10piBHIOE 0!

Axio onepann B He BkazaHMii, a KOMipKa OMUCaHa, TO 3HAYEHHSI KOMIPKHU CTa€e
piBHUM 1.

[Tpuxnany.

INITIAL x32, 3895,56;

INITIAL X $ DEF, Q $ Pod (B koMipKy 3aHOCHTBCS JT0BXHHA yepru Pod) ;

INITIAL X $§ Cost, Zenal (B KOMIpKy 3aHOCHTbCS 3HAa4eHHS 3MiHHOI
KopucTtyBaua Zenal).

INITIAL X $ Time, "Result" (B KoMipKy 3alHCy€ThCS CTPOKOIO KOHCTAHTA).

INITIAL X1 (B komipKy 3anucyeTses 1).

J71st 3MiHM 3Ha4Y€HHSI 30€piraeMoi KOMIPKU MaM'siTi BAKOPUCTOBYETHCS 010K

SAVEVALUE A, B
[Ipn HamxomkenHi Tpan3akta B 010k SAVEVALUE 3HaueHHs, BKa3aHE B

ornepanzl B, ctae 3HaueHHAM 30€pe’KeHOT KOMIPKH, 3a3HAYEHOI OIIEPAHIOM A.
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SAVEVALUE 5 +, X2 (3HaueHHs KOMIPKH 5 30UIbIIye€ThCS Ha 3HAYCHHS B
KOMIpIIi 2).
SAVEVALUE VAD-, V $§ Hdl (3nauenns komipku VAD 3MeHIIyeThCS Ha
3HayeHHs B komipi Hdl).
SAVEVALUE 3, (25 # X $ Numl + Q4).
SAVEVALUE 11, "Result".

6.3 Moaeab cuctemu M/M/2 3 BitTMoBaMM i NOBTOPHUMH BUKJIMKAMH

S T R T T T R R T T R D R R R R
* Mogenb M/M/2 C oTKasaMm

R R R R R R R R R R R R R R R R R R R R R R R R R R R
*

* Harpyska 13pn

Sets STORAGE 2

Transit TABLE M1,.5,1,20

GENERATE (Exponential(1,0,1))
Againl  GATE SNF Sets,Occupied
ENTER 5Sets
ADVANCE (Exponential(1,0,1))
LEAVE Sets
TABULATE Transit
Againz  TERMINATE 1
Occupied TRANSFER Again? ; 0TKas B 0bCyMBaHMK

START 10000

Puc. 6.6 Monens cucremu M/M/2 3 BiiMOBaMu 1 TOBTOPHUMU BUKJIMKAMU

MUK peatizailii mporpaMmu



GPSS World Simulation Report - Model 68 MM2 ¢ oTkazaMu.50.1
Tuesday, October 19, 2010 11:23:30

START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 10181.883 8 0 1
NAME VALLUE
AGAINI 2.000
AGAINZ 7.000
OCCUPIED 8.000
SETS 10000.000
TRANSIT 10001.000
LABEL LOC BLOCKTYPE ENTRY  COUNT CURRENT COUNT RETRY
1 GENERATE 10002 ] 0
AGAINI 2 GATE 10002 0 0
3 ENTER 7998 0 o
4  ADWANCE 7998 2 o
3 LEAWE 7994 o 0
& TABULATE 7996 o 0
AGAINZ 7 TERMIMATE 10000 0 0
OCCUPIED 8 TRANSFER 2004 0 o
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Puc. 6.7 3BiT po BUKOHAHHS pOOOTH MOJIEII 3 BIIMOBIAHUMU CTATUCTUYHUMU

pe3yJibTaTaMu.

STORAGE CAP. REM. MIN. MAX. ENTRIES AVL. AVE.C. UTIL. RETRY DELAY

SETS 2 0 0 2 7998 1 0793 0.396 0 0

TABLE MEAN STD.DEV.  RANGE RETRY FREQUENCY CUM.%

TRANSIT 1.009 1.025 0

_ - 0.500 3187  39.86

0.500 - 1500 3005 77.44
1.500 - 2.500 1130 91.57
2.500 - 3.500 420  96.82
3.500 - 4.500 154  98.75
4,500 - 5.500 59  99.49
5500 - 6.500 26 99.81
6.500 -  7.500 9 9992
7.500 - 8.500 2 9995
8.500 -  9.500 4 100.00

FEC XN PRI BOT  ASS5EM CURRENT MEXT PARAMETER WALUE

10000 0O 10181.994 10000 4 5
10003 0 10182.324 10003 O 1
10001 O 10183.734 10001 4 5

Puc. 6.8 3BiT ipo BUKOHAHHS pOOOTHU MOJIEII 3 BiMOBIIHUMHU CTATUCTUIHUMH

pe3ynbraTamMu (IIPOJOBXKEHHS )
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B8 L8 28 38 45 &5 &5 L BB 09 108 19 125 138 1A% 159 169 179 6.5

Puc. 6.9 I'pacdiunmii pe3ynprat: 3ri;IHO TOYATKOBUM YMOBaM, MOTIK 3asBOK, 1110
MOCTYMNATh 10 MOJIEIl MaCOBOT'O OOCIYTrOBYBaHHS, Ma€ EKCIIOHEHIIIAIbHUI
po3mnoai (110 ¥ UTFOCTPYE TaHUM pUCYHOK). Takok, MOKHA CIIOCTEPIraTH sKa
KUIBKICTb 3asiBOK OyJia 00CITyroBaHa B MEBHUM 1HTEPBAJI MOJICIIBHOTO Yacy.
Mogaeanb cucremu M/M/2 3 NOBTOPHUMH BUKJIMKAMH

Mopene 8 Mogene M/M/2 ( BApWaHT C NOBTOPHLIM MNOCTYN/IEHUEM
3aABOK Ha obcnyxueaHue)

Sets STORAGE 2
Transit TABLE M1,.5,1,20

GENERATE (Exponential(1,0,1))
Againl GATE SNF  Sets,Occupied

ENTER  Sets
ADVANCE (Exponential(1,0,1))
LEAVE  Sets

TABULATE Transit
Again2  TERMINATE 1
Occupied ADVANCE 5,1

TRANSFER ,Againl ;  Againl - cceiNlKa Ha NOBTOPHOE
obcnyxueaHne

START 10000

Puc. 6.10 Kox nporpamu



GPSS World Simulation Report- Model 7 MM2 € noBTOpHBIMK BoIZ0BAMK. 36,1

Tuesday, October 19, 2010 11:50:44

START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 9935.916 9 0 1
MNAME WALLE
AGAINI 2.000
AGAINZ 7.000
QOCCUPIED 8.000
SETS 10000.000
TRANSIT 10001.000
LABEL LOC BLOCKTYPE  ENTRY COUNT CURRENT COUNT RETRY
1 GEMERATE 10002 0 0
AGAINI 2 GATE 15137 0 0
3 ENTER 10001 0 0
4  ADVAMNCE 10001 1 0
3 LEAVE 10000 0 0
B TABULATE 10000 0 0
AGAIMNZ 7 TERMIMATE 10000 0 0
OCCUPIED g  ADVAMNCE 5136 1 0
% TRAMNSFER 3135 0 0

Puc. 6.11 CratuctuuHi pe3yibTaTH (a)
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STORAGE CAP. REM. MIN. MAX. ENTRIES AWL. AVE.C. UTIL. RETRY DELAY
SETS 2 1 n 2 10001 1 1.025 0512 @ a
TABLE MEAN STD.DEV. RAMNGE RETRY FREQUENCY CUM.%
TRANSIT 3.588 4.929 0
_ - 0.500 2623 26,23
0.500 - 1.500 2614 32.37
1.500 - 2.500 1056 62,93
2.500 - 3.500 354 6647
3.500 - 4.300 225 hd.70
4.500 - 5.500 g1 517
3.500 - 6.300 M7 d.2.64
8.500 - 7.500 359 86.23
7.500 - d.300 123 d7.4a
8.500 - 9.500 121 ad.67
8.500 - 10.500 193 90.62
10.500 - 11.500 241 93.03
11.500 - 12.500 133 34.30
12.500 - 13.500 bl 94.97
13.500 - 14.500 63 95.60
14.500 - 15.500 70 96.310
15.500 - 16.500 a4 97.14
16.500 - 17.500 61 9775
17.500 - 18.500 33 93.08
18.500 - _ 1592 100.00
FECXM PRI BDT  ASSEM CURRENT NEXT PARAMETER WALUE
10003 0 9986.131 10003 0 1
1o002 0 9987.704 10002 4 3
9935 0 9988.613 9995 g g

Puc. 6.12 Cratuctuyni pe3yastaTtu (0)

Japa

" ]

0% 1.5 24 R 44 LY b5 1Y [ EESEEET RN R

Puc. 6.13 I'padiunuii pe3yabrart
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[TopiBHsIHHS Mopeneill cucteM OOCTYroBYBaHHS B BTpaTaMH 1 MOBTOPHUMHU
BUKJIMKAMU.

VY Mopensx BHKOPUCTOBYETHCS OJHAKOBI PECYpCH MpPH BUKOPHCTAHHI Pi3HHUX
JUCIMILTIH O0OCITyroByBaHHS (JIHMCIUIUTIHA OOCITYrOBYBaHHS B MOJCHI 3MIHIOETHCS
TIJIBKH OJTHAM TIOCHJIAHHSIM).

[TopiBasiHHs koedimienTa BukopuctanHs BKII mokasye, mo B cucremi 3
NOBTOPHHUMH  BUKJIMKAaMHM  KOE(ILIEHT  BHUKOPUCTaHHS  KaHAIIB  BHUIIE
B cucTtemi 3 TOBTOpHUMH BUKJIMKAMH 4ac epeOyBaHHs TPAH3aKTIB B CUCTEMIi BHIIIE.

O0'ekt Momeni — OararokananpHUE mpucTpiii (CKY) omHO3HAYHO BimoOpakae
MOJIe/Ib IMy4YKa KaHaliB TUIKW, 10 3B's3ye cycigHi xomymayitni yenmpu  (KLI)

Mepexi 3B'SI3KY.

BucnoBkn

e CYA — e cucrema (pikcariii OCHOBHUX MapaMeTpiB MOJIECIIOBAHHS Y MOJIETII.

e Jlns MoaentoBaHHA OaraTOKaHAJIBHUX MPUCTPOI BUKOPUCTOBYETHCS MOJEIbHI
omoku BKII, sxi MaioTh pPO3BUHEHY CTAaTUCTUYHY OOpOOKYy MapameTpiB
(GYHKIIOHYBaHHS.

KoHTposnbHi 3anuTaHHs.

e J[ns yoro BUkopucToBYyrOThCSI CHA?

¢ Ski mapametpu Maroth BKII?

e Hagenith O10k-cxemy Mozent M/M/2 3 NOBTOPHUMH BUKIIMKAMH.

e Sk, Ha Bamy nymky, moBuHHa OyTu peanizoBaHa pobdorta Call — nentpy?
Aprymenryiite Baiii cymkeHHs.

e SIKMM YMHOM MO’KHA 33J1aTU KOPUCTYBAILIbKI YUCJIOBI Ta CTPOKOBUX 3MIHH1?

e Sk BIIMBa€ MOTIK MOBTOPHUX BHUKJIMKIB HAa OOCITYrOBYBaHHS TEPBUHHUX
BUKJIMKIB?

e Sk 3MIHIOETHCS €(PEKTUBHICTH BUKOPUCTAHHA KaHAIIB y OJHO- Ta Oarato-
KaHAJIBHUX  CHCTEMaxX OOCIYyTOBYBaHHs TMpPU  OJIHAKOBOMY  IIiJIBUIIEHHI
HABAHTAKCHHS?

o [IlopiBHsiiTe MOzENI cCUCTEM OOCIYyrOBYBaHHS B BTpaTaMu 1 HOBTOPHUMU
BUKITUKAMU.
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7. MOAEJIb POBOTHU CALL-IIEHTPY

7.1 CucremMHi YHCJIOBI AaTPUOYTH: MATPHLII KOMIPOK, 1110 30epiraloTbest

Matpuiis KOMIpOK TMaM'ATi - CHCTEMHHUH €JEeMEHT, SKHil sBIsS€ Cco00r0
YIOPSIKOBAHUM HAOIp €JIEMEHTIB TIaM'sITi.

3aaHHs MaTPUILIL:

Name MATRIX A, B, C, [D], [F], [G]

Name-im's matpurmi (MiTKa - TUIBKH CTpokoBa 3MmiHHAa. He momyckaerbcs
BUKOPUCTOBYBATH YHCIIO!).

Onepangu:

A - HE BUKOPUCTOBYETHCA (JIs1 CYMICHOCTI 13 CTAPUMU BEPCISIMH).

B - uncno psakiB MaTpui.

C - 9uCJI0 CTOBMIIIB MATPHIII.

D, E, F - MakcumasbHa KUIBKICTh €JIEMEHTIB B TPETE, YETBEPTOMY, IT'SITOMY Ta
I0CTOMY BUMIpax.

[Tpuknaa BU3HauYeHHs MaTpuIl (5 x 7)

TraSr MATRIX, 5,7

3BEpHEHHSI /10 €JIEMEHTIB MaTpHIll MOKHa poOuTH 3a nornomororo CHA — MX.

[Tpuxnanu.

MX $ Tab2 (P4, P $ Nal) - enement matpuiii Tab2, 3HaueHHS IKOTO BU3HAYEHO
yepe3 3HA4YCHHS B mapameTpi Tpan3akta 4 (psok) 1 B mapametpi 3 iM'am Nal
(cToBIIEID).

MX $ Sps (User, P3) - enemenT mMatpuiii Sps, 3HaY€HHS SKOTO BU3HAYEHO Yepe3
3HAUEHHA KopucTyBalbkoi 3MmiHHOT User (pszmok) 1 B mapameTpi 3 TpaH3aKTa
(cTOBIIEID).

MX $ Sps (User, P3) - eneMenT Matpuiii Sps, 3Ha4eHHS SKOTO BU3HAUEHO Yepe3
3HAUEHHA KopucTyBalbkoi 3miHHOT User (psmok) 1 B mapamerpi 3 TpaH3akTa
(cToBMelpb).

Skmo 3anaru:

Skl EQU 6; 3MiHHOT IPUBIACHUTHU 3HAYEHHS 6,
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TO 3aIHC:
Skl MATRIX, 10,7
no3BoJiie 3amiHuTa iM'ss Skl Ha HOMep 6, 3a SKMM MOXKHaA 3BEpTaTHCS [0
MaTpPHIL.
Hampuxman.
MX6 (13,6) - BU3HAYA€ETHCS €IEMEHT MaTpPHIIl HOMep 6 3 KoopauHaToro (13, 6).

[Tpukiaa 3agaHds 3HAYEHb MATPUI 5X5:

CON MATRIX, 5,5; Bu3HaueHHS IMEHI 1 pO3Mipy MaTpHiii
INITIAL MX $ CON (1,1), 0; 3aBnanHs 3HaueHHS eneMeHTy (1,1)
INITIAL MX $ CON (1,2), 1

INITIAL MX $ CON (1,3),0

INITIAL MX $ CON (1,4),0

INITIAL MX $ CON (1,5), 1

INITIAL MX $ CON (5,4), 1

INITIAL MX $ CON (5,5), 0

5 4

1 2 3 4 3)
1 0 1 0 0 1
2 1 0 1 0 0
3 0 1 0 1 0
4 0 0 1 0 1
5 1 0 0 1 0

Puc. 7.1 [lpuknaza 3agaHHst MaTpHUII
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7.2 3ananns GyHKUid po3mogiay KopucTyBayem

BOynoBani I'BU cuctemu GPSS BupoOnsiioTs 1iJli BHUMAAKOBI YHCIA,
piBHOMipHO posnoauieHi Bix 0 g0 999. Ilpu ainenni Ha 1000 BuiiayTh uyucna Ha
iaTepBai [0; 1].

JIy1st MOJIETFOBaHHS BUITAIKOBOI BETMYMHN X 3 3a/1aHO0 (DYHKIIIEIO PO3MOALTY
F(X<x) BUKOPHUCTOBYETHCS METO/I 3BOPOTHOT (PyHKIIII.

SIK1110 MOYKHA BUPIIIUTH PIBHSHHS:

r=F (x), (7.1)

B SIKOMY TOB's3aHa BUIAKOBA BEIMYMHA X, MM1AMOPSIAKOBaHA
posmoniny F (X), 3 BHIIAJKOBOIO BEIUYHMHOIO I, PO3IMONIJICHOI DPIBHOMIPHO Ha
Bipi3ky [0, 1], TO MOKHA 3HAWTH B IBHOMY BUTJISI/II 3BOPOTHY (PYHKITIFO:

x=F 1(r), (7.2)

sKa JI03BOJISIE NIl Pi3HUX 3HauYeHb I (3 miama3ony Big 0 1o 0.999999) 3naittn
3HAYEHHS X, y BIAMOBIIHOCTI 3 QyHKIIi€0 po3noaiay F (X).

DyHKIIs 3a1a€ThCA Y BUTIISIL:

iMm's FUNCTION A, B

IM'sl — YHIKaJIbHE 1M's QYHKIIIT, 10 BUKOPUCTOBYETHCS JIJIsl TOCHIIaHb HA HET;
A — cTanmapTHUM YMCIIOBUNA aTPUOYT, 1110 € APTYMEHTOM (DYHKIIIT;
B — tun dyHKIIT 1 KUTBKICTh TOUOK TAaOJIHIII, SKa 33a/1a€ 3BOPOTHY (PYHKITIFO.

OO6'ext Tuny pynkis mae equauit CHA 3 HazBoro FN.

B cucremi GPSS MoxHa 3aaBaty JUCKPETHI 1 Oe3nepepBHI YMCI0BI (PYHKIIII.

Hampuknaz, 3HaYeHHs BUTIAJKOBOT BETUYHHH X 3 pIBHOMIPHUM PO3IMO/IIJIOM Ha
BiZpi3Ky [a, b] oOuuncmor0THCS 33 HOPMYIIOIO:

x=F-1(r)=a+r(b-a) (7.2)

Axmo B 61okax GENERATE A, B1 ADVANCE A, B, BUKOPUCTOBYEThCS
onepanj B y Burisiai moaudikatopa-iHTepBaiy, TO:

a=A-B; (b-a) = 2B (7.3)
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B cucremi GPSS BukopuctoByeThCs hopmya:
x=A-B+ RNI *(2B +1) (7.4)

Honatok 1 o6ymoBieHo tuM, 1m0 B GPSS BinkugaeTses npodoBa yacTuHa
OO0YHCIIEHOTO 3HAUEHHS 1 SIKIIO He noAatu 1, To 010ku OyayTh BUPOOISTH BUMIAIKOBI
BEJIMYMHU, PO3IOIIJICHI pIBHOMIPHO Ha Biapi3ky [AB, A + B-1], a He Ha Biapi3Ky
[AB,A+B].

[puknaza 3agaHHs AUCKPETHOT QYHKILI (Mae 6 3HAYEHB):

DISC FUNCTION RN3, D6
rl, x1/r2, x2/r3, x3/r4, x4/r5, x5/r6, X6

CumBoin D o3nauae, 1o ¢yHKIis quckperHa (Bix cioBa Discreet - muckpeTHuii),

[Ipuknang 3agaHHs d)VHKIIll KOPHCTYBA4YCM.

Hexaii BumaakoBi iHTepBanu npuxoay 3assBok B CMO npuiimatots 3HaueHHs 30, 50,
80, 90 1 120 cexynn 3 imoBipHocTsmu 0.1, 0.3, 0.2, 0,3 1 0.1 BiamoBigHO.
DISC FUNCTION RN1, D5
.1, 30/.4, 50/.6, 80/.9, 90/1, 120

F(x) a F(r) a
ek <« €
1,0+ e
09 —_— -+ +—d
= +—*C
0,8 L e
0,4 — +«—b
_4—Ta :
|
|
01 _L B : I
ol 1 1 l 1 . l i l [
| | | I | = 1 | I | =
30 50 80 90 120 X 0,1 04 06 09 10 '

Puc. 7.2 I'padixu ¢pyHK1IT po3moainy IpsIMOTO 1 3BOPOTHOTO (DYHKIIIM

JUISL TUCKPETHO1 BUIAIKOBO1 BEJIMYMHU
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[Ipukiraa 3aBaHHs HenepepBHOi QyHKIII (110 Mae 10 3Ha4YCHB ).
DISTR FUNCTION RN1, C10
rl, x1/r2, x2/r3, x3/r4, x4/r5, X5/r6, X6/r7, X7
r8, x8/r9, x9/r10, x10

CumBon C o3Havae, mo ¢yHKUis HenepepBHa (Bim cioBa Continue —
HETIEPEPBHMUI).

OOuucieHHs 3HaUYeHb HenepepBHOI (PyHKIIIT MTPOBOAUTHCS TAKUM YHHOM.

[Ticns 3BepHEHHs a0 reHeparopy BumankoBux uyucen (I'BY) (y nHamomy
npukiani — reaeparop RN1), BusHayaerbes inTepBan (ri, ri +1), Ha SKWil BHITagae
OTpUMaHe 3Ha4yeHHs I aprymeHty-reHeparopa. IloTiM Ha [bOMYy IHTEpBaJl
BUKOHYETHCS JIiHIMHA IHTEPIOJISIS 3 BAKOPUCTAHHAM BIAMOBITHUX 3HAYCHB Xi 1 Xi+1.

3nauenss FN ¢yHkuii Bu3HauaeThes 3a popmyIioro:

X, . —X
FN =x +(r—r)——
= o= h, (79)
FN=F(r) 4
X f—
|
I
X; — |
|
I
! ' i ¥
! r
P

Fi+q

Puc. 7.3 Bu3znaueHHs 3HaueHHs 3BOPOTHOI (PYHKIIIT
[Ipuknanu
3amanss GyHKIT PIBHOMIPHOTO PO3MOUTY IHTEPBATIB MPUXOy TPAH3aKTIB Ha

iaTepBaii [50,90]:
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RAVN FUNCTION RN4, C2

0,50/1,91
DyHKIIIS PIBHOMIPHOTO PO3IMOILITY:
FROMAB FUNCTION RN2, D10
1,10/.2,20/.3,30/ .4,40/ 5,50/ .6,60/.7,70/.8,80 /.9,90/ 1,100
DyHKIIIS PIBHOMIPHOTO PO3IMOILITY:
FU1 FUNCTION RN11, D9
111,2/.222,3/.333,4/ .444,5/ .555,6 / .666,7 / .777,8/.888,9/ 1,10
3aaHHs €KCITOHEHITIATFHOTO PO3IOILTY:
EXPDIS FUNCTION RN1, C24, 0/.1, .104/.2, .222/.3, .355/.4, .509/.5, .69/.6,
915/.7,1.2/.75,1.38/.8,1.6 / .84,1.85 .88,2.12/ .9,2.3/.92,2.52 / .94,2.81 / .95,2.99
/.96,3.2/.97,3.5/.98,3.9/.99, 4.6
.995,5.3/.998,6.2 /.999,7 / .9998,8
Jani 24 Touku 3a0€3MeUyIOTh JOCUTh TOYHY allPOKCUMAIIIIO.
[TpuKaa BUKOPUCTAHHS.
GENERATE A, FN $ EXPDIS

VY nanomy nmpukiaai 0OUKMCIIEHHS IHTEPBAJIB Yacy MPOBOJAUTHCS MIJISTXOM

MHOKEHHS orepania A (cepeHe 3HaYeHHs) Ha 00YKCIIeHe 3HaUYeHHS (PYHKIIIT.
[Ipudyomy, onepana A B mgaHomy OJiori moBuHEH OyTH piBHHM 1/A, a omepann B -

MOCHJIaHHS Ha (DYHKIIIO, sIKa B TAOJIMYHOMY BUTJIAI 3a7a€ 3anexHicTh X =-In(1-r).
7.3 Mopaeas PRI

MopentoBanus pobotu kanany PRI (primary rate interface)

PRI - xananpHuMil iHTEepdeiic cuctemMu mnepenadyi B CHUCTEMI 3 TUMYaCOBUM
VIIUIBHEHHSIM, B SIKOMY HIBUJKICTH OCHOBHOTO LIUPpoBoro kaHainy (OLK) cranoBUTH
2048 k0it / c.

2048 k01T / ¢ =32 * 64x0iT/ C

BukopucTanHs KaHaiB:

¢ 30 po6ounx (pO3MOBHHX) KaHAIIB;

e 1 3aranpHmii kaHan cuaxpoxizarii (3KC) ;
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e | xaHaj curHasmizarii.

Bci po3MoBHI kaHaM € 3araibHOJOCTYITHUMH 1 3aMArOThCS I 3a0€3MeYCHHS
PO3MOBH 110 Mipi iX BIJILHOCTI.

Mooenvs 9. Monens PRI - Mogens imiTamii po6oTu OaratrokaHajabHOI'O
npuctporo PRI sk CMO 3 BigmoBamu.

Meta nociiKeHHsT — OIIHUTH 3aiHATICTH KaHalmiB PRI mpu dikcoBanomy
(3amanomy) HaBaHTaxeHHI. PRI — 30 kamanmera CMO 3 BimMoBaMH.

JlJis OLIHKH CTaHy 3aiHATOCTI poOOYMX KaHAJiB, B MOJETI BUKOPUCTOBYETHCS
ook GATE 3 mapamerpom SNF (storage not full). SIkimo B MOMEHT HaaXOJKEHHS
Tpanzakta (3asBku) B BKII € BiibHUN KaHaji, BIH 3aliMa€ThCs, IHAKIIE 3asBKa
ryouthcs. TpuBamicTh 3aHATTS KaHATy 3asBKOI0 BU3HAYAETHCS PO3ITPAHUM YacoM
AVTALK # FN $ XPDIS, ne AVTALK - cepenssi TpuBaiicTh po3MOBU. 3aifHATICTb
kaHamB bBKII ominroetscss 3a CYA BKII. BxigHuil moTik — HaWmpoCTIIIMA,

TPUBAJICTh OOCTYTrOBYBaHHS Ma€ €KCIIOHEHIIIMHUI PO3MOI1I.

1-ii ceemenm moderi
G// \\ ....................
; ENERATJ“E”" ................. ot H aAoXOo0XeHHS E
\ . BUKIIUKA
. XSNAVER,FNSXPDIS | eereeeereensreenneast

ycix kaHanis PRI
1O BCi 3GMHATI, BUKIUK

ryéutbca : i ;
....... \{ ceseesssesssscsssnes® Z_ucegmeummoae_;u

3aKkiHYeHHs vacy

oooooooooooooooooooooooooo

MOAENFOBAHHS
ADVANCE ....olcc ocooocoo--.ooo.o-oo-o-.---'. d ’
R X R A Po3moea Ha npoTasi  :
VEIALK : uacy TALK : J— ,
v sesepesccsssctscscsesscssscnns 2 ,‘-"‘f ‘t\ ..:: e
Ko ) .“".... ......................... . éENERATEs'
\“‘..»,».5"2"' ......................... 2 \5“ J  eccecsccecaccsccacncancen,
LEAVE |- :  3aKiHUeHHs po3MOBU \ : 3aBeplueHHa

]

o —
N XSTIMER _

............................ MOLeJ1FOBAHHA

* R ELEXEEE XL XL ) sapesEen, g <l . '::.':'.f: ...................... :
Rl Ll A Ta6yn9um 3 ERAANE)

TABULATE g.* .................. . | cTaTMCTUUHUX AaHWX § TEQ[—‘ﬁMlNA?{?q"“
'TA'%PO : | npo sabiHaticts PRI} \_ S~
— sqpeeeirsseastasiasiaisuadoaes
- N\ (POINT1) /~ \
TERMINATE TERMINA]

Puc. 7.4 bnok-cxema mozeni o0cnyroByBaHHs BUKIUKIB PRI
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* FUNCTION DEFINITION(S)

*

XPDIS FUNCTION RN1,C24
0,0/.1,.104/.2,.222/.3,.355/ .4,.509/.5,.69/.6,915/.7,1.2/.75,1.38
.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2
.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.0998,5

4

* SAVEVALUE INITIALIZATION(S)
s
INITIAL X$NAVER,50
INITIAL XSAVTALK, 1800
INITIAL X$TIMER,2000000

: VARIABLE DEFINITION(S)

TALK VARIABLE X$AVTALK#FN$XPDIS
: STORAGE CAPACITY DEFINITION(S)
PRI STORAGE 60

.

: TABLE DEFINITION(S)

TABDO TABLE S$PRI,1,1,62

Puc. 7.5 Onuc ¢yukuiii B moaeni PRI

ok ek ek e e e o o e e e e e o e e e e e e e el e e ol e ol o el e e e o o o e

* MODEL SEGMENT 1
EEE S SRR SRR
GENERATE X$NAVER,FN$XPDIS
GATE SNF PRI,POINT1
ENTER PRI
ADVANCE V$TALK
LEAVE PRI
TABULATE TABOO
TERMINATE
*
POINT1 TERMINATE
*
EEEEE S S TR R S R S S
* MODEL SEGMENT 2
EEE RS EEEE RS S S SRS S SRR R R S
GENERATE X$TIMER
TERMINATE 1

Puc. 7.6 Onuc cermenTtiB moaeii PRI
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. STORAGE CAP.REM. MIN.MAX. ENTRIESAVL. AVE.C.UTIL. RETRY DELAY

PRI 30 1 0 30 30510 1 275730919 0 0
TABLE MEAN STD.DEV. RANGE RETRY FREQUENCY CUM.%
TABODD 26.786 2.222 0

B.0O0 - 9.000
S.000 - 10.000
10,000 - 11.000 0.01
11.0000 - 12.000 0.02

1 0.00
i
1
3
12.000 - 13.000 5 0.03
1
1
9

0.00

13.000 - 14.000 0.04
14.000 - 15.000 0.04
15.000 - 16.000 0.07
16.000 - 17.000 27 016
17.000 - 18.000 48 0.31
18.000 - 159,000 103 0.65
19.000 - 20,000 209 1.34
200000 - 21.000 435 273
21.000 - 22.000 786 5.31
22.000 - 23.000 1267 947
23.000 - 24.000 1823 1545
24.000 - 25,000 2643 24.12
25.000 - 26.000 3650 36.09
26.000 - 27.000 4900 52.17
27.000 - 28.000 6461 73.37
28.000 - 29.000 8118 100.00

SAVEVALUE RETRY  VALUE
NAVER 0 50.000
AVTALK 1] 1800.000
TIMER 0 2000000.000

Puc. 7.7 CratuctuuHi pe3yibTaTi MOJICIIOBAHHS

1anon

T # O F & T @7 @ 1 iF & s IE 18 i@ (F pr 20 8 7F 28 W o PP R wa

Puc. 7.8 I'paciuni pe3ynbTaTii MOJEIIOBAHHS ()
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Puc. 7.9 I'padiuni pe3ynapTaTt MoentoBaHHs (0)

3600

Puc. 7.10 I'padiuni pe3ynbratu MOJETIOBaHHS (B)
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36,038 35,735

35 -
30 -
25 -

26,786

MEAN
m STD.DEV.

5,764

SSSS

2,222

30 60 90

Puc. 7.11 I'padiuni pe3ynbpTat MOICTIOBaHHSA (T)

['padiuni pe3ynbTaTd MOJEIIOBAHHS UIIOCTPYIOTh HACTYMHE: IMPHU peaizalii
MOJIeJIi HeOOXITHO BpaxyBaTH KUIBKICTh KaHalB oOciyroByBaHHs. Ha puc. 7.11a
MOKa3aHo, 110 KUIBKICTh 3asiBOK IIOYMHAE 3POCTATH 1 peCypCiB CUCTEMHU HE BUCTAUUTh
JUTst 0OCIyroByBaHHS BCiX 3asBOK. Ha puc. 7.110 KinpKicTh KaHaiB 0OpaHa Tak, U0 B
3aJIEKHOCT] B1J] HABaHTAXEHHS Ha CHCTeMYy OyJe MEBHHI pO3MOALT 3asiBOK, MpHU
AKOMY OYyIyTh 3aiisiHl Olibllle KaHamB OOCIyroByBaHHS. AJjie npu 30UTKOBIM
KUIbKOCT1 KaHamiB (puc.7.11B), moxxnuBuid «tpoctiit» pecypciB CMO. Ha puc 7.11r
300paK€HO MAaTeMAaTU4YHE CIOIBaHHS Ta CTaHAAPTHE BIAXWUIIEHHS PO3IMOALLY Yacy
3aMHATOCTI KaHAJIB OOCIYrOBYBAaHHS JJIsi PI3HOI €MHOCTI CHUCTEMH, alle MpH
(1KCOBaHOMY HABAHTAKEHHIO.

BucHoBkn

e Cucrema GPSS no3Bosisie  BHKOPHCTOBYBATH NHUCKPETHI Ta HEMEPEPUBHI
GyHKITI.

e Mogens Ttpakty PRI migTBepmkye HEOOXiHICTH ONTHUMAIBHOTO BHOODPY
KUTBKOCT1 KaHaJIiB BIJMOBIIHO JO PEeaibHOI0 HAaBAHTAKCHHS.
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KoHTposnbHI 3anuTaHHs

e Uy 3naere Bu s yoro npusHaueHnuit kanan PRI?

e [llo Take MaTpuIlsi KOMIpOK Mmam'sTi?

e SlkuM yMHOM MO’KHA 3a7aBaTH (PyHKLII po3moziry kopucTyBaya? HaBenitoh
MPUKIAT.

e Ormumnitsk Mozens PRI. Ski 1 ocobmuBocTi?

e Sk OUCYIOTHCS Y MOJICIISX CTPYKTYPHI 3B’ SI3KH MIXK €JIEMEHTaMU?

e Sk B Mozemi 3a1atu 3aaany (Bigomy) GYHKIIO pO3MOILTY ?

e Sk MO 3aBaHTAXEHHIO CHCTEMH OOCIYyroBYBaHHS BHOpaTH HEOOXITHY
KUTBKICTh KaHAJIIB 00CITyTOBYBaHHS ?
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8. MOAEJIOBAHHA PO3IIOAINTY HABAHTAXKEHHSA B MEPEKAX

3B'A3KY
8.1 ®opmu npeacTaBIeHHS IJIAHY PO3NOIiLTy HABAHTAKEHHSI

®opMyBaHHA naaHy po3nodiny Hnasanwmadxcenna (IIPH) — opna 3
HaWBaXUIMBIMKUX (QYHKIIH yhnpaBiaiHHA Mepexkero 3B'si3ky. [IPH saBmse coboro
CYKYITHICTB IIIJIIX1B BCTAHOBJICHHS 3'€/IHaHb B KO)KHOMY HAIIPSIMKY 3B'A3KY 1 MOPSIIOK
ix 3ansaTTa. [IPH Moxe 6yt copmMoBaHui Ha OCHOBI aHATI3y CTPYKTYPHU MEPEXKi:

e AHANITHYHUMHU METOJaM{ OIIHKK TapaMeTpiB TUIOK 1 PO3paxyHKOM
MOKA3HUKIB IUJISX1B BCTAHOBJIEHHS 3'€THAHb.
e Bi3yaJbHOIO OL[IHKOIO IUISIX1B BCTAHOBJICHHS 3'€/IHAHb.

Bubip nuisixy BCTaHOBJIEHHSI 3'€lHAHHS 31HCHIOETHCSI Ha OCHOBI 3a/laHOTO
KpUTEpito oro ominku. Hailduibll 3aralbHUM NMOKa3HUKOM IPU OLIHII € JOBKHWHA
HUIAXY.

O11iHKa JOBKMHU IIJISIXY MOYKE BU3HAYATHUCS:

o [IpOTSKHICTIO CKJIaJI0BUX MOTO KaHAIIB (B KM).

e Kinbkictio Tpan3utHux KL a6o rinok, mo 6epyTh y4acTh y BCTAHOBJICHHI
3'€THAHHSI 3@ BCTAHOBJICHUM ILISXY.

e [lokazHuKaMu SIKOCTI OOCITYrOBYBaHHS 3asIBOK.

e JIOBXXHMHOIO YepPId BUXIJIHUX KaHaJIB Mepeaayl.

e CepenHbol0 BapTICTIO OOJAAHAHHS NUIAXYy B MEPEpaxXyHKy Ha OJHE
3'€JHAHB.

3a3zBuuaid, BUOIp LUIAXY 3A1MCHIOETHCA 32 KPUTEPIEM MIHIMAIBHOTO IUIAXY.
Jns TenedpoHHMX Mepex 3B'SI3KYy HaWYacTillle JAOBXKHHY MLUISIXY BU3HAYAIOTh
KUIBKICTIO BXIJHMX B OUIAX TUIok, yuciaoM KI[ abo wyucimoM TpaH3WTIB.
®opmysanns [1PH, sk npasuiio, npoBOAUTHCS B 1Ba €TAIM:

e 1| ecran. BuzHaueHHs CyKyNMHOCTI MOMJIMBUX IUISXIB BCTaHOBJICHHS
3'€lHaHb y HANPSAMKY 3B'S3KY.

e 2 eran. 3aBJaHHS YEProBOCTI BUOOPY 1 3aHHATTA LUX KOJIM.



90

8.2 Metoau ¢popMyBaHHS ILUIAHY PO3MOAITY HABAHTAKEHHS

Mampuunuitc memoo ¢opmyeanna IIPH ¢ uyenmpanizoeanux cucmemax
YRPABNAIHHA 368’ A3KOM.
BusHayeHHST CYKyHmHOCTI BCIX HE3QJIEKHUX NUISIXIB Yy HampsAMKax 3B'SI3KY
3IIHCHIOETHCS. HA OCHOBI Matpwili | | M | | mapameTpiB rijok {mij}.
3Ha4YCHHS {mij}:
® Mij = 0o, AKIIO BIJCYTHS T'JIKA;
e mii =0, 1 eIEMEHTIB J[IarOHAJIl MATPHIIL;
Buxigna matpuist nokasye 6esnocepenni 3B's3ku Mix KL mepexi. Busnauenns

IIJIIX1B IIPOBOIUTLCA HNIIAXOM IICPECTBOPCHHA ManI/IIIi T1JIOK.

MaTtpuusa napameTpiB rinok

0 mi © mus M1s
maz« 0 mas o0 oe)
M=]oo ma 0 max mss
Ms1 O M43 0 09)
Ms1 G Ms3 ©0 0

Puc. 8.1 MaTpuiis mapaMeTpiB T'JIOK.
[Tpuknazn. BusHaueHHs NUISXIB y HANIPSIMKY 3B'SI3KY 2 — 4.
Hampsimok 2-4 wmictuTh 1Ba HUIAXU. YepropicTh BHOOPY BH3HAYAETHCS 3a

3a7aH010 03HaKot0 (Oibmuii Homep Tpan3uTHOro K1 - neprmii Bu6ip).

MaTtpuua napamerpiB FinokK
0 mie o 14\ Mis

M2 0  mas ,60 \00 >
M=o mx 0 34 35

Ms 0 ms \O 00

Ms1 0  Ms3 0

Puc. 8.2 [lepeTBopeHHs MaTpuili
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I Mz 0 M2z3 ve) co |
I My 00 My 0 o%) |
M21+4M12 GO Ma3+M34 ©O co

Puc. 8.2 IloenemenTHe q0oaaBaHHs 2-T0 psJiKa 1 4-T0 CTOBIIS MaTPHITL.

BukoHaHHSI IEpETBOPEHHSI MATPUIll MapaMeTPiB TiJIOK AJSl KOXKHOTO HAMpPsIMKY
3B'SI3KY B MEPEXK1 JI03BOJISIE BU3HAYUTH BC1 MOXKIIMBI IUISAXU JIJIS1 KOKHOTO HAINPSMKY.
KinbkicTh omepariiii mo CKJIaJaHHIO PSAAKIB 1 CTOBMIIIB JOPIBHIOE YHCITY HAMPSMKIB
3B'S3KY:

I=N*(N-1)/2 (8.1)

Matpuunuii Meroa nooynosu I1PH 3acTtocoByeTbes B neHTpamizoBanux CYM3
(cucmemax ynpaeninnua mepesiceio 36'a3Ky). Ilndopmaliis Ipo MepeKy 30UpaeTbCs B
CYM3 (mmpo 3B'SI3BHOCTI 1 BaroBi KOE(QIIIEHTH T1J0K), 3AIACHIOEThCS MaTeMaTH4YHA
(mporpamHa) o0poOka Ta nepenaya tadbauup [IPH (uuisxiB BcTaHOBIEHHS 3'€/THAHB)
Ha koxxeH KII 3a Bcima nHanpsimxkamu 3B's3ky Bin jganoro KII. Jlns oOwminy
ciyk00Bor0 1H(popmariero Mixk KI[ 1 CYM3 BUKOPHCTOBYIOTBCS, SIK MPABHIIO, Tl K

poOoUil KaHaH, 10 1 JIJIs Iepenayi iHGopMaIliiHuX MOB1IOMJICHb.

Dopmyeanna IIPH memooom «penveghiey

Meton «BxigHux penabediny»

BxoasaTe penbedom mMepexi No BIHOLIEHHIO A0 sikoro-ueoynb K1 HazuBaeTbes
CYKYINHICTh KOE(ILIE€HTIB, MPUIUCYBAaHUX KOXKHOI TJIKM MEpEXi, 10 BH3HAYAIOTh
MIHIMaJIbHY AOBXHHY HUIAXY 110 11boro K1 Bix inmux KL mepexi.

Po3miTKa 3/11CHIOETHCS HACTYITHUM YHHOM:

e [lo Bcix rukax, mo Bxoasts B qanuit KL npunucyerscs Bucora 1
e [lo Bcix rutkax, cymixaux KL mpunucyerbcst Bucora 2
e Jlami mo ruikax, cymixHux KI[ npunucyetscs BHcoTa Ha 1 Ouiblie

IIOIIEPEIHBO]T
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e CykynHicTh «BXigHUX penbediB» mo Beix Kl yrBoproe moBHUil penbed
MEpEexKi.

2 /5\ 3
\2/‘\ k/\’\
5 2 6 3
/M 3
& & o
i (10

Puc. 8.3 Ilpuknan BxigHoro pensedy mas K11 4

[To-cyTi, 3HaYeHHs BUCOTU, MNPHUIIUCAHI TUIKaM IOKa3ylOTh YHCJIO TUIOK B
Halikopormomy nuisixy Bijx KL mepexi qo KI4. [Inax K11 2 - KII 4 micTuTh 2 rijaku.

Buxin 3 magy onxHiel riiku (Hanpukiian, m45) sMmiHioe penbed Mepexi.

o) 3 3
3 4
2 6 4 7
3
4
3
9 10
\__/

Puc. 8.4 ITpukinan 3minu BxigHoro penbedy nis K1 4

Memoo «euxionux penveghie»
Buxignum penbepom KI[ Ha3zuBaeTrbcs CyKyIHICTh KOE(IIEHTIB, SKi
MPUMHUCYIOTHCS KOXKHOI TUTKM, sika «BuUTikae» Big KIl 1 Bu3Hauae MiHIMaIbHY

noBxuHy nursixy Bia panoro KII mo Beix iHmmx K1 mepexi.
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BuxigHuun penbed Big KL|4

1 2 3 4 5 6 i 8 4 10
M4 1 2 3 0 2 3 - 3 - 5
Mas 2 3 4 0 1 2 3 2 3 -
Mas 3 4 5 0 2 3 - 1 2 3

Puc. 8.5 ITpuknan Buxignoro penbedy mis K11 4

Biominnicms memooieé «8xXiOoHux» i «6UXiOHUX)» penvedis.

Bxignuit penbed KI4 (na mepexy 3 KI| 4) noka3dye BiOJaleHICTh IO
Haikopormomy nuisxy Big K4 no pemrru KII. Buxiguuit penved K14 (Ha BuxigH1
ruiku 3 K1 4) noka3ye BiamaneHicTh o HaiikopoTmoMy nuisixy Bin KII4 mo Bcix
BUXI1JIHHX Tiakax j0 pemrtu KII.

Meton penbediB BHUKOPHCTOBYETHCS B AeneHTpaiizoBanux CYM3. BuximgHi
naHi (3arampbHa iHGopmaris s Beix KII): kinmpkicte KII B Mepexi, HOMepu
cymikaux KIl, BaroBuii xoedilieHT TUIKK (Hanpukian, 1 - mpu 0e3mocepeaHboMY
3B's13ky KLi - KL}, 0 - mpw ii BincyTHOcT). KinibkicTs cymixkaux KL nopiBHio€ unciy
BUXIJTHUX TUJIOK 1 YUCIY IUIAXIB BCTAHOBJICHHS 3'€JHAHb B OyIb-SIKOMY HANPAMKY
3B'SI3KYy MEpEexK1

[ToOGynoBa penbedy peani3yeTbCs NUISIXOM OOMIHY TaOJUISIMU MDK CYCIIHIMU
KII. O6miH TaOnuIsIMH TPOBOAUTUCS 1O OTPUMAHHS BXKE BIJOMUX JaHUX. B
OTpUMaHii Tabnwuili € iHpopMaIlis MPo 3HAYCHHSIX BaroBUX KOEQIII€HTIB MUISXIB 10
Bcix K1 mepexi yepes Bci Buxigni riiku Big KLI.

Meton «BuXiTHUX penbediBy) 3HANIIOB MIMPOKE 3aCTOCYBAHHS B KOMITIOTEPHIM

Mepexi IaTepHer. Meton penbediB MIUPOKO BUKOPUCTOBYETHCS B adalTUBHUX
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npoTtokonax mapuipytusamii - RIP (Routing Information Protocol) i OSPF (Open

Shortest Path First). RIP BukopucToByeThcsl nepeBakHO Ha HIDKHIX PIBHIX 1€papxil
Mepexi. Y Mepexax, 10 MpaIoTs BianosigHo 10 meroay OSPF, indopmartis mpo
OyIb-SKy 3MiHY B MEPEX1 PO3CHIIAETHCS JTABUHOIOT10HO.

B ocHoBi meTony penbediB (Meroay RIP) nexuts anroputm bennmana-®dopaa.
Anroputm bennmana-®opaa BigHocuThesa 10 anroputmiB DVA (Distance Vector
Algorithms). ¥ DVA penred Ra (d) - e orinka HalKOpOTIIOro NMUIAXY BiJ By3Jia a
no By3nma 0. Ominka (YMOBHO Ha3BeMO ii BiJICTAHHIO) MOXE BHPAKATUCS YaCOM
JIOCTaBKH, HATINHICTIO MOCTaBKA ab0 YHCIOM BY3IiB KomyTalii (Bumip B hop) Ha
JAHOMY MapuIpyTi.

Merton penbediB ayke 100pe BUKOPUCTOBYETHCS MPHU 3MiHI CTPYKTYPH MEPEKI.

CrnoyaTky HOpUHUOUIIM TOOYAOBH 1 (YHKUIOHYBAaHHS CHUCTEM aJlallTUBHOIO
(IMHAMIYHOTO) PO3MOLTY 1H(GOPMAIIMHUX MOTOKIB Oyiu chopmyiaboBaHi B 1964 p.
pansHcekuM ydeHuM - B. I'. JlazapeBum. Ili3Hime Ha iX ocHOBI OyB po3poO0ieHHI
METOJ PO3MOJIIIEHOr0 YHpPaBIiHHSA BHOOpPOM NUIAXIB mepenadl iHGopmariii, 0o
OTpUMAaB Ha3BY METOJY peibediB.

[IpakTryHa peamnizamis 1J1ei afanTUBHOrO po3noaury Oyina 3aiiicnena B CILIA B
mepexxi ARPA (Adranced Research Project's Agency), YmpaBiiHHs epCreKTUBHUX
HaykoBux nociimkeHs (DARPA) CIIA B 1968 p., Ha ocHOBI sk0i OyJna mo0yioBaHa
riobansHa Mepeska Internet.

Y wmepexi Internet Ha ocHOBI Meromy penbediB peanizoBaHi JBa THUIHU
MaplIpyTH3alii MaKeTiB:

® BIpTyaJIbHUX KaHAIIIB,;
e JeiTarpaMHuii (3acTocoByeThes B Mepekax [P / MPLS).

Ilepesazu memooy penvegis.

e BlCOKa ornepaTuBHICTh MoOya0BU [1PH;
® BHCOKa €PEKTUBHICTh MPU CTPYKTYPHUX 3MIHAX;

® BIJIHOCHA IIPOCTOTA peajizailii OpraHiB yrpaBIIiHHS.
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Heoounixu:

e He edexTuBHE BUKOpHcTaHHsA Juia ontumizauii [IPH mpu BuHMKHEHH]
nepeBaHTaXeHb, TaK SK B  SKOCTI  KPUTEPi0  parioHAIBHOCTI
chopmoBanoro IIPH BuKOpHUCTOBYETHCS MIHIMYM KIJIBKOCTI TUIOK B
NUISIXY BCTAHOBJICHHS 3'€JHAHHS, @ HE 3aBAHTAKCHHS WX TUIOK;

® BCIMKUM 00cAT Kepyrodoi iHdopmarllli, SKUM OOMIHIOIOTBCS MK COOOIO
K1I.

Xeunvoeuii Memoo 6cmanoe1eHHA 3'€OHans

Jlanuii MeToj 3HAWIIOB HIMPOKE 3aCTOCYBAHHS B JIEIKUX BIMCBKOBUX PaJio
Mepexxax @panuii ta Irami. Ilpy XBUILOBOMY METONlI BCTAaHOBJIECHHS 3'€IHAHb
3IMCHIOETHCS M0 BCIX MOXJIMBUX HUIsixax ogHodacHo. Tomy IIPH He cTBOproeThbes
B3araii. Kosxknomy aGOHEHTY Mepexi MPUCBOIOBATHCS YHIKaTbHUNA HOMEp (aapecy).
[Ipu nepemiieHH1 aOOHEHTIB MO MEpEXl 1€ HOMEp 30epiraeTrbcs 1 HE 3MIHIOETHCA.
K11 306epiratoTe HOMepH BCiX aOOHEHTIB, siKi BKItoueHi B qanuit KL (motpamistoTs B
30Hy iX OOCIyroByBaHHs) 1 OHOBJIOIOTH iX BIANOBIIHO JO PEAJIbHOIO
MICLIETIONOKEHHAM a0OHEHTA.

[Ipoiiec BCTaHOBJICHHS 3'€IHAHHS 3/IIHCHIOETHCS B TPU €TaIlu:

e [lomyk. 3asBKka Bl aOOHEHTa HAa BCTAHOBJICHHA 3'€IHAHHS (DIKCYETHCS B
obcimyropyrouomy KII, mopiBHIOE 13 3amMCaHUMHU 1 SKIIO HEMae
BIAMOBIAHOCTI, BCiM cyMikHUM KII BiZCHIIa€ThCS «CHTHANI TIOIIYKY».
K110 32 OTpUMaHUM CHTHAJIOM MONIYKY HE 3HalJeHO aODOHEHT B Mam'siTi
KII, ue curnan poscunaerbcs naiai. CurHan XBUJIEHOA1I0HO MPOXOIUTH
yepes Bci K1 mepexi

e BigmoBigs abonenta. Axmo wHa KII aGonenTt 3maiaeHwmii, ganmii KII
MOCWJIa€ Ha3aJl CUTHaJ «aOOHEHT 3HaineHui». Ilpu oTpumanHi 1BOTO
curdaiy y BianoBiab KL mxepenom, GikcyeTbes MIISX BIAMOBIAL B SKOCTI
IIUISIXY BCTAHOBJICHHS 3'€ THAHHS.

o [lpunuuenns nomyky. Kl mkepena mocunae mo BCiX BUXITHUX T1IKax

CUTHAJI ITIPUIUHEHHS MTOLIYKY).
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AOOHEHT 3HaWJeHW y 2-My LUKII MOILIYKY, aje€ CUTHAJl MOLIYKY MPOXOJIUTh

yepe3 Bci KLI.

Curnai nomnryky aboHeHTa Curnan Curnan
a6OEIeHTa MMPUITMHCHHA
3HauJCHO HOLIYKY

Puc. 8.5. Ilpuxnazn. Bcranosienns 3'ennanns st abonenta K11
3 abonenTom K116
IIepeBaru XxBUJILOBOI'O METOAY:

e Bucoka MBUIKICTH BCTAHOBJICHHS 3'€THAHbD.

e MOXIUBICTh BIIBHO TEpPECYyBaTHUCA B MEXax Mepexi 0e3 3MiHU iX
HOMEPH.

Henonikn:

e BigHocHa HeepEKTHBHICTh 3aBaHTAXXEHHS TUIOK (KaHAiB) CHUTHallaMU
MOITYKY aOOHEHTIB.

e CurHan nomrykKy mno Ko>KHOMY 3aluTy a0OHEeHTa nmpoxoauTh mo Beix KIJ
Mepexi. Curnan Bij BuxinHoro KL mpo mpunuHEHHS MOUIYKY HE MOXe
«HA370THATK» CaM CHUTHAJI TIONIyKy, TOMY TIEPENacTbcs 3 TIEO K
MIBUIKICTIO.

e HeoOXiHICTh BUKOPUCTAHHS BUCOKOIIBHJKICHUX KEPYIOUUX MPHUCTPOIB

Ha KII.
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XBUJIBOBUM METOJI BCTAHOBJICHHSI 3'€/lHAHb 3HAWIIIOB 3aCTOCYBaHHS SK Ha

Mepekax 3 KOMYTAIll€l0 KaHaliB, TaK 1 Ha Mepekax 3 KOMYTAI€l0 TTaKeTiB.
8.3 MoaeJb po3no/iijieHol Mepe:xi

MeTa MOAENIOBaHHA - OLIHUTH OCHOBHI MapamMeTpu (YHKIIIOHYBaHHS S5-TU

BY3JIOBOT MEPEKI 3a/1aHOI CTPYKTYPH.

2
1
5 3
4

- 1 0 o0 1

1 - 1 1 o
B= o 1 - 1 1

o 1 1 - 1

1 0 1 1 -

Puc. 8.6 CtpykTypa Mepexi 1 MaTpHILIs 3B'SI3HOCTI



Rs

mins

Puc. 8.7 Ilepma itepartist popMyBaHHsS MATPUILI peiabediB

98



99

R,=

= 0

min,

R.=

1

min,

R3=

= 2

min;

R4=

=| 2

miny

Rs=

1

mins

Puc. 8.8 Jlpyra itepaitis popMyBaHHsI MaTpulll perabediB
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Rs

mins

Puc. 8.9 Tpets iteparttist popMyBaHHS MaTPUIll peTbediB
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R,=

= 0

miny

R2=

1

min,

R3=

= 2

min;

R4=

=2

ming

Rs=

1

mins

Puc. 8.10 YetBepTa iTepatist popMyBaHHS MaTpULl PesibediB
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~ (PNT1)
TRANS L.
( ASSIGN )
WENTRAN

{
MSAVEVALUE DEPART
ASSIGN
' I MSAVEVALUE “”VPAE"CE
( ASSIGN )
10 *
MSAVEVALUE RELEASE '{3/

£ WNEEPARANTRS(4 1)

¥

Puc. 8.11 biaok-cxema mozeni
bnok-cxema ckinana€eThCs 3 TPbOX CErMEHTIB:

e 1-if cerMeHT: MOJENIOBAHHS 3aHSATTS KaHAJIB: BHU3HAUCHHS (DYHKIIIMH,
MaTpHllb, TEHEpaIlis 3asBOK Ta 3aHATTS KaHAIIiB 00CITyrOByBaHHS.

e 2-i1 cCerMeHT: MapuipyTu3allli Ha OCHOBI penbedy Mepexi: peamizarlis
MeToay po3kpuTa B npouenypi FIRSTFORM

e 3-ii CerMeHT: yINpaBJIiHHS YacOM MOJICIIOBAHHSA: 32 JONOMOIOI0 3HAYEHb
byukuii TIMER.

BucHoBkH
e MogentoBanHsl poOOTH CHCTEMHU PO3IMOALTY HABAHTAXKEHHS — 1€ HAWOUIBII
BAXKJIMBE 3aBAaHHS IMITAIIHHUX MOJIETEH TeIEKOMYHIKAIMHUX MEPEXK
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e Jlns moOynoBM MapLIpyTHUX TaOJUIb AOLIILHO BUKOPHUCTOBYBAaTH MOXKENb
PLUS .

KoHTposnbHi 3anuTaHHs

1o siBNsie co0OOTO TIIaH PO3MOIiTY HABAHTAKCHHS?
Ha ocHoBi1 "oro BiH OyayeThcs? SIki etanu BKIOYae?
OnumiTh METO «BXIJTHUX PEIbEDIBY.
OnuiiTh METO/ «BXIJTHUX PEIbEDIBY.
[TosicHITH BIIMIHHICTB IIUX METOMAIB. SIKi IXHI mepeBaru?
Po3kaxiTh Ik BUHUK XBUJILOBUI METO]T BCTAHOBJICHHS 3'€THAaHb. B womy
NOJIATa€ Ooro cyTh?
e B dWomy monfrae  OpuHIMO ~ JCIEHTPATI30BaHOTO  YIPaBIiHHSA
HABAHTAKEHHSIM?
e Sk iMiTyBaTH BUOIp HANIPSIMKY 3B’A3KY MK aOOHEHTaMu?
e J1Jist 4OTO CTBOPIOIOTH PO3MOILIEHI CUCTEMU?
e SIKi OCHOBHI KpUTEPIi OLIHKKA NPABUIBHOCTI PO3MNOALTY HABAHTAKEHHS ?
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9. ®IHAHCOBA OLIHKA MEPEX 3B'SI3KY

9.1 ®dinaHCOBI MOKA3ZHMKHN OLIHKH Mepexi 3B'sI3KY

[Ipy OIIHKKM MEpPCHEKTUB PO3BUTKY TEIEKOMYHIKAIIHHOTO Oi3HECY BHHHMKAE
3aJa4a  OIIHKM €(EeKTUBHOCTI BKJIAJIEHHS TPOIIOBUX KOIITIB Ha CTBOPEHHS
TEJEKOMYHIKalIHOI Mepexi. 3afady OIiHKA (hiHAHCOBUX MOKA3HMKIB, SIK MPABUIIO,
BUPIIIYIOTh TPU:

® MPUUHATTI PIIICHHS NPO OYAIBHUIITBO MEPEXi 3B'SI3Ky a00 MEPEkKEBOI0O
€JIEMEHTY Ha €Talll IPOEeKTYBAHHS MEPEXKI;

® po3po0II OI3HEC-TUIAHY;

e BHUOOPI 00MaIHAHHS Bl PI3HUX MMOCTAYAJIbHUKIB;

® NPUUHATTI PIIIEHHI NPO MOKYINKY BIJIACHUX MEpEKeBUX 3aco0iB abo
OpEHJIl pECYpCIB y CTOPOHHIX OTEPaTOPiB.

PimeHHs npo ¢iHaHCYBaHHS PO3BUTKY TEJIEKOMYHIKALIMHOT MEpexi NpuilMae
a0o BiacHuK Oi3Hecy (omepaTop), abo iHBecTop, ab0 0ocoba, sIKii JelleroBaHi Taki
MOBHOBA)KEHHSI.

Bapiantu BuOOpy y 1HBECTOpA:!

e JICTIO3WTHUI BKJIa[ B OaHK mmija piuHi BiacoTku (I, %)
® BHECOK y OI3HeC: TMOKyINKa TeJICKOMYHIKallIMHNX 3aco0iB 3 METOI0
OTpUMaHHA NPUOYTKY a00 HalaHHS KpeauTy orneparopy mia%o.

[TopiBHSIHHA NMPUOYTKY BiJ OAaHKIBCHKOTO BKJIaay Ta MPUOYTKOM B1J Oi3HECY Ja€e
MO>KJIMBICTh BUOPATH HAUOLIBIN €PEKTUBHUI CIOCIO BKIJIAJICHHS TPOIIOBUX KOIIITIB.

[Toka3HuK MpUOYTKOBOCTI I' BUBHAYAETHCS Yy BUTIISAIL

. OMPUMAHULL _ NPUOYMOK (9.1)

%

8KI1A0

[HBecTOp HIyKae BapiaHT BKJIAAy TPOIIOBUX KOIITIB 3 MAaKCUMAaJIbHOKO BHUTOJI0I0
(mpuOyTKOBICTIO).
Bapiantu BuOOpy y BllacHHKA (TEJIEKOMYHIKAI[IHHOTO OMepaTopa):
e TpuAOaHHS BIACHOTO PECYPCY;

e OpeHJa pecypcy (KaHaliB, YCTaTKyBaHHS) Y CTOPOHHBOTO OIepaTopa.
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[lopiBHSIHHS BUTpaT Ha peani3alilo KOXKHOTO BaplaHTy [03BOJIE€ BHOpaTH
Kpauuu.

BapianT 1. Kynisins TenekoMyHIKaiiHOTO 001aIHAaHHS

Ominka npudytky (I11):

111 = JI-Pl, (9.2)

e [ — noxin,

P1 — Butpatu npu peainizariii 1 Bapianra.

Bapiant 2. OpeHnja pecypcy y CTOPOHHBOTO orepaTropa

Haitnpocrima ominka npubytky (I112):

112 = J[-P2, (9.2)

e [ — noxin,

P2 — Butpara nipu peanizaiii 2 BapiaHTH

OriHka HEBTpau€HOTO MPUOYTKY a00 €KOHOMIi BUTpAT:

11 -112=([-Pl)-(]-P2) =P2-PI (9.3)
AIl=4P (9.4)

BrnacHuk, nepir 3a Bce, BHpILIye 3aJady €KOHOMIi BUTpPAT, TOMY II€ J03BOJISE
30UTBLIYBAaTH (HE BTpayaTH) NpUOYTOK.

OcoOMBOCTI OIIHKY BKJIAJICHb B TEJIEKOMYHIKAI[IHI CUCTEMHU:

e Bucoki nepBuHHI BUTPATU Ha MOOYIOBY TEICKOMYHIKAIIHHOT MEpEX1 Ta
il eIeMEHTIB.

e [IpuOyTKOBICTh BiJ TEIEKOMYHIKALIIHUX MOCIYT - HE MEHILIE 5 pPOKiB
(3a3Buuait 10 - 15 pokiB - MUKII MPUHITUIIOBUX 3MIH TEXHOJIOT1i HaJaHHS
MOCHYT).

OwmiHka MpPOTrHO30BaHOro JoxoAay (B MailOyTHboMy) abo0 MHpUOYTKY
3MIICHIOETHCS HE 32 a0COFOTHUM 3HAYEHHSM, a 1O CIIBBIHOIICHHIO 3 MOTOYHUMH (1
MaiOyTHIMHU) BuTpaTamu. OniHka e(eKTUBHOCTI BKJIaJIeHb MOXe OyTH 3po0seHa 3a
MIPOTHO30BAaHWMU HAJIXOJKEHHSMHU Bl BUKOPUCTAHHS TEJICKOMYHIKaIlifHOT MEPEXi B

MalOyTHBOMY: 32 BCTAHOBJICHUH 1HTEpBaJ yacy | B MailOyTHbOMY.
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BxnaneHHss B MOTOYHMI MOMEHT 4Yacy mnepeadadyaroTh OTPUMAaHHS Tpouieil y
MaiOyTHhOMY. [Ipu 11bOMY BHECOK CHOTOJIHI, TOBUHEH MPUHECTH TPOIIOBHI MOTIK B

MaiOyTHbOMY. BapTicTh rporieit chboro/iti i B MallOyTHROMY - pi3HI BEJIMYUHHU.

| TenepiwwHili yac | ‘ | MabyTHE |

MoToYHa BapTiCTb | MaubyTHS BapTIiCTb rpoLlen
Puc. 9.1 Oriaka rpomoBux MOTOKIB

Orinka MaltOyTHHOTO TPOIIOBOTO MOTOKY:

MaitOyTHSl BapTIiCTh 1HBECTHIIIM - II€ BapTICTh TPOIIECH Yepe3 MEeBHUH dac y
MalOyTHHOMY 3 ypaxyBaHHSM cTaBku noxigHocti (%) abo BapTocTi rpomel y
MaiOyTHbOMY.

Hanpuxman, mpu craBui I = 10% 1 cymi Bkmagy PV = 1000, maitOyTHii

rpomoBuit notik (FV) 3a 3 poku ckiane.

MoTo4yHa BapTiCTb
(PV)

MaibyTHs BapTiCTb
(FV)

] i

0 1 2 3

Puc. 9.2 Ouinka MaifOyTHBOTO TPOIIOBOTO TOTOKY
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FV1=1000 * (1 +10%) = 1100 - B xixmi 1 poky;
FV2 =1100* (1 +10%) = 1210 - B kiHIIi 2 pOKH;
FV3=1210* (1 +10%) = 1331 - B kiHIIi 3 pOKH.
B 3aranpHOMYy BUTIIAIlI MOTOYHA 1 MalOyTHS BapTOCTI 3B'I3aHI HACTYIMHUM

YHUHOM:

n kv
V=PV PV =i (9.5)

FV — MaiiOyTHs BapTiCTh B N-My HEPIOi.
PV — nmoTouHa BapTiCTh.
I — craBka npuOyTKy (%).

CymapHuil oTiK MalOYTHIX TpOIIEH 3a N Mepio/IiB BUSHAYAETHCA Y BUTIIAIL:

FV =i|:vi :ipv (L+r)' 9.6)
i=1 i

OcHoBHI (h1HAHCOBI MOKA3HUKHU:
e Uucra norouna BapTicth (Net Present Value - NPV).
e PentabenwHicTh (Profitability).
e Buyrpimus Hopma npudyTky (Internal rate ratio - IRR).

e Hopma npuOyTtky Ha iHBecTHii (Return on Investment - ROI).

Yucma [lomouna eapmicms (Net Present Value - NPV) npoexmy:

. FVi
NPV =
Z (1+ r) : (9.7)

ne  FVi - piuni rpomioBi NOTOKH, 3reHepoBaHl MNEPBICHOIO IHBECTHUIIEIO 3 MIIMHOM
N POKIB.

I — HopMa npuOyTKYy (HOpMa TUCKOHTYBaHHS) B %

| — BeMuKMHA 1HBECTOBAHOTO KarmiTamty.
JuckonTtyBanHs MaiiOyTHROT BapTocTi (FV) Ha manmit momeHT (PV) moka3ye cCKiibKu

KOIITYIOTh ChOTOJIHI MaiOyTHI1 Tpoii (OyayTh oJepkaHi B N-My Hepioii):
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FV
@+r)"

PV =

(9.8)

Orminka ycmimHocTi (€(eKTUBHOCTI) MPOEKTy Moke OyTH 3po0seHa Ha OCHOBI
MOPIBHSHHS MPHUBEEHOIO TPOIIOBOTO MOTOKY 3 BEJIWYHWHOIO 1HBECTHIIII BIATOBIIHO
JI0 YMOB:

e NPV> | — mpoeKT NpuHOCUTH NMPUOYTOK;
e NPV = | — npoeKT TIJIbKK CaMOOTLIauy€eThCS;
e NPV <I| — nmpoekT 30UTKOBHIA.

3 AEeKUTbKOX albTEPHATUBHUX MPOEKTIB CJIJI MPUHAMATH MPOEKT 3 MO3UTUBHUM 1
BenukuMm NPV:

NPVnpoexmy 1> 0 (9.9)
NPVnpoexmy 1> NPV npoexmaZ (9.10)

PenrtaGensHicTh (Profitability Index)

PeHTa0enbHICTh 1HBECTHLIM pO3pPaXOBYEThCA SK BIAHOLIEHHS 3arajbHOIO
pe3ynabTaTy J0 3arajibHUX BI/ITpaT

N :

Z PV Z FVi
B S (@+r)
| |

Pl =

(9.11)

[Ipuknazn po3paxyHKy iHJIEKCY peHTabenbHOCTI ToOyaoBu Mepexi WiMAX:

20000 25000 30000

= -+ =+ 3 :50000=1,12
(1+015)" (1+015)° (1+0,15)

Kpurepii eheKTUBHOCTI IPOEKTY:

e PI>1 (mpu NPV> 0) - npoekT MOXHa MPUAHSTH JIJIs peati3arlii;
e Pl <1 - mpoexT 30MTKOBUH.

[HaeKc peHTa0eIbHOCTI MOXKE 3aCTOCOBYBATHCS IpU BHOOpI MPOEKTY 3
albTEPHATUBHUX, 1[0 MAalOTh OJHAKOBI MokazHukK NPV, ane pi3Hi obcsru
1HBECTHINH .

Buytpimas Hopma mnpuOyTky mnpoektry (Internal rate ratio - IRR).

BU3HAYAETHLCS 31 CIIBBIHOIIIEHHS

-~ FVIi (9.12)
le 1+ IRR)' !
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IRR pospaxoByerbcs 3 wiei ¢opmynun marematudHo. Cenc mokaszHuka IRR
[oJIsira€ B TOMY, IO BiH TMOKa3ye BHYTPIIIHIO HOPMY MPUOYTKOBOCTI MPOEKTy. Sk
BIJIHOCHO IIBUJKO OyJ/ie OKymnatucs npoekt. [1o-cyTi, e Taka ctaBka mpruOyTKOBOCTI
MPOCKTYy, TPHU SKi HaBeAeHWW (AUCKOHTOBaHWI) MaNOyTHIM TPOMIOBUH TOTIK
YUCEIBLHO JOPIBHIOE BEJIMUMHI 1HBECTHINH |.

Kpurepii ominku mpoekTiB 3a nokasHukoM IRR. 3a3Buuail IRR nmopiBHIOIOTE 3
Oa’kaHUM piBHEM MPUOYTKOBOCTI T.

Lleli piBeHb HANPUKJIIAJ, MOXKE 3/IABATUCS CEPEIHBOT KPEAUTHOIO CTABKOIO 7'Cp:

e ko IRR> rep, To mpoexT BapTO NPUKHSTH;
e ko IRR = rcp, To npoekT He npuOyTKOBUI 1 HE 30UTKOBHIA;
e ko IRR <rcp, To mpoekT BapTo BIAKUHYTH.

Jlanuii TOKa3HUK, SK IMPaBWJIO, PO3PAXOBYIOTh ISl NMOPIBHSHHS BHYTPILIHBOI
CTaBKH JIOXOJHOCTI MPOEKTY 31 CTaBKaMH NPHOYTKOBOCTI, SIKI MPONOHYIOTh OaHKHU
(HampukJan, 3a  JCNO3WTHUMHU  BKJajgamMu) abo  isl  TOPIBHAHHS 3
CepeIHbOTATY3€BUMH JAHUMH.

Hopma npubytky Ha iuBecTulli (Return on Investment - ROI) abo okynHicTb

IHBECTHIIIM — BIIHOLICHHS CEPETHBOPIYHOTO MPUOYTKY 0 0OCATY 1HBECTHIIIN.

NPV

ROl =_N __ cepeonill _uucmuil _ npudymox

(9.13)

I -L CpeoHsl _eapmicmu _ iH8ecmuyiil

2

ne | — BenuunHa 1HBECTULIH.

L — nmikBijamiiiHa BapTIiCTh MPOEKTY.

ROI moxa3zye e(ekTUBHICTh BKJIAJCHb IHBECTHIII HE HAa OCHOBI TPOIIOBUX
HAJIXO/IP)K€Hb, 4 HA OCHOB1 PIYHOT0 OYXTaJITEPCHKOTO MOKa3HUKA — JOXOY.

Oniaky ROI BupoOGIs1t0Th Ha OCHOBI 31CTaBJICHHS 3 HOPMOBAHUMU 3HAYCHHSIMH

aHAJIOTTYHUX MPOEKTIB 200 MOKA3HUKIB MO KaMIaH1sIM.
9.2 llpuxkjaaau ouiHkH (PiHAHCOBUX MOKA3HUKIB

[lpukman 1. [aBecTuiiitnuii npoekt OyaiBHUIITBA Mepexxi WIMAX nepenbdadae

OTpUMaHHs MPUOYTKY 3a:
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e 1 pix—20000;
e 2 pik— 25 000;
e 3 pix — 30 000;

BapricTe 0o0nagHaHHs, HOCTaBKH, MOHTaXY Ta 1HCTayMii ckiamarots 50 000.
[aBecTHINIliHI BUTpaTH MOBUHHI OyTH 3po0jeHi ojHOpa30Bo. Komtu MOXyTh OyTH
OTpUMaHi y BUTJISAA1 OaHKIBCHKOTO KpenuTy mif 15% piuHux.

UwrcTy BapTicTh IPOEKTY MOKHA PO3PAaXyBaTH y BUTIISII:

v = 2000, 200 300 55000-46000 (9.9)
(1+015)"  (1+015)* (1+0,15)

[To3utuBHA pi3HMIS MAOYyTHIX HAJIXO/KEHb, MPUBEICHUX HAa MOMEHT 4acy, i

BEJIMYMHU BKJIAJy IHBECTHIIIN MOKA3Ye, 110 MPOEKT MOXKHA IPUUHATH 10 peasi3arlii.

[Mpuksnazn 2. [aBecTop 0Obupae Kyau BKIACTH BUIbHUHN KamiTai - 50 000 rpH

Jeno3utHuit Bkiaa B 0aHK. [HBECTUIIMHUI KpeauT B O13HEC.

eno3nTHUN BKNaa

nepiogu 1 2 3
-50 000,00 rpH. 0 rpH. 0 rpH. 0 rpH.
Hepe3 1 pik 55 000 rpH.
Mepe3 2 poku 60 500 rpH.
Mepe3 3 poku 66 550 rpH.
npubyToK 16 550,00 rpH.
Mepion 0 1 2 3
ManbyTHin rpoLuoBuii
NnoTiK 20000 rpH. 25000 rpH. 30 000 rpH.
cTaBKa 10%
iHBECTULIA -50 000,00 rpH.
cymapHa notoyHa BapTictb (PV) 61 382,42 rpH.
NPV 11 382,42 rpH.

Puc 9.3 Ouinka 1emno3uTHOro BKJIaIy
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nepiogn 1 2 3
-50 000,00 rpH] 18 000 rpH. 22 000 rpH. 20 570 rpH.
Mepes 1 pik 55 000 rpH.
sanuwok no kpeauty] 37 000 rpH.
Mepes 2 poku 40 700 rpH.
3anuLLIOK MO KpeauTy| 18 700 rpH.
Mepes 3 poKu 20 570 rpH,
3aMLLIOK Mo KpeauTyl 0 rpH.
npuoyToK 36 382 rpH.

Puc 9.4 Ouinka iHBECTHIIIITHOTO KPEAUTY

Kyau Bxiactu 50 000 B 613Hec abo B OaHK?

eno3UTHbLIW BKNag

[NoBepHEHHS NO iIHBECTULIMHOMY KpeauTy

nepiogu 1 2 3 hepionn 1 > 3
=S0/6H0,00 [P GTpE  OirpH. 0 i, -50 000,00 rpk| 18 000 rpH. 22 000 rpH. 20 570 rph.
epsa. 1 jpi 2000 rpat Mepes3 1 pik 55 000 rpH.
3anuwok no kpeauty| 37 000 rpH.
Hepes 2 poku 60 500 rp. Mepes 2 poku 40 700 rpH.
3anuLWLOK MO KPeauTy| 18 700 rpH.
Mepes 3 poku 66 550 rpH{ Mepes 3 poku 20 570 rpH.
3anMLWOK MO KpeauTy 0 rpH.
npuodyTokK 16 550,00 rpH.  mpubyTok 36 382 rpH.

Puc 9.5 [lopiBHsANIbHA XapaKTEpPUCTUKA

[Mpuknang 3. Po3paxyHOK H0OXODy 3a TOCIHYry TMPU BUKOPHUCTAHHI 1CHYIOUHX

3aco01B onepaTtopa Ha IMiIKII0YEHHS.
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Mocnyra onepatopa | Aocryn Ao IHTepHety (2M)

peHTabernbHICTb 0% (CamMOOKyMHICTb)
aboH nnarta npuobyToK BUTPaTU npuobyToK peHTabenbHICTb
iHCTanAuisa 2500 -50000]
1 pik 1319 15833
2 poku 1319 15833
3 poku 1319 15833
BCbOro 50000 -50000 0]
peHTa6eJ'IbHOCTb 25%
aboH nnaTta npudyToK BUTpaTH npudyToK peHTabenbHICTb
iHCTanauisa 2500 -50000
1 pik 1667| 20000
2 poKu 1667 20000
3 poku 1667 20000
BCbOro 62500 -50000 12500
1319
1667
36inbLueHHs aboHEeHTChKOI NnaTu Ha 21%

Puc. 9.6. Anani3 mpukiagy po3paxyHOK JOXOAY 3a MOCIYTy MPU BUKOPUCTAHHI

IcHyI0uHuX 3aco0iB ornepaTtopa Ha mifkiatoueHHs ([Ipuknaz 3)

BucHoBkn

e OkpiM oOmiHOK (YHKIIOHATBHUX TMapaMeTpiB CHUCTEM Ta  MEPEx
TEJIEKOMYHIKaIlli HEOOXiJHO OIIHIOBAaTH  YCHIIIHICTh  (€(EeKTHUBHOCTI)
MPOEKTY HA OCHOBI TMOPIBHSHHS TMPUBEJIECHOTO TPOIIOBOTO TIOTOKY 3
BEJIMYUHOIO THBECTUIIIT BIAMOBITHO 10 YMOB

e EQeKTUBHICTh CUCTEMH OLIHIOETHCSA AK MO TEXHIYHUM Tak i M0 (iHAHCOBUM
MOKa3HUKAM .

KonTtposbHi 3anuTaHHs.

o [llo Bu posymiere mix TOHATTIM «(piHaHCOBI mMoOKazHUKU»? Ske ix
pU3HAYCHHs?

e SlkuM YMHOM MOXKHA OIIIHUTH YCHIMIHICTh (€(PEKTUBHICTh) MPOEKTY 3a
JTomoMororo nokazanka NPV?

e Slki kputepii epeKTHMBHOCTI MNpPOeKTy (3 BpaxyBaHHSIM  IHJICKCY
peHTadenbHOCT1)?

e [l{o Take mMaitOyTHS BapTiCTh Tpoieit ?

e [I{o Ha3uBalOTh HOPMOIO JOXOIHOCTI?

e Hagenith KpuTepii OIIHKK MIPOEKTIB 3a MokazHukom IRR.
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e [IpoanamizyiiTe CUTyalil0 3 BKJIAJOM KOIITIB Ha JEMO3UTHUN PaxyHOK Ta
1HBECTYBAaHHS Ti€i X CyMH B MPOEKT, MOB'A3aHUN 3 pu3MKaMu. fIke pillleHHs
npuiinsuiu 6 Bu? Yomy came?

e Sk po3paxyBaTtu MailOyTHI#N g0X1/1?
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